G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

DP/ID/SER.A/1213
8 June 1989
ORIGINAL: BNGLISH

[F5F3

TIMBER INDUSTRY

DP/CMR/87/005

REPUBLIC OF CAMEROON

Technical report: Roof trusses*

Prepared for the Government of the Republic of Cameroon
by the United Nations Industrial Development Organization,
acting as executing agency for the United Nations Development Programme

Based on the work of C. R. Francis, timber engineer

Backstopping officer: A. V. Bassili
Industrial Management and Rehabilitation Branch

United Nations Industrial Development Organization
Vienna

‘ 1
* This document has not been edited. y

v.89 56564




- §f -

TABLE OF CONTENTS

Page .
1. Scope of Report ' 1
2. Cameroon construction materials 3 )
and methods
3. Commercial timber 12
4, Roof truss design and analysis 14
5. Selection of timber for roof
truss manufacture 23
6. Roof truss designs for Cameroon 26
7. References 28
Annexe
A Job Description 29
B Timber price list 1984 3
c Physical and strength

properties of Cameroon timbers 32
D Hardwood structural grades s

E Truss designs 53




1. SCOPE OF REPORT

This report is part of the outputs required of UNIDO
project DP/CMR/87/005 under the sub section covered
by the Jjob description 11-04 "Consultant en construction
de charpentes et autres constructions en bois". (Attached
as Annex ‘'A')

The job description 1limits the scope of buildings to
"small and medium span". In practice this has been
interpreted as 5 to 12 metres. However the end use
of the buildings themselves is practically unlimited.

This may result in only one significant difference
in construction, whether or not a ceiling 1is included
in the roof structure. This may affect lower chord
lateral bracing required to stabilise &a roof against
wind uplift.

This report draws heavily on two previous reports by
the same expert, viz:
"A Trussed Rafter System" DP/ID/SER.A/353
(23 March 1982, UNIDO, Vienna (English,
French) (1)

- "Strength Grouping of Timber" UNIDO/IO/R.173
(5 September 1985, (English)) (2)

Reference to the second report is desirable in order
to fully understand some of the concepts contained in
this report, but is not essential since the most important
results are included here. Reference to the first report
is considered essential to users, since this report 1is
an extension of the trussed rafter concept adapted to
the architecture, building practice and timbers of Cameroon.
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Frequent reference is also made to Australian standard
A.S. 1720 - 1975 "SAA Timber Engineering Code" (standards
Association of Australia, 80 Arthur Street, North Sydney,

NSW. Australia).

Users of this report are advised to obtain a copy of
this code.

At the time of writing (April 1989 US$1:00 = rcra 318
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2. CAMEROON CONSTRUCTION MATERIALS AND METHODS

l. Walls

The vast majority of ©buildings in Cameroon

have walls made of masonry or earth. Masonry

consists of hollow concrete blocks of dimensions (in

centimetres) 40 L x 20 H x 15 or 10 W with cell wall

thicknesses of 2 to 4. These are generally plastered.

It was obsei'ved that the standard of workmanship of

laying these to level is not high, with resulting inaccu-

racies in level at the roof line. Even when a reinforced

concrete band is poured on top of the wall, this is fre-
quently not accurately levelled on its upper surface.

Lower down the cost scale are sun dried earth blocks,
rammed in moulds, and wattle and daub. Again, these
may or may not be plastered, though more generally not.

A small proportion of buildings are in timber construction.
These are made with 8 cm x 8 cm sawn posts set in the
ground and covered with 30 cm horizontal boarding 1in
as-sawn condition. The gaps between the boards are
covered with 4 cm x 1 cm battens and short vertical battens
may also be fixed to give a decorative pattern. Workman-
ship and materials in such buildings are generally poor,
e.g. unplaned and warped timber, no alignment or mitering
of boards at corners, boards out of level.




2. Roofs

A wide range of roof forms was observed.
Some regional variations exist on a small scale.
The most common roof forms are single or double pitch

roofs of very flat pitch, generally not more than about
10°. Fig. 1 shows both forms which account for perhaps
60% of roof forms. Both these types have a deep fascia

of about 60 cm and overhang the wall by about 1 m.

Py L. Partial view of the CUSS Anncx bealth centre Bombiki

Fig. 1 shows both forms in spans of about 6 m for the
monopitch building in the foreground and 8 m for the
gable building at the right rear. These are both very
typical forms and dimensions.

Fairly common, perhaps amounting to 20% of total numbers
are gable roofs with pitches 1 to 25° and fascia depth
of 15 cm. Occasionally such roofs are hipped.
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Local forms of traditional construction are multiple

"steeple" roofs of pitches around 60° - 65° seen in the
West and round buildings of diameters 5 to 8 m with roof
pitches of 25° to U459, mostly around 40°. These are

most common in the North.

Most of the roof constructions are based on trusses spaced in
the range of 1.5 m to 2 m. These trusses are site assem-
bled and display numerous faults and weaknesses,

Faults which were observed included:

1. Trusses erected out of 1line, both vertically and
horizontally.

2. Trusses supported in between panel points (nodes).

3. Inadequate splicing of top and bottom chord members.

h, Inadequate fixing at junctions, particularly at
the heel points.

5. Inadequate lateral bracing, frequently complete
absence of any lateral bracing.

Not all trusses displayed all the above faults although
a few were seen which did, in which cases the results
were horrifying. Too hany jobs displayed one or two
of these faults which spoiled an otherwise good Jjob of
work. However, there ﬁere some Jobs seen which were
excellent examples of the carpenter's art, showing that
good levels of skill and knowledge do exist in Cameroon.

It was also interesting:to observe that on the better
quality Jobs, the:men we#e only too happy to have photo-
graphs taken, whereas on the poor quality jobs permission
to take phutographs was refused. This indicated that
both pride in good workmanship and awareness of poor
quality exist among tradesmen. These two sides of the
same coin are encouraging for any technical innovation.
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All the five faults listed above lead to an increased
tendency for trusses to deflect excessively. Some,
particularly faults in nos. 2 and 3, may lead to deflections
approaching a state of collapse. Because of the generally
small spans involved and the frequent occurrence of interior
partition walls this will generally not be disastrous,
but it can have very adverse effects on the appearance
of roofs and ceilings which has been observed in several

cases.

Faults 3 and 4 manifest themselves in a tendency for
truss or triangulation action to be reduced and for beam
action to be increased. It is very difficult to put
absolute figures on this, but a qualitative indication
may be given.

Consider a truss 1 m deep spanning 6 m, with top and
bottom chords of 8 cm x 4 cm.

If perfect truss action obtains this could approach the
stiffness of a plate girder with the two chords being
the flanges of the girder. If zero truss action exists,
then the chords will act as individual beams.

1ntheg1rdercase,1=2Ar2=2x8xux502=160000an“

In the beam case, I=2bd3 =2x14x83 =3l&l,3anu
T T T

Thus the extreme truss case is 10 000 = 469 times
‘ ’

as stiff as the extreme beam cése. In practice, a well made
truss might be one third as stiff as the absolutely rigid
(in shear terms) equivalent gfrder and even a small amount
of truss action might increase the stiffness of the two
beams by a factor of five. ‘ Even so a well made truss
might be 20 to 50 times as stiff as one with highly deformed
Joints. ‘
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In a well made truss, experience shows a deflection of
1

about ypms— at mid span. In a 6 m span this is 6mmn. In

& badly made truss this could easily amount to 120 mm

and sags of this order of magnitude have been observed

on some buildings in Cameroon (fortunately on a very

few).

3. Timber

Numerous " species of timber were seen on sale.
The species available vary slightly depending on the
region, but commonly available are:

Central (Yaoundé)

Bilinga (Nauclea trillesii, N. diderichii)
Iroko (Chlorofora exelsa)

Movingui (Distemonanthus benthamianus)
Olon (Fagara heitzii)

Ayous (Triplochiton scleroxylon)
Frake (Terminalia superba)

Eyong (Sterculia oblonga)

Bibolo (Dibeton) (Io voa trichilioides)

Sapelli (Entandophragma cylindricum)
Sipo ( Entandophragma utile)
Kossipo (Entandophragma candollei)
Acajou (Khaya ivorernsis)

Ekop (Naga) (Brachystegia cynometroides)
Ilomba (Pycnanthus angolensis)

Moabi (Baillonella toxisperma)
West (Bamenda)

Eucalyptus (Eucalyptus spp.)

Obeche (Triplochiton scleroxylon)
Iroko (Chlorofora exelsa)

Bibolo | (Lovoa trichilioides)

Sapelli (Entandophragma cylindricum)
Movingui : (Distemonanthus benthamianus)

Mahogany . (Khsys ivorensis)




-8-

Extreme North (Marocua)

Obeche - 1in large quantities

Sapelli - in small quantities
The strength groups of these species vary widely and
this subject is discussed elsewhere. Suffice it to
say that all were more than adequate for construction
purposes.
The presentation of the timber varied widely. By far
the worst was seen at Bamenda. All timber on sale there
had been milled by hand-held chain saw. The result

was timber of extremely poor uniformity of dimension
and cut anything but straight. The very poor dimensional
quality of this timber would have a correspondingly bad
effect on the carpentry done with it. It was no surprise
that thc lowest quality roof carpentry seen in Cameroon
was in Bamenda, with this poor quality timber.

In the extieme north the timber seen on sale was excellently
presented, uniformly dimensioned bandsawn Obeche in lengths
of 4 and 6 metres. The dimensional quality of this
timber was good by world standards.

Presentation in Yaoundé 1is intermediate with varying
proportions of band, circular and chain sawn timber.
The dimensional uniformity of the circular sawn timber
is slightly iower than the band sawn timber.

The structural grade of all the timber seen was excellent,
with well over 90% qualifying as 60% strength grade,
and around 75% qualifying as 7% strength grade in terms
of the Australian hardwood strength grading rules A.S.
2082, The mcst common defect 4is excessive slope of
grain, then shakes, especially :ring shakes and Dborer
holes. Knots are rare.
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If a suitable single source of timber were maintained,
good quality trusses should be capable of being manufactured
without having to plane to dimension.

4., Plywood

Good quality plywood is manufactured in Cameroon.

The standard sheet size is 250cm x 122cm. Various
thicknesses up to 19mm are available. None of the plywood
on the local market is made with exterior type (phenolic)
glue. It is therefore wunsuitable for consideration
as a structural material.

5. Roof Covering

Most forms of roof covering have been used in Cameroon.
These include terra cotta tiles of various forms,
bituminous felt shingles, thatch corrugated galvanised

iron and corrugated and ribbed aluminium sheets.

At present the most commonly used materials are these
last two. The sheet thickness is very thin being 0.5
or 0.6 mm in the better quality long sheets, but as thin
as 0.3mm in the cheapest qualities. Even with the thicker
sheets, more resistant to local deformation under the
fixing nails, leaks are common at the fixing nail holes.

This is exacerbated by the very flat roof pitches commonly
employed.
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6. Summary

Walls are mainly concrete or rammed earth. A
small number of wooden walls are built in cheap
low quality buildings.

Roof's: Many different types and shapes exist but the
commonest recent construction fea tures flat pitches
often with deep fascias. Truss construction is widely
used but is often ineffective for various reasons.
Truss quality ranges from good to very poor.

Timber is available in a variety of species. Sawing

quality ranges from excellent to extremely poor, as done

with hand held chainsaws. This is general in the West.
Timber grade is very high.

Plywood is readily available but only in interior quality
and consequently is not suitable for structural purposes.

Roof covering is mostly aluminium sheets 1in thickness
ranging from adequate to extremely thin.

7. Recommendations

1, Since most construction timber in Cameroon

is used in roofs, CENADEFOR should concentrate

jts efforts in improving roof construction, introducing

new methods where appropriate, also recommending minimum

quality standards. Much of the 1latter part of this
report could form 2 basis for these standards.
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2. A major effort should be made to improve the
quality of sawing in the West by constructing

suitable szwmills. This is beyond the scope of this
Project and will probably require international assistance.
It is realised that such action may have political and
social implications, such as the displacement of the
present hand-sawyers and due regard must be taken of

such matters.

3. Plywood could form a valuable structural material

if available 1locally in exterior grade. The

high quality of face veneers seen is not necessary for
structural plywood either in grade or degree of finish.

. Notwithstanding recommendation 1, an 1increase
in timber construction could be achieved with
wider use of timber wall construction. This

requires a combination of workman education and availability
of appropriate materials, e.g. planed profiled weather-

boards. A well illustrated combined textbook: code
reference manual (along the lines of the Fiji Pine Building
Code) would be of great as..stance. There 1is a very

large amount of work in preparing such a document and
again it is outside the scope of this section of the
Project.




3. COMMERCIAL TIMBER

A commercial price list is included as Annexe B. Note
that this is dated 10/3/84. Prices have risen since
then and a12 now around F CFA 80.000 per3m .

Table 1 shows concisely the commercial availability of
the various common sizes, and in each square, linear
metres per cubic metre, price per metre based on F CFA
80.000 per m3 and the trade names by which the various
dimensions are commonly known.

While the price lirt and Table 1, which was derived from it,
show a wide variety of dimensions, small timber merchants
normally only stock lattes, chevrons and planches of

3 em x 30 ecm in only 3 or 4 species.

Commercial timber is not graded for structural purposes,
but as described el:iewhere it is mostly of excellent
grade apart from sawing irregularities and some warping.

Commercial timber should be graded in the factory according
to the rules given in Annexe D. Apart from pieces with
excessive slope of grain, a high recovery rate should
result.




JABLE 1

DIMENSIONS & PRICES OF COM-ERCIAL TIMBER

{ ! |  WIDTHS : ! !
Thickness
60 80 150 200 250 300
222e2 166,6 133,3 111, m/m3
30 360 480 600 720 F crA/m
planche ———b hame
312,5 166,6 125 100 83,3
40 256 480 640 800 960
latte planche «——n
L
133,3 W
50 600
bastaing
277,7 11,1 83,3 66,6 55,5
60 288 720 960 1200 1440
chevron
156,25 83,3 62,5 50 4136
80 iR 960 1280 1600 1923
chsvron bastaing =———t=p
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4, ROOF TRUSS DESIGN AND ANALYSIS

Roof truss design and analysis usually follows classical
methods of the theory of statically determinate structures.

This involves the adoption of numerous simplifying
assumptions. Experience over years of design of millions
of trusses shows that these assumptions give satisfactory,
even conservative structures.

Graphical methods are most convenient for small design
offices. Even CAD (Computer Aided Design) systems are
largely electronic versions of graphical methods. A
skilled design draughtsman should be able to design and
detail a truss of moderate complexity in about 14 hours.

Full explanations of graphic statics are found in standard
textbooks of structural theory. What follows is a summary.

The design process should follow this sequence.
1. Draw the profile desired by the architect.
2. Decide how much of this can be trussed or triangu-
lated by following a standard system for which

cutting tables or coefficients are available.

3. Based on experience of truss spacing pitch
and span, select approximate timber sizes.

L., Draw the complete truss {(or half, if 1t 1is
symmetrical) to scale.

5. Mark out forces and members by Bow's notation.
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6. Calculate panel point loads and reactions,
then analyse the forces in the various members
by graphic statics.

T. From the member forces, determine the number
of nails in each joint, then with the nailing
pattern template, the plate sizes.

8. Check the rafter for combined bending and com-
pression and all the web members for compression.

9. Complete the detail drawing of the truss and
the Jjoints.

Detailed comments on each of the above items is as follows:

1.

If possible a standard pitch or profile should be
adopted. This may involve discussions with the
architect pointing out any disadvantages of his
desired profile, arrangement etc.

It is much more efficient, from a manufacturing
point of view if all truss components can be precalcu-
lated instead of: a prototype having to be made.
At the same time, good proportioning of panels should
be maintained. :At this stage also an awareness
of the effects of member slopes is required. For
example the forces:at the heel of the W type trusses

described in Ref. (1) increase with
1

sin (heel angle)

For pitches under ﬁbout 124° these forces become very
large indeeq. $o where flat pitches are required,
it 1is generally  better to cantilever the truss,
placing the:heel dt the eaves and thereby substantially
increase the angle of the primary compression member.
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A secondary advantage of doing this is that very
flat pitches are frequently associated with wide
overhangs. The cantilevered truss will give a
much stronger and stiffer overhang than an extended
top chord.

The differences resulting this change of truss type
toab6b m span, 1.5 m overhang, 10° pitch roof are
shown in Figs 2 and 2.

Fig. 2A shows the standard W truss and Fig 2B the
corresponding force diagram. Fig. 3 show- a canti-
levered truss under the same loading. Note the
considerable reductions in member forces 1in Fig.
3 compared with Fig. 2, even though in Fig. 3 rather
more 1load is being carried through truss action
(in Fig. 2 the eaves load has no effect on forces
within the truss proper).

Selection of timber sizes is done on a trial and
error basis. With experience, the proportion of
errors is reduced but not eliminated. Factors to
be considered include availability of the particular
species and grade, and of particular dimensions,
or possibility of re-sawing to those dimensions
specified with minimum waste. However, the smallest
acceptable size may not necessarily be the cheapest.

Resawing costs money and there is no point 1in
resawing say 80 x 40 to 60 x 40 when no use can be
made of the off-cut.




QSACNIEY

I3 L

MMV O

fivds

S .\..-..\.\.. 2L

L FATUINGD MLl
/

L4

o/-

NS “

£Oy

FIAYL M HILIS.0/*

s

wo 2 b




-18-

As large a scale as possible should be used. Careful
drawing at a scale of 1:5 will permit direct scaling
of member dimensions. At this scale overall drawing
must be accurate. Roof pitches should be set out
on the drawing by calculated tangents, rather than
setting angles directly on the draughting machine
or adjustable set square.

This is fully explained in textbooks of structural
theory, and followed in Figs 2 and 3. Either letters
or figures may be used; the use of figures here
is no more than the author's personal preference.

Loads applied to the roof are assumed to act at
the "nodes" or "panel points" only. These are
taken to be (LI+DL) x (truss spacing) x (hor. distance
between centres of adjacent panels). This last
ijs most conveniently scaled. Strictly, ceiling
loads should be calculated and applied to the bottom
chord but this adds little to the precision of the
analysis in ordinary cases and considerably complicates
the analysis. Also the result of not doing so
is slightly conservative.

Strictly, the effect of slope on roof dead 1load

should be allowed for. Again, with flat pitches
this effect is small up to around 2';? . The effects
of neglecting this are shown in Table 2.
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Roof Pitch Degrees Error in dead load
0 0
. 5 0.4%
10 1.5%
i 15 3.5%
20 6.4%
25 10.3%
30 15.5%

Table 2. Error in Neglecting Pitch Effect on Dead Load

However, in practice, the steeper the roof, the
less it is possible to stack on top of it, for the
simple reason that things slide off steep roofs.
So the theoretical inaccuracy gets cancelled out
by the practicalities. In fact this effect is allowed
for in most loading codes.

In the analysis, quite small scales may be used.
There is not much point in being more precise
than around 5-10kg = 50-100 N,

7. The numbers of nails are calculated from the "pair"
values, that is one nail as drawn equals a nail

on each face of the truss as constructed.

Regardless of how small some calculated forces may

. be, a minimum of 3 nails should be put into each
side of each Jjoint. The load and furce analysis

. is after all a fairly crude approximation of the
' real world. Workmen climb around the structure,

various things get stacked on or hung from roof
structures and a reasonable minimum Jjoint strength
should be provided. Apart from anything else,
the trusses have to be handled and transported and

should not suffer damage at this stage. In very
soft timbers, 4 nails should be the minimum.
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The truss analysis is performed assuming that loads
are concentrated at the panel points. In practice
they are transferred through purlins. In architect
designed structures these positions may be designated.

In most cases they are not, and the purlins are
placed according to the experience (or lack of it)

of the carpenter. In the worst case this results

in a rafter bending moment of !g. In practice

a rafter bending moment of WL may be used, and this
12

has been borne out by experience.

On the other hand, classical analysis shows no bending
moment at the heel Jjoint. In practice, in timber
trusses there does exist a considerable bending
moment at this point. The simplest way to make
allowance for this is to follow A.S. 1720, Table
4.,8.4.5. and increase the number of fixings at the
heel joint by the following amounts:

Roof pitch - degrees Increase in heel joint
fastening percent
less than 14 18
14 to 18 25
183 to 224 33
23  to 24} 43
25 and over 54

(Adapted from Table 4.8.4.7, A.S. 1720)

Table 3. Increase in Heel Joint Fastening with Roof Pitch
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A further simplification which works without too
much error concerns design for wind loading in moderate
wind velocity areas.

. Wind loadings act normal to the roof surface, not
vertically. However, if one examines the situation
for light weight roofs and considers:

(a) Vertical component of wind load minus dead
load.

(b) Allowable short term stress for timber is 33%
greater than long term stress.

It is found that the DL + LL stress is very nearly
(-1) times the WL (vert) - DL stress. The useful
thing about this 1is that only one force analysis

is necessary, but the design is done for the worst
load direction case, that is compression for truss
members and tension for plate connections.

Note that there are several restrictions on the
usse of this simplification.

(i) It should not be used for spans over &about
12 m due to the actual asymmetrical disposition

of wind loads.

(ii1) It should not be used on pitches over 30°.

(ii1)It epplies only to light-weight roofs.

(iv) It should only be used in moderate wind velocity
areas.
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The truss drawing should show all details required
for fabrication including:

- End cut angles for rafters and web members

Member lengths for chords and webs
Setting out positions
Plate sizes and positions

Number of nails in each part of each plate

Where poésible standard plate positioning details
should be used, shown in the drawings in this report.

Also show any special design features, e.g. anchorage
if different from standard, bottom chord bracing
if in a building without a ceiling, such as a garage.

A scale of nail loads as shown in Fig. 4 will permit
the number of nails required in each Jjoint to be
read directly from the force diagram. The transparent
plastic nail plate template allows suitable sized
plates to be positioned and drawn rapidly and acurate-

ly.

b :_ | I }{frgrafzpytkﬁ— | ”J.,' !----;

QL el e kel

Fig. 4. Nail Number Scale and Nail Plate Drawing Template
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5. SELECTION OF TIMBER FOR ROOF TRUSS MANUFACTURE

Timber roof trusses should above all be economical, that
is to say they should give value for money spent in:

Structural adequacy
Ease of erection and fixing
Durability

From the manufacturer's point of view, the timber should
be:

Readily available

Comply with design strength requirements

Straight, true, uniformly dimensioned

Easy to treat, if necessary, or durable

Easy to plane, saw and nail

Cheap

No one ideal timber exists. Any combination of desirable
properties will push the price of a species up, making
it less than ideal. Compromises must be made in the
light of local circumstances.

The seventy Cameroon species described in the CENADEFOR
booklet "Bois du Cameroun” have had their strength groups
allocated according to information made available by
UNIDO. These are given in Annexe C. Hardwood grading
rules for structural purposes (essentially a condensation
of A.S. 2082 "Visually Stress Graded Hardwcod for Structural
Purposes") are given jin Annexe D. As described earlier
in this report, most of the timber seen in Cameroon by
the author would comply with 60% structural grade.
Nevertheless, fabrication staff should be familiar with
the grading rules and the grade requirements for the
designs being fabricated and must ensure that under-grade

tiﬁber is not used.
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Table U4 shows the relationship between strength group,
structural grade and stress grade of the pieces.

Remember that:

Strength Group is an inherent quality of the species.

Structural Grade describes the maximum defects permit-
ted in any single piece of timber - Kknots, wane,

slope of'grain etc.

Stress Grade a combination of these two determines
how much load can be put on a particular piece of

timber.

Strength Structural Grade

Group

No. 1-75% Mo, 2-60% No. 36% M. 4%

S1 F 27 F 22 F 17 F 14
s 2 F 22 F 17 F 14 F 11
s 3 F 17 F 14 F 11 F 8
sS4 F 14 F 11 F 8 F 7
S5 F1l1 F 8 F 7 F 5
s 6 F 8 F 7 F 5 F U

Table 4. Relationship between Strength Group Structural
| Grac and Stress Grade

No details are given of the "SD" grouping. It is considered
bremature at this stage, since drying of timber is hardly
practiced in Cameroon for structural purposes, and also
:trade practice tends toward the u:. of green hardwood
for roof trusses, due to the much greater ease of nailing
lin dense species and the possibility of drying in situ
;in a constrained situation. The author 1is aware of
numerous arguments against this practice, but maintains
his position on practical grounds.
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Joint strengths, that is nail holding power, and localised
shear at joints are not dependent on grade, since the
assumption, and good practice are that joints are only
made in clear wood. A separate "J" grouping of species
is therefore made. This is given in A.S. 1720 for
Australian species, and in Anmexe C for Cameroon species.

A recent amendment to A.S. 1720 gives the following joint
classification for unseasoned timber:

Table 5. Joint Strength Grouping

Basic density Joint Group Basic lateral load for
kg/m® at 12% m ¢ 3,15 mm dia. nail - N

750 J1 490

600 J2 385

115 J3 275

380 Jh 105

310 J5 150

250 J6 110

For the whole table in this amendment, the expression
1,5

P = 0,162 (D-100){d ~1) is a fair approximation,
where:
P = Load per nail, N
D e Basic density of wood, kg/m3
d = Diameter of nail, mm

For steel side plates, an increase in load of 25% 1is
permitted (A.S. 1720 clause 4.2.1.2.(e).




ROOF TRUSS DESIGNS

6.

A series of designs suitable for Cameroon conditions

is given in Annexe E.
These have been designed for the following conditions:

Timber: Stress grade F 11 or better
Joint group J 3 or better

Commonly available timbers and their grade requirements
to meet these requirements are shown in Table 6.

Designs are given for:

Monopitch, 74° pitch, 1 m cantilever both ends

spans U4 m 6 m 8m

Dual pitch, 10° pitch, 1 m cantilever both ends
spans 6 m 8 m 10 m

Covering: aluminium or corrugated galvanised

steel sheets

Spacing : 1.5 m maximum. This is suitable for
40 x 80 purlins

The designs are prepared for F 11 timber§ with J 3 nail
holdinz properties. Table 6 shows the timbers commonly
available in Cameroon together with their £ and J groupings
(extracted from Annexe C) and the grade described in
Annexe D required to reach F 11 and F 8 stress grades.

The design loadings are taken as 0.25 kPa live load and

0.25 kPa dead load, a total of 0.5 kPa (50 kg/m?).

The basic nail load has been taken as 340 N = 34 Kkgf

in accordance with the ' recommendations of Lumber-1ok
N.Z. Ltd. for 3.15 x 30 mm nails. \
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Table 6. Truss Construction Species and Grades
Name Ref. s J Tbr‘%‘lg%‘

Bilinga 12 S5 J2 ™% 60%
Ircko 8 S5 J3 To% 60%
Movingui 3 S5 Je 5% 60%
Olon 4o s6 Ji %
Frake 32 ST Ju Not sritable
Fyong 23 S J2 60% L8z
Bibolo 16 s6 J4 T5%
Sapelli bs st |33 60% Lo
Sipo 46 S5 J3 T% 60%
Kossipo 29 S5 J3 % 60%
Acajou 2 sb6 J2 - %
Ekop 36,61,66 s6 J3 - 5%
Ilomba 27 S7 Ji Not spitable
Moabi 33 st | 32 60% Log
Eucalyptus * - Sk J3 60% Loz

*# From A.S. 1720 Tables 4.1.1 and Bl
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ANNEXE A

11.04 Consultant en conception de charpentes et autres

constructjons en bois

Durée 3 wois
Taches Le Consultant aura pour tiche de concevoir et surveiller

. Ya production de prototypés d'une'série de charpentes
(et sussi daus la mesure du possible d'autres construc-
tions simples en bois pouvant Scre produites en ‘usine

et/ou vendue en “kit" pour assemblage sur le site.
A cec titre, i1 devra rotamment :

- étudier les types de charpentes simples de petite et
zoyenne portée utilisées covrzmment su Cameroun pour
des logements, entrepdts, garages, ateliers, étables,
et bitiments administratifs en zones rurales ;

- étudier les DTU exictantes et/on les cahiers de cherges ;

— étudier les marchés de 1'Etat pour la fourniture de
charpentes ¢

Basé sur lec irformations recueillies, il devra :

- établir les spécifications des produits & €tre concus

(portéc, charges, etc...) :

| - concevoir ces produits et préparer les plans techniques

d'exécution ;
- surveiller la production de prototypes ; “

- établir un programmec d'essais de ces prototypes &
1'Ecole Nationale Supérieure Polytechnique & Yaoundé ;

. - formér des contreparties dans ces taches ;

- r&dlécr un rapport contenant les juscifications de
son choix de paramétres, tous les dessins et plcns
néceusaires pour une production en petites série:
alns; que la liste des matiires premidres.
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2drescées 2u CENADSFOR et au Mipnistire de 1'Urbanisxza
et de 1'Habitat svr les a2spects d'uvtilisarion du boils

dans la construction. -

Qualifications Ingénieur, technicien du bois ou Architecte ayant

i
requises : une longue expérience dans la conception d'ouvrages

d'art et/ou construvctions on bois.

.Familjarité avec les bois tropicaux et les conditions

ds=s pays er divzlosparant 2isirehles.

Conralssancas

linguistiques : Francais sovhaitszhle. Anglsig asceptable.
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ANNEXE B

TARIF SINDICAL DES DOIS DEBITES %.7.0
E. F. C D'AIMES ARRETR N® 11 MINCI/DPEL/SDP/P2

SCIERIE DU 10 MARS 1964
B.F. 22 D o oo et e k. o
SANGMELIMA ESSENCES' . VISERS PR IR FRESENT ARRETE

ATOUS = FRAKE ~ EY(NG — EDIIL « BONGO - ANOONUUI-DIVARS

W « ANGIEUK = ATUI = TALLl = SIKONG - EIOVE - NOUDOU-
COU = NXANAIG - EXOP - ADOUN

L AR GEUR

' 20,15
20,08 | 0,15
0,06 3 10,15
t 0,08 ; 0,15

0,25
0,25
0,25
0,25

) DB 4 A6 m
) DB 4 A 6m

L] 3
4 ]
] 3
3 ]
s )
8 3
3 3
3 8
3

3 8
3 3

i QUALITE BIX WELD £.7.C. X7 OR

{

{_CHARPEWFE POUP VENARE
} SENSTIEXIE . CARROSSERIZ

' RERNISTERIE
T

HM.A!
1'3“’108”3@”84
2° LONGURURS FPIXES 3 ¢+ 10 ¥ DU
B'WMABMIBS

m:'rZ.OOO’On

salﬂﬂlﬁ &

b
°g |
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ANNEXE C

Physical and Strength Properties of Cameroon Timbers

This section 1is based on the CENADEFOR booklet "Bois
du Cameroun", pages 16 to 28 of which are reproduced
on the left hand side of the page, and BOLZA and KEATING
"African Timbers - the properties, uses and characteristics
of 700 species" (CSIRO, Melbourne 1972). Bolza and
Keating give strength grouping according to the Australian
system, density in coded form, durability in coded form
and lyctus borer susceptibility of sapwood. From the
density given, and also from the density given by CENADEFOR
a Jjoint (J) strength grouping has bLeen assigned. Where
difficulty in nailing, e.g. splitting or a requirement
for pre-boring exists an exclamation (!) has been added
to the J group.,

In all cases a conservative approach has been adopted,
the 1lowest strength group of those quoted (and there
are frequently several) has been given, and the 1lowest
density quoted has been used in assigning a J group.

The following is the durability classification as given
by Bolza and Keating:

"The timbers have been assigned to one or other
of four classes. Whilst it is not possible to
be precise in this area, the following definitions
were adopted as being applicable when describing
resistance to decay of the heartwood in ground contact
under average conditions:

Class 1 : Timber of the highest natural durability
which may be expected to have a 1life

s of at :least 25 years and sometimes up
¥ to 50 years,
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Class 2 : Timber of high natural durability which
may be expected to have a life of about
15-20 years.

Class 3 : Timber of only moderate durability which
may be expected to have a life of about
8-15 years.

Class 4 : Timber of low durability which may last

from 1-8 years. These timbers have
about the same durability as untreated
sapwood which is generally regarded
as class 4 irrespective of species.

For conditions significantly different from that of moderate
to high decay hazard as represented by ground contact,
the 1life expectancy of the classes would, of course,
depart markedly from those given by the definitions.
However, the relative durabilities might by expected
to be maintained”.

Lyctus borer susceptibility of sapwood 1is indicated by
"S" for susceptible and "N" for non-susceptible.

There have been numerous cases of doubt in identification
due to changes 1in botanical nomenclature and the wide
variation in application of vernacular names. Bolza
and Keating themselves comment on this difficulty.
The B and K page number pertaining to both vernacular
and botanical name has been shown in thg appropriate
squares. Where these agree identification is reasonably
positive, but where they differ, there is: some doubt.
In such cases, or where a timber comprises several species,
the lowest rating has been given for all four strength

and resistance ratings.




No attempt has been made to follow up the references,

and some groupings may be overly conservative. Rectifi-
cation of this could be a useful area of later local
library and practical research.

The extracts from B & K's monograph used for this section
are held by CENADEFOR.
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FAMILLES

TRAVAIL ET REMARQUES

UTILISATIONS

" |Strength Joint_
erp'
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ROV PSS RIS
‘
i . .

MUKULUNGU

6s

53

(vané®d d'Ekop)

0,70

bt o—— W —— e — e

g

g

Menuiserie extérieurs ot intérioure -

for - Utiisation spéciale ; manches
d'outls,

Carrosserie - Traverses de chemins de

068 4
080

Menuiserie intérieurs of extérieure,

085 &
110

Exceflent bois de construction lourde
Ponts - Plaleiage - Porles d'éciuses -
Traverses de chemin de ler.

0504

0.60

Trés lppvm o déroulage - menui-

s |serie légére - Moulures - Contrepla:

quages.

045 &
060

Menuiserie - Agencement - Placage
Charpenie - Caisserie.
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NOMS - PILOTES NOMS UM | DENSITE trength| Joint | Dura- Wct us
Nos ET FAMILLES |DE GRUME| A 15 % TRAVAIL ET REMARQUES UTILISATIONS .
VERNACULAIRES | SCIENTIFIQUES A ng D'HUMIDITE Group Grovg b‘l\ty Sus,
VER
et bonne placages colorés
mlation-wenge. ‘
Preleopsis $218g¢ : parquets, grosse
S8 | (Skon) Hylodendron Combretacées | 950 2 1050 { 0,70 & 0,80 renuiserie de batmen ;
564 vraverses chemin de ler. 54 J2i2-3| s
ONZABILI Anirocaryon Durabilité naturele médiocre Déroutage : placage contreplaqueé )
59 | (Angonga) Kianeanum Anacarchacées | 800 a 900 | 060 a 0,70 | etires sujet & la piqure sciage : menuisene inlérieure
\railement obligatoire mouhuwre. S 4 ] A S
55 55 avant utilisation 3
EVEUSS Kianedoxa Pratiquement pas exporté SCiQe : traverses de chermn
60 | (Ngon) 4,3 [ gabonens= 4 g3 | Ivinguactes 090 & 1,10 |en grumes de fer imprégnees. S2 |J1 1 S
EKABA Tetraberrua Les bors se distinguent diffi- Déroutage : conlreplaqué corsserie
61 ] (Exop-niw) belokolata Césalpiniacées | 750 a 900 | 0,55 & 0,65 | lement de ceux des Andourg. 31890 : Mmenuisene mnienewe S 4 ¢ _) 3 2 S
652 652 charpente.
MAMBODE Detanum Préservalion contre les piqires Tranchage : placage, ébénisiene
62 | (Amonk) Macrocarpum Césalpniacées | 85021000 | 0604 0,70 | de lyctus exigde pow les sciage : menuiserie inlérieure
utiisations dans les sciages aménagements.
RIKIO Uapaca i Assez borne durabikté nat. sC1ag8 ; menuiserie extérieure 27
63 | (Assam) guneens:s Euphorbracées | 900 a 1100 | 070 & 080 | résistance & la pourniure, aux charpenie, parquel, traverses. ) N
termites, bonne imprégnabikté S4 [J3]| 3-4
672 675 bors sicieux + ou - désativtant
OHIA Cels Fable durabiité naturebe, : placage
64 | (Ocon) midraeds .| Uwmactes 900 4 1000 | 0.75 4 085 |impragnabité mauvaise sciage : menuisene intérioure sé6 |J3) 4 )
. ameublement.
MOAMBE JAUNE | Enanba Tranchage : placage
65 | (Mioo) chioranta Annonacées | 850 a 950 | 0.50 a 0.60 Sciage : monuisane inténeure, sé J 4 S
253 253 moulures, aménagements inleneurs. 4
NGANGA Cinometra Poussiéres quelquelois imtanies. Tranchage : placage ébénisterie
66 (Ekop-Nganga)gﬂ hankes Césalpiniacées {1100 a 1200{ 090 a 1.00 Sciage : fraverses de chemin
1 de fer travaux hydrauliques s4& |Ja2¢) 3-4] S
1
544 195" parquet,
BODIOA Anopyxis Durabiié naturefe meédiocre. Sciane : raverses de chemin
67 | (Nondongon) Klaineana |Rnizophoracées) 950 3 1100 | 0.80 a 0.90 | mais bonne imprégnabilite de fer imprégnées - cons S2 J 1 -4l N
49 49 iruction lourdes. 3

-Eh-




POIDS

i T T S L I Ep— Strength | Joit| Dura Lycto
. ET \ 1 VAIL MA UTILISATIONS N
VERNACULAIRES | SCIENTIFIQUES A LETAT | DHUMIDITE Group  |Brovp|bi lity} svs.
VERTXG
EYOUM 219 | Dalum spp. - Bois silicieux. Tres bonne Tranchage : placage ébénisiene
(Mang) 2 94 219 Césalpniacées | 900 a 1200 | 0,80 & 1,10 | durabidé naturede, résistant Sciage : raverses de chemin S 3 J 2 |4-2-3 S
229 ,i zz 4, aux termies e! aux larets de fer, ponis.
CORDIA d'Ainque | Cordia Bonne durabilité naturelie. Sciage : ameublement, ébénistenie,
(Ebé) 173 Platythyrsa 173 Boraginacées 750 040 & 0,60 | surtout pour le bois coloré menuiserie légére. - S7 _) L 2-3 S
GOMBE Ordelolia Trai : dbénisiene
(Exop-Gombeé) aficana Césalpiniacées 0,60 & 0,70 Dérm :mnplaqu‘m
210 Scisge : menuiserie, aménagements S 2 J2| 3 S
inléneurs,




TABLE 4

HARDWOOD _ STRUCTURAL GRADES

Peraissible Impertections

Ret

Structural No 1
«75%

Structural No 2
60%

Structural No 3
48%

Structural No 4
38%

Knots(sound or unsound oval and arris)
ssasuremsnt not exceeding A of the width of
the surtface on which they occur (see Figl)

- Borer holes not associated with decay. Up to
3em dla- not exceeding B in any 100a x 100mm
or equivalent area,

Over 3am diameter or where the distance
between holes is less than twice their diameter
as for knots,

Tight gua veins - not exceeding C in aggregate

No individual vein exceeding D of the length ot

the plece, Not extending from one surtface of the
plece to another,

Loose gum veins_and shakes - not exceeding 3en wide
Aggregate length not exceeding E of the length ot
the piece., Not extending from one surface of the
plece to another

Gum, latex or resin pockets and overgrowth ot
injury-
Length- individually not exceeding threo times the
width ot the surtface on which it occurs or 300am
whichever i{s the lesser
Width, 1t on one surtface only, individually not
exceeding F of the width of the surtace or
G whichever is the lesser

11 extending from one surface to another
individually not exceeding H of the width of
the surtfece on which {t occurs or J, whichever
is the lesser, where it intersects an end it
shall be considered as an end split (see below)

one-seventh

12

length of piece
one-halt

one-tenth

one-quarter
12mm

one-sighth
Gom

one-quarter

20

Unlimited

one-ninth

one-third
20mm

one-quarter
12mm

one-third

Unlimited

Unlimited

one-quarter

one-half
25mm

one-third

three-eighths

Unlimited

Unlimited

one-third

a IXINNV

one-half
30mm

one-third
25mm




TABLE 4 (contd)

HAROWOOD STRUCTURAL GRADES

Peraissible lapertections

Ret

Structural No |

33

Strucutral

603

No 2

Structural No 3

408

Strucutral No 4
368

Bow Spring and Twist - Not exceeding the

values given in Tables 7 and 8

Cupping - not exceeding lam per SOmm

ot width,

Checks. Surtace checks-on surfaces up to
75am wide-individually nat exceeding
K wide - on surfaces exceeding 75am

© 77 7 wide, individually not exceeding
L wide
Internal checks Projected length S
(see Fig.1) not exceeding M of the
thickness of the plece,

Sloping grain (see Fig.l) Not exceeding | in N

Primary . rot and termite galleries

Mane want and sapwood susceptible to Lyctid
attach
Not exceeding in aggregate or individually P
of the cross sectional area
Not exceeding one-third of the thickness

Heart and heart shakes Where the smaller
dimension is less than 17%am - not permitted.
Where the smaller dimension is 179 am or wmore

provided that they are in the middle third of
the cross section of the piece

Included bark - intersecting an end, Individual
strands not more than Q long

Not intersecting an end tut within 600ma of an
end, individual strands not exceeding R long

2mm

Smm

one-quarter

1 }-]
On the

one-tenth

Not permitted

Not permitted

surtace

only

Unlimited
Unlimited
one-third

10
and alight

one-fitth

75

150mm

Unlimited

Unlimited

one-halt

one-quarter

150mm

Unlimited

Unlimited

two-thirds
6

Not greater

then allowance for,
wane and want

!
o
(=,

]

one-quarter

200mm

400mm




TABLE 4 (contd)

- Peralssible lmpertections Ret Steuctural No 1 Structural No 2 Structural No 3 3tructural No 4
%% 60% 483 308
Included bark - Not intersecting an end and
- - not within 600mm of an end but within the
S - - middle halt of the depth - individual .
atrands not exceeding S long and not less S 13 300mm 600mm 800mn
| than 300mm apart,
| Not intersecting an end and not ul{g‘p
600ma of an end but outside the middle ot
- ot the depth - individual strands not
exceeding T long and not less than 300mm T 300mm 600mm Unlimited it Unlimited it
apart, tight tight
- €nd splits equal in aggregate to U times v Not permitted ) 1.5 1.9
the tace width or V, whichever is the v 100mm 150mm 150mm

lesser,

!
»
~

|




Size of gum pocket
or gum vein = §

GUM POCKETS AND VEINS

Size of Internal check =: § A = ROUND
8 = OVAL

K - - - - - - _ . _ _ SKE OF _ C = SPIKE OR ARR!IS
tength IW INTERNAL CHECKS SIZE = X

(b) Slops == a: b

SLOPE OF GRAIN

WANT, WANE AND SAPWOOD WIDTH, THICKNESS
AND ARRIS

Fig. 1: TIllustrations of imperfectlons
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) 2y
' — T i

L

Spring = d (ses Table 7 for values of d) B8ow = d (see Tadle 7 for values of d)

SPRING pow

Fie, 2 Spring and Bow

TABLE 7
MAXIMUM PERMISSIBLE SPRING OR BOW
Msazioum permismible speing oc bow 4, mm

LuLgth Width W (foc spriog) oc thickness T ((or bow), mm

8| so 1s|m|xzsilso s | 200 | 225 | 250 | o35 | 300 | 350
m 3 1 |

; !
1.8 10 10 7 s |1 4 ) 3 3 2 2 1 2 i
24 20 15 12 9 7 6 [ ¢ 4 . 3 3 3
3.0 3 2s 19 14 1 ] s 7 6 '3 s s ‘
3.6 50 3s 23 20 16 13 12 10 9 s 7 7 6
42 60 43 25 28 2 18 16 14 12 n 10 9 s
M 70 $0 30 30 29 24 21 18 16 14 13 12 10
5.4 73 ss w 40 36 30 26 23 20 i 14 1s 13
60 80 ® «$ s < 37 30 28 25 2 20 19 16
66 83 €S 50 45 43 45 39 3 30 27 28 3 19
71 20 70 s 50 G © S0 4% 0 | 36 32 29 7 23
7.8 100 13 6 ' 30 50 $0 50 43 0 1] 34 32 3}
84 105 80 6 l s$ ss | ss 13 53 | 50 “ «© 37 3
2.0 130 s 70 ; 60 | 60 ! 6 60 : 60 ! (1] 0 “% @ 36
' 1

NOTE: The limitations on distortion have been governed by considerations of production
- and urilization within the consiraints of the principles of structursl adequacy as iet down
in Appendis G of AS 1720 Il

(AS 2062)
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AL

J,l(. ——"":::::;”’>\ )
I

Maximum permissible twist =%(m Table 8 for vaiues of d)
Fig. 3 TWIST
TABLE g
MAXIMUM EQUIVALENT TWIST
Maximam equivaleat twist, d mm/10 mm width of piece
Leagth

L Thickness T, mm

n 3 50 78 100 128 15¢
1.8 1.6 1.2 0.8 0-6 0-3 0-4
2.4 2-1 1.6 1-1 0-8 0.6 0.5
3.0 ‘2.6 20 1.3 1-0 0.8 0.7
3.6 3.1 2.4 1.6 1.2 1.0 0.8
4.2 36 2.8 1.8 1.4 1.1 0.9
4.8 4.2 3.2 2.1 1.6 1.3 1.1
5.4 4.7 3.6 2.4 1.8 1.4 1.2
6-0 5.3 4.0 2.7 2.0 1.6 1.3
6.6 58 4.4 2.9 2.2 1-8 1.5
1.2 63 4.8 3.2 2.4 1.9 1.6
78 6.3 52 3.5 2.6 2.1 1.7

NOTE: The limitations on distortion have been governed by comsiderations of
production and utilization within the coostraints of the principles of structural
adequacy as set down in Appeadix G of AS 1720.

(AS 2052)
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