
DESIGN AND TESTING OF CRBRP INSULATED HORIZONTAL AND VERTICAL PIPE CLAMPS

L. P. Pollono and R. M. Meilo

Westinghouse Advanced Reactors Division

Madison, Pennsylvania

-DISCLAIMER •

This book was Dreca'ci at an account of work sponsored by an agency o! trie United Siasss Government.
Neither the United States Government nor any agency -hereof. nor any ot iheir employees, makes any
warranty, tj'P'ess o' implied, or assume any legal liability or responsibility for the accuracy,
coupletertess, ot uw'ulneu at any infaimation, ar<Daraiui, oroduct, or process d iv ided, or
recresenls lhai l u use vwuitl not infringe privately owned righu. Reference herein 10 any scecitic
commeft^i product. cocMi . or service by trade name, iradeinark, manufatlu'er, DT othcviiiM!, <Sotr,
not rwcesiafily ajnstitute o> imply hs endariemeni, recammendatian, ar favo'ing by ih«> united
States Governrmni or any agency lhe*eof. The vievn and opiniarn of author^ eipreued herein do not
necessarily state of relleci ihose of the United States Government or any ayency thereof.

6123A-669A-{S1498) mSTRlBUTIQH OF THIS DOCUMENT IS UNLIMITED 1



ABSTRACT

The Clinch River Breeder Reactor Plant (CRBRP) Primary Heat Transport
system piping may be characterized as large-diameter, th in-wal l piping which
transports l i qu id sodium at high temperatures. The piping i s arranged in
accord with the elevated loop concept, consisting of large horizontal inplane,
expansion loops and long, ver t i ca l runs of p ip ing. These characterist ics and
the postulated thermal t ransient and seismic loads, which are imposed on the
piping, d ic ta te pipe clamp designs that are substantial ly d i f fe rent from
standard "o f f the shelf11 pipe clamp designs. These designs include features
to mit igate thermal transient temperature gradients and to accommodate pipe
thermal expansion. In addi t ion, the clamp has to be designed to minimize pipe
stresses that resul t fran clamping loads.

This paper w i l l describe the design features of the CRBRP horizontal and
vert ical pipe clamps for the large sodium p ip ing, the various test programs
used to ve r i f y the clamp designs, and the resul ts of th is tes t i ng .

I . INTRODUCTION

The Clinch River Breeder Reactor Plant Primary Heat Transport System
piping is characterized by large-diameter, 0.914 m and 0^607 m^ and
thin-wal led, 12^7 mm, piping which transportsThigh temperature, 546°C l iqu id
sodium. This piping is arranged in accord with the elevated loop concept
consisting qf Targe horizontal i n p l a n e , e x p a n s ^
runs of p ip ing ; The loops connect between equipment nozzles. In addi t ion,
the pi pi ng iriust wi thstand r api d thermal trans i ents and hi gh sei sm i c 1 oads
(1)* . These design features and loadings, which may be imposed on the p ip ing,
have di ctated specialized design features fOTV;the JCRBRP pipe clamps for
supporting thei horizontal runs and the" long ve r t i ca l runs of pipe.: The
essential features of the CRBRP clamp that supports horizontal runs of pipe
clamp include sp l i t r ing outer steel bands held together by a system of
Be l lev i l le springs and s p l i t r ing inner bands made up of canned load-bearing
insulat ion.

The essential features of the support fo r vert ical runs of piping include
a stepped inner r ing or t rans i t ion section which is part of the pipe boundary,
a s p l i t r ing outer band and a s p l i t r ing inner band made up of canned
load-bearing insulat ion. The two outer steel bands are bolted together to
form a very s t i f f assembly.

The primary purpose of the test ing programsdeveloped fo r the clamps was
to demonstrate structural adequacy of the clamps with part icular anphasis on
the structural in tegr i t y of the canned, load-bearing insu la t ion, under
combined deadweight and seismic loading conditions at expected temperatures.

•Numbers in parentheses refer to references l i s ted at the end of the paper.
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Overall, the testing performed on the damps included the following:

(a)
(b)
(c)
(d)

Mechanical and Thermal Evaluation
Structural Integrity Tests
Temperature Distribution and Thermal Cycling
Clamp Stiffness Tests

(e) Pipe Clamp Friction and Stiffness Tests

The mechanical and thermal characterization test of a prototypical
0.607 m horizontal pipe clamp was performed to obtain clamping force and heat
loss data to qualify the clamp load carrying capability. The pipe clamp heat
loss and clamping force data obtained for various pipe temperatures provided
useful information to support final design of the pipe clamp configuration.

Structural testing of the horizontal and vertical pipe clamps was carried
out to demonstrate the structural integrity of the clamps when subjecjted to
conditions cf physical assembly, temperatures, and loadingswhich closely
simulated operating conditions for thje clamps. The test article and test
set-ups were designed to apply design deadweight and vibratory loads while the
clamp was at expected operating temperatures;

Temperature distribution and thermal cycling tests were conducted on both
types of clamps^ The purposes of these tests were to determine actual surface
temperatures for both clamps, to verify that the clamp connection springs and
bolting temperatures were below design limits, and to determine the reaction
of the clamps (movement and spring preload) to temperature swings while under
applied deadloads.

In order to complete seismic analysis of the CRBRP piping loops, the
stiffness of the clamp, which includes the effect'of the clamp/pipe
interaction, had to be determined, testing of the CRBRP prototypical clamp
was carried but to determine the clamp/pipe stiffness. In these tests, the
clamp was assembled on a straight length of pipe (approximately 2 m in length)
and placed in a standard MTS test machine. The clamp/pipe stiffnesses were
then calculated from the load-deflections curves derived from these tests.

The horizontal tensile stiffness and the rotational friction of the pipe
clamp were investigated during tests performed on a 0.607 m pipe clamp mounted
on a 2 meter length i»f pipe. The purpose of these tests was to estimate
horizontal tensile clamp stiffnesses and the amount of overturning load needed
to produce slipping of the clamp on the pipe as a function of clamp preload.

II. DESIGN FEATURES

Horizontal Pipe Clamp
The design of the horizontal pipe clamp assembly used on CRBRP piping is

shown in Figures 1 and 2. The pipe clamp assembly con-ists essentially of
three major parts; the split ring outer bands, the split ring inner bands, and
the spring loading system (1, 2).
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The spl i t ring outer bands are weldments made up of low chrcmium-
molybdenum carbon steel 12.7 mm thick and 152, 203, and 304 mm wide.
Reinforced pads to accommodate the spring loaded closure bolts are provided at
the top and bottom of each half. Paired attachment ears are provided on each
half of the outer segments to accommodate pipe hanger and pipe snubber
attachment hardware. The two halves are designed so that at cold pipe
assembly, there is a 7.87 mm gap at the top and at the bottom of the mating
faces. This gap is provided to assure that the clamp w i l l f i t t ight ly on the
pipe throughout al l conditions of pipe temperatures.

The two halves of the inner bands are made up of load-bearing insulation
blocks completely encased within a .635 mm thick stainless steel container
which is 38.1 mm high and approximately 50 mm wider than the clamp band. Each
half of the inner bands contain 12 blocks of Marinite XL load-bearing
insulation (3) butted edge-to-edge and machined to conform to the curvature of
steel containers. The containers are cold spun to a "channel" form so that
the open end of the "channel" form faces toward the outer bands. The
container is closed by spot welding a l i d to the containers.

The two insulation band halves are designed so that at cold assembly a
6.36 mm gap exists at the top and the bottom of the mating halves. The gap
not only ensures positive contact with the pipe wall , but also provides a path
for sodium aerosols in the event of a sodium leak. This provides for a
sensitive sodium leakage detection system. In order to fac i l i ta te clamp
assembly, the inner insulation bands are loosely captured to the outer clamp
bands through a system of pins and cl ips.

At assembly the two halves of the clamp are held together by a system of
Bellevi l le spring washers and bolts located at the top and at the bottom of
the clamp assembly. A predetermined preload is exerted on the clamp halves by
the Bellevil le springs. Thespring-bolt attachment assembly for the clamp was
required tGi accommodate the diametral thennalgrowiS of the pipe. Bel levi l le
springs were selected because of their n6h-l|near lbad-deflection
characteristics. Throughout the /ful1 temperature range at which the CRBRP
piping is operating; the increase in preload due to thermal expansion of the
pipe i s less than 10%.

A typical support arrangement used on the horizontal runs of the CRBRP
piping is shown in Figure 3> In this case, vertical hangers and a horizontal
snubber are attached to the clamp ears. Other combinations of hangers and
snubbers are also usedv including application of supports along the clamp
sp l i t l ine. Although the CRBRP clamps weredesigned to minimize an^
effects on the CRBRP piping, the stresses induced in the pipe wall by the
clamp loads aresignif icant. A detailed discussion on the evaluation of cl amp
effects on CRBRP piping w i l l be presented in another paper in this session
(4). Details of the testing carried out to verify the clamp structural and
functional adequacy are described in subsequent sections of this paper.
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Vertical Pipe Clamp
The elevated loop concept of the CRBRP piping is characterized by long

vertical runs of pipe within guard vessels which can require support along the
vertical run to minimize stress. For this application a non-integral vertical
clamp assembly (5) was developed, as shown in Figures 4 and 5.

The vertical pipe clamp consists of three major components; the outer
support ring, the steel sheathed load-bearing insulation inner bands, and the
pipe transition section which includes an axial support ledge. The outer
support ring is made up of two Type 304 stainless steel semi-circular rings
which are bolted together to form a very stiff circular ring. The inside
surface of the ring is machined to a "channel" shape to receive and capture
the canned load-bearing insulation. Attachment lugs for snubbers and hangers
are welded to the outer surface of the ring.

The inner bands are made up of two semi-circular metal sheathed
load-bearing insulation bands similar to the inner bands for the horizontal
clamps. The bearing area for the canned Marinite XL insulation bands was
sized to limit compressive stress to less than 4.14 MPa.

The axially concentric pipe section consists of a stepped 304 stainless
steel ring fprging which when instal1ed in the piping system forms an integral
part of the piping pressure boundary. The ends of the pipe transition section
are sized to conform to the pipe dimensions for diameter and wall thickness
(.609 m dia. and 12.7 mm wall). The transition section is .432 m long arid is
gradually tapered to its midsection to form a support ledge 15.8 ffsit wide which
bears upon the canned insulation bands.

At assembly^ the inner load-bearing insulation bands are captured between
the outer ring and the pipe transition section- The pipje weight and forces
are reacted through the canned insulation bands to the outer ring as a
compressive load. The design permits a maximum clearance of .63 mm between
the inner ring and the inner bands at CRBRP plant operating temperature.

The vertical clamp was designed to accommodate a maximum horizontal load
of 59,000 N and a vertical load of 49,000 N and to minimize the thermal
transient stresses in the piping wall. Testing of this design has been
carried out to verify structural and functional integrity which will be
described later in the paper.

III. TESTING PROGRAM

Mechanical and Thermal Eva]uation
The initial test carried out for the CRBRP pipe clamps was a mechanical

and thermal characterization test of a prototypic 0.607 m diameter by 0.152 m
width, horizontal pipe clamp. The test was performed at the Westinghouse
Advanced Reactors Division. A prototypic horizontal pipe clamp assembly was
mounted on a 2 m section of 0.607 m diameter by 9.5 mm wall stainless steel
pipe which was instrumented with heaters on the inside pipe surface and
thermocouples and strain gages on the pipe and clamp to measure temperature
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profiles and strains for various clamping forces and temperatures. The test
assembly was insulated with 0.253 m of insulation and suspended from a test
structure frame. The test arrangement was as i l lustrated in Figure 6.

The objective of the test was to provide pipe clamp temperature and
clamping force data for various pipe temperatures to support f inal design of
the pipe clamp configuration.

The test program included cold tests and low temperature cyclic tests.
For the cold tests, dimensional and strain characterizations of the clamp
assembly and the pipe section were recorded in i t ia l l y and at incremental clamp
bolt torque values.

The clamp dimensional characteristics that were recorded for the cold
tests are illustrated by Figure 7, As shown, these measurements include the
gap width between the two clamp halves and the spring lengths of the
Bellevil le washer assemblies. These data along with resultant spring
compression and change in gap width values are shown in Table 1 as a function
of the clamp bolt torques. A torque value of 33.9 N-m was taken as the
baseline condition. The average spring compression and change in clamp gap
widths are plotted as a function of bolt torque in Figure 8.

The pipe section characterization included in i t ia l measurements of the
pipe outside diameter at three locations along the length for two
circumferential orientations at each location. Pipe wall thickness was also
recorded at the same points. These measurements are i l lustrated and tabulated
in Figure 9. Outside diameter measurements of the pipe section were also
recorded as a function of clamp bolt torque during the cold tests. These OD
measurements were made at several circumferential and axial locations as shown
in Figure 10. The data from these torque tests along with the calculated
change in OD are tabulated in Table 2.

For the strain characterization, six gages were installed on the clamp
assembly and twelve gages were installed on the pipe section as shown on
Figure 11. The strain readings were taken as a function of clamp bolt torque
for each gage. As an example of these results^ Figure 12 shows the axial
strain pattern of the pipe as a function Of clamp bolt torque.

For the thermal cycling tests, heaters, /insulation and thermocouples were
installed on the test section. The pipe clamp assembly' was torqued to 234.6
N-ni and dimensional, strain and temperature jdata were recorded at ambient,
66OCj 149OC, 232OC, 316OC, and 399OC incrementsi after al l owing the
temperature to stabilize at each plateau, the rate of temperature change was
380c per hour. The test assembly was ail 1 owj»d to cool to ambi ent after the
in i t i a l test and two additional temperature cycles were performed with data
recorded at ambient and 399°C. A summary of the reduced data (average
temperatures, spring compressions and gaps) for the cyclic tests are presented
in Table 3.

In summary, the above testing provided the mechanical and thermal
characterization of the CRBRP horizontal clamp. The pipe clamp spring
compression and the change in clamp gap/showed linear relationships to
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torque. Temperatures of the clamp and the spring assembly did not exceed
design values. Upon completion of the tests, visual inspection of the clamp
revealed no damage to any of the pipe clamp components from the cold or hot
torque tests. The dimensional changes and strain changes resulting from the
cyclic tests were acceptably small.

Structural Integrity Testing
Structural tests for the CRBRP horizontal and vertical pipe clamps were

performed at the Westinghouse Electric Advanced Energy Systems Division. The
purpose of this pipe clamp testing program was to demonstrate the structural
adequacy of both the horizontal and vertical pipe clamps when subjected to
conditions of physical assembly, temperature and loadings which closely
simulated CRBRP plant conditions. Particular attention was given to the
structural adequacy of the load-bearing insulation, "Marinite XL".

The general features of the horizontal clamp test r ig are shown in
Figure 13. The test r i g was constructed of square structural tubing which was
mounted to a steel bed plate. Theirig was i f i t ted with[ mounting pads that were
used as attachment points for the snubbers and constant load hangers. The
pipe clamp was mounted on a section of stainless steel pipe .607 m in
diameter by12.7 mm wall by 1.82 m long.

Vertical connection from the pipe clamp to the test r i g was provided by
constant load hangers while the horizontal connection from the pipe clamp to
the test r i g was provided by a snubber in series with a load ce l l . Load cells
and turnbuckles located at both ends of the pipe section and connecting with
the bed plate were provided to exert a downward pull on the clamp simulating
deadweight of the piping. Three dynamic thrusters were connected to both ends
of the pipe section through a structural beam. The thrusters were used to
exert dynamic loads on the clamp^ The pipe was insulated in a configuration
similar to the CRBRP plant piping and was trace heated on the inner surface to
ach ieve the pi pe sur face des i gn tern per ature of 546 90. Thermocou pi es,
straining gages, load cells and accelerometers were used to measure test
conditions and responses.

The general features of the vertical pipe clamp test r i g are shown in
Figure 14. The test stand was constructed of structural steel elements and
utilized portions of the building structural steel framing.

The vertical clamp assembly inner transition section, which actually
forms part of the piping boundary, was welded to two sections of pipe .607
m diameter x 12.7 mm wall and 1.29 m long forming one continuous pipe section
2.89 m long. The pipe section was suspended vert ical ly within the test frame
and supported by means of a constant load hanger, trapeze and connecting rods
attached to the clamp outer ring assembly. A load cell and turnbuckle
arrangement connecting the lower end of the pipe and the bed plate was used to
exert and measure the downward load on the clamp section. The test frame was
designed to accommodate two horizontal snubbers (at a 90° angle) and two
thrusters which were connected to both ends of the pipe.

The pipe section was insulated and trace heated internally to achieve a
pipe temperature of 398°F. Care was taken to avoid contact between the
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heater rods and the clamp assemblytransition section. Thermocouples, strain
gages, load cells and accelerometers were installed on theclamp arid pipe
sections to measure arid record test conditions arid responses.

The test setup for both clamps was designed to simulate CRBRP operating
plant conditions. The pipe section diameter, wall thickness and material were
identical to the CRBRP sodium large piping system. The constant load hangers
and attachment hardware for the CRBRP and the snubbers were conventional
designs. The insulation thickness and general design reflect the CRBRP
insulation design.

Loadings used in the testing for deadweight and seismic conditions were
taken equal to or exceed the design loadings for each clamp. The test
sequence fo r each clamp consisted of the following steps;

(1) Application of deadweight vertical load

(2) Heatup of the pipe to the operating temperature

(3) Dynamic application of 50 cycles of the Operating Basis Earthquake
(OBE) design load.

(4) Dynamic application of 10 cycles of the Safe Shutdown Earthquake
(SSE) design load which was 2.0 times the OBE load.

(5) Shutdown and visually inspect the clamps.

The OBE (seismic) design loads were applied through the pipe ends via the
thrusters. The input driving force to the thrusters was applied as a complex
wave form which was made up of various frequency-load combinations as
tabulated in Table 4. For frequency-load values the input was generated by
applying sinusoidally the input force (20% of the design SSE load) required,
one"channel at a time, and recording the input voltage necessary to generate
this force. Upon completion of al l individual inputs, a summation of al l
input frequencies was i"putted to the system as a complex wave form.
Increasing the amplitude of the 20% input ijy 2.5 times generated the OBE
design loads, and increasing the input amplitude by 5.0 times generated the
SSE design loads.

At the completion of the thermal and dynamic tests the clamps were
disassembled from the test stand and visually examined for damage or fa i lure.

For the horizontal clamp visual examination did not show any evidence of
damage to the outer clamp bands other than some discoloration of the metal.
No cracks or breaks occurred at any of the clamp welds. The canned insulation
showed some slight effects; A localized depression of approximately .80 mm
deep was seen at the extreme end of the band. The cause for this indentation
was the "digging in" of the ends of the outer band as a result of the preload
on the spring plates. The only other effect observed was the fai lure of a few
spot welds along the edges of the bands. These observations concerning the
insulation bands did not affect the adequacy of the clamp;
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For the vertical clamp visual examination of the outer ring and the inner
pipe transition section did not show any effects other than some surface
discoloration. No cracks or breaks occurred at any of the welds in these
metal parts. Examination of the inner canned load-bearing insulation bands
indicated a raised area on the load-bearing side of approximately 1.5 mm high
by approximately .24 m long located approximately at the midpoint of the
band. This raised section was observed on both bands. The probable cause for
this effect was the strong "rocking" motion of the test pipe during the
dynamic load tests. None of the spot welds on the band were broken.

Temperature Distribution and Thermal Cycling
Thermalcycling and temperature distribution tests were conducted on both

the horizontal and the vertical pipe clamps. The purpose of these tests was
to investigate the following points of interest: (1) the actual surface
temperature of both clamps, (e.g., the spring plate temperature of the
horizontal clamp) and (2) the reaction of the horizontal clamp to temperature
swings whi 1 e under pipe desi gn 1 oads .

Both c 1 amps were set up in their-.respective test ri gs as discussed in a
previous section of the paper. The location of thermocouples and strain gages
are shown in Figure 15 for the horizontal clamp and in Figure 16 for^the
vertical, clamp. A static Toad of 39^000% was exerted on the horizontal
clamp, and a static load of48,800 N was exerted on the vertical clamp through
the turnbuckles attached to the clamps.

For the horizontal clamp, the temperatureof the pipe was increased to
204°C at the rate of 5°C per hour and held constant until the;temperatures
on the clamp body stabilized. The temperature was then increased in steps to
412PC and finally to the design temperature of 546°F at the rate of 5°C
per hour. The pipe temperature was then reduced to ambient by means of forced
draft through the inside surface of the pipe. These three temperature
plateaus, which simulated sodium fill temperature, hot functional test
temperature and operating temperature, were repeated ten times.

For the vertical clamp the temperature of the pipe was increased to
204°C at the rate of 5°C per hour and the clamp temperature allowed to
stabilize. The temperature was then increased to the design temperature.-of
412°C and cooled to ambient. This temperature cycle was applied ten times
as with the case for the horizontal clamp test. Throughout the temperature
test, visual inspection was performed and strain gage and temperature readings
were monitored and recorded.

The clamp surface temperature obtained from the tests was in close
agreement with predicted temperature. Average temperatures as recorded by the
thermocouples are given in Tables 5 and 6 for the horizontal and vertical
clamps, respectively; Thermal growth of the pipe was shared equally by each
set of springs on the horizontal clamp. Stress levels as measured by the
strain gages were in general agreement with predicted values. Visual
examination of both clamps after disassembly did not reveal any structural
damage.
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The only unexpected result of thermal cycling occurred during thermal
cycling of the horizontal clamp. During the cool down phase of temperature
cycling i t was observed that the two clamp halves shifted around the pipe in
the direction of the load. The shift came in incremental steps and was
accompanied by a "snapping" sound. The tendency of the clamp to shift was
stopped by the addition of a stop screw located on the top spring plate of the
outer band, as shown in Figure 17.

Clamp Stiffness Tests
For the CRBRP, the main heat transport piping system has been designed to

withstand dynamic loadings that result from seismic excitations. Stresses
induced in the piping by these dynamic loadings depend upon the piping
restraints, because the response of the piping is a function of the physical
response of the restraints. Analysis results show that small changes in the
piping restraint characteristics may result in marked changes in the piping
response obtained from system dynamic analysis (6).

To determine the piping stresses that result from seismic excitations,
elastic dynamic analyses are completed with the piping supports modeled as
linear springs with f i n i t e stiffness. The stiffness of the modeled spring is
dependent on the stiffness of the clamp/pipe structure. The complexity of the
clamp/pipe interaction for the CRBRP piping supports required that structural
testing be completed to yeri fy clamp/pipe st i ffnes s char acteri sties obtained
from analyses in References 4 and 6.

For the clamp/pipe stiffness tests, a 0.607 m by 0.152 m wide clamp was
assembled on a straight length of pipe (approximately 2 m in length) and
piaced i n a standard MTS test machine. For the test setup, the ends of the
pipe section were not restrained. Thus, no beam bending is introduced. The
loading and attachment to the test machine were through the load ears of the
clamp. Figures 18 and 19 show the deformation of the pipe and entire
pipe/clamp assembly as a functioln of applied load for a 22,250 N and 44,500 N
preloaded, 0.607 m clamp, respectively.: Under tensile load, significant
hysteresis is present due to the preloaded BelleviTie springs.

The testing results presented in Figures 18 and 19 indicate that the
combined clamp/pipe stiffness for the CRBRP 0.607 m thin-band clamp is
approximately,

U) 3.15 x l07 N/m for compressive loads
(2) 1.75 x 107 N/m for tensile loads

Thus, these tests confirm the expected directional stiffness effect and
approximately verified calculational stiffness values. Further, these tests
showed that the clainp distributed the support load into the pipe, and that the
tensile clamp/pipe stiffrters decreased substantially i f the clamp spring
preload was exceeded such that the clamp began to deform independently of the
pipe cross section.
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Pipe Friction and Stiffness Tests
The ab i l i t y of a f r ic t ion type pipe clamp, l ike the CRBRP horizontal pipe

clamp, t j function under seismic load without rotating depends on the
magnitude of two opposing forces. One is the overturning force or moment
exerted upon the clamp as a result of a misaligntnent between clamp and pipe
center l ine and ^ c e n t e r l ine of thesnubbere^ is the
resisting f r ic t ion force or moment generated by the clamp preload force; As
long as the clamp fr ic t ion forces are greater than thevert ical component of
horizontal seismic force, the clamp wi l l not s l ip .

The purpose of the clamp/pipe f r ic t ion tests was twofold; f i r s t , to
demonstrate that an overturning vertical load of 10,800 N (equivalent to the
vertical component of the permissible seismic force offset 7°) could be
resisted by the clamp f r ic t ion force, and secondly, to evaluate the effect of
horizontal loading of the clamp on the f r ic t ion forces.

The test setup used for f r ic t ion tests is shown in Figure 20. The
pipe/clamD was mounted in a test f ixture made up of a section of pipe .607
m in diameter pipe and approximately 2 m long. The test f ixture was designed
so that deadweights could be suspended from one ear of the pipe clamp while a
pre-determined horizontal load could be applied to the same clamp ear.

To demonstrate resistance to s l ip under a 7° mismatch, the clamp was
mounted on the test fixture and the Belleville springs were preloaded to
89,000 N. No horizontal load was applied to the clamp in this case. A
vertical load was incrementally added to a load ear as shown in Figure 21
until a load of 10,960 N was reached, which was the capacity of the test j i g .
The clamp did not sl ip for this load. The 10,960 N load represented a 90,000
N horizontal applied force offset 7° from the horizontal.

To demonstrate the effect of horizontal side loading on the clamp
frict ion force, the clamp was set up with a horizontal tensile load applied at
one load ear, as shown on Figure 22. In this case the preload on the clamp
ears was reduced to 8900 N, and an approximately equal horizontal load was
imposed on the clamp ear. The reduced preload (and hence the horizontal load
because of the preload to horizontal load relation of the CRBRP clamp) was
considered because of the anticipated high f r ic t ion loads. Under these load
conditions a vertical load was incrementally applied until rotational clamp
slip was observed. Clamp s l ip was accompanied by an audible "pop" from the
test assembly. A vertical load of 10,300 N was required to produce a
rotational s l ip of the clamp on the pipe. The horizontal deflection of the
load ear, D2, was recorded after the clamp had slipped and at several interim
load levels. These deflections are listed in Table 7.

The same test was repeated without the horizontal tensile load, and
rotational clamp sl ip began to occur with a 7565 N vertical load. Table 8
l ists the load ear deflections for the various vertical loads for this test.

In these tests the addition of horizontal loads to the clamp ear
increased the resistance to rotational sl ip between the pipe clamp and the
pipe when a vertical load was applied. Without the horizontal load the pipe
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clamp slipped when a vertical load equal to 85% of the clamp preload was
applied. By applying a horizontal load equal to the preload, the vertical
load required to make the clamp slip increased to 116% of the preload.

To further verify pipe/clamp stiffness values for the 0.607 m horizontal
clamp which was discussed in the previous section of this paper, the test
setup used for the fr ict ion test was used to determine the clamp horizontal
tensile stiffness. The horizontal load was applied to the clamp ear, as shown
in Figure 20, and the deflection of the ear was determined as a function of
the horizontal load. Based on these deflection measurements, the horizontal
tensile clamp stiffness was computed. The best estimate value for the
stiffness of the 0.607 m clamp was 7.0 x 10' N/m. This value accounts for
the applied load being carried through the clamp into the pipe and reacted out
at the pipe ends. This is considered to be a somewhat more representative
model of tha expected pipe/clamp behavior than the tests described in the
earlier section.

IV. SUMARY AND CONCLUSIONS

Extensive structural and thermal testing of prototypical horizontal and
vertical clamps planned for use on the CRBRP large diameter heat transport
system piping was completed.

Post-test visual examination of the clamp parts after structural testing
showed no effects aside from minor indentations at a few locations to the
sheathing covering the load-bearing insulation.

D.tring the thermal testing, the temperature distributions obtained at
variout locations on the clamp were in agreement with expected values. The
temperature- cycling tests did reveal a tendency of the horizontal clamp to
shift in the direction of the applied load. However, the addition of a stop
pin on the clamp limited this shif t .

The fr ict ion tests on the horizontal clamps showed that the pre-loaded
clamp will resist rotational slipping on the pipe.

The pipe/clamp stiffness testing showed that the pipe/clamp f lex ib i l i t y
is significant and must be considered in the dynamic or seismic analysis of
the piping.

In a l l , the testing completed verified the adequacy of horizontal and
vertical insulated pipe clamps for their planned use on the high temperature,
thin-wall CRBRP sodium piping.
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Table 1 Dimensional Changes for Clamp Spring
During Preloading (Cold Test)
(See Figure 7 for Dimensions)

3 ^ ^ j | ^ jjjjjj feasurenenl Point (refe- to Figure 10)

1 Z 3 4 5 6 7 8 9 10 II 12 13 14 IS 16

61-039 61.Pad 61.054 61.838 61.046 61.082 61.
^H T T ^ 5 "TS 0 ~~8

61.026

itt .113 61.0

6L.130 60.989
-.666

61.016 61.02* 61.072
.043 ^030 T55J

61.018 61.034 i 61.079 61.153 60.968

61.168 ._.
~3S79" T l

61.024 61.039 61.084 61.161
.04fi

61.1

61.083 61.1
0 0

61.016 61.173

61.156 60.836 60.IS3 60.978 61.021
u 0 0 0 Q

60.985 61.029 61.143 61.084 61.034
-.061 .533 -.620 -.541 ' ,.8K

61.0

60.998 fii.123 61.067
-.(541 - . o 5 S

61.116 61.057 6K;

60J950 60.950 60.
-.089 -.*» ~

61.064
.056

60.578 61.115 61.039

61.051'

Table 2 Pipe Section O.D. Characterization
(Average Values of^ Three Tests)
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Table 3 Clamp Thermal and Mechanical Behavior
During Temperature Cyclic Tests

(a ) Horizontal Clamp

Frequency (Hz.)

5.84

5.86

8.95

11.16

16.53

28.35

Force (N)

17,410

440
333

7,830

675
235

(b) Vertical Clamp

Frequency faz. )
5.64
5.66
6.07

10.80
17.77
18.83
19.94
24.30
24.84
26.09

Force (N)

7,760

998

734

1,010

910

1,057

2,163

1,781

1,165

607

Table 4 Frequency-Load Content of Input Driving
Force (201 of the Design SSE Load)
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Table 5 Temperature Behavior of Horizontal Pipe
Clamp During Thermal Cycling Tests
(For TC Location, See Figure 15)

Table 6 Temperature Behavior of Vertical Pfrie
Clamp During Thermal Cycling Tests
(For TC Location, see Figure 16)
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TABLE 7

CLAMP SLIP TEST RESULTS (wi th side load)

8900 N PRELOAD

HORIZONTAL LOAD
N ;:."..• •

8900
8900
8900
8900
8900
8900
8900

VERTICAL LOAD

2,750
4,809
6,183
6,868
7^557
8,928
10,300

Dl*
cm

-•0038
-.0044
-•0051
-.0025

D2*
cm

-.0038
-^0076
-ioii4
-;0152
-^0203
-.0305
-^0635

slip occurred

VERTICAL LOAD REMOVED

8900 0 -.0025 -.0559

*See Figure 20 for location of D l , D2 measurement

6123A-669A-(S1498) j 1 7



TABLE 8

CLAMP SLIP ̂ EST RESULTS (no side load)

8900 N PRELOAD

HORIZONTAL LOAD
. .'YY^RY:

0
0
0
0
0
0

VERTICAL LOAD
-.": :YN,;V Y

2,750
4,809
6,133

7,557
8,928

Dl*
cm

-.0013
-.0019
-.0025
-10025
-.0025
-;0025

D2*
cm

-,0051
-10089
-ioii4
-•6127

slip occurred

*See Figure 20 for location of Dl, D2 measurement.
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10° SEAM WELD

1" = 2.54 cm
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Figure 9 Outside Diameter Measurements-Unloaded Pipe Section
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Figure 18 Stiffness Test for Pipe/Cl amp
with 22,250 N Clamp Preload
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Figure 21 Photograph of Test Arrangement for the Friction Test
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Figure 22 Clamp Friction Test Assembly (Section C-C)


