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INTRODUCTION

P- DO Ge

The object of the investigation was to determine

the stress relations among the rivets of a web splice of

the type shown on page 1la, in order to check the method

of design now in use.

aoo Jiu

Inasmuch as the funds available were limited and

the cost of the specimen large, it was possible to test

only one splice. However, it is believed that the re-

sults obtained are representative.

Met:-ix (

A splice was designed on the basis that each rivet

group ln any one plate resisted a moment due to the de-

flection of the plate. The center plates were made so

thick that 1f the above theory was true, some of the riv-

ets in one of thelr groups would be stressed twice as

much as any rivet in the outer plates. Thus, if this

theory was true rather than the one that the stress in

the rivets varied directly as the distance of the rivets

from the center of gravity of the web section, it would

be evident by any reasonable method of measuring rivet

gstresaes.
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SULIMARY

Problem

The problem resolved itself into two principal parts;

one, to design the desired splice, and two, to determine the

stresses in the rivets.

Solution

The design of the splice is given in Appendix A, Page 14.

It was decided that only a qualitative indication of

the relative stresses among the rivets was necessary. An

attempt was made to do this by baring holes longitudinally

through the rivets, snd measuring the deflection of the riv-

ets under stress Ly passing the largest drill rod possible

through the hole. As the hole decreased in size through

shear, only a smaller drill rod would be accepted. The strain

should give an indication of the stress, especially below the

plastic limit.

Conclusions

The following conclusions were reached.

l. The stresses in the rivets of a web splice are ex-

tremely variable and incapable of close computation.

2. The stresses in the rivets of a web splice vary

approximately as thelr distance from the center of gravity

of the web section.

3. The method outlined of measuring the relative stresses
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in rivets 1s satisfactory when only a qualitative indication

la necessary.
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BODY OF THESIS

llethod of Measurement.

As a preliminary, the splice shown on pagella was de-

signed, the work given in Appendix A, page 14 .

The first problem to arise was in what manner could

the relative stresses in the rivets be measured. One method

thought of was to mark the rivets, mark spots on the web, and

take the changes in the relative positions under loadings.

Not only would this have been a very tedious process, but the

distortion in the web would probably have made the readings

worthless as an lndication of the distortion in the rivets.

Finally, Just when it seemed as if the thesis would

have to be given up, Mr. Vose had the idea of boring holes

longitudinally through the rivets, end measuring the distor-

tion of these holes and therefore of the rivets by the use

of graduated sizes of drill rods. This sounded like a good

idea, but several phases had to be investigated in order to

prove its worth. Possibly the distortion of the rivets would

be so small before the flow point was reached, that it would

be impossible to determine. The diameter of the drill rods

varies usually between .002 and .003 of an inch. Furthermore,

drill holes through thick pieces of metal do not always turn

out straight.

Since the distortion of a rivet under stress was not

known, it was felt that the only way to determine if the grad-

ation of the drill rods was fine enough, was by experiment.
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There was some question as to the manner in which the rivets

would distort. They might shear, or they might bend sharply.

In either case, a large enough distortion would probably be

indicated by the drill rod.

As purchased, drill rods are of mild, untempered steel.

These rods are not flexible enough to become adapted to a sharp

bend. On the other hand, it seemed likely that any slight curve

in the hole caused through drilling would not prevent the rod

from passing through the hole. The size of the drill hole was

a serious conslderation. A large hole would be easy to drill

and would be straight, but it would materially weaken the rivet

in shear. Also 1f the rivet wall was too thin, the hole might

be distorted by compression on the rivet rather than by shear.

A trial piece was designed as shown on page 2=2, in or-

der that the measuring method be tested before building the

large and expensive specimen. One was made with 5/64" drill

holes, one with 3/32" drill holes, and one with 7/64" drill

holes. These were tested in pure tension. The plates were

purposely made the same thickness as the center plates and

web of the large splice so that the conditions would be as

nearly the same as possible. The drill rods were rounded off

for about 1/8" on the ends.

The data on the tests is presented on page 9-b. These

tests show that stress is indicated at aout one-third the

ultimate strength of the rivet. Until considerable yield has

taken place, the rivets of each group show a good similarity

in their distortion readings. This is a good and convenient
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DATA ON
TRIAL SPECIMENS

3 SPECIMENS

2"pAILL HoLel37DRILLHOLE|Z“DRILLHOLE
RIVET-1|AIVET-2 AIVET-1 [AIVET-2|RIVET-|RIVET-2
.0790 |.o790 I 0950 | 1110 |.1110 |
0790 |l.or9o |.0950 '.0950 | 1110 | 1100 |
.0790 |.07%0 |.o?s0 1.0959 | 110 | 1000

.07%0 |.0790 | 0950 | oso | 1170 |.s0r0

0790 | 0790 | 0950 |, o9s0d|.1110 |.1110 )
28500 loro | .0790 |.ogso 0950d | 1170 |.ss00

Jooo o790 |.o790d |.o9s0 | .o9s50# b 10 q . 1110

350 o | 0790 dl.0790d en |  ossot | 100 # |./r10d
4000 1.0790dl.o790d | 0950+ | .ogsovt |. srr0v#).11r0d
2 so 0 | 0790 # |. or70d| 0950vt|.o95ovt ry
s000 | orsovfl 0750 d| osov #! .ogsovi| 1060) 10d
5500 } 0720v#|.0720# |.ov20 | 0920 | Josot' sod
6000 | 06707|.0690d | .0920d '.0920d ry Jot

 6 ¢%00 V0c30# |.0660# | o9z0v4 0v20vt| 09204 _10g0d
7000 | 0595 # |.06a0# 0875 |.o0875 _08s50+t' .1060vH
78500 | go550+ Sm .0875v¥ | ovo Cored

_8ooo I .0600vt | pgrot - .o810 | .06307F 09507

86500 |. oszovt|.orzovt |. 0770 ' o7sovt| osoovt| .carsvt

000 |} holes | closed | ocoovt! ee? peas So
7500 | ] _o560vt | osvoyt]

| peocis |

Ora. of ROD PASSING

d= drag felt on rod
r= tight fit
vt =very tight fit



10

method of making qualitative measurements of the stresses in

rivets. lost of the failure in the rivets was due to pure shear.

The 3/32" drill hole was selected as the best for the

3/8" rivet. The 5/64" drill hole was a little too difficult

to drill. The 7/64" drill hole did not give as good results

as the others, and was evidently too large for the rivet.
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Splice Investigation

In designing the splice, it was kept as small as pos-

sible. The number of rivets could not be too small, or the

splice would not be representative.

In order to save money and time only part of the rivets

were drilled. Those drilled are indicated and numbered in the

figure on pagell-a. The action of the splice probably was not

affected much by the drill holes. They are relatively small

and are symmetrically placed.

Rivets 13 - 20 were chosen because they would be the

highest stressed ones in the center plate. Rivets 1 - 12 were

chosen as representative of those in the outer plates. 3/32"

holes were drilled. In all drill holes 1t was necessary to

burr out the ends. A small rat-tall file was used for this

purpose. A little "3 in 1" oil placed on the rods was helpful.

The loading was as shown on page ll-b. Polnt supports

were used and applied through 9" plates under the beam. The

forces were transmitted to the beam through one small round

rod and one small square rod, which amounted to points.

A 400,000 point Rhelle testing machine was used because

1t was convenient to work with and because 1t was not necessary

to have a high degree of sccuracy in the loading. The rivets

probably remained deformed even after some of the load was re-

moved, So once a loading was reached, it was used.

At 28,800#, the distortion had become so large that it

was obviously useless to take any further measurements. The

splice sustained a maximum load of about 32,000#. Fallure
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occurred in the rivets. Some could be heard to snap.

The web was designed on the basis of plate deflection

so that rivets 13 — 20 would be stressed twice as much as rivets

1 - 12. The data for the experiment 1s presented on pages l2a-l12c.

It is very difficult to determine whether a certain feel of the

rod represents a drag, a tight fit, or a very tight fit. In

taking a great number of measurements, one's psychology is very

likely an appreciable factor. In order that the "feel with

1ts accompanying designation might not be lost, the whole ex-

periment was carried out in one stretch.

In some cases the rod dragged, became a tight fit, and

then a loose fit again. This was evidently an anomaly discon-

nected with the stress in the rivet. It was probably caused

by a little sliver of steel remaining in the hole.

The data definitely proves that the method by which the

splice was designed 1s wrong. Not only did rivets 13 —- 20 fail

to be stressed twice as much as rivets 1 - 12, they actually

were stressed less. An average of the loads at which the first

indication of distortion appeared in rivets 13 - 20 was about

15,000 pounds. The same average for rivets 1 — 12 was about

10,000 pounds. On the second indication the average for rivets

13 - 20 was about 19,500 pounds, for rivets 1 - 12 about 14,000

pounds. As the load was increased the difference between the

distortions of the two groups became less.

It 1s difficult to make any general conclusions from the

preceding. As long as the elastic limit is not greatly exceeded,

the data indicates a stress in rivets 13 —- 20 of about 2/3 that
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DIA. of ROD PASSING
d = drag felt on rod

t* =tight Fit
vt=very tight fit

DATA ON

TEST SPLICE

5 6 | 7
075 1.095 | 095 1.095 |.075 |

095 | 09s | oss 1.075 |. 09s ovsd|09s
4350 |) ors | 095|.095L095|075 |.o%5d|.095
5000 | oo | 07s |. 095 | .095 |.095 | ovsd 095
6200 | o9sd 095 | 075 |.o9s loss i |
7/00 a 09s |.0%8 | .o95 | 09s | 095d|095
Sooo | onert| 098 [oss |.095 | oes 095d| 07s
9,00 | p92 |.09sd | 09s |.095d | 095 1095d| 095

/0 600 092|.0vsd|.095d | .0%5 |.095 |. ogsd 095
/ 000 1ogz |.0vst | 0957 0954|.095 |.095+ 095d
j2000 | 092 | 0987 | 095v4] 095vt 095 |.0%5d 095d |

/3 0 o o 1 o92d | 07st | 0965v#|.093v 094 | 025d | ost
/ 5 22% 088 | 092d |.09sv+|.092 | 095 | 096d | 09st
/6 §75 . 088 | 0924 1.092 |o92 |.096d| 095d .092
/&amp; 300 |.ogevt| oss |.0%2vt|.092d 092 | 0767 ov -

/9 326bogstlmlLa en oser] L09220 &amp;0o0 | past | 088vt osevt|.088d | oss |.0%2 .0%2vt
 22/50 | o7ot ossvt | .oasvt|.c8sd | .088 |.092v#| 088
23 5650 | ry |osrvt|.o8svE| sant oss |.088
24 975 ooo ovrvt 072vt| 0774 oar | .ossvt| ossd

28800 ! oes| 022 |. 060 ves "067 | ors

LOAD-#
; |

RIVET NUMBER
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DATA ON

TEST SPLICE

RIVET NUMBER

12 | 13 | 14

095 095 |.095 |.ov5t |. 095 | 095|. 095
095 | 098 | 095 |. 0957 095|.095|.095
 095 | 095 |.095 |.0a54|.095 | 095 |. 075
095 |ovs 095 |.ovs7 | L095 | 095 |.095

6 200 2 or 227 | ors 095 Eo
7 7 00 | 095 095 |. 095 ort! 095 ' 095 |.095

g ooolos |ossd 095 |.o9svH] 095 |.o95 095
G100"09 ph rer 095d] 095 L095jo ocool os |osst] 095 |.09svt| 095d ee

/ / 29210 lors onsJor 095d |.07sd 095d/ 2 ooo ogsd | .ovst | 09s |.ossvt| 095d | 095d L095

r3eas! gue oon avid|ormit| part} ose 095dCE 225} 095d | 092d |.095v#| ogsvt 09st] ovsd 095d
/6 875 | 095d | 092+ |.095v*| o9svt | 095vF 095d] 0954
8 300 lost oo |. ovsvt| o9sv?|.095d|09s5vt
/ 7 32% |. 095vt| 0szvt o092t |.og6vt|.ov2d |.095# | 092

| zo goo |.oasvt| ost o0g2avt|.0o9svt |. 092+ .088

22/850 } o92vt 088+ |.088d |.0o92+ | ogavt ovevt| 088d

092vF| osevt| osert’ o92vt|.osgd | ogg py
088d | — _081 + | 088+ oso? ns
079 | ses | ces o8/ 1.0779 | pee 1,060

[
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DATA ON

TEST SPLICE

te | 17 | 18 | 9 | 20 |
095 |.ogs |.095|.0954]095|095

3 000 } 095d | 095 | .095dl 095d | 095 | oas

4 350 2714) onc|.oved|015d) ons |. 09s5000 |.ovsd| 095 l.ogsd | 095d | 095 | .o75
6200 |.095 1.095 |.09s5d|095d|09s|oos
7700 logs los |.095 | 09st] 09s 1.095
goo o | 075 | 095 | 095 |.095d |.095 |.095
9/0 o loss | 09s |.o9s | 095d) 095 1 09s

10000 logs |.ossd|.095|ost.095|ovsd

/1 ooo 022 tense one | ont 095|oesd |/2 000 | 095 | ovsd rE Sk |. 09s|

3000 ous fovnd] ons | gag 095 |.o75d |[E225 ore|ordl ons Voss Lovs Lovee
16 875 V.ovsdl.ossd|095|oesd|.095|.095
/8 300 07s? |.ovst | 09s |.ogsut|. 00d | 0as |
[9 325 b.ogsufl osst| ossvil ove | 095d | ore

20 goo ) 09241 ovz ove] cea foros | overt22150 togg l.ovsavt 088d|.ossd | ov2v?]. 092 |

23850 osev?) sed|.08st |.0asd | 088d i.ossd|
2+ 975 logs 'osstlorad or9d|08;oar|
2g 800 '.069|072 |.060 063 | oes lose|

|

LOAD-#
RIVET NUMBER

EE ——
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in rivets 1 —- 12. Upon the straight line theory, the stress

would be less than 1/2. This may be caused partly by the ex-

ceptional stiffness of the center plates, but conditions in

the splice are so varying that it would hardly seem justifiable

to say that the straight-line theory does not hold approximately

true. In fact, the strongest and most general conclusion reached

1s that the stress distribution among the rivets of a web splice

is very erratic and does not lend itself to exact computation.

At the end of the experiment the outer plates appeared

to be strained whereas the center plates did not. A possible

reason for the decrease in the difference between the stresses

In the two sets of rivets with increased loads is that as the

outer plates became more distorted, the center plates took a

larger share of the load, thus increasing the stress in their

rivets.

After the test, which progressed without any difficulties,

the specimen was left in the testing materials laboratory.

The splice is of no further value
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APPENDIX A

The design of the splice is based upon the following

working stresses:

12,000 #/sq.1in.

24,000 #/sq.in.

double shear value of 3/8" rivet = 2,654#

shearing value

bearing value

lloment of resistance of a rivet group in center plates,

of rivets 13,14,17,18 = 4 x 2,654 x 1.6877 = 17,780

= x 205 —
of center rivets = 2 x 2,854 X =r X 75 = 1,780

Total = 19,560 in.1lb.

Design the rest of the splice on the basis that the resisting

moment of the group in the center plates 1s 39,120 in.lb.

This provides a factor of safety of 2, which should surely

prove the theory if it is true.

Ls = gtress at outer edge of outer plates

fr, = gtress at inner edge of outer plates

f, = stress at outer edge of inner plates

3 8 2

EEE LL 9%=3%
~
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ENA

andar

Net Cross Section
of Outer Plate

3
2

|

2s |EN

i

4

Ie7

Resultant of Stress
on Gross Section

of Outer Plate

3

f. 3= (&amp; 3) 3 1 Lx3YE2 x3x (3x8 Sf.ox + x 3RX (fix H+ (SF—x5x3) £xs x (5 x gfy+ 501% 5 x 5)

 SL. 4 3
12 18 _ (3 +1) x8 4" _
6 ,3_
9 +7938

X

for outer plates, assuming 1 inch width

£1(38- + =2)E = R = __1" __ 36° = 10
A 13 iE 9 £

Q wy

moment of R about NA

wish  {4 io) XX £0
0 £1 = .05568 f£, in. lbs.

fiber stress due to moment

My_ .0556 f1 x 3

- = .1489 I, 1b. per sq.in.

(8) 3 5S (81.55 6)is - “15
J

{, = stress at outer edge of outer plate at net section.
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2, = 1.111 fy + ,149 Tq = 1.2860 I,

. when f, = 18,000 1b./sq.in., f, = 14,300 #/sq.1in.

~ 1

fs = 5 £, = 7,150 1b./sq.1n

when combined thickness of center plates = 1 in.

12 x 2°x9
in. lb.

twice moment of resistance of rivets = 39,120 in.lbs.

combined thickness of center plates must be

39,120 _
WT 1.821 in.

use 2 - 2 in. plates, + = 1.824 ins.

R necessary to develop full moment of resistance of rivets

in outside plate

= for each rivet = E
EJ

[{ = force due to moment of R which 1s out of line with the rivets

BP

1

T M=.x 3,=M&lt;5 ~
i.

(;

x
)

4 a

\[u2 + B)2 _ 2 65s (allowable double shear)

19.00 4 1 _
200 = = 2,004,g

R = 7.280 1be.
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For 1 in. thickness of plate

R= 6 i 3 15 I1 x13 + sf X35 4x1ls = 2 gf = 5x ta
4 71 4 1.260

when R = 7,260, £, = 7,310 1b./sq.1in.

combined thickness of plates should then be

7,310 _ }

18.000 = L408 in (too  0 19)

try five rivet:

E -R
A 5B

s R x od —- M —~ 15 4 _ R
a= Mx8+3x3= =U, N= 55m

_ = NSF = R\ x + .0000445 , R = 2.854
D0 = 13,270 lbs.

f, = 13,270 xXx 1.28
ME

= 1273 780 1b./sq.in.

combined thi = 13,380ckness EM = $742

use 2 - 2 in. plates = .750 in.

thickness of I beam necessary to prevent crushing

—

ps oar using factor of safety of 1 0 = 449"

 0a

a
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Moment that beam section must resist

( roushly)

Ey, = 14,300 , f_ = 9,540 , ff, = 7,150

moment of center plates = 39,120 in.1lb.

moment of outer platec

29,0940 x 5 X 5 Xx 7.80 = 102,000 in.1b.

total moment = 141 .000 , say 150,000 in.lb.

Use American Standard I Beam

12%x5",BOx 35 1b., + = = in,

maximum moment = 857,000 ft.lbs.

maximum shear = 82.000 lbs.

It will be noticed that the splice is designed for

zero shear. This ls because, under the system of

loading used, there 1s no shear at the splice section.


