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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
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This part of ISO 22157 was originally prepared and submitted by INBAR, the International Network for Bamboo
and Rattan, which is an international agency with its head office in Beijing. The aim is to bring bamboo towards
the level of an internationally recognized and accepted building and engineering material. INBAR aims to do so in
favour of the well-being of lower income groups in developing countries, and in favour of a better environment in
bamboo-growing countries.
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INT

ERNATIONAL STANDARD ISO 22157-1:2004(E)

Bamboo — Determination of physical and mechanical
properties —

Part 1:

Requirements

1 |Scope

Thig part of ISO 22157 specifies test methods for evaluating the following characteristic physical g
properties for bamboo: moisture content, mass per volume, shrinkage, comprassion, bending,
tengion.

Thig part of ISO 22157 covers tests on specimens of bamboo that are conducted to obtain data, W

use

be (ised to establish the relationship between mechanical properti€s and factors, such as moist

mas
con

2
For

21

banmpboo culm

sing

2.2

bamboo clump

clus

23
cro
are

NOT
thick

24

N to establish characteristic strength functions and to arrive at the allowable stresses. The d4

s per volume, growth site, position along the culm, presente)6f node and internode, etc.,
rol functions.

Terms and definitions

the purposes of this document, the following terms and definitions apply.

le shoot of bamboo that is usually hollow, except at nodes which are often swollen

ter of bamboo culms emanatihg from two or more rhizomes in the same place
s-sectional area
of the section perpendicular to the direction of the principal fibres and vessels

E This isealculated as (n/4) x [D2 — (D — 2t)?], in which D and ¢ are the means of the outer diamete
ness, resulting from measurements on the specimen.

outerdiameter

nd strength
shear and

hich can be
ta can also
ire content,
for quality-

and the wall

diameter of a cross-section of a piece of bamboo measured from two opposite points on the outer surface

2.5
moi

sture content

percentage of water related to oven-dry mass

2.6

wall thickness
thickness of the wall of a piece of bamboo
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3 Symbols and abbreviated terms
The following symbols and units apply.

A The cross-sectional area in mm?2, Calculated as (n/4) x [D2 — (D - 2£)2], in which D and ¢ are the
means of the measurements on the specimen.

D The outer diameter in mm.

o Deflection or deformation in mm (pronounced “delta”).

E The modulus of elasticity in MPa.

F The load in N.

G The shear modulus in MPa.

Iy The second moment of area in mm#.

L Full span in bending; length of test piece in compression, shear and tensien,/in mm.
m Mass in g (kg is also allowed as a unit).

MC Moijsture content in %.

Vs Usually taken as 3,14.

P Mass by volume (density) in kg/m3 (pronounced “rho?).
o Str¢ss in MPa (pronounce “sigma”).

t Wall thickness in mm.

T Shear stress in MPa (pronounced ‘tau”).

14 Volume of test piece in mm3,calculated as 4 x L, or as measured.
w Segtion modulus in mm3;

x Symbol for multipli¢ation.

Subscript

ult Ultimate \(used for strength at failure)

NOTE MPa—=-Nimm2

4 Organization and use of this part of ISO 22157

4.1 Introduction

This part of ISO 22157 is organized to provide clear requirements for standard tests to be carried out to
determine the properties of bamboo as a building or engineering material. The manual for laboratory staff,

ISO/TR 22157-2, is complementary to this part.

NOTE This allows for a more formal content of this part of ISO 22157, and a practical and informal guide (a “how to
do it”) in the manual.

2 © ISO 2004 — All rights reserved
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4.2 General procedures

421 Measurement and weight

Prior to each test, the dimensions of each specimen shall be measured correct to
— 10 mm for the length of the culm,

— 1 mm for the length or height of a specimen, parallel to the axis of the culm,

— 1 mm for the diameter of the culm; in each cross-section, the diameter shall be taken twice, in directions
perpendicular o each other, and

— 10,1 mm for the wall thickness; in each cross-section, the wall thickness shall be taken'four tjmes, in the
same places as the diameter has been taken (twice).

The specimen shall be weighed correct to

— |10 g for a culm,

— |1 g for a specimen of more than 100 g, and
— 10,1 g for a specimen of less than 100 g.
4.2 Temperature and humidity

To avoid significant changes in strength properties, all test"specimens shall be tested within the femperature
ranje of 27 °C + 2 °C, and the relative air humidity range~6f 70 + 5 %.

NOTE This allows for a comparison of test results, and reproducible tests.

However, if tests are meant for local use of.the results in the region itself, or if the laboratory is unable to
follqw the conditions specified above, ambient temperature and relative humidity can be used| The exact
valyes of the temperature and relative humidity of the air shall be recorded, and mentioned in the tgst report.

4.2.3 Rate of loading

Thel rate of loading of the testing machine shall not vary by more than + 20 % from the specified |speed for a
givgn test. The load shall’be- applied continuously without interruption at the required speed throughout the
test| The rate of traverse-of the movable head of the testing machine shall mean the free running or no-load
speged of the head indhe mechanical-drive type of machine, and the loaded head speed for testing machines
of the hydraulic loading type.

4.24 Calibration

All gpparatus and testing equipment used in obtaining data shall be calibrated at sufficiently frequé¢nt intervals
to epsure accuracy.

5 Sampling and storage of specimens

5.1 Sampling

Material for any particular species shall be taken:

— in the case of tests on properties for commercial purposes: from a number of different localities,
representative of different growth conditions throughout the geographical range of the species;

— in the case of scientific research: from localities determined by the purpose of the research, and
mentioned in the design-report of the tests;

© 1SO 2004 - All rights reserved 3
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From each locality, the selection, marking, etc., of the different consignments, and all the details of the various

clumps and

culms, shall be reported.

5.2 Selection

Bamboo culms shall be selected from various clumps in the standing condition, by a qualified person who can
identify the species and understand the various implications involved in conversion and testing. Whenever
necessary and convenient, the testing authority shall inspect the locality before felling.

For scientific research, the culms selected for testing shall be sound and free from any defects, and shall be

representative of average dominant bamboo culms of the locality. For commercial tests, they must fairly
represent the total population that is to be used for construction purposes, even if the entire population hak its
drawbacks.|Broken, damaged and discoloured bamboos shall be discarded.

The requirdd number of culms shall be randomly selected from different clumps, blocks and compartmgnts.
For commefcial tests, they shall be of the same mature age group.

Immediately after selection, the bamboo may be marked “T” in the standing condition; at breast height, |and
the testing |authority shall be informed of the locality, so that further special instructions, if any, may be
considered

5.3 Felling, marking and conversion

Before felling, one ring shall be marked at a height of one metre from the)ground with white or black paint,|and
the following data shall be recorded:

— the narne of the species (botanical and local);

— the narpe of the locality;

— the number of clumps and culms selected;

— the age of the culms;

— details fabout the marks on the culms;

— numbef of nodes between ground [evel and the ring of paint;

— date offfelling and of despatch;

— signatdre.

Also beforeffelling, each culm shall be marked at a distance of about 0,25 m above the ring of paint; if dig|ts 6
or 9 are used, these shall be underlined.

The culms ghall be felled according to good local practice, but the ring of paint shall be kept on the culm. In
the horizontal position the culm shall be divided into parts to be used for tests or to be thrown away. The parts

to be used shall be marked with a ring at the lower end, and the mark of the culm shall be repeated on each
part. Also, a mark regarding the position in the culm shall be added, indicating “bottom”, “middle” or “top”,
each being 1/3 of the usable part of the culm. The height of these parts in the culm shall be recorded, in

metres, from the level where the culm has been felled. Only then shall the culm be divided into parts.

5.4 Despatch

Material should be despatched as early as possible, preferably within two weeks after felling. In case it is not
possible to send the material immediately, the material shall be stored in a shady place, protected from rain,

and free of contact with the soil. If a risk of cracking exists, the ends can be covered with coal tar, paraffin wax
or varnish, or any other appropriate cover.

© ISO 2004 — All rights reserved
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If the tests are meant for commercial purposes, specimens shall be tested in air-dry conditions. In the case of
scientific research, tests might be done on green specimens, in which case the specimens shall be
despatched immediately. As bamboo is highly susceptible to attack by destroying agents in many countries, it
may need prophylactic treatment to keep it intact during despatch, transit and storage.

All the details of a particular consignment shall be rechecked and signed and dated by the dispatcher. The
details shall be sent along with the documents of the consignments.

5.5 Receipt and storage of the bamboo culms

On receipt of the material by the testing authority, the particulars of identification of the various culms shall be
chefked, and a proper record shall be kept.

Thel bamboo culms shall be stored for as short a duration as possible, in such a way that no\deteripration shall
takg place.

5.6 Marking and conversion into test specimens

Specimens shall be cut for the various tests, and suitable markings (e.g. project "umber, consignnent number,
culm number, etc.) shall be made for complete identification of each specimet:

The| sequence of tests shall be such as to eliminate, as far as possiblé,)changes due to storage gnd weather
congitions, which might affect the comparison of results.

The number of specimens in each test shall not be less than twelve.

5.7| Test report

Thejtest report shall include the following information:

a) |the name and address of the laboratory,.thie date, and the name of the responsible researcher]
b) |a reference to this part of ISO 22157,‘and to applicable national standards;

c) |details of the test specimens, as mentioned in 5.3;

d) |temperature and air humidity in the laboratory;

e) |equipment used, and-any other information which may influence the use of the test results;

f) |the test results; including the values of moisture content and the mass per volume, the actual gdimensions,
moduli and/or strength values, mode of failure, and any other information which may influence the use of

the test reslilts (e.g. position along the culm);

g) |details~about the statistical treatment of the test results, including the methods used and|the results
abtained; the accuracy of a mean value shall be half the standard deviation, and the acguracy of a

fandard-daeviatian-aball-b balf o o atondord doniotion.:
Swardaru U vIiatauorT STTarnr oo Tialt it OwiT Startdard aoviatorT,

h) data about the adjustment to a 12 % moisture content, if applicable.

6 Moisture content

6.1 Scope

This clause specifies a method for determining the moisture content of bamboo for physical and mechanical
tests.

© 1SO 2004 - All rights reserved 5


https://standardsiso.com/api/?name=258d831cd5e4035c7a5c22d0da00bbea

ISO 22157-1:2004(E)

6.2 Principle

Determination, by weighing, of the loss in mass of the test piece on drying to constant mass. Calculation of the
loss in mass as a percentage of the mass of the test piece after drying.

6.3 Apparatus

ance, with an accuracy of 0,01 g.

Equipment capable of drying bamboo to an absolutely dry condition, e.g. an electric oven.

6.3.1 Bal
6.3.2
6.3.3
necks, and

6.4 Preparation of test pieces

Test pieceg
The numbe|
form shall b
pieces shal
content ren

6.5 Proc

The test pi
103+ 2 °C.

After 24 h,
prevent any
the mass.

The drying
the mass d

6.6 Calc

The moisty
percentage

MC =

where

q

b

Eq‘lipment to ensure the retention of moisture in the test pieces, e.g. flasks with ground-g

stoppers.

for determination of moisture content shall be prepared immediately after each-mechanical
I of test pieces shall be equal to the number of test pieces for the physical on mechanical test.
e like a prism, approximately 25 mm wide, 25 mm high and as thick as thewall thickness. The
be taken near to the place of failure, and stored under conditions which ensure that the mois
ains unchanged.

edure
pces shall be weighed to an accuracy of 0,01 g, and then-dried in an oven at a temperatun

the mass shall be recorded at regular intervals of not less than 2 h. Great care shall be take
change in moisture content between removalfrom the oven and subsequent determination

5hall be considered to be complete when the difference between the successive determinatior
pes not exceed 0,01 g.

ulation and expression of results

re content MC of each(test piece shall be calculated as the loss in mass, expressed 35
of the oven-dry mass, using the following formula:
' "o 100

Mg

the'mass of the test piece before drying;

lass

est.
The
test
ture

n to
s of

s of

S

Mg

is the mass of the test piece after drying;

each with an accuracy of 0,01 g.

The MC shall be calculated to an accuracy of one-tenth of a percent. This MC shall be taken as representative
of the MC of the tested specimen as a whole. The arithmetic mean of the results obtained from the individual
test pieces shall be reported as the mean value for the moisture content of the test pieces.

6.7 Test

The results

report

shall be mentioned in the test report (5.7).

© ISO 2004 — All rights reserved
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Mass by volume

Scope

This clause specifies a method for determining the mass by volume (density) of bamboo for physical and
mechanical tests. For accurate comparison between reported values, the basic mass by volume p is the most
appropriate one, for the determination of which oven-dry mass and green volume will be used because these
will not change, irrespective of weather conditions. If the mass by volume is to be reported at the moisture
content of the test sample, the mass is taken as the oven-dry mass and only the volume is taken at the MC of
the sample. The symbol is p,.

7.2| Principle

Determination of the mass of the test piece by weighing, and of its volume by measurementof its
or by another method. Calculation of the mass of a unit volume of the bamboo.

7.3| Apparatus

7.3]1 measuring instrument, capable of determining the dimensions of the test pieces to an
0,1 mm.

7.3.2 balance, capable of weighing to an accuracy of 0,01 g.

7.3.8 equipment, for the determination of the moisture content.in accordance with 6.3.

7.4| Preparation of test pieces

Test pieces shall be prepared as specified in 6.4. kar the determination of the mass per volum
permitted to prepare the test piece from a full \cross-section of a culm, provided that the voll
meagsured easily.

7.5| Procedure

Meagsure the dimensions of the test pieces to the nearest 0,1 mm, and calculate the volume, or ds

voly
the

Dry
Car
Det

7.6

me by a suitable method (e.g:-.immersion) to an accuracy of 10 mm3. Do this in the green co
MC during the mechanical-test, as required. In the last case, determine the MC as in Clause 6.

the test pieces to constant mass (see 6.5), but do this gradually to minimize their deformation
ry out the weighing-Operations immediately after drying.
prmine the.mass of the test pieces to an accuracy of 0,01 g.

Calculation and expression of results

The

dimensions

accuracy of

e, it is also

me can be

termine the
hdition or at

and splitting.

oven-drvymass bv volume of each test niece is aiven bv the followina formula:
J J Ll ~J J ~J

p=(mlV)x10°

where

Exp

p is the mass by volume, in kg/m3;
m is the mass, in g, of the test piece, oven-dry;
v is the green volume of the test piece, in mms3.

ress the result to the nearest kg/m3.
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The mass per volume p, of each test piece in the same condition as during the test, is given by the same
formula with m oven-dry and ¥ in the condition during the test.

Calculate, to an accuracy of 10 kg/m3, the arithmetic mean of the results obtained for the individual test pieces,
and report this as the average value for the mass per volume of the test pieces.

7.7 Test report

The test report shall be in accordance with 5.7.

8 Shrinkage

8.1 Scope
This clause|specifies a method to determine the shrinkage of full bamboo culms.
8.2 Pringiple

The determination of the shrinkage of an internode section of a bamboo culm,\by measuring the duter
diameter, wall thickness and height, before and after drying.

8.3 Apparatus
8.3.1 migrometer for measurement, as in 4.2.1.

8.3.2 equipment capable of drying bamboo to an absolutely,dry condition, e.g. an electric oven.

8.4 Preparation of test specimens

Specimens
case of tes
in the case
shall be fre
shall be tak

shall be prepared from full bamboo culms, internode sections, with a height of 100 mm. In| the
on compression, shear and tension, they-shall be taken as near to these test pieces as possjble;
f bending tests, they shall be taken.as fiear to the place of failure as possible. In every case, they
from any initial cracks. If shrinkage.tests are done independent from any other test, specimens
n from the lowest section of the.culm.

8.5 Procedure

8.5.1 Shiinkage shall be observed in the outer diameter D, in the wall thickness ¢ and also in the length|L of
the specimegn.

8.5.2 Suifable markings-shall be done on the specimen, to facilitate making observations every time af the
. On each-specimen, 4 diameters, 4 wall thicknesses (two at each end) and 2 lengths shall be
measured. [The specimen shall be allowed to dry slowly under gradually decreasing humidity and increaping
. Masses and dimensions shall be recorded regularly, until the dimensions are constant or|one
complete wgather cycle is over.

8.5.3 The specimens shall finally be put into an oven at a temperature of about 103 + 2 °C, so that the
specimens shall become completely dry (as in 6.5), after which the dimensions shall be taken for the last time.

8.6 Calculation and expression of results

Shrinkage from initial condition to dry condition, expressed as a percentage correct to one place of decimal,
shall be calculated by the following formula:

|-F
|

x100

8 © ISO 2004 — All rights reserved
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re
| is the initial reading;

F s the final reading;

each of these being the average value for diameter, wall thickness or length, with an accuracy as in 4.2.1.

8.7

The

Test report

test report shall be in accordance with 5.7; it shall contain the initial and the final dimensions

des

9

9.1
This
9.2

The)

9.3

The
equ
in H
inte

EXAMPLE See Figure 2, which.shows a combination of wedges of thin steel plate, Teflon and wax.

9.4

9.4.
spe

9.4.

Cription of defects developed in the specimen during shrinkage, and the results from the calculg

Compression
Scope
clause specifies a method for compression parallel-to-the-axis tests on speciniens from bamb
Principle
determination of
the ultimate compressive stress of specimens from culms;and
the nominal modulus of elasticity.
Apparatus
tests shall be carried out on a suitable testing'machine. At least one platen of the testing mach
pped with a hemispherical bearing to obtain uniform distribution of load over the ends of the s

igure 1. In between both the steel platens of the machine and both the ends of the sp
rmediate layer shall be applied to reduce friction to a minimum.

Preparation of test specimens

I Specimens shall-be taken from the bottom part, middle part and top part of each c
cimens shall be-marked with the letters B, M and T respectively.

P Compréssion tests parallel to the axis shall be made on specimens without any node, an

of t
be

case of scientific research tests one is free to determine otherwise.

e specimen shall be taken equal to the outer diameter; however if this is 20 mm or less, the
ice the.outer diameter. These limitations are valid in the case of testing for commercial purp

and MC, a
tion.

Do culms.

ine shall be
becimen, as
ecimen, an

ulm. These

j the length
height shall
pses; in the

9.4.
end

3 The end planes of the specimen shall be perfectly at right angles to the length of the sp
planes shall be flat, with a maximum deviation of 0,2 mm.

ecimen; the

9.4.4 To determine the modulus of elasticity E, strain gauges shall be applied, with a minimum of two per
specimen, each one of them at the opposite side of the specimen.
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Dimensions in millimetres

9165
$25
25
1 \
v i
= R SN .
2 @ -
P
3
N
 ,——.
L
5 \
\ g
6
®180
Key
1 spherical block
2 handle
3 top bear|ng block
4  specimeh
5 bottom bearmgbtock
6 machine
Figure 1 — Compression machine
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9.5
9.5.
the

spe

9.5.

maghine to travel at a constant

9.5.
suff|

9.5,
9.6

9.6.

ISO 22157

Figure 2 — Inte\g&diate layer

Procedure . N
\&

I The specimen shall be placed so tha&@e centre of the movable head is vertically above t
cross-section of the specimen, and a&small load of not more than 1 kN is initially applied

cimen. C)‘\\O

2 The load shall be applied. continuously during the test to cause the movable head of
of 0,01 mm/s.

B If applicable, the g{n gauges shall be read a sufficient number of times to be ab
ciently accurate loa ormation diagram form which E is to be determined.

B The final@mg of the maximum load, at which the specimen fails, shall be recorded.
Calcu@%n and expression of results

U € maximum compressive stress shall be determined by the following formula:

-1:2004(E)

he centre of
to set the

the testing

e to plot a

out s the ultimate compressive stress, in MPa (or N/mm?2), rounded off to the nearest 0,5 MPa,

F,t  is the maximum load at which the specimen fails, in N,

A is the cross-sectional area (2.3), in mm?2,

© 1SO 2004 - All rights reserved
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9.6.2 The modulus of elasticity £ shall be calculated from the mean of the readings of the strain gauges, as
a linear relationship between stress and strain between 20 % and 80 % of F;.

9.6.3 The mean ultimate stress of the tested specimens shall be calculated to the nearest 0,5 MPa as the
arithmetic mean of the test results of the individual test specimens.

9.7 Test

report

The test report shall be in accordance with 5.7; the MC and the mass per volume shall be determined
according to Clauses 6 and 7, respectively.

10 Bendjng

10.1 Scope

This clause|specifies a method for bending tests on bamboo culms.

10.2 Pringiple

The determjnation of

— the bending capacity of culms using a four-point bending test, as described in 10.5,

— the curpe of load versus vertical deflection, and

— the norpinal modulus of elasticity of the culm.

10.3 Apparatus

10.3.1 tesIng machine, capable of measuring load te\the nearest 1 %, and the deflection to the nearest

10.3.2 dey
supports. T
appropriate
applied to t
rotate freely

ice capable of bending the culm,-by,applying a load midway between the centres of the de
ne test shall be a four-point bending test. The load shall be divided into two halves by means @
beam. To avoid crushing the culm, the halve loads and the reaction forces at the supports sha
he nodes by means of appropriate devices. At the supports, the bamboo culm shall be allowe
. See Figure 3.

10.4 Preplaration of test culms

Test culms
shall be at |

shall be withoutvisually apparent defects. In order to obtain a failure in bending, the free s
past 30 x D, inwhich D is the outer diameter as in 4.2.1.

The full length of thexcdlm shall be at least this free length plus, at each end, a half internode-length.

mm.

vice
f an
| be
d to

pan
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a) Scheme

b) Detail of saddle

Key

1 peam

2 Joad

3 paddle made of wood

4 position of deformation measurement

[V

\Variable according to the distance of nodes.
Figure 3 — Scheme of bending test
10.5 Procedure

10.8.1 Determine the“mean value of the outer diameter D and wall thickness ¢ as in 4.2.1. Cplculate the
secpnd moment of area:

Ig :Tr/64><|:D4 —(D—2t)4J

NOTE This value of Iy is used to predict behaviour during the test.

10.5.2 Put the culm in its place in the bending machine, resting on two devices at the two supports, allowing
the culm to find its own position. Next put the two devices and the beam (which divides the load) on top of the
culm, and allow the culm again to find its position, and align the culm, the four devices, the load and the
supports visually in one vertical plane.

10.5.3 The loading of the culm shall be carried out uniformly at constant speed. The speed of testing
(preferably at a constant rate of movement of the loading head of the machine, otherwise at a constant rate of
loading) shall be 0,5 mm/s. The maximum load shall be determined with an accuracy as in 10.3.1. Observe
the cracks and describe the form of the failure. Plot a load-deflection diagram.
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10.5.4 After the test, determine the outer diameter D and the wall thickness ¢ again, as close to the points of
load as possible. The average of the diameters and wall thicknesses shall be used to calculate the second
moment of area Ig, with the formula in 10.5.1.

10.5.5 Determine the moisture content in accordance with the text in Clause 6 with a sample from near the
point of failure.

10.6 Calculation and expression of results

10.6.1 The ultimate strength, o, in MPa (or N/mm?2), in static bending with the moisture content at the time
of the test is_given by the formula-

2
oyt = xLx x1Ig

where
F is the applied maximum load, in N (the total load applied at the two points of load);
L is fhe free span, in mm (or clear span);
D is the outer diameter, in mm, as in 10.5.4;

Ig is the second moment of area, in mm#4, as in 10.5.4.

Express thg result to an accuracy of 1 MPa (or N/mm?2).

10.6.2 Thg modulus of elasticity (Young's modulus) is given by the slope of a linear part of the lpad-
deformatior) diagram.

The modulys of elasticity £, in MPa, is calculated usingthe formula:
E=23><F><L3/1296><5><IB

where

F,Land g areasin10.6.1;

o is the deflection mid-span, in mm.

Plot a load-feflection diagram.

10.6.3 If gnough_data (about the relationship between mechanical properties and moisture content)|are
available, tTe ultimate strength in static bending shall be adjusted to a 12 % moisture content, to an accufacy
of 1 MPa.

10.6.4 The mean ultimate strength of the sample and its standard deviation shall be calculated to an
accuracy of 1 MPa from the results of the individual culms of the sample.

10.7 Test report
The test report shall be in accordance with 5.7.
This report shall also include

— the test results as calculated in 10.6,
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