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THE DIS?RIBUTEGN OF STRFSS IE RIVE@&D JOIHTb.;
Definition of Scope of Mtle,
The title of the paper 18 somewhat general
in that 1t covers a very large fiéld‘of research end
practical céns;defatipns, |
Here, however, is meénf specifically the mannex in
which stresses barellal to the direction of fhe‘
“'~anplication of 1oad dis,fibute themselves thraughovt
 ‘tha aover alates of double butt~plate riveﬁei joints,
:ags shown by stran measuremantg ma&e betﬁeen~the‘r1ve%s‘
:‘ §f‘th§ Joints, A Joint of this pafticular §¥P8~is
‘éhowﬂ én plate,‘l;' | | o
:fBiblicﬂrapny,
: | Probahly the most logleal way 1o 1ntroduce
suéh‘a~né§er as. this is to maka a rather brigf‘aummary f‘
 of what has been done to date, It may be obseﬁﬁa&:thét*
  the subject is hardly we11 known to profassicnal
; en#inasrs as. indicated by the faet that technical
: ~articles on it are not frequently me% with, It goes‘*yﬁi£
‘ :w1+hout sayin among investigators that before commencing:

upon a particular subject of 1nauiry, one. should make

‘himaelf thorouahly familiar with all available 1iterature5 .

 ‘connected aith what he proposes, to do, ‘The wri%er‘has “ :
gone tnrough consiﬁerable records of those who hava

contributea to %ne general subjacs of gtressSes in riveted




“Joints, and has gi#en closer attention to £h¢se Qaéarg
dealing with riveted butt plate joihts,'as will be

seen 1atei. But 1+ would be out of plﬁee to reproduce
these Tecords here, ani the purpose is equally served 
if mention 18 made 0f them, so that the reader‘may form
hls own opinions as tb the extent of the work, It ig

‘also intended %o 1ndicata where more detalled infcrmation‘;

“f.may be had along varicus paths of inVestigation,

‘Mentian‘shguld‘be made at this point~tnat

‘:se?eral aiticléé‘éf Eufopaan~reseaich have been

‘trgnslaﬁed aﬁd~appendaa to this‘pa“perﬁ fbr‘two feasané,:‘
first, they are of importanee; second, the origiﬁals :

‘béigg‘iﬂ Swedish and Qerman, few readers, whose nati§§
~speéch‘is English, ésuld trané;ate these‘érticleS-tq

‘ theiﬁ own'satisféc%ion. ‘

| Foliowiﬁg, then, is a brief resﬁma of ~some-

o invéstigatiéhs‘which are mere‘gf 13;5 connected ﬁith thisfi
 ‘?artiéu1ar~wofk‘ | | |

One of the earliest reports of rivet stress‘
 ana13sis in plates 1is that of Professor R, Baumann, who
 investigated the‘injury of Bteel beiler plate at the

Institute for Testing Materials in 1912, at Stuttgart,

-

‘Germany.l

1, zeltschrift des versines deutscher ingenieure, VOI 1012;
p.1890 £f,




The stressas in plates dve %o hét rivets exzpanding the
metal around the holas were observed, The regions

around the holeé Wwere compresssad by pistons to
approximate the driving strgases-aione,~an& the-létter~
measur ed by means of amall héleﬁ drilled into théirivét
holes, These holes were‘glugged with lead, and the‘ |

‘f~anange in: size observed with suitable micrometers, ;It‘zﬂfi

‘?“was found that stasl rivets coolea ranidly on the edge

o of their heads asg tuey ﬁere driven, and that an

,1ncreasing amount of driviag force was nassed to the ‘

‘plate beneath the head as cooling and driving progressed;_f* .

resulting in in*ury to the plates,
Shortly af ter, Professor .G, Goker 2
1nvestigated the stress distribution of 8 plate loaded

by & rivet, his results coming out in 1913.‘ Here the~‘

theory of intarference of light was applied to. snecimen3‘3‘:

made cf celluloid wherein volariged 1ight gag turned

  ‘f,:on the~spec+men alrgady subjec%ed‘to lcaé; The straia

iﬁ‘the material caused vér&ing‘lntengities of this
' light to be allowed through it, and‘oh t¢ a photo-
graphic plate, Thé photbgraph thus indicated how stréss
‘was distributed~thrbughcut the specimen.:*as far as is: |
Xnown hére, this was the first attempt o use light in .
reaching the solution of such a problem, Since, it has

2. Engineering, March 1913, “The Distribution of Stress
: in a Plate due to a Rive%"




been uged té anazlyze thé‘streSSes in members of‘frames
of‘dirigiblé air craft,

Abouﬁ-the gsame time, Doctor D, Ruhl Was‘
;‘preparing to test a steal plate loaded by two bclts at ;
the enés, and to measure tha stralng resulting from
this‘ioaa with an instrument of his own invention,
:fbased'dn the principle of the~$ér%9ns‘éiteﬁséméﬁer,
“‘bu% twanty@five times more accurate, He dividéd his
“plate into a net. of ‘€0~ ordinatas,‘and made his measurea |
- ments both sldewise angd 1engthwise on the plate, The
measuremeﬁts were converted into streases by means of

‘ suitab1e theorya Doctor RuhL also maae a test on a_:‘f

‘lea& plate identical in dimensions with the steel plate,“ir

80 as tc 1earn in advdnce where the greatest strains
An the~latter would~occurg At this point the work
‘ceased (Qetober g, 191%) ﬁitn the outbraealk of war,
‘;They were resumed later hy him, and maﬁe public in 1920 ,f
‘The articla was translated from the Garman, and is  ".‘f;ff

appended ‘to this paper.
3

In 1913 Professor Basguin ‘earried out some

experiments on the increase in the longth of structural

members due to rivetinz, fThis, he showed caused initial

5 3.  Journa1:of fWestern Soclety of Enginears, June 1913,



‘étresées’of’ﬁéme‘ecnséguenae in the members ﬁndgr certain‘
'cdnditgbné, Péofeséor Baumann, previously menticnedg‘
also investigated iﬁ this direction,

Doctor Uyril Batho', Me@ill University,
contfibutéd to the geﬁeral‘probleﬁ of riveted‘Jéiﬁts in
1916. He was 1nterestaﬁ in the amount of load takaa by“
‘eéch ri%es of an elementary strip of a continuvous buttu‘
platé Joint,'and~ﬁhé intensity of stress iﬁ‘the‘ébveﬁi‘
~Plates, He tested dutt Joints having‘a single‘line~of‘
. rivets placed Parallal‘ﬁith £he‘dirécﬂion of load,
using Mértens extensometers to measure the strqin‘bn‘fﬁg

surface of the cover plates between the rivets, In his

SeE mathematical treatment of the problem, he considered the f;*f‘ﬁ‘ff

joints as s§atica11y‘1ndeterminate‘struc%urés, and sd
desigééd‘ﬁié*ﬁgsﬁs that‘théy géva him certaiﬁ ntmerica1 ‘
‘vaiums whicn fil}ed the openings 1n nis theory, and ‘
allawed soluﬁlon of ‘a" simpla doint 1n this manner.
Parallel Yo the work just menﬁioned above isv‘
that of Professur AR, gaedonalds, who conducted work
| in 1922 similar to that of Boctor Batho, A butt plate
Joint with a staggerad arranggmant of rivets wgs’used‘ 
for testing, 1The cover plates were diamond shaped, aﬁa‘
the number Offrivstﬁ decreasé&fas the distaﬁcé‘from~tﬁ§‘l
“h Journ, Wranklin Insts Nov,,1916, “The Partition of Load; 
in Riveted Jolntsh,

5, Thesis, McGill Univ,,1922,7The Distribution of Stress
in a Riveted Plate Joint of Variadble Sectienﬁ,



‘edge of the main pla%és inereased, It éhouid be
'pbinted out that this Joint was not an element of a
-,continudus‘joint, and sc its solution could ndt be
appllied to thé consideration of the Joint of a tank,
for ingténceé

Professoy ﬁaillardG also discussed a
: plate Joint of five rivets in an article pubiishgd
in 1923, but the details of the article are not knmown
“to‘the:writer;~ Thén‘in thé;same year an enermo us :
amount of‘ﬁork of an exparimeﬁtal‘natufe was~éompietéd ‘

7 in which hé‘

“at Berlia by Doctof~§heopby1 Wiyas
completely investigatéﬁ a truss structuré with regard :
-: tO gie dis%ribution‘of strass, both In the_gusset:: |
‘  §1ates‘aﬁd dn the mémbers themselves, He &1vidéd‘§is
gﬁséet pla%es into a netao#k of SQuareé, and took |
strain meaauraments ia two dtrectlons.on each sqﬁare,~‘
‘ using extensometers for the purpose, ‘The nrimary and
‘secondary strssses of the members were measured and
:then checked agalnst tns‘thaoretical‘values.‘ Mention‘
of this work ié gufficient here, as a small suﬁmar&

of the paper presented by 3octor Hyss has beén‘
translaﬁed and appended to this paper,

b, Schwelzerischen Bauzeltung,, July 28, 1923,

7. "Beitrag zur Spannungsuniarsuchung an Knatenblechen
eisern Fachwerke! . 283, : :




Following is a deseripbion in some detail
ofrthe expériméntal work conluected at the University
of Manltoba, |

‘The investigation of riveted Joints was -
~first commenced at the University of Manitoba in
1926 by Qeniér uﬁdergra@uate students working under

faéulty direction, Two groups of men were given

 the same object to work wpon, namely, the character-

“istics~of gimple riﬁeted butt-plate Jjointe with  ‘
‘ regérd‘t67s1ip between‘the plat99~undér load, Both
groups made independent tests o determine slip on
| (1) a butt-plate Joint having ohe three«quarter
 ineh diémeter rivét on each side of the splice, and
(2) on a‘similar‘Joiﬁt having two such rivets on ﬁne‘
side‘of‘the‘splics,:and three on the other side,
all fi#e rivets‘béing 1n line, A Martens Extenso-
meter w#s used onféacﬁ edge of tha jdints to obssrve
‘the:ralativa motlion between thé méin~gnd‘céveriplatés‘
of fhe joints;“a gradually increasing load was |
éppliad; and readingé were taken at regular intervalé:
‘of loading,., The éesulta of tests of the two Joints
“showed that the slip‘amouﬁted to 0,003 inches average,
cdﬁﬁenCiag at‘a load of 8000 to 9000 pounds per rivet,
The investizators felt that these rivets, while
subJect to ailowablé‘ﬁbrking‘stresses, carried theif‘

loads by friction alone,



‘ Qtﬁéf“tééfs é& %hs‘éame‘méﬁ ﬁeré‘diréé$@é "T
toward detérmining the szmount of tension in‘the‘rivet
shanlks rquirgd for a glven vaiue of friction between
the prlates of the Jolnte, EHere it was found thé% .
a stress of sbout 20,000 vpounds per 3qﬁar¢ inch of
the cross sectlional srea of the rivet must ha#e
existed to creste sufficient friction to sustain
loads of BO00 to. 9000 ?ounds, This strssg vias
sal0 to be due to the driving snd cooling of the
 rivet, The coefficient of friction of planed
stee}‘eurfaces‘in‘doﬁtaéﬁ ﬁaé'determiﬂeé as‘O;IBi;

In crder %o find %the tension in the rivets,
bo;ts éere‘subsﬁitute¢ for them in the‘joint;
which #as then sﬁbjécted‘%o the same slip test as
~w1th‘the rivets in place, Heveral schemes‘were “
usei_ta find %ﬁe tension in the Dbolt Qorrgéponaingi‘
to a‘known‘térque on the nut, Tt was assumed %hat
s bolt éni a mivet of the ssme dlameters, placeé‘
énd teétéd‘one:after‘the other in the same joint ‘
would permilt s11p st the same loads when %héfé‘was“
equal tenslon 1n théir shanks, L

- Further tests were made by otheé students

in 1927, two groups working along different lines,

One grdup dealt wiith lap plate joiﬁts in some deftall, fﬁ“

as described hereln, 4 lar jolnt having one three-
guarter dnech dismeter rivet vag fabricated and tested

for slip charscteristics se followes




The joint was 0bsérve& by meéﬁs of two
Martens extensometers (one on each edge 5f the
plates) while an increasing load was aﬁplied to the
Joint, This test was made with two separate rivatsa
in the same hole; one after the other, Then a bolt
with a machined slesve was made to replace the rivet,
The tension in the bolt when turned up tight was
found by messuring thé,aompreséion ;n‘the sleeve with
extensometars5"Thefdgint,thua‘holted‘was again‘
tested for slig‘a nu&bér of times with ﬁarying bolt
tensions, The resulis wereéiin the two tésts on the

one three-quarter inch rlvelt, slip commenced at about

© 3000 pounds load, and continued with incraaséd Ioading;,:  .

The tests sto?ped at ébout 14000 pounde load, The
slipvwgs‘ﬁecdr&ed as 0,0066 and 0,0073 1n¢hes,:with“'
:pOSSibly furthér slip ieméiﬁiné in ‘the ‘Joint, Then
‘the‘bdlﬁ‘replaced the rivat,‘ané a tension test of

the Jdinﬁ was made with éero‘tension in~$h§ bolt, fNext‘
a‘ﬁesﬁ‘fof sliyp was‘made with 20,000 pounds‘tensidﬁ lnﬂ
the bblﬁ,‘ 8lip started at approximately 5000 pounds :
load, continued at'a uniform rate as the load increase@
to 8000 pounds, when rapid slip preventad further
increase of load, ‘A tost was attempted with highey
benslon in the bols, but the latter failed as 1t was

being tightened,




o

‘The secdﬁd grﬁup of tests of 1927 wés ﬁa&e
on butt;plate Joints with one rivet only, Tests
gimilar to those Just described were made by loading
the Joints and observing slip with two Martens
Extensometers, In the flret series, one sevenwaighth
ineh diametér rivet held the plates, and slip occurred
at 17500, 16000, aed 23000 pounds, with a!Valua of
0,003 inches averaze, The test piece falled in tension“fiﬁf;:’ff} "
in one test,  Next, a Joint having one one;inc; dlameter
riveé was ﬁsed;‘which‘showed slip aiarting at 11§OG
pounds, and which was not comple%ai at 26500‘pounds; i
As before; 0,003 inches was the amount of slip, An s
attempt was made to analyzs the stréss distribﬁtions
on the face of tho cover plates of the Joints, but the
results of tha testé were not diascussad by the‘authofs;;:‘

| The writer was a member Qf{one of the‘grcups ‘f“*"
of students who carrled out some of the tests dgsbribéd:‘

above at the University of Manitoba in 1926, More

extensiva‘éxpariméntal work was‘underﬁakehAin'IQE? ab “ 
the same institution, and on the same genérél problem“
of riveted Joints, It éas the intention to aétempt‘to
?erify the concluslons reached by Doctor Batho -at McGill“
Univeréiﬁy in 1916, What follows in this paper is the

report of this later work,




Objects of the Work,

The ohject of thig paper 1g two=fcldy
first, as mentioned above, to report the tesis
madé by the writer, and second, to gather under one
cover écnﬁiderable information pertinent to the
subject ﬁnder_consideratioﬁ, Iin the‘first vart,
three riveted hutt-strap Joints were subjectsd %o

tests intended to Teveal the distribution of stress

in the cover plates of the Joints, the proportion of |
the total load taking by each rivét for varylng loads,
~and, in two instanééé, the magnitude of slip as well

“as the load on the joint causing same; H31llp! may be
defined as the relative motion which‘takes place
between the members of & structural Joint’when‘bolts‘
or rivete which are smaller than their respsciive

holes in the Joint are forced Dy external load %o

bear on the hole walls,

The utility of work such ag this cauld

‘ hardly be questioned, but 1¢s justificaﬁion ig not

unreasonable at this point of writing. To many, a
riveted Joint is simply a structure that accomplishesd
the rigid connection of two pleces of material, the
strength depending upon the number and size of rivets
- used, the ﬁhysigalzproper%iee of the materisl suéh

as elasticity, etc;, ‘and the dimensions of the various

members, As it 18 genezalzy admitted that the critical




parés of & siruéture, ingsofar as the sfrength la

coﬁeerned, are the Jointes and as these are bolited
or riveted, ususlly riveﬂ@,then it is apparent that
these Joints are of no small importance, and worﬁhy

of élose investigation,

it
i




THEORY

&
2y ]
wa

48 previously stated, Doctor Batho dealt
with the problenm from-one viewpoint, in which hs
congidered Jjolnie to be sta%icélly indsterminate
structures whick couvld T» solved mathematieally,
if geveral assumptions were made, and certaln
values in Lhe %heory were ﬁetermiﬁau from
experiment, - His sclution stends without
1mpr6VGment, go far ap the writer kmnows, and will
ve used in this paberg

Let the Jjoint considered be &8s shown in

the figure, the cover plates are ecach one=half of

the thickness of the maln Lla%es, and of the sane

ith, The rivets shall be placed in onse liﬂe,

o) @ @ @ ® L
r*/ﬁ? N £\ £ (2 ﬁ”\
7 S . I - ~ ]
- s ix.: ‘F‘; :XZ! F—Xr)f,_ lxa‘Fx.X,_ X3EX4| F EX EXS ’[ i . ! 3 i
A AR T P A ; S TSR 5
— 3, \/‘&fz_".zI\/X. x*x.f,\/' N N
4 ST

IVEIED BUDT JOINT




o

Liet &r represant the cross.sectionsl ares of the main rlate,
5 ‘
&, represent the cross-sectionsl area of each cover plate,
L represent the plteh of the rivets,

n represent the number or rivets on each gide of the
junction of the maln plates (in esch structure),

¥ represent the load In tension carried by the Jolnt,

% represent the load carried by the firsi rived, X .
1 that carried by the second rivet, eotc,, 2

Then betweeﬁ the first and sacond rivets the load
carrlied by %the maln plate is ¥ - Xls and the load carriea
by each cover plate is £, 1 between the ggeond and third

o i Tt

2
rivets the load carried by the main plate is(F»XléXQ),

and by each cover plate is (%) - X,), and between the

e =

2
th . th ' :
(n-1) and the n brrivet, the load carried by the maln
 n.l . fiwl -
plate i (F - IX), and Dy each cover plate is { X,
£

n

whers ;X - X!+ Xg* - e Xnul,
The distribution of the load for five rivets

1¢ shown in the sbove figure, which represents one

gtructure, If the load csrried by auny portion of

the plate ls Fy fhe work stored in this portion 1s

G .
gié , where "LP znd "i¥ are as mbove, end I is Youngls
2AF :

Modulus for the material of the plats, It will be

sasuned that E ie the same for both cover and main plates,
- B -



B

Then, 1f W reprezents the total work siored

in the structure,

28w uh};[(F”Xl) + (E X -X )+(F Xp- K-, ) iup.-w.+(3‘w zx)z:[
e 1;3;% PR o (e
—Hc[ x1+y2 “+ xji cend D -zx)
In agfeement wilith the Theory of Least ﬁofk,
the forces Xqp» Xos etc,, take values ﬁo make ¥ the
smallegt value possible,
Hence, W = 0, 2 - 0, ﬁaﬁ‘ﬁ 0, wwerm ED? i o,
°%,” 2%, 3%,” EY
Eut,..é.f% - 2L (P = X))+ (F = Xy - Xp)+ wmomm +(F = FX)]
. @D

+ok[x - (x-10)]
Bquats the above %o Z6T0, and multiply through by Sg/L

[(nwl)(l“ka‘éc)*l"k ae] %y +[(n-2)(1 4228 )+ 2k ,_.gc:] X+ -;-‘T“f"‘:ff;

[f1+-2£c Y+ 2k Ac] Xnﬂl = [(p»1\ Eﬁe_;gkac] F,

Let 0 = 14—:54,, and K = Bk gc‘, and let -1, , : i
2% - o, [ n..1)c+2x] % +[(n._?)c+x]x r -t (0FE)X 2 (e (Gddildy o
oy - 0, [ n—.2)0+1{] ‘{1+[(n~2)c+2§{]1 oo+ klage (om0 o

2 (n-2)(C¢ - 1+ X%,

2% .-0 [(n" G"f'I"]'{ ""[(1"-3)"’4‘ k'_] hd +[( ne330 +px{] X+ .(C_‘_K)X“ 1 :
L =Y, 4

v
=

%" R .
3 o (MJHG-1+K) ‘
%"!’ = 0 [c+E)x,+[+X] x +[c+x ] 1;34- e H{C+2¥] x,ﬁ 20" 1*'1*-7
X ‘
N 1

Thug we have & seb of (n-1) linear eguetions, whence we can

%, ---X, 7. @28 X = 1 -3X.



THE ABOVE EQUATIONS MAY BE MORE CLEARDY EXPRESSED -

X ’ 4 xg » X3 Xn :
(n-1)0+28  (p=2) C+XK (n-3) C+X ~=v C+K = (B1XC-2)#X
(n=2)0 + B (no2) 62K  (n=3) C+K _ o= C+E - (ng.e)fc,.i);«-xf"
(n-3)c + K (p3) C+E (n-3) C+2K -~ C+E = (n-3)( C“I}J-I{ -

L

0+K C+X 6+k -=  0+2% o

2 < s 0 T o ek ecen

70 SOLVE FOR FIVE RIVEDS, PUT n = 5.

(0-1)+K |

Notex 30+ ® 2O EK Ok = MEL)FE
30 + K 342k 20+ K C*K o 3(0-1)4K M(S}f
26+ K 26 + S 20+2Kk  C+K - 2( 0-1);;: ‘ (°'):
O+ K G *+kK C+R cfiex; = ng_oa.l)ﬂax (a)
(a) - (0). (C+K)X, - XX, = (¢ = 1) o

or KX, = (0+x)X, ~{C~1) (13

(v) = (o). O+ (C+K)X, - KX, = (-3} |
or kX, = 0%+ (0+K)X, =(6-1) (2)

SUBSTITUTE IN (2) for X_ FROM (1)
sz & cxlqp[(cfx_.)]ﬁcavx)xl =(e-13] -(e-1)

. : K ) ) -
EENGE %, = 0X1 , (0+K)[(6+®)xy (¢ = 1)] gl (3)
3=y Hormxy nle= DI -a

MULTIPLY (¢) ‘t)y (¢c+2K)
xl(.?c + Scx+2z )+ %, (26" + 50K + 2K° )+x3 (2c + 60K+hx )

+x4(c + 30K +2K°) = 207+ 50K - 20+ ox” - bx o)

MULTIPLY (d) vy (C+ K)
x(c+ecx+x)+x(o + 20K +X )+x3(c 2+ 20K+ x°) ‘
+ xu(c +30&+2x ) = C+20!{+K ~C-K ----=(f)

(&) -



(et

n

2 2 e 2 2 2. 2 2
Xl(c + 3CK+X ’)«I—XE(G +30K+% ) +x3(6"4—1%cz{+3x )= € + 30K +K

-G 3K (g)

IN (g), SUBSTITUTE FOR X, FRCM (1)
_AND FOR X, FROM (2)

WE GETsw o
(1) (2)

Al ran —ry

‘ﬁ (b-+50K+K ) +[(c+x)xl—(c»»ﬂ[c-+%cx+x21 o
| +1 [ch1+(c +x) [(o+x)x,-(0-1)] ax(c-l)] ((cBuer +3%°] ;,‘;(3)‘:“# -

P A0R4KT <Ce3E =)

2
‘mo SIMPLIFY AND SOLVE, MULTIPLY (1) BY X, (2) BY K, (4) BY K
.HEHGE ‘

2 2
3X + 5K ﬁ1+ SGBKX w?CBK +7C¢ X »luGuK —f‘llécK?“?GK}

‘ +7‘K3+ cuxl w0u+ 03 = C K24—}GK3+ Kh - GKE —3K3.

AND x1 - Ku4-10K3 (c~1 -+1ﬁx (c -c)-+TK(G3-c )-F(cu_-c
5K + 200334-210 K + 803K + ch

210 K X, + 200K

3

g i

v

: ?ROM(l),XE 1 [Ce+r KIX, “(G’l}]

K

FROM(2), x3 - % [cxi+(c+-x)x2 »{c;;)J
¥ROM( &), X, o (0 Ke1) ~(C+EI(Ky + Xpt X))
- 0+ 2K '”
AND Xg = 1-z2X
,WEQQMQMM“i;meMW,mwi;whﬁ"wh % X5 X5
1.5 0.235 0,086 TUUoT0B8 T 0,181 T 0,460
2 . 0,368 0,106  0,08% = 0,105 0,368
3 0, 524 0,112 0,034 0,061 0,265

TABLE - 1, K Z 1,



e

X 0 _ 0,2 0,4 0,6 0,8 1,0 1,2 1.4

0.5 0.6 027 0,405 0,383 0,365 _ 0,358 _0.3Us

TABLE 2 - RELATION OF X, to X FOR O - 2 FOR 5 RIVEDS,

SOLUTION FOR POUR RIVETE - SUBSTITUUE n - 4 IN THE GENERAL BQUATIONS.

X, X, X

3 5
30 + 2K LBO*K. 0K = 31tk (1)
20+ K ...  BOEK. CxK ey K (2)
ork. . Cx K. S¥2K _ _(oel)¥k _(3)
(1) -2 c+k K 0-1 (h) WHENCE
* X =X, (0+1)- 0+
2 e e =-iﬁ
o o ‘ *3f] o
2 x (3) -(2) i ¢ +3K o X (5)  :r;~,;e
o o ‘ X ‘.’:.‘K(l""x}_‘) -
. 3l
S . 0+ 31;
(1) -(3) 26+K . _ .G =K _2(ee1) __(6)

SUBSTITUIE FOR X, FROM (h), AND x3 FROM {(5) in (6)

(20 + KX + cxl(c+x> R T (m:) - 2(c.1) | (75
T T Tk - Eiiiﬁm ;

CLEARING DENOMINATORS

x(c-rBK)(Bc+ax)xl.+oxl(c4!3x')(c4-x) - (0%-c) (¢ +3K) ;g3gzﬁxl5
= 2(0-1)(0+3K)K (&)
SIMPLIFY AND COLLECT LIKE UURNS | e
x1(2202+ 9K2+ cx2+ hxj+ c2+-hcx) EK(G—I)(C—+BK)4-K-+(G c)(g-+3g)
WHENCE %, ;' (2K—+C)(§»1)(q'+3x)4-x?
(6 +3K(K"+ 30K+ C°) +K’




1 2 ) 3 4
1.5 0,247 0,117% 0,1672  o,ké8
2 ’ O, 375 ’ O‘Q 125 Oo 125 . 0-3?5
3 0,530 0,120 0,0783 0,272
TABL® 3. K = 1,

K. 0,0 0,2 o4 0,56 0.8 1,0 1.2 1.h

Xy 0,5 ,u5E_ ,beg P06 389 375 365 .35

TABLE %, RELATION OF X, T0 K FOR ¢ - 2, FOUR RIVETS,

SOLUTION FOR THREE RIVETS,
SUBSTITUTE n = 3 IN THE GENERAL EQUATIONS,
2(¢ = 1)+E. (1)
(¢ - 1)+K - (2)

[ § 5

(20-P2K)Xi+(0‘53)x2
(¢ +x)x + (C+2K)X
‘ 1 T

Bt

2 x (2) = (1) (C+3KK = K
OR X .= K.

SUBSTITUTE ¥OR X, I¥ (1) L
(2¢ +2K)Xl+(9._t.,&)1‘l = 2(¢ « 1)+K. : i

¢ +3K :
x (2¢+2K) = 2(¢ - 1)+ K ~(C+IK
i ¢+ 3X.

x, (20 +203(0 +3K) = {20 +EK-2)( 0 +3R)-K(0 +K)

K, = 8(0-1)HE(30 £ KL3)
1= T(oR3R) (oK)




o 31 o X, XS_
1.5 0,366 O,2e2 o2
2 .. 0oko o200 0,b00
3 0,542 0,167 __ 0,29

PABLE B, E - 1,

Sk

K 0,6 0,2 0,% 0,6 0,8 1,0 1,2 1.4

o T 2 e

X, 0.5 462 437 421 N0 00 393 .387

OOV ShY - o AR

TABLE 6, RELATICN OF X, T0 K, 0 = 2,
ZHREB_RIVEDS,
In ihe abovs analysis, the vaelue of ¢ depends
on the relation af sectional sree of cover plates %o

that of maln plate, and in all three specimens testel,

0 =8, i,e., the main plate was twice as large in sectlon

as sach cover plate, If ¢ is varied while K 1s held
constaﬁt, at say é 1, it is neen that the load
aigtribﬁﬁion is altered, Thus, when ¢ = 1;5, or each
cover has ohe quarter the sectional ares of the main
plates xl carries 2%,77and x# carries 46,84 for four
rivete, and X, carrles 36, 6%, x3~41.2§ for three rivets,
In 211 cases, the fire{ rivet (see Fig, 1,) carries less

than the last riveti,



If ¢ i 2, a8 in owr case, the end_rivatﬁ
eaéh carfy equal parte of the losd, If C g 3, in
which ceee each covsr plste has the same cross-
sectlonal area as the maln plate, the iiétribution
Le %, = 52.8%, 53.0%, and 5Y.2f: %, - 26,54,

Xu i 27.2%, x} : 29,1% for five, four znd three
rivets respectively, 1In a general way, thle is the
vreverse of the csse when C g 1.5,

Qonsider the formulae for the value of
%, in all three cases solved, It is obvlous thet
“the riveds never recsive the same load each, excepi
iz X icx>, as in $the case of verfectly élasﬁic rivebs,
If the riveté were gi:id, (K - 0) the two end riveis
of o Joint would carry all ihe loed, and ithose in
betwéen none at a8ll, Neithér extremes are ever true,
and in the abssnce of &efini%a information, .
E.(:‘akgcjl) must be Getermined by experiment,
Toctoy Bathé has investigated 1ts .values and
variatioﬁs rather completely, Sufficient‘to mention
here that ¥ depends on the way the work 1s stored,
either in tﬁe rivete from shear action, or in ther
plate contacts by frictional resistence, or both,
if éhear is the case, ﬁ will var%, since the
disﬁfibution of losd on a rivet depends on the

intensity of load, TWhether K veries for each rivet,




we do not attempﬁ to conjecture, Our load
distribu%ioﬁs were irreguler, and to fit %haﬁ to
the theory is unreasonable, The experlmenis of
Prof, W. Weibullg en riveted Jjoints with painted
contact areas indicéﬁa that friction in thém is
neéligible. Gn the other hand} with bere plates
in contact, friction ﬁas s conslderable value,
Eut this would lasrgely affect ﬁ only before the
rivets were pulled into shesr by‘ﬁhe-lo&& on the
Joint,

fhe dlagrams show theoretical &lvislon of
load for five, fouwur and thrse rivsts,lan& éa;e
plotted for the particulsr case of g 1, ¢ g 2.
As it has been shown that K variees with the load,

apperently in a linenw relation, the dlsgrams would

be true for gne load only, and that unknown to use

The value of C is the correct one for the present
tosts, It is evident, then, that the diasgrams serve
enly as & general ipndication of the load divislon to
be expected a2t sany stated load, The truth of this
statement ie¢ more apparent after exemining the actusl

toad aistribution curves,

2s See appendix,



The Joints,

Three Jjoints {or more accurately,
2 Joints and half of a third) were made to the
éhép ﬁeﬁails'shown (5¢c Plates 1, 2, %), fhe
principal Tactor controlling the shspe of the joint.
was that of limitetions imposed by the testing
mgechine, tc be discusssd belows

The deiﬁioﬁ Bridge Coupany was
asked to fabricate Speclimen YW and "BP, while %he
Canadian Paeific‘ﬁailway, Weston Shops, furnished
Specimen H(W,

Specimen "% (gec Plate 1) was
composed of two main pletes esch 33" x %% at the
test section, and 2 cover plates each 3%" x 30,

The main plates were widened %o E4M 2t the ends %o
sllow a 1-.13/16% diamsber hule in each, Through
these holes 154 diameter pins were slivved to hold
the joint in the testing machine, All plates of
the Jjoint were planed al) over, it beling felt that
if all joints.testé& bad the plates planed where
they made contact with snother plate, there would
ve a better 9095ib11i§y of unifoym fricition betwsen
these plates, which would thus aiford a better
comparison of results of tests on different Jolnts,

Rivets used were 2% dlameter with bution heeds and




Were power drivén; Three riVets were driven oﬁ
one side of the splice, and'four.on the other,
1t being felt that the one Joint could be used
to obtain data on both three and four rivebtsd
gstructurss, The‘width of the maln plates at
the ends, 53" was the greatest ths testing
machine would allow through the openings in its
neads, while the 33V width at the test section
4555 as large as could bé turned a:ound in the
~heads while mounting tha~301ﬁt for test, The
1t thickness of the main plates was chosen
arbitrarlily,

Rivet holas were drilled
13/16% diamoter, The tansion value of the Joint
was calenlated as 180?? x (3} - i ) x %‘: 240004,
The bearing value of 3 rivets - 237504
The bearing valus of Y% rivets - 450004,

7 Specimen "B (see Plate 2)
was similar in many‘respects $o Specimen MAH,
Both main and cover plates were the same width
end thickness, both at the test section, and at
the eﬁds. Specimen #B#, however, had four - L
diameter button head rivets on one side of the

splice, and 5 simllar rivets on the other, agaln




with the objec§ of making §ha joint‘uséful for
2 different sets of tests, Plates were planed
all over, as before, The sirength of " the Jjoint -
was glven as:- _

Allowable Tension . 241004
562504
# y # - 50004

L

Bearing 5 rivets

Speciman "C' (plate 3) owed its -
shape entirely %o testing machine limitatlions,
It was desired %o make a structure that would
show to some axgent the variation in stress in
the cover plates of a cqntinuoue Joing, és in a
tank plate splice, For this at least 2 lines.
of‘rivets parallel with the direction of load

was roquired, so as bo give sone indication of

the intenslty of stress in the plates §§tweeg

rivet lines, #She thicknaess of plates was made.
the same as in specimens “AQ and "3%, for
purposes of coiparison of results, On aecouni
of4a definite maximum clearance between the
moving and fixed heads of a testing machine,

the length of the specimen was fixed, éince the
plateé gere too wide to fit the regular openings

in the heads, In order to allow the siress to




E

to distribute 1tself from 13" diameter pin
holes, & certain length of plate(Waé desirablas,
and after thls was deducted from the maximum
clearance in the machine, 1% became apparent
that only half of such a Joind could be .
accomodated in the machine, Hencse %ge half-
Joint designatsd Specimen "0, The main plate
was made 87x %" at the teéi séctioﬂ,!and both
cové}‘plates guix 3%, QOontact surfaces were
ﬁlaﬁéd, and the rest of th‘e ’surfaoes left
rongh, The bevelled ends of the plates wers
porned to shape, Rivete wmere 3" diameter, one
side button head, the other side flattened to
3/8" high, This oddity was due to a shop error,
‘pug TESTING MACHINE, ’
The £e$ts were carried out in a
Riehlé Universal Testiag Machine for tension and,
compression work (See plate 4), It is of 200,000
‘pouﬁds eapacity, and load is applied through a
head moved by 2 sqﬁare;threa&ed sarews driven
through a vériablo trpin of gears by an eleciris
motof, The applied load is mgasured on a lever
érm by a movablé Jockeay waight balago;ng the
1o0ad through a system of levers, The lever

fulorums are knife edges'bearing on hardenad




émooth sﬁrfacesn There is a tendency for thess
knife edges to 4ull from sﬁockg sustained when
@asf pleces break in the maching, and thus the
accuracy of measurement of load is impalred to
gome 8light axtent, A more serious defect from
the point of view of these tesis was that the
centres of theVbronze bushings in the movable
head had been disturbed and were further apart
than the proper dintande for the 2 driving
sorews of the machina, In conssgquence, when
the ﬁoving head was driven &ownwarﬁa there was
a tendency %o bow the acrews, resulting in
binding atAﬁhe bushings, It was for this réason
that, the Joints were made a definits maximun
longth so as not to injJure the machlina while
teosting them, Another dgfsct {(for extensometex
work only) was that when the diraction of the
moving head was reversed, 8o as to decrsase or
increase load, the slack in the threads of the
bushings gave rise to a distinct "Jump“ in the
position of the test specimen, as observed by
thgrextanaometers,

The motor driving the testling

machine was flitted #ith a reslstance box to vary

2



138 s@éed, ana by this wmsans 1t was easily possiﬁle
to reduce the rate of applieantion of load to a
point where it Sould be carefully watched by
extensometers on the Jolnt, At this low speed
vibration was praectically absent,

THE EXTENSOMETERS:

A8.1% was intended $0 meagure straln
on the sover plates of the Joints, extensomebors
woere chosen for this purpose, The principle of
the form of extensometer devised by Prof, Martens
in 1884 was adoptaé, wherein the deflection of a
material due o stréin is so transléted into
rotation that a mirror reflecting a scale into a
teiescope is turned through s small angle whieh
varies directly with éha fitrain, ?he whols
apparatus and its operation 1s described as follows:
{See plate 6),

The surface on which sirain is to be ¥
observed ia seraﬁched by 2 p#rallel lines, a,b,
thelr distanoe apart bveing the disbance in which it
is desired to measure sitraln, and called the
fgauge distance®, Into one of these scratches the
ndistance plece! knife edge is¢ fitted, The distance
plece (c) ie a small flat bar 1/I6% x 3" with one
end turned ab right angles and gharpened to a knife

edze, On the flat of the bar, on the same 8ide as




%h;a‘kniﬁe edgé; a scrateh is made parallal %o fhé
edge, and the same distance from it as the seratches
on the test surface are apart, Thean a bar of
diamond-shaped cross sectlon (d) with the edges at
the acute angles ground sharp is fistted between
the test surface, and the distance piece into ?he
scraten in each, fThe long axls of the 41 amonde
shaped bar 1s theoretically greater than the
dlstance of the under aurface of the disténce plecs
to‘the test surface by the depth of the 2 soratches,
With this arraangement, whenrthe
test surface 18 strained ﬁﬁe dlstance between the
two parallel lines on it changes, But al the same
time, the corresponding length on the distance
plece remains the same in length, so that the two
sé?atéhes océupied by the diamond plece movs
relstive $o each obther, This gives éiss to robation

of.the‘&iamond‘bar, to whieh 13 attached a small " ‘ ;f;i£-

mirrop {e) about 3% square, A small Lnverting
telescope (£) ia then trainad on the mirxor whiéh
is mades to reflect the inmage of a gradusted soale B
(g) usually mounted Just besiﬁe the objective glass
(h) of the telescope, This scale ls placed a

fixed distance (k) away from the mirrox, knoWwn as




the "ealibrated distance®, Thus when rotation
of the mirror oceurs, an observer sees %the sealé
move over a certeln number of ite divieions,
It»may be shown mathemstleally, thet for very
small angles of rotation of the mirror, the
intercept on the scale as observed in the
telescope varies nearly directly with the strain
on the test surface, |
THE CALIBRATING MACEINE:
| For each complete ezteﬁsamstar
set of instruments there is a certain defisite4
Weallbrated distance” or disfance froé the
mirror to the face of the scale, It may be
seen that the further the scale is from the
mirroxr, the larger the scale intercept for a
conetant angle of rotation, cocneequently, the
finer, or more mccurate the scale reading,
svblect to tﬁe pover of the telescope,

| If has beer usual practics ia
tﬂe laborstory where this work was done %o
determine the calibrated distemce so that with
20 divieions %o the inch on the scale, 1 division
passed over by the telescope croés kairs
indicated 0,0001 inch strain, It should be

remarked, that as the sesle is flat, ths resding



- should be at a place on 1t aarclose to directly
opposite the centre of the obJective glass of
the telescopes as possible, and that calibration
should be carried out in this position,

The instrument used in the
laboratory for ﬁe%ermining the calibrating distance
was modelled after the Whitwoerth Galibrating/
Instrument, {See plate 5),

It conslets of a heavy steel
base (a) made of plate I3% thick, with a wooden
upright standerd (1) securely bolted to it A
smail steel block (¢) adjustable for height is
clamped to a2 rod (d) fastened to the standard,
end another larger block (e) above is moved
vertically by meéns of a threaded rod (f) passing
through a brass sleeve (g) near the top.of the rod;
Fastened to the top of the rod there is a
cireunlar plate (h) dial gradusted to 250 equal
divisions, with a small handle (k) for tvrning,

A small upright bar (1) from the standard serves
a8 o vernier, The threaded rod has YO threads
to the inch, and from this, if we furn the plate
through one small division, OrE%U of one
revolution, the threaded rod moves vertically

1 of 1 or __1 of an inch, Now there is
o 550 10,000 |
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aﬂhorizonﬁal seratoh in béﬁh the uppef ané lower
léteel blocks, and when calibrating an axtensomeﬁer
the gauge plece (o) is nlaced so that its knife
edge occuples one of these scratches, and the
diamond ber (m) holding the mirvor (p) ocoupies
- the scraitch on the gauge plece snd the scratch on
the other steel bdlock of the instrument, The
gauge plece and mirror are secured in this
pbsition by passing a ruhber band (t) around .the
standard and the gauge plece. ‘The dlamond bar
is thue clamped in place, The mirror is no¥w
turned t41l it ig in a vertical plane, and in the
éame plane as the axis of rotation of the dlamond
bar, The telescope 1s now placed approkimataly
the correét distance f§om the mirror, and dirgcted
*so that the mirror appears in the centre of the
field of view, The telescope ies then focused for
twice the distance from the ohjective glass to
the mirror, A little adjusting of the mirror will
bring the scale intoc view in the telescope, and
the cross hairs should read the locatlion of the
scale near or opposite the centre of the objective
:glaSS. Everything is now ready for callibration,

The 4121 of the calibrating machine
shﬁuld be turned back 20 or 30 divislons, then:

forwérd gay 10 divisions, and a readlng should be




o

made, both bn the dial and in the telescops, Thé
dial should then be turned (in the same direction
as 14 was turning before the stcp was made for
reading) for about 30 or 40 divisions when both
dial- and scale. shouwld be remd again, If both
intercept values colincide, the dlstance from the
mirror 0 the scale is the calibrating distance,
and should be recorded, If the scale intercept is
the smaller, the dlstance frdm mirrer to scalse
should be increaged accordinglys 1f the dial
intercept 18 the smaller, ﬁhis distence should be
decreased, |

After several trislg, the
" calibrated distance vas fou#d and checked several
time 8, For both sets of instruments 1t was
approximately 60 inches, The extensometer gauge
pieces and mirrors werse then realy for mounting

on the test specimens,



THE METHOD OF TESTS:
. 4 There ﬁere two kinds of tests

earried out in this work « (1) to determine %the
point of slip and aleso its magnitvde, and (2) to
détermine the deformation of the cover plates of
the jJoints under various loads, The method
followed in testing was similar iﬁ both types of
éest‘

The Joint to be tested (4 or B)
wags lowered throvgh the stationary head of the
‘tasting machine until the lower end of the joint‘
protruded past the moving head, and the pletes or
~ thelr edges, which ever was to be observed, faced
in such a position as %o be accessible for
observation, 12" diameter pins, about 10 inches
long were then slipped in the holes of each end
of the Jjoins and plate shims of hard steel 3" and
5/8% thick were placed on sach side of the Joint,
between the pins and the two heads of the machine,
so that the tendency %o bend the ping under load
was partly avolded, Next, the moving head was
brought downwards £111 1t was bearing on the pin
and shims, the Joint of course being centred in tha
two hoeads,

In the slip tests, the load was

then increased t1$1 tbe beam of the testing machine

- w



'bélaaeed at 1000 1%s, losd, Two specisl gauge pieceé
‘were then mounted, one on each edge of the Joing,
directly opposite each other, and centred on the
rivet farthest from the splice, It was thought
that observailons in this position would give the
commencement of slip at the lowest load, The
'knife edges of the gauge pleces rested in fine
seratchen on the cover plates of the join%, while
?the mirzror diamond rested in similar scrsiches

on the main plaste, Thus the eﬁténsemeter showed
?ela%ive motion between the two scratches 19
epard, this motion beling conposed of part slip
and part elaestic deformailon, Since the latﬁer ig
diresctly péopertional to the load, and the former
a variable, a curve of load displacement would
roveal when 8lip oecurred,

Next, the telescopes were set up .
on heavy wooden tabies {to minimize vibration) at
thelr colibrated distsnces,; end the scales placed
to show gsome convenlient resdling referred to as the
fizero of the testt,

In the test on 3 rivets for
8lip, the load was gradually applied by an operator

0f the testing machirne, while an observor watched

-



eéch telescops, Readings were taken simuvltaneously
at 10004 intervals from 10004 to 40,0004, and
back to 10004, The test was not ropeated %o finad
1f all slip was taken from the Joint,

In the test on 5 rivetls reallings

were taken ss ebove, 10004 being the initisl, then at -

5, 10; 15, 20,0004, then 30004 intervals to 53,0004, f~~fs

This test was not repeated; nor were readings taken
a8 the load was released, on sccount of the ﬁirrors*
of thé extensometers being displaced.

Following these two tests the
1n§est1gation into deformatlon of/tha plates was
s}arted, Dr. Batho, at MeGill Unlversliyx, showed
that readings of sitrein t{eken on plate surfsaces
were geccurate indloators of streins within thé
metal, hence it was decided to observe the strain
in the cover plates of the joints betweén tha
rivets, and locations for the gauge pleces of the‘
extensometers were then plotted on the plates
as shown on plates (1), (2), (3).

The t wo 1ines between each rivet,
perpendicular to the rivet centre line, were
placed 1% apart, and a fine scratch made along
each line with a scrider, This enabled the gauge
pieces to be placed at any location across the(

faces of the plates, The lines marked 4,B8,0, -=



to G, represent the suécessive positions of
the gauge'piecg during the reedings, These
positions weré?ﬁélf inch apart on specimens
A and B, and as shown in plate 3 on specimen
C.

In all these tests, the end of
the Jjoint vnder test was uppermost in the
testing machine, Observations started with
the section farthest from the splice, at
position "A" on the one side, and "GY on the
other, so that the gauge pleces were exactly
opposite, this belng for convenience in
" carrying out>tha>te§ts,

The &ethod of mounting the gauvge
pieces on the p%ates 1s 1llustrated in Plate s
showing specimen W(W un&ef»test, Two 3/16#
réds were placed, one of each side of the Joint,
- and thelr ends were held togethef‘by alastic
bands, tThe gauge pleces were slipped under the
‘rods, the mirror diamond adjusted in place, aﬁd
the rod held both in position, A small plece of
var under the other end of the rod let the latter
bear evenly on the gauge plece, Thnis arrangement
pernitted easy shifting of the gauge plece from

one position tc snother across the same section,




in all teste except that made on 3 rivets, the
mirroxr ¥was placed at the upper end of the ganga
plece, and only the readings in this position were
teksan, In‘the test made on 3 rivets, readings were
taken wlth the mirror at the top, them at $he
bbttcm 0of the gauge plece,

In making a test, after every-
thing was set up and addusted; the procedure faf
each extensometer position was as follows;

The load was run up to 100(3#, and held there while
the two extensometers were a&justeé to glve a

Bzero? reading, (It should be mentioned that three
men were present at each test - one -at each
extensometer, and one to;opsrate the testing maehina).
The load was:thgn slowly‘and steadlly applied at
abtout ?OOG# per minuté until & maximum previously
egreed on~§as reachéé;‘extensometer readings bveing

taken at intervals of several thousand pounds lcad,

Thé méchine was theﬁ raversed to decrease the load
to less than at the initial reading, or to aboutl
500#, then agaln reversed, and the load Inereased
tc 100C¢, At this point thée-extensometers were
required to read within 0,00002 of their original
zero, or the set of readings was rejected, and
‘re-taken, but this was very seldom neceesary, ¥The

play in the bushings of the moving head caused the




latter to throw over slighﬁly when its direction

was reversed, and this was one reasson for taking the
final check reading when the head was moving in the
same direction as when the oripinal reading was made,
If this precaution was not obsexrved, s check was not

possitvle,




DISCUSSION OF EXPERIMENTAL RESULTS,

As previously stated, the first ftests
were performed with a view to determining the
extenﬁ of the s8lip, as 1% is called, in two Joldnts,
The tests consisted of investigating the 3 rivet
portion of specimen A, end 5 rivet portlon of
Specimen ¢, It was though$ that after these two
‘apecimena had been subjected to the loads of fests
mentioned, the remaining portions of each (both
having ¥ rivets) would probably bave some of the
slip removed, spolling 1%t for the test, |

— Curves were prepared from resadings
. teken, in which reletive movémen% between the
plates (including some ac tual elongation of the
meteal) was plotted as abscliesae agai£st load as
ordinates, These curves show what happened, In
the three.rivet sectlon, the total resistance %o
slip in £he Joint wa; greatest at small losds, .
decreasing more or less uniformly with the increase
of load. commencing abount 130004 load, this |
| resistence remained constant, or nearly so, up to
about 350004 load, when 1% changoad 1v magnitude %o
gsomewhat less, becomlyg conesteant once mwore Up to‘

the mazimum load of the test or 40,0004, A second



loading of the Joint showed that the rivets were
then in bearing, as the oxtensometers indicated no
appreclable amount of displacement of the rlates on
comparing initiel and final reedings, There are no
rgcords of this test, since no readlngs wers tsken,
The actual glip wee 0,00U47 inches,

campafing the slope of the curve for
increasing load wiﬁh that for ﬁecréasing load the
former 3g mueh lese; algo, parts of the firs%4curve
sre nearly strelght, while the second or relesse
part appears to form a continuvous and regular curve,
An explanafion is sgggestad. During thet pert of
‘the curve showlng increasing load with & large elope
{(tangent) the three plates and the rivets tend to
sct as one piece, but in diminlehing degree %ill
frietlon between the pla%es.théﬁselvés 1s sufficiently
overcomé to permit relativg motion, &z shown Dby the
sudden change of slope In the curve, |

It 1s shown 1n Physies that the
coefficient of frictlon decreasses greetly betwesn tvo
surfaces when sliding 1s established between them,
whieh is the case at this point, Heﬁce the‘toﬁa:
reslstance of the joint %o motion is now lowered,
and the curve indicates ﬁhat slip is then continuovs,

bringing successive rivets into motlon ti1l ell rivets




are carrying ioad'by bearing, shear and friction,
Now when the load is diminished, frictlion again
~acte as & drag on the relative motion of the plates,
in the opposite direction, and so the jbint again
tends %o act &s a single plece of metal et the

Star% of decrsasing load resuliing in & high slove
cufve, but as the rivets start to free themselves

¢f bearing and shear étress the resistance to
relative motion of plates is once more over come,
end motion occeunrs 4311 there i1s zero load on the
Joinﬁ, On thia assumption there would still be bearing‘ ‘~,;;-ﬁ
anﬁ;sheaf in the~rivéts helé there by friciion vhen o
thé external load ﬁecamé ZGX0,

The .slip test on Spééimen B on the five
rivet section was in génaral gimilar in rvesults to
those Just &escribed. The detsil 1lg somewhat
417 exenta The initial reading was at 1000 pounds,
and the load deflection curve traces the actlon
following, Therersaemed to be & uniform rate of
deflection with respect to ;oad up $o 35000 or
36000 pounds, The actval path of the curve ig
inclirped tb be irreguiar in pleces within the range
just mentioned, and the theory ié that in this‘range,
motion or slip, is being forcel to each vivet,
starting at the Hwo en&.rivete, then the two nsxt the

end‘rivets,;ana finally the centre rivet, When 1% ig
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remembered that the plates are elastic members, the
raaéon for this should be clesr, At approximately
37000 1b, load it appeared that there wes slip
everywhere in the Joins, and with the resultant
lowered frictional coefficient, resistence %o motion
wan at once lowered, In this test, the resistance
becanme 1n¢§éasingly lower as the loading érogressed,
The test was dlscontinued at 53000 1be, out of
consideration for ﬁﬁe other section of the specimen,
which had but % rivete, Thie ssction might have

been overstrained had much higher losds been imposed,



The following btests ware congerned with
the distribution of stress in the cover platas
between ithe rivets,

. gpecimen "A® was first investigated, on
the section of thrse rivata; A complate dories
of readings for both cover plates were taken,
first ﬁitﬁ the extensometar‘mir?ars at the top
of the gauge ﬁieées (Teét #ANY and then with
mirrors reversed, or at the bottom {Dest N3},
These veadings éra’givan in tables, and curves
Ware prepared from them, In both tests, a series
of reédings across the mala plats was lnoludaed
to allow comparison of the moduli "' for centre
and cover plates, and the rqadings(plotted.as
stress-strain curves (3heat ia‘). ‘A glance at
this sheet will show that the assumptlon of both
moduli being the sams in the theoretical ‘
prestment was:not obJeotionavie,

Vi sheet [5 shows the load distridutlon
patween the three vivets for the raange of ﬁhe tests,
As a matter of interest, the vresults of Tests MM
and "84 were plotied saeparataly, and algo their
average was plottad, From these diagrams, 1% would
appear that an average of &two %asts was to De

desired, though 1t should bs remembared that each




volnt »lotted on this sheet was the average of
14 individual readings taken aeross'%hs 2 cover
plates at the specifiaed load, Even thies curva
of averages of tests HAY and YB" appears
unrsliadle at loﬁ loads, as 1%t shows that the
contre rivet of the group carriaes more load
than the one nearest the spllcs, Theofetiéally,
1f the rTivets wers driven tight, as théy seemad
to be, this ocondition-shounld not be the case} and
the casntre rivet should carry less load than
either of the end riveis, The apparant
anreliability 1s due to the very sméll straln
values obtalnad, ¥From sheet 6O, summary of
readings in Tests "A" and "BU, it may be shown
that a constant ervor of 0,00001" in section 2
at 3000 1bs, would result in about 7% 41£¢orance
in dlstribution, and 2% at 5000 1lbs, This
1llusgtration 19 sﬁfficieﬁt to show the
yossibilities of errors creeping In tha rasults,
As the total load becomes larger, the
proportion of load carried by sach rivet tends
toward equal gmounts for all, but it is
characteristls of this specimen that rivat FHo,l
pears mueh the greater part of the load, even

*




50% at 4000 Lbe, if the curves revsal the true stress

sonditlon, It is suggested that mechaniaal
inagualities ln the ?ivets,!anﬁ possibly in the
plateas, are rasponsible for this pecullarity, It
18 possidle and likely that o, 1 rivet was driven
tighter than the obher two, gilvinzg it the
frelativaly greator reslsfanca to load that 1t
 shows, ‘

The lower diagram on sheet 19 is
intended to show in another manner the raﬁge in
the proportions of load carrled by each rivet ia
these two bests, Sheet 10 is s dlagram showling
the distribdbution of the stralns over the faces of
the two cover plates for a load of 25,000 1vs,
The curves are built up from the average of Tests
BAY and 9BM", TFrom this sheet i% Dbecowes appaﬁent
that the tw& cover plaites may differ conslideradly
in the amount and distribution of %he load carried
by each, The conmpression strain on face 50.2 is
assumed to be caused by previous bending of %pe
éhole Joint so that face No, 2 ias convex, and
face No., 1 concave, Applying external load in

this case would cause compression shown as bthe plates
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straightened, It has Deen wnentloned by Dr, Batho
in his paper that the s%fains Yare consistently
less directly between the rivets than at the

edge of the cover plates, There seems o ba
confirmation of this shown on the straiﬁ
distribution dlagranm;, bub not 1in every éase.

In contrasts the two curves over the spllce show
ralatively greater straln near the rivet line

than further avway.

The next tests were performed on
gpecimen A" and “Bﬁ,‘both on the sections

having 4% rivets, The method of %est was simllar

‘with that for three rivets, except that readings

were taken only once at each posiition on the
sover plates, with the mirror =t the top of the
gauge plece., That the averagse values of #directh!
and "reversed® mirror teste wers considerably
different from eithar single taast was nob
realized t111 the experimental work had been
completed soma tlme, and the resulbs belag worked

into form for analysis, However, these results

g
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‘will‘be irea%e& with the cautlon bthey msris,
and no positive deductlons should Ve bassd on
then,

Sheet 11 is a comparison of the modull
of the inner and cover plates of Speciman 3%,
showing ¥x" for the malin plates as 29.9 x 166#/uk, =  J;f:
and for the covers 28,7 x 105%/9“,:a difference .
of N+ %. |

Shéet 1] preéeﬁts the diagtribation of
load between the four rivets of each Joint for
the range of the tests, fhether the curves are
true or not, on account of the one reading at
asach exbtensomatar position, the proportion of
load on each rivat seenms %o hold fairly constant
th:ougp the tests, The theoretloal dlastriduilon
of 37,5§‘of total Lload for each of the and

Tivets of a gtralght line group of 4, arranged

parallal with the direction of load, ana 12,5%‘
for each of the‘inner‘two rivaté,‘is‘closely
approached between 3000 and‘laﬂas 1b, 1n Pest fAM,
specimen "B%, Test "OF on specimen MAY shows

one outer rivet taking as much as half the total

load up to 12000 1b, load, decreasing to 4% at




»

32,000 1b, load, The other outer rivet holds
consistently at 25/to 304 of load, As was
mentiona&,rthesa resultse probdadly would bs
different 1f %wo tests were taken, as in thoe
case of 3 rivets,.

Shneets [9 and 70 show diagrams of %he
recorded straln on the covariglates, In Dboth
 sheets iﬁ anppears that thare ig less straln
Cat ﬁhe centre of the Cover plate betwesn the
rivets than towards the edges, Ths section
over the splica is the exception, A brief
analysis of ghe action of rivets on the platas
when under siress ssems to azree in most placas
'ﬂith~the~diagfams, “Yhen the Joint is siresszed
in %ension, that sida of the rived farthest
from the splics line is putilang comprassion on
the cover plates, by bearing, ghaar and frictlon,
This compression indudad:in tha plabe counteracts
part of the tenslon alresdy In %ﬁe plate, ‘S0
that %herresulﬁing atrain in the plates is
amaller between ihe rivetsg Now diraétly ovor
“the splice, the bwo nsgfest rivets tend to pull
away from the hole wallse in the cover vlatas

~ next %o bthe apliée, which would lead us to éxpect




less straln betwesa thess 2 rivets and highaxr strsln
batween the hola and the edze 0f the plats,  Face
Nos 1, Specimen A", and FPace No, 2, Specimen "B,
show this, ot 12 beading is present in any degres,
the sectlons may be diffarsat bthan shown,
Sheet JO shows the variation in
proportion of total load carrisd‘%y eac& rived
in Test‘ﬁk“,‘Speciﬁeh gk, No%a‘%ha% the average
value of esch of the end rivets approaches ths-
theoretical 37,5%, acﬁually 37,3% and 36%.
The inner rivets at 11,5% and 14} averasge are not
far from perfach values, In short, considering
the test as being incomplete, the agresment of
ﬁhecretical and astual values is very satlsfactory,
It is of interest to note the dlffarence

botwesn the actual loads and the loads .allowad
by A.I.%.0. Specification, on the % rivat
combination . | ‘

| The allowable otal load on the Joint is
24,1004#(tension ét 18.009#.9q,1na), pilvided
betwaen fouf rivets, this 1s 5025} each, on the
usual assamptlons, Actually, at this load the
outar vivets of the group iﬁ.Spacimeﬁ L carﬁy

104204 and TO30f, and éhérinnar vivaetas 31U0H

®




and 35104, 1In Sﬁecimen ﬂBﬁ, the outar %wo carry
37U0F and 78004, and the ihnar.Q carcy 41204
and 35204,

Aﬁ the workiég load of the rivets; or
% = 11250 - U50004, the dirsctlion of the load
curves indiqaté thatithere would vprobably be a
noz e eQual~division:df the load betwesn the
rivats, ‘;t‘has baen obéervéd that as the
total load is increassd the dlvision of load
among the rivets tends to becoms equaligoed
between then,

Following the investiizatlon of four-
riveted structures, it was docidsd to examine
‘the five~rivated end of Specimen "BH(Test ¥3BH),
Again, readings with the two extensomabars
were made only ian the Ydirect' position, ox
with the mirrox top@ost, AS wés done
préviously, éurves were plottad for‘purposes éf
. analysis and discassion, : .

.Qonsidaring the distrlbubion 0f‘load
among theirlvats;(shaeﬁ 17 ) the test showed
better results than gravious tasts, Bxeapt

for the "break! at 10,0004, each rivet holds
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within 12% %o tts.ahare of the load at the start
of the test, This "bdraak" in contiaulsy of the
" two curves is suspected of resulting from
erroneons readings of strala, As before, wlth
inereasing load, all Y rivats display the
tandency bto decrease thelr share of load if
savreying more than 20% of the total load, and
incrasse 1% 17 bvelow that amount, One
f@ature‘ﬁo Ee ﬁo%e& 1s the disproporbtionats
snare of load carried by one end rivet,

rouzhly 4794 o 40% of the total load, and also
that the two end rivets carry from aboud 81%

at 5000f to 70% st U5000f, leaving ths inner
three rivets bearing llttle loesd, It is
sugzested that this arlses ffom driving

) coné;tions of the varions rivets, For example,
a tightly-driven rivet ?ill nave considerabdly
Mmoo value in féicéioﬂ tﬁan ona 1bosaly dﬁivan,
Fron tﬁis 15 follows that the tight rivat,
parmitting less slip than the loovse rivat for
the sane load;:has a graater proportionate
valus of resistance in any growp of rivats,

its actual valus wlll vary w}th 1%s posltion

relative to other rivets in the group.




To 1llusirats the dletriduation of siraln
in the ccéar nlataes, sheet 21 was prepared,
showing the straln as read anbt each dxtensomeber
_ position, Tis readings on Face No, 1 being largsr
than those on Face No, 2 indicates bending of
the plates, as explained before in a previouns
baste

comprassion exist$ on face No, 2
between the two rivets fgrthasﬁ from the splice,
1% should be neted that the characferistie
decrease of straln directly batween rivets is _ G
prosent, as Wwell as incresased strain between ihe
two rivets adjacent to the ep}ice, It is %o
be observed that in the lattaer place, the
straln is comparati%élf anlform across the
plate, S0 that when the plates ars caleula%e&
to carry a certain limit siress, there 1s no
conslderable varlatlon from the saloulated
atresg,

To retura to load dissridution, an
intsresting cgn&ition is seen, At the maxlmum
load of 46,000# one rivet bears approximatély
ﬁé% or 18,300#; Thié‘meana 1?,?59%]an, shear,

and 45 EOQ# p? bearing, These values arse highj
- ’ .




.

but n&t beyond the elastle limlt, But,previous
to thils test, the Joint withsiood 53,0004 in a
slzp;test, in which casae, olther the percentage
of load on this rivet must have dropped balow
40% say to 35%, or else the rivet carriad
212004, equivalent to 244007 /gv shear, and
52,200 /" bearing, the latter belnz boyond the
elastic limit,

Since~€he Joint showed no sizgn of
Cfallure , 1% is assumed that olthor the valuo
of the rivet in friction added %o ias hearing,
and shear valuwe gave sirengih enough %0 carry
bhe load withoub exbéa&ing the elastlic limit,
o7, the rivetd Jlelded suffilclently $o pass a
part of the load Y0 other rivets, %hich
condition exthted s aiffioult to say, and
harder %o prove, In this connection, it hes
been shown by other investigators thet %E‘poﬁer;
Griven rivets hseve a.value of about 80CCH 1n
fxictlon, and thls may incresse under févora%le
Sriving conditlions,

The flnal teet of the serles was

sttempted on Epeclmen HEY, slong the same




gensral lines as thore teste periormed on
Specimens WAl =nd W38%, I{ was seen afiter the
test thet readlngs on one plate showed
com;f@ssion which incrsassd pe the spplied
tersion loed inevessed, Ghle suggested thet
the method of mouniting ithe jolnt in the
tes%iﬁg machine was at famlt; ises that the
styaps were forclng bvendizg into the Joint,
Ir other words, the %tesl wgs of no use In
the presend eommsﬁﬁien; The'réaaings have
been glven,to show tha'faultg‘but nothing
further Bone, ¥With thles type qf moun bing

in the testing ﬁachiné piovén ugeless, there
was 1o othér convsniént ey of dezling with

the specimaﬁg
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SUMMARY_AND CONGLUSICKS.

A 3
R A o L T A P

Following l# & summary of the princizal
contents of this papers
(1) A general outline of some of the
developments in the investigation of riveted
atruetures has been glven 10 brief fornm,
(2) 4 riveted plate Joint has been considered
88 & étaticaily indeterminate struecturs, and a |
Beriee of equatlons heve been developed for one
ty§e of Joint by weans of the Method of Least

F

rried By each vivet

o
1

-
kol

ﬁorh,‘giving the ioaia G
in the joint in terms of e quantity "KY whickh
depends on fthe manner in whick work is stored
in; or by the sctlion of the rivets,

(3 L serles of tests have bveen made on
butt flate Joints o investigate Melip¥, and to
determine the stress Gietributlon in thelxr
coveyr pigtes By maaﬁé of readings taken 6n the
surface of the latber, It was shown that ¥vo
extensomebsar rsaéings evereged gave a bvetter
‘rasult than one single readlng ol aﬁy locatlon,

on secovrt of inttiasl bending in the plates end

other possible factors,




(1) ‘The tests bore out the theory in that

the end rivets of all groups of rivetn

invarlsbly earried larger parts of the toctal

load then the inner vivets, While the o
Gistribution of load wss not upiform, nor even L
symmetrical in & grouwp, it _was indicated, dbui
~neb proven that the ériviﬂp of the rivetr
woula %e 2 grest facter in defgfmip;vg »Fe
propcrtion of load that each would bear, sinde i
‘%heir velve dn frictlion depended dlrectly on this,
(=3 fithin the limits of the otservations
herein reported, 1% would apresr that the stress
in the‘ccver piates of butt-plete Joints ig |
somewhat decressed in ths'region‘lying Wween
rivets in the saume linel, znd on the same sidse

of the gplice, as eompéred to the giress 2t

other pointe in the same cross-section of the

plates, That this is %0 be expected has been
pointed out elsewhere, and has bYeen borne out

by Dr. Gyril Batho,

1, In thies discusslon 1% will Te assumed that
e "line" of rivets is parallel to the
directlon of load, and 2 Prowh of rivets ¢
parallel to the spllce line,




- 58

~Beveral itests showea an lncresse 6f‘
stress on the rivet line between the two rivets
séjacent to the splice, but theoretical
Justification on this paiﬁ% is rether nmovre
aifficult, I both rivets carry their losd by
friction, which 1s possible, them the rivet
heads, by thelr clamping ectlon will exert

tension in the reglon in question, so that the

stress will Ve grester there then on elthey
gide, ‘&his theory would support the eivesses
&8 observe®, But if we assume that bearing
end shear In the rivet shanks is fto tear most
of the load, then the stress will be higher
on each side:of the rivete, with 2 consequent
‘Gecresse of Biress between rivets on the
rivet line, Thils ¢ contrary to what was

observed in the present teets, hut appears ‘o

be entirely reasonable, especially after the

joints have Teen subiectel o heavy loads whieh
would tend to force the rivets iunto contact

¥w1ih the hole walls,
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(6) gne illustration served to sugges?
that‘rivets wnen loaded to thelr elestic limit
as shown by caleulated velues have itvo
poesible sctlone, first, resisting the load
ﬁitﬁ tﬁe Yelp of frictlon on the surfaces of

the members held, and second, ylelding to the

load untll other rivets in ike growp besr

encugh load to relieve the over-stressed rilvet,

S
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///éj5>i/%¥?£@4/bg /
) z,&// Zfé”z /é} !

/’




Test made to deternine slip on 3 riveta f: s 1 ‘ Gb‘jf
‘ Load increasing - reaé asw3,~ T Loed aecreasing - ree& vp.

zoad Reading on Reading on Average, load Re&ﬁiﬁg on Rea&ing on Average o

Bdge: AN,  Rdge "BM,. Edge "A",  Edge "BH,

1 0 0 ) 1 500 438 469

2 10 1 .5 2 510 L5l 4go

3 16 3 ' 9 z 525 Lok Lol

20 8 1k 5%0 W78 509

5 25 14 19 5 552 489 520
b 30 21 25 6 563 500 531

7 35 29 32 7 579 511 540

8 41 as , 9 8 590 522 556

9 50 ‘ 1 8 9 600 532 576

10 58 57 57 10 610 - 542 576
13 66 68 67 11 623 551 586
1z 78 78 78 12 631 562 596
13 100 91 95 13 642 570 606
14 122 110 116 1k 6h9 580 61y
15 142 130 136 15 654 590 622
16 172 ‘ 158 165 16 670 597 633
T 19y 178 186 17 679 602 640

18 219 201 210 18 6gg 613 650

19 . 242 227 23k 19 69Y4 620 657
20 269 250 259 20 700 628 66y
21 291 272 2g1 21 707 63k 670
22 313 296 304 22 112 642 677
2 338 318 328 - 23 719 6k 38
2 360 343 350 24 725 658 691
25 82 368 375 25 730 663 - 696
26 o4 83 96 26 734 670 702
27 429 12 20 27 ‘ 738 675 706
28 450 433 Ly, 28 682 714
29 477 458 467 29 7u? 6ge o7
30 %99 Lg2 490 30 759 692 21
31 523 502 512 31 754 697 7285
32 549 B30 539 32 757 700 728
33 - 572 550 561 3 757 705 732
3 597 575 586 3 764 - 710 ‘ 737;.<35_
35 621 588 60k 35 770 717 : ‘
36 6k b2z 635 36 772 720 7k6 o
37 675 ol 661 37 115 724 THe
38 700 680 690 38 769 740 T54%
39 735 - 705 720 9 769 735 752
ko . 169 135 752 - e 769 735 152

The loed given 1s ths sciusl totsl load on the Joint in thowssnds of
aounds, and the readings are measured deflections from a starding point at
one thousand pounds load, shown in ons-hundredethousandths of an. inch,
There are no reverse readings, since & Joint slips but once,




Dest mads to determine slin on 5 rivets,

Load, - “Reading on Reading on ) Average of

Edge A. Edge B. Readings,

1 0 0 0

5 ' 9 15 12
10 16 27 21
15 28 38 33
20 4o | 51 46
23 | 50 . 60 55
25 o 52 | 5 5
27 | 89 68 o 6Y4
29 63 N 73 R 68
31 69 18 7
33 T4 84 79
35 80 90 85
37 | 86 | 98 | 92
39 101 117 109
41 - 127 - 14 | 134
43 153 | 171 162
k5 : 191 ‘ 210 4 ; 201
y7 22y 259 245
49 251 318 28y
51 305 ’ 361 333
55 313 413 393

The load is given in thousands of pounds, and the readings ;‘fi ;f

are in one-hundred=-thousandthy of an inch,




 Readings Recorded in Test "AY, Specimen "A, Face No, 1, LR
asi:ionf Applied load in thousands of pounds, |
6 , ‘
nstrit, 1 3 5 71 9 11 13 15 17 19 21 2% 25
This section teken to determine the modulus of the cenire plate,

A 100 90 & 79 77 15 T4 70 69 66 63 60 58
B, 100 78 71 68 64 60 59 57 55 5% 52 51 KO
. 100 85 €0 77 72 70 68 65 63 Gz 61 60 A”9
D, 100 €2 78 74 72 69 68 65 6 65 62 61 60
T, 100 82 77 72 69 67 64 62 61 60 59 59 57
Fo 100 78 72 69 66 62 60 59 59 H5&8 57 56 54
G 100 &5 80 78 75 72 10 70 - 69 68 67 67 63

section 2, DTaken between the two rivebds farthest from the splise.“;i

Ao o 7 10 11 1% 18 13 20 21 =22 2k 27 =28
B. 0- 2 5 & 10 12 15 18 20 2%} =22 25 28
G o 5 & 10 12 1% 17 19 20 22 23 .25 27
D, o 3 6 & 9 1 1w 15 17 19 =20 =22 23
E, o 6 & 11 13 iy 19 21 23 25 28 29 30
T, o 7 & 11 12 15 18 19 20 22 2h 27 29
G, o6 7 9 11 12 15 18 19 20 21 24 25
$ection 3. Taken between the two rivets nearsst to the splice.,
A, o & 10 15 19 21 2% 28 31 32 34 36 39
3. o 5 9 11 15 19 =20 23 27 2 31 34 38
. o 6 9 11 13 17 20 21 24 27 30 32 37 -
D, 6 6 9 10 12 13 15 18 1 20 20 =21 2L
B, 6 % 7 10 211 13 17 19 20 20 22 24 28
F. o 5 9 12 1% 18 20 21 23 25 28 30 32
8. o % 7 10 12 15 18 20 -22 23 27 29 31
Sectlon 4, Teken directly over the splice,
A. c 2 6 9 12 15 19 21 24 28 31 7 W1
B, o 2 7 10 13 19 2 27 29 32 3 2 0
c. o 2 71 10 112 17 20 22 26 30 3 39 3
Do o 2 7 10 12 18 20 23 27 30 33 33~ ho oo
B. o § 9 11 15 19 22 26 29 31 36 0 45
T, o 6 g§ 11 17 19 22 26 28 31 34 39 k2
G. o 3 & 10 13 17 19 21 23 26 29 31 37

The instrument positions A, By, G, -~ etc,, are shown on FPlates 1, 2 and 3;  f




~ Readings Recorded in Test "a¥, Bpecimen W', Tace No, 2, .
‘Poé‘i‘t‘io‘n SIS L Appl‘ié&“Léé&in ’f:rhmisséza&é éf'pﬂé‘un‘dég 2

oef S RS B ‘ ‘ : :
Instrtt, 1 3 5 7 9 11 13 15 17 19 21 23 25

Bo 100 110 108 1ok 99 89 81 75 67 61 55 Lg
Ce 100 104 102 99 94 g2 77 71 &4 59 51 Lg
Do 100 110 106 102 98 93 g& 81 74 68 62 BT 53
. 100 10¢ 1ok 100 96 91 &5 79 73 67 60 L9
F. 100 111 109 10% 101 95 88 83 77 71 6% 59 33
G. 100 104 102 9993 g8 81 . 75 69 62 64 L9 3

A 100 102 101 97 90 sg 77 71 61 61 57 51 g
9
89

Section 2, Taken hetween the tWo rivets farthest from the splice,

Ao 0 =1 '0 0 1 2 3 4 6 7 z 10 11

B, 0 =4 w3 3 0 0 O 2. 3 E : 6 1

C. 0 =3 w2 &1 0 0 1 2 ~a Yooy 6

D, 0 0 1 1 2 % 3 E ! 5 6 6

B, 0 w2 0 1 1 2z 3 6 7 -8 9 10

., 0 =2 0 1 1 2 3 4 5 6 8 9 10

G. 0 -1 1 1 1 2 3.4 5 6 7 9 10

‘Section 3, Taken between the two rivets nearest to the splice,

be 0 =2 «l 0 2 B g 11 15 20 21 28 27

B, O 0 1 L4 6 9 11 1% 18 20 24 27 29
0, 6o 0 1 2 4% .7 9 12 18 1&g 21 2% 25

D. 0 =2 =1 0 1 2 i 6 9 11 1% 16 17

o 0 «1 1 1 3 5 g 10 12 16 19 20 21

F. 0 0 1 % 6 10 13 16 20 23 26 30 31

G, 0 2 % 911 1% 17 21 25 29 31 35 37
b Section ¥, Maken directly over the splice,

Ae 0 2 4 g 11 16 19 24 28 32 37 k2 46 ‘

5, ¢ 4% 8§ 12 16 21, 25 29 34 ﬁs b3 K6 g
Cs 0 3 8 12 16 21 25 31 35 1 4 47 82

D, 0 2 % 7 12 15 20 26 31 36 4 4 51

£, 03 7T 10 1% 18 24 30 33 Lo Y45 Lo 10

T, 0 2 5 g 11 15 20 gk 30 33 39 k2 7

G, ¢ 3 5

g 11 18 20 2% 29 32 36 41 ks




S Reaéings recoréeé Aﬁ Eest “Bﬁ, Sﬁscimeﬂ “A“
Gauge piaca reverseé from ﬁositian usee i? Test ﬂg”:“

osition

- Faee Yo,

o

plateg ‘f“i

gpplied load in theuseﬂas of noundﬁ,
of . ~ ‘
Instrlt, 1 3 5. 7 g 11 13 1% 17 19 21 2% 2§
This section taken ts fetevrmine the Koduolus of the centre
As 0 10 16 18 20 g2 25 26 27 29 30 31 32
B. 0 18 22 24 27 30 31 33 35 36 38 39 Uy
. 0 1% 17 20 21 23 2% 27 28 29 30 30 31
Do 0. 13 16 18 20 21 22 24 25 268 27 21 29
B 0 16 20 21 23 26 27 29 30 30 31 %2 34
- F, 0 1% 19 213 23 25 27 28 30 30 31 32 34 .
G 0 11 % 16 19 20 21 23 23 24 26 27 30
Section 2, Taken beitween the iwo rivets farthest from the eplices
Yy 100 80 72 69 64 61 59 B6E BU 52 BO ho
Bo 100 78 71 68 64 61 60 BT K6 53 51 50 49
C. 100 78 70 68 64 61 60 60 6O 59 54 B3
D 100 79 74 71 68 65 62 62 61 b0 6@ 59  B7
. 100 86 73 70 67 63 61 60 60 B9 BT 56  B§
¥, 200 79 72 69 65 €3 60 60 59 &7 55 Bh 52
G, 100 80 T4 71 69 65 64 63 61 60 B9 BT BK
Section 3, Taken between bthe two rivets nesrest to the splice,
b 100 79 72 67 63 60 B6E K1 ko L3 g? 34 33
B. 100 75 70 66 63 A9 KBS K0 4§ U3 Y 35 ‘32
G, 100 78 73 70 65 61 60 RE 53 50 he.
D, 100 78 71 70 68, 66 66 63 36 E B3
B, 100 72 7H 70 67 64 6O gs - B3 g 5 1 39
¥, 100 74 70 62 f2 B] B2 9 is o as 32
. 100 69 64 61 By Bh Bl Lg o 36 3k
™ Sectlon Y4, Tsken directly over the splice,
A 100 72 63 58 52 47 39 34 30 21 1k 10 6
B, 100 73 65 60 53 L9 42 36 30 27 22 19 S
Co 100 70 60 5% Hg ¥ 36‘ 30 gk 20 13 7001 00
D, 100 73 67 60 52 Up 0 35 30 22 18 13 10
2. 100 74 66 60 B4 W9 Wy ?9 34 30 25 21 19
7. 100 70 62 57 53 49 WL 39 35 30 27 23
G 100 §0 70 6% B0 55 50 Ub 31 39 33 30 26



o - ‘ 65
Eeadings Reca?éeé in @est “B“

:Snéblmeﬁ “&"“ Face No, 2
Gauge Place ‘

revezsr& from ro%i%iﬁn need iﬂ lagz‘ﬂﬁﬂ‘

CPoaition

Appliai lozd in thousands of pounds,
of : ‘ :
Instrte, 2 3 7 9 11 1% 15 ‘17 19 21 2%
This section teoken to determine the Wodulus of ﬁﬁe cerire plate,
B 0 0. 3 9 12 18 24 30 37 Lp E 38 €2 -
B, 0 =2 =2 1 7 1 17 22 29 36 2 9 - B3
e, 0 w8 w2 2 6 11 1% 19 2% = 29 Eh Eg ke
D, 0 7 =1 3 g 13 20 23 30 37 2 g 52
1, 0 «10 =7 0 3 9 13 1& 23 30 37 42 kg
¥, 0 w10 =7 0 3 10 17 21 28 33 ho M7 sl
G 0 0 2 g 12 20 25 3t 39 43 B1L B b2
Section 2, Maken bebtween the two rivets farthest from the splice, .
As 0 w20 =22 25 27 228 .28 .28 28 .28 26 2% .21
B. 0 -20 =22 .23 24 .2k .27 .23 .22 Pl 21 219 .18
Be o «19 -l? -519 wel —20 =2l ~20 mgo w:;.g a‘lc} wlg .‘l?} i
To 0 w16 w18 .10 .19 18 L18 w17 .15 14 .12 211 .10
Fa 0 =20 21 =21 =21 20 «19 ~1f 17 .15 =13 =11 .10
G. 0 wlf w18 18 .19 .18 18 .16 w18 w13 L1l =19 .9
section 3, Taken betvween the $wo riveits nearest o the splice,
A, 0D wlf w18 w18 L1E 218 »17 =16 213 213 -12 .10 .9
;8 0 =19 w20 w19 «19 18 217 =15 =18 L1211 2100 .7
C. 0 =19 =19 =19 18 L1 =18 w15 =10 Q120 .11 w100 Ny
Da 0 =18 w18 W18 C1E L1700 wlf L1B w1k L120 w12 w11 L2100
B, 0 «17 =17 =17 =3B w13 12 211 210 0 w9 L LT =W
T 0 =19 =18 =17 =15 13 .31 L1000 w0 W7 WB . uP 1
G, 0 =19 .19 ~18 <36 =13 11 L0 .9 .7 w3 .12
Section Y, Teken directly over the splice,
A 0 =20 =21 w21 20 20 =18 A7 -1b .12 100 .8
B, 0 =19 w20 =19 =17 ~15 12 10 0 =9 0 =7 3 0
R 0 wlf R1E =13 .10 0 29 w8 b w2 0 38
D, 0 15 1B L3t Le oL b L1 2 g 11 18
B, 0 »12 12 <11 &9 .~ 7 b L2 1 3 g 11
F. 0 =311 =31 «10 =9 - 7 =4 .1 o] 3 8 1l
G. 0 ~10 «10 .9 .8 . 5 .2 0o 1 g 11 15




;‘AEEaging& Revbrééiiiﬁ

Poaltion
of

Instrtt, 1

’ Section

A,
B
G,
D,
B,
f‘o
Ge

DOO0OC OO0

Séc%ion

As
B,
Ca
.
Eo
r,
Ga

OCO0O00 oD

section %, Taken

A, 0.
B, 0
C. 0
1. 0
;QB O
¥ea a
R Ge O

“gplice, #ince the Section
“fhe values obtalined ir the test mentioned will te

taken there.

@esé‘

”Gﬂ

qﬂ&ﬁimﬁﬂ

n;ﬂf

Apnliea loa& in thcusands of poundsa;‘

33 27 ‘ i

farthest from the spiice,“;
15 1
15 17
15 1t
13 14
12 13
15 1k
8 9

‘Facs Yo, 1,

two centre rivets,

5 9 1% 17 21 25 29
2, Taken between the two Tilvets
9 12 13 13 12 12 1%
9 b k1% 33 1k b

6 10 13 13 10 10 12

6 10 12 11 i1 12 13
5 10 11 11 10 10
6 9 11 11 11 12 1k
6 8 7 7 7 8 8

3, Taken between the

g 10 13 16 19 21 26

7 9 11 ik 17 20 22
g 10 12 1% 16 19 21
7 9 10 - 11 12 15 18
7 10 31 130 015 17 20
g 10 12 14k 317 20 22
‘g 10 10 11 ko160 19
between the two rivets

10 4% 17 20 2k 27 31
10 12 s 19 22 28 33
710 10 13 17 20 2%
7°10. 10 10 12 15 18
7 10 31 e 1518 21
‘9 10 13 a5 1€ 0 20 23
% 12 1 19 20 25 o 30

Noteg

30
26
2u
20
23
26

21

nearest the spllice,

38

39
28
20

57
29

33

33
30
28

23
26

2

il
e

23
20
e
37

There ves no Sectlon B taken over tha

veed in conjunction with the above values to give
of load over the varicue sectlons,

L of Test Ma¥ for the same specimen Wos

the distrd hu%ieﬁ o




.
~ Readings racorded in Test hgh, Soecimen "AM, Face Wo, 2.
Position

o of
Insbrts, 1 5 9 13 17 21 2% 29 33 27

Section 2, Taken boiwaeasn the two rivets farthaest from the anlise,

2 0 .2 0 7 12 13 23 28 32 35
B, o 0 1 3 16 21 28 31 3L ag
¢. 0 3 5 11 20 25 30 34 33 -
D. o 0 2 9 15 2y 26 30 32 37
. 0 1 5 10 1¢ 23 29 32 36 Lo
T, 0 4% g 13 19 23 29 32 37 Lo
Go O 0 4 20 15 p0o. 2k 29 32 37

Section 3, Paken baitwean the ¥70 centre rivaebs,

-

W% 21 28 32 39 43

0 1 7 49
B, 0 1 & 15 21y 29 34 0 46 ‘go
Cs 5 0 W11 19 23 30 3% 4o Y
D 0 2 7 13 18 27 31 36 41 kg
B o 2 7 13 20 27 32 g b2 o ug
T 0 3 9 16 22 30 36 1 47 Bl
G, 0 3 9 17 21 30 34 W 45 50

Section Y4, faken baitwesn tho two rivebs nsarest the svlice i

Ag o 'k 11 20 30 k0 49 57 65 71
B. 0o 2 8 11 2 33 L2 0O 8’6 6
0. o 2 & 17 24 32 40 7 25‘ 61
D. 0 -1 6 13 20 26 31 36 2 ug
E. 0 a 10 18 26 33 41 BO 58 63
v, 0 11 20 28 37 44 o s2 1 - 70
G, 0 2 10 18 27 35 42 50 K& 63

See note on Sebt No, 1 regarding Section 5,




"Summaryfoﬁ:rea&ings;?aken 0n~three[riv€ts;f rS?edimeﬁ WA“{ :
o Pest Mg Sl sty G =
Net Load, o gection
2 ‘ 3 ' Y ¥
g ‘ 20 0 uo 0
- - 23 35 1 71
Y Wy 65. 94 128
s 6% 99 137 178
g 87 129 183 234
10 : 110 168 o 2hks 292
12 130 . 208 298 347
1Y 153 242 54 4os
16 172 280 06 509
18 1¢8 293 460 509
20 207 347 521 562
2z EET ‘ J82 - 579 611
24 247 oo 640 657
Test HBM ‘
0 0 0 0 0
2 13 36 54 13
Y "3 12 2110 135
6 67 102 162 187
g 87 139 205 21
10 111 151 258 290
12 125 196 307 351
1k 138 225 35“ 399
16 157 252 . 07 - 4m3
18 ~ 170 295 - 457 509
20 o192 o 332 510 RT3
22 : 210 368 559 - 628
ol 229 394 606 581
Average results of Tests “4Y and HBH, ‘
0 0 ’ 0 X o 0
2 18 35 : 47 72
R ‘ 51 b8 102 132
6 67 100 149 183
8 87 1zh 184 237
10 110 165 251 291
12 127 200 302 49
14 U5 233 g5a 02
16 164 256 06 452
18 179 294 459 509
20 199 339 515 566
on 223 375 569 . b2o
ol 235 405 623 669

The net load 1s zlven in thousands of pounds, and the readlngs -
given are the average of 14 readings taken at the load and sectlon
indicated, Thus the average of Tests WAt and "B% is actually the
average of 28 readings for the game section abt the load shown, ‘




Readings Eeccréeé in WFﬁﬁ ﬂAﬁ &pecimgn uBn Fécs‘ﬁo!fig = ‘~{L:€?l{

Positicr : - Awniied 1ﬂad in ﬁhousmnas of pounds,
~ of T :
‘ In%tr?t 1 E -9 13 1? al dﬁ : 29 33

This gsectlon itaken to determine the Modulus of %he centre plat@

A 100 9% 90 g7 & 79 77 11 67

Be 160 g4 g0 87 82 & 78 7 70
6. 100 93 g7 gk g 79 78 7 89
T, 100 96 92 g8 gk & 7% 75 71
T, - 100 92 89 g6 82 g0 77 1% 69
T, 100 97 %2 90 g5 81 79 17 71
G 100 97 92 89 87 81 80 74 71
Section 2, Taken between the two vivets ferthest from the gplice, e
A, 100 96 92 91 g9 &9 89 83 90 e
B, 1000 97 92 90 89 g& &7 87 88
¢, 100 97 92 90 g9 sg 88 g8 88
D, 100 97 92 90 89 88 g8 €8 88
B, 100 66 90 &y g8 g7 gk gk gh
¥, 100 92 89 g7 84 g2 g2 gL B
Go 1060 97 9% 92 91 9o 89 BB 8%
Section %, Taken bstween the two centre riveis,

As 3100 9% 90 &5 @Bl 78 73 70 68
B, 100 9% -gg gh &1 78 TH 71 69
Ce 100 96 90 8 8 719 77 13 71
p. 100 97 91 8 86 g2 €0 78 76
Z. 100 97 92 90 g7 82 80 78 77
¥, 100 95 90 87 82 79 75 71 09
G 100 98 92 g9 83 80 77 T2 70

Section U4, Taken between the two rivets neaze%b‘tne snlice.

A. 100 97 90 84 79 72 69 6O 67

B, 100 98 91 87 g 75 - 69 61 BB
S0, 100 98 92 g9 83 79 72 67 - 61
D, 100 97 92 g 85 7% 75 71 €8
g, 100 97 92 89 85 80 73 69 62
¥, 100 95 90 &5 79 Tk 68 60 56
¢, 100 95 90 8k 80 T 68 61  BE -

Section K, fsken directlv over the splicr

-

he 100 91 &3 7% - 72 66 By B2 W7
B, 160 91 sg 79 70 64 58 ‘Eo 47
g

Ce 100 81 78 70 62 B 4o
De 106 90 82 74 €8 60 52 u7 ho
o 100 92 g5, 78 70 62 56 go

F. 100 91 &b 79 710 6% 87

G. 100 g2 85 g2 77 70 he 50




o

Read&n@s Reéoraea ir @eﬁt ﬂgﬁ &@ebimen ”B“ . ?ﬂce wg 2,
?oaiﬁion ““ épﬁlieé 103& in thousends of bounés ; i
of :

Inetrts, 1 5 9 1k 17 21 25 29 33 | o
' Thie sectlion teken fo determine the Hodulus of the centre plate,

A, 0 1¢ er 33 Wy 60 72 €6 97
B, 0 10 21 32 k6 59 72 83 95
(o 0 7 20 31 4y B Jo &1 92
D. 0 12 23 33 s 59 70 8L 92
B 0 7 17 21 39 50 64 7% &5
Y 0 10 20 - 32 L 87 70 83 93
Go 0 10 21 3% kg BE 70 83 93
gection 2, Taken between the two vivets farthesd from the splica. Sy
A, o b 7 10 13 1&g 21 26 31 ~
B, 0 5 g 11 15 19 23 28 31
G 0 g 610 15 18 22 26 30
D. 0 6 10 13 18 2) 25 29
B, 0 2 4 9 13 18 21 25 30
¥. 0 <1 0 H4 9 -12 17 20 2%
G. 0o 2 6 9 12 17 20 23 27
: Sectlon 3, Teken bebwwen the tWo cenire Tiveis,
b 0.k g 12 1 23 29 35 ko
B, 0 3 8§ 12 19 25 30 38 41
C. 05 9. 12 17 el 26 31 36
D, 0 5 7 10 15 18 22 21 3
B, o & 9 1p 15 21 27 33 37
¥, 0 4 9 14 20 8 30 35 1
G, 0 5 9 1u‘; 18 g8 20 33
- Section Y4, Taken %eswsen the two rivets nearest to the splicé, R
A, 0 & 14 - p0 28 “33 uu ; 60
B, 0 9 1k 20 27 Z 60
C. 0 5 g 13 - 20 33 0 hg
D. 0 E g 10 16 20 26 23 4o
Fo 0 10 1k g0 26 358 50
7, 0 ¥ 10 186 g2 30 37 5 B3
G. 0 7. 10 17 g2 30 36 0 W3 50
: Section B, fTaken a*recfl; over the splice,. :
A 0 g 18 26 34 w1 52 63 TH
B, o 7 15 23 32 M 50 63 73
. 6 9 18 27 37 4 57 66 78
Da o 9 17 27 35 4 55 65 Th
i, 6 10 19 26 36 45 5h 62 73
¥. 0 8 16 25 35 43  s52 6 7
¢, 0 9 16 23 32 W1 5 70



Rea&iﬁag recordac iﬂ Teq* “B“‘ Sneczmen “E“  Fece ﬂﬁ;~1;‘ L
Pasit;an ‘ Annlieg 103& in thousfnds of nouna«“
of . ; ‘ ‘
S Ingtris, 1 6 11 16 21 26 31 56 L1 %6

Section 2, Taken hetween the two vivets farthest from the snlias,ﬁ‘fj:;

Ao 0 9 16 23 30 35 M1 Lg 52 59
B, 0 9 1k 22 30 35 41 L7 51 57
c. 0 11 17 2k 31 37 L3 49 52 59
D, c 9 15 21 29 34 42 b9 52 58
T, 0 g 16 23 30 %9 bl 51 58 62
F. 0 10 . 16 - 23 30 37 U3 49 I 59 -
G. 0 9 1% 20 27 33 39 - Wk 9 54
Section %, MTaken beitween the two rivets seconé farthest from the splica,
be 0 1l 20 28 36 U5 5Y 61 7 16
B 0 11 21 28 37 by sl B2 68 77 o
G, 0 10 1€ 27 - 3% - 42 49 57 65 70
D, 0 g 1% 20 26 ﬁa 39 L5 5L 56
R, 0 11 17 25 31 . b 46 53 60 66
CF.oo 0 10 18 2% 32 W b7 o 53 6] 68
. 0 9 16 2l 30 36 L5 52 58 65

section Y, Taken bebtweesn the tno rivets second neavest to the splice,“

Eooo oo oH % M 5 8 RO

B, 20 : f 53 T

oo B BB OE 3R oR oZA

g, 010 ~16 23 30 38 U7 gﬁ G270

¥, 0 10 16 za“~ 30 3? ke B3 61 70

Go o 10 17 31 O 50 57 oY (A5

B Secﬁiun 5, Teken hetween the two riveus uearest‘to the snliee.  ‘:

Ad 0 10 20 30 39 2 60 81 93

B, 0 10 20 29 36 6 ‘ 66 17 87

G, 0 10 16 24 31 EO B9 69 76
D, s ‘3 ‘ ‘%3 ‘ e %g Cdg e ?2 ‘ gi‘ 13? .

B, N : : - ; : 0 :
F, 0 10 18 25 3 ‘33 53 63 73 . 81 -
g, 09 1% 22 30 % 50 60 TO ‘80

No section was taken @irectly over the splice in this test, since -
‘readings were already teken at that sectlon in Test HA", The latter
~readings ars combined with those given above in order to produce the

necespary dats, :




Posif
of
Instry

Ab
B,
Ga
Ds
E.
Fe
G

iOﬁ~

Ti, 1
Section 2,

,OOO-OOOO

Anol*ec 10:& in %houSFnac of

c

Teken

Wbﬂb4HF0F‘m

11

ketwseon

QOO O

16

’HOOHMNW

dl

26

Readiﬁgg Eecoraed in Tes% ﬂBn, épegimgn gﬁg

Y

¥ece No, 2,

%

pounds,

4

L6

the two rivets farthest frow the splice,
411 the resadings in thie section are negatlivs, indicabing compression,

O OO N

NHNM\NW.&‘

2 Rav} N\N\mm—d

wWoown e G

wmmm—a—-.am

’ I‘\)NU\\J‘!M-—-&@Q

gection 3, Taken between the tvwo rivsts pecond favrthest from the spliea, e
Thene readings &re voeipiveﬁ

As 100 =1 99 98 97 92 91 g9 - &7
B. 100 100 . 97 93 91 89 87 85 &2 79
0, 200 100 98 97 95 93 92 90 39 86
Do 100 100 98 97 95 92 92 91 g9
Be 100 100 99 96 93 %0 - 89 &8 ;ss 83
¥, 100 100 97 9k 91 90 g% - 8] &4 81
G, 100 100 9% 95 92 .90 90 &9 86 gy
Section Y, Taken betvween t“e‘ﬁﬁo rivats pecond nearest %o the splice,
A, lo0 93 93 .90 87 84 g0 71 T2 Lo
B, 100 100 96 9 90 88 86 82 79 15
. 100 100 97 9k 91 90 88 &5 82 79
D 160 10c 99 .97 95 93 92 90 8% 87
X 100 99 96 92. 90 88 85 €1 79 17
¥, 100 99 9% 91 B 85 81 79 75 TH
4. 300 99 95 91 g8 85 81 719 715 71
" seckicn 5, Taken between the two rivebs nesrest tc the s;licé,‘
A, 100 97 91 &7 8L 18 13 70 61
3B, 100 99 93 90 8 82 79 75 71 68
0, 100 100 97 93 90 89 8 83 82 &1
D. 100 99 97 94 91 90 90 89 &7 &5
T, ‘300 99 G6 92 91 g9 88 84 82 79
¥, 100 99 6% ¢o g8 g4 81 78 72 69
G. 100 98 91 & 8 79 15 70 66 60
See footnote on set No, 1 of thig test,

except where shovwn,




‘ ‘ ‘ : : ; . . ;f;‘75?é
“Summpry of distributlcn Gf load b@%ﬁeen riveté ior Speciman ﬂgﬂ 3=rivs%s¢" 

4p 29,2

In all ceses the net load is given in thonsan&s of pounds,

12
16
- 20
.
28
32

3&6&

Lga

Test “A“ S Test “B“ R “‘Ave;dge,‘
S Net Percentage of total load on rivet number: Net .
Load 1 2 3 1 2 3 12 3 Losd ..
2 56e 1 29,3 14,6 2,1 H2.5 33.& 38,% 36,1 25,6 2
4 2,1 17.0 30,9 48,1 17.3 34,6 0,0 16,7 33,3
6 % 6 22,6 27,8 Wb 21,6 37,0 geo 22,2 32,8
g 47.5 23,0 29,5 ke, 25,4 37,2 N4 g 242 30,9
10 Lk, 8 23,7 35,5 k3,0 19.% 37,6 U3,8 - 21,9 34,3 10
12 43,6 25,1 31,2 HO,7 . 23,1 36,2 k2,0 24,2 33,8 12
14 42,2 gb,9 31,9 39,0 24,6 36,4  NO,0 24,8 34 2
16 o,k 26,6 31,0 38,6 23,3 38,1 40,3 28,1 < 3W, 6 16
lg uosg 2209 3643 3?‘2 2703 ) 32015' ’ 3901 : 2551 33:8 : ~ ‘
20 39,7 26,9 33,4 37,7 27,5 34,8 38,6 27,2 342 20
22 ho,8 25,0 342 37,5 2g.,2 34,3 39,2 26,7 34,1 22
ek 38,6 ~26.¥ 35,0 37,8 - 27,2 35,0 38,2 26,8 35,0
Suwmary of diSbTib’t‘Gn of 1090 for four rivebs, - 5
Tegt 0", Bpecimen MAW, = : : Tas+ “A“, bpecimen 33“
Neot ‘Percentage bf total load on rxve% number . :*‘
‘Load, 1 2 -3 b 1 2 30 0H
) 52,0 11,4 10, & 25,4 38,2 8.9 4,9 - hg,0
g 0.,6. 10,8 - 11,8 26,8 Y421 12,7 5.7 39,5
12 9.7 ‘9.3 11,9 29,1 40,8 ‘1252‘ T3 39,5
16 48,0 949 13.1 29,0 38, 16, 9,0 36,1
20 43,8 17.1 11,6 29.5 37e 16,0 12,7 33,9
eh o oh2os bk kh o 13,6 29,2 35, 4 17.7 15,2 31,7
28 h1,6 15.9 g7 27,8 33,9 19,1 ‘17§E‘~ 29,5
32 . 39 3 17, 5 16,3 26,9 32.3 18,5 19,4 29,8
gummary of distribution of load for fiv@ rin%s. R
Test hgh Specimen. 30, -
“Het o ~ Eefeentzga of total Iosd on rivat number.
Load, 1 2 3 45
5 o, b 8.5 E,o 0 W61
10 22,4 26,7 03 2,5 TS |
15 34,8 ilhe2 3.5 4,0 43,5
20 35,2 13,3 3.5 5,0 h3,0
25 33,1 15,7 3.1 2.5 42,6
.30 31,7 16,3 Bal s 8 L2
S35 30.7 16,3 6.3 5e b1k
“ho 29,4 18,1 5. 9 6.3 b0, 3
18,0 5,9 6.6 bo, 2




“ *ﬁ1Z%i;f

Summarﬁ of reaaiﬁgs token on L ar& 5 Rivets,

1“ Ei‘fﬁ?tﬁ o fand ﬂgﬂ’ Spegimen f’BHa
et Lowd, Bectlion,
2 3 T 3
0 0 0 0o g ‘ g
4 47 58 6l 123 103
g 96 125 134 228 211
12 13k 172 199 28 311
%g ~ ‘ é?é z : agu ‘ Wy 42
0 OE 297 308 556 537
- 238 357 459 672 640
28 268 419 ‘537 790 754%
32 295 heh 813 . 859
4 mivets, Test M(M, Epecimen DA
ho B3 6K 76 109
g 98 119 142 194
1z 150 175 ‘ 21k 302
16 : 19; ‘ ? 288 06
20 206 364 ~ B15
24 267 i Yz 623
28 301 16 K21 723
32 335 0 h7d 509 828
36 - 367 B30 - 682 933
‘ 5 Rivets, = Test "B#, Specimen FRp¥_
Net Loaa. L .
? 3 oo g 6
‘ 5 ] 69 76 76 il
10 63 - 138 150 187 281
15 1h7 207 222 239 ‘ Y22
20 198 ?73 293 - 321 563
25 233 a i = ?65 oo WO ?03
300 26T HO4 47 Lgg B
35 302 W62 B2k 576 . 98
o - 330 B33 599 670 -~ 1la2hk
45 371 599 CBTH 757 1265

Col, 6 is taken by irterrolstior fzom shast K hﬁ,

Col, B Test "(¢H, Hpecimen "AY, s teken by interpolation from.
velues gilven for thet section in the tests for 3 rivsts,

The net loads ziven are 1n thoussnds of poUﬁgq ‘ ‘ :

The valiies are the sum of 14 readings for the load and sectlon

indicated,




ﬁeaﬁings ﬁseorﬁ@b iﬁ Teﬁt “A“, ﬁﬁccﬂman ﬂﬁ“

‘E%ﬁé]ﬁe,
Pesitioﬁ ‘ gpylie& loa& in tnoueanas of §ou§&s, ‘~ ‘
of : - ERI o S : e
Inotrts, & 11 1€ 21 26 31 36 L1 L5
Section 1, For locatlon seec draving of Srecimen ﬁc"
Ae 0 9 14 17 13 10 7 2 -2
B, 0 9 13 13 10 6 0 =2 w5
G 0 5 8 7 3 0 =3 =9 =11
T, 0 8 10 9 g 0 =5 =10 .12
B, 0 & 1.0 8 0 =5 =11 .1l
R, 0 g8 10 g 2 -1 =8 =12 - =156
G, 0 g 10 8 2 =1 w8 w12 17
H, 0 8 11 9 2 =2 210 =13 o1H
K. 0 B 8 6 1 =2 «9 213 .18
: o Section 2, : B ‘ s ~ i
“he 0. 8 10 10 g Y0 «5 «8
B, -0 9 10 10 g 3 -1 “B w9
-0, -0 8 10 10 & 3 1 o7 =10
B, 0 10 - 1% 1% 11 g 5 0 L2
£. o 8 10 10 g 5 1 =4 =9
¥, 0 g 12 12 10 8 2. =2 ol
G. -0 810 10 7 2 =2 =7 =10
H, 0 -8 11 10 9 5 0 w2 ab
. 0 8 11 10 g 3 0 i~6 =10
: : Section Fa o : Sl s - :
A 0 6 8 3 0 =¥ L1000 Lab o oL19
B, o 7 -8 -6 0 =2 =8 =12 =17
¢, o 7 8 B w2 wE W13 L7
T, 0 6 g 62 =l =7 =11 w15
R, 0 5 -7 5 2 .2 -8 =11 .16
;ﬁl. O ‘ 7 : 9 S 2 nl ‘-2 : : -8 u13 wlﬁ
G 0 3 3 0 4 L100 L1686 .21 .27
~H, o 3 2 =1 =7 =10 =18 0 .2h 230
K. Q0 3 2 oy § u? tn]g ) »18 i b’gL}‘ QSO

The above reeaingg are given in onaﬁhvndredwthousandths of an

dnch,
Summar; of Readinge fiagt "A” Specimen “G“ : ‘
gection, : Applled Load in thousands of pounds, -~
6 11 1B 21 26 31 36 41 L6
1 0 154 208  L19  5%1 " B27 720 €18 909
2 0 57 .93 135 190 - 239 295 347 39k
3 0 39 57 73 %8 133 157 1§17 21

s

fhe minug s;gn oenotcs compression at the lacation showﬂ, .

The figures given represent the sum of nine readings takén at thé;fif i

one section on the ftwo outer plates, snd are thus approximately
glghteen times the actusl average deflection at that section,




e S e e ‘ oole
Readings Recorded in Test Hal, specimen #¢¥, TFace NWo, 2, o

Positlon o kyplied losd in thovssnds of pounds,
Tof : e ‘

CInstyrit, ;‘6‘ 11 16 21 26 31 36 W %6

Section 1, Fecr lececaticn see drewing of Svecimen WY,

Ao 0 10 20 36 5O 65 83 98 1%

Be 0 10 23 Lo 59 76 50 108 121

Co 0 10 28 L g2 77 92 110 125

D. o) 10 24 4o 55 73 90 102 117

e 0 10 20 %7 56 66 - 80 86 - 110
., 0 9 20 35 50 66 g1 96 110

G, 0 10 23 37 52 13 g6 100 132

H, 0 10 20 37 - Bl 67 84 98 111

K. 0 7 16 30 L 59 75 90 10

‘ "Section 2, : s ) :

A0 -1 0 6 1k 2 36 by 56

B, 0 =2 0 T 15 2 3h L5 5L

. 0 -2 O 3 10 20 31 W 50

D. 0 =2 -0 6 14 23 Y Yz - m1

B, 0 & «3 1 10 20 29 39 6

F. 0 =2 0 7 1k 23 34 46 55

G 0 =2 =1 % 1] 20 31, Lo 50

H, -0 -2 0 ﬁ 12 21 33 L3 1

K. 0 -2 o 3 12 21 30 41 - 9

section 3; LR ‘

A 0 -3 “3 .0 9 16 2k 33 40
B, 0wl 1 g - 1h 23 31 4o hg
6. 0.1 0 b1 20 30 37 ks

D. 0 “1 0 4 14 20 30 38 k46
B, 0 -1 0 5 11 21 30 36 47

T, 0 0 1 7 b 20 30 39 kg
G 0 0 i | e 12 20 29 36 o h3

H, 0 «2 =l 2 10 17 24 32 4o

K. 0 =1 0 K 1119 28 %5 4o

‘ . The above readings are glven in one-hundred-thovsandths of an
inch, The minus sign denotes comproseslon at the location shown,

P NN B R T A R T I R R R R I I A A T R R ¢.0 3 %5 3 ey

Summary of Distribution ¢f Toad beitween vivels for Speclmen VQH,

How Actual Load on Joint « thousands of wovnds,
Nomber, 11 16 21 26 31 36 43 46
1 63,0 68,7 67,7 65,3 61,8 58,9 B7.6 56,7
2 oMLY 1R o MR 17,30 16,9 19,3 19,5 20,1
3 25,3 19,2 1r,b 186 21,3 23 B 2209 232

The figures given are percentages of the ﬁata17actual load indicated,
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gEQERMIy£TiOH oF SLIP R %maﬁcﬁ Iﬁ~RiVEﬁEDﬂ$ﬁD ﬁ0i§33 3dINTS;“
| P:afessox We Heibull (g@@ ”TEKﬁIbK ”LE@&R?ET” Jéﬁ;125‘192n)
| Translated for G, W, Garry, Uiiverquy f Manitcba, Dec,'192?;~5
part l. | |
In modern prachbice it is usually admitied

that a stress ﬁransmit%eé from one plate to another by

a‘rivef gives risé %Q‘ahear stress in the rivet shank; S

In %his case 1% mﬁs% o assuned thaﬁ tha rivet~sﬁaft -

in direbt coqtac% witn‘the hole: wall* but with no»

‘rivsﬁing,~tni§ L8 nob quite %rue, ”hs general opiﬂion

is that the nrincigsl forca 1eepirg %ne plates in place

W

~is ﬁhe friction bebtween the plates due %o the tension

in the riveb shank, but in spite of %nis, deplen
calculauions are made hy bearing aﬂd shaar, The two

poiﬁts of- view 1ea& o the same Ponelvsien naﬂaly, that
‘the total crosswsecgional area of the rivets is an
‘important factor iﬂ th? suranwtn of rtweted joiﬂts. ~Tﬁis‘=‘
;conformlty is guite superficial in nature, and the two o

xpoints of viaw nresent different apnreeiations of the

importance of tha press are on the hole ﬁell uh@ oisain iﬂ;‘ji;
1tna ﬁeakeae& plate with one row of rivets, and the st:esses‘ii::fi
in the LiVet shanl, ‘ | “ .

A dlfferent 1dea, which seens t0 be of mora‘
‘imbortance, uses the old Formulae ena dlsreeards tne Torce f;;“

of ?viction in tha contaCu area, Iu haa been suggested




by Prof, Porsell, (2,1,V.V, 1912, pamphlet 12) that
on account of poor rvivet driving the tension
girasses ia the rivet shank and conseguently ithe
resiéﬁaﬂga %o 8lip may.éroy’to a very small valwue,
and ultimately we must devend on the shear stross
in the rivets, At the same time iﬁ should be
pointed out that‘from the pbint»sf r;gidity it would
e hé%t@f if‘a Joint could be made in such‘ﬁ Wgy“
that no sliﬁiné‘coul&‘oceﬁr, and fgrther; that‘;t‘is ‘
now in order %o try to form éome tdes of the extent
of the élip‘whiéh norﬁally pccufs,‘and élso of the |
action due td'the slipa

_“Investigation of‘%hié‘prcblem has beeﬁ
conduciad by Prof, Magneil, (T;T,ygv,‘l912, pamphlet 10)
working on an ordinéfy ri%ataﬂ Joint, Euf‘it‘waé varﬁl :
difficalt to determlne whether and #ﬁen‘the‘rivaﬁ 5
éhaft‘sﬁarﬁsd‘ﬁp carry load, Gne‘metﬁod §f évoidiﬁg‘
influénaa of th§ rivet shaft was usad by  Frsm§nt?‘
(Révﬁe de Metalurgie‘LQLOal; p#i}S-lSh); ana:reférrédlf‘ f?
o ih the ﬁork‘mentionad in conneetion with |
Pfof,‘Forssall;“This method was to turn a ri?etgd
plate joint arguﬁé‘ﬁhe rivet shaft, and thus
datar#lna‘%he mémenﬁ nacessarﬁ'to‘ﬁtért siidingg :To
“accuréteiy debermine ths resistanca to s1ip, ngmdﬁt‘

has sup@oSe& a uniform pressure on the whole contact




a

areg 5etﬁéen‘tha plataé; ﬁawe?ar,‘ﬁﬁe aétuél
pressure 18 at 1%s 2reatest cloge to the rivet and
becomes smaller as the distance oﬁt from the rivet
increasen, fhug 1% hay be possible that the valuas
obtained by Fremoni are not gulte true, Further,
it 1s not certain that the cqefficien% of Priction

1

in twisting is egual to that of parallel sliding,

since the different syressz distribution in the

3
pein
o

plates glves e to wnegual cross-contraction

within them, ﬁremoﬁt!s méthoﬁ ié certainly 11&1%9@
'ﬁo axperimansg ﬁi%h dnly one rivet‘si;ae iv 13 not
posgivle o turn the‘plates 1L more‘than one rivet
i3 used, To determlns the slip reéistancs in
multiple row riveting 1is {mpossibls with thls method,
§t111 anothar nethod and a practical ome to avoid the
influende of the rivet shafi séémé td‘me %o dispensa 
with the rivet shafi and conpensate the internal |
tenslen forces in rivets with external compreséion“
‘foréeé on ?he heéd‘df the vivets as shown i fig, 1,
From an exparimental goint of‘view, this
method gives distinet aavaniaggs. The slip
?esiﬁtanée in sach oo ntact srea can bs considered as
the prcﬁue% of‘tha‘tensioﬁ atress P in the rived
shaft, and the coofficlent of friction u, }(fof %h§

same material can be determined from actessible data




and nay Be‘seﬁtleé Eé the designer himsélfa ‘oﬁ
"the other hand the force P deponds in considerable
degree on the rivéting work, and ver& of ten #1111
avold the control of the designer,

In ordinary riveted Joints, thls made

very large difforences in the resistance to slip,

{In Eremaﬂt!a measuraménts tha resistance variad
between 0 o 1300 kﬁ/cme iﬁ ekacii&‘siﬁilar joints),
Thus the slip is dependent on the differences in P
50 the greatés% extent, By separabting P and &
we have an egportu iiy to £ind iiregularitieg 10
which concesl the'large vafiatioﬁ of P in a real
rivaue Joint, mhen we can,com@ute‘the coef ie;on%
o7 frictlon for a csriala case wiih auffiocient
accuracy, and by means of a static 1nquiry‘iﬂ%o
normal Joints we may f:nally make the comuavi ohs
0f data necessary tc ?ix the value of P, This
pronose& me*ro& made it ﬁ0551b13 %o va;y the
characﬁerzs%ics desired on a plate aﬁd‘to inquire
tnbo Shem ia n gimple manneri 9.8. the‘polishiﬁg
of the céntac% arsa by repveated sliding, treatmeﬁt
of the contasct areas, the age df the Joint, ebc.,

The course of the in"estigation stsrte;

with datefaininw the coefficient of friction AL




for‘uneqaal coaditions, %ith‘knowleége 65 1ta
value, the reslstance to s8lip in a riveted Joint
can immediately ©os determinad from the usual
formulae, By means of installing bolts we can
noew %éll mors exachtly than beforse when the Dbolb
starts to move on account of the large besrlng
gtressaes 1n %the hola wall,

To debermine tha slip resistanée in . a
riveted Joint, 1t is necessary %o know {in
addition to ) abount the bHension shresses in
the rivgt shaft vesulting from ordinary riveting,
Vand the inqgulry about this must Za ma&aﬁcﬁ

ordinary Joints, Thig point is treated in the

second part of this paper,

Determining the frictlonal coefficient,
Avrangemnent of the experiment, e arrangemnant lg

shown 1in Pig, 2.




The required pressurs on tha neads of
ﬁhe riveds 1s obbtained with tbe.arm of a levsr,
Phe forece is produged with the serew {(a) and is’
maltiplied 10 tlmes on the head of the rivets —
ﬁith the 1eveé¢ The screw (D) serves to adjust
the arms of the lever, 7The foree (P) 19
‘measurei with a maﬁometer‘aésigne&‘by‘Profé Krsuger,
‘whc‘had the kindness to plece one of them ab my
dispcsél, ?he manﬁmeter conglanbs of a calibra%ad
‘membrane where the deflsctlon could be resd, greaily
magﬁifie& on a8 graduated glass sube Whisﬁ dontained
mercury, This arrangement was very convenlont bo
nandls, @he‘plates Were subjeéted $o tanS$oh‘in
an‘glfa‘tensicn testing maﬁhiﬂe, fhe dlsplacement
of tae plates relatlive to each other wes measured
gith an instrument gradusbed %o Q;Ol mm, A

displacement of abont 0,003 mm, could oasily be

estimated, ~The instrument was connected to one
’plate‘with tha mo?a%lé pin canired on one of‘the
double plates as seen in fig, 3, By means of a
block the lever arms ware xept at a flxed digtance
ffcm tha dﬁublé plates, This arrangemsnt is shown
in fig. 3. and %, The force W, to apply tenslon

to the plates was obbalned from an electrle motow




giving s mation patwesn the Blocks of the machins
of 1 mm, per minube, With larze loads this drive
was uséd up %o -half of the»slip resistance with a
dpesd of aboubt 2 mm, ner minute and after that the
8lower speed was used, thus keeding %the load in
equilihrium‘with the resistance while tha measura-

mentd ware made,

How aexperlments were zarrled oub:

It was very easy to determine when sllding
‘startad. Just béfore, an elaétie displacement of
about 0,01 %0 0,02 mm, took place, and this
digappeared by removal of the forae, in some cases,
and especially in 15 mm, vlataes permanant sat todk‘
place before sliding occurred; possibly on éccpun%
of ﬁt:aightanigg gub 2mall ~bends In tha plates,
Th;s usually occurred wish the fifst applicatibh‘of
tonstion after placing 8 new spebimen in the bloéks,
The point wherse 9liding starts éas marked in all
cases, usually by a 1little knocks As soon as the
$1iding started, the motor drive was released, DThe
amount of iisplgcement was usuaslly ahdut D,l i,

The measurements ¥wore made ia such a way than when




=3

ﬁl - {},'(3.,,@3;s the centre plate without »ivet hole)
the whole series of meszsurements for Jolnts wiith
the same dimensions were carried through wilth
different rivet pressures withoudt new installing
in the blocks, and without adjusting the plates to

the original startling point,

o
v

The total Glsplacement in thig manne
smounted to 1 or 2 mm, for sach group/of Maasuy @
ments, In the seriss with ﬂi ; 0y adjustment of
the plates o the starting condiiions was made as
so0n as the totsl slidihg was found to be equal

‘to the distance between the rivét‘an& the holé‘ﬁall
in an ordinary riveted jbin%, in hod riveting it
s supposed that this distsnce is 1 bo 2§ of the
alameter of %he vivaet, which in this case would be

0,1 %0 0,2 mm, In each case the load was reloaded

t111 eliding re-~cceurrsd,

Results of leosurements:

The results of measurements on resiatance
to slip are given in ©ables 1-5, The dimensions
and loads stsbed in Table 5 will be referred %o

again, The following marks sre usad,




P = The $0tal force of frictlon i rressure on
‘ the head of the riveits 1n kg,
W = Total slip resistance in kg,

g i 2
f emd, = area of the rivet hole in mm ,

2
wnlt force of friction in kg/fmm .

n

8ﬂ;=P/£

Z? = Wor = vnilt alip wesigtence, or shear {rivet
T area) in kg/mm©, ‘

2

value of the slip in 10 mm,

It

e Y. = ~coefficient of friction,
LA R N o) :

Tables 1, 2, 3, 4, and 5 follow,
In the geries 1 = 3,‘on1y‘the contact

sy ea ba%wéen the plates was Yough, In oxrder to
‘investigét@‘the influenﬁe‘of the contact arsa,
experiments were ﬁa&e; some with méohin@ 01l between
the contact aress, &ﬁ& séme with thoge areas palnted
and drled for about 14 days, Thess résglts are
given 1n ZTable Y, All those meaéurementﬁ ﬁhere
forece P was aﬁpliea diréctly bafpre the test are
denoted in the tshles with "aga : O, %o ingulre
what influence the “age“‘haéfon frietion, Hension
Yepis were wmasde after the pressure P had been
acting:far‘some~ﬁim&, Ehese results wre géate&

in Tadle B, Part of the results are shown
‘grayhically in fig, B ana‘ﬁ. The marks on the

different curves iw in veference %o the dimensions




kR

veted jolintsi eo thet the noted dimensions

fute

sf the r

are in the order § x 4 x dze The marks 10 = 10 x 13

-

thus means § - 10, & —- O, da 1%, fThe curves for
= ~Y3 = Y Co
10 2 6 x 6 end 10 x 13 x 12 are computed after

the method of least squares under assunpiion of

s

¥

linear relation between ¥ and

#

Dlsevsslon of the vesulbay

The measured values of the resisgtance
to slip in some gerles are gulte withouwt any
ordex, Possibly thils verlation Gepends %o some

extent not on the varisitlon of the coefflcient

rictlon, bubt on the diffienlity of exseily

b
o

Gl
2

measuring the fores W, which in the testling

-

machineg uwsel vas obialned with & Tesn connters

ng to be brought in

balance, the latter requiry

=1

equilibriws with ¥, Partlicuvlsarly with large
forces was 1% hard to obtain exset tslance at the

instant of s8lip, The average rvesults plainly show

D

sgme connectlon, nreverthseless, Table & shows
adopted corrsected values fox the sllip resistance
taken from the curves, Tre cuxve for 10 % 10 x 13

o7

or & constant erverw of plus 100 kg,

il

Ty

ig thus corrvected




A conmparigon between thé cUrves &l = 0 and dl 52.
Shows that for small pressures the force of frdction
and the frictlonal coefficient remain consiant,

With higher vresszures ithe coefficient 3ne
creases in those Joints which have no hcie in the centre
plate, It mey be %thet the material 11 the centre v
2 fL 4

216 the holeg in the exterlor plates, and

&
£

on this account makes the sliding more 4ifficunis,

This phenomenom
has a hole, 6n the contrsvy, the coefficient o
fyiction EhOﬁé itsell to advamtage, depending on the
nressure, In sn aciusl uo%nt vie can thus calculate
with & congtant coeffielent of fxiction, Independent
of the tenslon stresses Ln the rivet shaft,

For the materials tested, the coeffl i@ny

&

of frietion for wrought iron asgelnst wrought ivoun is O, 3F. o

L <]

Influence of the thicknsss of $he Llateea

The actual Gietribution of the press ‘in
the contect eres beiween fthe plates dependg on the
thickness of the plates, In very thin pleates the
presgure is ccnaentratéﬁ upon ;‘rhi tively srall araee
ﬁruﬁn& the rivet shafs, In thicker plates the DT 2B UL

becomes more uniformly 3~ﬂtr111tc@ ocver the ﬁholv eon uact

area,




i

Now, 1f the frictional coefficient {eopended
un the uwnlt pressure, the plate thickress wowld influencs
the average value ¢f the cesefficieni, The messurements
show that the c¢oefflelent 18 consitant for all ﬂre;fzres

vsually met with, and that the ihickness of the plates -

hes no dnfluence on the ecslewlation of the coefficlent,

Influence of the diametor of the rivoi:
The measurements show that within the 1imit

1

Tty

of observation srror, the p Yegletance inoressaes

w

with the unit pressure calevleted over the aréa of the
vivet holes ae the sguare of the dlameter, or in cther
vords thet the slip resistance in an actuval rviveted
Joing may be coneldered ss the product of the total
Biress in riveﬁ shait and & friction 3oeffiaient which
le independent of the Glameter of the rived hole, In

thoge Joints wnlch have no Rhole.in $he centre plata,

{an arrangement which has more theoretical interest,)
1% aprears to be more convenient %o caleulate with
the unit pressure in ths rived hale a8 an indepeaden
varladle, and not as in iths arecedlug case with ths
total pressure, i,e, %hoﬁgi the influance 0of the hols
edge increases the coefficient only by ﬂﬁ angunt
corrasponding %0 the dlameter of the hole, practically

the same vesult ig obtalneld iFf the unlt pressare were

taken instead,




Phe influsnee of traeating the eonbacht arems,

It may be geen in Table 3 that with
nlacing machineg oil between the contact aress there
i8 & characteristic increasse in 4the reslstance the
first $ime the Jolnt i3 pulled apard, Afser thils the
cogefficlent saems %o daﬁfeaSQ,. Tha 41
betwéen %ha two csses La very snall, a0 thal tha
coafficient can be vepardsd =29 unchanged in
practicel cosas, ‘Eﬁ any case we neod have ne Tear
that oil between the plates has any bad influaics,
The matter was qulte changed when %he condach
areas wore palnited, which is commonly done to
srevent rust, The paint used was certalnly not %he
best; and on analysis consisted of a large amount
of lend sulphate; but, however, was bought for the
purpose, and mighit Be egual So thal usad Iin most
‘caseé in ?rac%ica; The painting 9as done 80 that
qalte a heavy coal was given, and this dried in
about 1Y days, The resistance to slip was so small
that it could no% bte measured, With a alip rate of
lrmmfmin, the resistanee{mcunte& fyom 30 to‘hO ke,
with a sompression at bhe rivet nealds of ; 1698 ngzg

or tha eoefficient was 1n $hlas case less than 0,05,

3hould the same relatioa Zenerally coecur in palnied

H



T 3

areas, this treabtment would mean an essanilal waakenlns
azening
of the Jolnt, which may hsave further possidlilizies i

the rivset ghaft has an initial strass which liss

close o the yleld noilnt of the material,

Iuflivence of $h1s agoe of the Joint;

&P

Tests we“é nade to asceritaln the chaunge
in slip resisisnce when %he‘force on the rivet has
aactad for some time, and showed an increass in the
slip resiatance of 5% %o 104 (Tadle 5), 1In any
cagse there seems tu be an increase in bthe friction
coefficieng, The values statasd, which are based

apon Mage « OfF seems thus %o keep one on the safs

side of the compubed values in an acjtual jJolat,

£ A3

influence of polishing the contact areas by slidlngg

From fremontte test already mentioned,

1% was shown that the resistance in bths flysd voitation

was remarkably larger than in the following robatlions

with the same Jolns,




 15‘>

v]

zinagd

4

Iy

Tiis phenomenom was axpl

1Y
o’

¥ con-
aldering bthat the conbact avaas becans polished bthrough

-

slidiang, and $hus tha Qoeaf

iy
g

lazien

b dacraasad, In a

check series on FPremontts vesulte ziven below, I Tound

this phenomencn clearly confirmed, but aven axpsrzmentally

14 could be vdroven thab-polishing of the contach
areas ¥as not the cause for the occurrence, This
w11l be explained velow, In this cass %hé same Joint
had besn used nany times wishout any sysbtematle
dpersass in the coefficlent pelng observed, In the
nks 10 z 13 x 1% the coefficlent showed 1tself

o 11t5le higher than the average after Y5 slidings,
Tt Ls ilmpossible o zlve any proof shab tha polisaing
of the contact areas had any infleunces on the

friation,

iy

cgefficient o
ge,».g-uogaaig.anos.itQ;g‘lcao!ssaag!.;s.'éazsaa
In the preceding part mentloned, the

author conducted tests of riveted Jolnts, some made

by obhars and some By nimgelf, conceranlng the

friction coefficiant ia Jolnts mads By the ¥D1lknlska

‘Hogskola%, 1In the following part of this paper the

ford

o

"

o

-4y

wir
L

u i.a“F a%

el

author discusses the stresses in the

and the magnitade of the 81lip resintanas,
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{2) Rotation about the rivet shaft,

Values from Fremont are used in the firpst

mathod, these belang obtalned by turning the plates
around the vivet shal$, Thess are showvn la Table 7,
comepnsated with regard to the time of pressuré of
the rived, and for the average aalculatad values,
The measured 8lip resintance is computed fron
Tremont on the assumptlon that the pressure caused
By the rivets 1z uniform over the whole ares of

the plates in conbach, dus this 1e a0k Hrue, whils
the wunit pressurs le higher avound the rivet
shaft, Without ahy anwle&ga of thias distridbution

& ENL]

tansion stress In the

gt

e can 83111l deternlna the
révet enalft Lf we measure the turalng momend
necessary, Jith knowledgse of‘the gbtresgs in the
rivet shaft we can thus Qroviéeleurssiveﬁ with a
table which will s&oé airectly the relatlon Datween
shat stress and the turning moment, I have
Qetermined thin amplrical relation with a Jolnd
naving the same viveb-head dimenslons as thosas ussd
by Fremont, The tenslon ptraess nasg here boexn

substitutoed for a comprassion force at the head of

the rivets as in the preceding lnoulry, and the




7

ri?s% gnaft has baea ramoved Lun part, The messured
valuos ars given in Tadble &, and graphically ia
figﬁllQ@ To obtaln an entire asqualisy 913k the
values of Fremont the uvals Frictional resigtanca
in proporition: tu the area of the rivat hole has

-

baen caloulated with an assunad waiform distridation

-ty

of compression over %the whole contact arvea hetween

the plates, The Jolnt and 1t¢ dimensions are given

b

iz, 9, A11 measurements wars made with one

Ss

in !

Wi

and the same Jolat s¢ that the iafluvancs of polishing

tastad at the same tlm,

of the contvact ares could ba
Thie measuromaenbts were made in the order shown in
the table, e may assume anow thht the coefficlent
is known, and equal %o %hat iIn %Zhe praceding tesi,
30 that the acbual preesure disbrlibution aalaly
arouvnd the »ivaet can e calounlated,

plecussion of the measured résultsz

The obsarvailon made by Fremond that
&

the mecond and followiaz messurements gave a smaller

s

el L)
frictignal raezietance than the Tlrst one for eacs

prouy was very plainly sonfilrmed, The supposed

3 bt

b

raason for this is that the contact arsa has bsen




polished, and on accouad of this %the coefficlent
becomes smallar, put such is ach the case, since
tha valuss for P w 8000 kg shown later, for aftar
23 8lidings the foree actually “acane somewhat
nigher, Thls peculinr conditlon might ba axplalnad

in two different ways, aftar the most »plausidle

exolanation 1s impossible (that of poliéhing), 1%
mizht be thought that 1t takes a certain time Tor

the statle friction to extend 1tself, Bebtweon the
first test with a plven value for P and the followlng
group¥s lass uegt,%here4elagﬂgﬁ:same minuias, The
magsuremsente withla each zroup were mads aboud

15 see, apart, On the obther hand 1%t 43 even éossi%le
that after the flrad robtablon, siresses wibthin the
Joint may be amltered on account of the Triction
forecas formed, and thus the original pressure

‘distributiocn in the contach ares is changed, With

i~y
i

a devendable pressure dlstrlbutlion, %ha friction
cgaefficient varies with W,
: P

It is worithy of ase that the values fryom

the first vobatlon fave a consband valus for the

tha limit of

phservation ervor W_ « 1,21.0 ) while on ¢

3}3
hand the obher valwes zgave o decrsasiag coefficioent

o
<
o
=
4]
b

fart

1




with inereasing pressuve {from 1,08 to 0,97),

Galeulstion of the stress in the rvived shafts

In computing the sgitressas the firsd
va;ueé of the grouvp are more vellable than those
following, becauvse we are not svfficlently certaln.
of what hasnans after the flrvrst rotation, I we

re)
i

now sunnose some of the coafficlents from tne

Joints of Fremont to be veproduced dy the present

Joing, we can find the average abress in the rivet
snafli,

Hith 3 sac, cowpression tina,
With B0sec, compression tlme,

Tha latter Lest is 8loss %0 tha ylald
point of the materlial used,
In both caser the vived was driven ab

95020 with 50 tons pressure,

Gompubling tase Pra;sare Diabeibutlon bhatween the Plates

(contact area), I determined the coefficlenit Tor the
material used { = 0,35), This value was calculated
on Fremaﬁtfa assanpiion of wniformly distributed
compression, aad gave wme smaller valuas, which in

this case 18

9
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P = Fo x TT (R? . rg)

and ¥ ;,}_‘&JL&_R&Q ( ;Rg - rg)
3

I”Q 2
i %L: ;”i'l ., and when B - 5 en - S -1 1
d g e '
(E T ) P T o 1.3 o }f‘

Thie is less than half the values measure

. £

pefore, Thus the compression cannod be uniformly
distriduted, but must be heavily concentrated around

the rivet shaft, To get some idea about 4he rasl

dipgtridution we assumed that the unit pressure in the
N )
plates foliowed the law » - P T and fyom the

.\4@ 7

measured valuas of ¥ and P wa calculated "ah
a+3 a8+

od

a+ e & +2

21 pof{R <7, D
a + 2

P

na
a,

which means an especially marked coneentrailon of the

unit pressure in ithe ares divectly around the rivet

In $he precsding ssleniation of the strsss
in $the rivet shaft the pressure disivibubtion is
gsupposed equal o that 1u Fremonts and determlaed

herse in the jointe reproduced, In such $thickness asg

20 mm) the compression dlastribution

g

Eamd

wa nave hers -

iag 84311 highly denendan® on e smpothness of the

contact areas, The average frictlon moment oan bHhus




be assumed ag some value beitween 5 and 1.3 om, A

e

el o 8o R vs a4 , P . ‘
caertalin insecurity liles in this mobthod of reasonling,

—

and on this account I checked over ths rasalis
after a method staled below, and which in the main
confirmed the values alrsady caleulated, The slip
résistange determined from Fremont seemed to be too
small, consliderably smaller than those stabted by

Bach, a‘rssalt easy to axplain through diatinguishing

between the actual dlstribation and that statad by

b

Premend, Fremontis valuse of the slip rasiaiansg

o
by
o
g ad

appeared in vound aumbers %o be about hall of 4
resistance avisiazg from gobtual fenslon,

# £ @ * Y e D F 93 9P I B ra A 3E R T PSS
Pulling stralght agalnasi the rivet shaft:

AS a‘check on the preceding values of
tansion strwsses in tha rivet éhaft, tests have basn
ande with 10 riveted Jolnts which wers made and
kindly placed at my dlsposal by tha Atlas Dlesel
Gompany, The slze agreéd wi%h that uvsed tefors
{see vart I} and were 10 x 13 z 13, Using bthese
Joints, % tests were carried out @with the contact
aréas treabed with oil, and B with the contact arsas
patnted according to the shop practice, The riveting

was done in a compressica riveting machine with a

total compression of 1B tons, reguirbng 1% seconds,

.




The bests were made a9 in Part I wisth an Alnha tension
tasting mpchine whose lowess sneed was 1 mm}mim, ha

dlanlacement éaa Mgasurad with a Zeiss Heasuria
inatrunent nlscad on the centre nlate, and ths nesdls

pPlaced on one of the outer slataes,

Resnlts of measurenents:

The results ares ziven in Tadle 9, and

b
.

Fa
=
g

graphically « +1, Jdoints 1 30 B having
untraated contact argas gave very similar resulisa,
whieh is an ladication $that the workmanship and

3 2

materiales must have been of the Dest, The Joints
with palnged contact arens showed variatlons, de-
parting from wniformlty 10 change of the

coefficlent ¢f friction, ALl ten rivet shalie

showaed a very clearly d4aflned Droach ares,

Discussion of the resulss of measuranendsy

In the tests with the rivet shaliy
romoved {pard I) the moments at the instant of
s11ding could be debtermined with a very'high dagree
of accuracy, In this test 1t was quits different,

In all the Jolu%s the sliding,was quite coantinuous,

so 1% was impossible to Hell when the forcs of




friction was overecms, This ls the »roof of the

i

1

ot

b

[
br>4

b

atatemsnt made by Prof, Forsel1>?hau
diffieuld Lo an actual Jodiat i3 $sasicn to oub oud
the direct resisiance of %he rivet ahaf$, and thus
detarmine in what'6 prodoritiocon the extaernal forca
dlvides 1¢self iato s8lip resiétance and prassuars
on the hole wall, This conditlon arlses from the
fact that we do ﬁoﬁ know how ﬁhé rive$ shafi is
placed in the hole from the start, and thus in
sertain cases a s8llzht &igglacemeﬁ% appears, The
precsding Measuremants have shown quite elearly

Yy

that the frictional aoadfloleal 19 lowsred uith

contact areas palated compared with thoss not
painted, Tals Lz plaianly confirmed through the
gystematle differancs in the cﬁrvg_for the tension
giresses fof both kinds of Jointe, Dbub Qoat when
the relative displacement of the plates sxceeded
0,08 mm, Yhan %ﬁe glip carrciad tée load %o the
rivet shalt, the preséura on the hole wall, H, 1s

ggusl to the tension force K, minus the resistance

¥, or H = K = W
The fores is mainly spent on bvending

thwe rivet shafi, even in the total displacenent,




wo egual Jolinte, but with Aifferent slin resistanse,

=3
e
Lo
=
i

W, and W , we have H ~ K. - % . - ¥
29 = Ky I“K?, '3201’3{1.,}’{2

- 7 - WE‘ Assunme that ths slip resistance 1a doth
cases 14 coustant, bthus for eseh displacenent,; ¥
¥. = constant, This ls shown Yo be the casa with

P
désirable accuracy, The mean valus of Joints

e

.o N
1 -5 and b « 10 shows nearly s practically coastant

diffsrence of 1,08 fons up to the elastic limis,

&

for ana‘gf the joints ﬁhis Aiffervancs weat up %o
2,5 tons {No,5) and on the other nand, another one
(80,9) had a 8ifference of practically zero, The
resulﬁs'sﬁow auite a digtinet decrense imistrength

with vnainted Joints, The painting of contact

een %o he very bhad from point of rigidity,

&

arsas 1a
so that Lf possible another method s8honld bYe uszed

to prevent wrust, The preceding resunlés seem %o me
%o‘%e capable ¢f expression in tha following forme,
Unireated contact areas have & frioctional coefficlent
of 0,35, Those parts of the contact arsazs which
have a conslderatle coatling of pelnt have s
coefficlent of zero, Usually the pressure of the

rivet has csusced metallic contact in some parts of

b

N £ %a 8
aarte the <osa

£
+

L 35) bub in some

L [ Y T 3 —
of wmaint remaeline beltwesn the suy




P oo MS’G@ . = 3500 gKe,
2 x 0,35

<

[

Then K = 26,5 kefma ,

.

4 P f o e ) L5 3 - 3 % kY
which valus agrses gulte well with Lol

bl
i
i
™w
ot
b
&
o
4
p
i

"\3

¢f ¥remont, nemely 22,5 and 27,% kg/mm . These

velues agrae even more closely with 7 and 60 seconds

(3

time of pressurei the loet one 1F seconds, Ve

take thig valﬁ&ngﬁ goud enough, and obitsln an
o5 n-'- ‘1'5<*! i Is L s 4 ey e g A B Pl ol Ny Ly

&T,fg:ﬁ" PE 6 fyicition Goaeff L eny D05 LEIDL a0 G ef g,

/a 35 M’R&Qwh—-wl—-‘ —; Q‘EQ
2 °x J"‘G

Ycw long the low value will holéd, 2llowling a longer

time for the palnt %o Ary, 18 an gpen guestlorn,

w

ART 111 - The valuve of the slip resistance, and its
influenes on the strengith of the Jointae:

#ith & knowledge of the preceling
mesgurenents, We can now odtaln some 1des of the ellp
resietance and 1ts ivfluenee on the strength of the

Joind, et uws assume an initisl etress in the riwvet




o
£ + OE Yo e B & .
of 20 1o “n &g‘?/xﬁé’ﬁ in bension for £00 & Tii”i‘i’:ii’zg};;

50 wWith the untreaisd ereas of contaet ¢he sheor 1g

£

Lol
- . .
T7¢C to 8.5 kgfmn' ', whieh 1s about sonal, or rebtheor

i

O ] 5 " . .. : - 3 . s . «
higher than ve are mecusiomed to usge, ¥ith wainioed

sometime sven 0. €0 long s8 the external foros

doas not excesd the £llis recivtance the rived

w

shaft 1s without load, which with Torees chenglng

e

-

from+io - ie very desirvad
exdstence of a large 1nitisl stress in the rivet
shaft,  On the other hand should the esxternsl forcs

t 1l

5]
fely

be so large that s11ding cecurs, %the rivet sl

B

»

28
e
o
4]
o
Led

Sor

without ite Inltial sbraess In tension, and

& .

stress, In the csse of a combinatlon of these fwe,

the rivet if the tenzlon sivess 1z

nesyr %the %o srrive at the concluslon

svess the Inltlsal eivess

jat

le]

©
=
m

O
-

that with untrcsetbe

should be near the elsstic Timit, bui with palnted
contact arcas %the stressss ghould not %e higher then
to keep the plates ftozethar,

mathematliecally ae followsg




s

St is the initial stress of the riv

% (constant) 1s the

f de the aves of the rivet (shafil),

the shesr et

3

1g assumed uniformly disiributed over

N
1

can be

detormines the wltlinmsts sivength, fo

, — 2
L+d 1+ u(g-u) ] or,
e
.f ,3 f

. 2 :
;Eim[ T4yl heay) ]gn& since
2 S 8.2 ,

Smax = .éi[
max o e

4

NaX . 1
A T PR T Iy e

: 2
NeB. 1 Kgfmm
s aheok these formulas wiilh the

" |
Tatle Y,

ggses In the rivet shalt

comblined as

if Z‘ ‘ o

o o AR S RS o
Ganenl alnian s

(7)

the whols srea,

ivo forces

pssumed that the larvgest of thaese ( O max)

S mex ab Lhis

: —
igkes & cortaln velue independent of Sf ant L.

= Yk, and ¥ - o=
- 3ene 9 R =

E3

¥ ;Q“"Sf

2

- 13807

/nu

from

o
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Y 3 ia

i 31
Xl .55

These values
strength for
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2 St iaaide 2 S m;q‘

{1) In ovder to find the

in rlveted snd Lolted Joints, the Tp3

& to be dat

o

T
resistance fcr bolted Jolnts cer te caleunlated from
ordinary forﬁalae,_ To ealeulate the elip resistance

In riveted Jjodnts the tenslcon cirecs in the rives éh&ff
rust be known, This stress ls Getermined from two
different wethods, and values are obtalned which azree,

in the ordinary

iy

ﬂl.

{2) For riveted jolnts ma

way with uwntreated contact aress, the-slin resiciance
. B Lo .

can be calevlsted az £ 4G # ‘Jstfi*j'ra.rzi‘:1 for shear computed

over the Whol@ arszn of the rivet hole, Jor painted

et

conbact aress we con usually compute with & glip

reslstance of U to § kglun™ Tfor ehesr, but bece

"\)

.«-
T

thie resistance is ofben vary small, we do not consider
this reslsternce at all,

{3) rainting €hould never be used. Some

&
o
-
-
bald

cther nmat e;iéz te preserve cteel agalnst rust
te consldered,

(%) In caleulating the stress in the materisl

[

of the rivet shaft a formula isg given whieh will give

gulte fely resulte when checked,



STRESS IN RIVETED JOINTS IN STEEL CONSTRUCTION,
From'”zentralblaﬁt der Bauverwaltung® No, 101, 102,

ppbO7£ff, December 1923, Byt Mullenhoff, Sterkrade,

Germany,

The statics of steel construection has not
‘improved noticeably in the last 40 years, Although
many fine pleces of work have been done, they have
- not greatly changed the:fundamantal work of Schwedler,
Gulmén, Winkler, Muller-Breslau, Ritter, Engesser,
and.Mohr. Many engineers connected with this type of
construction do not know how many approximations have
been adownted, and how many shop influences have besn
cut away, Today, more than ever before, the neceséity
of economy forces us to enlarge our kﬁowledge of the
true stresses, Particularly is this true in riveted
Joints, The German Steesl Association has, as the
first one, started invéstigation into this problem, and
solutions have been fdﬁnd in many investigations, I
can recall oﬁly the works of Ruhl and Fimdesenl, Two
more valuable contridutions have Just been pudblished in
Pamphlet 252 under the title "Experiments to determine
the deflections 1n-plates céused by rivets,® by

R, Baumann: and "The determination of stresses in plates

(1., Pamphlets 221,229, Research Works Association of
German Engineers),

o
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‘ c§uséd~by rivéts; “Pémph1at 26?, by the éame‘autﬁéro
Ancther contribution to investigations into stress
dist?ibution in the gussets of a steel frame has been
made by Dr. Theophil Vyss, whose investigationsg
~concerned the stresses in the members from exbternal
forces, But before we discuss these works, we should
conewrlt a smapll essay by Méillard in ¥gchweiserischen
Bauzeitung," July 28, 1923, in which the author deals
with a Jointe& sfeel plate with flve rivets, Such é
Jéint may not be solved by ofdinary methods, where it
is usually assumed that each 0f the rivets bears an
equal part of the load, TFor the asgumption mentioned
to hold true, the sectional area of the mainrand cover
plates must bear the same proportion to the load
carried at any given section, and there must be an
équal number of rivets on each side of the Joint; for

only so can the deformation of both plates be equal,

This fundamental principle lends itself to
conneétions such as shown in figs, 1 %0 3, In fig, 1,
the width is constant and the thickness is variable

(the stress in the hole wall is not considered), while

in fig, 2 and 3, there is constant thickness and
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variable width, These simple examples are sufficient
to show the difficulty of the problem, It was this
problem that Dr, Wyss ¢tried to solve when he attempted
to determine the stress distribution in various gussets
in 2 steel frame, Very careful stress measurements in
at least three directions were made in a large number
of small squares 2 ¢cm to each side marked on the
&gussets, A rather simple theoretical consideration,
but an enormouvs piece of eiperiment and calculatioﬁ had
to be done to give us for the first time some idea of
the internal stress conditions in gussets, Fig, U,
shows one of the gussets he used for the experiment,
showing the lines of principal stress in tension and
compression, The tension iines in the largér area of
the gusset are catenaries;ﬁhich run dlagonally from
one rivet to another, but are bent downward by the
compression lines radiating from the vertical post,
The plates 170 X & and 70 X 8 mm, riveted to the bottom
chord are subject not only fo tension dut also to large
moments from secondary stresses, Because of this, the
rivets in the top of the plates are compressed so that
one part of the tension lines which come from the rivet
,farthest out on the diagonal members are turned down to

encloée these rivets, Another group of lines of



principal stress shows the flow from the tension forces
in the centre plate of the bottom chord to the rivets,
angles and cover plates, The Intersection point E of
the prinéipal stress lines can easily be seen, Fig, 5
shows the measured sitresses from direct forces and
moménts 1ﬁ the members riveted to the gussets,

The gradual falling off of the diagonal force is well

- shown, and the distridbution of forces over the rivets
is wqrthy of note,

Pig, 6 is the same gusset, showing a
comparison of the measured normal stress and shear at
the same section with the calculated values for a
corresponding frictionless framework (shown dotted),

and the same frame with elastic gussets (shown in full

lines), The figures reproduced give only a small part

of the resuvlts of this fine piece of work, Every

engineer working on structural steel should study this

baper,

From quite a different point of view, but
none the less worthy, is the work of Professor Baumann,
who made tests for the Instituts of Testing Materials
at Stuttgart to determine the reasons behind the

injury of boller plates, particularly determining the

3
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straess in the plates due to driviﬁg the rivets, The
work was first thought to be of use to boiler work
only, but the results are of course valuable to
structural steel problems, HMuch of this information
was published in the JournaIV“Zaitschrift des
Vereines deutscher Ingenieure®, Vol, 1212, page 1890 fr,
When driving a red-hot rivet, the rivet shank presses
on the hole wall, and thus the plate about the hole
becomes warm, and expands outward, which gives rise
to new stresses in the plate farther out from the hole,
The cup and header of the gun load the plate around the
rivet with more or less load in a eircular area, This
causes the plates to arch, and the action is extended
go far that in a boiler, where the rivet pitch is small,
the stesl éround the rivet is subject to forges piling
up, a8 it were, from the driving of %the other rivets
near it. To determine the deflection from the pressure
in the hole wall, two lead plugs of suitable diameter
were used, whils the hole was compressed between two
pistons, Tﬁe plugs were observed with a special
micrometer, The holes were placed normal and parallel
to the.rivet edge and the rivet, and between the open
"hole under compression and the first open hole,

The tesﬁ gave small values on account of

low compression in the first group of measuremsnts,




“Thé éoﬁpreséién of the circular area oecupied by the
head of thé rivet was nerformed with two pistons
instead of the rivet, and the lowest load just fitted
the plates together, With higher cohpression the
plates started to arch or vault, and commenced to gap
at some small distance from the hole, {old lead
rivets served to avproximate the deflection from
driving without the deflection supplied by the heat,
‘Driving experiments with equal bodies of lead and steel
gave more than twice as large driving stresses for the
lead than for the steel, The hot steel rivets cool
very rapidly 6n the edge of the head, and cause harder
driving, On this account a larger proportion of the
force from the fiveting machine is passed over to the
plates, and a smaller proportion %o the rivet shank,
To study the working stresses,‘holes were

punched in a plate 12,7 mm thick, the dlameter of the
punched hole being 20.6 mm, snd reamed to 22,2 mm,
Rivets 19,6 mm diameter were driven, and the plate
deflections ﬁere meaéured. Table 1 gives the #verage
values for rivets driven in the same directlon, the
front side being the side from which the rivets were
drivén and the plates punched,

Fig, 10 Gauge lines on the test plate,

Fig, 1} Gauge lines on the cover plates,
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Plates bent slightly-by punching wera
curved by riveting aboubt 5 mm in a distence of 60 mm,
The distance from the edgo of tha plate to the centre
of the hole was 37 mm, bud the rivet forced the edge
so much that the nlate gailned abouvt 13 mm in that
@istance; The deflecitions were agulte large for part
Qf the tests, possidbly because only one plate permitted
measurenent Qn potn sidess, and the rivéts_were placed
very c¢lose together, The deflection in i-¥ has nod
heen mossured, After this test the heads of the rivets
were drilled away, and the shanks struvck out, when 1%
wag Ssen that the rivet heads had pressed themgelves
abont O,% mn into the plate. The holes were then
drilled to Y45 mm diameter (12 inch)., The table shows

the change in length after each operation wag comvleied,

TABLE 1.

Holes . Rivets Rivets ~  Drilled
After front back aversge Proat back average struck out ta‘ﬂ5$:
: everage - dia.

P ] [ o

The last decimal nlace is not quite certaln,
The vy eason for the extension of the plate in striking
out the rivet is not clesar, and may be an error in
measurement, Noite the changes in the line e~-i after

drilling, Labter two plates 12,7 mm thick were riveteqd

averagi
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‘%oge%he?‘iﬁ_the saﬁe‘ﬁannerg‘ani here %he measurements
wére qulite easy, Before meassuring the two plates, the
gauge lines were eﬁeeke&, and the plates held together
with bolts to We certsin $hat no cvrvaiure from the
plate would be included, The vlates were nunched, and
the two faces from whick the punching was done were
bolted together, then riveted, the vressure being abvout
40 tons, and the resulting change in length as shown in
Tabke 2, After riveting, the thickness of the plates
vas measured in a,number/of places, and the vesults arve
given in filg, 13, being the lacrsase in thickness‘in
thougandths of an 1nch,

If ve asgume that the curvaturs in a given
distanne is uniform, we can compute the Aistortion of
the surface from the difference in thickness at the ends
and the centre of the given distancé, Theée values are
‘given in col, 9rof Table 2, Thé extension in the centre

of each plate is equal to the difference between the

observed vslues {col.?) and the amownt of cﬁrvat@re (col,lej, f f€ j?;
The extanslons are then drawn up, end in this manner we .

obtain the lengthe m,n,0,»,0,7r,8,%, in the plane of thelp

base line, as shown in fig, 12, fThe dotted lines are the
corresponding velues after punching $o a2 scale 10 times

that of the full lines, In the centre of the nlate "ih,



the apparent Btresé betwesn the rivets is G5O kg/cmz,i‘
while cloes to ths rivet {r) a stress of 25600 kgfcmg
exists, and this i3 greater than the elaétic limis,

It is probable that in these places there is compression,
and in gpite of this bthers exists considerable tension,
the sum total Dbeing zero, ¥or the same Treason, ‘
compragsion gannot gxist throaghout the whole length of
the line m-0-0-p-q. The elastic limit has been exceeded
on this line, and the tenalon stresses whleh are |
aabturally presénﬁ have not been able %o overcome the
elastlc deformation, The curlous conduet of the lines

e and i of the first test nmight also be explained thus,

TASLE 2.

A bulge on the edge of the plates may be
seen in front of the riveis, caused by low compreSSioﬁ,
mainly on the internal odge where tha two plates
toueh, also from 1argeracompression near the externsl
edée of the rivet head, In order to measura the
internal deflsciion in the contact ares of the plates,
four holes Y mm diameter weve drilled in the uvnper
plate, Four wires were soldered to the lower plats,
and nassed freely through these holes. The movement of
marks on these wirss was messured, and hence the
vertical motion and rotation of the bases of wires was

recorded, as in fig, 8, In addltlon deflections were



éo@puteé for a Gylin&ricai ﬁole,bf égual‘aiaméter;‘ané
wall thicknedgs equal to the distance from the edge of
the plates to the rivet hole, The permanéﬁt s3at in
the plates was smallﬂwheﬂ lead rivets were used with
10w compresslon {about 20,000 kg), But with higher
compression (30,000 kg), plastic deformation lines
_weré vislble, and at %0,000 kg, the lines could be
seen a2t the edge of the plate, The elastic linmi¢ was
oxcesded at this point, Bocause these lines are
clearly visible when red-hot stesl rivets are used,
they may be the result of higﬁar temperaturss rathex
than higher compression,

The temperature was measurad wilith pyrometef
oloments placed in holes drilled tangential to the eodge of
the hole from the edge of the plate, and the decreasa ‘
of %enmperature was gfaatest ander the headér, being over
500° Gelsius, 0r‘932°Fahr, The riveting was done in a

machina; and reqaifed 10 seconds to form the heads of the

rivets, and it is possible thaf gméilsr changes of
temperature would resunld from machines which would work
faster, The change of temperature wilth raespec’t to the
"time was determined very carefully from many tests and
diagrams, Often only one minute after driving a rivet,
there is a tamperature of barely 300° csl, close tc the

header, and by fast work, a rivet can be placed ia very



mueh less time, These tests have shown that very large
tenslon and compresslon astresses tend %o occur in the

sans raglon, At such places the hrittlen

®

gy 1Is very
great, ogpecially when the compressicn of the riveting
_is greatér than neceggary, With the stresses arising
later from load, fracture may easily resuls, particularly
when the hole wall was previcusly inJurad From vunching
and reamlng, Attention should be »naid fo these features
80 that rivets are not wmade hottsr than necessary for
driving, so0 as to avold excessive heat in the rivets and
plates.  The comprsssion of the rviveting mackline shounld
nbt %e too large, Rivet rowe of small pitgh ghguld noﬁ
be continuofs, bub rather first three rivets, then two,
then one, 80 that the yellow and blus $emper colors on
the stesl plats may be avolded, If none of these colors
ars seen, it ia nol sufficientd proof that the sﬁeel has
not reached high tamgératures, gainee the alr has‘no
admission to these places, and cannot form the thin skin
of oxide %o whiech these colors are due, Sometimes the
plates are not clean enough for these colors %o appear,
The expeviments of Professor Baumanﬁ #went further ihaen
those of Professor Basguln of Northwestern Universiiy,
mvenston, [llincis, ¥,8,A., Dublished in ths Journal of
“the Westarn Hoclety of Znginsers, June, 1913, »arts of

which ava given have,




On acéounﬁ of rive%iﬁgg struetﬁ?al pieéea‘
are longsr than normal, Hence, %Tthe trua leagth is
made shorter by about 1/32 of one inch for avery eix
foet of langth (see rrof, Basculn), From this 1% is
evident there are often very larze initial 2itvesses
vefore workinag loads are appllied, This is true 1In
the case of such a plate as this 'W[_'—E—' ; whera
tension uccu?s in the cenire, and compression on both
sides, ‘Thess must be egqual, and the slastic limi$ is

3

sgon reached 1f the former stressas ars high,
Experiments made by ¢,L, Strobel {Trans, gm, Soc, Civ,
ng, 1838, $.103,) showed that columns made from zes
yars riveted 6n1y‘oa fhe outstanding leg at the ends
of the secilon were kinked under nigh conmpression,

e know that in a wide nlate the stresses
on the edge of 2 single hole‘will be two to threse tlmes
that of the average gtress across tha séction, Also

it i's true that in a smaller plate these stresses will

‘oxcood the slastle limlt in a small srea, Flusteol

has a fatlgue 1imibt about 454 of the ultimabe strengfh
for continuvous stress withoud reversal, Thus if seoms
1mportant bo inguire about the Influence of such over-
stressés 1a the fagion of the Tatignue limit, The
tests were made with a machine designed by Haigh for
the purpose, and a?eéimene of one«sikth actual working

slws wore nsad, A test bar without holes (#AY) was




tosted, having an ulbinate strength of 34,7 kg/mm ,

: ot
and elastic limit of 20 kg/mm , It carried a bese

TN

L
load of 10,25 kg/um™ with 2352 x 10 atrsass

. Z
reversals of *+9 Uj kg/mm , The stresses changsd

)

. . 2
also between +19,7 kg/mn” and +0, 80 kg/mn", 1The
1 load han mada 17 e ] i s
base load was then made 11.8 ltg/mn” and the maximunm

) ) 2 ‘
tress aboud 21,3 kg/mm s  Under thesge conditlons

L1

the bar slewly but aonstantly stretched,
A bar WQY of equal cross section, dug
with only 4,8 mm radius on the shoulder of the

test saction began o tear where

the stressess had not equally

’fggiﬁéééi*“ ‘ dist#i%utga themselveos, after
529 x 106 reversals, Thia ¥was
the resnlt of loeal oversiress, '~ Thls was also shown
by Professor Joker in an axamination of eellunlcid
plates under polarigzed light,
i Ancother test bar "p¥, similar %o the
first one, but 19 mm wide, and having a hole 0.6 mm

diamater in Sthe centre was loaded In this manney,
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A mieropho tograshie examiné%ion zave
the diameter %o awvout 2,08 to D,l'mm, thisg belng
‘mueh smaller than the hole, Thls sxperiment ealls
forth the lmportant statemant that the loeal cﬁange
in stress has not such a bad Influsnece as we might
expect, Seriass of test bars were sublected to lcad,

s
]

and the resalis are givaen in Sthe $able followingyg

i)

Further, these exparliuments saesm %o
point out that local oversiress does not lo%er e
vltimate strength for continwous siress as wo might
have éxpesied. 4 dafinite Judgmont on this matisr
ig possible from experiments made only on siruvciural
pieces of working sige, It appesars to me that even
when all this informaticon i @iaaeé together, the
Lnquiry into riveted jolnbs Ls s61l1 a rioh field for
vegsarch,  Qur odresent knowledge Jdoes not allow ﬁs to
effect much saving in materisl, but this may be
effected by the use of higher allowadle siresses or

different mathods of designing Jolnts,




S PHY DETERMINATION OF STRHSS AND STRAIN OONDITIONS
IN ONF PLANE WITH REFERENCE 70 A PLATE STRETCHED

BY TWO_RIVETS,

D el st By Mo = D R i A R S o S TR BN WS, 1

Docter Dietrich Huhl, Dortmund,

See "Zoltschrift dee Vereilnes deutscher Ingenleurel
Yol, 6%, wWo, 29, July 1920,

Translation by C,W, CGarry, Harch 192¢,

PRAFACE: Avart from the general coﬁsideration aof

force disﬁributian In viveted Joints, there is ené

point which is cartdicularly iwmportant in sieel

construction problems, This is the transmission

of forces from a rivet to a plate, considered with

respect to ths‘gtress and sireln conditionsg therein,
For the solution of thisr§rcblam it was

nedessary to build a rew sprareatus for strain

measurement; of which the two maln parts were the

micrometer and fhe LUBEE,

The extensomebter has about 25 times the

‘acenracy of measurement obtained in the. svparstus of

elthey Bauvschinger or Martens, 48 far as the suthor

knows, this is a new method cof exverimental inquiry
into stresses, and the use of grephlec methods on the
measuved strain lg employed,

Because of the mathematlical ftreatment,

it 19 alwaye possidle to determlne the stress
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condition in one plene with this method, 'hese
cbservatlons show thet Imwedlately in front of the
rivet there are large stresses, which, conbined
with relatively smell loeds, will e¢xceed the

elestle 2imit, Che local disturibences in sirsaec

[0

condltions thas caused set up e swecial kind of
force transmliesion from the rivet to the hole well
in ¢ very smsall ares, such that in a short distsnces
from the hole the dlsturbences can hardly bve
detected, Fhe incresse of stresy 1ln » cross section
through the centre of the rivets at the hols edge is
1,82 times the average siress found by assumlng
vniform distrlibution in the gross sectlon, The ex-
perimental apparatus may be usgoed for dsteraining the
stresg condltlons 1n a gystem with Hwo axss, The
determination of %hé anmount of distortion normal to
the principal forese is poscible In a very simple
manner wiith this ex%engomeﬁar,

At the present time pariicular attentibn
1s belng paid'to formiang butt Joints and riveting in
bridge Dbullding, and thers is a very stirong tendendy
to invertlgate thale phase of congtruactlon on

theoretical ground as well as experlmental, Theoretw
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icelly, it is wpossible %o compute exsctly the
force diastribution in a joiﬁt when we know the
deflecticn in all its ?arts, But, considering
only the Tirst row of rivets Iin a Jjoint, for
examnple, to find the deflection smercss the whole
plate, made up of that due tou punching, and that
due to each rivet, ig not & sinmple matter,
Further, we musit clearly separate that part of
the deflection in the rivete which ig due to
shear and beﬁding gtredges, A Joint must be
‘regarded here és a statically indetermlinate
systeﬁ whose solution is possible, One part of

- the main task before ug hes been 8xperiméntaliy
and theo:atiﬁaily solved, but one of the heaviest
~ problems = the transmiselon of forces from the
rivets into the plate, which is attempted herse,
'has nod previocusly-been tried 1lu (ermany,

Late in March, 1913, there appeafeé
an article in "Engineeringﬁ by’Féof, B G, foker,
entitled 97he Distribution of giress In & Plate
Due %o & Bivet,® fThe work of Prof, Coker appeared
in the Jaurngl at 8 time when some varit of the

epparatus designed by the suthor was alreasdy builsg,




From this,if nay %be geeﬁ that both works are guite
independent of each other, The actual ex?e?imentsf
are different, and particular attentlon must be
called to the fact that Prof, (Goker uvszed the
opslcal interference method of stress determinétion;
in which the body uwnder examnination musi be mede of
transparent material such as glepsgy Xylonite, orx
¥itrogelluloga, ‘At a 1a§er plaés thé measuremenﬁg
obtained by coker:are ghown in comgarison %ith the
present results, (See fig, 10}, For utilization of
the experinental resulﬁé in computing the distzidbution
of forces in & joint, the distortion of the rivets
must be represénﬁeé by means df matheﬁ&ﬁical'formulés;“
gpecifically, the nroblem requiring
soluﬁion ig thisi- The atress and straln conditions
in a plate loaded by & rivet, |
The foree itrsnsmiftted by the plate éhall‘

be a tension force, corresponding to the csses already -

treated, and the rivet shall be on the end of the
pléte, If the force was one of compresgion, the
stress‘distribugiOﬁ would run in - quite another
merner, but the general course of the eipefiment woﬁ1d~
‘follow the same princivlie, The rivet is normal to

the neutral axie of the‘ﬁlate. z§ may be taken for

granted that the stresses which run out from the

rivet distribute themselves uvniformly throughouﬁ the




ﬁhiéknegﬁ of the plate, The problem can he ccnsidefed
as in one plane, or of stress in two azeg, while the
digtortion normal to the plane of the plaite is
neglected, This {8 a major problem which ig not only
of 1mporbance in riveting., There is a similey vroblem
in the stress distribution in eye-bars, as used in

old Americen bridgss, alec ip therlinks of e chai#
belt drive, In‘practice, eyebars are ussd fréguently‘
4n wire rove, which 1s anchored by means of steel ‘
‘bolts or clamps, as in airpiane or dirigidble rigging,
The stress distribution 1sg knownfor a fiat plate from

the Blastic Theory when the displacement £ and Yy in

the directlion x end y are known for every point thrcugh‘f* ~*

twoffunétinna in ¥ And y.

If we consider the displacements € ands
drawn on the coordinate planes x,¥, we obialn two
areas ﬁhich we may call the disvlacement arveas, (See
fig, 1 and 2‘),-‘ i?hs‘st‘resses &EX ahdéz(, an{i 7 allow“
solution from the derivatives of these dieplacement -

functions,

Thué, ?"/"’//\’,5/)”;‘@, arncd _¢¢ = /'—(X,y) - @)

Then B = /TLE mé"fi—a;"‘; - @
-/ 3x 24

Sy=mbE S OF 4 1) D)
5/4532-/ = i <956)

C-6(Z+3E) Y




A3 1t is DPetter sisted in tﬁe detsailed
paper, it ie not péggible te master this work frow
analysis of similar cmses, Betitoer prospecis are
opffered in an approzim&tg goluvtion after the method
of Ritzschen, (Bee loreng, 1913%, page 543,.)

The suthor trisd to obtain a starting
voint from the method Just mentloned, dbut such
complicateé exyrsaéicns régult@é that further work
appeored useless, In the same manner & starit by
the trigonometric series of the method of Hager
braught chsos, If we are to mske & sinple atsard
#t the solutlon, an experiment ‘e necessary 0 show
that -the resﬁlﬁs of this apﬁrcxiﬁatiCn srs cloge
enough to the true results, Thus, 1t was absolutely
necessary to learn from ez?erimen% the shape éf the
dlsolacement aree g and 4 ., When the curves §.gnd;«f
iiﬁ known for a genersl c¢sse, then i1t 1ls possible
to try the ecurves on the general conditions befd?é |
ug, and théré ie & far betier possibiiity of
arriving at & veeful result, Bubt in all caszes the
experiment Zave an abhsolute solution for any gilven
cass free from objection, The publlcatidn of the
results of these experiments and the hint of the

smportance of the problenms glves rise to the hope




F1

7, 9
[

that Lt may be possibhle to find & servicsshle
methematicsl statement for them,

Ple,l, Displacsment saree é'of the
rlate loaded by 2 rivet, |

Fig,2, Displacement ares L af the
vlate loaded by a rivet, ‘ | A

in prepara?ion for the experiment, the
principal thought was to agrry‘cut the teste in such
2 éannar as to give the resulie wrieh would be =
negassary:far a later mathematical treatment.,
Corresponding exactly to the mathematical method,
the displacement are&é % and ¢ vere Getermined, and
the tangent then drawn tc the curvesrg ané £, Trom
ﬁhe‘téngen% values obtained, the streéses ZX,2504Z::
{fron Eg; 1 to ﬁ} were‘fouhég | |

In order t0 justify the method chosen,

the speclal circumstances and tecknical difficulty

of the éXperiméﬁt‘muét be peinted cut; alseltheifgct

‘ that the solution was not greviously attenpted in an

exaCt manﬁer, Por symnetrical furees; we mugt have |

at least three plates, { See £ilg,3.)

Fig, 3. General view of the jdiﬂt. :
‘The symmetrically loaded §1éte is ylaced“‘

bétweén the itwo oufer covers, which are accessible on

one slde oﬁlya But %0 cerry out the measu:emenﬁ of”

deflection, 1% was necessary to compensate the errors.




always present Ty Messuring boih sides at the sane.
time, It was necsasary te nplace the pletes apart
from one another, as shown in fig.,4, so that the

symmetrically loaded

Fig, Y.

centre plate would te accassible‘for observation,
With regard to the beﬁ@ing gtresses in the rivet,
the space "e" Dbetween the plaﬁes:used for
measvurement must he made ss small as Qessible; The
tension grié‘is ghown in fige, 5 and 6: one end
holds the ylate; and the otbeﬁ fits into the machine,
The diétsngé‘Ua“ 1s 16 mm, on mccount of the
rigidity and the deflection of the rivet, the load
41d not excesd 3000 kg, The methods wused up H111
now, and the apparatus for determining the stressés,“
namely fhose of Pruves, Rudeloff and Coker were of |
ﬁo pcocount fcr this work, which is Wéll explalined in-
ReSQ&?ch Bqak Fo. 221, | |

On account of the anticipated small
seflections, 1% was necessary to bvild an extensometer
of great accuracy and finelmeesurement, Translatiqn“
of motlcn was necessary, ané the mechanlsm had to be
glaca& cuteids the forks on sccount of .the small

clesrance width, The apparatus has two main partg,



6ne of Whlceh was the gauge pleca, of very small
dimenslong, which wag nlaced betweesn the plates
- and the forks, and which earried the motion of ‘
the volnte to the outside of the forvrks where

magnifying apparstus was placed {szee flg,B, and

6a)

Figs, 5§ and 6,

Ag 60 muech depends on the adjusiment

of such a mechanlem, there 1s a fear that hLecause

regired

o
k]

‘of a fault in the trensfer of motion, the
accuraéy may be losgt, and psriicular &tteniion ia
required to avold ihis unfavorable cordition,

¥rom s syaéiaijeﬁperimenﬁ wilth thie instrument, it
was found that the accuracy compared to thet of
Martené apparatus was exactly es eomputad; Because
of the intercept on the escale béing e¢ither the nth~
pé?t of the load, or the o vart of the measured
distancae, the accuﬁaey of the instrument ig n tlmes
es great as the sinple spparstus of Martens, The
magnifylng power is 25 times that of Martensel,
To'utilize this eceurscy fully, 3t is obviously

necessary that the applied load be meassured with

egual accurécy, It may be pointed out that 1t 1s

o
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possibie‘td‘ﬂe%ermine tﬁe ginount of laﬁerai
Gletortion with the inetrument, hence the gavgs
pilece was placed laterally and longitudinslly
at a glven section,

HOW THE EXPERIMENT wWas CONDUCTED,
First, the properties of the material was determined
from a simliar test plece, Martensy apparatus was
used %é‘&atermiﬁ@ the elastic liﬁits the ﬁeduius_of 4
Hlastleity, and the yleld point, fhe elastic limis
and the wvield point were found from the sutress

stralin dlagram,; and gave:

y il

Flastic Idmit, ‘ 2190 kg/en',
Yield Polnt, . psg0 B
Ultimate $trensth, 3780

~Elastic‘ﬁodﬁ1ug, : 2,056,900 B
Percent Elongsilon at Ultimate girength 27.%

Ares of Fracture Reduced to ?2,5% of original ares,

The ﬁblt wag made of the‘best Relbahlen steel of
7600-9000 kgfcme‘ulfiéate‘strength, and other
propertiéﬁ were not kpowr foy the bolt, The geﬁ‘éff ‘
cocrdinates was drawn on the ﬁlate, and the
intareeeticn pointe marked with & cenive pﬁneh*
‘The‘systém of points and the notastion amplqgeé isg
Shown‘iﬁ fig, Ts |

Fig. 7. Experimental Plats, and General Notatlion,
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The range‘af the oboervaticn was 2000 kg,
For some series, the divisions were read at BOO kg 7
intervals, The actual load varied from 600 to 2600 ke,
Raadings were commenced with the initiasl losd, proaeeded
to the top of the remge and back, but the top reading
‘Was not teken 80 as $t0 eliminate the errors im the
machine lteelf, the load indicators and tha extensometer,
ihe measurement 0f the plate started May 5th, islk,‘éﬁd‘: 
" the inltial polnt is marked 71 on fig,7, This point
“was in front of the rivet, snd was the hardest to reéch
The displacement in cross section was determine& as far
‘ag possi%le with the extensometer in 1ts slmplest
arrangement (see fig 5); The tower was placed on tha_
_lateral edge of the plate, :In this way, all Iateral
defleetions were raferred to the edge of the plate, and‘
“din order to get the deflections referred {o the X«axis,~
certain values had to De subtracted from those reaﬁg‘
and the X~axis 1tself appeared to ﬁove to‘the‘eégé‘of1 f‘S
~the‘piate on this account, Due to a proposal made byl3;
Dr, Lorensz, an experiment wss made with a lead plate bf‘l
‘the same dimensions as the steel plate, and an identical
net of coordinates,. The lead plate under load gave a
&istinct deflection in permanent set, The plafte 1s

shown after set in 7ig.8,




Fig. & Lead plate after loading,

| It may be seen clearly how the lead
is pilei vy in froat of the ri vet, and how it is
distorted in cross section through the centre of the
rivet, |
Filg. 9. Stresses 38X in ﬁhe 1eggth and cross -

section for a load of 2000 ke,

~In a general manner the lateral and ‘

‘longitudiﬁal lines agréé with those of the steel piate,  ;;*0i;“5

- 80 that from this we can make a. rough picture of the‘
deflection of the sﬁeel plate. But it is hardly

posaibla fram these curvas‘yo conolude anytning;abdﬁt

the stresses in the steel plate, because %hé‘distorﬁiensf :‘ﬁ¥‘f

follow a somewhat diffs#ant law, as becbmés evident
through direct measurements on the lead nlate, With
these meaauremants, whieh were made on Auguat Sth 191h

the work ceasead,
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WORKING QUT THE EZXPERIMENTAL RESULTS, AND DETER&XHING
THZE STBESbE&.

The displacementy ? and_s were drawn
up for the lateral and longitudinal sections,‘and
the tangents were drawn on the curves at sach point
rquired,‘ In this way.§§ _JE é%% 5ﬁ? were o
derived, Flgs, 1 and 2 givas 3 sumnpry sketech
‘concerning the dis?laéement Juat 4in frént of the :
rivst, Here; some difficulty was encountered in
determining the stresses by direet)measurement,‘fof
In front of the rivet they bgeame so high that the
slastic 1imit was passéd‘and thé‘stressés could not
‘be computed from the Elastle Theory,  The probable‘
éourse‘of:the displacemen%fcurvéé ?’and;& for‘éa
1ﬁaginary‘éase of én elastié‘ccndition, supplemeﬁted“
by actual knowledge was established,,and the ;tressés‘
iound from thils method wers used as trial vaiueé, and
found to be‘aacuréte. The ﬁtresses@x Zgand L were
determinea from etuationg 3 %o 5, alded ny the
displacenent curves, Before the stresses can be |
determined,~the above‘tangents muast be found; Whé“
value of the Hlastlc Moduwluve 1§ required at this
péinﬁm The va;na‘af the Modulus "E" is found from
the plate at the point where the stresses are
wniformly diatribubtaed over the cross sectlion, this

location being not far from the Y-axis, HE? was

*




.

: : 2

~Tound to be 2060000 kgfem . Ia a similar manner
the value of #m" with reference to the lateral
'extansion was determined, and was 3,77, From #xt

and "mf the value for the displacement followss

L8 ® 377 x 2060000 _ §15000ke/ o
2<m+1> TR ALY T -

+

From the sbove relation the stresses in Tablas 1

to 3 are found,

»

Table 1, Stresses &x in kg/cm2 for P = ?OOOkg,
‘Taalg 2, ‘straségsaégin kg/cmz for p - 2000ke,
Stresses T for P - 2600kg. = &able 3a ‘

| » The dimenslonsg of the plate are given :
ia fig,?, and the combinsd sactions of the tWO outer =
plaﬁea were made aqual o0 tha section of the main
plate, as ‘in pnacﬁzce, The‘sagg dlstance of the
: ?1359 1ﬁ fhe direéfian of ﬁhe‘forca‘and‘norﬁal tﬁ‘
the force was made 2 rivet diamoters, The stress
in the X-axls had three main component s, This‘ia
illustrated in fig, 9. In the section through the
Y-axis the'stresses a?e uniformly‘distributéd,‘aha‘
aﬁouh%ei ﬁo ZBng/cmg, Closer to the hole a

definite "piling up” of the strssses 1s svident,



s
and this declines very répidly toward the hole edgs; 
until at section 13-1U4 the stress dlstribution may
ibe called uniform, However, the 1nf1uenaa_of thé
hole was perceptible as far gs section 176-17, The
distanee of the rivet influence is about three hols
d%ameters, measured from the centre of the hclé,

For the presant Gase, Wners there ave two holesin

the tension nembder, Rudalaff foand that the distance .
. of the influence of the hole was 5 hole diameterg
:this being vary large, That the present case showed ‘
s smaller distance is probably due to the fact that
in ecnsaquancé of‘ths‘symmetrical distridbution of

the stresses 1n the cross sec%ienal arsea through the

‘:Ybaxis, tna lattae could not develop freely on

g aqcount of the ipflugncs‘of the hola.s‘whq present‘:‘
plafe gas}too shor%‘fdr‘sueg §n~investigatién, :

In section 10’4@8,3!30, Y=o, must ljg
true, because at this point none of the fbrce'cani
‘ ‘be‘ééfriad over to tha‘wall of the hole, The three
‘seétiona 96;‘39, 92, show a gradval increase in the
tension stresses on the edge of the hols, The |
greatent stresses st point 33 1s 941 kg/cmg,‘ana
deéreasgs on the edge of the hole to oniy 116 kg/cme;‘
Under the assumption of uniforﬁ‘éistribution, the |

stress 1in the smallest section can be computed %o be

8m = 2000 . 334 kg/cmr?
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Thus the increase of tha ftension gtrasses‘on ﬁhe éagé
of the hole through the centre of tﬁe rivet 15'9#1/33&
= 2,82 times, The incrsase of btension stéess in this
éase by transmitting lﬁad through a rivet is thus
~ mueh‘worsa‘than in the case of a member with only one
hole, F&r t he 1ast‘case, the increase of stress‘és“
B determined by Pruss was 2,1 %o 2,3, being 24 to 9%‘#66;‘
| émali, according tb‘Léeﬁ aﬂd:zadiiékys In tge pfééaﬁ£ : ::
‘~‘éase of transmissiﬁn of 103& through a 5¢1& :ths‘“
stress in the oroes section was about 1.3% greater‘:
than in the case of a member wi%h only one hole,i
‘Ookar?s ?alues for this ease of stress transmission 15“

‘given in Figg 10,

“Gompaﬁison of 2x and‘Zg for 1ongitudinai_~~ﬁ“

and cross Bections through the bentre‘of~r;vets‘w1thi~fﬁ“ .

‘values obtained from Coker (shown dotted);"p” ig‘eﬁé~‘ |
stress uniformly distributed over the whole cross section“ :

ﬁe rgcognize that the stressos 2x in the“ x
eross section th:augh thg rivet centre, and those in

a longitudinal sectlon are about squal, Note that the

stress curve determined by Coker reached only to

' within 5 mm of the hole edge, while in this Work the
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stresses are found righﬁ to the edgé, A place

of chénge in the character‘§f the stress curve

is seen between sectlons 82.76 and 27=1, Up

to this point only tension atrassesg were

apparent, but hers tenslon and compression

stressés‘appear together, Section 27«1 shows

the~mostirémgrkabla‘ease‘on the giate. - In fhi§

section thgfmain pa?ﬁgcf ﬁhe load 1eaving‘tﬁa |

_rivet must be compression, and equal bo thé:;'

total‘ténsicn séregs fér'aquilibrgﬁm. The

ténsién area of 27«21 lieag outside the location

~‘of the plastie deformaticn whicn occurs around ;

tna hale edge. ﬁp to this point the 5treases;

~ean be easily detarminea withcat aifficultyg‘

“The araa of the siress curva ‘reaches approximately~ _i 
QEODO ke, henee it sollows tnat from point 21 the .
eurve must fall very quickly to zeTo an& become  "‘
 negat1va.‘ The negativa areamust reach the vaiue Lo

~uf 2060 kg. Exceptioa apnears only iﬂsofar as

the lateral walls of the hole ‘must also take a

part of‘the rivst~force. An averaga of the plus:
and minus arsas gaﬁe‘a fbraa of abeut 1375kg,
| | ‘Thé‘seetions fartnar from

the rivet towards the edga of the plate sho¥W a




sim)lar character of stress curve,‘but the values
in the direction of the edge of the plate fall off
rather rapldly, and on the edge of the plate they
mugt alsappéar. Jaloulation gave the la?gesﬁ.
stresses on the edge of the plate as 23 kg/cm3,

file may assume that the stresses &x on the évarage:

~ suffer from errors of this size, The stresses 3y

in table 2‘9; the lateral edge are seeﬁ,‘ana
disappear on the Ywaxis, The &x main stressés éfé‘
unifornly distribduted on the Y»axis,‘ Along the |
‘latéral edge the stresses‘héve only smgll‘valﬁés?
The thrust stresses mugt‘bé‘inpail~late§a1 areas
‘df:thé plate,‘and in‘symmétricai liﬁe#;‘ They
‘disappéar on ﬁhe x, §ﬁd Yfazis, ~Further, shear
stresse; must exiat‘étipqing 83,‘and‘at the edge
of the hole im the mection through the rivet they
- must be gero, The coﬁputai valuss at the,édge of
the plate was aé‘kgfbﬁz; The error is ahéut‘iﬁe |
same ‘ai‘ze ag for ZX and 2y . To conmpare this:‘
with other cases, or to wee it as a rsference for
other sxporiments is not possibla, since shear
stressss have never been praviously determined,

To complate the picture of the stresses, the known




relation is fallbwe&~out from the known strassés;“‘
&x,44y,7, are the major stresses computed for‘ |

cerﬁaiﬁ polants of the plate, an&‘are4fuund from
the directipn'of the major strains, After the con-
puted stress lines are drawn, as in flg, 11, the 8
majér streéa lines may be drawn in,

— Regarding strasses Znﬁn( ,‘1£‘
18 to be moted that some of them in the series
684193 and 69«194 show consideradly larger
stresses than Sx in front of the rivet me lines‘
radiate clearly from the rivet (see fig. ll),
The remaining pard of ﬁha plata up %o tne areai

directly behind the rivat hele has only relatively‘

snall compression‘forces Zhwax shows the path of
ithe %ension forces whiea earry the rivet load to
the plate,  The maJor stress 1linas corresponding
‘ %o the highesti stresses are at the lateral edga‘

of the hols, The major ghear streosses give

‘considerably highar valuoes than the valuaa of'[

‘1n the direction of the coordinate axas° howevar,~

L these values 1n the direction away fronm point 1

ara hardly so large that they can be any more
dangeroul than an;cmkigmm it should be noted

tuat the hﬂaﬁ‘lines‘disappear neither at the




edze of the plate, nor in the ﬁymmaﬁrical lines

shown,
70 BE?RESEHT THE DISPLACEMENT OF THE RIVET BY AN
EMPIRICAL EXPRESSION.

The transmission of the load for this
case may be gonnected with the results of Rudeloff,

The influance of rivet holes on distortions waa_‘

détermigea from the method of Zimmerman, in whieh
the rivet is substituted by a rectangle of helght
W3t and width ¥nd", as designabed in fig,122,

let

s

=~ distance from the Y~axis to the centre of the rivgt;:;‘ffgﬁ

b o width of the plate,

2 ; %hickne9s of the plate,

é,z,iiamé%er‘df the hola;

z‘;;b% = u‘n‘ii’orzﬁ stress ia the whéle croas section;'
E giﬂlastic‘Modulus, ‘

Then we obtaln, shown in the detailed paper, the

following relation,~under bhe assﬁmption that,theii &
rivet itself is rigid, This gives the rivet dlsplace-

. ment with reference %0 the Y-axls 1in apprbximation‘ :

Ve §rez fl-drbd ) HE
L Z2EL L-rid /) mTrd 8K

c}jnsﬁgnaé_/7:;azz : ﬁ:=45¥ﬂ95k37%m77?1‘“

The relatidn‘is only apﬁroximate; ‘Fdé‘ij;if
similar cases we obtain from the ébove‘ﬁ value close
to that of the rivet displacement, which figﬁgg‘ig o
more accuréte 1f the case in qnesiiﬁﬁ}is ﬁééfiy‘ﬁii‘

identical with 4he above,




