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SUMMARY

Double wall piping structures are to be adopted for the main and auxiliary primary
coolant systems of the Japanese Fast Breeder Reactor “MONIJU”.

The double wall piping structures consist of inner piping and outer piping. Through the
inner piping flows the sodium coolant and through the annulus between them passages pre-
heating gas. In case of sodium leakage through small cracks on the inner piping wall, the outer
piping must act as a containment structure. Since there were few data available on mechanical
and structural behaviors for double wall piping design, attention has been concentrated on
two objects:

(1) to study experimentally mechanical and structural behaviors on double wall piping, and
(2) to develop a computer code for static analysis, and vibration and earthquake response
analysis of the structures.

The models of double wall piping with the pad-connections, the welded flange connec-
tions and bellow structures were erected. The inner piping should have the mechanisms so
as not to be constrained by the outer one, and the difference of expansion and contraction
between them can be absorbed by bellow structures. These models break down into four
kinds; the straight model, the curved model, the bellow model and the simulated loop model.

A computer code for numerical solutions on these experimental models was developed.
In this computer code the modified Choleski decomposition method, the power method and
other useful methods were employed.

The computed results on the vibration and static analysis for the experimental models
have shown good agreements with the experimental results.

Thus it was indicated that this code can be provided for practical use of double wall
piping analysis.

This work was performed as a part in a series of the research and development programs
of Japanese Prototype Fast Breeder Reactor “ MONJU” under the contract between Power
Reactor and Nuclear Fuel Development Corporation and a group of Mitsubishi.
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1. Introduction

The double wall piping structures are to be adopted for the main and auxillary primary
coolant systems of the Japanese Fast Breeder Reactors. The double wall piplng structures
consist of inner piping and outer one. Through the inner piping flows the sodium coolant and
through the annulus between them passages preheating gas. In case of sodium leakage through
small cracks on the inner piping wall, the outer piping must act as a containment structure.
Since there were few data available on mechanical and structural behaviors for double wall
piping design, attenfion has been concentrated on two objects in this work;

(1) to learn experimentally mechanical and structural behaviors on double wall piping,

and

(2) To develop a computer code for static analysis, and vibration and earthquake

response analysls of the structures.

2, Experiment
2.1 Lxperimental modela

Models of double wall piping with the pad connections, the welded-flange connectiona
and with the bellow structures were erected. The inner piping should have the mechanisms
so as not to be constrained by outer one, and the difference of expansion and contraction be-
tween them due .to temperature change can be absorbed by bellow structures. These models
break down into four kinds; the straight pipe model (S1), the curved pipe model (C2), the
bellow model (B3) and the simulated loop model (Z4). 81, C2, B3 and Z4 are shown schematica-
1ly in Figs. 1, 2, 3 and 4 respectively. These models have a reduced scale of about one-
fourth of life module.

The material, the outer diameter and the wall thickness of the inner piping and the
outer piping of S1, C2 and Z4 are as follows.

Inner piping: material - steel, outer dia. D = 241.8 mm, and wall thickness t = 6.2mm

Outer piping: material ~ austenitic stainless steel (JIS 5US304), outer dia.

D = 267.4mm, and wall thickness t = 3.5mm

The bellow model B3 and the bellow members of S1, C2 and Z4 are made of austenitic

stainless steel (JIS SUS304).
2.2 Experimental procedure
(1) Static testing

Ona anAd nf mndela 81 and C?. was ricidlv connectad to the horizontal teat floor
in vertical direction. Concentrated load perpendicular to the vertical axis were
applied to the other free end with an oil jack. Ends of 24 were rigidly connected to
the horizontal test floor and to the vertical plane respectively. Concentrated loads
were applied to the two points of the inner piping from the vertical and horizontal
directions within a plane which contained the axes of the piping. One end of B3 was
fixed on the horizontal test floor and load was applied to the other free end.

Fig.5 shows the procedure of the static and dynamic test of S1.

The deflections of 9 points of S$1, 11 points of C2, and 24 points of Zk were
measured with dial guages. Measurements were performed on two connecting conditions
between the outer piping and inner piping; the pad-touching and pad-free conditions.

The bellow model (B3) was tested to obtain stiffness of bending, rotation, ex-
pansion and shearing about the model axis. Stiffness constants obtained here were

used as input data for numerical analysis.



(2) Dynamic testing
Dynamic (natural vibration frequency) tests were conducted with the use of an
electro-dynamic shaker attached to the free end of S1, C2 and two points of Zk.

Natural vibration frequencies were measured with the mechanical impedance method.

Vibration mode as an acceleration mode wae measured with the use of mode analyser at

the same time. The measurements were also conducted on two connecting conditions;

rpad-touching and pad-free conditions.

2,3 Experimental results

Experimental casea of two testings are shown in Table .

(1) Static
Table shows the free end deflections of S1 and C2 due to static loads.
(2) Dymamic
Table shows the natural vibration frequencies of the models (S1, C2 and Zh).

Fig. 6 shows the 15t natural vibration mode of C2.

2.4 Discussion
(1) Static

As the bellow of the outer piping has extremely low stiffness than that of the

other model structural members, the large deflectlon of the outer piping appeared at

the bellow member. Therefore the deflection of the inner piping is considerably

different from that of the outer one.

(a) Stiffness contribution ratio of the outer piping to the whole structures of

the models. Stiffness contribution ratio of the models calculated from the ex-

perimental results have varied from about 5 to 15%. This variation is due to the

vad connecting condition between the inner piping and the outer piping. The

stiffness contribution ratio resulted in very low value, because the inner piping

had adopted the mechanisms so as not to be constrained by the outer one.
(2) Dynamic

The natural vibration frequency of the experimental results for S1 has agreed

with the numerical values from the computer code. The influence of the connecting
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condition between the inner piping and the outer one with a pad structure was concluded

as described below. The pad structure has little influence on the vibration mode and

natural frequency in the case of the 1st vibration mode, but a great influence has

been observed in the case of the higher mode due to the dominance of the local vi-

brations of the models.

3. Computer code

3.1 Computer code development

Computer code was developed in order to compare the experimental results with the

theory. In this computer code, the double wall piping is considered as coaxial double tube

with finite stiffness. The static and dynamic equations for a structure are expressed as:
M-8 )
MM+ K = [rw) @

respectively, where
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displacement column matrix for the structure

static load column matrix for the structure

:  dynamic load column matrix for the structure

time
a*(x] /at?
a(x) /at

In these equations the stiffness matrix for the structure is obtained from the dis-

placement method with elastic beam theory, whereas the mass matrix is obtained with energy

method. Matrices for the double wall piping with the pad connection have been derived by

numerical method.

The earthquake response analysis for the structure is also available in this code with

the use of the modal vibration analysis method based upon the earthquake response spectral

method.

The modified Choleski decomposition method, power method and other familiar useful

methods were adopted for the numerical solutions of egqs. (1) and (2).

The computer code was constructed with the FortranlV programming language.

Fig.? shows a schematic of the flow diagram of the code.

3.2 The discription of the computer code

This code adopted the double precision processing for higher accuracy.
The numerical data were processed with IBM System 370 Model 165IJ at the Mitsubishi

Computing Center.

The piping members which can be dealt in this code are as follows :

(a) Straight piping (with shearing stiffness, end fixing rigidity)

(b) Curved piping (with shearing stiffness)

(¢) Bellow member

The connecting conditions between inner piping and outer piping and supporting con-
ditions in this code are listed (see Fig.§ ).

In this code, pipings are divided into

several pieces with appropriate lengths and their end is called "Joint'". Inner pipings are

assigned even Joint number, and outer pipings are assigned odd Joint number.

(a) Joint 2 is rigldly connected to Joint 1.

(b) Joints 3 and 4 are spaced through a spacer which is rigidly connected to Joint 3.

as if they were connected by a spring.

(¢) Joint 6 is elastically supported by a hanger and is not connected to Joint 5.

(d) Joint 8 1s rigidly supported by a damper and is not connected to Joint 7.

(e) Joint 9 is elastically supported by a hanger, but is not connected to Joint 10.

(f£) Joint 11 is rigidly supported by a damper, but is not connected to Joint 12.

(g) Joint 14 is rigidly connected to Joint 13, and further Joint 13 is supported by a

damper.

(h) Joint 16 is rigidly connected to Joint 15, and Joint 15 is supported by a hanger.

(i) Joints 17 and 18 are independent each other.

(j) In the annulus between Joints 19 and 20, there is a pad mechanism. This pad

mechanism 1g freely movable for axial direction but constrained for radial direction.

Following items can alsc be put in the form of input data.
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Lamped mass, distributed mass, concentrated load, deflection type load, distrubuted

load, mass of insulating materials enclosing outer piping, mass of fluid flowing through

inner piping, rigid or elastic type piping support.

3.3 Analytical results on the experimental models

b,

Some examples of analytical results on this experiment are listed bellow.
(1) Results

An analysis on a single piping simply supported at the both ends conducted in
order to compare to the theoretical value from Mechanical Handbook. TablelVshows the
numerical solutions of this piping (Fig.9) in static analysis. The theoretical values
are alaso listed in the same table. The comparison of these values has found to be in
fairly good agreement. Table lshows the solutions of static analysis, and the experi-
mental results are also listed in the same table. Figs.10, 11 and 12 show the analyti-
cal models of S1, C2 and Z4 respectively. Tablell shows the results of dynamic analy-
sis and the experimental results. There is a good agreement between numerical so-
lutions and experimental results. TableVshows an example of input and output data
list,
(2) Discussion

Previously, fairly good agreement with strict solution has known in the numerical
solution for the single piping simply supported at the both ends. This time, the
numerical solutions of static and dynamic analyses on S1 has agreed with the experi-
mental results with only a little error. This error has been caused by the evaluation
difference of the boundary conditions.

The comparison of numerical solutions with experimental results in Tablell has
revealed a difference. The authors have the following reason for this difference.
In numerical analysis of C2, the value of the flexibility factor of the elbow element
of the model was calculated from the equation of ASME Code Sec.III NB-3687.2. As the
ASME Code equation is a design equation, the calculated value of flexibility factor of
the model is supposed to be more conservative than the actual value. The following
alteration of the flexibility factor in the numerical analysis led to closer agreement:
for instance, k = 6.5 resulted in a free and deflection of 0.3985 cm in static analysis
under a loading of 2 ton, and 60,27 Hz in dynamic analysis. The experimental values
are 0.402 cm and 59 Hz respectively.

The experimental and numerical values of Z4 showed a good agreement with each

other.

Conclusion

The static and dynamic experiments on the straight pipe model, the curved pipe model,

bellow model and the simulated loop model revealed the structural and mechanical behaviors

of the double wall piping structure. The structural mechanisms adopted here has shown that

the static and dynamic influence of outer piping on the entire piping structure is little,

so that the computer code developed in this work has found to be available in the double

wall piping analysis. Thus, it was concluded that this can be provided for practical use of

double wall piping structure analysis of the Japanese Prototype Fast Breeder Reactor.

This work was performed as part in a series of the research and development programs
of Japanese Fast Breeder Reactors under the contract between the Power Reactor and Nuclear
Fuel Development Corporation (FNC) and a group of Mitsubishi from Nov. 1971 to Sept. 1972.
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Table | sxjerimentul caues

pad-fres

pad-touching

pad-free

pad-touching

pad-tres

pad-touching

Case Ro, (Statio)

Case No. (Dynamic)

Table | Free end deflection of $1 and C2 due to the static load of 2 ton

L)
2
3 Item Exp. Case No.
i
S1 pad-fres

pad-touching 2
% C2 pad-free 3
”? pad-touching 4

Table 1 The natural vibration frequencies of 51, G2, and 24

Item

8

pad-free

pad- touching

C1 pad-free

pad-touching

pad-free

24

pad=touching

Exps Case Mo,

Frequency
{Exporiment)
(Hz)

9k

94

57

59

20.7 (1st)
27.8 (2nd)

36 (3rd)

21.3 (1at)

28,5 (2nd)

57,6 (3rd)

Frequency

Detfections Deffections

{Experiment) {analysis)
0.167 0.162
0.165 0.160
0.432 0.626
0.402 0,531

Deflection

(Theoretical value)
em)

-0.8685

1.2191

-0.8685

(Apalysis)
(Hz)
97 8
98 0
43.8
Table ¥ Daflection of the single piping aimuly mupported at the both anda
50.9
Joint Deflection
18,38 (1st) (Numericnl results)
(em)
25.66 (2nd)
1 0.0
34,55 (3rd)
2 -0,8690
21.38 (1a) 5 1196
2912 (2nd)
4 -0.86%
38,38 (3rd)
H 0.0
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Table V Example of ingut data list
DATALITY

tesnsle

+e0 «0e

500 4 l.-) 1.-2
EISENVALUE PHNELEY CF L-SHAPCD MCDEL

Joiny
JaTRIL 1
Jatuty 3
5
T
9
9
n
1}
L3
15
17
17
JOINTL 19
JUINTL 23
JTMNTL 2L
JaINTL 23
b 2s
JOINTL 27
JIUNTE 27
JOINTL2)
JOAINTL 29
JAITNTL 31
JIINTL 33
JHNTL 35
JUINTL 37
Jataty 371
JIAINTL 39
JNINTL 30
ININTL il
JOINTL 3
ININTL &5
JOINTL &7
JOINTL AT
JIINTL
FRITS

.
e
oeenaD

JIINT2 10
JINTZ 12
JINTZ 14
JIINT2 16
Jolni2 18

212,0 251.0
0 243,2
0 L§5.4
G 1416
0 §9.H LEL.O
=23,68A2] 845
2.¢ 71.0 LEl.0
1.11-23.08021,8¢5 1,043
2,0 34,1 181.0
202.C 10,2 18l.0
1T7,9 0,0 lAl.0
169.9 .0 181.0
1.11-23,66E21,H45 L. 845
141.0 0.3 181,
1o11=23,LE821.E45 ). 845
120,4 0,0 181.0
106.0 €7 181.0
99,8 0.0 18L.0
1.11-23.680821.845 1,845

. €.0 1€1.0
Lall=23.4E021.E45 1,45
3442 €.0 181.,0
10,0 €.0 171.0

0.0 Q.0 l4t.8

. €. L3d.0
Ted1-23,£E620.645 1. E45
.0 0.0 L10,2
1,11-23.6E821.945 1,805
0.0 0 85.9

0.0 €0 89,6

0,0 €0 49.3

0.0 C.0 28.9
1-23,68021.845 1,845
.0 [
Loll=23,68321.445 L.E4S
1212.0 251.0 161,0
12,0 24,2 1A1.0
22,0 195.4 18L.0
?212,0 1.0 i81.0
181.0
181.0
212,.0 34.1 181.0
#02,0 10.0 181,0
177.9 0.0 181.0

1.86%

1IINT2 20 A9189.9 €.0 161.0

JIINTZ 22 2

IERETETR PO

0.0
0.0
0.234720-01
0,20724D0-01
0.01834N0-01
0.751070-01
016250
0,158538
0.25403
0.25403
0,31970
0431998
0,40610
0.40%38
0.45718
0.45714
0.,47320
0.4738%
0.61322
0,47304
0.47388
0.47308
0.47391
0.4T378
0,47398
0,47370
0,47396
0.473867
0.,47351
0.413%)

0.6 1170

11s1.0 181.0

O0racetasvaliaoes

(23
0.0 0.0
0.0 0.0
~0,431660-07  ~0.519440-01
~0,575410-04  =0.449070-01
-0.86324D-07  =0.179%9
-C.118870-03  =0.16348
~0.129470-06  -0.35668
-0.173790-03  =0.33948
~C,112500-08  <0.35763
-0.231670-03  -0.93743
“0.2¢€130-C)  =0,7C4aT
-0.26€330-03  -0.7C447
<0.131130-03  -0.8918s
-C,39C680-0)  =0.89970
-0,201950-01  ~0.97821
-0,314190-CL  =1.0300
~0,562418-01  -0,94351
~C.57644D-01  =0.93423
~0,646000-01  =0.9147)
~0,668CAD=0L  =0.¥1673
=0,981190-01 =0, 17237
~0.94739C-0]  =0.77237
-0, 11437 -0.66421
~0.11489 ~0.68511
~0.12709 -0,88777
-0.12740 -0.30815
~0.13233 “0455476
-0.1343 “0.55476
-0.12372 -0.39369
-0.18312 -0.39)09
“c.heced “0.1W7450

ses0iseata

3
»04

(31731}

11
nan

(39393

s0seentes

R=X

0.0

0.0

0.,186120-02
0.171240-02
0.317040-02
0.308390-02
0,393810-02
0.412560-02
0,418880-02
0,480430-02
0,512740~02
0.512740-02
04505100-02
0.526970-02
6.392120-02
0,44735¢0-02
0.3%17%0-02
0,354 700-02
0,351730-02
04349390-02
0.310180-02
0.330100-02
0,329910-02
0.316390-02
0,329100-02
0.)06740-02
0,129510-02
0.302580-02
0.28323-02
0.2683210-02

0.270040-02

MASS

MASS

MASS
MASS

MASS
MASS

MASS

MASS
MASS

2e0isvatesssOinnotanssl

0.0

0.0

0, 380320~04
0.)708800-013
0. 72C450-04
0.75761D-03
0.1¢8030-03
0.113600-02
0.143970-03
0.151400-02
0.174140-02
0.174140-02
0.1615680~02
0,195120-02
0,243850-02
0.255370~02
0.33C900-02
0.477110-02
0.431290-02
0,484490-02
0.514910=02
0,51491D-02
0,524290-02
0,5¢5210-02
0.523950-02
0,540290-02
0.4¢6250-02
0.545220-02
0.584C4D-02
04504040)-02

0.557430-02

0.0

0,0

D.,u480TD-03
0.786870-03
0.14444D-02
0.140950-02
0.17939C-02
0,14728D-02
0.190750-02
0,210940-02
0.229310-02
0.229310-02
U.231420-02
0.229220-02
0.1480250-02
0.184920-02
0. 13158002
0.10899D-02
0.131450-02
0.196080-02
0,444050-03
Qe44650-0)
0.912340-04
0.891020-03
0.¥02360-03
0.82612h-03
0,901340-03
0. 19%94D=03
0:011010-03
0.611920-03

Vel LUBBL=UY
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Fig.1 Straight pipe model (S1)

7099

Fig.2 Curved pipe model (C2)
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Fig.3 Bellow model (B3)

v
N

4

F 3/8



Fig.5

cal Pla

etai

Fig.4 Simulated loop model (Z4)

View from A-A

(1) Concentrated load at
v the free end with an

/ \ oil jack (atatic),
and acceleration
with an electro-
\\ / dynamic shaker

{dynamic)

Load application

Hodel (11) Torque at

(s1) the [ree end
with a pair
of oll jacks
(static)

Fixing
Tesat floor

Procedure of static load application (and dynamic vibration test)

O  Experimental values (Ioner piping)

Experimental values (Outer piping)

— Numerical values (Inner piping)

--- Numerical values (Outeer piping)

Case No, 13 (Pad-free) Case No, 14 (Pad-touching)

Fig.6 Natural vibration mode (1st) of C2
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CompPose the stiftness matrix (K) on a
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w

DecomPose the matrix (K
(K= 0 Oy LT

ComPose the stress matrix (S)

@
) Compose the mass
or dynam a namic matrix (M) on a
alysis? whole structure
M)
Static
Solve the stiftness equation Obtain eiBenvalues
ST =T _ 2
= LD L@ LDLXJ.+1—().)MXJ-

Calculate the displa cement

a ‘
Calculate stresses and acceleration ot structural

@ members with modal method
or d namic
?
Static
Print out the results Print out the results

Fig.7 Schematic of the flow~diagram of the code
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Quter structures

Outer

Fig.8 The discription of the connecting conditions between inner piping

and outer piping, and to the outer structures

L = 400 em
1 =100 ca

Outer dia. = 4.0 cm

Thickness of piping wall = 0.5 cm
Specific weight of piping matirial = 12 gr/cm3
Young's modulus E = 2.1 X 106 Kg/em2

Moment of inertia I = 8.59 cmtt

Fig.9 Analytical model of the single piping simply supported at the both ends
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Fig.10 Analytical model of S1
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Fig.11 Analytical model of C2
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Fig.12 Analytical model of Z4
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