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Pipe Rupture Test Results; 6 in. Pipe Whip Test under

BWR LOCA Conditions — Overhang Length Parameter
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Toshikuni ISOZAKI, Noriyuki MIYAZAKI, Rokuro KATO
and Shohachiro MIYAZONO

Division of Nuclear Safety Research,

Tokai Research’ Establishment, JAERI

(Received .January 27, 1983)

A series of pipe rupture tests has been performed in JAERI to
demonstrate the safety of the primary coolant circuits in the event of
pipe rupture, in nuclear power plaﬁts. The present report summarizes
the results of 6 in. pipe whip tests (RUN 5605, 5606), under BWR LOCA
conditions (285°C, 6.8 MPa), which were performed in August, 1981. The
test pipe is made of Type 304 stainless steel and its outer diameter
is 6 in. and its thickness is 11.1 mm. The restraints are made of Type
304 stainless steel and its diameter is 16.0 mm. Two restraints.were
set on the restraint support with clearance of 100 mm. Overhang length
was varied as the parameter in these tests and was 300 mm or 700 mm.

The following results are obtained. (1) The deformations of a
pipe and restraints are limited effectively by shorter overhang length
of 300. However, they become larger when the overhang length is 700 mm,
and the pipe deforms especially at the setting point of restraints. (2)
Velocity at the free end of pipe becomes about 30 m/sec just after the
break. However, velocity at the setting point of restraint becomes

about only 4 m/sec just after the break. (3) It seems from the com-

parison between the 4 in. tests and 6 in. tests that the maximum restraint

force of 6 in. tests is about two times as large as that of 4 in. tests.

Keywords: Pipe Whip, 6 In. Pipe, Restraint, Clearance, Overhang Length,
BWR LOCA Condition, Rupture Disk

This work was performed under the contact between the Science
and Technology Agency of Japan and JAERL to demonstrate the safety
agalnst pipe rupture of the prlmary coolant c1rcu1ts in nuclear power

plants.
(i)
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1. TINTRODUCTION

Pipe rupture tests(l) have been performed using FRPC-II* in JAERI
to demonstrate the safety against pipe rupture of the primary coolant
circuits in nuclear power plants.. Pipe whip tests are part of pipe
rupture tests, and have been performed under BWR (285°C, 6.8 MPa) or
PWR (320°C, 15.6 MPa) LOCA conditions using'test pipes of diameter in
4, 6 and 8 in. 4 in. pipe whip tests under BWR and PWR LOCA condi-
tions(z)’(B) had been performed already, and we obtained some results.

The present report summarizes the results of 6 in. pipe whip tests
{(RUN 5605, 5606), under BWR LOCA'conditioﬁs, which were performed in
August, 198l. C(learance is the distance between a pipe and restraints,
and is kept constant at the value of 100 mm in these tests. Overhang
length is the d;stance from a setting point of the restraints to the

free end of the pipe, and varies from 300 mm to 700 mm in both tests.

* FRPC-TI: Facilities for Reliability Study of Pressure Boundary

Components-II
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2. TEST PROCEDURE

2.1 Test Condition

The profile of the testing system is shown in Fig. 2.1. Test pit
and plant room are divided by a wall. An auxiliary connecting pipe
which reduces the diameter of the 8 in. nozzle to the diameter of the
4 in. test pipe is attached to the nozzle of the pressure vessel. An
electric heater and a pressure vessel are used to heat up a water to
BWR LOCA conditions, which are kept constant in a system by a circulating
pump. The water level is set a; the height in 4 m from the bottom of
the pressure vessel just before the blowdown. A pressurizer is used
to the tests under only PWR LOCA conditions, and is mothing but a storing
place of steam. 7

The test equipment is shown in Fig. 2.2Z. The test pipe is connected
to the auxiliary connecting pipe and is 4500 mm in length and is fixed
by the pipe support so that the length of the test section 1s 3000 mm. A
tracing plate is set mext to the test pipe to trace the loci of whipping
pipe. We attached to the test pipe high temperature strain gages, pres-—
sure transducers, thermoccuples, displacement meters and accelometers.

Test conditions are summarized in Table 2.1. Two runs of test were
performed under BWR LOCA conditions, varying overhang length from 300
mm to 700 mm. The test pipe was made of Type 304 stainless steel, and
its outer diameter was 165.2 mm and its thickness was 11.0 mm., The
restraints were made of Type 304 stainless steel, and its diameter was
16.0 mm. Two restraints were set on the restraint support with clearance
of 100 mm.

The chemical composition and mechanical properties of a pipe and
restraints are summarized in Table 2.2. The view of the test system
before the test in RUN 5606 is shown in Photo. 1. Hot water is circulated
through the warming-up line which is attached to the free end of the
test pipe to keep the temperature of the test system uniform. A flex—

ible tube is used as a part of the warming-up line to reduce its restric-

tion to pipe whip motion.

2.2 Test Equipment

The configuration of the welded type of rupture disk is shown in

Fig. 2.3. This rupture disk is butt-welded at the tip of the test pipe.

-2
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This assembly was developed especially for the pipe whip test. A rupture
disk was placed and welded between two segments of pipes. The weight of
this assembly is lighter than a flange jointed type of rupture disk.
Instantaneous pipe rupture is simulated by breaking this rupture disk
using the electric arc method. The short nozzle for the warming up
line and the seat for the préssure transducer are attached to the pipe
end.

The details of the restraint are shown in Fig. 2.4. The restraint
is composed of a U-bar, bearing plate,.clevis, bracket and pin. The
clevis is screwed to. the end of the U-bar and is used for fine adjust-
ment of clearance. The bearing ﬁlate made of carbon steel is attached
to the inner side of the circular part of the U-bar. The purpose of
this plate is to wrap around the test pipe to mininize pipe rebounds.
Restraint assemblies are pinned to the bracket which is set on the

restraint support.

2.3 Measuring Items and Devices

The locations of measuring devices on the test pipe are shown in
fig. 2.5. High temperature strain gages (XU 111 ™ XU 122) were used and
attached to the surface of the pipe by welding. Displacement meter of
XU 201 was the eddy current type and measured the transient displacement
‘of the whipping pipe. The accelerometers of XU 301 and XU 302 were
“piezo type and attached to the locations shown in fig. 2.5,

The locations of strain gages attached to the restraints are shown
in Fig. 2.6. These strain gages were ordinary ones used at room temper-
ature. The strain gages attached to the clevises of restraint were’
utilized to measure the restraint force.

Measuring items for each test are summarized in Table 2.3.1 and
Table 2.3.2. Thé symbols XU, PU, WU and TU are mainly the strain gages,
pressure transducers, load cells and thermocauples, respectively. The
symbols-L, M and H in the columns of Record Device mean that the outputs
were amplified through the low, middle and high speed type of dynamic
strain amplifier. The symbol ON means that the amplified outputs were
recorded into the diék of the computer in on-line mode, and né symbol

means that the outputs were recorded into the analog data reccrder.
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Table 2.1 Test Condition

Run Number 5605 | 5606
Test Number 6BW!1 | oBWZ2
Date '81.7.27 |'81.8.6
Pressure { MPa) 6.76 6.76
Temperature Vessel 2847 2847
(CT)  [Test Section | 283.5 | 282.9
Diameter of Test Pipe 68,sch80
Length of Test Section 3000 mm
Type U — bar
€| Overhang {mm) 300 700
g Clearance {mm) 100
{&| Diameter (mm) {6
Number 2

Table 2.2 Chemical Composition and Mechanical Properties

{a) Test Pipe (Room Temperature )

%
C Si Mn F S Ni Cr
0.05 0.47 150 0029 0005 930 1840
Yield Strength Tensile Strength Elongation
26 4.6MPa 597.8MPa 66%
{b) Restraint (Room Temperature )
%
C Si Mn P S Ni Cr
0.04 0.46 0.89 0.032 0.025 8.10 1830

Yield Strength

Tensile Strength

Elongation

287.1MPa

64 9.7MPa

618%
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Table 2.3.1 List of Measuring Items

TAG No

‘ MANUFACTURER
LOCATION SPECIFICATION TYPE

RECORD
DEVICE

Xull1l
112
113
114
115
116
117
118

119 .

120
121
122
126

HIGH TEMP
SPOT WELDED
PIPE PLASTIC AILTECH

SEE FIG. 2.5 | STRAIN GAGE SG—125—01F4)
—4—304855

BLH

DR

i

XU131
132
133
134
135
136
137
138

139.

140
141
142
143

RESTRAINT No i| PLASTIC TOKYO SOKKI
STRAIN GAGE YL —5
SEE FIG. 2.6

DR

XUlb1
152

153

154
1556
156
157
158
159
160
161
162
163

RESTRAINT o 2| PLASTIC | TOKYO SOKKI
STRAIN GAGE YL -5
SEE FIG, 2.6

DR

WU131
132
151
152

CLEVIS ELASTIC KYOWA

SEE FIG. 2.6 | STRAIN GAGE KFD—-2-D16-11Z
—100-3

ZEEZRIrZ2EssRRsEEEEEElEgsEEsEEslEsgEgEEgeggggg g

DR
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Table 2.3.2 List of Measuring Items

MANUFACTURER RECORD
TAG Nao | LOCATION SPECIFICATION TYPE DIVICE
PUI101 ON i H
103 BLH GP-H ON | H
105 ON | H
111 PRESSURE ON | H
112 SEE FIG.2.1| STRAIN GAGE ON | H
113 TYPE SHINKO-K ON | H
114 - ON | H
115 ONj H
116 TOYOEA PMS—10K TMN § ON | S
TU101 ON | B
102 ' OKAZAKT T-35 |ON | ]
104 TEMPERATURE ON
130 | SEE FIG,2.1| C—A SHEATH ON
131 TYPE SUKEGAWA ON
132 ON
133 ON
Xuz200 KYOWA, INDUCTANCE | DR | M
201 SEE FIG.2.51 DISPLACEMENT KAMAN, EDDY DR ><
202 Xy | L
203 TOKYO SOKKI, DIAL <y | L
Xus3o1 ACCELERATION DR | C
502 SEE FIG.Z2.5 PIEZO ELECTRIC ENDEVCO 2273A bR | C
XU401 BUBBLE METER | DR
402 SEE TIG.22 ELociTy DR
WU101 LOAD CELL BLH T2G-1 DR | M
115 SEE FIG.21 WATER LEVEL FUJI FEC—3-4-N3-1i DR
H : High Freq. Amp. (50 KHz) - SHINKO DA —4007 —F
M : Medium Freq. Amp. (10 KHz ) -oeeeeees SHINKO DA —4006—F
L : Low Freq. Amp. (2 KHz) oo SHINKO DA —6005—F
B :DC Amp. e BLH BLH—-5300
C i Charge Amp. e ENDEVCO  MODEL 2735
S : Multi Purpose Amp. ( 20KHz ) -roeeeee SAN —EI 6MT72V
PR : Analog Data Recorder ~  ooreeeeeee AMPEX PR — 2200

ON : Temporally Digital Memory
XY : XY —Recorder
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3. TEST RESULTS

3.1 Electrical Measurement

The results of electrical measurement, that is te say, pressure,
temperature, strain, acceleration and load etc. were obtained according

to Table 2.3.1 and Table 2.3.2. These results will be shown in the

next chapter 4.

3.2 Residual Deformation Measurement

(1) Residual strains of the test pipe

Results in RUN 5606 are summarized in Table 3.1 and their distribu-
tion along pipe axis are shown in Fig. 3.L1. |
(2) Measurement of outerdiameter of the test pipe

Results in RUN 5606 are summarized in Table 3.2 and their distribu-
tions along pipe axis are shown in Fig. 3.2.
{(3) Residual deformations of the test pipe

Results in RUN 5606 are summarized in Table 3.3 and their distribu-
tions along pipe axis are shown in Fig. 3.3. Peak deformations are also
shown in Fig. 3.3, which are obtained from the loci on the board set
next to the test pipe.
(4) Residual strains of restraints

Results in RUN 5606 are summarized in Table 3.4 and their distribu-
tions are shown in Fig. 3.4. The measuring results of outputs of strain

gages before and after the tests are summarized in Table 3.5.

3.3 Observation of Pipe Whip Phenomenon by High Speed Camera

Photographs taken by the high speed camera are shown in Photo. 3.
Only local views near restraints in RUN 5606 could be observed in the

tests. Frame intervals is 2.5 msec/frame.

Restraints slided along the pipe axis after the impact between the
pipe and the restraints, and it seemed to increase the upward movement
of the test pipe. View of the test system after the test in RUN 5606 is

shown in Photo. 2.
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3.4 Photographs after Tests

Photographs of the situations before and after the test in RUN
5606 are comparatively shown as follows.,

Front views of the test system héfere and after the test are shown
in Photos. 4 and 5.

Side views of the pipe and restraints before and after the test
are shown in Photos. 6 and 7,

Deformations of the pipe and restraints at the setting point of
restraints are shown in Photos., 8 and 9.

Front and side views of the restraints before and after the test

in RUN 5606 are shown in Photos. 10 to 13.
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Table 3.1 Resuits of Dimensional Measurements of Test Pipe along Axis
3,000 N
50
<2, 1002 20056 100%6 50x6 1003 300
7 TN
/b624 2322 21 20 19 18 17 161514 1312 1110987654 3 2 1 1
95
1-2|2-3|3-4|4-5|5-6|6-7|7-8[8—9 (910
Eg Elongation —0.10| 035/~125F205/-315|-410-465-420|—-495
5% | Strain —0.10] 035125 -408|-628/-8199.38/-845[-9.90
ég Elongation 0.15( 0.75| 305} 230 3.00| 370] 455 500| 530
So Strain 0.15| 075| 305 | 463| 6.03| 741 90810081058
10—11]11—-12/12-1313—1414—1515—16/16—17/17—1818~19
59| Elongation  |~1000/-635[ 550 —380|-225~100-060-020) 045
Sw | Strain -10.02/-6.38550 -3.80|-225|—1.00-030-010] 023
ég Elongation 9.40| 760| 6.10| 420| 250| 125 080 035! 010
%ol Strain 941 762| 611 | 420| 251] 125/ 040, 018] 005
19-2020—21]21-2222-2323—24[24—2525-26
§§ Elongation —0.25—040035(—030/—030 —030-0.25
S» | Strain . 013~020—0.18[-030/—030 —0.60—0.50
¢ | Elongation 040 045 055| 030 030 010 015| (mm
= -
%o | Strain 020 023 028 030/ 030 020 030] (%)
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Table 3.2 Results of Dimensional Measurements in
Diameter of Test Pipe
3000
0 100
1507 300 § 400 400 300 | 2005 200 150y x2 150,200 | 300
y |
7 IR
413 12 11 10 9 876543211{
A
B
A

1 2 3 4 5 6 7 8
% | Expansion 008 | —044|—10635—1157(—1411—1213(—4.18 | —074
|
< | Strain 005 | —0.27|— 6445~ 7.01|- 849|— 735|-253 | —045
x | Expansion —0.06 0.22 614 | 11.73| 1354, 1167 570 0.83
f
| Strain —0.03 0.13 372 7.10 8.20 707| 345 0.50

9 10 11 12 13
ey Expansion 0.27 012 021 — 087|— 0.05b
&1 Strain 016 | 007! 013|]- 052/— 003
> | Expansion —-0.08 0.04 004 — 005 0.39| (mm)
c'a Strain —-0.05 002 002 - 003 0.24| (%)
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Table 3.3 Results of Residual Deformation of Test Pipe

3000 N
2800 o
2400
2000
1600
1,200
800
400
/
7 TN
An G F E D c B Al
—L2
Base Plane
L1
)
%
L1 L2
Before After Before After
Test Test Test Test
A 2477 —-2973 | 28005 [2630.1
B 2482 — 223 | 24002 [ 23403
C 2480 1827 | 20000 |119925
D 2483 2347 16000 (15998
E 24175 2434 | 12000 112000
F 2474 2491 800.0 8§00.0
G 2475 253.1 400.0 400.0
H 2480 25622 0 0
(mm)
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Table 3.4 Results of Dimensional Measurements

R 1 R 2
Elongation| Strain [Elongation Stirain
, A—B 0 0 0.05 0.13
RS B —C 0 0 0.10 0.25
P
O C-D 0.10 0.25 | —0.10 —025
EVI D ~E 0.10 0.25 -0.15 —0.38
K _
! ] ) . A—E 0.30 0.19 0 0
g A=C’ 0.10 0.13 .15 0.19
it % 4D
| e F—] 0.10 006 | —005 —003
20} 1
g—% ¢ F—M’| 010 0.13 0.20 0.25
Gt A T8 F -G 0 0 0.10 0.25
b
FT “—+A _ | G-H 0 0 0.10 0.25
' [@p]
1 H-I 0.05 0.13 0.25 0.6 3
I -] 0.05 0.12 0 0
_ —055 | —153 —~0.65 ~182
J-K | i35 | oD | 020 058
_ 065 | —183 | —085 236
' K-L | @©dd | (30 | @i | @13
_ —065. | —181 065 —182
L-M | (6 | 173 (0.3 0) 089
_ 025 | —069. | —0.20 056
@/ M—=N | (55 | (d60) | (0:10) 0.2 9)
N—-0 035 097 —010 028
e 3972 —> (055 | (1.58) (0.1 0) (0.2 9)
' O —P 125 348 120 337
(0.8 ) (2.32) (0.05) 0.1 4)
_ 185 517 115 303
P-Q | (65 | 8D | (030D W87
_ 175 192 140 386
Q-R | (05 | d4d | (035 (100
_ 155 132 155 235
R=8 | (¢2% | (058 | (0.25) k8
mm %

( ) I Side of U— bar
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Table 3.5 Residual Strain of Test Pipe and Restraint
Tag No Residual Strain Tag No Residual Strain
XUtril 25682 XuU13e6 1602
Xulilz Xu137 —379
Xu113 XU138 —-607
XU114 XU1l39% —-18491
XU1l15 XU140 12294
XUu1i1ls Xu141 12945
Xuri7z ) Xuyi142 7845
Xu1l11i1s 7435 XuU143 10328
XuUu119 594 Xu1ls1l —1525
Xu1zo 1117 XUl152 1565
Xul1z21’ 1905 XUl53 — 360
Xu1zz2 2243 XU154 968
WU 131 1953 XU145 —-805
WU132 1046 XU1586 1269
WU 133 XU 157 1345
WU1l34 1011 XU158 —157E6
XUl31 - 83 Xu1s59 — 15585
Xu1l13z2 1650 XU160 1622
XU133 530 Xulel 2258
XU134 1308 Xu1ile62 6974
XU135 105 XuU1e63 12774

(u)
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4., DISCUSS5LION

4,1 Time Sequence of Typical Detectors

Output signals from each detector were recorded into an analog
tape. These time histories were drawn across the paper of the X-Y
plotter. A code generating system made it possible to search the tape
automatically and initializing the time axis. Starting point, Time=0,
in the output-time histories does not mean the moving instant of the
test pipe but the instant when the electrode discharged sparks. -

The time sequence of major events is shown in Fig. 4.1. Time=0 is
the starting point in the output;time histories. XU 301 is the acceler-
ometer attached to the free end of the test pipe. The starting time
of the output of XU 301 means the moving instant of the test pipe. XU
143 and XU 163 are the strain gages attacked to the top of the restraints
R1 and R2, respectively. The starting time of these outputs means the
instant of impact between the test pipe and the restraint. Impact time
is defined as the elapsed time from the rising time of the accelerometer
XU 301 to that of the straing gage XU 143, This value is also shown in
Fig. 4.1.

4.2 Pressure in Vessel and Pipe

The initial conditions of pressure and temperature have already
been shown in.Table 2.1. Pressure and level histories (PU 111, PU101,
WU 115) in RUN 5606 are shown in Fig. 4.2. The output of the pressure
transducer PU 111 at the free end of the test pipe decreases more rapidly
than PU 101 at the pressure vessel just after the break. 1In the case
of PU 101, the knee where the discharging jet changes ffom.hot water into
steam one appears at about 9 sec after the rupture. Thereafter pressure
drops rapidly for discharging a high quality saturated steam. The falling
rate of the water level is 0.36 m/sec, which is about two times as fast
as that 0.2 m/sec of 4 in. test results in RUN 5603(3?.

The comparison of pressure histories along the test pipe is shown
in Fig. 4.3. Pressures drop in stepwise manner just after the initia-
tion of the blowdown, and become to drop later and smaller with increasing
distance from the free end of the test pipe. Velocity of tﬁe pressure

wave propagating in the £1uid becomes about 1150 m/sec as shown in

Fig. 4.4, which is almost equal to the velocity of sound, 985 m/sec, in
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the saturated fluid with 6.86 MPa pressure.

4.3 TFluid Temperature in Vessel and Pipe

Temperature histories, TU 102, 130, in the vessel and pipe are
shown in Fig. 4.5. The fluid temperature, TU 102, In the vessel decreases
slowly after the initiation of the blowdown. From 2 second to 30 second
temperatures followed a saturation curve. The fluid temperature, TU 130,
in the test pipe decreases rapidly just after the initiation of the blow-
down. After 30 second, temperature rised over the saturation point

because of heating by vessel wall.

4.4 Deformation of Test Pipe

(1) Residual Deformation

Residual deformation of the test pipe is small when the overhang
length is 300 mm, since the restraints limit the pipe movement as shown
in Photo. 4. However, it is larger in the case of OH*=7OO mm, and the
pipe deforms especially at the setting point of restraints as shown in
Photo. 5. Residual deformations of the test plpe are comparatively
shown in Fig. 3.3. The free end of the test pipe deflects about 700
mm upwards in RUN 5606.

Distribution of the residual strains along pipe axis is shown in
Fig. 3.1. Distribution of the outer diameters along pipe axis is shown
in Fig. 3.2.
(2) Dynamic Deformation

Strain histories of the test pipe in RUN 5606 are shown in Fig.
4.6. XU 111, XU 113, XU 116, XU 118 and XU 122 are the strain gages
attached at the points of 550 mm, 750 mm, 950 mm, 1500 mm and 2900 mnm,
respectively. The rising of stain in XU 122 appears in the earliest
time of these outputs. This means that the test pipe near the pipe
support deforms in the earliest time till the impact between the test
pipe and restraints.

Dynamic strain distributions of the test pipe are shown in Fig. 4.7.
The first plastic strain of the pipe appears at the point near the pipe

support before the impact. The second plastic strain of the pipe appears

* (CL: Clearance, OH: Overhang length
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at the setting point of restraints after the impact, and increases with
time. This moves to the pipe support at 70 msec after the break,

because of the inclination of the restraints.

4,5 Deformation of Restraint

{1) Residual Deformaticn

Deformed restraints after the tests are shown in Photos. 18 and 19.
the restraints incline toward the pipe support, and is bent at the part
of the clevis. The flaw scratched by the restraints in observed at
the surface of the test pipe.

Front and side views of the restraints Rl and R2 after the tests
are shown in Photos. 20 through 24. The deformation of the restraint R1
is larger than that of R2. The bearing plate inside of the U-bar includes
the test pipe. 1In the case of OH=700 mm, the part of the clevis which
is thined to attach the strain gage is bent toward the test pipe. How-
ever, in the restraints with ordinary clevis of the real plants, the
inclination of the restraints seems to be small. The clevis should be
designed strongly in order to prevent the plastic deformation. The
residual strain distribution of each restraint is shown in Fig. 3.4.

The restraint Rl deforms more than the restraint R2, since the test
pipe bends steeply at the setting point of restraints.
(2) Dynamic Deformation

Strain histories of the restraints R1 and R2 in RUN 5606 are shown
in Fig. 4.8 and Fig. 4.9. Strain of the restraint Rl is larger than that
of the restraint RZ. Output phase of the strain gage attached at the
inner side of the U-bar is inverse with that at the outer side of the
~ U-bar. This phénomenon seems to be caused by the bending vibration of

the U-bar. The first maximum restraint strains are summarized in Table

4.1.

4.6 Restraint Force

Restraint force histories in RUN 5606 are shown in Fig. 4.10.
Perfect restraint force could not be measured, since the strain gages
were snapped because of large plastic strain. However, the first

maximum restraint forces can be obtained, and are summarized in Table 4.2.
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4.7 Deflection of Test Pipe

The output result of the pipe velocity meter XU 402 is shown in
Fig. 4.11. The output voltage changes in a stepwise manner, since a
scratching pen cut a several electric paints on the board.

Displacements at the free end of pipe and the setting point of
restraints versus time are shown in Fig. 4.12. The former was obtained
by the velocity meter XU 402 and the latter was obtained by the results
of high speed camera. Velocity at the free end of pipe is about 30 m/sec
just after the break, and decreases to about 4 m/sec. However, velocity
| at the setting point of restraint i1s about 4 m/sec just after the break,
and decreases to about 1 m/sec. From these results, we can imagine that
the test pipe already bends like a bow according to the bending moment

before the impact between the pipe and the restraints.

4.8 Comparison between 4 in. and 6 in. Tests

4 in. pipe whip tests under BWR LOCA conditions were summarized in
the previous report.(s) Comparison of test conditions between 4 in.
and 6 in. pipe whip tests is summarized in Table 4.3. Sectional area
of 6 in. pipe is about two times as wide as that of 4 in. pipe.

Comparison of test results between 4 in. and 6 in. pipe whip tests
is summarized in Table 4.4. 4 in. tests in the cases of OH=250 mm and
OH=550 mm are represented, since these cases resemble to those of 6 in.
tests, The maximum restraint force of 6 in. test is about two times
as large as that of 4 in. test. However, the maximum restraint strain

does not change so much, since the sectional area of restraints of 6

in. test is alsc two times as large as that of 4 in. test.

Out-of-plane angle of restraint means the inclination of the restraints

from the original position, and increases with increasing overhang length.
Total deflection of pipe end is measured from the loci scratched on
the board next to the test pipe, and also increases with increasing
overhang length.

Impact time means the elapsed time from the instant of break to
the instant of contact between the pipe and the restraints, and is not so
different between 4 in. test and 6 in. test. Time to maximum restraint
force is measured from the restraint force history, and does not change

with increasing overhang length.
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Table 4.1 Maximum Restraint Strain
R 1 R 2 Total Ave.
Xutl-1 —-2000 —-2500
Xul1-—-2 4000 4000
XuUu1-—3 —-2000 —2000
XUu1—4 4000 4000
XuU1—5 —2000 —-2500
Xul-—6 4000 4000
Average 1000 833 917
)7

Table 4.2 Maximum Restraint Force

R1 R 2 Total
382 17.2
WU 1-—-1
(3.9) (1.75)
343 16.7 -
WU 1-—2
{3.5) (1.7 0)
WU}_-] 7 2.5 33.8 1063
wWU1l-—-2 (7.4) (3.45) {10.85)
kN
( ton )
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5. CONCLUDING REMARKS

6 in. pipe whip tests (RUN 5605, 5606) under BWR TLOCA conditions
(285°C, 69 kg/cm?) were performed with FRPC-II. Two restraints were
set with clearance of 100 mm and overhange lengths of 300 mm and 700
mm. The following results are obtained.

(1) Velocity of the pressure wave propagating in the fluid becomes
about 1000 m/sec, which is almost equal to the velocity of sound,
985 m/sec, in the saturated fluid with 6.86 MPa pressure.

(2) Residual deformation of the test pipe is small when the overhang
length is 300 mm, gince the restraints limit the pipe movement
effectively. However, it becomes larger when the overhang length
is 700 mm, and the pipe deforms especially at the setting point
of restraints.

(3) The restraint Rl deforms more than the restraint R2 in both cases
of RUN 5605 and 5606, Out-of-plane angle of restraint increases
with increasing overhang length, and is about 18° in the case of
0H=700 mm.

(4) Output phase of the strain gage attached at the inner side of the
U-bar is inverse with that at the outer side of the U-bar. This
phenomencon seems to be caused by the bending vibration of the U-bar.

(5) Velocity at the free end of pipe becomes about 30 m/sec just after
the break, and decreases to about 4 m/sec. However, velocity at
the setting point of restraint is about 4 m/sec just after the
break, and decreases to about 1 m/sec.

(6) The maximum restraint force of 6 in. test is about two times as
large as that of 4 in. test. However, the maximum restraint strain
does not change so much, since fhe gectional area of restraints
of 6 in. test is also two times as large as that of 4 in. test.

(7) Out-of-plane angle of restraint and total deflection of pipe end
increase with increasing overhang length in both cases of 4 in.

and 6 in. test.
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APPENDIX A  Material Property

The tensile test specimen of pipe and restraint material is shown
in Fig. A.l. Pipe material specimens were manufactured from the section
along pipe axis. Restraint material specimens were manufactured from
the straight portion of the U-bar. Tensile test were conducted with
Instron Model 1123 Universal Instrument.

The tensile test results of pipe and restraint materials are shown
in Fig. A.2 to Fig. A.4. Proof stress 0,,, and strain hardening modulus
E. are obtained from these stress—strain curves. These tensile test

T
results are summarized in Table A.1l.

Table A.1 Conditions and results of tensile test

No. Material Temp, gg. 2 7y ¢ ET

i Restraint R.T. 302 7 5.0 65 0.9 1625
2 Pipe R. T. 23.0 626 570 2425
3 Pipe 285T 17.7 464 359 2825

00,2 - Proof stress Kg/mm?

o, . Tensile strength Kg/mm’

¢ . Elongation %

ET : Strain hardening modulus Kg/mm’
Material is Type 304 stainless steel
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APPENDIX B Natural Frequency

Mechanical impedance of test pipe is shown in Fig. B.l. Tt is
obvious from this figure that the first natural frequency of pipe is
about 10.5 Hz. The vibrator with a impedance head was attached at the
free.end of pipe. The test pipe was clamped at 3000 mm from the free
end of pipe. The fluid was not filled in this pipe and the temperature
of pipe is about 15°C.

Mechanical impedance of the restraint is shown in Fig. B.2. It is
obvious from this figure that the first natural frequency of restraint
is about 74.0 Hz. The vibrator with a impedance head was attached to
the top of the U~bar. Natural frequencies of the pipe and the restraint
are summarized in Table B.l. Calculated natural frequency of the test

pipe is also summarized in Table B.l.

Table B.1 Natural Frequency of Pipe and Restraint

1 2 3 4
Restraint (Exp.) 105 74.0 2350 630.0
Pipe (Exp. ) 10.5 74.0 1 8 8.0 3720
Pipe (Exp.) 16.8 1058 294.9 5780
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Photo.l View of Test System before Test

Photo.2 View of Test System After Test

,“..40_
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i0

Photo.3 Selected Frames of High Speed Camera (RUN 5606)
2.5 msec/frame
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Photo.9 Pipe and Restraint after Test
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Photo.10 Front View of Rl Photo.l1l Side View of R1

Photo.1?2 Front View of RZ Photo.13 Front View of R2



