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TESTS OF NICKEL-STEEL RIVETED JOINTS.

I. INTRODUCTION.

1. Preliminary. In designing riveted joints to connect

structural members certain assumptions are made concerning the

action of the rivets and other parts of the joint under load. Tests

of riveted joints have not yet fully established the trustworthiness

of some of these assumptions. In considering the design for a

bridge across the St. Lawrence river near Quebec, Canada, to

replace one which had failed during construction, the Board of

Engineers of the Quebec Bridge appointed by the Canadian Gov-

ernment desired further experimental data on the action of riveted

joints, especially as they had under consideration the use of nickel-

steel plates and nickel-steel rivets; and arrangements were made

by which tests were conducted at the University of Illinois. Later,
the Pennsylvania Steel Company, of Steelton, Pennsylvania,

arranged for similar tests of riveted joints made with chrome-

nickel-steel plates and rivets. This bulletin records the results

of the two series of tests. Although all material in the riveted

joints tested contained nickel and the bulletin is termed Tests of

Nickel- Steel Riveted Joints, in order to distinguish between the

two sets the first set will be called nickel-steel riveted joints and
the second set chrome-nickel-steel riveted joints.

The investigation included tests in tension and in alternate

tension and compression. The bending of rivets, the deformation

of the joints and the slip of the plates, the yield point of the

joints, and the ultimate strength of the riveted joints were investi-

gated. The tension tests included various forms of joint,-lap joints,

butt joints, joints with fillers, joints with various numbers of

rivets. The alternate tension and compression tests were upon
one type of joint, a butt joint with very thick plates. A feature

of interest was the repetitive loading of a joint alternately in

tension and compression. The determination of the bending of

the rivets was also a novel feature. The riveted joints which were
tested in tension duplicated in dimensions a series of carbon- steel

riveted joints tested for the American Railway Engineering and

Maintenance of Way Association, and hence were not suited to

develop the maximum strength possible with nickel-steel plates

and rivets. To distinguish between the test pieces, the riveted
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joints of ordinary structural steel and ordinary rivets reported by
the American Railway Engineering and Maintenance of Way
Association will be called carbon- steel riveted joints; and those of

the tests here recorded nickel-steel and chrome-nickel- steel riveted

joints.

2. The Strength of Riveted Joints. When a riveted joint is

subjected to tension, tensile stresses are developed in the plates,

bearing stresses in the rivets and in the plates at the rivet holes,

shearing and bending stresses in the rivets, and shearing stresses

in the plates beyond the rivet holes. Among the assumptions

ordinarily made in the designing of riveted joints are: (a) that

the tension and the tensile stresses are uniformly distributed

throughout the width of the plate over the net section; (b) that

the load is evenly divided among the rivets of the joint whether
there are one or more rows and whether one row contains fewer

rivets than another; (c) that little attention need be given to the

relative amount of the stretch of the plate between the different

rows of rivets; and (d) that the bearing area of a rivet is the

product of its diameter (or the diameter of the hole) by the thick-

ness of the plate in which it is placed. The limiting or safe

shearing unit-stress in the rivet is ordinarily taken at two- thirds

to three- fourths the limiting tensile unit- stress of the rivet

material, and the bearing stress of the rivets, or of the plate, at

one and one-third to one and one- half times this tensile stress.

Under the assumed action of the joint, and considering the assumed
limits of tensile, bearing, and shearing stresses, that stress which

approaches most nearly to its assumed limit of stress at the load

to be carried by the joint is considered to be the critical stress,

whether this be the tensile stress in the net section of the plate,

the bearing on the rivets, or the shearing stress in the various

rivet sections. For any joint this critical stress will control the

working strength of the joint; and whether it be tensile, bearing
or shearing stress will depend upon the design of the joint and

upon the ratios assumed between limiting or safe values of tensile

stress, bearing stress and shearing stress.

For a given type of riveted joint the design in which the

tensile stress, bearing stress, and shearing stress each reaches

its limiting value, will have the highest efficiency, and a departure
in proportions from this design will result in lowering the efficiency

of the joint. However, matters connected with fabrication gen-

erally make modifications in design necessary the size of rivet
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which may be handled with the facilities available, the size of hole

which may properly be punched in the given thickness of metal,
the closeness of spacing necessary to give tightness in joints

subject to water or steam pressure, economies of workmanship,
etc., will affect the design. Frequently empirical or conventional

spacing or sizes of rivets are used. In any event the proper ratios

of the allowable tensile, bearing, and shearing stresses may not

be definitely known. The full action of the joint under load is

uncertain. At the beginning of application of load the bearing

may be on a small portion of the rivet surface. The rivet may
not entirely fill the hole, and the shearing stress may not be uni-

formly distributed over the rivet section, or among all the rivets.

Friction between plates by reason of the clamping action of the

rivets may affect the distribution of stresses. Repetition of load

may change the action of the joints and the amount of the stresses.

Altogether, it is evident that fuller information on the action of

riveted joints is necessary before the proper distribution of

stresses may be judged. Conditions at rupture of the joint may
not be applicable to working conditions, since stretch of plate,

distortion of rivets, and the consequent redistribution of load

beyond the yield point of the material may greatly change the

action of the joint. It is evident that experimental data are needed

to determine in detail the action of riveted joints under load.

3. Existing Data. In the experimental study of the strength
of riveted joints, the attention of English and American investi-

gators has been directed largely to the resistance of joints to

rupture; French, Dutch, and German investigators have given
much attention to the frictional resistance to slip. Among Euro-

pean experiments those of Considere1
in 1886, Dupuy

2
,
van der

Kolk3
in 1897, Bach4

in 1894, and Pruess5
in 1909, are worthy of

special mention. The earlier of these investigators reported that

the frictional hold of the rivets prevents slip in the joint up to

loads slightly greater than those assumed in design practice for

1 Annales des Fonts et Chaussees, 1886-

2 Annales des Fonts et Chaussees, 1895.

3 Zeitschrift des Vereins Deutscher Ingenieure, June 26 and July 3, 1897. Le Genie Civil 1897.

Practical Engineer, January 14, 1898, (Translation).
4 Zeitschrift des Vereins Deutscher Ingenieure, 1892, p. 1142; 1894, p. 1231; 1895, p. 301.

5 Iron and Steel Institute, Carnegie Scholarship Memoirs, Vol. 1 (1909), p. 60-95. In this

memoir attention may be called to the fact that the shearing strength of specimens of

rivet material (nickel steel) as given on page 76 should be divided by two, since the

specimen is in double shear.
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soft steel or wrought-iron plates and rivets. Considere, however,
showed that if the frictional hold of the rivet is once broken the

joint will afterwards slip under small loads if they are applied first

in one direction and then in the other. In the experiments of

Pruess (reported since the tests described in this bulletin were
made) on joints having nickel-steel rivets, by the use of very sensi-

tive extensometers, the existence of slip of joint was found at loads

below those allowed in practice, and the test also showed that the

use of nickel-steel rivets did not appreciably change the frictional

hold of rivets on plates. All the European tests quoted above
were made on joints in tension (with the exception of the few
alternate stress tests of Considere) and, in general, were carried

to rupture.

Among the English experiments may be mentioned those of

Pairbairn6
,

of Kirkaldy
7

,
and of Unwin and Kennedy

8
. In the

experiments of Pairbairn and Kirkaldy the ultimate strength of

the joint was studied. In the tests of Unwin and Kennedy a study
was made of the effect of hand riveting and of hydraulic pressure

riveting on both the ultimate strength and the frictional resistance

of riveted joints.

In the United States the largest number of tests have been
made at Watertown Arsenal9

. In these tests deformation of joint

was measured, but the efficiency of the joint was computed from
the load carried at the ultimate.

In 1896 in the Laboratory of Applied Mechanics of the

University of Illinois a series of tensile tests of riveted joints was
made under the direction of A. N. Talbot by Van Ostrand and

Thompson10
. In these tests the slip of joint was found to begin at

loads as low as those allowed in practice, and the effect of bending
of rivet and of unequal distribution of stress in bearing of rivet

and in shear was investigated.
In 1904 a series of tests on riveted joints in tension was

carried on under the auspices of the Committee on Iron and Steel

Structures of the American Railway Engineering and Maintenance
of Way Association. The tests were made in the laboratory of the

College of Civil Engineering of Cornell University
11

. In these tests
6 Proceedings of the (British) Institution of Mechanical Engineers, April, 1881.

7 American Machinist, May 11 and 18, 1893 (Cpndensed report of Kirkaldy 's tests).
8 Proceedings of the (British) Institution of Mechanical Engineers, 1881, 1882 and 1885.

9 Tests of Metals (Watertown Arsenal Reports) 1885, 1886, 1887, 1896 and other volumes.
M Thesis of Van Ostrand and Thompson. 1896 (University of Illinois Library).
11 Proceedings of the American Railway Engineering and Maintenance of Way Association ,

1905, Vol. 6.
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the deformation of joint under load, the slip of the joint, and the

permanent set of joint after load were measured, and the strength
of joints with filler plates between main plates and cover plates

was compared with that of joints without filler plates. These
tests also showed the existence of slip at working loads.

4. Acknowledgment. The tests of nickel-steel riveted joints

were undertaken at the request of the Board of Engineers of the

Quebec Bridge, Messrs. H. E. Vautelet of Montreal, Maurice

Fitzmaurice of London, England, and Ralph Modjeski of Chicago.
The nickel- steel riveted joints were designed and furnished by the

Board of Engineers and were manufactured under their inspection.

Especial acknowledgment should be made to Mr. Ralph Modjeski
for his suggestions and advice during the course of the work.

The tests of chrome-nickel-steel riveted joints were Undertaken

at the request of the Pennsylvania Steel Company, the riveted

joints following in form and dimensions the riveted joints tested

for the Board of Engineers of the Quebec Bridge. Both the Board
of Engineers of the Quebec Bridge and the Pennsylvania Steel

Company agreed to the publication of the results of the tests by
the Engineering Experiment Station of the University of Illinois.

The expense of the tests was largely borne by the Board of Engi-
neers and the Pennsylvania Steel Company.

The designing of the special auxiliary apparatus necessary for

the tests and the work of testing was done by the research force

of the Laboratory of Applied Mechanics of the University
of Illinois. The chemical analyses of plate and rivet material

were made in the laboratories of the Department of Applied
Chemistry of the University of Illinois.

II. MATERIALS, TEST PIECES, AND METHOD OF TESTING.

5. Materials. The plates of the joints included in this in-

vestigation were nickel steel and chrome nickel steel. In Table 1

are given the results of analyses of the steel. The carbon con-

tent and the manganese content were determined by colorimetric

methods. Physical tests of several samples from different plates
were made, and the results of these tests are given in Table 2.

The rivets were nickel steel and chrome nickel steel. The re-

sults of analyses of sample rivet material furnished by the Penn-

sylvania Steel Company as representative of the rivets used in

making the joints are given in Table 1. Physical tests of this
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TABLE 1.

CHEMICAL COMPOSITION OF RIVET AND PLATE MATERIAL.

Element
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Watertown Arsenal. Table 3 shows the principal results of these

tests.

6. Test Pieces. The form and dimensions of the riveted

joints are shown in Pig. 1, 2, 3, 4, and 5. The joints tested in

tension had the same form and dimensions as did the carbon-steel

riveted joints in the series of tests made by the Maintenance of

Way Association, which was noted on page 6, as the Board of

Engineers desired, among other results, a comparison of the

strength of carbon-steel and nickel-steel riveted joints. Fig. 5

shows the form and dimensions of the test joints used in the tests

made under alternate tension and compression. The plates were
made thick to avoid buckling under compression.

TABLE 3.

TENSILE TESTS OF FLAT SPECIMENS
OF CHROME -NICKEL, STEEL.

Item
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i
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TABLE 4.

CLASSIFICATION OF TEST JOINTS.

All rivets were % inch in diameter. All surfaces in contact were painted with one coat of

graphite paint. Joints designated as shop-riveted were riveted with a hydro-pneumatic riveting:

machine; those designated as field-riveted joints were riveted by a hand pneumatic hammer.

Joint
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TABLE 4. (Continued.)

Joint
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and compression were also tested in the 600 000-lb. testing ma-

chine. In the tests in alternate tension and compression, the ma-

chine was fitted with an auxiliary cross-head and with two auxil-

iary nuts on the screws. Fig. 6 shows in diagram the arrange-
ment of apparatus, and Pig. 7 shows the general appearance of

the machine fitted with the auxiliary apparatus.

Tension Compression

tfuxi/iary

'**

Weighing fable
(a)

machine
fb)

FIG. 6. AUXILIARY APPARATUS FOR TESTS IN ALTERNATE TENSION
AND COMPRESSION.

Tension and compression were applied alternately as follows:

To put the specimen in tension the load was applied through the

screws of the machine and weighed in the usuai manner. During
this part of the test the auxiliary cross-head above the weighing
head of the testing machine rested on the top of the specimen,
and the auxiliary nuts were clear of the auxiliary cross-head and
turned with the screws. (See Fig. 6 (a) ). The specimen, of

course, was held by the wedge grips. The tension load was next

released, after which the lower grips loosened themselves from
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the specimen. The hydraulic jack under the specimen was then

pumped up, and its rising plunger carried the specimen and the

auxiliary cross-head upward until the auxiliary cross- head was
forced against the auxiliary nuts and the specimen put in com-

pression. Fig. 6 (b) shows this condition. The reaction of the

hydraulic jack on the weighing table was weighed by balancing

FIG. 7. VIEW OF TESTING MACHINE WITH AUXILIARY APPARATUS
TESTS IN ALTERNATE TENSION AND COMPRESSION.

FOR

the beam of the testing machine, and, of course, was equal to the

compression load on the specimen. The pressure was next re-

leased from the jack, the weight of the auxiliary cross-head

acted to tighten the grips in the weighing head of the machine,
the lower grips were tightened by hand, and another tension load

was applied. It will be seen that the load in compression was as

accurately determined as that in tension.
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8. Measurement of Deformation. In the tension tests the

elongation of the specimen was measured by means of the ap-

paratus shown in Pig. 8. This instrument consists of two frames

AA! which are fastened to the specimen by pointed screws SSi,

these screws being symmetrically placed with respect to the longi-

tudinal axis of the specimen. As the specimen stretches, the

frames tend to separate, but at the right hand side (as shown in

the figure) they are held at a constant distance apart by means of the

rod R, whose ends receive the pivots FF, and by the springs XX.
At the left hand side the lower frame carries a dial D around

which rotates a pointer. On the axle of this pointer is a small

sheave one inch in circumference, which is driven by a fine insu-

FIG. 8. VIEW OF EXTENSOMETBB ATTACHED
'

TO TEST PIECE.

lated copper wire wrapped around it. This wire, which is kept
taut by the weight W, is attached at its upper end to the pin P
which is carried at the left hand side of the upper frame. This

wire and the axis of the rod R are equidistant from the axis of
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the specimen, and thus as the specimen stretches, the pin P and
the dial D separate by twice the stretch of the specimen, and this

double stretch is indicated by the pointer on the dial. The dial

was graduated to measure the stretch of the piece to one ten-

thousandth of an inch. Before making tests with this apparatus,
the dial wrapped with wire was tested in comparison with a screw

micrometer, and it was found under repeated reversals to be free

from slip of wire over drum and free from appreciable error.

The apparatus behaved with entire satisfaction during the test

and, it is believed, gave thoroughly trustworthy results.

FIG. 9. VIEW OF TENSION TEST PIECE WITH AUXILIARY APPARATUS
FOR MEASURING DEFORMATION.

For the purpose of measuring the movement of the several

plates of a joint, strips of cross- section paper were glued across

the narrow sides of the plates before testing the joints, and after

the glue had hardened, these strips were cut into pieces along
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the edges of the plates, leaving a piece attached to each plate.

As the plates slipped over each other the amount of slip was read

directly from the cross- section paper. Fig. 9 and 10 show this

arrangement.
In the tests in alternate tension and compression the same ap-

paratus was used to measure the deformation of the joints as was
used in the tension tests.

In one or more joints of each type the bending of the rivets

was investigated. The apparatus used for detecting the bending

FIG. 10. VIEW OF FRACTURED TEST PIECES SHOWING
MOVEMENT or PLATES.

of rivets is shown in Fig. 9 and 11. Holes 0.204 inch in diame-

ter were drilled through all rivets of the joint as nearly axially as

possible. A series of Stubs' steel drill rods varying in diameter

from 0.180 inch to 0.204 inch by steps of about 0.003 inch was pro-

vided, and under the initial load the largest drill rod which could

be thrust through the hole was determined by trial. This arrange-
ment is illustrated in Fig. 11 (a) where di is the diameter of this

drill rod. Under any other load on the joint, if appreciable bend-

ing of the rivet had occurred, this drill rod could not be thrus
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through the hole in the rivet, and the maximum size of rod which
would pass the hole was of smaller diameter (d.2), as illustrated in

Pig. 11 (b). di
- d2 gives the total amount of bending and detrusion

under the given load.

9. Procedure of Tests. In the tension tests an initial load of

1000 Ib. was first applied, and the dial of the extensometer set to

zero; the first desired load was then applied and the dial read;
the load was then reduced to the initial load of 1000 Ib. and the

dial again read; the next higher load was then applied, and the load

again reduced to the initial load. This process was repeated un-

til a load equal to about three-quarters of the estimated breaking
load had been applied. At this point the measuring instrument

was removed, and in the further test the load was progressively

vo) 11 (b) I I

FIG. 11. DIAGRAM SHOWING METHOD OF MEASURING
BENDING OF RIVETS.

applied to failure, the reading of the cross-section paper being
taken at intervals throughout the entire test.

In the tests of the joints designed to withstand alternate ten-

sion and compression (sixteen joints of nickel-steel and sixteen

joints of chrome-nickel- steel of the form and dimensions shown in

Fig. 5), the following schedule was carried out:

(a) Six specimens tested in tension, with release of load and

observation of deformation and set 'as the load was progressively

increased. (Joints TB20L, TB21L, TB20L, TB20S, TB21S, and

TB22F).
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(b) Six specimens tested in compression, with release of load

and observations of deformation and set as the load was progress-

ively increased. (Joints TB19L, TB20L, TB22L, TB22S, TB20F,
and TB22F).

(c) Six specimens tested in alternate tension and compres-

sion, a tension load being first applied followed by an equal load

in compression, then an increased load applied in tension followed

by an equal load in compression, etc., the joint being finally

broken in tension. (Joints TB22L, TB22L, TB22L, TB20F,
TB21S, and TB19S).

(d) Four specimens tested as in (c), and in addition the bend-

ing of the rivets was investigated by the aid of holes drilled

through them. (Joints TB21L, TB20L, TB21F, TB19F).

(e) Four specimens tested as in (c), except that the compres-
sion load applied was only one-half of the preceding tension load.

(Joints TB19L, TB19L, TB20S, and TB22S).

(f) Two specimens tested as in (c), except that in all but

the higher loads the cycle of tension and compression for any
given load was repeated five times before the next larger load

was applied. (Joints TB19L and TB20S).

(g) Four specimens tested by repeatedly applying alternate-

ly in tension and compression a load producing a rivet shear of

about 10000 Ib. per sq. in., and occasionally interjecting a single

application of a higher load. (Joints TB21L, TB21L, TB19F, and

TB21F).

During the application and release of a load, throughout the

above schedule, observations of deformation were taken at several

loads, in order that the stress-deformation diagram of the speci-

men might be plotted during the application of tension, the release

of tension, the application of compression, and the release of com-

pression, i. e.
, throughout the complete cycle of stress.

In all tests in the second series except tests 69, 70, 105 and
106 the increment of load was 25 000 Ib. In nearly all cases the

maximum load applied before removing the measuring instruments

was 300 000 Ib. After the removal of the instruments a higher
load was applied and the piece was broken. In tests 69, 70, 105

and 106 ( (g) in the schedule of tests) the method of procedure was
as follows: The specimen was subjected to ten cycles of alter-

nated loading, the load both in tension and compression being
such as to produce a shearing stress of about 10 000 Ib. per sq. in.
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in the rivets. The specimen was then subjected to one cycle of

stress at loads which gave a shearing stress of about 15 000 Ib.

per sq. in. in rivets. Then followed ten cycles with 10 000 Ib. per

sq. in. shear in rivets, then one cycle with 20 000 Ib. per sq. in.
,

then ten cycles with 10 000 Ib. per sq. in.
,
then one cycle with

25000 Ib. per sq. in., and finally one cycle with 10 000 Ib. per sq.

in. After this the piece was broken in tension.

III. DATA AND DISCUSSION.

10. Sample Data of Tension Tests. Table 5, page 25, gives the

data of a sample tension test of the riveted joints, (Joint TB10S,
Test 83). In this particular test the bending of the rivets was

investigated by means of the device already described. The
data are self-explanatory. Fig- 12 shows the plotted data of

this test. The lines drawn solid show deformation under stress

and the lines drawn broken show permanent set after removal of

stress. Complete data for all tests and curves for each test

piece are on file in the Laboratory of Applied Mechanics of the

University of Illinois, but in general only summarized data will

be given in this bulletin.
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FIG. 12. DIAGRAM OF TEST No. 83.

11. Sample Data of Tension and Compression Tests. Table 6,

page 27, shows the data of a sample test of a riveted joint under

alternate tension and compression, (Joint TB21F, Test 94). In

this test the bending of the rivets was investigated. Fig. 13 has

been plotted from the data. In this test loads in tension were
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followed by equal loads in compression. Fig. 14 shows the plot-

ted results of a test in which loads in tension were followed by
half as great loads in compression. Fig. 15 (Joint TB21L) shows
the plotted results of a test under stress in tension only; a dia-

gram of a test in compression only would be quite similar in

appearance.

TABLE 5.

SAMPLE DATA OF TENSION TEST OF RIVETED JOINT. \
Shear per square inch of rivet is based on the shearing area compi

from the nominal diameter of rivet 1 inch.

Specimen TB10S. Test No. 83.

Load
pounds
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TABLE 6,

SAMPLE DATA OF TEST OF RIVETED JOINTS IN ALTERNATE
TENSION AND COMPRESSION.

T denotes load in tension; C, load in compression. Shear per square
inch of rivet is based on the shearing area computed from the nominal
diameter of rivet inch.

Specimen TB21F. Test No. 94.

Load
pounds
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TABLE 6. (Continued.)

SAMPLE OF DATA OF TEST OF RIVETED JOINTS IN ALTERNATE
TENSION AND COMPRESSION.

T denotes load in tension; C, load in compression. Shear per square
inch of rivet is based on the shearing area computed from the nominal
diameter of rivet -J inch.

Specimen TB21F. Test No. 94.

Load
pounds
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joint occurred in the tension tests. In all cases in computing the

area of a rivet the nominal diameter of the rivet was used. The

shearing stress is taken at the load at which the total apparent
movement amounted to about 0.0025 in. The determination of

this point involves the use of some judgment, but as the same
method was used in all cases the results are considered to be

comparable with each other.

Table 8, page 32, gives the yield point of the nickel-steel and

the chrome-nickel-steel riveted joints stated in terms of the

shearing stress on the rivets.

In Fig. 17 and 18 (at the end of the text) permanent set is

plotted for the nickel-steel riveted joints, the chrome-nickel-

steel riveted joints, and the carbon-steel riveted joints. In each

case the results given are the average for the test pieces of the

set. A general comparison may be made by eye.

Table 9, page 34, gives the ultimate strength of the nickel-

steel and of the chrome-nickel-steel riveted joints stated in Ib.

per sq. in. of the shearing area of the rivets. In computing rivet

area the nominal diameter was used. The ultimate strength of

the carbon-steel joints reported by the Maintenance of Way Asso-

ciation is also given.

Table 10 gives the ultimate shearing strength and Table 11,

the yield point of riveted joints tested in alternate tension and

compression.

Fig. 19 to 22 (at the end of the text) show graphically the

total deformation produced by different intensities of stress. In

the direct tension and direct compression tests, the set is also

plotted, and in the other tests except tests 69, 70, 105, and 106,

both the total range of deformation and the deformation under
tension are given. Table 11 gives the yield point of the joints

tested in alternate tension and compression.
13. Slip in Tension Tests. By the use of delicate extensome-

ters slip of the rivets in a test joint can be detected and measured
under small loads. An inspection of Fig. 17 and 18 shows that

the plates began to slip at loads as low as the usual working
loads, the amount of slip increasing regularly until the yield

point of the joint was reached. The first noticeable slip of the

riveted joint given in Table 7 is taken when the total apparent
movement amounted to 0.0025 inch. The slip of joint in the

Maintenance of Way tests of carbon- steel riveted joints is also

included in Table 7.
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TABLE 10.

ALTERNATE TENSION AND COMPRESSION TESTS.
ULTIMATE SHEARING STRENGTH OF RIVETED JOINTS.

Loads are given in terms of the stress in pounds per square inch on the
nominal shearing

1 area of the rivets.

Nickel-steel Riveted Joints
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TABLE 11.

ALTERNATE TENSION AND COMPRESSION TESTS.
YIELD POINT OF RIVETED JOINTS.

Loads are given in terms of the stress in pounds per square inch on the

nominal shearing area of the rivets.

Nickel-steel Riveted Joints
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In general, the nickel- steel riveted joints showed first notice-

able slip under a slightly higher load than that producing first

noticeable slip in the carbon-steel joints of the Maintenance of

Way Association. It may be doubted whether a comparison of

the general averages would be significant. If the first slip of the

joint is caused by the overcoming of the friction of the rivet

heads and plates, no reason is apparent for expecting a higher

load at first slip in nickel-steel riveted joints than in carbon- steel

riveted joints, and the higher resistance of the nickel- steel rivet-

ed joints as compared with the carbon- steel riveted joints may be

due to differences in fabrication.

In the tests of chrome-nickel- steel riveted joints, both plates

and rivets were made up of steel softer and weaker than that

used in the nickel-steel riveted joints, but the first noticeable slip

took place at a load considerably higher than the load causing

first slip in either the nickel- steel joints or the carbon-steel joints,

indicating that the strength of material has very little effect on

the stress at first slip of joint.

14. Yield Point in Tension Tests. The term "yield point of

riveted joints" will be used to designate the point ab which a

marked increase of yield in the riveted joint occurs and at which

also a marked set of the riveted joint is found. As the loads are

increased beyond the load causing a first noticeable slip, the per-

manent set increases regularly for several increments of load, as

if the rivets were gradually seating themselves against the sides

of the rivet holes; then quite suddenly the set increases markedly
and the slope of the set curve becomes noticeably less. The
method of determining the yield point in the tension tests is

shown in Fig. 12. Some judgment must be exercised in deter-

mining this point, but it is quite definite except for the joints

with long rivets. The increased deformation seems to be due

partly to bending of the rivet and partly to shearing detrusion.

Before the yield point is reached, a considerable, movement of

the riveted joint as a whole has taken place, and, of course, be-

yond the yield point the deformation increases rapidly. As
measured by the displacement of the paper strips, the amount of

slip up to the yield point in the riveted joints with short rivets

and without filler plates was about 0.025 in., and after rupture
the slip of the unbroken end was about 0.20 in. After the yield
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point of the joint had been passed, the movement was due
in greater part to the shearing detrusion of the rivet. In the

joints with long rivets, a greater movement occurred, as much as

0.05 in. before the yield point was reached, and after rupture as

much as 0.40 in. in the unbroken end of several of the riveted

joints.

15. Ultimate Strength in Tension Tests. All the riveted joints

tested, both nickel-steel and chrome-nickel-steel, finally failed by
shearing of rivets. The ultimate shearing stress in the rivets is

given in Table 9. Whether a riveted joint will fail by shear of riv-

ets or otherwise depends upon the design of the joint and the rela-

tive strength of the rivet and plate material. A fact not always

recognized is that the stress at which a rivet will break under
shear depends not only upon the quality of the rivet material but

also on the relative hardness of the rivet and of the plate on
which the rivet bears. The rivet material used in the nickel-steel

riveted joints was about 16 per cent stronger in tension than that

used in the chrome-nickel- steel riveted joints; the plate material

of the nickel-steel riveted joints was considerably stronger and

harder than the rivet material, while in the chrome-nickel-steel

riveted joints the plate material was not much stronger than the

rivet material; the result was the shearing strength of the nickel-

steel riveted joints was only 7 per cent greater than that of

the chrome-nickel- steel riveted joints, about half of the gain
which might be expected from a comparison of the tests of rivet

material.

Comparing the ultimate strength of the Maintenance of Way
Association tests of carbon-steel riveted joints, the apparent gain
in ultimate strength is only about 16 per cent for the nickel steel

and about 9 per cent for the chrome nickel steel. However, the

carbon-steel riveted joints were designed so as to have nearly
the same strength in shear of rivets and in tension in plates; this

is shown by the fact that some failed by shear of rivets and some

by tension in plates. The tensile stresses in the plates forming
the riveted joints, developed at the ultimate load, are given in

Table 9. In the case of the nickel-steel riveted joints it will be noted

by reference to the strength of the specimens cut from the plates

(see Table 2) that even in the riveted joints in which three or six

rivets were sheared the tensile stress in the plate at rupture of
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the riveted joint was in no case as great as the yield point of the

material of the plates. The nickel-steel and the chrome-nickel-

steel riveted joints were made with the same dimensions as the

Maintenance of Way Association riveted joints and as they all

failed by shear of rivets and as no scaling or other indication of

exceeding the yield point of the plates was observed in the nickel -

steel riveted joints, and no chrome-nickel-steel riveted joints

failed in the plates, (though many of the plates in the chrome-

nickel- steel riveted joints were stressed beyond the yield points
as was shown by "scaling" and by the appearance of charac-

teristic "stress lines",) it is evident that the efficiency of joint

was less than in the carbon-steel joints, and that a larger gain
could have been shown for the nickel-steel and chrome-nickel-

steel riveted joints had they been proportioned so as to have as

high joint efficiencies as had the Maintenance of Way Associa-

tion carbon- steel joints. The tests, therefore, may not be used

to compare the full strength of riveted joints of the three classes

of materials.

In connection with this topic the results of the tests made by
Preuss at Darmstadt are of interest (see foot note on page 5).

In the test joints of that series nearly all the rivets were of

nickel steel. The plate material was not specified, and Dr. Preuss
writes that its nature is not known; it probably was ordinary
structural steel. At any rate, judging from the rivet material,
it seems probable that the rivets of the joints were of stronger
and harder material than were the plates. Comparing the butt

joints in Preuss' tests with those most nearly similar in the Uni-

versity of Illinois tests, the ultimate shearing stress in the rivets

of Preuss' test joints was about 19 per cent greater than the

ultimate shearing stress in the rivefcs of the corresponding Illi-

nois test joints. In view of the fact that in the University of

Illinois tests the plate material was stronger and harder than the

rivet material, while in Preuss' tests the reverse is true, the dif-

ference in shearing strength does not seem excessive. Making
similar comparisons for lap joints in the two series of tests,

Preuss' results for ultimate shearing stress in rivets are about

39 per cent higher than those found at Illinois. This great dif-

ference in ultimate strength may be due in part to the fact that

the riveted ends of the lap joints in Preuss' tests were bent during
fabrication to make the center of the rivet come in the direct line

of the pull on the joint.
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16. Slip in Alternate Tension and Compression Tests. The

slip of the riveted joints in the alternate tension and compression
tests is shown by the diagrams in Fig. 13 to 16. The most strik-

ing feature in the tests under alternate tension and compression
is the very large slip which may take place under comparatively
low loads. Especially is there danger of a large amount of slip if

at any time a riveted joint has been subjected to a single load

considerably beyond the ordinary working load. In Fig. 16, if

cycle (1) is compared with cycle (12) there is seen a marked in-

crease in the amount of slip under loads below ordinary working
loads; this slip occurred in the joint after a single application of an

unusually high load.

17. Yield Point in Alternate Tension and Compression Tests. In

the tension tests the yield point of the riveted joints was in gen-

eral determined from the set curve (see Fig. 12); but in tests in

alternate tension and compression there is very little set at the

end of a cycle of stress and the amount of this is not significant.

In these tests the yield point has been located by J. B. Johnson's

method which consists in finding a point on the stress deformation

curve where the rate of change of deformation is 50 per cent

greater than during the early part of the test. The average

yield point obtained in this way does not differ much from that

obtained by taking the first marked change in direction of the

stress deformation curve. Where bending of rivet was directly

examined, the first noticeable set of rivet took place at a stress

not widely differing from the yield point as determined by the

above method. From the results of the tests it would seem that

the riveted joints tested under alternate tension and compression
showed yield points about as high as those tested under stress in

one direction only. Attention is called to the lower yield points

found in Tests 69, 70, 105, and 106, in which the joints had been

subjected to repeated applications of the load.

18. Ultimate Strength in Alternate Tension and Compression
Tests. Of the series of riveted joints for alternate tension and

compression loads, six were tested in direct tension and six in

direct compression. This was done to furnish a basis of compar-
ison for the alternate tension and compression tests. Every joint

of the series failed by shear of rivets, except that in nearly all of

the direct compression tests the main plates finally came in di-
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rect contact and the joints buckled noticeably, thus preventing
the completion of the shearing action. In the one compression
test in which the rivets were sheared to failure, the joint buckled

noticeably and the failure was on the concave side of the joint.

In the tension failures, in some cases rivets sheared on both sides

of the main plates and in other cases on one side only. The joints

failed suddenly with a loud report, the load falling off slightly

just before failure. In no case was there any indication that

either the main plates or the cover plates had reached their elas-

tic limit when the ultimate load was applied.

The comparatively few alternations of load to which the

nickel-steel and the chrome-nickel-steel riveted joints were sub-

jected apparently had very little effect on the ultimate strength,

as may be seen by comparing the ultimate strengths with those of

the joints tested in tension. Ifc is entirely probable, however,
that a large number of reversals of load would cause failure under

lower loads. Reversed load tests involving a large number of

loadings on full-sized riveted joints have never been made, so far

as is known. Such tests would be very expensive and would re-

quire a long time. In the absence of such tests it may be assumed
that riveted joints under repeated reversals of load would be

in danger of failure at loads very much lower than under steady
tension loads.

19. Bending of Rivets. It has long been recognized that in

riveted joints the rivets are subjected to bending stresses, and

attempts have been made to calculate these stresses. A mathe-

matical analysis of the bending of a rivet is subject to many un-

certainties: the ends of the rivets are partially restrained; the

compression and detrusion of the rivet and plate modify the bend-

ing action and render uncertain the position of the point of

application of the resulting pressure; and in various ways the

conditions of beam action are indeterminate. The investigation
of bending of rivets made in these tests is novel, so far as known.
It shows to what extent bending takes place in such joints. The
first marked bending of the rivets was found to be closely coin-

cident with the yield point of the joint. It is seen also that the

longer the rivet the greater the relative importance of the resist-

ance to bending. It will be noted that in those joints having long
rivets (TB14 to TB18) the nickel- steel riveted joints have their

yield point at a stress considerably higher than do the carbon-
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steel riveted joints, and that the yield point of the chrome-nickel-
steel riveted joints is between the two.

In the alternate tension and compression tests, the load at

which actual appreciable bending of the rivets first takes place
(also generally coincident with the yield point of the joint) seems
to be slightly lowered by a few applications of alternate tension and

compression.
20. Action of Riveted Joints under Steady, Repeated, and Alter-

nated Loads. The tests indicate in a general way the behavior
which may be expected in a riveted joint of a structure under
various kinds of loading. Under a steady load in one direction,
a slight slip may be expected under ordinary working loads, and
the deformation of the structure will be greater than if it contained
no riveted joints. Under ordinary loads the deformation due
to slip of rivets will not be at all serious. If the joint were sub-

jected to repeated applications of working load in the same direc-

tion, probably the deformation due to slip would increase but
little after the first few applications of the load; in this case there
would be a small permanent deformation of the structure, which
would not be large enough to cause trouble, 'and which would in-

crease but very little under successive loads. If the joint were

subjected to ordinary working loads acting first in one direction

and then in the other, the slip of rivets would doubtless be much
greater than under a steady load or a repeated one-direction

load of maximum amount equal to the maximum value of the
alternated load. Under such stresses as are sometimes used in

practice, this slip might increase under repetition of load, the

joint working loose until the frictional hold of the rivet heads
was greatly lessened and perhaps reduced to zero. Moreover, a

single application of an overload, from accidental or other causes,

might greatly increase this slip under succeeding working loads.

The resulting deformation in the structure might become so great
as to seriously impair its usefulness.

If a riveted joint in any structure be loaded beyond the yield

point, the resulting deformation in the structure may be large

enough to seriously injure it. If a riveted joint is stressed beyond
the yield point under a long continued load, it might eventually

fail, though data on this point are lacking. If a riveted joint is

repeatedly stressed beyond the yield point by loads always acting
in the same direction, the probability is that it would eventually
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fail. If a riveted joint is repeatedly stressed beyond the yield

point by loads acting first in one direction and then in the other,

the probability of failure would be great.

21. The Basis for Design of Eiveted Joints. It has been held

that riveted joints should be designed on the basis that there

will be no slip of plates at working loads and that the friction

between the plates will be sufficient to sustain ordinary working
loads and to prevent bearing stresses on the rivets. The experi-

mental evidence of these tests, and of other tests already referred

to shows that it would be futile to attempt to design riveted joints

which shall have zero slip, whether the rivets be of carbon steel

or of nickel steel. Slip must be expected below the ordinary

working stresses, and if for any reason the assumed stresses are

exceeded the slip of the joint will increase rapidly. It seems

evident that with ordinary workmanship, the frictional hold of

the plates is not an available asset of strength.

If the ultimate shearing strength of the rivets and the ulti-

mate tensile strength of the plate are used as the basis of design,

it will be important to know the shearing strength of the rivet

material when used with the plate material of the riveted joints.

The results of tests of shearing strength of rivet material which

have been made in hardened steel dies are not directly applicable.

If the shearing strength of rivet steel tested in connection with

plates of the same degree of hardness be considered to be 0.80 of

the tensile strength of the rivet material, it may be expected that

with harder plates the ratio of shearing strength of rivet to ten-

sile strength of rivet will be less, reaching three-quarters or even

two-thirds; the ratio of shearing strength of rivet to tensile

strength of plate will, of course, be still smaller. On the other

hand, if the plate is softer than the rivet, the shearing strength

of the rivet will be greater than otherwise. In designing riveted

joints on the basis of ultimate strength, then, the shearing strength

of the rivet material when used with the plate material of the

riveted joint should be known. With the stronger plate material,

such as nickel steel, the relatively low strength of rivet material

is something of a handicap, though the higher the strength of the

rivets the less this is.

Another basis which might be used is the yield point of the

joint, the point at which a marked increase of yield in the riveted

joint occurs. This point in the tests described seems to be coin-
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cident with the first marked increase of set of the riveted joint

and generally also with the first marked bending of the rivets.

In designing, this yield point of the riveted joint could be coord-

inated with the yield point of the plate material. The average
yield point of the nickel-steel riveted joints was about 35 000 Ib.

per sq. in. of rivet section. The yield point of the nickel steel

plate material was 51700 Ib. per sq. in. The ratio of the yield

point of riveted joint to ultimate shearing strength of riveted joint

in both series of tests was about the same as the ratio of the yield

point of the plate material in -tension to the ultimate tensile

strength of the plate material. A design of joint might be made

giving equal strength for yield point of joint and yield point of

net section of plate in tension. With this basis of design, it would
be important to know more definitely the cause of the increase of

the movement of the joint at the yield point. If it is mainly a dis-

tortion and shearing detrusion of the rivet, the hardness of the

rivet material will be a governing consideration. If the bending
of the rivet is of importance, the greater bending strength of the

nickel- steel rivet will be of service. This feature of the action of

riveted joints is worthy of further investigation.

The foregoing applies to riveted joints with the load applied
in one direction only. For alternated loads, the first slip is of

more importance, repetitions increase the movement, and an oc-

casional overload makes still greater increase. Although the

ultimate strength and the yield point do not seem to be seriously

affected by a few alternations of load, it seems wise to keep the

shearing stresses in riveted joints subjected to alternated loading
so low that slip of joint will be small. For such conditions the

advantage in the use of nickel-steel rivets is open to question

especially if it is found, as has been claimed, that it is difficult to

drive nickel-steel rivets in such way as to give effective grip on

the plates they hold together.

22. Summary. The following review is given:
1. A total of 90 nickel- steel riveted joints and of 54 chrome -

nickel- steel riveted joints were tested in tension. These riveted

joints duplicated in dimensions the series of carbon-steel riveted

joints reported by the American Railway Engineering and Main-

tenance of Way Association. Sixteen nickel-steel riveted joints

and sixteen chrome-nickel steel riveted joints were tested in ten-

sion, compression and alternate tension and compression. Stretch,
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slip, and set of riveted joints were observed, and the bending of

rivet was determined by means of holes drilled axially through
the rivets.

2. In the tests there was a noticeable slip of joint generally

at loads within ordinary working shearing stress of rivet. The
movement of the joint increased fairly regularly to a load averag-

ing about 35 000 Ib. per sq. in. of rivet shear for the nickel-steel

riveted joints, when a marked increase of movement was found.

This increase was closely coincident with a marked set of the

joint and with a marked bending of the rivet. All the riveted

joints failed by shear of rivets, as was to be expected, at ultimate

shearing stresses which ran fairly uniform in both the nickel- steel

series and the chrome-nickel-steel series for all the types of joint

tested.

3. The experimental evidence indicates that the resistance

of the joint to first noticeable slip of rivet depends more upon the

workmanship of the riveting than upon the quality of the rivet

material, though the contractile and gripping properties of the

rivets have an influence.*

4. The yield point of a riveted joint, taken as the load at

which a marked increase of yield occurs, seemingly indicates a

definite property of the riveted joint. This phenomenon is worthy
of further investigation. The first marked bending of the rivets

was found to be closely coincident with the yield point of the

joint. It was found that the longer the rivet the greater the rela-

tive importance of the resistance to bending. In the alternate

tension and compression tests the first appreciable bending of the

rivet seemed to be slightly lowered by a few applications of load.

5. In the alternated load tests the most striking feature was

the relatively large slip which took place at comparatively low

loads. The amount of this slip was especially large when a rivet-

ed joint had been subjected to a single load considerably beyond
the ordinary load.

*To determine the effect of painting the contact surfaces of riveted joints upon the load to

give first noticeable slip, a phase of the subject brought out in correspondence with Mr. Albert

Kingsbury. of Pittsburgh, Pennsylvania, tests for this purpose have been made since this bul-

letin was put in type. Joints resembling TB5 were riveted up, one set being unpainted, one set

painted with graphite paint, and one set painted with red lead. All the riveted joints showed
evidence of slip at loads within ordinary working shearing stress of rivets. Those painted with

graphite paint gave noticeable slip at loads somewhat lower than those painted with red lead,

and the unpainted test joints slipped at loads still a little higher, the differences in the three

types of test joints being not large.
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6. The ultimate shearing strength of riveted joints depends
on the shearing strength of rivet material, and this is influenced

by the relative hardness of rivets and plates.

7. The ratio of the yield point of riveted joint to ultimate

shearing strength of riveted joint in the tests was about the same
as the ratio of the yield point of the plate material in tension to

the ultimate tensile strength of the plate material.

8. In riveted joints designed on the basis of ultimate strength,

strength of rivet material and of plate material are of prime im-

portance and the use of special steels of great strength may be of

advantage.
9. In riveted joints designed on the basis of frictional hold

of rivets without reference to the bending of rivets there is little

advantage in using rivets of special steels of great strength since

joints with such rivets show about the same resistance to first

noticeable slip as do joints with ordinary carbon-steel rivets.
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FIG. 18. DIAGRAM SHOWING PERMANENT SET IN TENSION TESTS.



TALBOT AND MOORE NICKEL-STEEL RIVETED JOINTS 51



52 ILLINOIS ENGINEERING EXPERIMENT STATION

B
S 40000

30000

85

Yield

72/< TtM9L.

-f?a nqe of
t'/d

2.0000

loooo

0.025 0.025 0.025 0.0250.05

I DEPORMflT/OM /A/ /A/CHES
FIG. 20. DIAGRAM SHOWING DEFORMATION IN TESTS IN SIMPLE TENSION AND

SIMPLE COMPRESSION OF RIVETED JOINTS DESIGNED
FOR ALTERNATED LOADS.

0.025 O.OH 0.0250 4025 0.025 0. Q.M5

FIG. 21. DIAGRAM SHOWING DEFORMATION IN TESTS IN TENSION

FOLLOWED BY HALF AS GREAT COMPRESSION.



TALBOT AND MOORE NICKEL-STEEL, RIVETED JOINTS
' ' '

53

&49M?

5 jo ooo
x^

^ 20000

^ 10000

i



PUBLICATIONS OF THE ENGINEERING EXPERIMENT STATION

Bulletin No. 1. Tests of Reinforced Concrete Beams, by Arthur N. Talbot. 1904.

*Vircular No. 1. High-Speed Tool steels, oy L P Breckenridge. 1905.

* Bulletin No. 2. Tests of High-Speed Tool Steels on Cast Iron, by L. P. Breckenridge
and Henry B . Dirks 1905.

^Circular No. 2. Drainage of Earth Roads, by Ira O. Baker. 1906.

* Circular No. 3. Fuel Tests with Illinois Coal (Compiled from tests made by the Tech-

nologic Branch of the U. S. G. S.. at the St. Louis, Mo , Fuel Testing Plant, 1904-1907.) by L. P.

Breckenridge and Paul Diserens. 1909.

* Bulletin No. 3 The Engineering Experiment Station of the University of Illinois, by
L P. Breckenridge. 1906.

* Bulletin No. 4. Tests of Reinforced Concrete Beams, Series of 1905, by Arthur N.

Talbot. 1906.

*Bulletin No. 5. Resistance of Tubes to Collapse, by Albert P. Carman. 1906.

^Bulletin No. 6. Holding Power of Railroad Spikes, by Roy I. Webber. 1906.

* Bulletin No. 7 Fuel Tests with Illinois Coals, by L. P. Breckenridge, S. W. Parr and

H jnry B. Dirks. 1906.

* Bulletin No. 8. Tests of Concrete: I. Shear: II. Bond, by Arthur N. Talbot. 1906.

* Bulletin No. 9. An Extension of the Dewey Decimal System of Classification Ap-

plied the Engineering Industries, by L. P. Breckenridge and G. A. Goodenough. 1906.

* Bulletin No 10. Tests of Concrete and Reinforced Concrete Columns. Series of 1906. by
A-thurN Talbot. 1907.

* Bulletin No. 11. The Effect of Scale on the Transmission of Heat through Locomotive
Boiler Tubes, by Edward C. Schmidt and John M. Snodgrass. 1907.

* Bulletin No. 12. Tests of Reinforced Concrete T-beams, Series of 1906, by Arthur N.

Talb)t. 1907.

* Bulletin No. 13. An Extension of the Dewey Decimal System of Classification Applied

to Architecture and Building, by N. Clifford Ricker. 1907.

* Bulletin No. 14. Tests of Reinforced Concrete Beams. Series of 1906. by Arthur N.

Talbot. 1907.

* Bulletin No. 15. How to Burn Illinois Coal without Smoke, by ti. P. Breckenridge. 1908.

* Bulletin No. 16. A Study of Roof Trusses, by N. Clifford Ricker. 1908.

* Bulletin No. 17. The Weathering of Coal, by S. W. Parr, N. D. Hamilton, and W. F.

Wheeler. 1908.

* Bulletin No. 18. The Strength of Chain Links, by G. A. Goodenough and L. E. Moore.

1908.

* Bulletin No. 19. Comparative Tests of Carbon. Metallized Carbon and Tantalum Fila-

ment Lamps, by T. H. Amrine. 1908.

* Bulletin No. 20. Tests of Concrete and Reinforced Concrete Columns, Series of 1907. by
Arthir N. Talbot. 1908.

* bulletin No. 21. Tests of a Liquid Air Plant, by C. S. Hudson and C. M. Garland. 1908.

* Bulletin No. 22. Tests of Cast-Iron and Reinforced Concrete Culvert Pipe, by Arthur N.

Taloot. 1908.

* Bulletin No. 23. Voids, Settlement and Weight of Crushed Stone, by Ira O. Baker. 1908.

Bulletin No 24. The Modification of Illinois Coal by Low Temperature Distillation, by
S. W. Parr and C. K. Francis. 1908-

Bulletin No. 25. Lighting Country Homes by Private Electric Plants, by T. H.
Amrine. 1908.

Bulletin No. 26. High Steam-Pressures in Locomotive Service. A Review of a Report
to the Carnegie Institution of Washington, by W- F. M. Goss 1908.

Bulletin No 27. Tests of Brick Columns and Terra Cotta Block Columns, by Arthur N.
Talbot and Duff A. Abrams. 1909.

Bulletin No. 28. A Test of Three Large Reinforced Concrete Beams, by Arthur N.

Talbot. 1909.

Bulletin No. 29. Tests of Reinforced Concrete Beams: Resistance to Web Stresses,

Series of 1907 and 1908. by Arthur N. Talbot. 1909.

Bulletin No. 30. On the Rate of Formation of Carbon Monoxide in Gas Producers, by
J. K. Clement, L. H. Adams, and C. N. Haskins. '1909.

*Out of print.



PUBLICATIONS OF THB ENGINEERING EXPERIMENT STATION (Continued)

No. 31. Fuel Tests with House-heating Boilers, by J. M. Snodgrass. 1909.

No. 32. The Occluded Gases in Coal, by S. W. Parr and Perry Barker. 1909.

No. 33. Tests of Tun/sten Lamps, by T. B. Amrine and A. Guell. 1909.

No. 34. Tests of Two Types of Tile Roof Furnaces under a Water-tube Boiler

1909.

35. A Study of Base and Bearing: Plates for Columns and Beams, by N .

Bulletin

bulletin

Bulletin

Bulletin

by J. M. Snodgrass.
* Bulletin No.

Clifford Ricker. 1909.

Bulletin No. 36. The Thermal Conductivity of Fire-Clay at High Temperatures, by J.

K. Clement and W. L. Egy. 1909.

* Bulletin No. 37. Qnit Coal and the Composition of Coal Ash. by S. W. Parr and W. F
Wheeler. 1909.

Bulletin No. 38. The Weathering of Coal, by S. W. Parr and W. F. Wheeler. 1909.

Bulletin No. 39. Tests of Washed Grades of Illinois Coal, by C. S. McGovney 1909.

Bulletin No. 40. A Study in Heat Transmission, by J K. Clement and C. M. Garland
1910.

Bulletin

Bulletin

No.

No.

Tests of Timber Beams, by Arthur N. Talbot. 1910.

The Effect of Keyways on the Strength of Shafts, by Herbert F. Moore
1910.

No.

No.

Bulletin

Bulletin

Talbot and Herbert P Moore
Bulletin No. 45. The

Whitteuiore. 1911.

Bulletin

mann. 1911.

Bulletin

Freight Train Resistance, by Edward C. Schmidt. 1910.

An Investigation of Built-up Columns under Load, by Arthur N
1911.

Strength of Oiyacetylene Welds in Steel, by Herbert L.

No. 46. The Spontaneous Combustion of Coal, by S. W. Parr andF. W. Kress-

No. 47. Magnetic Properties of Heusler Alloys, by Edward B. Stephenson.
1911.

BMetin No. 48. Resistance to Flow through Locomotive Water Columns, by Arthur
N. Talbot and Mrlvin L. Enger 1911.

Bulletin No. 49. Tests of Nickel-Steel Riveted Joints, by Arthur N. Talbot and Herbert
F. Moore. 1911.





UNIVERSITY OF ILLINOIS
THE STATE UNIVERSITY

THE UNIVERSITY INCLUDES THE

COLLEGE OF LITERATURE AND ARTS (Ancient and Modern
Languages and Literatures, Philosophical and Political Sci-

ence Groups of Studies, Economics, Commerce and Industry).

COLLEGE OF ENGINEERING (Unexcelled library; spacious
buildings; well-equipped laboratories and shops.) Graduate
and undergraduate courses in Architecture; Architectural

Engineering; Architectural Decoration; Civil Engineering;
Electrical Engineering; Mechanical Engineering, Mining En-
gineering; Municipal and Sanitary Engineering; Railway
Engineering.

COLLEGE OF SCIENCE (Astronomy, Botany, Chemistry, Ge-

ology, Mathematics, Physics, Physiology, Zoology).

COLLEGE OF AGRICULTURE (Animal Husbandry, Agronomy,
Dairy Husbandry, Horticulture, Veterinary Science, House-
hold Science.

COLLEGE OF LAW (Three years' course).

COLLEGE OF MEDICINE (College of Physicians and Surgeons,
Chicago). (Four years' course).

COLLEGE OF DENTISTRY (Chicago), (Three years' course).

SCHOOLS GRADUATE SCHOOL, MUSIC (Voice, Piano, Vio-
lin), LIBRARY SCIENCE, PHARMACY (Chicago), EDU-
CATION, RAILWAY ENGINEERING AND ADMINISTRA-
TION.

A Summer School with a session of eight weeks is open during
the summer.

A Military Regiment is organized at the University for instruc-
tion in Military Science. Closely connected with the work
of the University are students' organizations for educational
and social purposes. (Glee and Mandolin Clubs; Literary,
Scientific, and Technical Societies and Clubs, Young Men's
and Young Women's Christian Associations).

United States Experiment Station, State Laboratory of Natural
History, Biological Experiment Station on Illinois River,
State Water Survey, State Geological Survey.

Engineering Experiment Station. A department organized to

investigate problems of importance to the engineering and
manufacturing interests of the State.

The Library contains 165,000 volumes.

The University offers 628 Free Scholarships.

For catalogs and information address

C. M. McCONN, Registrar,

Urbana, Illinois.



THIS J3UUJ*. IB UUJfci UN Tl] JjAoZ DATE
STAMPED BELOW

AN INITIAL FINE OF 25 CENTS
WILL BE ASSESSED FOR FAILURE TO RETURN
THIS BOOK ON THE DATE DUE. THE PENALTY
WILL INCREASE TO SO CENTS ON THE FOURTH
DAY AND TO $1.OO ON THE SEVENTH DAY
OVERDUE.

JAN to 1934
7&f






