
N.S . W . H ARDWOOD TIMBERS. III 

In all tests of large beams it was decided to apply the 
loads at two points equidistant from the centre of t he length 
of the beam, in preference to the more usual way adopted 
in tests of t imber " 'here t he load is applied at the centre. 
The m ethod adopted in t his series has many advantages 
over the more usual m ethod, as a C01]f.;t ant bending moment 
a.nd extrem e fibre stress is produced between th e poi nts of 
appl ication of the load over the central portion of the beam 
along wh ich t he deformation produced by the load were 
determined ; also, the m ethod approaches more nearly to 
the conditions ex isting in t he practj ca l USe of ti mber. It 
was originally intended to t cst nll t ll cs(' beams with the loads 
applied so a.' to d ivide the ;,pan illto t hree equal parts, each 
40 inches long, aR shown in Figs . 10 and 11, and tIl(' t est« 
made on this plan are denoted in Tables 2 and :.3 thus .· 
Figs . 12 and 13 show the . pac ing of the loads afterwards 
decided upon where t he points of application of th e 
loads are 10 inches from the centre of the beam , giv ing 20 
inche;.; beb,'een the points of application of the loads. 'l' he 
change ,,,as m ade in com:equellce of some of th e beam ;; fail
ing by horizontal shea ring stress producing splitting at the 
ends before th e direct tens il e alld compressiye str esses were 
fully deyeloped. In all such cases of failure the actual 
strength of the timber , recorded in Tables 2 and 3, in th e 
columns headed " l\fodillus of Ru pture," is understated . 

Th ep.e tables show that the fai lure by horizontal shear 
is due to llefects in the timber beam s tested. With the ex
ception of th e values of th e modulus of ruplure obtain ed from 
these defectiye beams, the r esults obtained are vaillable; but 
it is clearly necessary to provide aga inst the possi bili ty of 
shear faillll'e by adopting suitable proportions of depth to 
span in practice. 

From the SOllnd portion s of t he large beams after test
ing smaller beam::: were (;lIt of s imilar geom etrica.l form. 
From each large beam 10 r,mall beams were obta in erl , eac h 
2 ill . by 2 ill. cl'Os;.: -s('ct ion , and some of these beams " 'e re 
t ested on a spall of 24 inches , the remainder WE're 
r esen 'ed for futllre tests by a suddenly appl ied load. 
Fig. 14 sho"'3 the m ethod of cutting t hese 
specimens from the beam , and from the large 
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beam 4 beams were also cut, 4 in. by 4 !D. CL'OSS 

section, for t esting on a span of 48 in. (Fig . 15) . It will be 
noted that t he large and t l1e small beams are of square 
cross-section , and that in every case the ::;pan is twelve 
t imes the f' iz8 of the square, or ::;trietly ill accordance wit h 
the law of ::; imilarity as to the form and dimensions of the 
t est-pieces. iwt all these sm all beams have been loaded a.t 
the eentre, as the obj ect was to find t he relat ion::;hip of 
th e st rength and elasticity to th e pen,en tage of moist lll'e. 
Fig. Hi sho\\'s the m anner of £'plitting t he sections of the 
large beam for cOln-enience ill drying ill order to determine 
the percentage of moist lll'('. 

The m ethod of obta ining some of the figures recorderl 
in Tables 2 and 3 requires explanation , t hus;-

ll '€,g7d per CI/ uic F'oot.- Eaeh large beam \I'as care
fully meas lIl'ed and weighed hefore testi ng, amI the moi;.;
t m e ,vas determ ined immediately afterwards by cutting 
discs near th e point of fmctu r f' , " 'eighing und drying in a 
special oven. In the case of B la.ckbutt, Table 2, the 
weight per c ubic foot is giwE at 60.7 lb. , and the moist ure 
at 3l. 7 per cent. after seasoning fo r 558 days stacked under 
cover. If tlte timber had been seasoned long enough to 
reduce the m oisture to 15 per cent. th e weight per cu b ie 
foot would have been reduced to 53 lb . The los;.; of weight 
during seasoning depends upon t he size of t he piece , Lut 
t he weight pcr cuhir, foot of any t imber depends ent irely 
upon t he percentage of moistu re . All the timber tested 
and recorded in t he tables had been seasoned for a COIl

siderable time, bllt the moistur~ present '.yas m uch in ex
ces;;; of 15 per <1 fmt., as thes0 large beams tal;:e a long t ime 
t e, rll'y . 

Breakill (J L oad and Modlll us Of R'lpf ll re. - The t otal 
load nece!':sary to produce rupture of the beam is a measure 
of its st rength, but the streng th of the tim ber to reRist the 
effect of loads cam;ing defl ection and rupture is mllch better 
ex pl'es;;;ed by the tc r m "~Ioduillf; of Rupture." 

The modulus of r upture is c1etermined in the following 
manll el', Figs. 10 and 11 . 
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Th e bendin g m om ent is constan t over the central 
length of 40 inches , where its value is :-

W X I WI 
236 

. Where \V denot es the total iva!l applied and 7 the span , 
~ ince I is always 120 inches , tEe bending moment is 20 W 
inch potlnds or in ch tO ilS according to the m ethod of ex
pressing \V. Tlw moment of res istance of the cross- section 
of t he beam is:-

bd~r 
G 

Where /1 = t he breadth, d = the rlepth of t he beam, 
and f t he modulll :; of l"lIpt m e. Therefo re :-

W 1 20 W = bd' f 
G 6 

.: f 

In the case of t he beams tosten as inrlicated in Figs. 1:3 
and 13, the bendillg moment is :--

f= 

5 WI = 25 W 
24 

a nd f = 150 W 
bd" 

In t he case of Blackbutt, Table 2, /, = 9.8;! , 
g.!) '!, an d \V = 18 tOilS or 40,320 pounds, so that :-

120 x 40,320 . 
9.8 x 9.9 x 9.9 = 5,060 ·pounds per sqllare meh . 

I n a simila r manll cr all t he figures in t he column 
headed , " ::\Ioduills of R lIpt1ll"f' ," Jlaye been found. 

Horizontal Shearinu St1·ess.- It can easily be shown 
thnt the value of the horizontal shearing stress denoted uy 
Sil is equal to :-

s,, = ·75 W 
bd 

In t he case of Bl ackbutt 1 F . Table 2 :-

S. _ 75 x 40.320 318 d . h " - poun s per square me . 
9.8 X 9.9 
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In (1 s imilar manner a.ll the fi gures in the column 
headed "Horizontal Shearing Stress " have been found. 

Limit of" PropnrtionaWy.- The limit of proportion
ality i,.; the gn ·atest load lip to which the defl ections are 
proportional to the load!=; producing them, and \"aR found 
in the testR of the large beams by measuring the defl ections 
for equal increments of loarls and plotting the results, or 
hy m eans of the autographic stress-strain diagram recorder. 
III the diagram obta ined by plotting, or autogra.phically, it 
is easily seen " 'her t' the Rt raight lille pa"seR into a curve, 
which iR generally at ahout on e-half of the loael prodllcing 
fractlll'e. If \Ye denote th e load at the limit of proportion
ality by P, the ,.;t resR per Rq llare inch at th e extreme fibres 
of the beam in the central portion is :-

fP 
W 

In Grey Il'Ollbad(, 4 F (2), Table 2, th e yalue of P 
is 20 tons, and of W , ;-)4 tons, alRo the value of f' is 12,000 
pounds per sq uare inch , so tha t , at the limit of 'proportion
ality, the stress at the ex treme fibre is :-

12 000 x 20 . 
--'- 34 - = 7,059 pounds per square mch. 

~Modillus of" Ela8tirity. -The modulus of ~lasticity is 
determined fJ'Om th e loads and defl ections pl'Ocluced by them 
wit hin the limit of proportionali ty . If we denote this by E 
we can nnd its Yfl lue in the beam loaded as in :Figs. 10 to 13 
in th E' fo ll owin g mann er :- The defl ection prod uced by the 
load applied mHy be cli\'iclecl into three parts VI. V 2' and 
V 3 ' as inclicat ed in F igs . 11 and 13, where the tot a.l defl ec
tion denoted by /::, is:-

/::, = VI + V ~ + V ;J, 
and the "alue of the modulus in the beam loaded, as in 
Figs. 10 and 11 , may be shown to be :-

WI " E = 
4.7 /::, bd 3 

The "a lll e of t he modullls , ,,,hen loaded as In Figs . 1 ~ 

fmd HI, may also be shown to be :-

W Z" 
E = 4.16 /::, btl" 
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III Grey Irollbark, 4 F o, 'l'able 2 , the defl ection ob
ta,ined with a total load of lU to'Jl ~ \\'a8 () ,H45 in ., and 
at the limit of proportionality, 2U tOll~, it \\' as 0 .71 in, Taking 
the load as 10 ton~ , or 22 ,4UO Ib" I = 120, Ii = 0,9, and 
d = 0.8 , we have-

22,400 x 120" E = .' =2,880,000 pounds per sq. inch 
4.16xO.345 x 9.9 x 9.8" 

In the coiumllS next. on th e right in Tabl e 2 , th e 
modulu~ of elastic ity ha~ bel'Jl determin ed from th e! 
m easured extem;ioll at the extrem e fibre" in t OJl ;;ioJl 
between th e poilJ t~ of appl icat ion of t he loads . Th e re
corded extensiolJ with a load of 10 ton~ is 0.42 in, over 
20 in" 0 1' 0,0021 in. per ton pel' iuch. The extrem e fibre 
stress producing t hi~ extell sion i~ found as fo llows:-

B ending moment = 5 x 50 X 2240 = 560,000 inch pounds . 

.JIomellt of Hes i:;tallce = ~ 9 ~ ~2f=158f. 

. 560000 .. f = 1:58 =3,544 pounds per ,;quare inch . 

-f _ 3,544 _ , 
E - ,\ - 0.0021 -1,700,000 pounds per :;quare illch . 

It will be observed in Tables 2 and 0 , that t he ",d ues 
of the modulus of elast icity, obtained ill t hi t; way, 
are always less than t ho~e obta i li ed from the de tl ection~ . 
Thi,; i,; due to the detlectioll being prodllced by the dired 
a lld :-; hearillg ~tr e;;;;e:; combilled , \\'he re a~ the extrem o fibre 
8tre~;;es and exten:; ion:; are not affected by the :;hearing 
~tre 8:; es, as tho 8hearing ~t r e:;:-; i;.; zero over the cent ral por
t iol! of the beam. 111 the equation for t he detiectiOl I, t hl! 
::; hearillg :-;tl'e:;s \\' a;.; neglected, a" it wo uld ollly HCCOUllt for 
abou t :i5 of the total defl ection m ea:·H1rcd. Again, the l'X · 
trem e fibre stn' s::;e:; alld exten:;ions are a m aximum, allcl 
they dimilli sh uni formly to\yal'ds th e lI eutl'al ax i,;, ",hero 
they are zero. The LIc Heetion, on t he other hand, if; due 
to the yie ldillg of the beam throughol lt t he whole of til t:> 
depth ill the cro'; ';-:-;l'd iol!,;, d il l' t o the direct fi nd :-;heal'ing 
strcs,;e::; de\'elopod in bending 1II1ller the. action of tho ox
tern al load:;, and t he:;e deformation:; , ill the aggregatc , are 
necessarily :;maller th an t ho;.;e de\'elopcd at the ex tremo 
fihres, so that the <:oe /ti <:i ent of ela;.;t ici ty, or modulll f; , must 
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al ways be greater when det ermined from t he deflection!! 
than from the extrem e fi bre exten ,; iOllS. The values of the 
ext rem e fibre exten,;iolls, and abo of t he defleetions, have 
been ca,refull y determined for t he various loads applied , and 
these have been recorded in Tables 2 aJ1d 3. 1'b e 
diagram matic representation of the Ul"Oss-tlection of th e 
beam indicate the direction of the <1111lUal rings , and th e 
m anner ill which the beam h as been cut relatively to the 
cross-sectioll of the tree t runk. 

Moment ,if Res£lience.-The term resilience is used 
to express the work dOIle in producing a given sta.te of tlt rain 
iu a. body . In a beam loaded and defl ect ed , the work done 
in producing t he detl ection it:l termed the re,;ilience. If the 
loads and detlectiontl produced by t hem are within the limit 
of proportionality, the work done is termed th e elastic 1"e
:; ilience, and is capable of being determined by calcul atiOll. 
It can be ShOWll that t he resilielll:e due to lJl'lldillg ill a 
beam is :- . J M" Rt = 2 E 1 dl, 

where ~l clellotes the bending mom ent , I, t he moment of 
inert ia of tl1e uross-seution of the beam, and E t he coeffi cient 
of elasticity . . 

The resilience due to the adiol! of t he shearing tltresseEI 
Jl eed not be cOJl sidered in t his case, a,; the m om ent of re .. 
silienue would only be illureatled by a sm all amount in th r 
second place of decimals . 

Tbe fig ures in th e UOIUlllll heauecl " ~loment of R es i .. 
l ience" are found atl follow,;:-

I n the case of Irollbark, -1 F :J' Ta ble ::l , th e total elasti c 
resilience li p to t he limit of proport iona.lity corre
spondillg \\' ith a load of 2u tOlltl, amI a defi ection of 0, 71 
inch , is :-

Ri = 0.482 W 6. = 0.482 x 20 x 2,240 x 0.71 = 15,332 in. Ibs 
And the moment of resilience itl :-

M R · 0.482 W 6. 15,332 13' Ib b ' . 
. ~ = lbd =120x9.9x9.8=· Ill. s.percu 1C ll1 

III a similar m a ll ner the other figures in the col UlTIl i 

may be found. The results ~Lr e very yaried and depend 
upon t he value of the load at the limit of proportiona.Iity 
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and t he corresponding deflection . In ' the case of Turpen. 
ti ne, 8 F 2 ' Table 2, the limit of proportionality is 20, but th e 
deflection is 1.175 inch , giving the va lue of M.Ri as 2.18. 

'1 'e., fs uf lJelt1nS 4 x 4 inches, OJ·o,s-section.-Tltese 
beams were cut from the sound portions of the 10 x 10 inch 
beams after t hey had been t est ed in t he manner shown in 
:Fig . 15. The 4 x 4 inch beams were t ested on a SpaJ1 of 
48 inches, and the results obtained have been summarised 
as m uch % possible in Ta,ble 4. The column headed 
" Modulus of Rupture " was calculated from the equation :--

72W 
f = bd' 

Where W is the load producing rupture, b the breadth, and 
d the dept h of t he beam. The beams varied to some extellt 
in the dimensions of the cross-sect ion, but the average 
value of f is t abulated-

9W 
If b = d = 4, then f = - 8-

The column headed "Modulus of Elasticity " was ca l
cl dated from the equat ioll-

E _ Wi 3 _ 27,648 W 
- 48 E 1- bd3V 

If b = d = 4", then E = 1O~ W 

In this case W is the load producing t he deflection V, 
\\'ithin the elastic limit.. As before, the average " alue of 
the results is tabulated. 

The column headed , " Moment of Resilience , " was 
calculated from the equation: -

R · W v 
I =.:: 96 bd 

W here W is the load producing the defl ection v at th8 
limit of proportionality. 

If b = d = 4 in., Ri = ~~6 
The columns headed" Ra.nge of Moisture " and " A ver

age Moisture" need no explanation. 
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. Tabl e 4 .-'l'l'ans ven;e Tes ts of -i-iuch B eams. 
I 

NORTH COAST TIM BERS. 

II N umber Average Val ues. 
and - '" 0 ::: . Mod ul us Moment Le tter of I-. Q... "'O 11 Local Name. .e .~ ~ 

M oisturE. Mois- Mod ulus of of of Resili- B1't!ilk -con es- per cent . ture, Elasticity. Ru pture ence, inrh ing ponding § ~~ per lbs. per 1b8. per Ih::; . per L :.Jad . lO- inch Z~- cent. Square Inch. Sq uare Cubit lbs. bea m. 
Inch . Inch. 

Blackbu tt 1 F (2) 2 16 .8 to 17 .4 2.24 X 10" 17,00U 3 .58 U,15[ 

I! 18 .1 
1 F (3 ) 4 20.2 to 22.1 2.U1 X 10" 14,90U 3.18 13,2UC 

I· 25 .4 
Tallo" -" ood 2 1<' (1) 2 17.0 t o 17.2 2.14 X 10" 17,100 3 .78 14.30(j 

17.5 
2 F (:l) 2 17 . 7 to 17 .8 2.61 x 10" 18,100 3.40 15,100 

17.9 
2 F (3) 3 25. 8 to 29.5 2.36 x l OG 16,6UU 3.58 . 14,40U 

il 34.6 
2 F (3 ) 1 23.U 23.0 2.36 x 10" 12,300 1.96 11,000 

I Grey Gum ..... . 3 F (1) 4 17 . 7 to 18 .7 :l .28 x 10" 18,60U 3.60 15,30U 
18 .9 

3 F (3) 3 :l:l .5 to 23.3 2.27 x 1G" 15,60U ;;.10 14,100 
23.9 

Grey Ironbark · . 4 L- el) 4 14.U to 15.9 2 .49 x 10'; 17,9UO 3.61 15,lUU 
18 .0 

4 L- (3) 3 21. 3 to 23.4 2.50 x 10" 17,600 3.79 15,40U 
26 .2 

Blue Gum 6 F (1) 3 17. 8 to 17. 9 1.92 x 10" 16,2UU 3 .37 13,500 
18. 0 

6 F (4) 4 23.6 to :l4.3 1. 86 x 10'; 14,3UO 3.08 13,000 
25.4 

Brush Bux 7 F (1 ) 4 18 .3 to 21. 2 1. ,9 x 10" l ;j ,UUU 2 .82 12,000 
24.0 

Turpentine 8 F (1) ~ 16 .6 to 16. 8 2 .28 x 10" 17,20U 2 .21 13,60U 
,I 16.D 

8 F (2) 2 17.2 to 17.3 1.67 x 10" 14,2UO 3 .15 12,40U i 17.4 
't 8 1<' (4) 4 2U.3 t o 23.4 1.96 x 10" 14,700 2.69 12,470 

25.3 

I H"d Mahogany · . 9 F (1 ) 3 16 .6 t o 17.0 2.25 x lO'i 18,10U 4.25 14,800 
17. 6 

I 9 F (4) 2 23.1 t o 23.4 2.12 x 10" 15,600 3 .00 13,lUC 
23.7 

Whi t e Mahogany lUI<' (2) 4 16 .5 to 17.5 1 .93 x 101i 15,400 3.66 12,700 
18 .2 

10 Ii' (3) 4 30 .2 t o 31. 6 1. 54 x 106 10,500 2.:l8 9,60(] 
a4 .4 

Colonial Teak · . llF (1) 3 1·L1 to 14 .3 1.54 x 106 10,900 2 .22 9,50U 
14 .5 

Ir' 11 F (4) 3 ] 6 .8 t o 
22 .2 

19 .3 1.31 x 106 10,0011 2 .53 9 ,200 

H 111' (2 ) H.O 14. 0 l. 6 x 106 9,500 0 .98 8,200 
'I 

I ~ 
~l t:i[ 
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Table 4 (rolltlllll ed) . Trans verse Tests of 4-inch Beams. 

Local Name. 

lxrey Box . .. . . 

Woolly butt 

Spotted GUill 

Turpent ine 

B1aekbutt 

MountailL Ash 

SO UTH COAST TI .\l BERS. 

Numbel' ! 
and . c: ~ 

Letter of :... Q.I"O 

curres- ~.§ ~ Moisture, 
ponding § ~~ per cent. 
JO-inch Z :J ... 
beam. 

1:2 [<' (1) 
12 [0' (3) 
12 F (4) 

13 F (1) 

13 ~' (4 ) 
1:3 F (4) 

l-! F (2) 

l-i F ( .,I ) 

13 F ( 2) 

15 F (1) 

16 V (:2) 

17 I" (1 ) 

11 I" (2) 
17 1<' (3 ) 

18 j<' (1 ) 
18 F (2 ) 

[ 8 F (3 ) 
I S F (~) 

1 
1 22.7 
2 2:3.0 t o 

23.2 
11 .5 to 

19.9 
23.V 

4 

1 
a 2V .5 to 

34 .3 
2 22.0 to 

24.0 
:! 2R.5 to 

35. ti 
;j 1 (j. 1 Lo 

18.9 
:! 1R.3 t o 

19 .1 
:! 1 • . 5 t o 

18. 2 
;l 1 •. 1 t o 

18. 5 
1 • . 1 

1$) . 7 to 
22. 0 

1 18 .3 
-+ 1R.2 to 

19.2 
1 34. 1 
1 29.6 t o 

31.9 

A Vl'l'age Vall1E'~. 

YIois
tlll'l~, 

PPl" 
cent. 

- - l- Mcdulu5 I Momellt 

'I MEolad.Utl,lc',"tyo.f \ of 'I of Resili-
Break

ing 
Load. 

lb •. 
Ibs. per ]\)8. per Ihs . per 

Ruptu re lence. incl1 

I Square Inch. S~~~I~~ 1~~1\~ 
2. R2 X l UG 1D , 300-~39 

22 .7 
23.1 

18 .6 

2.51 X 10 'i 

2 .47 X lOn 
2. 1.,1 X I on 

23.9 2.1.,1 x 10,; 
a l .4 l. 05 x lU'; 

23 II 

32 .U 1 .3R x 10'; 

19,700 
1R, 150 
l 6,4UU 

19,40U 

15,6(11) 
12, lOU 

12,2UU 

1O,VRU 

1 •. 3 

1R.' 

1. 93 x I On 13,6UU 

2.3.3 X lO';,q 10, lUU 

17.$) 

17.7 

17 .1 
2l. 0 

~.2!J x 10'; 

2 .2() x H )1; 

2 .12 X lU'; 

18. 3 2.25 X 10· 
18 . 6 2.04 x 10. 

34. 7 2 .25 x 10. 
30 .3 2.09 x 10· 

1i, I OD 

17,800 

15,(HlIJ 
13,5U() 

17,200 
16,30U 

17,200 
13,600 

5 .33 16 ,500 
.,1.09 LG,20lJ 
a.oo 14,!JO() 

3 .BO 15,9UO 

2 .14 13,600 
3 .02 11 ,200 

1. :33 10,711:) 

2lU $),0:50 

:!. i a liJ ,21JU 

a.!Ju 12,100 

3. 54 1.,1,400 

.J .ua 14,9UO 

2 .1 K 13,300 
2 .73 11,/00 

2. UR 13,ROO 
3 .32 l-! ,liJO 

4 . 1.:> U ,600 
] .66 12,300 

All beams a pproxim ately 4in. by 4in., tes ted 011 a span of 48in., t he ann ual rings 
parallel with length of beams . 

~~. 1 
4- 4" --=10 T 

.\. 

4-' to 
r 
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It will be observed that the res ult s are greater ir:-tli ~ 
<.;ol um ll headed " I\Iodulut! of Rupture," showing that the 
t imber i::; relati \'ely otronger when tested ill t!maller bizet!, 
o\ving t o t he iact t ha t the proportioll of defect ive t im ber is 
leoo. Thi::; r esult has been observed in all tests of timber . 
It will also be noted that tile col UUln headed " 10d ulus of 
E lasticity " g iYes res ults approxim ately the same as those 
obtained from the 10 in. x 10 ill. beam s, showing that the 
stiffness of the beam within the lim it of proportionalit y , or 
eiabt ic limit, is not aJfected in a. similar manner . This is 
probab ly due t o the fact t h at the. loads producing t he sm aIl 
,;train::; observed were not sufficient to develop t he defects 
ill t he lurger beams to the ::;am e ext ent as t he loads p l'O
duu illg iracture. Fig 17 shows one of t hese beams in t he 
testing m al: bine, and ill ustra,tes the m ethod of t est ing . 

F ig . 18 shows four of these beam t! photogra.phed aft er 
te;;tiug, fr Olll \\'hid l it '\'ill be seen that 4 ]< 2 and 16 FI 
failed by horizollta l ,;bear at t he euds. 

'l'eoto (If DewlI ;; ~ ill . X :.! ill . x 24 Ill . ,,/)(lII.-T'h e,;e 
be am,,; were <.;ut from t he ~;Oll lld por tions of the 10 in, x 
10 ill. beam ,; ufter tebtillg, and they \\'ere loaded in t he cent re 
ill a similar llla ll ll er to t he oJ ill . x 4 in , beams , but \\'ere tested 
ill a horizo ll t al t esting m achille, 

T he object of t hese t e,;ts I\'as to determiu e the r elation
~hi ]> lJet\\'een t he moistll1'e pe],l:entage and the strength of 
the beams , also tho l'elation::;hip between the moisture and 
the ::;tifflle:-;:-; of the beams . 

. \ lu rge ll llm ber of ,;peciu lens ha \'ing va.rious percclll
ag~',; of llloi ::; t m e \\'t're lleuessary ill t hese tests; the beams 
Ilcarer the uelltre had t he greatest percelltage of moisture, 

T he res llrt:-; oLta.illed have been :-;llm mar ised as much 
as l'os,; ible in P late V . It ",ill be observed that both the 
::;trength alld elasticity ill <.; rease with the dryness of 
the timber, but that the rate nuies in different timbers. 
Fig, 19 shmys :;omo of the beams as they appeared after test
ing, also the mode of fradlll'e. 

TENSI LE 'f E t;TS. 

The tensile strcngth of timber has been determined in 
all comprehensiye investigations in regard to the strength 
of timber made ill E urope ana in United States, America, 
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as it is of se iel1tific importance . F rom a practical point of 
view it is of seuo ndary importance, as in timber Rt r uctureR 
t Ile m emberti in tension are jointed at t heir ends to the other 
members of the Rt rtlcture, and the I\'eakest point . is thr 
joint a lld its c'oJll leet ions , s llbjl'<:tt'(l to shearing stress. 
T illlber is strange l' in tension t hall in uompl' ep,;.; ion, and enOl'
mowd,)" stmnger ill tt' IlSi OIl th11 n ill shear, as ,,"ill hFl at once 
<l ppl.'ouiated by comparing the ]'c:':lIlb obtailled in Tabl es {i. 
(; and 7. .For these reasons it i:.; rl iffi u1l1 t to make 
te nsion te,:b; , as t Il(' h ead 1111(1 "hOll lrlers of th e t eRt 
pil 'l'e nll l.~t he ,:!I'o ll ger thml the portio n sllbjected to 
a p ll l'f~ tl'nSil l' st ress , and 1110 I' r OI' (> 1' t he stress mllst 
bl' applieJ ncc lIl'atrly alo ll g th e axis of t he test piece t o a \'oid 
( h" l'ffect ot tra llSI'e rse strcs,;es . Th e method of making ac 
L:ll l'nte te llsi iv t est:.; II'n s inyest igal ed in the 1802 series, and 
t Il(' propor tions Hnd dimensions lIsed ill t h is tieri es are show11 
lI jlOll t hr test sheet, T able 5. .Fi g . 20 shOl s the t est piece 
ill t ilP mnchin e with the extel1som eter attached t o 
it . ftl'l'flngrd to rocon1 t he exteJl sion;; between t he gauge poinb 
H illc1i l'S npal't . T he area of the cross-section of the parallel 
portioll, oyer \yhich t he elongations were m easured , is 1.2:-1 
"ct. in., and bhe t ensile strength is t he tota l hreakin g 1011(1 
appl ied diyided by t his area , thus for Tallo\\'-wood 2]), the 
ill'l 'aking lead i~, 11./;') tOllS, and the t ensile f,t rength is :--

a = 11.75 X 2,240 = 21400 pOllnds pel' sc'JIwre inch. 
t 1.23 ' 
III regard to the rC'tildts recorded in Table 5 , it \yill 1)(" 

ous C' l'I'ed that the teu,,;ile strength is much greater th an 
t he compressiYe strength, and that the (+r ry 1ronba1'k is 
1I0t rxce ptionally strong in th is series, alt houg h in the 1802 
test it rC'acil Pll 2:'5, 000 lb . pel' sq. ill . , due probably to the 
mar,' ia\'olll'ahle eOliditiollS affeoting its growth, and to th 
fflC't that the "Jlecimells tested ",ere of ,;ound er timber 11101'EI 
fr('r from defects. 

Tho extensions pel' ton, obtaillPll from tile differences 
Iwhn:en thf'. extensions produced by loads with in the limit 
of proportiona lity, \\'ere for Grey Ironbflrk 0.005 inch on a 
lellgth of 8 inches, giving a coefficient, 01' modulus of elas
ticity, of :-

~ _ 2,240 x 8 = 2,912,000 pounds per sctuare inch , 
1.23 X 0.005 



'" ~ 0-

Local N a]~ ame. 
i ....:I 

BiackllUtt .. .. 1 D 
1 H 

Tallow·wood .. .2 I) 
2 M 

firey Guru .. .. 3 D 
3 H 

Grey I ronb 'lr k. 4 D 
4 II 

Rlu e Gu m 6 lJ 
,; H 

J3 I'ush Box .. 7 ]) 
7 H 

T urpent ine 8 j) 
8 R 

Red Muho~a ll Y 9 D 
9R 

Wh ite -"!a hog an .v 10 D 
lO H 

Colonial Teuk .. Il D 
11 H 

Grey Box.. ..H D 
12 H 

Wooll y Butt . . 13 D 
13 H 

Spotted Gum .. 14 D 
14 H 

T urpen t ine .. . 1:) » 
15 H 

Black Butt.. . .)(; lJ 
lGH 

M ounta in A sh .. 17 ]) 
Ii H 

Str in gy Bark .. IH II 
\ , II 

"·"1 " W;,;.,. ;::: ..... ttl 

2~ £ ~] 
::::;l ...... ttl 0 u 
Zo Q) -- 1-0 en ...-:. ~ 

692 
692 
800 
800 
M50 
651 
646 
IiGS 
n5 
700 
686 
G86 
!i36 
6C,S 

Ii?l 
lii l 

4;,8 
484 
484 

514 
41!) 
416 
458 
456 

4(;0 
448 
42:1 

11 .8 
12 .7 
13 .3 
lilA 
17. 0 
13.2 
13.2 
13 .3 
13.1 
11 .9 
12 .3 
12 .4 
13.3 
12.3 

12.3 
11 .8 

12. 9 
15 .3 
n . l 

13.5 
21. 4 
15.3 

13.2 

1[).8 

13.3 
11;.5 

L ellgth 

7 ' 

~ 

Table 5.- Ne w South Wales Timbers. Tension Tests 
". . =~ -"'", 
"'0 
1;: ....:1 

IOQ 
Tons. 

10 .9 
8.85 

11. 75 
11 .6 

8. 03 
8.25 
7.55 
n.3 
9 .0 

1:3.:!5 
8 .5 
6 .3 
8 .17 
7. 5 

G.75 
4 .8 

11. 55 
10.5 
12 .8 

8 .0 
8.3 
5.a 
7 . f) 
8.25 

7.65 
6 .3 
7. 15 

Break ing 
Load . 

Lbs. per 
S Q . inch . 

19,5oO 
16,120 
21,400 
21,1:;0 
14.620 
15,020 
13,750 
11 ,470 
16,800 
~4 ,130 
15,480 
1l,470 
14,880 
13,660 

1~.~90 
8. i40 

21,030 
19,120 
23,310 

14.570 
] 5.120 
9,650 

13.!itill 
15,020 

13,930 
11 .470 
l:l . O~O 

Apparent 
limit of Modu lus 
Pl'opor- of 

t iona li ty . Elas ticity. 

Tons. 
3 4,2~2 .UUO 
3 4,282 ,000 

';'600.000 
I; 3,W5.000 
3 3,~32 ,000 

:; .5 4.282.000 
4 .5 2.9 1~ .000 
3.5 3,309,000 
4. 5 4,550,000 

J ntlete rmi natc. 2.510,000 
Indete l'minate. 2,427,000 

2 ~,309 , 000 

:!.5 

3.5 

3,640,000 
2,800,000 

3,832,000 
2,696,000 

-4 ,282,000 
5,200,000 

1 ndeterminate. 3,832,000 

2.5 4,282,000 
4 1,867 ,000 
3 2,696 ,000 

Ll1d t} tl~ l'Ilii tlate ~ . 5 10.000 
3 3,470,000 

5 4,853,000 
3.5 2,427 .000 

Illt iet ermill ate . :!.O2:!.OOO 

o f piece>; unde,' te,t = 8 in ch(·s. 

, I' 8 ·F l t 

I 
1 

tOll . 

. UUOS 
. 0020 
.nUIO 
.on o 
.007 7 
.004~ 
.OOGO 
.002::l 
. 00~5 
.0075 
.0057 
. 0030 
.0044 
.0053 

.0037 
. 0075 

I 

.0047 

.0037 
.0049-

.001:! 
.0040 
.0065 
.0070 
.00(;7 

.0031 
,nOn5 
.1)110 

A r ea 

IO N 

t~ ....... 

Extension in l ilches x ~ . On H incJH's. 

" I 3 tOll S . tO ll S . I 
.0039 
.0053 
.0037 
. 0165 
. 0110 
.0077 
.0110 
.0063 
. 0040 
. 0140 
.0IH; 
. 0073 
.0080 
. 0098 

. 0009 
.0130 

. 00i7 

.001)3 
.0081 

.0030 
.0110 
. 0120 
.0125 
.0105 

.0059 

.0124 

.01 80 

_. 
.00 / a 
. 0087 
.0057 
.O~ 15 
.0152 
.0118 
.0 160 
.0108 
. 0069 
.0205 
'0173 
. 0134 
.0123 
.0150 

.0113 

.01~9 

.0112 

.0091 

.0104 

. 0069 
.0105 
.0180 
.0185 
. 0150 

.0090 

.11183 

.O~:);) 

4 
tons . 

.Ol l:! 
. 0 1 3~ 
.00~5 
.O:?:,)5 
.0211 
.01(;7 
. 0210 
.0159 
. 0112 
. O~75 
.0~30 
.0205 
.0 182 
.0209 

.0152 
. O~78 

.0152 

.0 1~4 

.0140 

.0118 
. O~75 
. O:.!5U 
.0245 
.0195 

.0123 

.0248 

. O3~5 

I 
.; 

tOllS . 
I -.Ol/t! 

.0173 

. 010i 
.U~95 
.O~7~ 
. 0218 
0265 
. 02~O 
.OUiZ 
.0340 
. 0291 
.0287 
.0255 
.0272 

. 0:!19 

.0l!)0 

.0159 

.0183 

.0 177 

. 0385 

.\):530 
. O:lOO 
,n~£jO 

.015(1 

.0331 

.0410 

of pieces under test -

t SF 

I 

(; 

t Oll S . 

" . 0234 
.0215 
.Owo 
.0335 
. 03~8 
.0275 
.0340 
. O~ll 
. 0223 
.0400 
.0358 
.03S0 
.032S 
.0335 

.0276 

.0252 

.0207 

. 0222 

. O~3(j 

.0485 

.0:165 
.0300 

.O~OG 

.040>< 

.C4!JO 

I 
7 

tuns . 

-.O:!8, 
.0262 
.0205 
.0385 
.038H 
03:!5 

.0390 

.0297 

.0460 

.0427 

.0399 
.0407 

0311 
W26~ 
0268 

0301 
Oon5 

.04.30 

.0350 

.O:2lili 

. ():)~O 

1 

I 
H 

tOll):) . 

.0343 
.0309 
.0254 
.0445 
.0459 

. 0372 

. 0510 

. 0498 

.04U8 

.03iO 

.0317 

. 0317 

.OGi5 

.0400 

I 
9 

tons. 

.0400 

.0297 

. 0565 

.0427 

.0376 

.0372 

I 
10 

ton s. 

.0480 

.0384 

.()fj20 

.U48Z 

.0541 

.0429-

1'23 square inches. 

) I ~ 7"--1 

j~ ~ ] 

I 
11 

ton s. 

.0441 

.0695 

,0,;41 

.0482 
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Much larger values were obtained for some of the other 
t imbers. 

The nature of the fractures obtained from several of 
the timbers t est ed are shown in th e photograph, F ig. 21. 

THE INFL UEN CE OF l 'H E CONDI'l'IONS UNDER 
WHICH 'l'HE 'rE STS WERE MADE ON THE 

RES ULTS. 

The conditions which influence t he results obta ined m 
testing timber are as follows :-

a . The percentage of moisture contained . 
b. The t emperat ure of t he laboratory . 

c. The speed of t esting. 

Moisture.- In every test recorded in thi s series, the 
percentage of moisture was det ermined by cutting discs from 
the t est piece by m eans of sharp saws, as near as possible 
to the section where failure occurred. In t he case of t he 
beams 10 in. x 10 in. the pieces were cut in the manner 
shown in Fig . 16, in t he other tests one disc was cut nea l' 
t he point of fractu re. The disc is weighed, dried in a special 
oven, kept at a constant t emperature of 212 ° F. , until it 
ceases to lose weight by further drying, 'lnd re-weighed . 
The moisture contained is ex pressed in per cent . of t he dry 
weight of the t imber . 

Temperature. - The variations in t he t emperature of the 
laboratory and t he room s where the t imber was stored varied 
from 45 ° F. to 90° F. , and certainly the range \Vas never 
greater t han expressed by these ext reme limits of t empera
ture. So that the effect of temperat ure on the results was 
not considered , although in . count ries where t he lim its are 
much great er, a slight increase in strength has been found 
from the lowest to the highest temperature. 

Speed of Testing.- The strength of t imber is infl uenced 
by t he rate of speed at which the stress is applied . The 
stresses produce strains, or deformations of various kinds, 
such as defl ections , elongations , or shortenings of the fibre 
of the timber , the amount of which depends upon the time 
rate allowed for these deformations to be developed . If a 
bel:\ill is loaded a defl ection is produced which gradually 
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