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ABSTRACT

A riveted joint connecting copper sheets might fail in any one of
the following ways: (1) By tearing out of rivets to the edge of the
sheet; (2) by shearing the rivets; (3) by the bearing pressure of the
rivets against the edge of the holes in the sheet; (4) by tension failure
of the sheet between the rivets.

A joint of balanced design is one that is equally liable to all types
of failure.

A casual study of the problem might lead to the conclusion that
the ideal joint is one equally liable to all methods of failure, that is, a
joint of balanced design. Actually, excess strength against tearing out
of rivets to the edge of the sheet, by shearing the rivets, and by excess
bearing of the rivets against the edge of the holes in the sheets, can
be obtained at small cost. In contrast with this, additional strength of
the sheet between rivets can be obtained only at a relatively large cost.
For this reason, it is desirable to have the strength against the first
three methods of failure somewhat greater than the strength of the
sheet in tension. If this is true, then the strength of the sheet is the
strength of the joint; and the strength of the joint depends upon the
rivet pattern.

The tests deseribed in this bulletin were planned to determine the
strength of riveted joints against failure by each of the four methods
described. In addition, several series of tests were made to determine
the effect of the rivet pattern upon the strength of the sheets. Some
of the specimens were lap joints, others were double-strap butt joints.
Some of the lap joints had a single row of rivets, others had two rows
and still others, three rows of rivets. Likewise, some of the butt joints
had a single row of rivets, others had two rows and still others had
three rows of rivets on each side of the joint. The sheet thickness for
the various joints varied from 0.060 in. to 0.375 in., and the rivet
diameter varied from % in. to % in. All rivets were driven cold.
Small rivets were driven with a hand hammer, large rivets were driven
with a pneumatic riveting hammer. Tests were also made to determine
the relation between the load and the slip of the rivets and between
the load and the separation of the sheets at the edge of the joint. The
physical properties of the sheets of all thicknesses were determined by
tension tests of coupon specimens. Tests were also made to determine
the shearing strength of undriven rivets of all diameters. A total of
220 riveted joints was tested.

The following findings are of particular interest:
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The ratio of the shearing strength of the rivets of a riveted joint
to the shearing strength of similar undriven rivets varied from ap-
proximately 1.00 for 14-in. rivets to a value of the order of 1.25 for
34 ¢-1n. rivets.

The ratio of the tensile strength of the sheets of a riveted joint to
the coupon strength of the same sheets varied from 0.88 to slightly
more than 1.00 and was approximately the same for lap joints as it
was for butt joints.

The efficiency by test of lap joints had values ranging from 0.56
for the least efficient joints with a single row of rivets to 0.85 for the
most efficient joints with a triple row of rivets with alternate rivets
omitted from the outer row.

The efficiency by tests of double-strap butt joints had wvalues
ranging from 0.55 for the least efficient joints with a single row of
rivets on each side of the joint to 0.87 for the most efficient joints with
a triple row of rivets on each side of the joint, the rivet spacing being
four times as great for the outer as for the inner row of rivets.

The results of the tests are summarized in considerable detail in
Section 27, page 78.
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INVESTIGATION OF THE STRENGTH
OF RIVETED JOINTS IN COPPER SHEETS

I. INTRODUCTION

1. Object and Scope of Investigation—A riveted joint connecting
copper sheets might fail in any one of the following ways, depending
upon the relative strength of the respective parts:

(1) By tearing out of rivets to the edge of the sheet

(2) By shearing the rivets

(3) By tension failure of the sheet between the rivets

(4) By the bearing pressure of the rivets against the edge of the
sheet, upsetting or tearing the sheet.

For a riveted joint to be of balanced design, it should be equally
safe against failure by each of the four methods of failure described
in the previous paragraph; and in order to design such a joint it is
therefore necessary to know the magnitude of the load required to pro-
duce each of the four types of failure. In order to get this information
it was necessary to test joints designed to fail by each of the methods
described.

It is relatively inexpensive to increase the strength of a riveted
joint against failure by tearing out of rivets to the edge of the sheet,
by rivet shear or by rivet bearing. In the first case the strength can
be increased by increasing the edge distance of the rivets, in the
second and third cases by increasing either the number or the size of
the rivets. But, for a joint of a given rivet pattern, the strength of the
sheet in tension on a section through the outer row of rivets can be
increased only by increasing the thickness of the sheet. This is ex-
pensive if the sheet is long, as it often is, and should be avoided. The
alternative is to select a rivet pattern that results in the greatest tensile
strength of the sheet. The procedure, then, in getting information which
would be useful in the design of riveted joints connecting copper sheets,
would seem to consist of two parts: first, determine the unit strength
that can be developed against failure by tearing out the rivets to the
edge of the sheets, by rivet shear, and by rivet bearing; second, de-
termine the rivet pattern that will give the greatest efficiency against
failure by sheet tension. The tests deseribed in this bulletin have been
planned to attain these two objectives.

The specimens include lap joints and double-strap butt joints with
single, double, and triple rows of rivets. The joints of the various series
were designed to fail in a specified manner in each instance, some by

11
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rivet shear, others by rivet bearing, by the rivets tearing out to the
edge of sheets, or by sheet tension. The variables studied include rivet
pattern, rivet diameter, sheet thickness, and edge distance of the rivets.
The rivet diameters, in inches, were 1%, 34¢, %, %46, %, and %; the
sheet thicknesses, in inches, were 0.060, 0.090, 0.113, 0.185, 0.245, and
0.375.

The physical properties of the sheets were determined from stand-
ard tension tests of coupons cut from the various sheets, and the shear-
ing strength of the rivets was determined from shear tests of undriven
rivets taken from the same lot as the rivets used in making the joints
that were tested.

This investigation was limited to static tests. The fatigue strength
of similar joints might well be made the object of another investigation.
The load which a joint can withstand without leaking is being in-
vestigated.

2. Acknowledgments—The tests described in this bulletin are a
part of an investigation resulting from a cooperative agreement entered
into by the Engineering Experiment Station of the University of Illi-
nois, of which Dreax M. L. ExcEr is the Director, and the Copper and
Brass Research Association, of which T. E. Vevrrort is the Manager.
The tests were made in the Arthur Newell Talbot Laboratory of the
University of Illinois by AumeT Munxct OzeLsiL, Special Research As-
sociate in Civil Engineering, working under the direction of WiLsur
M. WiLsoN, Research Professor of Structural Engineering. The direct
expenses of the investigation were paid from funds provided by the
Copper and Brass Research Association.

II. DEscripTiON OF TESTS

3. Description of Apparatus—The tests were made in three Riéhle
testing machines with capacities of 50 000 lb., 100 000 lb., and 300 000
lb., respectively. Each machine was equipped with special pin-con-
nected pulling heads of the type shown in Fig. 1. The pin insured
centric loading, and the wide rigid clevis distributed the load across the
width of the sheet, that is, along the length of the joint.

The slip between two sheets of a joint was measured with the in-
strument shown in Fig. 2. It consists of a taper pin that fits into a
taper hole in the plates, and an Ames dial that indicates the distance
the taper pin projects from the plate. The method of using the instru-
ment is as follows: The taper pin is inserted, and a zero reading is
taken to determine the projection of the pin before the joint is loaded.
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The pin is again inserted and its projection measured after an incre-
ment of load has been applied. If no slip has occurred the pin will
project the same amount as originally, but if one sheet has slipped
relative to the other, the pin will project farther than before. The
change in projection and the taper of the pin determine the slip that
has occurred. The pin used had a diameter of about 14 in. and a taper
(change in diameter) of approximately 0.02 in. per in.

A slightly different method was used in measuring the slip between
two adjacent sheets of double-strap butt joints. The hole in one sheet,
the sheet for which the slip was not being determined, was drilled
larger than the pin, as shown in Fig. 3. Thus the projection of the pin
measured the slip of the sheet not containing the large hole.

) \ For

O Measwrirg
o Stip ar A
+

> Sip at 8 , B
S—A1 T
(m=)

§N§

i
E ,
O E O Loy

Fia. 3. ArrancemeENT oF HoLes ror MEASURING SvLip;
DouBLe-Strap Burt Joint

In the tests of lap-joint specimens with a single row of rivets, the
separation of the sheets at the edges was measured with a thickness
gage, as shown in Fig. 4. The opening at the edge of the sheet was
read at the zero load and at subsequent loads. The differences repre-
sented the separation of the sheets due to the addition of the loads.

Thiey steel sheers varyirg rrown
Q007" to Q025" i thickness.

J

==

Fic. 4. TrickNESs GAGE FOR MEASURING THE SEPARATION OF SHEETS

4. Types of Failure of Riveted Joints—As stated in Section 1, the
objects of the tests of riveted joints connecting copper sheets were:
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first, to determine the unit strength
that can be developed against fail-
ure (1) by tearing out of rivets to
the edge of the sheets, (2) by rivet
shear, and (3) by rivet bearing;
second, to determine the rivet pat-
tern that will give the greatest
efficiency against failure by sheet
tension. These methods of failure
are deseribed in more detail in the
following paragraphs.

Failure by Tearing Out of Rivets to
the Edge of the Sheet

IFailure by tearing out of rivets

to the edge of the sheet is shown

by Ifigs. 5 and 6. Figure 5 shows

specimen CF-9A after failure by

tearing out of rivets to the edge

of the outside sheet, and Fig. 6 shows specimen CB-31 after failure
by tearing out of rivets to the edge of the inside sheet. This type
of failure may be considered to be due to the longitudinal shear
on the sheet resulting from the tendency of the rivets to force
out the rectangular portion of the sheet between the rivet and the
edge of the sheet, as shown in Figs. 5 and 6. This shear is not uni-
form, being greater near the rivet than it is near the edge of the
sheet, but, for convenience in making computations, it will be con-

sidered to be uniform. The average
unit sheet shear has been taken

P
as being equal to e for the out-
e

side sheets and iﬂ for the inside
el

sheet. In these expressions, P is
the load per rivet, ¢ is the distance
from the center of the rivet to the
edge of the sheet, ¢ is the thickness
of the outside sheet, and ¢, is the
thickness of the inside sheet.

Fic. 6. Faiwure BY Tearine Out oF
Rivers To THE Ebpce oF INsIDE
Sueer, Specimex CB-31
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Fia. 7. FaiLure By River SHEAR; Lap IFig. 8. Famure BY RIVET SHEAR;

Joixt witn DousLe Row oF DoUBLE-STRAP BUTT JOINT WITH SINGLE

Rivers, Rivers 1N SINGLE Row or Rivers ox Eacn SmE oF
SHEAR, SPECIMEN DD-94 Joint, Rivers 1x DouBLE SHEAR,

SeeciMex . DED-91

Failure by Rivet Shear

Specimens that failed by rivet shear are shown in Figs. 7 and 8.
Figure 7 shows the failure of specimen D-94, a lap joint with rivets
in single shear. Figure 8 shows the failure of specimen DED-91, a
double-strap butt joint with rivets in double shear.

Failure by Bearing of Rivets on Edge of Sheet

Failure by excessive bearing of rivets on the edge of the sheet 1s
shown by Fig. 9. The effect of excessive rivet bearing is to upset the
sheet at the edge of the rivet hole and, if the bearing is further in-
creased, eventually to tear the sheet. It is sometimes difficult to dis-
tinguish between failure by rivet bearing and tearing out of rivets to
the edge of the sheet. The latter type of failure oceurs with a small
edge distance and the former occurs with a large edge distance.

Tension Failure of Sheet Between Rivets

Figures 10, 11, 12, and 13 show the failure of joints by sheet ten-
sion on a section through the rivet holes. The specimens of Figs. 10
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Fic. 9. Famure By River BEeariNg, Fic. 10. FAILURE BY SHEET TENSION;
SprcimeN BE-5C Lap Joixt witH SincLeE Row or
Rivers, Seecimex B-52

- -C-.-“.‘

Fic. 11. Fainure By SHEET TENSION; TFic. 12. FaiLure BY SHEET TENSION;
Lap Joixt witn TripLe Row oF DovsLe-Strar Burr JoiNT WITH
Rivers, SpeciMeEN E-99 SincLE Row oF Rivers on Eacu

St or Joint, SpEcimeEx CDC-T71
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and 11 are lap joints and those of
Figs. 12 and 13 are double-strap
butt joints. On the assumption that
the unit strength of the net section
of the sheet of a riveted joint
equals the unit strength of a coupon
specimen cut, from the same sheet,
the strength of the joint would be
the product of the coupon strength
of the sheet and the net section
through the rivet holes. Underthese
conditions the efficiency of the
joint would be the ratio of the net
to the gross section. This is desig-
nated as the computed efficiency
of the joint. The product of the
coupon strength and the net sec-
tion is designated as the computed
strength as distinguished from the
strength of the joint developed in
the test, which is designated as the

Fia. 13. F.—_\II,I:m-: BY SHEET TENSION; strength by test. The quotient ob-
DoupLe-Strap Burr JoiNt wiTH 4 v e st i e Ebnemrecthe: b
TrirLe Row oF Rivers on amed by dividing the strength Dy
Eacu Sme or JoINT, test by the product of the gross
SeeciMEN DED-100 section and the coupon strength, is

designated as the efficiency by test.
There are three {__,eomctrlcai factors that may affect the relation
between the net and the gross area of the section of the sheet through
the outer row of rivet holes for a joint of balanced design: (1) the
ratio of rivet diameter to sheet thickness; (2) the number of rows
of rivets; (3) the relative spacing of the rivets in the outer and the
inner rows. The influences of these factors are discussed in the follow-
ing paragraphs.
If the rivet spacing is represented by z and the hole diameter
by h, then the ratio of the net to the gross section of a joint of the

type shown in Fig. 10 is —. This fraction is the computed ef-

x

ficieney of the joint if failure is by sheet tension. For a balanced
design, the shearing strength of a rivet equals the tensile strength of
the sheet between two adjacent rivets. The shearing strength of a rivet
increases with the square of the diameter. Therefore, considering only
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rivet shear and sheet tension, the net width between rivet holes for a
joint of balanced design increases with the square of the rivet diameter,
and, for a sheet of given thickness, a joint with large rivets will be
more efficient than a similar joint with small rivets. But, as the dis-
tance between rivets increases, the rivet bearing increases, and the
distance between rivets should not be increased beyond the point
where the rivet bearing becomes the controlling factor in limiting the
strength of the joint.

As previously stated, the number of rows of rivets affects the
efficiency of a joint of balanced design. The joint shown in Fig. 10
is a lap joint with a single row of rivets; the one shown in the sketch
of Table 12, page 38, is a lap joint with a double row of rivets. Both
were designed to fail by sheet tension on a section through the rivet
holes. The rivet spacing for balanced design for rivet shear and sheet

wd?

S for

x—h
tension is determined by the expression ( )tT =
T

x
for the two-row joint. In these expressions {=sheet thickness, d=
rivet diameter, S =unit shearing strength of the rivets, x =distance
center to center of rivets, and 7 =unit tensile strength of the sheets.
That is, the tension in the portion of the sheet between adjacent
rivets is resisted by one rivet in the case of the one-row joint, and
by two rivets for the two-row joint. The value of z, and also the

. . x—h 2rd?
the one-row joint, and by the expression ( )tT =1 S

value of , is therefore greater for a two-row joint than it is

i
for a one-row joint.

The efficiency of the joint is also influenced by the relative spacing
of the rivets in the outer and in the inner row. The specimen shown
in Fig. 11 is a lap joint with a triple row of rivets, and the rivet
spacing is twice as great for the outer as for the inner row. The ten-
sion in the portion of the sheet between adjacent rivets in the out-
side row is resisted by four rivets, and the rivet spacing for balanced
design between rivet shear and sheet tension is determined by the

2z — h dyd?
)tT =z S. The computed efficiency of this

expression (
2z

2¢c — h
joint is —%; a value which, for a balanced design, is greater
x

than the efficiency of the one-row or the two-row joints previously
described.
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All of the foregoing discussion is based upon the assumption that
the unit tensile strength of the portion of the sheet between two adja-
cent rivet holes in the outer row equals the unit strength of the same
sheet as determined by tests of coupons, and is not affected by the rivet
pattern. Tests of riveted joints* connecting steel plates indicate that
the unit strength of the portion of a plate between adjacent rivets
may range, approximately, from 85 to 120 per cent of the coupon
strength of the same plate, depending upon the rivet pattern. Tests
were therefore made to determine whether or not the unit strength
of the copper sheets connected by riveted joints is likewise affected
by the rivet pattern. This portion of the investigation covered a large
variety of rivet patterns, including both lap joints and double-strap
butt joints, and covered a range of rivet size from 14 in. to 4 in., and
a range of sheet thickness from 0.060 in. to 0.245 in. The tests of
lap joints are reported in Sections 15 to 18, and tests of double-
strap butt joints are reported in Sections 19 to 23.

5. Schedule of Tests—The specimens were divided into five series
according to type of joint, rivet pattern, and type of failure desired.
The various series were as follows:

Series I. Specimens to fail by tearing out of rivets to the edge of sheet;
single row of rivets; rivets in double shear.

(1) Failure by the rivets tearing out to the edge of the outside

sheets

(2) Failure by the rivets tearing out to the edge of the inside sheet.
Series II. Specimens to fail by rivet shear; lap joint; rivets in single
shear.

(1) Single row of rivets

(2) Double row of rivets (chain pattern).

Series III. Specimens to fail by rivet shear; double-strap butt joint;
rivets in double shear.

(1) Single row of rivets

(2) Double row of rivets (chain pattern).

Series IV. Specimens to fail by tension failure of sheet between rivets;
lap joints; rivets in single shear.

(1) Single row of rivets

(2) Double row of rivets (chain pattern)

(3) Double row of rivets (stagger pattern)

(4) Triple row of rivets; alternate rivets omitted from outer rows.

* Transactions, A.S.C.E., Vol. 105, p. 1264. Discussion by W. M. Wilson.
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Series V. Specimens to fail by tension failure of sheet between rivets;
double-strap butt joints; rivets in double shear.

(1) Single row of rivets

(2) Double row of rivets (chain pattern)

(3) Double row of rivets (stagger pattern)

(4) Double row of rivets; spacing twice as great for outer as for

inner row.

(5) Triple row of rivets; spacing four times as great for outer

as for inner row of rivets.

The specimens were designed to fail in accordance with the schedule
outlined. Small rivets were used with thin sheets and large rivets with
thick sheets. Tests, in general, were made in duplicate. For 72 speci-
mens the holes were drilled larger than the rivets, the oversize being
164 In. for %-, 346-, Y4-, and 3% ¢-in. rivets, and %4, in. for 34- and
14-in. rivets. For the remaining 148 specimens the rivet holes were
drilled to the same size as the rivets. The 1%-, 3]4-, and ¥-in. rivets
were hand driven, and the % 4-, 3s-, and 14-in. rivets were driven with
an air hammer.

III. PrysicAL PROPERTIES oF MATERIAL

6. Tensile Properties of Sheets—The stress-strain relation for the
copper sheets was determined from coupon specimens having the di-
mensions shown in Fig. 14a. Coupons were cut parallel with and per-
pendicular to the direction of rolling. Typical stress-strain diagrams
for No. 11 gage and No. 13 gage sheets are given on Fig. 15. The
modulus of elasticity had values of the order of 14 000 000 and
20 000 000 lb. per sq. in., respectively, when the sheets were stressed
parallel with and perpendicular to the direction of rolling for both the
No. 11 and the No. 13 gage sheets.

r‘/’\‘ ey
t E 7‘{"
| T
PRl Gage’ —"L‘ ”‘j -~ sl 4”—»7
Gage
- il ...._.—..,.__/ /rzl.’
(a) &)

Fi6. 14. Courons For Stanparp Tension Trsts

The tensile strength of the sheets as determined by tests of
coupons of the dimensions shown in Fig. 14b is given in Table 1.
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Some specimens were taken parallel with and others perpendicular to
the direction of rolling, as indicated.

The data in Table 1 indicate that there was no significant and con-
sistent difference in the strength of coupons taken parallel with and
perpendicular to the direction of rolling. There was a very definite
correlation between the tensile strength and the hardness as given by
the Rockwell hardness number. Sheets with a hardness corresponding
to a Rockwell number on the B Scale of 50 had a tensile strength of
the order of 50 000 lb. per sq. in., whereas sheets with a hardness
number of 20 to 30 had a tensile strength of the order of 35 000 lb.
per sq. in. The elongation was much greater for the soft sheets than
for the hard sheets. The elongation was not appreciably affected by the
position of the specimen with respect to the direction of rolling for the
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TasLE 1
PuysicaL ProprerTiES OF COPPER SHEETS

Average of Values From Two Tests
- Stress with
Ship- Average
ment | Thickness |  lespect to ; | :
No. in. irection Ultimate Reduction | Elongation | Rockwell
| of Rolling Strength of Area in 4 in. Hardness
1b. per sq. in. per cent per cent B scale

1 Parallel 48 200 25.8 7.1 45

2 0.060 51 300 73.0 5.0 53
16 gage —

1 Perpendicular 51 500 27.4 5.6 45

2 53 T00 73.2 2.8 53

1 35 800 51.2 36.3* 29

2 Parallel 47 100 69.2 6.9 53

3 0.090 49 900 63.9 6.3 49
13 gage

1 35 300 51.5 36.6* 29

2 Perpendicular 50 600 69.3 3.6 53

3 52 800 72.4 3.4 49

1 34 000 51.3 39.2* 30

2 Parallel 47 900 65.8 8.8 52

3 0.113 47 300 65.0 6.7 44
11 gage

1 33 100 43.7 35.4* 30

2 Perpendicular 49 900 66.2 3.9 52

3 51 000 65.4 3.8 44

1 Parallel 36 400 38.0 37.1 26

2 0.185 48 900 48.8 5.6 a1
6 gage

1 Perpendicular 35 700 49 .4 37.6 26

2 50 200 36.5 3.2 51

1 Parallel 34 400 39.1 3.0 | 19

2 0.245 35 400 46.3 42.5 20
3 page

1 Perpendicular 33 600 45.8 45.7 19

2 35 300 44.6 42.5 | 20

1 Parallel 36 200 36.8 2.2 | 23

2 0.375 35 400 44.2 28.7 | 18
00 gage |

1 Perpendicular a5 800 49.5 32.3 23

2 ] 34 100 53.2 32.0 18

* Per cent elongation in 8 inches.

soft sheets but, for the hard sheets, the elongation was somewhat
greater parallel with the direction of rolling than it was perpendicular
to the direction of rolling.

Table 1 gives the coupon strength of the sheets used in the fabrica-
tion of all riveted specimens that were tested. Either two or three
shipments were received of each sheet thickness. Coupons from each
shipment were tested separately, as indicated in the table.

7. Shearing Strength of Undriven Rivets—Preliminary to tests of
the riveted joints, tests were made to determine the shearing strength
of undriven rivets from the same batch as the rivets used in the joints
to be tested. The rivets, like the sheets, were received in various ship-
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(a)-Rivers in Single Shear (6)—Riverts in Double Shear

Fra. 16. Arparatus ror SuEAr TEsTs oF UnprRIVEN RiveETs

ments, and the shearing strength of rivets in-each shipment was deter-
mined separately. The apparatus used in testing the undriven rivets is
shown in Fig. 16. Tests were made in both single and double shear, and
four or more tests were made on a single rivet. The results of the tests
are given in Table 2, each value being the average of four tests.

It is of interest to note that the unit strength in shear was con-
siderably greater for 14-in. rivets than it was for 344-, Y-, %e-, %-,
and Y%-in. rivets. The shear strength was approximately the same for
all of the latter sizes.

Table 2 contains the shearing strength of undriven rivets from all
shipments and all sizes that were used in the fabrication of the riveted
joints that have been tested.

TaBLE 2
SHEARING STRENGTH 0F UnprivEsx Coprer RIveTs
Each value is the average of four tests.

Rivet Diameter
Ship-
rr‘{;mt, Shear 1§ in. He in. 14 in. 56 in. 3 in. 1 in.
No.
Unit Shearing Strength, 1b. per sq. in.
1 Single 32 900 25 900 25 800 29 300 25 600 22 900
Double | ...... 28 100 | ..o | ceevie | eenann 23 200
2 Single | ...... 26 800 27 600 28 000 26 800 24 600
Double | ...... 26 500 26 400 26 200 28 000 24 200
3 Bitgle:: | sG] e 26 400 25 700 24 000 | ......
Double | ...... | ...... 26 400 28 700 26000 | ......
4 Bingley | | masin L] s 24 400 24000 | ciaiss | saedis
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IV. Riverep Joints DEsieNEp To FaiL By TeEarING OuT
oF Rivers 10 Ence or SHEET; SERIES T

8. Series I-1; Specimens Designed to Fail by Tearing Out of
Rivels to Edge of Outside Sheet—This series of tests was planned to
determine the proper edge distance of the rivets to be used in the design
of the butt straps of double-strap riveted butt joints. The specimens
were designed to fail by tearing out of rivets to the edge of the outside
sheet. The details of the specimens are given in Table 3, and the
character of the failure is shown in Fig. 5, page 15. The variables
studied were sheet thickness, rivet diameter, and edge distance of the
rivets. All tests were made in duplicate, and the coupon strength of
the sheets was known from the control tests reported in Table 1.

Failure of a riveted joint by tearing out of the rivets to the edge of
the outside sheet may be considered as being due to the longitudinal
shear on the sheet resulting from the tendency to force out the rec-
tangular portion of the sheet between the rivet and the edge of the
sheet, as shown in Fig. 5. This shear is not uniform, being greater near
the rivet than it is near the edge of the sheet, but, for convenience in
making computations, it will be considered to be uniform. There is
also a tendency for the sheet to tear due to the high bearing pressure
of the rivet upon the edge of the hole. As the load increases, this bear-

TaBLE 3

DeramLs oF SpEciMENs; Series I-1; Joints DEesigNED To FaiL BY TEariNg Our
or Rivers To EpGce or OUTSIDE SHEET

T r =
Ve x »1 el ’
T e e c 1l _te a'=River aiam
= 4 :[E A= Hole dram.
I
w %

. t t X W L h d €
Specimen No. in u: in in. in. in in in
AD-3A and AD-3B 0.060 0.185 15@ =114 34 12 14 Y %
AD-3C and AD-3D 0.060 0.185 15@ %=11% 34 12 Y4 14 2]
AD-5A and AD-5B 0.060 0.185 11@l =11 i1 12 e | e 1542
AD-5C and AD-5D 0.060 0.185 11@l =11 1 12 Ma Me 5
BE-5A and BE-5B 0.090 0.245 11@l =11 g 12 e He 1542
BE-5C and BE-5D 0.090 0.245 11@l =11 e ] 12 e e ]
BE-7A and BE-7B 0.090 0.245 7@l =10% ¥ 12 3 3 Yie
BE-7C and BE-7TD 0.090 0.245 7@l =104% 34 12 34 b 4]
CF-7A and CF-TB 0.113 0.375 T@lle=10% 3 12 3 3% Ye
CF-7C and CF-7TD 0.113 0.375 7T@1% =104 3 12 3% g 3
CF-9A and CF-0B 0.113 0.375 5@2 =10 1 12 14 ] k]

CF-9C and CF-9D 0.113 0.375 S5@2 =10 1 12 ] | 1% 1
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ing pressure first upsets and finally tears the sheet. Failure by sheet
shear is most likely to occur if the edge distance is small, and failure by
upsetting and tearing the sheet is most likely to occur if the rivet bear-
ing pressure is high and the edge distance is large. As stated previ-
ously, the unit sheet shear has been taken equal to the load per rivet
divided by 4et, in which e is the distance from the center of the rivet
to the edge of sheet, and ¢ is the thickness of the outside sheet. The
unit rivet bearing for the outside sheet has been taken equal to the
load per rivet divided by 2¢d, in which d is the diameter of the rivet.

The results of tests are reported in detail in Table 4. All specimens
of a group were geometrically identical except for the edge distance of
the rivets. The specimens of groups I and II had the same sheet thick-
ness but different rivet diameters. The same statement is true of the
specimens of groups III and IV and is also true of the specimens of
groups V and VI. The specimens of groups Il and TII had the same
rivet diameter but different sheet thicknesses. The same statement is
true of the specimens of groups IV and V.

The specimens did not all fail by tearing out of rivets to the edge
of the outside sheet. The specimens of the second part of group V
failed by rivet shear; specimens of the second part of groups III, IV,
and VI failed by both rivet shear and rivet bearing; specimens of the
first part of group V failed by both rivet shear and tearing out of rivets
to the edge of the sheet; the specimens of the second part of group I
failed by sheet tension, rivet shear and by tearing out of the rivets
to the edge of the outside sheet. All other specimens failed by tearing
out of the rivets to the edge of the outside sheet, as planned. This type
of failure is illustrated by Fig. 5. The failure of specimen AD-3C,
which failed by sheet tension, rivet shear, and by tearing out of rivets
to the edge of the outside sheet, is shown in Fig. 17.

Fic. 17. FaiLure By Sueer Texsion, BY River SHear, aAND BY Tearing Our
orF River o THE Ence or OuTsibE SHEET, SPECIMEN AD-3C
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TABLE 4
Revation BETWEEN EpGe Distance or Rivers anp ULTIMATE STRENGTH OF
Joints; SpEciMENS DEsigNED To Fain BY Tearing Our oF
Rivers To Epce or OursipE SHEET; SERIES [-1

Edge Distance Unit Stress at Ultimate Load
Group | Specimen of Rivets Ullt.‘L?daw Ib. per sq. in. Mcg?od
No. o i
¢ - g Ib. Sheet | Sheet | Rivet | Failure®
. Tension Shear Bearing
(1) (2) (3) (4) (5) (6) 7 (8) 9)

Rivet Dia., 3 in.; Sheet Thickness, 0.060 in.; Coupon Strength of Sheet, 53 100 lb. per sq. in.

AD-3A 3 11 42 200 44 000 29 300 87 800 1
AD-3B 3 1% 42 900 44 800 29 800 89 200 1
I Average v o 42 550 44 400 29 550 88 500 _—
AD-3C 13 2 49 000 51 000 25 500 102 000 2
AD-3D 3] 2 44 200 46 000 23 000 92 000 2
Average 4 i 46 600 48 500 24 250 97 000 F ]

Rivet Dia., 3s in.; Sheet Thickness, 0.060 in.; Coupon Strength of Sheet, 53 700 1b. per sq. in.

AD-5A 1552 1} 41 100 40 600 30 400 91 400 1
AD-5B 1852 1% 43 500 43 000 32 200 96 800 1
e Average .. 42 300 41 800 31 300 94 100 L
AD-5C 5% 2 42 300 41 800 23 500 94 000 1
AD-5D 56 2 47 000 46 400 26 100 103 500 i
Average £ s 44 650 44 100 24 800 98 750 S

Rivet Dia., 34¢ in.; Sheet Thickness, 0.090 in.; Coupon Strength of Sheet, 52 800 lb. per sq. in.

BE-5A 1542 1% 53 300 35 900 26300 79 000 1
BE-5B 154a 1% 52 000 35 000 25 700 77 100 1
111 Average .. . 52 650 35 450 26 000 78 050 .
BE-5C 5 2 56 300 37 900 20 800 83 400 3
BE-5D 5 2 54 800 | 36900 | 20 300 | 81 400 3
Average % . 55 550 37 400 20 550 82 400 ik

Rivet Dia., 3 in.; Sheet Thickness, 0.090 in.; Coupon Strength of Sheet, 49 900 lb. per sq. in.

BE-TA He 1% 45 900 28 300 28 300 85 000 1
BE-TB $e 1% 46 000 28 400 28 400 85 200 1

v Average e sl 45 950 28 350 28 350 85 100 -
BE-7TC b ] 2 50 900 31 400 23 600 94 300 3
BE-TD % 2 50 000 30 900 23 200 92 600 3
Average 2% Tr 50 450 31 150 23 400 93 450

Rivet Dia., 3 in.; Sheet Thickness, 0.113 in.; Coupon Strength of Sheet, 47 300 1b. per sq. in.

CF-TA %He | 1M 53 200 26 100 26 200 78 500 4
CF-7B e | 1% 52 600 25 800 25 900 77 700 4
v Average R 52 900 25 950 26 050 78 100 v
CF-7C M| 2 54 800 26 900 20 200 80 000 5
CF-7D H 2 53 400 26 200 19 700 78 700 &
Average i v 54 100 26 550 19 950 79 350 b

Rivet Dia., ¥ in.; Sheet Thickness, 0.113 in.; Coupon Strength of Sheet, 47 300 1b. per sq. in.

CF-9A 3 14 59 300 29 200 29 200 87 500 1
CF-9B % 1% 56 500 27 800 27 800 83 300 it
VI Average ‘s vea 57 900 28 500 28 500 85 400 s
CF-9C 1 2 61 700 30 300 22 800 91 000 3
CF-9D 1 2 63 700 31 300 23 500 94 000 3
Average ve 62 700 30 800 23 150 92 500

*Method of failure.
1. Failed by tearing out of rivet to edge of outside sheet.
2. Failed by sheet tension, rivet shear and tearing out of rivet to edge of outside sheet.
3. Failed by rivet shear and rivet bearing.
4. Failed by rivet shear and tearing out of rivet to edge of outside sheet.
5. Failed by rivet shear.
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The specimens in the two parts of each group of Table 4 differed
in the magnitude of the edge distance of the rivets. Specimens in the
first part of each group had an edge distance equal to 114 times the
rivet diameter and specimens in the second part of each group had an
edge distance equal to 2 times the rivet diameter. A comparison of the
average values of the ultimate load for the two parts of each group,
given in column 5 of Table 4, reveals the fact that, in general, increas-
ing the edge distance from 1%d to 2d increased the ultimate load-
carrying capacity of the joint from 5 to 10 per cent. The specimens of
groups III, IV, and VI which had an edge distance of 2d, all failed by
shearing the rivets, so that increasing the edge distance above 2d would
not have increased the load-carrying capacity of these joints.

The data in Table 4 have been arranged in Table 5 in such a man-
ner as to show, separately, the effects of the rivet diameter and the
thickness of the outside sheet upon the sheet shear that the joint de-
veloped. The values of the sheet shear and rivet bearing, given in
columns 6 and 7 of Table 5, have been adjusted to a common sheet
coupon strength of 50 000 lb. per sq. in. so as to make the results of

TABLE 5

STrRENGTH oF JoinTs DEsIGNED To FaiL BY Tearing Our or Rivers To Epce or
OursipE SHEET; SERIES I-1; SuMMARY oF REsSULTS
Each value is the average of two tests.

Sheet Shear |Rivet Bearing
at Failure at Failure
Group Specimen ~ Rivet Sheet Sheet Shear | Adjusted to | Adjusted to
No. No. Diameter | Thickness at Failure | 50 000 lb. per | 50 000 Ib. per
| sq. in. Cou- sq. in. Cou-
. pon Strength fum: Strength
| | in. in. Ib. per sq. in. | lb. per sq. in. | Ib. per sq. in,
1
| 2) | ® ) (5) (6) ] (]
Specimens with a Rivet Edge Distance of 14d
I | AD-3A, AD-3B 1 | 0.060 29 550 27 820* 83 330
II AD-5A, AD-5B e | 0.060 31 300 29 140* &7 610
111 BE-5A, BE-5B e 0.090 26 000 24 620* 73 910
v BE-TA, BE-TB I 0.090 28 350 28 400* 85 300
W CF-7A, CF-TB 3% 0.113 26 050 27 540* 82 560
VI CF-9A, CF9B 14 0.113 28 500 30 130* 90 280
Specimens with a Rivet Edge Distance of 2d
I AD-3C, AD-3D 14 0.060 24 250 22 830* 91 340
II AD-5C, AD-5D e 0.060 24 800 23 090* 91 950
111 BE-3C, BE-5D e 0.090 20 550 19 460 78 0301
v BE-7C, BE-TD 3% 0.090 23 400 23 450 93 6301
W CF-7C, CF-7D 38 0.113 19 950 21 100 83 8801
VI CF-9C, CF-9D | 14 | 0.113 23 150 24 470 97 800t

* Failed by rivets tearing out to edge of outside sheet, others did not.
t Failed by rivet shear and rivet bearing.
1 Failed by rivet shear.
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the various tests directly comparable. The edge distance was 114d for
the tests reported in the upper part of the table, and 2d for the tests
reported in the lower part of the table. For each pair of groups,
I and II, IIT and IV, V and VI, the sheet thicknesses were the same
for both groups but the rivet diameter was less for the first than
for the second group. For the two groups of a pair with the same sheet
thickness, the group with the larger rivet diameter consistently de-
veloped the greater sheet shear. However, the difference was not great.

For each pair of groups, IT and III, and IV and V, the rivet di-
ameter was the same for both groups but the sheet thickness was
greater for the second group than for the first group. The data in
Table 5 indicate that, in each instance, the unit shear at failure was
less for the thick sheet than it was for the thin sheet.

Although both the sheet thickness and the rivet diameter affected
somewhat the unit shear at the ultimate load for a given edge distance
expressed in terms of d, the total range in unit sheet shear at failure
was not great, the range being from 26 000 to 31 300 lb. per sq. in. for
an edge distance of 1%d, and from 19 950 to 24 800 Ib. per sq. in. for
specimens with an edge distance of 2d. Tt should also be noted that,
for specimens with a rivet edge distance of 2d, those with a sheet shear
at the ultimate load of 19 950 and 20 550 lb. per sq. in. did not fail by
sheet shear. Of the specimens with an edge distance of 2d, only those
of groups I and IT failed by tearing out the rivets to the edge of the
outside sheet. This indicates that the strength of the joints could not
have been increased appreciably by inecreasing the rivet edge distance
of the outside sheets bevond 2d.

The results of the tests described in this section appear to justify
the following statement:

For double-strap riveted butt joints designed to fail by tearing out
of rivets to the edge of the outside sheet (butt straps), the sheet shear
at failure varied from 26 000 to 31 300 lb. per sq. in. This was for
joints with a rivet edge distance of 114d and with sheets having a
coupon strength in tension of approximately 50 000 lb. per sq. in. The
joints had a range of sheet thickness of from 0.060 in. to 0.113 in. and
a range of rivet diameter of from 14 in. to 1% in. The total capacity of
joints (as distinguished from the unit shear) that failed by tearing
out of rivets to the edge of the outside sheet was from 5 to 10 per cent
greater for joints with an edge distance of 2d than it was for joints
with an edge distance of 134d. For the combinations of rivet diameter
and sheet thickness tested, increasing the edge distance above 2d would
not have increased the strength of the joint by a significant amount
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TABLE 6

DetaiLs or SpeciMeNs; Seriegs 1-2; Joints DesieNep 1o FamL By Tearing Outr
oF Rivers To EpGe or INSIDE SHEET

LI T
¥ J: X I Y 7
e a1 1e a'=River aram.
b i I bH=Hole af;’am
6
- [ —— iy ):,
- t i X u W h d e
Specimen No. in in in in in. in in in
AA-11 and AA-12 0.060 0.060 25@ Ts=11 14 12 Yha 15 4
AA-21 and AA-22 0.060 0.060 12@ % =10% 34 12 1364 | He
AA-23 and AA-24 0.060 0.060 12@ % =101 B 12 134 | He 4is
AB-21 and AB-22 0.060 0.090 16@lie=11 14 12 1344 He ¥
AA-31 and AA-32 0.060 0.060 7@ 1% =10% % 12 1764 4% M
AB-31 and AB-32 0.080 0.090 9@ 1Y=114% 3¢ 12 164 1 14
CB-31 and CB-32 0.090 0.113 11@1 =11 lg 12 1754 1% 1%
CB-33 and CB-34 0.090 0.113 11@1 =11 14 12 1764 %
AB-51 and AB-52 0.060 0.090 6@ 13 =101 34 12 24y | Be 9%
AB-53 and AB-54 0.060 0.090 6@ 133=10% 3 12 | 2hjy e | e
CB-51 and CB-52 0.090 0.113 8@ 1%=11 14 12 | 24 | He 8
CB-53 and CB-54 0.090 0.113 8@ 1% =11 1e 12 | 24y | Mg | 1Me
AB-71 and AB-72 0.060 0.090 4@ 2% =10 1 12 135, | 3 i)
CB-71 and CB-72 0.090 0.113 5@2 =10 1 12 1345 a4 34
CB-73 and CB-74 0.090 0.113 5@2 =10 1 12 1369 % 114
CD-91 and CD-92 0.113 0.185 5@2 =10 1 12 136a 14 1
ED-91 and ED-92 0.185 0.245 6@ 135 =101 % 12 1752 1% 1

beeause of the liability to failure by rivet bearing. The unit sheet shear
given in the foregoing is the total load per rivet divided by 4et, in
which ¢ is the thickness of the outside sheets, and e is the distance
from the center of the rivets to the edge of the outside sheet.

9. Series I-2; Specimens Designed to Fail by Tearing Out of Rivets
to Edge of Inside Sheet—The tests of this series were planned to de-
termine the proper edge distance of the rivets for copper sheets con-
nected by double-strap riveted butt joints.

The details of the specimens are given in Table 6, and the char-
acter of the failure is shown by Fig. 6, page 15. The variables studied
are sheet thickness, rivet diameter, and edge distance of rivets. All
tests were made in duplicate, and all specimens failed by tearing out
the rivets to the edge of the inside sheet, as planned.

The method of failure of a riveted joint by tearing out of rivets to
the edge of an outside sheet and the method of computing the unit
stresses involved were described in Section 8. These apply to joints
designed to fail by tearing out of rivets to the edge of the inside sheet
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except that, for the latter, the sheet shear equals the load per rivet
divided by 2et,, in which e is the distance from the center of the rivet
to the edge of the inside sheet, and ¢, is the thickness of the inside
sheet.

The coupon strength of the sheets is given in Table 1, and the
results of the tests are given in Tables 7, 8, and 9.

The tests reported in Table 7 were planned to determine the effect
of the sheet thickness upon the unit strength of a joint designed to fail
by the rivets tearing out to the edge of the inside sheet. A compari-
son was made between joints with the same rivet diameter and the
same edge distance but with different sheet thicknesses, the edge
distance being 2d for all specimens.

The results of the tests, given in detail in Table 7, are summarized
in Table &, each value being the average for two identical specimens.
The columns of Table 8, beginning at the left and reading to the right,
give the group number, specimen number, rivet diameter, sheet thick-
ness, sheet shear at failure, and the rivet bearing at failure, the latter
two being adjusted to a coupon strength of sheet of 50 000 lb. per
sq. in. The group numbers in Table 8 correspond to the group num-
bers in Table 7, and the specimens for pairs of groups II and III, IV
and V, ete., have the same rivet diameter but different sheet thickness,
the second group of each pair always having the thicker sheet.

It is of interest to note that, for each rivet diameter, the specimen
with the thinner sheet had the greater unit sheet shear at failure. How-
ever, the difference was not great, the range in the unit sheet shear at
failure, adjusted to 50 000-lb.-per-sq.-in. coupon strength, being from
a minimum of 20 500 1b. per sq. in. to a maximum of 27 700 Ib. per sq.
in. The rivet bearing at failure, adjusted to a coupon strength of
50 000 Ib. per sq. in., and given in column 7, had a minimum value of
81 600 1b. per sq. in. and a maximum value of 112 600 Ib. per sq. in.
It should be noted, however, that failure was by sheet shear in each
instance and not by rivet bearing.

The tests reported in Table 9 were planned to determine the in-
fluence of the edge distance upon the strength of riveted joints designed
to fail by tearing out of rivets to the edge of the inside sheet. The
tests are arranged in groups from XII to XVI. All specimens of a
group had the same sheet thickness and rivet diameter, but, for each
group, the edge distance of the rivets was 2d for the first pair and 3d
for the second pair of specimens. The coupon strength of the sheets for
the various groups is also given in the table.
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TaBLE 7

StreENGTH OF JoinTs DEsigNED To FaiL BY TEariNG Our or Rivers To EpGE oF
InsiDE SHEET; SERIES 1-2
All specimens failed by tearing out of rivets to the edge of the inside sheet.

Edge Distance Unit Stress at Ultimate Load
of Rivets Ultimate 1b. per sq. in.
Group Specimen Load
No. No.
in. d Sheet Sheet Rivet

| Ib. Tension Shear Bearing

1
(6)] | @ 3) @) [ (5) (6) ) (8)

Rivet Dia., 1 in.; Sheet Thickness, 0.060 in.; Coupon Strength of Sheet, 51 500 lb. per sq. in.

AA-11 ‘ ¥ 2 19 700 38 900 24 800 99 400

1
AA-12 % 2 19 400 38 400 24 500 98 200
Average ‘ i 19 550 38 650 24 650 98 800

Rivet Dia., s in.; Sheet Thickness, 0.060 in.; Coupon Strength of Sheet, 51 500 lb. per sq. in.

11 ’ AA-21 3

2 15 900 27 900 26 700 106 500
AA-22 3% 2 14 900 26 300 25 100 100 000
‘ Average e i 15 400 27 100 25 900 103 250

Rivet Dia., 36 in.; Sheet Thickness, 0.090 in.; Coupon Strength of Sheet, 50 600 Ib. per sq. in.

111 f AB-21

¥ 2 26 200 34 400 22 600 90 100
| AB-22 3 2 26 700 34 900 23 200 92 800
Average e A 26 450 34 650 22 900 91 450

Rivet Dia., % in.; Sheet Thickness, 0,090 in.; Coupon Strength of Sheet, 50 600 lb. per sq. in.

v AB-31 1% 2 22 600 27 000 25 000 100 000
AB-32 1% 2 24 000 28 900 26 700 106 700
Average Ak 23 300 27 950 25 850 103 350

Rivet Dia., % in.; Sheet Thickness, 0.113 in.; Coupon Strength of Sheet, 49 900 lb. per sq. in.

v I CB-31 ¥ 2 30 300 30 600 22 300 89 500

| CB-32 1% 2 29 000 29 300 21 400 85 600
Average . 29 650 29 950 21 850 87 550

Rivet Dia., s in.; Sheet Thickness, 0.090 in.; Coupon Strength of Sheet, 50 600 1b. per sq. in.

VI AB-51 i) 2 20 800 24 200 26 600 106 000
AB-52 5% 2 20 800 24 200 26 600 106 000
Average iR 20 800 24 200 26 600 106 000

Rivet Dia., %4s in.; Sheet Thickness, 0.113 in.; Coupon Strength of Sheet, 47 900 lb. per sq. in.

VII CB-51 9% 2 24 900 24 600 19 600 78 200
CB-52 9% 2 24 900 24 600 19 600 78 200
Average 4 24 900 24 600 19 600 78 200

Rivet Dia., 3 in.; Sheet Thickness, 0.090 in.; Coupon Strength of Sheet, 50 600 lb. per sq. in.

VIII AB-71 3 2 19 100 20 300 28 400 113 000
AB-72 3 2 18 500 21 000 27 500 109 800
Average aie 18 800 20 650 27 950 111 400
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TaeLe 7 (CoNCLUDED)
StrENGTH oF Joints DEsigNeED To Fain BY TeEaring Out oF Rivers To Epce or
Insioe SueeT; SERIES -2
All specimens failed by tearing out of rivets to the edge of the inside sheet.
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Edge Distance Unit Stress at Ultimate Load
of Rivets Ultimate 1b. per sq. in.
Group Specimen Load
No. No.
in. d Sheet Sheet Rivet
1b. Tension Shear Bearing
(1) 2) (3) (4) (5) (6) (7 (8)
Rivet Dia., 3§ in.; Sheet Thickness, 0.113 in.; Coupon Strength of Sheet, 47 900 lb. per sq. in.
IX CB-71 ¥ 2 21 300 19 800 20 800 83 200
CB-72 34 2 21 000 19 200 20 200 80 600
Average .. .. 21 150 19 500 20 500 81 900
Rivet Dia., 1% in.; Sheet Thickness, 0.185 in.; Coupon Strength of Sheet, 36 400 lb. per sq. in.
X CD-91 1 2 44 800 28 100 20 200 80 600
CD-92 1 2 44 300 27 800 20 100 79 800
Average - 44 550 27 950 20 150 80 200
Rivet Dia., ¥ in.; Sheet Thickness, 0.245 in.; Coupon Strength of Sheet, 34 400 lb. per sq. in.
XI ED-91 1 2 1 63 900 33 000 18 700 74 400
ED-92 | 2 | 63 900 33 000 18 700 74 400
Average - <. | 63900 33 000 18 700 74 400
TagpLE 8

StrENGTH oF JoinTs DesigNED To Fain BY TEAriNGg Our oF Rivers To Epce oF
InsipE SHEET; SERIES [-2; SuMMARY oF RESULTS
Each value 1s the average from two tests.

Edge distance was 2d for all specimens.
All specimens failed by tearing out of rivets to the edge of the inside sheet.

Sheet Shear | Rivet Bearing
at Failure at Failure
Group Specimen Rivet Sheet Sheet Shear | Adjusted to | Adjusted to
No. No. Diameter | Thickness at Failure 50 000 Ib. per | 50 000 Ilb. per
8q. in. Cou- 8q. in. =
pon Strength | pon Strength
in. in. 1b. per sq. in. | Ib. per sq. in. | Ib. per sq. in.
1) ) 3) 4) (5) (6) ()
I AA-11, AA-12 | 1% 0.060 24 650 23 930 95 900
II AA-21, AA-22 | He 0.060 25 900 25 140 100 200
IIT AB-21, AB-22 | He 0.090 22 900 22 600 90 400
Iv AB-31, AB-32 l b 0.090 25 875 25 600 102 100
v CB-31, CB-32 | U 0.113 21 850 21 900 87 600
1
VI AB-51, AB-52 Ha 0.090 26 600 26 300 104 700
VII CB-51, CB-52 b 0.113 19 600 20 500 81 600
VIII AB-71, AB-72 3 0.090 27 950 27 600 112 600
IX CB-71, CB-72 3% 0.113 20 500 21 400 85 400
X CD-91, CD-92 1% 0.185 20 150 27 700 110 200
XI ED-91, ED-92 1% 0.245 18 700 27 200 108 100
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TaBLE 9
RELATION BETWEEN EDGE DisTANCE oF R1vETS AND ULTIMATE STRENGTH OF JOINTS;
SeecivMeNs Desigyep To FaiL BY TeEaring Our oF Rivers o
EpGe or INSIDE SuEET; SERIES 1-2
All specimens failed by tearing out of rivets to the edge of the inside sheet.

Edge Distance Unit Stress at Ultimate Load
G F—— of Rivets Ultimate lb. per sq. in.
roup Sp
No. No. Load
in. d Sheet Sheet Rivet,
1b. Tension Shear Bearing
(1) (2) 3) (4) 5) (6) N (8)

Rivet Dia., 36 in.; Sheet Thickness, 0.060 in.; Coupon Strength of Sheet, 51 500 lb. per sq. in.

AA-21 3 2 15 900 27 900 26 700 106 500
AA-22 % 2 14 900 26 300 25 100 100 000
XTI Average b 15 400 27 100 25 900 103 250
AA-23 %e 3 20 300 35 800 23 100 136 000
AA-24 % 3 19 800 34 700 22 800 132 000
Average Ko 20 050 35 250 22 950 134 000

Rivet Dia., % in.; Sheet Thickness, 0.113 in.; Coupon Strength of Sheet, 49 900 1b. per sq. in.

CB-31 14 2 30 300 30 600 22 300 89 500
CB-32 14 2 29 000 29 300 21 400 85 600
Xt Average o 20 650 29 950 21 850 87 550
CB-33 ] 3 32 800 33 200 16 100 96 600
CB-34 % 3 32 600 33 000 16 000 96 000
Average i v 32 700 | 33 100 16 050 96 300

Rivet Dia., 8¢ in.; Sheet Thickness, 0.090 in.; Coupon Strength of Sheet, 50 600 lb. per sq. in.
for AB-51 and AB-52, 47 100 lb. per sq. in. for AB-53 and AB-54

AB-51 ] 2 20 800 24 200 26 600 106 000
AB-52 5 2 20 800 24 200 26 600 106 000
XIV Average - 20 800 24 200 26 600 106 000
AB-53 18{g 3 22 000 25 600 18 900 ~112 300
AB-54 156 3 22 700 26 300 20 600 115 500
Average e e 22 350 25 950 19 750 113 900

Rivet Dia., #e in.; Sheet Thickness, 0.113 in,; Coupon Strength of Sheet, 47 900 lb. per sq. in.
for CB-51 and CB-52, 49 900 1b. per sq. in. for CB-53 and CB-54

CB-51 5 2 24 900 24 600 19 600 78 200
CB-52 5 2 24 900 24 600 19 600 78 200
o Average ek WA 24 900 24 600 19 600 78 200
CB-53 154g 3 30 100 30 100 15 700 95 800
CB-54 154g 3 31 100 30 200 15 800 96 500
Average i 30 600 30 150 15 750 96 150

Rivet Dia., 3 1 m Sheet Thickness, 0.113 in.; Coupon Strength of Sheet, 47 900 1b. per sq. in.
r CB-71 and CB-72, 49 900 1b. per sq. in. for CB-73 and CB-74

CB-71 % 2 21 300 19 800 20 800 83 200
CB-72 ¥ ] 21 000 19 200 20 200 80 600
XVI Average Xz 21 150 19 500 20 500 81 900
CB-73 14 3 30 200 28 000 19 900 117 900
CB-74 114 3 30 000 27 700 19 500 116 800
Average o 30 100 27 850 19 700 117 350
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A study of the results given in Table 9 reveals that increasing the
edge distance of the rivets from 2d to 3d increased the strength of the
joint in every instance. The increase, adjusted for the difference in
coupon strength, varied from 10 per cent for group XIII to 30 per cent
for group XII and 37 per cent for group XVI.

The question might be asked, if increasing the edge distance of the
rivets of a joint from 2d to 3d increases the strength of the joint, why
would it not be good design-practice to use an edge distance even
greater than 3d, since increasing the edge distance adds so little to the
cost of the joint? The data in column 8 of Table 9 show that, for an
edge distance of 3d, the unit rivet bearing at the ultimate load had
values ranging from 96 150 Ib. per sq. in. to 134 000 lb. per sq. in.,
values higher than good design-practice would permit and, for that
reason, the greater strength that might otherwise result from a greater
edge distance would not be utilized in design-practice.

The tests reported in Table 5 of Section 8 indicate that, for joints
designed to fail by tearing out of rivets to the edge of the outside
sheet, increasing the edge distance from 11%4d to 2d increased the
strength of the joint very little, 5 to 10 per cent. The tests reported in
Table 9 of this section indicate that, for joints designed to fail by
tearing out of rivets to the edge of the inside sheet, increasing the edge
distance from 2d to 3d increased the strength of the joint from 10 to
37 per cent. The apparent diserepancy is attributed to the fact that
the rivet bearing pressure at failure is much less for the outside sheets
than it is for the inside sheets. Failure of outside sheets occurred at
rivet bearing values as low as 78 030 lb. per sq. in. (group III, lower
part of Table 5), whereas the inside sheet with the same sheet thick-
ness and rivet diameter (group XIV, Table 9) withstood a rivet bear-
ing of 113 900 Ib. per sq. in. This greater rivet bearing value for the
inside sheet is attributed to the clamping action of the rivet.

The tests described in this section appear to justify the following
statements:

For the double-strap riveted butt joints designed to fail by tearing
out of rivets to the edge of the inside sheet, the sheet shear at failure
for joints with a rivet edge distance of 2d, adjusted to a coupon
strength in tension of the sheets of 50 000 lb. per sq. in., varied from
20 500 to 27 700 lb. per sq. in. This was for joints with a range of
sheet thickness of from 0.060 in. to 0.245 in. and a range of rivet
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diameter of from 4 in. to %% in. The total load carried by the joint was
from 10 to 37 per cent greater for joints with an edge distance of 3d
than it was for joints with an edge distance of 2d. The bearing pres-
sure at failure for the rivets with an edge distance of 2d varied from
78 200 to 106 000 Ib. per sq. in. The bearing pressure at failure for the
rivets with an edge distance of 3d varied from 96 150 to 134 000 lb.
per sq. in. Failure, however, was by tearing out of rivets to the edge of
the sheet for all specimens.

V. RivereEp JoinTs DESIGNED To FAIL BY RIVET SHEAR

10. Series II-1; Specimens Designed to Fail by Rivet Shear; Lap
Joint, Single Row of Rivets—The specimens of this series, designed
to fail by rivet shear, were lap joints with a single row of rivets. The
details of the specimens are shown in Table 10.

TaBLE 10

DeraiLs oF SreciMiens; Series II-1; Lap Joints with SiNngLe Row orF Rivers
DestaNeD 10 FAIL BY RIVET SHEAR

g e e e .
& — s 1 ~¢ '
— e j e 1 a'=Rivet avam.
e e g 5= Hole avam.
W 7
i L
: t X v W h d e
Specimen No. in. in. in, in. in. in. in.
A-21 and A-22 0.060 15@ %=11% 3 12 13454 e 16
B-31 and B-32 0.090 11@l =11 14 12 1754 4 %
B-33 0.090 S@1Yi=10 % 111 1 1 1
C-31 0.113 15@ %=11Y% 1 12 4% A 14
C-32 0.113 11@1 =11 14 12 14 4 3%
C-51 and C-52 0.113 S@1%=10 5 114 BN g 3
C-71 and C-72 0.113 T@lk =10 % 12 1352 3 1
D-91 and D-92 0.185 5@2 =10 1 12 1¢ 1] 1

The results of the tests are given in Table 11. All specimens failed
by rivet shear except B-31, B-32, C-71, and C-72, which failed by rivet
bearing. The ultimate load is given in column 6, and the rivet shear
corresponding to the ultimate load is given in column 9. The shearing
strength of undriven rivets from the same lot as the rivets used in the
joint, reported in Table 2, is given in column 11. The ratio of the
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shearing strength of the rivets in the riveted joints to the shearing
strength of undriven rivets is given in column 12. It is of interest to
note that the shearing strength of the rivets was greater for the rivets
of the riveted joints than it was for the undriven rivets, the ratio of the
former to the latter varying from 1.48 for the 34 4-in. rivets to 1.13 for
Y-in. rivets. The shearing strength of the rivets of the various joints
varied from 27 700 to 38 300 lb. per sq. in.

11. Series 11-2; Specimens Designed to Fail by Rivet Shear; Lap
Joint, Double Row of Rivets—The specimens of this series, designed
to fail by rivet shear, were lap joints with a double row of rivets. The
details of the specimens are shown in Table 12. Figure 7, page 16,
shows specimen D-94 after failure.

TaBLE 12

DeraiLs oF SpeciMENs; SErIEs II-2; Lap Joints wite Dousne Row orF Rivers
DeEesieNeED TO FAIL BY RIVET SHEAR

Y e X { ¢ i
4—d & . "
—I—I— . a’=Ffiver diawm.
e 4
; g oo ef 4= Hole aiarm.
| TR PR ,+
. N S—

: t X w h d e
Specimen No. in in 1?1 in. in in i;. in
B-21 and B-22 0.090 15% =114 3% 12 134 e 14 ¥
D-51 and D-52 0.185 8@ 1% =10 13 11% 5e He H 14
D-53 and D-54 0.185 12@%e=11% % 12 Ha He 3 1
D-71 and D-72 0.185 9@ 136 =10} %ie 11% 3% % 1%
D-93 and D-94 0.185 5@2 =10 1 12 ] 1% 1 2

The results of the tests are given in Table 13. All specimens failed
by rivet shear as planned. The ultimate load is given in column 6 and
the rivet shear corresponding to the ultimate load, based upon the
rivet diameter, is given in column 9. The shearing strength of undriven
rivets from the same lot as the rivets used in the joint, reported in
Table 2, is given in column 10. The ratio of the shearing strength of
the rivets in the riveted joints to the shearing strength of the cor-
responding undriven rivets is given in column 11. For all specimens
except D-71, the shearing strength was greater for the rivets of the
riveted joints than it was for the undriven rivets. For the 34-in. rivets
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of D-T71, the strength of the rivets of the riveted joints was 0.96 of the
strength of the undriven rivets. The ratio of the rivet shear of the
riveted joints to the rivet shear of the undriven rivets varied from
1.64 for 34 4-in. rivets to 0.96 for 34-in. rivets. The shearing strength
of the rivets of the various joints varied from 24 900 Ib. per sq. in. to
42 600 Ib. per sq. in.

12. Series III-1; Specimens Designed to Fail by Rivet Shear;
Double-Strap Butt Joint, Single Row of Rivets—The specimens of this
series, designed to fail by rivet shear, were double-strap butt joints
with a single row of rivets on each side of the joint. The details of the
specimens are shown in Table 14, and the character of the failure is
shown by Fig. 8, page 16.

TaBLE 14

DetaiLs orF SpeciMeEns; SEries III-1; DouBLe-Strar Burr Joints wita SINGLE
Row or RiveErs DESIGNED TOo FAIL BY RIVET SHEAR

G R,
9 7
el X | [ %
e
B R ] X d=River aiam.
e #~=FHole alam.
I R D ) [ £
[
w e
A A Al
. t t X Wy W h d e ey
Specimen No. in. it in in. | in. | in. | in. | in. | in.
ADA-21 and ADA-22 | 0.185 0.060 15@ ¥#=11% | % 12 | 136 | He | ¥ %
BDB-21 and BDB-22 | 0.185 0.090 15@ ¥%=11% | 3 12 | 1364 | ¥s | ¥ 1
BDB-31 and BDB-32 | 0.185 0.090 11@l =11 14 12 % “ | ¥ 1
CDC-51 and CDC-52 | 0.185 0.113 8@1Y =10 5 11%| 3e | %s | 9 1
DED-71 and DED-72 | 0.245 0.185 T@lle=10% | 3 12 3% % 1 1
DED-73 and DED-74 | 0.245 0.185 9@1%=101% | Me | 11| 3} 3% 1 1
DED-91 and DED-92 | 0,245 0.185 4@23%= 9% | 1} | 12 2] % 1 114

The results of the tests are given in Table 15. All specimens failed
by rivet shear, as planned. For all specimens, the shearing strength
was greater for the rivets of the riveted joints than it was for the
undriven rivets; the ratio of the former to the latter varied from 1.03
to 1.31. The shearing strength in double shear of the rivets of the
various joints varied from 26 200 1b. per sq. in. for 34-in. rivets to
34 700 Ib. per sq. in. for % ¢-in. rivets.
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13. Series III-2; Specimens Designed to Fail by Rivet Shear;
Double-Strap Butt Joint, Double Row of Rivets, Chain Pattern—
The specimens of this series, designed to fail by rivet shear, were
double-strap butt joints with a double row of rivets on each side of
the joint. The details of the joints are shown in Table 16, and the
character of the failure is shown by Fig. 18.

The results of the tests are given in Table 17. All specimens failed
by rivet shear, as planned. For all specimens except DED-94 the
shearing strength was greater for the rivets of the riveted joint than

TABLE 16

DeraiLs or SpeciMeENs; Series I111-2; Dousre-Strar Burr Joints wite DoUsLE
Row or Rivers Desievep 1o Fain By River SHEAR

gl + t f X y W h d a €
Specimen No. in. in. in. in. in. in, | in. in. in.

CDC-21 and CDC-22 | 0.185 0.113 15@ %=11% | 3% | 12 | %4 | 3e | % %
DED-31 and DED-32 | 0.245 0.185 9@lla=114% | 3 12 %4 14 1% 1
DFD-51 and DFD-52 375 | 0.185 S@lli=10 ig 11%| s | 3ie By 114
CDC-71 and CDC-72 185 0.113 6@l%= 9% | % 114 3% 34 3| 1%
DFD-71 and DFD-72 .375 0.185 T@le=10% | 3 12 % 3 ¥ 14
DED-93 and DED-94 245 0.185 3@3 =9 1% [ 12 | & 1% 1 2
DFD-91 and DFD-92 5 0.185 4@2% =10 1 12 14 14 1 2

Fi16. 18 (Lerr). FaiLure By RiveEr SHEAR;
DouvsLe-Strar Burr Joint with
DousLe Row oF Rivers,
SpecimeEnx DFD-52
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it was for the undriven rivets. For the 14-in. rivets of specimen
DED-94, the strength of the rivets of the riveted joint was 0.98 of the
strength of the undriven rivets. The ratio of the rivet shear of the
riveted joint to the rivet shear of undriven rivets varied from 0.98
for 14-in. rivets to 1.24 for %-in. rivets. The shearing strength of the
rivets for the various joints in this series varied from 23 600 1b. per
sq. in. for V4-in. rivets to 32 900 lb. per sq. in. for ¥ -in. rivets. These
values are somewhat lower than the corresponding values for double-
strap butt joints with a single row of rivets, reported in Section 12.

The results of the tests of riveted joints designed to fail by rivet
shear, described in Sections 10 to 13, inclusive, appear to justify the
following statements:

The ratio of the shearing strength of the rivets of a riveted joint
to the shearing strength of undriven rivets varied from approximately
1.00 for %-in. rivets to a value of the order of 1.25 for 344-in. rivets.
The shearing strength of undriven rivets varied for different lots
of rivets. For the rivets used in these tests, the strength of undriven
rivets in single shear varied from 25 900 lb. per sq. in. for % ¢-
in. rivets to 22 900 1b. per sq. in. for Y%-in. rivets; the corresponding
strength of undriven rivets in double shear varied from 26 500 lb. per
£q. in. for 3] g-in. rivets to 24 200 lb. per sq. in. for 14-1n. rivets.

VI. Lap Joints DESIGNED FOR TENSION FAILURE OF SHEET

14. Influence of Rivet Pattern upon Efficiency of Joints Designed
for Tension Failure of Sheets—Economy of design in sheet work de-
pends upon the efficiency of the joints, and the efficiency of a joint
depends upon the rivet pattern. For these reasons, an extensive study
was made to determine the efficiency of joints designed to fail by sheet
tension in which a large number of rivet patterns were used. This
subject is discussed in considerable detail in Section 4; the schedule of
tests is given in Section 5 and the results of the tests are given in
Sections 15 to 23.

15. Series IV-1; Specimens Designed to Fail by Sheet Tension;
Lap Joint, Single Row of Rivets—The specimens of this series, de-
signed to fail by sheet tension, were lap joints with a single row of
rivets. The details of the specimens are shown in Table 18, and the
character of the failure is shown by Fig. 10, page 17.
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TarLE 18

Derarns oF SpeciMens; SEries IV-1; Lap Joints wite SineLe Row or Rivers
DusigyeDp To FaiL By Sueer TeNsION

= e -+ .
Ve r e ¢/ 7
& &5 36 F=River e,
B . Iide £ = Hole diam.
"W 7
1
W h I
: T t X d e
Specimen No. in, in. i in. in. ‘ in. ‘ in.
A-11 and A-12 0.060 31@%=113% He 12 %4 1% 3
A-31 and A-32 0.060 18@% =114 3% 12 % 4 3
-34 0.090 15@dh=11% 3 12 % % 14
C-33 0.113 15@h=11% i 12 1 i 13
B-51 and B-52 0.090 156@3 =114 3 12 e 3a

The results of the tests are given in Table 19. All specimens failed
by sheet tension, as planned. The ultimate load is given in column 6,
and the various unit stresses corresponding to the ultimate load are
given in columns 7, 8, and 9. The coupon strength of the sheet, re-
ported in Table 1, is given in column 10. The ratio of the unit strength
of the sheets developed in the joints to the coupon strength of the same
sheets is given in column 11. This ratio is also the ratio of the effi-
ciency by test to the computed efficiency® for the joint. This ratio, the
average of two tests in each instance, varied from 0.897 for a sheet
thickness of 0.060 in. and a rivet spacing of 3 diameters, to 0.989 for
a sheet thickness of 0.090 in. and a rivet spacing of 2.4 diameters.

The efficiency of the joints determined by the tests is given in
column 12. This efficiency is the ratio of the ultimate strength of the
joint to the product of the gross area and the coupon strength of
the sheet. This efficiency had average values for the wvarious rivet
patterns ranging from 55.7 to 63.5 per cent.

16. Series IV -2; Specimens Designed to Fail by Sheet Tension; Lap
Joint, Double Row of Rivets, Chain Pattern—The specimens of this
series, designed to fail by sheet tension, were lap joints with a double
row of rivets with a chain pattern. The details of the specimens are
shown in Table 20, and the character of the failure is shown by Fig. 19.

*For definition of computed efficiency, see Section 4.
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DeraiLs oF SreciMens; Series 1V-2; Lar Joints witea DoueLe Row or Rivers,

CHAIN PaTTERN; SPECIMENS DEsIGNED To FaIL BY SHEET TENSION

ey _i'
v ol 4 4
Jr-i i i : a=Rives diam.
o o4 e: b= Hole ariam.
__________________ 1 g
a
A b
RPT—— t X u w h d e €
Specimen No. in. in. in. in. in. in. in. in.
A-13 and A-14 0.060 =11} u 12 954 14 14 1%
B-23 and B-24 0.090 le=111% 1% 12 ¥e He 14 %
B-35 and B-36 0.090 =111 12 I Y 1% )
C-34 and C-35 0.113 B=11% 12 1% A 14 H
(C-36 and C-37 0.113 3e=113% e 12 1764 14 9% 1
-75 and D-76 0.185 116 =101 ¥ 12 ] 3 1 1%
E-93 and E-94 0.245 1 =10% 3 12 14 e 1 114
E-95 and E-96 0.245 2 =10 1 12 1 1% 1 2

The results of the tests are given in Table 21. All specimens failed
by sheet tension, as planned. The ratio of the unit strength of the sheets
developed by the riveted joints to the coupon strength of the same
sheets 1s given in column 11. This ratio, the average for two tests
in each instance, varied from 0.955 for % 4-in. rivets and 0.090-in.
sheets to 1.204 for %-in. rivets and 0.113-in. sheets. This ratio was
greater for the joints with two rows of rivets than it was for the lap
joints with one row of rivets, re-

TF16. 19. FaiLure BY SHEET TENSION;
Lar Joint witH DousLe Row oF
Rivers, CHAIN PATTERN,
Seecimen E-93

ported in Table 19. There was no
apparent correlation between this
ratio and either the rivet diameter
or the sheet thickness.

The efficiency of the joints by
tests, given in eolumn 12 of Table
21, the average of two tests in each
instance, had values ranging from
59.4 to 80.0 per cent. These values

of the efficiency are significantly

greater than the corresponding
values reported in Table 19 for lap

joints with a single row of rivets.
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17. Series IV -3; Specimens Designed to Fail by Sheet Tension;
Lap Joint, Double Row of Rivets, Stagger Pattern—The specimens of
this series, designed to fail by sheet tension, were lap joints with a
double row of rivets with a stagger pattern. The details of the speci-
mens are shown in Table 22, and the character of the failure is shown
by Fig. 20.

TasLE 22

DeraiLs or SpeciMENS; SErIES IV-3; Lar Joints wite DousrLe Row orF Rivers,
STAGGER PATTERN; SPECIMENS DESIGNED To FaAIL BY SHEET TENSION

i PEnE—— T
R e i a=River aiam.
h=Fole a’/'arflw.

s
t X X l W | h
Specimen No. in. in. inI ig ii;: | in. | in. | in :g i:ll.
A-33 and A-34 0.060 | 15@ ¥%=11% | 4@ 3}=10% | 3% | % | 12 Wl Y| %
B-53 and B-54 0.090 15@ 34=11% | 4@ 3i=10% | 3% | 3 | 12 | ¥e | He | ¥ | ¥
C-53 and C-54 0.113 12@'%Me=1114 | 11@'%6=10%0| 3§ |2382| 12 | 36 | ¥Mes | ¥ 1
C-73 and C-T4 0.113 7@ 1%=10% | 6@ 1¥%= 9 3 |16 | 12 | 3% | % | 1 (1%
D-77 and D-78 0.185 | 11@1 =11 10@1 =10 1 1| 12| 3% | 3 | % | 1
E-97 and E-98 0.245 T@ 1% =101% 6@ 1= 9 kA | 1% 12| ¥ | % 1 |1k

The results of the tests are given in Table 23. All specimens failed
by sheet tension, as planned. The ratio of the unit strength of the
sheets developed by the riveted joints to the coupon strength of the
same sheets is given in column 11.
This ratio, the average of two tests
in each instance, varied from 0.95
for %g-in. rivets and 0.090-in.
sheets to 1.076 for % g-in. rivets
and 0.113-in. sheets. The values of
this ratio were not significantly
different for these joints with
rivets in a stagger pattern than
they were for the similar joints
of Section 16 with rivets in a

chain pattern. There was no con-

Fic. 20. Famwure by Smeer TENSION;  giotent relation between the values
Lap Joint wita DousLe Row oF : ; ; -

RIVETS, STAGGER PATTERN, of this ratio and either the rivet
SeeciMEN E-97 diameter or the sheet thickness.
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The efficiency of the joints by tests, given in column 12 of Table
23, the average of two tests in each instance, had values ranging from
55.1 to 74.4 per cent. These values of the efficiency do not differ
greatly from the corresponding values reported in Section 16 for lap
joints with a double row of rivets in a chain pattern. '

18. Series IV -4; Specimens Designed to Fail by Sheet Tension;
Lap Joint, Triple Row of Rivets, Alternate Rivets Omitted from Both
Outer Rows—The specimens of this series, designed to fail by sheet
tension, were lap joints with a triple row of rivets with every other
rivet omitted from both outer rows. The details of the specimens are
shown in Table 24, and the character of the failure is shown by Fig. 21.

TaBLE 24

DeraiLs orF SpeEciMENS; SEriEs 1V-4; Lar Joints witH TrirLe Row or Rivers,
ArLTERNATE Rivers OMrrTEDp FroM Bora OuteEr Rows; SpEcI-
MENS DESIGNED TO Fain By Sueer TENsION

¥ —————t i

e I-q— X ,_l ¢ /—f
b - —c ;.
b b 1 & a'=River aiam.
TT A _le h=Hole aiam.
L -
w e #
e L
P t X ¥ W h d e €
Specimen No, in. in. in. ‘ in. 1 in. in. in. in.
|
A-35 and A-36 0.060 4@ ¥%=10% 3% 114 4% % 43 ¥
C-55 and C-56 0.113 10@1 =10 5% 11% M e " 1
E-99 and E-100 0.245 b@lle= 9 3 101 ] 2] 1 11
| |

The results of the tests are given in Table 25. All specimens failed
by sheet tension, as planned. The ratio of the unit strength of the sheet
developed by the riveted joints to the coupon strength of the same
sheets is given in column 11. This ratio, the average of two tests in
each instance, varied from 0.977 to 0.994. This ratio varied through a
narrow range and the minimum value was greater than the minimum
value for single-row and double-row joints of Sections 15, 16, and 17.
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Fic. 21 (Lerr). FaiLugre By SHEET TEN-
ston; Lap Joint wirn Trire Row
oF Rivers, Avternvate Rivers
Omirrep FroMm OuTer Rows,
SreciMEN £-99

The efficiency of the joints by tests, given in column 12 of Table 25,
the average of two tests in each instance, had values ranging from 78.0
to 84.9 per cent. These values are significantly greater than the corre-
sponding values for the efficiency of lap joints with a single row and
with a double row of rivets.

VII. DouBLe-STtraP BurT JoinTs DESIGNED FOR FAILURE
BY SHEET TENSION

19. Series V-1; Double-Strap Butt Joints Designed to Fail by
Sheet Tension; Single Row of Rivets—The specimens of this series,
designed to fail by sheet tension, were double-strap butt joints with
a single row of rivets. The details of the specimens are given in
Table 26, and the appearance of a specimen after failure is shown
by Fig. 22. The fracture, being in the inside sheet, is not shown by this
photograph. Its location is indicated by the white marks on the rivet
heads.

The results of the tests are given in Table 27. All specimens failed
by sheet tension, as planned. The ratio of the unit strength of the sheets
developed by the riveted joints to the coupon strength of the same
sheets is given in column 11. This ratio, the average of two tests in
each instance, varied from 0.878 for % ¢-in. rivets and 0.090-in. sheets
to 1.087 for % g-in. rivets and 0.113-in. sheets. There was no consistent
relation between the values of this ratio and either the rivet diameter
or the sheet thickness.

The efficiency of the joints by tests, given in column 12 of Table 27,
the average of two tests in each instance, had values ranging from 54.9
to 64.8 per cent. These values are comparable with 55.7 and 63.5 per
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TABLE 26

DeraiLs oF SpeciMens; Series V-1; DousLe-Strap Burr Joints DESIGNED TO
FaiL By Sueer Texsion; Sivate Row orF Rivers

e e
=
K5 N X 1 ¢ v,
| Te
> - ? I G— |- )
r.l‘_— q-_—_—_,—_—unrﬂm“-.-:u—n.tje )l a=River C?id"/?ﬁ
I | e h=Fele arans.
P s i %
¢ €
W= Vts
L s |
|
-, ¢ b X v W h d e
Specimen No. in. in. in. in. in, in. in. in.

AAA-31 and AAA-32 0.060 0.060 15@ ¥=11% 3 12 1764 Y 14
ABA-31 and ABA-32 0.090 0.060 15@ 3%i=11% 34 12 1764 Y 1
ACA-31 and ACA-32 0.113 0.060 15@ 3=114 3 12 1754 14 14
AAA-51 and AAA-52 0.060 0. 060 12@%6=11% a4 12 2144 ¥ie 3
ABA-51 and ABA-52 0.090 0,060 12@1%e=11% 3 | 12 2144 e
ACA-51 and ACA-52 0.113 0.060 12@' % =114 3% 12 2144 He 3
CDC-53 and CDC-54 0.185 0.113 12@5%e=11% 3% 12 546 e %
CDC-71 and CDC-72 0.185 0.113 9@ 1}%=10% | %e | 114 | 3 % 1

cent for lap joints with the same
type of rivet pattern, given in
Table 19. There is no significant
difference in efficiency between
these butt joints and the corre-
sponding lap joints.

20. Series V-2; Double-Strap
Butt Joints Designed to Fail by
Sheet Tension; Double Row of
Fre. 22. Faiwure By Sueer Texsion;  Rivets, Chain Pattern—The speci-

DousLe-Strap BurrJorNt wirth SINGLE  1neng of this series, designed to fail
Row or Rivers ox Eacu Sme oF

Joint, SpEcrMeN CDC-71 by sheet tension, were double-strap
butt joints with a double row of
rivets with a chain pattern. The de-

tails of the specimens are given in Table 28, and the location of the
failure is shown by Fig. 23.

The results of the tests are given in Table 29. All specimens failed
by sheet tension, as planned. The ratio of the unit strength of the sheet
developed by the riveted joints to the coupon strength of the same
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TaBLE 28

DeraiLs or SpEciMeNs; Series V-2; DousLe-Strap Burr Joints DESIGNED TO
FaiL By SueeT Tension; DousLe Row orF Rivers, CHAIN PATTERN

a'=Fiver atam.
{ f2=FHole dram.

LER 4

-
Speci N t | t X v W h d € i a
Bpesymen. No. in in in. in. | in. | in. | in. | in. ‘I in.
BCB-21 and BCB-22 | 0.113 0.090 15@ 3¥=11% | 3 12 | B4 | Me | ¥ %
BCB-31 and BCB-32 | 0.113 | 0.090 12@1%s=11% | 3% 12 14 4 ¥ %
CDC-55 and CDC-56 | 0.185 0.113 9@ 1146=10% | %s | 12 | %6 | He | ¥ 1%
DED-51 and DED-52 | 0.245 0.185 | B@1%=10 5 114| %6 | s | ¥ | 14
CEC-71 and CEC-72 | 0.245 0.113 S@ 1= 9 Sis | 1034 1352 | 3 1 114
DED-75 and DED-76 | 0.245 0.185 7@ 1ke=10% | 3 | 12 3 3% | 14
DED-77 and DED-78 | 0.245 0.185 5@ 1%= 9 1 1136 % 3% 3% | 14
DFD-93 and DFD-94 | 0.375 ‘ 0.185 5@2 =10 1| 12 1% ] 1 2

1

sheets is given in column 11. This
ratio, the average of two tests in
each instance, varied from 0.896
for #-in. rivets and 0.245-in. sheets
to 1.082 for specimens with the
same rivet diameter and sheet
thickness. The rivet spacing was 5
diameters for the former and 3
diameters for the latter.

The efficiency of the joints by
tests, given in column 12, the aver-

F16. 23. Faiure BY SHEET TENSION;
DouBLeE-StraP Burr JoiNT wiTH

DousLe Row oF Rivers, age of two tests in each instance,
CHAIN ParTERN, SPECI- had values ranging from 69.0 to 77.2
MEN BCB-32

per cent. These values are com-
parable to 59.4 and 80.0 per cent
for lap joints with the same rivet pattern, reported in Section 16, and
to 54.9 to 64.8 per cent for the double-strap butt joints with a single
row of rivets reported in Section 19.
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It is of interest to note that specimens CEC-71 and CEC-72, with
a rivet spacing of 3d, and DED-77 and DED-78, with a rivet spacing
of 5d, had very nearly the same efficiency by test. The greater ratio
of net to gross section for the DED specimens was offset by the smaller
ratio of unit strength of the sheet developed by the joint to the coupon
strength of the same sheet.

21. Series V -3; Double-Strap Butt Joints Designed to Fail by Sheet
Tension; Double Row of Rivets, Stagger Pattern.—The specimens of
this series, designed to fail by sheet tension, were double-strap butt
joints with a double row of rivets with a stagger pattern. The details

TasLE 30

DeraiLs oF SpeciMens; Series V-3; DouBLe-Strar Burr Joints DESIGNED TO
FaiL By SueeT Tension; DouBLE Row or Rivers, STAGGER PATTERN

g™ x ~y ¥
o1 |4°¢
ole o |5 !
2 B i Y a=Fivet aiawn
L1d ] de £ b =Hole aiam.
B é’; ”
2 ¥ —'e
& L‘-——'*xf“—-"—' == Y 7
w —=
: t 1 X X W |h|d
Specimen No. in. iuI, in, i.n: ig. igli‘ in, |in. | in. i.;. lfll
BCB-23and BCB-24 | 0.113 | 0.090 | 15@ 3i=11% | 14@ 3i=10% | 3§ | 34 | 12 |3e |Me| 16 | %
BCB-25and BCB-26 | 0.113 | 0.090 12@1§ia=11}€ u@-m—-mm 36 2742 | 12 | 3o | e | M2 | ¥
BCB-33and BCB-34 | 0.113 | 0.090 | 7@ 1%=10} | 6@ 1}6=90 | 112 || K| K|1
CDC-31and CDC-32 | 0.185 | 0.113 | 4@ %=101% 13@ §i—- 9% 3 |16 |12 |3 ||k |1
CDC-57and CDC-58 | 0.185 | 0.113 | 9@ 114=101% 54 | 138 | 12 | ¥Me | He | % | 1%
DED-53 and DED-54 | 0.245 | 0.185 | 8@ 1}4=10 81 = 3 G| % | 14| 1134 e | Me | 3 | 114
DFD-53 and DFD-54 | 0.375 | 0.185 | 12@!%g=11% | 11 1§ie=10§‘ie 3§ | 2742 | 12 | %o |%e| 3 |14
DED-79and DED-80 | 0.245 | 0.185 | 7@ 1}4=10}% 3% | 1é |12 |3 | % |1 |14

of the specimens are given in Table 30, and the location of the failure
is shown by Fig. 24. The location of the fracture in the inside sheet
is indicated by the white marks on the rivet heads.

The results of the tests are given in Table 31. All specimens failed
by sheet tension except that, for specimens CDC-57, CDC-58, DED-53,
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Wi O - - 5y

Fic. 24 (Ricut). FAILURE BY SHEET
Texsion ; DouBLE-StrRAP Butr JoINT
witH DousLe Row or RIvETs,
StAcGER PATTERN, SPECIMEN
DED-54

and DED-54, initial failure was by rivet shear with impending failure
by sheet tension. These are considered to have failed by sheet tension,
since the maximum strength in sheet tension had been realized beforc
failure oceurred by rivet shear. The ratio of the unit strength of the
sheets developed by riveted joints to the coupon strength of the same
sheets is given in column 11. This ratio, the average of two tests
in each instance, varied from 0.960 for 744-in. rivets and 0.185-in.
sheets to 0.997 for %-in. rivets and 0.185-in. sheets. This variation,
which was quite small, did not bear any consistent relation to either
the rivet diameter or the sheet thickness.

The efficiency of the joints by tests, given in column 12, the average
of two tests in each instance, had values ranging from 66.7 to 77.8
per cent. These values are comparable with 55.1 to 74.4 per cent for
lap joints with a double row of rivets with stagger pattern, with 69.0
to 77.2 per cent for double-strap butt joints with a double row of rivets
with chain pattern, and with 54.9 to 64.8 per cent for double-strap butt
Joints with a single row of rivets. These figures indicate that: (1) For
double-strap butt joints with a double row of rivets, those with a
chain pattern and those with a stagger pattern had very nearly the
same efficiency. (2) For joints with a double row of rivets with stagger
pattern, the double-strap butt joints were somewhat more efficient than
the lap joints. (3) For double-strap butt joints, those with a double
row of rivets were significantly more efficient than those with a single
row of rivets.

22. Series V-4; Double-Strap Butt Joints Designed to Fail by
Sheet Tension; Double Row of Rivets, Spacing Twice as Great for
Outer as for Inner Row—The specimens of this series, designed to fail
by sheet tension, were double-strap butt joints with a double row of
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rivets. Alternate rivets were omitted from the outer row in order to
increase the ratio of the net to the gross section of the sheet. The de-
tails of the specimens are given in Table 32, and the location of the
fracture, which was in the inside sheet, is indicated on the photograph
of Fig. 25 by the white dotted line.

TABLE 32

DeTtaiLs oF SpECIMENS; SErIEs V-4; DouBLe-Strar Burr Joints DesiGNED TO
Famw By Sueer Tension; DousrLe Row or Rivers, Spacing Twice

A8 GreAT ForR OUTER AS FOR INNER Row or Rivers

S e
e B —xij -q.y 1;
P 5 == g )

gl 7 &
4 @ b 4 e

--{-—rm——mwu%_
& k) bl ¢
S—& & |— f,"

w
4
t A

Specimen No.

in.

ABA-33 and ABA-34
BCB-51 and BCB-52
DED-97 and DED-98
DFD-99 and DFD-100

0.090
0.113
0.245
0.375

0.060
0.090
0.185
0.185

14@ 34=10}
10@1 =10
1@2 = 8
6@1k= 9

“+

a=FRiver aiam
A=Haole diamm
b s

in.

11%
11
10
103

€
in,

%

1%

The results of the tests are given in Table 33. All specimens except
DFD-99 and DFD-100 failed by a tension failure of the inside sheet on
the outer row of rivets, as planned.

The inside

Fr1e. 25 (RicuT). FAILURE BY SHEET TEN-
s10N ; DouBLE-StrAP Butr JoINT withH
DousLe Row or Rivers, ALTERNATE
Rivers Omrrrep From Outer Rows,
SpeciMEN DED-97

sheet of DFD-99
failed along the inner row of rivets
and one outside sheet of DFD-100
failed along the inner row of rivets.
The ratio of the unit strength of the
sheet as developed by the riveted
joints to the coupon strength of




ILLINOIS ENGINEERING EXPERIMENT STATION

62

*S10ALL JO MOI DPISUL JUOE PA[IE] 199YS IPISINQ ¢
"SJALL JO MOJ apisut U0 Pa[ie} 193Ys IPISU] ¢
*j001s 21} Jo yjfusils uodnod 9} Puw UONDAS ESOIT B3 JO Jonpold 9Ny 0] PROJ MIWUIN[N SN} JO 01T Ay} 1 4893 Aq Aoustorye jutof ay L, }
*19}9WRIP JOALL U0 PISEE o

0°0L 650°1T 0S¥ S8 009 L8 086 Ly 008 &2 009 L6 i S aTBIIAY
880 £20°1 005 <g 00F L8 00L ¥ 009 22 008 ©6 € I GLE'0 ¥ 00T-a4a
187 TL Qo0'1 00F < 008 LE 00z s¥ 000 €8 100¥ 66 € Ml QLE" 0 3 [iligeies
678 066°0 00F <f 020 <8 00F €L 006 2% 098 1L B R o AFuIIAY
08 5001 00% <8 00¢ <8 008 ¥L 00z €2 008 gL ¥ g ¢¥G 0 b4 86-A A
818 81670 00% g 009 ¥& 00g g4 009 72 006 0L ¥ z C¥e 0 3 L6-aHa
g 18 o86°0 000 1% 053 0% 051 98 098 61 00L~ 15 o o) iEE & aguIAY
6°28 100°1 000 12 001 1% 009 L8 00% 08 009 ¢ 't 1 £11°0 g Ze-q0d
108 69670 000 1% 00F 6F 0oL ¥8 00g 61 008 0% z'e 1 £11°0 olg 16-°HOH
8°LL £96°0 006 6% 008 L¥ 05 94 0ge LI 00% 68 o B oy EEE = advIoAy
0°'8L 19670 006 6% 00% L¥ 000 82 00F LI 009 6E £ % 060°0 il FE-VHY
9L Ce6'0 006 6% 00% L¥ 00g 5L 00g LT 007 68 € % 060°0 % LE-VIY
(1) (1 (1) (6) () (L) (@) (9] (¥) (&) (@) (1)

quad Jad ‘ut *bs uoIsua g, Furiuag Biilsis] qr ‘ur ‘ut

180, £q (o1) dad qp REELE +oary ¥1oan] "BIp “uy P

Aouotouy (6) J99qg jo m.,.w..arm.m n b Mot ..JMH.—&Q _._omw_wwam
Hutor oney auaag ‘ut “bs 1od “qp o " mue) 03 SEUNOILL _.m y

uodnop ProT MBI 18 ss94E MU} 1ua)) Furdg jeary

‘supmiads [|B 10] S}OALL 91]) §¥ I12)QUIBIP SUIES PUY £9[0F ‘Pajou su jdeaxa uolsua) 19ays £q pajiv) suswioads [V

‘SLAATY 40 MOY WTHAO(] ‘NOISNH [, LIGHE A€ "IIV,] OL QEANDISH(] SLNIO[ LLO§ dVHLS-ETEN0(] 40 HLONTULY

MOY WHNNT M0 8V HELA() HOd LVHHY) SV HOIM ], DNIOVIY

£ wIhv,



BUL. 360. STRENGTH OF RIVETED JOINTS IN COPPER SHEETS 63

the same sheets 1s given in column 11. This ratio, the average of two
tests in each instance, varied from 0.953 to 0.990. This does not include
the last two specimens which did not fail in the manner contemplated.

The efficiency of the joints by tests, given in column 12, the aver-
age of two tests in each instance, had values ranging from 77.8 to 82.9
per cent. These values are comparable with 66.7 to 77.8 per cent for
double-strap butt joints with a double row of rivets, stagger pattern.

The increase in efficiency obtained by omitting every other rivet
from the outer row is due to the increase in the ratio of the net section
through the outer row to the gross section of the inside sheet. If, how-
ever, the number of rivets in the outer row is too small, thus allowing
most of the load to be carried to the inner row of rivets, the inner sheet
may fail along the inner row of rivets. This type of failure occurred
for specimen DFD-99.

Likewise, unless the butt straps have a combined thickness con-
siderably greater than the thickness of the inside sheet, failure may
be in the butt straps through the inner row of rivets where the number
of holes out of a section earrying the full load is much greater than
it i1s for the outside row of rivets. Specimen DFD-100 failed through
the inner row of rivets of the butt straps. The weakness of specimens
DFD-99 along the inner row of rivets in the inner sheet and of
DFD-100 along the inner row of rivets in the butt straps, weaknesses
that can be eliminated by proper design, resulted in relatively low
efficiencies. The strength of the butt straps could have been increased
at small cost by using a thicker strap, but failure of the inner sheet
along the inner row of rivets indicates that not enough rivets were
provided in the outer row to protect the section of the inside sheet
through the inner rows of rivets. The ratio of the net to the gross area
for the section of the inner sheet through the outside row of rivets for
specimens DFD-99 and DFD-100, was 0.81. Nevertheless, the efficiency
of the joint as determined by the test was only 70.0 per cent. In con-
trast with this, the efficiency by test was nearly equal to the ratio of
the net to the gross section and had values of 77.8, 81.5, and 829
per cent, respectively, for the first three pairs of specimens reported
in Table 33, all of which failed in the inside sheet and along the outer
row of rivets, as planned.

23. Series V-5; Double-Strap Butt Joints Designed to Fail by
Sheet Tension; Triple Row of Rivets, Spacing Four Times as Great
for Outer as for Imner Row—The specimens of this series, designed
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to fail by sheet tension, were double-strap butt joints with a triple row
of rivets. The spacing was twice as great for the middle row and four
times as great for the outer row as it was for the inner row of rivets.
This rivet pattern gave a large ratio of net to gross area for the
section through the outer row of rivets where failure was expected to
occur. The details of the specimen are given in Table 34, and the
character of the failure is shown by Fig. 26.

TABLE 34
DeraiLs or SpEciMENS; SeriEs V-5; DoupLe-Strap Burr Joints DESIGNED TO
FarL By Sueer Texsion; Tripte Row oF Rivers, Seacing Four
Times as GrEAT For OUTER AS For INNER Row or Rivers

Specimen No. t A X Y W k d | e £

ACA-21 and ACA-22

0.113 0.060 20@ Me=11% | 36 | 12 | ¥e | Mo | ¥ 3
ABA-34 and ABA-35 | 0.090 -| 0.060 12@ 3= 9 i 9% W 14 ] 34
CDC-33 and CDC-34 | 0.185 0.113 12@ 3= 9 I 9% % 14 14 1
DED-55 and DED-56 | 0.245 0.185 12@He=11% | 36 | 12 | %6 | %s | % | 1%
DED-85 and DED-86 | 0.245 0.185 8@ 1% =10 ay | 118 3 % 1 114
DED-99 and DED-100, 0.245 0.185 4@2 =8 1 10 | 14 1 2

Fi6. 26 (Lerr). Faiwuvre By Sueer Tex-
SION ON A ZIGZAG SECTION,
SpeciMEN ABA-34




65

BUL. 360. STRENGTH OF RIVETED JOINTS IN COPPER SHEETS

‘pauur]d sv £3[0Y J9AM JO MOI SPISINO YFNOIY) PafIe] J90Ns IPISU] ¢
"S3[0Y J9ALI JO MOJ SpISUL yAnody) payiv} desjs-yyng
*jeas 913 Jo Y1Fuaijs uodnod ) puw uotjoss ss01F ayy jo jonpord 9y} 0} PEO] IJWWIFN Y} JO ORI A} s “459) Lq Adudomge jutof

*I9IUWIRIP J9ALI U0 pasuy ,

¥° .8 986°0 00F S8 0GE 61 0¢1 29 006 ¥& 098 SL R N7 it afulaAy
€18 £86°0 00F ¢€ 008 61 000 9 008 ¥& 0L 5L ¥ z C¥Z0 5 00T-ada
G L8 H86°0 00F <& 00F 61 00g 29 000 <& 000 9L ¥ 4 ] i 66-HA
£°64 S68°0 00F ¥& 0cF 08 021 6% 006 08 0SL 94 ; SE. ol aEREAE Y2 afiuaAy
9°'8L 06870 00F ¥& 008 0% 00L 8% 009 08 001 92 £'g I C¥e0 5 98-AHd
0°08 906°0 00F ¥& 008 08 009 6F 003 18 00F LL £t il CFE 0 5 C8-IHAd
LLL ¥FG'0 00 <g 00F &% 00Z <% 00g ££ gz 18 e T i » afnlaAy
1'8L £C6°0 008 CE 00g 22 00g S 009 €8 002 &8 £ 9lgr ¥ 0 9té 9e-aHa
£ L CE6'0 00g <g 008 2% 006 ¥F 000 £8 008 08 £ Olgr SFE0 otg ge-adaa
9°62 £86°0 00z 0¢ 009 61 006 ¥9 02€ 6% 050 7L e oI R he adv19Ay
Vo8 c10°1 00z 0% 00g 0% 00z L9 000 1¢ 1009 FL 13 % G810 " ¥e-0d0
894 08670 00z 0¢ 006 81 009 g9 00L L¥ 100¢ 69 € 2 S81°0 ] £8-000
¥ 6L 12670 008 7¢ 059 91 02z 89 00g 19 028 98 2. | ki ta afniaay
0°6L L96°0 008 ¢ 009 €1 000 89 001 19 004 98 g % 060°0 b CE-VHY
862 €L6°0 008 o¢ 0oL ¢t 00 89 00g 19 1000 L& g % 060°0 i1 FE-VHEV
0°'18 196°0 0og 19 009 £2 00g 19 028 67 00¢ 6% v S iy CEEERS " afuIaAy
¥'28 186°0 00g 1% 000 ¥2 009 &9 00z 0% 100F 02 £ i) £I1°0 g ZEVOV
9°6L %60 00 1¢ 00 €8 00T 09 00e 8% 1009 8% g g €11°0 olg 12-VOV
(z1) [§49] (on) (8) (8) (2) (9) (g) (¥) () () (1)

juad tod ‘ut ‘bs 18aYg Fupawagy uosuaJ, qr ut ‘ut

jsa], &9 (o1) aad qq «19ATYH #1240 oo "8Ip ut Jooug

AKouataggsy ) Jeoug Jo pro| apisuy Iagaumrel(] "ON

ayBull L a, guraad;
Jyutop oney Aunag up *be 304 ‘qp yeunn 4D 08 SSOUNOL, RERRH: S uswadg
uodnop PROTT DRI J¥ SSRI)G JIUL) ajua)y Futondg jaanyy _

"SURIIDAdS [8 J0J SIBALL 91} §B JOJOWBIP DUIBS PBY SI[O] 'PAjou §¥ Jdaoxa uolsud) 19ays £q paqie} susurwads [y
MOY ¥ENN] HOJ SV HALO() 4O LVHEUY) SV SHWI], HAO0,] DNIOVAY
‘SLAATY 40 MOY @IdIN ], {NOISNE ], LAGHE A8 7TV OL AENDISH(] SINIOf LLOg dVHIG-TTE00(] 40 HLONTHLY

¢g @avy,



66 ILLINOIS ENGINEERING EXPERIMENT STATION

The results of the tests are given in Table 35. All specimens failed
by a tension failure of the inner sheet through the outer row of rivets,
except as noted in the table. The ratio of the unit strength of the sheet
developed by the joints to the coupon strength of the same sheets is
given in column 11. This ratio for specimens that failed by sheet
tension on the inside sheet and along the outside row of holes, the aver-
age of two tests in each instance, varied from 0.898 for 34-in. rivets and
0.245-in. sheets to 0.986 for 14-in. rivets and 0.245-in. sheets.

The efficiency of the joints by tests given in column 12, the average
of two tests in each instance, had values ranging from 77.7 to 87.4
per cent. These values are comparable with 77.8 to 82.9 per cent for
the double-strap butt joints with rivet spacing twice as great for the
outer as for the inner row.

24. Discussion of Results; Tests to Determine Sheet Tension De-
veloped by Joints with Various Rivet Patterns—The tests of riveted
joints described in Sections 14 to 23 were planned to determine the
effect of the rivet pattern upon the tensile strength of the sheets. The
results of the tests are discussed in the following paragraphs.

The most important factors to be considered in studying the effect
of the rivet pattern upon the efficiency of joints designed to fail by
sheet tension are (1) the computed efficiency of the joint, and (2) the
ratio of the joint strength to the coupon strength of the sheet. This
ratio also equals the ratio of the efficiency of the joint by test to its
computed efficiency. In these statements, the efficiency of the joint by
test is its measured strength divided by the product of the gross area
and the coupon strength of the sheet; and the computed efficiency is
the ratio of the net to the gross section of the sheet.

Lap Joints

The results of the tests of lap joints are given in Table 36, the four
types of rivet patterns being listed separately. The rivet diameter and
sheet thickness are given in columns 2 and 3; and the rivet bearing
and rivet, shear at the ultimate load are given in columns 4 and 5. The
ratio of the strength of the sheet developed in the joint to the coupon
strength of the same sheet is given in column 6, the computed ef-
ficiency of the joint is given in column 7 and the efficiency by test is
given in column 8. The average and minimum values of the ratio of
joint strength to coupon strength of the sheets for the four rivet pat-
terns are given in Table 37. The data in this table, together with the
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TABLE 36
Errect or RivEr ParTErN vrpoN TENSILE STRENGTH DEVELOPED BY SHEETS OF
Riverep Joints; Lap Joints
(More complete information relative to these joints is given in Tables 18, 20, 22, and 24)

; Rivet | Shear on | Ratio of | Efficiency of
Ril:l:lt_ Tsll":?el:- Bearing at | Rivet at Joint Joint
Description of eter i egs Ultimate | Ultimate | Strength per cent
Joints Load Load to
gen

1b. per Ib. per Strengt! Com- By
in. in. 5q. in. sq.in. | of Sheet* | puted Test

(1) (2) (3) (4) (5) (6) ] (8)
Single Row of Rivets 1% 0.060 86 100 33 300 0.897 63.5 56.9
(See Fig. 10 and Table 18) \ 0.060 80 650 22 050 0.923 60.3 55.7
1 0.000 69 000 30 200 0.955 65.3 62.3
14 0.113 61 300 36 300 0.912 69.6 63.5
e 0.090 68 200 25 200 0.989 58.6 57.9
Double Row of Rivets 1% 0.060 70 450 | 43 050 0.960 71.3 63.4
Chain Pattern 3e 0.090 84 050 | 25 550 0.955 62.2 59.4
(See Fig. 19 and Table 20) ) 0.090 38 800 16 950 1.104 62.5 69.1
11 0.113 68 550 27 950 0.957 66.2 63.4
1 0.113 43 600 25 150 1.204 66.4 80.0
3% 0.185 53 150 33 250 0.977 75.3 73.0
14 0.245 35 450 22 300 1.025 65.4 67.0
14 0.245 a0 750 31 550 0.999 73.7 73.6
Double Row of Rivets 1% 0. 060 51 950 15 900 0.985 66.5 65.6
Stagger Pattern e 0.090 34 100 12 500 0.950 58.0 55.1
(See Fig. 20 and Table 22) 5e 0.113 51 550 23 700 1.073 66.2 71.1
3% 0.113 75 150 28 R00 1.000 T4.4 74.4
3% | 0.185 42 850 26 950 1.013 62.0 62.8
15 i 0.245 27 850 23 T00 1.034 64.7 66.9
Triple Row of Rivets 14 0.060 62 350 19 100 0.981 86.5 84.9
Alternate rivets omitted e 0.113 63 750 28 050 0.994 83.8 83.3
from outer rows 1e 0.245 38 800 24 150 0.977 79.8 78.0

(See Fig. 21 and Table 24)

* This is also the ratio of the efficiency by test to the computed efficiency of the joint.

computed efficiencies of the joints with various rivet patterns, given in
column 7 of Table 36, appear to justify the following statements:

(1) The computed efficiency and the ratio of the efficiency by test
to the computed efficiency of the lap joints both increased with the
rivet pattern in the following order: single row, double row and triple
row of rivets, alternate rivets being omitted from the outer rows of the
latter. Moreover, of the lap joints with a double row of rivets and with
a given rivet diameter and spacing, those with a chain pattern and
those with a stagger pattern had approximately the same efficiency.

(2) The ratio of the actual to the computed efficiency of the joints
was of the order of 0.90 to 0.95 for lap joints with a single row of
rivets, and of the order of 0.95 to 1.00 for lap joints with a double row
of rivets, and also for lap joints with a triple row of rivets with alter-
nate rivets omitted from the outer rows.

(3) The efficiency by test had values ranging from 0.56 for the
least efficient of the lap joints with a single row of rivets to 0.85 for
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TasLe 37

RevaTioN BETWEEN RIVET PATTERN AND RATio oF JoInT STRENGTH To COUPON
STRENGTH OF SHEET; Lapr JoInTs; SUMMARY oF REsULTS

Ratio of Joint Strength to
Coupon Strength of Sheets
Rivet Pattern
Minimum Average
Value Value
Singlepow of Sl R e R R R 0.90 0.94
Double row of rivets, chain pattern. . .. ......ooviinirinrnnens 0.96 1.02
Double row of rivets, stagger pattern...........ccuvuviirnnenan 0.95 1.01
Triple row of rivets, spacing four times as great for outer as for
T W i ariv o a v P e e T e i SV T raath W a o 0.98 0.98

the most efficient of the lap joints with a triple row of rivets with
alternate rivets omitted from the outer rows.

Double-Strap Butt Joints

The results of the tests of double-strap butt joints are given in
Table 38, the five types of rivet patterns being listed separately. The
rivet diameter and sheet thickness are given in columns 2 and 3; and
the rivet shear and rivet bearing at the ultimate load are given in
columns 4 and 5. The ratio of the strength of the sheet developed in
the joint to the coupon strength of the same sheet is given in column 6;
the computed efficiency of the joints is given in column 7, and the ef-
ficieney by test is given in column 8. The average and minimum values
of the ratio of joint st-réngth to coupon strength of the sheets for the
five rivet patterns are given in Table 39. The data in this table, to-
gether with the computed efficiencies of the joints with various rivet
patterns, given in column 7 of Table 38, appear to justify the follow-
ing statements:

(1) The ratio of the efficiency by test to the computed efficiency
was least for joints with a single row of rivets and for joints with a
triple row of rivets with spacing four times as great for the outer as for
the inner row. The ratio had approximately the same value for all of
the double-row types of joints, and its value was approximately 5 per
cent greater for the double-row types than it was for the single-row
and triple-row types.

(2) The computed value of the efficiency for joints of balanced
design increased with the rivet pattern in the following order: single
row, double row, double row with alternate rivets in outer row omitted,
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TasLE 38

Errect or RIvET PATTERN UPON TENSILE STRENGTH DEVELOPED BY SHEETS OF
Riverep Joints; DousBLE-STRAP BUTT JOINTS
(More complete information relative to these joints is given in Tables 26, 28, 30, 32, and 34)

Rivet | Thick- | Rivet | Shear on | Ratioof | Efficiency of
e Dt ness Bearing at | Rivet at Joint Joint,
Deseription of atar Inside Ultimate | Ultimate | Strength per cent
Joints Sheet Load Load to
sCuupml)
Ib. per Ib. per | Strength | Com- By
in. in. 8q. in. sq.in. | of Sheet | puted Test
(1) (2 @) “) G ® @ ®)
Single Row of Rivets 14 0.060 93 550 | 14 350 | 0.942 64.2 60.5
(See Fig. 22 and Table 26) 14 0.090 85 000 | 19 500 | 0.935 64.2 60.1
14 0.113 65 850 19 000 | 1.009 64.3 64.8
e 0.060 58 950 | 11 050 | 0.914 65.2 59.6
Me 0.090 82 850 15 200 0.878 62.6 54.9
Me 0.113 63 300 14 350 1.087 57.2 | 62.1
e 0.185 66 000 25 350 0.941 65.0 | 61.2
¥ 0.185 65 100 20 450 0.926 65.8 60.8
Double Row of Rivets Me 0.113 52 350 20 200 1.070 71.5 76.5
Chain Pattern 14 0.113 67 200 20 600 1.063 72.56 77.1
(See Fig. 23 and Table 28) e 0.185 91 150 34 300 0.959 79.2 76.0
e 0.245 54 650 97 200 | 1.051 73.5 77.2
34 0.245 36 250 14 800 | 1.082 63.7 69.0
3% 0.245 53 100 22 100 1.020 73.5 75.0
34 0.245 62 650 26 050 | 0.806 78.5 70.3
14 0.375 51 350 24 400 0.986 73.5 72.5
Double Row of Rivets He 0.113 51 700 19 950 0.991 75.5 74.8
Stagger Pattern e 0.113 66 450 25 550 0.973 78.7 76.6
(See Fig. 24 and Table 30) < 0.113 84 800 24 350 0.975 79.7 77.8
1 0.185 56 800 26 700 0.997 70.4 70.1
e 0.185 72 400 27 200 0.960 76.2 73.1
e 0.245 553 600 27 700 0.970 76.7 74.4
Mo 0.375 36 350 27 700 0.992 67.2 66.7
3% 0.245 56 500 23 500 0.975 76.9 75.0
Double Row of Rivets 14 0.090 76 750 17 350 0.953 81.7 77.8
Alternate rivets omitted e 0.113 86 150 19 850 0.985 82.7 81.5
from outside row 14 0.245 73 400 22 900 0.990 83.8 82.9
(See Fig. 25 and Table 32) 1% 0.375 67 950 22 800 1.059 66.2 70.0
Triple Row of Rivets He 0.113 61 300 23 600 0.961 84.3 81.0
Spacing four times as 1 0.090 68 250 15 650 0.971 81.7 79.4
great for outer as for 15 0.185 64 900 19 600 0.983 81.0 79.6
inner row 5o 0.245 45 200 22 400 0.944 82.3 7.7
(See Fig. 26 and Table 34) 0.245 49 150 20 450 0.898 88.4 79.3
15 0.245 62 150 19 350 0.986 B8.7 87.4

and triple row with spacing four times as great for the outer as for the
inner row.

(3) The efficiency by test had values ranging from 0.55 for the
least efficient, of the double-strap butt joints with a single row of rivets
to 0.87 for the most efficient double-strap butt joints with a triple
row of rivets and with spacing four times as great for the outer as for
the inner row.

(4) The computed efficiency of a joint with a given sheet thickness
and type of rivet pattern can be increased by increasing the rivet
spacing and the rivet diameter until a “balanced design” is obtained
that is equally liable to fail by rivet shear, tearing out of rivet to the
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TABLE 39

Revarion BETWEEN RivEr Parrery anp Rartio or Joint StreEnera Tto Couron
STRENGTH oF SHEET; DouBLE-STRAP BUTT JOINT; SUMMARY OoF RESULTS

Ratio of Joint Strength to
Coupon Strength of Sheets
Rivet Pattern
Minimum Average
Value Value
Binglezowob rivali s s s e e e 0.88 0.95
Double row of rivets, chain pattern, . .. ..........coooiviininnn.. 0.90 1.02
Double row of rivets, stagger pattern. .. .. ... v urrnnennnnnn. 0.96 0.98
Double row of rivets, alternate rivets omitted from outer row. .. ... 0.95 1.00
Triple row of rivets, spacing four times as great for outer as for
ATIEE TOW . 4ttt it et e et e et ae ettt et n i nnens 0.90 0.96

edge of sheet, rivet bearing, and sheet tension. However, the cost is so
much less for increasing the strength of a joint in rivet shear, rivet
bearing, and tearing out of rivet to the edge of sheet, than it is for
increasing the strength of the sheet in tension, that some excess
strength in rivet shear, rivet bearing and tearing out of the rivets to
the edge of the sheet should be provided.

VIII. MisceLLaneous TEsTS

25. Ship of Joints—The slip of joints was measured as previously
discussed under Chapter II, page 12. For lap joints, the slip between
the two sheets was determined by the use of apparatus shown in
Fig. 2. The slip for the double-strap butt joints was determined by
the use of the same apparatus, but the holes were drilled as shown in
Fig. 3.

The results of the slip tests are shown by the diagrams of Figs. 27 to
31, inclusive. The following conclusion is based upon these diagrams:

The minimum load that produced an appreciable slip (0.001 in.)
equaled or exceeded 7 500 lb. per sq. in. shear on the rivets for nearly
all specimens, and was 10 000 to 15 000 lb. per sq. in. shear on the
rivets for many specimens. The specimens for which the minimum load
producing a slip of 0.001 in. was less than 7 500 lb. per sq. in. shear on
the rivets were a combination of large rivets and thin sheets, a com-
bination that gives a relatively large ratio of bearing to shear on the
rivets. There was some evidence that, for joints of balanced design,
a combination of thick sheets and large rivets resulted in slip at a
smaller load than a combination of thin sheets and small rivets.
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Fi1c. 28. Loap-Suip DiacraMs FOR SPECIMENS, SERiEs II

26. Separation of Sheets—The separation of the sheets of the joints
was measured with the thickness gage as previously discussed under
Chapter II and shown in Fig. 4. The readings were taken at three
points along the edge of each sheet, one at each end and one in the
middle.

The sheet separation was measured for both the lap and the butt
joints but, for the latter, the separation was so small, not over 0.004 in.,
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Fia. 32. Loap-SEPARATION DIAGRAMS FOR SPECIMENS, SEriks 11

that its magnitude has not been reported for the individual series. The
separation for the lap joints is shown by the curves of Figs. 32 and 33.
The results of separation tests for various joints in the five series
lead to the following conclusions:
(1) The separation of the edges of the sheets was very small, less
than 0.004 in., for butt joints; for lap joints it was somewhat greater.
(2) The separation of the edges of the sheets was not significantly
different, for the single-row and the double-row joints. The separation
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27. Summary—The tests described in this bulletin appear to

justify the following statements:

Fic. 33. Loap-SeparaTion DIAGRA
exceeded 0.005 in. at a rivet shear of 10 000 1b. per sq. in. for only 6 of

the 42 lap joints for which it was measured.
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(1) For double-strap riveted butt joints designed to fail by tearing
out of rivets to the edge of the outside sheet (butt straps), the sheet
shear at failure varied from 26 000 to 31 300 lb. per sq. in. This was
for joints with a rivet edge distance of 1%d and with sheets having
a coupon strength in tension of approximately 50 000 lb. per sq. in.
The joints had a range of sheet thickness of from 0.060 in. to 0.113 in.
and a range of rivet diameter of from 14 in. to % in. The total capacity
of joints (as distinguished from the unit shear) that failed by tearing
out of rivets to the edge of the outside sheet was from 5 to 10 per cent
greater for joints with an edge distance of 2d than it was for joints
with an edge distance of 1%d. For the rivet-diameter sheet-thickness
combinations tested, increasing the edge distance above 2d would not
increase the strength of the joint by a significant amount, because
of the liability of failure by rivet bearing. The unit sheet shear given
in the foregoing is the total load per rivet divided by 4et, in which ¢
is the thickness of the outside sheets, and e is the distance from the
center of the rivets to the edge of the outside sheet.

(2) For double-strap riveted butt joints, designed to fail by tear-
ing out of rivets to the edge of the inside sheet, the sheet shear at
failure for joints with a rivet edge distance of 2d, adjusted to a coupon
strength in tension of the sheets of 50 000 1b. per sq. in., varied from
20 500 to 27 700 lb. per sq. in. This was for joints with a range of sheet
thickness of from 0.060 in. to 0.245 in. and a range of rivet diameter
of from 1% in. to % in. The total load carried by the joint was from
10 to 37 per cent greater for joints with an edge distance of 3d than it
was for joints with an edge distance of 2d. The bearing pressure at
failure for the rivets with an edge distance of 2d varied from 78 200 to
106 000 Ib. per sq. in. The bearing pressure at failure for the rivets
with an edge distance of 3d varied from 96 150 to 134 000 Ib. per sq.
in. Failure, however, was by tearing out the rivet to the edge of the
sheet for all specimens.

(3) The ratio of the shearing strength of the rivets of a riveted
joint to the shearing strength of undriven rivets varied from approxi-
mately 1.00 for %-in. rivets to a value of the order of 1.25 for 3 ;-in.
rivets. The shearing strength of undriven rivets varied for different
lots of rivets. For the rivets used in these tests, the strength of undriven
rivets in single shear varied from 25 900 1b. per sq. in. for 3} g-in.
rivets to 22 900 Ib. per sq. in. for 4-in. rivets; the corresponding
strength of undriven rivets in double shear varied from 26 500 1b.
per sq. in. for %] 4-in. rivets to 24 200 lb. per sq. in. for Y%-in. rivets.
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For Lap Joints

(4) The computed efficiency and the ratio of the efficiency by test
to the computed efficiency of the lap joints, both increased with the
rivet pattern in the following order: single row, double row and triple
row of rivets, alternate rivets being omitted from the outer rows of
the latter. Moreover, of the lap joints with a double row of rivets and
with a given rivet diameter and spacing, those with a chain pattern
and those with a stagger pattern had approximately the same efficiency.

(5) The ratio of the actual to the computed efficiency of the joints
was of the order of 0.90 to 0.95 for lap joints with a single row of rivets,
and of the order of 0.95 to 1.00 for lap joints with a double row of
rivets and also for lap joints with a triple row of rivets with alternate
rivets being omitted from the outer rows.

(6) The efficiency by test had values ranging from 0.56 for the
least efficient of the lap joints with a single row of rivets to 0.85 for
the most efficient of the lap joints with a triple row of rivets with
alternate rivets omitted from the outer rows.

For Double-Strap Butt Joints

(7) The ratio of the efficiency by test to the computed efficiency
was least for joints with a single row of rivets and for joints with a
triple row of rivets with spacing four times as great for the outer as
for the inner row. The ratio had approximately the same value for all
of the double-row types of joints, and its value was approximately
5 per cent greater for the double-row types than it was for the single-
row and triple-row types.

(8) The computed value of the efficiency for joints of balanced
design increased with the rivet pattern in the following order: single
row, double row, double row with alternate rivets being omitted from
the outer row, and triple row with spacing four times as great for the
outer as for the inner row.

(9) The efficiency by test had values ranging from 0.55 for the
least efficient of the double-strap butt joints with a single row of rivets
to 0.87 for the most efficient double-strap butt joints with a triple row
of rivets and with spacing four times as great for the outer as for
the inner row.

(10) The computed efficiency of a joint with a given sheet thick-
ness and type of rivet pattern can be increased by increasing the rivet
spacing and the rivet diameter until a “balanced design” is obtained
that is equally liable to fail by rivet shear, tearing out of rivet to the
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edge of sheet, rivet bearing, and sheet tension. However, the cost is so
much less for increasing the strength of a joint in rivet shear, rivet
bearing, and tearing out of rivet to the edge of sheet, than it is for
increasing the strength of the sheet in tension, that some excess
strength in rivet shear, rivet bearing, and tearing out of the rivets to
the edge of the sheet should be provided.

Slip of Joints

(11) The minimum load that produced an appreciable slip (0.001
in.) equaled or exceeded 7 500 lb. per sq. in. shear on the rivets for
nearly all specimens and was 10 000 to 15 000 lb. per sq. in. shear on
the rivets for many specimens. The specimens for which the minimum
load producing a slip of 0.001 in. was less than 7 500 1b. per sq. in.
shear on the rivets were a combination of large rivets and thin sheets,
a combination that gives a relatively large ratio of bearing to shear
on the rivets. There was some evidence that, for joints of balanced
design, a combination of thick sheets and large rivets resulted in slip
at a smaller load than a combination of thin sheets and small rivets.

Separation of Sheets

(12) The separation of the edges of the sheets was very small, less
than 0.004 in., for butt joints; for lap joints it was somewhat greater.

(13) The separation of the edges of the sheets was not significantly
different for the single-row and the double-row joints. The separation
exceeded 0.005 in. at a rivet shear of 10 000 lb. per sq. in. for only 6
of the 42 lap joints for which it was measured.
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