- TENNESSEE VALLEY AUTHORITY

CHATTANOOGA, TENNESSEE 37401
400 Chestnut Street Tower II

August 20, 1981

Director of Nuclear Reactor Regulation

Attention: Ms. E. Adensam, Acting Chief
Licensing Branch No. 4
Division of Licensing

U.S. Nuclear Regulatory Commission

Washington, DC 20555

Dear Ms. Adensam:

In the Matter of the Application of ) Docket Nos. 50-390
Tennessee Valley Authority ) 50-391

By letter dated February 12, 1981 from S. A. Varga, TVA was requested to
provide information concerning the use of nonreinforced concrete masonry
walls at Watts Bar Nuclear Plant. Information on this subject was
provided by my letter to A. Schwencer dated April 20, 1981. The schedule
provided in my April 20, 1981 letter was revised in my letter to you
dated June 1, 1981.

The enclosed information is forwarded for your review. We expect to
provide additional information concerning nonreinforced concrete masonry
walls by January 15, 1982.

Very truly yours,

TENNESSEE VALLEY AUTHORITY

CE Mg

{
L. M, Mills, Manager
Nuclear Regulation and Safety

* Sworn_to apd subscribed before me
this day of

Notary Public

My Commission Expires 9*’5 “p z %Oo'
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ENCLOSURE ,'

WATTS BAR NUCLEAR PLANT UNITS 1 AND 2
RESPONSE TO INFORMATION REQUEST ON CATEGORY I MASONRY WALLS
EMPLOYED BY PLANTS UNDER CO:NSTRUCTION PERMIT .(CP)
OR OPERATING LICENSE REVIEW

TVA's initial response to tha subject information request concarned only
reinforecad masonfy walls at Watts Bar Nuciear Plant (W3N). Since tha
initial response, TVA has expanded the investigation on the block walls
twofold. First, the information request has been expanded to address all

unreinforced masonry walls in categorv I structures. Secondl the loadingz
Y, 2

concerns expressed in NRC Bulletin 80-11 (impact loads, pressurization
loads, ete.) are being assessed in the design of the unreinforced masonry
block walls, A :

1. Are there any concrete masonry walls being used in any of the
category I structures of your plant? If the answer is "no" to this
question there is no need to answer the following questicns.

There are three types of unreinforced masonry walls being used in
category I structures at WBN. They are mortared hollow core block,
unmortared solid concrete block, and mortared éolid’concrete block.
These walls are located as follows: '

Auxiliary Building: elev 676, 692, 713

Cohdensate Deminefalizer vlaste Evaporator Building: elev 733.5
Control Building: ele& 755
. Reactor Building: elev 702.8, 716

2. Indicate the loads and load combinations to which the walls were
designed to resist., If load factors other than 1 have been employed,
plezss indicate their magnitudes.

The unreinforeced masonry walls were originally designed to function as
either radiation shield walls, partition walls, or to provide access
openings for enclosed equipment. These walls were nok intended to
serve any structural functions and thus were not designed to withstandg
any load or load combinations. An Evaluation Criteria, WBN DC-20-30,
"Evaluation of Unreinforced Masonry Walls Constructed from Solid
Concrete Blocks" (appéndix A), was prepared for use in deteraininz the
structural capacity; of the walls and their potential impact on nearby
safety-related systems. The unreinforced solid block walls are being
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evaluated for the loads and lozad combinations as defined in sectlon 3.0
of the above cited eriteria. No factors other than 1 have been
employed on the design loadings.

The mortared hollow core block walls have been reovalunupd They are
located in areas where their failure nou’d not damage safety~related
equipment,

In addition to complying with the applicable requirements of the
Standard Review Plan, sections 3.5, 3.7, and 3.8, is there any other
code, such as the "Uniform Building Code" or the "Building Code
Requirements for Concrete Masonry Structures" :.(proposed by the American
Concrete Institute) which was or is being used to guide the design of

- these walls? Please identify and discuss any exceptions or deviations

from the Standard Review Plan reguirements or the aforeﬂeﬂtlonOd
codes.,

The structural evaluation of the unreinforced walls is being cowpleted
in accordance with the previously ref'erenced criteria which complies
with the applicable requirements of sections 3.5, 3. 7, and 3.8 of the
Standard Review Plan. Where app710able in section 3.0 of appendix A,
certain American Society for Testing Materials (ASTM) standards and
American Concrete Institute (ACI) code 531-79, "Building Code
Requirements for Concrete Masonry Structures," and standards were used
in determining the allowable stresses.

Indicate the method that you used to caleculate the dynamic forces in
masonry walls due to earthquake, that is, whether it is a code's method
such as Uniform Building Code or a dyna mlc analysis., Identify the

code and its effective date if the code's method has been used.

Indicate the 1nput motion if a dynamic analysis has been parlormed

The dynamic forces acting on the unreinforced masonry walls were
determined by one of two methods depending on whether the wall joints
were mortared or unmortared (section 3.2.3 of appendix A). For walls
having mortared joints, the dynamic forces were determined by classical
dynamic analyses techniques as discussed in Introduction to Structural
Dynamics by J. M. Biggs. Each building containing block walls had been
seismicazlly analyzed according to section 3.7 of the WBN Final Safety
Analysis Report (FSAR), and a report containing acceleration response
spectra for the various floor elevations was availahble for each
building. TVA's method of analyzing unmortared block walls is

" presently being reevaluated. We will include this method of analysis

for unmortared block walls in our final response to this information
request,

How were the masonry walls and the piping/equipment supports attached
to them designed? Provide enough numerical examples including details
of reinforcement and attachments to illustrate the methods and
procedures used to analyze and design the walls and the anchors needed
for supporting piping/equipment (as applicable),



The unreinforced masonry walls are being analyzed for dead, live,
seismic, tornado, pressure, jet impingement, pipe whip, missile, and
flood loads in accordance with sections 3.2, 3.3, and 4.0 of

appendix A. Restraints are being designed where necessary and will be
installed after the walls have been constructed. Sample calculations
of the structural capacity of the walls andg design of tne wall
resiraints completed to date are shown in appendix B.

No piping/equipment supports have been authorized for installation on
the unreinforced block walls at WBN. Section 3.2.2 of appendix A&
states, "Attachments to the unreinforced masonry walls shall not be
allowed." -

Provide plan and elevation views of the plant structures showing the
location of all masonry walls for your facility.

Locations (plan and elevation) of all unreinforced masonry walls in the
category I structures at WBN are shown on the attached construction
dravings as listed below: ‘

41N366-1 R8 41N370-3 R3
§1N366-2 R5 41N370-6 R1
41N368~1 R8 41W391-7 R3
41N368-2 R2 41w732-2 R1
41N368-3 R2 41W732-4 R1
41N368-4 RY 48Ngu3 RY
41N368-5 R2 46wWLo2 R2k
11N370-1 Rl : 4o6wioL R7

41N370-2 R1

021196.05
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.. EVALUATION OF U?\REINFOIQ MASONRY WALLS CONSTRUCTED ‘
.~ " FROM.SOLID CONCRETE BLOCKS | o

WBK-DC-V-31.1.1.1
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EVALUATION OF UNREJMEORCED MASONRY WALLS consmuc.)

SOLID CONCRET LOCKS WBKN-DC-V-1.1.1

1.0

2.0

SCOPE

This evaluvation criteria shall apply to the evaluation of unxeinforced
masonry walls constructed from solid concrete masonry units. The criteria
2ddresses both mortared and unmortared joint conditions and gives specific
details where differences occur. '

~

PURPOSE

The purpose of this criteria 1is to establish a guide to gather znd evalu-
ate informztion in regard to the Nuclear Regulatory Commission's (¥RC)
"Information Request on Category I Mesonry Walls" (NEB 800514 255) and
NRC IE Bulletin 80-11. By using this Criteria and the dzta gathered by
field survey, each unreinforced masonry wall shall be evaluated for its

a

.effect upon safety-related equipment should that wall fail. If the field

3.0

SP714

survey indicated that a wall would not damage any safety-related equipment
by its failure, no further action will be necessafy for that well.
However, if the field survey indicated that 2 wall could camage safety~
related equipment by its failure, the wall shall be evaluated for its
Structural ability to withstand combinations of the following: dead
loads, impact or compartmental pressurization lozds such as missile,

pipe whip, pipe break, jet impingement, or tornado depressurization,
flooding, and seismic loads described herein. Kowever, for pipe

brezk, unless the safety-related equipment is required following that
specific break, no protection is necessary. If the evaluation deter-
mines that a wall can withstand the design loads, no further action will
be required for that wall. However, if the evaluation indicates that a
well could not withstand any of the design loads, corrective action shall
be taken to prevent damage to any safety-related equipment. This mey be
accomplished by designing and instzlling a restrzint mechznism which will
prevent .the wall from failing or by designing and installing a barrier to
protect the safety-related equipment from failure of the wa2ll. If =z

restraint system is required, its design including_anchorage shall conform
to reference 5.5. -

EVALUATION BASIS
3.1 Haterials

3.1;1 Concrete Blocks

The solid concrete masenry units shall be conservatively
assumed to conform to the requirements of American Society
for Testing and Materials (ASTH) "Solid Load-Bearing Masoary
Units," Designation C145-71, Grade S-1I, unless records are
available to substantizte that the masonry units conform to
the requirements of the higher grades.

3.1.2 Mortar

The mortar shall be conservatively assumed to conform to the
xequirements of ASTM "Mortar for Unit Hasonry," Designastion

TVL 10525 (EN DES—7—"7)
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-

3.2 Loads

3.2.1

3.2.2

3.2.3

€270, type N, unless records are availeble to substantiate
that the mortar used conformed to the requirements for types

S or M.

Dead Loads (D)

D -

Dead loads or their related internal moments znd
forces. The dead lozd shall ba based on the density
of the solis masonry units being 135 pounds per cubic
foot (1b/ft%).

Live Loads (L)

L -

Attachments to the unreinforced masonry walls shall

‘not be allowed. In the event that attachments are

presently being utilized on the wzlls, corrective
action must be taken to.ensure their removal 2nd
relocation.

Seismic Load (E')

E' -

The sei

Leads generated by the safe shut@own earthquake (SSE)

smic analysis will consider two types of block walls:

unreinforced, mortared walls as discussed in’ section 3.2.3.1,

end unreinforced, unmortared block walls a2s discussed in
section 3.2.3.2.

3.2.3.1

Mortared Block Walls

Unreinforced, mortared block walls shzll be dynami-
cally anzlyzed on a case-by~case basis as necessary.
 Parametric studies or "worst case" walls may be
utilized for analysis burposes as desired. Unless
it can be verified that the top block is structurally
restrained or adeguately mortared, the wall shall be
analyzed s a simple cantilever. Otherwise, the wall
shall be analyzed as a propped cantilever.

3.2.3.1.1 VWalls Analvzed As = Simple Cantilever

In a typical anzlysis, a unit width of
wall shall be assumed to act as a canti-
lever. The following steps shall be
followed to determine dynamic loads:

Step 1. The natural frequency of the
wall shall be cazlculated zs follows:

TVA D52 (ry pra. 777 o
B B T
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£y = (0.597)%n ‘ EI ,n=1
2L* n

£= (o-%)2n [ EX ,0>1
2L° Nmo o

where,

n = Yode number :

f = Irequency, Hertz (Hz)

m = S

= Hess per vnit length of wall for unit
- width (1lb-sec?/in2?)
E = 1,000,000 1b/in2

I = Moment of inertiaz of unit width of wall

(in%) ;
L = Height of wzll (in)

All frequencies £ 33 Hz shall be- calculated
eand retained. In the vertical direction,
the wall will exhibit rigid body behavior
and a frequency 2 33 Hz is zssunmed.

Step 2. Each frequency calculated in Step 1
shell be broazdened by. %10 percent. Using

the 2 percent demping” floor response spectrum
curve irem the appropriate published Civil
Engineering Branch (CEB) Report, a horizontal
acceleration value corresponding to 0.9 f_,
1.0 £, and 1.1 f_ for each calculated mode
(o=1,2,3,...7) £33 Hz, shall be deter-
mined. . The largest of the three accele-
rations determined for each mode shall be
retzined for use in Step 3. The vertical
acceleration shall be determined from the
structural response acceleration (ZPA) curve
contained in the appropriate report.

Sten 2. "The retainsd horizontal acceleration

for each mode from Step 2 shall be cowbined
using the square-root-of-the-sum-of-the-
squares-method (SRSS) as follows:

PUN—

- 2 2 . 2

a = ’a + 35 + ...a

SRS S 2 n

vhere,

an = meximum modal horizontzl accelerztion
N .

. for the n mode.

ar = SRSS acceleration

°

R TA
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EVALUATION OF UNREINF D MASONRY Wa

. 'FROM SOLID CONCRETE BLWPKS

LLS CONSTRUCTED‘ o :
| WBN-DC-V-1.1.1.1

Step 4. The calculated acceleration a_,
shall be multiplied by the deadweight of
the wall and applied as a uniform static
load in the direction normal to the wall.
A vertical load shall be determined by
multiplying the vertical acceleration
determined in Step 2 by the veight of the
unit width of the wall. The seismic
stress (OE) in the wall is given by:

g, = P+ Mc

E(zr

where Mc/I is the bending stress due to
the horizontal acceleration a2nd P/A is
the axial stress due to the vertical
acceleration. Since the earthquake is
cyclic in pature, the calculatéd forces
are assumed to act in either direction.
Section 3.4.7 of this criteria must be
met in the combined stress state.

Step 5. If, from Step 4, it is determined
that restraints are required to prevent
failure of a wall, the wall restraints shall
be designed for the loads produced by the
accelerations calculated in Steps 2 and

3. First, select the structural shape

and size restraint to be used and assume

a 4-foot initial spacing. Then multiply
the weight of the restraint plus thé weight
of the block wall (tributery width) by

the acceleration given in Step 3 and

apply these forces as a uniform load to

the restrazint. Designs that result in an
unrealistically large restraint or closely
spaced restraints may be coordinated with
CEB personnel for further eanalysis on a
case-by-case basis. Upless otherwise

Justified, restraints shall be placed on
both sides of~a wall. '

Step 6. In lieu of rerforming a detailed

" dynamic evaluation, a factor of 1.5 times

the peak horizontal acceleration value of
the approprizte 2 percent damping floor
response spectrum curve may be used for
the horizontal accelerations of the wall.
The vertical acceleration will be as
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EVALUATION OF UNREI RCED HASORRY WALLS COZJSTRUCT.
FROM SOLID CONCRETE WLOCKS

WBN-DC-V-1.1.1.

defined in Step 2. Steps 4 and 5 shell
then be performed to design the restraint.

- If Step 6 results in ean unrealistically
large restraint or closely spaced restraints

the detailed dynamic evaluation shall be
performed.

3.2.3.1.2 Valls Modeled As a8 Propned Cantilever %=

-l T

In 2 typical analysis, a unit width of the
wall shall be assumed to act as = propped

cantilever. The following steps shall be

followed to determine dynamic loads.

Step 1. The frequency of the wall shall
be czlculated as Follows:

=+ %)% ET
212 V

vhere the parameters are defined in Step
1 of section 3.2.3.1.1. All frequencies
£ 33 Hertz (Hz) shall be celculated and
retzined. In the verticzl direction, the
wall will exhibit rigid body behavior arnd
a2 frequency > 33 Hz is assumed.

Step 2 through Step 6 will be the same as,
those given in section 3.2.3.1.1

3.2.3.2 Unmortared Block Walls

CURRE N L—\7/
UNDE®=
FE EvALUuaTION




- JVALUATION OF UNREINFORCED MASORRY WALLS CONSTRUCTED
; _ FROM SOLID CONCRETE BLCi. ’ WBN-DC-V-1.1.1.1
-6-
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3.3

3.2.4 Pipe Break Loads (P, Y., Y )
- [ J po)

Pa - Pressure equivalent stztic load within or across a
compartment generated by the postulzted bresk, and
including 2n appropriate dvnemic load factor to

account for the dyvoamic cature of the load.

g

Y. - Jet impingement ecuivaleat static load on a structure
generated by the postulated break, znd including an
appropriate dynamic lozd factor to account for the
dynamic nature of the load.

Y - Missile impact load on a structure generated on or
during the postulated break, 2s from pipe.-whipping
and including an zppropriate dynemic load factor to

account for the dynzmic nature of the lozd.

3.2.5 Tornado Lozds (W )

Wt - Loads generated by the design tornado specified for the
plant. Tornado loads on ‘the méscniy walls are due to
tornado-created differentizl pressure.

3.2.6 Flood Loads (F)

¥ - Flooding equivalent stztic lozd on a structure generated
by compartment flooding.

Load Combinations

Unreinforced concrete block walls shzll be evaluated as defined in
section 3.2. The horizontal and verticzl lozds used in the design
of the wall shall be applied in combinations zs prescribesd in the
following sections. ‘

3.3.1 Sexrvice Loads

For loads encountered during normal plaent startup, operation,
and shutdown, the following load combination shall be cen-
sidered:

(1) s=0D

-

3.3.2 Extreme Fnvironmentzl and Abnormzl Leoads

For extreme environmental and ebnorinzl loads cue to the safe
shutdown earthquake, flood, tornzdo, or high energy pipe break

TVE INNAS[ER NIG 7aT 7Y
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accident, the following load combinztions shzll be considered:

(2) S=p+ g
(3) S=p+ P +VY, +Y
(Q)S:D+Wi J o
(5) s=p+7F

In load combination (3) the maximum values of P, Y., and Y
should be used unless a time history aznalysis is pe%formed To
Justify otherwise.

In the above load combinations, S is the required section

strength based on the working stress design method and the
allowable stresses defined in sectiop 3.4,

3.4 Allowable Stresses

Allowable stresses shall be as given below for load combination (1)
of section 3.3.1. These values may be increased 33 percent for

load cases (2) through (5) provided the increased values do not
exceed the stated maximums,

3.4.1 Compressive Strength

3.4.1.1 TFor walls wit: mortared joints,; ‘the compressive

- strength of the mesonry wall,”f ', shall be teken as
700 pounds per square inch (lb/?nz).for an assumed
compressive strength of the masonry units of 1000
1b/in? and Type N mortar. If records are available,
as stated in section 3.1, 2 higher value of f ! may
be used as determined from table 4.3 of AmeriCan
Concrete Institute (ACI) "Building Code Requirements
for Concrete Hasonry Structures" ACI 531-79.

3.4.1.2 For walls with unmortared joints, the compressive
flexural strength of the masonry wall, £ ', shall be
" taken as the compressive strength of the’masonry
units (3000 1b/in2?) unless records are zvailable to
substentiate 2 bhigher value. For unmortared block
walls, £ ' shall be substituted for f ' of the
alternate design method. : ¢

3.4.2 Axial Stress

The 2llowazble compressive stress due to axial loading on the
wall shall not exceed

F = 0.225f ' [ 1 - (h/40t)3) but < 1000 1b/in2,

where h (effective height) and t (nominal thickness) are as
defined in section 9.4.7 and 9.4.8 of ACI 531-79.

-8-
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3.4.3 Flexure

3.4.4

3.4.5

3.

4.

6

F

The allowalle flexural compres;ivé stress shall be

3.4.3.1 F, = 0.33f ' but £ 1200 1b/in? for mortared walls.
3.4.3.2 F_ = 0.45% ' but $ 1350 1b/4a? for unmortared walls.
Shea{

The allowable shear stress for solid concrete blocks with
mortared joints shall be

v = 1.1.J—277f “but £ 50 1b/in2.
) m m

The allowable shear stress for solid blocks with unmortared
joints shall be :

LY

where fs is the static friction. The coefficient of friction
shall be taken as 0.7. fs = 0.7 x pormal force.

Tensile Stress

The allowable tensile stress in mortared joints due to bending
shall be ' :

¢ = 1.0 1’m0 £ 40 1b/in? normal to the bed joints,
F, = 1.5 m, £ 80 1b/in? parzllel to the bed joints in

running bond.

where m is the compressive strength of the mortar.

Limitations of Stresses

3.4.6.1. Neither the tensile strength nor the shear strength

of the mortar shall be considered in the analysis of
vertical continuous joints.

3.4.6.2 The tensile strength of the mortar shzll not be

considered in the analysis of the bed joint on the
top of the masonry wall.

3.4.6.3 If construction inspection records coenforming in
- general to the requirements outlined in seéction
4.5.2 of ACI 531-79 are not available, the zllowable
stresses in compression shall be reduced by one-thirg
and the 2llowable stresses in tension and shear
/
reduced by one-half.
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4.1

4.2

———— e

3.4.7 Combined Stress

For combined stresses due to bending and axial loads, the
following shall be met: '

f  + f
-2 L
F F

a m

A

1.0

where fa 15 the caleculasted axial Compressive stress in masonry
and fm 15 the calculazted flexural compres
masonry.

3ive stress in

4.0 ANALYSIS

Mortared Block Walls .

Masonry walls with mortared Joints may be analvzed as a propped
cantilever if adequate bond exists between the top block and

the supporting structure, or if restraints are added at the top

of the wall. Otherwise, the walls shall be analyzed as a cantilever
beam. If the calculated stresses exceed the zllowable stresses using
the Working Stress Design Method of ACI 531-79, ‘the walls shall be

restrained. Restraints shall be analyzed as either a simple beam
or a plate hinged on four sides if all four sides are restrained.

For multi-wythe walls which are subjected to seismic loads, the wythes
shall be assumed to act independently of each other unless they are
connected by ties or other mechanical means. Composite action of

two or more wythes should not be zssumed unless an analysis of the

mechanical ties connecting the wythes is performed and the ties

are deemed sufficient to assure the wythes act together. For pipe
brezk, tornado, missile, or flood lozds (loading in one direction),
the loads shall be assumed to act on the external wythe and the

load distributed through each successive wythe if there is no air
space between the wythes. If an air space exists between the wythes,
the external wythe shall be assumed to .carry the total load.

Unmortared Walls

Masonry walls with unmortared joints shall be znalyzed as a cantilever

beam using stability analysis. Where restraints are required, the
portion of the wall between the restraints shall be analyzed as a

simple beam.

CFor multi-wythe walls subjected to seismic loads, the wythes shall

be essumed to act independently. Externally applied loads in one

direction such as pressure loads may be distributed equally to the
wythes znd each wythe analyzed individually for multi-wythe walls

without an air space between the wythes.

The evaluation of unmortared walls shall be as follows:
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'EVALUATION OF

’NREINFOP,’) MAS WALLS CONSTRUCTED ‘
- FROM SOLID COMNCRETE BLOWRS

- WBK-DC-V-1.1.1.1

PEY

Seismic Evaluation (Reversible Lozding) .

vhere

The walls shall be evaluated for all forces as shown in figure 4.0-1(b),

P = Axial force applied to top face of block
(including vertical seismic effects):
W = Weight .of 1n61v1GUd7 block (including vert1c21
. seismic effects
v N

1 = Shezr force on ch face of block
= Shear force on bottom face of block

fsl = Static frictional force at top face of block (p=0.7)
fs? = Static frictional force at bottom face of block

(0 = 0.7)
Normal vertical force at bottom face of block
Distance of normal force (N) from front face of block
Applied moment due to external loads
Span between lateral supports -

nonn

such that the moment formu]aued b) the normal force N, and
its moment arm d, w1]l resist the moments which reqult from
P, W, V., v, f <1 9 and M when moments are .summed about
p01nt A (see flgure Z 0-1(b)) while the normal force N,
remains within the plane of the wythe (d < width of a single
block). i

The compressive stress on the bottom of the block
caused by the normel force N, shall be evaluated zs
shown in figure 4.0-1(c) to ensure the stress involved

does not exceed the zllowable stress given in SECLIOD
3.4.3, that is

<F
c m

Pipe Break, Missile, Tornado, and Flooding Evaluation (Loading
in One Direction)

The walls shall be evaluated for all forces as shown on
figure 4.0-2(b) where

P = Axial force applied to top face of block

W = Weight of the individual block

fsl = Static frictional force at top face of block (g = 0.7)
f"2 = Static Irictional force zt bottom face of (p=20.7)

N° . = Normal vertical force at bottom face of block

L = Span between lateral supports

w or Z = Equivalent uniform static load or concentratéd lond
with @n appropriate dvnamic load factor
Z = Equivalent point load

..11...
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(:' "EVALUATION OF UNREINFORLEN MASONRY WALLS CORSTRUCTED ‘

| “:FROM SOLID CONCRETE BLO WEN-DC-V-1.1.1.1
| Pt = Equivalent axial load due to multi-wythe width
Wt =

Equivalent weight of block within the span length
due to multi-wythe width.

such that the static frictional forces (fs and fs ) shall not
be exceeded (see figure 4.0-2(b)) and the overturhing moment
does not exceed its internal resisting moment. (see figure

4.0-2(c)).

w
=

REFERENCES

5.1 American Society for Testing and Materials (ASTM) "Solid Load-Bearing
Concrete Masonry Units," Designation C145-71.

5.2 ASTM "Mortar for Unit Masonry," Designation C270.

5.3 American Concrete InstituteA(ACI) "Building Code Requirements for
Concrete Masonry Structures,'" ACI 531-79.

5.4 Intrcduction to Structursl Dynamics, John M. Biggs, 1964, Chapter 4.

5.5 Design Criteria for Miscellaneous Steel Components for'Seismic Class
I Structures, WB-DC-20-21.
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