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Sorac. Smen  Lsssiant vice Presioent

December 13, 1979

Mr. R. H. Engelkeas, Director

U. 8. Nuclear Regulatory Commission
Reg. n V

Suite 202, Walnut Creek Plaza

1990 N. California Blvd.

Walout Creek, CA 94596

Dear Sir:

inclosed are 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,

Bt
/’C’ﬂlﬂ//

¢t Mr. A, Schwencer, Chief
Operating Reactors Branch #1
Division of Operating Peactors
U. 8. Nuclear Regulatory Commission

Mr. Lynn Frank, Director
State of Oregon
Department of Energy
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NRC Guestion (12/6/79)
Question 1 Page 1 of 2

Describe the stats ot stress at the interface of the masonry block

and the mortar, for mortared double-wythe masonry walls, and at the
interface of the masonry and core concrete for composite walls consider-
ing the following:

3., Ineplane seismic loads

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

¢. Interstory dis,lacements

Provide the above information for three representative walls of each
type (mortared, double-wythe and composite wall types) which have the
highest loading corditions per a, b, and ¢ ab~ve, Faow each interface
load (stress) separately.

Answer:

The predicted interface shear stresses ve.ween masonry block and mortar
for three highly stressed double wythe masonry walls and between
masonry block and core concrete for three highly stressec composite
walls, as wel' as the vertical reinforcing steel stresses for these
walls, are showr in Tables 1 *hrough 6.

Walls at el. 5 ft are selected for investigation because they resis’
large pipe support reactions. Walls at el. 61 ft anc 72 ft are selected
because they resist large seismic in-plane and out->f-plane forces.
These forces include the global building shear forces, the forces
producec by interstory displacement and the wall inertial loads.
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Juestion 1 Page 2 of 2

This analysis 1s performed for the Safe Shutcown Earthquake condition
using the criteria ‘ified 1/ "upplement 1 to LER 79-15, The
effects of wall ceac oad and vertical seismic load were neglected t0
provide conservatism in the analyses of the vertical reinforcing steel
stresses. The results 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 compesite walls)
specified in Supplements 1 and 2 to LER 79-15. The stresses in

the reinforcing steel a=e also within the 1imits specified in those
supplements.
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DEF INITIONS
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TABLE |

STRESSES IN 30 INCH CUMPUSTTE WALL AT EL. 5°-0"
ON COLUMK LINE 54 BETWEEN COLUMN LINES U AND &

Sate Shutdown tarthguake resulting from grounu surface acceleration ot U.gbg.
Forces on structure from pipe supports on wall inclusing seismic loaa, thermal, etc.
Shear torce on wall in the in-piane or out-of-plane direction.

Loncrete shear stress.
Vertical reinforcing steel stress.

Sk s R 0 ST L S VRN CR e~ SRESLt WSS e - PSR UPREER .
In-Plane Stres.es  Qut-gf-Plane Stresses L LT i TRl
Mia-Section
Luaas ] R T  Base of Wall | of Well |
v v f . v L v o
e e J Qous/er) | (psy) | dpsi) | (es/te) | (psi) (psr) | (pst) | (psi) |
Inertial M0 3.2 1,850 - - - - -
Accoleration I R, Ll RS Y
builaing - - - - - -V - -
t' | Response B SRS JpEarins T B, CRONCLOER o SR
lpterswry - - - - - - - -
= 1 bisplacement . AR Rl | X
He, S0 2.3 1,300 1,55 1.2 7,000 i.u 4,600
v et T ST . o N ! SR e il
T 1 inertial - - - 1) [ 3.2 550 v ] Zosw
Acceleration R AR ISR I PR o4- =
Buriaing = - - - - - - -
ot G Ry PRI SRR e SRS IR (R S, FSaTe
Interstory - - - - - - B >
-5 | ] bisplacement TSN SISREEE SO SRS SRR SR SRS
M, S04 2.3 1,300 1,55 1.2 7,660 1.v 4,000
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TABLE ¢

STRESSES IN 27 IWCH COMPOSTTE WALL A7 EL. bl'-0"
ON COLUMN LINE 51 BETWEEN COLUMN LINES E AND |

] e i e e e e e et
in-Plane Stresses _ Uut-of-Plane Stresses = ._-_.j
b Mia-Section
Loaas o s i Base of Wall |  of wall |
v v [ v N ty - (A
(lbs/tt) (psi} | (psi) {lus/tt) | (psi) (psy) | tpst) | Apsy) |
Inertial 1,220 5.6 1,3lv by 3.1 4,900 u Z,4%
~ Acceleration RL B e s Fal T TR LS { CEREi T
Builaing 11,300 52.0 2z ,010 : m - . > 1
t* | Respomse | 0 ey - IS, RNTRS (TR SR
Interstory - - - 50 0.2 1,ubL v.Z U
E-W h Displacement o i MV GUSIENLISE SETRSEENEN ARSERIS IO s
H, 50 1.2 a 240 1.1 1,750 v 1,480
r__._. B ER—— — — S S -‘_&.‘___-,,,L_.. - ——"
T | Inertial [ EN jw | tbow | e | 720 o ] selv
~ Acceleration i . T X Ty W (SRR Ik
Builaing - - - G - - -
£' | _Response 5 FLIW S i ol
Interstory 4, 360 .1 7,030 1iv u.5 <, 340 0.5 v
N-S _ Uisplacement PG aapairerwry TANEUEED Sl ko S
DEF INTTIONS
tl

T

w

Safte Shutdown farthquake resulting from ground surfaece acceleration of U.Z%.
Forces on structure trom pipe supports on wall including seismic load, thermal, etc.
Shear torce on wall in the in-plane or ovut-of-plane agirection.

Luncrete shear stress.

Vertical reintorcing steel stress.



TABLE 3
STRESSES IN 34 INCH COMPOSITE WALL AT EL. 72°-0"
ON COLUMN LINE F BETWEEN COLUMN LINLS 55 AND 60U
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——— e ——————— ey
In-Plane Stresses  wut-ot-Plane Stresses et
| Mig-Section
Loaas Dl IR AR _base ot Wall | = of Wal) |
- v ty B . ty N ty
R . | Obs/te) (pst) (psi) | Qlos/te) | (psi) | Apsr) | pst) | (psi) |
Inertial YH0 3.0 1,050 1,640 6.0 1,1/ 0 5, 5%
~ Acceleration PSRRI SRR S e
Burlaing - - - - - - - -
t' | Response Y | DT PRILANTE CENECL Tl R el AT
Interstory 6,540 24.0 21,100 by U.6 3,210 0.6 v
E-W | bisplacement WL e o PP SPSS . T AT T o O
H, 250 1. ralt 50 l.u 1, /w0 v bbU
T 1 Inertial 1,640 6.0 | 1,75 Y50 3.6 | 6] 0 | 35w |
Acceleration F: OB L sl r Rl
surlaing 1,250 VO 23,440 - - - - -
£' | Response it oy - R e i
Interstory - - - o0 U.6 3,2lv u.b 0
N-5 i Displacement . 1 L B il e R i
H, 250 1.u v 25 1.0 Liw| v uH
b e Sk = - NON IR SRR a———
DEF INTTIONS
L' = Sate Shutdown Larthquake resulting from ground surface acceleration of L.Z5%g.
Hy = Forces on structure from pipe supports on wall including seismic load, thermal , etc.
V = Shear force on wall 1n the n-plane or out-of-plane airection.
v = Loncrete shear stress.
tg = Vertical reinforcing steel stress.
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TABLE 4

s

Vertical reinforcing steel stress.

- STRESSES IN 14 INCH BLOCK WALL AT EL. 5'-0"
- ON COLUMN LINE 49 BETWEEN COLUMN LINES b AND t
. - PR R ———,
In-Plane Stresses Uut-ot-Plamne Stresses
I Mig-Section
Loaas ~ Base of Wall _of Wall
- s ilbs/ft) (ps1) {psi) (lbs/ft) (ps1) (ps1) | (psr) CApsi) |
Inertial LIy 3.6 1,140 - - - - -
Acceleration e i I LR ——
Builaing - - - - - - - -
i Kesponse Rl = SO
Interstory - - - - - - - -
E-W bisplacement o T - I T
H, () .5 /v 400 3.7 248 b i.v 18,000
e e N I EE——
b - - - . —
Inertial - - - 56U 5.4 29,100 v 12,000
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Burlaing - - - - - - - -
" | Response 2 R i acsidinehiie e o T
Interstory - - - - - - - -
N-S | uvisplacement A - L T TEAREVE. T, O R
Hy, bu 0.5 1o 33 0.3 1,620 u.5 ., 080
sl b btk . - FEENEEETRL AN NS
DEFINITIONS
£' = Sate Shutdown tarthquake resulting from grouno surface acceleration of U.25%.
Wy = Forces on structure from pipe supports on wall including seismic lead, thermal, etc.
¥V = Shear force on wall in the in-plane or out-of-plane girection.
v = Loncrete shear stress.
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TABLE 5

STRESSES IN 14 INCH BLOLK WALL AT EL. 61'-0"
ON COLUMN LINE 55 BETWEEN COLUMN LINES C AND

S G ————
In-Plane Stresses - Uut-of-Piane Stresses =
Mid-Section
& Base of Wall _.JL_‘-‘._..?L_!‘.!'_._-- ——l
v 1 . e « v fs s
(Ibs/ft) (psi) (psi) (lbs/tt) | (psi) (psi) | (psi) | (psi)
Inertial 290 2.6 32v by 1.4 2,90 u 1,85%
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£' | _Response e r 4 e At R
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t’ Response | o sl REASE: SEAEST | i Iyl SN, (Y o
Interstory s/u 1.9 3,200 40 0.4 Z, 6L U.4 U
N-S . Hisplacement S PR o ITRaITT T e M it Ll
He, - - - 350 3.3 4,900 v 4, 5w
PEF INTTIONS
£' = Sate Shutdown tarthgr ke 1 succeny from ground surface acceleration of U.Z%g.

-
on ou non

Forces on structure from pipe suppo ts on wall including seismic load, thermal, etc.
Shear force on wall in the in-plane - out-of-plane airection.
Loncrete shear stress.
Veruvical reintorcing steel stress.




wh
o
2 TABLE ©
2y STRESSES IN i4 INCH BLULK WALL AT EL. e&l'-0"
N ON COLUMN LINE 55 BETWEEN COLUMN LINLS C© AND
(-
In-Plane Stresses ) Out-ot-Plane Stresses
Mia-Section
Luaas : vase of Wall | ~of wall
v v s v v 's K 's
{los/tt) (psr) (psi) (lbs/tt) + (psi) (pst)_‘r (psi) (psr)
Inertial 340 J.v 0 340 3.0 /1,70 7] 3,650
Acceleration 2 L PSS FRENSS—
butlaing 1,900 17.0 9,410 - - - - -
E* Hesponse WK L R nEC i R
Interstory - - - 15 0.1 1,030 0.1
E-W bisplacement - « O 1 N T FoEona SUEGTRIES
H, I 1.4 750 sl 3.3 13,000 5.3 13,00
— — — 2 — R —
Inertial 340 3.u 25 340 3.0 Lw | o | sew |
Acceleration L L L0k 15 el s el
vutlaing - - - - - - - -
£* | Response e TERRERRTIN Wy AETR Lol 4 i
Interstory Juu 6.2 3,400 4 4 320 U.4 U
N-S Displacement N . g . Tl SRl 4 ol
Ho 150 1.4 150 slu 3.3 13,000 3.3 13,000
DEFINTTIONS
£' = Sate Shutdown tarthquake resulting from ground surtface ecceleration of U.Z%g.

-
| [ A T A |

Forces on structure from pipe supports on wall including seismic load, themmal | etc.
Shear force on wall 1n the in-plane or out-of-plane direction.
Concrete shear stress.

s = Vertical reintorcing steel stress.




NRC Question (12/6/79)
Question 2 FPage 1 of 2

Provide the basis for the stress distribution considered at the
interface between the masonry block and concrete core due to pipe
restraint anchor bolt loads.

Angwer:

The resistance to tension developed in an expansion anchor bolt occurs
in the flared section at the end of the anchor bolt. [f a tensile
force is placed on the bolt, shear and compression stresses develop in
the zone adjacent to and above the flared portion. The load is therebdy
distributed horizontally to the surface 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
masonry block and concrete core, the vertical component of the stress
un the shear cone is assumed to be uniformly distributed over the
circular area formed by the intersection of the cone and the block
surface. The tension on the mesonry block-concrete core interface due
to the surface stresses can be estimated using theories developed by
Boussinesq for determination of stress distridbutions in an elastic
mediall), The normal stress at the block-core interface as derived
from this theory is shown on Figure 2-1., The maximum stress was
calculated from the Boussinesy equation for a circular area with 2
uniform load, and the stress distribution was obtained “rom stress
curves(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
approximacion of the stress calculated from the Boussinesq equation at
the interface.

The tension on the masonry block-concrete core interface due to the
surface stresses can also be calculated using theories ceveloped by
westergaard for calculation of scil stresses under circular foundations.
The stress coefficients are shown in Table 2-1 along with a compariseon
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Question 2 Page 2 of 2

of the stress if cone 1 (2:1 slope) and cone 2 (1:1 slope) shown in
Figure 2-1 are used. This table gives the ratio of the maximum stress
at depth I with the applied uniform stress at the surface 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 /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 Lhe tension stress at the concrete core-block interface.

References:

(1) Timoshenko and Goodier, Theory of Elasticity, McGraweHill, 1981,
p 97 ff

(2) Lambe and Whitman, Soil Mechanics, Wiley & Sons, 1968, p 101

95001152




TABLE 2-1
MAXIMUM STRESS COEFFICIENTS

Stress Coefficients ‘
Westergaard Boussinesq Cone 1 Cone 2
2/2R (Maximum) _ (taximum) (Average) | (Average)
0.2%5 0.66 0.89 0.64 0.44
0.50 0.44 0.65 0.44 0.25
0.78 0.26 .43 0.38 6.16
1.00 0.16 0.29 0.2% B
1.2% 0.12 0.20 0.20 Our
1.50 0.0% 0.09 0.16 0.06
1.78 0.04 0.06 0.13 0.0% |
2.00 0.03 0.0% 0.1l 0.04
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NRC Question (12/6/79)
Question 3 Page 1 of 2

Provide documentation which will substartiate the extent of inspection
performed on masonry construction to support your claim that the
masonry construction at Trojan qualifies under the category of “special
inspection" per the UBC. Also provide additicnal verification of the
completeness of mortar between masonry wythes based on fizald testing
and inspection (1" ¥ diameter core drills).

Answer:

listallation of the concrete unit masonry was performed by L. C.

P.irdue, a subcontractor to Hoffman Construction Company. This subcone-
ti'actor implemented a QA Program in conformance with applicable sections
ot Appendix B to 10 CFR 50, which contained inspection responsibilities
that ware performed on 2 dafly 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 1nspection 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, noncone
formance reports, and inspection reports. Attachment -1 provides a
sampling of such reports.

To assure that the specified rec iirements were met during the construction
period, the Licensee contracted with Northwest Teg*ing 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 construction 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 UBC classification of “Special Inspection”.
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Question 3 Page 2 of 2

The inspecrion 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 ¢ddition to those walls, the
Neline wall at elevation 65, the 46-1ine 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 @ 1-1/2" core dril] of

10 Yocations at different elevations in each wall., Basec on this
sampling, creater than 30% mortsr was determined to be present in each
wall, which 1s substamtially gr.s.er than that required to develop the
18 psi shear capacity allowed by 1.5 VEBC.
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govoc @l o o PODR ORKGH
%~ L. C.PARDUE, INC. Vs SRR s -

O 3606 B. W, CORNLIT AVE, « PERTLAND, DRELEN 9720)

g COE | Octoter 37, 1972

Reffman Construgtlion S9o,
00 S.W. Fifeh
ertland, COrepon

f, Re: Portland Cencral Eloetrie Audit of L.'C. Pardue Ine.

Centlemen:

In repards to the recent audit preformed by POI of our QA
records 1 would 1iko to make the fellewing ntatements regarding
corrective ac¢iion, _

1) QA Manual: An Rechtel approved copy of the L; €. Pardue QA
manual 48 now availahle in she L, €. Pardue site
| office a3 of Cerobar A, 1972, o :

¢ 2R F1026): MRR/1026) stated that all records and material
were recnivel on 7/19/72., 0n close examination o
of the tost resilue secompanyine the ecertificasicn
8 discreponey was feund by L.C. Pardue C4 percgoncl. -

‘:) The material 4in auestinn was put on hold at that :
: time untill a tvremranhical a=rar could beo ~
correctod by llerLhwarty Tasting o+ 7721772 as -

S which im9 Lhe maLe=ial ‘119 relo1ged for use, -

A note has bLren sdded e MANFI0E4) stating the -

reason for Lhn date Jiscrepaney.

3) Drawings: A complete  :dit of all drawinms wvas initiated
upon cermpletion of the PCE auvdis, Unon com;letion ol
of our audit all nencurran’, Jrawiurs ware Lroushl
L0 & current ntatus with lieffrmans growing log.

L) Audits: Three audits of Tmpire Dulldine N'atarianl were nresose,
in the L.C. Parduo files 2% the tirme ¢f the I'GE auiiv, .
Unforturatoly en2 of tha auidis reporss was [iled wish :
the ficld inmpaciisy meparin, This brinss Lhe amouas
of audiss of Jirplro 0 throy which {2 {in aceuvsinien
with Lhoe L8, PMapdue €\ manusl, A aulis einele 1ins
has been dnitinsed for L.C. lardua inhoune sudits.

$) Storage Repert: A material niorire 849 pro‘action repory hus
boen fnsorperaied In the inedua field incpese
tion puport Filu anl will %o maintained,

é) NCR Leg: L.Cz Pnrdu; NORSY kan hean elered out in {he WCR Yo =,

:: \ ) M3 : . g i

Bt S NS ISR e TP T
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7) Pour Cards: T2 use of one pour card for mora than ono
" o 14fv er pour will not be permitted in the
: u 8 future, The invoice number of a'l rroat favoiega
will Mo 1listed on eagh =5ur eard and the pour !
feard wall aumters listed on esch inveice for i
cerons relerense and mutarial co::rol. Al !
: our ¢ards 2n. grou. inveises in the L.C. Pardun '
4 » 110 now contaln this informas 1on. ] :
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Attachment 3-2

NORTHWEST TESTING LABORATORIES

4118 N MISSISSIPPI AVENUVUE

CONETRUCTION (NEPEETION P.O. BOX 17126 NON DESTRUETI VE TESTING
MATERIALE (NBPECTION PORTLAND OREGON #72) 7 WELDING CERTIFICATION
CrEmiGaL ARALYRS SOl TERTING
SHYRICAL TERTING ASBAY I NO

December 11, 1979

portland General Electric Co.
121 SW Salmon
portland, Oregon

Re: Masonry Inspection
Trojan Nuclear Plant
Rainier, Oregon

Gentlemen:

We would like to confirm our telephone conversation
of the last few days regarding the masonry inspection at the
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 pergonnel and thus would
qualify for the classification in the U.B.C. as masonry work
performed under special inspection.
1f 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

95001167



NRC Question (12/6/79)
Question 4 Page | of 2

Provide documentation which supports the use of an allowable value of
18 psi (fe 12 pst x 1.5) for shear transfer at the interface detween
masonry block and mortar for the mortared double wythe walls.

Answer:

Yhe following information substantiates the design criteria given in
Supplements 1 and 2 to LER 7915 relative to shear values at block-
mortar interfaces.

The most relevant tests to establish shear values for vertical mortar
joints in masonry construction are shear tests to demonstrate achesion
between masonry veneer and masonry backing. Albyn MacklIntosh™ 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 perfarmed
(Smith-Emery Test Laboratory, Los Angeles, California) will not release
these test results since they are cuonsidered 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 interface in UBC Chapter 29, 1967 edition,

The most relevant available test data :uncerns transverse bending of
miltiple wythe unreinforced mascnry. Failure consistently occurred in
tension between mortar and masonry units at the wall surface. 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 AC! Committec 531 which is specifically charged /ith providing
requirements for design and construction of concrete masonry and composite

elements.
95001168



Question ¢ 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 Trojan. As expected, these walls failed
in tension at the horizontal brick-mortar interface when subjected to
lateral bending. It i: important to note that the 8 in. brick walla
demonstrated an average transverse strength of over four times the
average strength of similarly tested 4 in. brick walls, thus demonstrat-
ing compos te action of the two wythes. At the lcad level at which the
tensile bond failed, the inter-wythe shear can be computed tc be from
9.0 psi to 14.5 psi for these brick walls (Test: TSel thru TS-5,

Table 5-1). Because of the tension failure mede, inter-wythe shear was
never fully develssed. Crnsidering the fact that the Trojan masonry
walls are reinforced concrete masonry with equivalent ties and type M
rather than the type S mortar used in these tests, we believe that
these tests demonstrate that compasite action will occur and the 12 psi
allowable stess in UBC (multipled by 1.5) is reascnable for masonry
block walls. Similar results were derived from the 10 in. ccmposite
«:11s, tests 4C2, 4.9 through 4Cl1l in Reference l.

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 identiried in Reference 2.

References:

1. Fatta) and Cattaneo, "Structural Performance of Masonry Walls
under Compr: :sion and Flexure". HNational Bureau of Standards
Building Science, Series 73. 57 pages, 1976.

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