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vided in this module. If a URM wall is determined to be a load-beari 1g wal
1

4}

b
5]

We 0
"out-of-scope" for this module. The walls included in the gui

consider

concrete or steel-framed building.

One screening approach and three methods of URM wall evaluation for out-of-plane bending are
presented in this module and are the following: (1) Screening based on height/thickness ratio, (2)
The Elastic Method (also called the ACI working stress approach), (3) The Reserve Energy
Method, and (4) The Arching Action Method. The Elastic Method is generally the most
conservative and yields a relatively low capacity for the wall in question. The Arching Action
Method provides the highest capacity for the wall. Both the Reserve Energy Method and the
Arching Action Method are considered to be post-elastic approaches and account for additional wall
strength after wall cracking. The methods are shown in Figure 10.5.1-1.

10.5.1.1 List of Selected Masonry Walls

This task should be performed by others before the Seismic Capability Engineers (SCEs) begin
their URM wall evaluation. A list of selected masonry walls must be generated so that the SCEs
can begin their evaluation of walls. The Seismic Equipment List (SEL) is discussed in Chapter 4.
If masonry walls are included on the SEL, use that list.

Questions that should be addressed during the selection of masonry walls might include:

— Is seismic interaction credible?
— Is critical equipment in the vicinity of or attached to the masonry wall?
— Is the masonry wall in question used for:

- confinement of hazardous materiai?

- shieiding?

- fire protection?

- security concerns?
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10.5.1.2  Type of Unreinforced Masonry Wall

The three main types of masonry walls considered are:

— Concrete Masonry Unit (CMU)
— Hollow-Clay Tile (HCT)
— Brick

It will also make a difference whether each cell of the wall is grouted solid or left hollow. The
hollow cell of masonry block will attract a smaller seismic loading, since it has less mass than the
cell of masonry block which is fully grouted. If construction documents or installation records are
not available, one must perform a non-destructive evaluation to determine the condition of the
selected masonry wall. For determination of hollow cell vs. grouted cell, drilling a small hole
through the face of the cell 1s one simple method. To ascertain whether only a few cells are
grouted, check several consecutive blocks along a course of the selected wall. In some parts of the
United States, insulation 1s placed in ungrouted cells of masonry walls. The weight of this
msulation should be included when conducting the evaluations presented in this section.

It is also important to find out if the masonry wall is reinforced. The scope of the guidance in this
section only 1ncludes unreiniorced masonry walls. For detection ot rebar, a hand-held
ferromagnetic detec‘tqr wi‘th a display meter or an audio signal can be easily used in many cases.
An alternate method involves using imaging impulse radar. With either method, it is important to
locate the positions of the following:

ol B S S A s tm s e e e
— Verucal reiniorcing St 1IS approximate spacimg
LU LY S (U (P S S
— -horizontal reiniorcing sieei anda its approximate spacing

A riismi i fnrnad mmacnnet 7all 1o 8 tmacmRe<s <375 L} EE P T TR T LI S SR RN ST A
ALl UIHCIII0ICCU 1IddUILY Wdll 1S a4 111adUILY wadll 111 WIICI UIC dICd Ol ICIIL rLlIlg SICC1 1S 1€SS thdn
NE mnvnamt AL tlhha iz otanl watinn va~ittead laer 4laa TONOA TTaniCmcaans D212 _ M I_ /TTDAN £
<J percent ol the minimuim steei ratios requirea oy tne 1594 Unitorm Building Code (UBC) for
wasmfrnnnd oo MDafF KO\ T ightler Ar rnannelsr vainmfanaand sx:01la nas ~msos Anwnd 4 s TTDAA o114
1TI1111VICCU ulahUlu_y \I\C1. V7). L. 5lll'ly Ul PUU ly ICIIIUICCU Wdlld alC COIDIUCICU LU DC UV dliy
and ran ha avaliiatad by tha mathadge nragantad 1 thic Qantinn
aliu Lail vC Cvaiualcu v ULIC 11ICULLIUUD IJ COUILILCAL 111 D OCLLIVLL
1V.J. 1.0 L2CICTNING r11YSiCai  ONGIuion O1 vvdiu
A ¢ nart af the caiemic avaliiation of the celected TTRM wall it i imnartant to avamina the ~anditinn
430 palt Ul UV SUISLILIV UV ALUQUULL UL WV JSUILLIVU UYL Wall, 1L 1D liilpulidlit U vaaliiie uiv vuniuui
of mortar ininte oneninag and exictino cracke Tf tha martar ininte ara nat econnd ar if thara ara
VUl 11ivital JULLIW, UVPULILIIES, GLIU VALSULLE VIiAavihs 41 UiV avilal JULLILS dlv 1IUL SVULIU UL 11 Uiy aiv
cuthetantial eracke in the martar ar facec of the macanrv nnite the Rlactic Mathad (ACT Warking
OUUDLALILLIAL VIAVN) 111 UiV 111VilQl Vi 1Avuwo Vil uilv lllbl«\)\.llu] ULLILDy LIV IJiA0UV LVAVUIIVG (LAl VY ULMlls
Stress Annroach) in Section 10.5.1.5 mav not be annlicahle
WUAWOU 4 xtJl.lL\.lu\./ll/ ALL WNVVLAVULL A Ve o A oo/ llluJ AAVUL UV ul.ltlxl\.«uul\/.

The ton connection is often not fullv erouted and thus mav be a free ioint. Simnle sunnorte at the

A AN/ I.Utl NWNJLLLANV W LANAL AU VJALWAL 1AUG AMA‘J c; LWL (BRivE LiAIWUD AJLUIJ Uw @& iivw JULA.AI, ulllltll.\/ Uutltl\.ll. LW AL uawv
ton and/or side should result from structural-steel angle "keeners" or dovetail slots in colimns or
top and/or side should result from structural-steel angle "keepers" or dovetail slots in columns or
overhead beams. There needs to be some positive means of carrying the out-of-plane load from
the wall panel and into the support if it is to be considered a simple support boundary condition. If
not, the wall may have to be evaluated as a cantilever

10.5.1.4

A conservative screening approach based on the Elastic Method may be used to screen out walls
from further evaluation. The top of the wall must be laterally supported to use this approach, there
should be a tight fit between the supporting member, or suitable restraining members should be
provided to prevent lateral motion of the top of the wall.
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The wall may be screened out if:

(H) . (H)
7). = \7)
\ v Jactual \ U /max
wrrharae
WI1ICILCT.
/48 & A 71T\ ~
=] =[=] =2
\t}max \t}N ISAmaX
‘I or
Vv &
(H)
— | canbe found in Table 10.5.1-1 as a function of actual wall thickness t
\t )N
H = wall height
t = actual wall thickness
Ol = ./150/0 or from Table 10.5.1-6
op 4/150/p or from Table 10.5.1-6
« 1. 1 .. o~ a3
p = weight density of masonry in #/ft’
SApe = Mmaximum spectral acceleration from 5% damped input spectra for
appropriate Performance Category and location above grade in facility
(see Section 5.2). Values in Table 10.5.1-2 may only be used for
Performance Category 1 masonry walls at grade.
g = acceleration of gravity

Development of this screening approach is discussed in Section 10.5.1.8.

For walls that are not screened out by this process, continue with the analysis methods presented in

Sections 10.5.1.5, 10.5.1.6, and 10.5.1.7.
10.5.1.5 Elastic Method

Estimate Maximum Flexural Tensile Stress in URM Wall

For the elastic method, this module makes extensive use of Reference 117. The following topics
are considered in arriving at an estimate of the maximum flexural tensile stress in the URM wall:

— natural frequency prediction for a single-wythe, uncracked masonry wall,
— determine horizontal seismic acceleration,

— estimate maximum out-of-plane bending stress for a single-wythe, uncracked,

masonry wall of height H and width L

Multiple-wythe masonry walls with sufficient header courses to insure composite action can also
be evaluated by this procedure. Header courses are used to tie single-wythe masonry walls

) a1

together.

A aznl 1007 1N 5_12
viaicn 13717 1V.0-5



v

i

boundary condition factor, B¢ for fundamental frequency calculation from
Table 10.5.1-3

bi

o) o~

'

1

orthotropic behavior adjustment factor, oir from Tab.

Estimate the spectral acceleration of the wall

(see Section 5.2). If the wall is at a higher elevation in the building or if it has a basement, the

appropriate floor spectrum should be used when determining the spectral acceleration of the

If the wall is at the ground level, the site-specific 5% damped ground response spectrum can be
selected wall.

entered with the URM wall frequency to determine the spectral acceleration for the selected wall

4

.

Estimate the maximum fiexurai stress in the URM walii.

o~

1

1

.1

1

o~

xx7re

With the maximum flexural tensiie stress tabies, the estimated maximum flexural tensile stress for

.

.

11

1

the selected wall can be scaled according to the wall spectral acceleration.

1 11 1

1

1

"

Gb = (B)(S)(Am)(1/0tp)”

v

boundary condition factor, B, from Table 10.5.1-9

10.5-4
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DIC 1V.0.1-1V

trece £ OITi M
- SUCdS 1 1

b~ QL.
CLoL, O 110111
- horizontal seismic acceleration, Ay (in g's)

- weight density factor, o, from Table 10.5.1-6.

Capacitv bv Elastic Method

Compare the allowable stress, due to out-of-plane seismic loads, at mortar/masonry unit interface

with the estimated maximum flexural tensile stress above,

<

When evaluating URM walls using the Elastic Method, the following should be considered:

1. ACI 530 Table 6.3.1.1 (Ref. 118) has conservative values of allowable flexural tensile
stress. Only URM walls that are located in geographic regions with low values of
seismic acceleration will meet these ACI 530 code values of allowable stress.

2. The location of maximum stress depends on the specific masonry wall boundary
conditions. For example the maximum moment and stresses in many cases will occur
at the fixed boundary in the form of a negative moment. In-filled walls with simple
supports at the edges will most likely have the maximum out-of-plane bending stress
located near the center of the wall (approximately mid-height and mid-span).

3. Values that may be used for allowable flexural stress for good quality masonry, as
stated in Ref. 117, are the following:

— 33 psi for hollow masonry
— 52 psi for solid or fully grouted masonry
| J & GOVLLY
4 If site-specific test data exist, a safety factor of 2 to 3 against measured flexural tensile
stress at fracture should be applied to the test results and the safety factor chosen should
be consistent with the scatter of the site-specific data (Ref. 117).
Example problems illustrating application of this method are shown in Section 10.5.1.10
10.5.1.6 Reserve Energy Method
The formulas for screening non bearing unreinforced masonry walls are developed from the
arching action method with the initial confining force at the top of the wall taken as zero,
(Reference 119 and 120).
For the two rigid block rocking (see Figure 10.5.1-2), the spectral acceleration capacity, S s, is
\ ? i o 1+ J o PAP 2O
SAF b{({, 3y
AP =60 —|1- =
g \ 2b)
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For the cantilever wall (see Figure 10.5.1-3), the spectral acceleration capacity is

)

SAP — 2 4 R ( SH
o ol M
s LA \ P v /
where
g = acceleration of gravity
¢ = capacity reduction factor (may be taken as 0.67)
t = actual wall thickness
b = effective wall thickness = 0.9t
I — wwirall haiaht
11 -— vwaii ll\alsllt
.. = anv enecified ont-of-nlane dienlacement
7 ull.J UYVVALAVU AL v tllull\./ wutlluvvlll\dllt
IS chnnld ha Limitad A e mmnes thaon k £a xr A1l qtalaliliec
\UH S11IVUIU UC 1111ULCU WV 11V 1110, lldll U 101 wdll SldUlll y)

The Spectral Acceleration Demand, S, can be determined by the average of the 5% damped, peak-

broadened floor spectra for the floors above and below the wall at the effective frequency, f,
(see Section 5.2).

| (Sap)
: [1.5] |&
f- L le )
27 V. 8!‘!
- SAP - SAD . - P P
If > , then the wall is acceptable.
g g
If the capacity is less than the demand for all values of SH from O to b, the wall becomes an outlier.
Wali displacement is the lowest 3y at which Spp = Sup

The capacity trend using the Reserve Energy Method is shown in Figure 10.5.1-4. It can be seen
that the ultimate capacity S,p occurs at low lateral displacement. However, the demand S 5, is also
hkely to reduce at even a faster rate with increasing 6y (see example problems) so that the largest

) is most likelv to occur when 8:; eauals the stability limit b = 0.9t

v ALy VV iiTix H VHUGLS LIV SLGQUIIALY 1111 U

1 aalact crackino ctrenoth of the nnreinforced maconrv wall
L. L‘UEJVVL wi uv;\.uxé Ol—lvll&l«ll Vi UiV uliiwviiiivivueu 111uouxu_y vvaQalii.
2 Assume an idealized rigid-body motion of the wall
3 Assume that the URM wall is a non-load bearing wall. Load bearing walls can also be
assessed by a more complex version of the Reserve Energy Method
4. Failure of a URM wall is identified when the response exceeds the effective wall
thickness b
Example problems illustrating application of this method are shown in Section 10.5.1.10
AL L. 10077 1N & &
viarCin 1977 1VU.0-0



10.5.1.7

Check for applicability of Arching Action. When this method can be justified, it provides the

Arching Action Method

highest out-of-plane seismic capacity.

It is critical that the boundary conditions of the URM walls do not include any significant gaps
(> 1/16 inch) between the top of the selected URM wall and the beam or floor above for the

Arching Action Method to apply. If gaps occur, then there may be limited, or reduced, ability for
the wall to develop arching action. To take credit for arching action, it is also important to check
the maximum allowable compressive stress in the masonry unit and compare it to the maximum

stresses developed at the edges of critical masonry units (Ref. 119).

When the rotational restraints at the boundaries are considered, a higher capacity can be achieved
for the URM wall. The rotational restraint due to the wall's horizontal displacement induces an

arching mechanism (Ref. 119). This arching mechanism is illustrated in Figure 10.5.1-2.

Assuming rigid body rocking develops after the masonry wall has cracked at a location oH above
the base, as shown in Figure 10.5.1-2, the Reserve Energy method can be used to calculate the
ultimate out-of-plane spectral acceleration capacity of a nonload bearing wall including arching

action as:

o T o 03

v

(¢] »
el

€

-
-

eccentricity of Py (see Figure 10.5.1-2)

weight/unit area of masonry wall

(]YQ

any specified out-of-plane displacement. To take credit for archin
Oy shou

11d not exceed &

RS Y

..d
o
Ch
~J



5, = out-of-plane displacement at which ultimate capacity is reached = —
P fpt
excep L  (2_1E)
v \J 1 e}
fp = 1.0 for concrete block and single wythe hollow clay tile walls
1.5 for double wythe hollow clay tile walls
= — i 4 NKs
p e e — T UuJ
b
Pps = confining force at displacement &y
(increacee with dienlacemant 1intil tha dienlacament &  ic rearhad af which tha
\AHLITASVS Wil GISPIAQUVULLIVIIL ULIL WV Uldpiavuliiivii Up 1D 1vaviivu ail 1UCLL U
ultimate capacity occurs)
™ — ™ ~
Frs = e Ir
P, = crushing capacity of block = 0.125t f_
n’ -
Im = uitimate compresswe Streng th o masonry
1
[analogus to ultimate compressive strength of concrete, f_,
tvnmal]v 1000 - 1500 psi for concrete block (1350 nsi tynical)
AVNA PRVAVAVY ERNAVAVS tl AVLI WUVILILVIVIV ULlUwIN \LJJU t’ol 19 tll\lul} P
nncqh]v as low as 275 nsi for hollow clav tilel
possibl W as 2/J psi 1or hollow clay tile)]
£ = relative honndarv element flavihility factar (See Qactinn 1N S 1 Q far
LK AviQui v v uvullum] N/AN/ALAN/LAL LAVANALULLLL i1Aaviuvl \U\JU VVLLiVIL 1VWJ 1./ 1UL
annrnanh 11cad A At £ )
pproaci usea o Compuic i )
7 AN
£ P P D J{ 1 WH ‘
iR snouid not czu.,ccul 1 — > l
\ c J
Tha firgt tarm ~Af tha arching antinn frananityy amiatinn chnatun ashntve Aafinac tha genhlinae AL~ A4 522
1110 LLISUL IC11E UL UIC altliiliyg actuull Lapatily Cyuatlil, Si1l0wil avUve, UCiiiics uiC arciing CiicCi ana
nmaralley Aaanioa VAP . allg sxrithh Tawoan IV/6 nan A qama 211 Lo T 200 /1. € N\ 2l 1
dlly uuuuuatca FUl wadalld U Sliidll Doullddly SUIINesS (10w IR) me secona

""'2

Instability will occur when 8y reaches 0.9t. If 8y substantiaily exceeds 8, the wall should be
assumed to have lost its in-plane capacity.

The increase in capacity over the Reserve Energy Method is shown in Figure 10.5.1-5.

The effective frequency f, is:

[ o \

lLSImlg
et \e)
e_2‘11' \l §--
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[oe]



The spectral acceleration demand, S,p, can be determined from the average of the 5% damped,
peak-broadened floor spectra (see Section 5.2) for the floors above and below the wall at the
effective freaniencv f

NAANWN/UA YV le\iuvll\l} Le

In order to d‘t‘rmi ne oH for a gi'vcu mp esponse spectrum, start with a low 8y and compute

below the spectral acceleratlon capacity S AP orrespondlng to 0y. The lowest 3y at wmch
Sap < S,p represents the appropriate 8y for the given input response spectrum.

11

When &y reaches 8, the masonry is assumed to crush sufficiently that arching benefit is lost.
Thawn lawsae S [V o W 6 YR ) M. PR, L TR SURPSN. [ AP | -
ror 1arger oy up to v.7i, ui€ Cap4cCitly 1idy D€ COmnservatively estimatea Dy the Reserve Energy
Approach discussed in the previous subsection
The ground motion level at which the wall is acceptable can be generally established by the iarger
of:

1 Elactin Mathad MNaman:

1 Liadue 1viICLUivUu \,apauty

2. Reserve Energy Method Capacity with 6y = b = 0.9t

3. Arching Method Capacity with 8y = 3,

It is always conservative to use the larger of these three capacities. In some cases, a greater
han

)

the values defined

an the valu $ 31

bove. However, in

(Q“\ / Q”\‘ ratio might occur at lesser 5 values

\TAr”’ S =

o=

£

most cases, tms increase is not sufficiently significant to warrant considering these intermediate 8
values unless it is desired to have an estimate of the wall displacement for a given input spectrum.

Example problems iilustration application of this method are in Section 10.5.1.10.

[em—y

0.5.1.8 Development of Screening Approach Based on Elastic Method

‘OI’ISGI‘VaUVC screenin, 1g approac has been evelopea to raplcuy screen out walls from further

dﬁ /sis if they meet the screening criteria. This approacn is based on the Elastic Method for walls
simply s uppOrLcu top and bottom and free on both sides. The equations and terms used are those
defined in subsection 10.5.1.5.

Ay = S, =Peak of the 5% damped response
spectra for the site and Performance Category, (in g's).

Use the peak of the in-structure spectra if wall is not
located at grade.

....
)
W
o



= =~ 7 ~ P

ap = +/150/p from Table 10.5.1-6
Gy, = 33 psi for hollow masonry and 52 psi for solid masonry

Therefore,

For hollow masonry:

G. o2 33 o2 264 o2
g=Ov0p” __33ap” _2640p
Bi Ay 0.025S,  Sa__
or for solid masonry:
52 op® 416 op?
S= D - D
n 1"g © Q
0.125 S, SA
and for solid masonry:
Qo112 o C fe bl 105 1_10
O =11 WFII 111 1 AUIC 1V.D.1-1V
w = pt
t
c = =
s}
P
3
T ' = _t_
12
w2 o L)
elg)
= 3
3
12
(H)?
Therefore S=6pt|— |
\tJ
| o U T | P TI [ NN . SRS B (NS I |
ror noiow madsonry, Ltudl valucs 10I' w did 1 1must D€ uscd
Qs
OCL
264 Op — 12 (&
— i1 Whollow T
A hallaw
nmax nuluvuw
where Wy ojow and I 0w are the actual values for holiow masonry used to develop stress factors,
S, in Table 10.5.1-10
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or for solid masonry

416 op? (H)?
s oPUY)
Amax

< . (HY . . (H)

and determine | — | from the smailer value. This becomes the developed values of | — |
Lty Lt N

amsancambad Ja ML, 1N E 1 1
PICSCIICU 111 1dDIC 1V.0.1-1.
1N 10 1 a1 A O ‘I < CY e _ , ﬁ
10.5.1.9 Method of C: ing B ary M exibility Factor fg

The average value of Pg along the iength of the top beam can be approximated as shown in Figure
10.5.1-7. The load on the beam reaches the local block crushing capacity P, over length a at each
end of the beam, and is zero over the central region of the beam.

The length a is from the end of the beam to point 1 of Figure 10.5.1-7 at which the upward
displacement 9, reaches

0 = 9, -0,
1 u 5
whara 8 = haicght Af anv nra_avicting gan hatwoaan tha haom and +tha tan ~F tha x7all
vwiiviv Ug — llclslll vl ail L\ UAIOLIIIS 5“ UCLYWUUILL LI vcldalll allu L lUP Ul LI wdll
(Recall Archino Action mav nrovide limited additional canacitvif & > — in )
\A A A e U Oy u\/lmAb 4 AN/CANSAL AAX te3 J tl‘.\l ANAW AAAAZAVW/ U ANAGBALAVLLICAL vutluvll—] AL vg - 16 lll.}

4
< PLY sl (7). ], R ef L f2 "
1 = oar RI“IMIR+—“‘—,” (*)
S LClp L \12/ | oulJp
Flexural Term Torsion Term

where:

P = crushing capacity of block

C o ot whad

L = length of beam and wall

Iz = moment of inertia of beam

T I PR C'..A..t‘,. PRy o I

JB = PUld.l lllUlllClll 1 111ICIUd Ul DCdIIl

) o) —_ Alactin mndsilive AFhanen

| 0] _— ClddLUIC 1110Uu1ud Ul UG 1

G = shear modulus of beam

—_ Taantn Flavilailitxr Fantne

IR —_— uCdlil 11 AlUlllL_y 1acilul

e, =  eccentricity to load from beam centerline
AL 10077 1IN & 11
viaiCIl 1977 1U.0-11



Vertical displacement of wall due to horizontal displacement is calculated next.

As the wall blocks rock, the point at which Py is applied lifts and presses against the boundary
beam. This wall uplift at the location of Py is given by:

/B
8, = Odul||fp
\H/
Uplift Factor
0.65
£ = 1.03+30[S+05)
P \s " )

where e is the load eccentricity measured from the center line of the wall (see Figure 10.5.1-8),
= count for block crushing.

& AU UIUVLA R =]

Set vertical displacement of wall equal to vertical displacement of beam.

g
or
- ( 8g + 81 \ H VY
ou=| = |y ()
\ Lp } v
Horizontal displacement of wall at ultimate capacity
. .0004512 8, 2F,
&, =——— Lc——¢
P t b 3-F
€
oy <9,

The value of fz can then be found by trial and error until the maximum permissible value of fg is
reached.

The following procedure can be used:

Pick fyp, start low fj
i

above and repea

A tahial Favrm 1
A taouiar 101rm is convenien

stop when oy =0,



MTha fAllAcxricnee Aatan xx1:1l Aacoia + thhn AnlAralatina
111C 1U11UWI1 lg Udid WII11 AddIdL UIC Call ulallull
r 7 7 N\ A
C:;éll_f__\-kl
I© \12) %]
P 4 92 2 _2
then =—"—0C+-<2—2R
2 Elg 8G g
fo C
n n
V. U.
.1 0.000942
2 0.00707
2 n NHN
o V.VLLO
4 0.0491
.5 0.0885
.6 0.140
7 0.203
.8 0.273
.9 0.346
1.0 0.417

The boundary member capacity must also be checked. Moment capacity M, can place an upper
limit on f;. Torsion capacity T, can place an upper limit on ey,.

Pc P,
AA AR
N e Y
<— a—>| o>
S L >|
a? P 12 2
M=PF —= cn frR <M,

Z be]
1/
(SMC\/z
frR<|— |
\FcL)
T_D A ,._PchL,. < T
1—rccba-— Ub:lc
2
/2T\
ebf“S| 7C|
\F. L)
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10.5.1.10 Example Problems

The following example problems are presented to demonstrate application of the methods in this
section to a typical URM wall.

A 6 inch hollow concrete block wall at the Portsmouth Gaseous Diffusion Plant is evaluated by the
Elastic, Reserve Energy, and Arching Action Methods using ground motion described by a
Portsmouth Site Specific Spectra and a Newmark and Hall Generic Spectra (Ref. 72) for a soil
site.

6" Concrete Block Wall

f, = 1000 psi
H = 12'=144"
L = 18=216
p = 135bs/ft’

top and bottom, free on sides

A

Portsmouth Site with 0.15g spectrum (see Figure 10.5.1-6A)

QL s A~ Qe 1N 1T AN
DCreening Approdaci (Secuon iv.o.1.4)

S ww\ 14 A
(2] ===256
Ut Jaoroar 5-625
SA, .« = 0.4g (Portsmouth)
Q = 212 x 158 =0320 (Newmark & Hall\
U[‘max et o A ot N 0 AT A4 Jﬂb \J. NN/ VYV ALAGRL AN A LLW‘/
[150
dp = .= =1054
V135
T Uty B
/max N V/N APAp

H\ 44 ~ O <l 11 O o1t 14N ~ 1 1

—| = 115 fora6" wall from Table 10.5.1-1

t /N
(H) (11.5) (1.054)

2] =3 9,17 (Portsmouth ground motion)

t Jmax £0.4

H) _(115)(1.054) 21.43 (Newmark and Hall ground motion)

Y T T o e { g )

L /max VVU.J&



Wall is not screened out.

Elastic Method (Section 10.5.1.5)

Estimate seismic capacity from:

(1 \2
6, =B, S Ay| — |
\0p )
O, = Oy allowable = 33 psi
H 12 ;
— = — = 067, B; = 0.125 from Table 10.5.1-9
L 1
S = 1245 psi from Table 10.5.1-10
Up = = = 1.054
V135
o, 0p _ (33)(1.054)°
Ay =Spp =22 ==L =0.24g
T BgS  (0.125) (1245) °

Estimate frequency from:

f=BfFOLEOLD0cT

og = 1 from Table 10.5.1-5
o~ —_ nNnsA
lLD El AV L,
o = 0.97 from Table 10.5.1-7 for 6" wall
f = (1.571)(6.70)(1)(1.054)(0.97) = 10.8 Hz
m 1 N NN
1 = —=0U.U958CC
f
Sipn = 0.4¢g from 0.15g Portsmouth 5% damped spectra at 0.093 sec
AD o [=] ) i of
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Wall reaches stability limit at 0.95g Spectrum

2.

Much greater capacity than for Elastic Method because spectrum drops quickly at lower frequencies.
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o

Negligible torsional resistance
web of beam li i

Beam

..
ol
=

S O

E = 29x10°psi
n

() (]
[N [}

)
e : —

o

nv -

y—

_— 1l Il

psi

P

32(29x10°

7
\

10.5-17
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Vertical displacement of beam:
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Nignlananmiant at 11ltimata Aomanitc
LIIdPI 1ICIIL al ulliliialwc © P blly
VAS (1442
< 00045(144")° _ . _,
up (6") JU
Cet .. <8 =156"
wi UH - Up AU
Uplift factor
(C \0.65
£ — 1 N2 2N n & — 1 N1 LW a W4
lp = IUDTJUK;‘TU.J} —IUJ'l'D.UkD)
b\ /54
5, = SHI:;]f,,=294|——-“_|8H=O.1105H
\H/ * \144)
bll - Og = 01

b <[1- ) <001
R = p |-
\ tc /

Mcpp = 0 F, Z, = (0.9) (36ksi) (27.2in.3) = 881 k-in

<

thus fp <0.45

Tcap = 0 for wide flange held only on web at ends

March 1997 10.5-18
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Start by picking a fg = 0.10, calculate §; and &y until 8y = Sp =1.56
fr g Oy
(in) (in)
0.10 0169 154
0.14 0452 411
0.20 127 1.15
0.22 167 1.52 . max Oy for arching (block begins to crush)
-— H 8 g ,
P o i s r = 0.222
0.225 178 1.61 R
Prs = P i
[ (L 8y :
S /b\l PR8|1__b‘| (80
AR = o= |2f, ——2+6[1-21|
g \H/| ~ wH 2b )
! |
[ # 5 7
o /p‘\l 7SOTfR|1_‘__H" 7 < \|
280 = 06722 )| 2(2.94) L 22/ 61— L]
g \144 )| 469 psi (144") ' 108)|
L J
S / 8 \ / S
DAP - 164 fg [1-2H| 4+ 0151121 |
g \ 54) \" 108)
Arching Reserve
(only goodupto1.56") Energy
J O | J oJ
N
[, o= 3s3( e
e 215
\ CH /
March 1997 10.5-19




Arching Action results:

20 )
hl
=26 2 %
"O%3 o)
2 | a8
(=43
on w <t [e%e) y— vy
woyl S S Ny
<o) Sl o] o ol S| o
ol O o~ v | N| on
g 2| R 2 S o %
75N R7) Ol —| =] n] n] n|] ©
E
o N 0| o] = ol =
g <oy Q| Qf of o —
mu.v wn N N el B R
= o~ ol o] «
g =3 ® | <] Q] v] «
st al — N T 0 e ¥
A - ™
B>
2
3 .wN w ol < 0wl n
u_ch as] « AN AN =
w Zl n | N
i
0
2 o | o en| ©
S o~ © n| o A =
g <= ™ Nl < <
gn | o ol © ol ©
O
<t|] S| =
~| v S| ~| »n
S| = ] | — S
Ze] g Sl O © ~ AN
=

L L

concrete beam with the followin

Case 2: Same wall, but supported by a

see Figure 10.5.1-8



Torsion

Flexure

— -

Opsi (144")

7504/
> it
6

469
P
1
2

1
”n
in.

-

2IQ o0
I (@] ] m ~- O
w ~ O S
— = Y R

- .
Tle & & 1% &
— \Y w

! g oy 5

0.250
0.920
1.66

.0378
.139
251
10.5-21

0.25
0.40
0.50

e, must be reduced below 2.7" if
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?

Sap = 9258, [1- 98 4 o511 - Bu)
g ' 54) " 108)
IS0
f, =3.83 |-AP
V On
Oy Sap f. T Sap Sap a
(inch) (8) (Hz) (sec) (8) Sap (g)
0.132 588 8.08 0.124 0.40 1.47 0.22
0.250 684 6.33 0.158 0.40 1.71 0.26
0.417 768 520 | 0192 0.338 2.27 0.34
0.920 | .885 3.76 0.266 0.245 3.61 0.54
1.56 907 2.92 | 0.342 0.191 4.75 0.71
2.0 123 0.95 1.05 036 3.42 0.51
5.4 076 0.45 2.22 012 6.33 0.95

Wall displays only 0.13 inches for a 0.22g input
However, stability limit is still 0.95g

Arching Action did not increase stability limit because of shape of input spectrum.

Comparison of resuits for Portsmouth input spectrum shape:

)
AN

|

|

\

\

m &

S 0.600 | . yd

= . frommemmne-

g // . /

E Sy

51 : .

2 . .

< . r

g 0.400 I/ g / —— - - Arching (concrete beam)
3 S / ------- Arching (steel beam)
L .

O] ;. / Reserve Energy
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8Hz < f <33Hz:

<
o

—

(@]

N

o0
\Y|
G
A\

N

=

(-

—

]
[72]

Reserve Energy Method (Section 10.5.1.6)

Using previous results

2
i o}
|| — w = = = =
— @ g
I ﬂ
< 2
>~ > >~ O on
S S S ==
o O O O O
o0
5
~ N AN 0 on o0
a T e AN
QuA N AN = -
[T 1o = aunun
el |8 e
~ ™M AN e
R
< "~
wn ~ — MI. — MU
S O
g |9 % oo«
w0 = S O = AN n
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Case 1 - Steel beam
Using previous results:
(Sar )
a4 = | Sap |
IN Q £ g - | a I
o H VAP e < | & |
(in.) &) (Hz) SAD/ dg o
(g
154 300 5.35 2.12 0.14
411 357 3.57 2.12 0.17
1.15 393 2.24 2.12 0.18
1.56 388 1.91 2.12 0.18
Maximum a, = 1.4 * Elastic capacity for NUREG/CR-0098 soil spectrum
Arching Action Method (Section 10.5.1.7) - Case 2
Case 2 - Concrete beam
Using previous results:
Sap
S
ag = AD
Oy Sap f, 8
(in.) (8 (Hz) Sap /2, ®)
132 .588 8.08 2.11 0.28
250 .684 6.33 2.12 0.32
417 .768 5.20 2.12 0.36
920 .885 3.76 2.12 0.42
1.56 .907 2.92 2.12 0.43

Maximum a, = 3.3 *Elastic capacity for NUREG/CR-0098 soil spectrum

March 1997
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Factor Over Elastic a, Capacity

Portsmouth NUREG/CR-0098
Spectrum Soil Spectrum
Reserve Energy i0.6 1.0
Arching Case 1 (Steel Beam) 10.6 14
Arching Case 2 (Concrete Beam) 10.6 3.3

Whether Reserve Energy results in increased capacity over Elastic Method is highly

sensitive to shape of input demand spectrum.

Increase in capacity from Arching Action is significantly influenced by stiffness of
boundary element and shape of input demand spectrum.

March 1997
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. _ . (H) o ) o ,
Iable 10.5.1-1 |— | versus Wall Thickness for use in URM Wall Screening
\UV/N
(based om Sections 10.5.1.4 and 10.5.1.8)
Nominal URM Actual Concrete Minimum Concrete {’ H ‘\
Wall Thickness Block Wall Block Flange \7)
Thinlb oo [ 2 PRI TR t, J
1 11iCK1IESS 1 NiICKNESS o
4" 3.625" 75 13.5
6 5.625" 1.0" 11.5
8" 7.625" 1.25" _10.0
10" 9.625" 1.375" 9.0
12" 11.625" 1.5" 8.0
h 1997 10.5-26



Table 10.5.1-2 DBE Ground Motion SA,,, from UBC Seismic Zone
(May be used for PC 1 Structures, Systems, and Components, Ref. 6)

DOE Site Seismic Zone SAmx
Kansas City 2A 0.41
LANL 2B 0.55
Mound 1 0.21
Pantex Plant 1 0.21
Rocky Flats 1 0.21
Sandia, Albuquerque 2B 0.55
Sandia, Livermore 4 1.10
Pinellas Plant 0 0.10
Argonne-East 0 0.10
Argonne-West 2B 0.55
Brookhaven 2A 0.41
Princeton 2A 0.41
INEL 2B 0.55
Feed Materials Production Center 1 0.21
Oak Ridge 2A 0.41
Paducah 2A 0.41
Portsmouth 1 0.21
Nevada Test Site 3 0.83
Hanford 2B 0.55
ILBL 4 1.10
LILNL 4 1.10
ETEC 4 1.10
SLAC 4 1.10
Savannah River 2A 0.41
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Case 2: Fixed Top/Fixed Bottom with Specified Combination of Side Supports

H/L Free-Free SS-Free | Fixed-Free SS-SS SS-Fixed | Fixed-Fixed

< 0.20 3.561 3.561 3.561 3.561 3.561 3.561
0.4 3.561 3.587 3.594 3.706 3.731 3.764
0.667 3.561 3.638 3.664 3.986 4.116 4.299
1.0 3.561 3.734 3.823 4.608 5.066 5.730
1.5 3.561 3.944 4.254 6.221 7.666 9.672
2.5 3.561 4.545 5.994 12.07 17.05 23.52

Case 3: Simple Support Top/Fixed Bottom (or Vice-Versa) with Specified Combination
of Side Supports

~

H/L Free-Free SS-Free | Fixed-Free SS-SS SS-Fixed | Fixed-Fixed
<0.20 2.454 2.454 2.454 2.454 2.454 2.454
0.4 2.454 2.491 2.499 2.646 2.682 2.727
0.667 2.454 2.558 2.593 3.008 3.175 3.407
.0 2.454 2.685 2.804 3.764 4.307 5.066
1.5 2.454 2.951 3.349 5.579 7.144 9.260
2.5 2.454 3.672 5.344 11.69 16.76 23.32
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Table 10.5.1-3 (Continued)
Case 4: Free Top/Fixed Bottom with Specified Combination of Side Supports

H/L Free-Free SS-Free | Fixed-Free SS-SS SS-Fixed | Fixed-Fixed

<0.20 0.560 0.560 0.560 0.560 0.560 0.560
0.4 0.560 0.613 0.634 0.780 0.855 0.959
0.667 0.560 0.704 0.793 1.190 1.488 1.891
1.0 0.560 0.897 1.105 2.020 2.804 3.823
1.5 0.560 1.103 1.786 3.932 5.833 8.243
2.5 0.560 1.607 3.965 10.14 15.62 22.46

Case 5: Free Top/Simple Support Bottom with Specified Combination of Side Supports

H/L Free-Free* | SS-Free | Fixed-Free SS-SS SS-Fixed | Fixed-Fixed

<0.2 0 0.107 0.159 0.224 0.258 0.285
0.4 0 0.210 0.257 0.479 0.587 0.727
0.667 0 0.356 0.491 0.971 1.313 1.755
1.0 0 0.536 0.854 1.859 2.685 3.734
1.5 0 0.800 1.585 3.821 5.755 8.186
2.5 0 1.313 3.834 i0.08 15.57 22.42

* Rigid Body Mode
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Table 10.5.1-5 Elastic Modulus Factor (o)
(Table 3 of Reference 117)

The Freauencv Factor. F. is based on E = 1 10% psi. To adiust or other valuece of F

A e A gt T ) ’ S GOVAe HoaAv P AV Qujuor 1 1VI Vuivi VQIUUVS UL 1o,
E/(1x109) '

g = \'/ ( X ) . For masonry, E is typically taken as 1000 f , where f  is the

comnressive strenoth of the masonrv unit/mortar comhination The tunical ranoe of F ic

vaALtlLvuu,; LA 4 Ulvl.vllblll NJA vaANS AAAW\.’I.‘J SALLAAW ALAVVA VAL WULLAUALIALAV LA A LIN ‘—J tll\/l-l.l 1A411 N UL Ay 1O

0.7 x 10° psi to 2.5 x 10° psi. Site-specific testing can be utilized to determine E

mL . o1 e LY L . e T L _al o O* o .

10€ I llOWlIlg 1daDIC SNIOWS UE VS. L 10T e range OI 1Interest:

E (psi) g
~ + ~0 N 71
0U.OX 10 Vel
0.7 x 10° 0.84
N o 1n0 0.95
UvYy X 1U
1.0 x 10° 1.0
1Az - 1n0 1=12
1.20 1V
1.50 x 10° 1.22
1.75 x 10° 1.32
2.00 x 10° 1.41
2.25 x 10° 1.50
6 15Q
2.50 x 10 1.58
2.75 x 10° 1.66
6 1732
3.00x 10 Lol
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Table 10.5.1-6 Weight Density Factor (op)
(Table 4 of Reference 117)

The Frequency Factor, F, is based on a weight density, p, of 150#/ft” for the masonry material.
Based on the density, the masonry block construction (soh VS. holla"'), and the nominal block

The density of masonry may vary over a wide range, depending on the apphcatlon By varying
aggregate density and constituent ratios, p can range from 75 #/ft to 200 #/ft For most DOE

gn .Ll.l£43 111

rence value of p = 150 #/ft” should be a suitable, slightly conservative value.

facilities, the re
To account for cases where there is significant difference, based on site-specific design
specifications or sample testing, the following table provides values of o, vs. p for the expected
range of variation:

o (#/ft.%) op
200 0.87
175 0.93
150 1.0
125 1.10
100 1.22
75 1.41

To adjust f for other values of p, 0ip = +/150 /p

Additional Weight of Attachments

To account for the additional weight of attachments to the wall, an effective weight density can be
estimated as follows:

1. Estimate total weight of attachments, WTy

XX rrm Vs & o 4

2. Divide WT A Dy £gross wall volume U‘lXLX[ ) to gCt effective increase in ClC[lSlty
pa = WTy / (HLY) [#/£]

3. For solid masonry, effective total density is

=0 + 0D
F =~ Fmasonry © FA

4, For hollow masonry, effective total density

[y
]

The factor of 2 on p for hollow masonry accounts for the fact that the net volume is
approximately 50% of the gross volume.

5. Select factor op based on the effective total density.
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Table 10.5.1-7 Orthotropic Behavior Adjustment Factor (or)
(Table 5 of Reference 117)

A. Solid Masonry

For solid masonry (including hollow masonry with completely grouted cells), isotropic out-of-plane
bending behavior is expected. Consequently,

or=1.0

i

B. Hollow Masonry

Based on the geometry of the hollow masonry, the section properties resisting out-of-plane bending
are different for bendmg about axes perpendlcular to and parallel to the cell axis d ion ing

resistance, Wthh is a function of the masonry unit thlckness The significance of this reductlon o
the out-of-plane natural frequency depends on the plate aspect ratio and the cell axis direction. The
worst case reduction factors are provided in the table below for the range of masonry unit thicknesses:

TTAllAwxr, Macnnesr N
LTIULIUW 1IVIadUILLLYy w1
Unit Thickness (in.) (minimum value)
4" 0.98
6" 0.97
8" 0.96
10" 0.94
12" 0.91
A more accurate value for ot can be determined by the following procedure
D Calculate the wall aspect ratio (AR), defined as the lineal dimension parallel to the
cell axis divided by the lineal dimension perpendicular to the cell axis
2) For AR £0.2,use o = 1.0
3) For AR 2 5.0, use ot (min) = 0.91.
AN Far AR=—10 necav~=NDS8T1 N0 L v (1min)]
-l'} 4L UL [N — LU, uowv \.Ivl—UJ LL.UTMI \ll I)J
5) For 0.2 < AR < 1.0, use linear interpolation between 1.0 and 0.5 [1.0 + ot (min)].
6) For 1.0 < AR < 5.0, use linear interpolation between 0.5 [1.0 + oy (min)] and o
(min).
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Table 10.5.1-8 Special Considerations for Elastic Method
(Table 6 of Reference 117)

A) Partial Grouting of Cells in Hollow Masonry

If selected cells are grouted from top to bottom of the wall, in a regular pattern, then
both wall mass and stiffness are increased. This would tend to decrease the applicable
frequency factor, F. Therefore, the solid masonry values in Table 10.5.1-4 can be
used as a conservative lower bound for F. Alternately, interpolation between the solid
and hollow masonry values can be used, based on the percentage of cells filled.

B) Partially Filled Mortar Joints

1) Solid Masonry

This is an undesirable condition, which raises questions about the original construction
workmanship. A technical basis for such construction should be investigated. In addition, a
significant amount of in-situ sampling is probably required to characterize the mortar joints

2) Hollow Masonry
The ongmal construction may not have specmed mortaring of the webs in the bed joints. If

this condition has been verified by in-situ sampling then the Orthotropic Behavior Adjustment

Factor, o, is set to the appropriate minimum value from Table 10.5.1-5 in the calculation of
the wall frequency. This effectively eliminates any contribution to bending stiffness from the
webs.

Any other deviation from fully mortared joints is an undesirable condition. Refer to discussion
above for solid masonry.

C) Multi-Wythe and Composite Construction

The possible combinations are too numerous to quantify. However, certain guidance can be
provided for the assessment of such walls.

1) If adequate connectivity between wythes cannot be demonstrated, then each
wythe must be treated as a separate wall. In this case, the formulas and data
provided here should be applicable to each wythe.

2) Adequate connectivity should be verified by definitive design and fabrication
documentation, supported by in-situ sampling.

3) The Boundary Condition Factor, Bs from Table 10.5.1-3 is applicable to multi-
wythe and composite construction. A case-specific Frequency Factor, F,
would have to be developed for composite bending behavior.

)

B
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—
=
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H/L Free-Free Sides SS-SS Sides Fixed-Fixed Sides
< 0.20 0.125 0.125 0.125
0.4 0.125 0.110 0.122
0.667 0.125 0.081 0.105
1.0 0.125 0.048 0.070
1.5 0.125 0.036 0.037
2.5 0.125 0.018 0.013
Case 2: Fixed Top/Fixed Botiom
H/L Free-Free Sides SS-SS Sides Fixed-Fixed Sides
<0.20 0.083 0.083 0. 083
0.4 0.083 0.083 0.083
0.667 0.083 0.082 0.076
1.0 0.083 0.070 0.051
1.5 0.083 0.047 0.034
2.5 0.083 0.020 0.013
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Case 3: SS Top/Fixed Bottom (or Vice-Versa)
H/L Free-Free Sides SS-SS Sides Fixed-Fixed Sides
<0.20 0.125 0.125 0.125
0.4 0.125 0.125 0.119
0.667 0.125 0.110 0.095
1.0 0.125 0.084 0.060
1.5 0.125 0.050 0.034
2.5 0.125 0.020 0.013
Case 4: Free Top/Fixed Bottom
HA Free-Free Sides SS-SS Sides Fixed-Fixed Sides
<0.20 0.50 0.50 0.50
0.4 0.50 0.375 0.275
0.667 0.50 0.227 0.173
1.0 0.50 0.119 0.085
1.5 0.50 0.055 0.037
2.5 0.50 0.021 0.013
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10.5.2 RAISED FLOORS

This section describes general guidelines that can be used for evaluating and upgrading the seismic
adequacy of raised floors which are included in the Seismic Equipment List (SEL). The guidelines
contained in this section are based on Section 4.4 of "Practical Equlpment Seismic Upgrade and
Strengthening Guidelines" (Ref. 60), Chapter 6 of "Data Processmg Facilities: Guidelines for
Earthquake Hazard Mitigation" (Ref. 121), and Chapter 9c of the “Seismic Safety Manual” (Ref.
32). In Chapter 6 of Reference 121, further detailed information on the seismic performance of
raised floors and techniques for upgrading their seismic capacity is contained in the following
sections: Descriptions of some of the more common floor systems and their strengths and
weaknesses under earthquake loading; Specific guidelines for the seismic design, analysis, testing,
and inspection of new raised floor systems; and Guidelines for analysis, retrofit design, and testing
of existing raised access floors. Guidelines in this section of the DOE Seismic Evaluation
Procedure cover those features of raised floors which experience has shown can be vulnerable to
seismic loadings.

Because of extensive cabling requ1rements components in computer facilities, data processing
facilities, and control rooms are often supported on a raised floor with removable panels that may
Or may not be supportea by strmgers A typlcal raise floor system is shown in Figure 10.5.2-1. A
raised floor system forms the basic foundation or support for computer and data processmg
equlpment creates a space for a HVAC air plenum and provides a protective shield for subfloor
utilities vital to the operauon of the equlpment The equlpment supportea on raised floors often

COStS hundreds of times more than the cost of [l’le IlOOI’ because OI the COS[ OI the equipment on a
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* Seismic Demand Spectrum (SDS) at location of floor anchorage (see Section 5.2)
* dynamic stability or ability to withstand tipping and buckling capacity of pedestals
» type of anchorage system (leveling pads, skids, adhesives, clips, bolts, none)

* load path to load-bearing floor or foundation

» geometry and size (aspect ratio, height, width, length)

* penetrations in the raised floor system
* operational considerations (weight being supported by floor, distribution of weight)
Large computer or control room raised floors may be susceptible to earthquake-induced damage

due to tipping of the support pedestals. Figures 10.5.2-2 and 10.5.2-3 show examples of support
pedestals that are typically slender, relatively long, and unanchored to the load-bearing floor or



foundation. In addition, many raised floor systems lack lateral bracing between the pedestals (see
Figure 10.5.2-4) which would provide horizontal stiffness.

To resist potential earthquake-induced damage, raised floor systems should be properly anchored
by drilling holes in the base plates of supporting pedestals and installing anchor bolts. The anchor
bolts can be evaluated using the procedures in Chapter 6. Many raised floor systems use an
adhesive to attach the pedestals to the load-bearing floor or foundation. Test results have indicated
that this adhesive is not adequate for withstanding significant lateral motion.

Earthquake and test experience has indicated that the unbraced pedestals and the weld to the
pedestal base plate are often too weak to transfer the required lateral loads. Bracing schemes as
shown in Figures 10.5.2-5 should be provided to create moment-frame action of the raised floor
systems, to increase the lateral stiffness of the raised floor system, and to avoid concerns about the
weld to the pedestal base plate. Potential flexibility of the threaded screw connections and weak
welds, such as tack welds, to the pedestal should be evaluated.

In addition to strengtnenlng the raised floor support system, the penetrations in the floor systems
shouid be caretully evaluated. In many cases, the equipment on the raised floor is not anchored so
there needs to be aaequate accommodations for movement of the equlpment durlng an earthquake.
If there are extensive floor penetratlons the equlpment on the raised floor may roll into, tip on, or
catch on the penetrauons This action may cause a 1arge concentrated Iateral overload on the floor
sysrem as well as cause local floor breakup due to panel bucKung The floor penetratlons should
be modified to pr vent equipment entry or coverea with spe01a1 air vents that perrmt the equlpment

4Ll e xzradle s

to traverse the floor without pen etration. S pecu‘u precauuons may be requlrea to anchor the
......... L TR, TS TP S (s, (SRR T
CqUIPIIIC[lt tmuugx 1 {n€ raised 1100t or tetner it to 0 prevent it from catcmng in the penetrauons For
L,.L ......... ~em o ldennanad e A niaiam bl o 4 a4l L -
light equipment on a braced tloor, connecting to the bracing at the stringers may be adequate
wactmnimt Tha ron ~Af bathaws 0 Aicrircond lhal s
10SUdlIl. 11IC UdC UL LCUICLDS 1D UIdDCUddCU DCIVOW

mnmsthamimas ~AFtha waica A Flanea 27211 et svanaccoa:ler et Aa o avrotorn Aromalla A0 a1

Strengthening of the raised floor will not necessarily provide a system capable of resisting the

ataral 1aaAs aconr: atad Anxrer AnTnmITtbar ~ee el ot Qaimarata ammalhmcs cn £ 2l
lateral loads associated with heav y computer or control equipment. Separate anchorage for these
tarmga nf aminmant chnanld ha neavidad Tha smnct Aacivalhla ctentaasr Fas srmceadima tha calamatn
ICA11S Ul CHUIPHHCTL S1HIVUIU DU PIUVIUCU. 11T 1105 UCS1IADIC SUdICEy 101 Upgradiig uic SCISimicC
capacity of computer equipment typically involves either floor anchorage, vertical bracing schemes,
or the use of tethers. The anchorage of the equipment on the raised floor may be used for the
following conditions
* the equipment is relatively heavy
» analysis of the equipment indicates that it will tip

will impact

* the equipment is closely spaced and will impact

* the internal components have low vulnerability to vibratory motion
* the cabinet frame has sufficient strength and stiffness to support the equipment without
supplemental bracing.

Because unbraced raised floors cannot carry significant lateral loads, independent anchorage and
support for equipment meeting one or more of the conditions listed above should betoal
bearing floor or foundation. With the independent support, the raised floor should not be part of
the load path for the anchorage of large computer and ‘control equipment. The base of the
equipment should be evaluated to determine if it has adequate capacity to support the anchorage
loads.
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An approach for independently securing equipment on top of a raised floor is to use under-floor
cable tethers which allow for limited movement of the equipment. The cable tethers secure the
equ1pment by providing a support path between a floor or load- bearing wall and the base of the
equipment. As discussed in Reference 32, the following factors should be considered when using
a tethering system:

* openings in the raised floor should have raised edges or curbs to prevent the base of the
equipment from sliding into the opening

* the equipment should be stable against overturning when an appropriate coefficient of friction
(judgment is required) is assumed between the raised floor and the base of the equipment

* there should be sufficient space between equipment to prevent seismic interactions

* elastomeric pads or bumpers may be used between closely spaced equipment

e the location of tether anchors and cable attachments to the equipment should consider the
distribution of mass and stiffness within the equipment

 the design of the tether anchorage shoulid consider the interaction with the raised floor if the
cable becomes taut
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— Raised Floor Height

Stringer Between Pedestals 7 /V\ ]
Some floors do not have stningers, \ Ve
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floor panel & pedestal top
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Raised Floor System (Figure 6.1 of Reference 121)
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Floor Supporied by Pedestal and Leveling Screw
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Figure 10.5.2-3 Raised Comput
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Figure 10.5.2-4 Raised Computer Fioor Showing Lack of Lateral Bracing
(Figure 4-31 of Reference 60)
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anchorage

* structural capacity
* lateral bracing

* load path

e connection details

restraints for contents

The structural capacity of a storage rack should be evaluated, especially its capacity for lateral
loads. It may be difficult to determine the capacity of the rack without performing some
calculations to determine member strengths and the modal, or stiffness, characteristics of the
frame. Judgment may be required for determining the appropriate model for the connection details
in a rack system. The connections in rack systems range from welded connections to slip joints.
According to the provisions of Section 5.4, the capacity of the rack should be compared to the
Seismic Demand Spectrum (SRS) at the anchorage location of the rack.

Storage racks should be evaluated to determine if they have adequate anchorage and if lateral
bracing is present and of sufficient size to accommodate seismic loads. Tall racks should be
anchored to walls with adequate capacity, the floor, and/or each other to prevent overturning.
Most rack units have holes provided in their base plates and legs to accommodate anchor bolts.
The screening evaluation for anchor boits is provided in Chapter 6. The capacity of the floor to
resist the anchorage loads shouid be evaiuated. Many rack systems are leveled with shims and the
excessive use of shims may reduce the capacity of the anchorage for those systems. If the rack is
anchored to an unreinforced masonry (URM) wall, the capacity of the wall shouid be evaluated
according to the provisions of Section 10.5.1 inciuding the laterai ioads of the racks.

,,,,, 11

tively flexible, extensive use of lateral bracing is useful in increasing the seismic
ng eart racing

capacity of the rack and in limiting earthquake-induced damage. Bracing should be provided at the
ends and along the back side as shown in Figure 10.5.3-4. In addition to bracing, the load path in
the structure should be evaluated. The bracing should attach to the structural members of the rack
and these members should have sufficient capacity to withstand the earthquake-induced lateral
demand. Many racks are designed only for vertical loads, so the effects of lateral loads should be
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to contents and pose a possible life safety hazard. Materials stored in bins or stacks should be

i

these components is in direct conflict with operational requirements. However, if materials are

minimizing stack heights to 2 or 3 layers in height, or restraining existing stacks through tiedowns.
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very high with no lateral supports. In a strong earthquake, the upper bins can fall causing damage
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extremely hazardous or are expensive to replace, mitigation measures should be considered to

1

(=4

v

(=4

J °
4
i A

L

the floor.

x
&

iy

assessed to determine their stability under earthquake loads. Often, the seismic requirements of

i

| =
5
o)
S
7]
Z
cm,
! mﬂ
(]
Q
Q
R
, =
9

provide positive restraint. These measures might include the installation of permanent racks,

tally o

(=
(=4

v

Storage bins are temporary storage containers stacked on top of each other. Bins are oft:
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