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introduction

This caiculation documents the seismic screening spreadsheet for the two block walls in the Quad Cities
Station part of the IPEEE evaluation. They are the Main Floor Partial Walls of Turbine Building and the
Floor Partial Walls of 125 VDC Distribution Pane!

The basis of preliminary screening is to consider the block walls as a two-way slab or a one-way slab
spent vertically. Reference 3 shows the details of screening basis and is attached in Appendix A.

in conclusion, the two masonry block walls in this calculation have been qualified to levels in excess of the
RLE in-structure demand and may be screened out at the 0.3g, PGA HCLPF level.
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’Wall Name: f125 VDC Distribution Panel - Block Wall Separation
Reference Calculatron*S&L Ca|c No 5570 31 TBO4 pages 7 to 9

. |Remark
- ﬂ -

in

~ psi

psi

IN"2/in

9
psi
psi

—t

- -t

in
in

B rn’f{/rm
| in*3/in

pSl
k-in/in
in

" inA4/in
in*4/in

T

|
User input. J S
Height(H) | 125 |
Spnw) 15 |
‘Wesght (@) 80 |
'Naﬁn?an Depth PO R
Sa Top 11823 |
'Sa Bottom 112564
Sa 0 1'5335*:
Constant Fields, 1
Cover Thickness 1 15 |
Porssons Rao | 02 ‘
fm 1270
:fy . 60000
Steel Area (As) 0.0375
PGA ' 1 03 |
Em’ ’ | 952500
Bs 29000000.
m | %048 ‘
'Calculated Fields: [
‘Actual Depth (D) = 7.625
a 38125 |
g 12814 |
'Sg ~ 7.38
T 89.09
‘Mer 066
X 202
. 6.42
le 6.45
'Frequency (f) 789
a 2084 |
Mv 561 |
‘Mh 087 |
‘Beta1 0.0411
;My 1.18
Beta 00311
Mx 089 |
HCLPF 0.295

Hz
in
k-in/in
k-in/in

k-in/in

k-in/in

)

V'Bottom spectral acceleration

~|3/8" less than nominal

'Section modulus

Block Wall Prehmmary Screemng Based on S&A Calculation 9502873 COO1

Total unsupported herght of block wall

*U_nsupponed honzontal span

| (- b s T e S I
|
l

Top spectral ‘acceleration

Average spectral acceleration (5% damping)

| P

- - Sa—— - , = . . m——

—4

1Mortar compressive strength
Steel yueld strength

[#7 bar @ 16"

Peak Grourd Acceleration for FRS
‘750 fm

4

'Section moment of inertia

Flexural strength
Cracking moment

4

1

|Fundamental frequency

‘Moment coefficient
'Maximum vertical moment
'Moment coefficient
'Maximum horizontal moment
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“Block 7Wal|_ Prelmjjnairy Scyeen_mg capacity based on one way slab spanned vertically ,

:Cpnimuation_' on Wall. [125 VDC Distribution Panel - Biock Wall Separation

L | 1500
Weight (q) | 0556
My 1561
Shear Capacity 014

Calculated Fields

iFrequenéy | 456 |
Sa 1.275
My | 199
Shearﬁ 7 0.05
'HCLPF of My | 0.845
'HCLPF of shear | 0782
HCLPF | 0782

'Remark'

[ k-infin VTVVernvarcal Moment Capacity _
Kin 12 rows of 3/8" CEA @2-3"c ¢ staggered

IFundamental frequency

|Average spectral acceleration (5% damping and 10%
juncertainty)

[Maximum vertical moment

@ top and bottom of wall
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Biock Wall Prellmlnaw Screenmg 7Based on S&A Calculation 95C2873- COO1
[Turbine Building Main Fioor Partial Walls

'Wall Name

Reference Drwgs

lu'séi Input.

Helght [

|Span (W)

Wesght(q) g

~Nommal Depth
ISa Top

ISa Bottom

Sa

.LCS’h.sté"it Fields:
(Cover Thickness

Poisson's Ratio

ffv

‘Calculated Fields
\Actual Depth (D)
rd — i L4
o

o

T

‘Mer

x

It

e

EFréquency (f)

a

My

‘Mh

‘Beta1

My

Beta

iMx

HCLPF

1F -170, Rev. D, B- 1772 Rev. Gand B-1775, Rev. E

| S |Remark )
! 20 ft Total unsupported henght of block wall
i 30 T L 1Unsupported horizontal span
| 100 | Ib/ft"2 Weight per unit area (assume 2/3 grouted and density =
| | ‘125 pcf) 50 74‘2/3 (121 1 50 7)‘98 psf
S AR N s
1107 | g JTop spectral acceleration )
177107 | g |Bottom spectral acceleration
T 1.07 ' g TAverage spectral acceleranon (5% damping)
ot T
I * R
1350 | psi 'Mortar compressive strength
60000 | psi ‘Steel yield strength
| 00375 | in"2/in |#7 bar @ 16"
I &% | B TPeak Ground Acceleration for FRS
| 1012500 | psi [760*fm
| 29;’2%399 ST
: 11625 ' in 1378" less than ncminal
| 58125 | in
7689 | in*alin |Section mom2nt of inertia
71323 | in*3/in "ée‘cttoh mod Jlus
9186 | psi Flexural stre ngth
| 122 | keinfin Crackmg moment
262 in
771694 | inMlin |
771706 | in*afin |
: 394 Hz IFundamental frequency
1.961 in ‘
979 | keinfin |
162 | kenin |
[ 00348 | 'Moment coefficient
335 | k-in/in |Maximum vertical moment
00189 | 'Moment coefficient
182 | k-n/in :Maxlmum horizontal moment
" 0.266 g
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;Blbék Wall Prehminafy Screen'ing capacity based on one way slab spanned vertically

fCohfinuatapn on Wall: TTurbme Buuldmg Main Fioor Partial Walls

L
_ Weight (q)
.
Shear Capacity

/Calculated F |elds
‘Frequency

Sa

Wy

'Shear

'HCLPF of My
'HCLPF of shear

HCLPF

240.0
0.694
979
042

267
0.864
432
0.07
0.680
1.731

0.680

|
1

in

| k-in/in

k/in

Hz
g

| k-in/in

k/m

Remark

MblinA2 |

Vemcal Moment Capacity
2 rows of 3/8 CEA @9 cc

'FUndamental frequency

Spectral acceleration (5% damping)
Max1mum vertical moment
@ top and bottom of wall
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Eackground

This calculation documents the seismic screening spreadsheet for the block walls in the Nine Mile Point |
stationas part of the IPEEE evaluation. Page | of the spreadsheet provides the basis for preliminary screening. If
the block walls do not pass the preliminary screening, page 2 can be used which allows the wall to drift during an
earthquake.

The block walls in NMP1 are typically made of 8" and 12" hollow blocks reinforced by #4 bars @32" [4]. The
reinforced cell is filled with concrete. Wall bottom is reinforced with existing dowels @ 16" spacing. The walls
are reinforced horizontally by Dur-O-Wall, or 3/16" deformed side rods at 16" spacing [4]. The sides of the
walls are tied in to precast concrete with two 1/4" threaded rods into inserts.

The walls are considered well anchored at the ends. In the pre-screening, only the out-of-plane bending moment
at the center of the wall is checked. The in-plane loading is neglected. The slight beneficial effect due to the
gravity is also ignored.

Solution Methodology

The solution is mainly based on EPRI NP-6041 [1] Appendix R without taking advantage of the permissible
drift. In addition to the methodology of [ 1], two-way plate action is considered in both the frequency estimation
and the maximum moment estimation.

Elastic Frequency

Instead using the formula in [ 1], the two-way rectangular plate frequency formular from [3], p. 258 will be used.
The wall is assumed to be simply-supported on all four sides,

iy ooy
22 \ g(1-v*)

where

(5]

W = Width of the wall

H = Height of the wall

¢ = Weiaht per unit wall area

v = Poisson's ratio

Ep = elastic modulus of masonry = 750 f, (psi)
I = Effective moment of inertia

. x 3

Al( R \

= [, +[—~——-~ (2,-1;)s1,
CDIM ¢

I; = Gross moment of inertia

I = Cracked section transformed moment of inertia
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MR = Cracking moment = f7Sg

S = Cracking tension in flexure = 2.5,/ f, (psi)
Sg = Gross section modulus = 2g /D

Since the walls are hollow, it is grouted only at the reinforcement, the moment of inertia will calculated using the
concrete biock cover only.

1, =bt(D~-1)"/2

where b = unt width of the wall, and 7 = thickness of cover. For the cracked section, the location of the neutral
axis from the compression face can be estimated by solving

x(i) ~nA(d-x)=0

2
where
E,
n=-—*
E,
Eg = elastic modulus for rebars

assuming x does not exceed ¢, the cracked section moment of inertia

11. =%—+M‘(d—3‘)2

1 a
M, =09M,, = 0-9A../.[d - 5]

where

Ag = steel area per unit width

fy = yield strength of rebar

d = depth from the compressive face to the center of steel = /2
D = Depth of wall

A.J,
a= -
0857,

/., = specified comnressive strength of masonry (psi)
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The vertical moment capacity is defined as the larger of the My or the cracking moment Mg defined in the
previous section.

Since the Dur-O-Wall horizontal reinforcement has only 0.028 in2 every 16", in addition the splice is only 6",
which will not be able to sustain the vield strength of the bars, the bending in the horizontal direction will be
governed by the cracking moment of the blocks.

According to [7], Table 6.3.1.1, the allowable flexural tension parallel to bed joint is at least 133% of the tensile
strength when stressed normal to bed joints.

M, =133M,,

Maximum Moment

The maximum moment in the wall will be determined by the close form sclutions presented in [2], Section 30,

op. 113-119 assuming all edges of the wall are simply-supported. The maximum moment occurs at the center of
e wall

(M), = m%_—x-) W'z Y w2vB, - (1 - V)A..]sini"ﬁ’?l
m=138,
| LW --x) 2.2 % ; Lommx
(M. ).~=4» =) ——-—5——_‘/14 n m§ﬁm2[28,, +(1- w)A,,]sm o
W 2.1 T . omn
(M, )..... :(M.),.do’..nwz » i18_"‘15”’27? "‘§5m2[2VB,, ~(1- v)A,,]sm—z—-
’l ? S0 .omx 52
= [‘-g—-ft‘ ....,Z'_:" [ZVB,,, -(1- V)A,,,]sm T)qu
= g’

72

(M), =(M,) .= vq—’:— ~gW'n’ imz[za,, +(1=v)4, Jsin

m=135

mn
2

m

:(}é_ﬂ2 z‘:ml'[zBm_’.(]_y)Am]Sin ‘)ﬁ)qwz

=115,

=y

where
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_Z(a,,tanha,, +_21

A =
" n'm’cosha,,
o 2
" n'm’cosha,
Spectral Acceleration

The spectral acceleration will be extracted from the corresponding Floor Response Spectrum at the bottom and
the top of the block wall. The average of the top and bottom acceleration will be used in the spreadsheet.

HOLPF
The HCLPF will be estimated by the minimum of

(M, ).

HCLPFy = 22 (PGA)

and

M
HCLPF py= (——i!ﬂ'-'-*-(P(;A)
M,

Pre-Screening Implementation

The above procedure is implemented in an Excel spreadsheet, BWSCREEN . XLS, sheet BLOCK.

Block Wall Compression Strength f,,

Based on test results in Ref. 5] and [6], the average compressive strength is 2,920 psi with a standard deviation
of 400 psi. Following the guideline of [1], the SMA strength capacity for non-ductile materials should be set the
99% level, therefore, it is recommended that

f_" = 2,920 - 2.3 * 400 = 2,000 psi

Weight
Lacking detailed information, the following weight may be used (8] for hollow walls
Wall thickness Unit Weight
6" 43 Ib/ft"2
8" 55

12" 80
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Any attached weight on the wall, including electrical boxes, conduits, etc. should be added to the total weight.

Response Spectra Damping
When retrieving spectral values, 7% damping similar to reinforced concrete structures may be used for the
preliminary screening.

HCLPF Based on NP-6041, Appendix R

Alternative to the above elastic solution, the following calculation allowing the block wall to drift based on
Appendix R of [1] is presented in a spreadsheet.

Based on the above parameters, the CDFM permissible drift limit is determined by

\
(é-"-J = -0'005 F <004
N oy Cild
where
F = "id <1.0
Seismic Capacity

Based on Ref. [1], for a simply supported uniformly loaded non-load bearing masonry wall, the seismic spectral
acceleration capacity is

SA. o 8M coem - 4(&)
g gH* H
S LF o

In determining the seismic demand using the equivalent linear elastic procedure, an effective frequency is
required. According to Ref. [1]. the secant frequency corresponding to an ultimate nonlinear displacement A, is

/ =l_ ISS_:
o 2rY A,

The effective nonlinear seismic demand can be approximated by treating the walls as pseudo-elastic with an
effective frequency equals f; and effective damping /i, at about 6% [1]. Therefore

S, =8/, 6%)
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The scale factor to be applied to a reference input spectrum is

The HCLPF can then be obtained by
HCLPF = F (PGA)
The computation has been implemented in the spreadsheet file BWSCREEN.XLS, sheet DRIFT.
Note that the elastic frequency is lower than that of the pre-screening spreadsheet, because Appendix R of NP-
6041 assumes the wall to span one way vertically while in the pre-screening, two-way action is used. The final

HCLPF is the maximum within the drift limits in the sheet. In some cases with large drift, the seismic capacity
may turn negative. These limiting cases should be ignored.
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Block Wall Preliminary Screnning

Wall Name: Diesel Generator Area Block Wall #29 (Example)

User Input: ‘Remark

Height (H) . 368 ft  Total unsupported height of block wall
Span (W) 40 ft 'Unsupported horizontal span

Weight (q) 79 Ib/ft*2  Weight per unit area

Nominal Depth I 12 in |

Sa Top L 041 g Top spectral acceleration

Sa Bottom 036 g  Bottom spectral acceleration

Sa | 0385 g  Average spectral acceleration (7% damping)
Constant Fields:

Cover Thickness L 125 in

Poisson's Ratio . 015 .

fm | 2000 psi  Mortar compressive strength

fy 40000 psi  Steel yield strength

Steel Area (As) 000625 | in"2/in #4 bar @ 32"

PGA 013 g Peak Ground Accleration for FRS

Erni 1500000  psi 750 * fm

Es - 29000000  psi

n 1933

Calculated Fields:

Actual Depth (D) 11.625
d . 58125
g . 67.28
Sg L1187
fT . 111.80
Mcr 129
X 107
It [ 343
le . 87.28
Frequency (f) 401
a - 0.147
Mv 120
Mh o172
Beta? - 00416
My 202
Beta 0.0361
Mx A 1.76
HCLPF 0083

Based on S&A Calculation 95C2873-C001

in 3/8" less than nominal
n
| in"4/in Section moment of inertia
in*3/in  Section modulus
~ psi  Flexural strength
k-infin  Cracking coment
in
inMAn
int4fin
'~ Hz  Fundamental frequency
in |
k-infin
k-infin
“soment coefficient
k-inin  Maximum horizontal moment
‘Moment coefficient
k-infin  Maximum vertical moment
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Drift Calculation Based on EPRI NP-6041, Appendix R

Cotinuation on Wall: Diesel Generator Area Block Wall #29 (Example)

As
d
P
a
c
c/d
L
Fe
Au/lL
Au
W
MpPa
MCDFM

Drift Ratio
Aull
Elastic
0.005

0.01
0.02
0.03
0.04

HCLPF

| 000625 |

581

0.147
0.173
0.030
4416
1
0.040
1766
0.549
2.14
1.29

Drift
Au (in)
0.00
2.21
442
8.83
13.25
17 66

0.129

in"2

| 000108 |

NP-6041 Eq. R-14
LNP-6041 Eq R-15
in CDFM Permissible Drift Limit
bin*2 | [
k-in/in
k-in/in

 Frequency = Reference Demand = Capacity |

f(Hz) SADR (9) - Sac(g)
2158 0.281 0.097
0713 | 0.092 0077
0434 0.057 0057
0166 0.025 0.017
#NUM! - -0.023
#NUM! ~ -0.063

9

Scale Factor |

Fsi
0.34
0.84
0.99
068

#Div/0!
#DIV/0!

HCPLF
g
0.045
0109
0129
0.088




