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ABSTRACT

The occurrence of a water hammer event can result
in large forces exerted on piping components and
associated supports/restraints. In order to better
understand this phenomenon, a test facility was
designed and built to observe the effects of this type
of loading on piping systems. Tests were performed at
various levels on both a unrestrained and a restrained
system. One type of restraint studied was a visco-
elastic damper restraiant (ANCO, 1982), Results of this
restraint’s test were evaluated and compared with
results from a rigid restraint system. Results show
that the damper unit is capable, If properly sized, to
reduce pipe component stresses and accelerations, while
holding displacements to an acceptable level, Thus
such devices are suitable for use in water hammer envi-
ronrents and c¢an yield significant Iimprovements in
seismic resistance while allowing for thermal growth.

NOMENCLATURE

cu-ft cubic feet

ft/sec feet per second

in. inch{es)

mph miles per hour

psi pounds per square inch

TEST FACILITY

The water hammer test facility allows full scale
pipe runs to be subjected to realistically simulated
water hammer loading, Illustrated in Figure 1, the
system c¢onsists of a set of nitrogen accumulators
capable of achieving 3,000 psi "head" with a capacity
of 4 cu-ft. These accumulators are separated from the
water reservoir {a 6-in. diameter, 8-ft pipe) by a
burst diaphragm. Once the diaphragm is ruptured, the
water reservoir is subjected to an impulse load which
accelerates the water through the test specimen.

At the test specimen termination, one of two
conditions exists. First, the exit area can be
reduced, which requires that the moving water "slug"

impart its momentum to the specimen as it forces itself
through the reduced exit. An alterpate condition can
be obtained by sealing the exit and filling the entire
test specimen with water prior to diaphragm rupture.
This condition, termed a “hard test”, simulates a
pressure pulse traveling through a filled pipe, similar
to a rapidly closing valve in a moving water stream.

TEST SPECIMEN

Figure 1 alse details the test specimen used to
observe the effects of the pipe restraints. Et
consists of a 6-in. diameter, carbon steel, Schedule 40
pipe with two long radius elbows. The exit area is
reduced from 8 in. to 3 in,

The test specimen is instrumented with strain
gages, accelerometers, displacement transducers and
pressure gages. This instrumentation allows one to
correlate the various measurements to the movement of
the water slug or pressure pulse through the test
specimken.

Supports are provided to carry the system dead
weight, vyet allowing for freedom of movement in the
horizontal plane.

PIPE RESTRAINTS

First, a test was conducted using a rigid strut
support. The support used was a Grinnell Model 640-2
strut. This was used as a haseline to observe strut
loads In order to size the damper unit.

Once the loads were determined, an appropriate
damper unit was chosen and installed. Known as the
GERB visco-elastic pipe support, it is illustrated in
Figure 2. [ts operation is based on the amovement of a
plunger through a highly viscous bituminous fluid,
This fluid is contained in a reservelr that is attached
to ground. The plunger is attached to the pipe run and
is set in motion by pipe displacements. Movement of
the plunger through the fluid produces shear loads that
resist pipe motion. Prior testing has shown pipe



damping to increase to as much as 50% of critical due
to intreduction of the damper unit {(ANCO, 1982 and
Stoessel et al., 1987).

The damper unit is frequency dependent, as shown
in Figure 2. It also allows thermal expansion movement
and is relatively malntenance free due to the absence
of moving parts. it has been approved for use in
nuciear power plants in West Germany (TUEV, 1984). Its
location in the piping run is shown in Figure 1.

TEST PROGRAM AND TESTS RESULTS

The first series of tests were performed on a sim-
ilar test specimen consisted of an unrestrained system
subjected te various pressures up to 1,700 psi. Both
hard tests and water hammer tests wWere performed. A
high level test was performed with the visco-damper in
place.

This series of tests showed the enoraous
destructive force of a water hammer event. Displace-
ments measuring feet and elbow strains exceeding 10,000
microstrain were observed during a §,700 psi test. It
was estimated that the water slug was traveling in
excess of 200 mph during this test. The visco-damper
test, conducted at a lower level than 1,700 psi,
resulted in rotation of the pipe clamp and a separating
of the two parts of the damper unit. The cause of this
was due to Improper sizing of the daaper unit {too low
a load rating). However, the damper unit was not
damaged, except for its canvas dust cover.

The next series of tests, of interest in this
discussion, consisted of various pressures in the hard
and water hammer configuration. The tests comparing
the rigid and visco-damper restraints were performed at
100 psi. This low level was chosen for reasons of
avallable visco-dampers and to maintain elastic level
loadings .

A summary of the test resuits for the {wo
different restraints is presented In Table i.
Table 1
TEST DATA MAXIMUMS

Maximum Values

Elbow Pipe Pipe

Strain* Acceleration** Displacement®
Rigid Strut 100 1.5 .10
Visco Damper 70 5.9 .30

* In microstrain at first elbow.
¥* In g's at pipe exit, x direction.
t In inches at restraint point, y direction.

DISCUSSION OF TEST RESULTS

First, a general discussion of the test is
presented. Bigure 3 shows typical agceleration tisme
histories for the test with the visco-damper, By
observing the pressure gages' time traces, the various
loadings of the specimen during water slug travel can
be ascertained. Figure 3 inciudes notations of the
times at which maximum pressures were recorded at each

pressure gage. It is clear that loading occurs as the
water siug moves through the elbows as well as when it
reaches the restriction at the end of the specimen.
Elbow loading is due to change in momentum as the
moving water is forced to change direction. In fact,
the maximum acceleration occurs when the water passes
through the second elbow.

From the pressure readings, an estimate of the
average velocity of the water can be made. For these
100 psi tests, the estimated average velocity was
90 ft/sec or about 60 mph.

As for the particular values reported in Table §,
the visco-damper unit appeared to reduce the peak elbow
strain and the peak acceleration at the specimen end.
Specimen displacements near the restraints were higher
with the visco-damper (as expected} but were still
within an acceptable range. it should be noted that
the estimated movement of an unrestrained system, based
on the previous test series, would have been several
inches for a 100 psi test.

Comparing the acceleration time histories of the
two tests shows that due to system flexibility and
high damping, the visco-damper system underwent less
cycles of occillations than the rigid strut system,

No damage was visibly cbservable during and after
the visco-damper test.

CONCLUSIONS

These tests show that a visco-damper can provide
protection against water hammer loadings when properly
gized to handle the anticipated peak loads. Its
performance is at least as good as a rigid strut and is
much better than no restraint. Though these tests were
performed at low levels, the visco-damper, if properly
sized, should follow the same trend as shown inm Table
1, since its performance improves with velocity. With
its other inherent benefits, such as thermal expansion
allowance and seismic protection, it may clearly be
beneficial in any design reguiring water hammer
recognition,

REFERENCES

1. ANCC Engineers, lInc., "Experimental Seismic Study
of a Modified TZ Piping System in Three
Configurations - Damper Only, Rod Restraints Only,
No Damper/No Rods," Report No. R2026.10, October
1982,

2. TUEV Hannover, W. Germany, "Pruefbescheid zu der

TUEV Eignungspruefung von Viskoelastischen

Schwingungsdaemnfern der Fa. Gerb, Beriin,"

{Qualification Tests by TUEV for Visco-Elastie

Dampers Made by Gerb, Berlin), Report No. TOB-84-

01, March 1984,

3. Stoessel, J.C,, et al. "Experiments on a Novelle
Plping Restraints," (987 ASME PVP Conference, San
Diego, California.



eLsOw 4 2 (I ) RO
4
‘g‘l‘f‘%ﬂ o FINED BTINT
L3
j QESTRAINT
LOCATIH

V’//,m WATER LG 16"d = # )
20 SUPTURE
mAPH.QA.M’\\

ACCUMULATOR
-K‘ CLOSED OR 3" REDUCER
Fig, 1 Water hammer setup 4FROE Tage 2 fun 2 thopERT 11 43
SERR TEST a6 1od PSI. SLUG. 2 FT3. ¥ALVE RECERSE
BI-3E 408 73144 '3
10609
[N -] ) i 55840
#
&
bl X 37126
N
3
L 13384
N _
u—)
i \\\‘\%\ P~ - 56349
2
i Nl :
1o Bl o -
g A P o - <L 23§6n
3 o =3 LBOBOS  [40608 | 80808 2 ZEBME 2 EHHE 3 edadg
a 1 w0 .
gr=ay < ‘-,5#,D ELAPSED TIAE IR SECONTS
L P ! et KPROC Tegr 2 Run- 2 1928487 21 4311
s [ s i CERE TES1 AT 183 PSE, SLUG, 2 FT3, YALYE RELERSE
A B | -3 6s 7= Xk oy
0 T H T
\\s ; A 3 98808
e S
S J u; \1‘ |
T R =t —r 4 3 75648
1 — K
T H () A
POFPSPEN AU s A N S IO Kt sse
B I A R B %
£ -w-.-mﬂ;\“q ”/ hf\ﬁ,«»—-»v~»ua-«-«~m—-——-»—
t - 14368
Horzontal dymping revistance
-2 63804
A B llc o
T N
1R300k L9000 5 30990 220000 2 §803% 3 po000
ELRPSED Ting IR SECANES
P20 Test ¢ Run: 2 728087 21 43 I
GERB TEST AT 196 PSI. SLUG. 2 F13, YALVE RELEASE
NT-120 G608 N
EIEFH T
Iy zam
R
"
N bETEY] h
A Brmnosinionupibhind
; | A
L BT
-2 23
$ A Bi{C D
-3 22100 -
TA20BE L 4048 1 8008 2 20000 2 43889 5 opeA2
ELaPYED TtaE IS SEcoxts
4 - Fixed point,
B - At end of first elbow,
C - Start of second elbow,
D - At exit,
Fig., 2 Visco-elastic damper (VED) Fig. 3 Typical acceleratfon time histories

visco—damper test



