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Preface

‘1~~ Visual Landing Mds Branch of the Federal Aviation Administration
cx ntracted with Permali , Incorporated to develop a break-away mast for
use in 1CM inç act resistant (LIR) structures to support airport approach
lighting systens . This report describes that effort which was oond’.rtai
ij~~~r Contract No. D(Yr-FA78WA-4 152.

The proposal to do this work at Pennali , Inc. was unsolicited by the FM.
It was based on Permali ’ s expertise in the design and manufacture of
filament wound glass with epoxy resin. This cxinbination of materials
has the traits of exceptional strength, light weight, and durability .
In ccmtlination with additives that will protect the material fran ultra-
violet degradation , it is expected to have a minimt.un life of twenty years.

Pennali is indebted to Dr. Jamil P.bass~. and Mr. Stephen Cannistra of the
Federal Aviation ~~ninistration for the cooperation and guidance which
they have provided

We wish , also , to ackncMledge the valuable contribution of Dr. i~ ger G.
Slutter and his staff at the Fritz Engineering Laboratory of Lehigh
University where the impact tests and analyses were performed . 

~~.. .~~~ ~~‘

t t: ic . t ~~~~ —

• . _ _ _

I ~~~~~~~~ ~~~‘~~•~ / 
______

~~~~~~~ 
1 - ‘~~~ ~ l • t - -

—. 

~~~L

LgL



• - -. •-r- z’r .- . -~~~~~~~~~~~ ~~r.r- - ,  
~
.- - - - - -  •~W ..•~~~~~~~~~~~ - --

TABLE OF CONTENTS

Page
Section 1 Introduction 1

1.1 Background 1
1.2 Contract Requirements 1
1.3 Contract Objective 1
1.4 Report Organization 1

Section 2 Summary 2
2.1 Existing Design 2
2.2 Provisional Concepts 2
2.3 Final Concepts 3

Section 3 Contract Requirements 4
3.1 Exis t ing V-Notch Design 4
3.2 Preliminary Concepts 4
3.3 Final Concepts 4

Section 4 Prel iminary Concepts 5
4.1 Construction 5
4.2 Test Results 5

Section 5 Optimized Concepts 7
5.1 Construction 7
5 .2  Test Results  7
5.3 Impact Test on Full Scale Prototype 7

Section 6 Test Methods 9
6.1 Flexural Test (Moment & Modulus) 9
6.2 Compression Test 9
6.3 Shear Test 9
6.4 Impact Test 10

Section 7 Conclusions 11
7.1 Performance 11
7.2 Recommendations 11

Illustrations
Fig . 1 Shear Load Capacity Chart 12

2 Compressive Load Capacity Chart 12
3 Impact Test - Energy Chart 13

“ 4 Impact Test - Peak Force Chart 13
5 Flexural Moment Capacity Chart 14

“ 6 Stress Raiser Groove 14
“ 7 Type I - Male/Female Design 15

8 Type II - Helix Sleeve Design 16
9 Type III - Hoop Sleeve Design 17

“ 10 Type IVa - Integral Ring—Hoop Design 18
“ “ Type IVb - Integral Ring-Helix Design 18
“ 11 Flexural Test Fixture 19
“ 12 Compression Test Fixture 20

- • “ 13 Shear Test Fixture 21
“ 14 Impact Test Fixture 22
“ 15 Wind Load Diagrams 23

~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~
•• • •~~~~ . • f— ••• ~~~~~~~~~~~~~



• - • -~~~~~~~- ~~- • •

Table of Contents (cont ’d)

Page
Photographs

1 Lehigh Impact Tests 24
2 Lehigh Impact Tests 25
3 Lehigh Impact Tests 26
4 Frangible  Joint 27
5 Full  Scale Impact Test 28
6 Full Scale Impact Test 29
7 Full Scale Impact Test 30
8 Full  Scale Impact Test 31
9 Full Scale Impact Test 32

10 Impact Tested Wing 33
11 Impact Tested Wing 34

Drawings
• F-F-8161 Fiberg lass Low Impact Resistant Tube 35
• Helix Ring Joint Design

F-A-8162 Helix Ring Detail 36

• Manufacturing Specification MS—1259 36

Calculations
• 1 Flexural Nodulus 38

Summary of Exhib i t s  39

First  Lehi gh University Test (Sept. 28, 1978) Exhibit A
Second Lehigh University Test (Nov. 3, 1978) Exhibit B
Third Lehigh University Test (Dec. 11, 1978) Exhibit C
Raw Data - Flexure Exhibit D
Raw Data - Shear Exhibit E
FAA Drawing D-6l55-- l Exhibit F
Fourth Lehigh University Test (Aug. 22, 1979) Exhibit G

- -— - -- 

_ 
•-



• rrrIcE 1

Intrixluction

1.1 Background

The concern of the FAA for the safety ox aircraft cr~~s and
passengers has been exhibited in many ways. The potential
hazard of strikinq the support tc~~ rs of the Approach Lighting
Syste~i has lead to a ntinber of design and developnent efforts
during the past decade. In 1975 a developnent contract was
placed with Lev Zetlin Associates, Inc . for the developnent of
a design for an advanced LIR structure of non—metallic materials.
The objectives were to achieve nüniirnin interference with the
localized beam of the Instnnnent Landing Systan and provide a
light weight , 1CM mass systen. The resulting design utilized
a filament wound glass/resin tube of high strength with stress
raising notches to initiate failure on impact. This design
was produced in limited quanti ty . Impact tests subseguently
revealed energies and peak forces greater than those predicted
by the eng ineerinq design analysis. Permali , Incorporated, the
manufacturer of these units , proposed to the FAA a program for
the develo~itient of a break-away joint to replace the stress raising
notches. This report details the contract resulting fran this
~roposal .

1.2 Contract Requiranents 
-

•

Provisions of this contract provide for three basic phases: (a)
The characterization of the existing design , utilizing stress raising
grooves, in both static and dynamic nodes; (b) The design and testing
of our different concepts for a break-away mechanisn to replace the
stress raising grooves ; (c) The optimization of two concepts for a
break-away mechanism.

1.3 Contract Objective

• The object of this contract is to determine the n~ st cost effective
design for a LIR mast which will meet the desired break-away
characteristics.

1.4 Report Organization

Section 2 stmmar izes the results of the testing which was done.
Section 3 details the governing parameters within which the work
was done. Section 4 describes the four joint concepts for a break-
away mechanism and gives the details of the test results. Section 5

- 
• 

describes the two concepts which were optimized and gives the details
of the test results. Section 6 gives details of the test methods used
and Section 7 presents conclusions and recxt~~ndations.
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Si~x TIa.i 2

SutTflary

2.1 Existing Design

~~~ LIR masts are presently made in accordance with specifications
FAA-E-2640 , FM-E-2659 and applicable drawings. This design
utilizes a V shaped notch (see Fig . 6, pg. 14) at spaced intervals
as the means of attaining the desired break-away joint . Tests on
this existing design established strength properties as follCMs
(see Figures 11, 12, 13 and 14 for test methods) :

Flexural ~.t rt~ nt Capacity — 126 ,450 in .lb.
Ctit~ressive ~~ad Capacity — 56 ,400 lb.
Shear Load Capcity - 39 ,000 lb. (cbuble shear )
Irrpact Peak Force - 9, 100 lb.
Impact ~~erqy - 2 , 500 ft. lb.

• 2 .2 Provisional Concepts

Four concepts were devised with the view to provide for a clean
impact break while retaining sufficient strength to withstand the
required wind loading. These concepts were as follcMs :

Type I - A male-fanale joint with the male portion being
ca~çosed of hoop wound fibers (see Fig . 7) .

Type II - A joint utilizing an internally bonded sleeve
cx*~pos& of helically wound fibers (see Fig. 8).

Type III - A joint utilizing an internally bonded sleeve
ccv~os& of hoop wound fibers (see Fig . 9).

Type P/a - A joint accxi~~1ished by introducing an integral ,
hoop wound , ring at the tine of winding the
tube and then machining off the helical winiings
over the ring after curing. Four 1/4” diameter
~~les were drilled through the centerline of the
integral hoop wound ring, at 90° spacing , in order
to insure fiber disoontinuity. (See Fig. 10).

Type IVb - Same as Type P/a, but with the four 1/4” diameter
boles eliminated. (See Fig. 10) .

The results of static and dynamic tests of these concepts are s1~~’in
on Figures 1 through 5. Cc~çarison is made with the current design
which is identif ied in the f igures as “Notch” . All values shc~ n in
Figures 1 through 5 are ultimate strength values.

—2—
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Sect ion .~ (cont ~~

.~~. .~ 1-’in.tl Concepts

‘I\ ~~ design concepts were dt~ h’~pt~i which , Liy test , have adequate
strength t~~: the inter~3~ t serv i~ t~ .u~1 which wil l  break clean
when impacted by an x i i  rc~ xi t wing . Of th~’st’ t~~ ctesiqn concepts ,
~~f lt’ is intended ~~r n~~ manut’acture and tht~ other is intended for
the n~~1ification ~ f masts which .trt -~ .i1rc~xi3y in existence.

New ~ktntitxic turt’ — Desiqn ~: This design utilizes helically wound ,
into~ r.t 1 r in~is which, when the overwound main tube t ibers have been
mxi th in~~1 c’t t , :~~‘ide i1-~’r iso~ntinuity so that the resulting
i1T~-\iCt hi t\tk i~~ C t t \ U ’~ (see t),~~. t~o. F— F—81t’l , Details A & B on
~\~~~~‘ •~~~~ )

~‘%~1: t tcx i t  i~ n ~‘ ‘nct~pt — rx~;i’.m B: This design consists of xi break—
~~~~~~ j oint produced by canenting in an internal , helical ly wound
~ leeve ot such dimensions that the various criteria are met but ,
~ -exiuse there xu-e no continuous f ibers , xi resultant impact break
is clexin.

Since the she~ir a.r~1 c~ii~ ression loodin~ , resulting frcin maxinun wir~i
force , is xidt~iuxito1v covered 1w all desiqns tested , these factors

be eliminated f rcxi’~ decision making. The maxinun m~~nt resulting
fr ~r~ n ximtrn wind force is 36 ,640 in .lb . (see Fig . 15) and this
c~’curs xi t the base 1 inc . The first frangible joint is 38—1, ~~

“

above the hase l ine ; therefore , the max imu’n n~~~nt to be seen by
any ioint would be 2~ ,438 in.lb . A ca~~arison of the existing
dcsi~.m (Notch) and the final concepts is as follc~ s:—

1’lexurxil t kxt~int Capacity Safety Factor

~~tth U6 ,450 in.lb. 4.~
Desi n A 128 ,430 in.lb. 4_ c
Desi~.m B 103 , 680 in. lb. 3.7

—3-
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sirrict.i 3

Contr~ tot R j ir~~~nts

3. 1 £)cist ing V—~~tch Design

it is required that the existing V-rx tch design (see Fig . 6 ,
pxitie 14) be chxirxicterized in both static and dynamic r~~des in
order to provide xi bendinark for c~ iparison purposes . It is
recognized that the existing V-notch design lacks the desired
break-away characteristics in that it will not separate cleanly
on ir~~ict

3.2 Preliminary Concepts

It is required that xi n.ininun ci four separate break-away loint
concepts be developed as xi maans of arriving at a design which

• would resist the specified wind loading of 100 n~th (with gusts)
• - arxi yet be sufficiently frangible to break cleanly when impacted
• by the wing of a light ai rcraft. These concepts are to be

characterized by static and dynamic tests .

L 3 Final Concepts

i~~ f inal concepts are to be developed, making full use of the test
I experience with the preliminary concepts , and these t~~ concepts

are to be tested in both the static and dynamic mxle. It is re-
• qui red that these t~~ concepts separate cleanly when impacted , that
• they have sufficient iiat~ nt resistance to withstand the required

wino 1 oxid i r~i and that they be cost effective. It is further re-
quired that the final concepts be reliable in performance and that

• they have the required service life of 20 years in outdoor use
(+ 55°C and 5% to 100% hunidity) .



SrX’TION 4

Preliminary Cbncepts

4.1 Construetion

Five prel iminary concepts of break-away joints were developed
and tested , one of which was a variation of one of the others.

Tyne I - A male-f~ nale joint with the male portion being
cu~~osed of hoop wound fibers and h-wing four
1/4 ” di~~~ter boles, soaced 90° apart , at the
line of j uncture of the two sections of helically
wound tubing . The male portion of the joint is
wound as an integral part of one section of tubing
and is then c~~~nted into the f~nale end of ancther
section of tubing . See Figure 7.

Type II - A joint utili7irxj an ~.nternally bonded sleeve can-
posed of fibers wound with a helix angle of 450 W
See Figure 8.

‘l’ype III - A joint utilizing an internally bonded sleeve can—
posed of hoop wound f ibers and having four 1/4”
diameter holes, spaced 90° apart, at the line of
j uncture of the two sections of helically wound
tubing being joined by the sleeve. See Figure 9.

Type IVa - A joint in which an integral , hoop wound ring having
a double taper on the outside diameter is placed on
the mandrel at the time when the main tube is wound.
This integral ring is overwound by the helical fibers
of the tube and becanes an integral part of it during
curing . The overwound helical fibers are machined
away fran the central portion of the ring , thus
breaking the continuity of the helical f ibers.
Four 1/4” diameter boles are drilled , on 90°

• spacing , at the center point of the integral ring.
See Figure 10.

Type IVb - This joint is constructed exactly as Type IVa with
the exception that the four 1/4” diameter holes are
anitted. See Figure 10.

4.2 Test Results

The test results on the preliminary concepts are shc~.’n on the bar
charts in Figures 1 through 5. The data su~p1ied by the FM indi-
cates that , under the nost severe wind loading , mast M3-20 is
exposed to the greatest shear force (225 lb. ) and that mast ~3—40
is exposed to the greatest ccipressive force (3 ,250 lb.). (See
Exhibit F of FM £*A~. D—6l55- l for masts ?1~—20 and ~~—40.)
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sirriow 4 (cont’d)

4.2 Test Results (cont’d)

Since the 1c~iest shear test values were 7,900 lbs. in single
shear (1/2 the double shear s1u~n on the chart), the min.iinun
safety factor in shear is 35/1. The l~~est canpressive test
values were 42 ,300 lbs. which results in a mininun safety factor
of 13/1. As the safety factors in shear and cc*npres3ion are
nore than adequate for all construction types tested , we can
eliminate these stress nodes fran further consideration.

The relevant factors for evaluating the preliminary concepts of
break-away j oints are as foll~~s:-

Flexural Impact Impact
Strength ~~ergy Peak Force Relative Relative

Design In.th. Ft.th. Lb. Weight Cost

Notch 126,450 2 ,500 9,100 1.00 1.00
I 35,100 450 3,800 1.21 1.03

II 94 ,600 970 5,700 1.10 0.95
III 31,800 480 4 ,000 1.28 1.06
Wa 15,600 270 3,000 1.00 0.79
IVb 46, 400 400 3,600 1.00 0.79

Relative weight is based on five frangible joints per 20 ft. section.

The existing or notch design is obviously the strongest of the
group in flexure, but it requires excessive impact energy for a
break and, when it is impacted , the notch or stress raising groove
does rot achieve ccznplete separation. After impact , a substantial
nurber of the fibers r~ nain unbroken and , thus , the two parts of
the mast do rot separate .

Design I can rot be considered as a solution. The flexural strength
provides to safety factor .

Design II is a satisfactory construction in that the flexural strength
provides a safety factor of 3.3 and it breaks cx~np1ete1y on ii~pact
although the required force is sanewhat greater than desired. The
relative cost of Design II is about 5% l Mer than that of masts with
stress raising grooves which makes it cost effective.

Design III is unsatisfactory in every sense. It has less than the
required flexural strength and the relative cost is high.

Design IVa is cost effective but the flexural strength is too 1c~~to permit serious consideration.

Design IVb has a safety factor of 1.63/1 in flexure and is cost
effective. Hc~ ever , on impact failure was in the material rather
than in the integral ring/tube bond and all of the fibers did rot
break. This design s~~~ed pranise, but also indicated that further
work was needed.

-6-
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sirr ict ~u 5 (cont ’d)

5. 3 IulIxtc t Test on Ful l Scale Prototype

The concept of Design A was chosen for  a ful l  scale impact test.
A f’t —20 mast , per Pennali drawing F—F—8161 on page 35, was pro-
duced. It was made with helix rings, per F-A-8162 on page 36, to
manufactur ing specification ?~~— i 2 59 on page 37.

The test was perfonned at the Naval Air E~ c ineer inq Center at
L.Etkehurst , NJ , in January 1979.

The mast was erected in the same mariner as i~~uld be the case foran approach lighting systan and the top cross bar , with lights ,
was fitted to the top of the mast. The left wing of a light air—
craft was nounted on a steel, frame attached to a “dead load car”
(sOd photo P .28) so that it ~~uld impact the mast at a point
approximately 15 ft.  above the ground . The “dead load car” was
pushed to attain a desired velocity and then released prior to
reaching the mast which it struck at a speed of 69 knots.

When the wing impacted the mast , the mast broke cleanly at t~~of the break-away jo ints, the first break being at about the point
of impact and the second being at the break-away joint nearest
the ground . The upper portion of the mast f ci 1 to the qround
near the mast base while the lc~er portion fha i forward about
150 f t .  The inpact created a slot about 10 inches wide which
extended fran the leading edge of the wing back to the center
spar (see photos P .33 and P.34 ) , but there was minimal damage
to the wing.

Photographs on pages 29 through 32 sh~~ the progression frau the
point of impact through the time when the wing had passed both
sections of the mast.

— 8—
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SEtTION 6

Test Mathods

6.1 Fl~ wral Test

This test was performed on a Tinius Olsen Universal Test Machine
with load applied to the center point of the specimen. In order
to prevent localized crushing of the tubes , the usual loading
nose was replaced by a load applicator 2-1/2” long which was
shaped to fi t  the outside diameter of the tubes arx f which had
radi.us& edges . For all tests, the span was 72” and the cross-
head speei was .500 inches/minute. Flexural n~i~~nt capacity
was calculated using the standard simple beam formula. The
flexural medulus was calculated fran the deflection formula for
a simple beam using the load , i~, am the deflection , y , over the
straight portion of the load vs. deflection curve.

P1
~~ment, M = Deflection , ~

See Figure 11 for the fixture used , and calculations on page 38.

6.2 Ccrpression Test

The cci’npression test was performed on a Tinius Olsen Universal Test
tlachine with the load being applied to the end of the specii i~ n by
means of flat steel plates. Specimens were carefu~ly rnachinei so
that the end cuts were flat and parallel and at 90 to the tube axis.
In all cases , the break—away joint was centered in the test specimen.
The specimens used were 6” long for the Notch design , and Design
~ ‘pes IVa and IVb. Specimens for Design Types II and III were 8”
long while those for Design Type I were 12” long . Varying lengths
were required because , in order to obtain valid results , it was
necessary that only the tube surface contact the pressure applicators
and the break-away joints were not all of the same len th . The
crosshead speed was .050 inches/minute for all tests . Since total
cc*-npressive load was reported , no calculation was necessary .

• See Figure 12 for the fixture usei.

6.3 Shear Test

The shear test was performed on a Tinius Olsen Universal Test Machine
using special saddles to support the ends of the specimens and a
shaped load applicator to distr ibute the load. In order to prevent
crushing, and thus distortion of the results, three steel tubes
were placed inside the specimens so that they coincided with the
saddles and load applicator Ixit left the center points of the
break-away joints free to shear . Double shear was measured in
order to obtain distortion free results and the readings reported
are all double shear unless otherwise indicat~~. See Fiqure 13 for
the fixture used .

- - - -
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S~ 2TICV 6 (oont ’d)

6 . 4  Impact Test

This test was performed at the Fritz Engineering Laboratory of
Lehigh University using &~uipnent generally in accordance with
the provisions of 1½S’IM E208-75. A weight, usually 200 lb .,
having a rounded tip was dropped fran a height of 7 ft. above
the specimen which was held in a horizontal position. The
specimen was held as a cantilever with the break-away joint
being centered 6” away fran the support. The specimen was so
placed that the tip struck the tube at a point 12” beyond the
center of the break-away joint. The total energy of the falling
weight was krown and the residual energy, after tube failure, was
calibrated by the distortion of alumint~n plugs. By subtraction, the
energy necessary to break the specimen was determined.

See Figure 14 for illustration of the test equi~rnent .

Photographs were taken of the resulting impact failures. The clean
separations in Type II arid Type IV can be clearly seen (see pages
24 and 25) .

Nc~~ : Coded references in the ~~iotos relate as folla~s:

Design Type Code

Notch KN
Type l
Type II SIHL
Type III SlIP
Type IV INR

High speed notion pictures were also taken of the Lehigh tests.
These are quite dark and difficult to see. They will be sulinitted
to the Contract Officer with this report.

—10—
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SE~ TICI~ 7

Conclusions

7 .]. Perfonnarce

The existing mast design which incorporates stress raising grooves
is mechanically strong but lacks the desired frangibility. It
does not break clean and the impact force necessary is much higher

• than is desirable. Data supplied by the FAA indicates that mast
~4~-20, under maxim~~ wind conditions, develops greater maxiiiun
n~inent and shear stress than other masts. Mast ~~-40 develops
the greatest canpressive stress. Since all designs tested had
ccln ressive and shear strength of such an order that the safety
factor was quite high , these properties do not meet the same con-
sideration given to flexural ntinent. Figure 15 illustrates the
stresses over the length of mast ?~ —20 . Fran this data it will be
readily seen that the mast with stress raising grooves , with a
f lexural narent capacity of 126,450 in.lb., has a safety factor in
flexure of 4.4 5 and could thus be weakened in flexure in order to
supply the required frangibility.

Design Type tI was the only one of the prel iminary concepts which
fully met the requ ir~nents although Design Type IVb sha~ied pr anise.

Design A , of the final concepts, is a nodification of Design Type 1M
but differ s in that the wound -in ring has helical rather than hoop
f ibers. This change increases flexura l nr*rient capacity to a safe
level and guarantees that impact failure will be by bond failur e
which insure s that the break will be clean .

• Design B , of the final concept s , is a nodification of the preliminary
Design Type II in that the interna l helical ly wound sleeve is reduced
in length to 3” . This design , on impact , breaks clean in glue line
shear altho ugh the required force is slightly greater than desired .

7.2 Reccztnendations

It is recarr~~riled that Design A , as shc~rn on Permali Drawings F-F-816l,
FA-8l62 and 1~~-l259 , be considered the preferred design and that it
be used for new constr uction.

• Design B is an effective means of nodifying existing masts of constant• _ 
diameter for greater frangibIlity. The probl~ ns presented }~ tapered
arid preas sa~ibled masts as in specifications FM-F.-264 0 and FAA-E--2659
and applicable drawi ngs are different enough to require sore testing

- r to prove their practicability .
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S~~~~RY OF EXHIBITS

Exhibit A is a report of ii ~~ act tests filed by Dr. I~ ger C. Slutter
of Lehigh 1b~iiversity. These are results of tests done on
the original V-Notch design (see Fig. 6, page 14).

Exhibit B is a report of inpact tests filed by Dr. Rxjer G. Slutter
of Lehigh University. These are the results of tests done
on the preliminary concepts of the break-away designs (see• Figures 7 , 8, 9 and 10 on pages 15, 16, 17 and 18) .

E~diibit C is a report of impact tests filed by Dr. 1~ ger G. Slutter
• of Lehigh University. These are results of the t~~ optimized

concepts, Design A and Design B.

Exhibit D contains the recordincrs of shear tests on the preliminary
concept designs.

Exhibit E contains the recordings of flexure tests on the preliminary
concept designs.

Exhibit F is a copy of FAA drawing t>-6155-l which illus trates the total
airport lighting syst~~ support structures for M~—20 , W—30 ,
and r-t3—40.

V Exhibit C is a report of impact tests filed by Dr. lIger C. Slutter
of Lehigh University. These are results of tests on four
samples of the final helix ring design (see drawing F—F-816l ,
Detail B, page 35) .
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Exhibit A

200 .78 .487.1
FRITZ ENGINEERING LABORATORY F~1

Lehigh University Sh..t V V V  

1 .01 1

Subj ect Prt1iminary Impact Tests of Notched Fiberg lass Tubes Dots - .9.12&/.-1.8
Psfly C . H .

- Specknen No. . V V V V V V V V V V V V V V V V V V V
V _ _ _  _ _ _  —— - - - 

C

_ _ V  
V . . V V V V ~~~~~V

S

Mi-. R -Eshb ugh V VV V R.C.S.. 
Perm~ i i.n~ _ _ _  - - -

- P . p. Box 7 8 B~t gepbt St. xt , Approved . - -

— Mount Pleas nt , P - 156 6 I V

V - - 
Director — Operations

C 
- 

—~~ ~~~~~ V V -, — V 
-

T b Aver~ ge V Energy Energy I - -

Sp~c?men lumini m 1flefori ition Absorbed Absorbec~
~o. g Len~ th of P: ugs - by Plugs by Tube 

- - 
P.er sr ks

_________ — I (ft .5~
1bs.) (ft. — lbs~) —

1.1 ~~~ T.222 ~~~~~~~ 
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- - 

Al: p1ug~~were
- 1.1 3 1.193 

1.. )0 loinS at -~

V V - - - - - - - $ - -   

- 
~~~~~~~~f t
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L E H I G H  U N I V E R S I T Y
OLTH LEHEM. PLN NOY LVANIA 10010

TIL EPHONE C 2 1 0 )  051. 7000

O t P & N T M I N T  OP CC~~IL ENOCNU~~CNG

C~~~ . C Z  ENGCN IUR CN G LA •OPAT OPY #13

200 . 78.487. 1 November 22 , 1978

Mr. R. Eshbaugh
Permali Inc . *

P. 0. Box 718 Bridgeport St. Ext .
Mount Pleasant , Pa. 15666

V 

Re: Impact Tests of Fiberglass Tubes

Dear Mr. Eshbaugh :

The preliminary impact tests made on 3 ft. long tubes in September

are reported on a separate data sheet because the testing procedure for these

tests was different from the tests made on the ten tubes tested on 11/3/78.

The first two preliminary tests of the notched tubes were made using a 1600

lb. weigh t dropped from two feet above the tube. For these tests four alum-

inum plugs were required to arrest the weight after fracture of the tube.

Following these tests it was decided to test with a smaller weigh t having a

hi gh velocity .

A 400 lb. weight with an 8 lb. tup was used for preliminary tests

3 and 4 and two aluminum plugs were used for arresting the weight after

fracture . In these two tests the tubes crushed and jammed against the track

of the drop weigh t machine . In order to correc t the problems encoun tered in
these tests , the length of the test tubes was changed to 4 ft. , the lower

section of track was removed , and a larger tup with a larger striking radius

was made.

The energy absorbed by the four preliminary test tubes in fracturing

were 2592 , 2642 , 2695 , and 2890 ft .—lbs. From observations made during these

and subsequen t tests , it could be observed that the total energy absorbed by

the tubes consists of three parts. These are (1) energy to deflect the tube ,

(2) energy to deform the cross section , and (3) energy to fracture the ligament.

There is no way of separating these components , but it could be observed in
the preliminary tests that all three components were of significant magnitude .

The tes t procedure used in the ten tests conducted on 11/3/78 tended
to reduce the cross section deformation component by reducing this deforma t ion

to essentially elastic rather than plastic deformations except for possibly 

-
~~~~
- 

-
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Exhibi t  B

Page 2

Re: Impact Tests of Fibergla ss TubeB

KN 1 and KN 2. For the other e~.gh t specimens the bending and fracture components
predominate.

The deformation of the aluminum plugs used to arrest the weigh t after

fracture provide the only means of measuring the total energy absorbed by the

tubes. The enclosed calibration curve for the aluminum plugs was used to

determine the energy absorbed in fracture of the tubes. Aluminum plugs used

foi- the preliminary tests were from a different lot having a slightly different

calibration curve . The energy absorbed by each tube is given in the next to

last column of the data sheet.

During the tests signals were recorded on a storage oscilloscope from

an accelerometer mounted on the weight. Examples of these recordings are

enclosed for some of the tests. These recordings were only partially success-

ful because resistance force offered by the tubes were either very small in

the case of some tests or very large when the weigh t was arrested . The large

resistance of the aluminum plugs caused the signals to go out of range while

the small resistance offered by some tubes barely produced a signal . Since

in all tests the energy absorbed by bending of the tubes was relatively large .

the resistance produced at initial contact of the weigh t with the tube was - -

small and did not register . Basically the “blip ” recorded as the tube was hit

indicates a change in acceleration of the weight. By the equation F — ma the
force encountered is proportional to the acceleration registered on the graphs.
However , these are probably only a qualitative picture of the event and it is C

difficult to obtain the force because the response is not linear over the
range of forces involved .

The two graphs for preliminary tests 2 and 4 indicate that the accelero—

meter went out of range during the event because the gain was too high . The

graphs for HF 2, INR 2 and SLHL 2 show the event but the signal went out of

range when the aluminum plugs were encountered . The height of the even t signai
for contact with the tube is recorded in range . The vertical scale for SLR L 2

is twice that for the other two. The amplitude must be reduced to half for

comparison with HF 2 and INR 2.

The best method for obtaining value for the maximum force encountered

t for each tea t is to use equiva lent deflection equated to total energy absorbed.

t This method ignores deformation of the cross section as being negligible in

i . - ~~~~~
- 
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Exhibit B

Page 3
Re: Impact Tests of Fiberglass Tubes

comparison to the other two components. The energy absorbed in fracture is

considered in terms of equivalent deflection . This method may slightly over—

estimate the force for KN 1 and KN 2 where deformation of the cross section
— may be significant. Values for the other tests should be good estimates of

the peak force. The effect of the ligaments on the deflections is not signif—
— icant because the length of the ligament is small compared to the span length .

The total energy is equated to the energy absorbed in flexure plus

r the energy absorbed in shear by the following equation.

p2~~
3 2~~

Total Energy — 6 E ~ 
(fle xure) (shear)

where P is the maximum force. The enclosed computation sheet gives the prop—

V erties used for computations and the resulting force for each of the ten tests 
V

conducted on 11/3/78. These values should agree reasonably well with values
V 

obtained from your static tests.

Sincerely yours ,

Roger G. Slutter
Professor of Civil Eng ineering
Director — Operations Division

RCS/df

Enclosures

-45-
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Exhibit B

FRITZ ENGINEERING L.ABORATORY ~~ 
200.78.487.1

Lehigh University Sh. t 1 ~ 1 -

Subject I mp ac t Tests ~if Nc~t IV-hed Fiberglass Tubes D~~ 
11/3/78

Cdl .
Sp.cIm.n No. ~V V V V V V  

H S

- R.C.S.Mr. R . 1~1shbau ~h -

P O B c ~x 718 Bridg~~~rt Sr . Ext i . 
Approve

~~~~~~~~~~~~~~~ Dir ector — Operations -
- 

Tub Average 
- 

Energy Energy 
—

~

Specime n A 1Mininun ~ Deformattion Absorbed Absorbed
No. Plug Lettg~h - - bf Plu~s by Plugs by Tube Remark&.

_________ ______  ______  
(in.) (ft. — lbs.) (ft. —lbs.) 

- _____________

- KN I ;L~3~~~~~L~ ~~~~~~~Q.lSl- 540 3006 A J - .p1~ were l l.5Q Q~’
long at tart p1 test

KN 2 1.152 1.0 3 
- 
0.275 1570 1976 

-

MF 1 0 9O~ Od 4 0.600 2940 606 Total en rgy fpr eac
- test was 3546 ft. —lb

2-. - 0 - E  LQ ~~~~~~~ -- 3260 286 _ _ _ _ _ _  -

INR 1 0.866- 0.8~9 0.633 3150 396

INR 
- 

0.858 O.8~32 0.655 3280 266 - 4—1/4” h ,les drilled
at 1iga~ ~nt and 6”
cut

~

t

~

end of

~

- SLHL 1 0.957 O.9$65 0.539- 2550 996 -

SLHL 2 0.92k 0.+9 0.545 2600 946

-: ~~SHP I ~~~~~ V Vfl V~~~8V~~~L V ~~~
_ O  O.6~B - 3120 426

SHP 2 0.908 O .~ 71 
- 

O .611i 3010 536 
- .

- -  - .  V~ - - V -- — —~~~~-V ~~~ 

—

1-6  / --

: 

•

~~~~~~~~~~~~~~~

‘‘
~~~~~~ I

:~ 
~~~~~~~ -- - 

I _ _ _ _ _ _  

- ___________

— - ~~~~~~~~~~~ “~~~~~ “~~ I 
- 

~~ tV 
_ _ _ _ _ _  ~~~~~~ V
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LEHIGH U N I V E R S I T Y
b (TH L CI4C M PtNN$~~L V A N I A  IeO ’5

TI ~~~ P H o~.I a15 691-7000

oI.*N~~~I~~T C~~~ .. I I P I N C ~

~. T: ~~~~~~~~~~ L*S0# *~0~~ *13

200.78 . 487 . 1 December 14 , 197~

~Ir . Bob Eshhaug h
PERN~ LI , INC.
P . 0. Box 718 , Bridgepor t Street Ext .
M~-’unt Pleasant , Pa. 15666

Re: Impact Tests of Fiberglass Tubes

Dear Mr. Eshbaugh :

On December 7 the last group of tubes was tested using a smaller weigh t

dropped from the same heigh t as in the previous tests. Following the tests we - ,

made a new calibration run on aluminum plugs and we determined the exact weight

of th e impact weig ht. The correc tions resulting from this check have been

incorporated into the analysis. The energy absorbed by each tube is somewhat

hi gher than the amount determined on the day of the  test. We have found that

wheneve r we changed the wei ght , i t is necessary to run a new set of aluminum

plug calibrations. -

The hig h speed motion picture of all six tests have been sent to you under

separate cover along with a few black and white pho tographs. The films are

sligh tly under—exposed for dark areas due to the fact that the speed of the camera

is approximately 1100 frame s per second instead of 1000 frames per second.

- 

- 

The peak force va l ues have been obtained from the energy equation as in

Like previous test. This data appears to correlate well with the data from the

previo us tests using the larger weight. However , you may be aware of differences

in the test specimens that I am not considering.

V Sincerely yours ,

Roger G. Slu tter
Professor of Civi l Engineering
Direc tor — Operations Division

RGS/df

Enclosures
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