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Efficiency of Wooden Tension joints.
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Objec
T0 determine the efficiency of wooden tension joints and
to compare the relative strengths of lons leaf yellow pine and oak
Also to determine whether the values rcnerally used for compres-
sion and tension of oak ard pine are good average values for wobd
such as is us~d in ordinary practice and obtainable at any good

lumber yard.

Method :-
e used the Tinius Olsen testing machine in the lMechanic

4 /4 /4

al Taboratory at M,A.C. This machine is constructed to break =k&
sterel and iron and is not exactly suitablec for a test of wood:

The first difficulty was in holdirg the ends of the
jointl e first tried bolting two pieces of iron on the joint
and allowing the strain to come against these irons: This method
failed because the bolts and friction of the iron on the wood was
not sufficient to stand the strain though we endeavored to incre-
ase the friction br rouching the surface of the iron with a chisel
The machine not being bullt for this purpdse did not provide suffi

cient room for more bolts and it was quite difficult to put in the
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two that we used. This method was then &handoncd and we decided

to grip the ends of the joint with wedges &s that is the way in

‘

which iron and steel are gripped in the machinec.

The pulling apparatus on the machinc consisted of two
plates with 2-5/%" X 2-3/@" koles in the centler; It was necessa-
ry to make some smaller wedres than thoss belonging to the machine

These we madoe of cast iron and cut grooves in them to increase the

’

friction of the vedres acalnst the wood. The wedses had a sur-

fzce of about 4 inches by 2 inches which pressed asainst the wood.

There was no azcurate way in which we could calculate

the crushing force applind to the wood,but we concludcd that the
< b
elght sq. inches on the wedges would five the wood sufficient arca

to resist crushirng. ve fourd by trial that the wood did not
crush cvenly and hesides breaking our wedres the crushing allow-

ed the wedres to slip throush the plate on the machine,thus losirng

’

their hold on the wood. Te tested thres joints by this method
however and then some of the stronger ones [ave us trouble. Ve
then hored two 3/@" holes in the partof the wood subjected to
crushing and inserted two B/B " rods so that when the wood would =

rot stand the crushing force the pressure would be partially sus-

tained by these rods. This mothdd was pursied to the end of our

.

experiments.

The timber used in the tests was of good quality but was

s . ‘ o d ordinarily
Lot thorourhly ceasoned though perhaps as good &s would aridy

pbe used in zonstruction.



In the design of the joints wa took the following values

as safe:
Tension = 1100 :#* per sq. inch

Compression = I300 :* per sa. inch.
& ’y

Crushing on pins z750 :" par sq., inch.
Shearins in planc of fibres =130 :* per sq. inch,

’

Crushin~ asainst erds of fibres =I200 per sq, inch.

o

In order to determine the efficiency it was necessary to ascertah

the strenzth of a solid picce of wood the s

oy}

3

ime size us the joint.
as we could no%t tast such o larse picce on account of the diffi-
Culty of holding the ends we made six test picces of wood with f
thres quartars of inch cross se2tion and portion enlarsed ﬁhero

.

wedges were applied.

Ho. of stick.Kind of wood. Falled at. Stress per Averaze
sq, inch.

—I 0ak 1 00.:" 553347 i
2 " 2000. 5200.

3 " . ZN00. "000.

1844
B Pl

I Pine 7970 10533

5 " 3200- 4257

3 " 3700. 4933

(o2}
[$g}
~3
@



Test of iron fish plate joint of oak designed for
2000
5 - i/é " bolts on cach side.

I 1/2"x 1 1/2n

mhis join® failed under & tensile stress of 82004. It broke out
4
throuch orie of first bolt holes, The joint pulled apart abous lé

’‘

inch before brezking.
Arca to resist breazking was |,

I 1/2" X1 1/2n -1/ %X 1 1/2" =1 7/8sq"

’

35600/15= 43733 par sq. insh that the

ofa
(]
1
>
1
G

£200

.

wood stood in tension. Razal factor of safety = 8200 § 2000-4.1

‘ ‘

Efficiency - 8200 #3/2 X 3/2 X 7841 =75,23 3.

Tost of & tablo scarf join of onk desirned for 10004

’

with a factor of safety approximately 8% 1/’" bolts,.

See accompanying diasram b.
Sshoved large bending movement due to shape of Jjoint.
The tension is assumed to be along the noutral axis of

piece while the rosultant of resisting forces is appliecd at 1/4" d

’

outside of neutral plane.

showed no sicn of crushing or shearing but startod to RE
fail at both small sections at nearly same time. Unless the bendip

moment is taken into account the joint will not hold what it is
’ ’
/

da

intended. _ sz of Tailura - I 3/@ su." Tcnsion por sq.inch S



Efficiency = 3310 # I 3/4 X2 X 4844 - 19,52 7,

Taest of lonz lczf sllow pineskeyed scarf joint designoed

¢

for 700: with a theorctical factor of safety of 8.

/ ’

Sae diagram c. u/i'" bolts.

We only usod two bolts in this joint in ordsr to discov-

’

er the effect on the joint if it was insufficiently boltede There

should have bean two mor - boltsused as the kays tond to turn up on

’

edge throwing the joint apart.
There was a bendinc moment produced in the two sections

as shovn ,due to the fact that ths resistanc. of the keoys is eccen

.

tric with the neutral axis,

.

This Joint failed by shearing off the tables. The oak

pins were partly crushed but ends of fibres which pressed against

/

the oak were not crushed,

Jltimate strength = 2200

.

Real factor of safety 2900 ¢ I 1/2 X I 1/2 X 6578 =4.1%

Area of failure = 2 1/4sq inches.

. .

2900 2 1/4 x2 -550.

. ’

Efficiency = 2900 # I 1/2 X I 1/2 X 6578 -15.54 ..

- o - - - - e e S = . S e Gwn e S S S A o . S e S =

Test of a tzble fish plate jolnt made of oak and des-

v

izned for I000:* with & fuctor of safety of 8.

crushing occurred on ong of the tables on the fish plates

mhis thr o7 an uncqual armount of strain on “he other fish






plat eczusin~ &a tabla to shear off.

‘

/
ATea crushed = 5/15 X 3/2 = 15/32 sq,inches.
Vi ’

1
H
>

Area shpured = 2 5/4 X 3/@ - sq,inches,
Valve por sq/ irich crushin~ = 7040 &
/

Valve por sq inch shearins

.

1

@
5
%

Two bolts se-mad to be sufficicont to beld the jointto-

ne Joint pulled apurt obout /% nw Yhen failure occurrd.

I
D
[l
o2
D
~
°
ct

Real Tactor of safety = 33004 I000 = 33.
peficiency = 3300 # I 1/2 X I 1/2 X 2244 = 30.28 ]

—— G o o o . P o = e = e W mm e o M e S e - e -

Srj--”; dif:{;l‘&m d.
Join®% failed by shearing off tuo kars vhich wero

2 1/4" ¥y I" X 5/%" . Areca of fTailur~ = (» 1/4 XI)2=4 1/2

Tltimate stranecth  was 9%00:- .

’ ‘

Tha shoaring value in this case was 9300% 2 X4 1/2

e
/ ‘

516.5" per sq. inch It was probably more than this beéan

Se the Keys on the other sids crushad soms thear-by throwing nora §

/

strain on oria side causing thae failura,

Real faclor of safeby = 9300 % 2000 =",05.

-y - = = mm o % i m = ¢ rw e e e e S Me = e

. . 1. 3 4 N 1. N 4
Fost of & table fish plate join’ dssigred for I000:- with

kS _,

8 and made of lons leaf yellow pinc.






™his join* failecd by shearins of7 the tables &s shown

/ ’
in sketch | o crushing &t on” point s cvident o Two bol's
only “rara us~dl and thor sacirad amply sufficiont %o hold the joine

4

together,

Ultimate strangcth = 3050

naul fastor of safety = 3050 # Iooo = 3,05,

mfficiacy =I 1/2 ¥ 1 1/2 ¥ 5378 = 20.6I ..

Areca of Tailara = ‘.l/?- a 2hrG.

Shearins valua par .inch - 3050 # 4 1/83

mest of ouk wood-n fish plata Join' ds-sizned for 2000, .

Y . . . B )

loint failed b breadkin, in tvo in a section throuch
first 1t hole Used 5 1/4" bolts on each sidoe. San diasram f.

0 .
In this 2as» tho wood crushad auits & little in front of
4

tha bolts. The bolts also vors bont &ll out of shape, The Jjo
pullnsd apart about l/ﬁ" be’cre brauking, ailure occurred undaer &

/
strain of 7,°00.r,

.

3

Rozl Txetor of saf <57 was 7200 3 2000 = 3.06.
, .
Efficiancey = 7200 I 1/2 X I 1/2 X 4244 = 56,05 )b,
Area crushed apainst bolts = 1/4 X 3/2 X5 = 1 7/@.
/ . .
e L .
7000 v I 7/”‘ = 3840 Foer sq/lnch.
mast of @ vellow pine join®t with woodan fish plate deo-
signed for 2000  4taking safe values havins a fachor of saf ety of
’ Vi ‘
abou” B UUsing 5 1/4 " bolts on sach side, Soc diagram ge






e et s unable to pull the joint entirasly intwo but wvi-
reached itd ultimate strength, The tuo Darts of the jolnt sezpara-

ed one inch vwhon undor maximum strain, -—zilurs occurrsd by crush

’

irpg of bolts in wood also bolts were bant.

ot

Ultimate stranstin= 82307,

s

“— /
, ,rea crushed = 1/4 X 3/2 X 5 = 1 7/8 sa inchos or 47764
to sq 1inch resistance to crushing at ends of fabric,

' /
of saf sty = 8960 s 2000 4 28,

3

aul factor

W
1]

bl Lo}

Efficiency = 8960 # I 1/2 X I 1/2 X G378 = 6054 |

mast of a table scarf joint of y<llow pilne desiyned for

4 4

1000 :*. Sce dia~ram h,

s

Join% failed at "450:" b shearing off a table.

té

(€]

Theire wore no signs of c¢rushing nor of breckinz at se

’ 4

tion, 7o bOltS‘S?OmGﬂ sufficient to hold the Joint tosether, B

This is a simple joint ,very easily made which produles a compar-
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Peal factor of safcty = 4460 4 I000 z4.40

'

ahearing value Boor sq inch = 998,
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Test of a cllow pine iron fish plate join® desirned

4
for 2000 %, ,
Usnd 5 1/ inch bolis on cuch side. Sce dincram i.

“roke at point vwharc bolt “akes out part of arna.
I1/2 %11/ =2 1/4 sc/ inches
12 20 ,-3/7 = 1 7/7,

- - , /.o
i 7/. = 3379 & per sq inch was all the wood sitood

Pl .

in tonsion,

i B oad n
Jltimats stroncth = 6305 %

"b

o

Real fadhor of salaty = 67005 $£2000 = 3,17 -

7000#% with & thaeoraetical factor of saf-iv of 8.
Sas diagram  J.

This jo

[N

nt failed by breaking of fibers at section

/
here tha bolt takes out part of the arca. There was also a bends
in~ momernt daveloped in this

/

tension than was coxpected, The resistance of the pins is to one

|5}

ection causing Tfallure at much less
side of the noutral axis and this of coursc causes the bendin: mom

’

Roal factor of sufety = 2300 4 700 =3.3.

Efficiencer - ‘ ‘

- 2500 £ 1 1/0x 1 1/2 x1844 == 21, 10 s

b

Area of fullur~ = I, inch § stress per sq,inch not con-
siderddg bending momentz ozgq,

-






10.

Tu't of keyed fisl plate of pine desigmed for 2000#,

See dlagram X,

Jeint failed under a load ef 3910 in tensien,

We had but twe balts in the joint as we wished te get
a value aff cpted enly by the resistance of keys and shearing ef.
the table but we found that there sheuld be Bolts in every table
in erdeor te hold the jeint tegother, Under siress the keys tend
te turn uPp en edge causing a bending msment in the plate,

Alse the keys tumming as they do vhar jeint is insusfieiemtly
balted presents less crushing area for keays,

The kays were ecrughed semo bWut the weed at tihe end of the
fivres was net esrushed thus shewing that the erushing stremgth at
the ends of the fibre en Texas pine is greater than the srushing
strangth on the side of eak fikre,

The efficiemey = 3910 ¢ 8 x 1 3/4 x 6578 = 16,98¢,

Real facter safety = 3910 ¢ 2000-= 1,98,

Value of shearing stremgth= 3910 ¢ 4=977. 5 of eak pins,
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11,

Yollew Pime Jeints v;%\:.;e:h::.:a
D;::;;d Kind t:%:::; lff;ciency rn::or p&x- &i:;:- Tensien
. safety 1om
1000 Table Fisk Plate 3050 20,61 3,086 ---—- 740 o=
700 Kayed Ssart 2060 16,54 4Ll o= 650 ~ee-
2000  Veod Fish Plate 6960 60,54 4,48 4ATTE  eer  ceee
1000  Table Soart 4“6 19,87 4,48 ~ecu  B5B  eeee
2000 Xered Pigh Plate 3010 16,98 1,956 ~-e- R
20600 Irem PFish Plate 63 42,80 . 1‘?. "i';';%‘ ;; % erae
Oak Jeints Values ebtained
— 's por aq, ineh
esigned
for # ) Kind Ultimate Rfficioney Faster Com: Shear- Temsion
| - strength ) 4 of press-
—— 7 safety sion
1000 Table Fisk Plate 3390 30, .3 M 838 e
700 Keyed Siare 2000 21.18 83 o-ee o—e 2300
2000 Fisk Plate 7800 &4, 06 36 M0 ... cone
1000 Table Spare 3319 19,83 3,8 - .- 8648
2000 Xaqred Fixk Plate 9800 84,88 4,68 ---- 516 ———
2000 Iren Pish Mlate 8290 78, 23 L %5 T —,
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1z,

Conaslusions

1, Our results indicate that a higher faster ef safety
sheuld be used in timber eomstruetion en acceunt of the varying
strength, As an axanple of this twe of eur test pileses cut frem
same piose of timber shewed a difforemee in temsile strength of 5000#,

2, Seuthem pine or yellew pime is streager in temsism
than o8k but weaker inm erushing amd ahearing strength,

3, 6ak timber is wmere liakle te emmtain flaws than pine,

4, That Trantroine's values for ultimate streangths are
rather high for the timhb o ebtainable newadsys,

8, That tkhe very bhest jeint will be emly about three-
quarters as ctrou as & selid stiek of same sise,

6, That our iren fish plate gives higher efficiamey and
bolts are net as liakle to beseme Demt allowing the jeint to give,

7. That it 1s better te use irem or steel for tensien en
aseount o the diffieulty in making woodem tensiem joints stremg
a;meough for required straim,
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SCALE 4+ 1

DESIGNED FOR 1000 # TENSION

TABLE SCARF JUNT

xd

SCALE %>

WEYED FISH FLA7TE

OESIGNED FOR 2000 + TENS/ON

b S

‘LE £

SC#

TRBLE FI1sH FLATE

DESIGNED FOR

/000 #= TENS/IONV
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SCALE #

DPESIGNED FoRrR (000 * TENS/oN
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IRON FISHPLATE JOINT

WOODEN FISHPLATE JOINT DES/GNED FOR /000

TOoOP VIEW SAME AS'F/GURE HBOVE

BolLTS USED /N BOTH OF RABOVE JOINTS

z”
Z

Y —

KEYED SCHARF JOINT

TENSION

DES/IGNED FOR 700 ™*

7YY NEAPEN
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