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AN INVESTIGATION OF INSPECTION CRITERIA
FOR

COUNTERSUNK RIVETS

Summery

An investigation was made of the exdsting flush rivet
inspection criteria and inspecticn methods to estsblish a
norm for commercial flush riveted joints. Studies were made
of thirty-four flush riveted joint load deformation curves
to obtein their general characteristics and to establish
some correlation of yield load as defined in ANC-5 and as
defined in Report on Flushb Riveted Joint Strength by
ARC Rivet and Screw Allowebles Subcommittee (Airworthiness
Project 12). The specimens corresponding to the load
deformation curves were comprised of 12 machine countersunk
joints, 12 double dimple joints and four sub-countersunk
joints, Within each type of joints the specimen varied in
series of sheet materisl and bthickness, rivet material and rivet
size.

It is shown that yield load, defined as load giving
four percent of rivet dismeter joint set, is dependent on
d/t ratios, the yield load lowering at increasing d/t values.

Also, there are indications that as softer rivet material



is used with a given sheet materisl, the incressing d/t
ratios have less adverse effects.

There could be made no particular correlation of yield
load as defined by load at 005" seb with any of the varying
paraneters.

In the case of the double dimple and sub-countersumk
joints, no particular conclusichns could be reached as the
test data was confined to a small range of 4/t values.

It was concluded from the countersunk rivet data that
permenent set based on rivet diameter is a more reasonable
yield criterion than permenent set based on an arbitrary

constant.



AN INVESTIGATION OF INSPECTION CRITERIA
FOR

COUNTERSUNK RIVETS
Intreduction

This is an investigation of the inspection criteria for
countersunk rivets. To date, riveting is the primery method
of assembling sircraft parts andglas such, the quality of
riveting has its effects on the airworthiness of the airplane
and its ability to maintain flight under adverse conditions.
Flush countersunk riveting must maintain both qualitiés: of
strength end aerodynamic smoothness.

There has been a considerable amount of literature
compiled by Govermmental and other sgencies on the strength
characteristics and mechanical properties of flush countersunk
riveted joints. It is generally conceded that the character-
istics of the flush riveted joint result from the interaction
of & number of varisbles in a rather complex relation, and a
rationsl analysis is difficult, if not impossible.

Recently a report has been submitted to the Army Navy
Civil Committee by the Aircraft Industries Assoclation in an

attempt to change the existing design allowables of the



100° countersunk riveted joint. This report is based on a yield
load teken at & permenent set across the joint of .005 inches,
instead of at permenent set equal to 4% of the rivet diameter,
the latter being the yield point as defined by the Army Navy
Civil Committee at the present time.

To approach the problem of this thesis, a survey was made
of the existing inspection criteria and inspection methods
as used today in the avistion industry. Load deformetion
curves of thirty-four specimens, consisting of the machine
countersunk, double dimple, and sub-countersunk type joints,
with varying rivet dismeter and sheet thickness were studied
to endeavor to correlate the yield points, as defined sbove,

with the varying parameters.



Metheds of Approach

It was decided to approach the problem from an industriel
stend-point. That is, if any ne& flush riveting inspection
criterion could be set up it should be applicable to flush
rivet joints made in the industry on a mass production basis;
The various local aircraft factories were approached and confer—
encés were held with their Structural Analysis Engineers.

It was of ﬁhe general opinion that there is no rational
definition of yield point for the flush rivet joint. It was
also of general opinion that the simplest method of indication
of yield is by permenent set of the joint. As "Quality Control®
of aircraft production is an index to the quality of shop work-
menship, it was thought sdvisable to inspect and review the
existing aircraft inspection methods and process specifications.
Having ascertained, to some degree, the allowable production
tolerances, load deformation curves of various flush rivet
specimens were obtained from two aircraft companies. These
flush rivet specimens were supposedly to have been made by
ordinary shop practice, however, it is felt that they, to a
degree, possessed higher quality of workmenship because they
were specimens, and because they could be easily handled in

manufacture,



Two types of joints were used, both of single lap type.
Type " A" as shown in Fig. 1 was a double row, six rivet
joint., Type "B" as shown in Fig. 2 was a single row, three
rivet joint. The dimensions of both joints can be seen in
the figures.

The test specimens were of aluminum alloy sheeting riveted
with 100° countersunk aluminum alloy rivets. The sheet and
rivet combinations tested were as tabulated below. The rivet
code table on page 14 and 15 will aid in identification.

Machine countersunk joint, type "AY.

-Sheet Materisl Sheet Thickness Rivet
R4ST 20511, 051" 6DH
_4LST 064 7- 064" e
48T 0721~ 072" 6DH
45T 081"~ ,081" 6IR
45T -091"-, 091" 6DH
758T L0511-, 051" 6DH
755T <0641~ 064N 6DH
7551 <0641 064" 8D
755T 0720-.072" 4DH
758T é081“-.081" 8DH
758T ' -091"-.C91" aIH
758T «064%- 064 80D
75ST 0721, 0720 85D
758T .081n-,081" 20D

758T .091%.,001" 80D



Sheet Material

758T
75ST
758T

Double dimple joint, type

Sheet Materisl

75ST(Alcled)
755T(Alclad)
75ST(Alclad)
7557 (A1cled)
758T{Alclzad)
75ST( Alelad)
755T(Alclad)
75ST(Alclad)
75ST(Alclad)
75ST(Alclad)
75ST(Alelad)

758T(Alclad)

Sub-countersunk joint,

Sheet Materisl

Machine countersunk joint, type "B%.

Sheet Thickness

o064 = 064"
o727, 072"
-Q91%-,CoL"

?YBN °

Sheet Thickness

755T(Alclad)
75ST(Alclad)
758T(Alclad)

75ST(Alclad)

00517~ ,051"
005170517
o051"~.C51"
2051%"-,051"
<0647- 064"
00647~ 0647
oQ7R1~, 072"
0727~ Q72"
-063"-,071"
-063%-,071"
o041 %-,093"

-082%- 092"

type ®BY,

Sheet Thickness

«040%~,102"
0 040", 102"
-0511-,102"

-051%-,10:"

Rivet
6AD
6AD

6AD

Rivet
4LAD
4LAD
54D
54D
5AD
5AD
6AD
64D
80D
&DD
80D

8D

Rivet

4LAD

4AD
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The type "A" specimens were tested on a 50,000 pound
capacity Baldwin-Southwark-Emery Hydraulic Test Machine. The
type "B" specimens were tested on 2 30,000 pound capacity
Baldwin~Southwark (Templin Type). The rate of loading was not
noted but was in the vicinity of 0.1" to 0.5" ram travel per
minute. Movement of the joint lap was automatically recorded
by an electric extensometer. It is believed that the loading
was accurate within one percent.

The test procedure was to load the specimen to such loads
that produced a small permanent joint set, then to unload to
approximately zero loading and reload to a higher load to produce
more permenent joint set. This was repeated until such time
it was thought that the extensometer wés endangered. The
extensometer was then removed and the load was applied to ul-
timate.

From the load deformetion curves, the load at both 005"
joint set, and A% rivet diemeter set was interpolated by lines
parallel to the reloading curve, These loads, along with the
ultimate, are tabulsted in Tables I and II.

In order to make a comparison of the dats, it Wés put
into nondimensional parameters. These were taken as the rivet
diemeter divided by the sheet thickness (d/t) and the yield
load divided by the allowable shear load value of the rivet,

as taken from ANC-5 (R).



Results snd Discussion

Specifications 1 through 10 show typical "Process
Specifications™. To date, there is no set of accepted standards
governing the exact size of an upset rivet head. Each company
or area has its own stendards. However, comparison of variocus
company "Process Specificationsﬁ show them to be practically
the same. Testing methods of rivet upset are either manuzl or
visusl, the manuel relying on gages, and the visual method
relying on e;xperiencee Radial cracks in the upset head are
dependent primarily on the riveting method. and rivet material.
However, the Aluminum Company of America states that even
severe cracking has no adverse effects on the static strength,
fatigue strength, and resistsnce to corrosion. During the
recent war, because of needed production, the radial crack
specification as shown in Specification 2 was accepted by some
of the services.

Specifications 6, 7, 8, 9, and 10 show tolerances allowed
on the countersunk head. The open countersunk (Specification 6)
is unacceptable., This affects both the ultimate and the yield
strength of & joint. It has been shown by Ref. 1 that the
tightness of a flush rivet joint is an index to its mechanical

properties. Specification 7 has to do with the aserodynamic



cleanness of the airplane and would not apply to a high per-
formence airplane as the P-80. Tolerances would be held closer.
Ref. 1 has shown that milling tﬁe rivet head flush has no seriocus
effect on either the ultimate or the yield lo&d. Specification
8;sh0ws the minimum depth allowance of countersunk heads below
skin surface. This condition is an indication that the joint
is not tight and again seriously affects the yield and ultimate
loads. The depression of rivet head allows the countersunk
area to be seen, resulting in what is known as a Yshiner?,
Specification 10 covers sub-dimpling into a‘machined countersink.
North American Aviation'is, at present, working on a program to
establish e minimum tolerance adjacent to the dimple, as a zero
tolerance results in the dimple usually being too small for the
countersinke.

Figs. 3 through, 36:show the load:deformetion. curves
of the varicus specimens.‘ Sheet. material and thickness, rivet
material and size, type of joint, and type of joint failure
are included on each figure in code. The code is explained
elsewhere in this report. The load in 1000 pounds is plotied
as ordinate against deflection of joint in inches as abscissa.
The curves show the ultimete load, the permanent set at various
unloadings and the yileld load at .Q05% permanent joint set and

4% rivet dismeter joint set.



Examination of Figs. 3 through 20, along with Table I,
shows the yield load at the two above yield definitions,
increasing with the decxeasing of d/t ratios. This is to be
expected. The ultimate load also increases generally, with
decreasing d/t ratios. This trend fails at d/t ratio of
approximately 2.75. However, due to the small amount of test
dates, this is only an indication.

Figs. 21 through 32 Show the load deformation curve for
the double dimple joints. A study of Table II shows very good
agreement between two similar combinations. However, it was
found that there was no particular correlation in the dats.
This is thought to be due %o the very small range of d/t values
and general scattering of points. It is interesting to note
that the ultimate load divided by the yield load at 4% joint
set lies between 1.04 and 1.26, the average value falling at
1,16, Because of the high yield load it is understood that
flush rivet double dimple joints are being used in aircraft
parts where flushness is not required.

Figs. 33 through 36 are the load deformation curves of
the sub-countersunk specimens. Examination will show very good
agreement in the ultimate load but inconsistent sglip qualities,
The inconsistent slip-qualities sre thought to be contributed

to Process Specification No. 10,
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Figs. 37 and 38 show the nondimensional (R) values of
yield load divided by the allowable shear load value of the
rivet, plotted against 4/t ratios for the machine countersunk
specimens. Fig. 38 seems to indicate that yield load, as defined
as 4% rivet diameter joint set, has an approximate straight
line veriation with the d/t ratios investigated. This is in
accordahce with Ref. 5, which states that the shear strength
of aluminum alloy driven rivet falls off with increasing 4/t
ratios.

It should be noticed that the line representing 17ST
(driven hard) fivets in 2/8T sheet, and the line representing
248T rivets in 758T are parzllel, with a relative steep slope,
indicating adverse effects with increasing d/t ratiocs. The
lines representing 17ST(driven hard), 17ST, and A17ST rivets
in 758T sheet have respectively decreasing slopes, indicating
lessening effect of d/t ratio on yield.

Fig. 37 is the same data plotted with "R" being based
on yield load at 005" permement joint set. The correlation
of yield load and &/t ratios is not as apparent in this figure,
This seems reasonable, inasmuch as the .005" permanent set
definition of yield is a purely arbitrary figure, unrelated

in any way to the geometry of the joint.
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Conclusions

It is concluded from the studies made in this investi-
gation thate

1. The aircraft industry, in general, has the same
inspection methods and inspection criteris. A compromise
must be made between ideal perfection and mass production.

2. The yield load, as defined by load at 4% rivet dia-
meter permanent set, decreases with increasing 4/t ratios.

3, The degree of sheet hardness over rivet hardness is
a measure of the édverse effect on yield load of increasing
d/t ratios. As the ratio of sheet hardness to rivet hardness
increases, the effect of increasing d/t ratio becomes less.

4. There seems to be better correlation between yield
load and d/t ratio when yield is based on permanent set as a
function of rivet diameter, rather than yield based on
permanent set tsken as & fixed constant.

5. Permanent set based on rivet dismeter is a more
reasonable yield criterion than permanent‘set based on an sr-

bitrary constant.
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CODE

In order to reduce the required lettering on the load
deflection curves, the following code was deviseds
24~5DH-51~-AMC~Ry
Reading from left to right;
The first two figures represent the sheet material.
24 - 248T
75¢ ~ 758T (Alclad)
The next group represents the rivet.

1!! 537

5 Rivet diameter in 32 i.e. { 32 )

}

DH - 175T(driven hard)

D - 17T
AD -~ ALTST
DD = 24ST

The next group represents the sheet thickness in iQOO

In case of two thicknesses of sheet, indicated by 51-64

The next group represents the type’of joint.

A - (6 rivet, 2 row lap joint-Fig. 1)
B = (3 rivet, 1 row lap joint-Fig. 2)
MC -~ Machine Countersunk

DD -~ Double Dimple

SC = Sub-Uountersunk



The last letter indicates the type of joint failure.
RS - Rivet in Shear
RJt -, Riwvet in Tension
P = Panel Failure
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Machine Countersunit Joint Loading bata

i)
“(allowable-

ANC-5)

Speclmen | /% ru |Fy 005 | Py 4%4 | R LOOE|R 4¥%4
24 6DH 1| 3,68| 4780 2000 2380 L4065 JA50
24 6DH 64| 2,93 6120 2920 3390 .59 L5685
24 G6DH 72| 2,60 6140 3500 3900 706 L7885
24 6DH 81| 2.31| 6280 3900 4300 785 .867
24 6DH 91| 2,06 68560 4500 4950 .908 | 1.000
75 6DH 51| 3.63| 5840 | 2650 2810 534 | .560
5 6DH 64 | 2.93| 6220 2770 5230 .558 .652
75 CDH 64 | 3.91|10040 3200 4275 L362 L485
75 §DH 72| 3.47|10520 3630 4950 +410 LEG0
75 GDH 81 | 3,09|11090 5000 6620 . 566 749
75 8DH 91 | 2.75[10470 5900 7475 667 845
75 DD 54 | 5,91] 8500 5600 6400 543 L6220
75 8DD 72 | 3.47|1075 6000 7200 .583 .700
5 8DD 81| 3,09{12000 6600 7390 .640 L7175
5 8DD 91| 2.75[11060 6900 £100 L5870 L7350
75 64D 64 | 2,25| 3000 1820 1930 406 43S
75 GAD 72 | 2.60] 2830 1940 21.00 434 L4770
75 GAD 91 | 2,06| 2886 1810 2130 .420 L5256
P
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FROCESS SPraCIFICrIONS

ainUTROMSNTS

1. Ulmensions of thic formed shop heoad

MiNIMUM MINIMUM

- UpseTHeap -
DIAMETER( OnoEr TieaD
|»3<1 |/E3of

MAXIMUM
2/3d

- d —»
Rivet Minirmum Upset Minlmum Upset Maximum Upset
Size Head Diameter Head Helight Head- Height
1.5 d 1/2 d /7 3

a Decimal Fraet, Doclimel Fract. Decimal Fract.
5/32 0.122 1/8 0.031 1/32 0.062 1/16
1/8 0.163 5/32 0,042 3/64 0.083 5/64
5/32 0.203 13/64 0.052 1/16 0.104 7 /64
3/16 0.243 1/4 0.08653 1/16 0.125 1/8
1/4 0.325 21/54 0.083 3/32 0.167 11/64
5/18 0.405 15/32 0.104 1/8 0.208 18/64
3/3 0,487 31/04 0,108 1/8 0.250 1/4




2, dAivets containing radial sghea Eale in shop
nocods arc scceptable nrovided the '
depth of any crack docs not o 3@@ ~eishth
(l/b) of the nominal shanl diameter and thc
meximum width of any crack does not excsed

“
one-sixteenth (1/15) of the nominal shank
dismeter, However, rivsats contalpi :
mors intersecting eracks, or crscls vwh
cause a 1iece of the rivet to chvn ﬁf or to
be a »o ial cauce for chivping, are reject=-
ddition, rivets CODtdinWQ cracks

»

.
[
I'l
in the head running in an annvoxwmdtblv radial

or

dircection are wcceﬂtdbla prov1d@d the cracls
40 not cxtend within a cirecle concentric with
and one and one-tenth (1.,1) times the nominal
shanlz dismeter,

¢ ¢ RADIAL
¢ CRACKS

/164

Rivet Minimam Area Max, Devth Max, Vidth
Size Crack Froe O0f Cracks 0f Cracls
a 1.1 4 Fraction 1/8 4 1/16 &

/32 . 103 7/64 .012 .006
<1/8 .138 9/64 016 ,008

5/32 L172 11/64 .020 .010
3/16 .206 13/64 - ,023 .012
1/4 : 275 9/32 L0531 .016
5/18 .543 11/32 L0390 .020
3/8 LA13 13/32 L047 .023




Picture No. 5 = Not acceptable.

Picture No. 7 = Not acceptable.
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Picture No. 9 - Not acceptable,
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Picture No. 8 - Not acceptable,
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Picture No. 10 - Not acceptable.



Picture No. 1 - fAcceptable
provided cracks do not ex-
tend within a circle con-
centric with and having a
diameter approximately 1.1
times the shank diameters

—

l

il

Plceture No. 2 = Acceptable
provided cracks do not ex-
tend within a circle con-
centric with and having a
diasmeter approximately 1.1
times the shank diameter.

I

|

Picture No. 3 - Acceptable
provided cracks do not ex-
tend within a circle con-
centric with and having a
diameter approximately 1.1
times the shank diameter and
provided the cracks do not
tend to irtersect 8¢ as to
be a potential cause of a

section of the head chipping
oute.

Picture No. 4 - Acceptable
provided cracks do not ex-
tend within & circle con-
centric with and having a
diameter approximetely 1.1 E:i:>
times the shank diameter and
provided the cracks do not
tend to intersect so as to
be a potential cause of a
section of the head chipping
out.




Coclzed or beveloed heads ars sacceptable
nrovided the low side of the head is not
less than onc-iuarter (1/4) the diameter of
tne rivet shan%. 1he high side shall not be
greater then threc-cuarters (5/4) the dia-
meber of the rivet shanlkk., This indicates
that the intermediate or average heliht
shall be at all tincs grester than the one-
third "4" cr the minimuin dimensien rsgulred
for upsset heads. In addition, the minimum
head diamctors given in parajraph 1 shall
2PPLlye

MAX IMUM
MINIMUM F HEIGHT
HEIGHT 3/4d
| /4 d

=

Rivet
2ize

Low Side (Minilrmm) High Side (Maoximum)

Decimeal Fraction Decimal Fraction

3/32
1/8

5/32
/16

5/16

0.023 1/32 0.070 1/16
0.031 1/32 0.094 3/32
0.039 5/64 0,117 1/8

0.047 3/64 0.141 9/G4
0.063 1/16 0.188 /16
0.078 5/64 0.235 15/64
0.094 a/32 0.281 0/32

/2




The head mey be off=-coenter Lo the shanlr of

¢ rivet, nrovided no part of the hole shove,
and the hoad conforms to tic reoulrenments of
naragrenhs 1 and 2,

Sterped hoeds are acceptable if the formed
part of the head meets the requiremonts a
given Dy paragraphs 1 and 2, When necessary

"to remove the high section, it shall bo done
by filing only,

MiINIMUM
— HEIGHT
1/3d

e | —>




nterauni rivets aro
thickneogs of the
and recountersinic
8 ivet. If approved
sulnsment is availablc having, the shor
h;;m oy be formea in countersinlz and any
projoction shaved flush, vrovided acrodynamlc
or intsrference considorotions malke the oper-
ation advisable, and authorized engineering
eviation is sescurcd.

5, Opun or naortis
Unaccs :ta:l ]
shest metsl peo rw;ts,
for the next larger

N /
G,
j\\\\\\?

cad countersunic ri
the moxirmrn tole:
upver wing surface in front of
is nng grcu“zr than 002", or
cetions L0040, Lf the tolersncs
L by eng 10‘“? v drawings such

]

ets are accepbt=-
ance on lend-

1'170‘”54




Depressed head countersunk head rivets are
acceptable provided the head is not more than
.004" below thes sheet surface, If the machins
countersink and skin thickness pcrmit, repluco
with the next larger rivet size, As an alter-
nate, the shop formed head may be formed in

the countersink when authorized by kngineering,

S

" Since the countersink is pressed into the

metal during the operation, a slight curvature -
will exist around the edge of the dimple or
depression. This shall not constitute cause
for rejection provided the rivet meets the
requirements of paragraphs 1, 2, 3, 4, and 5.
The small gap 1s superficial in nature and

is characteristic of the operation, but is
limited by allowing a ,003" fecler gage to be
inserted under the head for a distance of not
more than 1/8 the rivet shank diameter.

\ Y




10, Countersin sa 1o moall e 110° for mating
with stendard cold dimple and 100° for

mating with ~ surfsce shest vhich has been
hot dimpled., The diamcter shall be of proper
size to insurc nesting of underside of the

dimple, The gap between sheets shall not
exceed dimension shown, “hen a sub-counter-
sink is used with a large radius surface
dimvle ( aged alloy ), the edge of the cone
shall be radiused or chamfered to provide
clearance for proper nesting.

MAXIMUM, 005-

7777777777777

A AIssm

MAXIMUM
ADJACENT To DiMPLE

olo”

"MAXIMUM
Mioway Between DiMPLES

1
0I5




— [

> L |

] K —

.

Z @3 1gN

= g3 LQN

I —l<| 0|9 mlo| 0]
X | 0|9 || |09 o]
| ~l¢| W9 oo w|o
— | o|o| V[T L] m|<
T | —In] 0o ols| —
O | =IN] w0 <] —
L | —Is] 0|9 @] —|c
W | —|o| ]| || —
O | —ln| ]o ofs| —
Q | m|o| 5| o€}«
o A m| <
| | ©|©O|w®
WM —1o0| 1o Yl @[©| ~|¢
o

TYPE A
JOINT DIMENSIONS

Fic. 1




—————~S ? | Jp./
r/\/v\/\—fj . | et

«—— GRAIN —

tso-r‘tos'«toarao* I

T 2D o
=S _T__?J !
< GRAIN —> | s l&F
\/\/\,/V\v’ | L I
’\/__/-/\.,M %
L=8

Fe.2 -~ JOINT DIMENSIONS




LOAD DEFLECTION CURVES
(Fige 30s000Fige 20) = Machine Countersunk
(Fig. RLe...Fig., 32) Double Dimple

(Fig. 33....Fig. 36)  Sub-Countersunk



NI NOILDOF143d

) SdHON]
Se0 cew 820’ AN 40} 910° rAle) 80 0 OO
-OWVY-IGHHA9-t2| ¢ 'ol4] . \ /|
\ \
Yoood
\ %\KMN
\

O8LY

NI advOTl

Sd M



9e0’

430} 820" 20

SdHONIT NI
. 520"

910°

NOILOF143d

clo

~

800 00

d-ONWV-ISrHJ9-1 2

"¢ 'o14].

7

/

\\

s

\

/

ogee

/
==

o8Ly

NI dvOol

Sd M



SIHONI NI NOILO3 1430
9e0" 2€0° g0’ $20° 020" 910 210 800"

SHIONY-POFHA9-t2| ‘v O \ \

\\ \ pd

A LA

\\\\\\\m

SdiM NI dVvOl

0zI19




 S3HON| NI NOILD3771430
9¢0’ ce0 820 20’ 020 Q9|0° 210’ wow. \.voo.
4
SMEOAY 2LHHA9-v2| 6 o4 \ | \

y

)

7

/v

/

006<

e

00S¢€

"

ori9

NE avOol

Sd A



SIHONI N NOILD3 1430
2e0’ 820" ¥ 20 020" 90" 2o

% -OAV-I]-HA9-t2 "9 o4 \

\ 006€

0829

NI dVOT]

SdiM




SdHONI NI NOI1lO37143d
9t0 2e0" 820’ 20" 0040} Q10 cio 800" B 700
7 7
M -OANVA6-HQO-t2] L 9 | \\ ‘4 \\
\ \\ \
\ \ \ i
" oser . _ .
il
0999 _ p

<

)

NI dVO

SdiM



SJdHONI N1 NOILO3 143d

9¢0’ [AXN 820" 144 020’ 910- clo- 800" 1A% 2

d-ONV-IE-HJ9-¢/| '8 O R\V /]

yayipd

AT

avol

A
S~

NI

Sd IM

o¥es




SIHONI  ni NOIL0371430
> 300 ce0’ 820 1 {AY 020 910 210 800" Y00
SUFONV-9-HA9-5/| B "2 \ \

¥/

0L.d

\\mm

A

occo

N1 VO]

Sd M



LOAD IN - Kl
n \V) w
(o) o (@)

1/
i
f

OOOOO

[

.004 ' .008 "0 016 .020
DEFLECTION IN INCHES




10

IN KIPS

LOAD

10520

s
e

3630

/
7

75

—

BDOH-72-AMGC-P

/ Z/ Fe. |l L.
004" 008 7 012 016 020 024
DEFLECTION IN INCGHES



i
avavi

/ /// / 7548DH-81-AMG R,

N /i Fie. |12.

[/
.0l2

004 .008 ole .020 024
DEFLEGTION N INCHES



LO
A




.. STHONI

e oo | Nt NOILD3143d
0 82 ¥20 020" 910° 2io 800 _¥00
d-ONV-19- QG@.I.@B Pl 94 \
\ \ \
\&“““\ \“ \\\\
\ / \\\
\ A 009
l\\\ﬁRH\)X\\lX\\dﬂ”\

0ose

ol

cl

1d!

NE dVYOT]

SdI¥



‘ | S3HONI NI NOI1O3143d
9€0" 2e0 820" ¥20- 020" 910’ 210"

Q.IU_\/_,Q:NN--Qanmh‘ ‘G| 94 \ k

W

avorl

N
\

NI

\
\\\\\\ 0o0zL

T

Sd M

0SL0l




1530)

4310} 820

SJHONI

1449

0co

9lI0

NI NOILD31d43d
zZi0

g -ONV-I8

-dde-5.

'Ol 94

N/

/

4

4

P

[

"/
e

 068L

0oo0z|

NI AVOT]

00
SdiM

=

2l

1d



080"

[4 30}

820

SdHONI

1 4%

740}

NI

2o

NOILD3143d
910°

800

Yoo

DAY 16+

Jds8-G.L

L]

.mu_H_

7

‘.

/

]
7

v

\\\ 0018

09011

Ol

2l

14

avol

NI

SdiM



1

6666666666666666

s
I
&







S




KIPS

IN |

i

//

L OAD

. 75z4A

D-51-BD0-Rg

A/
i
| /)

004 ’ .008 012 .0i6. }
DEFLECTION IN INGCHES




- / -
0000000000



\'

S :
§§ l.
\\‘

\\

Vi







KIPS

s

3040

[N |

&

®
)

N
@ |
(&4

i\ l

2625

O

| OAD

Y
(o

X

1 o
| o)

e

AN

2

<

J A
W/
7,

Vo>
A4

I5AD-64HBOD-R, |

S

0

004/

7 008

- ol2

o6

'DEFLEGTION IN INCHES

020

024



o)
13 4

KPS

7
i

ég_ ﬁz/*'/
: J 1/

/

V/i

//
//

6. 75c¢

/
/.

/FIG. 2

“

77

004 7

7 008
DEFLECTION IN INCHES

ol2

(0]]7)

020

| 5AD-641B0D- R




< - ‘ yy% ’
: AV

— /// .' /
NP/

\\

i

’ 4/////

\\
-

S\

$c —6AD-

72BDDR,

016 .020
DEELECTION IN INGHES




KIPS

AT

REw /A

3 //7/'/ /o
////;

//)]

W/

6AD 72

. ol2 020
DEFLEGTION I N INCHES

BOD- R,



" SIHON |

N | NOJ1D3143d
€0 2€0° 820" reo 020 910° AL 800° - ¥00°
d+aag-1 /-§9-aas- 5L

CAREDS

i

A

P
,,\
7

pd

/

/

/

P

—

/

L

—

00¢@ .

Se

oS

SL

00l

NI avo-l

Sd M



/ ST HON | N | NOI 1LD37143d
9¢0’ r430) 820 20 . 020 , 910 cio 800’ \\ﬁoo. 0

%-%m,;.,.m@-oom., G/ ; o€ ‘o \\ <
B \\ RZ D
A

pd

7 L \ 0S
S

066L

S22

00l

N | avo

Sd M



S3HONI NI NOIL123143d

9e0’ ceo T4 veo 020 910 clo 800 , 00O 0

9-Qd9-06-1-0d819GL oY |
—

-
1 A
i

\\ /
N x
T 177
[ AT 1

—7cae

o9

S5S6 001l

dvoT]

N |

SdiM



SJHONI N | NOI1O37143d
4 020’ 910’ 210’

960"  2EO0' 80 00’ , 700’

*4-dag-26-38-008-PSL  "pE 0 \\ 4

7

A
N
\
N\
A NN N

.

SdiM NI dvOol




w
<D

b

b
(0]

KIPS

1750

=

[}

LOAD

025/ )
/]

/)
R/

SLOSLN

/7
) //////,

/ // /f Fie. 33| 75c 14AD-40102-BSCR

_J .
0 004 " .008 ol2 016 020 024
DEFLEGTION IN INGHES



KIPS

| IN

LOAD
o8

' / k.34, 75c-

4AD

140-102-

BSC- R,

00000




W
- O

B

Un

p

KIPS

[o>]

1735

th

I'N

1200

LOAD

IS
p/iv.
"/

N7
-
/7 / / / /Flc,.» 35 75c-4AD-I- 102-B3C- Ry

/

4 008 012 016 020 024

DEFL.EC»T‘ION‘ IN INCHES

0



KIPS

AN
AW

/)

iV

/
/

Vi
.

. | 75¢-4AD

o//// 5

/

/N

5[-102-B9

C-R,

004 008 of2 016 020
DEFLECTION IN INGHES




H T T T T T
e Mo e
e B S e + :

EEREARERCERE 4
fodnf 4 ! —+— -

A N
: b —
—— + e R
- ﬁ T
; - -
.F L j - Lﬂ b
L et 4
: , =
: i { L
_ ,
, L T
T 3T

S S S

BEEN

A

.

I

RN S 10 S SN O A -v-r—T_ et

NG

!
L

oL

R S

! b -4 -
R i e o —
LA i NN
{1 I ot
T I ] IR
11 , e e = -
; m ; i + s
i | RARGERAREARARE
T W . T ‘ 3
TE I Y 4 T

IR A BERREEREAERAR 1 - [T
SaE s RASAEREERRRENRARRE 1 s
g A O O

i n@ , JTL IBERNE A .

AFE = b WL SN O AR SN N SN A S S S j —
»Nusn‘v@.w A ; SR T
; m R R HM ! m > A 1 - -

¥ vnN,, &.H +_,— i T!W‘FI» i ﬂ ”

- H — : : 1 g 1 h
e o ol A e iT:HIx Hr -~ ﬁ' _ ~—h—

=3 I P S B S I

P10 © D REEENEN !
P20, T T , W 6 1@ . w
olax b e PR R
P RRRE s R Eumnnm: S-E A ANRRENE
e - AEEEEEORE & RSN
L ) HV\M’) N\ J‘..). ) ) H [ | T 4, 1 | L A ~
L Ll B SIS Tl . 1 ] AN RN -
T e T e
HE i1 T T 6.9 I R i H
il 1 . FVS,N N7 S 1
[ | Y i T
S ESEE RN ¥ M - :
i 17 T G 1 e
R = R U A .
|| 4 4 Iﬁ - O - B li* I ~
11 ! A ! L
1 [ \ A,J [ + R T RSN

RSN



