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ABSTRACT 

This paper describes the stre•1gth grouping and stre~s grading of 

commercial timber species. The indivi.~ual strength groups are determined 

by limit-values of the following mechanical properties: 

1. Modulus of Rupture (bending strength) 

2. Modulus of Elasticity (stiffness) 

3. Compression parallel to grain (crushing ~~rength) 

4. Shear strength (horizontal) 

5. Density (specific gravity) 

Coconut palm wood ~trength grouping and stress grading is based on 

Australian and Philippine systems. 

Coconut palm sawr wood intended to be used as construction material 

has been assig -.ed to appropriate strength groups on the basis of data 

obtained frcm standard scall and full size jpecimen tests. The assignment 

to strength groups is described with tabulated details with its classifi

tion to appropriate stress grade. 

The proposed classification of coconut palm sawn wood to stress 

grades is on the conservative side. Selected material recovered in 

primary processing will permit classification to a higher level of stress 

grade due to higher bending values. 
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1. STRENGTH G~OUPING AND STRESS GRADING OF COCONUT PALM WOOD 

Coconut palm wood is a relatively unknown species with considerable 

• potential as a construction material. For this reason, it was necessary 

to test small clear and full size speciments to assess its properties. 

The data obtained were used to assign coconut palm wood to strength 

groups using the Australian and Philippire strength grouping systems. 

It is hoped that such information will ~ave considerable impact 

on increasin~ its use in construction and that it will assist in creating 

a light timber frame construction code and in placing coconut palm wood 

in the national building standard and the National Structural Code for 

Building. 

The following two chapters have been reproduced with minor altera

tions from the paper ''Review of Timber Strength Grouping Systems" by 

W. G. Keating, Structures Section, Divi5ion of Chemical Technology, 

CSIRO, Highett, Victoria, Australia presented during the Expert Group 

Meeting on Timber Stress Grading and Strength Grouping, UNIDO, Vienna, 

Austria held from 14 to 17 December 1981. (UNIDO document ID/WG.359/4.) 

This sytem is now the basis of an Australian Standards document, MP45. 

2. MOT:VATION FOR GROUPING 

The degree of ~otivation for adopting a classification system based 

on structural properties varies directly with the number of species that 

are required to be accommodated. Yithout grouping, the problems involved 

are most ohvious when it comes to publishing design information. Even if 

the data on a large number of species from a particular country were 

available, it is not often feasible to publish the relevant design infor

mation in a readily accessible form. This is where the use of grouping 

techniques makes such data presentation much easier. 
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The area of building regulations is or.e where gr~uping introduces 

advantages that are of particular value (Leicester, 1~81a). Besides the 

obvious simplification regulations written in terms of groups rather than 

individual species have tables of design properties incorporated within 

them that remain fixed. This means that no major change is involved should 

a new timber be introduced on to the market or an existing one car be re

assessed. In Australia the SSA Timber Framing Code AS 1684 (Standards 

Association of Australia, 1979b) through a limited set of tables manages 

to present spans ar.d sizes of all the timber framing members required in 

domestic housing construction applicable to all grades for several hundred 

species or species mixtures in a most convenient format. 

Even in the case where a single species dominates the timber 

construction scene, grouping in relation to building regulations is 

advantageous. The structural pro~erties of populations of timber taken 

from the same species, particularly wi~h plantation timbers, can vary from 

one forest location to the next and.can also v~ry with forest age and 

silvicultural practices. 

Transferring a species, or the priduction from one area, from one 

group to another is not nearly as complicated as promulgating a new or 

additional set of design stresses (Leciester, 1~81a). 

Internati~tially a~ agreed grouping technique could help timber 

utilization generally and have special rel-v~nce to the structural timber 

trade. The UNIDO Prefabricated Modular Wooden Bridge System is a good 

example of grouping applied to the world situation as the set of design 

standards based on eight strength classes is directly applicable for almost 

any timber in the world. It is not difficult to envisage how other 

examples of technology transfer in the form of timber design codes and 

manu~ls would be possible if an agreed or compatible grouping system for 

st~uctural timber was in general use. The grouping technique has the 

following advantages: 
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~a) Building regulations are concerned with only limited sets of design 

parameters. 

(b) Marketing of structural timber is easier as it is carried out in 

terms of structural pro~erties rather than be nomination of the 

species and grading methods. 

(c) More flexibili~y is available to the supplier as the range of 

species is much wider. 

(d) The entry of new lesser-known species onto the market is 

facilitated. 

(e) Trade, both internal and international, i~ structural timber is 

simplified. 

(f) Technology transfe~ in the form of timber design codes and manuals 

is easier. 

(g) ~t is much less expensive in time and material to place a species 

in a group than . : is to develop individual working stresses. 

(h) It is possible to group a species, albeit conservatively, based on 

density measurements alone. 

3. EXISTING STRENGTH GROUPING SYSTEMS 

3.1 Australia 

Strength grouping in Australia has been in operation now for more 

than forty years. Langlands ~.1d Thomas (1939), in their Handbook of 

Structural Timber Design, proposed for Australian conditions four strength 

groups. A species was placed in a group according to its species mean 

values as determined from standard tests on small clear specimens. These 

strength groups were established when there was little information avail

able about the propP.rties of ~ost Australian species and their successful 

use was possible only because the limits were not closely defined (Pearson 

1965). 
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The impetus at that time to establish strength groups came, as it 

does now, from the need to cope with a large number ~f sp~cies, many of 

which are difficult to identify and many are 3}sc marketed as mixtures. 

The original Australian strength grouping system was revised and 

expanded as has been explained by Pearson (1965) and Kloot (1973). P~ior 

to the expansion of the strength groups, made necessary to cope with new 

information and new species, Pearson developed a set of working stresses 

that has now become the basis for a strength classifi~ation system. 

Working back from the set of working stre~ses, it was then possible 

to develop the appropriate strength groups. This process is the reverse 

of the usual procedure for deriving working stresses for an individual 
• 

species allowing for duration of load, accidental overloads and estimating 

the 1 per cent probability point. 

In the development of this set of stresses, Pedrson reporteG that 

_three decisions were required. Firstly, ic was necessary to decide whPther 

the stresses should be in arithme~ic or geometric progression. Secondiy, 

a compromise was required on the magnitude of the differences between 

successive stresses in order to achieve a satisfactory baiance between 

simplicity associated with having only a few groups and the grea~er 

efficiency associated with numerous groups. Finally, the actual value 

of the stresses had to be decided. 

Cooper (1953) had shown the merits of a geometric serious for 

working stresses and such a choice had also been recommended by the 

International Organization for Standardization (ISO) and the Food and 

Agriculture Organization (FAO). Accordingly, such a ch~ice was made 

using a preferred number series with adjacent terms chosen in the ratio 

of 1.25 to 1 for Modulus of Rupture. This was judged to be che appropriate 

compromise betwe~n simplicity and preciseness. A~so, as appeared certain, 

the Australian •1isual grading rules then being developed wo~ld probably 

have differences bPtween grades also of 25 per cent. The range of the 

values chosen was such that it covered all the species likely to be used 

structurally in Australia. 
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nBL! t 

DES!Qf PROPERTIES Fta SAW TI!SBm. ROUND POLES 00 PLYWOOD 

Buie Buie Basic Kodulus 

Streu* herdil'WJ i:ension cc::npntSSion of 

qrada strenqth 1 strenqth strenqth elutic:ity 

CMPa)H I CMPa} CHPa> CMPa> ,_ 
F34 3~.s 20.7 26.0 21 500 

F27 27.S 16.S 20.S 18 500 

F22 22.0 13.2 16.S 16 000 

F17 17.0 10.2 13.0 14 000 

F14 14.0 8.4 10.2 12 500 

F11 11.0 6.6 8.4 10 500 

F8 8.6 S.2 6.6 9 100 

F7 6.9 4.1 5.2 7 900 

FS s.s 3.3 4.1 6 900 I 

F4 •.3 2.& J.3 ~ 100 .I 

FJ 3.4 2.1 2.& 5 ·200 

F2 2.8 1.7 2.1 -t soo 

·-' 
* The insertion ,,f the letter F before each value in the Table introduces 

the concept of stress qrade. Stres3 grmie is defined as the 

cla.ssif ication of a piece of timber for structural purposes by means of 

&ither visual or mechanci~l qrl"ding to indicate primarily the basic 
worJcinq stress in bendinq in MqapbSCal.s for purposes of design and by 

implication the basic working stresses for other pr-operties normally 
used in enqineerinq desiqn. For example, a piece of timber with a stress 

qrade of F14 resultinq Erm a certain combination of strength qroup ard 
visual grade would have a basic workl.nq stress in berdinq of 14 

meqapascals. 

** These values are the result of a soft 11etric conversion of a preferred 
aerie• of vgltJeS in i11P9rial units viz. 5000, 4000, 3200, 2500, 2000, 
160a, 1250, 1000, 800, 630, 500, 400 p.a.i., readily recoqnisa.ble as the 
R10 series. 
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Using the set of values decided upon as the basic working stresses 

in bending, the values of the other properties were determined from 

regr~ssion equations. 

From this technique has developed Table 1 (page 5), which is the 

~sis of the current Australian strength clas~ification system. 

As described above, the species mean values for clear material for 

each strength group for the critical prope~ties were developed for green 

and dry timber and are shown in Tab-.es 2 and-3 respectively. 

TABU: 2 
PRELIMINARY CLASSIFICATION VlLUES FOR UNSE!SONED* TIMBER 

M....__tftd9_ 
P'roptrtJ 

SI 5l SJ 54 55 56 57 

Mod11l111 o( "'pturc CMPal IOJ 116 73 62 52 ·~ l6 
Modulus ol clasuaty IM Pal l6JOO 1•200 12400 10700 91DU Nile> llQJ 

Mu1mu111 c;rusll1n1 nruplt 52 •l lfl .11 Z6 22 18 
CMPal 

•A• .nca .. urcd ot cstun••cd •I • mois&u~ con1cn1 alk•..c fih~ 1a111r1111 .. 1t pc11n1. 

TABLE J 

PRELIMINARY CUSSIFICATION VALUES FOR SEASONED* TIMBER 

"°'"''' 
Ml1ti•- 1pmn -

SDI SD2 SOl SO• sos S06 S07 

Modulua ol rvpcun (~Pa! ISO 110 110 " " ., SS 
Modulua ol cluucuy IMP•I moo 11500 16000 14000 11'00 I°'°° 9100 
Mu1mull' cr'llM1n1 v.rcnpll IO 70 61 ,. ., ,, l6 

ltwf Pal • 

SDI 

4S 
7900 

.JO 

-
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t18LE 4 

RELATIONSHIP IETWEEH STRENGTH GROUP. VISUlL GRADE 
AHO STRESS GRADE FOR GREEM TIMBER 

Visual grade• 

' strength 

of clear 
Nomenclature material St S2 SJ S4 SS S6 I S7 I 

-'-' 
Structural 
grade No.t 75 f"?7 F22 F17 I F14 I" Ftt F8 F7 

I I 
/I 

Structural / I 
grade No.2 60 F22 F17 F14 V Ftt I FR FS 

/ 
1, 

Structural / I 
grade No.J 48 F17 Ft4 I/ Ftl F8 F7 FS F4 

/ 
1, 

Structural / I 
grade No.4 38 Ft4 J/ F11 I F8 F7 FS F4 FJ 

•Australian Standard AS 2082-1977, Visually stess~ hardwood for 
structural p.IC1X)Ses: and AS 1648-1974, Visually stress~ed cypress 
pine for structural purposes. 

Note the interlockinq effect Cdiagonal line> reducing a possible 28 
stress qredes to 10. 
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TA8LI 5 

REUTI<*SHIP BETWEEN SlR£P'!H GROUP. VISUAL GRADE 
AMO STRESS GRADE P<lc SEASONED TIMBER 

• Australian Standard AS 2082-19n. Visually stress~ hardwood for 
structural purJJOSes; AS 2099-19n. Visually stress~ seasoned 

Australian grown softwood Cconifera> for structural purposes Cexcludinq 
radiata pine and cypress pine>: AS 1490-1973. Visually stresa-qraded 

r-adiata pine for structural purposes: ard AS 1648-1974, Visudly stresa
gtaded cypress pine for structural ~s. 

By UM of Table• 2 ard 3, every species that had been or was capable of 
beinq properly supled ard tested by atandard •thod.s uainq .all clear 

speci111ena •Y be strength C)rOUped. One:• atrenqth qrouped, camercial pieces 

of that spec!•• can, followin; visual gradinq, be allocated a stress qrade 
by reference to Tables 4 ard 5. 
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From Table 1 the apprcpriate design parameters may be det~rmined. 

Because of international agreement on the ~tandarri methods of test 

for small clear specimens, it is possible to utilize data from recognized 

laboratories anywhere in the world to place any species into a strength 

group. 1his has been done for 700 African (Bolza and Keating, 1972), 

190 South American (Berni et al., 1979) and 362 South-East Asian species 

(Keating and Bolza, 1982). 

One assessment that is often required in classifying a species from 

Tables 2 and 3 (Page 6) is what to do when the three properties do not all 

have the same classification. A conservative apprcach would be to assign 

the species to the lowest group indicated from the individual properties. 

This must apply for many combinations, but there are several for which 

raising the overall species strength group one step above the lowest 

assessment is deemed justified. 

Positive strength classification is based on individual critical 

properties which are: 

Modulus of Rupture 

Modulus of Elasticity 

Compression strength parallel co grain 

whose values are first classified spearately by comparing the species' 

mean values for the above-listed properties for each group in Tables 

2 and 3. 

3.1.1 Positive strength classification based on the combination 

of properties 

When all three above-listed properties in green or seasoned condition 

have the same classification, the species is assigned to that "S" (green) 

or "SD" (air dry) group. When the three listed properties do not have all 
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the same classification, a conservative approach would be to assign the 

species to the lowest group obtained from the individual properties. 

There is justification using the overall species' strength group one step 

above the lowest assessme~t. 

The assignment of a species to a strength group one step above the 

lowest group from individual properties gives more emphasis on Modulus of 

Rupture and Modulu~ of Elasticity than on compression strength (crushing 

strength). 

(a) When the lowest group is obtained frcm Modulus of Rupture, then 

the overall sp~cies' SLreng~h group may be raised one step above 

the minimum group, only if the Modulus of Elasticity is in group 

at least two steps and compression strength at least one step 

above the minimum. 

(b) When the lowest group is obtained from Modulus of Elasticity, then 

tne overall species' strength may be raised one step above the 

minimum group, only if the Modulus of Ruprure is in a group at 

least two steps and the compression strength in a group at least 

one step above the minimum. 

(c) When the lowest group is obtained from the compression strength, 

then the overall species' strength group may be raised one step 

above the minimum, only if both the Modulus of Elasticity and 

Rupture are in the group at least one step above the minimum. 

Table 6 (page 11) summarizes the procedure that is followed indicat

ing that more emphasis is placed on Modulus of Rupture and Modulus of 

Elasticity than on compression strength. 
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TULi ' 

COKBlN!TIOIS OP PIELil'lIN.lIT CLASSIPIC.lTIOI THAT PElt'tIT THE 

OVEllALL STll!IGTB ClOUP .lSSESSKEliT TO BE OllE STEP ABOYI TEI 

LOVEST II TllE CQ(Blli!TIOM 

Preli•ina?'7 claaaitication base4 on - Asseaaecl S or 
SD strength 

groap Plodulus ot- f(odala• or • (laxiaaa 
rupture eiaaticit7 'cruabing strencth 

J: 

J: 

J: 

Jote: Strength .. ,., it 

&roap s' 

• • 
J: • ' 

J: + 1 

' x - 2 • 
' x - 1 
• 

J: + 2 ' J: + 1 
' • 

groap J: - 1 h stroni•r than 

atrength groap S4 h denoted 

i• denote4 ,, x - 1. 

x 

J: - t 

J: + t 

strength group x, 
b7 x then str1ncth 

Example: 

Then: 

Then: 

If the lowest strength group is obtained from Modulus of Rupture as 

a dominant parameter, 

If the given species mean unseasoned wood properties values are: 

Modulus of Rupture S8 HPa then it is assigned to Group SS 

(see Table 2, page 6) and denoted as "x". 

Modulus of Elastici~y 8,SOO MPa then it is assigned to Group 

S6 and denoted as "x + 1". 

Maximum crushing strength 27 MPa then it is assigned to Group 

SS and denoted as "x". 

As Modulus of Elasticity is one group lower than S6 and maximum 

crushing strength is in the same group SS, the given species is 

classified to group SS. See paragraph "Positive strength classi

fication oased on the combination of properties" (page 9). 
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If !Bl.SS 7a I: 7'b 

MIXlMtM All DEBSITT TALOKS Fl(J( 5 oa MOIZ TIEES POI ASSIGIIIG 
SPECIES 1'0 STIEllCTi GIOUPS II TBS AISEJC~ or ADIQUA!I STlllGTB DATA. 

(a) Unseasoned ~aterial - Creen (Moisture Content aboYe '°") 
Strength Croup S1 S2 S3 S4 S5 s& S7 

.Ur dry density• ; 
at 12" KC (kg/a3) 11180 1030 900 800 100 600 500 ...._ _____ 
(\) Seasoned "aterial - Air DZ'J' (Kol•tare Content - approxiaatel7 12") 

Streagtb Croup I SD1 512 S:D' SD4 SD5 SD6 SD7 SDI 
I 

A.ir ~ den•~} j 1200 -1080 ,60 840 130 620 520 420 at 1 KC {It a ) 
I 

3.1.2 Extension of the grouping technique 

(a) Joints 

It has been found that grouping is also a very useful technique in 

developing the basic loads applicable to metal fasteners (Mack, 1978). 

When revised, the Australian Timber Engineering Code will be using the 

following classification system based on basic and air-dry density as 

shown in Table 8. 

TABLE 8 

PROP<>S£D PU!HMtM DENSI'l'T POR JOINT STR£HCTB GROUPS 

Green Umber seasoned ti•b•r 

Crous-
Baile denlit7 Croap Ur-dzy ~•n1it7• 

(k1/•'> (kr/• ) 

J1 750 JD1 940 

J2 600 JD2 750 

J' 475 JJ)' 600 

J4 380 J:D4 475 

• Density at 12" •oi1ture content after reconditioning. 
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(b) Poles 

From latles 4 and 5 (pages 7-8) it can be seen that if the product 

under consideration had only one visual grade and one moisture condition 

then a much simplified new table would be possible. This is the case with 

poles if they are graded to the ttust~alian Standard. 

a~ the basis of a large pole testing programme carried out by the 

Co111111onwealth Scienti~ ~c and Industrial Research Organization (Boyd, 1962) 

poles from mature trees are considered to be in a single grade, the next 

above 75 per cent grade. As poles are normally regarded as unseasoned, 

then Table 4 (page 7) leads to Table 9 below. 

IOTls 

'f lBLE 9 
COJUlESPOJIDEJICI BETVEEJI STR.EJiGTH c;ROOP AID STRESS 
GRA.Dt: FOR IOUIDED TIJ(BERS CRADED TO !S 220,-1,79 

Stnn&th group Streu grade 

51 ,~ .. 
52 121 

S} r22 

S4 P17 

S5 r14 

s6 ,, 1 

57 re 

The eqaiTalenct expre1114 ie baaed OD tbe a11uapUon 

that pole• or 101• are troa aatare tre••· 
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3.2 Philippines 

In the Philippines a system has been developed that is very similar 

to the Australian strength grouping system Ln that it is based on the 

results of small clear tests and adopts a preferred number progression 

with an intervai of 1.25 between the base numbers (F.spiloy, 1977). However, 

it was judged that there was no need to cover the same range so only five 

groups have been chosen. The advantages of the grouping system according 

to Espiloy, are: 

(a) Each member species ~ithin a class can substitute for the other, 

thus in a way overcoming the problem of supply. 

(b) The traditional bias against the lesser known species is easily 

overcome when these are grouped :ogether with the more common 

species. Hence, this system will help engineers and architects 

familiarize themselves with alternate species by specifying that 

any timber within a given class may be used instead of specifying 

the timbers by name. 

(c) It will overcome the problem that is usually encountered in identify

ing sawn timber of similar physical strength characteristics. 

(d) Grouping will simplify design and specification procedure and thus 

facilitate the formulation of a comprehensive building code for 

structures using solid wood. The grouping scheme will form a 

rational series that will fit closely with timber grades. With this 

system only a few sets of working stresses are adequate to cover the 

proposed strength classes and grades of timber. 

The limiting average values for classifying a species into one of the 

strength classes, Cl to CS, are given in Table 10 (page 15). 
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T.a.JLE 10 

MillDUM STRENGTH-CLASS LDIITS FOi CROUPIIC PBILIPPillE 
TlMBEI SPECIIS 

• k I Class or ti•ber :3 .... I 
_...,, G I 

Propert7 • C 0 I 
.... 0 .... 
0 0 .. C1 C2 C3 C4 C5 z: • 

' I 
I 

Modulus of rupture Green 78.4 61.1 49.0 ' 39.2 30.9 I 
I 

in bending (llPa)• 12" MC 122.5 98.0 1a.4 • 61.7 49.0 ' • • 
' 

Kodul U9 or elasticity Green 12740 9880 754~ 5880 4508 
in bending (MPa) 12" PIC 15680 11760 9j10 7154 5488 

Co~presaion parallel Green }9.2 29.9 2 3.0 18.1 , ,. 7 

to grain (KPa) ·12% MC, 63.7 49·.o n.1 29.4 22.5 
' I • I 

Compression perpendi-, Green : 8.82 5.49 2.5 2.21 1. 37 
I 

cular to grain (MPa) 12" PIC' 13. 2 8.82 5.68 }.68 2.4 

Shear paralhl to Green 9.8 7.8 6.17 4.9 3 .. 92 
grain (KPa) 12" KC 1}.7 10.e 8.H 6.37 4.9 

Specific graYitJ Green 0.870 0.545 0.450 0.365 tJ.}00 

12" KC 0.110 o.5eo 0.475 0.,85 0.315 

• ~~••d on veight vhen oTen-dry and Tolme at teet. 
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4. COCONUT PALM WOOD CLASSIFICATION 

4.1 Australian strength grouping system 

Standard small sptcim~ns 

Moisture condition: Unseasoned 

TABLE 11 

STANOARD SPECIMEN ULTIMATE HEAN VALUE 

( Kodulu1 or Kodulu1 or )i•preui<!ll Str•n&tb Densi t7 group rupt.ure elutici ty to grain group 

kg/•' KPa KPa KJ>a 

600 ~nd aboYe 86 10857 49 S} 

400 to 599 I 5, 6880 }1 S6 

Density group 600 kg/m 3 and above: 

Modulus of Rupture 86 MP a is assigned to S2 

Modulus of Elasticity 10856 HP; is assigned to 54 

Maximum crushing strength 49 MP a is assigned to 52 

(See Table 2, page 6) 

Group strength is determined as follows: 

(Table ~ and positive ~trength classification based on combination 

of properties, page 11). 

Modulus of Rupture = x 2 

Mo1ulus of. Elasticity = x 

Maximum crushing strength = x 2 

T'1erefore, assigned to Stress Group 53. 
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Similarly, fo~ seasoned timber: 

Moisture ~ondition: Seasoned 

TABLE 12 

STANDARD SPECIMEN ULTIMATE MEAN VALUE 

Modula• ot Jloclolaa of Coapres•ioD Str•nctll 
J)enai t7 group ruptort 1la1Ucit7 II to 1ra1n croup 

kg/a} I MPa l'IPa KPa 
1 

600 and aboT• I 104 11414 57 Sl>5 
I 

400 to 599 6) 1116 }8 SD8 
t 

4.2 Philippine strength grouping system 

The Philippine grouping syst~m has no provision for the strength 

classification based on the combination of properties. Usually more emphasis 

is given to the value of Modulus of Rupture and Modulus of Elasticity than 

the values of compressions. The system is intended for use with results from 

testing small clear specimens, hence the following are indicative only of 

strength class. 
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Classification of the coconut palm wood 

Moisture condition: Green 

Density group: 3 600 kg/m and above 

TABLE 13 

FULL SIZE SPECIMEN (SfATIC TEST ONLY, OTHER 
PROPERTIES OBTAINED FROM THE STANDARD TEST) CLASSIFIED TO 

MINIMUM STRENGTH CLASS LIMITS 

I 01 timah "ean 
Property 1 Ty~e of Teat Value in MPa Class ofVood 

Kodulas of ! I 

Moist\Jre 
Condition 

~\Ure j Full size 54.5 C2 22"• 

lus of 
I 

Full size 10760 C3 22"• I 
elastic! ty 

Coca press ion II Standard 49.0 C1 Green 
to grain 

Compree1ion ..l S',andard s.3 C2 Green to grain 

Shear // to grain Standard 10.4 C3 Creen 

Specific gravi t:r 
• 70 g/ca' - - C2 -

• Partl7 di')' not adJust'J to 1reen condition. 

Density group 600 kg/m
3 

and ~~ove could be assigned to C2 based on 

the value of Modulus of Elasticity o~ to C3 which is based on the value of 

Modulus of Rupture. The final classification depends on which properties 

are consirl<.'red. See Table 10 (page 15). 
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TABLE 14 

3 400 to 599 kg/m 

FULL SIZ::: SPECIMEN (STATIC TEST ONLY, OTHER 
PROPERTIES OBTAINED FROM THE ST~NDARD TEST) CLASSIFIED TO 

MINIMUM STRENGTH ~~rtSS LIMITS 

r !7pe < f Teet 
01 tJaate lie an 

ClaH or Vood Property 'alae in KP• 

J 
- -

Kodulu1 or 
' rupture I F..all the }5.10 C5 
I 

r ·- ' 
Jlf odulua or I I ela1ticit7 1ull liH 7020 C4 

r- Coapressi;~ //-r:-
l to grain . Standard }1.00 C2 
! I I .-c . ..L 

; , oca pre es ion ' Sta:idard 2.85 C} . to gra.in I I .. 

I I 
Shear // to grain Standard 6.15 C4 

Specific gr~vit1 
C2 • 50 g/ca} - -I 

Koh tun 
Condition 

2~ 

2~ 

Creen 

Creen 

Crun 

-

Density g•oup 400 to 599 kg/m3 could be classified to class C4 ~ased 
on the value of Modulus of Elasticity or to class CS based on the value of 

Modulus of Rupture. 
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Moisture condition: Air d::-y 

Density group: 3 
60G kg/m and above 

TABLE 15 

AIR DRY STANDARD SHALL SPECIHE~ VALUE CLASSirlED TO 
MINIMUM STRENCTH CLASS LIMITS 

I -
Ul ti•ata K•&D !Clan ot Voocl Moh tun 

Pro pert~ Type or ~1\ Yalae in KPa Cc '>di tioD 

Koclula1 or Stand a rel 104.00 C2 rvpture 
-

Modulua of __ J_ Standard 11414 C2 
elasticity 

Co•preuion // 
Standari 57.00 C2 to grain 

Coaprea1ion .1 
standard ,.o, C2 to 1rai.n 

Shear // to grain Standard 1,.,, C2 
. . -
Specific graYit7 

.70 g/ca3 - - C2 

Density group 600 kg/~3 and above could be classified to C2. 

Density group: 400 to 599 kg/m3 

TABLE 16 

AIR DRY STANDARD SMALL SPECIMEN VALUE CLASSIFIED TO 
MI~IMUM STRENGTH CLASS LIMITS 

1~ 

---
1~ 

12" 

12" 

1~ 

-

r 
Property 'l>y pc ot 'l'H t Olti .. to ~ean ~ _ 

Value in MPI' Clan or iiood ~~~~1¥!~ 
J__ I Moclalu• o! Standard 63.00 

~-rupture 
-

l Mc.dulue o! 

~ 
I 

Standard 7116 1~ 1 ela1tieit7 I 

Coapre11ion // Standard 3e.oo I C3 12" to grain 

Co11pre11ion I I I 
to grain I Standard 3.42 C5 , ZJ' 

·-~ ~-

Shear // to g?"ain Sta.ndard 7c96 C4 1 ~" -- -
Sp•ei!ic ~avity 

I - - C4 I -
I .49 •/ca 

Density group 400 to 599 kg/m 3 could be classified to C4. 
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5. STRESS GRALE CLASSIFICATION OF COCONUT PALM WOOD 

The following stress grade classification is based on the Australian 

strength and stress grading. 

As has been described before, the coconut palm sawn wood is divided 
3 into three density groups from which higher density group (BD 600 kg/m and 

3 above) and medium density group (BD 400 to 599 kg/m ) are usable as con-

~truction materials. A third group (BD below 400 kg/m3 ) is not recommended 

as a structural material. 

The following tables are arranged by density groups and represent 

m~an values obtained from the standard and full size specimen tests: 

Unseasoned (green) standard small specimens 

Seasoned (air dry) standard small specimens 

5.1 Description of terms used in the tables 

Unit stress 

Tables 17 and 18 

Tables 19 and 20 

Unit stress is determined from the average ultimate values 

obtained from a test data as described in section "Standard small 

specimens test" (page 16). 

Unit stress or as sometimes called "basic stress" represents 

a stress value of a piece of wood free o_ any strength reducing 

characteristics. 

Basic working stress or stress grade 

Basic working stress is a classification of a piece of wood to 

be used as a construction material with adjusted stress value to 

permissible defect (strength reducing characteric) allowed in the 

particular stress grade. E.g., basic working stress grade 75 is a 
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value of the unit stress reduced by 25 per cent in a piece of wood 

that contains defects liable to recuce its strength up to ~5 per 

cent. In grade 60, unit stress is reduced by 40 per cent, etc. 

Strength ratio 

The reducing factor 25 or 40 ~er cent, etc., is called 

strength ratio and can be defined as the ratio of basic working 

stress or stress grade to unit stress. 

Australian stress grade classification system for a structural wood 

omits the use of a grade description as Grade 75, Grade 60 or select stan

dard, etc. 

The stress grade is designated by description as "fll" or "F8" or 

"FS", etc., which indicates that with such grade of wood the basic working 

stress in bending in minimum 11 or 8 or 5 MPa (megapascal). See Table 1 

(page_ S). 
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5.2 Application to coconut palm construction wood 

Stress grade classification: 

TABLE 17 

STANDARD S~.ALL CLEAR SPECIMEN DATA ) 
GREEN COCONUT PALM WOOD DENSITY GROUP 600 KG/M AND ABOVE 

ULTIMATE MEAN VALUE, UNIT STRESS AND BASIC WORKING STRESS GRADE 75 IN MPa 

·-
I 1' a c c 

Koduh• ot c ....... 0'"'4 0 .: 
~ ........ c: .... ' ......... S h e a r ela1Ucit7 ... • k -~· i-=' ... • k-

Ok • . ..,~ ........... kO ... ~ 

~· ~ .. a. o en 
iD in cc 0 z ....... I .. u 

Mini•ua .... u-i- 'beam• jointa fl e.&D 
tQ .. u ........ 

I 
I 

Olti•ate , 
86.00 49.00 e.,o 10. 04 .!I 10857 8466 Test lalue' 

table 1 

' . 25.67 20.62 I 6.26 2.}5 }.O 10857 8466· •Un1 t Stre-ss 

l 1.v.s.•• 
6.26 1.16 10857 8466 l Crade 75 19.25 15.46 3.0 

-

Coconut palm wood has relatively low Modulus of Elasticity as compared 

with bending s:ress. Therefore, conservative choice has been taken in stress 

grade classification. 

Bending stress value for basic working stress grade 75 - (19.25 HPa) 

permit to be assigned to Fll. 

Fl 1. 

1 I 

* 
** 

Modulus of Elasticity value 10857 HPa is assigned to stress grade 

See Table 1 (page 5). 

Standard deviation 2.04 
Crushing strength ar. limit of proportionality 
Basic working stress grade 75 (75 per cent strength of clear material) 
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TABLE lS 

STANDARD SMALL SPECIMEN DATA 
GREEN COCONUT PALM WOOD DENSITY GROUP 400 TO 599 KG/HJ 

ULTIMATE MEAN VALUE, UNIT STRESS AND BASIC WORKING STRESS GRADE 75 IN HPa 

I 

I 

1~.: 
aa .: Modula• ot 
o..c 0 I: S h • a r elaaUolt7 ..... .... .. ... . .. ••• 1c• . .. • k-

... ! t Zo ~ --~ in iD "" .. "" 0 U) -: :! 0 ~ean ~iniiaaa I 1 ........ , .. () beaaa join ti ..... o-t-i Ill .. u-...... i Ulti•ab I 
Te1t Talue 53.00 ,, .oo 2.15 6.15 6880 4423 

I table -1 

! rni t Stress! 11 •. n I 9.12 2.14 1. }8 1. 7} 6880 442) 

I B.v.s ... I e.49 6.84 2.14 1.04 1. 7} 6880 442, i Crade 75 l 

The bending stress value will permit Grade 75 to be assigned to F7. 

Modulus of Elasticity value is slightly below F5, therefore recommended 

classification is stress grade FS. 

TABLE 19 

STANDARD SMALL CLEAR SPECIMEN DATA 
AIR DRY COCONUT PALM WOOD DENSITY GROUP 600 KG/M) 

ULTIMATE MEAN VALUE, UNIT STRESS AND BASIC WORKING STRESS GRADE 75 IN MPa 

~ .: c 
0 .... c ..... .... ~ 0 ia ~odulu1 or ........ s: . .. .... .... S b e a r ! llOd. . " .... •la1ticit7 • • k-I co k .. 0 • "° "-I ......... '° A..- .. ..a 

I .,, . ....... ~ 0 '° iD iD a a o 1~u ..... () ........ u-1- 'beam1 Joint. Mean M.Sniaua .a f4 

OlU•ah 
S'eet:Jalue 

t&1'1.- ,- · 
104.00 ~1.00 ,.0) ,,.,, 11 11414 8251 

!Jni t St.rt•• 2,.,, 27.1, 6.77 ).O} }.87 11414 8258 

1.v.s.•• 22.43 20.,, 6.77 Cradc l; 2.27 2.,0 11414 8251 

1/ Standard deviation 2.04 
* Crushing strength ,:ir limit of proportionality 

** Basic working stress grade 75 (75 p~r cent strength of clear material; 
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The air dry standard test of coconut palm wood has high value of 

bending stress and relatively low Modulus of Elasticity. The recommended 

assignment is to stress grade Fll which represents Modulus of Elasticity 

value. 

TABLE 20 

STANDARD SMALL CLEAR SPECIMEN DATA 
AIR DRY COCONUT PALM WOOD DENSITY GROUP 400 TO 599 ;/HJ 

ULTIMATE MEAN VALUE, UNIT STRESS AND BASIC WORKING STRESS GRADE 75 IN MPa 

-------
~ I a a I 

-.:; c 
Kodulu• ot c ....... 0 .... oc 

! ~ ....... c w4 • ........ SbCCtl' 
ela•Ucl\7 I .... • k ••• I llO .: • • IO •J.i-

: = 0 k I • • llG A. r----r--..... .c IO k 0 .. ..a 
I ~20 I "' .. "' 0 fl) in I in 

I 1 ...... I .. u ;otean .Uni•u11 " ... u-1- beams joinh 
IQ f4 (,) ....... 

I 
~ OlH•ate I 
;Test Yalue 63.00 }8.00 3.42 7.96 7116 4902 . table , I 
; I 

13.60 12.48 2.56 2. 18 2.78 7116 4902 ;Unit Shns 
i I 
I 
I 1.v.s.•• I Grade 75 10.20 '·'' 2.56 1.64 2.08 7116 4902 

The value of bending stress will permit assignment to stress grade F8. 

Modulus of Elasticity value is assigned to FS. Recommended classification 

is to stress grade F5. 

* Crushing strength at limit of proportionality 
** Basic working stress grade 75 (75 per cent strength of clear material) 
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5.3 Classification of coconut palm construction wood for joint design 

In general, strength group classification of different species 

for a joint design co~relates closely with the basic density of wood due 

to the close correlation between desntiy of wood and its corresponding 

strength properties 

Coconut palm sawn wood intended for construction wood and classi

fied to density group: 

3 600 kg/m and above is proposed to be assigned to J3 

400 to 599 kg/m
3 

is proposed to be assigned to J4 

NOTE: Conservative classification to the above joint groups could be 

the subject of further review. Using density as a guide, 

classification could be higher, namely, J2 and J3 respectively. 

W~od species of basic density below 400 kg/m3 are not recommended 

for construction use and consequently fabrication of joints. The same 

rule applies to coconut palm wood. 

6. CONCLUSIONS 

The consider.able variation in the physical and mechanical proper

ties of coconut ?alm wood ~ade the conclusive classification to stress 

grade difficult. The proposed stress grade classification is more o 

less on the conservative side. 

The data obtained from the full size specimen test is recommended 

to be used in prefere~ce to data obtained from the small specimen test: 

Density group 600 kg/m 3 and above graded to basic working 

stress 75 is recommended to be classified co Fll. 

Density group 400 to 3 
working 599 kg/m grade to basic 

stress 75 is recommended to be classified co F5. 
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The above stress grades value apply to green (unseasoned) wood 

which is usually used and reco11111ended for light framing construction 

purposes. 

Air dry or kiln dry coconut palm construction wooa 

For special designs such as laminated exposed beams, it is 

necessary to season wood to the required moisture content. Particular 

care should be taken when making structural glued joints. 

It is recommended that classification based on stress grade 

should be used in the same way as for unseasoned wood. 

In many coconut palm growing countries, ~he average equilib~ium 

moisture content (EMC) is relatively high (in the Philippines EMC 

fluctuates between 14 to 17 per cent). The fibre saturation point is 

lower for cocorut palm wood than for most of the conventional timbers, 

and has been estimated to be betwe~n 21 and 24 per cent depending on 

the specific gravity. Therefore, there is a smaller difference between 

saturation point and the moisture content of wood in service. 

The proposed stress grade for the higher density group 600 kg/m3 

and above could be supplemented by special limited stress grade F14 if 

the wood is obtained from the butt section of fully mature and selected 

palms. and if MOE is not the limiting factor in use. 

7. REFERENCES 

American Society for Testing and Materials. 1975. Standard methods 

for establishing structural grades and related allowable 

properties for visually graded lumbe~. Reprinted from the Annual 

Book of ASTM Standards. Copyright ASTH. 

Anton, A. 1977. Mechanical stress grading of timber and derivation 

of basic working stresses. Paper read at 18th Forest Products 

Research Conference, Melbourne. Forestry Commission of N.~.w. 

Wood Technology and Forest Research Division, Sydney. 



- 28 -

Anton, A. 1981. Grading timber for strength. Proc. 20th Forest 

Products Research Conference. Vol. I, Topic ES. CSIRO Division 

of Chem. Tech., South Melbourne, Victoria, Australia. 

Espiloy Jr., E. B. 1978. Strength grouping of Philippine timbers for 

utilization of lesser-known species. Forest Products Research 

and Industries Development Commission. Natural Science Develop

ment Board. Tech. Note No. 197, March. 

Jensen, P. 1979. Cell-wall densities for cocos nucifera and pinus 

radiata. The Proceedings. Coconut Wood - 1979. Manila and 

Zamboanga. 

Keating, W. G. 1981. General review of timber strength grouping 

systems. Expert Group Meeting on Timber Stress Grading and 

Strength Grouping, Vienna, Austria. 14-17 December. UNIDO 

document ID/WG.359/4. 

Killman, W. 1979. Graph of b1sic density against moisture content. 

Unpublished. 

Kloot, N. H. 1952. Mechenical and physical properties of coconut palm. 

Reprinted from the Australian Journal of Applied Science, Vol. 

III, No. 4, pp. 293-323. 

~:oot, N. H. 1973. The strength group and stress grade systems. 

Forest Products Newsletter No. 394. Forest Products Laboratory. 

CSIRO, South Melbourne, Victoria. Sep. - Oct. 

Hack. J. J. 1978. The grouping of species for the design of timber 

joints with particular applicac~on to nailed joints. CSIRO 

Austalia; Div. Bldg. Res. Tech. Paper (Second Series), No. 31. 

Palomar, R. N. 1979. Pressure impregnation of coconut sawn lumber for 

building construction materials. The Proceedings. Coconut Wood -

1979. Manila and Zamboanga. 

Pearson, R. G. 1965. The establishment of working stresses for groups 

of species. CSIRO, Australia, Division of Forest Products 

Technology, Paper No. 35. 



• 

- 29 -

Davalos-Sotela, Raymundo. H.en C. 1981. General review of visual 

stress prading systems. Expert Group Meeting on Timber Stress 

Grading and Strength Grouping. Vienna, Austria. 14-17 December. 

UNIDO document ID/WG.359/2. 

Standard Association of Australia. 1979a. Report on strength grouping 

of timbers, MP 45 - 1979. Standards House, North Sydney, 

Australia. 

TRADA. 1974. Visual stress grading of timber. Explanation and 

practical interpretation of the visual grading elements of 

BS4978: 1973 - "Timber grades for structural use". Timber 

Research and Development Association, High Wycombe, England • 




