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ABSTRACT

Destruetive dynamie fond tests wore conduetod on specimens of coppir-
niekel pipe joined 1o bronze couplings hy Grude 1 silver-braze alloy bonds,
he hond wrens vieied from 9 1o 83 pereent of the wial sarfaces available for
honding,

Every Tnilure veenrred io the boad, Cracking of the coupling sometimes
accompanicd vond Tailure, In no case was thore rupture of the pipe. Sinee many
joint failures apparently were influencsd by o coupling goometey with nbrupt
changes in cross section, o modified coupling design is propased,

The dynamic forces roquired to produce failure of <ilver-brazed joi. 15
having loss than 10 percent hond were considernbly smaller than static failure
loads in tests conducted elsowhere on <imilar <pecimens,  For joints with more
than about 60 percent bond, the dynamic foree values wore of the <ame magni-
tude as the =<tatic lownds, )

Joints huving more than 60 poreent hond failed only after considerable
clongation of the pipe. For =ufficientty great initial dynamic force, joint fail-
ure oceurred immediately: otherwise two or more loadings were required,  Im-
pact velocities axsocinted with joint fuilures runged from about 1.6 to about
31 p=.

It appears that the current practice of rejecting joints having less than

60 pereeni bond ix justified for dyvnamie loading,

ADMINISTRATIVE INFORMATION

These testx were recommended o the Bureau of Ships by letter from the
David Tavlor Model Basin (Serial 7-392 of 4 October 1963). The wer't was under-
taken as Task 3974 of Project S-FO13 10 01,

INTRODUCTION

Dynamic load tests of reprexentative shipboaed type silver-brazed pipe connections
were condusted at the David Tayvlor Model Baxin after silver-brazed pipe joint bonds had
fatled in service during shock tesis of operating ships. The data indicated that thoese joints
had low hond percentages, that is, the silver-braze bonds covered arcas which wore small in
comparison with the totsl surfaces available for bonding. /

The basic objective of the investigation was to find a relationship between joint

sirength under dynamic loading and bond percentago,



o~ s

Two series of tests were earried out, The anitind =ories wis despgemd to determg
the dyvnamie strongth of joints (with bose than 60 percent bondy <imilor 1o those whieh Lo
facted an =ervice. The Inter teats wore devoted 1o joints having bopd< (63 to SO peree, 1)
covering more than the minimam roguired ! proportion of the available Sonding ares,

\ tensile test subjocting the brazed joint hetw oo pipe and coupling to o dy e
<hear foree was arenngod, 10w oxpected that this Tonding wonid bee ropresontative of &
<evere <hiphoard <hock condition and shonld provide usoful data for determining: tiee ds name
<treneth of the connection.

To provide a basis< for evaluating the strength of the joint, a criterion of performanes

wits roguired, In consonance with current practice,!

it was postulated that thee bond -1 nid
rot fails toew the bowd inoa jomt must be capable of developing the ulibmste <trenet) of the

wedhe =t connecting pipe or Titting,

DESCRIPTION OF TESTS

DROP VEHICLE

A drop vebicle was constructed specifically for these test<, Specimens were pro.
prared for tosting by the attaeliment of two retaining flanges, One flange was attached 1o 4
welght, the other to the removable top of the vehicle, The assembly was lowered.into the
vehtele and the top bolted down: detail= of the test arrangement are given in Figores 1 and
2. Sufficient elearance was provided helow the suspended weight to preclede its contact
with the hottows o' the (st vehicle while the =pecimen wax intaet,

For each test, thedrop vehicle was raised a known distance and dropped onto an im-
pact plate by teipping an electrie reloase noechanism (Figure 2). Upon impact, the specimen
wit~ =ubjected to a tensile dynamic foree equal to the product of the susperded me<s and it
acceeleration, The dyvnamic tensile foree in the pipe was transferred into the coupling prima-
rity by means of shearing force in the hond. 1If joint failure did not oceur, the suspendoed
mass oscillated with a characreriztic frequeney whick depended mainly on the =tiffness of
the =pecimen and the magnitude of the susponded mass, since the vehicle was several times

hoavier and stiffer than the weigiited =pecimen,

TEST SPECIMENS

The Mare Island Naval Shipyard, which had beon fabricating <imiiar specinens for a
. 4] . . . 0 .
“ories ol static strength tests, - fuenishod 33 specunens together with informsation on the
percentage of bond in each joint. The specimens consisted of 70-30 copper-nichel pipe?

and bronze couplings " % juined with Grade 11 silver-braze alloy,®

’Refewnces are listed on page 27,



Nipeteen Teing and eight Sein, <pecinen< woere tectd ta destroenon, Geomerrie dats
o the speciens aee given in Table 1o The bond pereontage of eaeh joint, as determined

by ubtensonic inspeetion at Mare Island Nuval Shipyard, is <hown in Table 2,

INSTRUMENTATION

Lnsstrumentation con<isted of an unbondoed <trnin gnge neceleeometer attachod (o the
Tower Panee (Figure 1) and, in some cases, tensile and bonding <teain gagoes attachod at the
conters of the pipe sections and the coupling=. The guges wore powered by o carrier ampli-
fier which also amplified the output <ignal= from the gges, A recording o=cillograph pro-
Vided display of the output <ignal, \ signal from a tuning fork osvillator was wsed as g t.iml-j
referencee,

The recording <ystem had an e==entially flat frequeney rospoase from direct current w0
To0 ep<, and the natural fundamental frequeney of a <pecimen as suspended was about 200
epe. The drop test vekicle was designed (0 have n frequeney 2everal times greater than that

of the weighted specimen,

TEST RESULTS

Bond filure oceurred in each specimen testod to destruction.© There were no pipe
ruptures, but eracking of the coupling did ocenr in five <pecimen=. When the magnitude of
the dynamie {oree was made sufficientdy great, joints f: ailoed during the fiest loading. Other-
wize two or more foree applications were soquired for joint <oparation. In some cases, re-
peated application of approxiny nvl\ oqual forces resulted in bond failure,

For the mitial <eries of tosts (joints with less than about 60 percent bond). pc-rm.mont
axial deformsion of less< than about 2 percent occurred in the pipe <ections. For the <econd
series (Jornt< with moee than ahous 60 percont bond). permanent pipe strains of up ro about
10 percent axial and about 4 percent circumferential took place and were accompanioed by
permanent circumferential coupling strains of up to about 3 pereent. The circumforential -
“flaring out’” of the coupling was accompanied in five cases by cracking at the reentrant
corner in the shoulder: see Figure 3,

A representative oscillograph record from a drop test. giving acceleration of the lower
flanwe. and botk tensile and bending swnin in the pipe is =hown in Figure 4. A= oxpected,
acceleration and tensile steain time histories are similar in <hape and are in phuse. Perra.
nent elongation of the pipe is indicated by the zero shift in the tensile strain record. There

ax also permanent doformation due to beading, indicating yvielding in the pipe to relieve the

eceontricity of the <pecimen.

}

*Fhur 1-in. und two 3-in. sprcimens were not tested to destruction because pipe ends slipped excersvely |
the retaining flunges, thus reducing the forces experienced by the joints,



Table 2 gives the height of drop, penk aceclorntion and duration, dynumie lond, and
other pertinent values for oach drop test,

To present the datn from 1ein. and 3-in. spocimons togother, plots wore made using
tensile stress in the pipe as the ordinstes and ultrasonieally obtained bond pereontuges as
the absci<sae, Figures 5, 0, and 7 give stress in the pipe at failure of the joint, during the
fiest drop. wnd when it reaches its maximum value, rospoctively, Included for comparison in
Figure 5 ure statie tost data? which are also listed in Table 3.

Representative values of impuet and rebound velocitios of the drop vehiele are shown
in Figure 8. The maximum impact velocitios required to cause failure were abont 10 fps for
joints having lesx than 60 percent hond and nbout 31 fps for joints having more than 69 per-
cont hond,

Finally, the plastic strain energy per unit volume absorbed by the highly ductile pipe
=ections has heen plotted against the percentage ol bond in Figure 9, together with compara-
" tive static text data.? The strain energy was obtained by integeation of the area under a
stross-strain curve (Figure 10).

A= n chock on the nltrnsonic measurements. ! a visual estimate was made of the bond
areas of selected specimens after the joints had failed. Table § gives ultrasonicstiy ard
vizually obtained bond pereentages for comparison,

Ench specimen was divided into “parts’’ conxisting of the clear length of pipe be-
tween flanges, sochot of coupling plus braze metal and pipe included therein. and the barrel
(remainder) of the coupling.  The approximate relationships among the flexibilities of the

“parts? of the =pecimens wore ealculated and are given in Tables 5 and ¢.

DISCUSSION OF RESULTS

PERMANENT STRAINS

The drop tests induced several types of permanent deformation, namely. bending.
axial. and circumferential. The effect of bending did not appear to reduce significantly the
ultimate dynamic strength of any specimens. Since the pipe material ix quite ductile, the
pipe simply relieved itself, by vielding, of anv eccentricity in the specimen.

On the other hand, large permanent axial tensile strain in the pipe was significant.,
giving rize to considerable circumforential shrinkage or “necking down?” which extended to
the coupling, where the abrupt change in section caused o severe strain discontinuity: seo
Ficure 3. While “necking down® of the pipe was taking place. the coupling socket was ex-
periencing permanent circumferentinl torsile steains, oo, “flaring out,”” due to the eceon-
tric “lap-joint’’ action of the brazed connection. “*Necking down®® of the pipe together with
“flaring out™ of the coupling probably enused condidornlle rensile stress betweoen pipe and
coupling at the abrupt change in section. Thus, failure may have occeureed due to tensite

and <henr stresses acting in combination,




Thuz it sy be seen that undesirable geometey of the couplings (and of other similar
east fittings)® probably roduces the strength of brazod joints, A rovised eoupling configura- -
tion which lncks some of the deficioncios presont in the existing dosign is shown in Figure
11 and includex the following changos:

—

. Rounding ail reenteant corners (o decroase stross conconteations,
2. Incroaxing the thickness of the sockot to prevent its “flaring out,*’

—

. Removing materinl at the ond of the sockoet to provide for a more gradual change in

cross seetion between pipe and coupling,

STRESS IN PIPE AT JOINT FAILURE

Since the ratios of pipe and coupling sectional areax to 100 percent bond areas are
about the samoe for 1-in. and 3-in. pipe (Table 1), use of stress in the pipe as a variable in -
Figures i, 6. and 7 is justified. ~

The data of Figure 5 indieate that for joints having bonds of less than 40 percent,
the dynamic forco required to produce failure was gencrally much smaller (often by 50 per-
cont) than the statie foree.? Also, the 3-in. specimens failed au a lower stadc and dynani
tensile stross in the pipe than did the 1-in. specimens,

For joints having more than about 60 pereent bond, the dynamic forces required to
produce failure were of the same magnitude as the =tatic. The 3-in. specimens failed at a
lower static teasile stress than the 1-in. specimens. The dynamic stress values showed .
ahout the =ame =catter as the statie valuox and fluctuated ossentinliy within the extremes
of the lauee. :

Pipe «trosse< due to initial drops are given in Figure 8. and the maximum values at-
tained are plotted in Figure 7. An examination of Table 2 and Figures 5 through 7 lead to .

¢

the foltowing observations:

1. The influence of a large number of repeated loads on joint strength decreases as lho‘
pereentage of bond is increased. For example, Joint 1-1. with 20 percent bond. withstood :
10 drops at pipe stresses of ahout 10,000 psi and then 18 drops at ubout 32,000 psi. Fiilure
occurred as u rosult of the 20th drop at 2 pipe stress of only 12,000 psi. On the other hand.
Joint 1-116, with 82 percent bond. underwent 50 drops ai pipe stresses which gradually in-
ereasoed from about 22,000 to about 37.000 psi. The drop height was increased for the 5t
drop, resulting in joint failure at a pipe stress of about 56,000 psi. Thus, a juint with 20
pereent bond failed after 29 drops whereas a joint with 82 pereent bond apparently remained

undamaged after 50 drops at greator forees.




2o I some cuses, there s deerense in the des eloped dynrmie foree gfier only o fow
stiecessive identical drops, evidenceing progressive hond failure in the joint, There i- an
inerense in other cases, indieating stenin hurdening ob the (initinly very duetite) pipe, In
Juint i3 for examples the pipe stress decrsnsos from abhout 15,0900 to abow 9000 pei during
three 1-ing drops whereas in Joint 122, there is on indiention of an incren-e feom abom

25,000 1o about 30,000 pxi during four 2-in, drops,

S N roughly linenr relationship oxisi< botweon the upper hound of ten-ile <tee-< in the

pipe and the pereentage of bond.

b The best steaight Tine it to the data of either Figure 5 or T swould not pae- throug
the origin, This phenomenon probahly results from the omi==ion in the bond pereonr - do-
termination of the braze moetal in the inzert ring groove, an the estrewe end of the pypee. el
in the fillet ot the juncture of pipe and coupling: <o Figure 2,

The seattor aunony the points in Figures 5. 6. and 7 enn probubly b esplained e
follow =:

1. Undoubtedly the greatest cause of <eattor i< the lnek of aniforons of the teat in
nutiber and magnitude of lowd applications and, although perhaps Tess importaniis o < peei-
R geoiielry,

2. Posxzible variation in joint quality and errors in measuroment of percentagee of bond,

It may be scen in Table § that agreement between vizual and ultrasonic porcentsve of bond
i< much botter for the ~econd =eries of specimens than for the fiest, It wounld appear that
uitraxonie technigues are improving and ‘or that higher hond porcentage< (over G0y are cas<ior
o determine acenrately,

A0 Errors due o limbations of instrwmentation. These are not much wors than 7% percen,

4. FErrors of data reduction, No gronter than those of Trem 3.

It may be noted chat the te st results have not been prosented in terms of avoeraee <hear
stress in the <ilver-brazed joint. The average shoar stre<s can be ohtained by dividing s he
mensured dynamis ond acting on a joint by it= hond area. A plot of bond <hear <iress vor<uys
pereont hond would appear to show that the shear =tre=s which a joint can endure decreases
Aith inereasing percent bond rather than being ~onstant at failure. for both sttices and dve
namic loading, Thus the most important relationship. nas.ely, that the load which a joing

ean support increases with pereent bond, wouis! be distorted.




IMPACT AND REBOUND VELOCITIES

Muer initin! collision with the impaet plate, the drop test vohiele reboundod sevoral
time<, Measuroments of the time intervals between suceessive impaets of the vehicle showed
themngnitudes of its eobound veloceities (o e ap o about 60 percont of the initinl impaet
velocaies, Therefore the magnitude of the (ol chonge in voloeiy of the vehicle was ap e
about 1.8 times that of the initial impnet velocity, Representative values of drop heighi
and associnted rehound velocitios of the vehicle are given in Figure 5, Those dutn indiento
that the total velocity change varied from up to about 2.5 to w maximum of about 33 fps where.
as the drop veloeitios ranged from about 1.6 1o nbout 31 fps. Whoen the impaet velocity ex-
ceeded about 16 fps the rebound velocity wax groatly reduced. Thix phenomenm probably
rexulted from the conversion of moxt of the kinetie energy of the drop vehicle into plastie
<train energy in the impact plate and the vohicle,

For joint= having less than 80 percont bond, the maximum impaet seloceity and change
in veloeity rbquirud to produce bond failure were about 10 and 16 fp=, rospectively. Thu< all
these failures wore eaused by velocitios not <ignifieantly greater than rthe capacity of high
impact shock machines,

For joints having more than 60 percont bond, the maximum impaet velocity and change

in velocity required for bond failure wore about 31 and 33 fps, respectively.

PLASTIC STRAIN ENERGY IN PIPE

The phistiv <train energy absorhed by the pipe per unit volume wax ohtained as fol-
fow=: First, measured dynamie plastic tressestrain data were compared with static data
(Figure 10) for the pipe and found to ngree fuirly well, Next. the inelaziic part of the area
under the statice stress-strain curve corresponding to a particular dynamice load was computed.
Thix urea represented the plastic unit strain energy for the pipe and was plctted against per-
contage of bond in Figure 9% together with <imilarly obtained energy from static test=.? Ex-
amination of Figure % discloses the following:

1. For bond percentage botween 60 and 80, the energy per unit volume appeiars to be in-

dependent of percent bond.

2. Fora given unit energy. a statically tested joint with only about 45 pereont bord was
equivalent to a dynamically tested joint with about 70 percent bond,

4. The S-in. pipes are capable of absorhing far lexs plastic unic eaergy. gonerally, than

are the 1-in, pipes.




The flexibility relationships of Tables 5 and 6 have been included o indicate which
“*part”’ of a given specimen tends to zhxorb the most elastic strain energy, thiz absorption
being directly proportional to flexibility. Since the coupling flexibility remains constant and
the joint flexibility varies but little for a given pipe diameter, the proportion of the total elas-
tic strain energy absorhed by the pipe is primarily a function of its length.

But in these tests, the pipes undereent a great deal of axizl plastic deformation. Why,
then, is the elastic flexibility of interext? The answer is that the initial (elastic) deforma-
tion of the pipe determined the subsequent course of events — the highly ductile pipe merely
continued to deform plasticeily after vielding had begun, attracting to itself the major part
of the energy imparted to the specimen.

A reduction in length of the pipe sections led, as may be seen in Table 6, to an in-
crease in the relative floxibilities of the couplings and the joints. That this change, in turn.
caused the joint to ah=orb a greater proportion of the total energy is indicated by the inabil-
ity of the shorter =pecimens to survive repeated loading. Three s four specimens which
failed a= a result of one drop were short specimens. ranging in lenpth from 20 to €9 percent
of that of the usual =pecimens: <ce Table 2 and Figure 6.

In general. the flexibility of the joint relative o the total flexibility of the 3-1n. speci-
mens wax hetween abhout 2 and 3 times greater than that of the 1-in. specimens. Therefore.

» might be argued that the 3-in. joint absorhs a greater pruportion of the total strain energy
asailable to the specimen than does the 1-in. joint. The relatively low values of energy
absorbed by the 3-in. pipes up to failure of the joint (Figure 9) may be interpreted to support
this contention.

From the preceding discussion of plastic strain energy. the following observations
can be made:

1. In an acceptable joint! (one having at least 60 percent bond). there is no increase in

resistance to repeated loading with an increase in bond percentage.
2. Repeated static joads appear to be less injurious than repeated dynamic loads.
3. Repeated loads appear to be mwore injurious to 3-in. than to 1-in. joints,

4. In a shipboard pipe system, the ductile pipe serves as an energy absorber, deforming
(plastically when shock input i« sufficiently great) without being damaged. The greater the
pipe length between a fitting and the imposed shuck motion. the smaller ix the probability
of joint failure,




POSSIBLE EFFECTS OF BENDING AND INTERNAL PRESSURE

In a <hipboard pipe installation, both bending and internal pressure can bhe present to-
gother with axial tensile dynamic loading. In a long span of pipe subjected to hending, pipe
vicld would prevest significant bond shear stresses from developing in joints in the span.
However, large joint shear stresses might be encoun.eied in short spans subjected to hending,
i.. changes of direction (at elbows, tees, crosses, cte.), and at points where fittings are sub-
jocted o impact. The tests described in this report were tensile, not hending. But since
shear stress in the joint can he produced equally well by either tensile or hending loads, it
i believed that the tests were realistic. Internal pressure, which was not pres. .t in these
tests, would cause circumferential tensile stress (25 and 39 percent of minimun required
vield strength in the 1- and 3-in. pipes, respectively, for the desiga pressure of 700 psi) and
axial tensile stress about half as great in the pipe. The net result might be to decrease the
dynamic load required for joint failure.

In the ca=e of explosion attack against a ship it can be argued that internal pressure
is relatively unimportant in failures of valves and hull fittings, and that the important factor
is the mechanical shock associated with the motions of the hull as induced by the explosion
shock wave. It appears likely that the same conclusion would apply to the pipe couplings
discussed in this report. Hence, a mechanical test without superimposed internal pressure
should serve as a good index of joint strength.

CONCLUSIONS

The following conclusions for silver-brazed pipe and fitting connections are based on

data from destructive dynamic tensile tests of copper-nickel pipe3 and bronze coupling
4,5

specimens.
1. Joint failure always occurs in the bond.
2, The dynamic strength of a silver-hrazed joint is:

a. Considerably less than its static strength when bond percentage is less than
60.

b. On a par with its static strength when hond porcentage is greater than 80.

3. When the hond percentage is greater thun about 60, cracking of the fitting can accom-
pany the hond failure.

4. Cast beonze fittings have undesirable design features, namely, abrupt changes in sec-
tional area and sharp reentrant corners which probably reduce joint strength. These defi-
ciencies could be remedied.




5. The indices associated with failures of joints having less than 60 percent hond are:

a. Bond failurex occur at velocity changes fving within the range capacits of high
impact xhock machines,

b, Permanent axial pipe strains of up to about 3 percent accompany bond failure,
Poermanoent strains in the fitting are negligible,

. Falure results from shear stre<x in the bond.

. For bond pescontages above 60, joint failures are associated with the following
indices:

1. Velocity changes as great as 33 fps are required to produce bond failure,

b. Bond failures are accompanied by permanent axial tensile strains in the pipe

of up to about 10 percent and permanent circumforential tensile strains in the fitting
of up to about 3 pereent.

c. Bond failures apparently roxult from combined <hear and tensile stposses,

. Doponding primarily on the magnitude of the dynamic load. the following (vpes of

failure. listed in order of deereasing magnitude of dynamic load. can be expectoed:

a. The hond fails immediatels as a result of the first load.

b. The bond failz suddenly, after having <urvived =everal dyvnamic lcad<, or grad-
ually. while heing =ubjected to repeated loaas,

. The pipec which is vory ductilo, i= capable of absorhing a large quantity of pla=tic
<train energy, thereby protecting the joint from failure,

RECOMMENDATIONS

1. The current proctice” of rejecting joints with loxs than 60 percent hond =" uld be
continued.

«)

sinee the type of test describod in this roport is effective in evaluating the dynamic

=trength of a brazed joint, it is suggested that it use be considored for testing other types
of ppe conneetions such ax welded joints,
o

by

The geometrie design deficioncios of caxt bronze fittings should be overcome,  An

alternsiive coupling design having rounded roentrant corners and geadually changing soc-

tional arew ix shown in Figure 110 The changes proposed in Figure 11 are equally appli-
cable to all similar cast fitting=, ®
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Letail €

L. L.,

1. coupling per Ref 5

- 125 percentof M. N 055 ""

Radis

Add Material

30 percentof T —+—

Thickness T
of Scehet

N \
\\\ k.

r3g.-0.66 val

Shoulder Width § — 22 |" '{ §0% of § _~Remove Matenia!

Pipe Wai!

— . —— o m—— - ——

An auxthiaty brazeng metal
msett ting could be used

5 percent of N s permit'ed by present spec. for here for extra strength,

tacic in braze metal insert nng groo e.Revise

spec o require radn - 6 percent of d (0 03~
in this casel
Resuits of Changes
Detait C 1. Increase in weight of coupling ® 172

-Saéalye-i.ﬁ‘z'" 1 b—': 2 Increase n maximum dixneter of cousling ~ 6o

Figure 11 = Proposed Coupling Design Changes

A 1ein. coupling has been chosen for purposes of illustration,
The changes are applicable to other similar fittings, viz,, elbows,
crosses, and tees, ‘




TABLE 1

Dimensions and Areas of Pipe and Couplings

Pipe
Out:ide Thickness Coupling Socket Diameter Grcove

Diameter | Pipe | Covpling | Bore | Length | Outside | Inside Diameter | Width
(max) (min) (min) (min) (min}

D 1A R A I O R O 6

in. in, in, in. in. n. in. . n,

0.095 0.20 1.108 | 2.38 1.72 | L1315
0.165 0.35 178 ] 3.18 4.20 | 3.500

Dimensions of Pipe* and Couplings**

Pipe Coupling 100 Percent
Sectional Barrel Bond Surface
Area Sectional Area Area

A, Ac 8

$q in. sq in. sqIn.

0.36 (.82 1.2
1.73 3.88 6.31

Areas of Pipe and Couplings

-—-‘ Socket.

Groove for Braze Metal Insert

Ap = nTp(D - Tp)

AC = "TC(BC + Tc\l

B = 27MD = Total Area
Availabie for Bond

Pipe Coupling—
(in section)

*Dimensions are {rom Reference 3.

**Dimensions are from Reference 5.




TABLE 2
Test Result
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TABLE 3
Pipe Loads at Bond Failure — Static Test Data*
3 Inth Pipe
Ullimate

Tensiie
Force

Ultimate
Tensile
Stress
N Mipe

1-Inch Pope
Peicent Uitimate { Uitimate Petcent
Bond Tensile | Tensde Bond
tliteasomic burce Stress | elitrasonic
Inspection, wn Fipe g dnspaction
Mg on? [ kip o’
0 (LR 150

Sher Retiren v

TABLE 4
Comparison of Ultraxonically and Visually Obtuined Bond Percentage

bogant g
Visua

Uty




TABLE 5
Flexwilitics of “Parts*® of Specimens

Characteristic Pipe Size Pipe Coupling Batrel Jont

Length L, Clear Lengthol | L, Lengthof Coup- |1 Depthof Socket
Pipe Section ling Barrel M. N

‘See Table iSee Table 1
4,56 m, 194 m, 0.44n,

2.50 wn, 1.94 10, 0.44 0,

0 1.94m. 0.44 11,
3.16m, 2.3% 0, 0.83 .

Sectional Area of Sectional Area of Sectiaral Area of
Pipe Coupling Barrel Sncket =i,
See Table 1. 1See Tahle 1) i1See Taple |

;h: G+

0.36m.° y.82m.¢ 071302

173m" 1,88 n." 161!

Sutface Area of Banc
i1Ses Taple | Per
ceat Bong - (00 Per-
cent Bond Aea

Elastic Moduius . Tensile Modutus Tensite Modulus Shear Mcauius of Bzre
iMimimym tAssSumed.
1] b n
o = 131" = o=

e in* iny

Flexibility . Pipe Flexibitity Fleubihity o1 Joint Flesibinty
Coupling Barret T Approneate:

L ) {8 .
4

4 EPA" EcA.~ G8

PP

. ' 0.8
RTPRTALIE 0.182. 10" “Tavew - ¢

in
0.63.10°" Ty 0.182. 107" do

|
G c.182. 107" do

o ) 166
0.166. 107 7 0,005 10 * 7l WT.sre0

Coupling Coupling Sueher

Barel \Pomon of Pipe 1n Socket
ﬂ et ol eeea
— LT

*This appronimate eapression incivdes the effects of pipe and brrre 8412l 1n2iuded within sochet
and should et ba considered valid lot values of percent boad below about §.
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