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MASTER

SBI International hae performed a series of simple model (SM) experiments for the Clinch
River Breeder Reactor Project (CRBR). The SM tests consisted of five experiments. The energy
mource used to simulate the core—disassembly accideat loads wmas a PETN-microsphere mixture,
awhich wae well calibrated. These experimeats were well instrumented and performed under care—
fully controlled conditions. The experimental data can be used as rsliable test data for vali-
dation of computer codes, as well s the modeling tecimique used in the computer anmalysis.

This paper deals with the REXCO~HEP code predictions of the SRI SM-2 test, which was a
dynamic test performed on 1/20th scale model of the CRBR. Two calculations have been performed:
one used the pressure history P(t) of the core detonation products as input, and the other the
prassure-volume relation {P-V) of the detonation preducts as input.

“The pressure loadings obtained with the REXCO code calculatioca are all in good agreement
with the experimental records. Nocg only do the calculatioms reproduce the general shape of the
pressure loading, but also they accurately predict the magnitude of pressures. The calcvlated
aall deformations are also in good agreement with the experimental measurements. However, the
upper wall deformation is slightly overpredicted while the lower wall deformation is underpre-
dicted by the code, despite of the good agreement in pressures and impulses. This is believed
«due to the lack of two-dimensional slidings in the code calculation. It is not due to a dis-
repancy in properties of the shell, because an adjustment of the shell properties would in-
«rease or decrease both deformations at ﬁhe upper and lower vessel wall in the same proportion.
“The calculated dynamic strain histories at wvarious gauge positions are also in agreel;\ent with
the experimental data, but the agreement is not as good as with other experimental data.

The pressure loadings and wall deformations obtained with the P(t) calculativms are in
better agreement with the experimental measurements than those obtained with the P-V calcula-
tions. 'Ihi.s i3 because the P~V relations used in the code calculation were derived from the
pressure gauge readings of the core gas, the measured surface motions of the slug and the
scalculated compressibility of the coolant; they may become less accurate at low pressures.
“Therefore, in performing code validarion calculations, the pressure history of the core gas
whotld be used in the analysis to describe the behavior of the core gas, if the P(t) values

are available form the experimental data.
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21' Introduction A
{ SRI International (forwerly Stanford Reseerch Institute) has performed a serles of simple

‘model (SM) experiments [1] for the Clinch River Breeder Reactor (CRBR) Project. The energy
ilourc- wsed ip these experiments was a PETN-microsphere mixture which waa contained in a
,-tpocial designed steel canister to simulace the core-disagseably accident loads resulting

‘from a postulated fuel-vapor expansion. The purpoges of these experiments were to (1) study 1
‘the scructural response of the CRER contaiuvment, (2) examine the effects of the upper core

idnternal strucrures on the slug—impact loads, eod (3) provide reliable test data for code ’

‘validacion.
The SM experiments consisted of five tests. Test SM<l ums a stavic test of the reactor

hsed cover. The other four tests SM-Z to SM-5 were dynamic tests performed on 1/20th scale
mndels of the CRBR. The complexity of the wodel was gradually increased from a relatively
wimple cylindrical shell in Test SM=2 to fairly cowmplex models in Tests 5M-4 and SM-5S.

All tests were perforwed by SRI, as were the evaluation, assessment, and interpretation
0f the experimental data. The pretest predictions were performed by General Electric (GE).
Argonne National Laboratory (ANL) performed post-test calculations, utilizing the experimental
‘data to validace the REXCO-HEP code and the modeling techmique used in the computer analysis.

This paper deals with the REXCO-HEP code predictions of the SRI SM-2 test. Two calcula-~
tiong have been performed: omne used the pressure history P(r) of the core detonation products
&8s input, and the other the pressure-volume relation (P-V) of the detonatioa products as in-
put. The major differences between the two calculations are discussed. 'Ihe_(gndeling of the
segmented radial shield materials and other internzls are aiso discussed.

2. Experimental Apparatus

The -apparatus used in the SM-2 test is showm in Fig. 1. It consists of a flexible ves-
wel, & core canister, a core barrel, segmented steel rings, a support platform, and a vessel
hiead cover. The vessel wall and core barrel were made from annealed nickel 200 to simulate

‘the stress-strain properties of the Type 304 stainless steel at reactor operatiag temperature.
“The core support platform was a 5.08-cm {2~in.)~thick steel circular plate connected to the
bottom of the vessel. The linwer part of the reactor below the core support platform was
onitted from the experimental model. Three pressure gauges (P1, P2, and P3).were placed
inside the segmeuted steel Tings to record the pressure in the core gas. Four pressure-gauge
bogses (P4, PS5, P6, and P7) were weided on the wessel wall. A single pressure gauge (P8) was
mounted at the center of the head cover to measure the slug-impact pressure. Seven strain
Gaugee (SG1, SG2, SG3, SG4, SG10, SG5, and SG6) were placed on the vessel wall at five dif-
ferent locations. Three strain gauges (SG7, SGB, and SG9) were placed on three of the hold-
down st;.tds. .

The core canister consisted of a stack of steel rings spaced at even intervals, two end
plates, and eight axial studs which held the steel rings and end plates together. The ex—~
plosive charge was a 19.7~g amixture of 90 PEIN and 10Z microspheres (by weight), placed
inmeide the canister rings and the steel end plates. The canister was supported by an alumizwe
etand.

The reactor cover head was a 2.79%—-ca (1.1-in.)-thick steel circular plate. Steel plates
wers placed on the top and bottom of the cover head to simulare the weights and reflector
plates of the CRBR reactor. The reactor cover head was connected co the vessel flange through

shear rings. Two wvater-position transducers (l-lsl and usz) were placed at the bottom of the

sMa
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cover head.
; .
i Four accslerometers were used, one on the cupport platforam and three on the head cover,

Jto massure the sccelerations of the support platform and the head cover.

3. Mathematical Model

' The machematical model used in the KEXCO-HEP analysis is shown in Fig. 2, whichk has the
same dimensions as those in the GE's model used for performing pretest predictions. The core-

gas bubble is divided into 8 zones. The volume of the gas zomes is 962 cm3, which wan the

-initial volume of the detonation products.

The tadial shield materials are represented by zones. They have the same configurations,
mass, and properties as the actual material. Although the radial shields were made of seg-
sented tings, they did exhibit considerable :cigidity and strength in hoth radial and circum—
ferenrial directions. Therefore, they cannot be represented by a hydredynamic naterial.
‘Modeling of the radial shield as a hydrodynamic material can lead to excessive core-barrel
sdeformations. This will in turn lcad to an underestimation of the slug-impact loauing on the
Taactor head cover and produce less deformations on the uppar vessel wall. Thas, in the REXCO
calculations, the radial shield was treated as a solid material with low yleld strength.

' Since the radial shield material was treated as z solid material, sliding lines must be
provided at the ioterfaces of the fluid and solild wzterials to avoid excessive zone distor-
tiong. In S¥-2 calculations, the sliding line was placed 3% the inner surface of the radial
sbield, starting at the top of the platform and extending all rthe way to the water surface, as
4dndicated by a heavy lipe in Fig. 2.

It should be pointed out that the slidiag lines allow the fluid to slide in one direction
-only. The expansion of the core gas after -woviag above the top of the radial shield and core
Dbarrel was still severely hindered by the lack of the radial wmotion of the fluid at points
-which were also the boundary points ¢f the core barrel and radial shield material. As a
result, the magniiudes of the preszure waves transmitred through the fluid to the iower ves-
@2l vwall are somevhat reduced. This reduction in pressures will affect the deformation of
‘the lower vessel wall quite svbstantially, for the lower vessel wall is often just strained
‘beyond its elastic limit. Oaz way to improve this sitvation is to treat the top radial shield
zones ag a hyfrodynamic matcarial, so that they can undergo some radial motion to facilitate
the transwission of a pressure wave arouﬂd the radial shield. Similarly, the core-barrel
lengti must be also shortened by one rone length (3.28 cm) to accommodate the radial motion
of the fiuid.

The core barrel is the first structural member placed next to the core canister. There-
fore, the modeling of the core barrel is very important in the computer analysis. There are
-two ‘ways in which a coraz tarrel can be modeled: one by continuum solid materials and the
other by thin shell scructures. In numerical analysis, the choice of a continuum or thin-
shall approach depends both on the geometry of the core barrel, and on the loading and re-
mponse that 1s of intevest. If the pressure-wave propagation through the thickness oi the
oore barrel is of importance, a continuum approach is more appropriate. If the thickner- of
tbz core barrel is relatively thin compared to other dimensions; and if the wave propagation
¢hrnugh tbe thicknes~ of the core barrel is of no interest, then it is advantageous to model
the core barrel as a thin-shell structure. Thus the motion of the core barrel can be defined
- by thee of the pidplane. thereby reducing the aumber of degree of freedom and iwproving tha
i stability of mumerical computations. If the core barrel is to be treated sas a continuum

‘e
.
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0lid material, the thickneas of the core barrel will have to be divided into at least three

$to five zones, so that the bending strength of the shell can be properly included in the anale-
‘ysis. This not only requires a large number of zomes, but also limit the time stepa to very
'‘small ‘ralues if an explicit integration scheme is used. 3ince the core barrel in the SM-2
?‘euc is a slender member, it was therefore modeled as a thin-shell in the REXCO calculations.
m, aliding lines were provided at both sides of the core harrel.

f -A® aentiocned earlier, the expansior of the core gas after moving above the top of the
xadial shield and core barrel 1s hindered by the lack of the radial motion of the fluid par-
‘ticles at the boundary points of the core barrel and radial shield material. The core-barrel
Jength was shortened by one zone length to facilitate the radial motion of the fluid.

The 500 g of #12 lead shot in the experiment were placed on the Mylar diaphragm above the
core cavister. The spaces between lead shot were filled with water. 1In the REXCO model, the
lesd shot was treated as a composite material which had a density equivalent to that of the
amiyture of lead shot and water. Therefore, the inertia effect was properly included in the
<@oalyeis. However, the cffects of cora-gas flow through the spaces between the lead shot and
the ralarive motion of the lead shots with respect to the surrounding fluid ware ignored.

The simmioum—canister support stand swus represented by four Lagrangian meshes.

The resctor vessel was modeled as a thin-shell (0.30226 em thick). It consisted of 23
finite elenents. The thicknesses of the two top vessel elements were increased to 0.39624 and
1.0 c@ to account for the increase in thickness due tc the tapered section and the vessel
£lange of the SRI test model.

Tha reactor cover was made of 2.7%-cm (l.l-ipn.)-thick steel plate. It was connected to
2hs vessel flange through shear rings. Thus, the reactor cover is strong enough to be con-
gidered as a nondeformable plate, and the motion of the reactor head depends on the movement
of the wassel flarge which was connected to.the support ledge by 72 holddown studs. The mass
-of #ir above thz water surface wae ignored in the analysis.

. Energy Source Input

Two types of input data can be used in the analysis to describe the behavior of the core
deronation products: a P~V velationship and a pressure-time history. The P-V relationship is
deteruined form the measurements of core pressure gauge and the corresponding increase of

Lors~gos volume. The latter increase was determined from the motion of the water slug. The
displacement of the slug was measured by means of a light ladder mounted on the water surface.
Since the increase in the volume of the vessel .and the compression of the water affect the
apuard motion of the water slug, these changes must be taken into account in the determination
‘¢f the P-V relationship for the core gas. .

The pressure-time hisiccy of the core gas can be obtained relatively easily if pressure
¢ransdurers can be mounted on the cere barrel. However, the pressure-time history depends
wery strongly on the reactor configuration. In other words, the pressure-time history of the
core gaz in Jne reactor cannot apply to other reactors if they have different configurations.

The P=V relationship of the SM-2 test was determined by SRI. Since the P-V determina-
+ionu involved the observed motion of the slug surface and the calculated values of the coolant
compressibility, the calculated P-V values are expected tc be less accurate than those of the
pressure~time history taken directly from the pressure record of the core gas. In view of the
-mvailability of the P-t values, two calculations were performed with the REXCO-HEP code. One

wusged the meagured pressure-time history of the core detonation products as input, and the
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other the P-V relationship as input. ~

5. Comparison of REXCO Predictions with Experimental Resulrs . ]
_ Here ocly the REXCO results which were obtained with P-t as input are compared with the '

axperimental data; the results obtained with P-V ag input will be discussed in Sect. 6.

; 5.1 Pressure Loadings
; _The preesvre loadings at gauge positions P4, ¥5, P6, P7, aud P8 are given in Figs.
3-7, respecktively, in which the REXCO ryesults are shown in solid lines and the experimental in
dotted lines. The pressure loadings at gauge positiocns P4, P5, and P6 on the vessel wall have
direct incident pressures aud reflections from the slug impact and subsequent wave interac-
tions, whereas the pressure loadings at gauge positions P7 ou the vessel wall (above the water
surface) and P8 on the head cover are due mainly to slugaimpac? pressures.

The REXCO-calculated iacident pressure loadings at the vessel wall are in excellent
agreement with the experimental records. This can be seen from the comparisons shown in Figs.
3-5. Not only the peak pressure and pulse shape are in agreement, but also are the wave-
arrival time and the duration of the pulse. However, the REXCO~calculated slug-impact pres-
sure loadings oo the vessel wall are higher than the experimental results. This is believed
due to -the use of sliding lines. -Another factor which resulted in higher slug-impact pres-
sures in the REXCO predictions was the mathematical model used in representing the lead shot.
A mentioned earlier, the lead shot in the REXCO model was treated as a mixture of liquid
(water) and solid (lead shot). Therefore, only the inertia effect was included in the anal-
ysis. The effects of core-gas flow through the spaces between the lead shot and the relative
motion of the lead shot with resyect to the surrounding fluid were ignored. As a result, more
energy was imparted to the coolanz slug. Also, the lack of the radial sliding caused more
energy to be directed to the axial direction. Therefore, REXCO-calculated slug-irpact pres-—
sures are expected to be higher than the experimental measurements. This can be seen from
the comparisons given in Figs. 4-6.

B Slug-impact time provides another .comparisoun for code validation. Experimental meas-
.urements indicated thatr rhe slug impact at gauge position P7 occurred at 2.36 ms, whereas the
calculations indicate that the impact was at 2.50 ms. The REXCO-predicted impact time was
about 0.14 ms later than the experimental value. Both experiment and REXCO calculation showed
two peaks. The calculated peak values are in good agreement with the measurements. At the
center of the head cover at gauge position P8, the REXCO-calculated slug~iumpact pressures are
somewhat higher than the experimental values, but the slug impact time in the REXCO prediction
is again about 0.14 ms later than the experimental value. Ordimarily, for a larger slug-impact
pressure, one could expect a higher silug velocity and an earlier slug-impact time. However,
this is not the case in the SM-2 comparisons. Experimental results showed that the coolant
glug had produced a smaller impact-pressure loading on the head compared with the REXCO pre-
dictions, but the slug impact time in the experiment was 0.l4 ms earlier than the REXCO pre-
diction. The exact reason for these contradictory results is not yet known. One possible
-explanation is that the air space above the coolant surface in the SM-2 test may have had a
gap less than the 3.429 cm (1.35 din.) specified in the REXCO calculatioms.

5.2 Wall Deforwatiuns
The profiles of the vessel and core barrel wall deformations are shown in Fig. 8,

where the experimental measuremects are shown in solid lipes and the calculated results in
dotted lines. The experimental measurements of the deformed vessel and core-barrel walls were
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ftaken at six diffe‘rén'tﬁmeridia;;. “the sgread—ft; ‘éxpefimenﬁa—r data is also indicated. The

jév-nll agreenent between the calculated and measured results is reasonable good. However,

the REXC?Y results on the deformation of the upper vessel wall are slightly larger than the ex—
;yetimtnl data, whereas the REXCO results are slightly underestissted for the lower wvessel-
!vd.l deformations. As nentioned earlier, those differences can be partly attributed to the
‘use of #liding lines which allow the water to -slide more freely in the REXCO calculations than
%.ctun.uy occurs in the experiment along the designated sliding surfaces. This can be further
‘seqn frew the comparisons of slug—impact pressures showm in Figs. 5 and 6: the REXCO-calculated
ilug-inpact pressures are higher than the experimental weasurements. The reason for a smaller
wall deformation predicted in REXCO calculations for the lower vessel wall is probably due to
.the leck of a true two-dimensional sliding capability in the REICO code. Although two top
zadial shield zones weres treated as adydrodynamic material, the radial motion of the core gas
in the Lagrangian calculations was etill not large -encugh to account for the actual movement
0f the detonation products in the experiment. This can be further seen from the comparisons
of slug~impact prassures: the differences between the REXCO-predicted slug-impact pressures
and the experimental measurements shown in Figs. 3 and 4 are less than those showm in Figs.
5 and 6,

5.3 Strain Measurements
The dynamic-strain measurement is perhaps the least accurate record in the experi-

megntal data. As can be seen from Fig. 8, the -strain-gauge records of wall deformation (shown

in dots) did not agree with those obtaiaoed from the post—-test measureaent. *¥Moreover, in the
On the other hand,

experiment, the dynamic strain gauge is often limited to straians of 2~32.
the cxzlculated dynamic strain values depend very strongly on the wvessel-wall properties used

in the calculatioas. Therefore, the dynamic—strain records obtaianed by strzin gauges are not
suited for code-validarion purposes. Nevertheless, the agreemsnt between the calculated and
measured strains is considered to be reasomably good. Detailed comparisons can be seen in Ref.
-{2]. Due to space limitation, they are mot given here. '
6. Comparison of P-V Predictions with P=t Results

“The P~V relationship used in the REXCO calculation was taken from Ref. [1], which was
~compiled by SRI from the data obtained in the four calibration tests. For the incident pres-
sure loads, the P~V results are in good agreement with the P-t results. The two loadings':'have

alwmost the same magnitude, duration, and shape. for the slug-impact loads, the P~V results

are slightly larger than the P-t vresults.

1t should be meptioned that the values of core-gas pressure were takes from the pressure
cecillograms, and the increases of core-gas volume were calculated from the movement of the
wiug su:rface and the cowpressibility of the coolant. Therefore, at low pressure levels, the
accuracy of the pressure values will decrezse and the computations for core-gas volume will
becume less accurate due to formation of cawvitation and spallation of the coolant surface.

‘The profiles of the vessel and core-barrel wall deformation obtained with P-V as input
-#re 'shown in Fig. 9. For the purpose of comparison, the results obtaiped with P-t as input
&re also plotted. As can be seen, the agreement In the lower vessel wall deformation is quite
good. Both calculations predict a maximum wall deformation of 2I. However, at the upper ves-
wsel wall, the deformations obtained wich the P-V data as input are considerably larger than
iThose with the P-t Adata as ioput. This indicates that there are some differences in those

‘twe gource terms. As mentioned earlier, the P~V data used in the computer calculations is
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jpalieved to be quite accurate at the early stage of the excursion when the core pressure is
elatively high. However, at low pressures, the data obtained from the pressure oscillograms
and the increase of core volume calculated from the slug-surface motion and coolant compress-
110114ty could become less and less accurate. Detailed comparison of P~V prediction with P-t
t at various gauges can be seen in Ref. [2]. ;
7. Conclusions !

SRI S¥2 experinent was performed with & calibrated energy aource in a simple cylimdirical
ivessal. The experimental data can be used as Teliabis test data for validetion of computer
;codu, &s well gs the modeling techniques used in the computer analysis.

: Of the three available experimental records: (1) pressure loadings, (2) final wsll
;defomtions, and (3) dynamic-strain histories, the best data for accurate comparison between
Axperiments and couputer results are the pressure loadings. This is because the pressure
Joading on the wall is least affected by the frejuency response of the discretized system and
the wall material properties used ia the analysis. Thersfore, comparison of prassure loadings
':J.sfmre reliable than compariscn of wall deformatirns, for the latter depend very strongly on
-the material properties of the vassel wall. 7The least reliable experimental data are the
-dynsmic-strain measurements.

The pressure loadings obtained with the REXCO code are all in good agreement with the
experimental records. Not only do the calculations reproduce the general shape of the pres-~
pare loading, but also they accurately predict the magnitude of pressures. The calculated
wall deformations are also in good agreement with the experimental measurements. This in-
dicates that the mathematical wmodel used in the REXCO analysis is quite adequate. From the
_.compsrison of P~t and P~V results, it can be concluded that the P-V data used in the computer
-calculations is quite accurate at the early stage of the excursion when the core pressure is
relatively high. For low pressures, the P~V data derived tfrom the pressure-gauge readings,
«#nd the surface movements and compressibility of the coolant may betome less accurate compared
v‘rlth thke P-t records obtained directly from the pressure—gauge readiags.

-;BQ Acknowledpments
i .The suthors wish to thank Dr. S. H. FPistedis for the useful dfscussions. This work was

;performed in the Engineering Mechanics Section of the Reactor Amalysis and Safety Division at
Argonne National Laboratory, under the auspices of the U. S. Department of Energy.

References

[1] ROMANDER, C. M., CAGLIOSTRO, D. J., “Structural Response of 1/20-scale Models of the

Clinch River Breeder Reactor to a Siwmulated Hypothetical Core Di.ruptive Accident,"”
SRI International Technical Report 4 (October 1973).

[2j CHANG, Y. W., GVILDYS, J., “Comparison of REXCO Code Predictions with SRI SM—Z. Ex~—
perimental Results,' ANL-78-18 (August 1978).

aa———
—

«
e o4,

© maygt g em g, ,, e it reBDemah ss



Y. W. Chang

frig. 1. SM2 Test Model with Instrumentatiom.

e

e en e fian

o J5a

Mathematical Model of SM2.

Comparison of the Calculated and Measured Pressure Loadinga
Comparison of the Calculated and Measured Pressure Loadinga
Comparison of the Calculated and Measured Pressure Loadings
Comparigon of the Calculated and Meagsured Pressure Loadings
Comparison of the Calculated and Measured Pressure Loadinga
Comparison of the Calculated and Measured Wall Deformatiors

Comparison of P-V Wall Deformation with P-t Reault.

at Gauge Fosition P4.
at Gauge Position PS.
at Gauge Position P6.
at Gauge Posit:ion P7.
at Gauge Position P8.

[P(t) as Input].



. SM 2 WITH INSTRUMENTATION

- AHOLDDO¥M
STUCS
_ 72 PLACES)
SIMPLE HEAD
Ay 3G7.8,.9
: (THARES
COVER GAS RECION_ > q,_n Y Ay STUDS)
e Y yd
WATER SURFACE \ AN
o 3\\ , P 5 / }
i \\ = = S = i 8763
3429 | ey WS, ] | [[wsy L3 1
r k] 1 X]
== 19,8:2
_ SG10 u
TEAPHRAGM 1 ) _qp ;
N 32.6644 f © K
\ | 35.814
N 30.861 030226
. | VESSEL 55.49¢
N, 2 A |
y {Ni 200)
CHARGE .| sezzl\ | 1 s
CAMISTER |~ h !
\~\ P3 ,“,\‘, ! T ALUMINUM
[T -
DN
T ’1\\ — )
pravld ]sa11 ﬁ === m e,
! L et 2
‘ E._./ . j = E - AR
mnen. = “——' : SEGMENTED
40.254 . N ' ‘ Pl
THICK V. e
¥ 200
} A
/ -Agy 1
CANISTER ~T]
SUPPORT
STAND

ALL DIMENSIONS IN cm

s ottt o o oy



€ s
— ' -
e = -
o 1

Sliding-Line - Tl ™ essel

. 1 Water
~ _wWate— T L | .
. -F - I R
‘—///‘f""l--_ -

— Segment
Steel Ring -

o ",
U227 7.\
NN V.

Core
Barrel

‘A~+——.Lore Support
5// Platform




TIME, ms



PRESSURE, MPa

| ]

SM2 PS5

CALCULATED

O— g

Aryrase—t

TIME, ms




PRESSURE, MPa
N Ql b o o N o @

CALCULATED
— SM2 Pe |
L. —
L , _
1
MEASURED~__ 11l -
1] A'lb"\
1 —_
\
Y
“ L\w’ _
A
\J Nons ";/r\\../‘:
0 ] 2 3 4 _ S 6




Sw IWIL

1 ¢

Q3a1vInNdvo

id 2NS T

Qo

DN ‘3HNSS3Yd

0

O
™



PRESSURE, MPa
— &5 :
s S 8 &5 &

o

SM2 P8 | T
| ~_CALCULATED
MEASURED-""W !

- | _
|
o

- | ] ]
| |l
| |d

- O iy " —
i F

ALJM\E\MM.
v e o= . - =
l i I I i
) | 2 3 4 5 6

TIME, ms




STRAIN, PERCENT
7 6 5§ 4 3 2

I
T | T ] B l/

21
- e 20
- r“"’ -119
1-S6i0- 18
N 17
~CALCULATED s
+[p(1) As inPUT} 14
- —13
Ap— '—'12
- -1
e = lo C—
— - 9
. -18
- 47
'MEASURED p i
™ (SPREAD IN DATA) A
- S -7 -4
_ 4 9
- 3 - \\‘2
N
) 2 N,
L | L L ! 3210
0 8 6 4 2 © 3R, mm




STRAIN, PERCENT

S

4 3

2

0
21

1

1 |

-

~20
~19
18
.y
~{16
~1s
~1a
113

STRAIN,

PERCENT
3210

1

A

I
“NuLbLHOO 4

3 2 1
SR, mm

o

0



