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increases if the ioad is allowed to remain for a considerabl e 
t im e. L auza found that the defl ection of a beam was t wice 
as gren.t aft er six months as whe n fir st the load ,,-as app li d. 
'l'llis increase in t he deformatio n " ' it h t he time rate is seell 
in a ll t imber tt-·;:;ts " 'heth el' ill t ension , eomprcssion , 0 1' ill 
t' l'o;:;s-helllling ; it is, howeyel' , less ueei rled in sensone(l t han 
in un;:;easoncd timber. It is w,lIal to record t he tim e mte 
of test ing as the elongat ion , 01' shorte nin g, of t he most 
st ra ined fibr es expressed in inches per inch pel' m inute . 

I n a ll the t es ts of the la rge Iwanl,; :1 t'h ]'onograpl l \I'tl~, 

arranged to roeol'll t hc ti m e 0 11 till- lllltogrn piIi l: sll'l'ss­
"tra ill d iagram , alld in the eOlnpl'es:,ioll tests of s hol' t an d 
long columns , a clock heati ng seconth " 'as ohsen 'ed at the 
t im e of reeording the deform ations, so that t he time rate 
was accurately determined. It ,,-as lleeessary in e\'E' !'y 
test to a llo \I' suffie iell t timo for the lldon nations to be 
accura tely determined , and tho amo un t dcpcn(le(] lipan till ' 
s ize of the test piece am i t he quality of t he timber. Th l' 
time mte of the ext rcmo fi bre cxtension in thp largo beam s 
of lti in. x l() ill. Cl'oss-seetion, \·[t l' ied fl'om U.OI HJ2GG to 
tJ.{)OlI 82 in c- hes pel' inch] pCI' minute, nn(l t he [t\, crage of all 
t ests , 0 .000557. 

'l' he f·xtensiom; in this case \\'ere detcrmined on tllC 
central portio-lls of t he he am hy m eans of it .:'l Indell'S extp ll­
son1f'tel', 'Illd eOlll IHlJ' l'd \I'itlt the ch l'onogrn l'hie ]'('('ord Oil ti le 
recording drum. 

The rate of straining t he lwams 4 in . x .f in . x 48 in . 
centres was 0 .00238 to O.OOllG inch dcfl ect ion per minute, 
uyel'aging o.()UlGn inch pe r millute . I n the. bcam s 2 in . x 
2 in . x 24 in. cent res the deflect ion \\'as O.OI)Bn-~ to .oon incll 
pel' minute , and the a\'erage O.OO[)80 inch per minute. 

On the colum n of circu lar eror,s -section 12 inches 10llg 
the time rate \I-as O.()0018 to o .O()()87 , and th c aI'C'ragC' rate 
\I-as O.OO()B8 in ch per illc-it pCI' minllt c . On the squaJ'E 
columm; 12 inches long, the time rate was O.UO()] 11 to 
O.0005GO, and the a\-erage O.OO0283G inch pCI' inch pCI' 
minutl' . On the long columns of square eross -sectioll , the 
shortelling \I' as from 0. 000302 to O.OOO.J81 , anrl the a\'er agc 
of all tests, 0.000389-1 inch per inch per minute . On the 
~il'eulaT columns of approximately the same length the rate 
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was 0 .000414 to 0.000771 , and the average 0 .000568 incb 
per inch per minute . 

The time rate of t he ex tension s in t il e tens ion tests 
varied from 0.000400 to 0.001054 , and the a"crage was 
0 .000693 inch per inch per minute . The report of t ests 
made in U .S. , America , by P rofessor W. h. H at t , just pu b­
lished by t he I ntern ational Af;soc iatioll for Test ing Mate­
rials , gives t he fo llowing time rates of fi bre strain ex pressed 
in inch per ill ch per minute:-

L arge beams .. 0 .0007 
Sm all beam s . . 0.0015 
Compression parallel to grain, smail p ieces 0 .0030 

Do do large pieces 0 .0015 

In official tests ::t speed yariation of 56 per cent. is 
allowed , as it does not affect the results by more t han 2 per 
cent. 

SHEARING TESTS . 

The difficulty of making accurate tests of t he shearing 
strength of a ny material is aclmO\dedged by all authorities . 
I t is generally considered more satisfactory to subject t es t. 
pieces to a shearing stress on one plan e only , or "sin gle 
shear," than to apply t he stress on t\,'O planes, or in " double 
shear . " The m ethod adopted in t h is r eport has been yery 
carefully considered, a 1111 F ig. 22 sho\\'s clearly th e mann ~'r 
of preparillg t he specim ens, and the m ethod of holding them 
in the m achin e. I n the writer 's report published in 1892 , 
"Australian Timbers , " the method adopted did not ensure 
t he det ermination of the t r ue shearing stress, as a be'nding 
moment was necessar ily deyeloped , although the ultim a.t o 
shear was confined to one plane only; but t he object of t hese 
tests was to determine the shearing strengt h of timbers 
used as keys in com pound timber beams, such as haye been 
used to a considerable extent in raih"ay viadu cts in New 
Sout h' W ales . The method used in th is early report was 
admirably !3 uited to t he case, and the results obtained, al­
though much in excess of the true shearing resista.nce, 
represents accurately the beha\" iollrof timbers when sub­
jected to shearing stress applied in this \\"ay. The m ethod 
adopted by P rofessor J ohnson , and follO\\"ed by 1\11'. J uhus 
in his r eport on \Vest ern Australian Timbers , published in 
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1\;)00, in like manner represents t he behaviour of timber 
",hell tested ill double shear , and gives useful data of tho 
shearillg strength of t imber when used in the manner t ested; 
but it does Ilot gi\"(l t he strength of timber when subjected 
to a pure ::;hearing stress actin g on one plane only, more­
over the bending moment is not prevented, although COlI­

siderably r educed . Many other devices have been used ill 
t imber t est ::;, but t hey are all more or less unsatisfactory, 
ill so far as they express the shearing strength of the t imber, 
although they may serve a useful purpose in so far as the.} 
represent t he con dit;ons under wh ich t imber is used. 

The results recorded in Table 6 r epresent the 
::;hearing strength as a.ccura.tely as poss ible under the ci r­
cumstances; the bending moment is very small, and t he sh ear 
it; l:Onfilled to aile p lan e . If a shearing stress exists on on6 
plall e , there will ahlO exist a shearing stress of equal amount 
0 11 a pl ano perpelldicular to the fi rst plane , and if a shearing 
st ress is applied ill a p lall e tangentia.! t o the direct ion of 
the allnual rings, un equul ::;hearing stre::;s will be developed 
ill a pla.ne llOrmal to the diredioll of the Cl llllual rillgs , alld 
faillll'e I"ill ll cl:essarily occur along that plane where the 
!'e::;istallce is least . 

In te::;tillg ueams tli e horizon ta l ;,; heari llg stress along 
t IL e neutral axis is 50 pel' l:ellt . greater than the meall 
s heari llg stre::;H in the cross-sedioll of t he beam , and if the 
timber ",as of un iform llua.lity it would always shear along 
t he lIeutral ax is, if it failed by shearing; but timber is not 
of uniform quality, and the failure occurH along the plane 
least able to resi~t the stress developed alo llg that plane. 
In tll e t e::;ts of large beams recorded in Tables 2 alld 3, the 
presence of gum-veins and other defects determined t he 
::;e ledioll of the p lane of shear ill t hose cases where t he 
ueam fail c,d by the hori zonta l ::;hearillg stress , but the in· 
te ll ::; ity of t Ill' ::;tl'l'S::; causillg t he beam to ::;hear is necessarily 
I O II"l~ l' t ltall t he tnle shearillg re::; istal](;e of soulld t imber of 
the same killd . 

It lVas ~r i g i llally illtended to cut the test pieces so that 
shearing would t ake place only tangelltially or normally to 
the diredioll of t he alillual r ings, but th is was IIOt accom­
plished with a.ll t he spel:imens, and in SOlfle cases the plane 
of shear is more or less inclined to the t angellt or norm al. 



! 

Table 6- N'ew South Wales Timbers. SheariJlg Test s- N ew Method 
NORTH COAST TIMBERS. 

I 
Total 

Numher I Number Tolal Shearing P osi tion of 
and Area of I Moisture I Sheari ng Stress Annual Rings 

Local Name . Leller. under Shear. Days percentage'i I,oad in lbs. pe r and Shear. 
St'asolll llg in Ibs. SQ u a r E' 

inch. 

Blackbutt .. .. 1 D (1) 8. 7(; 693 14 .r. 6 . ~ 70 716 

1 II (~) 8.55 14 .5 5.570 651 

1 H (1) 8. 70 14 . ~ 6,370 732 

Tallow·wood ~ ]) (1) 8.f. l 814 14. 3 6,950 807 

~ ]) (2) 8 .70 14.4 7,070 813 

2 H (1) 8.58 H . l 6.450 75~ 

2 H (2) 8.61 15 .3 7,100 8~5 

Grey Gum .. .. .. 3 H (1) 8. 73 657 17 . 1 (;.300 7:25 

3 H (2) 8. 71i 15. 4 8 ,01 1; 91i 

Grey I ronhar k 4 D (I) 8.82 '674 lG.G 0,010 772 

4 D (~) 8.73 lG. 5 9,0',0 1,131 

4 H (1) 8 .70 16 .0 8,040 U24 

Ii ( ~) 8.8~ ]5. 5 9.700 1,103 

Blue Gum .. r. 1) (1) 8. in 728 1 (j . ~ 7,41iO 85~ 

6 ]) (2) 8 .79 16.5 7.910 900 

r. H (1) 8.82 14 .8 8,310 94:! 

6 H (2) 8. 73 15 .0 7,bUO 865 

Br ush Box .. 7 D (2) 8. r.4 694 14. 8 r..3 LO 730 

7 Ii (1) ~. 7;'1 15. 3 8.880 1,014 

7 H (~) f... i :' 14. 7 ; ,100 808 

T urpentine .. 8 D ( ~ ) 8.9 1 674 14.0 6, 150 600 

8 H (1) 8 .70 14.0 7,610 869 

" H (:!) 8 .7,; 14. 5 8,380 957 

Red ~ lahogan y 9 11 ( i ) 8 .70 664 IS.O :;'100 586 

9 II (:n 8 .67 • 14 .4 ',63'J r.49 

White )Iahogal1Y .. 10 I! ( 1) S. ift fi ,7 13 .8 5,3;jlJ 611 

1U J> (~) @. &1 15. :! ;) , O~O 569 

10 11 (1) 8.70 1r..0 [, 12U 5~9 

IO H (~) 8 . 70 15.6 3,990 459 

Coloni~l Teai\ .. 11 D (1) 8. 76 911 12.7 7,000 799 

11 D ( ~ ) 8 .64 12 .9 7,570 876 

11 D (3) 8.67 13.4 7,580 874 

11 H (2) 8 79 12.8 8,31r 945 



Table 6 (colltinuecl) - New South Wales Timbers. Shearing Tests-N( 
Method. 

SOUTH COAST TIMBER~. 
, Total 

Number 
Number Total I Shearing Poeition 0 

and Area of Moisture Shearing Stress Annual Ri" 
Local Name. Let ter. under Shear. Da ys Percentage. Load in Ibs. per and Shear 

Seasoning in Ihs. equare 
inch. 

Grey Box .. .. · .1 2 D (2 ) 8 .64 473 16.6 8,220 951 

12 H (1) 8 .55 16. 1 7,720 903 

12 H (2) 8 .55 16 .9 8,6~0 1.008 

12 H (3) 8 .73 16.7 6,940 795 

Woollybutt · .13 0 (1) 8 .37 491 17.0 7,820 837 

13 0 (2) 8.73 16 .2 7.130 817 

13 H (1) 8.76 15 .4 7,450 850 

13 H (2 ) 8 .61 16 .5 7,380 857 

Sliotted Gum .. .. · . 14 0 (1) 8. 58 521 17 .2 8,350 973 

14 0 (2) 8.67 18 . 1 9,150 1,055 

14 H (1) 8 61 16 .4 8,230 956 

14 H (2) 8. 61 16.3 7,560 878 

T urpentine .15 0 (1) 8.61 448 14 .4 6.590 765 

15 IJ (2) 8 .4g 15. 3 6,9~0 815 

15 1:1 (~) 8 .73 14 .7 7,190 82'J 

Black Butt .. 16 D (I ) 8. 43 490 16. 2 6,960 944 

16 D (2) 8. 64 16 .4 5,100 591 

16 H (1) 8.64 14 .4 7,220 836 

16 H (2) 8 .64 14 .6 6,160 713 

Mountain Ash .. .. 17 D (1) 8. 67 472 14 .5 7,220 833 

17 D (2) 8.76 15.1 6,760 772 

17 H (1) 8 .67 14.8 6,450 744 

Stringy bark .. .. .. .. 18 0 (1) 8.34 456 15 .8 5,840 700 

18 0 (2) 8.55 15 .8 4,990 584 

18 H (1) 8.49 14 .7 6,350 748 

18 H (2) 8 .64 14 .3 6,070 703 

Size of test pieces: L ength , 3 inches. Bread th , approx. 2'9 inch es. 

3" 
, 

6" 
, 

" IE >1< :;,loE .3 ---' 
I 1 I , 
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In the case of all t he uest pieces recorded in Table 6, 
t he failure occurred in the p lane of shear , whate ver its 
posit ion relatively to the plane of the allllUal rings. 

The Table G of results show that t he t imuer was well 
seasoned , amI s et the result:; are lower t han tllO::;C 
obtained by the m etllOd adopted ill tllC :;er ic::; of tests pi' b­
lished in 1892. This is d ue m aill ly to the fact that in thi s 
series th e bending mom eJl t was practieally zero. 

I n order to obta,ill :;om e further information on th i::; 
subject, the apparatus used in the 1892 ::;erie:; hus beell 
modified so that the bending moment is considerably r e­
duced, as the parts pressing on the timuer were oll ly ! inch 
wide, so that the lever arm of the m Olllent is ollly i illch. 
The apparatus used in th is case is :;"0\\'11 ill }'ig. 213 , tlJld 
Table 7 gives the results. 

The r e:;ult:; recorded in T able 7 are higher than those 
on Ta ble 6, yet the iufluelice of the :;mull be lHling momell t 
does not , in the writer ':; opillion, aceouut for t bi ::; difference, 
although it may h ave contributed to it . 

Figs. 24 and 25 repre:;ent the appearance of the blocks 
after t esting by shearing. I n .Fig . 24, the right-h and piece 
i:; W oolly butt , and the left-hand piece Grey B ox In Fig. 
25 both blocks are Colonial Teak. 

TORtilUN 'l'Eti1'S. 

The stress at the surface of a specimen subjected t o a 
stress of pure torslOn IS a. shearing stress, and it \\'as COll' 

::; idered desirable to obtain the results of testing specimens 
in torsion for the purpose of comparillg thcm with the re­
sults obtained Ly the t \\'O methods of testillg for direct shear. 
There is no bending moment in this case to complicate the 
shear, but the failure is due to the stress de\'eloped at t he 
outside surface, 'and is somewhat analogous to the normal· 
failure of a beam subjected to bending, which also is d lle 
to the stress developed at the extreme fibres . The assump­
tions made in deriving the equations expressing the 
moment::; of resistance ill hoth torsioll alld bending do not 
apply, even approxill1ately . after the elastic limit (limit of 
proportivnality between the stresses and strains) has been 
exceeded . If cl denot es the d iameter of a shaft subjected 
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Table 7. - New South "Vales 'l' imber~ . Shcarillg Tests. 

Local Name. 

NORTH 

illaekbutt 

Talloll"-Wood 

Grey Gum . . 
Grey I roni)a rk . . ... . . . .. . . 
Blue Gum .. . . . . . 

Turpentine 

R ed Mahogany 

White Mahogany 

Colonial Teak . . .. .. 

i:iOUTH 

Grey Box . . . . . . . . . 
\Y oolly butt . . .. . .. . . . . . . . 

Spotted Gum . . . . . . . . . . . . . 

Turpent ine . . . .. .... . .... 

Bbckbutt . . . . . . . . . . . 

St ringybar k .. . .. . . .. .. .. 

Number 
of 

Tests. 

COAST TIMBERS. 

A 3 15 .7 
B 3 15 .8 
A 5 15.1J 
H 5 14. 8 
:\ 10 15. 8 
U lIJ Hi .:l 
.\ 10 16 . 7 
II lIJ 16. 8 
,\ 10 16.2 
H lIJ 15 .6 
A lIJ 17 .4 
B lIJ 17.0 
A lIJ I i). U 
B I IJ 15 .:l 
A 7 15. 8 
B 7 15 .8 
A 10 13 .:l 
B lIJ 13. 2 

COAST TIMBERS. 

A 10 16 .1 
B lIJ 15 .8 
A 10 16 .4 
B I IJ 16. 9 
A 10 15) 
B 10 14. 8 
A 10 16.5 
B 10 16 . 7 
A 10 16.6 
B 10 17 .0 
A 10 16 .1 
B 10 16. 1 

Number ()f Trsts, 10 in each case. 
Test pieces. 4i n. cube. 

1,(593 
1,520 
1,531J 
1,488 
1,788 
1,680 
1,\li>7 
1,833 
1,533 
1,430 
1,63;' 
1,51 7 
1,597 
1,516 
1,480 
1,381 
1,483 
1,411 

1,871 
1,611 
1,667 
1,545 
1,644 
1,568 
1,6M 
1,510 
1,596 
1,474 
1,6.55 
1,454 

Number 
of 

Days 
Seasoning . 

1,21;) 
1,:1l3 
1,331 
1,330 
1,175 
1,17 6 
l , l \l:l 
1,lU:l 
1,1r; ] 
1,183 
I ,191J 
1,UIl 
1,181 
1,] 8 3 
1,19.) 
1,lD6 
1,4:l3 
1,4:l3 

986 
985 

1,003 
1,004 
1,033 
1,()35 

D61 
960 

1,OOa 
1,004 

969 
968 
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to torsion, the m om ent of res istan ce may be shown to 
be :-

T = 0.196,z" (J', 

where l' denotes t he t wisting momen t and (J's the shearing 
stress at the surfacl' only , \\·Ill' tl t hi s s tress is ,yititin the 
(· Iast ie limi t of the lI1aterial. 

Again, in ITgarcl to bending, th e moment of res istance 
may be showlI to he :-

. M = 0.098'/ ' (J' 

II' here :\1 Ilc tl otes t ill' il t' IICling moment , alld (J' th e extrem e 
fi bre stress ollly , I\'h l' n t hi s st l'CS" is I\' ithill t he clastic lim it 
of t he material. 

If (J's in t o r ~ i o n, and (J' in bpnding llre eac h ealcul at ecl 
from t hll result s of t ests in " 'hi ch 'I' anrl1\I produce fra cture , 
t hen 

T 
(J', = 0.196t78 

and M 
(T = 0.098r1" 

do not express the st ress at th e surface or extrem e 1Ji)re , 
and tile expressions arc in each case empirical. 

(T is tl'rlll ed the "moduill s of rllp t ure" in bending or 
t ransyerse t ests, anll exceeds t hc st rength of th e materllti 
wh ich IY OL dd proJll ce iai1ure if appli ed d irec tly to a piece 
of s imilar m ateriai , so t hat ti Le st ress \\'as di ::;tributed un i­
fo rm ly oyer th e area of t he cross-sl'et ion , as in the t ens ion 
tests of a piece of ti m be l' or st ee l, or t he compression tes ts 
of short prisms. 

In li ke m anner, (J', is 1I 0t th e shearing strength of the 
mnteri a l, a nd the l' l'~ults ohtainecl by torsion, a lthough de­
yelop ing a pure shear, cannot be comparee! with t hose of 
dil'f~ct sh ea r. and will in a ll eaRes he higher . The l'el atiye 
shea ring J'esis tanees of "ariOHs t imber!' , ho\\,eyel', tested in 
t h is mann er hy torsion . prohably arc. m ore a('cu rate t han 
t hose obtained by direct sh('ar, in eonseqllence of the absenee 
of fI henrling m OI11 l' nt. Ru t th €l absolute yaTues recorded 111 

t he I ' lai'0 VI. are only t he stresses at t he outer skin at 
fai luJ'e . 

The modlll wl of rup t ure recorrled in the strength tests 
of bea ms, and t he "al ue of (J', ill torsiop tests are useful 
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cOIl P. t alits of strC'ngth , hut t heir exact m eaning should be 
c learly Illlllers tood. 

F ig. 20 »hows a. te»t piece fix ed in t he torsion testi n ;:; 
machill e \"i t h the e:de nsometer a t tacherl to t he Rpec imen 
for l' l'l:ol'd ill g t he ,;mnll hl'iRts \I'h ic h occ ur \\' ith in t hc 
(· lnstiL; limit of t hl' m atcri ,d , a lso all fl.ll togmphic Ri rC'SR­
st rain appa l'a t lls I'l' ('orrlill g tI ll' loacl" all (l (ldol'lnn t ioll s from 
zpro load II p to t h C' pOillt of fr aet lll'c . 

l ·'ig. 27 shO\n; t he ex t en som ete[' more clC'arly. 

Fig. 2S sho\\'s ROme of t he spC'c inll' ns a[h' r t C' s t ing. 
in(li cat ing t he "'Ir iolls m o(l es of frac-tllJ'l:. Th e m oisture' 
pe rccn tage:, ill(l icate t Ill' (lry nesR of t he tim bers at t he t illW 
of testi ng, \\'h ieh is ael:ollllted for by t he ll umher of (l ays 
seasonin g . 

'[' he m etlio(l of ohtaining the fig ul'es in some of the 
columns in P lnte VI. , may n eed some ex plan ation . 

]D U ' ))/Il))l. '1' /1';.,1;/1') 
l: flll,;illg ft' actll l' t~ i II the 
pOll lids. 

.1[, lJnPllf, '1'. - ThiR is tho m om en t 
t l's t ing mal: h ine expreRse (1 in ilw h 

For Dl ackhutt , I)) , '1' = 1,4 .. j.() inch pOUJl ds. 

F or 'L dlo \r" \\'oocl, 21> , T = I ,SS!) inc h pOlln cls . 

.1 { II ,/.; ,,""II S heil I' S f n-.'.' , (T, . - Th e real 111ea ll illg of ITs 

has all'l ·ady !>C'l' ll pxplailll'd: it has been (,Hleu lat(·([ ill t he 
io ll o \\'i llg lllHllner ;-

(T. =0.1~61/i For B ln('khlltt , m, (T , = 0.19~,~4~.375 =2.180lb. 

per sf/llaw illeh. 

F or Tallo\y .. \ \,oo(l, 2D , (T , 

pel' sq llare illch. 

1,800 _ 
- 0 196>< 375 -2,720 lb. 

( ,,,(~t!i,.; t' ,,1 If "" !I"lit!! , r '. - T h is quantity , like the' co .. 
('ffic it' lit of (·]as tie·ity. is tll C' r atio of th e' stress to t he ( ' 0 1'1' [''' 

spoll(lillg st rnill. within th e (· last ie li mi t of the mat l' rial. 
TI lt· s tn'ss in t his casC' is the shearing stress , (T at t ilP 

s lll'flll: (\ of th p cylinrl r il:ai tl'st pil·ce. 

The st ra in is th e a ngll iar rli svlacem ent of two cross­
'il'ctiolls pel"[l Plldicll lar to the axis of t he t est piece, one of 
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FIG. 28. 
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which is considered fix ed relatively to the ' other. If we 
denote t he angle on the surface by ¢, and the distance 
between t he cross-sections parallel to the axis of the cylind er 
by un ity . t he coeffic ient of rigidity denoted by C is;-

C=~ 
¢ 

If cb ' denote the distance between the cross-sect ions 
and ,l() the angl e subte llfled at t he centre, t hen <p ,7,,' = /", 70, 
"'here /" denoteR t he radius . 

If 1 denot e t he angl e of torsion per unit of length ;­

. ,/0 <I> (J" 
I =:' - - - --

,/,[' - r - ( 'I" 

It can be shown t ha t ;---
7r J'3 

T = 2" (J" = 0.196 J'(J" 

1 ::-:: ~ and C = 11' = 32T 
71'( '/"4 71'11'4 7r i,/4 

If () = the total angle between the two cross-sections 
of t he test piece at 7 diRtance apart ;-

32T7 I I' ]' C = -,- wh ere () = t Ie ang e 111 raCt lans , 7rt/, /\ 
L et ()J = angle of hriRt in radians per 100 inch pounds, 

thell ;-

C = 32 X 10Lx~ X ! 
71'(1'5)4 8' 

If ()O is exprcRsed in degrees, t hen;-

C = 32 X 100 X 8 X 1~ X 1 = 0 92 X 105 X 1 
71'(1.5)4 71' 0° ' 8° 

In the case of Blackblltt, ] n, the angle in degrees 
obReryed hy meanR of the extensom eter [lttached to the -
t est piece for t\\'O cross-sect ions Rp aced 8 inches apart \\"afl 
n,680 pel' 100 in ch pou nds , then ;-

C = 0'92 X 10'; X O,~ ~ 9 = 1.34 X 10" pOllnds pE'r flfJllare in ch, 

R e"il l ellce (if' T(JI"~ I UII , --The resil ience of torsion is the 
\\'ork expe1lded ill producing elastic strains in torsion, It 
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can be shown that t hi 15 r es ilience may be expressed t hll s :--

. . 16T2/ T2 
R eslltenCe = ~( ' 74 = 8.05 -C 

7r .1 / . 

wh t' re T denotes t he tw istilJg m oment at t he elast ic limit 
of the material. 

}L\RD~ERS 'l'F;f"J'S . 

:\n illYL'stigut ioll has Leen carri ed out by ]\Ir. G. E. 
Cowdery, D.E ., under t he Hupenisioll of the writer , witll 
a yi ell' to aseer taill illg not only t he compara.t ive hardness 
of t he diffen 'nt timL!:'r s under test, Lut a lso to compare the 
rliff t'rent llIethods ot Hl'l'iying at the harun ess . Also a com­
j.mrison is made showing t,lI e hardness of the three planes 
relat il' e to the directions of fibr e and annual rings . Thus 
there are t hree illY estiigations to consider. In th e first 
method used , namely, " cross-eompression," or the sleeper 
tt' s t, no experiments \\' ere made in a direction parallel to 
the fibre , as this wOllld be difficult and almost useless from 
a practical standpoin t . I II t he " Brinell-B all t est " and the 
"COllE' press llI'e test" m ethods the hardness a long the 
d irec tion of the fibre was t aken, not bccause i t might be of 
milch pract ical Yaiues, but because it \,"ould exhaust t h p 
poss ibi liti es of the t pst and lean to fit leRst R llPgatiyp if 
not to R pos iti \"l' concill sion. 

'J'IIL' fll ll rl l'taii s of these tests , howe\'er , ea nnot 1)(' 
(lp[l1t I"i t h in this paper. But th e. tab le g in' ll , ~o . t!, 
i" n Slllnmal',Y of the res lIlts obta.ined. As th e hardne::;s 
pe rpendicula r to the annu al rings is th e t est of greateRt 
prae tieal importan ce , the last column in the tabie gin ·s 
t. he l' t'i a.tiye orders of hardn pss from the three m ethods ('om­
!liIlN[ ill that rlirection. 

:-:; .\ ~ J)-nLM:;T 'l'ER'l'S OF ~E\Y SO UTH \Y:\LER 
TL\IBER~. 

These tests were carriprl Ollt by :\11'. J . :\I Hc·n. Royle , 
H.E .. lI nder t he supen 'isioll of the wr itpr , with a "iew to 
obtaining t he l'elat in ' ya lut's of t imbers for wood bloc-k ing, 
fl ool'ing, aild s imil a.r purposes. 

It is w ry d ifficult to get a sll itable test for these pro­
lw rt ies of m att'r ia is ; but of fdl t ests so far (l eyised, the sflnd · 
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CroBs Compression, Brinell Ball Test. Cone Pressure Test. 
~ R ela tive '" --- -- -

Order of '" ,; 
" " Across Ri ngs. Along Rings. H ardn ess Numbers . H ardness Numu€'rs. Ha rdness Name. ~ '" 
.3~ from 3 
'5 ?j - I 

I 

Methods I 
Combined. ~ Lh. per square Lh. per ~quare . I . . Acrcss 

I 
Along Along Fibre. 

I inch. inch . Across HlllgS, / Along RIngs. Along FIbre. Rings. Ring~. 

NORTH CO,\8'1"-
Blackbutt 1 16.0 2,3.50 L. 1,925 L. 3.90 L. 3.80 L. 6.90 M. 5.4 L. 4.5 L. 7.1 L. 16 
Tallow-wood ..... 2 16.0 2,575 M. 2,l50 M. 4.65 H. 4.8,) H. 6.80 L. 6.6 H. 5.4 M. 6.6 L. 7 
Gre \" GUill 3 17.5 3,2.50 ".H.2,750 Y.H. 5 .40 Y .H. 5 .85 V.H. 8.85 Y.H. 8.5 V.H. 7.0 V.H. 10.0 V.H. 1 
Gn':r Irollbark .. . 4 16.5 3,025 ".R. 2,500 Y.R.5.75 V.H. 6.75 \T.H. 9.55 V .H. 8.0 V.H. 7.4 Y.H. 9.7 V.H. 2 
Blue Gum ... . ... 6 15.0 2,15U L. 1,950 L. 4.55 H. 3.95 1\1. 7.10 H. 5.4 L. 5.2 L . 7.1 L. 11 
Brus h Box ..... . 7 16 .5 2,87':i R. 2,200 H. 4.40 R. 4.20 M . 6.65 L. 6.8 R. 6.4 H. 8.0 1\1. 6 
TUl'P~' lIt iJl(, 8 16. 5 3,lUO \ T.H.2,875 \- .H.5.15 Y.H. 5.30 Y.H. 9 .00 V.H. 8.0 V.H. 7.4 V.H. 9.7 Y.H. 3 
Hed 1\lahogau,\" .. 9 17.0 2,.'525 }1. 2,150 M. 4.00 1\1. 4.35 H . 6.8.'5 L. .'5.2 L. 5.5 M . 7.4 1\1. 13 
White Mahogany . 10 18.5 2,750 1\1. 1,97.'5 L. 4.40 H. 4.80 H. 8.20 H. 6.4 M. 6.2 M . 7. 8 M .. 8 
Colonial Teak 11 14.0 2.97;j H. :!. ~25 H. 3.80 L. 3.5':i L. 6.8.'5 L. 5.0 L. .5.5 1\1. 7.1 L. 14 

S OUTH CO,\8T -
Grey Box ....... 12 17.0 3,125 \ ' .H. 2,6.50 V.H.3 .95 1\1. 3.80 L. 7.00 H. 7.4 H. 7.4 \T.H. 8.8 H. 5 
\Yooll.,·butt ...... 13 18 .0 2,650 M. 2.200 H. 4.3,) M. 4.45 H . 7.40 H. 6.8 H. 6.4 H . 9.1 H. 9 
~otted GUill .... 14 17.0 2,825 H. 2.225 H. .t.30 }I. 3.70 L. 7.00 H. 5.9 1\1. 6.4 H . 7.4 1\1. 10 

urpentlTI (l ...... 15 18.5 2,300 L . 1,750 L . 3.8i5 L. 4.25 M. 6.90 M . 5.5 M. 4.9 L . 8.8 H . 17 
Hlackbutt 16 15.0 2,500 1\1:. 2,100 M. 4.30 1\1. 4.05 M . 7.90 H . 4.9 L. 5.5 M. 8.5 H. 15 
Mountain Ash 17 H.O 3,12:j Y.R. 2,375 H. 4.80 Y.H. 4.8U H. 6.90 M. 7.8 V.H. 6.6 H. 10.0 Y.H. 4 

. \\'hite Stringyl1ark 18 17.0 2.350 L. 2.075 M. 3.90 L. 3,45 L. 5.60 L. 6.1 M. 5.0 L. 7.1 L . 12 

V.H., very hard; H., hard; M., medium; L., LOIY. 
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blast m ethod appears to be the best, as the material in this 
method is aetually worn away by abrasion. 

It i;; po;;sible to block, for iust ance, different parts of 
tne ~U.J1le street with different timbers; but experiments like 
t hese would llecessarily last several yean;, ill order to obtain 
re::;ults of <Lily value, as far as the r esistance to \\'eaT of the 
various timbers is concerlled , and even then it would be 
most ditticult to say that the different kind::; of timber::; llad 
been ~ubj ected to the same conditiolls. 

lJeocl'iption of the Appundu8. 

_I.. d iug l'amm a.tic view of the ::;allll -blus t, apparatus is 
shown in l<'ig . 29. 

The apparutus cOllsists csse ll tially 01 a llozzl e, through 
,,,hich suml call \)0 propelJed at a high n~lociiy by m ea·IlS of 
a jet 01 stealll. 

Thi :~ is carried out ill the follo\\'illg lll all lJer :--
t) tealll irolll t he boiler lllOt sho \\'lJ) ellte r:; the cyiillder 

It at b (.Fig . :2~) . P art ot thi:; :;tealll Ho\\'s :;traight to c, 
witcru it uxlwu"t;; to t he atlllo:;plJe re tb rough a lIozzle, t h us 
C<lIISillg a par tial Hlcuum arouud c. The rem aiudel' Hows 
UJ! through u ralre at tI , tray e, aud llozzle j , to the ex­
palldillg lIozzle ',} , \\'hero it gets com plet ely dried alld :;llper­
l1l'uiud. Thu :;alld is {;O lltailled ill the re:;enoi r = , from 
whidl it triddes dO\\'ll through the opellillg t, and llozzle } 
Oll to the tray e. 

Tho jet of steulll l'll:;hillg with high veloeity t llmugh e 
{;U1I6eS a partial \'aeUUlll, so that the salld whieh h as fallel] 
Ull c cuters through the sl1la.ll a,per t ll re t.., wd is caught up 
by tbl:l jut of :;teulll 1I·!tiel] carrie:; it upward~ a.ll d proj eets 
it agaill:;t the ~peci1Uell I. 

_H ter impact ,,-ith I , the ileavier portiollS of the sand 
fall <.lO\\-II\\·urri:; illto It , from ' whieh it ma.y be remoyed from 
tillllJ to time. 

ThL' ('xhallst jet c already m elltioned prodllces a partial 
I'<U; U1Il11, <llI d in thl' manlier indicated by the aITOII'S, causes 
the exhuust ~tcam and dust ill dWll1uer ')'1 to r ush down 
through 1/ into 0 and '1 from which it e:;capes to tEe atmo­
~pl\()re at ,'. 

By lIl eCl IlS of r, \l'e ea.1l :;hut off the jet of steam alld 
salld frOlll thl:l spccunen. 




