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The tests reported herein were undertaken in order to obtaln informe-
tion regarding the behavior, in large joints and tension members, of a manganese
steel which has been proposed for uses where mnickel steel is now employed. The
test series is & part -~ designated ms gseries M -- of an investigation of heavy
riveted joints, conducted in the Engincering Materials laboratory of the Univer-
sity of California in cooperation with the Celifornia Department of Public
Wbrksf The specimens were furnished by the Ameriéan Bridge Company. This
report gives the results of those tests which have to do with the properties of

the mangsnese steel as a material.

Description of Specimens and Coupons

Two types of spescimen were tested, as follows:
Type Ml: Butt joint; manganese-steel plates, manganese-steel rivets.

Type M2: Two stitch-riveted manganese-stecel plates; oarbon-steel
rivets.

* The chemiohl analyses and some of the coupon tests were made by the Carnegie-
Illineis Steel Corporation.
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The details of the specimens are shown in Fig. 1. Three specimens of

cach type were tested.

The allowable workling stresses for plate and rivet steel were as follows:

Working Stress, kips

Tension in manganese plate steal .o.ccoes ceeanscens O4
Shear in manganese rivet steel ..... feverncrovenan « 20
Shear in carbon rivet steel .cevveeeosoasancevascas 1D

The properties of plate and rivet steel were determined by tests on

standard coupons, =5 follows:

Stesl | lype of |Gage Length, Cross-section |
Coupon in. Within Gage Length

Plate | I 8 [ Thickness x 1 1/2 in.
111 2 1/2 in. diam.

Rivet {Rivet 8 1 in. diam. (nominml)
stock

The location and marking of coupons of plate steel is shown in Fig. 2.

Dimensions of Type I and Type III coupons are given in Tables 1 and 2 respectively.

Method of Testing Specimens

The specimens were tested in a 4,000,000-1b. SouthwarknEﬁary precision
testing machine. At each of four increments of load, listed in the following
tabulation, longitudinal strains were observed at selected locations on the

specimen.

R Nominal Stress at Hetb
Specimen Section of Plate,
Type Ho,. _ k.g.1.
Butt Joint M1-1, M1-2, M1-3
Stitch-riveted M2-3 ] 10, 20, 30, 40
plates
Stiteh-riveted | ya_y w2-2 20, 30, 40, 50
plates




During each of these periods of observation, the load was held constant
by means of an aubomatic lomd-maintainer. Strains were observed by means of

2 1/2-in. and 10-in. fulcrum-plate strein geges.

During the application of load, for the buti-joint specimens the rela-
tive slip at various points along both edges of adjacent plates was observed by

means of dial gages.

When the observations of strain and slip &t <The various loads had

of the test, wvisusl observations werc mede of localized yielding as indicated
by the flaking of an inelastic white paint which hed been applied to the member

prior to test.,

The elongation of each stitch-riveted specimen to feilurc was deter-
mined by means of measurements with divider and scales on a seriées of D-in. gage

lines located end-to-end along the center line of the face of the speéimen.

Method of Testing Coupons

For all coupon tests made by the Carnegie-Illinois Steel Corporation,
the idling speed of the testing head of the machine was reported to be 0,5 im.
per min. For the eoupons tested at the University of Californiam, various leoading

rates were employed, as follows:

Idling Speed off Approximate

Steeli Coupon Range Testing Head, |Rate of Loading,
- in. per min. |p.s.i. per min,

, Elastic 0,02 1,500

Plate|{ Type I Above Variable (0,18 5,000

eglastle to 0.86)

‘Elastic 0.0b 15,000

Rivet|Type III Abave 0.33 N
elastic ' N




Results of Tests on Coupons

Plate Steel. =- The detailed results of tests on coupons of plate steel
are shown in Table 1, and the average values for all plate coupons are given in

the following tabulation:

Locats Yield Tensile Moduius of |Elonga- |Redue~
coflon Strenghth,] Strength, | Elastioity, [tion in tion of]
Test lb.per lb,per !million lb. 8 In.,|Ares,

per sq, in. ]percemt percent
=’__—'m

in. 8q.in.

| C~I.S5.C. | 60,640  |101;700 - 20.) | 53.2
U.C. | 58,200 98, 500 29,7 19.9 52,2

It is seen that the averagoc yield strength and tensile gtrongth deter-
mined by the Carnegig-lllinois Steel Corporation are 3 to 4 percenf higher than
those determined by the ﬁniversity of Californim; the difference is due in large
part to the difference in rate of testing employed by the two organizations. Al-
though on the averags the elongation and the reduotion of area are somewhat
smaller for the University of California tests than for the Cernegie~Illinois
Steel Corporation tests, the difference is not large and is within the range of

testing error.

The average deviations in test results for individual coupous of plate

steel tosted at the University of California are shown in the following tabulation:

Averapge Deviation,

_ percent
Yield strength 240
Tonsile strength 1.0
Modulus of elasticity 1.4
Elongation in 8 in. 6.0

Heduction of ares _ 2.8




Rivet Steel., == The detailed results of tests on coupons of rivet

gtesl are shown in Table 2, and the average values are given in the following

tabulation:
Loca~- | Yield Tensile |[Elonga- |Reduc~
Stesl Heat | tion [Stremgth, | Strength,}tion in |tion of
yhee No, of lb.per lb.per 2 In., {Ares,
Test 5Qeim. S5QGein. percent | percent
- 0-1.5.0C4 40,750 59,600 | 35.0 65.7 |
wilakds ] r) [] ]
Carbon 129947 |- 705 [Z0.590 | 58,650 | 36.5 | 6549
Cc-I.8.08 56,980 08,800 26,0 58,7
Menganese- 123885 [~ 7 o 151,570 | 80,200 | 80.9 | B67+5
Arnmes led 123885 C-I.5.CH 49,920 80,490 29,0 54.0
Hanganese U.Ce0 | b2,560 76,180 32.9 85,1

a ~ Tests on 1 coupon. _
b - Average for tests on 20 coupong.
o ~ Average for tests on & couponss

It is seen that with one exception, the yield strengths and temsile
strengths debermined by the Carnegie-Illinois Steel Corporation are higher thean
thosa‘determined by the University of California. The elongations and the
reductions of area are consistently higher for the University of California tests
rthan for the Carnsgie-Illinois Steel Corporation tests. The differences ars
due in lerge part to the differenco in rate of testing employed by the two or-

ganizetions.

The yield strength of the annealed manganese steel, as indicated by
the University of California tests, is about 1000 p.s.i. higher than that of
the untreatsd manganese steel, but the tensile strength of the enmealed steel

is sbout 4000 p.s.i. lower than that of the untreated steel.

In Table 28 are shewn the results of tests to date on coupons of l-ina

rivet stoclk, together with the test resulbts for corresponding machined coupons

(Type III).



Stress~-strain Relations, -~ In Fig. 3 are shown typical stress-strain

diagrams for coupons of plate steel. For three of the coupons the yield strength
was debermined by the "drop of beam" method; for the other coupon no drop of beam
was observed and the yield strength was determined by the "orfset" method, at

an offset of 0,10 peroent.

) Figure 4 shows two representative types of stress-strain relation
observed in the tests on coupons of plate steel over the entire range of load
to failure. MNearly all of the coupons exhibited e -definite yield—point-{see
curve for coupon Ml-2AB), and the yield strength was determined by the drop-of-
beam method. For seven of the coupons, no definite yleld point was observgﬂﬂ_
{see curve for coupon ¥2-1A84 ), and the yield strength was dete;mined Ey th;
of fset method, at an offset of 0,10 percent. At loads above theAyield strongth

(Figet) the stress-strain curves gradually converge, and the ultimate loads are

approximately the same for The coupons representing the two types of behavior.

To atudy the effect of repeated loading and to determine approximately
the stress at which considerable set begins %o oﬁcur, coupon M2-25A of plate
steel was subjected to alternate tensile loadings and releases of load. Tor each
loading, the meximum stress was 5,000 lb. per sq. in. greater than that for the
preceding lord. The test results are shown in Fig. 5. It is seen that for all
loadings lower than that corresponding approximately to the elastic strength, no
permanent set could be .observed by the extensometer employed. However, a siight
hysteresis eifbot was apparent, as jndicated by the width of line of the stress-
strain ourves of Fig. 5. At a stress of about 0.83 yield strength, eppreciable

set began o ocour.



Comparison of Test Results on Coupons of ilanganese and Nickel Steel, -—

Inasmuch as the manganese steel has been proposed for usss where nickel steel is

now employed, it is of interest to oompare the properties of these two steels as

indieated by the test results on coupons. The following tebulation gives the

average values of yield strength, tensile strength, and elongation for the coupons

of plate steel tested to date:

Tooation| No. of Specimens|yield Strength, | lensile Strength| Elongation in
of for Average 1b.per 5g.in. lb. per sg. in.{ B-Ins; percent
Test Tiokel Mangenese| Nickel |Manganese | Nickel|{Manganese |Nickel|Manganese
———— e ——
¢~-1.5.C. 12 60,840 [105,700f 101,700 | 18.1 20.1
U.C. 2 20 58,200 102,400 19,0 19,9

It is seen that on the averags the manganese steel exhibits a yield
strength 8 percent lower, a tensile strength 4 percent lower, and an elongation

somewhat higher than the nickel steel.

Results of Tests on Specimens

The tests reported herein include those to determine the elasticity,
slip, strength, and olongation of specimens. Observations were also made to

' determine the distribution of stress; these will be ineluded in the general

report on all specimens.

Elasticity. -- The modulus of elasticity at the gross section of the

plates used in the specimens is shown in the following tabulation:



Modulus of

Specimen
Elasticity, Mea surement
Type Nov 1ni3lion p.s.i.
p =
Ml"‘l 30.6
Bubt [MI-2 [  51.6 Tn main plate outside of butt joint; 2 1/2-in.
joing | MLl-3 3l.l gagelline 8.
Avg. lel ~
M2-1 29.7 Foross gross seotion; 2 1/2-in. gage lines.
Stiteh- | M2-2 30,0 - ' .
riveted | Five l0-in.gage lLines, end to end, along conter
plates |1i2-3 | 30,2% of face of specimen; gross section of plats used
i ' in computetion of modulus.
. livge b 9.9 -
* Excluded from average.

The average modulus of the butt-joint specimens is 3l.l million ib.
per sq. in.; ‘that of the corresponding coupons (Table 1) is 29.5. The average
modulus of the stitoh-riveted speoimens is 20.9 million lb. per sq, in,; that of

the corresponding coupons is 30.0.

The average unit elongation within the length of the joint at the allow-

able working load (34 k.s.i. at net section) is as follows:

. Avg. Unib

Spe cinen Elongation, Mea surement
TEES, Nos ig%ger in. _ .
Butt F M-l 0.0012 Within length of butt joint; 2 1/2-in, gage lines
joint ML -2 0,0011 along edges of plate and spanning opening between

Ml=-3 0.0011 ends of main plates.

Stiteh-~ Everage over length of 50 in. mlong center of face
riveted | M2-3 0,0010 "of plate; l0-in., gage lines.
plates

For the gross section of the plates at the same load, the computed

average elongations are of the same order of magnitude as those for the speci-~

Mens .



Slip. -- The results of observations to determine the amount of slip
between main and splice plates in the butt joint of Type M1 speciméns are shown
in Teble 5 and Fig. 6. The locations of the gages cmployed to measure slip are
shown in Fig. 6. Gages 9, 10, 11, and 12 were 50 mounted as to average the slip

between the main plate and both gplice pletes.

In Teble 3 is shown, for each gage, the slip (1) at the end of the first
inerement of losd at which observations were taken (0,30 working ioad) and (2)
at the working load corrasponding to the working stress (34-k.5.1.) -in the net
section. It is soen that local veriations in slip are considerable, probably
because of differences in the contact pressureé botween plates and beocause of
the faot that the rivets as driven did not bear equally against the sides of the
noles. However, emcl average value for the several gages at similar locations

should be representativo of the slip of the joint as a whole.

The diagrams of Fig. 6 show the general load-slié relation near one
end of the joint and near the butt of one main plate. Each curve rgpressnts the
average slip for four gages &t the same transverse section. The curves (mot
shown) for individual gages-are consistently of the same gemeral shape although

as indicsted in Table 3 they show some variations in the amounts of slip.

1t is seon (Fig.6) that slippage begins at very low loads and that
in general the rate of slip does netlincrease suddenly as the load is increased,
Although the testing machine was operated in such & manner as normally to increase
the load on the'specimens at s constant rate, in many cases it was observed that
when sudden slip ocecurred within e specimen there was a corresponding lag in

the rate of leading.
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In Filg. 6, it is seen that the average slip near the end of the joint
is greater than that near the center -~ at the working load roughly twice as
great -=- probably because (1) the average stress in the splice plates at the
center of the joint is smaller than the stress in the main plate a% tﬁe end of
the joint; (2) et the center the rivet spasecing is closer and henco the plates
are held more tightly together than af the ends; and (3) at the center the gages

are located Z/B in. inside the ond btransverse row of rivebs whereas at the end

the gages are located only'l/h in. inside the end transverse row of rivets.

. Measurements were made of the differential) movement between the stitch-
riveted plates of specimen M2-l. The observed slips were wvery small and were
locelized and erratic. As a result of these observations, no slip measurements

were made on the other two specimens of this type.

Strength. -~ The ultimats-strength of tho speoimens is shown in Table 4.
It is seen that in each group one specimen is considerably weaker than the other
two. The low strength of stitch-~riveted speoimen MZ-2 as a whole was due to the
failure of cone plate at a relatively low load; the strength of the remaining

plate was comparable with that for a single plate of the other specimens.

The ultimate stress at net seotion of the plates (Table 4) is generally

less than that for correspondiﬁg coupons (Table 1), as shown in the following

tabulation:
ecimen |AVE.Stress at Het Section|Temsile Strength of g
"‘ngggg%m§f‘of Specimen at Ultimate |Corresponding Coupons leferange,
| “Load, k.s.i Testod at U.C.,k,s.i. porcent
=1 . 90.5 OB, -8
Butt Imyop T0.6 58. 07 =25
Joint I3 518 160,02 =
Stitch- |M2-1 91,3 99,20 -8
riveted |[M2~2 63,7 ' 07.4D © =35
plates [M=5 —97.9 97,70 5.

a - Average for 2 ocoupons.
b - Averapge for 4 ocoupons -~ two from each plate,
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The efficiency of the specimens (Table 4) reflects roughly the variations
in strength of the joints. For the two butt-joint apeqimens Whiﬁh failed at nearly
the seme strength, the efficiency is 81 percent, wheroes the ratic of net to gross
section ig 72 pereent; the difference is due in part %o the fact that "efficiency”
as defined herein is based on the strength of coupons and not on the strength of
a large plate of solid section. For the two stitoh-riveted specimens which
failed at comparable loads, the efficiencies are respestively 82 and 89 percent,

averaging”BG“percentjfthcmcnrrospondiﬁgfrationcf net-to-gross—section-is 88-perocents

Elongation to Failure, -- In Fig. 7 is ghown +the elongation to failure

of the stitch-riveted specimens M2-1, l2-2, end H2-3, measured on the eenter line
of face of plate at gage lengths of 5 in. In general, the slongation near the
center of the spocimen is greater than that mear the ends of the reduced section.
For specimen M2-1, the unit elongation near the point of failure is about twioce
that at other points near tﬁe center of the reduced section. Ome plate of
specimen.MZ-E elongated about 9 times as much as the other plate. The average
elongation within the central 50 in. of the specimens is shown by the following

tabulation of values from Table 4.

Specimen Elongation,
(stitoh- |Plate | percent
riveted)
A ] 5.2 7]
u2-1 5 5.7
A Oed
W22 B L5
A 4.4
M2-5 B 4.5




1z

Ch&racterwof“Fai%ur31~--%Themgeﬂeral~ch&ractop_oﬁ_failuregoffthemspeci:_“

mens is shown by the romerks in Teble 4 and by the photographs, Figs. 8 %o 15.
The locations of failure in the stitch-riveted specimens are also shown in Fig.7.

Detailed notes regarding failure are given in the Appendix.

Exoept for stitch-riveted specimen M2-1, the fractures are square with
granular texture,.and there are no 5ilky textures such as occur in the carbon-

steal specimens.

Figs. B to 10 show the appearance of the butt joints after failure. In
general, just before failure of the specimen the splice plates exhlbited some
yielding at a séction near the bubt of the main plates, Fig. 1l shows typical
yielding of the main plete just outside the joint, at a sbress in net section of

62,500 1lb. per sg. im.

Figs. 12 to 15 show the appearance of the stitoh-riveted specimens after
failure. Prior to failure, the stress patterns were generally as shown in Fig.l5j
but Bt the %time of failure the yiclding appeared to be fairly well distributed

over the entire area of the specimen.

Concluding Remarks

The results of coupon tests to date show that although the strength of
the mangenese steel is lower than that of the nickel stesl, the difforence is
small. Purther, although the ductility of the mengenese stesl is greater than

that of the nickel steel, the difference is smell.

Two out of sach group of three large speoimens exhibited tensilae

strengths at the met section of plate greater than 90 percent of the strengtha
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of corresponding coupons; these strongths are considered to be satisfactory.
However , one butt-joint speoimen exhibited a tensile strength only 72 percent,
and one stiteh-riveted specimen only 685 percent, of that of corresponding
coupons. The reeson for this marked lack of uniformity has not besn disclosed

by the physleal Tests which have been made.



Load, Kkips

261

324
472,481,466 ,537

704

719

749,869,989
1089

511
659
672
690
699

713
739

769, BD7, 845
857

263
700
710
724
727

579
1109

. Appendix
DETATLED NOTES OH FAILURE OF SPECIMENS®

Specimen Ml-l

Remarks

Lag in load rate and loss in load of 500 lb.
1t 1 n 3] 1% 1 1 n n 200 n
Slight lags in load rate. :
Lag in load rate and scaling of paint noted in main plates.
Marked lag in load rate, and rapid sealing of paint across
main plates.

lags in load rate. :
Maximum loed end sudden failure by parting of main plate Ml-14,

along section through rivets 1 end 2. Sealing of paint
started in splicc plates along butht of main plates just prior
to failure. No soaling of paint from rivebts up to maximum
load..  Square break, coarsely granular texture,

.Specimen Ml-2Z = -

Slight lag in 1load rate.

Scaling of paint started near center line of main plate Mla24.

Tag in load rate and loss in lomd of BOO 1b.

lag in load rate,

Lag in load rate; scaling of paint started neer center line of
main plate M1-2B.

lag in load rate, areas of scaling of paint expanding.

Distinct lines of sealing, meking about 45° with longitudinal
axis of joint, proceeding from rivets 1, 2 and 37, 38.

lags in load rate.

Meximum load; partial fracture of main plate M1-2B along line
from edge to rivet 37 to rivet 38; section from rivet 38 to
edge not ruptured at this lomd; lomd dropped off to 129 kips,
built up to 231 kips, then graduslly dropped off to final
failure at 119 kips by fracture between rivet 3B and edgo.
Between odge and rivet 38: shear break with slight reduction
of area, finely granular texture. Remainder of section:
square break, coarsely granular texture.

Speoimen Ml. 3

Slight lag in leoad rate.

Lag in load rate, scaling of paint started in both main plates.

lag in load rate and loss in load of 200 lb.

Scaling of paint noted in main plate near rivets 1 and 2.

Marked lag in load rate, with constant load for several seconds.
Sealing of paint progressing across main plates.

Harked lag in load rate. : '

Maximum load; parbial fracture in main plate M1-3A, starting
slong line from odge to rivet 2; load fell off to 1089 kips,
then increased to 1096 kips when Ffinal failure took place
elong broken line from rivet 2 to rivet 1 to rivet 3 to edge.
Sealing of paint in splice plates along butt of mein plates
prior to failure. TFor 1 1/2 in. on a diagonal line from
rivet 3 toward rivet l: failure in shear {on & plane normal
to famee), silky texture; from ends of this break to both
edges: square breask, coarsely granular texture.

% ~ Numbering of rivets shown in Fig. 8 for butt~joint specimens and Fig.7 for
stitch-riveted specimens.



Load, kips
1040, 1105, 1124)
1168, 1200, 1231)
1458
1730
2150
2230

1280
1320
1450
15562

1492
1405
1060

1065
1080
1098
1100
1120
1140
1148
1150
1165
1180

1115

A2
Specimen M2-1

Remarlcs

Slight lags in load rate s

Marked lap and constant load for short peried.

lag in load rate.

Marked lag snd loss in load of 20,000 lb,; sharp snap in joint.

Vaximun load and partial faibure; plate li2-1h parted between
edge and rivet 15; load foll off to 1510 kips and gradually
built up to 1810 kips; tearing of plate progressed from
rivet 15 toward rivet 14 to aboub cenmter line of plate;
remainder of plate failed at 1810 kips; plate M2-1B bepan
to tear just prior te reaching load of 1810 kips; load
Pell off to 510 kips when section of plate between rivet
34 .and edge parted, and fallure was complete. Fracture
was of V {or oup-come) btype with finely grenular texture
exoeptmfornsectionAbetween“rivet 15 and edge of plate
12-17 which showed a square break with coarsely granuler
texture. Noticeable necking down in region of plate near
rivets having 2-in. edge distance. -

Specimen M2-2

Slight lag in load rate.

Lag in lomd rate.

ilarked lag and loss in lead of 1000 1b.

Moximum Load and partial failure; plate H¥2-28 parted suddenly
bobween rivets 4 snd 5 and opened up ebout 3/8 in.; Load
dropped off to 1360 kips.

Plate M2-2A parted suddenly between rivet 5 and edge and opened
up about 5/8 in,; load fell off %o 1200 kips.

Remainder of plate M2-2A parted suddenly betwesn rivet 4 and
edge and load fell off to 980 lips. '

Lag in load rate and loass in load of 20 kips; Plate MZ-2B
continued to elongate.

Rivets 6 and 7 sheared and load fell off to 1050 kips.

Rivets .8.and.9 sheared and load fell off to 1065 kips.,

Lag in load rate and loss in load of 5 kips.

Rivehs 10 and 1l sheared and load fell off to 1080 kips.

Lag in load rate and loss in load of 5 kips.

lag in load rete end loss in load of 2 kips.

Rivets 12 and 13 sheared and load fell off %o 1138 Ieips.

Rivets 14 end 16 sheared and load fell off o 1130 kips.

lag and loss in load of 2 kips.

Maximum load on plate M2-2B and partial failure of plate by
fearing between edge and rivet 105 load fall off to 1100
kips.

Final sudden failure of plate M2-2B by parting of plate ebng
line from rivet 10 to rivet 11 to edge. Both plates:
square break, coarsely grenular texture.




Load, kips

273, 304, 474, 526,613
1220
1410

1430

1448, 1490, 15185, )
1920, 1962, 2090 )

2190
2385

2110

Specimen M2-3

Remarks

Slight lags in load rate.

lag in load rate. - ‘
Scaling of paint noted near center of plate M2-3A in

region between rivets 6, 7, 8, and 9.
Scaling of paint around rivets 8 end 9, both faces.

lags in load rate; some necking down of plate material
in region of rivets with 2-in. edge disfance.

Lag in load rate and constant load for several seconds.

Maximum load and partial failure; plate M2-3B parted
auddenly between rivet 10 and edge and between
rivet 11 and cdge; load sneps occurred in quick
succession at 2395, 2370, and 2330 kips.

" Final Pailure by parbting of plates along line through

rivets 10 and 11. Both plates: Square brealk,
coarsely granular texture except (1) for about 1 1/4
in. from rivet 1l on plate 142-3B a V (cup-oone)
break with finely granular texture, and (2) for
‘about 2 in. from rivet 1l on plate M2-3A a sheared-
cone break with finely granular texture. '
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Table 28, =~ -Results of Tests on Coupons of Rivet Stock

Yield Strength, | Tengile Str., Elongation, |Reduction of
PeSsis paB.ls peroent Ares ,percent

Steel | Heat No.

Rivet] Type ILLiRivet | Type III|Rivet | Type III[Rivel) Type ILI

rstock Chupon _|Stook | Coupon -éiggﬁka'CbuggF]?*E#oc Coupon_
-C&rbon. 1zgyij7m~--§g:ggg 40,750 -%%f%%gnsgyeoo | gg:g 35.0 g§:§ 65.7
Hanganesd 123885 gi:ggg 56,980 g;:?ﬁo 88,800 gg:g 26,0 gg:é_‘ 58.7
Annealed 123885 23:388 49,920 gii%ég 80,490 - gg:g 29,0 22:? | 64,0

Manganese " 128,850 74,190 27. 62.7

a - In 8 in.

b ~In 2 in.

NOTE: All tests made by Carmegie~Illinois Steel Corporation.

Rivet stock 63/64 in. dinm.

For description of Type III coupons, see Table 2.

Tests on Heavy Riveted Joints

June 1936

Table 2a



Table 3. —- Slip in Joint of Type Ml Specimens at 0.30 Working

Load and at Working Load

Ga go Slip, Inches
To .2 0,30 Working Load Working LoadP )
M1-1 12 W15 WI-1 } Wl-g ; Mim5
1 0.0028 | 0.0023 | ©0.0018 [ 0.0185 | 0.0Ll5 | 0.0124
2 0.0008 | 0.0021 | 0.0016 | 0.0109 | 0,010l | 0,0115
3 0.0022 | 0.003%0 | 0.0013 | o0.0122 @ 0,0141 | 0.,0112 ]
4 o.0012 | o.0030 | o.o019 | o0.0106 | o0.0132 | 0.0121
Tve. | 0.0018 | 0.0026 | 0,007 | 0.0118 | 0.0122 | 0.0118
5 0.0010 | o0.0002 | o0.0008 | o0.0078 | 0.0048 | 0.0087
8 0.0008 | 0.0002 | ©0.0008 | 0.0078 | 0.,0051 | 0,0068
7 0.0003 | 0.0005 | ©.0003 | 0.0051 | 0,0062 | 0.0063
8 0,0005 | 0.0006 | 0.,0006 } 0.0053 | 0.0068 | 0.0075
AvE. 60008 | 0.0004 | 0.0006 | ©0.0066 | 0.,0007 | 00068
g o.0013 | 0.0010 | 0.0004 | 0.0074 | 0.0073 | 0,0068
10 0.0014 | 0.0002 | 0.0002 | 0.0072 | 0.0038 | 0.0038
Bvg. 0.0013 | 0.0006 | 0.0003 | 0.0075 | 0,0056 | 0.0054
11 0.0030 | 0.0028 | 0.0026 | 040117 | 0,019 | 0.0089
12 0.0027 | o0.0015 | o0.0018 | o0.0116 | 0,0092 | 0.0135
IXTP 50055 | 00082 | 0.0022 | 0.0117 | 0.0106 | 0.0112

a - For location of gages, see Fig. 7.
b - Average working load 410 kips.
Tgsts on Heavy Riveted Joints
June 1936 '

Table 3
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STATE OF CALIFORHIA
DEPARTHENT OF PUBLIC WORKS
SAN FRANCISCO-OAKLAND BAY BRIDGE

TESTS ON RIVETED TENSION MEWBERS AND THEIR CONNECTTONS

A. INTRODUCTION

 Strictural steel is the most reliable end the most
aniform in its charocteristics of all materials with which tne
engineer has to deal. It is pogsible that this reliability ex-
plains the sipall amount, when compared to reinforced concrete,
of experimental work that hes been done on-this.material. Of
the laboratory work on large steel members, the majority of tests
hsve been on compression specimens, snd very few investigations
have been conducted on tension members of a corresponding size.
There have been some very thorough investigations of riveted
joints, but these have been mainly confined to the wide and short
joints that obtain in tank and ship work rather than on the long
joints that occur on heavy bridge work.

It is the purpose of this series of testz to secure
experimentsl data that will justify or disprove certain assump-
tions, many of them tacit, that sre now made in the design of
heavy riveted steel structures.

B. PROBLEMS INVOLVED

Some of the uncerteinties involved are noted below.

in analysis of some would include a study of all processes con-
nected with the manufacture of structural steel, which is, of
course, bayond the scope of the present investigation. Others
would invulve the use of more elaborate testing equipment than
is available. It will, however, be wise to kz2ep all these ques-
tiong in mind and to consider their bearing on past experiments
and those now proposed.

(1) Elastic and Plastic Action of-Structural Steel.

While structural steel is commonly considered an elas-
tic material, its plastic action is of great importance in the
even distribution of stress over the component parts of a tension
member and even over the entire area of each component. This

2.



action is most 1m09rtant in a riveted joint. In the tests
hetein proposed every effort should be made to investigate this

question.

(2) Information Furnished by Commercial Mill Tests and its
Relatlon to_the Strength of a Fabricated Tension Member.

Recent technical literature cordtains such- expre551ons
as "It is also evident that the yield point, as recorded by the
ordinary tensile specimen tests, ... does not give the correct
index of the strength of the materlal . Other indices such as
the "Useful Limit Point" have been corsidered.. All ppssible ifi-
formation along these lines should be secured durinc the inves-

tigation.

(3) Distribution of Stress over Wide Plates of Higher Strength
Steels.

This question has been investigated in the case of
ordinary structural steel, the results indicating a quite uniform
distribution of stress. It is desirable to extend these inves-
tigations to include the case of high tensile steels and also to-
include a steel in which the yield 901nt closely approaches the
ultimate.

(4) Effect of Rivet Holes in Reducing the Strength of a Tension
Member.

In an elastic material subjectpd to stress, high con-
centrations cccur at the edges of a hole drilled throuﬂh the
mLterlal In case the materizl alﬂo nossesses plastic propelties,

eadjustments of the material will take place so that, within cer-
buln stress limits, the condition is not serious. The effect of
this stress readjustment is probably more favorable in the case
of & member subjected to stress in one direction only than in
one subjected to alternating stresses.

Assuming equal stress distribution over the widths
petween holes, formulae for stagger of holes to maintain net
section may be established. These formulae are based on elastic
theories and do not consider plastic.eaction.



(5) Variastions, including Reversal of Stress.

An immense amount of experimental work has heen done
in recent years on alternating stresdes. Due to the difficulties
of providing suitable equipment, these investigations have not
included lerge size members under direct tension and compression,
40 that the rules for designing members subject to alternate
gtresses sre largely'"rule of thumb." In the present series, only
a limited smount of stress raversal study is contemplated. Care
should therefore be taken in applying any deductions from the
test data to members subject to stress reversal. |

(6) Modulus_of Elasticity of a Fabricated Tension Member.

. The stress_strsin ratio. of & standard tension test
specimen closely follows & straight line below the yield point,
with a modulus of between twenty-nine and thirty millions of
pounds per square inch. In the case of a wide plate it 1is
possible that the rélease of stresses from the rolling operation
would result in a ledser anoarent value. In a fabricated member
theres is probably considerable plastic flow resulting from stress
adjustment over the component parts, and also the effect of the
rivet holes must have some effect. There appear to be no pub-
lished resulis of investigations of these points.

(7) Partitiaiof Stress hetween the Different Rivets in o Riveted
Joint. :

Assuming elastic conditions, it is possible to deter-
mine the partition of stress between the various rows of rivets
in a joint. These snalyses indicate thet most of the stress is
taken by the end rivets. Tests of riveted joints indicate a
stress redistribution so as to more nearly equalize the stress
between the different rivets. The majority of these tests-have
been made on joints containing comparatively few rivets or on
wide joints with comparatively few rows. It remains to be demon-
strated that this redistribution will teke plaece in a long joint
and at & stress in which no permenent injury is done to any of
the component parts. -

(8) "Slip" in a Riveted Joint.

The cooling of a rivet after it has been driven results
in a considerable tension in the rivet producing tension in the
shanlz end a contrection in the dismeter of the shank. The amount
of friction probably verics over a wide range, depending on the



extent to which the parlts are held in contact by bolts, the
"spring" in the components the driving temperature of the rivets,
the length of time the nregsure is neld etc. When the load in
the jnint exceeds the frlctlon the parts will slip until the
rivets come into full bearing gilnst the hole. In case the

term "slip” is held to include a1l distortions except those due
to zlasticity, the plastic deformations resulting from the over-
stresses at the edge of the hole may also play a small part.

Most investigaters dgree that this slip occurs within
usuel working strespes and that the rivet material has llttle,
if any, effact on the stress at which s1ip will occur, ahd
there seems to be a tendency to minimize ths effect of friction.
However, until the rivets loosen, this friction must play an
1mportqnt part in the action of the joint, and this effect should
be cougidered in the prdposed series of tests.

(8) Comparison of Rivet Materials.

Until recently the standerd structural steel has been
of the 55,000-to 65,000-pound grade and the corresuondlng rivet
stecl has been 46, 000- to 56,000~pound. At present the use of
80,000-72 OUO-pound medium grade is gaining favor with 52,000 to
6& 200 spe01fled for rivets. For meny vears there has been a
search for a higher strength rivet stzel for use with nickel and
other high strength alloy steels. Hickel steel rivets have been
tried, but, for many rcasons have not proven satisfactory. In
the Uiat fow years a cerbon mangzn=zse rivet has been used in a
number of large structurcs. In the prosent program it is pro-
posed to compare the e1f101ency of tlmse rivets with the Hlﬂher
UladL structural rivet.

(9) Thickness of Material.

Many 1nvnst1gctovs have pointed out that, presumably
due to the smaller amount of work the meterial receives during
rolllng, thick materiel has a lower vield point thaa the thinner.
In ordinary practics the uhlckncas 15z held to 2 maximum of
3/4" to 1", although in many cases the use of thicker material

wouLﬂ have some advantages.



(10) Effect of Details on the Strength of Mémbers

- FExaminations of overstressed bridges establish the fact
that trouble almost invariably occurs due to faulty details. In
spite of this fact very little experimental investigation has
been done towards establishing the effect of these details. As
subjects for experiment may be suggested the following:-

Butt vs. lap and shingle &plices.

a.
b. Eecentricity at pusset plates.

c. Effect of pantograph action of lacing bars.
d. Action of rivets passing through fillers.
e.

f.

(11) Effects of Shop Workmanship

a. Fdge planing.

b. I'ull-size punching vs. reaming.
c. Variations in riveting conditions.
d.

e.

The effect of the first{ two can not be properly
studied without apgaratus for a great number of cycles of vari-
able stress. The third is outside the scope of the present
program, but is being covered by an independent study.



C. PREVIOUS IHVESTIGATIONS

&. Riveted Joints

There has been a great deal of both theoretical and
experimental work dene in connection with riveted joints.  The
beet statement of thls work has been made by A. E. R. de Jongc
(1) r.Jld. (2)

Theoretical Analyses

Prof. Cyril Batho (3) treated the subject theoretically
and compared his results with test data. His analysis and tests
indicated that no gain in strength was obi:ined by using more
than five lines of rivets in & Jnint, and even with five lines
the mejority of the stress was carried by the inner and outer
Tows,

Hrennlkoff (1) »resente similar conclusions. He admits,
however, that, due to the ductility of the structural member,
the rivets at the center of the joint come into play. He recom-
mends in detailing: -

(1) Increasing the nuwber of gauge lines so as to
reuce the number of rivets.on each geuge line.

(2) Reducing the longitudinal pitch to the minimum.
(3) Making the number of rivets on each gauge line

proportional to the area nf the matevrial centering on that gauge
line.

Iixperimental

%While it is not practicable to describe in detail the
many tests that have been made on riveted joints, there are a few
outstanding series which should be mentioned. Most of the tests



méntioned have been made in connection with tank and ship work,
so thut they do not cover the case of long connections or splices.

| The A.K.E.A. tests (4) ere outstanding in that the
resulis have formed the basis of Americsn specifications on
riveted joints for the past thirty years. The conclusions
followi-

(1) THat the resistance of a riveted joint sgainst de-
formation by shearing forces, up to the yield point, Is due to
the friction between the surfuces held in contact by the rivets.

| . (2) That the yield point of a riveted joint is recched
when the shearing forces are equdl to the friction of the sur-
Taces held in contact by the rivets

(8) That the deformation of # riveted joint at the
yield point is caused by the slipping on eich other of the sur-
faces held in contact by the rivets, snd is due to the diametral
contraction of the rivets in cooling after they are driven, which
leaves a space between the body of the rivet and the edge of the
rivet hole. ‘

(4) That after the slip at the yield point has occurred
and the rivet is brought to bear azsinst the edge of the rivet
hole, a deformation of the body of the rivet tskes place with an
accelerating increase in resistance, until the entire side of
the rivet has been brought to bear against the edge of the rivet
hole, and that-the-deformation continues beyond this point with
a diminishing increase in the resistance, until the ultimate ,
strength of the rivet in shear has been reached and the breakdown
occurs.

(5) That lap joints, on account of the unsymmetrical
distribution of the material, deflect sideways under strain,
throwing the rivets in tension, and thereby reducing the shearing
forces between the surfaces held in contact by the rivets.

(8) That fillers inserted between the main plates re-
duce the strength of a riveted joint, but that the full strength
can be obtained by comnecting the fillers to the main plates by
additional rivets. :



{7) That the number of rivets connecting the fillers
to the main plates should, for each intervening plate, be about
cne-third of the number of rivets required in a similar joint
without fillers, to obtain the same strength in both cases.

(8) That the strength of a riveted joint with rivets of
larger grip than about four times their diameter is decreased,
as the length of the grip is increased.

(9) That the number of rivets, in a riveted joint with
larger grip of the rivets than four times their diameter, should
be increased at least one percent for each one-sixteenth of an
inch increase in the grip azbove this length, to obtain the
same strength as a similar joint with the grip of the rivets
shorter than four times their diameter.

(10) That a riveted joint, subject to forces always
acting in the same direction, may safely be strained beyond the
yield point up to a point where the rivets are brought to bear
againgst the edges of the rivet holes.

(11) That a riveted joint, subject to forces alternat-
ing in opposite directions, may not safely be strained up to
the yield point. ‘

(12) That, to obtain a minimum slip at the yield point,
it is necessary that the holes in the component pieces should
thoroughly match, and that the driving tool should upset the
rivet throughout its length, so that it will thoroughly fit the
rivet hole.

The 11linois tests of 1906 (5) were largely a duplicate
of the A.R.E.A. tests, except that nickel steel was used in
place of carbon steel. The conclusiong of these tests follow: :-

(1) A total of 90 nickel-steel riveted joints and of
o4 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 Maintenance of Way Association. Sixteen nickel-
steel riveted joints and sixteen chrome-nickel steel riveted



joints were tested in tension, compression and alternate tension

and compression. Stretch, 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 joiht increased fairly regula@ly to
a load dveraging about 35,000 pounds per square inch of rivet
sheir fdr the nickel-steel rivetefl joints, when a marked ingcresase
of movement was found: This incredse was closely coincideni.WIth
g murked set of the joint and with a marked bending of the rivet.
A1l the riveted join%s 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 re-
sistance of the joint to first noticeable slip of rivet depends
more upon the workmanship of the riveting than upon the gquality
of the rivet material, though the contractile and gripping °prop-
erties 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 indi-
cates a definite property of the riveted joint. This phenomenon
18 worthy of further 1nvesti§ation. 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
%reater the relative importance of the resistance to bending.

In the alternate tension and compression tests the first appreci-

® To determine the effect of painting the contact surfaces
o{_rivete goin s, jipon the I%ag to give first noticeable
slip, a phoge of t subject brougiit out in corres-
pondence with Mr. Albert Kingsbury, of Pittsburgh, Pennsyl-
vania, tests for this purpose have been made since this
bulletin 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
niveted 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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able 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 compara-
tively low loads. The amount of this slip was especially large
when a riveted joint had been subjected to a single load con-
siderably beyond the ordinsry load. : ,

| (6) The ultimate shearing strength of riveted joints
depenids tn the ghearing strength of rivet fiaterial, and this is
infldenced by the relabive hardness of rivets dand 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
gstrength, strength of rivet material and of plate material are of
prime importance and the ugse 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 1little 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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Gayhart's tests (8) were made on high strength steels
and rivets and were made with special reference to ship plating.

Certain of Gayhart's conclusions follow:-

"At low plate stress intensities the outer row of
rivets of any joint carries a larger portion of the total load."

"On account of a probable 'quilting' action in the
cover plates during the riVeting of a multiple.row joint, joints
containing four o more roWws of rivets show inferior slip re-
sistanck,

"Joints fabricated of high tensile steel show resis-
tance to-slip greatly inferior-to that shown by medium steel and
so low that it appears doubtful whether any great portion of the
load could be considered as carried by frictional forces."

"In terms of single shear stress, the stress in the
rivet at which the first sglip occurs is so much lower than cus-
tomary design shear stresses, and is so greatly affected by the
number of rivets in the joint and the effects of eccentric
loading and bending, that it does not appear desirable to design
riveted joint construction on the basis of frictional resistance,
but rather by the commonly used method of proportioning on
shearing and bearing."

"Joints in which the alternate rivet was omitted in
the outer row did not develop the efficiency that might be ex-
pected from their greater net section area. They showed an
efficiency likewise of 80 per cent, from which it appears that
a tighter joint with greater slip resistance may-be-obtained
with full-row riveting without loss in joint efficiency.”

"The frictional resistance of a joint feils at such
low plate stress that for practicsl purposes the load partition
among rows may be considered as dependent upon the bearing and
shear resistance of the rivets."

"As plate stress intensity increases, the proportion
of the load carried by the first rivet decreases. This action
tends to cause equalization of load between rivet rows and sug-
gests the desirability of having only ductile material around
rivet holes if good distribution is to be obtained.
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"The stress at which losd equalization t:kes place
increcsas with the number of rivets in the joint and may occur
within comumonly accepted design plate stresaes, provided the
joint does not have too great a number of rows. Practiczlly,
this meang that for the more common type joints the usual assump-
tion of uniform stress distribution is nearly true for the cus-
tomary design plate btregses."

"The features of construction thet give the best slip
rezistence are:-

1. The use of jeints in which oll vows of rivets are
complete.

, 2. The use of two-ply materizl where the highest
stresses occur.

3. The substitution of medium steel rivets for high
tensile steel rivets in joining high teangile steel plates...
This proposition is made for the following reasons:-

a. The test resulte indicate a marked superiority in
slip resistance (absolute superiority, and not relative after
taking the material strength into consideration) where medium
steel rivets are used.

b. The superiority wes indicated not only in the
case when used with medium steel but waz also apparent when usea
with snecial treatmnent steel.

c. The causes for the poor performence of the high

tansile steel joints can be corrected at least in part by the
substitition of medium steel as a rivet material.™

The Illinois Tests of 1928 and 1930 (7) included tests
on wide plates and on their joints. These tests arec aspecially
notable for the precise instruments used.

Certain of the conclugions follow: -
"Continuous wide plates without joints...may be ex-

pectéed to develop a unit stress equal to approximutely 90 per
cent of the unit strength of control specimens. Two of the
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fifteen plates tested developed a unit stress less than 86 per
cent of the strength of the control specimens."

"Omitting rivets from the outside rows of a joint does
not. increase the actual efficiency as much as the theoretical.®

T T

Tests made by Lyse at Lehigh University (9) show the
partltlon of load between the various rivets of a joint.

The Carnegie Steel Company, in 1927, made comparative
tests of nickel and manganese steel rivets. These tests indicated
that the manganese steel rivets were superior to nickel in their
driving properties, and indicated an ultimate single shear value
of over 70,000 pounds per square inch for the manganese rivets.

b. Tension Members

Compared to the amount of research on compression
members, few tests have been made on riveted tension members.

In 1895 and 1896, J. E. Greiner (3) made a number of
tension tests on riveted tension memberd, the object of the
tests being to ascertain "to what extent the individual pieces
of built-up members will act together while under a tensile
strain, the efficiency of different styles of webs or lacing, and
whether the results, as compared with specimens, make a better
or worse showing than those obtained from eyebars." The maximum
section tested had an area of 6.68 square inches. The yield
point of the member was determined by the drop of the gauge in
the testing machine and also by the sealing of the member. WNo
extensometer mecasurements were taken.

The yield point and ultimate strength of the fabricated
?emger averaged respectively 111 and 88 per cent of the specimen
ests.
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" The lLests indicated that there was a considerable re-
duction in both yi=ld point and ultimate due to bending caused
by the "pentograph" action of double lacing.

The most complete series of tests on tension members
was that made by the engineers of the Quebec Bridge (10).

Tﬂe testd included:-

12 single plates carbon 36x5/8

4 single plates nickel 36x5/8

10 triple plates carbon 3 - 36x5/16
6 fabricated sections carbon

2 fabricated sections nickel.

pPReoP

The specifications for the steel were as follows:-

Carbon  Nickel

Yield Point, Min. 35,000 50,000
Ultimate, Min. 62,000 85,000

The tests were made with a view to ascertaining:-

a. The efficiency of such members as compared with
eyabars.

b. The relative efficiency of different Lypes of pier
plates. .

c. The relative efficiency of different splices.

4. The. relative efficiency of single plates and
maltiple plates, stitch riveted together in different ways.

The average of the test results are shown by Table I.
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+ STATE- OF: CALIFORNIA -
- DEPARTMENT: OF: PUBLIC - WORKS -

- SAN-FRANCISCO- OAKLAND-BAY-BRIDGE -
-TABLE-T - QUEBEC-TENSION - TESTS-
- AVERAGE: OF-RESULTS- .

SPECIMEN-TESTS -FULL-SIZE-TESTS- -RATIOS IN- PER-CENT"
YIELD | o1 | uLT [ELASTIC[YIELD lgLonsm‘y ULT. [ULT. [ Y.P. T Y.P.
POINT ' " [LIMIT |POINT [% IN 200 jyLT.SPECQSPEC,ULTIY, P.SPECSPECY.P

a Single Fs Carbon, LBS.PER.SQIN-NET SECTN
— Maximum 4/420168700|59722 35900 |37400 | 4.60 | 870 | 96.0 | 900 | /o070

Minimum.____| 40165 |63/20 46820 2200022000 /.20 | 680 | 75.0 | 530 | 63.0]
Average. _ |4/2/0 |67600|54820\28200|34000| 286 | 8/0 | 885 | 76.7 | 9/.4 |

b Single Pls Nicke!,
Mayimum.__ | 66520|93360 {80000 | 4860053000 | 2.08 | 890 | 94,0 | 800 | 94.0

Minimum__ (62680 |89360 | 79257 | 39800 45700 | /.90 | 850 | 92.0 | 730 | 920

"~ Mverage |64200|2160 | 75175 | #3500 (99000 | Z00™| 870 7950 | 758 | 930 |

0 — i 1
c. lriple Pls Carbon
Mayimum.__|4#4030165620 | 57/00 |30400139600 | 474 | 935 | 94.0 | 6.0 | /M0 |
Miniinum, ___ | 43430 |629/0 | 508/0 |22800 (29300 | 38/ | 775 | 82.0 | 920 | 8.0 ]
Average. | 43950 | 64560 | 55030 26500 | 34000 | 3.92 | 853 | 892 | 775 | 928 ]
General Averageabe. - 836 | §9.2 | 755 | 925
06 Fabricated Carbon

— Morimum.___ | 46700 |€3770 | 58400 | 2900033780 | 430 | 95 | 927 | 73.2 | 966

Minsmorm 44660 163550 | 54980 | 26000 (30640 | 270 | 865 | 856 | 666 | 875 |
Average. 45700 163650 |57000 | 27300 (32700 | 346 | 896 | 9.7 | 7/5 | 933

.3 e.2fabricaled Nicke/ -

Maximum, ___|6/440 (93260 78050 | 47400\|53500 | 240 | 840 | 922 | 870 7075 |
. Mirimum. 6/440 |95260 (75580 143500 (53500 | 1.9/ | 80 | 892 | 870 |/075 |
Average. 6/440 | 93260 | 76800 | 45500|53500 | 2/5 | 825 | 907 | 870 |/075

‘NOTES-
Specificalions
Carbon Nicke/
Y P Min. 35000 S0000
UIE Min, 62000 85000

Ut _ Utimate Strenglh full Size Tests
Uit Spec.  Ulfimafe Sirenglh of Specimern
Uit _ Ullimate Strength Full Size 7ests
Spec.til. —  Specrtied Uffimate Sirenglh
YR __ _ Yeld Point Full Size Tes?s
VP Spec.” Yield Poin? of Specimer
KR _ Yield Point Fulf Size Tests
Spec YP  Specified Vield Pont
Efastic Limit —Proportiona! Limif-as defermined by Extensometer measvrement's,
Yield Poin? -Sttesses per sq.in.of net seciion of which Exiensomerers began fo
creeo perceptibly vnder a steadly foad!




. From' thiese tests it would appear that the ultimate
strength and yield point of a riveted tension, member may be
assumed as &bput 80 per cent and 70 per cent frespectively of the
ultimate and yield point of the specimen. Since the mills, to

avoid rejected material, ordinarily furnish material above the
minimum figures, thése values expressed ih terms of the specifica-
tions may probably be safely raised to 85 per cent and 75 per cent
respectively. :

Tri connecbion with these afld other tests, one point
should be considered. The yield poiflt, as determined, is prob-
ably a function of the member &5 a wholé and may bear more rela-
tion to the gross than to the net aréa. GQuite possibly there is
some serious yielding at points of reduced section, which would
not he apparent when measured over a gauge length of 200 inches.

[ e e

In 1904, the Pennsylvania Steel Company made an exten-
sive series of tests on wide (24-inch and 32-inch) plates with
pier plates riveted on the ends, as a comparison with eyebars.
The yield point and ultimate strength of these members averages
respectively 95 and 85 per cent of the specimen tests. In these
tests the yield point was determined by the drop of the mercury
gauge, rather than by use of extensometers.

Discussion of Tests

Upon comparing the data from tests with the large silze
tension members now commonly used in riveted structures of even
moderate size, one can not but note the small amount of informa-
tion on which the designs are based. To a certain extent, the
structures now giving satisfactory service justify the assump-
tions underlying their design. In this connection, however, it
should be observed that these structures, for the most part, are
comparatively modern, and have not been subjected to the overload
that they will probably receive during their lifetime.

In the tests of riveted joints never have there been
more than four lines of rivets on either side of the joint. The
largest area in any tension member has been 37 square inches
gToSs.
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Conclusions from Previous Tests

The previous tests make it possible to draw certain
conclusions: -

(1) Within usual working stresses, the shear in a
 riveted joint is not evenly distributed between the several
rivets, the greater proportion being taken by the end rivets.

is the load increases, the distribution becomes more uniform, .
put is probably never equalized. The extent bf this equalization
nay depend to & great éxtent on the plate or shape material,
possibly being less for the high tensile steels.

(2) Within usual working stresses, the effect of the
friction between the plates, caused by the tension due to the
cooling of the rivets, becomes a minor factor and main dependence
must be on tho rivets' bearing on the sides of the rivet holes.
The failure of the frictional effect occurs at lower unit
stresses with high tensile stecls than with softer cnes.

(3) The effiéiency of a butt splice is greater than
that of a lap splice. This is due to the bending of the mate-
rial, caused by the eccentricity of the line of stress.

This throws considerable doubt as to the usual detalls
of connecting riveted members to gussets. Due to the outstand-
ing flanges, there is a moment arm of considerable magnitude be-
tween the center of the gusset plate and the stress line of the
‘member. In the case of members entering within gussets, the
effect of this eccentricity may be reduced by tie plates between
the two segments.  When the members—connect-outside of gussets,
diaphragms between the gussets located back of the flanges of
the scgments are probably desirable. = The best detail is prob-
ably one that permits the member to "shingle" on the gusset with
the member connected in double shear.

(4) The efficiency of a tension member is not increasec
as much a8 theory would indicate by omitting rivets at the end
of the conmection in order to increase the net section. It
appears prcbable that the strength of a tension member is not
reduced by holes to the extent usually assumed.

(5) The efficiency of a joint is increased by making
the joint as compact as possible.
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'D. TEST PROGRAN

The following series of tests are proposed as thode
that, within the limit of available funds, will furnish the
greatest amount of information towards an answer to some of the
present uncertainties. Insofar as practicable in each of the.
tests the number of variables is reduced to the minimum. The
steel should be as uniform &s pessible and, to this end should
be furnished from as few heats as practicable. In many cases,
the plate materizl iz made heavier than recuired for strength
in order te keep an uniform grip throughout a ziven series of
testa.

In all cases, it is proposed to provide for control
specimens so as to secure as definite knowledge of the proper-
ties of the material as possible and attempt to correlate these
properties with the full-size test specimens. It is believed
edvisable, if necessary, to curtail the number of tests and to
measure theroughly distortions of all parts of the test members.

series A and B. Stress Distribution over Wide Plates

In the Tllinois Tests of 1928 and 1930 this guestion
was thoroughly investigated for soft (50,000/60,C00-pound)
steel. Ti is-proposed to-extend these tests—to include medium
carbon, silicon and nickel steels. It is further proposed to
include a carbon steel, so heat trested 2s to bring the yield
point as closely as possible to the ultimate.

In Series F, it is proposed to determine the stress
partition between the various rows of rivets. This series will
also afford a comperison of the relative efficiencies of carben
and mangenese rivets.
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series C. Comparigon of Rivet Materials

Partition of Rivet Stresses

This series consists of a number of butt 5pllces using
both carbon and manganese rivets. The splices are longer than
any that have hérstofore been tested. ¥We hope to establish the
degree to which the stress is evenly distributed over a group of
rivets and to the extent that this happens before the yield point
of the jolnt is reached.” It should also indicate the relative
efficiency and economy of the two classes of joints. The com-
parison betwsmen C.5.M. 30 and 30a, and 36 and 36a should add in-
formation as to the advantages of a more compact rivet arrangement.

The C.C.C, series and C.H.M. series are proposed to
study the effect of variations in plate material on the partition -
of rivet stresses.

Series D. Rivet ilaterials
Arrangement of Materials

In a built channel member bomposed of plates and angles,
it is quite cuutomary in devailing to put sufficient rivets in
the angles to develop the proporblon of stress carried by the
angles “and count on the rivets belween the toes of the angles to
develop the full width of the plate. As against this practice it
1s claimed that there should he sufficient rivets through the
angles to develop both the angles.and the portion of the plate
below the angles. This geries is designed to test this theory
anc also compare the efficiency of a long connection with carbon
rivets as against & shorter connection using mangenese rivets.

We also hope to secure data as to the effects of the
bending due to the eccentricity of the line of stress.
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There is still considerable doubt as to the extent to
which the strength of a tension member is reduced by rivet holes.
{n most tests, the ruuults are reported as comparing the proper—
ties of the det section of the specimen with the control speci-
men ahd neglecting the reduction in strength of a Wide glatp as
compared to the specimen.

Several empirical formuilae have been developed for the
deductions to be made for various cowbinations of pitch and gauge.
A formula based on the theory of elasticity has been developed
by Young (11). The following page is a comparlson ior 1" rivets
(1-1/8 holes) between Young's results end the A.A.S.H.Q. speci-
fication.

There is also a guestion as to whether the effects
would be changed by the holes being filled by rivets, and certain
of the tests are being duplicated to cover this condition.

In the general ssries of tests, silicon steel is usad
a5 being an average material for the sgtructure under considera-
tion. To check whether the deductions mede for silicon steel
may be considered general, certain of the specimens are dupnlicated
in carbon and others in nickel steel.

Series F. Butt vs. Shingle Splices

- In the case of heavy members, it is often more econom-
ical of material to use a "shingle" splice rather than to cut
all of the material at one spot. The design of these splices
is not covered by specifications although ordinaerily the prin-
ciple of moments is used to calculate the regquired splice mate-
rial at the points where the various componcnts are cut., Ordi-
narily the calculation is not carried to its logical conclusion
to adecuately preserve the net section of the momber throughout
the length of the splice.

In the series proposed, the specimens with the shingle
splices are detailed on the basis of usual details rather than
using special effort toc be more theoretical.
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Series . Deformations around Rivet Holes

By the elastic theory, the stress at the edge of a
circular hol@ in a tension member is three times the average
across the plate. ‘The. evidence from former tests is that at a
uompdratlvely sarly stage of loadlﬁg, the overstressed material
<t the edge of the hole yields, cau51ng redlstrlbutlon of
stresses across the section.

¥With a rivet hole of 1-1/16 inches diameter, the sur-
faces are so small that it is impracticable to accurately
measure distortions. It should be possible to obviate this
difficulty by using a ten- inch hole in a thirty-inch plate. It
is—proposed to adopt this exhedlent in- thls seried.

If posaible, some of thede spedimens ghould be tested
under reversing stress conditions.

The yleldlng effect, above noted, may heve an appre-
cisble effect in the diemeter of the rivet hole and may contrib-
ute to the action of a riveted joint after the fllst Sllp of

the rivet.

Series H. Alternate Stresses on Rivets

The usual testing machine is not designed to provide
for reversal of stress. A limited amount of this work was done
by Talbot and Moore (5). It is desirable to extend these tests
to include & larger-number-of rivets.

The methods of testing should be carefully considered.
In the Illinois Tests (5) each specimen was tested in cycles of
gradually increasing intensity. Possibly more could be learned
by many cycles (100-150) at the same 1ntmna1ty, followed by
destruction in tension.

Series J. Tension Members and Details

In this series it is proposed to study the action of
typical tension members and the effect of their details, such as
gusset.plate connections, lacing, etc.
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APPENDIX V

Specifications for Materials and Workmanship

(1) General. - The materials to be furnished under these speci-
fications aré for test purposes. It is desired that the mate-
rials of each grade shall be as uniform as possible. Toachieve
this result, the material of each grade shall preferably be
furnished from a single heat.

It ig further desired that the ultimate strength of
the materisl shall fall as nearly as possible midway between
the specified extremes.

(2) Process. - All structural steel shall be made by the open
hearth process.

(3) Grades. - Three grades of structural steel will be used in
the various parts of the test specimens and are designated

cn  thé . Drawings - as Nickel Steel, Silicon Steel and Carbon
Steel. An additional grade, designated Heat Treabed Steel will
also be used.

Two. grades of rivet.steal will be used and.are desig-
nated on the Drawings as lianganese Rivets and Carbon Rivets.

(4) Chemical Analysis. - An analysis to determine the quantity
of the different elements in the steel shall be made by the

- manufacturer from a test ingot taken during the pouring of each
ingot. The drillings for this purpose shall be taken at least
one-half (1/2) inch below the surface of the test ingot. Kach
ingot shall be numbered and the steel rolled therefrom shall be
subject to identification through all stages of the fabrication.
A copy of this analysis, certified to by the manufacturer's
chief chemist, shall be furnished to the Inspector immediately
on the completion of such analysis. The various grades of steel
shall not contain more than the following percentages of
elements: :
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_ - T Méﬁéﬁnese
Nickel Silicon Carbon Steel Rivet

Steel Steel Medium Rivet . Steel

Carbon - 0.40 0.40 0.30

Manganese 1.20 1:50®

Silicon ' 0.45%® _ 0.25

Nickel e '

Phosphorus . o - -
Acid Process 0. 06 0,06 0.06 0.04 0.04
Basic Process 0.04 0.04 0.04 0.04 Q.04

Sulphur 0.05 0.05 0.05 0.045 0.05

®  The percentage of mans-mnese in.mangiicde.rivet-stesl shell
- not-be.dless then 1.30.

®®  The percentage of silicon in silicon steel shall not be less
than 0.20.

®®® The percentage of nickel ih nickel steel shall not be less
than 3.00. ’

The bérQeﬁtagé'df bbpper in all the above steels shall not be
less than 0.20.

(5) Check Anslyses. - Check analyses of the finished product will
be made by the-Engineer. The results of such check analyses shall
not exceed the reguirements specified for phosphorus and sulphur
in the test ingot analysis by more than twenty-five (25) per cent,
and—for otherelements the variation from the limits specified
shall not be more than five (5) per cent.

(6) Discard. - A sufficient discard shall be made from each ingot
to secure freedom from piping and undue segregation.

(7) Physical Properties. - Specimens cut from the finished mate-
rial shall show the following physical properties:
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(8) Manganese Rivets. - Manganese Rivets, in addition to the
above requirements, zhall further conform to the requirements
of the "Proposed Specifications for High Strength Structural
Rivet Steel", Revisibn of* October, 1933, as prepared by
Comnittee A-1-Sub-Sub-Cotimittee of Sub-Committee IT of the
American Society for Testing HMaterials. A cony of this speci-
fication iz on file &t the office of the Engineer. . - ‘

(9) Heat Treated. Steel. - Heat Treated Steel shall have an
ultimate strength of not less than 100,000 pounds per square

inch with a desired yield point of 90,000 pounds per square

inch. The Contractor shall submit for the approval of the
Engineer a statement covering the proposed methods of manufacture.

(10) Identification. - A1l steel shall be made especially for
this work and shall be subject to a system of identification
approved by the Engineer and shall be handled by itself and
isoleted in such manner as to prevent the possibility of its be-
coming mixed with other kinds of steel. The Fngineer may

approve the use of stock materisl, for which certified copies of
chemical and physical tests can be furnished by the manufacturer's
chemist, for minor parts.

Every finished piece of steel shall be distinctly
stamped with the melt number. Rivet steel may be shipped in
bundles securely wired together, with the melt number on 2 metal
tag attached. The mill marks designated on the "Bill of Material
and Cutting Lists" shall be stamped with steel dies near the
ends of the sections.

Universal plates and shapes shall be hot stamped.
Sheared plates shall be stemped with-steel dies-after Jlaying out.
Painting heat numbers will not be allowed.

(11) Uniformity. - A1l steel shall be of uniform guality of each
clags. It shall be straight, without buckles or kinks, and free
from injurious seams, flaws, cracks, excessive scale and pitting
and other defects. :

(12) Tolerances. - The cross-section or weight of each pice of
steel shall not vary more than two and one-half (2-1/2) per cent

from that specified, except in the case of plates wider than
hirty-six (36) inches, for which allowance will be made in

accordance with the specification of structural steel for bridges

gf the7Agerican Society for Testing Materials, serial designa-
ion A7-29. -
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Mill Inspection

(13) Access. - The Engineer and his inspectors shall have free
access. at all times, to all parts of the works where material
for these tests is being manufactured, handled or stored. The
manufacturer shall extend to the Inspector, free of cost, all
reasonable facilities to satisfy him that the material is belng
properly furnished in accordance with these Specifications.

(14) Hotice. - The mills shall notify the Inspettor at least
eight (B) hours in advance when material for thid work is to be
rolled, giving him a schedule of sections. The materisl shall
be handled to the extent necessary to permit inspection of all
surfaces. : :

(15) Approval before Shipmedt. - No material shall beé loaded and
shipped from the mills before the tests thereon have been com-
pleted and before the Inspector has approved the material in
every respect as to quality as well as surface. Surface lmper-
fections, except those which in the opinion of the Engineer do
not impair the strength or appearance, will be cause for re-
jection.

Tests

(16) Size of Specimens. - Specimens for iensile tests of rolled
material shall be of the size and number shown by the "Bill of
Material and Cutting Lists." The specimens shall be marked as
designated. The Contractor shall machine the round tension
specimens designated. '

All bend test specimens of rolled material shall be of
the #ull thickness of material es rolled and shall be net less
than two (2) inches wide. Bend test specimens shall withstand
being bent cold without cracking on the outside of the bent
portion. All successful bends shall be further closed in until
broken or bent flat. : -

(17) Speed of Test Machines. - The speed of the testing machine
up to the yield point shall not exceed one and one-half (1-1/2)
inches per minute for specimens with eight (8) inches gsuge
length, and shall be reduced on request of the Inspector so as
to accurately determine the yield point. Beyond the yield point
the speed may be increased to six (8) inches per minute until
the specimen is broken.




(18) Determination of Yield Point. : The vield point shall be
determined by tne drop of the beam or halt of the gauge of the
testing machine or by dividers, at the option of the Inspector.
The testing machine shell not be stopped to obtain the drop of
the beam or halt of the gauge.

(19) Type of Fracture. - Ali tensioﬂ fractures shall be silky
and of fine texture, free from coarse crystals. Square fractures
ahall be a sufficieht cause for rejection. :

Shopwork

(1) Quality. - Workmenship and finish shall be equal to the best
general practice in modern bridge shops.

(2) Storage. - Structural materisl, before fabrication, shall be
stored at the bridge shop above the ground upon suitable plat-
forms, skids or other supports to prevent its becoming bent or
distorted. It shall be xept free from dirt, grease and other
foreign matter. ' '

The different clacgses of sleel shall be stored separ-
ately, and the mill mark designating such classes shall be
carefully preserved.

(3) Straightening. - Rolled material shall be straightened at the
shop by methods that will not injure it. It must be perfectly
straight before being laid off or worked in any way.

(4) Cleaning. - All materizl shall be thoroughly cleened of rust,
Joose scale and dirt before being assembled.

(5) Finish. - A1l sheared or burned edges or ends of plates and
shapes shall be planed, faced or chipped so as to remove at least
one-eighth (1/8) inch of metal, or more if the injury from cutting
extends deeper.

A11 chivping shall be done in a neat and vorkmanlike
manncr, without breaking out of metal.

(8) Punching and Reamins. - Holes in all material three-fourtis
(3/4) inch thick, or iess, except nickel steel, may he punched to
a_die one-eighth (1/8) inch smazller, =nd after assembling, reamed
one-gixteenth f1/16) inch larger than the nominal size of the
rivet. The punching mast be sufficiently accurate to permit at
least one-sixteenth (1/16) inch of metal to be taken out all
around the hole hy reaming.
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No- punching’ ofnickel: steel or:heat treated steel will
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hbles in othersmatériglioversithreexfourths: (3/4) inch: thitk ‘shall
béi&rillédﬁﬁrbmfthéfsﬁli@zigﬁbmeémdriliéaﬂbéfmrerthé?compdﬁéﬁi.
pieces are assembled together shall be at least one-sixteenth

*
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SRS AR Béaﬁihgbbr*driliihgbfpﬁliéizéf£fdm£@héﬁsoli@*éh&l&ﬁbe
done after.the pieted Torming the built: member' ard:assdiibled and
firmly bolted or clamped together with the surfaces in close
contact throughout. Burrs and sharp edges of each reamed or
drilled hole-under the pivet head-shall be removed with a counter-
sinking’ tool making a ofie-sixteenth- (17/18)inch fillet.- The
piaeeashallﬁbévtakenihpartﬂbefofefrivetiﬁgvanarﬁny‘éhaviﬁgs%énd
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Reaming or drilling shall be done in a neat panner,
the tool'béiﬁgﬁhgldgatAiightiahglﬁéﬁméﬁthé%éﬂ&iaéé?oiﬂthéiméial.
Toolsrshall  notibe dirécted by hand:where methanically guided

(7)-Drifting. -t Nesdrifting=will be alloweds vhich would cause-
. L : AP e = T T o T T o A S S T PRI I W S
enlargement’ of thevnoiQSLOP:canbgm1ngurm@usgrnmt1algstramHSAEn

anyoway toithesassembled pieces: - Loovamoved byodel Dl

(8) Weighiﬁg;ﬂiafmme&iateiy&be£mié_finai<ésS@mb1y8eéph?Cbmp639nt
ofugaeh5£e$t55pecimenpShail;be@aécurateiy weighed; ~end a:record
of “therweights:furnished the:Inspector.

(9) Coating Finished :Surfaces: -:All finished surfaces' shall be

gleeni’iaécdatéofrbfhueﬁlai:%ei?é“li= LT R s i

(lé)mSéﬁd%iééiinE:u;-th more than twenty-four hours prior to
delivery to:the- testingilaboratory, the Contractor 'shall remove

Pohymye 7ol sy

al1imill scaleibyrsandblastingiemnnis vt

(11) Riveting; —'Steélrspffaces‘in_coptact shall be thoroughly
cleangd :of “rust, mild scale, ‘dirt, grease ot othet: foreign’ matier
and&hill be” intsuchioondition:immediatelymprior do rivetingl-
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fHo!paintishall-be appliédtoicontact surfacess
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The actual diameter of the rivets shall be such as to
reguire, when heated, a slight pressure to force them into the
hole. Rivets with a grip equal to, or exceeding five (5) times
their nominal diameter shall be tapered. The amount of tapering
shall be determined by test and shall be sufficient to result in
the metal completely filling the hole after the rivet is upset.

Rivet heads, when not countersunk or flattened, shall
be of approved shape and of uniform size for the same diameter
of rivet. Rivet heads shall be full, neatly made, concentric
with the rivet holes and in full contact with the surface of

the member.

Rivets shall be driven by approved pressure tools
wherever practicable. The speed and pressure used shall be
regulatzd to secure the best results in the work. When neces-
sary to drive rivets with pneumatic percussion hammers, a
pneumatic bucker-up shall be used, wherever po<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>