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\hstract

An exnerimental nroqram is heing nerformed to nrovide the utilitv industrv with a
test-verified analvtical method for making realistic estimates of actual canacities and leak
ratas of reinforced and orestressed concrete containments under internal overoressurization
from nostulated deqraded core accidents. Selected areas of the cylinder wall of nrastressed
concrete secondary containments have heen identified as ootential areas of distress ann
subsenuent leakaqe during overnrassurization, Three full-scale test specimens have heen
desiqned to examine the hehavior and leakage characteristics of selacted areas of secondarv
containment walls under hiaxial deformation and internal nrassure.

1. Introduction

Since the Three Mile Island (TMI) dincident, scenarios with a notential for loss of
coolant accident (LNCA) combined with hvdroqgen deflagration have bhecome nriority items, As
a result, the need to evaluate hehavior of nuclear containments under high internal oressures
hecame annarent,

To investiqate the hehavior of containments subjected to overnressurization, the Electric
Power Rasearch Institute (EPRI) has undertaken a research orogram at Construction Technnloqv
Lahoratories (CTL),

The overall aobjective of the EPRI nrogram is to nrovide the ntility industry with a
test-verified analvtical method for making realistic estimates of actual camacities and leak
rates of reinforced and orestressed concrete containments under internal overnressurization
from vostulated deqraded core accidents, These astimates are needed to nerform nlant-
snecific nrohbahilistic risk assessments. Results from the overall test oroqram are heinq
used to confirm analvtical models for nredicting strenqth and deformations of containment

~walls in a seoarate narallel investination snonsored hy EPRI,

The;.ﬁa\'/éi'\aﬂ test nroqram heing nerformed at CTL is descrihed in Reference 1. Testing was
initiated in 1981 and is currently scheduled for comnletion in 1985, Results of tests
nerformed through mid-1984 are nresented in detail in Reference 2.
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2. bjective

Selected areas of the cvlinder wall of nrestressed concrete secondarv containments have
heen identified as notential areas of distress and subsequent 1leakage during overnres-
surization. To examine the hehavior of these areas under biaxial deformation and internal
nressure, thrae snecimens have been desiqned and will he tested as nart of the orogram at
CTL. The nhiective of these tests is to determine strength, deformation, and air leak-rate
characteristics of full-scale wall alements from a nrestressed concrete secondarv contain-
ment.

3, Snecimen Nesiqn

Fach of the three wall element snecimens renresent a snquare niace of the cvlindrical
containment wall, as shown in Fiq. 1, Two of the test snecimens were 7 ft (2.1 m) sq and
3-1/2 ft (1.1 m) thick and one of the soecimens was 11 ft (3.4 m) sq and 3-1/2 ft (1.1 m)
thick. Reinforcement, liner nlate, and tendon duct details were tynical of current industry
nractice. Selected tvnical liner nlate details were incornorated into each of the specimens.
These details include liner plate welds, interrunted angle anchoraqes, and a large vine
venetration. Tha soecimen with the 36 in. (914 mm) diameter nenetration had tynical details
for interruntion of the main reinforcement at the venetration. Tendon ducts were disnlaced
to nass arnund the npenetration, Welded studs were used for anchorage of the nine
nenetration. A nhotogranh of a test snecimen is shown in Fiq. 2.

4, FExnerimental Annaratus and Procedures

Biaxial 1nad is annlied on each snecimen to hnth the reinforcement and the Tiner olate
using the soeciallv huilt test frame, as shown in Fins. 3 and 4., Loading is adjusted to
ensura uniform strain acrnss each face of the snecimen as would occur on hoon or meridional
nlanes in the containment. This is accomnlished by varying the ratio of annlied reinfnrce-
ment load to annlied liner nlate load during the test. The ratio of total load in the hoon
and meridional directinns is adjusted continually during the test to follow a nredetermined
chanqing ratio of strains. The nredetermined ratio of strains is intended ton simulate
conditions in the containment wall for increasing internal nressure,

A cross-section of a soecimen with a nenetration heing tested is shown in Fig. 5. The
dark-shaded specimen is in the center of the test frame. Biaxial 1oading rods are connected
to reinforcement and to the liner nlate that is on the hottom surface of the specimen.
Loading rods are also connected to the nenetration for annlication of outward force. The air
oressure cavity below the snecimen is sealed against the liner plate by two 0-rings. The
outer N-ring nrovides a buffer zone maintained at an air nressure equal to the oressure in
the control cavity for security against N-ring leakage,

Air Teak-rate tests are conducted while the test snecimen is subjected to biaxial Tload.
fir Teak rate is measured by imnosing a nressure on the surface of the Tliner olate and
measuring the amount of air leakage, if any, through the liner nlate. At successive stages
nf hiaxial 10ading, air oressure is increased and a standard leak-rate monitor is used to
determine if a leak has occurred, Nhen a leak is detected, the leak-rate monitor is used to
determine the rate of leakaqe at that biaxial load and at that nressure, A schematic of the
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complete loading, leak rate, and instrumentatinn system for a tynical smecimen is shown in
Fig. 6. The instrumentation records measurements of all loads, disnlacements, strains, air
oressures, and air leak rates,
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Fig. 1 Element of Secondary Containment Building
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Fig. 6 Schematic of Testing Apparatus
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