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Introduction

This investigation of reévets and riveted joints was
started»after‘studying the work done by ¥ilhelm Pleines in
Germany. The results of his research were translated in
Techni cal Yemorandums 596~7-8 and 9, His research on
riveting in metal airplane construction was a very scientifie
study, and at first it was felt only neccessary to make a
few tests in order to express his results in terms of the
Dural and methods used in this country. Howevér as the
tests continued more and morg'quastions came up until it
became evident that the subject was worthy of further

investigation,

The contents of this report‘ia confined to an
investigation of the various factors affecting the shearing
stréngth‘of rivets, the bearing and tearing strength of
sheets, and in géneral the factors affecting the efficiency

of the riveted joint.

However the cost of riveting and not the efficiency
of the riveted joint, is used by the engineers as a crit-

erian for design.

The labor costs of riveted Jjoints in meodern metal
airplane construction is of major importance, and any
improvement in the efficiency of riveted joints that
involves an increase in labor costs will probably not

be used,



The present practice is the use of a single riveted
lay joint with a maximum efficiency of about 40 or 50 3
rather than the use of a more expensive Jjoint with
higher effieiency. The tendency is to reduce the number
of rivets used in the riveted Joint to 2 minumum that will
earry the designed load and sitill maintain the désired

appearence,

Design rules for the spacing of rivets based both
on economy and efficiency of the riveted joint would be
of value to the engineer, However, design rules of this
type would be a function of the riveting methods used.
Any simplification of the riveting method would tolerate
an inerease in efficiency of the riveted joint. To
formulate design rules of this type, however, would reduire

more time and research than could be devoted to this report.



SUBISTY «

In order that the resulis of these tests might be
of the most practical value, the test specimens were made
at the Douglaes Company with the‘séme material and methods
used in present metal construction., The material used was
24srt sheet with 17st rivets excent in a few snecimens

that will be mentioned later.

The first two test series were désigned to determine
the optimum edge distunce and piteh in terms of the rivet

dianeter for a single riveted lap joint,

The third test series was used to determine the
ultinmute he&ring gtrength of 24srt sheet for various sheet
thickness, Tests were made for bathu lap and butt Jjoints.
The lap joint was tested for the fullowing type rivets.-

1. Round head riveté.

2. Countersunk rivets.

3. 38 rivets with welded heads.
Tests were also made showing the variation of bearing
strengih of the sheet in a lap Joint with the head of the

rivet,

Test series No. 4 was devoted to the shear of rivets,
An attempt was made to elassify the following riveting
methods by the shearing value of the driver rivet.
1, Hand Riveting.
2. Vibratdrs (Air Hummer).
Je Pneumutic 3queezers,

4, Sninners.



8+ One shot Gun.

6. Automatic Riveter (Eecentric Press).
These tests were made using a lap joint and covered
the range of rivets Trom 3/32 Yto 1/4" in diammeter.
Shezring tests were also nmade using eountersunk rivets
and 3s rivels with welded heads. Various diameter of
17st revets were tested in double shear and 8 test was
made showing the variation of shesring value versés
sheet thickness for both single and double shesr. Also
the eiffect of fiction upon the ultimate shearing value

of rivelis was deternmined.

Test series Ho, 5 was used to deterine the
shearing velue and malleability of 17st rivets for

various times of agelng.

Test series Hos. 6 glves the ultimate tensile
gtrength of 24srt sheet for various thickness of sheet

from 0280 to L128%,

Test series No. 7 -~-- Because of sowe yuestion
as to the load taken by rivets when placed in line a
series of specimens were made up with the Humber of
rivéts in & line voarying from 1 to 12, The specimens

were tested for ultimate loud.



Test Sevies lo. 1 eond 2 ( Tdse distance)

The firct two test series were désigned o
deternine the optimm edgme distance Ye¥ and ven,
{fef. poges 2,3495 1 in teras of the river dimmeter

for a single riveted lap joint. The optimum rivet

spacing as deternined by the Geruen testo wos obinined

most commonly used and since the gtress distribution
in the two tyye jeints iz considerably different, it
wag concidered of interest to investigete the optimm

rivet specing and edge distanee in o riveted lap joint.

AN

‘e renulte of the Germen tests arve shown on page 2 .
e besring strefisrth reaches 2 parxioum for e s 2.84
and ¥ = 2.4

The results obtuined for a viveted lap joint are

merease in

given on pages B8 4 + 5 . Yhetbearing strength sturts

df@@ping qff éﬁ e = l.00d4 aﬁd T = 0.78d; but continues
to inerease throughout the reunge of edge distonce tested.
ie uwn to éaﬁdu his ¢on be exploined by considering the
way in whieh the lap Jjoint fails in bearing. Due o

the eccentricity, the rivet will rotate until the head
of the rivet cither pulls through the sheet, or the
sheet will tesr in the ¥Yr" dircetion. Usually the loter
oceours. Conseguently the sheet does neot fail in  the
erushing of the sheet, as it does in the butt joint

but rother fails in tear accrossg the sheet.



GERMAN _ TESTS
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This teoriang of the gheet iz deterunined more oy

o

less by the stifiness, or resist: ice of the sheet due

A 3 131 4 gy e D L P Qg 2 e o PR g o . -

to bending. IT the edze distonees increwse the stifiness
I N . RRCT SN a. L TP ST S s s

of the Joint increouses, and the lowd at whieh teoying

of the sheet cioris will be grester as shoun by the
zurves. Ihe tecring sirengih of the sheet drops ropidly
after the critical velue of ¥ = 0.754. The critical

toh however is deter -ained fron the equatisn p =
{f¢ 4 1)4 {ref. Page 40_ } vwhere £3 =tesring ultimaie

g token fronm fthe curve on

fxix

H/pt ' is a veriable and
voge 2 o The wulue of ¢ % 1.04 seems boo small so

probably a velue of € = 84 or 2.5d would bhe the best

Test Series Ho. 3 {Bearing strongth of sheet)

The bearing strength of Tural sheet inbolted

and viveted butt jeints was lﬁt@rmin@ﬁ by Germen tealsg,
the fegults of which are shown on page e the some=-
wha t le:er ‘bearing utveﬁgth of the thicker sheeﬁ“ in

he case of the viveted joint iﬁ perhaps due to the faet
that heuvier shects are act always as @vequ rolled ag
ﬁ%iﬁﬁ@f gheets. In the bolted Joint the she@i is un-
apparte& and there is nothing to prevent local bucke
ling of the sheet in front of the rivet except the
atiffnegss of the sheet itself. Comsequently the ultimate
load is determined by the locaél buekling of the sheet

for sheet thickness of less then .045,



The tests made on the bearing strength of 24srt
sheet in a butt joint was limited to one sheet thiclke

ness. hefe pages /. P 24 . 4 sheet of <021 thick-

. ness was tested in the center pecition 3l.e., 82 pégmiéﬁ%
The average becring stfength was found te be 204,000
A" ‘for this sheet thiciness. With the sheet in the
outside position’ i.e. Sy pagé 24, the bearing strength
is littlafhetﬁer than.ﬁhat found for a lap joiut.The
sheet will fail by teuring aceross the “r" démension,

aimiliar to the type failuve found ia the lap joint.

The ultimate bearing strength of 24srt sheet for
various sheet thickness was determined for a lap joint
using the following type réveis,

1. Round head rivets.
2« Countersunk rivets.

3. 3 & rivets with welded heads.
The result of these tests are shown on pages lo¥(l

The type of bveuring failure cccuring in a lap
joint has elready been discussed. That iz the feilure
oceurs in tearing accross the edge distanee *r¢ rather

then the erushing of the sheetb.

In case of the round head rivet, failure alwoys
occured on the side of the joint with the smaller rivet
head;'?rcﬁ this fact and also because of the tyve of
foilure found in the lap joint it was obvious that the
size of the rivet head was an important factor in the
bearing strength of the joint. As a result tests were

made on specimens with various head diameters. The



head diameter was voried from 20 10 «30; iece, an
increase of 50%. For this range the bearing strength
was found %o increzse by 175. The driven head or forced
head used by the Douglas Compuny is & Tlal head and a3
an wverage is eboubt /3 the dismeter of the original
head of the vivet, That isy 1f heading tools were used
that would form & head equal in dianeter to the original
hewd of the rivet, an inerease of 15% in the bearing

strength could be realized.

In the case of the eountersunk rivet the failure
slways ocecured én the counters mk side. The head of the
rivelt was eountersimk in the sheet thus meking it casier
for the rivet to »ull through the sheet. As & result
the bearing strength of countersunk rivets vhen counter-
sunk in the sheet is about 307 less than that found for

pound head rivetse.

The 38 rivets with welded heuds failed in tensiom
aceross the sheet in two of the three svecimins tested.
?ha_ﬁheat had been burnt in the third specimen and the

rivet pulled through the sheet.

Livetin thie Douslas Compenye.

Jdethods uased by

there are six different riveting machines oy
methods in use ot the Douglas Company at the prescnt
time, nomnely ==
1. Hand Liveting.
2+ Vibrators (Air Hammer).
3. Pneunatic Squeezers.
4o Spinners.

He One ghot gun.



GERMAN  TESTS

200,00

! ' i ‘ ~ |
‘ ! ! i ; ;
190000 . e ] i SN S N S—
: i i ] ‘
\ | | | | \
180,000 kot , L L SR
; \\ \\ | ' i : ‘
: | — i : :
T\Q /70,0005 . N — fn/( N | ;
¥ i 7/ T
~_D I \
160,00¢}. N o [ - "
! ~/f ! i ;
3 180000 - i § 4 | .
O f i
R 144009 ' | ] |
. L ! I
R / E | ‘1
/3Q000 —— ‘I ’L |
. x i ! |
) _ ;
2 1zae09 é ;v D
X ! |
loceol. . [ e e e o e e e el o e e o e
& ‘ 7 4 el B
o/ A ’
100,000j. 4 |
/!
/)
94 a0 7—
-/ ‘ ,
8qocoy it LDO0LTED JOINT — S
/ N X W TH RESPECT TO OFIGINAL BEAFING AMPEA
70,000 . // - A Am = fym (OMPUTED  FOR ENLARGED EARING AFER ——
. P! ’
60000 Lp | } ' FLVETED JOINT _— ]
PA H
) i’ {A G OO 701 TPESPECT 70 ORICINAL HOLE O/A.
Jo.000 /’ : ~l= = = M= Cor1PUTED FOR ENLARECELD MHOLE OF. —
/ ; f | | :
40,000 ife , - | |
/ | !\ | |
I I j : !
GQ 000 H i H
R4 o2 03 04 05 .06 o7 o8 .09 SO S SEZ
. : S, FEATE THICHNESS , INCHES
Fig.__ Crushing Pressure of thin sheets in bolted and riveted joints.
O e G Zes? Spoecimes [
""""""""""" J . - ™< ‘I("g
S R T 4 | Tl
P-cﬁ—/' O | o |a Y4 O | | g e 7
e e Sebbebube . 5
O O O | ~_ 3
cleorance To o ! T e ol

1 T
Pe—h—-mmrmnmﬁ arzn) @
L e D
LT | S

Section -

yminate Iriclior

=)l
e —— S

Enfmmzza

Fig.__ Bolt arrangement for testing crushing

strength of plates.

Fig. _Arrangement used for
testing crushing strength of riveted joints.


Fig.___Crushing Pressure of thin sheets in bolted and riveted joints.

Fig.__Bolt arrangement for testing crushing 

strength of plates.
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testing crushing strength of riveted joints.
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6. Automatic lLiveter {Tecentric Press).
of which only hand riveting and the vibrators are
capable of covering the entire field of riveting. OF
these two methods the vibrators are used almost exe
clusivelys Dotk wethods in most coeses require two men
for eperntion. One to hold the ducking bar and the
other %o drive the rivet. They find most of thew apps
lication to either final a-sembly or on pieces that
ecannot be aeﬁemm@dateé'by & Tixed machine. Of course
the speed of riveting depends more or less on the
specimen being riveled but as a rough approximation it
is @ussihle to drive 225 rivets per hour by hand conm-

pared with 300 rivets per hour for the vibrators.

The Pneumatic squeezers is operated by compressed.
air wnd the rivel is driven by a squeezing process. It
is 1imited to an edge distance of sbout six inches,
consequently it findauayﬁlieatian to work suech as
riveting of metsl beams etes It @ﬂly raqﬁires‘ane man
for operatidén with a rate of riveting of probably around

300 per hour.

- The Spinner is nothing more than a.mndifiéd drill
press used to spin the head on long rivets that are
unsupported in the middle, as used to ri#&t‘thrﬂugh
struts, etec. It requires two men for eyerétian, but as

can be seen, there field of application is very limited.



The one shot gun and the Automatic rivetes are
both fixed muchines so econsequently are limited to
piece work or subeassemblies that are designed for

their sccommodation.

The one chot gun is operated by compressed air,
and the éivet is driven by a single blow of the
headimg'togl; It has an eége &isﬁaﬂae of apprroximately
three Teel, ﬁﬁichvenaﬁlés it %o accommodate quitec large
pieee work. It only requires,éne mant for operation and
probably is the Tastest Qf all the m&tﬁn&s so far
discussed.

The eccentric press is as@uatadvﬁy an electiriec
motor. The bueking bar or éally rests in & chuck whieh
moves up and down in & slide track by means of eccentric
blocks. The heading tool is étatianary‘an é‘beﬁplate¢
The rivets_are inserted from the top leaving the éhank
hanging down. The rivet ia driven by & sgueezing #ctiﬂn.
The machine only requireé one man foy operation and has
an edge distance of a fnataand a hal? or two feet.

Since it pﬁnches its own rivet holes it is probably

faster than the othaf methods useds

 Rest Series ilo. 4 (Shear of Rivets.)

The diameter of the driven rivet, hence the amount of
aold working of the rivet shank, depends sonmewhat on
the diameter of the dnlled hole, Therefore it is of
value to know the drill sizes used. for the various
sizes of rivets. These sizes are given in the follow-

'121{3; table.
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From the German tests it was shown possible to obiain
a 40% increase in.sﬁearing strength of a driven rivelt over
that of an undriven rivet. This increase was in the
‘ultimate shemring strength in //&" based on the actual
diameﬁar‘af the rivet, Henee the effect of the enlarged
- rivet was eliminated. This increase in stréngth WES EXw
plained by the eold working of the material in the rivet
shank upah riveting. A difference of 25% in the shearing
strength of the driven rivets wus obtained between hand

‘riveting and riveting with the eccentric press.

The eccentritd press workes the shank of the rivet
more evenly, than hand riveting, which would account for

the increuse in strength.

With this possible variation of shearing strength
with riveting methods, an attemptwas made to classify
the various methods as outlined above by the shearing

value of the driven rivets.



The tests mnede were yuite complete covering six

2 3ad

) =

methods of riveting and verious rivet diameter from
3/32 4o 1/4% totaling approximately 190 test specimens,
The specimens were lap Jjoints with 178t rivets and the
edge distance 'edvrwas held at a constant ratio of the
rivet diameter "d¥. The design of the specimen is

shown on page 19 .

The result of these tests are plotied on page jft.‘
Instead of a difference of 2B% as expected, a.mazimum of
only 4% was sbitained %@tween the various methcaﬁ of riveting.
Also instead of the curve for the unriveted rivet falling
15'te 40 ¢ below the curve for driven rivets the curve fell
about 147 sbove the bowest curve for driven rivets. However
as can be seen the curve for ﬁndrivaﬂ rivets drops doﬁﬁ
fﬂrilargé dianmeter of rivets. This would indicate an error
in the methad of testing the undriven rivet. In testing
the undriven rivets as shaw& i the solid curve the rivets
for all diameter were tested in a la» joint afreanstan%
sheet thickness of 0.225". This value of sheet thickness
iz close to the value used for 1/4" rivet in the driven
rivet tests. This would indicate that the shearing value
of the rivet is & function of the sheet. thiclkness. lense
a seréeé of sveecimens wore tested with constant rivet
diam@tér énﬂ voricble sheet thickness. These results are
glotted'nn page _26 . These results show that the shearw
ing velue of unriveted rivets in & lap joint will vary
about 70 in the ordinary range of sheet thickness of

«021 to 125, Thio accounts partially for the Wigh value



for the unriveted rivei, but there iz still at least 104
vet to be accounted for. As a second ¢heck, a series of
specimens were tested for varieus rivet diameter using .
the same sheets that were used in the riveted specimens.
The rivets were threaded and nmuts were useﬁ.fo hold the
rivet in ﬂasztian instead of the &riveﬁ head. The nuts

were not tightened ‘but left 1@35@ s0 as not to cause an
error due to friction. The results are shown in & dotted
curve on tﬁe same curve sheel, The test gave a constant
sh&ariﬁg'V&lue of 3744004/ thraughauﬁ the range of ri%ﬁ%
diameter. This is free from the previous error of shebt
thickness but gtill lies about 107 higher theﬁ the 1awést
curve for driven rivets. The last Eﬁ?i@ﬁ of specimens were
from & different betch of rivets than used in the Tirst

group of speaimena, which may account for the deserepency.

The shearing valua obtained from rivets driven by
the ecemtric press fall below all the other nethods used.
This seems to indicate th&t the metal iz weskened from
over working. However, these specimens were from still :
another batch of rivets, so no &afinita conclusions can

be Aravwn.

All the sbove curves were shearing values based
on the actual diameter of the rivet, (driven or undriven)
and hence remove any effect of the enlurged cross-

se~tionul sreaof the driven rivet.
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Beeause of come unceriuinty ao to‘ the effect that
friction in metal Joints hed on the shewring valuc of
metal, & serics of specinens were tested under th
crrangenent shown on Tage 27 . whe resnlts show that the

ghearing value veries directly &« the tension in the
rivet. That is the additional lowd tuken by the Joint is
just the tension in the rivet times the coefficient of
frietion. Vith « tensile stress in the rivet of 1/10 the
ultimote shewring sirvength 1t is poasible to chunge the
ultimete sheaving value of the rivet by & out 80 or Y.
fenee it io wvousible that the variution of t »Etin ke
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n rivets of vurious ageings, elve

hourg ageing wos nore mellesble then one of three hours

At Tirvet it was thought that the nal 1leability

N NN SV SRR S oy e B e ve o g T -l s v
wyw un i shewring tesits. o batsh of vivets wore

Simn g W R b PR Ty o u
2 using the ghewring Llocks showm

result o this test is plotted on

the sane page. A8 can De seen frou the curve the rivet
passes through « criticul stage between the vges of 8 wnd
20 hourg. turing this eritical poriod most any shearing
velue ey be expeeted within certain linits. The scutter
seens to lie above the value of 36,000 /p“e Yhe sheuring
value vremaing more or less constunt ot this velue after
an ageing of 27 hours. The hewt drectuent of the rivets

igs given on the curve sheet., After uenching,the rivéts

were dried with o cemtrifugel drier

placed into en ice box, vhere they remained until oging

un storteds They were uged ot o more or less constunt

g o £
tem ature of 50 G,

Gince the wmellewbility dia

e test bloocks

rivet specinen was placed between two cou
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as ghown on puge 36, “he d@flection of ©
voerious loadings wos aeasured by two fues Dinls as shown,

An sverage of the two readings wog token s the true

consreasion of the rivet shunk.

intergul part of the block, conseqyuently
eryor duc tﬁ slippage. the results show consideruble
scatter throughout mest of fthe uges tested, however
of the speciuens were as mallecble at 20 hours as vhen

the ice bhoxe. The heot treatnent for

this bateh of rivéts is given on the curve sheet, wund

3 4 &, e g
the cgeling took pluece utl approximutely 25 Co

Cest Deries lo.3lTensile Sirength)

e g

series of goecliuecng vwere tested to deternine

£

the tensile strength of Zioert for vorious sheet thicke

ness. 4+ e results wre shown on page 37 o “he interesting
Teature of the test was the faoct that every specimen

2,

foiled by shear at cpproximately 45°,

-

Tecst Deries lic 7. (Shewr of dvets in o line)

Information regarding the loud teken by rivets

aced in a line in « riveted Jjoint is of value espece

w

ially since the design practice is contrary to the

elustic theory.

Tests were mode on specimens with the nuwaber of

rivets in & line verying from one to twelve. The results

of the tests ig chown on page_31_ und agrees with design
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practice. The drop off of the ultimate load per rivet
ig sumall, even for twelve rivets in a line. If we are
éesigning for ultimute lowd o rivet will contribute

=

roximately the same strength to & joint regurdless

of the number of rivels in & line. However if we desipgn

3

on the elastic 1limit the result is sonmevhat different.

The Germans have found that & rivet hole has
already possed a 2 ﬁefﬁfmatignéeia@ticlimit)‘at about
one fourth its ultimate lozd, also it has been shown by
teats (Tlef. Proceedings 4. 3. Co Te Hove 19%2) that vhen
rivets are placed in a row the second rivet recelves
very littie loud until the first rivet has puassed ite
elégtic limit. If this is the case vwe would expect the
first rivet in o« vrow of ten rivets to pass its elastic
limit at & V@lﬁ@ of three or four percent the ultimate
load of the joint. If there is a reversul of the load
in a multi-riveted joint of this type the end rivets

would probably become loose at relutive small loudse.

In order to test hole enlargements in a multi-
riveted joint, specimens have been mede with varous
number of rivetz in o row which will gccommodate both
tencion «nd compression. The specimens have not yet
been tested, but it is plunned to veyy both the mag-
nitude of the reversing load wnd the number of tines
of reversals, after which the heads of the rivets will

ve milled off and the hole enlargements measured.
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In reading the charts one usuwlly storts with the

slete thisimess wnd Tollows that line along until it

B S U
interseets the shoeor curve. This gives The coriticcl

rivét dienmeter. The nearect cveiloble rivet dianeler is
shosen {(wreferably 1o ger) end the stre gth veud off on
the secule of ordinctes at the 1ift, the ordincte of the
plate thickness line being used if the rivet diameter is

ove the eriticcl figure, while the ordinute of the shear

L
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-
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]
s
o
e
oot
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P
o
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ch end edge digstuncs "e, veud dom fronm

the chosen diameter, snd take the necrent convenient

piteh lorzer than thoet given by the gravh.

If o wiveted 1o jJoint is designed by the wse of
H Ty ey e g ,"’.r‘sraﬂtm i '?rgﬁ Oy eNe Ry SRk E:xt 5 oyven IS¥=Ysl i: Oy
U-;}r .;,.;\E? C.LL\«.; 0’ {:’ j { ML’/»-!& Lu_kuvbu 13»&&) %3&36{;}; &} «J{}...'w L

ructing these cherts, the joint will hove aj

euual ﬁt?&?zgﬁl in 211 the places in which fallure usually
occurs. “his combinction gives the riveted Joint the
mexinun efficiency that cun Le obitained for the type of
Joint and values of €5, fy, nd £ used. “hic is the

combinution thet would be used in design uniess cconomy

the design factor. In such a cuse the niteh of %he

-

m

4
L&

=

rivets would vrobably be inerewsed to themarimm value

that would s%ill permit the joint to curry the designed

load and et the same time keep its desired appearance.

Leononmy seems to be of major iuportance in the
rresent design rractice of riveted joints. liot only is
the simplest type of riveted joint used {vhich has low

efficiency) but the practice is to reduce the eff. still



further by increasing the pitsh %o & meximum. A change
from this kind of design practice will probably cone

through o simplification of the rivelting methods.

-

It would be interesting et thiz point to see the
affeet of changing the values o, b, wnd fi, in &
single riveted lap joint, while designing the joint to
sive maximum efficiency. That is, the felloving e uutions
i1l be the eriterion for design.

TSy 2 Sl = ()5 e
4

Under these conditionz it is interesting to note

thet the sheoring ultimate £ ¥, of the vivels used has

offect what so ever on the efficiency of the riveted

Joint. this is evident from the eguntion for efficiency.
The efficiency of & single wviveted lap joint will be -

Dff, = (Tq‘d){kxwoo where ¥ is the ultimate tinaile

strength of the sheet.

situting the eriticel veluer for "p* and “dY we

< - - ©
lave w Lff. = __lee .

Yhe affect of doubleing fs, b, and ft senorotely
{s shiowm on page 46 _. The sheet thickness "3" wus
cosuned constant throuchout. The vilues given arve bosed

on mityas the orgincl wvalue.

An incresse in beuring strength seems to be the

mont desirable since it not only increases the effic-

F2



iency wut reduces the labor cost by increasing the
pitehs However the weight of rivets used and weight of
Joint is incressed due to the increase in rivet diamecter

requireds

A high tearing value is ery desirsble for effice

ieney but hag unfavorable cost and veight increuse.

4L low sheuring value is desirable for econony,
but it incresses the weitht of the rivets and joint by
increasing the rivet dismeter required. ‘he efficiency

iz unchanged.

The writer gratefully acknowledges the advice and assistance
of Dres Ao Le Klein, Dr. S« B¢ Ssehler, Professor A. B. Haymond and
lir., Fobater.

The writer is also indebted %o ths Dougl&s,éirgxatt Company

for the furnishing of the speclmens tested.
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