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DESIGN CRITERIA FOR FLEXIBLE UTILITY CONNECTIONS
Technical Report R-608

Y-F011-05-02-304

by

D. G. True

ABSTRACT

The existirg Jesign of flexib!e utility connections used in naval
installations incorporates a flexible bronze hose hanging freely within a
coriugated metal tube so that it can move without being highly stressed at
the soil-structure interface. A study was made of this design and of possible
modifications 1o it, Theoretical predictions were formulated for flexibility
and dynamic strength; the theories were tested and partially verified experi
mentally in the laboratory. The flexibility of a hose was related to the
manufacturer’s specified minimum allowable bend radius. The dynamic
strength was expressed in terms of peak acceleration and hose weight and
length in a semiempirical relationship suitable for use in design. It is
recommended that the results of the present study be incorporated in an
appropriate design manual, subject to verification by full-scale field tests,
and that a summary be compiled of means 10 predict the relative displace-
ments between a buried structure and the surrourding soil.
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INTRODUCTION
Statement of the Problem

Buried structures subjected to blast loading must be serviced by
utilities continually during and after the blast loading. Each connection
between a structure and a utility line must withstand whatever portion of
the load is transmitted to it via structure, utility line, soil grains, and soil
pore fluid, and musi «lso accommodsie tlie rapid displacement of the struc-
ture relative to the utility line. Thus, a connection, to be satisfactory, must
be sufficiently fiexible to accommodate a specified deflection and sufficiently
strong to endure the inertial loads resu'ting from the rapidity of the deflection
and the loads transmitted from the dlast. The purpose of this study is to
develop a connection design which satisfies these requirements and 1o
establish reliable desian criteria,

For purposes of this stu.y, the displacement of a buried structure
relative to a buried utility lin s assumed to be the same as that of the struc-
ture relative to the free-fiele soil. On this basis, a connection can be designed
by using available dzta on «ae behavior of buried structures. The design of the
utility line is not treatea in this study.

Background

A summary of the state of the art, as of December 1962, of the design
of hardened structures is contained in Refcrence 1. Included is information
on load transmission through soil and ground motion as functions of weapon
yield, distance frcm ground zero, and soil properties. Information about dis-
placements of footing-supported buried structures relative to free-field soil
is sparse, due principally to the absence of definitive data on soil-structure
interaction.

A symposium on soil-structure interaction? served 10 bring together
the results of many recent and current research efforts in this field, However,
these results were too general to furnish relative displacement information
directly applicable in design.
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In a report of prelit vinary NCEL work on the subject,® H. Tomita
outlined research required to develop a reliable design of flexible utility
connections. This work included studies of the type of connection design
and the magnitude of relative displacement.

A report? of work done on contract for NCEL in 1865 updated the
state of the art specifically related to attachments and connections for buried
structures. This report outlines methods for calculating blast-induced ground
motion and relative displacement between very stiff prismatic buried struc-
tures and the relatively compliant surrounding soil. It reaffirms the lack of
precise data on relative displacements between footing-supported buried
structures and free-field soil.

Further research into sotl-structure interaction and the dynamic
behavior of buried footings by NCEL and other agencies has given designers
some ability to predict such relative displacements. Tests of dynamical'y
loaded strip footingsS- € have indicated the nature of the load-deflection
relationship of a footing buried in granular soil. For increasing load, this
relationship may be approximated by an elasto-plastic idealization, wherein
a very large deflection (catastrophic failure) is caused by exceeding a <ritical
load, while smaller, more readtly predictable deflections occur under loads
significantly smaller than the critical load. Results of tests of buriec model
arch structures with footings?- B give insight into the structural and footing
hehavior of this type of structure. Experiments in soil arching arcund buried
rnodel structures® 12 show reductions in structure lcad that may be expected
to occur simultaneously with relative deflections. These data incicate that
steady-state maximum arching conditions may be established well within the
subcritical footing displacement range. v :

An analytical method was developed at NCE L3 to predict blast-induced
body motions of buried structures with footings. This method gave very good
predictions of the displacement and velocity histories of a standard metal arch
Navy personnel shelter under TNT blast loading at Operation Plumbbob. The
predicted peak relative displacement between structure and soil field was
about 3 inches. The loading conditions at close range in this instance were
approximately equivalent to nuclear blast loading at a somewhat greater range.
This peak relative displacement is considered representative of values which
might be expected at many field installations of this type.

The existing design of flexible utility connections in use by the Naval
Facilities Engineering Command (NFEC)*4 is shown in Figure 1. This design
incorporates a flexible metal hose (of the type described in Federal Specifi-
cation RR-H-65Ib) that is enciosed in a protective corrugated metal tube. The
hose contains fluid under pressure, as furnished by the utility line, and must i
accommodate any relative displacement between the line and the structure
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wall or footing side. The protective tube provides an air space within which
the hose moves. The air space is required to distribute the relative displace-
ment evenly along the length of the deflected hose. The protective tube
must be strong enough to maintain its volume of enclosed air space under
soil-transmitted stresses resulting from blast loading. Details and intended
use of the design are contained in Reference 14.
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NOTES:

1. Shelter bulichead

2. Ten-inch-diamv.ter by 36-inch-long corrugated metal pipe ICMP), 18 gage.
3. Slack flexibie metsllic hose 24 inches long.

4. Ten-gage plate, 14 inches square, welded all arcund to shelter butkhead.
5. Butt CMP against piate. Do not weid.

6. Pipo brazed all around to plate.

7. Ten-gage plate, 14 inches square—butt against CMP. Do not weid.

8. Pipes and hose either 1 inch or 1-1/2 inches insice diameter.

Figure 1. Existing NFEC design of flexible utility connections
(from Reference 14).

Alternative designs have been proposed.3-4 These include configura-
tions incorporating such diverse concepis as encapsulation with a collapsible
material, sl'ding joints, and bendable knuckles., These various concepiual
designs offer varying degrees and magnitudes of freedom of motion. The
resulting limited extent of applicability of each detracts from its feasibility
as a standard connection design.
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Approach

The decision was made to eliminate from the scope of this work the
conceptual designs whick were untried and for which the. 2 were no working
counterparts in the field. Thus, this work includes only the existing NFEC
design of a tlexible utility connection, along with reasonable modifications
of it, including versions incorporating allernative hose types, materials of
construction, design dimensions, detailing, and installation positioning.

Flexible hosz specimens were fobricated in lengths determined
theoretically to give a desired deflection capability. The specimens were
tested in the laboratory both statically and dynamically to determine the
validity of the assumptions upon which their dimensions veere based and
to cvaluate the stresses of ilexural and inertia! origin which might czuse
failure. The ultimate objective of these tests was 10 develop flexibility and
dynamic strength design criteria. At the same time, working with specimens
of various types enabled the project engineer to gain knowledge of their field
behavior and thus to make useful recommendations roncerning instatlation
procedures and precautions,

As previously mentioned, information on relative displacement
tetween a buried structure and the surrounding soil is indefinite quantita-
tively. Based upon available data, co wservatively high estimates were made
of maximurn expected relative displacements in both directions along each
of three lines of action (vertical, horizontally tangential to the side of the
footing, and normal to the side of the footing). A downward {aoting dis-
placement of 4 inches relative to the free-field soil, an upward relative
footing displacement of 2 inches, and a horizontal displacement of 2 inches
in all directions were adopted as a basis for the design and evaluation of the
connections studied and reported herein. In actual experiments, these values
were varied according to the lengih of the available experimental specimens.
Rotations were not studied, due to the small amounts of rotation of connec-
tion ends anticipated in actual installations.

Experimental specimen length was determined theoretically, based
on the manufacturer’s specified minimum allowable bend radius. No design
calculations were made involving hose stiffness or reaction forces and
momen1s on end fittings caused by static deflections.

In addition, the theory was developed to predict the diameter of a
protective metal tube enclosure required to provide sufficient deflection
space to preclude damige to the hose, This geometrical aspect of design
was not tested experimentally.

———————e—




FLEXIBILITY OF CONNECTION HOSES

Two theories of hose deflection were developed to predict the huse
dimensions required to achieve a specified defiection capability. Computer
programs were written to tabulate dimensions te enable the design of test
specimens.

A series of static tests was subsequently conducted to determire:

1. Bent shape of hose—to ascertain the better of the two basic
assumplions used in the two respective theoretical calculation
techniques

2. Amcunt of permanent bending incurred by hose at various
portions of the design deflection

3. End forces and moments required to sustain various f.ortions
of the design deflection

4, As a result of the above, the degree to which a developed
theory could satisfactor‘ly specify design dimensicns for the
hose

Theory

Figure 2 shows a connection design deflected acce.ding to the
displacement specifications mentioned previously (the displacement
parameter, § in the figure, equals 2 inches). The version shown is similar
to that of Figure 1, but differs in the tixity of the corrugated metal tube,
the installed position of the hose, and the dimensions of all parts. The
location of the top of the corrugated pipe enclosure is determined by the
uppermost displacement of the end fitting, while the location of the bottom
is determined by the bottom cf the lower arc of the huse in the comnressed
position. The corrugated enclosure is not attached to the structure or the
incoming utility line; it can be compressed by or removed from the footing
during relative displacements between the footing and the free-field soil in
the direction of the hose's longitudinal axis.

An attempt was made to utilize the manufacturer’s specificd minimum
allowable bend radius, r, of each hose in determining the length of hose needed
to achigve required relative displacements between the two ends. Computer
programs were written o calculate and print tables giving the required free
length of hose (not restrained by end fittings) as a function of the specified
displacement capability and r. One program (Appendix A) based calcuiations
on the assumption that r was achieved along the entire length of hose, resulting
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{ in a shape consisting of a series of circular arcs connected end to end. This
shape would occur in a8 hose that locks at a radius of curvature equal tor
and bends no farther until much larger moments are applied. The sacond

] program (Appendix B) assumed that the hose behaved elastically, taking on -
a sinusoidal shape, and based calculations on a radius of curvature equal 1o
¢ at the location of the sharpest bend in the sine wave—the apex of the =1
curve. :

:' In addition, ine heighi of protective enclosure required to zllow free

movement of the hose under the stated assumptions and adopted specifica-

tions was calculated, ‘t3king into account the hose's outside diamezer, d,.

{ and the largest fitting diameter, dy. Values of specified deflection, 6,
required span {distance between end fittings, as installed), s, and required
enclosure height, h, computed under the “‘locking’’ assumption for incremerital
deflections ranging to over 4 inches are given in Tables A-1 through A-4 ‘¢
various sizes of a commercially available flexible bronze hose and in Tables
A-5 and A-6 for two types of flexible rubber hose, reinforced with helically

8 wound steel wire. Similarly, values of specified deflection, required free
length, and required enclosure height computed under the ‘elastic’ assumption
are given in Tables B-1 through B-4 for the bronze hose and in Tables B-5
and B-6 for the rubber hose. The tabulated deflection is equivalent 10 § in
Figure 2. A value of & = 2 inches was used 1o determine the dimensions of
the experimental test specimens.

The design dimensions of hoses were computed differently from the
outputs of the two different computer programs, because of a difference in
output format arising out of efforts to simplity computer work. The basis
for adjusting the output is that the free length of a hose is equal 10 the sum
of the instatled span and the deflection. This length must be computed from
data given in Tables A-1 through A-6, while it appears directly in Tables B-1
through B-6. However, the installed span must be consputed as the difference
between free length and deflection in Tables B-1 through B-6, while it is given
directly in Tables A-1 through A-6.

A comparison of the results of calculations based on the locking

i behavior assumption {Tables A-1 through A-6) with those based on elastic

behavior (Tables B-1 through 8-6) indicates a wide variation in the predictions

of the span required to accommodate a specified deflection capability,
especially when the deflection is a large fraction of r. In all cases the span
required under the elastic assumption is larger than that required under the
locking assumption. Whether or not the larger span is actually necessary, or
whether the elastic or locking behavior assumption is more 2ppropriate,
should be readily evident from flexure test data.
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Figure 2. Theoretical assumptions of flexible utihity connection
movements.
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Test Specimens

Flexible bronze hose specimens were precured in accordance with
existing specifications' trom available commercial products. Anzconda -
bronze type S-1 hose with annular corrugations and a single braided bronze
wire fabric cover, hereafter referred 1o as hose type AB-S1, served as raw
material for bronze hose test specimens. In addition, a suction-type rubtiber
hose with stiff, helically wound reinforcing wire designed to prevent crushing
and collapse was selected as a promising alternative. Rubber hose snpecimens
were obtained from the Gates Rubber Company (GT), the B. F. Goodrich
Industrial Products Company (BFG), The Goodvear Tire and Rubber
Company (GY), and the United States Rubber Company (US). The free
length and inside diameter of the specimens tested varied as shown in Table 1.
Hose specimans were carefully examined by the project engineer and
compared on the basis of stiffness (reciorocal of fiexibility). Stiffness ratings
corrected for inside diumeter were assigned to the available hoses on the basis
of 0 to 100 (increasing for increasing stiffness). .
Hoses were selected for static testing based on high resistance to )
distortion of cross section in bending, low subjective stiffness rating, early
ume of receipt of specimen, adequate length of specimen available, and
variety of fittings furnished. Hoses of the US and AB designations were
furnished with fittings and were tested early in the program.

Test Equiprnent and Measurements

The static tests were conducted by restraining hose specimens in
predetermined positions of relative displacement by means of a Baldwin
loading machine. The machine served both to maintain proper displacement
positions and t0 measure total axial force on the hose specimen.

A hose specimen was placed vertically in the machine. The top hose
fitting was attached 10 a short piece of pipe which was held in the jaws of
the machine. To measure lateral forces and moments on the hose specimen
and to provide a means of readily changing the restrained position, the
bottom fitting of the hose was attached to un end fixture block, a piece of
2x G-inch {nominal size) fir wood 24 inches long. The block was supported
on two rollers, spaced 9 inches on either side of its center, which rested on
the platform of the loading machine, and was restrained from transvarse
movements by a restraining block clamped to the machine platform. Spec- -
imens in this test configuration appear in Figures 3 and 4.
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Table 1. Characteristics of Hose Specimens

t
Nominag! ' Minimum Tests Conducted
% Dismeter (in) taght Pritinicas Bend
Desgnation Wall Type® ; ’ e Rating : Static
(‘b Radius, v
. - 10-100} o Dynamic
g ' dn . Amtyient Pressurized
- 4 C., with
g 075 1.32 1.06 5 7 x x 3
i ':f_"’"" el 1.00 153 121 5 8 x x =
A ‘°:: '~ 150 223 212 5 10 x x =
et 200 286 3.09 5 n x x x
tintings
ABSI
Sl 200 286 309 5 n . - "
LRI
| 200 286 209 5 " x £ .
fittings
BFG-82A s 2.00 2.50 1.14 70 12 z = =
BF G-84H 3 2.0 263 1.2 20 4 . — =
BFG 85 S 2.m 263 1.4 ') 12 = - -
8FG-80P 3 125 163 0.9 7 - - - -
GT-24HW s 2.00 250 ) 50 sal v . -
GT.2458 c 200 295 1.15 35 L - - -
GT.20058 c 2.00 263 1.36 20 ~3 = - -
GT-43HW s 200 255 160 30 58 x = =
GT ATHW s 200 265 1.60 0 58} . - s
GY FW S 2.00 255 1.33 ) 58} x - -
USP5120 s 200 258 15 80 58t x x =
US #5184 c 200 250 1) 10 a2 x x =
USP5176 S 2.00 2.59 {1/} 0 et - -

* S = ymoaih, C = corrugated.
t Rubbey hoses deamed unfeasibie for the desgn under consderation due to excessve sLTTNEss OF CoOtrugations wers nat tested.
1 Estumated from observations of specimen,
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The static tes' configuration permitted various displacement positions
of the lower end of a specimen relative to the upper end. 1t prevented rota-
tion of either end of the hose. In addition, it allowed measurements to be
made of the axial and transverse forces ai.d the end moment necessary to
hold a specimen in a given deflected position. The transverse force was
measured with a spring scale of 32-pound capacity (or one of 80-pound .
capacity when necessary) by moving the fixture block shahtly away from
the restraining block, as shown in Figure 4. The lonaitudinal force and
moment were determined indirectly by computing the sum and difference
of the reactions at the two rollers which supported the end fixture block.
Each upward force v:as measured with the same spring scale by lifting each
end of the fixture block slightly off its supporting roller using a hook
located 9 inches from the center. A weight correction for the end fixture
block was required to properiv compute the axial force on the bottom of
the hose. As a check, data from the loading machine were taken to pro-
vide a record of the axial force acting downward on the top end of the hose;
these data were to be compared with the bottom-end axial force data after
a weight correction was made for the hose. ‘
The internal hose pressure was read from Wallace and Tiernan
Bourdon-type dial pressure gages, which were an integral part of the NCEL
static pressurization console used 10 apply pressure to water in the hose.
Relative displacements used in testing were determined from )
Tables A-1 through A-6, which list deflections derived thieoretically from
hose free length. Experimental values of & were obtained for tie lengths
of available specimens by interpolation, and hoses were subjected to deflec-
tions statically to conform to the deflected positions depicted in Figure 2,
Values of & for the specimens tested are tabulated along with some test data
in Table 2.

Test Data

As shown in Table 1, some connection hoses were selected for testing
under varying internal pressures, while others were tested containing only
atmospheric pressure. For each of the hoses tested under varying internal
pressures, a set of measurements consisting of the transverse force on the
end fixture block, two upward forces on 9-inch moment arms on the block,
and the downward force on the top hose fitting was obtained at each of
seven different relative displacement positions, as shown on the sample data
sheet (Figure 5), under internal pressures of 0, 10, and 75 psig. For the
remainder of the available 2-inch-diameter hose specimens, the axial force .
required to maintain a longitudinal deflection of -6 from the installed position,
termed the buckled axial resistance, was recorded. Data of hose specimen
weights and buckled axial resistances are centained in Table 2.

12 [




-

o — e e

n
WA L ST ST
.
»

DATA SHEET
Fy, rJ“ﬂ
f " ;
9in. - i ’
P !
HOSE FLEXURE TESTS ok - B
. - -
. - {!
Toutna L {17/ 9in \ tatec |
‘ length i
Date /- /-4 Time /300 -,
|
Personnel 27 MC ?
| .
P:::';’" PlnL Mouu:::,f'orw Computed L cads !
ress.,
Pi n “F_- e Q791F ¢
* ¥ ) | pracnine tos | Fo | Fo | Fy - :b.) oL nt’ny‘nf W t
0 1-345 o [ -/¢ =75 1 ez 2. P/
0 0 -/ 6 -74] /2 0 -7 L 3.37
0 |+345 /.4 -7 | nsl -4 1 =14 3, /7 ¢
<.3]-2. , /345 =7 1/3] 1 -2 L
. 23| o | —¥% 0 -7 | ;34| o —-203% L7
b -23|4345] | —/3.5 -7l | =/ -20 LS
44| o 11 -12.6 |-¢%| /2| o | —1w% S.0¢
Notes: [|Shaff\ocrmanent fend bf¥ier| dellitbon of X< -22.3 i,
2\l re m?ﬁi::ééﬁﬂ'mn(o-'n/ ond X r ﬂ/;‘&:""/m'a .3L
Y= -FLh.
3\ Buke] Dernnes s serlbos derdls £k,
| Kose Testnd sts &, 2 R A
Jﬂf/‘a}”'// 05 dnd b2 =P L Wice
ofer//;. Srze: ipdd /

Extended Length <3/ % in. Deflection, Delta 2.2 7 in. Weight 2. 72 Ib. |

Figure 5. Sample static t2st data sheet.
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Table 2. Static Test Specimen Data

Locki Locking Elastic Elasuc
incide | Free M 1 Buckled® - BUC 1 Buckled®
5 Deflection . Dellection
Hose Diameter,| Length, Cacability Hosc Axial Capabilit Hose Axial
Designation d L A | Registarca | P2 ¥ | Resistance
' 5, bg _

{n.) {in.) (i) at O psig (in) at 0 psig
' {ib) (ib)
0.75 28.0 222 9 1.06 9
1 31.3 2.37 14 1.14 13
AB-S1 15 35.8 229 33 1.14 K}
2 39.5 2.60 27 126 19
2 295 1.08 59 0.58 46
GY-24HW 2 20 1.19 125 0.60 2
2 32 4.61 47 1.91 a0

- !

it B 20 1.19 106 0.60 106
GY-FW 2 22 1.58 86 0.76 76
Us-P5120 2 219 L JA5% | 80 075 44
uS-P5194 2 218 2.44 200 1.18 129

* Buctled 1o asaume the compressed posttion (28 shorter than extended length)
showen in Figure 2.

The transverse force, F, as entered on the data sheet, required no
reduction. The longitudinal force, £, and the restraining moment, M, were
derived as

F, = F, = Fy (b
M = 075(F, + F,) (Ibf1)

where Fand Fy, are static test reactions on the end fixture block, as shown
in Figure 5.

The load read from the testing machine {positive in tension) was used as 3
check on F,. {This load was expected to differ from F, by a constant
amount—consisting of portiors of the weights of the hose, contained fluid,
and end fixture block.)

14
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Observations of the degree of permanent bending were made during
the tests when the internal hose pressure was at atmospheric (0 psig), and
photographs (such as shown in Figure 4) were taken to record the deflected
shape. Slight permanent bends were observed in all sizes of type AB-S1 hosa
after longitudinal relative displocements ot -6 from the installed position,
Obvious permanent bending was evident after displacements of -26. No
permanent bending was observed in rubber hase specimens subjected to
longitudinal relative displacements smalier than or equal 10 -26.

Reduced test data are presented in Figures 6 through 11. Figures 6
ard 7 are moment-deflection diagrams: plots of the longitudinal defiection
ratio, D, /8, against the restrzining moment M, applied at the end of the
hose. The longitudinal deflection, D, , was taken positive in tension and
equal to zero at the fully extended length of the hose. Moments were com-
puted from the upward force couple measured on the end fixture block.
Figures 8 and 9 are force-deflection diagrams: plots of D, /8§ against the
restraining longitudinal force, F,. The longitudinal forces were also calcu-
Iated from the upward force couple measured during the expariment.
Finally, Figures 10 and 11 are plots of D, /6 against the restraining tronsveru:
force, F,. Points have been plotted for the three transverse deflections,

D, = -6,0,and +4.

Discussion

The combined weight of the hose (Table 1), contained fluid, and end
fixture block affects the upward force couple. This weight was highly signif
icant, being on the same order of magnitude as the force measurements.

Permanent bending affected the hinearity and hysteresis of all plots.
The degree of permanent bending was dearned insignificant for D, > -28.

11 is significant that tests in which the internal pressure was raised above
ambient were conducted after D, had beern held at -38 to obsenve permanent
bending.

Generally, the moment-deflection wehavior shown in Figures 6 and 7
indicates an increasing bending sti‘iness with increasing hose size. The
rnoment increased roughly in preportion to the longitudinat deflection.
However, straight lines drawn 10 group tne points representing various hose
sizes and internal pressures do not all pass through the origin. This may be
due 1o both the initial bends in the hose and the weight of the hose and end
fixture block. Lines A and B, drawn through the two hose sizes on each plot
for both zero and 10-psi internal pressures, pas: closer to the origin than do
lines C and D, which are drawn through data points taken when the internal
pressure was 75 psi. Thus, the internal pressure atso apparently influences
the line's iailure 10 pass through the origin. The data for zero and 10-psi
internal pressures are essentially the same; hence they are represented by the
same line,
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Figure 7. Staiic moments—larger hoses, type AB-S9.
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Figure 10. Static shear forces—smaller hoses, type AB-S1.
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The longitudinal force-deflection diagrams (Figures 8 and @) show
longitudinal force to be almost constant with varying longitudinal defiect:on.
Some increases in force at higher deflections did occur for the larger hose
tests {Figure 8); this is even more apparent at the highest internal pressure.
Here again, the data for zero and 10-psi internal pressures are essentially the
same and are represented by the same line.

In the plots of transverse force against longitudinal defiection
(Figures 10 and 11} variations in transverse deflection have been shown by
using different symbo’s as data points 10 maintain continuity of formai
with the preceding figures. These plots show that transverse fcrce increased
with increasing longitudinal deflection, internal pressure, and hose size. A
reverse relationship is apparent between transverse force and transverse
deflection: that is, they are oppositely oriented with positively correlated
magnitudes. In all cases. the transverse force was very small relative to 3
force necessary to be~a a utility line of equivalent inside diameter constructed
of standard galvanized steel plumbing pipe (all transverse forces were less than
6 pounds).

The shape of the load-defiection curves (Figures 6 through 9)
indicates an elasto plastic rather than a locking behavior in the hoses tested.
The apparent sin.ssoidal hose thape, photographed in Figure 4, sustains this
hypothesis. The deflections at points of departure from linear load-deflection
relationships and the deflections visually observed to cause significant perma-
nent bend:ng veere in fair agreement, weare lower than those predicted by the
locking computer program, and were approximated fairly well by the elastic
computer program, This, together with the sinusoida! appearance of the
deflected hose, points to the elastic pregram as best suited to determine
design infsrmation for the flexible hose.

The compressive forces required to maintain the computed longitudinal
deflections for rubber hoses were much higher than for metal hoses. Also,
straight-sided rubber hoses required more restraining force than corrugated
rubber hoses. These large resistive forces are in agreement with subjective
observations that the rubber hoses were more difficult to manually deform
than bronze hoses of the same size. The higher measured forces veere due, in
part, 10 ihe shorter lengths of rubber hose specimens, wrich were based on
smaller values of r.

As previously stated. computation of the lengths of hose used in the
experinr "nt was based on the assumption of locking behavior. For the metal
hoses w:th relatively large values of r, there is only & small difference between
lengths calculated by using the locking and elastic computer programs, But
for the rubber hoses with relatively small values of r. the choice of a basic :
assumption (locking versus elastic) becomes quite important. This can be
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seen by comparing the displacement parameters, &, and 6¢, in Tables A-G
and B-6, determined from the locking and elastic assumptions, respectively,
for a section of hose with an instalied span of 22 inches { 1.58 inches locking
versus 0.76 inches elastic). As can be derived from Table B-6, en extended
free length of about 32.61 inches would be required for 6g = 2 inches. Itis
feit that this longer rubber hose would be satisfaciory from the standpoint
of ease of hand!ing in installation and lGw stresses on restraining Suppons
when the hose s detlected.

The corrugated rubber hose was seen 1o gssume sharp internal folds
when bent 1o any appreciable degree. Such folds are felt to cause undesirable
restriction to fiuid flow. The high localized long-term siresses in the rubber
in these folds may cause creep and premasture age-cracking of the hose wall,
Such possibilities should be evaluated in more detail.

The magnitudes of load measured are not critical; the moment was
sufficient to cause permanent bending, but the amount of bending can be
readily controtled by limiting the deflection. The shear force was observed
to be very low compared to that which could cause plastic shear deformation.
However, it is possible that these fcrces could become critical under Synamic
loading.

DYNAMIC STRENGTH OF CONNECTION HOSES

Dynamic tests were conducted on selected specimens 1o determine
the extent of the effects of inertial 'oading on hose performance and
reliability. Internal forces in the hose and external loads and motions
were monitored. Results were compared with manufacturer-supplied data
on hose strengths in an effort to establish a criterion for predicting dynamic
hose performance from a manufacturer’s data.

Theory

To enable the development of a theorctical relationship between
inertial loading and internal forces in a hose, a load-response mechanism
was assumed whereby inertial forces cause the hose to be loaded perpendic-
ularly to the straight line drawn through both end fit:ings, thus causing
tension 1o increase in the hose wall. Such tension would oe maximum
:mmediately adjacent to the end fitting undergoing rapid displacement, At
this point, the tension was further assumed to be uniformly distributed
(as shown in Figure 12) on the quarter-circumference of the hose situated
on the side opposite from the direction of inertial load (that is, on the
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Section A-A

L

NOTES:

1. This quantercircumference assumed to carry uniformly distributed tensile stress.
2. Remainder of hose section assumed unstiessed.

Figure 12. Theoretical assumption of hose stress distribution.

uppermost quarter-circumference adjacent to the end fitting when inertial
forces act downward), The remainder of the section was assumed to carry
no load. From the dimension of the hose section and the magnitude of the
tensile force, the iensile stress in this quarter-circumference of the hose wall
was calculated as*

b B F
% T Sstressedorea  mt(d, + 1)

4

= ——e_F—_ f
7t(d, + 1 Y

where F = total tensile force in hose, Ib

= inside diameter of hose, in,

o
[

thickness of hose wall, in.

e
1]

The amount of hose strength available to resist inertial forces was expressed
in terms of equivalent internal pressure as

P =P - P (2)
where p, = dynamic burst pressure, psi®*

p; = internal pressure in hose, psi

* Sec symbols listed on foldout at end of text,
** May be supplicd by the manufacturer or determined by static test.
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The maximum allowable hose wall stress was then
internal area

Imax = P\ oo

stressed area

7d;2/4 pd;?

f Omex = P TX(d, + 1) 4ud, + 0 &

Equating the right members of Equations 1 and 3 yielded the following
expression for maximum allowable tensile force:

- wd;?
qu =Pp 16 (4)

The tensile force in a hose is equal in magnitude to the resultant of
the reaction components 3t the end fitting. This resultant was computed as

So (5)

where Fv = {rans erse component of hose force, Ib

¢ = angle between total tensile force and fitting axis, deg

An upper limit to the perpendicular, or shear, force, Fy , was estimated by
assumin) a long duration of acceleration compared to the time required for
the hose to distribute inertial forces and reach an equilibrium position. The
idealized hose was assumed 1o act as an axially rigid line offering no resis-
tance to bending, with mass uniformly distributed along the horizontal
projection, (A more accurate assumption of mass distribution in the curved
hose was found to add only a negligible increment to the shear force.) The
downward velocity was assumed to vary linearly with position, from the
fitting velocity at the moving erd to zero at the fixed end. The acceleration
required to halt this motion in a given time span likewise would vary linearly
with position, as shown in Figure 13. The acceleration at any point on the
hose span was written as

a=A-ﬂ.
S
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where A = acceleration of moving end, g

x
n

distance measured from moving end toward fixed end, ii1.

s = hose span, . r

m acceleration magnitL e
—

ISTS RIS I IRIRITIRST ST STICIRIR,
S S S R SRR r

moving end fitting fixed end fitting

Figure 13. Theoretical assumption of hose acceleration distribution.

The force required to produce this acceleration in @ mass weighing l
wdx would be

awdx=wA-¥ dx

=P

where w is the weight of the hose per unit change in x, Ib/in. Distributing
this force to the two ends according to static moment equilibrium would !
give for the incremental force on the moving end

|
¢
dF, = awdx(s“x) =%(s-x)7dx l
Thus, the total force due to the ena acceleration A would be [
A {A 3 l
F, = dev = f—-vi(s-x)"'dx = I—w- 2x - sx? + =
$? s? 3

or
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in which ws/3 represents the effective dynamic weight of the hose. In terms
of weight per unizt lenath of hose, the force-acceleration relationship was
expressed os

pR
Fv = A 5 {G)
where p = weight per unit length of hose, ib/in.
L = free length of hose in span s, in.
pX/3 = effective dynamic weig'it of hose, Ib

Substituting Equation 6 into Equation 5 gave the following theoretice | uppar
limit for experimentally measured tensile force in terms of acceleraticn and

hcse characteristics:
A 34
F B e —
sing < 3 ) ?

Specimens fabricated from 2-inch-inside-diameter type /aB-S1 bronze
hose with various fitting types and one specimen of type GT-4 3HW rubber
hose were tested to establish their dynamic behavior characteristics. The
specimens have been previously described to some extent ir: Table ). Their
characteristics specifically pertinent to dynamic behavior as required to
evaluate parametars in Equations 4, 6, and 7 are showr: in Table 3.

Test Specimens

Test Ecquipment

The NCEL 10,000-pound rapid load machine, shown in Figures 14a
and 14b with a specimen in test position, was utilized 1o provide a rapidly
displacing fixture head to which nose end fittings could be attached for
testing. General characteristics of the motion of the loading head, as used in
testing, include:

1. Approximately 3 inches displacement withil, about 1/20th of a
second

2. Velocity exceeding 2,000 {t/sec

3. An initial peak acceleration of about 30 to 50 g followed by a
peak deceleration of 100 to 200 g

.
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Although these parameters are not strictly equivalent to what might be
expected when a footing on a buried structure is displaced under nuclear
blast loading, the peak deceleration is of appropriate magnitude. Since
acceleration (or deceleration), which is directly related to force, is the
motion parameter having the most direct influence on interna! dynamic
stresses in flexible hose walls, the planned tests were expected to reveal
the ability of hoses to resist peak inertial loads which might be expected
to occur in actual instaliations under nuclear blast loading.

Test instrumentation

The motion o' the loading head of the rapid load machine and the
internal forces in the hose wall were monitored electrically. A Bourns
Mode! 108 lincar pot:ntiometer was used to monitor head displacement,
and a Statham A5-2C0-350 accelerometer was employed to sense accelera-
tion. The force in the loading ram which drove the loading head was
monitored with a four-arm strain gage Wheatstone bridge as a backup and
check on acceleration and hose force. Hose-wall stresses were monitored
indircctly with a specislly designed four-way lcad cell capable of measuring
moment, shearing force, axial force, and pressure by using four channcls of
electronics, The linear potentiometer, ram instrumentation, and speciat
load cell are visible in Figure 14a. and a close-up view of the load cell
appears in Figure 15.

Eacn gage produced data in the form of electrical unbalance in its
four-arm Wheatstone bridge. Power to the bridges was supplicd by a
Consolidated Electrodynamics Corporation (CEC) system D type 2-105A
power supply, and output signals were conditioned by type 1-1138
amplifiers. The conditioned data were recorded on a CEC type 5-124
direct-writing oscitlograph and CEC type 7-322 galvanometers.

Test Data

A sample of the data in the form of an oscillogram appears as Figure
16. Data such as test number, time ot day, and machine settings were noted
by hand directiy on the record. The calibration deflection at the beginning
of cach trace represents a predetermined value of the data parameter, termed
the calibration equivalent. This value was determired during preliminary
cahibration tests. Only the peak values of the data were reduced. These were
calculated by multiplying the calibration equivalent by the ratio of peak trace
deflecrion 1o calibration deflection. Peak value data so obtained, together
with notes of any unusual occurrences during testing, are shown in Table 4
for the entire series of dynamic tests. The displacement is positive downward,
while the acceleration is positive upward. A positive ram load (tension) exerts
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an upward force on the-stiding end fixture head. All axial forces and strains
are positive in tension. The shear force on the hose is positive upward, and
the angle of action of the tensile resultant force is positive upward from the
harizontal fitting axis.

(b) Showing fixed end support frame.
Figure 14, NCEL 10,000-tb rapid load machine with specimen in test position.
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Table 3. Dynamic Test Specimens Characteristics

H
) . Aliowable .
Weight-Per-Unit-Length Effective P Tensile |
Freec . Burst ‘ Force
Dynamic Inside . '
Hose Fitti Length, Total . Pressure, o F -
Designation ittings ) Hose, Water, e Weghl, Py Diameter, 2max
. Pr p pX/3 . d; nd; ;
tin.) y o] Py * Pw ) {psi) . =23 [{ _p_)f
bfin) | (Wfin.) {b/in ) (ib) (in.) 16 P
(b}
ABS1 reusable 05 0258 | 0.144 0.402 5,29 650 26 765 |
AS8-S1 solder-on 295 0.258 0.144 0.402 395 1200 26 1,497
AB-S1 weld-on 295 0.258 0.144 0.402 395 800 2.6 965
GT-43HW shank 320 0.133 0.114 0.247 263 625+ 20 432

* Taken from manufacturer’s ratings.

t p; taken as 75 psi.

b Taken as five times the manufacturer’s rated working pressure.
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Table 4. Dynamic Test Results, Peak Values

- T e e ettt s A it 2.

PN Rt §

Resultant | Angle

Tost Displacement, | Acceleration, ::;; Losd Catt:Steaiet (32in/in.) :::rl:q:. FS:re:ar. Tensile o.l ;:::u": Contained
Hose D A Force, Action,
No. (i) tg) L oy Fy E o P Fluid®
(1) S1 52 53 54 (11.] (i) (1b) (rad) (psi)
D1 - 95.8 - -541 |-329 | 515 4an -94.75 | -580.06 | 597.52 | 1.41. 0 A
D-2 - 99.5 -877 -671 | -403 588 | 491 -302.49 -950.87 997.83 1.26 0 A
D3 3.84 186 -2,250 -710 | -442 715 | 530 18,22 -585,36 585.64 | -1.53 0 A
D-4 3.86 180 -2,270 | -685 |-434 721 | 565 131,20 -837.92 848.13 | -1.41 10 A
D5 384 180 -2,640 | -676 | -426 714 | 558 138.49 -825.59 837.12 | -1.40 10 A
D-6 388 179 -2,370 -608 |-376 735 | 544 462.85 | -1,062.80 | 1,150.05 | -1.15 75 A rapid loading |
D-7 AB.51 3.88 - -1,453 - - - - 0.00 0.00 0.00 1.57 (4] A
D8 (reusable 394 - -1,540 -737 | -408 768 | 428 11297 -60.97 132.89 | -0.55 0 A
D9 firtings) 3.08 161 -1,430 -685 | -378 708 | 378 83.82 25.50 87.61 0.29 0 A
D-10 3.68 147 -1,430 -726 | -410 748 | 424 80.17 -87.16 118.43 | -0.82 0 w
D11 373 138 -1,360 -805 | -360 910 | 428 382.67 204.69 433.97 0.49 %5 w hose—t{itting
D12 366 128 -1,460 -826 | -327 |1,018 | 458 690.74 117.29 709.50 0.16 75 w
D-13 348 1e -1,170 -u24 | -357 1,110 | 457 677.87 409.35 791.91 054 ™ w
D-14 356 07 -1,170 -036 | -368 085 | 477 178.58 631.49 656.26 1.29 75 w
D-15 367 134 -1,5630 | -1,000 | -448 | 1,135 | 562 492.00 138,62 51116 0.27 7% w hose—fitting
D16 3.62 132 -1,370 -760 | -269 830 | 280 255,11 206,12 327.98 0.67 % w
D7 3.62 110 =1,170 -673 | =250 731 | 351 211,38 -50.72 217.38 | -0.23 75 w
D18 .28 a8 -1,320| -624 |-246 700 | 296 276.98 -31.60 278.77 | 0.1 -] w
D-19 3.42 142 -1,8680 -840 | -300 8930 | 317 328.00 197.78 383.02 0.54 75 w
D20 | GT.43HW 3.49 146 -1,880 | -867 |-300 982 | 324 418.11 214.70 4709 0.47 % W
D21 shank 3.50 142 -1840| -891 |-312 984 | 317 338.93 2631.80 429.56 0.66 %5 w
D-22] fintings) 3.48 152 -1060 | -904 |-315 1,022 | 349 430.05 197.74 47333 0.43 75 w
D-23 3.46 1490 -1830| -D04 | -308 |1.011 | 365 38006 187.11 432,52 0,44 7% w tested after 7 §
D24 453 154 -1,850 ~049 | -346 |1,065 | 381 386.31 199.93 434908 0.47 % w tested after 1d
D25 350 155 «1,830| -032|-327 |1,043 | 361 404 54 204,43 453.26 0.486 % w tested after 2 ¢
D-26 3,48 161 -1,780 | -918 | ~311 | 1,011 ] 351 346.22 240.18 421.38 0.60 75 w tested after 5
D27 3.00 28 =748 -348 | <118 414 ] 143 24053 265,98 351.28 081 e 19 w
D-28 3.40 103 -1,372| -886 |-306 [1,087 | 420 650.65 | . 4R1.38 799.30 0.60 75 w
D-29 3.8 78 - , =704 | <260 861 | 386 608.63 426.99 743.47 0.81 7% w !
D30 ABS 3.40 170 - =1,511 | -472 | 1,480 | 600 «11297 | 181022 | 151444 | -1.49 7% w rapid loading
0D-31] (solder-on 3.68 189 -2,406 | -1,082 | -520 | 1,306 | 605 880.25 -65.02 | 80163 | -007 % w
D32 tinings) 3.60 190 «2,400 | 1,150 | -831 | 1,200 | 635 182.22 3062.24 406,49 1.10 % W
D-33 352 196 «2,720 | -1,250 | -583 |1,277 | 68! 98.40 44137 452.20 1.35 s w
D34 343 230 -2,813 | -1,200 | -588 |1,270 | 650 =72.89 545,70 | 550.54 | -1.43 7% w
0-35 3.48 235 -2800 | -1,271 | -888 |1,732 | 670 1,680.11 -118,00 | 1,8684.20 | -0.07 7% w rapd loading
D-36 3.48 213 -2,340 | -1,430 | -450 935 | 471 | -1.804.03 -21.88 | 1,804.18 0.01 % w
D-37 3.58 240 -2903|-1,010 |-508 |1,130 | 541 404,54 439,64 507.44 0.82 % w
D38 AB.S1 364 242 ~3,080 | 1,075 | -519 |1,166 | 565 331.65% 53376 628.40 1.01 % w
D30 b 3.49 227 -2,456 | -005 |-427 |1.039 | 630 488.36 304,58 §75.54 0.55 75 w
D-40 Hitings) 158 244 +3,0356 | -1,076 | -506 |1,180 | 588 41647 488.86 641,56 086 % w
D-41 162 240 «3,170 | -1,087 | -518 |1,189 | 600 371.73 490,69 615,60 092 % w
D-42 a.62 240 =3,170 | -1,088 | -406 |1,166 | 588 284,27 570.48 645.45 wm 7% w
D-43 3.64 s -3,260 | -845 |-508 946 | 612 368.09 -83.72 37357 | -0.17 7% w rapid loading

A= air, W = water,
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Table 4, Dynamic Test Results, Peak Values

Strain (Min.fin,) Axial Shear Resultant | Angle Internal
Tensile of .
Force, Force, 5 Pressure, | Contained
Farce, Action, Remarks
Fx Fy 5 o B Fluid*
2 53 sS4 {ib) (1) 1) (red) Ipsi)
9 515 | 411 -04.75 -589.96 597.52 1.41 0 A -
03 | 588 | 401 -302.49 -050.87 997.83 1.26 0 A -
2 715 | 530 18.22 -585.36 58564 | -1,53 0 A =
34 721 | 585 131.20 -837.92 B48.13 | -1.41 10 A -
26 714 | 558 138.49 -825.59 837.12 | -1,40 10 A -
pid loading 6 | 735 544 462.85 | -1,052.80 | 1,150.05 | -1.15 75 A rapid loading machine—Iload cell separation
- - 0.00 0.00 0.00 1.57 0 A -
768 | 428 112,97 -89.97 132.89 | -0.55 0 A -
768 708 | 378 83.82 25.50 B7.61 0.29 0 A -
10 748 | 424 80.17 -87.16 118.43 | -0.R2 o] w -
nse—Ilitting 0 910 | 428 382.67 204.69 433,97 0.49 75 w hose—{itting separation
7 |1,018 | 458 699.74 117.29 709.50 Q.18 -] w -
7 [1.110 | 457 677.87 400,39 701,01 0.54 75 w -
085 | 477 178.58 631.49 656.26 1.20 75 w -
yse—litting 8 |1,135 | 562 492.00 138.62 511,16 0.27 75 w hose—{itting separation
9 B30 | 280 255.11 208,12 327.08 0.67 75 w -
731 | 351 211,38 -50.72 217.38 | -0.23 7% w -
46 | 700 | 208 276.98 -31.60 | 278.77 | -0.11 7% w -
830 | 31?7 328.00 197.78 383.02 0.54 75 w -
982 | 324 419.11 214,70 47091 0.47 75 w -
12 | 984 217 338.93 26390 | 42058 | 068 75 w -
15 [1,022 | 340 430,05 187,74 473.33 0.43 75 w -
sted alter 7 1,011 ] 385 380,06 187.11 432,52 | 0.44 75 w tested after 7 hours at constant p;
sted after | 6 | 1.055 | 361 386.31 100.03 | 43408 | 047 7% w tested after 1 day at constant p;
sted after 2 7 |1,043 | 361 404.54 20443 | 4%328 | 048 75 w tested after 2 days at constant p;
sted alter § 11 11,011 ] 351 348,22 240,18 421,38 0,80 7% w tested after § days at constant p;
15 414 | 143 24053 26508 | 35126 | 081 7% W -
1,087 | 429 860.85 451,38 | 70030 | 080 7% w -
0 981 | 386 60A,83 426,09 743 47 0.1 % w -
it \oading 2 | 1,480 | 600 =11297 | 1.610.22 | 151444 | -1.40 % w rapid loading machine—Iload cell separation
0 | 1,306 | 605 880.25 -86.02 | 801,63 | -0.07 75 w -
1 11,200 635 182.22 38224 | 40849 1.10 7% w -
3 |1,277 | es1 98.40 441,37 | 4s52.20 135 7% w -
8 | 1,270 | 650 -72.80 546,70 | 55054 | -1.43 % w -
o Yoncling 8 (1,732 | 670 | 1,680.11 | 118,00 | 1,684.26 | -0.07 75 w rapid loading machine—Ioad cell separation
9 | 935 | 471 | »1,804.03 -21,88 | 180416 | 001 % w -
B (1,130 ] 541 404,54 430,64 507.44 0.82 75 w -
9 |1,166 | 560 331.65 63176 628.40 1.01 75 w -
7 |1,030 | 530 A488.38 304,56 B75.54 0.85 7% w -
8 |1,180 | 688 415,47 488,88 841.56 oX:1.} 7% w -
18 [1,180 | 800 371.73 40060 | 61580 | 092 7% w -
8 |1,166 | 588 284.27 570.48 | 64545 L % W -
vid Inading 946 | 812 368.09 -83.72 | 37357 | -0.12 75 w rapld loading machine—Iload cell separation
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Figur2 15, Type AB-S1 hose with disassembled reusable-type
end fitting and special load cell. !

To obtain the magnitude and direction of the peak tensile force
acting on the hose section immediastely adjacent to the instrumented end
fitting, it was necessary 10 linearly combine the strain data from the four
strain gages of the special 10ad cell attached to that fitting. The coefficients
for this linear combination were determined theoreatically by using the
dimensions of the load cell, fitting, and hose, and the modulus of elasticiy
of the load cell materizl {steel). The fiexibility coefficients for strains in
the cell walls in terms of imposed forces were arranged in a matrix, which
was inverted to give stiffness coefficients for the external forces (axial force,
motnent, and shear force) in terms of measured strains. These forces acting
on the load celi were then combined to give the horizontal and vertical
forces acting on the hose at the end of the hose fitting. Then, the magnitude
and direction of the resultant tensile force in the hose were computed. Appli-
cation. of this transformation to the strain gage data of Table 4 resulted in
the computed hose forces, which are also shown in Table 4.

Discussion {

The peak transverse force measured during each dynamic test, as !
given in Table 4, has been plotted versus peak acceleratior. in Figure 17.
Data so erratic as to lie off of the plot l.ove been omitted. The data show a
. definite dependence on hose type and length. Also, the straight lines
representing Equation 6 have been plotted on Figure 17 for comparison
with experimental data. Inspection reveals that the theoretical values (upper i
. limits) of Fv have, in fact, excecded essentially all of the experimental data.
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The few data points not bounded by the limit lines ¢can be attributed to the
large observed experimental error. The theoretical upper linit lines are
apparently valid, subject to modification by an appropriate factor of safety,
for use in obtaining the design shear force.

The measurements of axial force on the fitting, F,, taken during the
experiment were erratic, preventing meaningful comparison between the
resultant force F and the allowable force F,,, (shown in Table 3). However,
a definite trend is apparent whereby F, is highly correlated with the span-to-
length ratio. This trend will be discussed later.

DEVELOPMENT OF DESIGN CRITERIA

The major dic 3pancy between actual accelerations in blast-loaded
field installations and the decelerations imposed in this test series lies in the
longer duration of actual field acceierations. For a given peak magnitude of
acceleration, the impulse imparted 10 a spec'men is proportionate to duration.
The strain in a dynamic system is, in turn, proportionate to imgulse. Thus, a
specimen would be more likely to fail under a longer duration of acceleration.
Hence, failure of a hose specimen in these tests is felt to be a very positive
indication that failure would occur in field installations experiencing equal
peak accelerations, whereas success during laboratory tests, although believed
agood indication, does not necessarily prove the durahility of a hose in the
field. For this reason, hose relizbility must be certified by theoretica!l consid-
erations based on experimental evidence until tests incorporsting loading
more nearly equivalent to field loading are completed. A high-explosive field
test of connections attached to a prototype buried structure wou!d allow
such loading. Another alternative is the attachment of connections to a
footing supported on soil and loaded by a nuclear-blast-type dynamic force.
Such tests are beyond the scope of this study. Nevertheless, the semiempirical
dynamic strength specifications developed pelow constitute a good working
basis for the design of elastic hose flexible conrections intended for field
installations subject to any type of nuclear blast loading which produces
peak accelerations up to 730 g. The static flexibility specifications developed
below are felt to be valid for any elastic hose installed in accordance with the
basic developmental assumptions.
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Effect of Geometry on Inertial i.oading

The axial inertial fitting force, F,, has exhibited a good correlation
with the span-to-length ratio of the Fose. As this ratio approaches 1, the
angle of torce resultant, ¢, approaches ze: 0, causing both F, and F tc increase
indefinitely. To circumvent such a dangercus situation in field installations,
the hose should be instailed so as to prevent ¢ from getting close to zero
under any anticipated movement. The minimum allowable angle was
arbitrarily chosen as

¢ > 30degrees (8)

This is equivalent to restricting the maximum horizontal force to

F Fy 1.732F
x < tan¢ ’ ’

and equivalently restricting the maximum resultant tensile force to
Fom = 4F, (9)

The resultant force angle at the fitting, ¢. rnay be restricted to vilues greater
than 30 degrees by installing the hose so that the sum ot the span and the
maximurm extensiona! aeflection {equal to 6) is less than or equal 10 @ maxi-
mum allowable span, which is defined by

=5 + 3§ (10)

To calculate €', the idealized hose was further assumed to take on a parabolic
shape. Since the idealized hose cannot sustain moments, the hose angle and
the resultant force angle at the fitting are identical. The length of the parabola,
€, was then related to the slope at any point, ¢', by

L2

L = f de = 2 [ vl + tan? ¢" dx
“o

Integrating
. . 2 .
0 L[fre o e e Vafvn] .
i ;
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Substituting ¢” = ¢ = 30 degrees gives
g = 1.05¢
or " = 095¢ (12)

When the right-hand members of Equations 10 and 12 are equated the
relationship between free kength and installed span becornes

s = 085¢ - & (13)

This relationship etfectively limits the maximum tensile force sccording 10
Equation 9.

Flexibility Criteria

To enable designers 1o utilize the elastic flexibility design method of
Appendix B, a set of datawithr = 1inch,d, = 0, and d, = O was processed
by a version of the elastic computer program 1o give an outpui which
includes an account of Equation 13, is normalized on the basis of r, and
takes no account of fitting diameter or hose outside diameter in computing
the basic enclosure height, h’. This output is converted 1o 2.1y real hose by
multiplying by r and adding *he effects of d,, d,,, and Equdtion 13. This is
summarized in the following transformation: '

5 = (8/c)r
g = (Urr
(14)
s = 0950 - &
h = (h'/r)r + [(dy + d,)/2)
The normalized parameters §/r, 2/r, and h'/c appear in Table 5.

Dynamic Strength Criteria

The required dynamic strength of a hose of a given weight and length
installed in accardance with the static elastic flexibility design specifications
may be determined from the expected field acceleration. When Equaiions 2,
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4, 6, and 9 are combined, the dynamic burst pressure required with a factor
of safecy of 1.0 may be calculatad as

P, = B + .Eg- (P%—)A (15) !

xd?

A safety factor somewhat greater than 1.0 should be applied as determined
by engineering judgment.

TABLE 5. DIESIGN DIMENSIONS NORMALIZED

ON THE MINIMUM ALLOWABLE BEND RADIUS

-=FLEXIBLE UTILITY CONNECTION ELASTIC

HOSE LENGTH AND ENCLOSURE HEIGHT

NEEDED FOR A SPECIFIED DEFLECTION -
CAPABILITY '

TeDe = 060C TNes OeDe = 0Ue00 [Nes
FTGe De = Ne00 INss» BEND RADe = l1e¢0 INe

DEFLECTION CLENGTH ENCLOSURE HEIGHT

&/ R/c (3
0,000 0,000 0.000
2006 3,239 <488
0023 3,565 612
o045 3,913 + 756
072 4,285 e925
«106 44685 16122 i
148 5¢118 14353
«200 54588 1.621
0263 64103 1934
340 6.671 2.301
0633 7299 2,732
547 8.000 3.239 i
«685 8,788 3,838
08510 9.681 ’0.550 \
1,062 10,702 Se40] .
1.317 11.877 6e424 {
14635 13.247 70666 !
2.030 14,859 %.183
2:520 16,781 11059
3,164 19,100 13,403
3,984 214948 16.376

5056 254500 20.203 !
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The burst pressure required under the dynamic strength design
method is 3 dynamic pressure in that dynamic hose stresses are applied for
2 chort time only {(usually not more than 1 second). The manufacturer's
ra..d burst pressure is generally somewhat lower than a dynamic burst pres-
sure beczzuse it 1s static and may include the effects of hose distress due to
creep. The discrepancy may be especially high for hoses made of rubber or
other noncrystaliine matenals. For this reason, a design based on the manu-
facturer's ratings may be overly conservative. Increased economy in design
may be realized by pressure-testing hoses being considerec for use for dynam-
ically flexible utility connections in such a way that the pressure is maintained
for a short duration, perhaps about a second. A system of electrically timed
solenoid valves, together with a pressure reservoir, could accomplish such
testing at small expense.

It should be mentioned here that the type of reusable fittings
attached to the bronze hose (shown in Figure 15) are particularly susceptible
to the mechanism of failure observed in the experiment—that is, the oblique
face of the conical compression fiange is oriented roughly paraliel (45 degrees)
to the direction of tensile force F. Thus, :i.2 fitting-hose juncture is maintained
by friction alone, with no angular restrictions such as are imposed when the
hose is stressed under pressure &t an angle ¢ = 0. Such a fitting might be
expected 1o fail at a lower load then that predicted from the burst pressure,
and should therefore be designed with a higher factor of satety.

Example of Design Problem

The results of this study as embodied in Equations 14 and 15, Table 5,
and Figure 18 have been applied to a typical hose as an example. The deflec-
tion mechanism as specified by Equation 14 and Appendix B ts shown in

Figure 18. The following are availevle design data:

P, = 75 psi (water) 6 = 20inch d, = 3.0inch

A = 100g d, = 20inch d, = 2.6inch

Various strengths of hose with e = 6.0 inches and p = 1,60 Ib/ft are available.
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(b) Installed positions.

’ s 2

e
buried utility ine
&
] - bl iis
- | LYY
flexble hose
corrugated pipe

{c} Extended positions.

‘t u > >
5, 777
structure utility line /| IZ/
—— — —‘Q_..—}

wall of buried structure

SR
~

Figure 18. Recommended assumptions of movements for design of

flexible utility connections.
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Flexibility design is begun by normalizing the displacement parameter
on the basis of the minimurn berding radius:

.
5 = W

From Table 5, @/r = 6.62 and h'/r = 2.27. Substituting into Equation 14
¢ = 6.62(6.0) = 39.7 inches
s = 0.95(39.7) - 2.0 = 35.7inches
h = 227(6.0) + 1/2 (3.0 + 26) = 16.4 inches
Dynamic strength design is based on the hose weight. Tha total

weight per unit length of hose, p, is cqual to the dry weight plus the weight
of contained fluid. The weight of contained water is

ft’} = 1.361b/ft

The total weight per unit length is
p = (1.36 + 1.60) Ib/ft = 2.96Ib/tt = 0.247 Ib/in.

Substituting into Equation 15

P, = 75 +

32 |0.247(39.7)
x(2.0)2 3

J100 = 908 psi

RELATED V/ORK

Prototype flexible utility connecticns were included in the Operation
PRAIRIE FLAT high-explosive field test in the summer of 1968 to corrob-
nrate the semiempirical criteria developed in this study and to evaluate
connection behavior in the field in order 10 assess what modifications in
design criteria, if any. are appropriate. Spacimens for the field te.i were
chosen based on resylts of the present study. Findings of the field test will
be reported after detailed data reduction and anzlysis have been completed.

42
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CONCLUSIONS

1. The assumption of elastic hose behavior was found to be more appropriate
than the assumption of locking hose behavior. Flexible metal hose designed
by using the minimum allowable bend radius and the assumption of elastic
hose behavior should serve satisfsctorily under static deflections (Figure 18},
as also should smooth-walled rutber hose designed in the same way. The
required free length of hose, the hose span, and the enclosure height can be
determincd by using the flexibility criteria of Equaiion 14 and Table 5.

2. The dynamic sirength of hose must be adequate to withstand ‘nertial
forces arisirng from rapid deflection. A semiempirical relationship betwecn
required hose strength and acceleration magnitude was developed 10 incor-
porate the effects of hose weight and length. The resulting requited hose
strength in terms of dynamic burst pressure may be computed from
Equation 15.

3. The flexibility and dynamic strength criteria developed in this study are
suitable for incorporation in a standard design manual, and are felt 10 be
valid for nuclear blast loading that produces peak accelerations within the
range achieved during the reported experiment (up to 200 g).

RECOMMENDATIONS

1. Work should be undertaken to update and augment the existing manuai
NAVDQOCKS P-81, “Personnel Shelters and Proteciive Construction,”” dated
September 1961, by adding an appendix on flexible connections of ail types
Results of this study and of the ficld 'ests mentioned above should be
included as well as pertinent information on air ducts and other types of
connections.

2. A summzry should be compiled of means 1o predict the magnitude of
“specified deflection capability” (equal to the relative displacement between
a buried structure and the surrounding sail) for various structural confiqurz
tions, soils, and loadings,
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Appendix A

DIGITAL COMPUTER PROGRAM: LOCKING
HOSE DESIGN FOR A FLEXIBLE UTILITY CONNECTION

The required span, s, and protective enclosure height, h, shown in
Figure 2, are computed as functions of the specified connection deflection
capability, 6. Thase computations are based on the assumption that the hose
exhibits locking tehavior. Such a hose bends under an applied moment, but
upon reaching the curvature defined by the manufacturer’s specified minimum
allowable bend radius, r, it locks at that curvature and will bend no farther
until a much largar applied moment causes some kind of failure. The moment-
curvature diagrarn for such a hose is shown in Figure A-1. In compression,
such a hose buch.les into a shape like that shown in Figure A-2—a series of
circular arcs connected end-to-end.

The buckled shape is assumed
to span a distance 28 shorter than the
straight extended shape. The four
parameters 6, s, h, and r are related |
according 1o the ebove assumptions by B cnmoina failure

&
o (‘—*—5) el A 2
4r

4r

Lr—cunmure e 1/e
]

and the larger of

Curvature

h = 2el1 - cos s+6> Figure A-1. Momcnt'-cur\'a'turediagram

Ar for locking hose.

\

dy +d
+ 25 4 —= (A-2)

2

or h = 386 + d, (A-3)

{Eguation A-3 yields a larger value of h than Equation A-2 for large values of
5/, however, Equation A-2 is apphicable 10 all values tabulated in this report.)
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Figure A-2. Buckied shape of iocking hose. Y
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The computer program written in FORTRAN 1l to compute and i !
tabuiate design dimensions cn the above basis appears in Figure A-3. Aiso, 4 t
at the bottom of this figure are listed the numbers on the input data cards i
which resulted in the output shown in Tables A-1 through A-6. The numbers - |
on the data cards are, respectively, the hose’s inside and outside diameters,
- - . =T " g 1
the largest fitting diameter, and the minimum bend radius. Output consists «
of tabulated values of specified deflection capability, 8, installed span, s, and ¢
enclosure height, h. The free length of a hose iscqual to 8 + s.
< FLERTBLE UTILITY CONNECTION YoLOCEING®Y »OSE cE516M
® READ 10107 OF o0
PUNCH
11 FCRMAT(SIMFLEXIBLE LYILITY CONNECTION *oLOCKING*? WOST SPAN AND)
PUNT b
12 In\vrtzn‘u(\(lcsv'( HELGHY NELDEN FO@ A SOECIFIFD D FLECTINI 2NN (8
1PaBILITY)
PUNIH 13401 ¢DEDF R
13 FORMAT E8M 1 oDe *F3.2412% 1%.0 CuDe oF9,201%% INge FIGe Do *F5.2417H
T INes AIND PAD, oFS, 10N IN./)
PUNCH 14
. 14 FORMBT(IGMNEFLICT NN $PAN FROLOSURE wf [OT)
PURCH 18
1S FORMAT L TSGmEINIARAM| [NIOXAKIINIZY
DO 2 Islsat
Oel=1
Pebe,)
De® /R /G,
AeD,
Reol
3 SeSINFraeDy
1F(S~AeN)d e, S
S Ashex
6o 10 3 i
& [FIS=AeDe(n00OIGIGTY : '
& Ash=_,%0)
Xeglox ¥
GO 10 3
T Vo 0RO 1], =(TSFIAN)142,0Pe0F/2,eNF /2,
AvhoReg,
299,00.0F
1F12=Y12e2410
10 ve2 ’
2 PUNCH JePodaY s
I FORMAT(aFID2)Y y
IFESENRY SEITCH 20849
e (ALt Fxid
xn
i 1.32 2.1%6 v, !
le 14879 2.625 S . i
1.9 2.2) 3+582  E1% “
2. 2.8%% I T 1. ; !
2e 249 3e12 .25 |
2, 2490 %22 SR 3 i
Figure A-3. Locking computer program. , g
i
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TABLE &-1. DESIGN DIMENSIONS-~BRONZE LIMITED BFSDING HOSE-=3/4 IN.

FLEXIALE UTILITY CONNECTION *fLOCKING®* HOSE SPAN AND
ENCLOSURE MEIGHT MEEDED FOR A SPECIF LED DEFLECTION CAPABILITY

teDo

75 INes Celeo = 1432 INee FTGe Do = 2.15 INeo BEND RAD, =

7.0 1X,

DEFLCCTION SPAN ENCLOSURE KEIGHTY
(3 3] (RL}] (IR}
0400 0.09 2.1%
.10 9.71 2.79 -
22 12.18 3,48
20 13.89 4,09
ol 15.2) .66
«50 16.3% 5.19
.60 17.32 .71
.70 18.18 6020
.20 18.96 6.68
.90 19.66 T.16
1.00 20.21 7.60
1:l¢ 20,91 8.04
1.20 21,68 8.46
1430 22,00 8.91
1.40 22.%9 9.33
1.50 2297 9.7%
1.60 23.42 10.16
1.7¢ 23 .84 10,57
1.80 26,25 10,97
1.0 24,64 11.37
2.20 25.01 11.76
2.10 2%.37 12.15%
2020 2%.71 12.%3 {
2430 26,064 12.92
2060 26426 13,29
2.%0 26.¢7 13.67
2.0 26497 14,04
2.70 27,26 14,41
2.0 27.5¢ 14.78
2.90 27.61 15.15
3,00 28.07 15.51 ]
3,10 28.2) 15.87
3.29 28.%8 16423
3.30 28,82 16.58
3.00 29.06 16,94 y
3.%0 29.29 17,29 |
3.60 29,51 17.66
3.70 29.73 17.98
3.09 29.9% 18.3)
3.90 30.16 18,68
4,02 30.% 19.02
416 30,56 19,28
4,20 10.75 19,70
44,20 30.94 26,04
4.40 31.13 20,37
.50 3.0 20,71
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TABLE a-2,

DESIGN DIMENSIONS~--BRONIE LIMITED BENDING HOSE--1 [N,

FLEXIBLE UTIL!TY CONNECTION

$1LOCKING®* HOSE SPAN AND

ENCLOSURE HEIGHT KEECED FOR A SPECIFIED DECFLECTION CAPABILYIY

1eDe * 1000 IKoo OuDe ® 157 INee FTGa Do = 2,62 INeo BEND FADs = 0.0 IN.
DEFLECTION SPAN ENCLOSURE HEIGMT !
CINy CINY (IN) ‘l
0.00 0.00 2.62
10 10.63 3.19 !
20 13.32 .91
o 30 15,20 454 |
b 16.68 5012
«50 17.91 5467
«60 18.98 6-20 4
«70 19.93 6471 t
«89 20,78 720
«90 21.%6 Teb8
1.00 22.28 8.15
1e10 22.94 8.60 .
1.20 23.%6 9.,0%
120 24,193 9449
1.40 26,70 9.93
1.5%0 2%.22 10,36
1460 25072 10.78 .
170 26.19 11,20 !
‘180 26484 11461
1.90 2707 1202
2.90 27.410 1242
2410 27.68 12,82
2420 28427 13,22
230 28,64 13.61
2440 28.99 14,00
2.%0 25436 14,38
260 29.67 16,77
2.70 1999 15.15%
2480 33e3) 1552
2.90 30,61 15.90
3. 00 30.91 16,27
3.lC 31.19 16+64
3.20 3147 17,01
3.3 31.7% 1737
3,40 32.01 17.73
3,59 32.27 18,0¢
3.60 32.%2 18,45
3.70 32.77 18.81
3.80 33,01 19417
3,90 33,24 1952
4,00 33,47 19.8?7
.10 33.70 20422
4,20 33.92 2057
429 34,13 20,92
L 1 36,15 21,26
4,.%0 36,55 21460
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TABLE A-)c DESIGN DIMENSIONS=~EBRONZE LINITED BENDING HOSE==1 1/2 AN,

FLEXIBLE UTILITY CORMECTION *OLOCKING'Y HOSE SPAN AND
ENCLOSURE NEIGMY KEEDED FOP A SPECIFIED DEFLECTION CAPABILITY
1eDe = 1050 [Kee OeDe ® 2423 lHeo FTG, Do » 3,56 INoo CERD RAD, = 10,0 1IN,

DEFLECTION SPAH ENCLOSURE HELIGAT

tiNy (R L} (i
0.00 0,00 3456
10 12.3% 4,05
°20 15.,%0 4,87
30 17.68 508
o890 19,61 6.09
«%0 20.85% 6467
«60 22410 Te23
70 23.22 TeT6
«80 24,22 0.20
«90 2%.13 8,78
1,00 25.98 Ce27
1.19 26476 9.75
1.20 27.50 10.22
1.30 28419 10669
1440 20488 11.16
150 29446 11.%9
1.60 30.04 12.03
1.70 30.60 12407
1.29 31.16 12.90
1,992 31,65 12,33
2.00 32.1% 13.7%
2410 32.62 14,17
2420 33.00 18.%8
2030 33.%52 164499
2040 33.94 13,40
2.%0 36436 15,80
20690 346,76 1820
2.7 3%.14 16.80
2.80 3%e.%2 1699
2490 3%5.88 1738
3,00 36024 17.77
3.10 36459 18.16
3,20 36092 18456
3.30 37.2% 18,92
3.40 37.57 19,30
3.%0 37.86 19468
3.60 38.19 20,09
370 38,49 20,42
3.80 38.78 20.79
3.90 39,06 21.16
4,00 39,34 21453
4.10 39.62 21.69
4,20 39,88 22426
4,30 40,18 22.62
4,40 “0o40 22,98
4,50 40,69 23,34
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TADLE A-4, DESIGN DIMENSIONS==BRONZE LIMITED BENDING HOSE==2 N,

FLEXIBLE UTILITY CONNECTION *9LOCKIKGY® HOSE SPAN AKD

ENCLOSURE HEIGhT KEEDED FOR A SPECIFIED DEFLECTION CAPABILITY

1eDe # 2.70 INes CoeDe = 2,8% TRoo FTGs Do = 4418 [Keo BEND RAD, = 11,0 INs

DEFLECTION SPAN ENCLOSURE WHEIGHT

tiny CINY tin)
0,00 100 418
—el0 13.16 &e7)
20 16.%3 Se49
30 18.86 6el?
o4O 20070 600
«%0 2225 Te39
«60 23.%8 Te95
«70 26.M 8,50
«80 29485, 9.03
«90 26.8) 954
1,00 27.73 10406
l1.10 28457 10.%3%
1.20 29436 11.02
1430 30,610 1149
1e40 30,80 11.9%
190 3147 12.41
160 32.10 12.86
1.70 32.70 13.3%1
180 33,27 13.7%
190 3%.83 14,18
2,00 34,36 14,61
2010 34,87 19,04
2620 3%.36 1546
2430 3%.64 15.88
2e40 3¢e30 16425
2650 287 16,70
2.60 37.17 17.11
270 37.5%9 1751
2.20 37.99 17.92
290 38439 18,231
3,00 38,77 18.71
3.10 39.1% 19.10
3.20 39451 19.49
3.30 39.88 19.8¢
340 40,21 20,27
3.50 40659 2D.6%
3.60 4Co.88 21,03
3,70 41.20 21461
300 “le52 21.79
3,90 41.8) 22617
4,00 42,13 22454
4,10 42.42 22.91
4,20 2.7 23,28
4430 43,00 23,65
4et0 43,28 24,02
4,50 43459 26,38
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TABLE A=%¢ CESIGN DIiMENSIONS==CORRUGATED RUEBER LIMITED-EENDIING HOSE=--2 [N,

FLEXIDLE UTTILITY CONNECTION **LOCKING'* MOSE SPAN AND
ENCLOSURE MEICHMT NEEDED FOR A SPECIFIED DETLECTION CAPABILITY
1eDe ® 2600 INes OeDe = 250 INoo 7160 0o * 3412 INeo BEND RAD, =«

DEFLFCTION SPAN ENCLOSURE METGHT

1IN) tIN) 1Ny
0.00 Q.00 3.12
10 674 3.72
«20 669 Lod4
o3 9.89 4,89
4D 10,83 539
«%D 11.61 5.87
%0 1228 6433
«70 12.88 6.70
«80 13.41 Te21
«90 1390 Te6).
1.20 14,38 .04
110 14078 LY YY
1,22 1%.1? 8,84
1M 15449 0,22
1.0 1%.82 9.61
159 16014 9.99
100 16.4) 10.36
170 1670 10,73
1.80 16.99 11.09
1.%0 17424 11,645
2400 17.49 11,81
2.1¢C 17.72 12,16
220 17.9% 12.%1
2430 15e16 12.88
2440 18037 13.20
2450 1857 13.%
2460 18,77 13.88
2.70 18.9% 16,22
2R0 19.13 14,5%%
2490 19.30 14,88
.70 19.47 1%.21
J.l0 19.64 15,54
3,20 1679 15.87
3.30 19.99% 16.19
Y040 20,09 1¢.%1
3.50 20424 16.83
3,060 20,38 17.1%
3.70 2091 1747
3.80 20459 17.78
390 20.77 18.10
4,00 20.90 10.4]1
4,10 21.02 18,72
4,20 2114 19.0)
4,30 2126 19,3
A,40 21.%7 19.66
4,50 21068 19.9%

4,2
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TABLE A-~6s DESIGN DIKENSIONS-=SMOOTM R

FLEXIBLE UTILITY CONNFCTION SILOCR NG
ENCLOSURE HEIGNT KEEOLD FOR a SPECIFIED
TeDo = 2,00 iMoo 0uDe = 2,50 INes FTG.

DEFLECTICN SPAN ENCLOSURE HETCMY

(IN) (R L }} tIny
0,00 0,00 322
10 8456 3.89
«20 10,73 4,56
3 1222 5.15%
&0 13,40 S.09
30 14,38 6020
«60 15,23 6069
70 15,97 Tel?
«80 16465 7463
«90 17.26 6,07
1400 17.082 8452
1.10 18,38 8,94
1.20 18.63 9.36
130 19.29 977
1.40 1972 10018
1+50 20412 10,58
1,60 20451 10.98
1.70 20,08 1137
l1.00 2122 11.76
le%0 21.%6 12414
2000 21,08 12.%2
2412 22.18 12,89
2420 22448 13,26
230 22476 13.63
2040 23403 14,0C
2650 23430 14,36
260 23.%% 16,72
2470 23,00 1%.08
2.80 26,04 15,43
290 246,27 1%.78
3.00 28,49 16,13
3.10 24,7 16,48
3.20 26,92 16.82
3.30 2%.13 17.17
3.40 259432 17.%1
3.%0 25452 17,088
3.60 2%.7 18,19
3,70 25.89 18,52
3.80 26407 18,86
3.%0 26025 19619
4,00 2¢ 042 19.%2
4,10 26459 19,85
4,20 26.75 20610
4,30 269 20,50
4,40 27400 20,83
4,% 2%.22 21,15
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Appendix B

DIGITAL COMPUTER PROGRANM: ELASTIC HOSE
DESIGN FOR A FLEXIBLE UTILITY CONNECTION

The required tree length, €, and protective enclosure height, &, shown
in Figure 2, are computed as functions of the specified connecticn deflection
capability, 8, and the manufacturer’s specified minimum allowable tend
radius, r. These computations are basad on the assumption that the hose
exhibits elastic behavior in buckling, assuming an approximately sinusoical
shape. The greatest curvature in the hose—at the 2pex of the sine viave—is
limaed by r. Any hose with an elastic (straigni-line) mement-curvaiure dia
gram is expecied to buckle into this approximately sinusoidal shap« and thus
10 be reasnonably well represented by tnis assumption.

The buckled shape is assumed to span a distance 26 shorter than the
straight extended shape. The four parameters, 6, €, h, and r are r2lated
according to the above assumptiops by

21/ 3
¢ = f w+ —~—— cos2bx dx (8-1)
o

b2 2

Qo = ? (8'2‘

5 -8, e

) (B-3i
and the larger of

d + ¢
h = —-2-—. + 285 + .'_—o (5.4)
tb? 2
or h = 38 + d, (B-5)
52
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where £ = extended length
U, = wpan of buckled hoze
dy = ifargest fitling diameter
g, = outsice hose diarmeter

= additional parameter used {or convenience

(Equation B-5 yiekls a larger value of h than Equation B-4 for large values of
&/t)

A coputer program was writien in FORTRAN | to comoute values

i design dimensions on the above basis. The integral in Equation B-1 was

reduced to elliptic form for computations. Values from a table of elliptic
integrals were read into the computer program as data. The computer pro-
grarr appears in Figure U-1, followed first by the elliptic integral data end
then by the input data vhich resulted in the output shown in Tables B-1
through B-6. The numbers on the data card are, respectively, the hose's
insice and ouitside diameters, the largest fitling diameter, and the minimum
bend radius  Qutput ronsists of tacu'ated values of specified deflection
capability, 8, free lergth, €, and cnclosure height, h. The installed span, ¢,
of the hose may be computed as € - 8.

The originai ccmputer program was revised to account for a reduced
maximurn allowabhle span defined by

b A ——— N i e L A B T W T T e U T I et <

£ =5 + 6 = 095¢

Arunwas made withr = 1.0and d;, = d; = d, = O to give output data
normalized on the basis of ¢ and independent of fitting diameter and hose

diameter. The revised program and input data appear in Figure B-2. Resulling |
. . . 1
computer outpul is given in Table 5. :
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C FLEXIBLE UTILITY CONNECTION ELASTIC HOSE DESIGN
DIMENSION E (46
READ 1.%
1 FORMAT(8F10.3}
8 READ 1,01.DE.DF R
PUNCH 11
11 FORMAT{SIHFLEXIBLE UTILITY CONNKECTION ELASTIC HOSE LENTGM AND)
FUNCH 12
12 FORMAT(A9MENCLOSURE HEIGHT REEDED FOR A SPECIFIED DEFLECTIOLI2HN CA
IPABILITY)Y
PUNCIH 13D oDE+DF 4R
13 FORMAT(tH1eDe ©F52¢12H [Ney OoeDe 5F5,2415H [Nso FiGe Do #F542,17H
1 INeo BEXD RAD, =F3,]1,4H [Ne/}
PUNTH 14
164 FORMAT(?OMDEFLECTION LENGTH ENCLOSURE HEIGHT)
PUNCH 1%
15 FORMAT(IX&LHCINIOXAHE INIOXAHIINY Z)
00 2 lwiad
X=l-]
CaSlhF(re,0343085861)
Bel(SORIF(1.-CeCY)/7(C*R}
RBeRePI B
AcE(])+1SQRTIF()+RORA) 84, /RB
PaA®,%-3,1415927/8
YoDFo . S¢DE0,54P02,42,/RD
2=3,9P4DF
1F(2--¥1242010
10 vs2
2 PUNCH 1ePsAsY
PUNCH 7
T FCRMAT(/7}
TFESENSE SWITCH 3)%,¢
S PLUSE
6 JFISENSE SWITCH 218,9
9 ALl FxiT
END
1.5703 1.5702 1.5689 15665 15632 1.5%89 15937 1.5478
1.%405 145326 15238 1e5141 1.5037 1.4924 1.6803 16675
14539 1.6397 leb 248 1.4092 1.39M1 103765 13594 1.3418
1.3238 1,3055 1.,2870 1,2681 1.2492 1.2301 1e2111 1.1920
1.1732 1.18%45 1.,1362 1.1i84 1.1011 P PLLTYN 1,0686 1.0%38
10401 1.0278 l1.0172 1.008% 1.0026 1.0000
75 1.32 2,156 Te
1o 1.57% 2.625 8.
1.5 2.23 3eS62 10.
2e 2.8%% L.188 11,
2. 2% 3.12 &.25
2. 2.5%8 3.22 5.8

Figure B-1. Elastic computer program.
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1
8
11
12

13

14

15

7
]
6
9

15708
145605
1.4539
1.3238
101732
1.0401
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FLEXIBLE UTILITY CONHRECTION ELASTIC HOSE DESIGN
DIMENSICN €1(46)

READ 1€

FORMAT({8F10,3)

READ 14D1¢DEIDF R

PUNCH 11

FORMAT(SIHFLEXIDLE UTILITY CONRECTION ELASTIC MOSE LEMTGH AND)
PUNCH 12

FORMAT {49HENCLOSURE HEIGMT NEEDEC FOR A SPECIFIED DEFLCCTIOL2HMN CA
IPABILITY)

PUNCH 124DI+DEJOF R

FORMAT(6HToDe =F542¢12H INes OeDe =F5.2¢15H INes FTGe D, =F5,2,17H
1 INes BEKD RADe =F541¢4H INo/)

PUNCH 1&

FORMAT(36HDEFLECTION LENGTH ENCLOSURE HEIGHT)
PUNCH 15

FORMAT (3XGH( IN)OXAMIIN) OXAMIINY /)

DO 2 I=1,4%

Xel=1

CesSINF(X®,0349065€6)

Be(SORYF(].~CoC))/(COR)

RB=REAE

AsE(1)10SORTF(],4ROPBY)#4,/RB
PuAe,675-3,1415927/8

YeDF @ SeCEV.5¢P#2,42./RB

Z=3,%P4DF

IFLZ-Y1242+10

Y=2

PUNCH 14PeAoY

PUNCH 7

FORMAT (/7))

IF(SERSE SWITCH 3)15,.6

PAUSE

1F(SENSE SWITCH 21849

CALL EXIT

END

1.5703
19326
1.0397
1.3055%
1e154%
1.0278

1.5689
1.%238
144248
1.2870
1¢1362
1.0172

1.566%
145141
14092
1.,2681
l.1184
1.0086

15632
15037
1.3931
1.2492
1.1011
1.0026

1.5589
14924
1.376%
1.2301
10844
10000

1.5%37
1.4803
13594
1.,2111
1.0686

1.5476
1¢467S
1+3416
1.1920
1.0538

1.

Figure B-2. Revised elastic computer program.
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TABLE B-1.

DEFLECTION
CINY

0,00

0,00

0.00

0.00

«01

«02

«0%

«08

12

.18

25

«35

Y

6]

.78

1.00

‘ 1.25
1.56

1.9

2.37

2,91

3,54

4,31

5.23

" 6033
. . T.67
9.31
11.39
13.76

TABLE B-2,

DESIGN DIMENSIONS~~EBRON2ZE ELASTIC HOSE=-3/4 1IN,

FLEXIBLE UTILITY CONNECTICN ELASTIC HOSE LENGTH AND
ENCLOSURE MEJGMT NEEDED FOR A SPECIFIED DEFLECTION CAPABILITY
1eDe = 75 IKes» OeDe = 1432 INeo FTGe Do = 2.1%5 INes BEND RADe ®» 740 INe

LENGTH ENCLOSURE HEIGHY

(INY (INY
0409 219
1537 2.1%
3.07 % 2416
4,63 2017
6421 2.20
T.81 2424
9eb5 2467
11.13 2.77
12.86 3.l
14,66 3.58
16452 4,11
18.47 4,72
20,51 548

22.67 6429
26.96 T.27
27.39 8440
29.59 .71
32.79 11.23
35,82 13.00
29.12 15,04
£2,72 17041
46069 2C.10
$1.09 23.4)
56.00 27.21
61.52 31.68
67.77 36.97
T4.91 £3.29
83,14 50.86
92.73 6C.03

DESIGN DIMENSIONS—-BRONZE ELASTIC HOSE--1 [IN.

FLECIBLE UTILITY CONNECTION ELASTIC MOSE LENGIH AN

ENCLOSURE HE IGHT NEEDED FOR A SPECIFIED DEFLECTION CAPABILITY

DEFLECTION
tIN)

0.00
G.0C
0.00
0.00
«01
«03
«05
«09
ole
21
29
Y
53
6@
«89
lelé
1.63
1.78
2.21
2.71
3.32
4,05
4,92
997
Te24
8.77
10.04
12.91

LENGTH  ENCLOSURE HETGHT

CIN) {INY
0.00 2.62
175 2462
3.51 2,63
5429 2064
7.09 2467
8.9 272
10.80 2.9
12.72 3.28
14,70 3,70
16,79 4,21
18.88 4,81

21411 591
23,45 6434
2%.91 T.30
28,52 8e42
31.30 9.7
34,28 11,21
37.48 12.95
40,94 14,97
A4, 70 17,30
48.83 20,01
$3.36 23.18
$8.39 26,87
66,00 31.21
70,31 36,32
77445 62437
85462 49,59
95.02 58,24

TeDe = 1400 INes OeDe = 157 INos FTG.

De = 2462 INos BEND RAD,




TABLE 8-3.

FLEXIBLE UTILITY CONNECTION ELASTIC MOSE LENGTH AND

DESIGN DIMENSIONS—BRONZE FLASTIC HOSE~--,

42 1N,

ENCLOSURE HEIGHT NEEDED FOR A SPECIFIED DEFLECTICN CAPABILITY
De = 3,56 INes BEND RADe = 1040 IN,

1eDe ® 1450 1Hes OeDe = 2423 INes FTG.

DEFLECTION
(R L)

0.00
0.00
0.00
0,00
.oz
«04
07
12
18
26
36
50
66
«87
1.12
1.42
1.79
2.23
2.76
3.39
‘.l’
5,06
616
Teb?
9.03
10,96
13.30

TABLE 8-4.

FLEXIBLE UTILITY
ENCLOSURE MEJGHT
1eDe © 2,00 INeo

DEFLECTION LERGTH ENCLOSURE HEIGHT

(1K)

0,00
0,00
0.00
« 01
o0
<04
<08
13
«20
29
«40
55
)
«96
1,23
1.57
1,97
246
3.C4
3.73
4,57
5457
6.77
8.21
9.9%
12.06

LENGTH ENCLOSURC HETGCHT

(IN)

0.00
2.19
4.39
6062
8487
11.16
13.50
15.90
18438
20.94
23.60
26439
29.3!
32.39
35,65
39.13
42.85
46.85
5le18
55.80
61,03
66471
72.99
80,00
a7r.88
96.81
107,02

tIN)

0.00
2461
4.83
T.28
9.76
12.28
14,85
17.49
20.21
23,03
25.96
29.03
32424
35,63
39.22
43,04
47,12
51.53
56430
61.67
67.14
73.38
80,29
88,00
96467
106.49

0.Ce

tIN)

356
3.56
3,57
3.58
3.62
3.69
3.94
4o38
4,90
553
6.28
7,16
8,19
9.40
10,79
17042
10029
15646
18,98
2190
25029
292
33,88
39.28
45.67
53.23
62,26

CIN)

4.18
4018
4,19
4,21
4026
4032
4e68
519
572
6e42
Te24
8.21
9.35
10.67
12,21
13.99
16,08
18,49
21421
28,42
28415
32,50
37.59
43,.5%
50457
58489

CONNECTION FLASTIC HOSE LENGTH AND
NEEDED FOR A SPECIFIED DEFLECTION CAPABILITY
= 2485 INoy FTGe

De = 4,18

DESIGN DIMENSIONS--BROKZE ELASTIC HOSE--2 IN,

INes BEND RAD, =

11.0 IN,

T s e, o

*m

PORBRUIpSS

e




TABLE B8-S,

FLEXIBLE UTILITY CONN
ENCLOSURE HEIGHT NEED
ieDe 2 2.00 INes 0.D.

DEFLECTION
(IR

0.00
0,00
0000
0,00
0.00
#01
03
«05
«07
ol
15
021
28
.,’
oh?
60
o 76
995
1.17
1ot
1.76

{IN)

0,00

93
}.86
2.81
3.77
4,76
5.73
6476
Te81
-1 4]
10.03
1'.21
12,45
13,76
15.15
16463
18.21
19.91
21.7%
23,75
25.94
28.35
21.02
34,00
37.35
4l.14
AS.40
5C.48
£6,30
63.1%
71.22

DESIGN OIMENS IONS-~CORRUGATED RUBBER ELASTIC HOSE——2 N,

ECTION ELASTIC MOSE LENGTH AND

ED FOR A SPECIFIED DEFLECTI
= 2050 INes

LENGTH  ENCLOSURE HEIGHT

(1IN

3,12
3.12
3,12
3.13
3.1
3.17
3.2%
3.44
3.66
3,93
4,25
4.62
5,06
5457
€elb
6.85
T.658
.57
9.64
10,38
12,32
14,00
15.97
18,27
2C.98
26.20
28,04
32,63
38,20
44,99
53,37

ON CAPABILSTY

FTGe Do = 3,12 INsy BEKD RAD, =
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TABLE B-6e DESIGN DIMENSIONS==SMOOTH RUBBER ELASTIC HOSE=~2 IN,

FLEXIBLE UTILITY CONKECTION CLASTIC HOSE LENGTH AND

ENCLOSURE HEIGHT NEEDED FOR A SPECIFIED DEFLECTION CAPABILITY

TeDe = 2400 INes» OuDs = 2458 INes FTGe De = 3422 lHes BEND RADs = 5,4 iNe

CEFLECTION LENMGTH ENCLOSURE HEIGMT

(B L] (1IN} (1IN}
0,00 0,00 3.22
0.00 1.27 3.22
0,00 2455 3,22
0,00 3.864 3.23

«01 Se14 3.2%
«02 6447 3.1
o 04 783 3.51
«06 9.22 3e76
e10 10.06 4,06
15 12.16 hob3
o21 12.69 4,86
29 15.30 5.37
38 17.00 597
30 10.78 6.67
«05 20.68 Te48
«82 22.69 8.42
1e%4 26,85 9.51
1.29 27.17 10,77
1.60 29.68 12,23
1.97 324412 13,92
2461 3%5.40 15.89
2.93 38.469 18,18
3.57 42.33 2J.86
4,33 46040 24,00
5.25 $0.97 27,71
636 56415 32.09
T.71 62.07 37.33
236 68.89 43,60
11.40 76.83 51.¢0
13,93 66,18 60,47
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e R —. RPN DS SUNPIE A SHREE S A

LIST OF SYMBOLS

Transverse acceleration st moving end
fitting (g)

Transverse acceleration at point x on the
hose (g)

Theoretical parameter used for convenience
Longitudinal component of hose displacement
at moving end fitting, positive for extension
of hose (L)

Transverse component of hose displacement
at moving end fitting, positivie toward con-
cave sic’ 2 of curved hose (L)

Diameter of largest oart of end fitting (L)
Inside diameter of hose (L)

Outside diameter of hose (L)

Force on hose at moving end fitting (F)

Static test reactions on end fixture block
as shown m Figure 5 (F)

Longitudinal compenent of foree or. hose
at moving end fitting, positive in tension (F)

Transverse component of force on hose at
moving end fitting, positive toward concave
side of curved hose (F)

Required height (diameter) of protective
covrugated metal tube enclosure (L)

Basic enclosure height (excludes effects of
hose and fitting d:ameters) (L)

Rapid load machine ram load (F)
Free length of hose (L)

Maximum allowable spsn (L)

M

L]

Pn

P

63

Span of buckled hose (L)
Restraining moment on hose at fitting (FL)

Amcunt of hose pressure strength available
10 resist forces (F/L?)

Internal hydrostatic pressure (F/L2)
Dynamic bursiing pressure (F/L2)

Manufac. rer’s speci 'ied minimum allowable
bend radius (L)

Instalied span of hose between fittings (L)
effective thickness of hose watl (L)
Weight of hose per unit change in x (F/L)
Position coordir.ate of paint on hose,
measured from maving end toward {ixed

end (L)

Displacement parameter —specified deflection
capability L)

Displacement parameter compiited by
assurning elastic hose betavior (L)

Displacemest parameter computed by
assuming locking hose behavior (L)

Combined weight per unit length of hose
ard o Mained fluid (F/L)

Weight per unit length of empty hose (F/L)
Weight per unit length of water in hose (F/L)
Tensile stress in hose wali (F/L?)

Angic between dirnction of action of hose
force F and fitting axis

Siope of hose at any point along its length
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S The existing design of flexible utility connections used in naval installaticns
incorporates a {lexible bronze hose hianging freely within a corrugated metal tube so that
it can move without being highly stressed at the soil-structure interface. A study was made
of this design and of possible modifications to it. Thecretical predictions were formulated
for flexidility and dynamic strength; the theoties were tested and partially verified experi-
mentally in the laboratory. The flexibility of a hose was retated to the manufacturer’s
speciied minimum allowable bend radius. The dynamic strene'® :as expressed in terms
of peak acceleration and hose weight and length in a semiempiricz. relationship suitable
for use in design. It is recommended that the results of the present study be incorporated
in an appropriate design manual, subject to verification by full-scale field tests, and that 3
s:smmary be compiled of means to predict the relative displacements between a buried
structure and the surrounding soil.
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