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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
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h“patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techtiical Barriers to Trade (TBT), see wiww.iso.org/
iso/fpreword.html.

This[document was prepared by Technical Committee ISO/TC 165, Timber structures

This|second edition cancels and replaces thefirst edition (ISO 22156:2004), which has been technically
revided.

The main changes compared to the previous edition are as follows:
— 3doption of design equatigfis*for material or component capacities for both members ahd joints;
— adoption of service classes and specific consideration of susceptibility to splitting;
dddition of Light€emient Bamboo Frame (LCBF) construction;

— addition of infermative annexes addressing durability and representative details for [connections
and LCBE.eonstruction;

— 1emovalof use of bamboo for reinforcing concrete or soil.

Any feedback or questions on this document should be directed to the user’s national standprds body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document provides a means of structural design for one- and two-storey building structures using
full-culm round bamboo poles as the primary vertical and horizontal structural load resisting systems.
This document addresses connection design, light cement bamboo frame shear panel design, and
addresses issues of durability. Informative annexes provide means of achieving design and performance
goals in these areas.
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Bamboo structures — Bamboo culms — Structural design

1 Scope

This document applies to the design of bamboo structures whose primary load bearing structure is
made of round bamboo or shear panel systems in which the framing members are made from round
bamboo.

Exce

pt as indicated in Clause 12, this document applies to one- and two-storey residg

comimercial or institutional and light industrial buildings not exceeding 7 m in height.

This
dura

This
(ASD
streq

This
and/|
(5.11

Othe
strud
Exec
requ

This
facto
to bd
matg
detel
upon

This

q

document is concerned only with requirements for mechanical resistafcg; servic
bility of bamboo structures.

document permits an allowable load-bearing capacity design (ACD) and/or allowable s
) approach for the design of bamboo structures. Allowable load<bearing capacity af
s approaches may be used in combination in the same structure.

document additionally recognises design approaches based\on partial safety factor de
pr load and resistance factor design (LRFD) methods {5.11.1), previous established
.2), or documented ‘design by testing’ approaches (5.1:h3).

r requirements, such as those concerning thermalg¥ sound insulation, are not considej
tures may require consideration of additional requirements beyond the scope of thi
Lition is covered to the extent that it impacts-the quality of construction materials a
red to comply with the design requirements contained herein.

document provides a number of modification factors, designated C;. These are empirig
rs, based on best available enginéering judgement, that are believed to be universall
imboo materials that are apprepriate for building construction. Parameters affect
rial performance are many.and are addressed explicitly through the use of exy
'mined characteristic values of strength and stiffness. Annex A provides a summary
which the provisions of this document were developed.

document does notapply to

gtructures made\of engineered bamboo products such as glue-laminated bamboo, crog

amboo, oriented strand, or densified bamboo materials,

amboo~reinforced materials where bamboo is not the primary load-bearing const

includessbamboo-reinforced concrete, masonry and soil, or,

cdffold structures constructed with bamboo.

bntial, small

pability and

tress design
d allowable

sign (PSFD)
experience

ed. Bamboo
5 document.
nd products

ally derived
y applicable
ing bamboo
erimentally
of the bases

s-laminated

ituent. This

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 12122-1, Timber structures — Determination of characteristic values — Part 1: Basic requirements

[SO 12122-5, Timber structures — Determination of characteristic values — Part 5: Mechanical connections

ISO 12122-6, Timber structures — Determination of characteristic values — Part 6: Large components
and assemblies

© ISO
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ISO 16670, Timber structures — Joints made with mechanical fasteners — Quasi-static reversed-cyclic test
method

ISO 19624, Bamboo structures — Grading of bamboo culms — Basic principles and procedures
[SO 21581:2010, Timber structures - Static and cyclic lateral load test methods for shear walls
[SO 21887, Durability of wood and wood-based products — Use classes

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

3 Termsand definitions
For the purposes of this document, the following terms and definitions apply.
ISO and IEC|maintain terminological databases for use in standardization at the following addressgs:

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

— IEC Eleqtropedia: available at http://www.electropedia.org/

31

assembly
multiple-cylm assembly
structural member comprised of more than one bamboo culm ‘€enstructed in such a fashion that the
multiple culims together serve as a single structural member

3.2
bamboo cu]jm
bamboo pojle
single shoot|of bamboo

Note 1 to entfy: A culm is comprised of the entireuhaltered bamboo cross section and is usually a hollow cylinder
except at nodes.

3.3
cross sectignal area
A
area of the gection perpendiculdr to the direction of the longitudinal axis of the culm

3.4
ductility

u
ratio of the ¢xperimentally determined ultimate displacement to the yield displacement

Note 1 to entfy-The ratio is determined according to ISO/CD TR 211411 for joints.

3.5
equilibrium moisture content

w
EMC
moisture content at which bamboo is neither gaining moisture from, nor losing moisture to, the

environment

3.6
fibre saturation point

WEgsp
moisture content below which only water bound in the cell walls remains; i.e., condition in which there

is no free water in the cell cavities

1) In preparation. Stage at the time of publication ISO/CD TR 21141:2021.
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ISO 2215

flattened bamboo
element obtained by opening the bamboo culm and making longitudinal cuts (scores) partially through
the culm wall to make a flat member

Note 1 to entry: Flattened bamboo is often referred to as “esterilla”.

3.8

internode

typic
39

ally hollow region of bamboo culm between two nodes

joint
conn|

3.10
lashi

3.11
light

LCBF
oved vernacular construction technique originating in~EKatin America utilising
fituted from a cement mortar render applied onto strip, flatténed or small diameter bainboo, which

impr
cons
are f

Note

alterIative technique in which the cement mortar rendet\is applied directly onto expanded met4

whic
and d

3.12
moig
w
porti

3.13
node
trans

3.14
non-
strug
to tr
path

Note

ection of two or more bamboo members

Ing
means of connecting bamboo culms by continuous wrapping of material areund culm and j

cement bamboo frame

xed onto bamboo and/or timber studs or framing

6:2021(E)

pint region

shear walls

1 to entry: The cement mortar render is reinforced by asmall-gauge metal mesh such as “chicken wire”. An

are in turn fixed onto the frame, is also accepted:‘The system is also known as "bahareque ¢
omposite bamboo shear walls.

ture content

on of culm weight consisting of water expressed as percentage of oven-dry weight

verse diaphragm region located along length of culm separating adjacent internodes

redundant
tural membgr is non-redundant if there is no alternative and sufficient load path in tl
insmit the)load carried by the member in the event of its removal (member failure) fi

1£ojentry: Failure of a non-redundant member leads to failure of the load path in which itis a j

3.15

outer diameter

D

I lath sheets,
ncementado”

he structure
om the load

part.

diameter of the cross section of a piece of bamboo, typically made near the centre of an internode, taken
as the average of two perpendicular measurements made across opposite points on the outer surface or
calculated from a measurement of the perimeter

3.16
poin
poin

t of contraflexure
t of inflection

<flexural member> location of zero moment where the curvature of the member is zero
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3.17
shear span

:2021(E)

<flexural member> distance between the maximum moment and the nearest point of contraflexure

(3.16)

Note 1 to entry: Shear span is conventionally assumed to be equal to half the span for a uniformly loaded simple
beam and half the column height for a column resisting lateral load.

3.18
splice

connection of two bamboo culms along their common longitudinal axis; used to extend the length of a

structural memberbeyond-thelength-efan-individualculm

3.19
bamboo sty
bamboo pie

3.20

[culm] wall
o)

thickness of]
of four meas

ip
ce with outer and inner layers intact, made by cutting bamboo culm in longitudinal dire

thickness

wall of bamboo culm, typically made near the centre of an intetnode, taken as the av{
urements taken around the circumference of the culm at angular spacings of 90°

ction

brage

3.21
working pdint
<structural [assemblage (most often a truss)> location where the’resultants of axial loads carried by
connecting members intersect
4 Symbgls and abbreviated terms
A cross sectional area of a single culm
Anin minimum cross sectional area of:the individual culms comprising the member
a length of the shear span of a member
B moment amplification factor
b length of LCBF panel
b nax maximum perpendicular distance from the centre of the culm cross section to the chord
drawn from the‘centres of the ends of the piece of bamboo
b, maximum nfeasured bow at midheight of culm comprising compression member
C compression force in end member of LCBF resisting overturning moment
Chow reduction factor to account for an initial bow in culms comprising a compression merpber
Cpg modification factor for Service Class and load duration for modulus
Cpr modification factor for Service Class and load duration for capacity and strength
Crp modification factor for end bearing condition
Cr member redundancy factor
Cr modification factor for elevated temperature
C, modification factor accounting for shear deformations
Co correction factor accounting for the angle of loading relative to the longitudinal axis of
the culm
c calibration parameter for column interaction equation
D nominal culm diameter
Dyowel  |diameter of dowel
d overall depth of a flexural member
4 © IS0 2021 - All rights reserved
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4, ultimate joint displacement
4, yield joint displacement
Ey modulus of elasticity used in design
E, mean characteristic compressive modulus of elasticity with 75 % confidence determined
from ISO 22157
(EDq component flexural stiffness used in design
(ET) mean characteristic component flexural stiffness with 75 % confidence
F applied horizontal force (from wind or seismic analysis) to LCBF
s aHovablebemroshressonderadowel
Fresf restraint force oriented perpendicular to the principal axis of an axial load [carrying or
flexural member
FS, component factor of safety
FS, joint factor of safety
FS, material factor of safety
F, joint capacity
Fop 5th percentile characteristic capacity of joint with 75 % confidence
/- compression strength parallel to fibres determineddrom ISO 22157
fi generic nomenclature indicating allowable desigh'strength of bamboo
fi 5th percentile characteristic strength with 75% confidence
Jm bending strength parallel to fibres determiined from 1SO 22157
| bending strength perpendicular to fibres determined from ISO 22157
fi tension strength parallel to fibres. determined from ISO 22157
fi90 tension strength perpendicularto fibres determined from ISO 22157
£ shear strength determined-firom [SO 22157
h height of LCBF panel
I moment of inertia of a single culm
[ in minimum momentof inertia of the individual culms comprising a member
K effective length ¢oefficient
K, stiffness of jeint
Koi mean characteristic joint stiffness with 75 % confidence
Ky factordsed in circumferential bearing calculation
KL effective compression member length
Lir length along the culm of the region of circumferential bearing
L length of member
£ workinglength-ofaxtaHoadearrying-member-betweenpoints-ofateralrestraint
LCBF light cement bamboo frame
M bending capacity of a single culm or a multiple culm component bent about its principal axis
M 4 design moment
M, moment capacity of a single or multiple culm member
M, maximum moment resisted by a flexural member
w moisture content of bamboo
WgMC equilibrium moisture content
Wgsp moisture content of bamboo at fibre saturation point
Wy moisture content at the time of testing

© IS0 2021 - All rights reserved
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N, compression capacity parallel to the fibres of a single culm or a multiple culm component
N4 design compression force
N, compressive load applied to an axial load carrying member
N, tension capacity parallel to the fibres of a single culm
Nq design tensile force
N, tensile load applied to an axial load carrying member
n number of culms comprising a member
Py end bearing capacity of unfilled bamboo culms
P, Crushing strength of a COmpression membper
P, circumferential bearing capacity of an unfilled bamboo culm
P, buckling capacity of a compression member
P, maximum axial load resisted by a compression member
Peir circumferential bearing pressure;
S elastic section modulus of a single culm
s least spacing between adjacent dowels located along the same longitudinal gauge line, of the
distance from the dowel to the nearest node or end of the culmyin the direction of loading
T tensile force in end member of LCBF resisting overturning,moment
%4 shear capacity of a single culm or a multiple culm component subject to flexure aboyt its
principal axis
Vy base shear force resisting applied horizontal force in LCBF
V. shear capacity of a single or multiple culm member
X; generic nomenclature indicating allowablé/design capacity of bamboo member
Xk 5th percentile characteristic component capacity with 75 % confidence
B central angle describing portion of\¢circumference over which bearing pressure is applied
) nominal [culm] wall thickness
0 angle of load applied to dowel.connector relative the longitudinal axis of the culm
U joint ductility
Y central angle between.adjacent gauge lines of dowel connectors
5 Basicrequirementsof design
5.1 Genefal
This documgnt jsibased on an allowable load-bearing capacity design (ACD) or allowable stress design

(ASD) apprag

ach to ensure the safety and performance of the structure.

A structure

shall be designed and constructed such that

— with acceptable probability, it will remain fit for its intended use, having due regard to its intended

life and

costs,

— with appropriate reliability, it will resist all actions and influences likely to occur resulting from
its intended use over its intended life, and have adequate durability in relation to maintenance
requirements, and

— it will not represent a hazard to human life by exceptional events such as explosion, impact or
consequence of human error, to an extent disproportional to the magnitude of the exceptional event.

© ISO 2021 - All rights reserved
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5.2 Design methodology

Bamboo structures shall be designed based on calculations, verifying that no relevant allowable load-
bearing capacity or stress is exceeded. The following are assumed:

— structures are designed by appropriately qualified and experienced design professionals;
— structures are constructed by personnel having appropriate skills and experience;
— adequate supervision and quality control are provided in factories, plants and on site;

— construction materials and products are used as specified in this document or in the relevant
material or product specifications;

— g§tructures are adequately maintained;

— gtructures will be used in accordance with their intended occupancy and de§ign.

5.3 | Susceptibility to splitting

Bambpoo culms are susceptible to longitudinal splitting. Splitting, is.€ommonly related| to changes
in mpisture content of the culm in service. The susceptibility to splitting can lead to nof-redundant
mempbers (5.4.1) and may necessitate replacement of culms in a mémber or structure (5.9).

The effects of splitting in design may be investigated using a notional approach in wHich a single
notignal split is assumed to occur at the least favourable logation in a member or joint. In this state, the
memper or joint shall be shown to retain at least 75 % @f its capacity. If at least 75 % of the capacity is
not rletained, the member or joint shall be designed<assuming that the notional split will foccur and a
redufed capacity shall be used in design.

The effects of splitting may be partially mitigated using radial clamping described in 10.7.1

5.4 | Redundancy

To the extent possible, non-redundant structures and/or structural members or components should not
be uged.

The member redundancy factor, Cp, shall be defined by Table 1.

Table 1 — Member redundancy factor, Cp

redundancy of member in structure Cp
non-redundant as defined in 5.4.1 0,90
redundant as defined in 5.4.2 1,10
all other structures 1,00

5.4.1 Non-redundant structural members
Non-redundant structural members shall be those satisfying the following criteria.

— load-bearing members whose removal from the structure or load path result in failure of the
structure, or

— load-bearing members made of multiple culms for which the removal of any single culm from the
multiple culm assembly results in failure of the member.

5.4.2 Redundant structural members

Redundant structural members shall be those satisfying the following criteria.

© IS0 2021 - All rights reserved 7
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Where four or more structural members of the same stiffness are connected to a continuous load
distribution path (such as may be the case with floor joists, rafters, purlins and trusses) and, in addition,

either

— the continuous load distribution path is capable of redistribution of loads, or

— the structural members are no more than 600 mm apart, the load distribution members are
continuous over at least two spans, and any joints in the load distribution members are staggered.

5.5 Servi

ceability considerations

Deflections
damage fini

5.6 Servi

Members in
5.6.3 based
the mechan
prescribed
classes.

5.6.1 Ser
Service Clas]

NOTE S¢

of the Structure or itS COMpPONeENnts 1iKkety to affect USe or oCCuparncy of the Structu
Khes or non-structural components shall be considered.

ce classes

a bamboo structure shall be assigned to one of the service classes giveh|by 5.6.1, 5.6
on the environment to which the bamboo is exposed. These service-classes are relat
ical performance of the bamboo. Use classes associated with durability performanc
n 5.7.1. Different elements or members in the same structure may have different se

Vice class 1

s 1 is characterised by an equilibrium moisture content in the bamboo not exceeding 1

rvice Class 1 is representative of indoor air-conditioned or heated environments in which re

humidity is npaintained below 65 % and will generally correspand to ISO 21887 Use Class 1 (see 5.7.1).

5.6.2 Ser

Service clas
NOTE Se

except those
correspond t

5.6.3 Sen

Service clas
the bamboo

Load durati
shall be detd

pice class 2
5 2 is characterised by an equilibrium moisture content in the bamboo not exceeding 2
rvice Class 2 is representative of indoor unheated or uncooled environments in most locd

with relative humidity regularly or for prolonged periods exceeding 85 % and will gen
b [SO 21887 use class 2 or 311 (see 5.7.1).

Vice class 3

5 3 is characterised by ambient or climatic conditions leading to higher moisture contg
than experiéneéd in Service Class 2.

pn factors/(Cpr and Cpg) and elevated service temperature factor (Cy) for Service CI
brmined experimentally (5.11.3)

e or

2, or
ed to
b are
rvice

2 %.

ative

0 %.

tions
erally

ntin

hSs 3

5.7 Dura

) =
Ity

Provision shall be made in the design of bamboo structures to ensure durability of the structure.

Durability is the ability of bamboo to resist degradation of geometric, physical or mechanical properties
when subject to an intended service environment for an intended service life. Effects of fire are
addressed in Clause 13.

No species of bamboo is known to have significant natural resistance to biological attack. Bamboo shall
be considered “non-durable”, requiring preservation, in terms of its resistance to the following:

— fungal attack;

— attack by wood boring insects and termites; and,

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=5852c23de1ab37150900009931ed1e6b

ISO 22156:2021(E)

— marine borers for bamboo exposed to a marine environment.

Treatment shall be either demonstrated to not affect bamboo mechanical properties (strength and
stiffness) or, more typically, mechanical properties defined in Clause 6 shall be determined for treated

bamboo.

The following general considerations for durable structures are required:

— construct only with bamboo that has achieved its equilibrium moisture content, wgyc, for the

location of the building. Moisture content, w, shall never exceed the fibre saturation
which, if unknown may be assumed to be wrgp = 30 %;

point, Wggp,

— building details shall be such that the bamboo shall remain air-dry by ventilation and epsure that if

tthe bamboo does become temporarily wet, it will dry before material deterioration car

occur; and,

— Dbuilding envelope permeability shall be such that negative pressure resulting frpm heating,

yentilation and/or air conditioning, likely to draw water or moisture into theZbamboo,

Anngx B provides additional recommendations for designing durable bamboo/structures.

5.7.1 Use classes

Bambpoo within a structure shall be assigned to one of the use cldsses defined by ISO 218
the environment to which the bamboo is exposed. Table 2 summarises Use classes and bas
consjderations.

Bambpoo should not be used in use class 3.2 except for structures having a design life of less t
Bamboo shall not be used in use classes 4 or 5.

Table 2 — Use classes, durability considerdations and appropriate preservation teg

s mitigated.

B7 based on
ic durability

han 5 years.

hniques

Use Protection against hiiological
service conditions typical uses agents
class fungal insects termites
1 interior, dus: framing, pitched roof mem- i yes yes
bers
interior, oecdsional framing, roof members,
2 damp (possibility of ground floor joists, framing yes yes yes
cendensation) built into exterior walls
exterior, above ground L
. protected exterior joinery
31 protected from driving and framin yes yes yes
rain and UV radiation §
unprotected exterior fram-
exterior, above ground ing and joinery including
3,22 not protected from cladding, vertical load yes yes yes
weathering bearing members, exposed
unprotected culm ends
in contact with ground | gole plates or columns at
4.1b or ground, columns built into yes yes yes
in-ground ground, piles
4.2b in-ground severe, fresh iles os os os
) water P y y y
5b marine or brackish marine piles including splash os
water zone y
a2 Bamboo should not be used in use class 3.2 except for structures having a design life of less than 5 years.
b Bamboo shall not be used in this use class.
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5.7.2 Resistance to corrosion of metallic elements

Metal fasteners and other structural connections shall be either inherently corrosion resistant or
protected from corrosion.

5.8 Effects of elevated temperature

When heated, the strength and stiffness of bamboo decrease. The effects of elevated temperature are
immediate and their magnitude varies depending on the moisture content of the bamboo. Up to 65 °C,
the immediate effect is reversible upon return to normal ambient temperature. Prolonged exposure to
temperature greater than 65 °C can cause permanent loss of strength and stiffness in bamboo culms.
As bamboo Is cooled below normal ambient temperatures, its strength increases.

It is appropriate to use the reference design values of this document for ordinary tempergture

fluctuationd and occasional short term heating to temperatures no greater than 65 °C.

Bamboo sh{ bater

than 50 °C o

11l not be used for structures experiencing prolonged exposure to temperatures gr
r short term exposure to temperatures greater than 65 °C.

5.9 Maintenance, inspectability and replacement considerations

For a variet PN in

service.

y of reasons, bamboo culms may split longitudinally or be{otherwise damaged wh

To the extent possible, provision should be made to permit mainteniance and inspection of bamboo Joad-

bearing members; particularly members forming part of a non-redundant load path.

To the extel
structure sH

1t possible, consideration of the future need .to replace individual culms in a memb
ould be made.

er or

5.10 Seismic force reduction factor for bamboo structures

ional
cting

The devel(:Iment of seismic force reduction,factors must be calibrated with appropriate Nat|
Building or National Seismic standards. C.2 provides guidance - based on this document - for sele
seismic forcg reduction factors for bamboo structures.

5.11 Alterpate design methodologies

hat it

[t is permisd
is shown th3

Alternative

ible to use alternative design methodologies differing from this document, provided t
it the alternative methodology complies with the general design requirements of 5.1.

bambooeonstruction design methodologies are deemed to comply with this docu

ment

provided they are baséd on one of 5.11.1, 5.11.2 or 5.11.3.

5.11.1 Partialsafety factor design (PSFD) or load and resistance factor design (LRFD)
methodology

C.3 provides guidance - based on this document - for design of bamboo structures using PSFD or
LRFD methodologies in instances where National Building or Construction Standards permit these
approaches for bamboo.

5.11.2 Experience from Previous Generations

Experience from previous generations (i.e., vernacular construction) that is well preserved in local
tradition and dutifully transmitted to people living today can be considered to be an informal, non-
codified “standard” provided all of the following criteria are met:

— the content shall be known and accepted to result in adequate or acceptable structural performance;
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the content shall be considered as an “old and pure tradition” or as “general wisdom”;

the community shall be characterised by a relatively undisturbed social structure having a

recognised social pattern; and,

the community understands the construction technique and are aware of and prepare

d to conduct

required maintenance, which may be more significant than with other building materials.

The application of experience from previous generations is limited as follows:

5.11

Whe
analy
perfy
resu

For j

6

6.1

app

Com

the content is only applicable to similar scenarios;

the content 1s not extrapolated 1n terms ot dimensional scale; and,

gfter migration, the presence of this tradition is no longer self-evident.

q

3 Design by testing

re the composition or configuration of structural members or systems is such thg
sis cannot be performed in accordance with the provisions of this’document, thei
rmance and conformity with the intent of this document (5.1)\shall be establishd
ts that are evaluated in accordance with the following:

1
1

ests shall be full-scale and use bamboo culms representdtive - preferably of the sam|
hose to be used in the designed structure;

lests shall be conducted to failure and the mode of fajlure reported in addition to all neces|
forces, deformations and stresses; therefore “proof-testing” does not satisfy the reqy
this Section;

¢valuation of predicted capacity shall be made on the basis of the 10th percentile value
least ten (10) identical specimens; thiswalue shall be the characteristic value, X, defin
flest result shall be eliminated withont-a written rationale; and,

The testing shall be presented in areport suitable for peer-review. The report shall provi
detail to permit the testing toibe repeated.

bints, the requirements of'10.2 shall supersede those of this Section.

Member component and material properties

General

Memllber component and/or material properties of bamboo used for structural Iqg
T

cations should be determined by grading in accordance with 14.

t design by
Ir structural
d from test

e grade - as

sary applied
irements of

of tests of at
bd in 6.2. No

de sufficient

ad-carrying

ntative the

Bant o aatarial oo ogats o Jdot 1madd rraiekira—cantamndt o 1o
PUTICITIC atru HractCTrar proptratsS—arCaCTtCT et O0TIIOTSTUT CCOIITCIICS TCPTCS

anticipated Service Class in which the bamboo is used.

Component properties are those which the determined property is a component capacity or stiffness.
Component capacities may be determined for a single culm or a multiple-culm assembly intended for
use as a structural member. Component capacities may be inferred from grading.

Material properties are those obtained from material tests described in ISO 22157. The material
property is multiplied by a geometric parameter to give a component capacity or stiffness.

NOTE Examples of material properties are stress to cause failure and modulus of elasticity. Multiplying
compression stress (f.) by cross section area (A) results in the component property bearing capacity (Af).
Similarly, multiplying modulus of elasticity (E) by moment of inertia (I) results in the component property
flexural stiffness (EI).
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6.2 Characteristic material and component properties

Characteristic values of component or material properties should be inferred by Grade determined
using a grading procedure in accordance with Clause 14.

If not graded in accordance with Clause 14, characteristic values of component or material properties
shall be determined in accordance with ISO 12122-1.

6.3 Allowable member design capacity

The allowable member design load-bearing capacity shall be determined by applying all relevant
adjustment factors to the calculated characteristic component strength determined I accordance|with

6.2 as given|by Formula (1):

X; =X 4 Cpx Cppx Cpx (1/FS,) €y
where
X; ig the design capacity.

Xy, igthe 5th percentile characteristic member capacity with 75 %confidence (6.2). In ISO 13122-
1) the value is denoted X; 95 ¢ 75-

The degignation X; is as follows:
N} isthe tension capacity parallel to the fibres of asihgle culm or a multiple culm compopent.

M is the bending capacity of a single culm er*a multiple culm component bent about its
principal axis.

V| is the shear capacity of a single culm or a multiple culm component subject to flgxure
about its principal axis.

Cp  idthe member redundancy factor given in 5.4.

Cpr 19 the modification factor for service class and load duration given in Table 3. The durption
fgdctor selected for load combinations shall be that for the component of the combination hgving
the shortest duration.

Table 3 —Load duration factor for capacity and strength, C)

Service Class defined in 5.6
load duration
1 2 3
permanéntand long term applied load 0,60 0,55
trankient loads 0.75 0.65 see 5,6.3
instantaneous loads (wind and seismic) 1,00 0,85

Cr  is the modification factor for service temperature given in Table 4. For structural members
that will experience sustained exposure to elevated temperatures up to 65 °C this factor
shall be applied. The factor is not required for transient elevated temperature exposure less
than 3 hours.
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Table 4 — Elevated service temperature factor, C

Service class defined in 5.6
1 2 3
T<38°C 1,00 1,00
38°C<T<52°C 0,90 0,90 see 5.6.3
52°C<T<65°C 0,80 0,80

NN
o7

J-CITC-COT TTICTTIeT T T

ictha comnonant fortar of cofoty givyan 10 T-hla O
3 HPo SEt0+-6+ ety g enH—anie—o-

Table 5 — Component factor of safety, FS,

N

C

2,0

M
2,0

vV
4,0

Nt
2,0

FS,

C

1 Since axial load capacity is dependent on many factors and affected by buckling
onent compressive capacity cannot be determined.

2 FS, for shear is twice that for flexure in order to enforcé/flexure critical’ behaviour

elct to bending which helps to mitigate splitting behaviour (5.3)

boo culms or multiple-culm members shall be designedsuch that they are not subject {

Allowable design strength

hllowable design strength shall be determityéd by applying all relevant adjustment f3

6:2021(E)

instability, a
in members

o torsion.

ctors to the

calcylated characteristic material strength determined in accordance with 6.2 as given by Formula (2):
f|=fix* Cpx Cppx Cr (1/FSy) (2)
where
A is the allowable désign strength.
flix  is the 5th pereentile characteristic strength with 75 % confidence (6.2). In ISO [2122-1, the
value is denoted f; o5 0,75
The designation f; is as follows:
j| is-the compression strength parallel to fibres determined from I1SO 22157.
S is the tension strength parallel to fibres determined from ISO 22157.
fm  isthe bending strength parallel to fibres determined from ISO 22157.
£, is the shear strength determined from ISO 22157.
figo is the tension strength perpendicular to fibres determined from ISO 22157.
fmoo is the bending strength perpendicular to fibres determined from ISO 22157.
Cp  isthe member redundancy factor given in 5.4.
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Cpr is the modification factor for service class and load duration given in Table 3. The duration
factor selected for load combinations shall be that for the component of the combination having
the shortest duration.

Cr  isthemodification factor for service temperature given in Table 4. For structural members that
will experience sustained exposure to elevated temperatures up to 65 °C this factor shall be
applied. The factor is not required for transient elevated temperature exposure less than 24 h.

FS,, isthe material factor of safety given in Table 6.
Table 6 — Material factor of safety, FS
fc ft fm fv ft90 fm90
FS, | 2,0 2,0 2,0 4,0 4,0 2,0
NOTE FY,, for shearis twice that for flexure in order to enforce ‘flexure critical’ behayiour'in members sybject

to bending which helps to mitigate splitting behaviour (5.3). Similar to shear, tensipn failure perpendicular to
fibre, f,q, is vpry brittle, warranting a higher factor of safety.

Bamboo culns or multiple-culm members shall be designed such that they are not subject to torsipn.

6.4.1 Culin geometry for use with allowable design strength

When apply|ng allowable design strengths (6.4) to determine component capacity, geometric propdrties
of culms shdll be determined as follows:

D is the nomlinal culm diameter determined from a gradifig procedure in accordance with 14; otherise,
for culms haiving a variation in diameter over their Iength of less than 10 %, D is the culm diameter
determined|as the average of diameters measured‘ateach end of the culm. For culms having a variation
in diameter|over their length greater than 10 %; Pris the minimum culm diameter determined ovdr the
length of th¢ culm.

6 is the norhinal culm wall thickness determined from a grading procedure in accordance with 14;
otherwise, fpr culms having a differefice’in wall thickness from one end of the culm to the other of less
than 10 %, § is determined as the average of wall thicknesses measured at each end of the culn}. For
culms having a difference in wallithickness from one end of the culm to the other greater than 10 %, § is
the minimum culm wall thicknéss determined at each end of the culm.

Cross sectional area of asingle culm shall be calculated by Formula (3):
A= (m/4) x [D* ~(D)* 26)?] (3)

The moment of inertia of a single culm shall be calculated by Formula (4):

I=(1/64) x [D* - (D - 26)4] )

The elastic section modulus of a single culm shall be calculated by Formula (5):
S=(m/32D) x [D* - (D - 26)*] (5)
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6.5 Component flexural stiffness
The component flexural stiffness used in design, (EI) 4 shall be determined by Formula (6):
(EN)q = (ED)y x Cpg x Cr (6)

where

(EI); isthe mean characteristic component flexural stiffness with 75 % confidence (6.2). In ISO 12122-
1, the value is denoted (EI) ,ean 0,75

{pr is the modification factor for service class and load duration given in Table 7.

Table 7 — Load duration factor for modulus, Cp;

Service class definedin 5.6
load duration
1 2 3
permanent and long term applied load 0,50 0,45
transient loads 1,00 0,95 see 5.6.3
instantaneous loads (wind and seismic) 1,00 1,00

¢ isthe modification factor for service temperaturegiven in Table 4. For structural mlembers that
will experience sustained exposure to elevatéd temperatures up to 65 °C this fagtor shall be
applied. The factor is not required for transient elevated temperature exposure legs than 24 h.

6.6 | Modulus of elasticity
The modulus of elasticity used in design{E}, shall be determined by Formula (7):
By =Ejx Cppx Cp (7)

wherte

I, isthe mean chafacteristic compressive modulus of elasticity with 75 % confidencg (6.2) deter-
mined from S0 22157. In ISO 12122-1, the value is denoted E .o 0, 75-

{pr is the madification factor for service class and load duration given in Table 7.

¢ isthe modification factor for service temperature given in Table 4. For structural members that
will experience sustained exposure to elevated temperatures up to 65 °C this fa¢tor shall be
applied. The factor is not required for transient elevated temperature exposure les than 24 h.

7 Structural modelling bamboo structures

Structural modelling is the process of ‘translating’ the physical reality of a building structure into a
mathematical model from which necessary design calculations may be carried out.

Required load-bearing or stress demands shall be calculated at critical locations as determined from
loads or load combinations corresponding to those required by the applicable national building code.

Design of bamboo members and structures shall be based on calculation applying the principles of
fundamental applied mechanics. Typically, models of bamboo structures will make the following
assumptions:

— bamboo is modelled as a linear elastic material through the allowable stress;
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— bamboo culms are modelled such that they satisfy Bernoulli beam theory (i.e., plane sections remain
plane);

— bamboo culms are conservatively modelled as hollow tubes having cross section dimensions equal
to the smallest dimension of the culm;

NOTE For most applications, using average cross section dimensions is adequate and appropriate for
modelling.

— bamboo culms may be more accurately modelled accounting for diameter and wall-thickness taper
provided such information is reliably available;

— second prder effects resulting from imperfect (not straight) members shall be considered; be¢ause
elastic properties are assumed, moment and/or axial load amplification factors (such as.B)defined
in 9.5) hased on prescribed imperfections may be adopted;

— joints in bamboo structures shall be assumed to be pinned (hinged) unless otherwise permiitted
or substantiated by experimental data justifying the use of a finite stiffness (spfing) or fixed joint.
Joint or [connection stiffness are defined in 10.5;

— inanalyjses in which joint stiffness is included, the deformation or slip of théjoint shall be accoynted
for in analysis;

— when determining loads in statically indeterminate bamboo frames, variation in the load |path
resulting from variations in stiffness of the connections and members shall be considered. This is
best acdomplished by performing a sensitivity analysis of the structural load path; varying member
and connection stiffness parameters within bounds established by grading protocols or ¢ther
rational assessment of how these parameters may be expected to vary in the structure; and,

— when determining the period of bamboo structuresyyvariations in stiffness of the connection$ and
members shall be considered, as these can vary significantly affecting the calculated period of the
structure.

8 Flexunal members (beams)

8.1 General

The moment resisted by a flexural member shall be equal to or less than the moment capacity, M,, ¢f the
member deflined by 8.3.1 or 8.83:2.

The shear fdrce resisted by a flexural member shall be equal to or less than the shear capacity, V,, ¢f the
member defiined by 8.3:3.1 or 8.3.2.1.

To the extent possible, design capacity of members subject to flexure shall not be governed by shear-
dominated flailureé/modes.

8.2 Multiple culm flexural members

Multiple culm flexural members shall be symmetric about the axis perpendicular to the axis of bending
and shall have an overall depth-to-width ratio no greater than 3. Members having a depth-to-width
ratio greater than 1,5 shall meet the lateral bracing requirements of 8.2.1.

Multiple culm flexural members arranged into a triangular bundle shall have one side of the triangle
oriented along the compression face of the member.

Culms in multiple culm flexural members should be in contact to the extent possible. In no case shall
culms be separated by more than a clear distance equal to the average culm diameter in the member.
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Multiple culm flexural members shall be assembled such that the sum of geometric properties do not
vary by more than 10 % from one end to the other; typically, such members will be assembled with
culm top and bottoms alternating at each end.

Connections between adjacent culms in multiple culm flexural members shall be provided at the ends
of all unbraced lengths and between adjacent culms at a spacing no greater than ten times the [smaller]
culm diameter. Connections shall be designed based on the requirements of 10 to adequately transfer a

minimum force of 1 500 N/m between adjacent culms in all three principal axes of the member.

8.2.1 Bracing requirements for multiple culm flexural members

Whe
ratio

Fe a multiple culm flexural member is bent about 1ts major axis and the member dej
exceeds 1,5, lateral bracing is required that satisfies the following:

tthe compression region of the member is laterally restrained at intervals not exceeding
yidth of the member.

Iboth the compression and tension regions of the member are laterally restfained at all

lateral restraints shall provide sufficient restraint and stiffness tofinhibit lateral movy¢
restraint point. The sum of all restraints provided to a member $hall be capable of resi

th-to-width
10 times the
supports.

bment of the
sting a total

force 2F, . soriented perpendicular to the principal axis of the flexural member of not lgss than that
given by Formula (8):
HFresp2 (M, /d) x 0,04 (8)

— individual lateral restraints shall be capable of résisting a force F,s oriented perpendjcular to the
I;incipal axis of the flexural member of not lessithan that given by F[ormula 9):
FreSfZ (Mu/d) x 0,015 (9)
where
M, is the maximum moment'resisted by the flexural member; and,

d isthe overall depth of the flexural member.

the total restraintdorce, 2F,.; shall be divided between the intermediate lateral 1
proportion to their spacing.

thelateral restrdintshall be connected to an appropriate system of bracing capable of tra
restraint ferce to the effective points of support of the member, or else connected to an
part of.the’structure capable of fulfilling a similar function. Where two or more paral
fequireintermediate lateral restraint, it is not adequate to connect the members togeth
they become mutually dependent.

estraints in

isferring the
ndependent
el members
er such that

8.3 Flexural member capacity

The use of summations of culm capacity or geometric properties in this clause allow for use of multiple
culm members.

8.3.1 Flexural capacity determined from component capacity

The moment capacity of a member defined from component capacity shall be given by Formula (10):

M.=M (10)
where
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M =2M; isthe sum of the allowable flexural design capacity of the single culms, M;, comprising the

M

member defined in 6.3; or,

is the allowable flexural design capacity explicitly determined for a multiple culm member

defined in 6.3.

8.3.1.1 Shear capacity of flexural members determined from single culm component capacity

The shear capacity of a member defined from component capacity shall be given by Formula (11):

V.=V
where
V=2V,
vV
8.3.2 FleY

(11)

is the sum of the allowable shear design capacity of the single culms, V,‘comprisin
member defined in 6.3; or,

is the allowable flexural design capacity explicitly determined for.almultiple culm me
defined in 6.3.

ural capacity determined from bending strength

o the

mber

The moment capacity of a member determined from allowable bending strength and culm geometry

shall be givg

M, = fy, 3
where

fm ISt

2§ ist

me|

8.3.2.1 SH

The shear c4

n by Formula (12):
R

he allowable bending strength parallel to fibres given in 6.4;

mber.

ear capacity in multiple’culm flexural members determined from shear strength

ipacity of a memberZdetermined from allowable shear strength and culm geometry sh

(12)

he sum of the elastic section moduli, defined in 6.4.1, of the individual culms comprisinlg the

111 be

(13)

given by Foimula (13):
315 D~(D-28)*
V.=f,» Y p ( )3
8<D° —(D-26)
where
f, istheallowable shear strength parallel to fibres given in 6.4;

The second term in the equation is calculated as the sum of the geometric properties of the individual
culms comprising the multiple culm member; and,

Dand é

8.4 Calcu

are defined in 6.4.1.

lation of deflection

Deflections shall be calculated using elastic section properties. For calculating deflections to be
compared with National Building Code-prescribed serviceability deflection limits, the elastic flexural

stiffness ma

18

y be determined as given in 8.4.1 or 8.4.2.
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8.4.1 Flexural stiffness determined from component properties

The flexural stiffness, EI, determined from component properties for the calculation of deflections shall

be given by Formula (14):
El=(ENyx C, (14)
where

(EN4=2(EDy; is the sum of (EI)4; determined for single culms (6.5), comprising a multiple culm
d di di

member: or

(EDq4 is determined explicitly for multiple culm members as defined in-6.5.
C, is the modification factor accounting for shear deformations given by Formula (15):
d,=0,5+0,05x (a/D) <1,00 (15)
where

¢ isthe length of the shear span of the member; and,

P isdefined in 6.4.1.

8.4.21 Flexural stiffness determined from material and geometric properties

The flexural stiffness, El, determined from materials and geometric properties for the calculation of
defldctions shall be given by Formula (16):

HI=E;xZIxC, (16)

where

I’y is the modulus of elastiCity used in design defined in 6.6;

b
—~

is the sum of the-moments of inertia, defined in 6.4.1, of the individual culms comprising the
member; and,

¢, isthe modification factor accounting for shear deformations defined in 8.4.1.

8.4.3 Longterm deflections

Total long\term deflections shall be calculated applying appropriately determined valueg of (EI)4 or
E, (4.5-0r 6.6, respectively) separately to permanent and transient component of appligd loads and
summing the components of detlection togetner.

9 Axial load carrying members

9.1 General

The compressive load applied to an axial load carrying member shall be equal to or less than the

compressive capacity, N, of the member defined by 9.3.1.

The tensile load applied to an axial load carrying member shall be equal to or less than the tension
capacity, N,,, of the member defined by 9.4.1 or 9.4.2.
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Multiple culm axial load carrying members shall be arranged such that they are

— symmetric about two principle axes;

— radially

symmetric; or,

— arranged in a triangular arrangement having an equal number of culms on each side.

Single culm axial load carrying members are permitted; such members shall be considered to be non-
redundant as defined in 5.4.1.

Culms in multiple culm axial load carrying members shall be separated by no more than a clear distance

equal to the

Connection{
unbraced le|
culm diame
minimum fo

When requi
Bamboo cul
in a grading
length of thd

Axial load d
where d is

average culm diameter 1n the member.

between adjacent culms in multiple culm members shall be provided at the.ends
ngths and between adjacent culms at a spacing no greater than ten times-the’ [sm
fer. Connections shall be designed based on the requirements of 10 to adequately tran;
rce of 1 500 N/m between adjacent culms in all three principal axes of the member.

red, lateral bracing requirements for compression members shall be(détermined by 9.4

ms comprising an axial-load carrying member shall not have a bow exceeding the lim
protocol in accordance to ISO 19624. Bow shall not exceed A, /50, where L is the unbr
e member.

arrying members having eccentrically applied loads:with an eccentricity exceeding
the smallest overall dimension of the member shall;be designed for combined axia

flexural loadls as defined in 9.5.

9.2 Comy

The effectiy
length of th

)ression member effective length

e of length of compression load carrying members shall be determined as the wo
e member between points of lateral'testraint, L multiplied by the recommended effe]

length coeffiicient for bamboo members, K given in Table 8. For multiple culm members, the effe

length may

be different about the two principal axes of the member.

Table 8 = Effective length coefficient, K

compression member end conditions truss element
pin-pin pin-fixed fixed-fixed | (see Clause 11)
laterally restrained 1,10 0,80 0,65 1,00
no lateralrestraint 2,40 2,10 1,20 not permitted

9.2.1 Late

bral restraint of compression members

Lateral restira

restraint point. Restralnts shall be capable of re51st1ng a force

perpendicul

resc -

where

20

ar to the principal axis of the member about which restraint is being calculated.

> (P,/Cpow) x 0,01

esc, glven by M oriented

bf all
hller]
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1.
it set

aced

d/4,
and

rking
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Jf the
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P, isthe maximum axial load resisted by the compression member;

Cyowis a reduction factor to account for an initial bow in the culms comprising the compression
member given by Formula (18):

Chow = 1 - (b,/0,02) (18)
where

b, is the maximum bow at midheight of any culm comprising a compression load bearing
member given by Formula (19); b, shall not exceed the limit given in 9.1.

by = byyay/L < 0,02 (19)

b hax 1s maximum perpendicular distance from the centre of the culm cross section|to the chord
drawn from the centres of the ends of the piece of bamboo.

L is the length of the member.

The lateral restraint shall be connected to an appropriate system of brdcing capable of transferring the
restrjaint force to the effective points of support of the member, or ‘€lSe connected to an Independent
part|of the structure capable of fulfilling a similar function. Where two or more parallel members
requjre intermediate lateral restraint, it is not adequate merelyto connect the members tggether such
that they become mutually dependent.

9.3 | Compression capacity

The pse of summations of culm capacities and geometric properties in this clause alloyw for use of
multfple culm members including those compriséd of different sized culms.

9.3.1 Compression capacity from geometric and material properties

The ¢ompression capacity of a member)is determined shall be given by Formula (20)[13I:

2

P.+P P.+P P.P

lvcrz C e _ C [S N\:Cc'e (20)
2c 2c c

wherte

IP. isthe crushing capacity defined in 9.3.2;
P, is thé buckling capacity defined in 9.3.3; and,
¢ = 0,80071

9.3.2 Crushing capacity

Crushing strength of a compression member, P, shall be determined from strength and geometry shall

be given by Formula (21)
P.=f.xZA (21)

where

f.  isthe allowable compression strength parallel to fibres given in 6.4; and,

XA isthe sum of the cross sectional areas, defined in 6.4.1, of the individual culms comprising the
member.
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9.3.3 Buckling capacity

Buckling capacity of a compression member, P, shall be given by Formulae (22) or (23):

2
=mc Edlmianow (22)
e 2
(KL)
or
2
n (El)d min Cbow
P = — (23)
(RL)
where
n is the number of culms comprising the member;
Ey is the design modulus of elasticity given in 6.6;
Iin is the minimum moment of inertia, defined in 6.4.1, of the individGal culms comprising the
member;
(ED)gmi} is the minimum flexural stiffness, defined in 6.5, of the individual culms comprising the
member;
Chow is areduction factor to account for an initial bow in‘the culms comprising the compregsion
member defined in 9.2.1; and,
KL is the effective compression member length-defined in 9.2.
NOTE Sipce buckling capacity is dependent on many factors, a component buckling capacity cannpt be
determined.
9.4 Tension capacity
The use of gummations of geometric pfoperties in this clause allow for use of multiple culm menpbers
comprised qf different sized culms/Fer the design of single culm members, the summation symlbol is
neglected and the calculation made for the single culm.
It is very rarfe for axial tension'to’govern the design or behaviour of a member. Special attention shall be
paid to connections imparting a tensile load to a member.
9.4.1 Tenpsion capacity from component capacity
The tension|capacity of member defined from component capacity shall be given by Formula (24):
N = N, (24)
where
N =XN,; isthe sum of the allowable tension design capacity of the single culms, N;;, comprising the
member defined in 6.3; or,
N, is the allowable tension design capacity explicitly determined for a multiple culm member

22

defined in 6.3.
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9.4.2 Tension capacity from geometric and material properties

The tension capacity of a member determined from geometric and material properties shall be given by

Formula (25):
Np=nx fix Apip (25)

where

n is the number of culms comprising the member;

f is the allowable tensile strength parallel to fibres given in 6.4; and,

A, ..is minimum cross sectional area, defined in 6.4.1, of the individual culms comprising the member.

min
9.5 | Combined axial and flexural loads

For thembers subject to combined axial load and moment including thogeshaving initial efcentricities
(including National Code-prescribed accidental eccentricities) exceeding the limits given in 9, the
failure criteria given by Formulae (26) and (27) shall be applied.

For ret axial compression:

N.4/N.. + BM 4/M, < 1,0 (26)

For et axial tension:

=

(td/Ntr+Mcd/Mrs 10 (27)

where

IN.q 1isthe design compression force;

is the compression resistance defined in 9.3;
IN.q isthe design tensile’force;

is the tensiléresistance defined in 9.4;

M4 is the design moment;

M isthe moment resistance defined in 8.3; and,

lr is the moment amplification factor given by Formula (28):
B=[T=N_g/PTt (28)
Pe

is the buckling capacity defined in 9.3.3.

10 Joints and splices

10.1 General

A joint shall comprise a means of transferring design forces between two or more individual culms or
structural members.

Joints shall have predictable deformation characteristics consistent with a) their use; and b) the
analytical methods used to determine their design forces.
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Joints shall be designed to have appropriate capacity, stiffness, ductility and robustness against bamboo
culm splitting. Yield load (F,; see 10.4), elastic stiffness (K,; see 10.5) and ductility (4) are defined in
accordance to ISO/TR 21141. The static (monotonic) characteristic design properties for a joint may
be determined from either 10.2 or 10.3. Seismic capacities of a joint shall be determined from 10.2. All
joints shall satisfy the requirements of 10.6 and 10.7. Culm splices shall satisfy the requirements of 10.8.
Connection hardware, ancillary components and/or appurtenances shall conform to the requirements
of 10.9 as appropriate.

To the extent possible, the longitudinal axes of all culms connecting in a joint should intersect at a single
working point. If this is not possible, the resulting eccentricity of culm loads shall be considered on the

design of the joint and connected members.

Component
provided in
provided in

10.2 Desig

Design prop
geometry, f3
being desig
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to ISO 1212]
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shall be tesf{
contraflexu
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1,25 times t
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10.10 through 10.12. A non-exhaustive list and qualitative description of jointytyp
Annex D.

n properties by complete joint testing

erties shall be established based on full-scale complete joint assemblages having the
stener elements and details, and connected member properties and/or grades as the
led. Tests shall be carried out in accordance with ISO 16670 and{oint properties deternj
e with ISO/TR 21141. Determination of characteristic values shall be made in accord
-5 or [SO 12122-6 as appropriate.

ed in assemblies for which the connected bamboo,members are loaded at their poir
e.

n properties by component capacities

ch shall only be used when the failuyze mode of a joint type is well understood and c:
licted. This approach should be validated by complete-joint testing (10.2).

'y is determined as the least capacity of each component of the joint. To ensure exp¢
11 other components of thejeint shall have a capacity at least 1,25 times that of the cr
bf the joint.

'y shall not be based.on a brittle failure mode (u < 1,25) or a failure mode characte
nal splitting of the bamboo culm (10.7). Such failure modes shall have a capacity at
hat of the critiecal-component of the joint.

capacity_sShall be determined from appropriate test standards and/or methods
ic capacities determined in accordance with ISO 12122-5.

mporient capacities and detailing requirements of some well-established joint type

capacities (10.3) and detailing requirements of some well-established joint types

are
es is
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provided in

10710 to 10.12.

10.4 Allowable joint design capacity

The allowable joint design load-bearing capacity shall be determined by applying all relevant
adjustment factors to the calculated characteristic joint strength determined in accordance with 10.2

or 10.3 as given by Formula (29):

F, = Fyy x Cpp x (1/FS;) (29)
where
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F, isthe joint design capacity.

y

F,; isthe 5th percentile characteristic joint capacity determined in accordance with 10.2 or 10.3 with

75 % confidence. In ISO 12122, this value is denoted Fy ; o5 o 75-

Cpr is the modification factor for service class and load duration given in Table 3. The duration factor
selected for load combinations shall be that for the component of the combination having the

shortest duration.

FS; is the joint factor of safety given in Table 9

10.5
The j

whel

10.6

Duct]
detel

Joint

Joint

Table 9 — Joint factor of safety, FS;

u<1,5 1,5su<4,0 u=4
FS. 3,0 2,5 2,0

where u is the ductility defined in 10.6. If ductility is unknown, avalue y = 1,25 shall

Joint stiffness

oint flexural stiffness used in design, K, shall be determined by Formula (30)

e ™ ekaDE

K.k is the mean characteristic joint stiffness with 75 % confidence (6.2). In ISO 1217
is denoted K,

,mean,0,75*

pr  1s the modification factor for service slass and load duration given in Table 7. T
factor selected for load gombinations shall be that for the component of the combin|
the shortest duration:

Ductility of joints

ility, u, is determined in accordance with ISO/TR 21141 as the ratio of the exj
rmined ultimate/displacement, 4,,, to the yield displacement, 4,.

5 havingqu's 1,25 shall not be used in load bearing structures.

5 having y < 2,00 shall not be used in moment resisting connections in statically in

be assumed.

(30)

2 this value

he duration
ation having

erimentally

Heterminate

fram|

CS-

Joints having u < 2,5 shall not be used in the main seismic force resisting system of a structure.

10.7 Robustness against culm splitting

Joints shall be designed to mitigate the risk of longitudinal culm splitting as described in 5.3.

To mitigate splitting at joints near the ends of culms, to the extent possible, at least one node should be

locat

© ISO

ed between a joint and the end of a culm.
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10.7.1 Radial clamping to resist splitting

Radial clamping of individual culms may be utilised to resist the effects of culm splitting. Testing in
accordance with 10.2 is required to establish residual capacity of a joint in the presence of notional
spitting required by 5.3.

Straps used to provide radial clamping force shall provide uniform bearing of the strap around the
circumference of the culm and shall not result in damage to culm wall when tightened.

All components of metallic clamping straps shall be appropriately protected from corrosion based on
their environmental exposure (5.7.2).

NOTE Examples of radial clamping straps include: metallic pipe clamps, plastic (“zip”) ties and prestrgssed
lashing (10.9.3).

10.8 Splices joints

Splice joints|are a class of joints intended to connect two culms along their longitudinal axes. Examples
of splice gegmetries are provided in Annex D.

Lap splices [connect two members along parallel axes separated by the diameter of the culms being
spliced. Lap|splices shall be designed considering the effects of moment arising from the eccentricjty of
culm axes.

To the extent possible, splices shall be located away from other connections.

To the externt possible, splices located in a moment resisting member shall be located at the locatipn of
least moment (optimally, at the point of contraflexure).

The presende of a splice will typically reduce the capacity of the member in which the splice is located.
The capacity of spliced members shall be determined from 8 or 9 including the presence of the splice.

10.9 Requjrements for non-bamboo components of joints

10.9.1 Metallic components of joints

All metallic] components of joints (Shall be appropriately protected from corrosion based on [their
environmerftal exposure (see 5.7:2).Components having multiple metallic components in contact(shall
be of the same material to elimingte the possibility of galvanic corrosion.

10.9.2 Joints utilising flowable infill material (grouted joints)

Flowable infill matefial'may be used in the internode regions of a joint or connection for the following
reasons:

— provide|anghorage for embedded components of the joint or connection; or,

— enhance bearing capacity of an internode region.
When used, flowable infill material shall:

— be compatible with bamboo and shall have no deleterious effects on the material or geometric
properties of the bamboo culm;

— be sufficiently flowable to reliably and completely fill the intended infill region; and,
— shall not exhibit either significant shrinkage or swelling resulting from its cure.

The bamboo to be infilled shall have reached its equilibrium moisture content (EMC) at the time of
infilling.
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.3 Lashing

ed connections take two forms:

— connections in which the lashing is the primary means of force transfer in the joint. The geometry
and method of executing such a lashed connection will typically be based on acceptable methods as
described in 5.11.2 and will typically be prestressed in some manner.

— connections in which the lashing supplements or augments another connection type. In such joints,
the contribution of the lashing can be established by testing (10.2 or 5.11.3) and should not be
critical to the ultimate performance of the joint.

Lash

Lash
is lod

10.9
Ther]
with

MecH
resis
defou

10.10 End bearing capacity of bamboo culms

The
connj

H

whel

(i
The ¢
End |

ing may also be used as a means to mitigate culm splitting (10.7.1).

ing shall be made of a material not expected to degrade in the environment in which th¢
ated and whose expected performance in fire is not worse than the bamboo, ¢ulm itsel

4 Mechanical and proprietary joint systems

e are a variety of proprietary mechanical joints used to connect individual culms; thg
the bamboo culms in a variety of ways and are often used to erect'space frames.

anical joints shall be prequalified using the method of 10,2 by demonstrating the
t at least 1,25 times the allowable design capacity of-gennected components with
mations.

end bearing capacity of unfilled bamboo culms including the ‘mouth’ portion of

ections shall be determined by Formula (31):
b=CgpxfexA
e

. is the allowable compression strength parallel to fibres given in 6.4; and,
|l is the cross sectional area of the culm given in 6.4.1.

-5 = 0,80 for straight cuts bearing onto a flat surface

-5 = 0,40 forfish-mouth connections bearing onto another piece of bamboo

end bearing capacity of filled culms shall be established by 10.2.

P connection
f.

se interface

ir ability to
| acceptable

fish-mouth

(31)

beéaring loads shall be distributed uniformly over the entire cross section of the culm.

10.11 Circumferential bearing capacity of bamboo culms

Joints involving hollow bamboo culms shall be designed such that circumferential bearing on the culm
engages at least one eighth of the culm circumference (i.e. engaging a central angle of at least = 45°).

See Figure 1.
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Lcir

a) Resultant circumfer- b) Circumferential bearing c¢) Region of culm sub-

ential bearing force pressure ject to bearing
Key
1 Dbearing §rea
Figure 1 — Geometry of circumferential bearing connections
The circumflerential bearing capacity of an unfilled bamboo culm shall be determined by Formula|(32):
2 s26in( B
(B 2 fi190L5,.0%sin [E)

Pcir :pciﬂsm[E)DLcir < 3DKM (32)
where

P, s the resultant circumferential bearing force;

Peir is the circumferential bearing pressure;

fmoo s the bending strength perpendicular to fibres determined from ISO 22157;

B = central angle describing portion of cireumference over which bearing pressure is applied;

Ly is the length along the culm over which bearing pressure is applied; and,

D and Spre defined in 6.4.1.

Ky s given in Table 10

Table 10 — Values of factor Ky;[16!

B 45 60° 75° 90° 105° 120° 135° 150° 165° 18p°
Ky 0,097 0,112 0,164 0,220 0,277 0,333 0,386 0,432 0,471 0,500
NOTE Ky = (1/m) x [(‘R=f/2)cos (n - B/2) + (n - B/2)]; § expressed in radians.
The circumeerential bearing capacity of an unfilled bamboo culm shall not exceed that givegn by

Formula (337
P, <0,5xLx8xf. (33)

Where f_is the compression strength parallel to fibres determined from ISO 22157.

To mitigate culm splitting associated with circumferential bearing, the bearing region shall be at least
two culm diameters (2D) from the end of a culm and, to the extent possible, at least one node should be
located between the bearing region and the end of a culm.

Circumferential bearing loads shall be distributed uniformly over the bearing area. Care should be
taken to ensure that sharp corners at the ends of the bearing region do not damage the culm wall.

The circumferential bearing capacity of filled culms shall be established by 10.2.
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10.12 Joints having through culm wall dowels

Connections intended to transmit shear force involving pins, dowels, bolts, wood screws or other
similar anchors (collectively called dowels) that penetrate the culm wall or pass diametrically through
the culm engaging two culm walls [Figures 2 a) and 2 b), respectively] shall be designed such that the
least capacity of the connection is bearing failure under the dowel.

Shear and combined loading capacity of the dowel itself shall exceed the design capacity determined by
this section. Dowel and loading geometry will impact resulting dowel capacity.

For culms loaded such that the angle of applied load relative the longitudinal axis of the culm, 0° < 6 < 5°,
o—axtentpossibledowel locations—withinone-internode should not be alignedalong a single
tudinal gauge line but rather their locations distributed around the circumference-gfthe culm.

To the extent possible, parallel gauge lines shall have a radial spacing no less than ¢ £(113 x Dy, e1/D)

degrges [Figure 2 ¢)].

\ € ©
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a) |Dowelen- b) Symmet- ¢} Radial spac- d) Failure e) Dowel spac-f) Means of re-
gaging single rically loaded:* ing of gauge modes ing along single sisting perpen-
cilm wall  dowel engaging lines gauge line dicular tension
both culm walls (10.12.3)
Key
dauge line

node

gnd of culin

full diameter of dowel engaged
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bearing

shear tear out

O WD Ul A W N R

cleavage

Figure 2 — Geometry of dowel connections
10.12.1Capacity of single dowel

The provisions of this section address the capacity of a dowel penetrating a single culm wall. For a
single continuous dowel passing diametrically through an entire culm, F} is doubled.
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For connections containing multiple dowels in a single culm it is not permissible to sum the capacities of
the individual dowels; tests according to 10.2 are necessary to establish reduction factors for multiple-
dowel connections.

Allowable bearing capacity under a dowel, F}, shall be determined by Formula (34):
Fy = Dgower * 6 fe x Cy (34)
where

Dyoweristhe diameter of the dowel: for screws, Dy, 1s 1.1 times the root diameter of the scre

1) ig the culm wall thickness defined in 6.4.1;

fe igthe compression strength parallel to fibres determined from ISO 22157;

Cy  idacorrection factor accounting for the angle of loading relative to the lofgitudinal axi$ (0°)
of the culm given in Table 11.

NOTE Itfis intended that Fy, be applied at the outer culm wall as shown in Figuré-2. The eccentricity ¢f the
load F}, should be no more than one culm wall thickness or the thickness of an attached gusset plate.

Table 11 — Values of factor C,

angle ofleading relative to the longitudinal pxis
dowel load condition (0°) of the culm
0°<6<5° 6>5°

dowel engaging single culm wall only (Figure 2 a) or asym-

metricdlly loaded dowel engaging both culm walls 0,3 0,2

symmetr]cally loaded dowel engaging both culm walls

(Figure 2 b) 0.7 0,4

The allowalbjle bearing capacity determined for cases in which 0° < 6 < 5° F}, shall not exceed the ghear
tear-out capacity (Figure 2 d (B)) given by Formula (35):

Fy<1l6bksxdxf, (35)

where

s isthe least spacingbetween adjacent dowels located along the same longitudinal gauge line, or
the|distance frgm the dowel to the nearest node or end of the culm in the direction of logding

(seg¢ Figure'2\e);

6 is tllle culm wall thickness defined in 6.4.1 and,

f, isthe shear strength determined from ISO 22157.

Additionally, the allowable bearing capacity determined for cases in which 0° < 6 < 5°, F}, shall not
exceed the cleavage capacity (Figure 2 d (C)) given by Formula (36):

TESDdowelft9O

2
2(1_Ddowel /D)

F,< (36)

where
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Dyowel 1S the diameter of the dowel; for screws, D4, is 1.1 times the root diameter of the screw.

D and 6 are defined in 6.4.1; and,

ft90
NOTE

is the tension strength perpendicular to fibres determined from ISO 22157.

Both the shear tear-out and cleavage limits for F) include an additional factor of 1,25 intended to

provide a factor of safety against the limit states of shear-out and bearing-induced splitting, respectively.

10.12.2Requirements for dowels
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F1S, other than wood SCTeEws, shall be inserted througn predriiied hotes having a
fer than 110 percent of the inserted dowel diameter and not less than the inserted-dov
bt as required for press fit dowels described below. The dowel diameter shall not'exceg

l screws or sheet metal screws, with the exception of self-tapping screws;shall be
rilled holes having a diameter between one quarter and one half the nominal screw di
ng screws and auger-tip wood screws are permitted to be installed witheut predrillin

bn nails or staples shall not be used to connect structural bamboo.niembers except as |

ions (Figure 2 a).

In order for screws to engage their full diameter threugh the culm wall, the tapered sd
Fully into the interior of the culm.

“finger tight”. For applications in which vibfation is likely, lock washers or some oth
ring the nut does not loosen shall be provided.

5-fit dowels (e.g. drift pins, key wedges; etc.) are inserted through predrilled/precut hq
nsion equal to or marginally less than the dowel dimension. The force or effort requil
bls shall not damage the culm wall.

bn of press-fit dowels shall use materials having a modulus similar to bamboo and shal
ble shrinkage or swellingof the dowel.

.3 Tension forces.on dowel joints

the following.exceptions, dowels shall not be designed to resist tension perpendicular
(i.e., a dowel'withdrawal force).

ugh-eulm bolts or threaded rods may be designed to resist tension only in a mann

iameter not
vel diameter
d D/8.

inserted in
hmeter. Self-

.

bermitted in

els shall fully penetrate the culm wall and engage the culm wall with their full digmeter at all

rew tip must

or threaded-rod dowels shall be secured withtwashers and nuts. Nuts shall not be tightened more

er means of

les having a
ed to fit the

account for

to the culm

er shown in

Figure 2\f). In such a case, a bearing saddle conforming to the bamboo diameter shall He used. The
bearingcapacity of the saddle shall be designed based on the requirements of 10.11 taking the bearing

length as the saddle length minus the dowel hole diameter.

11 Trusses

Trusses are assemblies of pin-connected members. Trusses may be planar (2D) or space truss (3D)
structures. Multiple culm members are permitted. In planar trusses all members and connection points
shall be symmetric about the plane of the truss. In space trusses all members at a connection shall be
arranged such that their lines of action are collinear with the working point of the connection.

Members shall be designed to resist axial compression and tension as specified in 9. For compression
members, the length of a member, L, shall be taken as that between points of restraint in the axis of
member buckling and the effective length factor shall be K=1 (9.2). Members shall be designed to resist
flexure (8) as required.
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Trusses shall be supported against out-of-plane buckling and lateral deformation at every joint along
the compression chord. Lateral restraints shall provide sufficient restraint and stiffness to inhibit
lateral movement of the restraint point. Restraints shall be capable of resisting a force F, ., determined
as given in 9.2.1, oriented perpendicular to the plane of the truss.

To the extent possible, tension and compression chords shall be continuous over at least the shear span
of a truss. Spliced members are permitted. Splices shall be designed based on the requirements of 10.

Joints in trusses shall be designed such that they provide minimal rotational restraint and are generally
not capable of imparting moments into the members they connect; i.e., they are “pinned” connections.
Truss joints shall be designed based on the requirements of 10 to resist the design forces determined
from analyslo \,uuly};aut with—-

Analysis of frusses shall include deformation of joints.

Potential bulckling of joint components shall be considered when applicable.

12 Shear panels (walls)

12.1 Genefal

In the contekt of this document, light cement bamboo frame (LCBF) construction is a modern technique
utilising composite shear panels constituted of a wall matrix of bamboo or metal lath fixed onto a
bamboo or %gwn timber framing system, plastered with cement orlime mortar render. Panels shalljhave
a height-to-length ratio no greater than 3,0. LCBF panels or wallsresist short-term lateral forces [from
wind, impadt or seismic action as described in 12.2.1 and 12:272. Panels will typically resist tribyitary
gravity loads as described in 12.2.3. Design strength shall be'that defined in 12.3.

The bambo¢ elements of a LCBF shall meet the requirements of this document. The design of sawn
timber elemlents shall meet the requirements of the@pplicable timber design standard and the intgnt of
this section

The LCBF frame arrangement may be braced or unbraced. Braced LCBF systems shall not exceed three
storeys and[9 m in height. Unbraced LCBE systems shall not exceed two storeys and 7 m in height.

The LCBF panel may be single skin fmatrix applied to one side only) or double skin (matrix applipd to
both sides).[The mortar render may-be applied to one or both sides of the matrix. This document|does
not cover systems where the wall“matrix is placed in the centreline of the bamboo framing, such that
the matrix is not continuous across adjacent panels. Figure 3 shows examples of a single and dguble
skin LCBF.

Example prescriptive-details for elements of LCBF systems are described in Annex E.

12.1.1 Opdnings’in panels

sdded the

i oth 3 3 ] ad
Wlndows Or \.Itll\'l Uy\/lllllso I1r yull\'la arc l,l\.rl lllltt\'u
following requirements are met:

— LCBF panel capacity determined in accordance with 12.3 is determined with opening framing
included in the panels.

— openings are framed on all four sides.

In cases where opening dimensions exceed one third of either the length or height of a LCBF panel,
the panel shall be considered as two separate panels located to either side of the opening. In this case
end panel elements and associated tie downs are required to frame the opening. No contribution from
the panel region directly above or below such an opening shall be included in overall wall capacity
calculations.
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a) Single skin system

Key

1 head plate; typically timber

2 dole plate; typically timber

3 ypstand on concrete or masonry

4  damp-proof membrane \\'Q
5 lamboo studs (timber can be used) @

6 lhamboo bracing (timber can be used) 4\6

7

wall matrix may consist of strip bamboo, tL@ened bamboo, small-diameter bamboo or cane, pr galvanised
mmetal lath N~

galvanised wire mesh nailed or staplqs\ matrix
arr

9 dement mortar or lime cement mor ender

Figure 3 — Ex@es of light cement bamboo frame (LCBF) construction
O .
N\
12.2 Loads Q%

LCBH shall be able of resisting applicable national building code-prescribed loads and load
combinatio d consist of load paths described in 12.2.1,12.2.2 and 12.2.3.

12.2 lé&&tof-plane loads

Out-of-plane loads originating from wind, impact or seismic action induce flexure in the panels spanning
vertically between their head and sole plates and horizontally between vertical members. Figure 4
shows how the LCBF wall matrix spans horizontally between bamboo studs, and how the bamboo studs
span vertically between head and sole plates.
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plane loads b) Matrix spanning c¢) Studs spanning

horizontally between vertically between
vertical studs sole and head plates

jgure 4 — Mechanisms of out-of-plane load resistance in LCBF-.construction

resistance to out-of-plane loads of the vertically spanning elements (studs) of the
ion between vertically spanning members and headorsole plates shall be determined
|1 resistance to out-of-plane loads of the harizontally spanning wall matrix sha
experimentally or analytically, unless the.recommended minimum wall matrix prope

all be determined in accordance with *0.

lane loads

BF panels or walls shall be\designed as vertical cantilevers (see Figure 5). Panel §

and sliding failure at the/wall connections shall be considered.

dequately resist in=plane loads, LCBF systems shall be designed and detailed such th4
w of forces is reliably established:

om upper storeys and/or roof, return walls and the floor diaphragm is transferred t
pus head'plate.

the hea
wall m

.CBF

be determined from 8. No contribution from the mortar or wall matrix shall be assumed.

from

{1 be
rties
ning

hear

1l as

t the

Db the

r and

plate transfers shear into the LCBF bamboo frame elements and the composite morta
fix which transfer shear to the sole plate. The composite mortar and wall matrix com

ined

with in-plane diagonal bracing, if provided, shall be assumed to resist 100 % of the in-plane shear

force.

axial forces (compression and tension) generated due to overturning shall be resisted by the vertical

framing members at the ends of the LCBF panel only. The capacities of these members and their
connections shall be determined from 9 and 10. Framing members can be assumed to be restrained
against buckling in the plane of the wall. Intermediate framing members in a LCBF panel shall not
be assumed to contribute to resisting forces resulting from overturning.

connection between framing elements and head and sole plates

34

the axial load paths shall be established to the foundation of the structure through appropriate
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aming members at ends of LCBF panel
:Lad plate

dole plate

dpplied horizontal force (from wind or seismic analysis)

ase shear force resisting F

lensile force in end member resisting overturning mement; T= (F x h)/b
dompression force in end member resisting overturning moment; C= (F x h)/b
height of LCBF panel

length of LCBF panel

S O NS T WS R
=

Figure 5 — LCBF panel acting as a cantilever
(effects of gravity loadishall be superimposed on the effects of lateral load showmn)

12.2{3 Gravity loads

LCBE panels are pepmitted to resist the effects of gravity loads, provided that the veftical frame
elements spanning between head and sole plates resist the loads directly and solely. The ¢ompression
capafities of these members shall be determined from 9. No contribution from the comp¢@site mortar
and yall matrik shall be assumed, although vertical framing members can be assumed to bg restrained
against buckling in the plane of the wall.

12.3 Determination of design strengths

LCBF shear wall or panel capacity shall be determined in accordance with ISO 21581. Wind, seismic and
impact load resistance shall be determined by the method of either ISO 21581:2010, 6.1 or 6.2.

Interpretation of test results shall be in accordance with ISO/TR 21141. Determination of characteristic
values shall be in accordance with ISO 12122-6. The characteristic lateral stiffness of the complete
wall panel assembly shall be used in analyses to ensure horizontal displacements remain within limits
prescribed in relevant National Codes.

In-plane design shall assume that wall panels remain elastic in the design earthquake (i.e. a ductility
factor of 1 is assumed).

© IS0 2021 - All rights reserved 35


https://standardsiso.com/api/?name=5852c23de1ab37150900009931ed1e6b

ISO 22156

:2021(E)

13 Fire resistance

Bamboo shall be assumed to have very little fire resistance by itself. If a national regulation requires
bamboo to perform in fire, some form of fire protection or treatment will be required.

Fire resistance ratings for bamboo structural assemblies (e.g., wall panels) shall be determined in
accordance with applicable national standards for fire testing.

14 Structural grading
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iponent bending stiffness or modulus of elasticity and, shear strength shall be ass
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Annex A
(informative)

Bases of provisions in this document

General

sions of this document.

Bamboo species

genus Guadua: G. Angustofolia Kunthy, GyAculeata

genus Phyllostachys: P. edulis, P. meyeri.\P. nigra, P. bambusoides
genus Dendrocalamus: D. giganteus,D.asper, D. strictus, D. barbatus
genus Gigantochloa: G. apusyGlatter, G. atroviolacea

genus Bambusa: B-blumeana, B. stenostachya, B. oldhami

Culm dimensions

Mmajority of available-data on bamboo in load bearing structural applications is bas

erties for culms smaller than D = 50 mm may be impractical and only component prg
termined.

tulm bamiboo used in load bearing structural applications will typically have a diam
ness ‘vatio (D/6) less than 12. Above this threshold, local buckling of the culm wal
L1,

e exist over 1 600 species of bamboo. Perhaps 100 of these may be suitable for lload—bearing
strug¢tural applications. Nonetheless, the inter- and intra-species variability of bamboo i

significant.

document is based on peer-reviewed research and established bamboo construction norms. There
are some implicit limitations of this basis that should be considered by the desjgier when

hpplying the

few species.

bd on culms
ad carrying
tic material
perties may

eter-to-wall
| becomes a
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Annex B
(informative)

Durability and preservation recommendations

B.1 General

Bamboo is s
Bamboo wil

Insects that
insects are
to country, d
that insects
should be as
the risks of

attack and dppropriate measures of treatment or protection.

Bamboo ex

B.2 Reco

General rec

After harve
flow around

Only dry ba

Structural details (particularly connections) should be designed to ensure standing water is unlikg

accumulate
Bamboo sha

In a structu
by design”):

elevate

or foundlatien/with a damp-proof membrane.

[ rot (fungal attack) if its moisture content exceeds 20 % for an extended period of tim

usceptible to a variety of biological agents:

can attack bamboo are endemic to most countries in the world. Typical haniboo-atta
ermites and various species of beetles. The prevalence of individual spe€ies'varies accof

which attack bamboo do not live in a specific region because theyZcannot survive the
sumed that there is a risk of insect attack of bamboo. If nationdl standards do not sp|
insect attack, local or national experts should be consulted{er-advice on the risk of i

osed to a marine environment may be subject to attack:from marine borers.

mmendations for designing durable bamboo structures
mmendations for designing durable bamb0o’structures are as follows:

sting, keep bamboo protected from, rain and moisture; allow the bamboo to breathd
culms) in storage while it is still gréen.

mboo should be used in construction.

or enter the inside of the_¢ulm.
1l not be used in conditions in which it is in contact with standing water or soil.

"e, to the externt possible, bamboo should be protected from water and rain (i.e., “prote

bamboe:above the ground level on a plinth or upstand, isolating the bamboo from the p

E.

rking
rding

limate, soil, temperature and altitude, among other factors. Unless it(is)categorically kinown

re, it
ecify
hsect

b (air

ly to

ction

linth

use wa

wet.

r-prnnf roof coveri ngs

use of long roof overhangs or verandas to protect bamboo members from driven rain

use of durable and water-proof finishes

expose bamboo to the extent possible in the interior of the structure to permit drying should it get

Where there is a risk of subterranean insect attack (such as termites), bamboo should be elevated on a
solid plinth or upstand, such that ground-based insects need to build visible shelter tubes to access the
bamboo; these can be destroyed when they are found.

A bamboo structure requires maintenance through its life, in particular reinstating any water-proof
finishes periodically.
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