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SUMMARY 

A total of twenty-six (26) wall elements have been identified as "Safety-Related", such that their failure could affect a safety-related system. Re-evaluation calculations indicated that eighteen (18) of these wall elements had actual stresses less than the allowable stresses established in the criteria and therefore, do not require modification. The remaining eight (8) wall elements had actual stresses greater than allowable stresses, ; h wever, when checked against operability requirements, -each was found to maintain its structural integrity. Therefore, the operability of no safetyrelated system is in jeopardy. Modifications for the latter eight (8) wall elements have been designed and are currently being reviewed and implemented. The Nos. of these wall elements are: 46, 52B, 52C, 55A, 55B, 
56B, 57A and 57B, 

Responses to each paragraph of Section 2.b. of Bulletin 80-11 
follow: 

(i) - The function, type and strengths of the materials of each of the twenty-six (26) safety-related walls are shown on the attached wall data sheets. The systems and equipment, both safety and non-safety related, which are attached to or in proximity of these walls, are described on the equipment lists attached to the wall data sheets. The configuration of these wall elements is shown on the attached drawings which were prepared for each wall system (connected wall elements). The drawings include details, notes and sections showing the horizontal or vertical reinforcement required by the design drawings at the masonry bed joints and the joints between the concrete or steel structure and the masonry.  

(ii) - Construction practices utilized in the laying up of the walls were those normally accepted for masonry work at the time the plant was constructed.  Limited inspection documentation is available, however, daily inspection records were not found. The walls that were investigated in this response were non-reinforced, hence the problem of voids in the grout, lack of bond or rebar lapping does not exist. A visual check was made of all the masonry walls to verify the adequacy of the mortar joints as part of the Bulletin efforts. The reanalysis of the masonry walls indicated that those walls which require no fixes have stresses much lower than allowable so that a reduction in allowable stresses due to workmanship could be accomodated.  

(iii) The acceptance criteria for the review of existing masonry walls was based on: 1) An evaluation of existing masonry codes as to their applicability for the plant's conditions, 2) A literature survey of available data on masonry construction to evaluate the inherent margins of safety for the various loads, and 3) Engineering judgement in applying or interpreting the information available. The codes that were consulted are included in the References below. The allowable stresses for Table 2 (column S) loading used in this acceptance criteria follow, very closely, the recommendations given in ACI Standard 531-79, for inspected construction. The allowable stresses in
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Table 2 (column S) are to be used with load combinations that include an OBE 
earthquake load. Unlike the ACI code which permits a 33-1/3 percent increase 
in allowable stresses for earthquake loads, no such increase is permitted 
here with OBE. In addition to OBE, an SSE or safe shutdown earthquake must be 
considered. An SSE load is an extreme environmental load which is credible 

-.-.. but highly improbable. The ACI code does not specifically address this -type of loading.. -Accordingly, a review was conducted of the references below 
to see what margins of safety are available in the code allowable stress values 
and to see what kind of stress increases are permissible for the SSE load 
condition such that an adequate margin of safety is assured. Table 2 (column U) 
shows the allowable stresses for the SSE load conditions.  

References: 

1. ACI Standard, "Building Code Requirements for Concrete Masonry 
Structure," (ACI 531-79).  

2. Commentary on "Building Code Requirements for Concrete Masonry 
Structures", (ACI 531R-79).  

3. "Specification for the Design and Construction of Load-Bearing 
Concrete Masonry" NCMA-1979.  

4. Uniform Building Code, Chapter 24, "Masonry" - 1979.  

5. Applied Technology Council, "Tentative Provisions for the Development 
of Seismic Regulations for Buildings" NBS SP-510, Chapters 12 and 12A.  

6. Research data and discussion relating to "Specification for Design 
and Construction of Load Bearing Masonry," NCMA 1970.  

7. Copeland and Saxer, "Tests of Structural Bond of Masonry Mortars to 
Concrete Block," Journal of the Structural Division, November 1964.  

(iii) (a) - The following loads were considered in the masonry wall re
evaluation: dead, seismic (OBE and SSE), pressure, missile, impact, wind, 
tornado and attachment loads. A site survey and a review of system arrange
ment plans were made to determine which of the above loads are applicable for 
each wall. Since the working stress method was used to determine the wall 
stresses, no load factors were applied. The load combinations were the same 
as described in the FSAR. In a majority of the walls the only loads acting 
are dead weight and seismic.  

The masonry walls used on this plant are typically partitions or 
infilled panels. Attachments to the walls, if present, are usually very small 
(less than 100#). They were considered insignificant. Differential floor 
displacements due to gravity loads are not considered to be important because 
the masonry walls were constructed after the overall structure experienced its 
dead load deflections. Differential displacements due to in-plane seismic 
loading are still being evaluated to enable subsequent investigation of their
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effects (if any) on the walls. The masonry walls for this plant do not act as shear walls. They undergo the displacements because of the overall behavior 
of the structure. Therefore, in-plane loads are considered to be strain
limited.  

. ...... .-These walls are unreinforced and, therefore, -no cracking is permitted 
for working loads. They are analyzed as uncracked sections and the stresses are 
calculated assuming linear elastic theory.  

To account for Out-of-plane behavior for infilled panels, an effort 
was made to apply the results of some of the recent research efforts in the 
related areas of reinforced concrete infilled panels. Since the panels do not 
take any significant amount of the story shear the integrity of the wall can be assured if significant cracking in the central portions of the wall can be prevented.' 

References: 

1. Fishburn, C. C. "Effect of Mortar Properties on.Strength of Masonry" 
National Bureau of Standards Monograph 36 U.S. Government Printing 
Office, Nov. 1961.  

2. Klingner, R. E. and V. V. Bertero, "Earthquake Resistance of Infilled 
Frames," Journal of the Structural Division, ASCE, June, 1978.  

3. Mayes, R. L., Clough, R. W., etal., "Cyclic Loading Tests of Masonry 
Piers" 3 Volumes; EERC 76/8, 76/28, 79/12 Earthquake Engineering Research 
Center, College of Engineering University of California, Berkeley, CA.  

(iii) (b) - Any equipment attached to the wall is extremely light. It is secured 
to the walls by anchor bolts. The loads in these anchors are on the order 
of 60# or less. These are not considered significant and the potential for 
block pullout is negligible.  

Composite behavior or multi-wythe walls was assumed if the collar 
joint was filled with mortar. Since the attachment loads, if present, were 

.negligible, the major out-of-plane loads were caused by inertia due to 
seismic excitation. The shear through the collar joint was caluclated using 
convential beam theory. The calculated horizontal shear stresses were usually 
on the order of 1 psi.
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ASSUMPTIONS 

The assumptions, with regard to the properties of the materials used in the construction of the masonry wall elements at Indian Point 3 - Nuclear Power are based on the references listed below.  

A) "Specification for Masonry Work" -Dated 6/6/68 

Addendum No. 1 Dated 11/26/68 
Addendum No. 2 Dated 4/11/69 
Addendum No. 3 Dated 11/9/70 
Addendum No. 4 Dated 3/9/72 

B) Quality Control Inspection Report - Dated 5/13/70 

C) Pittsburgh Testing Laboratory Report - Dated'4/23/70 

Based on the above specification, addenda, reports and the tables from AC1-531, the values shown on the following sheet were established for use in this re-evaluation.
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Masonry Wall Re-evaluation 

Acceptance Criteria 

1. General 

1.1 Purpose " 

This document provides the analysis and design requirements.to be used 
in re-evaluation of masonry walls, as required by the NRC I&E Bulletin 
80-11 dated May 8, 1980. The Valls will-be considered acceptable if 
the stresses are less than or equal to the allowable stresses listed 
in Tables 1 and 2 of this document.  

12 Scope 

This re-evaluation is specifically addressed to the masonry walls that 

are in proximity to or have attachments.'from safety-related piping or 
equipment. Both reinforced and non-reinforced masonry walls are con
sidered.  

Since no masonry walls are used as shear or load bearing walls, this 
criteria is primarily intended for use with out of, plane behavior.  

2. Materials 

The specified compressive strength of eoncrete masonry (f'.) is based 
on unit test method (section 2.1). M 

2.1 Unit Test Method 

Specified compressive strength fl, for net area of masonry composed of 
solid or hollow units shall be taken from Table 2,1. Values of fV 
may.be interpolated but not extrapolated.  

. .  

, .  
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Table 2.1 Values of f' for Masonry
m

Compression test strength 
of masonry units, psi, on 
the net cross sectional

6000 or more

4000 

2500 

"2000 

1500 

1000

Compressive Strength 

of Masonry 

f 'm' psi

-.., -Type M and 
S MOrtar

2400 

2000 

1550 

1350 

1150 

900

3. Loads

The loads to be used in the re-evaluation will be taken from the orig
inal project design criteria as reported in the FSAR. The load fac
tors shall be 1.0. The load combination will be the same as reported 
in the FSAR.  

4. Masonry Waill Analysis Techniques 

4.1 Boundary Conditions 

Boundary conditions to be used for concrete masonry walls are dependent 
on the structural details used to tie the masonry to the rest of the 
structure. When.the boundary condition .is assumed it should be used 
consistently for the all subsequent calculation.  

4.1.1 Simple Supports 

Simple supports on top and sides will be assumed if adequate shear 
transfer can be demonstrated. The shear transfer can be accomplished 
by mechanical methods (embedments, dowels, masonry ties, angles etc.) 
or by iiedging action. A plain mortar joint on the bottom support may 
provide the necessary shear transfer due to the fzpition caused by the 
normal forces.

. A
*1
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Type N 
Mortar

1350 

1250 

1100 

1000 

875 

700

*S Mortar''' Mortar



4.2 Frequency of Masonry Walls

W Frequency of the masonry wall may be calculated assuming one-way or two-way behavior. For one-way behavior with simple supports, the 
frequency is: 

.-o . .....  

where 

f * fundamental frequency (cycles per second) 

E - modulus of elasticity of masonry (1000 f' 

I - moment of inertia 

K - a constant which depends on geometry, boundary conditions 
and loading 

For two-way behavior the frequency will be calculated using the avail

able plate equations. The general-form of the frequency equation is: 

f-K\Ji 

where D is the flexural stiffness and K is a constant defined above.  

It is recognized that the variation of material properties is impor
tant in calculating the walls' seismic 'response. A variation of E 
will be considered and a range of frequencies is determined. The m 
frequency selected will be the one wlich gives the maximum response.  

4.3 Attachment Inertial Loads 

The stresses due to attachment inertial loads will be combined with 
the wall inertial stresses in an absolute sum method.  

5. Allowable Stresses 

5. 1 Severe Environmental" 

For the load combinations specified in the FSAR, stresses in the rein-.  
forcement and masonry should be computed using working stress proced
ures. .For normal and severe environmental loads, the stresses desig* 
nated is S'in Table 1 and 2 shall be used. No increase in allowable 
stress is permitted for an OBE earthquake.  

L/ 

* .* 
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5.2 Extreme and Abnormal Environmental

For abnormal and extreme environmental loads the stresses designated 
as U in Tables 1 and 2 shall be used.  

S. 5.3 Provisions for Special Analysis 

" In generpl, the derivation of load intensities, evaluation of wall 
response, and comparison to allowable stresses shall be by linear 
elastic analysis and working stress procedures. However, the fol
lowing exceptions are permitted.  

1. In determining an appropriate equivalent static load for impact
ive and impulsive loads, elastro-plastic behavior may be assumed 
with appropriate ductility ratios for reinforced masonry provid
ing that yielding occurs in the tensile reinforcement prior to 
the elastically calculated masonry compressive stress of 0 .85 f'M* 
Also, it must be shown that excessive deflections will not result 
in loss of function of non safety-related systems.  

2. In lieu of combining maximum values of loads or response, time

history analysis values may be used.  

6. Damping Values for Seismic Analysis 

The following damping values will be used when re-evaluating the walls 
using amplified response spectra.  

6.1 Out-of Plane Loading 

6.1.1 Unreinforced Walls 

OBE Earthquake - 2% 

SSE Earthquake - 4% 

6.1.2 Reinforced Walls 

OBE Earthquake - 4% 

SSE Earthquake - 7% 
• 

e |a 

£
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7. Operability 

If the allowable stresses are exceeded, a check is made to insure 
that the walls can maintain their structural integrity. The unreinforced 
walls used on this-project are considered operable if the maximum tensile 
stresses are less than 85% of the modulus of rupture of the wall. It is 
recognized that a wall may have a reserve capacity due to arching action even 
beyond this point.  

The modulus of rupture is the stress level at which a material fails 
in tension. The modulus of rupture of masonry is dependent on the type of 
unit (hollow or solid), the type of mortar, the direction of the load (normal 
or parallel to bed joint) etc. Tests were done on wall panels to arrive at 
the code allowable used by NCMA, ACI etc. A factor of safety of four (4) 
is used for the allowable stress. The modulus of rupture for Type N mortar 
used with hollow blocks is 64 psi. This number is the average of four (4) 
tests reported in reference 1 below. The tensile stress is normal to the 
bed joint.  

The modulus of ruputure or solid blocks was taken as 108 psi.  
This number was not based on test directly but was interpolated from test 
results of Type M and S mortar.  

Reference: 

i 1. Research data and discussion relating to "Specification for Design 
and Construction of Load Bearing Masonry" - NCMA 1970.

-5-
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" Allowable Maximum Allowable Maximum 
Description (psi) (psi) (psi) (psi)

Compressive 

A.xia 1) 

' 2) 
-4lexural .  

Bearing 

.On full area 

On one-third area 
or less 

Shear 

Flexural members 

Shear Walls
(3'4) 

Masonry Takes Shear 

M/Vd>l 

M/Vd =0 

Reinforcement Takes 
Shear 

* M/Vd>l 

*M/Vd- 0 

Reinforcement 

'Bond 

Plain Bars 

Deformed Bars 

Tension 

Grade 40 

Grade 60 

Joidt Wire 

Compriision

0.22f, 

0.2sf' 

0.375f, 

1.1 

0.9W 
2.0 .f 

2. 0i '

1000 

1200

900 

1200 

50 

34 

74 

75 

120 

60 

140 

20,000 

24,000 

.SFor30 ,000 
Y..  

0.4F

.0.44f; 
0.5!

0.62f, 

O. 95fI 

1 .7 

I.5 
3.4 fm/ 

3. 4 SIT-

L

2000 

3000 

2250 

3000 

75 

56 

123 

i25 

180 

80 

186 

0. 9F 
0. gFY 

0. 9F 

0. 9F y
* iI" .



Notes to Table 1: 

(1) These values should be multiplied by (1 - 4 If the wall has 

a significant vertical load.  

(2) This stress should be evaluated using the effective area shown in 

Figure 1

Area amumed effeaive in flexural comprestio .  
force normal to face 

FIGURE 1 

(3) Net bedded area shall be used with these stresses 

(4) For M/Vd values between b and 1' interpolate between the values 
given for 0 and 1.

S.i



Table 2: Allowable Stresses in Unreinforced Masonry

Description

Compressive 

Axial (1' 

Flexural 

Bearing 

On full area 

On one-third area or less 

Shear 

Flexural members(2, 3) 

Shear walls(2) 

Tension 

Normal to bed joints 

Hollow units 

Solid or grouted 

.Parallel to bed Joints ( 4 ) 

Hollow units.  

Solid or grouted 

Grout, Core 

Collar Joints 

Shear 

Tension

Allowable 
-. (psi).

Maximum 
-1psi)

Al l owa bl e 
(psi)

i i

0.22f' 

0.33f'

0.9 f/;

0.5 mo 

2. smf-.  

2.5 filf 1

1000 

1200 

900 

1200 

so.  

34 

25 

40 

50 

80 

.8 

so

0.44f' 
m 

0.85f' 

m 0.62f' 

0. gf 

1.7 

1.56f 

I . 67mo 0.8 

2.5 

4.2 fVf,

a I _____ I

w

Maximum 
(psi)

2000 

3000 

2250 

3000 

75 

56 

42 

67 

84 

134 

12 

12

I i



Note 

(2 

(4

s to Table 2: 

These values should be multiplied by (1,- h)) if the wall has a 

significant vertical load.  

) Use net bedded area with these stresses.  

) .-For stacked bond construction use two-thirds of the values ipecifie 

) For stacked bond constiuction use two-thirds of the values specifie 

for tension normal to the bed joints in the head joints of stacked.  

bond construction.

S.............  

'.4..-

d.  

d
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