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Ocra.:; scew us s:rt u:e Peo:en:

Dec ember 13, 1979

Mr. R. H. Engelkea, Director
U. S. Nuclear Regulatory Commission
Reginn V
Suite 202, Walnut Creek Plaza
1990 N. California Blvd.
Walnut Creek, CA 94S96

Dear Sir

' Enclosed t.re responses to the five questions posed at the exit
meeting on December 6,1979 in Bethesda, Maryland regarding
LER 79-15 and supplements thereto.

Sincerely,

,/
// r

| Ad

.

c: Mr. A. Schwencer, Chief
Operating Reactors Branch #1
Division of Operating P.eactors
U. S. Nuclear Regulatory Commission

Mr. Lynn Frank, Director
State of Oregon
Department of Energy
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NRC Question (12/6/79)

Question 1 Page 1 of 2

Describe the stato of stress at the in;er# ace of the masonry block
and the morter, for mortared double-wythe masonry walls, and at the
interf ace of the masonry and core concrete for composite walls consider-

ing the following:

a. In-plane seismic loads

b. Out-of-plane seismic loads including pipe restraint
reactions

c. Interstory displacements

Provide the above information for three representative walls of each

type (mortared, double-wythe and composite wall types) which have the
highest loading cor.ditions per a, b, and c ab^ve. S'10w each int erf ace

load (stress) separately.

Answer:

The predicted interface shear stresses cesween ma!,onry block and mortar
for three highly stressed double wythe masonry walls and between
masonry block and core cencrete for three highly stressed composite
walls, as wel' as the vertical reinforcing steel stresses for these
walls, are showe in Tablu 1 through 6.

Walls at el. 5 ft are selected for investigation because they resist
large pipe SJpport reactions. Walls at el. 61 f t and 72 ft are selected
because they resist large seismic in-plane and out-1f-plane forces.
These forces include the global building shear forces, the forces
produced by interstory displacement and the wall inertial loads.
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Question 1 Page 2 cf 2

This analysis is performed for the Safe Shutdown Earthquake condition
using the criteria 'ified 16 Spplement 1 to LER 79-15. The

effects of wall deac cad and vertical seismic load were neglected to
provide conservatism in the analyses of the vertical reinforcing steel
stresses. The result; indicate that for the walls analyzed, the
interface shear stresses are substantially lower than the allowables
(18 psi for double wythe masonry walls and 40 psi for composite walls)
specified in Supplements 1 and 2 to LER 79-15. The stresses in

the reinforcing steel are also 'vithin the limits specified in those
suppleme nt s.

95001144



4
'

LJi
sO .

O -
.

1ABLE 1" -

STRESSES IN 30 lin.it 00HPOSITE WALL AI LL. $*-U"~

ON COLUMN Li!4E $4 bETWEEN COLUhN LINES D AND E

In-Plane Stres,es Out-of-Plane Stresses
Min-Section

Loaos Base of W311 of Wall
y v i f y v t v t

3 3 s
(lbs/tt) (psi)

_

(psi) (Ibs/tt) (psi) (psi) (psi) (psi)

Inertial 78u 3.2 1,850 - - - - -

Accelerationi
'

building - - - - - - - -

E' Response _

interstory - - - - - - - -

L-W Oi splacentierit

il $60 2.3 1,300 1,55u 7.2 7,b w 1.0 4,600
o

1

Inertial - - - 780 3.2 5,S00 0.0 2,000

Acceleration
Builuing - - - - - - - -

E' Response
interstory - - - - - - - -

h-S bi spl aceriien t

il Sbu 2.J 1,300 1,550 7.2 7,660 1.0 4,bou
o

UEFIN1110NS

E' = Safe Shutdowri Eartliquake resulting f rom grounu surface acceleration of 0.25 .9
Ito = Forces on structure trun pipe supports on wall incluoing seisniic loao, tiierliial, etc.
V = Shear force on wall in time in-plane or out-of-plane oirection.
v = Concrete shear stress.

is = Vertical reiritorcisig steel stress.
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1ABLE 2-* .

SIRESSL5 IN 27 IhCH 00hPOSill WALL AT EL. bl*-O"~~~

f$[ ON LOLUMN LINE 51 UllWLEN 00LuhN LINES E AND F

,
__

la-Plane Stresses Out-of-Plane Stresses
H10-Section

Loans Base of Wall of Wall
y v t y v t v ts3 3

(lbs/tt) (psi) (psi) (1bs/tt) (psi) (psi) (psi) (psi)

Inertial 1,220 5.6 1,310 660 3.1 4,900 0 2,440

Acceleration
Uuiloing 11,300 52.0 22,U10 - - - - -

L' Response
Interstory - - - 50 0.2 1,ubu O.2 U

E-W Uisplaceraerit

il 250 1.2 400 240 1.1 1,750 0 1,240
o

Inertial 680 3.1 73u 1,000 4.b 7,220 0 3,blo

Acceleration
~

~

Builoing - - - - - - - -

E' Response
Interstory 4,360 20.1 7,0J0 110 0.5 2,340 U.5 0

u-S Displacessierit

Ito 250 1.2 400 24ft 1.1 1,750 0 1,240,

|

ULFINillONS

E' = Safe Shutoown Earthquake resulting f rom ground surtoce acceleration of 0.25g.
Ito = Forces on structure trun pipe supports on wall including seisaiic load, triermal , etc.
V = $ hear torce on wall in the in-plane or out-of-plane of rection.
a. = Loricrete slicar stress.
1 = Vertical reiritorcitig steel stress.
3
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c:) 1ABLE 3 -

STRESSES IN 34 INCll CutlPOSITE WALL AT LL. 72'-O"-*

~~^ ON LOLOFm LINE F BLIWELN COLutIN LINES SS ANO 60
b
N

In-Plane Stresses Out-of-Plane Stresses
Hio-Section

Loads base of Wall ot Wall
y v t y v t v ts 3 s

(1bs/tt) (psi) (psi) (Ibs/ft) (psi) (psi) _(psi) (psi)

Inertial 960 3.6 1,050 1,640 b.0 11,l/0 O S,S'30
Acceleration

~

builoing - - - - - - - -

E' Response
Inters tory 6,$40 24.0 21,100 lbu O.b 3,2/E' O.b u

L-W bisplacement

il 250 1.0 270 250 1.0 1,100 0 650o

Inertial 1,b40 6.0 1,755 900 1 3.6 6,buO o 3,34u
Acceleration
building /,250 26.7 23,440 - - - - -

E' Response
Interstory - - - 160 0.6 3,210 U.b O

N-S Displacement -

'
ll 250 1.0 270 250 1.0 1,700 u uSuo

3

UEFINillONS

L' = Safe Shutoown Earthquake resulting from ground surf ace acceleration of 0.25 .9
Ito = Forces on structure trun pipe supports on wall including seismic load, thermal, etc.
V = Shear force on wall in the in-plane or out-of-plane direction.
V = Loncrete shear stress.

ts = Vertical reinforcing steel stress.
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J"- STRESSES IN 14 lhCH BLOCK WALL AT LL. S'-O"
C33 ON COLUFN LINE 49 UE1 WEEN LulutN LihES b AND L

t

in-Plane Stresses Out-of-Plane Stresses
I Hio-Section

Loads Base of Wall of Wall

V v t V v f v 1

(Ibs/tt) (psi) 3(psi) (Ibs/ft) (psi) (psi) (psi) 3(psi)3

Inertial 400 3.6 1,140 - - - - -

Acceleration
Building - - - - - - - -

E' Response
Interstory - - - - - - - -

E-W bisplacenient

li 60 U.S 170 400 3.7 24,600 1.0 14,000o

Inertial - - - 560 S.4 25,100 U 12,b00
Acceleration
Builuing - - - - - - - -

C' Response
Interstory - - - - - - - -

N-S Ui spl acchient
_

li 60 0.5 170 33 0.3 1,b20 U.S 2.,140o

DEFINITIONS

E' = Saf e Shutdown Earthquake resulting f rom grouno surf ace acceleration of U.25 .9
H = Forces on structure f rom pipe supports on wall including seismic load, tiiermal, etc.o
V = Shear force on wall in the in-plane or out-of-plane direction.
y = Loncrete shear stress.

t3 = Vertical reinitorcing steel stress.
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C) TABLL S
STRESSES IN 14 INCil ULOLK WALL AT EL. 61'-O"---

ON '',OLUMN LINE SS BElWLLN EOLUNN LlhES C AND D--'

b
4

In-Plane Stresses Out-of-Plane Stresses
Hid-Sec tion.

Lodos Base et Wall of Wall
V v t V v t v t3 3 s

(1bs/tt) (psi) (psi) (1bs/tt) (psi) (psi) (psi) (psi)

Inertial 290 2.6 320 lbu 1.4 2,900 0 1,450
Acceleration
Buildimj 4,200 36.3 14,600 - - - - -

E' Response
Interstory - - - 30 0.3 1,b20 0.3 0

E-W Di spl aceitient'

li - - - 350 3.3 4,900 0 4,S00o

Inertial 160 1.4 S30 290 2.6 4,300 0 2,150
Acceleration
Builoing - - - - - - - -

E' Response
Interstory 670 7.9 J,200 40 0.4 2,160 0.4 u

N-S L'i splacement

li - - - 350 3.3 4,900 0 4,500o

DEFINITIONS

E' = Saf e Shutdown Earthqt tke r su~.....y from ground surface acceleration of 0.259
Ito = Forces on structure trun pipe suppocts on wall including seismic load, thermal, etc.
V = Shear force on wall in the in-plane t out-of-plane oirection.
V = Loncrete shear stress.

f3 = Vertical reinforcitig steel stress.
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-^ STRESSES 114 14 lhCil btOLK WALL A1 EL. bl'-O"

{}k ON COLUMN LlhE SS DLIWLLN COLUMN LINLS C AND U

o

In-Plane Stresses Out-of-Plane Stresses
Hio-Section

Loans base of Wall of kall
y v y v t v 1

(Ibs/tt) (psi) ts(psi) s 3
_ psi) (psi)((Ibs/tt)

.

(psi) (psi)

Inertial 340 3.0 250 340 3.0 7,700 0 3,ubu
Acceleratiori

builoins 1,900 17.0 9,410 - - - - -

L' Response
Interstory - - - IS U.1 1,030 0.1 O

E-W Displacemerit

Ib 150 1.4 750 3/U 3.3 13,000 3.3 13,000
I

Inertial 34 0 3.0 250 340 3.0 l 7,700 0 J,oSu

Acceleratiori
building - - - - - - - -

L' Response
Interstory 700 b.2 3,420 40 U.4 J20 U.4 U

N-S D i splacemerit

Ig 150 1.4 750 J70 3.3 13,000 3.3 13,000

DLFINillOh5

L' = Safe Shutdowri Earthquake resulting from grouno surf ace acceleration of U.2Sg.
Ho = Forces on structure trun pipe supports on wall including seismic load, thennal , etc.
V = Sticar force on wall in the in-plane or out-of-plane direction.
v = Concrete slicar stress.

is = Vertical reiritorcisig steel stress.
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NRC Cuestion (12/6/79)

Question 2 Page 1 of 2

Provide the basis for the stress distribution considered at the
interf ace between the masonry block and concrete core due to pipe

restraint anchor bolt loads.

Answer:

The resistance to tension developed in an expansion anchor bolt occurs

in the flared section at the end of the anchor bolt. If a tensile
force is placed or the bolt, shear and compression stresses develop in
the zone adjacent to and above the flared portion. The load is thereby

distributed hori:entally to the surf ace of the wall. The load spreading

may be considered as a 450 shear cone which projects to the surface
(see Figure 2-1). To estimate the tension at the interface between the-

r.asonry block and concrete core, the vertical ccmponent of the stress
on the shear cone is assumed to be uniformly distributed over the
circular area formed by the intersection of the cone and the block
su rf ace. The tension on the masonry block-concrete core interface due
to the surface stressec can be estimated using theories developed by
Boussinesq for detemination of stress distributions in an elastic
media (1). The normal stress at the block-core interface as derived
from this theory is shewn on Figure 2-1. The maximum stress was

calculated from the Boussinesq equation for a circular area with a
uniform load, and the stress distribution was obtained ' rom stress
cu rves (2) . Also shown is an average normal stress for a cone with

2:1 slope (Cone 1). It can be seen that this cone gives a good

approximation of the stress calculated from the Boussinesq equation at
the interf ace.

The tension on the masonry block-concrete core interface due to the
surface stresses can also be calculated using theories developed by

Westergaard for calculation of soil stresses under circular foundations.
The stress coefficients are shown in Table 2-1 along with a comparison

95001151



.

.

Question 2 Page 2 of 2

of the stress if cone 1 (2:1 slope) and cene 2 (1:1 slope) shown in
Figure 2-1 are used. This table gives the ratio of the maximum stress
at depth Z with the applied uniform stress at the surf ace for the four
methods indicated. For expansion anchor bolts ranging in size from
1/2 in, to 7/8 in. in diameter, the ratio Z/2R ranges from 1.7 to 1.0
where R is the radius of the shear cone at the surface. For this
range, cone 2 underestimates the stress and cone 1 provides an overestimate.
For the urper range of Z/2R, the overestimate is by a factor of 2 to 3.
Therefore, cone 1 is considered to provide a reasonable representation
of the stress distribution and was used for calculating distribution

for the tension stress at the concrete core-block interf ace.

.

References:

(1) Tinoshenko and Goodier, Theory of Elasticity, McGraw-Hill,1951,
p 97 ff

(2) Lambe and Whitman, Soil Mechanics, Wiley & Sons,1969, p 101
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TABLE 2-1

MAXIMUM STRESS COEFFICIEtiTS

Stress Coefficients
Westergaard Boussinesq Cone 1 Cone 2

Z/2R (Maximum) (4aximum) (Average) (Average)

0.25 0.66 0.89 0.64 0.44

0.50 0.44 0.65 0.44 0.25

0.75 0.26 0.43 0.38 C16
''

1.00 0.16 0.29 0.25

1.25 0.12 0.20 0.20 0.s

1.50 0.05 0.09 0.16 0.06

1.75 0.04 0.06 0.13 0.05

2.00 0.03 0.05 0.11 0.04

95001153



.

.*

k = 2.14 kips (7/8''DIA. ANCHOR)I P

R= 311/16"
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NRC Question (12/6/79)

Question 3 Page 1 of 2

Provide documentation which will substantiate the extent of inspection

performed on masonry construction to support your claim that the
masonry construction at Trojan qualifies under the catagory of "special
inspection" per the UBC. Also provide additional ver1fication of the
completeness of mortar between masonry wythes based on field testing
and inspection (1" t diameter core drills).

Answer:

Installation of the concrete unit masonry was performed by L. C.
Pardue, a subcontractor to Hoffman Construction Company. Thissu$ con-
tractor implemented a QA Program in conformance with applicable sections
oi Appendix B to 10 CFR 50, which contained inspection responsibilities
that were performed on a daily basis. Hoffman Construction Company 's

QA procedures assured the quality of L. C. Pardue's effort. In addition,

both the Construction Manager (CM) and the Licensee implemented QA

programs which contained inspection and monitoring requirements. The

CM performed daily inspection of the masonry work to assure conformance

with drawing and specification requirements. The implementation of

such programs and procedures is evidenced by QA audit reports, noncon-
formance reports, and inspection reports. Attachment 3-1 provides a

sampling of such reports.

To assure that the specified rre lirements were met during the construction
period, the Licensee contracted with Northwest Testing Laboratory (an
independent testing laboratory) to provide on-site inspection and
testing services for masonry and concrete. One of the services they
provided was furnishing qualified inspectors to perform daily inspection
of masonry wall constructicn and testing of materials used therein.
This laboratory implemented a QA program approved by the CM. Attach-
ment 3-2 is a letter from Northwest Testing Laboratory which documents
the fact that their inspection of the masonry construction at Trojan
qualifies the work under the USC classification of "Special Inspection".

95001155
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Question 3 Page 2 of 2

The inspection of walls identified in Attachment 5, Supplement 2
to LER 79-15 disclosed some void areas in the inter-wythe mortar. As

voids were found, they were filled with Five Star Grout in accordance
with manufacturer's instructions. In eddition to those walls, the

N-line wall at elevation 65, the 46-line wall at elevations 61 and
77, and the east wall of the Control Cuilding Mechanical Room at
elevations 61 and 77 have been field checked for the presence of

inter-wythe mortar by random sampling with a 1-1/2" core drill of
10 locations at different elevations in each wall. Based on this

sampling, creater than 90". morter was determined to be present in each
wall, which is substantially gra.er than that required to develop the
18 psi shear capacity allcwed by 1.5 UBC.

95001156
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. . October 27, 1972- ' - --
. .

.. . . ..
'

Hoffman Con.wt.ruct. ion Co, -
- *

900 S . '..' . Ti f t h - -

Portland, Orceon - !
,

( Re Portinnd General Eloetric Audit of L.'C. Parduo Inc. " r-

.
r

;5 - . . . . .

Centlemen: *
- "--

'
-

-
>

In rer,ards to the recent audit proformed by pCE of our QA jrecords I would 11ko to make the following ntstomonts regsrding ,

corrective action. .. ,

1) QA Manual: An Flechtol approved copy of the L. C. Pardue QA-

.

manus 1 is now available in the L. C. Pardue site '
.

, office as of Cetober 6, 1972.
,

.

,

2) 12R 810263: MtR!10263 state ! that s11 recorris and material |
% were received o': 7/19/72. On close exsimination ;,:

of the tost res alts secompanyinr. the cert!rien*.! sn -

a discrepsney was found by L.C. Pardue QA percor.r.l. I-

The materi'll in apiention was put on hold at th:.t ,

N '
~ timo untill a typocraph!est e-ror could ho

corrected by !!crthwoct Tosti'ir, er. 7/21/72 at '

ewhich ti .o t.ho :.stn-J a t m rolov,od for use.'

'

A note has been cd Jod to WIR.'.7 0103 st.st.ing the1 - ,

resson for thu dato discrepancy. ,

. - -
, .

73) Qrawings: A complete '.-Adit of m31 drawinns was init.inted
,upon cert.rict.len of the PGF audit. Upon complet.f on -'
>

-

of our sudit all noncurrent irswinc.c were 4rour,St -
'

,

to o current ntatus with lloffenns crewinc log. ,

,

.-
f.) Audits: Three audits of f.mpire Duildinr. !'nter!31 were croson*.

in the L.C. Parduo files at the time cf the PGT. sudit. C i
. .

Unfortunatoly one of the sudit reports w,n filed with ,.

the fic3d ins,n9ctio; r'.per.r.. Thin brinns the amoun. "-

of nudits of .0.piro to thr'.9 which in in necer19r.co
with t h e L . C . Pa rd u'. C.\ ma n:n l . .\n su JJ t ch M 1!nt
has been initinted for L.C. Parduo inhoune kudits, r

,

5) Storsco RcPort: A mater!ni n:.orano on1 pre'.oe . ton rerort h .e ,

been in orpernted in the PhrJuo field in:pe:- L.- -

tion r9por:. Ti]9 anj will to miintij ne,t..

3,. . .- -

.. .. _
...+.v.... . .: .

- 6) llCR Log: L.,C. Parduo,!!r.!!/3 han heon cloned out in the !!CR l'.~.
. . .. . . . . .. . .

-.-.... . .. . . -
. . .. .

. .

-

_.) ., . . . . . . - - .- |.- - - . -.

. .

. . ,

....:.,.... . ... .: .
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'') 7) Pour Cards: The uso of one pour card for more than one !.

!lift or pour will not be permitted in tho -
t- .

futuro. The invoico number or sU. grout i nvo k: e.. I. '
,. . .

!will be listed on cach n ur card and the po n.

.'
-'

' ' ' cord w211 n'= born listed on occh invoice for |
-

crons reference and m'.orint control. All i
Lipour cards and crou', invoices in the L.C. Parduo" ~

-

. . f|..

7, ' filo now contain this information. .

.. . ,
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Attach =ent 3-2.
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NORTHWIST TESTING LABORATORIES
41 15 N. MISSIS $1PPi AVENUE

P. o. B o X 17126 nom.ossenverrve resttao
"''''''***"',''a".comeroverson intesenen "oa7i^"ooa55o"*72'7 -

s

::|' ;'.t'.'::|,'|'.''' ' " " ' ~
' " " ' ' * ' December 11, 1979

.

Portland General Electric Co.
121 SW Salmon
Portland, Oregon

Ret Masonry Inspection
Trojan Nuclear Plant
Rainier, Orecon

Gen t?.eme n:

We would like to confirm our telephone conversation
theof the last few days regarding the masonry inspection at

Trojan Nuclear Plant at Rainier, Oregon.
We did as a course of our work (inspection and

testing) provide special inspection of the masonry work during
its construction at the Trojan Nuclear Plant.,

The full time inspection of the masonry work at
Trojan was performed by qualified personnel and thus wouldas masonry workqualify for the classification in the U.S.C.
performed under special inspection.

If we can be of further service please call on us.
Very truly yours,

NORTHWEST TESTING LABORATORIES, INC.

Charles R. Lane, P.E.
General Manager

CRL:sb
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NRC Question (12/6/79)

Question 4 Page 1 of 2

Provide documentation which supports the use of an allowable value of

13 psi (ie 12 psi x 1.5) for shear transfer at the interf ace between
masonry block and mortar for the mortared double wythe walls.

Answer:

The following information substantiates the design criteria given in
Supplements 1 and 2 to LER 79-15 relative to shear values at block-

mortar interf aces. -

The most relevant tests to establish shear values for vertical mortar
joints in masonry construction are shear tests to demonstrate adhesion
between masonry veneer and masonry backing. Albyn Mackintosh * has

reviewed these test reports and has characterized them as consistently
showing a value for shear stress exceeding 50 psi and ranging as high
as 200 psi. The test laboratory where these tests were performed
(Smith-Emery Test Laboratory, Los Angeles, California) will not release
these test results since they are considered to be proprietary reports
by the organizations requesting the tests. However, Bechtel was

informed by the test laboratory that such consistently high shear
values formed the basis for the 50 psi allowable shear stress at the
veneer mortar interf ace in UBC Chapter 29, 1967 edition.

The most relevant available test data concerns transverse bending of

multiple wythe unreinforced masonry. Failure consistently occurred in
tension between mortar and masonry units at the wall surf ace. At this
failure load, the shear stress present in the inter-wythe space can be
computed even though failure has not occurred at this location.
Transverse bending tests have been performed on 3 in, double wythe

* Chairman of ACI Committec 531 which is specifically charged with providing
requirements for design and construction of concrete masonry and composite
elements.
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Questien 4 Page 2 of 2

brick walls (Attachment 1) and 10 in, brick-hollow block " composite"

walls (Reference 1). The tests performed on the 8 in. brick with
metal truss wall ties (Attachment 1) provide useful information in
evaluating the performance of the inter-wythe joint of the double wythe
masonry wall construction at Trojm. As expected, these walls failed
in tension at the horizontal brick-mortar interface when subjected to
lateral bending. It 15 important to note that the 8 in, brick walls
cemonstrated an average transverse strength of over four times the
average strength of similarly tested 4 in. brick walls, thus demonstrat-
Ing composite action of the two wythes. At the load level at whien the
tensile bond failed, the inter-wythe shear can be comcuted to be from
9.0 psi to 14.5 psi for these brick walls (Test; TS-1 thru TS-5,
Table 5-1). Because of the tension failure mode, inter-wythe shear was

never f:;? ?y deve?: ped. C,asidering the fact that the Trojan masonry
walls are reinforced concrete masonry with equivalent ties and type ti
rather than the type S mortar used in these tests, we believe that
these tests demonstrate that composite action will occur and the 12 psi
allowable stress in UBC (multipled by 1.5) is reasonable for masonry

block walls. Similar results were derived from the 10 in. ccmposite

+:11s, tests 4C2, 4C9 through 4C11 in Reference 1.

The lateral load tests of unreinforced masonry cavity walls referred to
by Mr. Mackintosh at the December 5,1979 meeting in Bethesda, Maryland
as demonstrating composite action using masonry ties only

are identified in Reference 2.

References:

1. Fattal and Cattaneo, " Structural Performance of Masonry Walls
under Comprasion and Flexure". flational Bureau of Standards
Building Science, Series 73. 57 pages, 1976.

2. Whittmore, Stang and Ptrsons, " Structural Properties of a Concrete
Block Cavity Wall Construction", sponsored by the flational Concrete
Masonry Association. tiational Dureau of Standards, Building
Materials and structures Report BMS 21. 10 pages, 1939.
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