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QUESTIONS FROM NRC

Eighteen questions were posed to NextEra and Seabrook
Station representatives on April 13, 2012.

mrreio-cold 1gidd 83 PR lomsole  lwi4r .04
Detailed Questions for Seabrook ASR Public Masting on April 23, 2012 (8) Corrective Action Plan needs to fully address:
- Condition assessment (extent and characterization of the degradation, including
its severity); .
(1) What other in-scope buildings besides the five noted in the inspection report recently issued — Root cause and corrective action;

are suspected of having alkali silica reaction (ASR) based on injtial assessments? - Testing to estimate “expansion to date” and “the current expansion rate”;

(1a) Where is ASR located at the site? — Testing to estimate "potential for further expansion”;

(1b) If ASR is suspected, how and when will it be confirmed such as examination by - Interim and long term structural appraisal under design basis loads and load
petrography of concrete cores? comprn?nuns: . .

(1e) If ASR is confirmed, what method will be used to distinguish localized vs. global effects ~ Monitoring and managing the condition;
for each building? — Mitigating and remedial measures, and

- Potential for further deterioration due to other mechanisms.
Se— —— S

Technical questions generally reflect concerns
related to performance of concrete materials.

expansion
~ How has or will concrete core sampling be representative of affected building
conditions and will it be addressed in sampling plan.
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BASIS FOR CONCERNS

Mechanical Structural Analysis
Properties Model Output

f'  compressive
strength

GOOD
f.  tensile
strength BAD
E. elastic
modulus UGLY

vV poisson’s ratio

Cervenka Consulting Limited, 2010
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MECHANICAL PROPERTIES

e Material test data collected from literature

Swamy and Al-Asali, 1988 Clark, 1989
Ng and Clark, 1992 Smaoui et al., 2006

e Strength and stiffness reductions are plotted
with respect to unrestrained expansions

* Guidelines from Institution of Structural
Engineers (ISE) provide a reasonable
estimate of lower bound performance
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ELASTIC MODULUS | E_
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ARTICLE INFO ABSTRACT
Artide history: Alkali-silica reaction (ASR) can induce the premature distress and loss in serviceability of conerete structures.
Recelied 8 Seplember 2006 ‘The internal crack pattern produced by ASR affects both transport and mechanical properties. Usually linear

‘expansions are considered as indicative of the grade of dsmage into the material (intemal crack pattern)
erth d ‘

ywords
Alkal sikca reaction
Degradation

2l properties
Mictocracking

e types of ASR have been or slowe . fine or coarse
agavegates) the effects on strength and rheological properties could be different for a same expansion. This
paper compares the mechanical respanse ofa reference conerete (without reactive aggregates) and concretes
prepamd with three different types of reactive agaregates, with the same mixture proportions. The first

e 10% of a highly asa part of the coarse aggregate, the
second included 2 highly reactive <and, and the third prepared with a slow reactive granitic migmatice as
coarse aggregate. Concretes were moist cured at 38 *C. When linear expansions ranging between 0.11 and
018% took place. the stress strain behavior in compression and the laad-displacement response in flexure
were measured. The same tests were performed on reference concrete at ifferent ages, between 75 and
45 day: dthin sections

It appears that the of concrete. pression is clearly affected by ASR,
the shape of the stress-strain curves reflects the presence of intemal fissures, showing that the capability of

ferences in inthe shape of the
load-deflection curves in tension, damaged concretes show an increased non-linearity and a more gradual
softening. However. it was found that the modifications in the mechanical properties cannot be directly
associated with a level of expansion, as the behavior depends on the component materials and mechanisms

invalved in the reaction.

© 2008 Elsevier Lid Al rights reserved

1. Introduction

Alkali-silica reaction (ASR) can induce the premanure distress and
loss in serviceability of conrete structures. It is generally agreed that
ASR ours in conaetes with reactive ageregates, when there are
sufficient alkalis (K,0, Na,0 ) and when relative humidity s higher than
85% In addition, temperature affects the time of initiation (induction
period) and development of the reaction. As ASR takes place, different
signs appear inside the concrete, gels and cracks form, gels filling cracks
int in the cement paste, gels form reaction rims around
aggregate particles, gels fll ir-voids in the cement paste and silica gels
replacing C-S-H of hydrated cement paste [1.2].

ASR has been smdied for more than 70 years and has been
reportd in mace than 50 countries around the world [34]. In
Argentina more than 100 examples of structures, placed in regions
with different climates, damaged by ASR have been reported since
1950 5}

* Corresponding author. LEMIT, Commission of Scientific Research 52y 121,100 La
Plata, Argentina. Tel. +54221 483 1142004; fax: +54.221 425047
E-mail atdres: grioccio@ingunlpeduar (6. Giacdo)

2008 Bsever L. All ights seservedt

The mineralogical structure of the aggregates is one of the main
factors affecting ASR. amorphous silica {opal) chalcedony, cristobalite.
tridymite and volcanic glass appear a the reactive components
leading to a rapid o normal reaction rate, showing visible signs of
reaction in concrete at ages as low as 1 year, depending on the
surrounding environment. Other aggregates as those composed by
granitic and metamorphic rocks, that include mineral species as
polycrystalline and sirained quartz, need very long induction periods
usually higher than 10 years [6-8]. Different levels of damage and
eracking appear in concrete microstructure according to the kinetic of
ASR [9]. Rapid reaction rates induce intermal stresses at the interfaces
and cement pastes, producing miao and macrocraks. On the other
hand in concretes with strained quartz, the reactions are localized
inside the aggregates in reactive zones (intercrystals) where pore
solution can reach. This process takes place very slowly and the attack
is not generalized all around the aggregate surface 9]

Many authors have studied the effect of ASR on the mechanical
properties of plain and reinforced concrete [10-15]. Most of them
agree that ASR strongly affects concrete tensile strength and the
maodulus of elasticity. The reductions in compressive strength are
always lower than thase observed in stiffness, being in some cses

Giacco, G., Zerbino, R., Ponce, J.M., and Batic, O.R. “Mechanical

behavior of concretes damaged by alkali-silica reaction.” Cement and

Concrete Research Vol. 38 (2008): 993-1004.
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* Literature review yielded
one relevant study

* Limited correlation between
v and measured expansions
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Cervenka Consulting Limited, 2010
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REALITY

It has to be realized that any strength test conducted on a
specimen quantifies the performance of the material in
relation to that method of test only and does not necessarily
reflect the performance of the material in its structural
context. The significance of this for the assessment of
structures [subject to ASR] is that no reliance should be
placed on the values obtained from any one test and that
commonly accepted procedures, such as the cube crushing
test, may not indicate the value to be used in a normal design
check.

Clayton et al., 1990
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STRUCTURAL CONTEXT



INSIGHTS FROM FSEL RESEARCH

Full-scale study conducted to establish effects of ASR on
shear strength of beams with transverse reinforcement.
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RESTRAINED EXPANSION

Transverse reinforcement restrained ASR-related expansions,
resulting in the development of confining stresses.
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RESTRAINED EXPANSION

DR. OGUZHAN BAYRAK, PE
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UNRESTRAINED EXPANSION
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STIFFNESS IMPLICATIONS
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STRENGTH IMPLICATIONS
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CORRELATION TO MATERIAL TESTS

nR1

R1

R2

€ max 0.0% 0.2% 0.7%
f’. 7.2 ksi 4.5 ksi 4.2 ksi
', 640 psi 430 psi

Viest 276 kips 336 kips 353 kips
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RELEVANCE OF MATERIAL TEST DATA

The behavior of plain concrete affected by ASR is not
necessarily indicative of structural performance.

Free Expansion Restrained Expansion
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ASSESSMENT APPROACHES

CORE-BASED ANALYSES FULL-SCALE TESTING

“"'.?'_-. 'f
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CORE-BASED ANALYSES

DR. OGUZHAN BAYRAK, PE

Mechanical
Properties N Relevant Code In-Situ
Expressions Strength
ORONE)
ASR-Induced
Forces
Concrete Core Tests
D
@f,
@ E,
Estimated _ _ @) Stiffness Damage
Expansion Structu_ral Remfor.cmg & Expansion Potential
Analysis Details
@ ®
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APPLICABILITY OF CORE TESTS

Cores extracted from a reinforced concrete structure are not
representative of in-situ conditions.

Compression Test Expansion Test

4
t
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APPLICABILITY OF CORE TESTS

Test results will be influenced by the coring direction as it
relates to structural geometry and sources of restraint.

Splitting Tensile Tests

L 12) 13
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APPLICABILITY OF CORE TESTS

Test results will be influenced by the coring direction as it
relates to structural geometry and sources of restraint.

L 12) 13
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NON-ISOTROPIC EXPANSION

Magnitude and direction of ASR-related cracking in
structures is strongly influenced by a number of factors.

* |Internal Restraints
— Reinforcement Pattern
— Prestressing

— Post-Tensioning

e External Restraints

— Superimposed Loads

Lawrence et al., 1999

— Boundary Conditions

— Geometric Discontinuities
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APPLICABILITY OF CORE TESTS

Field implementation of test results requires development of
correlation between free and restrained expansions.
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FULL-SCALE TESTING

Definitive assessments may be obtained by replicating critical
structural details and deterioration within the laboratory.

Accelerated Deterioration Continuous Monitoring Current and Future Damage
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FULL-SCALE TESTING

* |SE structural assessment
guidelines were developed
on the basis of accelerated
laboratory tests

The Institution of Structural Engineer:

1T
0CT 10 199

Univ. of Mev. - Reno

Structural effects of
alkali-silica reaction

Technical guidance on the
appraisal of existing structures

JULY 1992

The Institution of Structural Engineers
11 UPPER BELGRAVE STREET

g,

LRRARY
Th

54D
,553
1992
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* |SE structural assessment
guidelines were developed
on the basis of accelerated
laboratory tests

* Proof testing will provide the
most meaningful assessment
of critical structural details

DR. OGUZHAN BAYRAK, PE

FULL-SCALE TESTING
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* |SE structural assessment
guidelines were developed
on the basis of accelerated
laboratory tests

* Proof testing will provide the
most meaningful assessment
of critical structural details

 Full-scale structural testing is
the most definitive form of
structural assessment

DR. OGUZHAN BAYRAK, PE

FULL-SCALE TESTING

from “Containment Integrity Research at Sandia National Laboratories”
Nuclear Regulatory Commission, 2006
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