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Te OPERATING CONDITIONS TO BE CONSIDERED IN THE

LIFETIME ANALYSIS

INTRODUCTIONT

§ This report has been prepared for the assesment of the
operating conditions to be used in the lifetime analy-

sis of the receiver.

The content is based on the Progress Report No. 10 -
Nov. 1981 and the raccomandations collected during the
nad Hoc Working Group" meeting held in Almeria in No-

vember 1981,

Tele INCIDENT PEAK FLUX DISTRIBUTION DURING THE YEAR

1.1.1. Receiver operating hours during the year

The number of hours of ASR operation during the year Hy

has been assumed by considering:

. The insolation model proposed by Interatom in the C.R.S
Document No. 1510 which considers for the site of Taber

nas in a typical year:

— 38 COVER DAYS (no energy is collected by receiver

\ due to persistent cloudness)

- 145 CLOUDY DAYS
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The resulting number of sunny hours with this model

is approximately 3000.

. Annual availability of beam radiation greater than
300 W/M2 reported in "Tabernas meteo data analysis
based on evaluated data prepared by the SSPS-0.A.
(by Belgonucleaire, June 1981)".

The estimated total value of hours of beam radiation

greater than 300 W/M2 during 1978-80 is 3116.

In accordance with these values and taking into account

the purposes of the following analysis, the number of

Hy = 3000 hours per year

of ASR operating time has been assumed as a reasonable

basis for ASR lifetime evaluation.

Peak heat flux distribution during the year

The incident peak flux on the receiver absorber changes

during the day and raises its maximum at noon. This
noon peak value changes during the year too, ranging

from 100 w/cM2 (W.S) to 138 W/CM2 (EQ).

Fige 1.1.2/1 shows the behaviour of the incident peak
flux on the ASR for the days:

. 21 March (21 September)

« 21 June

. 21 December
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TUBES FOR THREE TYPICAL DAYS




1.1.3. Receiver operating hours at peak flux value between

F1 and F2

By analysing curves as those shown in fig. 1.1.2/1, it
is possible to estimate the hours per year of permanen
ce of peak flux on the receiver between two values F1
andrF2. This evaluation has been performed in steps of

10 W/CM2 from O to 140 W/CM® (13 steps).

The operating hours per year at peak flux value bet-

ween F1 and F2, hy(F1,F2), is obtained according to:

12
:Ej (daily time at peak flux)
m

hY(F1vF2) = , between F1 and F2 m

Nm Number of days in the month m
NCm Number of cover days in the month m
T 0.75 . This factor takes into account the reduc

tion of hy due to cloudness of the "cloudy days"

(partially cover).(*)

Table 1.1.3/1 shows the results of the analysis.

(*) The total hours of operation, if we account only for
the cover days (38 in one year), would be about 4000,
The estimated value of effective operating hours ac-
counting for both cover day and cloudy days are about
3000 (see § 1.1.1.). The r - value is obtained as
3000/4000 = 0.75 .




F1 - F2 ny (£) _ P (£)
(w/cu2) hours per year (%)
130 - 140 188 5.
120 - 130 281 9.3
110 - 120 352 11.7
100 - 110 320 10.6
90 - 100 228 7.6
% - % | 228 7.6
70 - 80 206 6.8
60 - 70 206 6.8
50 - 60 182 6.1
40 - 59 182 6.1
30 - 40 195 6.5
20 - 30 217 7.2
10 = 20 225 7.5

| Table 1.1.3/1 - Operating hours per year at peak flux value
between F1 and F2
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Fig. 1.1.3/1 shows the probability density function of
the specific incident heat flux on the receiver adsor-

ber.

Lifetime analysis flux levels

To simplify lifetime analysis calculations the receiver
operating hours per year are splitted in 6 discrete le
vels of incident peak flux according to the probability

function of fig. 1.1.3/1.

Table 1.1.4/1 gives the yearly number of operating hours

corresponding to the incident peak flux levels.
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Flux level () Operating Probability

(W/CM?) , hours per year (%)

I 130 469 15¢5
(120 + 140)

II 110 672 22,3
(100 + 120)

111 90 456 15.2
( 80+ 100)

v 70 412 13.6
(60 + 80)

\ 50 364 12.2
(40 + 60)

VI 25 637 21.2
: (10 + 40)

S = 3010 Z =100

(*#) Mean value of the incident peak flux
variation in the level

Table 1.1.4/1 - Incident peak flux levels for lifetime
analysis
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1.2. TRANSIENTS DEFINITION

Hereafter all the events considered in the ASR lifetime
analysis are listed subdivided in three categories cor-
responding to normal upset and faulted operating con-

ditions:

- Normal operating conditions

. Morning hot start-up
« Overnight shutdown
. Cold start-up

. Clouds passage

- Upset operating conditions

. Loss of control in the receiver control system
a) failure of the control system of the pump in case
of 100% reinsolation (flowrate at 10%)
b) failure of the control system of the pump in case

of shading of the field (flowrate at 100%).

. Loss of sodium supply due to electrical failure of

sodium pump drive.

~ Faulted conditions

. Blocking of sodium pump




1e2e1

Te2e7.7,

Normal operating conditions

Morning hot start-up

During nighttime the ASR doors are closed and hot
sodium 1is provided to maintain the temperature of the
receiver at about 270 °C to prevent freezing in the

receiver,

Circulation is from cold storage to receiver than back

to cold storage.

At beginning of a hot start-up the ASR will be at uni

form temperature of approximately 270 °C.

The receiver will be started as soon as the expected
receiver thermal losses at the rated working temperatu
re will be less than the calculated absorbed power of

ASR.

At this time of the day and for the meteorological con
ditions of the moment ASR will require a sodium flow

rate Qg to reach the rated outlet conditions.

After opening the receiver doors the flowrate will be
increased from the nighttime value to the calculated

QS value.

After performing this operations, heliostats will be

focused in groups on the receiver unit.




1.2.1 .1 .1 L

1.

During this phase sodium will be circulated in the
hot bypass line from cold storage to receiver and
back to cold storage. As soon as the rated receiver
outlet temperature is raised, the receiver starts
to produce hot sodium to be discharged in the hot
storage. Automatic control is commanded to adjust

flow rate to the power as soon as possible.

Number of ~events

277 per year.

The value has been obtained starting from the 327 ope

rating days (365 - Number of cover days) according to

. Interatom Document N. 1510, by subtracting 15 days in

Te2e1420

which é cold start-up has been considered.

Overnight shutdown

As the insolation level decreases, the point is approa
ched where reduced flux on the receiver no longer per

mits rated output conditions.

The flow rate will be adjusted by the automatic control
as long as possible. When the flowrate decreases to the
minimum, the control will pass to the operator. The

flow path of the sodium will be changed from the hot

storage line to the hot bypass line. Heliostats will be




102-1 -2.‘1.

1¢2.7.3.

1.201 ¢301 3

12.

brought in stowed position group by group and receiver

doors closed;

Number of events

327 per year (see also point 1.2.1.1.1.).

Cold start up

This operation is performed for the first start-up of

the receiver and after a draining.

The receiver is at ambient temperature and filled with
argon. Non radiated pipes will be heated up by electri
cal trace heating whereas receiver tube bundles are
heated by a limited number of heliostats from ambient

temperature up to about 270 °C.

Once the loop is filled with sodium and the circulation
through the hot bypass is actuated, the operation is

the same as a hot start up.

Number of events

50 per year.




1e2.1.4.
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Clouds passage

During a cloud passage the receiver will remain in
normal operation and the automatic control system will
adjust the flowrate to the flux level according to the

shading-reinsolation sequence.

However if the direct solar flux goes below the flux
level required to attain the rated sodium outlet tem-
perature, the receiver tube bundles temperatures will

begin to decrease.

By maintaining the Fflowrate at a minimum value of 10%
the receiver tube bundles will lose their temperature
profiled in about 5' after which a uniform temperature
level of approximateiy 270 °C is reached. For shading
time less than 5' the receiver will be ready to restart

and the heliostats will be kept in tracking position.

After this time, operator will begin the defocaliza-
tion of the heliostats, which will turn in groups to
stand-by or stowed position according to the prevision
made by operator about the duration of the cloud pas-
sage. With heliostats in stowed position, ASR doors

will be closed.

Start-up after a passing cloud cover period longer

than 5' will follow the hot start-up procedure.




Te2e1e401.

14,

Number and kind of transient

Cloud passagé numbers per year are reported in table

'1.2.1.4.1/1. They are splitted in kinds of transients

taking into account the following points:

1) Cloud velocity

Cloud velocities of 10, 23 and 50 Km/h are conside=~
red; the corresponding measured shading time of the

whole field is reported in the following table:

Cloud velocity Time shading
(km/h) (sec)
10 54
23 24
50 11

(source: actual measurements over the receiver area

transmitted in the letter od 21/08/81 by Kastl-IA)
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cLOUD VELOCITY (Km/h) 10 23 50
TYPE _
tg (sec) 54 | 24 1
1 1000 ; 1000 | 1000
f
! <5’ : :
|
a2 ! | ) 1000 | 1000 | 1000
oL | z |
ts ts
P
' !
3 E 150 | 150 25
ol
2150 2160 | 2025

TABLE 1.2.1.4.1/1 — CLOUD PASSAGE TRANSIENTS (PER YEAR)
(P= PEAK INCIDENT FLUX
S EVvENTS = 0S50 )
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2) Shading-reinsolation sequence
3 types of sequences are supposed:

1) shading and prompt reinsolation

2) shading over a period of 5 minutes and succee-
ding reinsolation

3) shading for long time (>5 minutes) and succee-

ding reinsolation.

The events number for transients of type a/2 and

a/3 at cloud velocity of 50 km/h are quite unlikely
because persistent cloudness (shading for long time)
has a low frequency of occurence in a day with high

wind. (Letter of Kastl-IA of 21/08/81)

3) Level of peak incident flux before cloud passage

Each kind of cloudness is assumed to have an uniform

probability of occurence during the day and the year.
So the level of incident peak flux P before cloud pas
sage is distributed along the year according to the

6 levels of probability of specific heat flux repor-

ted in table 1.1.4/1.
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1e2e2¢ Upset operating conditions

1620207 Loss of control in the receiver control circuit

14242011 Failure of the control system of the pump in case

of 100% reinsolation

At the moment of reinsolation, control system fails
and the through put sticks at 10%.

Corrective actions are the following:

- heliostat defocusing
- Plow rate increased by safety action

- switch over to manual control.

1.2.2.17.1.1. Number of events

6 events of this type are supposed to occur in a
year taking into account the incident peak flux di-

stribution during the year (table 1.1.4/1).

The total numbers of events may be splitted in the

following manner:

Peak heat flux No. of events
(W/cme)

130
110
90
70
50
25

OO0 0000
e 9 o
VA pDuaw




1e2e2e7.2

Te2e2e74201,

Te2e2.24

18,

Failure of the control system of sodium pump in

case of shading of the field

At the moment of field shading for a cloud passage,
control system fails and the through put sticks at

100%.

Corrective action:

- switch over to manual control
Number of events

6 events of this type are supposed to occur in a
year. Total number of events may be splitted as in

section 1.2.2.17.7.1.

Loss of sodium supply due to electrical failure

of sodium pump drive

Sodium pump slows down with a flowrate decay presen-

ted in section 1.5.2. of the Progress Report No. 11,

Corrective action:

- heliostat field emergency shutdown.
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1¢2.2.2.1. Number of events

6 per year, splitted as follows:

Peak heat flux Nr. of events
(w/cm2)
130 0.96
110 1.32
Q0 0.90
70 0.84
50 0.72
25 1.26
1e243. Eaulted conditions

Te2e307. Blocking of sodium pump

This type of incident is not expected to occur. It
is postulated because its consequences would include
the potential for the release of significant amounts

of sodium to the ambient.

If this incident occurs,.sodium pump stops running

immediately. Heliostat field emergency shutdown pre-

vents receiver tube bundles temperatures to exceed

safety limits.
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ABSTRACT

1)

2)

3)

4)

The main contents of this report are:

Detailed elastic stress analysis of the most stres-
sed tube due to thermal heat flux and mechanical
loads. The analysis is based on the final panel con

figuration.

Compliance analysis of the tube stresses with the
code limits and in accordance to the contract.

No mertion to the creep fatigue analysis.

Inelastic stress analysis due to thermal heat flux

and mechanical loads.

Compliance analysis with the code limits with refe-

rence to the creep-fatigue fenomena.




1. FORWARD

The object of this report is the description of the
final panel stress analysis based on the final receiver

configuration and dimensions.

Therefore this report updates and replaces the Topic

Report no. 3 released in March 1981.
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‘ 2. TUBE PANEL ELASTIC STRESS ANALYSIS

2.1. Analysis limits

The analysis regards the hottest tube, subject to
thermal flux conditions and to stationary mechanical

load, corresponding to max. loads.

Wwe have assumed that attainment of these conditions
is so slow as not to cause any overstresses; therefore
the considered stress condition is also the most seve-

re one,

2.2. Description of structure and its boundary conditions

The structure under consideration is the receiver
tube (Dg = 14 mm, tichn =1 mm), restrained in the
rectilinear portion by means of stirrup supports, clam
ped in the upper header connection point and built in

the lower header connection point.

Wwith reference to the clamped point, a displacement
has been imposed in order to take into account the dif
ferential expansions between the panel tube and the

downcomer that are respectively

1 40.65 mm
panel tube >

FAN

33.94 mm

1
downcomer |




2.3.

2.4.

In fig. 1 are shown the 3 shapes of tube, alterna-
tely assembled. By the experience of previous calcula

tions only shape A will be later on analyzed,

Thermal load basic data

The receiver flux map used as a basis for these cal
culations is the equinox noon heat flux map reported

in Topic Report No. 1 in fig. 2.7.

Fig. 2 shows the trend of the absorbed flux and the

sodium temperature along the tube length.

These data are assumed as a basis for the thermal

calculation of section 2.6.

Mechanical load basic data

The mechanical loads which act on the structure are:
- tube and sodium weight (0,424 kg/m);
- internai pressure (6,11 kg/cma);
- wind load at full power operation (50 km/h);

- two horizontal directions hearthquake statically ap-

plied with an acceleration of 4 m/s2 in both direc-

tions.




2.5.

2.6.

Material basic data

The receiver tube material is SANDVIK Alloy 3R60
corresponding to the ASTM 316L type.

The material features have been taken from the

manufacturer's documentation.

In the Appendix 1 the material is completely speci

fied.

Hypothesis and calculation method

On the basis of the outside flux conditions and in
ternal sodium temperature data given in Section 2.3,

we have determined, by means of a finite elements cal

culation program (FLHE of the BERSAFE series), the

temperature field on every point of the section.

This calculation has been performed on a certain
number of sections, with the purpose of determining

the complete temperatures field on the tube.

In fig. 3 is shown the 2-D mesh used in these ther

mal calculations and in the plain strain analysis too.

In the assumption of linear elastic behaviour of
the material, the stress condition has been determi-

ned by means of superimposition of 3 effects:




1) stresses due to internal pressure;

2) self equilibrating stresses in every section, due
to the non-linear portion of the temperature di-

stribution on the section;

3) stresses due to partial restraint of expansion and
deflections on the tube, due to the linear portion

of temperature;

4) stresses due to weight, wind and earthquake,

Stresses at point 1) can easily be determined by for

mulas,

Stresses at point 2) can be found by imposing the
non linear temperature field previously determined on

a generalized plain strain model discretized as shown

in fig. 3, with SAP V structural analysis code.

Stresses at point 3) and 4) are determined by a
flexibility calculation using a beam element discreti
zation, whose loading condition consists in the pre-
viously found linear temperature distribution and in

the corresponding mechanical loads.

In fig. 4, 5, 6 are shown the meshes and the defor-

med shapes due to the thermal loads, the weight and

the sun of them respectively.




2.7.

Results

In Table 1 are shown the axial and shear forces and
moment in the tube restrain points. The tube rotation

in the stirrup zones are reportes as well.

An evaluation has been carried out about the stres-
ses arizing from the friction forces in the stirrup de
vices: an increase of less than 1% of the total stress
in the most stressed section has to be exected. There-
fore this effect will be neglected in the foregoing

. ) i
considerations.

In Table 2 are shown all the stress components obtai
ned in the most stressed structure point (the outer

point of max flux on the most radiated section).

Pressure stresses are of little importance; stresses
due to non linear temperature distribution in the sec-
tion are considerable, and cannot be reduced because

they are not influenced by boundary conditions,

stresses due to partial expansion restraint have
been reduced by suitable disposition and number of boun

daries, in compliance with other functional requirements.

Stresses due to the hearthquake are very low and are
obtained by the application of a static horizontal accg
leration of 4 m/sec2. In Table 2 are reported the values

of the maximum heat flux section.




The maximum hearthquake stress is located at lower
header-tube connection and a bending value of 0.48
kg/mm? is reached. It must be noted that this section

has no other important loads.




3. CODE STRESS LIMITS COMPLIANCE

3.1. Analysis limits

In compliance with Contract Section A-7.1, since the
tube is a sodium containing component, the design has

been carried out by the following criteria:

a) Primary membrane stress 1s limited to prevent burs-
ting, according to par. UG-27, Asme Section VIII,

Division 1.

b) An extention of the shakedown limit is imposed on
primary and secondary stresses, to prevent noticea-
ble distortions, that is: Pp,+Pg + Q&£ 3 §, , accor
ding to par. 4-134, Appendix A, Asme Section VIII,

Division 2.

c) To satisfy the distortion limits by using an elastic
analysis, and particularly to limit the inelastic
strain amount that can occur during the service 1i-
fe of the component, Test No. 3, par. T-1324, Appen
dix T, Code Case N-47-17 has been applied.

3.2. Operating conditions

The trend of the principals parameters during the

daily cycle (referred to 21 March and to the hottest

section of the tube) is reported in fig. 7.




10.

These data are:

. metal wall average temperature on the hottest radial

section of the tube;
. Sodium temperature;

. absorbed heat flux.

3.3. Stress table following ASME criteria

In Table 2 are shown the stresses with their classi

fication according ASME criteria.

with a large conservatisme, the effects of non linear
temperature distribution on the cross section of the tu

be have been classified as secondary stresses Q.

Actually, part or all the stresses due to that non-
linearity, since doesn't produce any distortion, could
be classified as F, by definitions in 3213.117 and

3213.13(b)(2), Code Case N-47-17.

3.4. Bursting analysis

The joint efficiency E, requested in UG-27, Asme SeC

tion VIII, Division 1, 1is equal to 1.

The allowable stress value S, is determined conser-

vatively corresponding with the maximum metal wall-avera
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| ged temperature on the hottest cross section (see ta-

ble 3).

3.5. Shake down analysis

The Sy value is taken as average of the two Sp
values at maximum and minimum cycle temperature, as
it results from Note (1), fig. 4-130.1, Appendix 4,
Asme Section VIII, Division 2, because all secondary

stress is a thermal stress (see Table 3).

3.6. Ratcheting analysis

we have excluded the presence of "Elastic follow-
up", by which the thermal stresses due to linear tem-—
perature distribution on the tube cross section, re-
sponsible of the strain, would be classified as Pp for
purpose of Test No. 3, T-1324, Code Case N-47-17.

such assumption is justified in the following points:

a) The possible plasticity doesn't affect the total
tube cross section but only a portion; therefore
the plastic portion cannot reach noticeable strains,
because of the internal restrains caused by the ela

stic core of the section.

b) The thermal stress distribution along the tube

lenght has a quite smooth trend without picks in the

most stressed section.
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The step by step procedure proposed by par. T-1321
and T-1324 in the Appendix T of Code Case N-47-17 has

been followed and the results are shown in Table 4,

Non axisymmetric loads has been included as axisym
metric loads, and the curves of fig. T=1324-1 has been
used, according with T-1324(a), Appendix T, Code Case

N-47-17.
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PANEL TUBE INELASTIC STRESS ANALYSIS

Considerations about the inelastic analysis

The reasons for which an inelastic analysis has
been carried out in the evaluation of the panel tubes
of the ASR must be found in the impossibility to reach
the requested number of operating cycles by a strict
application of the Code Case N-47-17 creep-fatigue in
teraction based on an elastic stress analysis. A dee-
per knowledge on the behaviour of the tube and on the
possibility to support high heat fluxes is requested

as well,

The results we have obtained by the inelastic ap-
proach show the large conservatism that is contained

in the Code Case elastic creep-fatigue analysis.

No problems have to be expected therefore from the
point of view of the creep-fatigue interaction that 1is
the most important failure mechanism of a central recei

ver with high thermal fluxes.

Approach methodology

The inelastic analysis has been carried out by means

of the F.E. MARC Code. A first approach, in order to

check the mesh, has been run in elastic hypothesis
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giving results in a very good agreement with those ob-
tained by SAP V. All the thermal fields used are obtai
ned from the thermo-hydraulic analysis reported in the
Topic Report No. 2. An interpolation method has been

implemented in order to obtain wall temperatures at any

position.

A second calculation in inelastic conditions has
been carried out with "tube type elements" in order to
approach the problem step by step and to obtain the be-
haviour of the whole tube. Due to the fact that the ap
pPlied loads are essentially "strain controlled", we
found out a good agreement between the strain obtained
with this elasto-plastic analysis and the strain dedu-
ced with the Hook law starting from the stresses ela-

stically evaluated.

As last approach, a generalized plain strain finite
element model has been implemented after considering
quite impracticable from the point of view of calcula
tion times and costs a 3D analysis; it is to be noted
that such a model gives an overestimation of the stres
ses and strains because the actual rotation of the tu

be cross section is not allowed by the used model,
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4.3, Structure definition and boundary conditions

The model used in the inelastic analysis is very

similat to that used for the eleastic analysis.

The only difference consists in the fact that the
clamped end and the built in one are exchanged each
other: due to the quite complete simmetry of thé\system
we consider the results from the inelastic analysis as

rapresentative of the actual situation.

Material properties

Tube material is s.s. AISI 316 L and, where possible,
we make use of the average characteristic values from

supplier (see Appendix 1, Annex 1).

The stress—strain relation at 20 °C is presented in
Table 5. The temperature influence is considered and
correction coefficient R(T) evaluated at A E intervals

of 0.002.

Table 6 shows R(T) and AR(T)/AT values as a fun-
tion of temperature; in fig. 8 is represented the 6-¢&

plotting.

As regards as the istantaneus thermal expansion coef

ficient, two different sets of values are used:
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- &X41(T) is obtained from mean values and applied to
computations concerning the overall behaviour of the

tube.

- O(Q(T) is taken from ASME and applied in the most

stressed section strain range evaluation.
At high temperature & ,(T) is greater than &X'¢(T)

(see Table 6) and in such a way the safety limits of

the approach are increased.

Temperature distributions

The following assumptions, referring to the hottest

tube, are utilized as starting point:

- the non-irradiated tube wall temperature equals so

dium temperature (inlet 450 °C, outlet 544 °C);

- along the irradiated length, sodium bulk temperature,
together with internal and external tube wall maximum
temperature values are known in 25 axial positions

from the tube panel thermal analysis;

- at the maximum flux tube section a temperature map
with 648 computed points is built and used to obtain

elastic stress evaluation.

In order to get a good flexibility, in connection

with the use of different elements and meshes, an inter
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‘ ' polation method is implemented to compute temperatures

anywhere in the tube wall.

First the 25 axial values are interpolated using

expansion formulas as:

20
T(Z2) = G(0)+G(1)8 + Zi G(i+1) sin [(in)&]

1

with O =z . , L =2850mm
L

Therefore the internal and external circumferential
profiles are expanded into a modified Fourier series
as follow:

5

Text(9)=A(0)+A(1)9 +Zi{A(i+1)cos[(i+1)9’]+ -

+ B(i+1 )sin[:( i+1) 9«1}

5

Tint(G) =D(0)+D(1)8& +E1:i {D(i+‘l )cos[(i+1 ) 9:] +

+ E(i+1)sin[( i+1)9:]}
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With the following hypothesis:
- temperature profile shape independent on the section;:

- linear temperature behaviour across the tube wall

thickness at the same angular position;

temperature can be obtained, as a function of coordina

tes, anywhere in the tube wall,

In order to analyze the thermal cycling, the follo-

wing steps can be identified:

a) Trace heating phase and sodium filling.
The tube temperature, from 20 °C (ambient temperatu

re) increases up to 270 °C uniformely.

b) Power increases from starting condition to one fifth
of the design level.
Sodium temperature axial profile is augmented step
by step and reaches the stady state nominal profile
(inlet 450 °C, outlet 544 °C). Tube wall temperatu-

res depend on impinging flux level.

c) Power increases up to design power and then decrea-
ses to one fifth again.
The nominal sodium temperature axial profile is man
tained, while temperature differences in the tube
wall increase (or decrease) following the incident

flux.

d) Power decreases from one fifth to shut down level.

Sodium axial temperature profile (and metal tempera
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tures) from nominal profiles reaches the constant

value of 270 °C.

e) Sodium empting and tube cooling.

Temperature from 270 °C to 20 °C.

Step d) and e) are bypassed during computations.

Full size tube analysis by means of "pipe type elements"

The approach to the whole tube has been carried out

in order to:
- evaluate the overall behaviour of the structure;
- compute the support loads;

- locate the most critical section.

The geometric scheme of the structure is shown in
fig. 9. The top of the tube is fixed, while the bottom
end is sliding. The differential expansion between the
panel tube and the downcomer has been considered as well
in the same way used for the elastic calculations. The
intermediate supports are sliding hinges; 47 pipe ele-

ments are used with 2 nodes each.

The element (the reference number of the element in
MARC library is 14) is a hollow circular cylinder
and takes into account plasticization. Axially 3 con-

trol planes are available with 16 control points around
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circumference, 6 degrees of freedom each node (rota-
tions and displacements). The wall mean temperatures
(between internal and external values) are assigned
to the points, so that the average behaviour for tube

fibres is obtained.

Only the first temperature increase, from 20 °C
to maximum, is simulated step by step, following the
criteria of par. 4.4. and with temperature step less

than 10 °C,

From the MARC computations the following results

are obtained:

- During pre-heating phase with axially uniform tempe
rature (from 20 °C up to 270 °C), the most stressed
sections coincide with the extreme supports (maxi-
mum stress 1.5 kg/mmz). The two sections, where at
full power the peak flux (element 23, section 3) and
the peak temperature (element 24, section 2) are lo-
cated, in this condition show small stresses (about
0.5 kg/mmz).

— When one fifth of incident power is reached, the maxi

mum stress along Z are:

Top support section 2.6 kg/mm2
Bottom support section  2.23 kg/mm2
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Element 23, section 3 -1.99 kg/mm2
Element 24, section 2 -1.62 kg/mm2

- At maximum power condition, the stresses and strains

around the tube circumference are shown for the 4

mentioned sections in Table 7.

The support loads for the different power levels are

summarized in Table 8.

Output data analysis confirms that the worst tube
section is where the maximum température difference
(or maximum flux) is located and shows that stresses
are mainly connected with temperature gradients.
This section is placed close to 1690 mm from the lo
wer header axis.

The 1local curvature in the worst section is towards

the hot tube side and very small (about 1.21 10-5)

4,7. Generalized plain strain tube analysis

In order to perform further computations, the most

irradiated tube section has been chosen and the genera

lized plain strain model has been applied stressing

the following points:

- the structure is free to expand axially; the diffe-

rential thermal expansion between tube and downcomer




22.

is taken up by brackets flexibility with negligible

axial effect on the tube;

- tube sections keep plain and therefore an overstima

tion of the stresses has to be expected;

- analysis can be limited to a slice placed at worst

section height;

-~ because of geometrical and thermal symmetry, only one

half of the ring is examined.

Under these hypothesis a distorted quadrilateral fi-
nite element with plastic description capability has
been applied (no. 29 of MARC library). In addition to
the 8 nodes for the conventional biquadratic rappreéentg
tion of plain strain (in x-y plane) two additional bulk
nodes (common to all the sections) express average 2 di

splacement and x and y rotations,

The half ring is subdivided circumferentially into 24
.sectors, radially the tube thickness into 3 layers, so

72 elements are required and the nodes amount to 273.

Thermal cycling is carried out to compute the maxi-
mum strain range; after three times up to maximum power

and down, stabilization is reached.
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In order to save CPU time, only situations with
considerable flux incident on the tube are computed,
as stresses are mainly produced by temperature dgra-
dients. So cycling can be limited and a minimum tempe
rature of 495 °C considered. This approximation is
checked and a transient untill the lower temperature

(270 °C) performed.

The resulting strain is 479 1074

3

, to compare with

the value of 4.35 10 ~ obtained stopping at 495 °C.

From MARC output examination it appears that the
most stressed point in the section is located where

the maximum temperature is reached.

In order to visualize the section status when maxi
mum temperatures are first reached, plotting is pre-—
sented for the equivalent stress (fig. 10) and the

equivalent plastic strain (fig. 11).

Fig. 12 shows, represented on the equivalent stress-
strain plane, the most stressed point status during
thermal cycling; it appears that stabilisation is rea

ched after two cycle.

The performed analysis proves that, when stabiliza-

tion is reached and the hypothized conditions (thermal
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load and material characteristics) take place, the

most critical point strain range is 14.2 1074

Creep evaluation

In the previous plastic analysis the relaxation ef
fect on the strain range was neglected because of its

very small amount.

In fact, in the hypothesis of adding the relaxation
effect at the end of the first cycling with a sustai-
ned time of 12 hours at the maximum stress/temperature
level without stress relaxation (very conservative
assumption because the primary creep is stress dipen-
dent with an exponent greater than 4) we obtain (with
reference to the creep model suggested by CEA Report "Be

havior in fatigue relaxation of a high creep resistance 316L 85"

6 = 95.1 N/rnm2
t = 12 hrs
. =5.69 10" 4xg% 3y 0487 _ 5.1 107
prim
€ .. = Et= (252141015 4 45 2 3.3 1070

663

and therefore the relaxation effect gives influence on

ly on the third significant digit of the strain range,
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5. CREEP-FATIGUE INTERACTION ANALYSIS

This part of the report deals with the lifetime
analysis of the most irradiated section of the panel

tube.

The analysis is carried out following T 1400 pro-
cedure reported in Code Case N-47-17 with reference

to inelastic calculations.

The events that will be taken into account in this
analysis are reported in Topic Report No. 6 and can

be summarized as follow:
. Effect od the daily cycling
. Effect of the cloud passage

. Failure of the control system of the pump in case of

100% reinsolation with 10% of sodium flowrate

. Failure of the control system of the pump in case of

shading of the field with 100% of sodium flowrate

. Loss of sodium supply due to electrical failure of

the sodium pump drive

The probability concepts reported in the Topic Re-

port No. 6 have been applied to all the transient con-

sidered. In order to obtain the equivalent strain range
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at different heat fluxes, the following linearization

has been assumend:

[Af:lé = @£]<P=125 * -

125

As consequence of the small thermal tube inertia,
the slope of the thermal shocks caused by the transients
aforementioned has no practical impact on the tube stres
ses, A certain amount of calculation has been carried
out in order to check this assumptibn and an increase of
the stresses (elastically calculated) of 2.5% with re-
spect of the steady state ones has been recognized for

a flux ramp of 125 M/cma/sec.

Effect of the daily cycling

The start up and the shutdown events do not cause
overstresses compared with the normal operating condi-
tions due to the smoothness of the transient and the

low thermal tube inertia.

With reference to the cold start-ups, they were con
sidered in the same way of the hot start-ups; conser-
vatively the cold start-ups were elevated as following

shutdown from the maximum flux level,
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The curves T 1420 of the Code Case N-47-17 were con

sidered as basis for the allowable cycles evaluation.

The total daily cycling damage is 3.2% as shown in

more detail in Table 9.

Effect of the clouds passage

For the reasons reported at point 5 of the report
all the foreseen cloud passage types can be considered
as identical and therefore the total events number is
63250 in 10 years. As shown in a more detailed form in

Table 10, the total cloud passage damage is 7.3%.

Effect of the operational incidents

Again for the same reasons reported at point 5, the
incidents itself can be considered as a. normal daily

cycling execpt the different temperature level.

The following damages for the foreseen events were

obtained:

1) Failure of the control system of the pump in case
of 100% reinsolation with 10% of sodium flowrate:
. maximum metal temperature (assumed) 705 °C

. number of incidents 60
-3

. fatigue damage 10
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2) Failure of the control system of the pump in case

of shading of the field with 100% sodium flowrate:

. maximum metal temperature 596 °C
. number of incidents 60
. fatigue damage 4.6 10—4

3) Loss of sodium supply due to electrical failure of

the sodium pump drive:

. maximum metal temperature 610 °C

. numer of incidents 60

. fatigue damage ' 4.6 1073
TOTAL INCIDENTS FATIGUE DAMAGE: 1.92 10—3

5.4. Creep damage evaluation

In order to semplify the analysis, conservatively oo
the maximum stress evaluated by the inelastic calcula
tions as 6 = 111.2 N/mm2 is considered constant du-

ring all the day and the year.

The component operating life is assumed as 30000 hrs
during the 10 years life on the receiver corresponding

to 2730 "reference day" with 11 operating hours.

A splitted damage has been carried out for diffe-

rent time intervals at different average cross section




29.

temperatures as shown in Table 11 and a total creep

damage of 5.1% has been obtained. .

5.5. Lifetime evaluation

In Table 12 it is shown the representative point
in the plane fatigue damage-creep damage as requested
by Code Case N-47-17. As can be seen all the operating
conditions foreseen in Topic Report No., 6 can be with-

stood by the receiver.

Extrapolating the results and within the hypothesis

of identical operating conditions over the year, a life

of 45.3 years has to be expected for the component,
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6. CONCLUSIONS

All test are complied, particularly the tube is
prevented against the creep-fatigue interaction which
is the most dangerous failure mechanism for the compo

nent under examination.

The available margin of safety evaluated by the 1i
fetime analysis allows to foresee that the component

can withstands all the prescribed operating conditions.
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POSITION 1—',;'::5 ‘igz‘gg‘v MOMENT | ROTATION
Kg Ko kKgmm rad
1 3.98 |-251 | -818
2 - 1.31 ~0.0105
3 -1.83 0.00872
B 4 0.06 | -0.007
S ~1.63 | 0.00954
6 2.7 0.93 250
®
o =
15 |
w - ® f
| ‘ N.B. All the quantzties are referred
L\E(D to the tube

__TABLE 1 __
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Stresses in the most stressed point on the cross
section, corresponding to the highest metal temperatu-

re during the daily cycling.

Loads Axial Circumf. Radial | Classif.
Weight 0.06 O. O. Pm
Pressure 0.17 0.34 C. Pm
“Restraints -9.54 O. 0. Q
Thermal | -14,49 -9.27 0. Q
wind negligible O. 0. -
Hearthquake 0.06 0. O. Pp

Highest metal temperature in a point of Ccross sec-

tion:

— . 0
Tmax = 596 °C

- TABLE 2 -




BURSTING ANALYSIS

Maximum metal wall-averaged temperature
on the hottest hoop SeCtioN ..veeeeveoccees

Maximun allowable stress at Tmaxh g, e

33.

TmaXh,S.=5.66 °C
Sp = 7.62 Kp/mm2

Minimum required thickness of shell ....... t

Design pressure ‘.0."...'......0""..0..I. P=000611 Kp/mm2

Inside radius Orf Shell .v.cececocccccccnses R = 12 mm
Circumferential stress: t = PR = 0.0611x12 = 0.10 mm
Longitudinal stress ¢ ot= PR = ‘0'0611 x12 =0.05 mm

2540.4P 2X7.62+0.4x0.0611

The actual tube tickness is: ty = 1mm

SHAKE DOWN ANALYSIS

Highest metal temperature in a point

Of the CI'OSS SeCtiOn ® & & ¢ 00 068 000 0 v 080 PO o0 Tmax=596 °C

Lowest metal temperature in apoint of

the Cross section ...iieveeecesecenacnnanees Tpin = 270 °C

Allowable StreSS atTmax ® %00 TG 00000000

Allowable StreSS at Tmin ® 50000000000t 0000

Allowable stress for the shake down analysis

=23.80 Kp/mm2 < 3Sp= 3x8.66 = 25.98 Kp/mm?

- TABLE 3 -

Sm( Tmax) =7 .48 Kp/mm2
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REATCHETING ANALYSIS

Maximum metal wall-averaged temperature
on the hottest hoop SeCtion ................ Tmax = 566 °C

Minimum metal wall-averaged temperature .... Tmin = 270 °C

Yeld stenght at Thrin ceeeeeecncocesennnans Sy = 8.45 Kp/mm2

X = (PL+ Pb )+Sy ; Y = (QR)maX :
K -1+K(1-PL)~1+K(*) 7 Ko = L (k=1) ;
T~ S P S ? s - !

St
K=1.27 (from ASME Section III, Appendix A, Table A-9221(a)-1);

¥ =0.5 ; KS=O.5(1.27-—1)=0.135 ;

Entering the isochronous stress-strain curves at tempera-

ture 566 °C, and for any time, by B, we read no signi-

ficant strain, % due to creep.

(*) Smallnes of justifies this position.

i o
e

- TABLE 4 -




Strain Eé;%ﬁ’ﬁnz
0. 0.
0.666 -10° 13.333
1 1078 15.9
5> .107° 18.65
3 1072 20.
n.3 10" 24.

- TABLE 5 -

35.
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T/<c

R(T)

AR/AT_:jd_'I -6

-10

10

20

-1.563

15.2

100

0.875

-1.250

120

15.43

150

17. 8

200

0.750

-1.002

230

1798

250

184

300

0.649

-0.498

350

18.6

370

19.13

400

0.600

-0.500

450

18.76

480

18.96

500

0.55

- 0.500

550.

19.16

565

20.48

600

0.5

620

20. 80

650

120.24

- TABLE 6 -




BOTTOM SUPPORT rop supporT | ELEMENT 23, ELEMENT 24,
SECTION 3 SECTION 2
POINT
q’ z € plast Q’ z € plast q z £ plast| 07 z € plast
5 |-1.835 00 |- 2.074 00 - 8.599 |-4.49E-4]-8.217 [2.513€-4
6 | -1.674 00 |-1.945 0.0 - 8491 |(-356E-4|-8.024 [1.808E-4
7 |-1.228 00 |<1.510 0.0 - 7784 |-1.16E-4|-7014 |9.506E-6
8 |-5468E1 00 |-834561] 00 - 2.972 00 - 1.704 0.0
9 .57 E-1] 00 0.0 00 3.374 0.0 345 0.0
10 6.96 E-1| 0.0 702E-1] 00 4.649 00 4.25 00
n 1.099 0.0 1.33 0.0 4.235 0.0 3.65 0.0
12 1.365 0.9 1.76 0.0 3.95 0.0 3.24 0.0
13 1.455 0.0 1.94 0.0 3.86 0.0 3. 0.0

- TABLE. 7 =

*LE




n.4

Condition Support n.1 n. 2 n.3
AXIALLY UNIFORM| 0.94542 kg | - 0.30517 kg| -0.3051 kg 0. 94542 kg
/5 of FULL POWER| 1.62141 kg | - 0.58288 kg| - 0.18865 kg 1. 2234 kg
FULL POWER | - 0.49264 1. 7587 -4 E-3 0.46081
- TABLE 8 -

w
(e o]
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Period Days

— |

Cover
days

Working

days

Febr./April 890

\ May/July 920 \
Aug./Oct. 920
Wov./Jan. 920

DAILY

CYCLING

Incident Absorbed
flux flux
Vi / cm2 v / cm2

_ TABLE 9 -

AE

equivalent

gtrain range
10-3

Hot start ups
Cold start up:

| 0P

*6¢




CLOUD PASSAGES

40,

Incident | Absorbed AL Allowable | Flux level No, of | Fatigue
flux flux strain range cycles probability | events | damage
W/ cm?2 W/cm? 10~3 Np % N N/¥p
120-140 | 116 1.14 297000 15.5 9803 | 0.0330
100=120 98 1.11 354500 22.3 14106 | 0.03%8
80-100 80 0.91 >106 15.2 9614 | ~0
60-80 62 0.70 >108 13.6 8602 | ~ 0
40-60 44.5 0.51 >106 12,2 7716 | ~0
10-40 22 0.21 >106 21.2 13405 | A~ 0
Total 63250 | 0.0728

- TABLE 10 -




CREEP DAMAGE EVALUATION

41.

Creep damage on an half cycle of a day

. Interval Allowable
Time Temperat. . Damage
. lenght time
interval °C m t/Tp
t TD
6.3047.1 0.75 510 5 107 1.5 10
- 6 =7
7.1538 0.75 525 6.5 10 1.15 10
8 +9 1 540 2 106 5 1077
9 +10 1 555 5 107 2 10"6
10311 1 566 3 105 3.3 10'6
11412 1 566 3 10° 3.3 10‘6,
St/ | 9.3 1076
-6 o =2
Creep damage = 2 X 2730 = 6.3 10 = 5.08 10




G@iuwmayﬁiiu&
Industriale  spa

CENTRO STUDI E RICERCHE

42.

CREEP-FATIGUE INTERACTION

. Daily cycling fatigue damage 3.2 %
. Clouds passage fatigue damage 7.3 %
. Incidents fatigue damage 0.2 %
TOTAL FATIGUE DAMAGE 10.7 %

%

TOTAL CREEP DANAGE 5.08

100

CREEP DAMAGE (%)

(11}
(=]

50 pATIGUE DAMAGE (o) 100

— TABLE 12 __
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LEGNANOD

4es /2 TUBO - ELEM. TIPQ 4 see
UNDEFORMED SHAPE

FEBRUARY 2S. 1981 09119156

1AXIS» 3  ALPHA=0.00  BETA= 0.00

_Fle. 8 __
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LEGNANC

ALMERTIA-TUBO TIPO 1-YINC.DIS.8-COLLET.SUPER.MOBILE~INTERASSE COLLET=37S0
STATIC LOAD CASE 1

JANUARY 28, 1982 12:25:25

1AX1S= | ALPHA= 0.0Q BETA= 90.00

DEFLECTION SCALE FACTOR= 0.83942 E-1

1322

112 110 1385

FIG. 4 - BIEAM CALCULATION
Thermal load
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LEGNAND

ALHERIA-TUBVO T1PO 1-YINC.D1S.8-COLLET.SUPER.MOBILE-INTERASSE COLLET=3750
STATIC LOAD CASE 2

JANUARY  28. 1982 12125:25
1AX1S= 1 ALPHA= 0.00 BETA= 90.00
DEFLECTION SCALE FACTOR= 2.2882 B

B S AL =
s

-—m —r i
| X ERC IR

[-7]

DN

O ey
A N

-~ @

FIG., 5 - BEAM CALCULATION
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LEGRANO

ALMERIA-TUBO TIPO 1-VINC.D1S.8-COLLET.SUPER.MOBILE-INTERASSE COLLET=37S0
STATIC LOAD CASE 3
JANUARY 28, 1982
1AX1S= 1 ALPHA= 0.00 BETA= 30.00
DEFLECTION SCALE FACTORe 0.65056 E-1

1
Pora
<y
M

12:23¢25

/
14

15
18

BTN,
NI
\ O
)

(9]

ﬁi‘*BT=§4=ﬁ?"’

n

o
K

:j FIG. 6
&
g
(3
Q&

-—

BEAM CALCULATION
Thermal and weizht
load




@; Neereco <o§m

Industriale spa . . 4 9
-
CENTRQ STUOI € RICERCHE

METAL WALL - AVERAGED TEMPERATURE
ON THE HOTTEST SECTION OF THE TUBE

Adﬂ' i
12 S0DIUM TEMPERATURE
hadadadatd |
0w 113 :
28§ 85 sl
R L
J ! ' L
r - 435°c | B
[) t
| 197 : |
| H ' |
r-_d b--,.
i L\
230°C H ' -
' :
s ™
_j 5\._47 (w/ecm?)
T -1
\ ]
] []
: '
AT 16,45} h
'''''''''''''' T Y T T Y T T T e m e e e = . p————————
Y B30 8 9 18 N 12 13 14 15 16 1138 24

—Fie. ¥ _




50.

2

, 100 °C

 200°c

30D °c

N\
Q
™~
Y
v/
Z
7 w T M I o R ]
I ¢ 11 3 ti] —
2! : . ! HH N
i : SaiR e ! i i <
wha o8 Spghats i ¥ o
T H Hih H 2 g
[ (1371 pakess 3 [(1) s Sp8 w
L i 1& 1 1 =]
- - 181 ] naged!
H Hit FHT Aty
H : HY Bigeass| Bes — 9
HHT ¥ L
v i
5 5 < i HHHIH
. 1] " i mf
[l T 1
1 ; 1 I
131 ] > 41
a0s r FH- 288 ; »
asiepe . 4 i
SRal i =4 5 H a5p ;! 13
£l {10 R o Y 1 £ 4 144 L
o 1 ] HakL : SEISISIERiaTL:
Hit Red) b 5 ¢ H 5 : H A
H - i 4+ - —
T : i
e A H 3 L 1
11 i o . 14
28s = I {
¥ Lt
H tl iy
gd38 HiTHH
= e - NERNE pea
I o ” . ! L‘u Her 5
g r nee: sye ST
L * H 853 : SSqR3REe
1 BAW ¥ g : ANES 5
. 1 g r ! a3 i 3 1 H
aw 11 ] " TTHH H1T1 I s 13 1] 111d
215 His T SSEapaata e § L HitHiT
ﬁ.x‘ o A xl\.XL & (1 ” - . o
o i §RfSidsts EHRHHING 1 ] Hin
aapw g T 3
n 1 u i 4114 -+ H
N N
i : uyasss L+ 1 Uy 2 5 4 0t 4 1
¥ LT N - HH T
Hif S HH iruﬂ 1 Y T
IO I H h ! g
; i o i i IR
3 g : ri frih 2388130343
. v i " b, tiH LI
< HHHP tHEt T 8 siydn
o W 553 HHtHE 1 R e . .
2 B v o i gt 1 1 L St L = et )
= 3 3 .
:3 (pww/B3) INOISNAL o
3 -
°
e g
< =
P 4
o
(3]




X AXIS (mm)

FIG. 8 — TUBE STRUCTURAL SHAPE

g 10 N 12 1314 15 16 17 18 19 20 2v 22 23 24 25 26 27 2& ,29 303 32 33 34 35 36 37 38 39
81 4 L 4 b 4 d 4 . 4 l 4 i i d 4 L 4 d J 1l 1 , d J d 1 4 440
600~ LA S S 7, W SRS S SN S . N SR +—+ T )G S ( t +—+—¢ a
aa aa
| . 5 AR
< !4 | 3 |2 1] 1
[ [ !
5 | [ ] | 43
T ! | . ! T
4 | } l : 44
| I
- | | —~
200 3 | | : | 45
|
2 : ! | | a6
n I | : { 47
v Inlet sodxum: ; I | Outlet sodium
|
0 T T T T T T l II I T T T T T ij T T . I -
50 1500 3000 3750

CLEYATION ( mm)




52,

.........
w N M e wm O~ @ "
IR A T TR SR B
Y ™ w v~ W

__ Fle. 10 _

2.0

EQUIVALENT MISES STRESS

ALRERIA



.
™
mn - - lﬂl R T _
- ' ! N ~r~
\ - —_— =~ —_ ! ~. —
\‘M A~ ) l“l ) ~< o —
2 s } -+ — =~ ' ~ / .
. e \ »\\. A - \ ! ! - ~- . ~ 6
£ oL N - —_— et ~ e
/ \(\\\\ U - ! ~ —
s ~ s S ~ <~ T
f\\o\\ . \ 1\\ /\v\ - - f ~ )
’ \\tq\ \\ w\;\ - - ~ i ~ s _
s\\ \\\\J A \\\ > iy / \/ /
a4 © ) % ~ e
\\\A.‘ d , / , ~ P / \/
..\‘.\\‘.\,\J \\ g ~e / X
LA | XN
S N
7 \Q\ / ~ N ~,
.& \‘ /2 \ \ V4 /
g
\ % < i \:. — < / \/
/ \\ {7 = /
NOXTT N

~ \Q»
~
~
~
EQUIVALENT PLASTIC STRAIN

‘Lg
—
N
-—
\
-
)
ALMER A

HE
.:__ k
i :;% m” b .
I L
G W v ® e m e e oM Am :

O VMM O~ G e = Y
MY BB R E o omoR BV ¥ ouw
Q = a ™ -

-t M e A O T W NN = =




-

mm)

/
{
/

20

CQUIVALLNT STRESS { feg

18+

1.492 10>

12+

10

8-

65—

EQUIVALENT -4
ol 3 f % & P @ ¥ P M stRan (o

- 12—

—14

._‘6_.

~18 —

_20 —

FIG.12_STRESS-STRAIN DIAGRAM




56.

APPENDIX 1

Mechanical characteristics of

tube material

In the thermoelastic calculations the following as-—

sumptions are made:

. density: the values are assumed from phisical proper-

ties in the SANDVIK 3R60 fish reported in Annex 1,

. thermal conductivity: as above;

. specific heat capacity: as above;

. istantareous coefficient of thermal expansion: the va

lues are assumed from Table I-14.8 of ASME Code Case

N47-17;

. modulus of elasticity: the values are assumed from

SANDVIK 3R60 fish reported in Annex 1,

In the code compliance analysis the following assump-

tions are made:

. yield strenght: the values are assumed from fig. 1 in

Annex 2;
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. allowable stress Sm: the values are represented in

fig. A1/1 as the minimum value between:
- 1/3 of the tensile strength at temperature;

- 90% of the yield strenght at temperature but not
exced 2/3 of the specified minimum yield strenght

at noon temperature;

the yield and the tensile strenght are desumed from

fig. 1 and fig. 2 in Annex 2;

. Patigue curves: the values are assumed from fig.

T-1420 1B of ASME Code Case N47-17;

. isochronous curves: the values are assumed from fig.

T-1800-B of ASME Code Case N47-17;

. minimum time to rupture: the values are assumed ad

the lower bound of the curves represented in fig. 3

in Annex 2.
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SANDVIK 3R60

ASTM type 316 L

Aﬁstenitic stainless ELC-steacl

Sandvik - Sandviken - Swedsr

SANDVIK

Tube

1,842 E Y
SANDVIK steel catalogue

FSI, September 1975
Cancels edition of September 1971
(1.8 E - 3R60)

(J

®,

SANDVIK 3R60 is a molybdenum-alivyed ausienitic ELC-
steel,

On request the material can also be supplied in a variant for
the urea industry, Urea Grade, which has a guaranteed low
ferrite content and meets the requirements in Huey-testing
according to ASTM A262, practice L. This kas been achieved
by means of a well balanced chemiczl composition and an
extremely low impurity countent.

The steel is also delivered in a mitrogen-alloyed variant having
higher strength, SANDVIK 31269. See data sheet 1,846 E.

This data sheet gives information on mechanical properties,
corrosion resistance and weldiug. For data on chipforming
machining of SANDVIK 3R&U fLiwllonr bar, please refer to the
data sheet 1,45 E - 3R60.

Chemical compaosition {nainiial), %

Mn P 3 e i Mo
max max

C Si
max

g
i7.5e

13.5% 27
b= 139 for welded

0.030 06 1.7 0030

aCr = 17% for welded tube and pipe;
tube and pipe

0.030

Specifications

ASTM A213, A249, AZ69, 4212, A5l
BS 3605
DIN 17440, 2463, 2464 ' -

Type of stesl!

~ASTM  AISI DIN Wk, B3 Sis
TP316L X2ZCrNiMo 1812 14435 J6S 2353
MT316L 316L (2.4404) wm:; fz

AFNOR Z 2 CND 17.13

Forms of supply, finishas and dimensions

Seamless tube and pipe
Tube and pipe are supplied in the quench-annealed and white-

Flckled or in the bright-annealed condition. Thg latter al-

crnative applies_as_a rule to small_sizes. The principal size
range can be seen from qure 1, but also certain other sizes
can be delivered on request.

Hollow bar

These tubes are supplied quench-annealed snd white-pickied
in the size range 32—230 mm (1.3--9.3 inch) O.D.

B —

VWelded tube and pipe .
Longitudinally welded and calibrated

Tube and pipe are delivered quench-annealed and white-
pickled or bright-annealed. In the range above 10 mm (0.4
inch) LD. tube and pipe can be supplied internally bead
roiled. The principal size range can be seen from Figure 2,
but also certain other sizes can be delivered on request.

Longitudinally welded and cold-drawn

The tubes are sopplied quench-annealed and white-pickled or
bright-annealed with maximum O.D. = 87 mm (3.4 inch).

Wail thickness, mm (Inch)

1.6 40 i i s
N
SN
AN
N
AN
N
N
N\
h]
i
|
\ )
i
|
200 250
8 10

Outside diameter, mm {inch)}
Size range for seamless tube and pipe
= hot-worked
= cold-worked

Figure 1
Solid line
Broken line

Wall thickness, mm (inch}

0.14 a4 =
’e
0.42 3 // 1 / )
008 2 //
0.04 1 l r
° OO 25 50 75 100 150 200
0 1 2 3 4 6 8

Qutside diameter, mm (inch)
Figure 2 Size range for longitudinally welded, calibrated tube
and pipe




sascated
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~Starting material is annealed and white-pickled sheet.

The size range of (ube is:
outside diameter = 205—1200 mm (7.9—47 inch)
wall thickness = 22.5 mm (0.1 inch)

Pipe is made according to ANSI B36.10 and B36.19 in the
following size range:

nominal pipe size = 3147--24"

wall thickness = Schedule 5—Schedule 80

Spiral-welded :

Starting material is annealed and white-pickled strip.

Size range:

outside diameter = 90—508 mm (3.5~20 inch)

wall thickness = 1.5—5 mm (0.06—0.2 inch)

Pipe fittings

Fittings are available in SANDVIK 3R60 comprising butt-
weld fittings according to ISO and ANSI standards, as well
as SANDVIK couplings.

Slzes in stock

Seamless tube and pipe

Seamless tube and pipe are stocked in a large number of sizes
according to ISO R1127, ISO R65 medium series and ANSI
B36.19. See our brochure 1,10 E.

Hollow bar .

Hollow bar are stocked in a large number of sizes.

Longitudinally welded tube and pipe

Longitudinally welded tube and pipe are stocked in sizes
according to ISO R1127. See our brochure 1,10 E.

Fabricated tube and pipe ‘
These types are stocked in frequent sizes.

Pipe fittings
Sandvik’s pipe fittings are stocked in a large number of sizes
and finishes. See our brochures 1,13 E, 1,14 E and 1,15 E.

Mechanical properties
At 20°C (68°F)

Metric units

Yield strength Tensile strength Elong.» Hardness
12% offset 1.09% offset AS Vickers
N{mm’ kg/mm* N/mm’kg/mm’ N/mm* kg/mm* %

nin min min min min nom.
95 20 235 24 500-650 5166 45 150

'AS corresponds to 5.65V5,

Ihe impact energy at —60°C is min 157 J, 16.0 kgm, and the
ransition temperature (traasition from ductile to brittle frac-
ure) is lower than —200°C.

Inglish units

(ield strength Tensile strength Elong.a Hardness
2% offset 1.0% offset AS Vickers
{/mm" ksi N/mm?ksi N/mm?*  ksi %

1R min  min  min © min nom.

95 28 235 34 500650 73-94 45 150

ke impact energy at —75°F is min 157 J, 116 ft-1b, and
he transition temperature (transition from ductile to brittle
racture) is lower than —330°F.

At high temperatures

Temperature  Yield strength
0.2% offset 1.0% offset
*C *°F 'N{mm’ kg/mm* Lsx N{mm’ ke/mm® ksi
min min min min min min
1060 210 172 17.5 249 206 21.0 29.9
200 390 147 15.0 213 177 18.0 25.6
300 570 128 13.0 185" 157 16.0 22.8
400 750 118 120 171 147 150 213
500 930 108 11.0 15.6 137 14.0 19.9
600 1110 98 10.0 142 128 13.0 18.5

Physical properties

Density

Thermal conductivity

8.0 g/em?, 0.29 Ib/in?

Temperature W/m-°C kcal/m-h-°C Btu/ft-h-°F
°C °F ' _

20 68 15 13 9

100 210 16 14 9.5

300 570 19 16. 10.5

500 930 21 18. 12

700 1290 23 20 13.5

' Specific heat capacity, mean values

Temperature J7kg-°C kcal/kg-°C Btu/lb- °F
°C °F
50—100 120—210 500 Q.12 0.12
600-~700 1110—1290 630 0.15 0.15
Thermal expansion, mean values (x10%)
Temperature Per °C Per °F
°C °F
20—100 68—210 16.0 8.9

' 20—200  68—390 17.0 9.5
20300 68570 175 9.7
20--400 68—750 17.8 9.9
20—500 68—930 18.0 10.0
20—600 68—1110 18.2 10.1
20—700 68—1290 18.5 10.3
Modulus of elasticity
Temperature N/mm' kg/mm?’ ksi
°C °F
20 68 200000 20000 28 500
400 750 170000 17000 24 000
600 1110 150000 15000 19 000

Q

8

®




vy

o O

Temperature, °C (°F)

Figure 3 TTC-diagram for SANDVIK 3IRE0

Corrosion resistance
General corrosion
SANDVIK 3R60 has good

organic acids, £.g. citrie, lastic, formnic, :
acids, at high concentrations and ternperatures

inorganic acids, e.g. borie, phosphorie, nitric and sulphurous
acids, at moderate concentrations amd lemperatured. The steel
can also be used in sulphur s s low temperanure and
concentrations below 10% o

salts, e.g. sulphates, sulphides and $u

solutions of carbamate in urea proceuses
SANDVIK 3R60 is unsuitable for use i mydrochloric zoid.

pitting

Resistance to pitting lmproves with increasing molybdenum
content and SANDVIK 3R60, containing aboul 2.7% of
molybdenum, has substantially higher resistances to pitting
than steels of the 18/8 wpe.

Intergranular corrosion

Thanks to its low carbon content FANDVIK 3R60 has better
resistance to intergranuiar corrosion than steels of type AISL
316. '

The TTC-diagram -— Figuis 3 - showy the resuliz of covrne

.
sion testing for 24 hours in Bailing  Strauss {12%
sulphuric acid, 6% copper sulphats), A i the

: eh

diagram the resistance 1o grain bousi
petter for SANDVIK 3R&C than :
with higher carbon content {AISY
advantage in complizated waldinig

Stress corrosion cracking

Austenitic steels are susceptible to stress corrosion cracking.
This may occur at temperatures above about T0°C (160°F), if
the steel is subjected to tensile stresses and at the same time
comes into contact with certain solutions, particuiarly those
containing chlorides. Such service conditions should therefore
be avoided. Also when plants are shut down the conditions
must be considered, as the condensates whizh are then formea
can develop a chloride content that leads to both stress corro-
sion cracking and pitting.

in bend

Mechanical stresses arg sel Up .8
Therefore, the risk of stress corvesio:
bv stress relieving berds and welds.

g or welding.
cking can be rad /

800
{1470) b ‘-L i ! 21420
‘ - D e
§ ﬁ/ AISI 218 ‘{
700 - %,.m_«,mm.,..._ . d ‘; -
{1290} !
Ai e T ‘—‘-\
| %
i )
600 - ? SR T o an “‘u.: .
(1110) i L
{ § i |
i i - -
500 . S — \ \
(930} o1 , b 1.0 300
Time, h

(AISI 316L) and AIST 518,

Where good resistance to stress corrosion cracking is required,
the choice should be another stainless steel, e.g. 2 fertitic or
o fepeidic-austenitic steel or a material of high nickel content.

Hent treatment

Stress relleving
850--430°C {1560-—-1740°F), 10—-15 minutes, cooling in air

.2010°F), 5—20 minutes, rapid cooling

o owialan.

Welding

The weldability of SANDVIK 3R60 is good. Suitable fusion-
welding methods are manual metal-arc welding with coated
slectrodes or gas-shielded arc welding, with the TIG and MIG
methods as first choice. No preheating is required in normal
wases, and as a rule post—weld heat treatment is not necessary’-

Since the material has low thermal conductivity and high
thermal expansion, weiding must be carried out with a low
et input and with welding plans well thought out in advance,
so that the deformation oi the welded joint can ke kept under
control. If, despite these precautions, it is foreseen that the
:Aual stresses might impair the functioning of the structure,

v recommend that the entire structure be stress-relieved.

44 Hlier material for gas-shielded arc welding we recommend
wire of SANDVIK grades JR61 (AWS ER 316L), 3RS63
{AWS ER 316L Si) or, when a ferrite-free weld metal is
desired, SANDVIK 3RSS9 (AWS ER 516L SD. In manual
gustal-are welding we recommend coated electrodes of tvpe
FSAB OK 63.30, SMIT Arosta 316L, PHILIPS RS 316 orf
OERLIKON [nox BWL. In the urea industry filler metal
of the type 19Cr/ 15N/ MnMo, e.g. SANDVIK 3RM69, is
often used for welds in contact with the process solution.

Bending

Anaealing after cold

ing and the operating conditions.
should take the form of stress relieving or quench annealing.
~ee those headings.

is carried out at 1100—850°C (2010—1560°F)
quench annealing.

Hat bending
and should oz followed by

bending is not normally necessary, but }
this gnint must be decided with regard to the degree of bend- }
Heat treatment, if any, |

T

..

Ty

o~y
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ANNEX 2

The annex hereafter consists of a part of the

SANDVIK document No. XK0605/3.
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1.5 Structure'micrographique

= grosseur du grain: 3-7 avec la possibilite de fournir tubes
avec grosseur du grain 8.

s 2. CARACTERISTIQUES MECANIQUES

Les caractéristiques mécaniques pour SANDVIK 3R60 & la
température ambiante. (20°C) sont indiquées dans paragraphe
2.1 et pour températures élevées dans paragraphe 2.2.

Toutes les valeurs représentent des valeurs minimales que
. ' ‘'mous pouvons garantir.

O 2.1 Rz 490 MPa

E 0,24>172 MPa

AS= 130 %

2.2 Les valeurs minimales aux températures élevées que nous
pouvons garantir sont indiquées en fig. 1 - limite élastique
et en fig. 2 - résistance 2 la traction. Interpolation
entre 500 et 600°C donne les valeurs minimales sulvantes
g8 550°cC

Rz 378 MPa
E 0,2%6> 85 MPa

2.3 Fluagé

b coulées différantes de SANDVIK 3R60 ont été soumises a des
essais de fluage & 550°C, 600°C et 700°C.

© o©

Fig. 3 indique les contraintes conduisant & la rupture.

A la température de 550°C une extrapolation Jusqu’d 100,000
heures donne la valeur 165 MPa pour la contrainte moyenne
conduisant d la rupture.

" "Fig. 4 indique les contraintes domnant 1 % d’élongation en t
heures pour température T. Les valeurs représentent des

valeurs moyennes.
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3, TENUE A LA CORROSION VIS A VIS DU FLUIDE

La tenue & la corrosion vis 4 vis du sodium en contact &
550°C est trés bonne. ‘

~y s - .
R&éTérences: - Faisceau tubulaire des échangeurs intermédiai-

res de Phénix.

- G.A. WHITLOW, J.C. CWYNAR, S.L. SCHROCK - ]
"godium corrosion behavior of alloys for fast
reactor application” - Proceedings Symp,
Detroit, Michigan, Oct 19-20, 1971

e

vy 1

- E. BERKEY, G.A. WHITLOW - "Microstructural and
compositional changes in sodium exposed stain-
less steel by scanning electron microscopy'-id-

- P.A. BACUE, L.J. CHAMPEIX, E.T. HONNORAT -
" ®"compositionnal changes in austenitic steels
after corrosion in sodium at 700°C" -id-

 _ A. LAFON - "Compatibilité d’aclers austenitiques
avec le sodium dynamigque & 700°C" - "Quelgques
aspects métallurgiques™ - R. STRS 029 - Fév. 73 -

k, SOUDAGE

) | Le SANDVIK 3R60 a une bonne soudabilité. Pour tubes avec
une épaisseur de parol de 1 mm on recommande soudage automa-
tique ou manuel selon la méthode TIG. Comme métal d’apport
on recommande du fil en SANDVIK SoR61 (AWS ER 316L), 3RS63
(AWS ER 316L Si) ou quand le métal déposé ne doit pas contenir

de ferrite, 3RS69 (AWS ER 316L si).
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APPENDIX 2

Considerations and comparison between elastic and

The considerations reported in this appendix will
mainly concern the possibility of using an elastic ana
lysis in order to obtain the strain range to enter T1420

fatigue curves of ASME Code Case.

A strict application of the Code philosphy would re-
quest to use the T1430 curves when an elastic analysis
is followed; on the other and the actual stress status
of the tube is essentially strain controlled because the
primary stresses are about 1.5% of the total stress in
the case of ASR and therefore, as suggested by the work
carried out by Foster Wheeler "An Interim Structural De
sign Standard for Solar Energy Applications", it might
be reasonable to consider the elastically strain range

to enter T1420 curves as well.

With reference to stress table no., 2 of the report
the follwing stress component due to weight, pressure

restraints and thermal gradient are considered at the

operating conditions:
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6, ="

-8.33 kg/mm2

S
0

t = 596 °C

15260 kg/mm2

1
li

According to equation no. 8 in T1432 Code Case N47-17
we obtain

E, =St = Ssc = ~0 + 238 _156 187°

- 15260

lﬂ\“

ané therefore because of K=1

-3
S, = 166 °

This value is 9.8% greater than the inelastically eva
ljuated strain range and therefore a reasonable safety

margin is contained in this approach of the problem.

Considering a status with no loads as "reference one",
the Foster Wheeler approach for the strain range evalua-

tion starting from elastically calculated stresses would

give:
éErO =0
E 20 ©
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é@o = 0
= 0-0.3 —23.8—8.33]2 0.63 1073
Eus 15260 l: ( )
Eaqr = 23.8-03»(0-8.33 =—1.39 1p-3
Z1 15250 [ ( )]
- 833-0.3(0_ 238]——00810‘
&1 15260 [ ( )

AE\Z = 57,1 ‘“‘5\20 = 0.63 10-%
AEE =Ez1-Ez0 = -1.3910—3

AEg = Egr- Ego = -0.08107°

51' = %—\j (AE,Z"AE.‘Z)Z-X- (AE‘Z “AEQ.>2+ (AEZ‘AE&_)Z?—‘ 1.1 10

This value, obtained by applaying the Van Mises critg

rion is 17% smaller than the inelastically evaluated
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strain range and therefore a little underestimation of

the strain is connected.

Coming back to the strain range evaluation by the
Code Case approach essentially based on Tresca yelding
criterion and starting from elastically calculated
stresses we can conclude that an elastic approach seems
to be reasonable as well because a safety margin is still

contained in the evaluated strain range.

This margin, if the curves T1420 were applied, would
lead to a life reduction (with respect to the inelasti-
cally evaluated one) of about 37%; any way always accep-

table within the operating conditions and lifetime speci

fied for the ASR.
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INTRODUCTION

The scope of this report is to describe the signifi-
cant results of the thermal analysis performed for the

ASR absorber back-structure.

In ASR project, in order to allow lateral thermal
expansion of tubes and panels, gaps are provided between
tubes in‘addition to manufacture tolerances: so there
are some parts of ASR which are impinged by concentrated
solar flux entering through these gaps. Consequently an
accurate control of the gaps between tubes of the recei-
ver is requested so to keep the solar flux leakage through
them as little as possible not to cause overheating of

structures behind tubes.

The critical parts of the absorber back-structure are
shown in the map of fig. 1 and are the objects of the re-

ported thermal analysis:
Detail 1 Tube-supporting plate connection

Detail 2 Stirrup system supporting beam

Detail 3 Tube bundle backwall




TUBE-SUPPORTING PLATE CONNECTION ANALYSIS

The object of this section is the evaluation of tem—
perature distribution of the plate connecting the absor

ber tubes three by three with a restraining function.

See detail 1 of the map of figure 1.

Gap

As already mentioned, in order to allow lateral ther
mal growth of the absober without causing any additional
load on the tubes, a suitable gap between tubes has been

provided.

In fig. 2a and 2b the details of the stirrup support

ing system and assembly in panel structure are shown.
Two gap situations have to be considered for stirrup-
plate thermal evaluation:

A) Gap between tubes connected by the same plate. A gap

at 0.2 mm (*) has been considered taking into account:

- nominal design value of the tube center to center

distance;

(*) Manufacture of the 3-tube groups has confirmed the
caution of this value, assumed for verification
analysis purpose.

i



- tube diametral tolerance (+0.1 mm).

B) Gap between tubes of different plates.
In this case the gap value is greater then the pre-
vious one, but the flux entering through this gap
strikes only on a little part of the plate side which
has the contour shaped in such a way to minimize en-—
tering radiation capture.
From figure 2b it can be noted that a gap of 1.4 mm
between each of the 5 panels has been prescribed by
design during receiver panels assembly. During recei-
ver operation this gap will be reduced by panel ther-
mal expansion.
However taking into account:
- critical transient condition, such as sudden return

of insolation after a period of shadow;

— dimensional and manufacturing tolerances;
a maximum gap of 2 mm has been assumed for plate ther

mal analysis in the case of a B-gap.

1.3. Heat flux

—— —— v — - o= —

An incident peak value of heat flux on the absorber

of 138 w/cm2 has been assumed, based on the solar flux

map at design point.




1.4,

To determine the solar direct flux distribution on
the stirrup plate an heliostat field beam angle of 8(Q°
has been assumed and, in this angle, the normalized solar
flux distribution has been approximated by cosine low.
Heat fluxes at various distances from the gap have been
calculated by integrating within the view angle at the
field and accounting for incoming ray direction with re

spect to surface position.

The validity of these assumptions in heat flux distri
bution evaluation has been checked by a complete analy-
sis of the flux through the tube-gap by using Helios com

puter program (see section 4).

The followed procedure overstimates the incident flux
peak values and permits an high computer time saving.
Heat flux distribution on the lower face of the plate is

reported in fig. 3 and 4 for gap A and B respectively.

Analysis model

A 2 mm thickness strip of the stirrup plate has been
considered connected to a portion of tube of 12 mm height,

wetted by sodium, as shown in fig. 5.

All the cut edges of the tube-strip system of fig. 5

were assumed adiabatic (no conduction heat transfer to

the adjacent material). Under the assumption on flux and




1.5.

gap simmetry, analysis has been limited to one half of

the tube and strip system. Equilibrium temperature di-

stribution was evaluated using the finite element compu

ter code FLHE.

Analysis data list_

Hereafter the significant analysis data for detail 1

are reported:

Geome try

Plate thickness (mm) .....ceeeeesecess 2
mbe O.D. (mm) ....'..I.......“.....' 14

Tube thickness (mm) .cececesvescosssocse 1

Material

TUDE = PLlATE sovveevecevananssaasnsessss AIST 316 L (sandvik
catalogue 1,842E -
3 R 60)

Heat flux

Incident peak value on the tube (w/cm% 138

Flux distribution on the tube
irradiated Side e..ceeeeccccsnsassssss COSine low

Flux distribution on the plate ....... see fig. 3-4

Thermal input data

Inside tube sodium temperature (°C) .. 495

Inside tube sodium convection
coeff. (M/M2/C) wuvvuneneennnnn ceee.es 36000 (Skupinski

correlation for Na
velocity of 1.8 m/sec)




1.6.

1.6.1.

Tube absorption efficiency ........... 0.9 (IR, refl.,
conv losses included)

Plate radiation 10SSES .c..ceseecease.. NONE
Plate Cconvection lOSS@S .ieeeesseceses. NONE

Plate solar abSOTPtanCe ........eo..... 0.8 (assumed)

Gap
A—type (mm) @ @ @ 90 90 0605 0206 95059005058 00 0¢00 00 002

B—type (m) o.c-o.con.ooooo-oo.n.-oo-2

Results for 0.2 mm gap (type A)

Temperature distribution in tube - plate connection

Fig. 6 reports the code plot for the temperature di-
stribution in the tube thickness and in the lower surfa

ce of the strip.

Temperature increases in the plate moving from the
tube connection to the free end of the strip, where the
strip temperature reaches its maximum of 543 °C: this
zone receives less thermal input by solar entering flux
but is more distant from sodium heat sink which is the

only way to drain heat from the plate.

The plate temperature is always well under the maxi-

mum temperature in the system of 595 °C, reached in the

front of the tube.




1.6.2., Thermal gradient in the plate thickness

167

During ASR operation, the tube bending requires rota

tion of the plate.

Due to the fact that the plate receives solar heat flux
only from the lower surface, a thermal gradient in the
plate thickness may exist causing a curvature of the pla
te with consequent reduction of the design allowed rota-

tion angle,

An evaluation of this thermal gradient has been car-
ried out taking into account also a different convection
loss coefficient in the upper and lower surfaces of the
plate. A thermal gradient less than 5°\C has been obtai-
ned. This value is quite negligible with respect to the

curvature effect (*).

Results for 2 mm lateral gap (type B)

As previously reported in section 1.2, the contour
shape of the plate is very effective in reducing inci-

dent heat flux, in spite of a critical gap width such as
2 mm,

(*) Considering the analyzed plate strip as a free beam
fixed at one end a thermal gradient in the thickness
of more than 70 °C would be required to produce a
rotation of 1° of the beam in corrispondence of the
pin hole.




1.8

Fig. 4 show the incident heat flux distribution on
the lower face and in the lateral surface of the plate

(incident peak value on the absorber: 138 w/cmz).

The calculated values of incident heat flux are of
the same magnitude of those obtained for gap A analysis.
Considering the results of the section 1.6, the heat flwx
values of fig. 4 have been judged acceptable without_any

further investigation.

Different axial expansion of tubes connected by the

same plate

Taking into account transversal flux gradient on the
absorber, maximum temperature difference between tubes
connected by the same plate i1s about 3 °C. However the
adjacent tubes of different panels,-owing to their diffe
rent metal temperature, are intérested by a radiative
heat exchange which causes temperature differences bet-
ween tubes of the same plate (the extreme plates of each
panel). The effect of this heat exchange is most effec-
tive between tubes of the 5th and 3rd panels which have

a mean temperature difference of 137 °C. Analysis is repor

ted in App. A.

Sodium temperature at the outlet of the extreme tube

of the 3rd panel is about 13 °C higher than those of the

two other tubes connected together,




The effect of this extreme tubes heat exchange has
been taken into account in plate design giving more
flexibility to the 8 extreme plates of each panel by

making cuts in the plates between the tube-plate con-

nection weldings.




2.3.

10.

STIRRUP SYSTEM SUPPORTING BEAM THERMAL ANALYSIS

Object

Object of this section is the detail n. 2 of the map
of fig. 1. See fig. 2a and 2b for relative detailed as-

sembly drawing.
Gap

With reference to fig. 2b the nominal gap between each

3~tube group is 0.3 mm,

Taking into account dimensional and manufacturing to-
lerances a gap value of 1.2 mm (*) has been assumed for

the thermal verification of the stirrup supporting beam,

The peak flux of 138 w/cm2 is assumed to be positioned
on the receiver absorber in corrispondence of a stirrup

supporting beam (%),

(#) This value has been obtained by adding in the worst
way all the .design tolerances.,

(*%) The Helios design map (P.R. N° 8, pag. 6) shows a
maximum flux value in corrispondence of the tube
supports less than 1CC w/cm2. :




2.4.

245

11.

Heat flux distribution on the analysed support system
has been evaluated according to section 1.3. NO screen

effect of the tube connected plate has been considered.

In fig. 7 the incident heat flux significant maps are

shown.

Analysis model

In fig. 8 the beam mesh geometry is shown. All the

cut edges of the beam have been considered adiabatic.

Under the assumption on heat flux and gap simmetry

only one half on the beam has been analysed.

Analysis data list

The significant data for detail 2 analysis are:

Geome try

Upper and lower plate thickness (mm).. 5

C—beam thiCkneSS (m) o0 8 20 00808 500 0000 10
Material ..cceeesescs cracssesesee eesser e AISTI 304 L

Heat flux

Incident peak value on the
absorber (w/cmz) cesacsneases U .. 138

Heat flux distribution ...c.cececvaeee Fig. 7
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Thermal input data

Solar abSOrpPLaNCe s.eeeeseccescssneaeas 0.8 (1)
I.R. emissivity ® ® & & 2 9 O & 0 5 0 B 5 O 06 O W OV O e 0.65 (2)

Convection pPOWer 1OSSES sieescecessses. HONE

Gap (MM) +ieuniineonneennenroneosannencaes 1.2

2.6. Results

Fig. 9 show temperature distribution on the most si-
gnificant surfaces of the beam. Surface identification
letters are shown in fig. 8. The maximum temperature in
the system 1is reached in sections GG'H'H and CC'D'D and

is about 580 °C,

The temperature difference DT between the upper and
lower plate of the beam end, which are differently irra-
diated by the entering sclar heat flux, has been verified
as regards to the possible thermal displacement of the

stirrup pin.

(1) Assumed value for brown, after heating, stainless
steel. The irradiated surfaces of the supporting beam
are painted with white Pyromark series 2500.
The painting reflectance has not been taken into ac-
count in the following thermal verification analysis,

(2) W.H. Mc Adams - Heat Transmission - 3rd Edition
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| A deformation analysis of the supporting beam, sub-
jected to a constant DT between upper and lower plate
for its whole length has been performed with the follow

ing results:

beam end deflection: 0.005 mm per DT degree

beam end rotation : 0.0013 rotation degree per DT degree

From the plots of fig. 9 it can be noted that the per

formed analysis shows:

~ upper plate temperature in corrispondence

Of the pPin hole ...ieeecesoscsccccecscsncsccneas ~550 °C

- lower plate temperature in corrispondence

Of the Pin h01e ....'....‘...'0’....'.......N540 oc

The obtained deflection and rotation values guarantee
for good thermal stability of the beam well over the cal

culated DT of about 10 °C: so this analysis has not been

furtherly implemented.
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BACKWALL THERMAL ANALYSIS

In the back of the tube bundle a double shield of mul-
lite, high refractory Alumina based material, protects

the back structure from the entering radiation.

See item 3 of the map of fig. 1 and the drawing of
fig. 10 for detailed backwall thermal shield concept.,

Each interstice between the mullite shield and the
stirrup supporting beams and between the tube panels
are closed with ceramic fiber felt. Object of this sec
tion is the evaluation of thermal performance of the

backwall.

Gap

Because of the uncertainty to evaluate the gap width
far from the tube restraints under high flux condition,
it is necessary to investigate a sufficiently wide ran-
ge of values of gap width to gain more confidence in
the capability of the backwall to withstand high flux

density.

So a gap width ranging from 1 to 3 mm has been analy

sed.

|
i
{




3.3.

3.4.

15.

Analysis model

Hereafter the most important points of the model are

reported:

- Maximum equilibrium temperature for the examined cases

has been calculated by a finite element approach.

— No conduction occurs in the axial direction of the

backwall.

- The gap width is assumed constant in the axial direc-

tion (2 D model).

—~ The same gap width is considered present between each

tube of the panel.

- Thermal conductivity of ceramic fiber has been used to
perform calculation because the mullite conductivity

is one order of magnitude greater.

- No air convection losses occur.

Analysis data list

The significant data for backwall analysis are:

Geometrx

Setback distance (MM) weeeeeeeeceeeess O+ 50 (*)

Gap width (mm) ...c.eeeeeeacaesconaass 143

(*) Backwall setback selected value: 45 mm
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Heat flux

Incident peak value on the
tube (W/cm2) ...........ll.......'...l 150

Incident peak value on the backwall .. see fig. 11

Thermal data

Solar absorptance ..........ev0000ce.. 0.3 (*)4 0.8
IR emissivity ‘..‘..'................. 0.7 (*)
Radiation heat sink temperature (°C).. 495 °oC

Thermal conductivity ..¢e.veeeeeve.... Kaowool blanket
(8 pcf)

CoNvection POWET 1OSSES seeeeescssess. NONE

3.5. Results

Fig. 12 show the influence of the setback distance on
the maximum backwall temperature taking into account the

solar absorptance uncertainty range.

The calculated temperature peaks are well withstood
by mullite thermal barriers over the entire analysis ran

ges: mullite refractoriness is 1850 °C.

Also the use of ceramic fiber to close each intersti-
ces between stirrup supporting beams and mullite shields,
SO as the junctions of the five panels, is adequate ta-
king into account a chosen setback distance of 45 mm for

ASR backwall.

(%) Experimentally checked values for kaowool blanket
reported in: EPRI ER-629 - Project 377-1 Final Report
January 1978.
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4, INCIDENT HEAT FLUX DISTRIBUTICN ON THE BACKWALL

A complete analysis of the solar flux through the
tube gap by using Helios computer program is carried

out,

As Helios considers only plane window and disre-
gards aperture thickness, overlay C is modified and a
testing on each reflected ray introduced to verify if
the ray path is intercepted by the tubes. If the re-
flected sun ray strikes on the tube wall, owing to the
high absorptivity of the paint layer, the assumption
is made that no reflection of radiation on the back-
wall occurs. On the contrary if the ray passes through
the tubes, it gives an incident heat flux contribution

to the backwall.

Calculated heat flux distribution and peak values
on the backwall are shown in the graphs of fig. 13 and
14, considering'a tube axis - backwall distance of 60 mm

(set back value of 53 mm).

In fig. 15 a comparison is made between two calcula=-
tions of heat flux distribution carried out with two

different assumptions about heliostats aiming strategy:

- single aiming point

- 3 aiming points

with a gap width of 8 mm.
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All the referred results are obtained considering:

- incident peak value on the tubes: 129 w/cm2 (%)
- only one gap present that contributes to the heat flux

distribution on the backwall (no- overlapping).

In Appendix B some analytical details of the Helios

code modification are reported.

(*) Incident heat flux value on the target center ac-
cording to heat flux design map (P.R. N° 8, pag. 6).
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FIG. 4 _ INCIDENT HEAT FLUX
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RADIATION ECHANGE BETWEEN THE EXTREME TUBES OF

EACH PANEL

By numbering all the absorber tubes from 1 to 195
starting from the coldest panel, the extreme tubes of
each panel and the relative mean external wall tempe-~

rature Ty, are reported in the following sketch:

A
tube n° —» 39 40 78 79 117 118 156 157

T, —= 305 417 442 510 510 373 348 325

The temperature difference between the extreme tubes

of the 5 panels are:

[«]
AT1_4 112 °C
[]
AT4_5 68 oC
[o]
.AT5_3 137 °C
AT 23 °C

3-2
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The maximum temperature difference is between the

5th and 3rd panels (tube n. 117 and 118).

Hereafter the calculation is reported to eva.luate the
outlet sodium temperature increase ATy in the tube 118
due to the radiation heat.exchange with the tube 117.
This calculation refers to a partial load of the recei

ver of 10%.

tube 1TF tube 118

“ h= tube length effective for

' radiation exchange

12 1 12 1 2

A =B xT xd=3.52 xT x 0.014 = 0.155 n2

F12 = 1 (4 sin-1 _§_+ w2—d2 - W) for W=d
md W
m=-2

F = = 0018

12 2Tf

6 = Stefan * Boltzmann constant

T, = Tu(qqq) + 273 = 783 °K

Q,., = 0.155 x 0.18 x 5,73 10"8 (7834-6464) = 323 W

12

4
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AT, = outlet sodium temperature increase in tube 118
due to the radiation heat exchange with tube 117.

h. =flow rate at 10% partial load per tube =
10
= 0.73/ 39 = 0.0187 kg/sec

cP = 1290 J/kg + °C (T =353 °C)

ATN = 323/ (0.0187 x1290) = 13.4 °C
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Evaluation of heat flux distribution on the backwall

by using Helios computer code.

To evaluate if the mirror element S gives a contri-
bution to the heat flux incident on the backwall point T,

the following check on the ray path has been added to the

code.

With reference to fig. B/1 the condition has been
imposed to the ray that it must not interfere with the
two cylindrical surfaces representing the tubes with the
vertical axes containing the points C1 and C2 respecti-

vely.

This means that the ray- line ST must pass at a distan

ce AB from the two tube vertical axes:

AB =D/2

The distance XE results:

AB = +

(—]2)-+ Y ) cosX - (i%+ Xg) cosg_7> l

\[cosao( + coszé

with cos®™ and cosf3 the direction cosines of the

line TS with respect to X and Y axes.
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If AB = D/2 the intensity of the considered ray

gives a contribution to the analysed backwall point T.

To calculate the incident flux on the backwall the

cosine effect has to be taken intoc account:

— —
cos & = n, * T
where:
— —r — —
r =cosK i +cos(3\.] +cos¥K

The versor ny (interception plane normal) has to be

assigned to the code as input data:

—_— —

n, = ai+bj +cKk
SO one may write:

cos@ = acos¥ + b cos(g + C COS X

At this point the intensity in T is given by:

.I d,ﬁ,x: R (cos, cos(& , COS 6/) - cos &
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‘ 1+ ABSTRACT

| The goal of this report is to investigate about the
mechanical stability of the ASR piping system consisting
of the connecting pipes between panels and of thé drai-

ning and vent pipes.

A geometrical description of the system is carried
out as well as the definition of all the operating con-

ditions.

After words a flexibility analysis, by means of the

computer code SAP V, is reported and finally a compliance

analysis based on ASME Code is contained.




2. PIPING SYSTEM DESCRIPTICN WITH LIMIT OF SUPPLY

The piping system considered in the following analysis

is shown in fig. 2./1. The system consists of:
LEG 1 - Inlet leg.; locations 1 through 2, 3 (fig. 2./2)

LEG 2 - Outlet leg., locations 4 through 5, 6, 7, 8
(fig. 2./3)
LEG 3 -~ Crossover from 1St to 2nd panel, locations 9 through

10, 11, 12, 13, 14, 15 (fig. 2./4)

LEG 4 - Crossover from 2nd to 3th panel, locations 16
through 17, 18, 19, 20, 21, 22 (fig. 2./5)

LEG 5 - Crossover from 3th to 4th panel, locations 23
through 24, 25, 26, 27, 28, 29 (fig. 2./6)

LEG 6 - Crossover from 4th to 5th .panel, locations 30
through 31, 32, 33, 34, 35, 36 (fig. 2./7)

LEG 7 - Draining leg., locations 22 through 37, 29, 36,
15, 4 (fig. 2./8)

LEG 8 - Overflow leg., locations 16 through 38, 23, 8,
30, 9, 39, 40, 41 (fig. 2./9)

The limits of supply are at the locations 1, 5, 41
above the valves and 4 (comprehensive of 3"t x 2" butt

welding TEE).

For the analysis the inlet, outlet and overflow legs

above 33895 mm level up to the platform level have been
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considered as well. No effects fro_m the panel tubes have

been kept into account.:

Hereafter a brief description of the different legs
is reported with indications about diameters, thickness,

bend radius etc.

From location 1 to location 2 Do=88.9 mm, Th. =3.05 mm

and R=114.3 mm
At location 2 BEND with Do=88.9, Th.=5.49, R=114.3

At location 3 Do=162, Th, =7

LEG_2
From 5 to 6 Do= 88,9, Th.=3.05 and R=114.3

At location 6 BEND with Do=88.9, Th.=5.49 and R=114.3

From 6 to 7 straight pipe with Do=88.9, Th=5.49 except
near by the location 7 where there are a reducer 88.9-73

and a nozzle bo=73, Th.=5.19

At location 7 there are two branch connections: the first

with Do=162 % 162* 73, Th.=5%5% 5,19 and the second with

DO=33.4, Tho=2o77 and R= 38.1
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LEG 3

From location 9 to 10 Do=33.4, Th.=2.77 and R= 38.1

At location 10 there are two branch connections: the
first with Do= 162 * 162 * 334, Th.=5%5% 2,77 and the
second with Do=162%162% 73, The=5%5%* 519

From 10 to 11 pipe with Do=88.9, Th.=5.49 except near
by the location 10 where there are a nozzle Do =73,

Th. = 5.19 and a reducer 88.9-73
At location 11 BEND with Do=88.9, Th.=5.49 and R=114.3
From 11 through 12, 13 Do=288.9, Th. = 3.05, R=114.3

At 12 a branch connection is inserted with Do=88,9%88.9%33.4,

Tho = 5049 * 5059 * 2.77

From 12 to 15 straight and bend with Do= 88.9, Th.=2.77,
R= 38.1

The dimensions (diameter, thickness and bend radius) of
this LEG are the same of LEG 3 in the correspondent loca-

: tions.

LEG 5

As above,

As above.




LEG 7
From location 22 to 27 Do=33.4, Th.=2.77, R= 38.1
At location 37 reducer 60.3 to 33.4, Th.=2.77

From 37 through 29, 36, 15, 4 Do=60.3, Th.=2.77,
R=7602

At locations 29, 36 and 15 TEES are inserted with
Do=60.3%60.3 * 33.4 and Th, =2.77

From location 16 to 38 Do=33.4, The=2.77, R= 38.1
At location 38 reducer 60.3 to 33.4, Th.=2.77

From 38 through 23, 8, 30, 9, 39, 40, 41 Do=60.3,
The = 2.77 and R=76.2

At location 23, 8, 30, 9, 39 TEES are inserted with
D0=60.3*60.3*33.4, Tho=2o77

14.

At location 40 TEE is inserted with Do=60.3%60.3%60.3,
Th. = 2077
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3. DESIGN AND OPERATING CONDITIONS

3.17. DESIGN DATA

The following design data have been used in the ana-

lysis:
~ design pressure 6 bar
-~ design temperature 530 °C

- design mechanical loads
a) weight of the piping system with insulation and éodium
b) earthquake statically considered with 0.4 g
acceleration in the horizontal plane and 0.2 ¢
acceleration in vertical direction as specified in

Interatom letter dated 18/2/1982

3.2. OPERATING DATA

During the normal steady state operating condi tions )
of the piping system the following data have been assu-

med:

- operating pressure 6. bar

-~ operating temperature: LEG 1 270 °C
LEG 2 530 °C
LEG 3 290 °C
LEG 4 320 °C
LEG 5 380 °C
LEG 6 450 °C
LEG 7 250 °C
LEG 8 200 °C
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Transient operating conditions

The normal operating conditions include the fol-

lowing transients:

cold start up . 500 times
hot start up 2770 times
total cloud passage 63250 times

Conservatively the earthquake has beer considered
as normal operating condition and a number of 10 events

has been assumed.

In order to maké the analysis simpler, the cloud
passages have been considered as shut down followed \
by hot stat up; an upper bound of 70000 cold,starf up-
shut down have been assumed with certain exceptions
for those cases in which the compliance with the fati-
gue couldn't be achieved: in.those cases a more accCu-
rate splitting up in different cyclés has been carried

out.

Temperature gradient distribution in transient conditions

The temperature variation through out the pipe axis
(Ta and Tb) is generally low and its effect is assumed

to be negligible.

The temperature gradients terms A T1 and AT2 across

the wall thickness have been assumed to be AT1 =25 °C,
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AT2=5 °C for pipe wall thickness greather thamn 3 mm
and AT =5 °C, AT2=0 °C for less_than 3 mm. The
values have been reasonably deduced from the transient

analysis due to clouds passage.

3.3. MATERIAL BASIC DATA
The material used in the piping system is AISI 316 L
type.

The material properties used in the flexibility ana
lysis have been taken according to the following table:
Material temperature (°C) T 20 270 290 311 379 448 530
Young modulus (Ig/mnz) 20000 18000 { 17900 17700 17150 16500 15750
® average from 20 °C to T (/o) 172 =4} 173 -4 174 —4 | 177 -4} 179 4 | .18 -4
Poisson ratio 0.3 0.3 | o.3 0.3 0.3 0.3 0.3

The materials weight density has been assumed as:

. AISI 316 L 8000 Kg m>

. Na (average 270 °C ~530 °C) 857 KXg m3

. kaowool (insulation) 128 Kg m3

The mechanical properties of the material utilized

in the structural stability analysis are reported in

Appendix 1.
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GENERAL DESCRIPTION OF PIPE SUPPORTS AND RESTRAINTS

VARIABLE AND CONSTANT SPRING HANGER SUPPORTS

After selecting the possible locations of spring

hangers, the reaction forces have been calculated due

to weight of pipe lines,

The types of choosen spring hangers allow displace

ments due to thermal expansions in hot conditions.

We took into account the ineffectiveness of the con

stant load supports during the ~earthquake as well.

The piping support locations are showed in figure

2./2 + 2./9.

RESTRAINTS

The location and direction of the restraints (fixed
points, stops, hangers etc,) have been determined by
a preliminary analysis with free pipe system in hot

condition.

In fig. 2./2 %+ 2./9 the restraints distribution of

the piping system is shown.
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PIPING FLEXIBILITY ANALYSIS

ANALYSIS METHOD

For the calculation of the axial and shear forces,
torsional and bending moments acting on the piping sy-

stem, the computer code SAP V has been used.

The considered element types are: Pipe elements,

Boundary elements and Beam elements.

Pipe elements represent a straight segment (TANGENT)
or a circularly curved segment (BEND). The element is

described by two nodes; every node has six degrees of

freedom (x, y, 2z displacements and Rx, Ry, Rz rotations).

The member stiffness matrices take into account the
specific bending, torsional, axial and shearing defor-
mations for straight pipes, elbows, tees etc. according

to NB 3686 of ASME Code Section III.

The output for a pipe element consists of forces and
moments acting in the c¢ross section at the end of the

member and at the midpoint of the arc in bend elements.

Boundary elements are defined by a single axis through

a specified nodal point and by a linear extensional stiff

ness along the axis. This element is used to costraint
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nodal displacements to specified values and to compute

support reactions in the desired direction.

Beam elements are defined by two nodes as pipe element.
Torsion, bending in two axis, axial and shearing deforma
tions are considered. Section geometrical properties are
defined by:cross sectional area, shear area in the two

axis of the section, torsional inertia.

The output consists of forces and moments acting on

the member cross section at the position of two nodes,

PIPING SYSTEM STRUCTURAL ANALYSIS

The goal of the following analysis consists in the de-
termination of forces and moments at selected points of
the piping system. The moment due to thermal, weight and
earthquake loads are separately calculated in order to
evaluate the contribution to the stresses in each compo-

nent of the piping system.

At each location the piping system analysis gives a

set of three orthogonal moments, and forces.

Five loas conditions have been considered and presen-

ted in the following.

R ST T b e T
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Weight analysis"

A weight loading analysis has been carried out by
applying 1 "g" downward acceleration, For this ana-
lysis the complete piping system is considefed as
filled of sodium, with insulation and stainless steel

jacket (Th=0.,4 mm).

Valves weight and spring hanger reactions are con

sidered as well.

Thermal expansion analysis

The thermal expansion analysis has been performed
by applying to the piping system temperature‘distribg
tion defined in the operating conditions (see point
3.2.) starting from ambient temperature assumed as

20 °C.

Earthquake analysis

The effects of earthquake have been simulated by a
static analysis, applying one at a time the specified
acceleration (see point 3.1.) in the three global di-

rections.

The earthquake forces and moment have been conside

red, in the combination with the other loads, without

algebraic sign.
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+ PIPING FLEXIBILITY RESULTS AND COMPLIANCE ANALYSIS

CODES AND RULES USED

For the piping system analysis the compliance with
Stress limits has been investigated according to ASME
Code Sect. III, Subsection NB3600 "Piping Design" (198C
issue). For legs 2 and 6 whose operating temperature
are greater than 427 °C (800 °F) an extension of the
Code have been carried out; in this case the allowable
stress limits have been deduced from Appendix 1 for
high temperatures and the fatigue curves T1420 contai-
ned in Code Case N47-17; a reduction factor of 5

in the cycles number has been applied.

In table 6.1./1 the flow chart of the design and
compliance analysis procedure related to NB360C is re-

ported.

In addition, for leg 2 only, that well exceeds 427 °C
as operating temperature, a compliance analysis follow-

ing Code Case N47-17-3600 has been carried out.

PIPING FLEXIBILITY RESULTS

In the following the results of the flexibility ana-

lysis are reported. The forces and moments are referred

to the most important points of the receiver, that is .
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at the low header position and at the down comer fixed
point position; in addition the results are reported
for different meaning ful locationSof the piping sy-

stem,

The values are splitted according to the different

type of load that is

dead weight

expantion

earthquake in x direction
earthquake in y direction

earthquake in z direction

In fig. 6.2./1+6.2./5 the deformation shape of the
piping system is reported for the different loads. In
table 6.2./1 4+ 6.2./5 the forces and moment are reported
as well; it is to be noted that all forces and moment
are reported referred to local coordinated in which the

x direction is tangent to the tube axis.

COMPLIANCE ANALYSIS WITH NB3600

As referred at point 6.1. an analysis following NB36CO
has been carried out over 427 °C (800 °F) as well. In
the following tables 6.3./1+6.3./8, for each leg, a

compliance analysis for the most stressed and/or meaning

ful 1locations or components is reported.
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THERMAL LOAD

Fie.6.2/1




26,

WEIGHT L0OAD

Fie. 6.2/2
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EARTHQRUAKE- X LOAD

File. 6.2/3




Yk
EARTHQRUAKE -Z LOAU

Fie. 6.2/4




Yk
EARTHRUAKE -Y LOAD

Fic. 5.2/5




FORCES AND MOMENTS FOR THERMAL LOAD
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LOCATION FORCE (kg) MOLENT (kg‘ mm)
LEG (see fig. 2.1/1+9) F F F 2 !
. el X y Z Mx th rnz
F.P. 33 -7. 14. -4 -15050. | -8078. 1383.
111 -3.7 -1. 16. 10574. | -12422. 578,
2 The forces and moments are the same of F.P. 33
SsSS 36 -0.8 9. 3.6 12085. -133, 243.
SS 41 -22. 18. 101. 12085. | 33358.| =5712.
2 |10 N.R.
1 -5.56 21.96 3.37] 10792. | -11699.| 39219.
12 N.R.
F.P. 29 6.4 22.8 T3 59453. 53101. | -2402€.
3 SSS 38 0. 0. 3.4 12378. -466. -36.
SS 43 : 1.3 -58. 215.8 12378. ] 70981.] 1915G.
k) N.R.
F.P. 30 20.3 31.7 -38.5 | =31735. | -13449. | -30790.
SSS 34 -0.2 -5.2 0.4 289. 329. 684 .
4 SS 39 18.6 -81.4 -105. -2020. | -34402. | 27637.
4 N.R. ~
F.P. 32 4543 36.7 -95. -50457. | -62019. | =51572.
'SSS 35 -0.2 -0.6 0.2 179. 420. 211.
5 | 8S 40 8. -93.5 -147.5 | -19485. | -43411.| 31185.
5 -116.2 12.3 8. 6741. | 17881.1 41201,
6 The forces and moments are the same of F.P. 32 }
| F.2. 31 29, 44.4 50.5 41245. | 16325. | -43954.
S3S 37 -0.2 6.5 0.7 2794. -399. -825.
¢ | SS 42 22,3 [-128.3 163.2 2794. | 53632.| 41634.
T =645 0.3 -0.6 -436. 377. 4223,
8 N.R.
9 =547 5.6 ~14.5 -618., =342, 241,
13 ¥.R.
T 114 ~0.8 | -11. 12,1 | -4434.] 6268.| -1721.
15 -1.7 1.5 -5.2 -4411. 1 =1382, 1127.
8 |16 ¥.R.
17 1.5 1.6 0. 1382. -724. 772,

¥.3. - The forces and moments of these componsnis are not reported for table

8implicity reasons.

- TABLE 6.2./1 -
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FORCES AND MOMENTS FOR WEIGHT LOAD

N FORCE (kg) HOMENT (kg mm)
LEG (see fig. 2.1/1+9) Fx Fy F, My Uy Mg
FoPo 33 14. 6. O. -375' 841 . -997.
1 1 0. -8.3 o. -345. 432, | =2676.
2 The forces and moments are the same of F.P. 33
SSs 36 -2. 156. 0. ~765. -6, |=-19870.
SS 41 2.2 =34.7 -0.4 ~769. =150, -6544.
2 10 N.R.
11 0.09 -2.16 20.48 -873. 2878. =36.
12 H.R.
, F.P. 29 63.4 25.5 |-12. -13066. -7092. |-58998.
3 SSS 38 -2.6 156.4 1.8 6367 174. |=-18543.
SS 43 4e5 143, =45, 6367. |-14718. |-64225.
3 W.R.
F.P. 30 29. 34.6 Te7 3921, 6398. (-27226.
4 SSS 34 ~-2e4 156. 0. 5e 7. |=-15079.
SS 39 174 70. -2.7 ~5592. -898. |-40395.
4 N.R.
F.P. 32 45.6 22,6 10.5 6269. 8810. |-33158.
SSS 35 ~2.3 15643 0. - =2 -25. |-18324.
5 | S3 40 2.4 37.6 11.6 -4563., 3831, |-29930.
5 15. -5.8 2.4 2550. -24. -1004. !
6 The forces and moments are the same of F.P. 32 ;
2. 3 30.6 34.5 =4, -5725. -8933, |-30072.
S35 37 ~2.4 156.5 1.4 5071, 38. |-19044.
§ SS 42 18.3 756 3. 5071, 1115, |-42241.
17 -5. -1.6 0. -35. =154 475.
8 N.R.
-~ 13 N.R‘
"l 1g 4 5.6 ~0.5 158. | -5090. | -1241.
15 0. 1.8 | -23.9 ~127. -848. ~8G.
8 16 J.R.
! 17 -0.5 469 0.5 -659. 272, 1502,
¥.2. - The forces and moments of these componenis are not reported for tabvle

simplicity reasons.

- TABLE 6.2./2 -




FQRCES AND MOMENTS FOR EARTHQUAXE IN X GLOBAL DIRECTION
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MOMENT (kg-mm)

LOCATION
(see fig. 2.1/1+ 9) Fg Fy F, My Uy ¥z
P.P. 33 -6.6 1. -34. -25G625. -12693. 104.
1 43.6 0. 4 =2312. =-3092.1 -13783.
2 The forces and moments are the same of F.P. 33
SSS 36 0. 0. 26, 4573. 3076. -37.
SS 41 20. =10, 239. 4973. 81431, 3236,
10 X.R.
11 61.78 -20,04 Te 7280. -4175. -24851.
12 N.R.
F.P. 29 8. -4, -27.4 |-17027. |-10178. -6024.
SSS 38 0. . 0.4 26.7 6797. 3539. ~168.
SS 43 =447 -12.9 64.5 6797. | 24132, 4059,
3 N.R.
FQ;D. 30 "'5.6 .3 —18.5 —10032. -84670 3063.
S3 36 Te9 . 42.5 2714. 16960. 247.
4 T.R.
F.P. 32 ~-14.6 -2.6 -26.6 -12808. [-11680. 13297.
SSS 35 0. -0.8 29.3 15622, 3715. 211,
33 40 5.6 10.2 28.1 5027. 12275, -3155.
5 14.3 -8.4 5.6 39. 713, -2697~|
6 The forces and moments are the same of F.2. 32
F.?. 31 1.9 -6. -15.5 ~-T456. ~5568. =822,
S3S 37 0. 0.2 2643 5293. 3594, 30.
7 -0.2 0. 4.5 3025. 19, 111.
8 .2
9 0.4 -0.7 B4 1199, 1461. 173.
13 N.R. A
14 3e4 =57 -117. -4881. 6583. =3711,
15 =15.9 0.2 -1.6 -1137. 2086, 6107.
16 T.R.
17 0.8 ~-3.2 ~11e1 4856. -3205, 2493,

¥.R. - The forces and moments of these componenis are not reported for table
Simplicity reasons,

- TABLE 6.2./3 -
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FORCES AND MOMENTS FOR EARTHQUAKE IN 2 GLOBAL DIRECTION

L5 LOCATION FORCE_ (kg) HOMENT (kg «:um)
(see fig. 2.1/1+9)| Fx Fy F, Mx Uy g
F.P. 33 170 "300 —1 6. 251 . —7382. —760,
2 The forces and moments are the same of F.P. 33
SSS 36 =-23.7 0.4 O. ~446. - =46. 8124.

2 10 N.R.
1 0.64 38.86 -12.55 -12065. -988. 261.
12 N.R.
F.P. 29 13.3 -29. =-1.3 1617. 78¢. 7430.
SS 43 . 27 8.4 =5.2 =473 =-1710, 5097«
3 .4,
F.P. 30 13.4 =27.1 2.4 1091. 1638. 1208.
4 S3S 34 ' -23.7 0. 0. -27. 4.1 8062.
SS 39 15. 23. ~3e =454 ~-1014. 443.
4 T.R.
| F.P. 232 1741 -22.6 3.9 798. 1863.1 125.
SSS 35 =23,.6 0.2 o. -3. 10, 7920,
5 | SS 40 13.9 9.5 =3 -885. -9599. 4781.
5 —5-2 2-3 —5-6 —17090 765o 222.
6 The forces and moments are the same of F.2. 32
7,P. 31 1.7 -25.6 1.2 1065. 1747.| 2748.
5SS 37 -23-6 ° 005 =02 “534. 11. 7962.
s |Ss42 16.2 23.7 -4.5 =534, | =1491. s8.
T 0.5 ~4. -0.3 -210, 3. 368.
8 .R. |
9. . ~4e5 -0.3 2.9 832. 1634. 5T,
” 13 N.R.
Yl 14 -0.8 -1.7 -1.5 6673.| =-2681.1 -2490.
15 0. -17.4 0. -1073. -153. 655.
8 16 ‘ T.R.
17 31.9 3.2 2.7 2660. -4483.| -9824.,
I.R. - The forces and moments of these components are no%t reporited for table

simplicity reasonss«

- TABLE 6.2./4 -
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FORCES AND NOMENTS FOR EARTHQUAKE IN -Y GLOBAL DIRECTION

LOCATION FORCE (kg) MOMENT (kg.mm)
LEG .
" | (see fig. 2.1/1+9) Fx Fy F, My Uy Mz
F,P. 33 2.8 1.3 0. -78. 175. =202,
1 1 0. ~1.7 0. -70. 88. =549.
2 The forces and moments are the same of F.P. 33
SSS 36 0. 41. 0. -125. -8. -5500.,
SS 41 0.4 -11.6 0. -125. -64. -1297.
2 10 Y.R.
11 0. 0. 442 -180. 558. 4.
12 N.R.
F.P. 29 13, 5 -2,4 | -2660. -1441, -12036.
3 SSS 38 -0.4 38.3 0.4 1306. 22. -4810,
SS 43 0.9 26. ~9. 1306. -2995. -13097.
3 N.R.
P.,P. 30 5.9 Te 0.3 799. 1299. -5587.
4 SSS 34 0. 44.7 0. 36. -2. -5590.
SS 39 3.5 7.8 -0.6 -1135. -198. -8204.
4 H.R.
F.P. 32 9.3 4.6 2.1 1279. 1790. -6780.
55335 0. 4302 Oc 27' -130 -5?75'
5 SS 40 0.5 2. 2.4 -1009. 172, -6086.
5 3. -1.2 0.5 519. =3. -200.
6 The forces and moments are the same of F.P. 32
F.2P. 3 6.3 7. -0.8 -11863. -1813. -6148.
SSS 37 1 =0.3 39.7 0.3 1041. 0. ~-5145.
¢ | SS 42 3.7 11.5 0.7 1041. 241. -8599.
7 -8.8 06 1. 735. -3360 4998.
8 N.R.
9 0. 2.7 0.2 410, T6. =354,
7 13 N.R.
14 -0.8 1.1 -0.2 30. -1045. -258.
15 ' 0.7 0. 3.4 3342, 1074. -503.
8 16 ' J.R.
17 0. 1.2 -0.3 621. 38. 694.

N.R. - The forces and moments of these componenis are not reported for table
simplicity reasons.

- TABLE 6.2./5 -
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, '  TABLE 6.3./1
LEG N° 1_
— COMPONENT NUMBER 1 — Girth butt weld
£2.(9) 3.038 < 11.865 Kg/mm?
EQ.(10) 5.575 < 27.73 Kg/mm2
2. (11) 20.805 Kg/mm®
SALT* = 15.042 K7 (")
N1 2> 106 cycle
Cumulative damage = O Accepted
(') Note: SALT *= (SP' % . 1.422333) - ETaB I 9.2 in XSI
2 E COLPONENT

— COMPONENT NUMBER 2 - Butt welding elbow

EQ.(9) 1.294 < 11.865
EQ.(10) 2.723 < 23.73

EQ.(11) 15.884
SALT* = 11.485
NI > 106 cycle

Cumulative damages = O Accepted
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TABLE 6.3./2a

LEG N° 2

- COMPONENT NUMBER 10 - Branch comnection

EQ.(9)

EQ.(10)
EQ.(12)
‘EQ.(13)

EQ.(14) -

EQ.(11 & 14)

7.288 < 11,865
24.273 > 23.73 not verified, try through EQ. 12, 13, 14
11.66 <23.73

14.35 < 23.73

SALT = Ko —E
2

Ke = 1. + [(1-n)/n (m-1)] (Sn/3Sm-1)

m and n values are taken m=1.7 , n=0.3

Ke = 10038

FPor the fatigue analysis standpoint a splitting in
the operating conditions is necessary. The following
cycles have been assumed:

a) normal operating conditions with the maximum ther

mal expansion (20+ 530) and earthquake;
b) cold start up with max. thermal expansion (20+530);
¢c) hot start up with thermal expansion (2704530);
d) type 1 cloud passage with thermal expansion (485¢543);
o) type 2 cloud passage with thermal expansion (3384530);
£) type 3 cloud passage with thermal expansion (210+530).

For the cloud passage tyve see Topic Report N° 6 and
113 for transient d), e), f) a linearization between
the & range and the cycle temperature difference
has been assumed.

R




(LEG N° 2)

-~ COMPONENT NUMBER

37.

TABLE 6.3./2b

Load -
sondteions | SF Zs SALT £ WD a n/3D
a 32.662 | 1.038 | 16.552 | 0.0021526 | 2200 | = 10| 0.0046
» 20.885 | 1.038 | 10.84 | 0.0013765] 19500 | 500 | 0.0256
P 18.82 |1.038 | .77 |o0.00124 | 37500 | 2770 0.0739
d 0.00028 >106 | 30000 | ~0.
. 0.00092 108 | 30000 0.93
r 0.00153 | 11200 | 3250 | 0.2502
6
Total fatigue damage = E ni/NDi = 0.425 accepted
1

11 - Butt welding elbow

EQ. (9)
EQ.(10)
EQ.(12)
EQ.(13)

Ke = 1 0064

EQ.(11 & 14)

6.7T1 < 11.865
24.661 > 23.72 SN not verified, try through EQ 12, 13, 14
14.675 < 23.73

11.02 € 23.73

The load conditions considered are the same used for
component 10 excepted conditions c¢), d), e), £) for
which un upper bound has been considered.

Load
conditions SP Xe SALT & ¥D n n/XD

1 32,161 | 1.064 | 17.109 | 0,0021727 | 2100 10 | 0.0048
2 23.721 | 1.064 | 12.62 | 0.00160 8500 | 500 | 0.0588
3 15.23 |1.064| 8.1 |0.001025 124000} 66020 | 0.5324
3

E n/¥D = 0.596 accepted

1
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(LEG Ne 2) TABLE 6.3./2¢

— COMPONENT NUMBER 12 - Butt welding tee

£Q.(9) 11.113 < 11.865
EQ.(10) 16.342 < 23.73
Ke = 1

The load conditions considered are the same of component 11.

Load
. Sar D
conditions | SF Xe ALT £t ¥D | n /s
1 26.291 1. [13.146 |0.0018693 | 6800 10 | 0.0015
2 20.8 1. {10.4 |0.0013206 |250¢0| 500 |0.,02 '
3 16.37 1. | 5.185 | 0.001039 |116000 | 66020 | 0.56¢

S n/ND = 0.59 accepted

7
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TABLE 6.3./3

-~ COMPONENT NUMBER 3 - Branch connection

EQ.(9) 7.3 < 11.865
EQ.(10) 17.88 <23.73
EQ.(11)  25.792

SALT* = 18,752

6

NI > 10° cycle

Cumulative damage = O Accepted
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TABLE 6.3./4

LEG N° 4

- COMPONENT NUMBER 4 - Branch connection

EQ.(9) 9.9 < 11.865
EQ.(10) 23.683 < 23.73
EQ.(11) 32.054

SALT* = 23,568

NI > 108 cyele

Cumulative damage = O Accepted
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TABLE 6.3./5

- COMPONENT NUMBER 5 - Butt welding elbow

EQ.(9) 1.5 < 11,865
EQ-\(10) 17.633 < 23.73
EQ.(11)  25.133
SALT * = 19,072
NI > 106 cycle

Cumulative damage = O Accepted

- COMPONENT NULBER 6 - Butt welding elbow

£Q.(9) 5.168 < 11.865
EQ.(10) 16.416 < 23.73
EQ.(11)  23.516

SALT* = 18.149

NI > 106 cycle

Cumulative damage = O Accepted
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TABLE 6.3./6

LEG N° 6

- COMPONENT NUMBER 7 - Butt welding elbow
EQ.(9) 6.68 < 11.865

EQ.(10) 16.805 < 23.73

| EQ.(11)  17.876
SALT * = 14.1
NI > 106 cycle

Cumulative damage = O Accepted

~ COMPONENT NUMBER 8 - Branch connection

EQ.(9) 6.3 < 11.865
EQ.(10) 13.227 < 23.73

EQ.(11) 21.147
SALT * = 16.68
NI > 10% cyele

Cumilative damage = 0 ~ Accepted

~ COMPONENT NUMBER 9 - Girth butt weld
E5.(9) 2.389 < 11.865

EQ.(10)  2.255 < 23.73

EQ.(11) 5.682
SALT % = 4.482
NI > 108 cycle

Cumulative damage = O Accepted
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 TABLE 6.3./7

EG N° 7

-L ————————

- COMPONENT NUMBER 13 - Butt welding tee

EQ.(9) 5.091 < 11.865
EQ.(10) 10.094 < 23.73
EQ.(11) 18.
SALT * = 13.234
NI > 106 cycle

Cumulative damage = O Accepted

- COMPONENT NUMBER 14 - Butt welding elbow

EQ.(9) 10.573 < 11.865
EQ.(10) 12.582 < 23.73
EQ.(11) ‘13.654

SALT * = 10,769

NI > 105 cycle

Cumulative damage = O ' Accepted
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TABLE 6.3./8

LEG N° 8

mommEEERESE=EE

— COMPONENT NUMBER 15 - Butt welding elbow
EQ.(9) 8.363 < 11.865 '

EQ.(10) 17.566 < 23.73
EQ.(11) 18.638
SALT* = 13.476

NI > 106 cycle

Cumulative damage = O Accepted

— COLPONENT NUMBER 16 - Butt welding tee
EQ.(9) 8.01 < 11.865
EQ.(10)  18.579 < 23.73
EQ.(11) 28.528
SALT* = 20.626

NT > 106 cycle

Cumulative damage = O Accepted

— COMPONENT NUMBER 17 - Girth butt weld
£Q.(9) 2,181 < 11.865

EQ.(10) 3.135 < 23.73

EQ.(11) 7.106
SALT * = 5.138
NI > 106 cycle

Cumulative damage = O Accepted




45.

The . values have been obtained according to procedure
illustrated in table 6.1./1. For the leg 2 (the hot one)
the allowable stresses and cycles have been assumed fol

lowing point 6.1.

6.4. COMPLIANCE ANALYSIS WITH CODE CASE N47-17-3600

As specified at point 6.1. of this report the afore-
mentioned analysis has been carried out for leg 2 only
which well exceeds427 °C (800 °F). The most critical
sections of the mentioned leg have been checked accor-
ding to the Code Case and a detailed analysis is here-
after reported as example for the most stressed location

corresponding to the buttwelding  elbow n° 11.

6.4.1. Operating conditions

The operating conditions for the aforementioned leg
keep into account the dead weight, the pressure, the
earthquake in the three directions as the most unf avo-
rable composition with other loads and the stresses due
to the thermal expansion between the following tempera-

tures:

a) cold start up 20 + 530

b) hot start up 270 + 530




6.4.2,
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c) cloud transient type 1 485 + 543
see Topic Report

d) cloud transient type 338 + 530
) - type 2 2 N° 6 and N° 11

e) cloud transient type 3 210+ 530

The forces and moments are reported at point 6.2.;
the thermal gradients in the thickness of the tube du-
ring transient conditions are reported at point 3.2.

as well,

Considerations about the analysis

In the following analysis the stress index method

has been applied with the following values:

Cq o= 1.3 Cp = 5.92 Cy = 0.5
X = 1. Ko = 1. Ky = 1.

From an analysis of the geometry of the considered
leg (uniform pipe diameter and thickness, presence of
a few butt welding elbows other than the considered
one, absence of weaker points) and from considerations
about the thermal expansion flexibility analysis show-
ing a regular moment distribption on the pipe lenght,
it can be desumed that the elastic follow up phenome-
nan is not to be expected; therefore, according to the

Code, the thermal expansion stresses can be considered

as secondary stresses,
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6.4.3. Compliance with design loads

The design loads considered consist in pressure
and the most unfavorable combination between dead

weight and earthquake.
- Membrané stress

PDo P ., F  _1.01< 50 = 7.82 kg/mm2 accepted

2t 2 A

- Bending stress

B1PDo, g, RoM , F_g,799<1.5 50=11.73 kg/mn? accepted
2t 21 A

6.4.4. Compliance with service loads

The following definitions have to be considered:

pDo P F

Pm =PL = + +
2t 2 A
M
(Py + Pg) =B1-PDO + By DoM , E
2t 21 A

Do Do M
(PL+Pg+Q) = P +Cy oM. .F. 'A 1\

2t 2I 4 2(1-\))

+C3 EplN aTa‘GLbTbl

Q = (P +Pg+Q) - (P, +Pp)
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D
(PL+PB+Q+F) ---I(»]C.I pD°+K202 OM+_F_.+K3 »_EO_L’AT1|+
, 2t 21 A 2(1-v)

o
* %‘ATal + K3CqBap [ 3T = Ty |

F = (PL+Pg+Q+F) - @

K¢ =1 +[¢>< (K-.1 )] (1 - Py/S¢)

Considering pressure and the most unfavorable combi

-nation between dead weight and earthquake

- primary membrane stress

Pp = 1.01< Spt = 7.76 kg/mm2 accepted

- Primary membrane plus bending stress
(PL+Pg) = 6.79< 1.5 Spt = 11.64 kg/mm? accepted

(P, +Pg) = 6.79 < K¢Sy = 10.06 kg/mm? accep ted

- time fraction requirements
> (ti/tim) ~0©
2 (ti/tip) ~ O
Considering the pressure, the maximum thermal ex—

pansion, the linearized part of the thermal gradient

in the thickness of the tube and the most unfavorable

combination between dead weight and earthquake
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-~ primary and secondary stress

(Pr +Pg + Q) = 31.11 kg/mm°
L+Pp

- secondary stress
2
Q = 24.32 kg/mm

- bending stress

Pg = 5.78 kg/mm?

- yelding strenght of lower cycle temperature

PL + Pg/ K¢
S

- parameter X = 0.36

y

- parameter Y = Q/sy = 1.41

And therefore for region §, of Bree diagram

Z =Y+1=-2 \}(1-x)y = 0.51

The corrisponding creep stress to enter the iso-
chronous curves is 15.59 KSI and the resultant strain

after 30000 hours is

£ = 0.17% < 0.5% (allowed for weld material) accepted




in

a)
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With reference to creep-fatigue analysis a splitting

different operating conditions has been carried out.

Cold start up with normal operating conditions.

The loads are pressure dead weight and the maximum
thermal expansion (20+ 530); the values of moment

and forces are

M = 41370 kg mm

31.48 kg

(PL+ Pg) = 4.31 kg/mm2
(PL+Pg+Q) = 15.55 kg/mm2
(Py+Pg+Q+F) = 15.55 kg/mn°

F=20

m
o

0.00027 + 0.00071 = 0.00098

0
"
o

Eqp=Epn+t Sc+EF = 0.00098 L~ ND = 200000

£, = =2 = 0.0025

200000




b)
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Considering as a bounding life of 30000 hours, the

corresponding creep damage is

. 1}
30000
?a = —2o0000 " ©-°

Hot start up with normal operating conditions.

The loads are pressure, dead weight and thermal
expansion (270+ 530). By linearization between the

E£-range and the temperature difference
Et+ = 0.0005

Np = 108

2770
>10%

Again for a bounding life of 30000 hours, the cor-

responding creep damage is

1]
30000
ﬁfb = 600000 0.05

Cloud passage type 1 operating conditions.

The loads are pressure, dead weight, linear and non
linear thermal gradient in the tube. thickness and

thermal expansion (485 + 543)

T

€. = 0.00068 M= N » 10° {?c ~ 0




d)

£)
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Negligible creep damage has to be expected and

1]
therefore f ~0
c

Cloud passage type 2 operating conditions.

The loads are pressure, dead weight, linear and non
linear thermal gradient in the tube thickness and
thermal expansion (338 + 530)

30000

51, = 0.00104 4= Np = 110000 ?d= 5555

= 0.273

Negligible creep damage has to be expected and
1

therefore ?d ~ 0

Cloud passage type 3 operating conditions,

The loads are pressure, dead weight, linear and non
linear thermal gradient in the tube thickness and

thermal expansion (210 + 530)

- - - 3250 _ :
£, = 0.00119 ps Np = 43000 - %e = o= =0.076

Negligible creep damage has to be expected and
' _
therefore ; ~0
e

Earthquake after cold start wup.

The loads are pressure, the most unfavorable combina

tion between earthquake and dead weight and the max_j‘

mum thermal expansion (20 + 530)
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10
&p = 0.00156 iy Np = 10000 gf = T5oo0 = 0+007

Negligible creep damage has to be expected and

1
therefore ff ~0

Concluding, the total fatigue damage is:

?= ?a*?b*ifc*?d*geJ'?f:O'we

and the total creep damage is:
1 ! J 1 ' 1 L]
<§=?a+§b+§c+§d+§e+?f = 0.2
Therefore the total fatigue-creep damage is

o |
3tot = ? + %’ = 0,552 <1 acceptable




APPENDIX 1

1. ALLOWABLE STRESS LIMITS FOR AISI 316 L

The following tables contain, as a function of the
temperature, the values of allowable stresses that are
used by Franco Tosi in design of stainless steel

sodiuwm component working of high temperature.

The definition of the term used is assumed according

Code Case N47-17 sub. 3221.

1.1 Maximum allowable design stress intensity  Sg

T So
(°C) (N/mm2)
20 107
100 105
2C0 96
300 95
400 86
500 80
600 72




1.2 Maximum time independent stress intensity

1.3 Maximum temperature dependent stress intensity.

The value is tabulated for a working time of

30000 hours.

T Sm
(°C) (N/mm?)
20 115
100 115
200 107
300 94
400 85
500 80
600 72

T St
(°c) (N/mm2 )
450 114
500 100
550 83
600 53

Sm

55.




56.

1.4 Maximum allowable value for general primary membrane

stress intensity Sp¢

The value is tabulated for a working time of 30000 h

T Smt
(oc) (N/mn®)
450 83
500 80
550 76
600 53

1.5 Yeld strenght Sy

T Sy
(°c) (N/mm?)
20 172
100 143
200 119
300 105
400 95
500 89
600 80
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ABSTRACT

The main content of this report is related to the
complete stress analysis of the receiver structure.

Three main parts have been recognized:

. Single panel structure
. receiver main frame

o sliding door system structure

For each substructure the geometric characteristics,

the load sets, the stresses and the displacements have

been carried out in order to check the stability and

the operability of the component frame.




PANEL FRAME ANALYSIS

ANALYSIS LIMITS

The analysis hereafter reported is related to the

single panel structure subjected to dead weight loads,

- wind loads, comnnecting pipes flexibility loads and

earthquake loads.

In fig. 1.1/1 the structural scheme used in the

analysis is reported.

In table 1.1/1 the restraints assumed for the dif-
ferent nodes are presented. It is to be noted that in
all the internal junctions the beams have been consi-

dered as built in.,

With reference to the "N" and "P" nodes (see fig.
1.1/1), althought the structure schematization is not
really equivalent to the actual one, the built in
structure is realistic as for as no vertical load have

been considered.

SINGLE PANEL LOAD ANALYSIS

In the structural analysis of the single panel fra-

me the following loads have been considered:

i
g
%




3.

S CALCOLO DEFORMAZION! TELAIO PANNELLO
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SINGLE PANEL FRAME

Restraint conditions for the external nodes

Node . X . Y . Z X ¥ z
~displ. displ, displ. rot. rot, rot,
A 0 0] 0 free free 0
B 0 o] 0 free free 0
c ‘O free 0 free free 0]
D 0] free 0 free free 0]
E free free free free free free
F free free free free free free
G 0 free 0 o 0 0
K 0 free 0] 0 -0 0

- TABLE 1.1/1 -




a) dead weight of the structure;

b) wind loads from wind pressure acting on the tube
panel surface via stirrup system; the preseure
considered is evaluated at the survival wind speed

~and the maximum operational wind speed in the case

of opened door:

wind speed (Km/h) 150 50
corresponding pressure (Kg/me) 110 12
pressure at 44 m level (Kg/m?) 166 18

c) forces and moments, due to panel tubes, acting on
lower and upper headers and on stirrup supporting
system; these values are taken from TopicC Report

ne 7;

d) connecting pipes flexibility loads evaluated follow
ing Topic Report n® 9, It has to be noted that the
values used in the frame analysis are higher than
those reported in Tobic Report n® 9 because the
aforementioned loads are related to a previous ver-
sion of the piping flexibility analysis; Ffor sempli
city and conservatism those loads have been con-

sidered as actual;

e) earthquake loads have been considered as static loads
with a vertical acceleration of 0.2 g and with a

- horizontal one will an acceleration of 0.4 g accor-

ding to Interatom letter dated 18/2/1982,




With reference to the operating conditions the

following load sets have been considered in the frame

. analysis:

-~ load condition

- load condition

- load condition
-~ load condition

- load condition

no

nO

no

nO

no

. dead weight,

. forces and moments from the
panel tubes,

. connecting pipes flexibility

loads;

wind loads at 150 and 50 Km/h

wind speed;
earthquake loads in x direction;
earthquake loads in y direction;

earthquake loads in z direction.

For the aforementioned load conditions in tables

1.2/1%1.2/5 forces and moments are presented at diffe

rent mode locations of the frame (see fig. 1.1/1).

- Table 1.2/1 contains the loads acting on the lower

header at point "E"; two contributions are considered:

the first originated by the connecting pipes flexibi

lity and the second originated by the panel tubes,

It has to be noted that the load condition n°® 2 1is

not applicable to the connecting pipes (first contri

bution) and the loads conditions n°® 3+ 5 give negli-

gible effects on the panel tubes (second contribution)

and therefore on the structure.




LOWER HEADER LOADS

Moments and forces due to the connecting pipes flexibility

Load p 4 Py Fz Mz Yy Mz
condition | (Kg) | (k&) | (k&) | (kgmm) | (Kgmm) | (Xgm)
1 & | <196 | —147 | -75800 | -69700 | -27800
2 not applicable
3 34 6 9 5500 -25500 3400
4 -2 -16 o) ~-9500 2900 700
5 2 -2 34 | -15400 1500 600
Moments and forces due to tube panel flexibility
Load by 4 Fy Fz ux i Uz
condition | (Xg) | (X&) | (k&) | (xgmm) | (Xgumwn) | (Kgm)
1 o l-97.89 |-155.2 | 23972 0 0
2 not applicable
3 negligible
4 negligible
5 negiiigi‘ole
4+ ‘*\:
+
E
— i
4

- TABLE 1.2/1 -




Table 1.2/2 contains the loads acting at the down-
comer fixed pbint (node "F"); at the location no

effects are derived from load condition ne 2.

Table 1.2/3 presents the loads acting on the upper
header at poinf "N" and "P"; the same considerations

as for point "E" are applicable.

Table 1.2/4 is related to the wind loads on the

stirrup supporting system for 150 and 50 Km/h wind
speed, The 150 Km/h wind speed has been considered
conservatively in the hypothesis of a failure of the

door driving mechanism.

Table 1.2/5 presents the load on the 4 cantilevers
sustaining the stirrup systems. Three load contribu
tions are taken into account: the first is the dead
weight of the stirrup system itself, the second one
is the dead weight of the "mullite" jacket boxes
(see also‘table 1.2/6) and the third are the loads
derived from the panel tubes.

Again the load condition n°® 2 is not applicable to
the first and second contribution and the load con-
ditions n°® 3+5 have negligible effects on the third

contribution.

Table 1.2/6 contains the weight evaluation of the
mullite jacket box referred to the maximum sSpan

among cantilevers,




DOWNCORNER FIXED POINT

Moments and forces due to the connecting pipes flexibility

Load - Fx Fy Fz Mx My Nz
condition | (Kg) (Kg) (xz) (Xgmm) | (Kgmm) | (Xg mm)

=15 =217 T -56400 72230 -22520

1

2 not applicable

3 -65 6 6 470 26000 14530
4 3 ~50 -2 -3000 | = =2760 -1410
5 2 o | =57 | -15900 |  -150 570

— TABLE 1.2/2 -




UPPER HEADER LOADS

Nodes N and P

10.

Moments and forces due to the connecting pipes flexibility

- TABLE 1.2/3 -

Load = = Fy Pz iIx My Mz
condition | (Kg) | (Kg) | (Xg) | (Kgum) | (Kgmm) | (Kg mm)
1 0 36.27 |-105.69| -12687 0 0
2 not applicable
3 negligible
4 negligible
5 ‘negligible
1
Moments and forces due to downcomer
. Load:. =z Fy Pz Iz My Uz
condition | (Kg) | (Xg) | (Xg) | (Rgmm) | (Xgmm) | (Kgmm)
>1 negligible
2. not applicable .
3 negligible
4 negligible ,
5 ) 0 27 10000 0 0
) y +
+
+
S
z
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WIND LOAD ON THE TUBE PANEL

. Exposed surface (3.75x0.014) x 39 = 2.04 m2

considering a shape factor of 1.2, for the two wind
speeds considered, the forces are:

. total force at V=150 Kkm/h F150=2.04x1.2x166=406 Kg

. total force at V= 50 Km/h FSO =2.,04x1.,2x 18 = 44 Kg

for simplicity it has been assumed that each cantile
ver withstands one fourth of the total wind load

.

- P

- P

Y

. force on a single support at V=150 Km/h £, 50 =101.5 Kg

. force on a single support at V= 50 Kg/h ESO = 11 Kg

- TABLE 1.2/4 -
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LOADS ON THE CANTILEVERS SUSTANING THE STIRRUP SYSTEM

In order to simplify the table, the contributions of
dead weight of the stirrup itself, the dead weight of
the mullite jacket boxes and panel tubes loads have been

summed up.

Load Fx Fy Fz Mx My Mz

condition | (Kg) | (Xg) | (X&) | (Kgmm) | (XKgmm) | (Kg mm)

i 1 0 -195 52 53500 0 0
= 2 0 0| =102 0 0 0
g 3 27 0 0 0 8000 0
& 4 0 ~14 0 4200 0 0
| % 5 0 0 27 10000 0 0
« 1 0 -195 71 62500 0 0
= 2. 0 0 | -102 0 0 0
& 3 39 0 0 o | 11700 0
& 4 0 -20 0 6000 0 0
% 5 0 0 39 20900 0 0
“ 1 0 -195 -2 53500 0 0
= 2 0 0| -102 0 0 0
& 3 27 0 0 0 8000 0
B 4 0 -14 0 4200 0 0
% 5 0 0 27 10000 0 0
¥ 1 o | -165| €3 53500 0 0
= 2 0 o] -102 0 0 0
& 3 27 0 0 0 8000 0
§ 4 0 -14 0 4200 0 0
B 5 0 0 27 10000 0 o)

-~ TABLE 1.2/5 -~
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MULLITE JACKET BOX WEIGHT EVALUATION

MULLITE
PLATES

1070

195 }

With reference to the largest box the following weight

has been evaluated:
Vq ~ 1.2 dm3

Py = V4 X1 = 1.2x 8 > 9.6 Kg

" Insulation weight

Vips ~ 100 dm3
P < 100x0.086 = 9.6 Kg

Insulation plate weight
Vp = 23 dmd
P3 = 23x2.6 = 60 Kg

PtOt = 9.,6+9.6460+15 = 95 Kg'

For the other jacket boxes, weights proportionally scaled
down have been considered.

~ TABLE 1.2/6 =
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Te3+ STRUCTURAL CALCULATION

The analysis of the panel frame has been carried
out with the finite element SAP V code; the elements

used are "beam elements®,

The main goal of the design of the panel structure
1s a reasonable stiffness of the frame and the beam

types have been chosen accordingly.

For the eartquake analysis, a static approach has

been considered.

1.4. MATERIAL BASIC DATA

-~ Panel frame material: ~ FE 42 FN
Yield strength - 235 N/mm2
Ultimate strength ; | 4104510 N/mm?
Ultimate elongation (%) | 23 _
Young's modulus 206000 N/mm2

- Bolts
Class 8G (high strength)

UNI 5727/65

Screw type 8G UNI 5792/65

Nuts type 65 UNI 5591/65
Yield strength 627 N/mm2
Ultimate strength 7844980 N/mme
Ultimate elongation (%) 12

Allowable shear strength 186 N/mm2

Allowable tensile strength 274 N/mm2
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STRUCTURE ANALYSIS RESULTS

Node displacements

with reference to fig. 1.1/1, in table 1.5.1/1 the

most meaningful node displacements have been reported.

For each location, the five loads conditions de-

scribed at point 1.2. have been considered.

From the analysis of the results it can be noticed
that no problem should arize for the regular operation

of the component.

Taking into account the high stiffness requested by
the frame design, negligible stresses have been found

in the beams.

Panel boundary node loads

In order to evaluate the loads acting on the main
receiver frame, in table 1.5.2/1 forces and moments
are reported for the same different load conditions

mentioned at point 1.2. at the boundary nodes of the

panel.




NODE DISPLACEMENTS

16.

DISPLACEMENTS (mm)

Load ROTATION (rig)
condition X T Z X Y Z
1 -0.12 -0.20 -0.035 440 E=4 | 5.55B=5 | -2.81E-5
= 2 0. ~-0.014 ~0.012 2.52E-5 | o. 0. '
= 3 0.080 0.017 0.020 -2.38E-5 | 8.87E~-5 | -5.20E-5
S 4 6.67E-3 | =0.020 -4.52E-3 | 3.72E-5 | 1.08E-6 | =3.17E-6
5 4,08B-3 | 9.23E-3| 0.010 ~5.31B=6 | 2.39E-6 | -5.96E-6
- 1 ~0.12 -0.20 -0.062 4415E=4 | 5.47E=5 | =2,50E=5
2 0. -0.014 -0.012 2.52E-5 | O. 0.
23 3 0.080 ~3¢84E-3 | 0,012 4.,97TE-7 | 0,80E~-5 | ~5,20E~5
S 4 6.67E-3 | =0.021 -4.85E-3 | 3.86E-5| 1.30E~-6 | -2.53E-6
5 4403E=-3 | 6.84E-3| 7.94E-3 | -2.30E-6 | 8.03E-6 | =5.56E~-6
1 ~1.47E=3 | =0.14 0.21 2.87E~4 | -1.37E-7 | -8.39E~6
. 2 0. -0.027 -0,22 4.98E-5 | 0. 0.
g\ 3 0.87 0.012 0.24 -2.12E~5 | 1.23E-3 | =6.05E~5
S 4 3.16E-5{ 0,016 0.016 2.62E~5 | =2.90E~10{ -=1,50E=7
5 6.18E-5| 5.02E-3| 0.14 1.57E=6 | =1.04E-T | 2.98E-7
1 ~1.47E=-3 | =0.15 0.21 2.87E-4 | 1.64E-7 | ~5.46E-6
= 2 0. ~0.027 | -0.22 4.98E~5 | O. 0.
2 3 0.87 -0.012 | -0.24 2.12E-5 | 1.23E-3 [ =6.05E-5
= 4 3.16E~5 | =0.016 | -0.016 2.62E-5 [-2.82E-10| 4.48E~T
5 6.45E-5 | 5.14E=3 | 0.14 1.57E-6 | 1.03E-7 | 2.98E-7
1 0.026 0.084 0.15 ~9.087B-4|-2.32E-4 | -6.56E~5
& 2 0. 8.78E-3 | -0,021 ~1.83E-5 | O, 0.
- 3 0.13 -0.013 0.053 7.90E-5 | 1.87E-5 | =6.42E~5
§ 4 ~3.17E-3| 2.61E-3| -0.034 ~5.23B-5 | 1.65E-5 | 1.37E=5
5 0.010 -0.022 0.078 8.12E-5 | 1.97E-5 | 1.27E~6
1 0.75 0.36 0.69 -2,09E-3 | 4.08E-3 | -8.05E-5
3 2 0. -4.79E=3 | -0.020 2.52E-5 | O. 0.
i 3 " 4.89E-4| 2.59E-4| 0.14 ~3.85E~4 | T.98E-4 | 4.89E-6
81 4 ~0.023 -0.020 " | -0,36 1.00E-3 | -1.26E-4 | =2.23E-6
= 5 1.92E~3 | =0.050 | -0.12 2.63E-4 | 1.07E~6 | 2.93E-6

- TABLE 1.5.1/1 -




PANEL BOUNDARY NODE LOADS

17.

Load Fx Fy Fz Mx My Mz
condition | (Kg) (xg) (xg) (XKg mm) | (Kg mm) | (Kg mm)
1 -31.14 [-661.5 | =97.1 -8040
< 2 -3.56
m 3 -41.66 | 176.64| 27.05 10390
8 4 -115.40| =1.95 217
= 5 -1.0 -1.35| 30.62 -261
1 -31.18 | -859. | -11.45 -8045
M 2 -3.56
[ 3 ~41.63 | =64.64] -24.6 -10380
§ 4 -105. -6.12 214.7
5 -1,0 -20,72 -260
1 1449 0. 28.19 294
° 2 ~33.5 |
= 3 -41.5 45.7 12670
S 4 5.41 -4.87
5 29.3 -12.86
A 1 -1.54 28,19 304
2 -33.58
5 3 ~41.5 -45.76 12670
o 4 5e41 -8
5 29.30 -12.86
1 122. | -78081 ~396 -880
4 2 -166. 47940
= 3 275. | -43890 722 | 5854
= 4 -10247 -16 | =599
5 89. ~32690 25 281
o 1 -10 -128. |[-148100 -237 | -2892
2 -166. 47940
a 3 ~262., 52810 728 | -5032
= 4 -9514 -14 |
5 85. ~35240

- TABLE 1.5.2/1 -
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PRINCIPAL CONNECTIONS ANALYSIS

Hereafter the analysis of the connection between

‘beams is reported. As example only two complete calcu

lation are presented, the others having the same pro-
cedure. However no particular problems have to be ex-

pected at those points,

Connection between the principal column and the lower

header support (node "Q")

The geometrical characteristics of the connection
are reported in fig. 1.6.1/1. Having considered the
joints between beams as built in, the analysis should
demonstrate the bolts ability in withstanding moments.
The detailed procedure methodology is reported in ta-

ble 1.6.1/1.

The most unfavorable combination of the load condi
tions has been considered in this analysis taking into
account that, for the particular connection, condition

load n° 2" is not applicable. The numerical values are

reported in table 1.6.1./2.
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CONNECTION BETWEEN PRINCIPAL COLUMN AND

LDWER HEA‘DER SUPPORT : GEOMETRY

UNP 200
[ —

—— e e s sma e

. Gt — C——

I
I |
~ |N_¢ BOLTS ¢ 14 mm

Fie.1.6.1/1
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"COLUMN-LOWER HEADER SUPPORT' CONNECTION

ANALYSIS METHODOLOGY

- Single shear force acting on the bolts

Vi = Mt ri Mt Torque moment
Z; 5 ri radius
rli vt Shear force on single bolt

&

,H L\\ //

X . /'

\&/

PN

Mt

R
}(ﬁr

- According to Italian Standard

2 z Shear
(Zall) * (6all) <1 2211 Shear

' %) Axial
H'a11 Axial

~ Maximum shear force allowable for a single
Ny, = —
t =~ MIB

- Maximum shear force allowable for a single
axial forces

Ntr = Nt (1-N/Nb)

where

stress
allowvable stress
stress
allowable stress

bolt

bolt in presence of

Nty Maximum shear force (by friction) trasmetted vy each

bolt in axial force presence

Ng Maximum shear force (by friction) trasmetted by each
bolt without axial force presence

Tensile force
Tensile force in the bolt

N
Ny
v Safety coefficient; assumed value 1.25
M Friction coefficient; assumed value 0.3

- TABLE 1.6.1/1 -
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: "COLUMN-LOVER HEADER SUPPORT" CONNECTION

CALCULATIONS

Total loads act'ing at the connection

Fx Fy ~ Fz Mx My Mz
| (kg) | (kg) | (kg) | (Kgmm)| (Xg mm) | (Kg mm) |
439 -360 50 ~22800| 38025 | -183480

Vg = 619 Kg

Vty = 339.5 Kg
Vpx = 439/6 = 73 Kg
Vry = 360/6 = 60 Kg

Viot = 7172 Kg
330 Kg

Nto‘t

Bolts @ 14 cross sectional area 115 mm®

‘t = 6.71.
G’ = 2.87
6.T1.2 2.87.2
(18j3/ + (E?TZ) = 0.14 < 1 accepted
Ny = 1752 Kg
= 1670 Kg >Viot = 772 Kg = accepted

‘ Ntr

- TABLE 1.6.1/2 -
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1.6.2. Connection between the principal column and the

cantilevers supporting the stirrup system

The geometrical characteristics of the connection
are reported in fig. 1.6.2/1. The analysis has been
performed following table 1.6.1/1 and the detailed

numerical values are reported in table 1.6.2/1.

The most unfavorable combination of load conditions

has been considered.
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6 BOLTS ¢ 14mm

—— amets  ——

Fie 1.6.2/1
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"COLUMN-CANTILEVERS" CONNECTION

CALCULATIONS

Total loads acting at the connection

Fx Fy Fz

Mx My Mz

|_(Kg) | (XKe) | (Xe) | (Kg mm) | (Kg mm) | (Kg mm) |

55 -107 20

Vg = 199 Kg
Viz = 30 Xg
Vty = 196 Kg
Viot = 311 Kg

Bolts @ 14 cross sectional area 115 mm

Z = 311/115 = 2.71 Kg/mm?
G - 0.73 xg/mn?
«71.2 2e 2

(&2, (&8

——18.6 —'—27.4 = 0,03< 1

Ny = 1272 Kg
Ngp = 1252 Kg >Viop = 311

16575 | | 41700

2

accepted

accepted

- TABLE 1.6.2/1 ~
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MAIN FRAME ANALYSIS

ANALYSIS LIMITS

The analysis covers the main receiver frame sub-
jected to dead weight loads, wind loads, earthquake

loads and thermal expansion loads.

In fig. 2.1/1 the structural scheme used in the

analysis 1is reported,

In table 2.1/1 the restraints assumed for the dif-
ferent nodes are presented. It is to be noted that in
all the internal junctions the beams have been consi—

dered as built in.

MAIN FRAME LOAD ANALYSIS

In the structural analysis of the main frame the

following loads have been considered,

a) Dead weight

. Main frame elements

+ Outside casing and roof

. Secondary elements (ribbed plates suppor ting
beams etc,)

. Panel frame

. Sliding door




SEE TABLE 2.6/S

FOR THE CDNNECTION ANALYSIS

2325

410

AL

, W2
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26.

MAIN FRAME
STRUCTURAL SCHEME

2105

2834

TOWER BEAMS

FOR THE CONNGCTION ANALY.SIS
SEE TABLE 2. 6/6

Fie. 2.1/1
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MAIN FRAME

SUPPORT ANALYSIS

Restrain conditions for the external nodes

Displacenent Rotation
Node v
X Y Z X Y Z
1 0 0 0 free free free
2 free 0 0 free free Eree
3 0 0 0 free free Eree
4 Free 0 0 free free free

All the other external nodes have been considered
totally free,

- TABLE 2.1/1 -
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b) wind loads from wind pressure acting on the outside

walls, roof, sliding door and panel frame.

The pressure considered is evaluated at a wind speed

of 50 e 150 km/h.

Wwind speed (Km/h)

150 50
corresponding pressure (Kg/m) 110 12
pressure at 44 m level (Kg/m?) 166 18

c) Panel frame loads
The loads are taken from the previous panel frame
analysis.,

d) Thermal expansion.

e) Live load on the roof.

In the hypothesis that maximum wind (150 Xm/h speed)
and earthquake are not simultaneus loads and conside-
ring the maximum wind load more dangerous than horizon
tal earthquake effect, the maximum wind load has been

assumed as horizontal design load.

In table 2.2/1 the principal load values acting on

the frame are presented (see fig. 2.2/1 as well).

enapie
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~

PANEL COLUMNS__~
| | <
5 / , W

Fle. 2_.2 /1
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LOAD DESCRIPTION

- Dead load plus live load on the roof (vertical) ........ ~ 300 Kg/m°
« Outside casing 1oad (Vertical) v.vieeoeesoessoseeeecanees 40  Kg/m?
« Dead weight of the whole doors Systém (vertical) ....... ~2300 Xg

. Wind loads at two different wind speed (with a
shape factor 1.2):

- wind speed 50 Km/h ceesecsessavessrsectsnennsesnnen 21.6 Kg/m2
—Wind Speed 150Km/h ..C...ﬂ......l..l..‘l.....lll.... 199 Kg/mz

- Single panel loads (see fig. 2.2/1; see also table 1.5.2/1):

Fx Fy Fz Ux )ikg Mz
(Kg) (kg) (Kg) (XKgm) | (Xgmm) | (Kg m)
NODE 1
1 dead load + -97.1 |=661.5 31.14 ~8040
" thermal load
2 wind load -3.56
NODE 2
1 ~11.45({-859 31.18 -8045
2 -3- 56 h
NODE 3
1 284,19 1.49 294
2 " -33-5
NODE 4 )
1 28.19 1.54 304
2 -33.58 :
NODE 5
1 122 -880 =366 78081
2 ~-166 ; ~47540
NODE 6
1 ~128 -2892 =237 148100
-166 -47940

- TABLE 2.2/1 -
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2.4.
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The table 2.2/2 shows the description of the load
conditions; the load combination is reported as well

in table 2.2/3.

In table 2.2/2 the load condition n® 9 must be in-
tended as a temperature difference between the beams
1-2, 3-4, 5-6 and the remaining part of the frame (see

fig. 2.1/1).

MATERIAL PROPERTIES

The beams of the main frame of the receiver are ma-
nufactured in FE 37. The bolts used in the beam connec
tions are in high strength material; all the characte-

ristics are presented in table 2.3/1.

STRUCTURAL CALCULATION

The calculation has been carried out by means of the

computer code ICES-STRUDL issued by M.I.T.
A spatial frame has been considered.

As in the panel frame analysis, again a particular
care is used in order to avoid deformations that can

affect the correct operation of the sliding door mecha-

nism: therefore a particular stiffness is requested,
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LOAD CONDITIONS

Load conditions n°:
1 live plus dead load

2 - wind (150 Km/h) in the positive X direction
with closed doors

3 wind (150 Km/h) in the negative X direction
with closed doors

4 wind (150 Km/h) in the positive X direction
with opened doors

5 wind (150 Xm/h) in the positive X direction
with opened doors

6 wind (150 km/h) in the negative X direction
with opened doors

7 wind (150 Km/h) in the negative Z direction
8 wvind (150 Km/h) in the positive Z direction
9 difference in temperature (At = 50 °C)

- TABLE 2.2/2 -




10th
11th
12th
13th
14th
15th
16th
17th
18th
19th
20 th
21 th
22th
23th
24th

Load
L.C,.
L.C.
L.C.
L.C,.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.
L.C.

‘L.C.

L.C.

LOAD COMBINATION

condition 1 plus load condition 2 -

1 + L.C. 2 (scaled down to wind

1
1

+

-+

L.C.
L.C.

(scaled down

(scaled down

(scaled down

(scaled down

(scaled down

(scaled down

- TABLE 2.2/3 =

to

to

to

to

to

to

wind

wind

wind

wind

wind

wind

speed

speed

speed

speed

speed

speed

speed

50

50

50

50

50

50

50

33.

Km/h)

Km/h)

Km/h)

Km/h)

Km/h)

Xm/h)

Km/h)
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MATERIAL PROPERTIES

Main frame material ‘ FE 37

Yield strength > 235 N/mm2

Allowable strength | 156 N/mm2

Allowable strength (at 150 Km/h | 5
wind speed) 176 N/mm

Ultimate strength 362 + 470 N/mm<

Ultimate elongation (%) =26

Bolts

Class 8G - High strength

Screw type 8G UNI 5727/65
Nuts type €S UNI 5792/65
Y UNI 5591/65
Allowable shear strength 186 N/mm2
Allowable tensile strength 274 N/mm°
Ultimate strength 7844980 N/mm2
Yield strength 627 N/mm2

- TABLE 2.3/1 =

A e e et
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2.6.

35.

As mentioned at previous paragraph 2.2., the wind
load at 150 Km/h speed has been considered a more dan
gerous horizontal load than earthquake; therefore only

maximum speed wind load has been applied.

STRUCTURE ANALYSIS RESULTS

Considering the high stiffness requested to the struc
ture, small stresses are found in the beam elements at

each station.

In table 2.5/1 the displacements of the node 'UV'(sée
fig. 2.1/1), considered as the most meaningful, are pre
sented for each load condition: as can be seen no pro-
blem can arize from the deformation of the structure

that is as stiff as requested.

In table 2.5/2 the moments and forces at locations
1+4 (see fig. 2.1/1) connecting the receiver to the
structure of the tower are reported; in this case the

most unfavorable bound of load conditions has been ap-

" plied.

PRINCIPAL CONNECTIONS ANALYSIS

The analysis of the beam connections has been carried

out following European Recomandation (EKS) and Italian




‘'NODE "A" DISPLACEMENTS

Load DISPLACEMENTS (centimeters) ROTATION (degrees)

X Y z |

.00231__ | . ~0.00340__. R |
0.60205 | __-0.01638 | _ -0,00117 | 0.00027 | " 0.00532 | -0.02360
-0.44647 . | . 0.00300 | -0.00473 . | = 0.00030_ | 0.01200_ | _ 0.02789
Qe22801_ | _=0.01264_ | _ -0.00641 | _ 0.00038 |  0,01515 | _ -0.00082
0422565 . -0.01270.. | . _0.02364 . | _-0.00003_ . | -0.03022 |  -0.00081.
-0.43755__ | 0.00335___ | 0.00528 | _ 0.00098 |  -0.00715 0402515
~0,04057_ | . 0.00577_ | -0,07578_ | . 0.02207__ |__ =0.11122 | 0.00133
0.03832 | -0,00871___ | 0.,08944 | <0.00743 0.09054___ | 0.00022
0,041€60 . .0.35576 | . o0.18578 _ | _ -0.,00075 | _ -0.27427___ | -0.00006
l 10 0462915 . | ._.=0.03176 _ | _ 0400114 _ - | _ -0.00313__ | __ 0.03261 _ |  -0.02501
1L 0.99405 | __=-0.01720 __ | . 0.00218 |  -0.00337 0.,02788_ |  -0,00403
112 | -0.41937 | __ -0.01238_ | _ -0.00242 | __ -0.00310 0403929 0.02648
13 | -0.02255 |  -0.01505 __ | __0.00178 |  -0.00337___ |  0.02863 |  0.00169
14 0.25511 | -0.02802 | _-0.00410_ | -0.00302 0.04244 ___ -0.00223
15 0.05246 | . -0.01679_ | . 0.00159_ _ | -0.00336___ | _ 0.02898. | -0.00150
16 0,25275 .| _ .=0.02808____ | . 0.02594- | -0.00343 |~ -0,00292 | -0.00222.
17 D.05219 .. . ]. =0.01679_ . j... 000493 ..=0e0034L | ___ 002393 ! -0.00150
18 -0.41045 ) . =0.01203 . | . __.0.00759 | . =0.00242 _|__ _ 0.01954 . L.
19 -0,02156 . 1 =Qe01501_ . __ 1 0.00289 . .om000329_ | . 0202643 | __ _0.,00139_
20 -0.01347 o =0e00961 .} -0.07348 | . 0.01867._ | . _-0.08393 | -0.00008:
21 0.02259 -0.01474 -0.00612 ~0.00095% ) 0.01492 -0.00126
22 0.06542 -0. 02409 0.09174 -0.,01083 0.11783 -0.00119 .
23 0.0313¢ . =0«Q1635 .. 001225 . .=0400423 1. . 003736 _ | __ . =C.00139.
24 | 2.06670 | 0.34038. | _ 0.18809 -0,00415 . | -0.24698 )  -0.00147.

0,02720 | _-o,01538__ | " o 0402729 | -0.00141

Load condition 2+ 8 and 12, 14, 16, 18, 20, 22 are for a wind speed of 150 Km/h,
Load condition are explained in table 2.2/2 and 2.2/3.

°ot

- TABLE 2.5/1 -
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SUPPORTS REACTIONS AT RECEIVER/TOWER CONNECTION

Force (Xg) Moment (Kgcm)

Node
X Y Z X Y : Z
1 1521 1314 37 0 2198 0
2 =258 . 5422 -385 0 -18097 0
3 | 54 | 3062 496 0 23842 | ©
4 846 5762 -8 0 . =794 0

~ TABLE 2.5/2 -
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Structural Standards. The methodology used is reported
in tables 2.6/1 + 2.6/4 for different analysis in the

bolts and in the beams.

All the nodes of the frame have been analyzed follow
ing the aforementioned procedures; as example two mea-

ningful connections are reported in detail in table

2.6/5 for node B and in table 2,6/6 for node C (see fig,
2.1/1).

—r— - s o ot
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PLASTIC BUCKLING OF THE COLUMN WEB ANALYSIS

_"F*? [ =
=™ 5 (hb T M
. ),l.ll - hs| _| >..4 -

tbf

L]

J"“"“y -CC-? v ’/L—"'\/‘

LONG CONNECTION SHORT CONNECTION

SKETCH A
with reference to sketch A above:
. limit moment for long connections Iy = Fr x (Bp - Tpr

. limit moment for short comnections Iy, = Fr X hg

where

hy = beam high

he = column high

tpr = Dbeanm flange thickness
tcr = column thickness

hg = level arm of the farce

63’ x tew ¥ S¢ x (hc - 2tcf)

Fp =
\[Ehc - 2tcf)2 + 3m° x Sc2
@y = column yield stress
towy = Web column thickness
Se = distribution high stresses in the column high
m = asymmetric load coefficient

- TABLE 2.6/1 -




COLUMN FLANGE ANALYSIS

| by = Luder line in the column flange

bp=e1+4-mc+1.25°n'

1
4

Distance between bolts and column start connector

S
+ +{1
e1
+Y T
+y +
+
1 A
v' w
—COLUMN
.
{
T
BEAM_,/"|:}”'
|
_ ML!_L

- TABLE 2.6/2 -

40,
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BOLTS ANALYSIS

a) According to EKS Recomandation for flanged connections the ultimate
strength of the bolt is given by

2 ¢ bpmyy + 1 .
Fp = m Bpl EFbu ‘ if zFbu > Fy
e + N
Fr= 2 Foy if  JFpy = Fy
where: Fp ultimate sirength of the bolt
bn LUder line in the column flange

' 2
mp] = 1/4 tef” « Gy
G 1 yield strength of the column
Y Fpy limit loads of the bolts
T see sketch in table 2.6/2

n see sketch in table 2.6/2
(n<1.25me¢ and n<n')

b) According to Italian Standard for normal connections

. M N .
single bolt load Sji o Uyi Ari
Jb
‘-_-— .
S :
: stress in the bolt @y =
jb Ari
—
wheres: U applied moment
yi see sketch on side

Ar;  bold cross sectional area

Jb inertia moment of the bolt

- TABLE 2.6/3 -




where

u
0O
22

i

Q
i

ja 3
0
]
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COLUMN WEB ANALYSIS

Gy‘tcw-st'(hC"2"tcf)

V (hg -2 tcg)2+ 3° m? - St2

e +4° Mo+ 1.25.n (see sketch in table 2.6/2)

= thickness web column

thickness of column flange
yield strength of the column
column high

asymmetric load coefficient

- TABLE 2.6/4 -
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NODE CONNECTION "B"

A

IPE 300

vd

CALCULATION (D¥. E103007)

-—

HEB 200
7

/

- NUMBER 1
. Plastie buckling of tae column wob

2400 x 0.9 x 16,5 x (20 - 2 x 1.5) 18248 Xg
\J 172 + 3 x 16.52

tcw - 009 cm

Sq = 5x (1.8« 1.5) = 16§

Fy

. Column flange analysis
Fe 4Xbmxmpl _ 4% 24,56 x 1350 36137 Xg

my 3.61

bpeT+4x 3.61 + 1.25 % 2.5 = 24.565 om
mg = 32.5 + 15x 18 = 36.1 cm

mpl, --12-1 1.52 x 2400 = 1350 Kg

. Column web analysis

2400 x 0.9 x 24.56 x (20 - 2% 1.5) _ 19486 Xg
V 172+ 32 24,562

. Limit moment: 17740 x 19.5 = 345930 Xg cm
. Principal moment: 68617 Xg on
. Safety factor: 345930/68617 = 5> 1.5

Fe

- NUMBER 2 (Italien standard)
. Bolts stress
‘Mz = 142073 Kg cm
Ty = 1560 Kg

142073 x 23  1.15
1918.2

Stott max = = 1959 Xg

- 17 Kg/lnm2

1
G dott * 91559

Toott = 252 Kg/mz bolts type B8G

17,2 ,2.52,2 -
(Ta—) + (———19) 0.38 £ 1
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NODE CONNECTION “C“

CALCULATION (DW D108366)

UNP 140
Y
% “L” ROLLED STEEL
Z <] 150=150 x 15
-+ 4
e &
%2 —_—— :i::___p
hwsa )
HEB 300
~ <
= /

The analysis consists in the evaluation of the strength of the equal

angle against bending.
The force acting on the UNP 140 at bolts location is Fy = 100.66 XKg

and - Fy = 859 Kg (see table 2.2/1).

A resisting cross section has been considered with the following cha
racteristics:

A =150 x 15 = 2250 mm®

w =—16- bh2 =—;- 150 152 = 562% mm>

6. .. _Fxx75 _ 100,66 x 15 | 5

b d - = = 1.34 K mm

ending - 5625 ’g/

© compr = y .59, 0.38 Kg/mm2 : ;
- A 2250 | f

6/to‘t = 1.34 + 0,38 = 1,72 Kg/mm2 < Q;all = 16 Kg/m2 accepted

- TABLE 2.6/6 -

z
I
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SLIDING DOORS CALCULATION

ANALYSIS LIMITS

The analysis regards sliding door subjected to

dead weight and wind loads.

In fig. 3.1/1 the sliding door structural scheme

is presented.

LOAD ANALYSIS

The sliding door is loaded by:

. dead weight
. wind at 50 Km/h (opened doors)
. wind at 150 Xm/h (closed doors).

The earthquake loads have not been considered because
they give negligible effects compared with wind effects
taking into account that the two loads don't act con-

temporary.

It was also been considered the possibility of a fai
lure of the door driving system with a different posi-

tion of the doors.

The load values are reported in table 3.2/1.
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SLIDING DDOK SYSTEM

STRUCTURAL SCHEME FOR VERTICAL LDADS

4295

21895

4000 2185

4

(=)

STRUCTURAL SCHEME FDR HORIZONTAL LOADS

Fie. 3.1/1
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‘ DOOR SYSTEM LOAD TABLE.

—~ DEAD LOAD
. Door weight ‘ 880 Kg
. Dead rolled steel weight 65 Kg/m
- WIND LOAD
wind speed (Xm/h)
50 150
Pressure to 44 m (Kg/mz) 18 166
Espositure coefficient 1.2 1.2
Surface: 2290 X 4495 = 10 m°
Wind force:
Fog = (10 x 1.2 x 18)/4 = 54 Xg
Flso = (10 x 1.2 x 166)/4 = 498 Kg

- TABLE 3.2/1 -
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3.3. STRESS AND DISPLACEMENTS ANALYSIS

A calculation of the stresses and displacements
in the sliding door system for different door posi-

‘tions has been performed.

The section properties of.the beams used in the
doors éupporting frame are reported in table 3.3/1;
it has to be noted that the frame itself has a guide

function.

In table 3.3/2 the maximum bending moments for
different load conditions are presented; the corre-
sponding bending stresses and displacements are CoOl-

lected in table 3.3/3.

The detailed analysis of the guides is reported in

table 3.3/4.
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‘ - GUIDES SECTION CHARACTERISTICS

A closed section made of a rolled steel HEA 200 and a
couple of plates is considered

Y HEA 200
——
r\
X . \ %
+ 180x8
o —
3
HEA 200 characteristics:
W, 389 cm3 Wy 134 cmd
Jx 3690 cmt Jy 1340 cm?
Total section characteristics:
Jx 4470 cmt Jy 4451 cmtt
Wy 470 cm3 Wy 412 cmd

- TABLE 3.3/1 -
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MAXIMUM BENDING MOMENTS

a) DEAD LOAD

. Opened doors

Moy = -670000 Kg mm at location B in fig. 3.1/1

. Closed doors

M
max

996665 Kg mm at location E in fig. 3.1/1

b) WIND LOAD

. Wind 50 Km/h opened doors

M ., = =107000 Xg mm  at location B in Fig. 3.1/1

. Wind 150 Xm/h closed doors

Mmax = 1098900 Kg mm at location E in fig. 3.1/1

- TABLE 3.3/2 =

i
i
}
!
1
!
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MAXIMUM STRESSES AND DISPLACEMENTS

® opened) _ 107000 670000

_ 2

nax ¢ doors’ = @12000 * 470000 = 68 Xg/mm
closed ;1098900 996000 o

6 nax ¢ doors | = 212000 * 470000 = 4°78 Xg/mm

The section characteristics W are reported in table

3.3/1.

S= 4.78 < @allowable = 16 Kg/mm?

Displacements

f (opened doors, v= 50 Km/h) = 0.5 mm at location A
£ (opened doors, v= 50 Km/h)

£ (closed doors,v=150 Km/h)

0.2 mm at locatioﬁ E

1.3 mm at location B

If we consider a speed wind of 150 Km/h with opened doors
the results are: '

2
gmax _ 4.00 Kg/mm

£ = . 4,64 mm at location A

-~ TABLE 3.3/3 -
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GUIDES ANALYSIS

Calculation slide guide

| . T___ﬁﬂl___f, <

S
NN

v

Force o 498 Kg (see table 3.2/1)

M = 498 x 60 = 29880 Kg mm

Considering a 45° force distribution

W =—;- 120x 122 = 2880 cm3

10,35 Xg/mm?

498

2
~ 720 x 12 = 0-34 Kg/mm

G;id = \[10.352+ 3%x0.34% = 10.36 Kg/mm? < 16

- TABLE 3.3/4 -
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\ 4. CONCLUSION

A detailed stress analysis of the receiver frame has

been carried out.

No particular problems have been found from stress
point of view; the structure is as stiff as requested
by the good operability of the panels and of the door

sys tem.
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INTRODUCTION

For ASR life time evaluation the following steps are

foreseen:

- design comditions assessement and steady " state
computation (Topic Repart n. 1, 2, Progres Report n. &),

- statement of reference transients taking inte account
real situations and plant characteristics (Tapic Report
. &)

- evaluation of system behaviour (transient temperature
distributions and thermal fields in the most critical
sections) for every transient considered. (Topic Report
n. 4, 5, Progress Report n. 11)

~ stress analysis computation

- damage evaluation

The principal aim of this report is to collect the most
meaningful transients obtained applying the final control
system configuration and some results of the sensitivity
analysis performed aon critical parameters (sun presence
sensar error, maximum sodium flow rate).

The final control configuration is similar to the cne
already presented, (T.R. n. 5 only showing some
improvement in the sun presence sensor use <(a derivative
action in parallel with the proportional one is included).
Referring to Topic Report n. &, transients in ASR lifetime
analysis are splitted into three categories:

- narmal operation transients

- upset operation transients

- fault event transients

This subdivision is followed also in this report.
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Morning cold start-up, hot start-up and overnight shut~-down
are manually operated according to predeterminated
praocedures. Only transients due to cloud passages ate
managed by control system and depend on weather conditions.
Table 1 (from Topic Report n. 6} shows the different
incident power behaviour as related to «cloud velocity
(wind? and dimension. For simulatian purpose the warst
case (maximum wind velocity and available power), is
assumed.

Plots show: :

- absorbed power (in a central section of panel 5) and
sadium flow rate ‘

- receiver outlet sodium temperature

- last radiated section sodium temperature and maximum
radiated section sodium temperature

- receiver outlet support flange temperature

- panel 5 inlet sodium temperature

versus time in case of

- "V" transient
- shaort "U" transient
- long "U" transient.

In all the above mentioned cases the sun presence sensor
signal has been assumed as affected by an error of 50% in
defect.

In case of the worst foreseen "V type” transient, (fig. n.
1) the computed maximum outlet sodium temperature is 543 ©C
with an overshoot of 13 °C since the normal condition is
530 °C; maximum temperatures of sadium in corrispondence
of peak flux section and receiver outlet "flange" are 490
“C and 540°C respectively. Maximum sodium temperature time
gradients at the same points are 15°C/sec, 6°C, 15°C/sec.
Considering the very strong disturbance (100% sun power to
0 within 11 sec. and back to 100% the overshoot is
appreciably limited.

In case of short "U type" transient (from 100% to O within
22 sgec and back to 100% after 30 sec.), which is again the
worst case considered, the simulation results are presented
in Fig. 2. It shows (referring always tao receiver ocutlet,
maximum incident flux position and receiver outlet
"flange") sodium temperatures and maximum gradients of 545
“C, 490 “C, 545 ©C and 16 °C/sec, 12,5 °C/sec, 33 "C/sec.

Considering long "U" type transients (Fig. 33, maximum
temperatures <(after a complete transient including 300
seconds of shading) are 540 ©°¢C, 490 “C and 540 < ¢y
gradients are 1z "C/sec., 10 °C/sec, 10 ®(C/sec.

The results can be compared with data from Fig. 4 (250
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sec. of shading and 10.9 kg/sec. of maximum flow rate
available) from which it can be seen that peak temperatures
and maximum time gradients are weakly dependent on these
values of maximum sodium flow rate.

The receiver cools down completely within 350 seconds of
shading roughly. For this reason the behaviour of the
system at sun restarts after shading louger than 350 sec.
is always the same and for this regard the restart
transient from cold condition is representative of any case
of prolunged shading.

Fig. 5 presents the behaviour after a O to 100%
reinsolation in 11 seconds, starting from 270 °C (cold
storage temperature). Also in this case temperatures and
maximum time gradients are mantained within very acceptable
bounds.

The Figures &6, 7 show a transient due to a reinsolation
from 10% to 100% in 11 sec. starting from a steady-state
In Fig. 6 the sun presence sensor error is +50% and in
Fig. 7 it is -50%.

In the latter case, due to the derivative action, the
results are obviously quite good, but even in the first
one, temperature variations and time gradients are
acceptable.

This fact leads to the conclusion that control system can
work satisfactorily with very large range of possible sun
presence Sensor erray -,
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______________________________ LOSS OF CONTROL
Failures of cantrol system are analyzed referring to system
configuration. The control loop is subdivided into the
following parts:

1 temperature sensors, instrumentation and connection
wirings

input cards and channel scanning

microprocessor

D/A converter

Siemens PI controller and auto/manual station

Motor/pump

Power supply;

automatic actions to +troubles in these subsystems are
foreseen.

Out o©of range measurements from the field or wiring troubles
(part 1> are recognized by the micropraocessor which
activate alarm signals. If the measurement is essential
for regulation, a safety condition of the locop is forced
(fast defocusing and high flow rate).

~No W k)

The same philosophy is followed in case of part 2 failure
too.

Part 3 failure is managed by a watch-dog signalj also in
this case a safety condition is foreseen.

Part 4-5-4& failures are automatically recognized both by
large regulation errors or digital signal and by alarm or
blocking signals.

Power supply troubles are avoided connecting the system to
ininterruptible lines.

Owing to the 1low flow rate and the long time delays
connected with, the worst situation happens in case of loss
of control (point 4 or 5 failure) at minimum load at the
same time of a sudden reinsolation.

For this event the computed results are presented in Fig.
8. Taking into account the time delays for defocusing and
the slow dynamics of the system, tubes overpass 700 °C when
the mirror field has been defocused and incident power
already decreased to zero.

In this transient it was supposed that the field defocusing
was cstarted by the protection system when the temperature
in the most radiated section exceeded the threshold of 530

S

A quick cooling starting from full load 1is presented in
Fig. 93 the flow rate does not change owing to a control
failure in case of sudden power decrease. Fig. 10 shows

the behaviour as a consequence of a loss of power supply to
the pump. In this case fast defocusing prevents from
overtemperature.

MG/mbl
File: ©DDC
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1. FORWARD

The object of this report is the description of the
headers stress analysis based on the final receiver con

figuration and dimensions.

with reference'to the receiver central panel (that
works at the highest temperatures), the structure sec-

tion hereafter analysed are the following:

1) lower header flange
2) tube-upper header connection
3) upper header flat heads

4) down commer-upper "header connection,

The analysis at point 2 and 3 has been carried out

only for the upper header because it has been considered

the most stressed one working at the maximum temperature.
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CODE STRESS LIMITS COMPLIANCE

ANALYSIS LIMITS

In compliance with contract section A-7.1 for a

sodium containing component, the design has been

carried out by means of the following criteria.

a)

b)

Primary membrane stress is limited to prevent
bursting according to par. UG-27 ASME Section

VIII, Division 1.

An extentibn of the shakedown limit is imposed
on primary and secondary stresses, to prevent no
ticeable distortions, that is: P+ Pp+ Q < 38p,
according to par. 4-134, Appendix A, ASME Sec-

tion VIII, Division 2.

To satisfy the distortion limits by using an ela
s;ic analysis, and particularly to limit the ine-
lagtic strain amount that can occur during the
service life of the component, Test No. 3, par.
T-1324, Appendix T, Code Case N47-17 has been ap-
plied.

- This analysis is not strictly required by the Con

tract, but is necessary in order to make possible
the use of subsequent creep-fatigue analysis on

elastic basis.




3.

‘ d) For component service life time evaluations, that
is to evaluate creep-fatigue interaction effects,
the 1imit by eq. (5) of the par. T-1411, Appendix
T, Code Case N=47-17, for elastic analysis has

been imposed.

Note

With reference to c) and d) above, some modifica-
tions have been assumed with respect to that requested
by Code Case, provided that we deal with a solar re-=

ceiver and not a nuclear component, as forecast by Con

tract.




3. MATERIAL BASIC DATA

The material used in the components hereafter ana-

lyzed, that in headers and downcomer, is AISI 316 L.

In Appendix 1 the material mechanical characteri-

stics are completely specified; in Appendix 2 the fi-~

sical characteristics are reported as well.




4, THERMAL TRANSIENT DESCRIPTION

In order to fulfill a complete lifetime analysis of
the parts of the receiver hereafter considered, an ex-—
tensive evaluation of all the transient conditions de-
scribed in Topic Report No. 6 has been carried out by
means of the simulation code for the receiver .dynamic

analysis described in Topic Report No. 4.

The behaviors of the temperatures for the different
transients have been reported corresponding to the
lower header flange and the upper header nozzles of the

fifth panel (central one).

The transients considered in the ASR lifetime ana-

lysis are:

1) Normal operating conditions

3 types of shading-reinsolation sequences caused by
a cloud passage are considered other than the normal

daily cycling.
a) Shading and prompt reinsolation,

‘ b) Shading over a period of 5 minutes and succeding

reinsolation.

| c) shading for long time (>5 minutes) and succeding

reinsolation.




2) ﬁpset conditions

d) Failure of the control system of the pump in case

of 100% reinsolation (flowrate at 10%).

e) Failure of the control system of the pump in case

of shading of the field.

£) Loss of electrical power supplay of the sodium

pump.

The following conditions have been cautionsly assumed
'in accordance to the Topic Report n° 6:
- "a" type transient

. cloud velocity of 50 Km/h;

« 3000 cloud passages per year;

. absorbed flux, flowrate ahd sodium temperatured re-
ported in figg. 4/1, 4/2, 4/3 (Transient T8 (see
note 1));

. the level of the peak incident flux before cloud pas
sage is the one corrisponding to the design point

(equinox noon).

Note 1: Actually a transient with a shading of 30 seconds
has been considered instead of a shading/prompt
insolation. The reason is connected to the existen
ce of such a transient (analyzed for different
purposes) very similar to the one in question in
order to avoid a repetition of an analysis very
time consuming.
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10.

- "bY type transient

cloud velocity of 50 Km/h;
3000 cloud passage per year;

absorbed flux, flowrate and sodium temperatures re-

ported in figg. 4/4, 4/5, 4/6 (Transient T9);

the level of the peak incident Fflux before cloud
passage is the one corresponding to the design point

(equinox noon).

- Y"c" type transient

cloud velocity of 50 Km/h;
325 cloud passage per year;

absorbed flux, flowrate and sodium temperature repor
ted in fig. 4/7, 4/8, 4/9 (transient T11-T12 (see note
2));

the level of the peak incident flux before cloud pas
sage is the one corresponding to the design point

(equinox noon).

- "d" type transient

6 events per year;

the level of the peak incident flux is the one corre

sponding to the design point (equinox noon);

Note 2: The actual analysed transient has been considered
as the combination of the transient T11 and T12:
the shading part is the same as in T11 and the
reinsolation is the same as in T12.
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‘ . absorbed flux, flowrate and sodium temperature re-
ported in fig. 4/10, 4/11, 4/12 (transient T16) .
— "e" type transient
. 6 events per year;

. the level of the peak incident flux is the one corre

sponding .to the design point (equinox noon);
. absorbed flux, flowrate and sodium temperature repor
ted in figg. 4/13, 4/14, 4/15 (transient T14).
- "f" type transient
. 6 events per year;

. the level of the peak incident flux is the one corre

sponding to the design point (equinox noon) ;

. absorbed flux, flowrate and sodiwn temperature repor

ted in figg. 4/16, 4/17, 4/18 (transient T15).

The aforementioned transients have been calculated ac

cording to the conditions reported in the Topic Report

NO. 11.
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CALCULATION METHODOLOGY

In the assumption of linear elastic behaviour of the
material, the stress conditions have been determined by

means of the superimposition of the following effects:
1) Stresses due to internal pressure.

2) self equilibrating stresses in every section, due to
the non linear temperature distribution in the sec-

tion.
3) Stresses due to piping moments.,

4) Stresses due to earthquake;

Stresses at point 1) can easily be determined by for

mulas.

Stresses at point 2) can be found by finite element
calculations imposing the non linear temperature field

previously determined.

Stresses at point 3) are evaluated again by finite
element calculations using axisymmetric (Fourier) ele-

ments allowing non - axisymmetric loads.

Stresses at point 4) are evaluated in the same way

as point 3).
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The stresses described at point 1) are to be conside

red constant in time,

The stresses of point 2) are time dependent following

the thermal transients presented at chapter 4.

The stresses referred at point 3) and 4) are again

time dependent following the sodium temperature in pipe.
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LOWER HEADER FLANGE

ANALYSIS LIMITS AND DESCRIPTION OF THE STRUCTURE

The analysis refers to the hottest lower header
flange, subjected to thermal transients and to statio

nary and variable mechanical loads.

The most important geometric characteristics of
this part of the structure are rappresented in fig.

6.1/1.

All further considerations are related to the most
stressed section "A-A" in the aforementioned figure
for which a complete code compliance analysis has been
carried out. Some considerations are reported for sec
tion "B~B" as weel in which maximum mechanical loads

have to be expected.

In this calculation only thé trarsient type T8, T9,

T12 (see chapter 2) are analysed.

The comparison between the rate of sodium temperatu
re change for T16, T14 and T12 transient has permitted
to assume the last one for the evaluation of the fati-

gue damage.

The fatigue damage due to T15 transient has been

considered negligible.
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6.2, TEMPERATURE FIELD EVALUATION

In tables 6.2/1 + 6.2/3 the discretization of the
thermal transients considered for the "A-A" section

are reported.

Every time interval is subdivided in 30 time-steps:
at each time a forced convection must be applied to

the sodium wetted surfaces.

The following assumptions are used in the tempera-

ture field calculation:

— the sodium layer between the tube and the thermal
shield has been assumed stagnant (for sodium physi-

cal characteristics see Appendix 2);

—~ only the heat conduction'in the radial direction has

been considered;

— the external surface of the tube and the flange 1is

assumed adiabatic.

By a finite element computer code (FLHE of BERSAFE
series) the temperature field in every point of the

section has been calculated at each time step.

In fig. 6.2/1 the axisymmetrical 2D mesh used 1is

presented.




THERMAL TRANSIENT T8
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TIME | TELPERATURE | FLOW | DENSITY | VELOCITY | HZAT COEFR.
(sec) (°c) (kg/sec) | (Ke/m3) | (w/sec) | (i/w? ocC)
0.0 450 7.3 | 845.11 2452 17772
14.0 448 0.7 845.58 0.24 6521
47.0 444. 0.7 846.54 0.24 6565
52.0 435 1.5 | 848.68 3.96 23818
55.0 384 11.5 860.79 3.90 24248
160.0 402 1.5 | 856453 3.62 24057
65.0 380 1.5 | 861.73 3.90 24313
102.0 384 11.5 | 860.79 3.90 24248
110.0 385 10.3 860.55 3.50 22622
130.0 402 7.3 | 856.53 2.4 18254
190.0 455 7.3 " | 843.91 2.53 17868
250.0 450 7.3 | 845.11 2.52 17772
300.0 450 7.3 | 845.11 2.52 17772

- TABLE 6.2/1 -




THERMAL TRANSIENT T9
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TDE | TTUPERATURE | FLOW | DENSITY | VELOCITY | EZAT COEFF.
(sec) (°c) (g/sec) | (Ks/md) | (m/sec) | (7/u °C)
0 450 Te3 845.1 2.52 17772
14 448 0.7 845.6 0.24 6921
90 437 | 0.7 848.2 T 0.24 6525
136 363 0.7 865.7 0.23 7294
230 348 0.7 869.3 0.23 7365
250 336 0.7 87241 0.23 7415
252 335 3.5 872.3 1.17 12232
258 295 11.5 881.7 3.81 24662
262 310> 11.5 878.2 3.83 25036
2638 315 11.5 &77.0 3.83 24600
307 370 1.5 8641 3.89 24442
335 409 7.3 85449 2.50 18156
370 456 Te3 843.2 2.53 17888
450 450 7.3 845.1 2.52 17772
550 450 Te3 845.1 2.52 17772

- TABLE 6.2/2 =
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THERMAL TRANSIENT T12+ T

TIME | TELPERATURE | FLOY | DENSITY | VELOCITY | #2AT COEFF.
(sec) (°c) (¥g/sec) | (xa/m3) | (nfsec) | (/m? oc)
0 450 7.3 845.1 2.52 17772
14 447 0.7 845.8 0.24 6921
70 436. 0.7 848.5 | 0.24 7440
130 370 0.7 | 864.1 0.24 7279
225 340 0.7 871.2 0.23 7415
440 220 0.7 8991 0.23 7801
890 220 0.7 855 .1 0.23 7801
S00 220 9e4 899.1 3,06 22729
507 270 Sed 887.5 3.1 2232
926 350 | 9.4 868.8 3.16 21575
930 ™ 360 9.4 " | 866.5 3.17 21455
944 | 388 7.3 859.8 2.48 18353
965 430 T3 849.5 2.51 17963
990 450 Te3 845.1 | 2452 17772
1100 | 450 | T3 845.1 2.32 17772

- TABLE 6.2/3 -
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" In figg. 6.2/2+6.2/4 the temperature trends in the
considered "A-A" section are presented for two time in
stants giving the maximum range during the different

transient conditions.

A post-processing program for plotting isolevel cur
ves for any quantity whose value is defined at each
node of a plane mesh or at the centroid of each element
is available and allows to plot isothermal curves at

any chosen time step.

Figures 6.2/5+ 6.2/10 show, for the most dangerous
time instants, isothermal curves for the analysed thez'

mal transients. _

THERMAL STRESS EVALUATICN

with loading conditions given by the nodal tempera-
ture obtained with the FLHE code, stress analysis in
some time instants has been performed by means of the

finite element program SAP V.

In fig. 6.3/1 the 2D mesh used in this analysis is

presented.

The Js stress behaviors through the radial sectian
A-A in the most dangerous time step for each transient

are shown in figg. 6.3/2 + 6.3/4.
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THERMAL TRANSIENT T12

ISOTHERM - TIME T=130 SEC - FIG. 6.2/9 -
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By means of a postprocessor computer code based on
the definition of the stress components (membrane,
bending and peak) given in Code Case N-~47-17, point
3215, for axisymmetric structures, the stress classi-

fication has been carried out.

Another post-processing program allows to plot the
CYGUEST curves at the chosen time steps (see figg.
6.3/5+6.3/10).

STRESS EVALUATION DUE TO PIPING MOMENTS

The stresses, due to the piping moment, are calcu-
lated by the finite element BERSAFE computer code using

axisymmetric Fourier elements.

For an axisymmetric body subjected to non-axisymmne-
tric loads, these elements allow a solution using a

two dimensional mesh.

The loads on the body are expanded in a Fourier se-

ries.

An important point for stress analysis calculation

are the boundary condition of the structure.

Considering code limits and in the hypothesis of
small clearance in the coupling between flange and fra

me, clamps on the upper and lower planes of the flange

have been assumed.
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THERMAL TRANSIENT T8

TIME T = 65 SEC.
GUEST  (KP/MMe#2) - FIG. 6.3/5 -
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THERMALL TRANSIENT T8

TIMS T . 190 SEC.
GUES!T  (KP/MMee2) - FIG., 6.3/6 -
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- FIG. 6.3/7 -
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THERMAL TRANSIENT T9
TIME T = 370 SEC.
GUEST  (KP/MMes?, - FIG. 6.3/8 -
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THERMAL TRANSIENT T12
TIME T = 130 SEC.
GUEST  (KP/MMss2) - FIG. 6.3/9 -
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THERMAL TRANSIENT T12
TIME T = 965 SEC.
GUEST  (KP/MMee2) - FIG. 6.3/10 ~
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The maximum moment value obtained by pipe flessibili

ty analysis is 100000 Kp mm .

This moment value is time dependent following the
sodium temperature between a100000 Kpmm and 48000 Kpmn.
Cautionsly the fatigue analysis has been carried out

with a cycle 100000 Kpmm-— O Kp mm.

STRESS TABLE ACCORDING TO ASME CRITERIA

In the following analysis, only the inner point (1a-

beled P) of section A-A 1is considered, which is the

most stressed one.

For all the compliance analysis other than creep -
fatigue interaction, the thermal transient T12 has been
assumed as the most dangerous one; the analyzed time

step corresponds to t=965 sec.

In table 6.5/1 the stresses with their classifica-

tion according ASME criteria as presented.

Wwith a large conservatism the effects of loads due
to piping have been classified as primary membrane

stresses Pp .
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STRESS TABLE AT POINT "P" FOLLOWING ASME CRITERIA,

AT TIME t=965 sec OF TRANSIENT T12

Origin 6 R 60 6 z Class
(xp/mm?) | (kp/mm?) | (Kp/mm?)
Pressure 0.0 0.084* 0.0 Pn
Mechanical loads 0.0 0.0 1 .1 3 Pm
Earthquake 0.0 0.0 +0.23 Pn
Thermal transient _ 0.0 -12.385 1.677 Q
Thermal transient 0.0 ~8.853 -0.925 F
PR |
(x) Go - 2 -

~ TABLE 6.5/1 =
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DESIGN CONDITICNS ANALYSIS

The stresses in the point under analysis are taken
from table 6.5/1. The design temperature is 450 °C cor
responding conservatively to the maximum metal tempe-—

rature.

In table 6.6/1 the compliance analysis is presen-

ted.

OPERATING CONDITIONS ANALYSIS

The allowable stress values Syt and Sg¢ are de-
termined for 30000 Hrs working time at the maximum

metal temperature on the hottest radial section.,

The analysis is carried out in table 6.7/1. The earth
quake effects, considered as level C operating condi-~

tions, are presented in table 6.7/2.

SHAKE DOWN ANALYSIS

The Sy value is taken as average of the two Sm
values at maximum and minimum cycle temperature, accor
ding to Note (1), fig. 4-130.1, Appendix 4, ASME Sec-

tion VIII, Division 2, because all the secondary stresses
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DESIGN CONDITIONS ANALYSIS

450 °C

Design temperature ...eeceeeeceeccaces T

Allowable stress teescsccccsrsssnscsss Sp 8.46 Kp/mm2

Stress due to pressure and mechanical
loads (see also table 6.5/1) evecevses Pp = 1.13 Kp/mm?

P o=1.13 Kp/mni'2 < 5 = 8.46 Kp/mm2

— TABLE 6.6/1 =~
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OPERATING CONDITIONS ANALYSIS

Highest metal temperature in a
point of the radial section seeeseeves T = 458 °C

Allowable value for general primary

membrane stress at Tmax e e s s s o s Smt = 8.46 Kp/mm2
Allowable stress at Tpax seseseceesses Sp = 8.4 Kp/mm<
Time dependent stress at Tpax eesseeees St =11.6 Kp/mm2
P
Pm - Smt
1.13 I(p/mm2 £ 8.46 Kp/mme
1.5 Sm _
Pl+ Pb -4
K¢ St
Kt='|+Ks(1---lsb—l{:l ?.-./1+Ks . Kg = OC(K-'I)

K = 1.5 (from ASME Section III, ApPpP. A Table A-9221(a)-1)
L= 0.5 ) K = 1.25
1.5% 8.4 = 12.6 Kp/mm?

P1+Pp = 1.13 Kp/mme &
7.25 x11.6=14.5 Kp/mm?

- TABLE 6.7/1 -
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OPERATING CONDITIONS ANALYSIS

Highest metal temperature in a

point of the radial section .eeeeesees T = 458 °C
max

8.4 Kp/mm?

Allowable stress at Tpax eecocecceeens Sm

Maximum time dependent stress at

Tmax .0.0.....0.-00.0.0..o.co.o....-; St 11.6 Kp/mm2

1.2°* 8.4 = 10.08 Kp/mm°

11.6 Kp/mm°

-~ TABLE 6.7/2 -
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6.10.
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considered are thermal originated. The analysis is

presented in table 6.8/1.

RATCHETING ANALYSIS

The presence of "Elastic follow-up" is reasonably
excluded in the following analysis. In table 6.9/1
the stress values in two different instants are pre-

sented in order to determin the maximum stress range.

The step by step procedure proposed by T-1324 in
the Appendix T of Code Case N-47-17 has been applied

and the results are shown in table 6.9/2.

Non axisymmetric loads have been included as axi-
symmetric ones, and the curves of fig. T-1324-1 have
been used, according to T-1324(a), Appendix T, Code
Case N-47-17.

CREEP-FATIGUE ANALYSIS

The following assumption have been held:

. Allowable number of cycles to use in equation (5),
T-1411, is taken from curves of fig. T-1420-1B, Code
Case N-47-17, with a reduction factor of 5 in the

cycles number.
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SHAKE DOWN ANALYSIS

Highest metal temperature in a point

of the I‘adial Section & B & 6 8% & & 0 0 0 05 02 .Tmax = 458 °C

Lowest metal temperature in a point

of the radial seCtion eecececsescecseces T = 220 °C

min
Allowable StI‘eSS a Tmax ® ® 65 0 @ 008 000 00 Sm(Tmax) =8.4 Kp/mz

Allowable StI‘eSS a Tmin G0 0 e s ses0s 00 sm(Tmin) =10.6 Kp/m2

Allowable stress for Test B s.evsseees Sy = 9.5 Kp/mm?

Pl + P+ Q &£ 3 Sp--

(0.084-12.385) = (1.13+1.677) =

Py +Pp+Q

14.808 Kp/mm® < 3 S, = 28.5 Kp/mm°

— TABLE 6.8/1 -
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RATCHETING ANALYSIS
(Test 3)

STRESSES DURING TRANSIENT T11 + T12

TIME t = 130 sec TIUE t = 965 sec
6r | 0o | 62 CL Gr | 6o G2 L
(p/mn?)| (p/mm?)| ®p/mx2)| 7 | (Xp/mm?) | (Kp/mn2):(Kp/mn?)| "
Mechanical loads 0.0 0.0 1413 Pn 0.0 0.0 1.13 | Pn
Earthquake 0.0 | 0.0 |40.23 | Py 0.0 0.0 |4+0.23 | Py
Thermal transient 0.0 3.7 -0.48 Q 0,0 |=12.385] 1.677 Q
Thermal transient 0.0 3.768 0.855 F 0.0 -8.853] -0.925 T

— TABLE 6.9/1 -
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RATCEETING ANALYSIS

(TEST 3)

Maximum metal tempeTature .eeeeeeecceesscsscccsess Thmay = 458 °C

Minimum metal temperature eeeessscsssccasscececes Tpin = 220 °C

Yield strength at Tmin 60 066 66 SV S SO LCO SISO PSIITS .l". Sy = 11.85 Kp/m2
,x=(P1+_I:';)/sy rs_(gR_)“Lai
Ky = 1+ K§(1-E;) Y1+ Ky Kg = o (X~ 1)

K = 1.5 (from ASME Section III App. A Table A-$221(a)-1)

L= 0.5

Ks = 0025 Kt = 1.25
F1 Pp QR 64>
X VA n
(Kp/mm?) | (Xp/ma2) | (kp/om2) | *F 1 (Kp/mm2)
1.36 ) 0.0 18.242 1.25 | 0.115 1.539 0.1766 2.62

(*) 8¢ =1.258;,2

Entering the isochronous stress- strain curves at temperature 458 °C
(850 °F ) and for any time, by © ¢, we read no gignificant strain,
¢ due to creep. :

- TABLE 6.9/2 -
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. The step by step procedure suggest in T-1410 in the
~ Appendix T of Code Case N-47-17 has been carried out
and the results are described in table 6.10/1.

. The creep damage calculation is omitted because the

maximum temperature is 458 °C (850 °F).
. The total fatigue damage is given by adding the fati.
gue damages due to:
- 30000 transient T8 cycles (see éable 6.10/1);
- 30000 transient T9 cycles (see table 6.10/2)3
_ 3360 transient T114+T12 cycles (see table 6.10/3)(*)

- 10 earthquake cycles connected with (T114-T12)
type transients (see table 6.10/4) (very con

servative assumption);

-~ 3270 overnight shutdown (see table 6.10/5) .

From this analysis the following damage has been ob-

tained:

D Dq + Do + D3+ Dy + D5

NOTE: The elastic analysis rules applied in this note

may be used because elastic ratcheting rules have been

satisfied.

(*#) The number -has been obtained by the sum of 3240
(T11+T12) type cycles, 60 T14 type cycles and 60
T16 type cycles.
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FATIGUE ANALYSIS

) TRME ¢t = 65 sec TILE t = 190 sec

TRANSIENT -

o € r O s Gz Gy Ge | 0z

&p/mm2)| ®p/mm2)| (Cp/mm?) | (Kp/mm? )|(Kp/mm?)| Kp/mm2 )
Load contr. 0.0 0.084 | 1.13 0.0 0.084| 1.13
Strain contr. 0.0 3.312 [-0.039 | 0.0 | -2.412| 0.229
Poak 0.0 6.131 | 3.082 | 0.0 | -2.765| -0.891
6 yic = 0.0 Xp/mm®

G—VSC = 5.992 Kp/mm2
8.896 Xp/mm?

2]

Calculation of £4 , D

S* - -
Et = (—g-)KzEn + K 20 + Kp Er E = 16500 n._p/m:n2
with €= Erg +-é— 6vsc
S*
S=13 K=1; Kp=1; €o=0
o o
Ey = Cnc |, Busc. |, Zwr . 0.0009023

E E E

Entering the fatigue curves we read

Ng = 11.8 x 106 / 5 cycles; n = 30000 operating cycles

D = -—ll*e .01
1 Ty 0.013

~ TABLE 6.10/1 -
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FATIGUE ANALYSIS

. v TIME t = 258 sec TIME t = 370 sec
il;ANSIENT 6R 6(9- G Z ‘ GR 6(_9' 6 Z
(&p/om?)| Kp/wm2)| Gp/mn?) | Ep/mm?)|(Kp/mn?)| Kp/mn2)
Load contr. 0.0 | 0.084 | 1.13 0.0 | 0.084| 1.13
Strain contr. 0.0 4.207 -0.2-1—2 . 0.0 | =-5.723 0.656
Pe;l-c“ 0.0 | 6.412 | 3.284]| 0.0 -4.9;9 -0.589

6 yic = 0.0 Kp/mn?
O yge = 10.838 Kp/mm?
11.341 Xp/mm2

3

Calculation of st sy D

Er = Ex2€n + K& + X Er E = 16500 Kp/m®
with €n= Erc +—1E- 67ysc
S*

=1 K=1; Ep=; €c=0

e T ran ox
£, —¥c , v, —VE . 0.001344
E E E

Entering the fatigue curves we read

Ng = 1 x 106 / 5 cycles; n = 30000 operating cycles

n
Na

D, = = 0.15

~ TABLE 6.10/2 -
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FATIGUE ANALYSIS

TRANSIEN
Tlﬁl- 'I‘1'I2‘ € r Gs | Gz Gr Gge | 6z
Kp/mm2)| Kp/mm2)| (co/mm?) | Kp/mn?)|(Kp/mn?)| (Kp/mn?)
| Load contr. 0.0 | 0.084 | 1.13 | 0.0 0.084| 1.13
Strain contr. 0.0 3.700 | -0.480]| 0.0 ~12.385| 1.677 |
Peak 0.0 | 3.7681 0.855] 0.0 | -8.853|-0.925
6~v1c = 0.0 Kp/mm2
O yge = 18.242 Xp/mm?
Syp = 12.621 Kp/mm?
Calculation of £y , D
8t ) (ES:)Kzgn + X Zc + Kp EF E = 16500 Kp/mm2
with €n=Erc +-:5-6vvsc

S% :
-S—=1;K=1;KT=1; €c=0

o 1" o) (o)
£y = —x& , ZVSC V. 0,001870

E B E

Zntering the 'fatigue curves we read
Ng = 1.54 x 105/ 5 cycles; n = 3360 operating cycles

Dy = —— = 0.11

Ng

-~ TABLE 6.10/3 -




FATIGUE ANALYSIS

71

30 sec

Entering the fatigue curves we read

Ny = 1.4 x 107/ 5 cycles; n =

D4==

n

Na

10

- TABLE 6.10/4 -

overating cycles

TIE t = 1 TILE t = 965 Sec
EARTHQUAKE
TRANS?E’NT T1: - M2 Z: 6o | Gz | G Gg | 62
(p/mmn?)| Kp/mn?)| (p/mn2) | (p/mm?)|(Kp/mm?)| Kp/mm?)
Load contr. 0.0 | 0,084 | 1.13 0.0 0.084 | 1.13
Earthquake 0.0 | 0.0 [+0.23 0.0 0.0 |+0.23
| Strain contr. 0.0 3.7 {-0.48 0.0 }12.385 1.677
6 yic = 0.43 Kp/mn®
&ysc = 18.242 Xp/om?
Syr = 12.621 Kp/mm?
Calculation of Et sy D
€t = (ESi)KZEn + K& + Kp Ex E = 16500 Kp/mm®
with o +—;— 673
S*
-E— XK=13 Xp=13 €<;= 0
Ovie &
Et = ;LC ;s —YF - 0,001897
E
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FATIGUE ANALYSIS

Loads: overnight € g 6y | Gz G g G 67
shutdowm transient Kp/em?)| Kp/mh?)| Kp/mm?) | (Kp/mn?)|(Xp/mm?)| (Kp/mm? )
Load contr. : 0.0 0.0 1.13 "0.0 0.0 0.0

. O1c = 1.13 Kp/m®

Calculation of &£4 , D

Et = (—SS:)K2 én + K &g + Kp Ep E = 16500 Kp/mxn2

with £n ELC + ._1__ 6?30
E

S*
A-_-S=1;KB1;KT=1'; £c=0

Ey = Svic ©vsc SV _ 0.00007
E E E

+
+

Entering the fatigue curves we read

D53_{O.

- TABLE 6.10/5 -
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6.11. FLANGE BEARING AREA ANALYSIS

The object of this calculation is the determination
of the portion of area which plasticizes in the contact
zone (AB in fig. 6.11/1) between the flange and the bea

ring surface because of the applied bending moment.

The following hypothesis have been held:

. The material is considered perfectely elastic-plastic

(see fig. 6.11/2).

. The stresses distribution is variable according to

the behavior reported in fig. 6.11/3.

. In this calculation only the plastic stress is consi-
dered (see fig. 6.11/4) acting on GLHE area; this is a

conservative assumption.

with this hypothesis we have (see fig. 6.11/4):

M/2 = Sy A(GLug) bo

with

o 1 2
A(GLHE) = ’Y r° (2J, - sen 2J)
b. = 4 T sen3 9’0

o0 = —

3 28,- sen 2,

Therefore we have
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4 r sen3C90

M/2
3 2F, - sen 2%,

1
6y—2— I'2 (28/0 - Ssen 2(9/0)

Hence

&, = 1704180

f % 3 mm < 5 allowed

Therefore (see fig. 6.11/1) the bearing area is con

sidered adeguate,
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D -
F
G
\
C
5
6,
R
H
bo )
E:
‘ 6’.} = yeld strenght = 8.8 Ks/mmz
e glonge radius = 67.5 mm

M = momenl max due to tube
flessibility (see point 6.4) = 100008 Kgmm

Fie. 6.1174
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UPPER HEADER NOZZLE

ANALYSIS LIMITS AND DESCRIPTION OF STRUCTURE

The structure under consideration 1s the receiver
tube~header connection, subjected to thermal transients

and mechanical loads.

In fig. 7.1/1 the geometric characteristics are

shown.

Only the transient type T8, T12 (see chapter 2) are

analyzed.

The analysis of the rate of sodium temperature change
allows to consider, for stresses calculations, transient
T8 and T12 more dangerous than transients T9—T15-T16.and
T14 rispectively.

TEMPERATURE FIELD EVALUATION

The transient analysis has been carried out conside-
ring a forced convection applied to the sodium wetted

surface.

The sodium temperature is considered variable follo-

wing a given loading law.
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DPPER HEADER
NOZZLE

Fie. +1/1
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The thermal transients analysed are discretizated
in tables 7.2/1, 7.2/2. Every time interval is subdi-

vided in 30 time steps.

The external surface of the tube and the header is
assumed to be adiabatic. At each time step the tempe-
rature field in every point has been determined by a

finite element computer code (FLHE).

In fig. 7.2/1 the axisymmetrical 2D mesh used, is

shown,

In fig. 7.2/2+7.2/4 the temperature trends in 3
considered section are presented for two time instants

giving the most daﬂgerous time-step.

A post processing program allows to plat isothermal

curves at any chosen time-step.

Figures 7.2/5+ 7.2/8 show, for the most dangerous
time. instants, isothermal curves for the analysed ther

mal transients.

THERMAL STRESS EVALUATION

Considering the difference between the diameters of
receiver tube an header an axisymmetric scheme with the
axis coincident with the tube axis has been reasonably

assumed,




THERMAL TRANSIENT T8

81.

TTME | TELPSRATURE | FLOW | DEESITY | VELOCITY | HEAT COEFF.
(sec) | () | (xa/se0) | (Ka/sd) | (w/seo) | (#/n oC)
0 530 7.3 825.9 2.00 39601
14 517 0.7 829.0 0.19 28313
28 505' 0.7 831.9 0.19 28600
47 431 0.7 | 849.6 0.18 30152
49 415 4.0 853.4 1.06 36800
50 414 5¢5 853.7 1.46 35400
54 481 11.5 837.7 3.11 47216
60 452 11.5 844.6 3.09 48080
64 460 11.5 842.7 3.09 47791
70 440 11.5 847.5 3.08 48370
102 440 1.5 84ﬁ.5 3.08 48370
130 479 Te3 838.1 . 1.97 40750
167 530 Te3 825.9 2,00 35801
250 530 743 825.9 2,00 39801

— TAELE 7.2/1 -




THERMAL TRANSIENT T11+ 12
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TILE

TELPSRATURE

FLOW

DENSITY

VELOCITY

HZAT COEFF,

(sec) (°c) (e/sec) | (x&/m3) | (w/sec) | (i/w® °c)
0 530 Te3 825.9 2,00 39801
14 490 0.7 835.5 0.19 28925
40 420 0.7 852.3 0.19 30357
140 405 0.7 '855.8 0.19 30660
200 355 0.7 867.6 0.18 31650
610 210 0.7 901.4 0.18 34696
95 210 0.7 901.4 0.18 34696
1000 210' 540 961.4 1.26 43209
1005 275 9.4 88644 2.40 49100
1011 280 9.4 885.2 2.41 48949
1035 405 9.4 855.8 2.49 46000
1045 | 450 Te3 845,1 1.6 41565
1065 500  Te3 833.1 1.59 40567
1085 530 7.3 82549 2.00 35801
1200 530 7.3 825.9 2.00 35801

- TABLE 7.2/2 -
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~ FIG. 7.2/1 -

- ——
— -
— dhe e
P S 4
. b b s

b ediee b e b

——

v
Q018

T

Y
T 494l

T
[ 158 2

—
28749

T
££°09

T
49°41S

T T
LS 00°

T
9 1v

Ly
nn.,ov

1945

T

T
e

T

=T
090°1€

.

9022

+

T
€L-»2 00~

¥4

t
JRRY{ ¥ 1 IS

v
ot

r

Ty T T
12.67

.33

-

22.67

T T T
19.33

16.00

oy

-
6.00

o PLOTMESH-2D) » T672 o STRUTTURA INDEFORMATA

AX1SYMMETRIC MESH

TURE “HFADER CONNECTION




450 !

t = 49 SQC>k
-———e—— L = 54 sec
T11 + T12 TRANS,
40 sec
1008 sec

350

L - — - — . — 'E

———e——. 1

HG!ZZ/ZV

3u8

250 .. R




350

‘ 250

RIS

T8 TRANS.

t = 498 sec
t = 54 sec

T11 + T12 TRANS.

t - 40 sec
t+ = 1005 sec

File. 7.2/ 3




66.
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200
4+ZT

THERMAL TRANSIENT T8
- ISOTERM - TIME T=49 SEC - FIG. 7.2/5 =
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THERMAL TRANSIENT T8

ISOTHERM - TIME T=54 SEC. | - FIG. 7.2/6 -
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The mesh used is presented in fig. 7.2/1.

Stress and strain analysis in some time instants has
been performed through structural analysis finite ele-
ment program SAP V, with loading conditions given by

the sets of nodal temperatures supplied by FLHE.

A very important point for stress and strain analysis
calculation are the boundary conditions of the structu-

re,

Fig. 7.3/1 shows the hole pattern in the header: the
plane of the mesh has been assumed as the one identified
by "A-A", so that at the middle of A-A there is a symme
try section which does not rotate; this section is the
outermost section of the mesh, which is therefore free

to traslate, keeping parallel to itself.

The o’y stress behavior through the "A-A", "B-B",
nc-C", sections at the most dangerous time step for each

transient are shown in f£igg. 7.3/2+ 7.3/4.

Two post processor computer codes allow to carry out
the stress classification (membrane, bending and peak)
and to plot the & gyggr curves at any chosen time step

(see f£figg. 7.3/54-7.3/8).
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I M I S
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THERMAL TRANSIENT T8
TIME T = 49 SEC. | - FIG. 7.3/5 -
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THERMAL TRANSIENT T8
TIME T = 54 SEC. , - FIG. 7.3/6 -
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- FIG. 7.3/8 -
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STRESS EVALUATION DUE TO THE PANEL TUBE FLEXIBILITY

In the considered sections, the loads due to weight,
moments and forces on the tube, earthquake, are very

low and therefore the induced stresses are negligible,

STRESS TABLE ACCORDING TO ASME CRITERIA

In the following analysis, except for creep-fatigue
analysis, the thermal transient T8 has been assumed as

the most dangerous one.
The analyzed time step corresponds to t=54 sec.

Only the inner part of section A-A is considered,
which has got the most stressed point. In table 7.5/1
the stresses with their classification, by definitions

in 3213, Code Case N47, are shown.

- ..

BURSTING ANALYSIS (Design conditions)

The header efficiency E, requested in UG-27, ASME
Section VIII, Division 1, is calculated. The stresses

in the point under analysis are taken from table 7.5/1.

The allowable stress value Sp is determined con-

servatively corresponding to the maximum metal tempe-

rature at the hottest cross section.
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STRESS TABLE AT POINT “P" FOLLOWING ASME CRITERIA,

| AT TIME t=54 sec OF TRANSIENT T8

Origin R ‘ Z Class
g (xp/mn?) | (xp/mm2) | (Kp/mm)
Pressure 0.0 1.48% 0.0 P
Thermal transient 0.0 ?5.803 -7 +.209 Q
Thermal transient 0.0 -2.532 -2.493 F

(%) calculated as PR

Et

-~ TABLE 7.5/1 -
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In table 7.6/1 and fig, 7.6/1 the analysis is pre-

sented,

7.7+ OPERATING CONDITIONS ANALYSIS

The same procedure used at point 6.7. has been used;

the results are collected in table 7.7/1.

7+8. SHAKE DOWN ANALYSIS

See for that analysis point 6.8. and table 7.8/1.

7.9. RATCHETING ANALYSIS

The same procedure used at point 6.9. has been applied;

the results are collected at tables 7.9/1 and 7.9/2.

7.10. CREEP-FATIGUE ANALYSIS

The following assumptions have been held:

o Allowable number of cycles to use in equation (5)
T-1411, is taken from curves of fig. T-1420-1B, Code
Case N-47-17 with a riduction factor of 5 in the cy-

cles number.




. BURSTING ANALYSIS
(ASME VIIT Div. 1 par. UG-27)

Design temperatures 550 °C7
P = 0.061 Kp/mm®

R=81.mm

S = Sp=T.7 KP/mm2

6 PR
min " g E - 0.6 P

E = eff. legament calculated from UG-53 point(d)

42 - 14
42

Longitudinal efficiency = = 66.6%

P/p1 o= 99

From fig. UG=53.5:

Diagonal efficiency = 91.9%

- longitudinal efficiency
E is lower from —

T T————diagonal efficiency

E = 66067(0

— TABLE 7.6/1 -

103.
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1 14 4'-14 %_ |
Py = 42 mm

mgc“um header diam, = 162 -5 = 157 mm

.
p'e \[292+ (msn%ﬂ) = 41.64mm

FIG.¥%.6/1
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OPERATING CONDITIONS ANALYSIS

Highest metal temperature in a _
point of the radial sectiof csessceses T = 550 °C

Allowable value for general primary

membrane StreSS at Tmax s e 000 ¢ 000 OO s Smt 7.75 Kp/mm2

Allowable StI‘eSS at Tmax e e0 00 080000 Sm = 7.7 Kp/mz
Time dependent stress at Tpax seceecece St = 8.4 Kp/mm2
£

Pm - Smt
1.48 Kp/mm® £ 7.75 Kp/mm?

1.5 Sp
P+ Py < -

K¢ St

PL, ~ :

Kt=1+Kg1-§; ¥1+Kg . Kg = o (K=1)

K = 1.27 (from ASME Section III, App. A Table A-9221(a)=-1)
L= 0.5 . ke ¥ 1.4

Py+Pp = 1.48 Kp/mm® £

— TABLE 7.7/1 -




~ 106.

SHAKE DOWN ANALYSIS

Highest metal temperature in a point
of the radial section ...ceecvcciccess Tpay =550 °C

Lowest metal temperature in a point
O.E the I‘adial SeCtion e envresscscsesoee e Tmin=210 OC
Allowable stress at Tpax eeececscsscecs Spu(Tmax) = 7.7 Kp/mm?

Allowable stress at Tmin tessssccscsesen Sm(Tmin) "-'-10.6 Kp/!nm2

Allowable Stress £OT TeSt B .ecesesees Sy = 9.1 Kp/mm2

P1 + Pp+Q & 3 Sp-

P1+Pp+Q = |((-7.209) - (0.0))

7.209 Kp/mm> < 3 S, = 23.1 Kp/mm°

— TABLE 7.8/1 =
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RATCHETING ANALYSIS
(Test 3)
STRESSES DURING TRANSIENT T8
TIIE t = 54 sec TINE t = 49 sec
€ | 65 | 6z | o | Cr |00 |8z | o
(p/mn?)| (Kp/m2)| Kp/ma?)| 7 | (Kp/mm2)| (Kp/mn?)i(p/mm?) ‘
Pressure 0.0 1.48 0.0 Pn 0.0 1.48 0.0 Pp
Thermal transient 0.0 | -5.803| =7.209| @ 0.0 | 2.989 | 3.682| @
Thermal transient 0.0 «2.532] =2.493 F 0.0 1.352 1347 F

~ TABLE 7.9/1 =
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RATCHETING ANALYSIS

(TEST 3)

mximm metal temperature ® 0 &0 090 v as tooeooPE PR eO NS Tmax s 550 oc
Minimum metal temperature .cececececsescescssceee Tpin = 210 °C

Yield Btl‘eng‘th atTmin et ceccsssnsstcaccsssanenea Sy = 11.85 Kp/mtn2

.x=(1>1+fl’.)/sy v - {9)nax
Kt Sy
Ply o
Kt = 1;.x5(1_zgo Y1+ K Kg = oL (X~ 1)

K = 1.27 (from ASME Section III App. A Table A-5221(a)-1)

L= 0.5

Ks = 0.14 Kt = 1.14
P1 Pv QR | ' 6™
X z
(kp/m?) | (kp/mm?) | (Kp/mm?) K T (Xp/mn?)
1.48 | 0.0 10.891 1.14 | 0.125[ 0.919 | 0.115 1.7

() &¢ =1.258;2

Entering the isochronous stress- strain curves at temperature 550 °C
21000 °F) and for any time, by © ¢, we read no significant strain,
4 due to creep.

-~ TABLE 7.9/2 -
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. The step by step procedure suggested in T-1410 in the
Appendix T of Code Case N-47-17 has been carried out

and the results are described in table 6.10/1.

. Considering the actual operating conditions, no modi
fications have been applied to the Poisson ratio as
requested by T-1431 Code Case N47-17; the reasons are

contained in Franco Tosi Short Notice 16/4/82.

. The total fatigue damége is given-by adding the fati

gue damages due to:

— 60120 transient T8 cycles (see table 7.10/1). The
mumber has been obtained by the sum of 30000 T8 type
cycles, 30000 T9 type cycles, 60 T15 type cycles
and 60 T16 type cycles.

— 3250 transient T114T12 cycles (see table 7.10/2).

From this analysis the following damage has been ob-

tained

DT = D1 + D2.= 0.25

It has to be noted that the creep damage'has been
neglected because is very small: in fact the thermal
stresses are very short in time during cloud passage and,
on the contrary, the stresses extended in time are the
mechanical ones (overnight transients) that are low

(see table 7.5/1).
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FATIGUE ANALYSIS

| : TRIE t = 49 sec TILE t = 54 sec
TRANSIENT
[ g € r Gs. | Gz | Gr | Ge | 6z
(Kp/mn?)| Kp/mn?)| p/mm2) | Kp/mm?)|(Kp/mm?)| Kp/mm? )
Load contr. 0.0 1.48 0.0 0.0 1.48 0.0
Strain contr. 0.0 2.989 { 3.682 | 0.0 | -5.503 —7.209 
Peak : 0.0 1.352 1.347 0.0 =2.532 | -2.492
6 yic = 0.0 Kp/mm?
O ysc = 10.891 Kp/mm2
SYyF = 3.884 Kp/mm?
Calculation of Et s D
€t = (—SS—*)Kzén + K&, + Kp EF E = 15700 Kp/mm?
with €n=Ec +—;— 6 ysc
*
§§—= 13 K=13 Kp=13 €<>= 0
\~‘.> 6 *
£y = Ovic + Ovsc_ + —YE 2 0,000941
E E E

Entering the fatigue curves we read

Ng= 1.19x 106 / 5 cycles; n = 60120 operating cycles

n
Dy = 2 - 0.25
17 hg

' = TABLE ,7.10/1 -




FATIGUE ANALYSIS
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Calculation of 81; s D

: »* :
81; = (-S—S-):{Zgn ‘*‘Kic + Kp Ex

with gn = éLC +-;—- 67yse
*
°s—s-=- 13 X = 1 3
£y - OvLe Tyse  , O
E E B

Entering the fatigue curves we read

o -

D, £ O

-l

KT=1;'EO=O

0.000763

- TABLE 7.10/2 -

2 = 15700 Kp/ma®

5.6 X 106 / 5 cycles; n = 3250 operating cycles

. TDE t = 40 sec TILE t =1005 sec
TRANSIENT —~
11 \+ T2 Z: Gy | Gz | Gr Ge | Oz
(p/mm?)| @p/mm2)| (Cp/mn?) | Kp/mn?)|(Xp/mm?)| (p/mn?)
Load contr. 0.0 1.48 0.0 0.0 1.48 0.0
Strain contr. 0.0 1.352 | 1.651 { 0.0 ~5.969 | =7.312
Peak 0.0 0.546 0.548 0.0 -2.464 | =2.436
 &ysc = 8,963 Kp/m?
Syp = 3.0 Xp/mm?
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NOTE: The elastic analysis rules applied in this note
may be used because elastic ratcheting rules have been

satisfied.
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FLAT HEAD

The flat head geometry is shown in fig. 8/1.

TRANSIENT DESCRIPTION AND THERMAL STRESS EVALUATION

The thermal transients considered are the same adoE'

ted at point 7.1,

The thermal stresses are assumed similar to those in
tube-header conrection section A-A (see point 7.3.) al-
though the flat head had a greater thickness because in
the flat head the analysed tramnsients have effects dam-

ped by the header sodium thermal inertia.

STRESS EVALUATION DUE TC MECHANICAL LCADS

In the considered section, the main mechanical load

is the pressure.

The pressure stresses has been easily determined by

ASME Section VIII, pDivision 1, UG34 formulas.
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'8.3. STRESS TABLE ACCORDING TO ASME CRITERIA

In table 8.3/1 the stresses with their classifica-

tion by definitions in 3213, Code Case N47, are shown,

8.4. BURSTING ANALYSIS

The tpin and Tmin » requested.in UG34, ASME Sec

tion VIII are calculated.

The allowable stress value Sp is determined conser
vatively corresponding with the maximum metal tempera-

ture at the hottest Ccross section,

In table 8.4/1 these calculations are carried out.

8.5. OPERATING CONDITICNS ANALYSIS

See for that analysis the methodology used at point

6.7.; the results are collected in table 8.5/1.

8.6. SHAKE DOWN ANALYSIS

See for that analysis point 6.8. and table 7.8/%.




STRESS TABLE AT MOST STRESS POINT FOLLOWING

ASME CRITERIA
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. oy 65 =
origin (kp/mn2) | (Kp/mn2) | (Xp/mm2) | €888
Pressure 0.0 2.1% 0.0 P
Thermal transient 0.0 -5.803 -7 .209 Q
Thermal transient 0.0 -2.532 -2.493 F
(#) calculated as d2E—

t2E

- TABLE 8.3/1 -




BURSTING ANALYSIS

Header inside diameter

Required thickness of header for
pressure (see table 7.6/1)

Actual thickness of header
Allowable stress value at Tmax
Design pressure

Joint efficiency (from table UW-12
for type No. 2)

tpin = d \ICP/SE

117.

d. = 152 mm

ty = 0.97 mm
ts = Smm
S = Sy = 7.7 Kp/mn®

p = 0.061 Kp/mm2

E=0.9

with C = 0.33 m (from fig. UG-34 for type b-2)
t
m e
tS

tpin = 3.61 om < 7 m

rgin = 0.375in% 9.5} m < T = 10m

- TABLE 8.4/1 -
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OPERATING CONDITIONS ANALYSIS

Highest metal temperature in a

point of the radial section e¢ceeeeeves T = 550 °C

Allowable value for general primary
membrane stress at TmaX ecccessceceses Spr = 7.75 Xp/mm?

Allowable Stress at Tmax ® 8¢ 008500000 Sm = 7.7 Kp/mm2
Time dependent stress a Tmax eeceeceee St = 8.4 Kp/mm2
£

2,1 kKp/mm?® € 7.75 Kp/mm2

1.5 Sm
P1+Pb < < -
K¢ St
PL, o
Kt=1+Ks(1--§—t— = 14 Kg _ Ks = oL (x=-1)

K= 1.5 (from ASME Section III, App. A Table A-9221(a)=-1)
KL= 0.5 . " Ke = 1.25
“1.5%7.7 = 11.6 Kp/mm2

P1+Pp = 2.1 Kp/mm® £
| 1.25 x 8.4=10.5 Kp/mm®

- TABLE 8.5/1 -
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8.7. RATCHETING ANALYSIS

| see for that analysis point 6.9. and tables 8.7/1

and 8.7/2.

8.8. CREEP-FATIGUE ANALYSIS

see for that analysis point 7.10, and tables 7.10/1

and 7.10/2.




RATCHETING ANALYSIS
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(Test 3)
TIME t = 54 sec TILE t = 49 sec
€r | 6o |6z | o | Gr |6 |G, CL
®p/mn )| (Kp/mm2)| ®p/mn2) | ™ |(kp/mm?)| (Kp/mn?)i(Kp/mm?)
Pressure 0.0 2.1 0.0 Pn 0.0 2.1 0.0 Pn
Thermal transient 0.0 -5.803 -7.209 Q 0.0 2.989 3.682 Q
Thermal transient 0.0 [-2.532 | -2.493 F 0.0 1.352 | 1.347 F

- TABLE 8.7/1 -




121,

RATCEETING ANALYSIS
(TEST 3)

Maximum metal temperature Ceceencasssasssacsnasas Tméx = 550 °C

Minimum metal temperature Veeeessesssessessssssss Tpin = 210 °C

Yield Strength atTmin ....000.......:.'...CI...... sy = 11.85 Kp/mm2
X = (P + 22y/ Sy Y « (Q)naz
’ 3 RV oL
Ki = 1+ Kg(1-—) ¥ 1 + K Kg = o€ (¥~ 1)
S¢ ‘
K = 1.5 (from ASLE Section III App. 4 Table A-5221(a)-1)
ol = 0.5 .
Kt = 1.25
P1 Po QR | &>
X X Y Z -
(kp/mn?) | (Xp/mm?) | (Kp/wm?) k (Kp/mm2 )
2.1 .| 0.0 10.891 1.25 0.177 | 0.919 | 0.163 2.4

(#) & = 1.25 Sy Z

Entering the isochronous gtress- strain curves at temperature 550 °C
(21000 °) and for any time, by ©7¢, We read no significant strain,
¢ due to creep. -

- TABLE 8.7/2 =
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9. DOWNCOMER -~ HEADER CONNECTION

In fig. 9/1 the downcomer - header connection is

shown. This section is stressed by the following loads:
1) thermal stresses due to transients;

2) stresses due to downcomer flexibility including the

maximum earthquake.

Stresses at point 1) have been reasonably considered

similar to those determined at point 7.3.

Stresses at point 2) have been determined by Bijlaard

formulas. -

In table 9/1 the stress in the most representative
point are reported. In table'9/2 and 9/3 the operating
conditions analysis and the reatcheting analysis are car

ried out respectively.

The Eétigue damage is evaluated adding to the damage calcu
lated at point 7.10. the damage due to 10 earthquake cycles
connected with T8 type transient. In table 9/4 this analy

sis is reported.
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STRESSES AT POINT "A"

124,

TIME t = 54 s8ec TILE t = 49 sec
€r o | 67 e | Cr_| b Gz CL.

Kp/on?)| Kp/m2)| Kp/mn2)| ™ |(xp/mn2) | (Kp/m?)|(Ep/mm2)
Pressure 0.0 | 1.48 | 0.0 | Pn| 0.0 | 1.48 | 0.0 | B,
Thermal transient d.O ~5.803 |-7.209" Q 0.0 2.989 3.682 Q
Thermal transient 0.0 ~2.532 |-2.493 - F ‘0.0 1.352 14347 F
Earthquake 0.0 {+0.72 [+1.75 Pp | 0.0 [+0.72 [+1.75 | Pg
Earthquake 0.0 +7.0 +3.32 Py 0.0 +7.0 +3.32 Py

- TABLE 9/1

DO S Rt
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OPERATING CONDITIONS ANALYSIS

Highest metal temperature in a _ ’
point of the radial section sccceeessn Tmax 550 °C

Allowable value for general primary

membrane stress at Tmax evsoes v eecese e Smt 7.75 Kp/mm2 _

Allowable stress at Tpax seccescescses Sm = 747 Kp/mm2
Time dependent stress a Tmax eseseeses St = 8.4 Kp/mm2
£
2.20 Kp/mm? € 7.75 Kp/mm®
1.5 Sp
P1+Pb < -
K¢ S¢
Kt=1+K3(1—-§%)g1+KS Ks = oL (x-1)

K = 1.27 (from ASME Section III, ApPp. A Table A-9221(a)-1)
x= 035 B ) Kt = 1.,14
1.5%7.7 = 11.6 Kp/mm?

Py+Pp = 9.2 Kp/mm® £
1.14 x 8.4=9.6 Kp/mm?

- TABLE 9/2 - .
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RATCEETING ANALYSIS
(TEST 3)

Maximum metal temperature ceeeeececsssceccacccasce 550 °C,

43
K

210 °C

Minimum metal tempeorature ccececccecoccccecccsces Tpin

11.85 Kp/mm?

Yield Streng‘bh atij_n sscsscsecsssnssesssacscansne Sy

Kt . Sy
Kt = 1 L2 o (x
b1 KO- ¥k Kg = o (k- 1)

K = 1.27 (from ASME Section III App. A Table A-5221(a)-1)

oL 0.5

Kt = 1.14
P1 Pb QR % < I . 6%~
(kp/mn?) | (Xp/mn2) | (Xp/mm?) (Xp/mm2)
2.2 | 7.0 8.792 | .1.14 | 0.704 | 0.742 | 0.8047] 11.92

(*) & =1.25 5,2

Entering the isochronous gtress- strain curves at temperature 550 °C
(21000 °F) and for a time of 30000 h (very conservative), an acceptable
strain of 0.22% is found.

- TABLE 9/3 -




FATIGUE ANALYSIS

Calculation of D4

Dy ¥ 0.25 (see table 7.10/1)

Calculation of D2

D, ¥ 0.0 (see table 7.10/2)

Calculation of D3 (see table 9/1)

&ye = 15.44 Kp/mm2
6ysc = 10.891 Kp/mm%_
&yr = 3.884 Kp/mm®

Hence

€4 = 0.001925

Entering the fatigue curves we read

Nd = 1047'5 cycles 3 n=10 .operating cycles

D3 = _.-r-l-— = 0.005
Nd

From this analysis the following damage has been obtained

DT hd D1 + D2 + D3 = O=025 + 0.0 + 0.005 £l 0026

- TABLE 9/4 -
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_APPENDIX 1

1. ALLOWABLE STRESS LIMITS FOR AISI 316 L

The following tables contain, as a function of the
temperature, the values of allowable stresses that are
used by Franco Tosi in design of stainless steel |

sodium component working of high temperature.

The definition of the term used is assumed according

Code Case N47-17 sub. 3221,

1.1 Maximum allowable design stress intensity So '

-

T : So
(°C) (N/mm2)
20 107
100 105
200 96
T 3C0 95
40C 86
500 g0
600 72




1.2 Maximum time independent stress intensity

1.3 Maximum temperature dependent stress intensity.

The value is tabulated for a working time of

30000 hours.

T Sm
(°C) (N/mm?)
20 115
100 115
200 107
300 94
400 85
500 80
600 72

T St
(°C) (N/mm2)
450 114
500 100
550 83
600 53

Sm

130,
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- 1.4 Maximum allowable value for general primary membrane
‘ stress intensity  Spt
|

The value is tabulated for a working time of 30000 h

T Smt2
(°c) (N/mm=)
450 83
500 80
550 76
600 53
1.5 Yeld strenght sy
T ' Sy
(°c) (N/mm?)
20 172
100 143
200 119
- 3C0 105
- 400 95
500 89
600 80

s e v e s o el et < % "3 M= i e  piv s
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1. PHYSICAL PROPERTIES

The following tables contain, as a function of the
temperature, the value of physical properties used by
Franco Tosi in design of stainless steel sodium compo-

nent working at high temperature.

1.7, PHYSICAL PROPERTIES FOR AISI 316L

1.1.1. Thermal expansion

Temp(eox(':a)ture o ¢ 10-6
20~ 100 16
20 - 200 17
20 - 300 175
20 = 400 17.8
20 - 500 18.0
20 - 600 18.2
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Te1.2. Sbecific heat capacity

Temp. CP
(°C) (J/Xg °C)
100 500
300 552
400 578
500 604
600 630

1.,1.3. Thermal conductivity

iiQS' W/m °C
100 16
300 19
400 20
500 . 21
S 600 22

1.17.4. Density

S) = 8. XKg/ dm3
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1.2, PHYSICAL PROPERTIES FOR SODIUM

1.2.1. Density

emp.

T( ocp) kg / m°
100 926.
300 880.
400 857
500 833.
600 809.

1.2.2. Specific heat capacity

oy 3/xg °C
. 100 1383
.. 300 - " 1304
400 1278
500 1262
600 1254




1.2.3. Thermal conductivity

fﬁﬁg' W/m oc
100 86
300 76
400 71
500 66
600 61

136.




IEA ALMERIA PROJECT

ADVANCED SODIUM RECEIVER
ASR

Tube~stirrup supporting plate connection

analzsis

Topic Report No. 13
Revision O
January 1983
Prepared by: ENEL
FRANCO TOSI
AGIP NUCLEARE




CONTENTS

7.

Abstract

Analysis limits and structure description
Material basic data

Thermal transient description

Loads analysis

Tube-supporting plate analysis

6.1. Analysis methodology

6.2. Temperature field evaluation

6.3. Thermal stresses evaluation

6.4. Stress table following ASME cCriteria
6.5. section "A-A" analysis '

6.6. Section "B-B" analysis

Conclusion

Appendix 1

Appendix 2




‘ 1. ABSTRACT

The main object of this report is the analysis of the
plate connecting the three tubes assembly in the stirrup

supporting system.,

The main stress status in the plate is related to the
different thermal inertia during transient between the
plate itself and the tubes: therefore a shrink effect has
to be expected in the tube zone and a compression (trac-

tion) in the plate zone.

The effects of all the transients considered in Topic

Report No. 6 are analyzed including the earthquake effects,




2,

2. ANALYSIS LIMITS AND STRUCTURE DESCRIPTION

The analysis refers to the tube supporting plate sub-
Jected to stationary mechanical loads and thermal tran-
sients originated by direct heat flux and by time depen-

dent sodium temperature and flowrate,

The considered part consists of a slice of the three

tubes assembly and of the connecting plate,

The most important geometric characteristics of the

structure are rapresented in fig. 2/1,

et e
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3. MATERIAL BASIC DATA

The receiver tube material is SANDVIK Alloy 3R60 cor
responding to the ASTM 316L type.

The stirrup plate is ASTM 316L type.

The material mechanical properties are reported in

Appendix 1.

The thermal properties of the alloy and of the sodium

are collected in Appendix 2.




4. THERMAL TRANSIENT DESCRIPTION

In order to have a complete lifetime analysis of the
parts of the receiver hereafter considered an extensive
evaluation of all the transient conditions described in
Topic Report No. 6 has been carried out by means of the
simulation code for the receiver dynamic analysis descri

bed in Topic Report No. 4.

The behavior of the temperatures for the different

transients have been reported.corresponding~ujtheJastj;
radiated section of the fifth panel. The chosen section gives

the most unfavorable situation in the considered element,

The following transients in the ASR lifetime analysis

are examined:
1) Normal operating conditions

Three types of shading - reinsolation sequences caused

by a cloud passage are considered other than the nor-

mal daily cycling:

a) shading and prompt reinsolation;

b) shading over a period of 5 minutes and succedlng
reinsolation;

c) shading for long time (35 minutes) and succeding

reinsolation.




2) Upset conditions

d) Failure of the control system of the pump in case

of 100% reinsolation (flow rate at 10%).

e) Failure of the control sSystem of the pump in case

of shading of the field.
£) Loss of electrical power supplay of the sodium
pump.
3) Emergency conditions

The earthquake effects of 1 event per year has been
considered; cautiously to the earthquake the "e" tran-

sient has been associated.

The following conditions have been cautiously assumed
in accordance to the Topic Report No. 6:
- "a" type cloud passage transient

. Ccloud velocity of 50 Km/h;

. 3000 cloud passages per year;

. sodium temperature behavior as reported in fig. 4/1

(transient T8);

. the level of the peak incident flux before the cloud

passage is that corresponding to}the design point.
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- "b" type cloud passage
. cloud velocity of 50 Km/h;
« 3000 cloud passage per year;

+ Sodium temperature as reported in fig. 4/2 (tran-

sient T9).

In order to simplifying the analysis, a comparison bet-
ween transient T8 and T9 has permetted the assumption

of the former as the most representative one; therefore
the damage of "b" transients is evaluated on "a" tran—

sient basis.
- "c" type cloud passage transient
. cloud velocity of 50 Km/h;-

o 325 cloud passage per year;

. the sodium temperature behavior has been assuméd‘as

the combination of transients T11 and T12 (fig. 4/3);

« the level of the peak incident flux before cloud pas-
sage is corresponding to the design point (equinox
noon),

- "d" type transient
.« 6 events per year;

« the level of the peak incident flux is corresponding

to the design point (equinox noon);
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. sodium temperature reported in fig. 4/4 (transient

T16).

In‘ordér to simplifying the analysis, a comparison
between transient T12 and T16 has permetted the assump
tion of the former as the most dangerous one; therefore
in the lifetime analysis the strain range of T12 has

been asswned rapresentative for T16 as well.
- “e" type transient
. 6 events per year;

. the level of the peak incident flux is corresponding

to the design point (equinox noon);

. temperature behavior is reported in fig. 4/5 (tran-

sient T14).

Again for simplification purpose a comparison between
the sodium temperature ramps and flowrate of transient
T14 and of transient T12 in the decreasing sense, has
permetted the assumption'of transient T12 as more dan

gerous than.

- "f" type transient
| . 6 events per year;

‘ . the level of the peak incident flux is that corre-

‘ sponding to the design point (equinox noon);
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i temperature behavior is reported in fig. 4/€

nsient T15),

i¥ & comparison between the sodium temperature ramps

flowrate of transient ™5 and of transient T8 in

decreasing temperature zone has permitted to assu
"8 as upper bound between the two transients with a

e a

gimplification of the analysis.

the aforementioned transients have been calculated

ding to the conditions reported in the Topic Report

N P
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16.

LDADS ANALYSIS

In the assumption of linear elastic behavior of the
material, the stress conditions have been de termined by

means of the superimposition of the following effects,

1) Stationary stresses due to internal pressure (in the

tube sections).

2 Self equilibrating time dependent stresses due to the
linear and nonlinear parts of the temperature distri-

bution in the tube sections,

3) Stationary stresses due to the weight (in the tube

sections).

4} Self equilibrating time dependent stressed due to the
linear and nonlinear parts of the temperature distri-

bustion in the plate sections.

Stresses at point 1) can be easily determined by for-

milas,

Stresses at point 2) can be found by finite element
“aleulations for the nonlinear temperature distribution
and by a flexibility analysis using beam element discre-
tization for the linear temperature distribution: the
latter procedure (flexibility analysis) is used for the
calculation of the stresses due to the weight (point 3)

as well,

(.= N
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Stresses at point 4 are carried out by 3D finite ele
ment analysis starting from the time depehdent tempera-—

ture field evaluated from the heat flux and sodium floy

rate boundary conditions.
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TUBE~-SUPPORTING PLATE ANALYSIS

ANALYSIS METHODOLOGY

The analysis consists in the evaluation, for each
of the transients presented at point 4, of the thermal
field in the structure. In order to carry out the life
time calculations, the most representative time in-

stants are selected that give the maximum strain range.

A detailed description of the methodology is repor-

ted in Progress Report No. 9.

TEMPERATURE FIELD EVALUATION

A group of three tubes connected by plate of the
stirrup style supporting system is considered; the in-

ternal surface of the tubes is wetted by sodium with

a time variable temperature.

The structure under analysis has two simmetry pla-

nes: the part actually considered is shown in fig. 6.2/1.

All further considerations are related to the sec-
tions labelled "AA" and "BB". The section "BB" is the
most stressed plate section, section "AA" is the most

tube stressed sectibn.
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20.

In fig. 6.2/2 the 3D mesh is shown with "20 nodes
brick" finite elements: the mesh is used both for the
thermal calculation (FLHE code) and for mechanical

calculations (BERSAFE code),

In tables 6.2/1-6.2/2 the discretizations of the

thermal transients considered are reported,

Every time interval is subdivided in 5 time steps:
at each time a forced convection must be applied to the
sodium wetted surfaces; the external surfaces of the

tube and the plate are assumed to be adiabatic.
For sodium physical characteristics see Appendix 2,

In fig, 6.2/3-6.2/4 the temperature behavior in the
considered "A-A" section are presented for two time
instants giving the maximum range during the different

transient conditions,

THERMAL STRESSES EVALUATION

With the loading conditions given by the nodal tem-—
perature obtained by the FLHE code, stress analysis in
the most representative time instants has been perfor-

med by means of the finite elements programm BERSAFE,
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THERMAL TRANSIENT T8

22.

TIME | TEMPERATURE | FLOY | DENSITY | VELOCITY | HEAT COEFF.
(sec) (eC) (xg/sec) | (Xg/m3) | (m/sec) (‘:‘/’/m2 °C)
o 532 7.3 825.41 2.00 39801

2 532 6.4 | 825.41 1.75 38365
14 492 . 0.7 835.05 0.19 28925
36 420 0.7 852.25 0.19 30357
45 413 0.7 853.92 0.19 30562
47 412 369 854.15 0.98 36580
52 468 11, 840.80 2,96 46688
23 479 1. 838.17 2.68 46677
59 450 1. 845.11 2.95 47257
62 458 1. 843.19 2.96 46572
70 440 11. 847.49 2.94 47544

102 440 1. 847.49 2.94 47544
107 440 10.33 | 847.49 2.76 46431
130 477 T.3 838.65 1.97 40790
160 526 7.3 826.86 2,00 35801
200 543 T.3 822.75 2,01 39547
300 . 532 7.3 825.41 2.00 35801

- TABLE 6.2/1 -




THERMAL TRANSIENT T11-T12
|

TTME | TEMPERATURE | FLOW | DENSITY | VELOCITY | HEAT COEFF.
(sec) (°c) (Kg/sec) | (¥s/m3) | (m/sec) | (7/m® °C)
o | 532 7.20 | 825.41 1.98 39801
14 479 C1.61 | 838.17 0.43 31128
27 421 1.11 | 852.02 0.30 31214
38 419 0.70 | 852.49 | 0.19 30357
130 398 0.70 | 857.47 0.19 30768
190 - 350 0.70 | 868.81 | ~0.18 31796
312 308 0.70 | 878.66 0.18 32622
597 210 | o0.70 | 878.66 0.18 34696
1050 210 0.70 | 878.66 0.18 34696
1052 | 210 2.4 878.66 0.60 38245
1055 270 4.4 887.51 1.12 40630
1056 283 6 . | 884.49 1.53 43483
1058 277 9.4 885.89 2.41 48949
1059 274 Se4 886.58 2.40 49239
‘ 1088 406 . 9.4 855.58 2.50 " 45851
i . 1098 450 7.6 845.11 | 2.04 42154
" 1103 465 6.8 | 841.52 | 1.83 40459
1126 525 6.8 | 827.10 | 1.86 38943
1168 545 6.8 822.27 1.87 38444
1250 545 6.8 822.27 1.87 38444

- TABLE 6.2/2 -
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26.

The maximum Principal stresses for transients T8
and T11-12 related to sections "pA" ang "BB" are pre-
sented in tables 6.3/1-6.3/2,

6.4. STRESS TABLE FOLLOWING ASME CRITERIA

In table 6.4/1 the stress Classification, valid, if
applicable, both for point A1 and B1, is reported. For
simplicity and with a great conservatism the effects
of the nonlinear bpart of the temperature distribution

has been classified as secondary stress (actually a
large part is F),

The values of the Stresses due to internal Pressure,

weight, tube assemblies restraints and direct heat flux
are taken from Topic Report No. 7.
6.5. SECTION "A-A" ANALYSIS

The anélysis is carried out at point A1 (see table
6.3/2).

The maximum stress values corresponding to time

t=1098 sec during transient T12 are reported ip table
6.5/1.
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|
|
‘ SECTION B - B
Point B1
B z
)
64
Time instant &% &y Oz
(sec.) (Xg/mn?)  _ (Kg/mm?) _(Xg/mn®)
PTRANSIENT T11-T12:2 27 0.11 0.81 11.43
1098 0.07 ~0.99 -15.19
TRANSIENT T8 e 36 0.048 0.66 G.66
160 ~0.4 -0.67 -8.23
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SECTION A - A

Point A1

Z
< —
x A x
7
- Time instant 6% Sy &7
(sec.) (Kg/mm?) _(Xg/mn®)  (Kg/mm?)

TRANSIENT T11-T123 27 ~0.41 -2.60 5.5

1098 0.69 3.75 =Te43

TRANSIENT T8 : 36 -0.37 ~2.32 4.60

| 160 -0.0039 0.81 ~4.16

- TABLE 6.3/2 -




STRESS CLASSIFICATICN ACCORDING TO

ASME CRITERIA

29.

Load origin Point A1 Point B1
Weight | Py
Pressure Py
Tube assembly restraints Q
Direct heat flux: Q
effect in the tube
Direct heat flux: 9 q
effect in the plate
Earthquake Py

- TABLE 6.4/1 -




STRESS TABLE - POINT A1 SECTION "A-A"

TRANSIENT T12

30.

LOAD €y Sz G x TTVE
Ke/mm2)| Kg/mm?)| Kg/mm2)| (sec.)
weight -0.09 0. Oo
Pressurs 0.17 0.34 0.
Restraints 10.64 0. O.
Thermal due to direct
heat flux ~3.2 -0.55 0.
Thermal due to plate
restraint effect 375 | =7.43 0.66 1098
Zarthquake +0.23 | o. o. |

- TABLE 6.5/1 -




6.5'1.

6-502.

6.5.3,

31.

Design condition analysis

The stresses for the design analysis are taken from

table 6.5/1; the design temperature is assumed as 530 °C.

In table 6.5.1/1 the detailed compliance analysis is

presented.

Operating conditions analysis

The allowable stress values Spt and S¢ are deter
mined for a working time of 30000 h at the maximum me-

tal temperature on the hottest radial section.
The analysis is carried out in table 6.5.2/1.
The earthquake effects, considered as level C opera

ting conditions, are presented in table 6.5.2/2.

Shake down analysis

The Sy value is taken as the average of the two
Spm Vvalue at maximum and minimum cycle temperature, ac-
cording to Note (1), fig. 4-130.1, Appendix 4, ASME Sec
tion VIII, Division 2 because all the considered secon—

dary stresses are thermal ones.

The analysis is presented in table 6.5.3/1.




DESIGN LIMITS

(ASME Section III, Division I, Subsection

DeSign temperature ® 00 000 08 00000 0sdde s o0 T
Allowable STress ..c.ceececccsccceceses Sp

Stress due to pressure and mechanical
loads (see also table 6.4/1) ......... Pp

32.

NA)

530 °C

= 7.82Kg/mm?

= 0.34Kg/mm2

P = 0.34 Kg/mm2 < S5 =7.82 Kg/mm2

m o
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OPERATING CONDITIONS ANALYSIS
(Normal + Upset)

Highest metal temperature in a
point of the radial section c.ceceeces Tpa, =545 °C

Allowable value for general primary

membrane stress at Tmax ecccesccecacee Smt = 7 .64 I(g/mm2

Allowable stress at Tpax secesescccese Sm  =7.64 Kg/mm?

Time dependent stress at Tpay <seseees St =8.47 Kg/mm2
£

0.34 Eg/mn? € 7.64 Kg/mm?

1.5 Sy
P11+ Py £
Kt St
PL, -
Kt=1+Ks(1-~§-1-:-)=1.13 ks = oC(k=1)
K= 1.27

1.27%7.64 = 9.70 Kg/mm?

Py + Pp = 0.34 xg/mm? &

1.13 x8.47=9.57 Kg/mm?

- TABLE 6.5.2/1 -
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OPERATING CONDITICONS ANALYSIS
(Level C)

Highest metal temperature in a

point of the radial section ..ceceeens Tmax = 545 °C

Allowable stress at Tpax ccecescccsesss Sp =7.64 Kg/nun2

Time dependent allowable stress at
Tmax ® & 8 08 5% 8 6 & O PO OGS PSS OO OGO O R e NS %t =8.47 Kg/mm2

1.2 Sp
Pn <
1.0 St
2
9.17 Kg/mm
0.87 Kg/mm? < 5
' 8.47 Xg/mm

~ TABLE 6.5.2/2 =-




.0_2 the radial section R R REEREE R Tmax
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SHAKE DOWN ANALYSIS

Highest metal temperature in a point

545 °C

Lowest metal temperature in a point
of the radial Section eeecececsecsscess Tpin = 210 °C

AllOWable Stl‘ess at Tmax PR EREXEIEIEIE BRI BN J sm(Tmax) o= 7.64 Kg/m2

Allowable Stress at Tpip eeccccceeseses Sm(Tmin) = 1057 Kg /mm2

Allowable stress for Test B ceetessees Sp = 9.105 Icg/mm2

P1 + P+ Q@ < 3 Sp

I(-o..09+ 0.17 4 10.64 = 3.2 + 3.75) = (0.34-0.55-7.32)] £ 3 Sp

18.91 £ 27.31 Kg/mm?

- TABLE 6.5.3/1 -
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6.5.4. Ratcheting analysis

6.505.

The presence of "Elastic follow-up" is reasonably

excluded in the following analysis,

In table 6.5.4/1 the stress values in two different
instants are presented in order to determin the maxi-
mum stress range during the T11-T12 transient that is

the most dangerous.

The step by step procedure proposed by T 1324 in the
Appendix T of Code Case N—47—17'has been applied and

the results are shown in table 6.5.4/2.

Creep-~fatigue analysis

The total fatigue damage has been evaluated according

to the following assumptions:

. Allowable number of cycles to use in equation (5),
T~1411, 1is taken from curves of fig. T-1420-1B, Code
Case N-47-17 with a riduction factor of 5 in the allow

able cycles number,

. The step by step procedure suggest in T 1410 in the
Appendix T of Code Case N-47-17 has been assumed and
the results are described in tables 6.5.5/1 +6.5.5/3.




RATCHETING ANALYSIS

Stresses during transient T11-T12

37.

TIME t = 27 8sec

TILE t =10G8 sec

LOAD €y Gz | 6Gx | 6y | 62 | 6x
Re/mm2)| Ke/mm?)| Ke/mn?) | Kg/zn?) (Kg/om?)| Kg/mm?)

Weight -0009 O. Oo -0009 o. Ol
Pressure 0.17 0.34 0. 0.17 0.34 0.
Restraints 10.64 0. 0. 10.69 0. 0.
Thermal due to direct
heat flu -3.2 —0055 Oc "'3.2 —0055 0.
Thermal due to plate ‘
Earthquake +0.23 O. 0. +0.23 0. 0.

— TABLE 6.5.4/1 -
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RATCEETING ANALYSIS
(TEST 3)

Mazimum metal temperature ...cicececccccsceccenes Tpaxr = 545 °C
Minimum metal temperature e.ecececececcccsceccscee Tpin = 220 °C

Yield Streﬁg‘bh atTmin IR T EREREREXRENXERE RN R NI NN NN ] Sy = 11.42 Kg/mmz

X (2 +-2)/ 5 r - (W)max

Ep = 1+ Kg(1--%) Ty = oL (K- 1)
S s

K = 1.27

Kg = 0.135

Xy = 1.13

P1 Py w® 4 \ x v 7 &%
(Kg/mm?) | (Xg/mm2) | (Kg/m?) (Kg/mm?)
0.40 0.0 19.29 1,13 | 0.03::] 1.60 | 0.05 0.75

(#) &¢ =21.252 2 x 8y

Entering the isochronous gtress- strain curves at temperature
545 °C and for any time, by & 5, we read no significant strain,
4 due to creep.

- TABLE 6.5.4/2 -




FATIGUE ANALYSIS

39.

TIME t =36 sec

TIME t =160 secv

TRANSIENT & n 6(3.. Gz

T8 G

6z

QR
Ke/un?)| Kg/mm2)| g/mm?) | Kg/mm?)| (X /mm?)| (Kg/mm2 )

Load controlled 0.0 0.34 0.08 0.0 0.34

Strain controlled ~0.37 4.05 5612 0.0 4,71

8.25

c'vsca

Kg/mm2
5.992 XKg/mm?

Calculation of st sy D
*
v = COXPEn + L& + T Er
with En = éLc +-J:- 67vsc
: ] ’

§1-1;K-1;Krp=1; €c=0
£ = 0.0007646 = 0.76 E-3

Entering the fatigue curves we read

Ng =(5.75 =x 106)/ 5 = 1,15 x 106 cycles 3 ng = 60060 cycles

nd

Di % ——— = 0.0522
1 T

- TASLE 6.5.5/1 -
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. FATIGUE ANALYSIS

| ‘ A ' TIME t = 27 sec TIME t = 1098 sec
NSIENT
TT%:J- 712 €z | Gs |Gz | Gp | &u | 6
Ke/mm2)| Keg/mm2)| Ke/mm2)| Ke/mn?)|(Kg/m?)| K 2/nm? )
Load controlled . 0.0 0.34 0,08 0.0 0.34 0.08
Strain controlleg 0.41 4.96 4.84 0.69 | =7.98 11.19

Oyse = 19.29 Xg/mm?

Calculation of Et s D
S* Ve b/ o .
5{‘:“ (?)A2£n+££c+wgp

mth €= Eg¢ +‘—;- Svsc

E4 = 0.00124

zntering the fatigue curves we read
‘ 4
Ng = 1.7 x 105/ 5 = 3.4 x 10 cycles 3 ng = 3370 cycles

Do = 24 _ 0.0991
Ny

-~ TABLE 6.5.5/2 -
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FATIGUE ANALYSIS

41.

‘ | TOE t = 27 sec TIE t - 1098 sec
| EARTHQUAKE
‘ TRANSTENT T11 - T2 €p | 6p | Gz | Gp | Ou |0z
\ € e/mm)| Ke/mm2)| Kg/mn?) | Ke/mm?)|(Kg/mm?)| (Ke/mm?)
Load controlled 0.0 | 0.34 0.08 | 0.0 0.34 0.08
Earthquake 0.0 | 0.0 [+0.23 0.0 0.0 |+0.23
| Strain controlled =0.41 4.96 4.84 0.69 ~7.98 11.19
, .
Eyic = 0.46 Egfmm®
&yse = 19.29 Xg/mm?
Calculation of €4 , D
€t = (—ss:)KZEn+K5c+KTE?
srita Can= éLC +—;‘-— 67rsc
¥
EE-- 13 K=13 Kp=13 €<;= 0

E¢ = 0.00127 -

Entering the fatigue curves we read

| n
d
D B e
I > "hg

0.0003

Ng = 1.54x 107 / 5 cycles ;

ng = 10 cycles

- TABLE 6.5.5/3 -
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Considering the actual operating conditions, no

modifications have been applied to the Poisson ratio

as requested by T 1431 Code Case N-47-17; the reasons

are contained in Franco Tosi Short Notice 16/4/1982.,

The total fatigue damage is given by adding the

damage due to:

60060 T8 cycles (see table 6.5.5/1 and considerations
at point 4.) as representative of type transients "a",

"b" and "Ell .

3370 T11-T12 cycles (see table 6.5.5/2 and again con
siderations at point 4.) as representative of type

transients "c", "d" and "e",

10 earthquake cycles comnected with (T11-T12) type
transient (see table 6.5.5/3), (Very conservative as—

sumption.)

3270 overnight shutdown transients (daily cycling)
approximatly assumed from Topic Report No, 7, Table 9

From the aforementioned detailed analysis, the fol-

lowing total fatigue damage has been obtained.

Dfatigue

= =0.1
D1+D2+D3+D4 0.1836

-

B o
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The total creep damage is given by adding the creep
damages due to the same loading cycles examinéd during

the fatigue damage analysis.

According to the step by step procedure suggested by
Code Case N-47-17 T1433 without considering the factor

K=0.9 the following damages have been carried out.

. DC1 Damage due to T8 transiént; see table 6.5.5/4;

. DC2 Damage due to T11-T12 transient; see table
6.5¢5/5.

. DC3 No creep damage has to be expected from earth

quake loads.

. DC4 Damage due to overnight shutdown transients
approximatly assumed from Topic Report No. 7

as DC4 = 0.0508

The total creep damage is therefore:

D = DC1 + DC2 + DC3 + DC4 = 0.058
creep

The total creep-fatigue damage is:

TOT ~ Dfatigue#'Dcreep




CREEP DAMAGE CALCULATION

TRANSIENT T8

10.38 Kg/mm2

n
]

S 12.79 Icg/mm2

k

T allowable > 3)(105

The creep damage for transient T8 is negligible,

~ TABLE 6.5.5/4 -

44,

DS
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CREEP DAMAGE CALCULATION

TRANSIENT T11-T12

S = 10.38 Kg/mm2

2

S = 12.97 Kg/mm
5

T allowable > 3x10

The creep damage for transient T11-T12 is negligible.

— TABLE 6.5.5/5 =




6.6.1.

6.6.2.

46.

SECTION "B-B" ANALYSIS

The analysis is carried out at point B1.

In the section BB there are no relevant primary
stresses therefore only shake down, ratcheting and

creep~fatigue analysis are carried out.

The stress values are taken from table 6.3/1 and are
referred to the T11-T12 transient that results as the

most dangerous.

Shake down analysis

The shake down analysis is presented in table 6.6.1/1

according to the procedure already described at point

6.5.3.

Ratcheting analysis

All -the consideration carried out at point 6.5.4.
are still valid; the stresses contained in table 6.3/1
are used in the analysis whose results are presented in

table 6.6.2/1.
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SHAKE DOWN ANALYSIS

mighest metal temperature in a point
of the radial secCtiOn .eeceeccceccccoce Tmax = 545 °C .

Lovest metal temperature in a point
of the radial section cccccececcceccns Tpin = 210 °C

Allowable Stress at Tmax > e ® e ... a e 8 o0 Sm(Tmax) - 7 .64 Kg/mz

Allowable stress at Toip secroveccssoss Sm(Tmin) =10.57 Xg /mm®

Allowable stress for TeSt B .....ee.e. Sy =9.105 Xg /mm?

PL+Pp+Q < 3 Sp

15.26 £ 3 x 9.105 £ 27.31 Kg/mn®
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RATCEETING ANALYSIS

(TEST 3)

Maximum metal temperature ....ceoeeeececeees eesss Thpay = 545 °C

Minimum metal_ temperature S es 0GB sRsRGILOSIGILQROGCOERBRTEOGES Tmin =220 °C

Yield. Streng‘th atTmin S8 s css003000 00000 tsaneS Sy = 11.42 Kg/mmz

K = 1-5

Ky = 1+Ks=;1.25

71 Py QR \ &%
(Kg /mm?) | (Kg/mn?) | (Kg/mm2) | X% X T 2| (Rg/mm2)
0 0 26. 62 1.25 0 2.20 0 0

Z=X.Y=0 ;3 'crb = € =0

There are not significant strain at the analyzed point.

- TABLE 6.6.2/1 -




49.

6.6.3. Creep—-fatigue analysis

The same assumptions and procedures used for the
wp-A" section are held; the earthquake and the daily
cycling loads have negligible effects in the conside-

red section.

Therefore:
Dfatigue =Dy + Dy = 0.9276
where:
D, Fatigue damage for T8 transient; see table
6.6.3/1. |
Do Fatigue damage for T11-T12 transient; see table
6.6.3/2.

= 1
Dereep total DC1 + DC2 =0

where:
DC4q Damage due to T8 transient; see table 6.6.3/3.

DCo Damage due to T11-T12 transient; see table
6.6.3/3. |

DTOTAL = 0.9276 < 1
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FATIGUE ANALYSIS

Transient T8

TIME t = 27 sec - TIME t =1098 sec

€x Oy Gz Gx Gy 0z
Ke/mn2)| Kg/mm?)| (g/mm?) | K g'mm?)| (K &/mn?)| (K g/mm?)

00048 0066 9.66 "‘004 —0067 _0023

Cysc = 17.44 Xg/mm?

Calculation of Eit s D

Et= CIPEn+ X & + X Er

with Cn= 5Lc +;— Crsc

E4 = 0.001038

zntering the fatigue curves we read

Ng = (5.74x 10 5)/ 5' = 11.4 % 104 cycles ;5 ng = 60060 cycles

- TABLE 6.6.3/1 -




FATIGUE ANALYSIS
‘Transient T11 - T12
TIME t = 27 sec TILE t =1098 sec
€x @y | 6z Gx | 61 | 67
Ke/mm2)| Kg/m2)| K o/mm?) | Kg/mm?)| (X g/mn?)| (Keg/mm? )
0.1 0.81 11.43 0.07 -0.99 -15.19
Oysc = 26.58 Xg/mm?
Calculation of E;t s D
S o
. (‘—s")KZEn*'Kic + Kp &7
with €n - éLC +-’—1E— 67rse
. _
2 .1; Kw1; Rp=13 -Ec=0

E4 = 0,001 596

Entering the fatigue curves we read

Ny = (4.19 x 10%)/ 5 = 8.39 x 10°
D, = 24 . 0.4016
Na

~ TABLE 6.6.3/2 -

51.

cycles ; ng = 3370 cycles
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CREEP DAMAGE

TRANSIENT T8

S 10.38 Kg/mm2

ym
Sx = 9.60 Kg/mm°

T allowable > 3x109

The creep damage for transient T8 is negligible,

TRANSIENT T11-T12

S 10.38 Kg/mm2

ym

il

12.97 Kg/mm>

il

Sk

T allowable > 3:(105

The creep damage for transient T11-T12 is negligible,

- TABLE 6.6,3/3 -
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CONCLUSION

A detailed stress analysis of the tube-plate assembly
has been carried out during all the envisaged operating

conditions undertaken by the receiver.

No particular problems have been recognized therefore

a good operability of the system has to be expected from

the stress analysis point of view.
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APPENDTIX 1
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1. ALLOWABLE STRESS LIMITS FOR AISI 316 L

The following tables contain, as a function of the
temperature,'the values of allowable stresses that are

used by Franco Tosi in design of stainless steel

sodium component working of high temperature.

The definition of the term used is assumed according

Code Case N47-17 sub. 3221.

1.1 Maximum allowable design stress intensity  Sp

T So
(°c) (N/mm2)
20 107
100 105
200 96
_ 300 95
) 400 86
500 80
600 72




1.2° Maximum time independent stress intensity

1.3 Maximum temperature dependent stress intensity.

The value is tabulated for a working time of

3CC00 hours.

T Sm
(°C) (N/mm?)
20 115
100 115
200 107
300 94
400 85
500 80
600 - 72

T St
(°c) (N/mm?)
450 114
5C0 100
550 83.
600. 53

Sm

56.




‘ 1.4 Maximum allowable value for general primary membrane

| | stress intensity  Spt

The value is tabulated for a working time of 30000 h

T Smt2
(eCc) (N/mm=)
450 83
500 80
550 76
600 ] 53
1.5 Yeld strenght Sy
T Sy
(°C) (N/mm?)
20 T a72
100 ' 143
200 119
- 3C0 ' 105
400 95
- 500 89
600 80
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APPENDIX 2

s e S T D B e . s

1. PHYSICAL PROPERTIES

The following tables contain, as a function of the
temperature, the value of physical properties used by
Franco Tosi in design of stainless steel sodium compo-

nent working at high temperature.

~

1.7, PHYSICAL PROPERTIES FOR AISI 316L

1.1.1. Thermal expansion

Tem%iisture " .10—6
20 - 100 16
20 - 200 17
20 - 300 175
20 =400 17.8
20 - 5C0 18.0
20 - 600 18.2
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1.17.2. Specific heat capacity

Temp. CP
(°c) (J/xg °c)
100 500
300 552
400 578
500 604
600 630

1¢1.3. Thermal conductivity

3325‘ W/m °C
100 16
300 19
400 : 20

500 21
600 22

1.17.4. Density

\? = 8. Kg/dm3




\ | ‘ ' | 61.

1.2. PHYSICAL PROPERTIES FOR SODIUM

1.2.1. Density

Tens. | xg/md
100 926.
300 880.
400 857.
500 833.
600 809.

1.2.2. Specific heat capacity

o 3/%g °C
100 1383
300 1304
400 1278
500 1262
600 1254




1.2.3. Thermal conductivity

Temp.,

(OCP) W/m °C
100 86
300 76
4C0 71
500 66
600 61

62.
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Examination of Quality Control System of Manufacturer

The following examinations concerning the quality control

system of the manufacturer shall be performed prior to

the workshop acceptance of the ASR:

- Check of the independency of the quality control departement

of the manufacturer

- Examination of the quality control manual of the manufactu-
rer and its application for the ASR fabrication

— Check of completeness of the inspection plan for the ASR
fabrication

- Examination of workshop drawings and other documents with

respect to actual Status, applied revision system and inter-
nal/external approval

-~ Control of the identification system for parts/items
- Examination of the quality control equipment with respect to

quality standart and adjustment procedures

— Examination of the official description of quality control

procedures which are applied on ASR fabrication (see inspec
tion plan)

— Examination of special procedure specifications (e. g. packing

and trasport)

Examination of Manufacturing Documentation

Prior to final workshop acceptance the following documents
which are part of the final documentation have to be
checked on completeness and conformity with the applicable

contractual specifications:




~ Inspection Plan

— Non-destructive Examination Certificates

- Final Workshop Inspection Certificates

- Welding Procedure Records Qualification

- Welding Plan and Weld Location Plan (weld list) with
respect to film identification

—~ Welders certificates

- Non conformity reports.

Finnl Workshop Inspections

At the end of the workshop manufacturing the following
inspections have to be performed (in accordance to the

ASR~inspection plan) and passed without any objections

as prerequisite of final workshop acceptance:

- Pressure test of the complete tube bundles of the receiver
incl. headers and connecting piping in accordance with the
test procedure

— Helium leak test of the complete receiver (pressure loaded

parts) in accordance with the test procedure

- Visual Control of the assembled receiver visual and spot

check on prefabricated parts of piping

- Dimensioning Control of the tube bundles, supporting struc-
ture, interface related connection points (piping, structure

ete.)
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