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One of the measures to reduce the construction cost of

large FBR plants is the rationalizaton of the coolant piping Pum
5

systems by using bellows expansion joints. The use of pip-

Cold Reg

ing bellows expansion Joints enables us to simplify piping ¥
routes, shorten piping length, and reduce the number of —
components for supports, and the capacity of the equipment +
for electricity and air conditioning etc.
| Through which the additional reduction of the construc-
tion cost will be attaind. _ !
Under the full recognition of such merits acquired through & -
. Hot R ‘
| the use of bellows, PNC has devoted its utmost efforts to S 56 A
the development of bellows expansion joint since 1983. :
IHX |
I
oy
Conceptural Specification of the Secondary Main
Coolant System Using Piping Bellows Expansion Joint \:
|
o
1
-
E
| s
i -
1. i
Reactor ‘
@
4
;)__
Az
Reduction rute of construction cost of secondary piping of LMFBR by virtue of application of
piping bellows expansion joints b
ltems Length of Number of Number of Number of Pressure Sodium Area of Secondary
- Piping Loss Inventory Epuipment Room
! (m) Bellows Elbows Supports (kg/em?) (m?®) (m?2)
“Normal Piping 368 72| o168 | 352 Loop 1200 - 708 _
 Bellows Piping | 204 S 08 | 3.04/000p. 1080 an &
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In order to comfirm structure intigrity,reliability of Pip-
ing Bellows Expansion Jeoint for FBR plant, in-sodium test-
ing was carried out by 42inch full scall model of Expansion
Joints.

The standards for the design, fabrication and inspection
of bellows expansion joints have been developted to assure
high reliability sufficient for the component to be used in
nuclear plants.

Bellows

L N

Piping bellows expansion joints for LMFBR

The testing for creep-fatigue, thermal shock, buckling,
resistance to inpulsive pressure, leak before hreak (LBB)
the development of relevant evaluation methods has deen
conducted to assure the structural integrity of bellows under
severe service condition such as high temperatures, repeatedl

thermal shocks, relatively high primary stresses.

Hardwear

Items

Year | 1983 | 1984

“1985

" Material

Strength T

Failure Behavior Tegt: @i

Buckling

Piping
Bellows

____Enr!uran 3

Expansion
Joint

eloelele|o|®|©




In order to obtain fundamental mate-
rial date of bellows and review whether
it is possible or not to apply the present
material strength standard for structural
design of general components to the
material of a thin plate for the bellows,
various tests such as

1. Tensile Test 2. Creep Test 3. Sodi-

um Environment Effect Test

@Sodium emvironmental effects on
creep strength

Selution Treatment

50T

Iy
E
E
=50}
2 o
] 08— g5
& 20}

o vinalr

@ ‘inNa

1 1 1
g4

13
Time to Rupture (hr)

Since the bellows have complicated configuration, their
complex inelastic behaviors under cyclic loading should be
investgated for the precise prediction of the life of bellows.
In order to develop the evaluation method of creep-fatigue

" strength of bellows based on elastic analysis, the fatigue

Material strength tests for the bellows

Creep-fatigue test of bellows

test and the creep-fatigue test of large scale bellows were

have been carried out. m
Through these tests the following re-
sults are obtained: 4
1. The present material strength standard -4
for SUS 316 is applicable to the bellows -4
materials. £
2. Even in sodium, no reduction of
material strength of bellows is ovserved.
. . . -
@Comparison of fatigue life in
sodium to that an ai
([
F 5US 36, 550C
5h !n air .k
2 F mha (repm 021 Multi (6)-type Creep Rupture Machine
= Qe -~
Aol Oa © g
g E ° 2
£ 5h
i &
s I 3 . I Soduam
& of] wa~T" A drmea) A5
glﬂ' | | Solution Treatment fal aQ
ek | & -
5[ F
0} 102 103 109 185 108
Number of Cycles to Failure Nt (cycle) -
-
h
carried out by using the Bellows Creep-Fatigue Test Rig
-
{BCFT). .
Fig. shows the creep-fatigue damages of bellows at failure.
The test bata of bellows are satisfactority in the scatter {
band of the relevant material data.
4
&
-
Test Temp. 100.0F Material Data
650°C max - 5US 304 316
Bending Angle i o O ANNEALED A
+ Sdeg max 0.0 % O AGED }US"
Pressure o b ° a Japan -
10kg/em? G max 2r Balfows
Actuator E - ¢¢ O 5US 316 ~
+ 150ton 1.0k L] % E00TC PHC
£ 100mm () unit) g F 0% 5503 ISES-1326
. + 20ton S F
+50mm (2units) b
0. »
3 r
0.01 Lol

BCFT

0.0t

—
N 10.0 100.0

i
Fatigue Damage



Complete study by testing and drafting of new standerds for piping bellows expansion joints

Failure behavior test of bellows

The test for crack propagation behavior and fracture of
hellows has been conducted in order to investigate the possible
failure behaviors of bellows from the viewpoint of structural
safety evaluation.

The prostect obtained through this study is that the fatigue

i by

loading pattern

@Test for the bellows with through wall crack
Although bellows buckled due to excessive internal pressure
and displacement, no crack growth is observed at the initial

crack tip.
A ""I Internal Pressure P
Through wall crack
4
™~
NRSAVATATAVAVAVAVIVAD

n -

crack propagation of bellows can be predicated by the linear
fracture mecanics using the fatigue crack growth test data
of cne-pitch models and the bellows are very unlikely to lead to
unstable fracture.

@Cack growth test

/ Initial crack

=

Bellows atter test (crack length corresponds to 12



Buckling strength test of bellows

Bellows exhibits unique buckling models because of its
peculiar shape. Depending on its dimensions and the number
of convolutions, two different buckling models, namely, column

squirm {similler to the buckling mode of column) and in-plane

squirm ( bellows pitches change in a wave pattern around

the circumference) can occur as shown in figures.

In order to develop the evaluation method of buckling

@ Relation between the

Number of Convolutions |

of Bellows and Buckling

Behavior

In-plane Squirm

107!

including the influence of initial deformation and high temper-

ature, buckling test of bellows with various configurations
and sizes were carried out using the Structures Buckling

Test Rig {SBT).

=

Non dimensional buckling pressure Pct/Sy
o
in

Structural Buckling Test Rig (SBT)

Numb

20

er of Convplutions

@Specifications of Test Rig

This figure shows the relation
between the number of convolu-
tions and buckling pressure.

There is a good correspondence
hetween the predicated curve and
the test data.

Column Squirm

:Tempe_r_éture i o

50T max

Pressure .

| evlgfomt omax

 Frame Rigidity.

 Frame Rigidity

S00ton (vertical)

zonfal)_':"':..:_'

*Gross Head Stroke.

 Chori

- Axial Displacement

 Bending Angle
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Therefore the structural integrity of the junctions used in
bellows expansion joints should be assessed adequately to
withstand the thermal transient loadings.

A creep-fatigue test was performed to clarify the integrity
of the junctions using the sodium test loop called “Thermal

Na 250 W # Na 00T @Test specimen

installed in TTS

External pressure type,

@Thermal transient test of external pressure

type bellows joints

650

600 -
550
. 500 -
2
~ 450 [~
o
E ao b
i
30 |
aoo |
50 |
200 [
L L ) i 1 1 1 1 L )
0 & 5 & 7 8 8 10
Time (min)
.
(DTest Madel (ZHead Tank @Mead Tank

@Dump Tank (50ump Tank &)Starage Tank

(DElec. HeAter (BEtec. Heater @ir Cooler

{BActuator {DActuatar ([2Elec. Mag. Pump
[3Elec. Mag. Pump {Flow Meter BFlow Meter
{BFlow Meter TOFlow Meter (&Valve

@Bellows #Vapor Trap

Creep-fatigue test of bellows expansion joint models under thermal transient loadings

Transient Test Facility for Strucures {(TTS).” The result
showed that a rule for prevention of creep-fatigue failure
desrribed in “Elevated Temperature Structural Design Guide

for Class 1 Component of Prototype Fast Breeder Reactos”

was applicable to the junction without no modification.

Thermal Transient Test Facility For Structures

Also eight bellows type expansion joints have been employed
in the pipings of TTS. These joints are well operated untill
now being subjected to about 3, 000 cycles of thermal transient
loadings with temperature difference of 160°C. '

@Test section

@ Thermal Transient
Downramps
650C-250T in 10sec (Max.)
Upramps
250C-650°C in |Dsec (Max.)

@WMechanical Force
Actuator
2 wnits
Force
+ 20 tons/unit
Stroke
+ 100 mm
Cyclic Speed
0.4Hz (Max.)



Vibration tests and analyses of bellows

In applying bellows expansion joints to piping systems,
it is necessary to establish rational seismic design and analysis
methods for it. After fundamental vibration characteristics of
bellows were clarified by forced vibration tests of bellows
models, a vibration test of a piping model with' bellows expan-

@Vibration Test of Bellows

@Vibration Test of Piping
Model with Bellows
Expansion Joints

sion joints were conducted using a shaking table. In addition,
seismic analysis and supporting methods for piping systems
with bellows expansion joints was investigated. Through
this study, simplified analysis methods to evaluate the seismic
response characteristics of bellows.were established.

@Natural Frequency of Bellows

x
7
200 /
":I | }
WFO Water
T /'
=
5 7
=
o F ! /
3
o
@ -
@ b
= P l With Water
LiL13 /’.’ o
| #o-s FEM
| o----0 Simplified Calc.

x==-x EIMA std.
s—a Experiment {W/0 Water)
a—a BExperiment {With Water)

0 L s I L L

i 2 3 [ [3
Number of Mode

-4




Shock pressure tests have been perfomed in order to compre-
hend the fundamental response and dynamic buckling strength
of bellows against shock pressure waves simulating sodium-
water reaction accident.

The bellows, set up in an open water loop, are subjected
to shock pressure waves with a wide range of peak values
and time durations, which are generated by slow explosive,

Shock Pressure Test Loo
& Shock Pressure and Deformation Behavior of Bellows

150

L / of convolutions may be expected

B
= & co7l

o

1008

=

=

E o cosz

a

2

a8

I

o

z 042

= [ L L —— -7 LR,
H S0 ANy Lower {imit region where root buige typs

o _ M bucking maybeespected _
a2 I @ cos)
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2

o J

=

[

O
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\ g ooz cize
TR V“:&L".\C‘L—:::_“XGQ'_E’::::

@ coze o
cosz
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(o]
0 TS ST S S |
0 i 12 20

Number of Convolutions

Shock pressure test of bellows expansion joint

and the defomation behavior of the bellows is observed.
Consequently we obtaind a prospect for functional capability
of bellows against shock waves. In general the bellows would
not exhibit significant deformation, up to several times as

high as static buckling pressure, but as time durations become

longer, the dynamic buckling strength tend to reach the static
buckling pressure. ‘

@ Shock Pressure History
Applied to Bellows
Ps

Bellows

Ps

Prassure (kg/cm?g)

{Against Shock Pressure?

The case in which the roct bulge was
@ 3m sec chserved
The case in which no cansiderable
O 3m sec deformation was cbserved
The case i which some irregufality of
@ 3m sec the convplutions are observed
The case In which the roct hulge was
& 1.6msec | o0
The case In which no censiderable :
i
¢ 1.Bm sec deformation was observed
e The case in which some irregulality of
-BM S8C | tho convlutions are observed




Demonstrations test of prototype piping bellows expansion joint

In order to evaluate and confirm structural intgrity, reliability
and function as a piping joint, the 42 inch prototype piping
bellows expansion joints have been operated and tested in
a sodium pump test loop,

The purposes are as follows;

L. Establishment of manufucturing and inspection technique

of the large piping bellows expansion joint for FBR plant.

2, Demonstration of function as a piping joint and reliability

for long term,

3. Confirmation of excellent performance of sodium leak

detector system.

So far, the expansion joints have not experienced any trouble
in manufacturing, the function test and the endurance test in-
sodium, which supports that the application of piping bellows
expansion joint to FBR plant piping system is promising.

@ Test Condition

®Test schedule

U

62 . 83

Performance
test o0
Endurance

test i)

Design Limit ~*
Confimmation test

Dismanerent

Total :0
Evaluation

'Dnl:aHm-Fmdim H N

Endurance Test Acceleration Test
‘Test Temperature | -*530C ~§60°C 56ﬁ°_C_ RN
“Test Pressure .| i 1.5kg/cm*G ST "'3_|.5kg/cm2.G_. SRR
“Bending Angle | e o] e e

@Piping bellows expansion joint for

external pressure type

Leak Detector Nozzle

Boundary Bellows

_+ Back-up Baliows
T
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Power Reactor and Nuclear Fuel Development Corporation
{PNC), has provided various standards for applying bellows
expansion joints to FBR piping system.

Maintenance Standard

Design Standard

In order to develop the rational design rule for bellows “The Joint Development W/G”, prepared “The Maintenance
expansion joints for the FBR piping system, "Design Standard Standard” based on the In-Service Inspection guide of Monju.
Working Group of Bellows Expansion Joints for FBR Pipings”
were organized by PNC and plant fabricators, and the "Design
Standard for Bellows Expansion Joint at Elevated Tempera-
tures (Draft)” was proposed for realizing the ‘Design by
Analysis’. '

Moreover, the study on the application of bellows to other
components such as vessels is being conducted for further
rationalization of plants.

Manufacture and Inspection Standard Repair Technical Standard

In order to secure the quality as equal as the class 1 piping, “The Joint Development W/G”, are prepared “The Repair -
the *Manufacture and Inspection Standard” was prepared by Technical Standard” which prescribes repair methods, including
“The Joint Development w/G” organized by PNC, plant fabrica- cutting method, dismantle methed, inspection method ete.
tors and bellows manufuctarers. This standard is based on
ASME Code Case N-290.

D'e's.i.gh-' St_apda'fd' -

,  Prodiction Standard and
Inspection Standard. - - -

Maintenance Standard

Technical Standard of

Repair =

S'._t_ahdé rd_iz:aﬁ'o.n' i e 2
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Internal Pressure Type External Pressure Type
Piping Bellows Piping Bellows

Bellows

Bellows
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