9. EQUIPMENT CLASS EVALUATIONS USING SCREENING PROCEDURES

Chapter 9 contains a summary of equipment class descriptions and parameters based on earthquake
experience data, test data, and analytical derivations. The screening procedures in Chapter 9 are
from Chapters 7 and 8 of Revision 2 of the SQUG GIP ( Ref. 1). Any modifications from the
corresponding sections of Chapters 7 and 8 are denoted in Chapter 9 with words in italics (such as
this introduction to Chapter 9). An item of equipment must have the same general characteristics as
the equipment in the evaluation procedures. The intent of this rule is to preclude items of
equipment with unusual designs and characteristics that have not demonstrated seismic adequacy in
earthquakes or tests.

The screening procedures for evaluating the seismic adequacy of the different equlpment classes in
Chapter 9 cover those jeatures which experience has shown can be vulnerable to seismic loadings.
These procedures are a step- by step process through which the important equipment parameters
and dimensions are determined, seismic pery‘ormance concerns are evaluated, the equipment
capacity is determined, and the equipment capacity is compared to the seismic demand.

The screening procedures in Chapter 9 are based on information contained in References 42, 46,
47, and 50. The SCEs should use the information in Chapter 9 only after first thoroughly
reviewing and understanding the background of the equipment classes and bases for the screening
procedures as described in these references. These references provide more details and more
discussion than summarized in Chapter 9. In some cases, clarifying remarks not contained in the
reference a’ocuments have been included in Chapter 9. These clarifying remarks are based on

(‘/\77/" 7YTD . MNAT

exp‘e‘rzence gamea aurmg G GIP reviews at operanng nuclear power ptants ana DOE seismic
evaluations at DOE facilitie a“d they serve to help guide the SCEs apply their judgment.

The screening procedures in Chapter 9 are from Revision 2 of the SCQUG GIP and Table 2.1-3 lists
the equipment classes in Chapter 9.
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9.1 ABOVEGROUND TANKS
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This section describes the guidelines which should be used for evaluating the seismic adequacy of

those vertical tanks which are listed in the SEL as identified in Chapter 4. These guidelines are

intended only for use on existing vertical tanks and are not to be used for new installations. The
guidelines contained in this section are based on Reference 42. Note, however, that to provide
consistency with the remainder of the DOE Seismic Evaluation Procedure some of the
nomenclature and symbols used in this section are slightly different than those used in

Reference 42

The screening evaluations described in this section for evaluating the seismic adequacy of vertical

tanks cover those features of vertical tanks which experience has shown can be vulnerable to

seismic loadings. These evaluations include the following features:

. Check that the shell of large, flat-bottom, vertical tanks will not buckle. Loadings on these
types of tanks should include the effects of hydrodynamic loadings and tank wall
flexibility.

. Check that the anchor bolts and their embedments have adequate strength against breakage
and pullout.

. Check that the anchorage connection between the anchor bolts and the tank shell (e.g.,
saddles, legs, chairs, etc.) have adequate strength.

. Check that the attached piping has adequate flexibility to accommodate the motion of large,

flat-bottom, vertical tanks.

Two SCEs (as defined in Chapter 3) should review these evaluations to determine that they meet
the intent of these guidelines. This review should include a field inspection of the tank, the
anchorage connections, and the anchor bolt installation against the guidelines described in this
section and Chapter 6.

The derivation and technical justification for the guidelines in this section were developed
specifically for large, flat-bottom, cylindrical, vertical storage tanks. The types of loadings and
analysis methods described in this section are considered to be appropriate for these types of
vertical tanks; however, a generic procedure cannot cover all the possible design variations.
Therefore, it is the responsibility of the SCEs to assess the seismic adequacy of other design
features not speciiically covered 1n this section.

Other types of vertical tanks (e.g., vertical tanks supported on skirts and structural legs) which are

not specifically covered by the guidelines in this section, should be evaluated by the SCEs using an

approach simiiar to that described in this section. Reference 42 provides guidelines for evaluating

vertical tanks on legs or skirts. Likewise, facilities may use existing analyses which evaluate the

seismic adequacy of its vertical tanks in lieu of the DOE Seismic Evaluation Procedure, provided
rmine that these ot d he same type of loading as the DOE Seismic

n the flexible wall of vertical, flat-bottom
~ 1 Al 4

itom tanks, €tc.).
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se spectra. If 4% and 1/2% damped response spectra are not directly available, th

,,,,, Y stimated by scaling from spectra at other damping values using the standard technique
described in Appendix A of Reference 19 or Section 6.4.2.
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This section covers the following topics for vertical tanks:

* Scope of vertical tanks

* Seismic demand applied to vertical tanks (Section 9.1.1.2)
* Overturning moment capacity calculation (Section 9.1.1.3)
» Shear load capacity vs. demand (Section 9.1.1.4)

* Freeboard clearance vs. slosh height (Section 9.1.1.5)

* Attached piping flexibility (Section 9.1.1.6)

» Tank foundation (Section 9.1.1.7)

The type of vertical tanks covered by the screening guidelines are large, cylindrical tanks whose
axis of symmetry is vertical and are supported, on their flat bottoms, directly on a concrete pad or a
floor. A section through a typical large vertical tank is shown in Figure 9.1.1-1. (Note: All
figures and tables applicable to vertical tanks are grouped together at the end of Section 9.1.1).

The range of parameters and assumptions which are applicable when using the guidelines to
evaluate large vertical tanks are listed in Table 9.1.1-1. The nomenclature and symbols used for
vertical tanks are listed in Table 9.1.1-2.

The guidelines assume that the tank shell material is carbon steel (ASTM A36 or A283 Grade C) or
stainless steel (ASTM A240 Type 304) or aluminum. The number of boits used to anchor down
the tank is assumed to be 8 or more cast-in-place anchor bolits or J-boits made of reguiar-strength
or high-strength carbon steel (ASTM A36 or A307 or better material A325). These bolts are

e L A ALl

assumed to be spaced evenly around the circumference of the tank. These assumptions and the
range of parameters given in Table 9./.1-1 have been selected to cover the majority of vertical
storage tanks in DOE facilities
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These hydrodynamic loads on the tank are characterized in the screening guidelines in terms of the
tank overturning moment (M) and the base shear load (Q). By using certain simplifying
assumptions and limiting the range of applicability, these loads can be determined using the step-
by-step procedure given below.

Step 1 - Determine the following input data (where practical, as-built drawings should be used or a
walkdown should be performed to gather data on the tank):

Tank Material:
R (Nominal radius of tank) [in.]
H’ (Height of tank shell) [in.]

(Minimum shell thickness along the height of the tank shell (H'), usually at the
top of the tank) [in.]

tnin

VRS

ty  (Minimum thickness of the tank shell in the lowest 10% of the shell height H') [in.]

o, (Yield strength of tank shell material) [psil
y \ o VA il |
h,  (Height of shell compression zone at base of tank - usually height of chair) {in.]

Eg  (Elastic modulus of tank shell material) [psi]

Vs  (Average shear wave velocity of soil for tanks located at grade) [ft/sec]
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Y¢ (Weight density of fluid in tank) [lbf/in3 ]
H  (Height of fluid at the maximum level to which the tank will be filled) [in.]

hy  (Height of freeboard above fluid surface at the maximum level to which the tank
will be filled) [in.]

Bolts:
N  (Number of anchor bolts)
d (Diameter of anchor bolt) [in.]
h, (Effective length of anchor bolt being stretched - usually from the top of
the chair to embedded anchor plate) [in.]
E, (Elastic modulus of anchor bolt material) [psi]
Loading:

height.

Step 2 - Calculate the following ratios and values:

H/R
ts/R
n
A <
2.t
t,, = = (Thickness of the tank shell averaged over the linear height
av H/ \ (=4 o
of the tank shell (H")) [in.]
Where:
n = total number of sections of the tank shell with different thicknesses
i = counter digit
t = thickness of the i section of the tank shell (in.]
. ~ -"k . .
h; = height of the i*" section of the tank shell [in.]
H’ = total height of tank shell [in.]
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INOLC tndt

<
[e]
=
——
\O
0
<
\©
—
]
Cn



+ 1+

ty = -&—_—min  (Effective thickness of tank shell) [in.]

ts/R
nd? 5
A, = —  (Cross-sectional area of embedded anchor bolt) [in“]
4
{’ N A, ‘V’ E, “ (Equivalent shell thickness having the same cross sectional
= 15 15| area as the anchor bolts) {in.]
\ e TR AEs )/
(¢ he)
¢ = bl £ | (Coefficient of tank wall thicknesses and lengths under siress)
\ts A\ Dy )
f— ~2 ¥vv . mxr.c 1, ppioce S,
W = T R” Y (Weight of fluid in tank) [Ibf]

Confirm that the parameters, values, and ratios determined in these first two steps are within the
ranges given in Table 9.1.1-1. If they are, then the procedure given in this section is applicable to
the subject vertical tank; proceed to Step 3. If the tank does not meet this guideline, classify the
tank as an outlier and proceed to Section 9.1.1.8.

Step 3 - Determine the fluid-structure modal frequency for vertical carbon steel tanks containing
water.

Ff [Hz] (from Table 9.1.1-3)
by entering Table 9.1.1-3 with:

R [in] (from Step 1)

tef/R (from Step 2)

H/R (from Step 2)

Alternatively, enter Figure 9.1.1-2 with t.¢/ R and H/ R to obtain F't. Then compute Fy:

. —, [12007
£ = |5
L
This frequency is for carbon steel tanks containing water. For other tank material (stainless steel or
O I 1l : N\ an 11:d ~thae than xratar sxridh sxsraialhd Aamaiics Az
aluminum) with modulus of elasticity Eg (psi) and fluid other than water with weight density v
3
[Ibf/in"], the frequency F¢ (s, f) may be computed from Fy, determined above, as follows




Step 4 - Determine the spectral acceleration (Say) for the fluid-structure modal frequency. (See

Sections 5.2 and 6.4.2 for a discussion of input spectral accel on.) Enter the 4%
damped horizontal ground or floor response snectrum (the m m_ m horizont a_ component)
for the surface on which the tank is mounted, ‘with the fluid-structure modal frequency:

Fr [Hz] (from Step 3)

and determine the maximum spectral acceleration:

o~ o

Sas [g] (from horizontal 4% damped response spectrum)

over the folilowing frequency (F) range:

< o<1 ‘£
For tanks with concrete pads founded on ground, soil-structure interaction (SSI) effects on
frequency Fy, and thus on Say, must be accounted for if Vy is less than 3,500 ft/sec. The SSI effects
~in Liannzizain azr 12mnz; o Animamiidbad awramliateler oy comamcem ot oL T - . 4~
on irequency may be compuied explicitly by appropriate methods as discussed in Reference 42, or
Taer thhn FAllnczrinn ciznamlifiad cmwnnndirene
vy tll 10110 18 SIPIIICU protcuul
(a) T€ Fennrinn xr L. ic cmallae than tha Founriramacr ot tha canals ALl o 12 L1 L
4 1 ITCQUENCY e 1S Sillalicl uldil uiC ITCquUeIiCy at i€ peak Ol i€ appiicanie gr response
LNeNT ol od 1 1
spectrum, SSI effects may be ignored.
(b)  If frequency Fyis larger than the peak frequency of the spectrum, then use the peak spectrum
[ ER oS o
vaiue for Sag
Qénm &€ Tatantia Aalnaca chaae lana A /MY DHeatae TN e N T 1T D __ il
DWICP » = JCICHIIIIIC l. 1C DAdC SBIICAL 1VaU (V). CHICT r‘lgur Y. 1.1-0 WIlN

and determine the base shear load coefficient:
Q (from Figure 9.1.1-3)

Compute the shear load at the base of the tank:

Q = QW Sa [ibf]

Step 6 - Determine the base overturning moment (M). Enter Figure 9.1.1-4 with:
H/R (from Step 2)
ter/ R (from Step 2)

and determine the base overturning moment coefficient:
M’ (from Figure 9.1.1-4)

Compute the overturning moment at the base of the tank:

—

Sa
Il
=

the seismic demand applied to a vertical tank.
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carry the anchor bolt yield capacity.

Therefore, the second part of the overturning moment capacity calculation is to determine the
anchorage connection capacity. If it is determined that the anchorage connection assembly has
lower capacity than that determined for the anchor bolt itself, then this lower capacity should be
used. The failure mode governing the connection capacity should also be determined, i.e., is it
ductile or brittle. For a brittle failure mode, the moment capacity is determined without allowing
inelastic stretching (yielding) of the bolt.

The third part is to calculate the compressive axial buckling stress capacity of the tank shell. The
fourth and final part is to determine the controlling overturning moment capacity using the
calculated bolt tension capacity and tank shell buckling capacity and compare this to the overturning
moment seismic demand determined in Step 6.

9.1.1.3.1 Bolt Tensile Capacity*

Step 7 - Determine bolt tensile load capacity, P, (Ibf), per guidelines for cast-in-place bolts in
Section 6.3. This value should reflect any effects of less than minimum embedment,
spacing, and edge distance as well as concrete cracking as detailed in Section 6.3. The
bolt capacities from Section 6.3 are based on the weak link being the anchor bolt rather
than the concrete such that the postulated failure mode is ductile. Compute the allowable
bolt stress, Fy, (psi):

P .
F, = —% [Psi]
h
v
where:
Py = bolttensile load capacity [Ibf] (from Section 6.3)
b =  cross-sectional area of embedded anchor bolt {in?] (from Step 2)
If the Section 6.3 criteria are not met for the anchorage, then the concrete is considered the weak
link in the load path and the postulated failure mode is brittle. Determine an appropriate reduced
allowable anchor bolt stress (F,) per applicable code requirements or, alternately, classify the tank
as an outlier and proceed to Section 9.1.1.8 after completing all the evaluations in this section
> Section 7.3.3 of SQUG GIP (Ref. 1)
March 1997 9.1-8



9.1.1.3.2 Anchorage Connection Capacity>

In the previous step for determining bolt tensile capacity, it is assumed that the anchorage
connection details are adequate for the bolt to develop its yield capacity in tension, and
subsequently deform in a ductile manner. For this type of ductile behavior to occur, it should be
possible to transfer loads at least equal to the anchor bolt allowable capacity to the tank wall local to
the anchor bolts, the connection between the tank wall and the anchor bolt chair, and the anchor

bolt chair itself.

The purpose of this check is to determine if the capacity of the load path is greater than the tensile
capacity, P, of the anchor bolt. The evaluation guidelines given in this section are taken from
Reference 42 which primarily uses the design guidelines developed by the American Iron and Steel
Institute (Reference 87). Figure 9.1.1-5 shows a typical detail of a vertical tank anchor bolt chair.
The chair includes two vertical stiffener plates welded to the tank wall. A top plate, through which
the bolt passes, transfers loads from the bolt to the stiffeners which, in turn, transfer the loads into
the tank wall. Figure 9.1.1-6 depicts two other less commonly-used anchor chair details. The
detail shown in Figure 9.1.1-6(b) is an example of a poor anchorage connection design and is
unlikely to satisfy the strength criteria for the connection. The procedure for checking the
capacities of the various components of the anchorage connection is given below. This procedure
applies to the typical chair assembly shown in Figure 9.1.1-5. A similar approach can be used for
other types of anchor bolt chairs, however appropriate equations should be used. In particular the
tank shell stress equation given below in Step 9 is only applicable for the type of chair assembly
shown in Figure 9.1.1-5.

If each of the anchorage connection components meets the acceptance criteria defined below, then
the bolt tensile capacity determined in the prev1ous btep 71s l11mt1ng If, however, any of the
components does not meet these gu1cle11nes the reduced anchor boit tension capaCIty represented
by the equivalent value of anchor bolt allowable stress (F;), as calculated here, should be used.

Note that, if the failure mode of the weak link is nonductile, the procedure for computing Mc,p (in
Section 9.1.1.3.4) is shghtly different. Typically, plate or weld shear failure is considered

nonductile, while tension yielding of the bolt or plastic bending failure is considered ductile. For
the purposes of these guidelines, nonductile failure modes are classified as "brittle".

The procedure given below, Steps 8 through 11, is for carbon steel material (for tanks, connection
elements and bolts), and is based on allowable stresses (adjusted for earthquake loading) per AISC
specifications. Adjustments should be made for other material such as stainless steel and
aluminum for the allowable stress per applicable codes. The symbols used in the equations given
in these steps are defined in Figure 9.1.1-5.

Step 8 - Top Plate. The top plate transfers the anchor bolt load to the vertical stiffeners and the
tank wall. The critical stress in the top plate occurs between the bolt hole and the free edge of the
plate (the area identified by dimension f in blgure 9.1.1-5). This bendmg stress is estimated using
the Iollowmg equat1on Note that if the top plate pI‘O_]eCtS rad1ally beyond the vertical plates, no
more than 1/2 inch of this prOJecung plate can be inciuded in the dimension f used in the following
equation. The maximum bending stress in the top piate is:

(0.375g-0.22d) P,
f 2

Meil
LPS1]

4 Section 7.3.3.1 of SQUG GIP (Ref. 1)

AVAS.

5 Section 7.3.3.2 of SQUG GIP (Ref. 1)

March 1997 9.1-9
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[

If the top plate does not meet this guideline, it is considered to fail in a ductile manner; therefore a
load reduction factor:

2
c
should be computed and multiplied by the anchor bolt allowable tensile stress (Fp,):
/f N\
Fo= K| 2| [psi]
\o)
This reduced allowable anchor bolt stress should then be used to compute the overturning moment

capacity in Section 9.1.1.3.4.

Step 9 - Tank Shell Stress. The anchor bolt loads are transferred into the tank shell as a
combination of direct vertical load and out-of-plane bending moment (due to the
eccentricity between the bolt centerline and the tank wall). “A check of shell stresses is
considered necessary only for large, flat-bottom, vertical storage tanks because of past
experience with such tanks in earthquakes Note that the stress equation given below is

only applicable for the type of chair assembly shown in Figure 9. 1.1-5.

The maximum bending stress in the tank shell is:

Ir 1
__ Pe| 1.32Z L0031 |
t [143ah® o op033 0 Ry | T
T |
where:
. 1.0
07T at [T
——b|b| 410
AL R

Note: The terms a, tp, ts, and R in the above equation should all be in units of inches to be
consistent with the proportionality factor of 0.177 which, as used in this equation, has units of
[in."1].

The tank shell is adequate if the following guideline is satisfied:

@)}

SRR 0 B

i



If the tank shell does not meet this guideling, it is considered to fail in aductile manner; therefore
aload reduction factor:

fy

0)

should be computed and multiplied by the anchor bolt allowable tensile stress (Fp).
_ - Hyo o .

This reduced allowable anchor bolt stress should then be used to compute the overturning
moment capacity in Section 9.1.1.3.4.

Step 10 - Vertical Stiffener Plates. The vertical stiffener plates are considered adequate for shear
stress, buckling, and compressive stressif the following three guidelines are satisfied:

k 95
. — <
J fy
1000
o ] > O_O4(h—c) or j = 0.5in. (whichever is greater)
P, )
g < 21,000 psi
] 1,000 p

If the vertical stiffener plates do not meet these guidelines, then the anchorage connection will
fail in a nonductile manner before the anchor bolts will yield. For the purposes of these
guidelines, nonductile failure modes are classified as "brittle". Determine an appropriate reduced
allowable anchor bolt stress,Jper applicable code requirements, and compute the overturning

moment capacity in Sectidhl.1.3.4. Alternately, classify the tank as an outlier and proceed to
Section9.1.1.8 after completing the remainder of the evaluations in this section.

Step 11 - Chair-to-Tank Wall Weld. The load per linear inch of weld between the anchor bolt
chair (i.e., the top plate plus the vertical stiffener plates) and the tank wall is determined
from the following equation for an inverted U-weld pattern of uniform thickness:

01 d o e O
W, = + P
w \/%+2hﬁ Fn+oes7ne g ()
(The equation above is taken from page 7-19 of the GIP (Ref. 1). However, it is currently under review by
DOE and EPRI, and may be updated in the future.)

June 1998 - Errata #1 9.1-11



The weld is adequate if the following guideline is satisfied:

st
"elephant-foot" buckling mode near the base of the tank wall. , S
vertical tanks is the "diamond-shape" buckling mode. Both of these buckling mo e nde
upon the hydrodynamic and hydrostatic pressure acting at the base of the tank which is determined
below:

The compressive axial buckling stress capacity of the tank shell is most likely limited by the
i ) .

Step 12 - Determine the fluid pressure for elephant-foot buckling (P,) by entering Figure 9.1.1-7
with:

P = P, v R [psi]
Qimn 12 Tatawatemm tbhog alaalb oo £ o Lo L1 o . O o _
DLCP 15 - PJCICIIILIIC UIC CICPhdIt-1001 DUCKIINE SUESS Capacily 1actor
~ ri b | 7L ) B . N 7T 71T ON
Cpe Lksi] (from Figure 9.1.1-8)

by entering Figure 9.1.1-8 with:
P, [psi] (from Step 12)

t/R (from Step 2)

6 Section 7.3.3.3 of SQUG GIP (Ref. 1)
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other material, use the following formula:

—

7

Si+1

om Step 1)

si] (fr

ial 1V

)

i

from Step

Vo)
AN

(from Step 4)

) [in.] (

o
'S 14

strength of tank shell material [p

t(

yield
heigh

with:

p2)

(from Ste

s

R
T

1_

~

1.1

1

1

1

7

a°r

and determine the pressure coefficient for diamond-shape buckling of the tank:

o
(=4

[psi]
(from Figure 9.1.1-10)

(from Figure 9.1.1-9)

i1

=P ¥ R

Gpd [ksi]

1

E]

Step 15 - Determine the diamond-shape buckling stress capacity factor:

o
~.

s



I~ -~ A\ Es
Opa = (0.6Y + Ay) —
AN LS
where
=~ —b\
Y = 1 - ().73(1—6 "’)
1 |R
¢ = — |-
16 it
E; =  elastic modulus of tank shell material [psi] (from Step 1)
R = nominal radius of tank [in.] (from Step 1)
ty =  minimum thickness of tank shell in the lowest 10% of the shell height (H") [in.]
(from Step 1)
Ay = increase factor for internal pressure (from Figure 9.1.1-11)

Step 17 - The overturning moment capacity of the tank, M...,

cap’
postulated weak link failure mode is ductile or brittle.

. Tank shell bending (Step 9)

A brittle mode of failure is defined as one in which the weak link is one of the following:
. Concrete cone failure (Step 7)

. Chair stiffener plate shear or buckling failure (Step 10)

J Chair-to-tank wall weld shear failure (Step 11)

~J
Nl
—
]
—
S



N
N’

~~
~

tarmnina tha b rartliIrning maman

) Y=
LJCLCLLIIULIC LY

a al

M cap [CllmenSIOnleSSj (II'Ol‘Il blgur

by entering Figure 9.1.1-12 with:

c [dimensionless] (from Step 2)
. [nsi] (from Step 16)

C Ly J \ r 7
Fy, = smaller of Fy, (from Step 7) or

Comnare the M value determined ahove with

\_/Ulll.tlm\/ VLI AVA Cap YAauuw uUvilviililiivua aAQuuywy

alansra and calant tha lasxsrae ~AfFtha $xx7~ x7aly . L.
DOUVC dliu dCICLL UIC 1UWCIL U1 UIC LWOU vdl

using:
S
K/f' fdimencinnleccl (fram CQtan
Vi cgp 1GHIICHSIOINCSS | 1101 SICP
L L taal . O
10T DITUC Ic¢
_ cmmallar ~Af T ~e T famann
l—'b - S111aliCl U1 Fb Ol Pr 110111

tg [in.] (from Step 1)
hy [in.] (from Step 1)

h, [in.] (from Step 1)

N
i
1
N
G




Step 18 - Compare the overturning moment capacity of the tank ( Mmm from Step 17) with the
overturning moment (M, from Step 6). If

M..>M
vaj -
then the tank is adequate for this loading; proceed to Step 19. If the tank does not meet this
guideline, classify the tank as an outlier and proceed to Section 9.1.1.8 after completing the
remainder of the evaluations in this section.

9.1.1.4 Shear Load Capacity vs. Demand?

The seismic capacity of the tank to resist the shear load (Q) is determine

assumed to be resisted by sliding friction between the tank bas e pla S
foundation material. The base shear load canacnv 1s therefore fu 1ction of tt e nct-m

T T O

the contamed fluid less the hvdrodvnannc pressure from the vertical comnonent of 1 the eart qu ke=
The hydrodynamic pressure from the horizontal component (from overturmng moment) of the
earthquake is 1gnored since its net or average pressure distribution over the entire base nlate is zero.
The we1ght of the tank shell is conservatively neglected

Step 19 - Compute the base shear load capacity of the tank:
~ Ao (1 nA1 o \ xxry
Qeap = 0.55 (1 — 0.21 Say)
using:
Say [g] (from Step 4)
W [Ibf] (from Step 2)

Step 20 - Compare the base shear load capacity of the tank (Qcap from Step 19) with the shear load
(Q, from Step 5). If

Qeap > Q
then the tank is adequate for this loading; proceed to Step 21. If the tank does not meet this
guideline, classify the tank as an outlier and proceed to Section 9.1.1.8 after com leting the
remainder of the evaluations in this section.

This procedure assumes that no shear load is carried by the anchor bolts. Note that this
assumption is theoretically valid only if there is a shght gap between the hole in the tank base and
the anchor bolt; this is usually the case.

8 Section 7.3.4 of SQUG GIP (Ref. 1)
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9.1.1.5 Freeboard Clearance vs. Slosh Height®

The screening guidelines described above are based on the assumption that there is enough
freeboard clearance available between the liquid surface and the tank roof such that the tank roof is
not subjected to significant forces from sloshing liquid. The procedure given below simply
compares the freeboard clearance to the slosh height; this is considered to be a reasonable approach
to prevent roof damage even though some contact may occur.

(9] %4 a1 L1 LAY lgxxt }. 283 y Uiv 1 ¥ l..ll.g e(]uadﬂu
= 0837RSa
hg 0.837 R Sag
where
R = nominal radius of tank [in.] (from Step 1)
ank [in.] (from Step 1)
Sa; =  spectral acceleration (1/2% damping) of the ground or floor (see Section
5.2) on which the tank is mounted at the frequency of the sloshing mode
(F;, determined below)
In calcnlatino the slosh heio om thig eanation the Qa value muct he nhtainad fram tha innnt
AR LEULLIAULES VY DIVOLL LIS 21 VLLL WO L BANIVIL, WV Jdg VAluL LLIUSL UL UUallivUu 11ULH UIv Hiput
Adamand gnertmim at tha glaching madae franmmianay B amd damaios croliza ~F 107 M. P TR I |
QliilailQ SPCeCUUIll dt UIC S1051111E HIVGC IICGUCiICy, Iy, anda aamping valu€ o1 1/2%. CLare snouid
be exercised in assuring that the spectrum values are accurately defined in the s osmng mode
frequency range, typically for 0.5 Hz to 0.2 Hz. The sioshing mode frequency can be caiculated
from the following equation
F = 1 [1.84G tMlh(184H\ [Hz]
" 2z R 'R )
\J AN V4
where:
G = acceleration of gravity
= 386.4 [in/sec?]
R [in.] (from Step 1)
H [in.] (from Step 1)
Alternately, determine the slosh height by entering Table 9.1.1-5 with:
IT /D g SR o VR 2N
n/ N (110111 DICP 2£)
R [in 1 (from Sten 1)
R [in.] (from Step 1)
nd determine the slosh heioght of the fluid in the tank faor a ZPA of 1o at the hace of the tank-
TALA BVLVLLLIALLY VAV UAUVULL JVAEIAL UL VAV A4U40 411 WAV LI 1VL Q 44k 1y VL LB UL LIV UAow VU1l udv wdLin.,.

9 Section 7.3.5 of SQUG GIP (Ref. 1)
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In calculating the slosh height given in Table 9.1.1-5, it has been assumed that for an input
spectrum normalized to a ZPA of 1 g, the Sag (1/2% damping) values vary linearly from 0.75 g at
N L YY_ o N A LA NN TT
0.5Hzto0.4 gat 0.2 Hz
Compute the slosh height of the fluid in the tank for the of the ground or floor on which the
tank is mounted
h —=h' 7DA
lls - 11 S ¥ WaN
using:
'
hy [in.] (from above)
ZPA [g] (from horizontal response spectrum (see Section 5.2))

Compare the available freeboard (hy) to the slosh height of the fluid (h, from Step 21). If
hf > hS

then the tank is adequate for this condition; proceed to Step 23. If the tank does not meet this
guideline, classify the tank as an outlier and proceed to Section 9.1.1.8 after completing the
remainder of the evaluations in this section.

9.1.1.6 Attached Piping Flexibility!0

For evaluation of large, flat-bottom, cylindrical, vertical tanks, the loads imposed on the tank due
to the inertial response of attached piping can be neglected. It is considered that these piping loads
have very little effect on the loads applied to the anchorage of large, flat-bottom tanks compared to
the large hydrodynamic inertial loads from the tank and its contents. However, the relative motion
between the tank and the piping presents a potential failure mode for the attached piping which
could result in rapid loss of the tank's contents. This has occurred under certain circumstances in
past earthquakes. Therefore this concern is addressed by requiring adequate flexibility in the
piping system to accommodate tank motion as described below and in Section 7.2.3. In addition,
the inertial loads should be considered for nozzles.

Step 23 - Flexibility of Attached Piping. The SRT should be aware that the analytical evaluation
method for vertical tanks allows for a limited amount of base anchorage inelastic
behavior. This, in turn, means that there may be uplift of the tank during seismic motion.
When pertornnng jaczltty evaluations of tank anchorage the SRT should assess attached
piping near the base of the tank to ensure that the plplng has adequate tlex1b1hty to
accommodate any anticipated tank motion. Near the top of the tank, there will be
considerably more motion and any attached piping shouid have substantiai fiexibility.

<
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5
s
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~
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9.1.1.7 Tank Foundation!!

The screening guidelines contained herein are for use with all types of tank foundations typically
found in DOE facilities except ring-type foundations. Ring foundations should be identified as
outliers and evaluated separately.

An acceptable outlier evaluation method for ring-type foundations is to check the tank overturning
resistance and the adequacy of the rebar in the foundation. The overturning resistance may be
checked by using the energy method to compute how much the tank and attached ring foundation
lift up and whether there is adequate flexibility in the tank floor, shell, and associated welds, as
well as any attached piping.

This completes the seismic evaluation for vertical tanks.
9.1.1.8 OQutliersi2

An outlier is defined as a vertical tank which does not meet the screening guidelines for:

[

> U
[

[¢)

a
=

=

[\5]

e}

. Flexibility of piping attached to large, flat-bottom, vertical tanks.

When an outlier is identified, proceed to Chapter 12, Outlier Identification and Resolution, and
document the cause(s) for not meeting the screening guidelines on an Outlier Seismic Evaluation
Sheet (OSES).
Note that ail of the screening guidelines shouid be evaluated (i.e., go through ail the steps in this
procedure) so that possible causes for a vertical tank being classified as an outlier are identified

t

h IR S LI o ) S K | PR R
DCIOIC procecaing o Lnapier 1z CSO1VEe 1IL.

The screening guidelines given in this section are intended for use as a generic screen to evaluate
the seismic adequacy of vertical tanks. Therefore, if a vertical tank fails this generic screen, it may
not necessarily be deficient for seismic loading; however, additional outlier evaluations are needed
to show that it is adequate. When a vertical tank which is covered by this section fails to pass the
screening guidelines, refined analyses could be performed which include use of more realistic or
accurate methods instead of the simplified, generic analysis methods used in the section and
Reference 42. Other generic methods for resolving outliers are provided in Chapter 12

The preferred approach for evaluating flat-bottom, cylindrical, vertical tanks which are outliers is to
follow the procedures given in Reference 29. This reference was primarily developed for
underground waste storage tanks, but the approaches needed for the inner tank of a dual wall
system are identical to those needed for aboveground tanks. Chapter 4 of Reference 29 describes
the methodology for evaluating tank seismic demand including liquid-structure interaction effects
and Chapter 5 of Reference 29 describes criteria for assessing structural capacity. The guidelines
presented in Reference 29 are general enough to handle any geometrical configuration, material
properties, and anchorage conditions (including unanchored tanks) as long as the vertical tank has
a flat bottom and is cylindrical. Alternatively, one can use the guidance of Appendix H of
Reference 18. '

11" Section 7.3.7 of SQUG GIP (Ref. 1)
12 Section 7.5 of SQUG GIP (Ref. 1)
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Table 9.1.1-1 Applicable Range of Parameters and Assumptions
for Vertical Tanks (Table 7-1 of SQUG GIP, Ref. 1)

Tank Material' Carbon or Stainless Steel, Aluminum
Tank Fluid Content Water or similar
Nominal Radius of Tank R = S5to35ft

(60 to 420 in)
Height of Tank Shell H' = 10to 80 ft

(120 to 960 in.)
Height of Fluid at the Maximum H = 10to80ft
Level to Which the Tank Will be Filled (120 to 960 in.)
Minimum Thickness of the Tank Shell tg = 3/16tolin.
in the Lowest 10% of the Shell Height (H')
Effective Thickness of Tank Shell Based tef = 3/16to lin.
on the Mean of the Average Thickness (t,,)
and the Minimum Thickness (t;;,)
Diameter of Anchor Boit? d = 12to2in.
Number of Anchor Bolts> N = 8 or more
Tank Wall Thickness (at Base)-to-Tank ts/R = 0.001to 0.01
Radius Ratio
Effective Tank Wall Thickness-to-Tank ts/R = 0.001 to 0.01
Radius Ratio
Fluid Height-to-Tank Radius Ratio H/R = 1.0t0 5.0

Assumptions:

1 The tank material is assumed to be carbon steel (ASTM A36 or A283 Grade C), stainless steel

(ASTM A240 Type 304), aluminum, or better material.

strength carbon steel (ASTM A36 or A307 or better material A325).

March 1997

3 Anchor boits are assumed to be evenly spaced around the circumference of the tank.




Table 9.1.1-2 Nomenclature Used for Vertical Tanks
(Table 7-2 of SQUG GIP, Ref. 1)

Symbol Description [Units]
Ay - Cross-sectional area of embedded anchor bolt [in.?]
a - Width of chair ton nlate narallel to chell (cee Fioure 9 7 7-N [in 1
a Vidth of chair t. op plate parallel to shell (see Figure 9.1.1-5) lin ]
b - Denth of chair ton nlate nernendicnlar to shell (see Fioure 9. 7. 7-5) in 1
b hd A dae rr r-er e \BEY 2 SPWAY el L Ty LAk
c - Thickness of chair top plate (see Figure 9.1.1-5) [in.]
- r r A o J U J
/\' - NAnfFFiniant Af tanl xwall thinbnaccac and lanatho 11ndar ctrace FHirnmanciAanlacal
v L UUILLIVIVILIIL ULl LAlLLD VW AlLL LLLIIVDALIVOOWVD aliul 1\.«115u.m ulivLl DL od Lullll\/llbl\)lllcbbj
A Minrntan ~f an~rhaer halt Tin 1
u - 171a4lliCiel Ul aliviivl UVUIL |1l |
= Elactinr mndiihic nf tanl- chall matarial o1l
l—ls - AJ1AdULIV 111IVUVUULUD VUL Ldlls D1Vl 11ialviial LHDIJ
n h ) PRURVILIUR. I, SR Ay M M PRI S B g |
Eb - C1dSuc Oaulud O1 4lICiivl DOUIL 111alcrial u)blj
e - Eccentricity of anchor boit with respect to sheii outside surface (see Figure 9.1.1-3) {in.]
F - Frequency [Hz]
A ) A 11 B S [PRRRSRSSRNL S [N ISIPREY oy P I SR |
l"b - AIIOWADIC (CIIS1IC SUECSS O1 DOIL [PS1]
Fe - Frequency of fluid-structure interaction mode [Hz]
F. - Reduced allowable tensile stress of bolt [psi]
F, - Sloshing mode frequency [Hz]
f - Distance from outside edge of chair top plate to edge of hole (see Figure 9.1.1-5) [in.]
f, - Minimum specified yield strength of shell, chair, saddle, or base plate material [psi]
~ A T et Ot TAQL A l,.___21
U - ACCcelIerauon ol grdvuy [200.4 1I/SCC |
_ TN i Lo comabiand e Tnba A€ Al nt (s T ean N T T &\ [in
g - isL CC DCLWCECCIL vliucCdal pl Cd U1 Clldll (dCC rlgm F.L.1-J) |11}
Y TV~ 2clit ~L €122 otk 4hhn smnawisnirsma lawral 44 vwrlhiinlh ¢haa $#0mls 22211 Taa FNAA fonn Digerea O 7T 7 1N T
I - nClBll Ul 11UlU dat UL 1IAAILLLIIULLL ICVCOL LU WILICLL UIC tdlll W1l UC 111ICU (dCU 1 15u1 Z.d.1-1 ) |1



Table 9.1.1-2 (Continued)

Symbol Description [Units]

H' -  Height of tank shell (see Figure 9.1.1-1) [in.]

h - Height of chair (see Figure 9.1.1-5) [in.]

hy, - Effective length of anchor bolt being stretched (usually from top of chair to
embedded anchor plate) (see Figure 9.1.1-1) [in.]

h. - Height of shell compression zone at base of tank (usually height of chair)
(see Fioure 9.1.1- I\ [in.]
ST 2 ipts Ll

- Height of freeboard above fluid surface at the maximum level to which the tank
will be filled (see Figure 9.1.1-1) [in.]

- Qlach heioht of fluid in tank lin.1

lls WAV OLL Ll\/lsj_,ll, WL LAGALINE 211 LOARLIN | aiie

hs' - Slosh height of fluid for a ZPA of 1g applied at tank base [in.]

] - Thickness of chair vertical plate (see Figure 9.1.1-5) [in.]

k - Width of chair vertical plate (see Figure 9.1.1-5). Use average width for tapered
plates [in.].

M - Overturning moment at base of tank [in-1bf]

M' - Base overturning moment coefficient [dimensionless]

M., - Overturning moment capacity of tank [in-1bf]

cap 2
! - Racge gvertnrninoe moment canacitv coefficient Ildimensionless]

iva Cap AUV U VY wiL bul.l.lll.lb ALANJLLAN/ALAL Vutlu\-/l.lvj WUV ALIWVAWVEILL | VALLIVIAJAVAIAVOU §

NT Nrmhae AF annhar halte Tdimanginnlaggl

IN - IN 11001 Ul dliLliVUl DUILW | ULLHCIIDIVLIIUYD |

P, - Fluid pressure at base of tank for elephant-foot buckling of tank shell [psi]

Pe’ - Pressure coefficient for elephant-foot buckling [dimensionless]

Py - Fluid pressure at base of tank for diamond-shape buckling of tank shell [psi]

icient for diamond-shape buckling [dimensionles

o frhmenqmnleqq'l
amon 1ape buckling [d



Symbol Description [Units]

P, - Allowable tensile load of anchor bolt [Ibf]

Q - Shear load at base of tank [Ibf]

~1! — < " - oo o - 2e . < =

Q - Base shear load coetticient [dimensionless]

Qcap - Base shear load capacity of tank [Ibf]

R - Nominal radius of tank [in.] (see Figure 9.1.1-1)

r - Least radius of gyration of vertical stiffener plate cross-sectional area about a
centroidal axis [in.]

, e : (R o

S; - Coefficient of tank radius to shell thickness | ——— | [dimensionless]

400 tg )

Sa - Spectral acceleration of ground or floor [g]

Sag - Spectral acceleration (4% damping) of the ground or floor on which the tank is
mounted at the frequency of the fluid-structure interaction mode (F) [g]

Sag - Spectral acceleration (1/2% damping) of the ground or floor on which the tank is
mounted at the frequency of the sloshing mode (F) [g]

tay - Thickness of the tank shell averaged over the linear height of the tank shell (H') [in.]

t, - Thickness of bottom or base plate of tank (see Figure 9.1.1-5) [in.]

tef - Effective thickness of tank shell based on the mean of the average thickness (t,,)
and the minimum thickness (t,;,) [in.]

to: - inimum shell thickness anvwhere alono the heioght of the tank shell (H"

tmin Minimum shell thickness anywhere along the height of the tank shell (H'),
usually at the top of the tank [in.]

4 L VS RIS | Co. 4 1 111 1 1 WYy 2 R PRI + o N -

tg - Minimum thickness of the tank sheli in the iowest 10% of the sheli height (H') [in.]

March 1997 9.1-24



Symbol Description [Units]

tw Thickness of leg of weld [in.]

t' Equivalent shell thickness having the same cross-sectional area as the
anchor bolts [in.]

Vg Average shear wave velocity of soil for tanks founded at grade [{t/sec]

\%% Weight of fluid contained in tank [Ibf]

W, Weight of tank without fluid [Ibf]

W, Average shear load on weld connecting anchor bolt chair to tank shell per
unit length of weld (i.e., total shear load on chair divided by total length of
chair/shell weld) [Ibf/in. of weld]

Z Tank shell stress reduction factor [dimensionless]

ZPA Zero period acceleration [g]

B Percentage damping [%]

Y Buckling coefficient [1 -0.73 (1 —e™? )} [dimensionless]

Y Weight density of fluid in tank [Ibf/in’]

Ay Increase factor for internal pressure; given in Figure 9.1.1-11

(o) Stress at a point [psi]

O¢ Stress at which shell buckles [psi]

Ope Stress at which shell buckles in elephant-foot pattern [psi]

Opd Stress at which shell buckles in diamond-shape pattern [psi]

Oy Yield strength of tank shell material [psi]

) Buckling coefficient Il(l / 16)(R_ /tg )1/2} [dimensionless]



1.1-3 Fluid-Structure Impulsive Mode Frequencies (F,, Hz) for Vertical
Carbon Steel Tanks Containing Water (Reference 42)
(Table 7-3 of SQUG GIP, Ref. 1)
TANK RADIUS (R, in)

H/R t./R 60 120 180 240 300 360 420
1.0 0.001 46.7 23.3 15.6 11.7 9.3 7.8 6.7
1.0 0.002 65.2 32.6 21.7 16.3 13.0 10.9 9.3
1.0 0.003 79.3 39.7 26.4 19.8 15.9 13.2 11.3
1.0 0.004 91.2 45.6 304 22.8 18.2 15.2 13.0
1.0 0.005 101.6 50.8 33.9 25.4 20.3 16.9 14.5
1.0 0.007 | 119.5 59.7 39.8 29.9 | 239 19.9 17.1
1.0 0.010 142.0 71.0 47.3 35.5 28.4 23.7 20.3
1.5 0.001 32.2 16.1 10.7 8.0 6.4 5.4 4.6
1.5 0.002 45.1 22.6 15.0 11.3 9.0 7.5 6.4
1.5 0.003 55.0 27.5 18.3 13.7 11.0 9.2 7.9
1.5 0.004 63.6 31.6 21.1 15.8 12.7 i0.5 9.0
1.5 0.005 70.6 35.3 23.5 17.6 14.1 11.8 10.1
1.5 0.007 83.2 41.6 27.7 20.8 16.6 13.9 11.9
1.5 0.010 99.0 49.5 33.0 24.7 19.8 16.5 14.1
2.0 0.001 23.6 11.8 7.9 5.9 4.7 3.9 3.4
2.0 0.002 33.0 16.5 11.0 8.2 6.6 5.5 4.7
2.0 0.003 40.1 20.1 13.4 10.0 8.0 6.7 5.7
2.0 0.004 46.1 23.1 15.4 11.5 9.2 7.7 6.6
2.0 0.005 51.4 25.7 17.1 12.8 10.3 8.6 7.3
2.0 0.007 60.5 30.2 20.2 15.1 12.1 10.1 8.6
2.0 0.010 71.8 35.9 23.9 i8.0 14.4 i2.0 10.3
2.5 0.001 17.8 8.9 5.9 4.5 3.6 3.0 2.5
2.5 0.002 25.0 12.5 8.3 6.2 5.0 4.2 3.6
2.5 0.003 30.4 i5.2 10.1 7.6 6.1 5.1 4.3
2.5 0.004 35.0 17.5 11.7 8.7 7.0 5.8 5.0
2.5 0.005 39.0 19.5 13.0 9.7 7.8 6.5 5.6
2.5 0.007 45.9 23.0 15.3 11.5 9.2 7.7 6.6
2.5 0.010 54.6 27.3 18.2 13.7 10.9 9.1 7.8
3.0 0.001 13.9 7.0 4.6 3.5 2.8 2.3 2.0
3.0 0.002 19.5 9.7 6.5 5.9 3.0 3.2 2.8
3.0 0.003 23.7 11.8 7.9 4.9 4.7 3.9 3.4
3.0 0.004 27.2 13.6 9.1 6.8 5.4 4.5 3.9
3.0 0.005 30.3 15.1 10.1 7.6 6.1 5.0 4.3
3.0 0.007 35.6 17.8 11.9 8.9 7.1 5.9 5.1
3.0 0.010 42.2 21.1 14.1 10.6 8.4 7.0 6.0
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legs, chairs, etc.) have adequate strength.

Two SCE:s (as defined in Chapter 3) should review these evaluations to determine that they meet
the intent of these guidelines. This review should include a field inspection of the tank, the
anchorage connections, and the anchor bolt installation against the guidelines described in this
section and Chapter 6.

The derivation and technical justification for the guidelines in this section were developed
specifically for horizontal cylindrical tanks and heat exchangers with support saddles made of
plates. The types of loadings and analysis methods described in this section are considered to be
appropriate for these types of horizontal tanks and heat exchangers; however, a generic procedure
cannot cover all the possible design variations. Therefore, it is the responsibility of the SCEs to
assess the seismic adequacy of other design features not specifically covered in this section. For
example, the guidelines in this section do not specifically include a check of the stress in the weld
connecting the steel support saddles to the shell of a horizontal tank or heat exchanger since this
weld is typically very strong compared to other parts of the saddle and its anchorage. However, if
the SRT finds there to be very little weld attaching these parts, then this weld should be evaluated
for its seismic adequacy.

Other types of horizontal tanks and heat exchangers which are not specifically covered by the
guidelines in this section, should be evaluated by the SCEs using an approach similar to that
described in this section. Likewise, facilities may use existing analyses which determine the
seismic adequacy of its horizontal tanks and heat exchangers in lieu of the DOE Seismic Evaluation
Procedure, provided the SCEs determine that these other analyses address the same type of loading
as the DOE Seismic Evaluation Procedure and the same failure modes.

The screening guidelines described in this section were developed to further simplify the equivalent
static analysis procedure for smaller horizontal tanks. To accomplish this, it was necessary to
make certain simplifying assumptions and to limit the range of applicability of the guidelines.

Many horizontal tanks and heat exchangers in DOE facilities fall within the restrictions and range of
sraliiac FAar sxrhinlh tha chranning agnridalinas sxrarae AasralAamaAd ) B P PR S PR AP SRy [y N
vaiucd 101 WILICIL UIC dUICCILILE SUIUTIIHTS WCIC UCVCIUPCU. NOUWCVCI, 101 UIODC rnorigornidl \dilkd

14 Sections 7.2, 7.4, and 7.4.1 of SQUG GIP (Ref. 1)



and heat exchangers which are not covered by, or do not pass the screening guidelines, it may be
possible to perform tank-specific evaluations, using the approach described in Reference 42, to
evaluate the seismic adequacy of the horizontal tank or heat exchanger.

The screening guidelines described in this section are based on using 4% damped ground or floor
response spectra (see Section 5.2) for overturning moment and shear loadings on the tanks. If 4%
damped response spectra are not directly available, then they may be estimated by scaling from
spectra at other damping values using the standard technique described in Appendix A of
Reference 19 or Section 6.4.2. )

This section describes the scope of horizontal tanks and heat exchangers and range of parameters
which are covered by the screening guidelines and the analysis procedure for determining the
seismic demand on, and the seismic capacity of horizontal tanks and heat exchangers including
their supports and anchorage.

The types of tanks covered by the screening guidelines in this section are cylindrical steel tanks and
heat exchangers whose axes of symmetry are horizontal and are supported on their curved bottom
by steel saddie plates. These types of tanks will be called "horizontal tanks" throughout this
section. A typical horizontal tank on saddles 1s shown in Figure 9.1.2-1. (Note: All the figures
and tables applicable to horizontal tanks are grouped together at the end of Section 9.1.2). The
range of parameters and assumptions which are applicabie when using the guidelines to evaluate
horizontal tanks are listed in Table 9.1.2-1. The nomenclature and symbois used for horizontal
lanks are 1sted 1n 1aoi€ ¥Y.1.£2-£.
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anchorage and supports of the tank. There is some discussion provided on this subject for piﬁ)itig
loads applied to horizontal pumps in Section 8.2.3 HP/RS Caveat 4; this discussion is also
applicable to horizontal tank evaluations.

15 Section 7.4.2 of SQUG GIP (Ref. 1)
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The guidelines in this section are in the form of tables, charts, and a few simple calculations to
determine the seismic capacity of horizontal tanks in terms of the peak acceleration the tanks can
withstand. This peak acceleration capacity is assumed to be composed of a uniform acceleration

capacity, A, in the two horizontal directions, and 2/3 A in the vertical direction. The screening
vvvvvvv J 9 7Yy ARL ALV LVV U AAVAALULILGL MILVVIAULIS, ALL iV VAD iU, LUV ovivuiliig
onidelines inchide the effect of combinin a three diractinne nf arnralaratinn hu tha cmirara_rnnt_~f
UIGCINES 1INCIUGe INeC CIicCt 01 CO Vv ULLIVLUIVILLD UL daLvuviaviauluvll vy uiv D\iucuC'l UL-V1-
e .1

either the ZPA or the peaK of the 4% damped horizontal floor response spectrum (see Section 5.2),
aependmg on whether: (1) the horizontal tank is r1g1d in the vertical or traverse direction (i.e.,
whether the tank shell acts as a rigid or flexible beam between the saddles); or (2) the horlzontal
tank and its support system is rigid in the longitudinal direction.

The seismic adequacy of the foliowing critical parts of horizontal tanks are evaluated in these
screening guidelines:

0
oJ
()
7]
[¢]

o]
p—

P CoadAla handing and AAarmnraccinn
= auulc UCllUlllg dllu CULLIPLIOdD1VIL
Qtan_Rv_Qtan Draradiira foar Harizantal Tanlo
UL\.«g .IJ¥ \JLUE 1L 1ULCLUIULL 1UVUL 11V11V11lAl 1 allnn
Qtan 1 _ Natarminea tha fallawing inniit data  Qaas Rignira Q 1 9_1 far lacatinn nf cnmma ~f thaca
DY) o AJCLLIIIIILIV LIV 1VLIVU WG 1lIpuUL uatda. ouvu 1 lsulu Zoed =1 1UL 1ULCALLIVULL UL DUILLIC UL LLIODCO
r“mpn c;nnc
WL11IVII01IVLILID
Tank D (DNiameter nf tank) I+ 1
Tank D (Diameter of tank) [ft.]
T (T enoth of tank) I'ft 1
L (Length of tank) [ft.]
t (Thickness of tank shell) [in.]
W, (Weight of tank plus fluid) [1bf
u \ O r A & a1
Yiory, (Weight density of horizontal tank or heat exchanger including fluid) [lbf/ft“']
H., (Height of center-of-gravity of tank and fluid above the floor where the
tank is anchored) [ft.]
Saddles: (Spacing between support saddles) [ft.]

S

h (Height of saddle plate from the bottom of the tank to the base plate) [in.]
G (Shear modulus of saddle plate and stiffener material) [psi]

E (Elastic modulus of saddle plate and stiffener material) [psi]

NS (Number of saddles)

March 1997 9.1-42



Base Plate: ty, (Thickness of base plate under saddle) [in.]

fy (Minimum specified yield strength of saddle base plate) [psi]

t (Thickness of leg of weld between saddle and base plate) [in.]

W \ (=} OV pPABtY) Laiie g

a (FBecentricity from the anchar halt cantarline tn the varticral caddla nlata) Min 1

Cg VLV UIULIVALY 13 VLLL WV QUIVLIVUL UUIL LULIIGL L WU Ue voedudlal sauuic Pl T ) 1L §
DAleae. NIT MIrrsnhaer Aflhalt Tanatinme Am annh oo A314)
DUIL. INL. \J.V UIl11UC1 Ul UUIL 1uLallulld ULl ©ACll > UUJC)

NR MInimhar Af ansrhar hAalto at aanh hAalé Tanati~n)

IND \1‘ ulllivuvil Ul alivilivl UJUlw at vaulll vull lUballUll)

A (Miamatar nf anchar halt) Iin 1

fv § \Ulmll\zl\zl Ui dAliviivil UUIL} llll J

“' NG Ao - 4 1 1 1, . 1 1 4 ~ - N oES e

D (Distance between extreme anchor bolts in base plate of saddie) [ft.]
Loading: Floor response spectrum at 4% damping (see Section 5.2)

1

Confirm that the parameters and values determined in this step are within the range of applicabie
parameters given in Table 9.1.2-1. If they are, then the procedure given in this section is
11 PR | R LIRS T - _

applicable to the subject h ontal tank; proceed to Step 2. If the horizontal tank does not meet
this guideline, classify the tank as an outlier and proceed to Section 9.1.2.3.
Qéncm N TMatnmmninag tha nmnnhaehalt tamoinm amd clhane Tand 11 Ll Lo Qadlo £ 1%
U B 4 = 1JCICIIILIIC UIC 1C11U1 DUIL CIdIVIL AllU SIICdL 104U 10WADICS 110111 DCCLIOI O, J, CCOun[1ng
Frm thn affanto AF Aarnlaadmmant cnmaning adan Aictamna amd Armonl-fea s Sen amen ncent o
101 UIC C11CCLd VU1 CLIIUCULLICLIL, dPal lllg, CUEU apLaiice, diil CldCKl1 lg 111 COIICICLU 9 daS
discussed in Section 6.3
] 11~ S o~ . A
P, {ibf] (from Section 6.3)
1 .
A [Ibf] (from Section 6.3)
Step 3 - Determine the base plate bending strength reduction factor (RB). The width of the base

plate that is stressed in bending is conservatively assumed to be equal to twice the distance
between the centerline of the bolt and the vertical saddle plate; i.e., 2e.. The strength
reduction factor is determined bv taking the rati 1

RN AT VAL AGUIUL A0 BUAVELLILIDA V) WG UiV LG

o
Q
¥
-
ol
&

the maximum bending stress (0):

(e S ]

f,t
- Y
1

3P,

u

RB =

Q Ik:!-h

Step 4 - Determine the base plate weld strength reduction factor (RW). The length of weld
assumed to carry the anchor bolt load is taken to be equal to rwice the distance from the
bolt centerline to the vertical saddle plate; i.e., 2 e;. The strength reduction factor is the

ratio of the weld allowable strength (30,600 psi) over the weld stress (G):

30.600 psi 242t e. (30,600 nsi)

RW = IU,0UU P — ZN%w s \-’-'v ouw P

o P
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Step 8 - Determine whether the tank is rigid or flexible in the transverse and vertical directions.
Enter Figure 9.1.2-2 (for horizontal tanks with weight density y, <751bf / ft3) or Figure
9.1.2-3 (for horizontal heat exchangers with weight density y;, <1801bf / ft3) with:

J " I

D (Diameter of tank) [ft.]
\ SREEEN /J L a1
t (Thickness of tank shell) [in.]
and determine the maximum saddle spacing for rigid transverse and vertical frequency response
(i.e., Fyans. 2 33 Hz)
S [ft.]  (from Figure 9.1.2-2 or 9.1.2-3)

then the tank is rigid in the transverse and vertical directions, otherwise it is flexible.

Step 9 - Determine whether the tank is r1g1d or flexible in the longitudinal direction. The rigidity of
the one saddie not navmg slotted holes in its base plate controls the Irequency response of
the tank in the longitudinal direction. The longitudinal stiffness (ks) of the tank is
determined by assuming the saddle plate and its stiffeners bend with a fixed (built-in)
connection at the tank and a pinned connection at the base plate. The moment of inertia
(yy) of the cross-sectional area of the saddle plate and its stiffeners should be determined
at a cross-section just below the bottom of the cylindrical tank. Compute the resonant
frequency of the tank in the longitudinal direction using the following equation:

If the longitudinal resonant frequency (Flong) 1s greater than or equal to about 33 Hz:
Flo_ > 33 Hz

then the tank is rigid in the longitudinal direction, otherwise it is flexible.



Step 10 - Determine the seismic demand acceleration and compare it to the capacity acceleration. If
the tank is rigid in all three directions; i.e.,

S, =2 Sand
Flnnn 2 3 3 HZ
long.
then determine the ZPA from the 4% damped floor response spectrum (maximum horizontal
component). See Sections 5.2 and 6.4.2 for a discussion of input spectral acceleration

ZPA [g] (from 4% damped floor response spectrum at 33 Hz)
and compare it to the acceleration capacity of the tank anchorage:
A [g] (from Step 7)
if A = ZPA
then the tank anchorage is adequate; proceed to Step 11. If the tank anchorage does not meet this
guideline, classity the tank as an outlier and proceed to Section 9.1.2.3 after completing the

remainder evaluations in this section.

If the tank is fiexible in any of the three directions, i.e.,

then determine the spectral peak acceleration (SPA)!6 from the 4% damped floor response spectrum
(maximum horizontal component):

SPA [g] (from peak of 4% damped response spectrum)

and compare it to the acceleration capacity of the tank anchorage:

A [g] (from Step 7)

Tf 17 S QDA

’ e N Z O )

tlhhnan 4l bnnls naenlhncnan 10 adaniiatac mennand 4 Qéqe 11 T 4la g bnanle e Lo X 44 oal
LLICL] UIC LdlIK dll IlUIdgC D aucyuatlc, ]_J OUCCCU W DLUP 11. 11 UIC ldilK dIICIOIdg2cC AOCS 1101 I11CCL LIS
11 AAlicma Alacaifer tha $anly oo an ~A1tlinn nnAd mw~nnand 64 Qantimea N T D 2D Afbmee nmamnamladlon — 4l
BUIUCIIUC, blabblly UICT LdiIA ad dll vuLlcl aliu PIULCCU WOCCUVIL ¥.1.£.0 CI CO llplUl lg LI
remainder of the evaluations in this section.

16 This horizontal tank evaluation procedure uses the assumption that the tank is full of water. This assumption
always results in a conservative evaluation when the peak of the response spectrum is used to estimate the

seismic demand acceleration. If, however, the SCEs elect to determine the fundamental naturai frequency of the
_ . N 1 0 SR 1

tank more accurately, and use a speciral acceleration corresponding o a frequency less than the frequency at the
peak of the demand spectrum, then they should alsc consider the case where the tank may not be full. For
seismic demand spectra with sharp increases over small frequency changes, the seismic demand load for
evaluation of the tank anchorage (weight x spectral acceleration) may be greater for the partially filled tank than
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(Ref. 81). 73 .
then the saddle is adequate and hence the tank is satisfactory for seismic

stresses exceed the AISC allowable, then classify the tank as an (,;utli_ ,,;a,,d, proceed to Section
9.1.2.3.

This completes the seismic evaluation for horizontal tanks.
9.1.2.3 Outliers!’

An outlier is defined as a horizontal tank or heat exchanger which does not meet the screening
guidelines for:

* Adequacy of anchor bolts and their embedments, or
* Adequacy of anchorage connections between the anchor bolts and the tank shell.

When an outlier is identified, proceed to Chapter 12, Outlier Identification and Resolution, and
document the cause(s) for not meeting the screening guidelines on an Outlier Seismic Evaluation
Sheet (OSES).

Note that all of the screening guidelines should be evaluated (i.e., go through all the steps in this
procedure) so that all possible causes for a horizontal tank or heat exchanger being classified as an
outlier are identified before proceeding to Chapter 12 to resolve it.

The screening guidelines given in this section are intended for use as a generic screen to evaluate
the seismic adequacy of horizontal tanks and heat exchangers. Therefore, if a horizontal tank or
heat exchanger fails this generic screen, it may not necessarily be deficient for seismic loading;
however, additional outlier evaluations are needed to show that it is adequate. Such analyses could

include use of the principles and guidelines contained in this section and in Reference 42 for those
types of horizontal tanks and heat exchangers not covered herein. When a horizonial tank or heat
_ e in e . _ . - 2 ba |

a1

exchanger which is covered by this section fails to pass the screening guidelines, refined analyses
could be performed which include use of more realistic or accurate methods instead of the

PRLEUR B sk | mmemmatn el i smmadb bl AT o i fm s bl A A DO AN Y o Y8 PSR s S P
S1IL PIILICU, gCIl 1C ¢ lid.lyblb IHICUIOUD udCU 111 tIC SCCLIOI1 dIld KRCICICIICEC 44£. ULUICT gCHCf C INneunoas
for resolving outliers are provided in Chapter 12

17 Section 7.5 of SQUG GIP (Ref. 1)
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Table 9.1.2-1 Applicable Range of Parameters and Assumptions
Prme IMnsitmantal Tambo Mok, MM £ 0 QNYTH NATD DL 1)
IOF noOriZomita: 1ajiikS (1dpvi€ /-0 01 DYULU Ulr, REIL. 1)
T ncnntne ~f Tawnl-1 ™ 1 4. 1A Lo
LJ1d11ICICL U1 1 dlIK*® D = 110 1411
Length of Tank L = 4to060ft
Y _* 1. P P Y o DI DR o o o T _ 1 ¢~ 1N £
eight of Center-of-Gravity of Tank and Heg = l1tol2ft

Fluid Above the Floor Where the Tank is Anchored
AT 1 ~ o 1 11 2 - Ty ~
Number of Saddies S = 2t06
e e Ty o o113 - -
Spacing Between Support Saddies” S = 3to20ft
7 B PR - Lo 4 ~ =231 S I - -
Number of Bolting Loocations " per Saddle ~ L = 2or3
Number of Anchor Boits per Bolting Location NB = 1to2
Distance Between Extreme Anchor Bolts D' = 1to 12 ft.
in Base Plate of Saddie
Ratio of Tank C.G. Height-to-Saddle Spacing Heg /S = 051020

. . . 7 P | ~ = -~ ~
Ratio of Tank C.G. Height-to-Distance Heg/D = 05102.0
Between Extreme Anchor Bolts
Weight Density of Horizontal:

e g P
- Tanks (including fluid) Yt = 60 to 75 Ibt/ft
7T R 3 pe 3 e R s Ta FReTa e 1) nuv3
- Heat Exchangers (1ncluding tluid) Yh = 130 to 130 Ibt/it

Assumptions:

1 Tanks are assumed to be cylindrical, horizontally oriented, and made of carbon steel.

2 Tanks are assumed to be supported on carbon steel plate saddles.

3 Saddies are assumed to be uniformly spaced a distance S apart with the tank overhanging the
end saddies a distance S/2.

4 One or two anchor bolts are assumed at each boiting location.

V<4 ATT v L Ve 1 ~AA A P RV R B 1 1 1 1. 1 1 . a1

J All NE DASC pialcs undcr uic saddics dare assuimead to nave siotted ancnor dboit NOoIEs 1n tne
longitudinal direction to permit thermal growth of the tank, except for the saddie at one end of
the tank which is fixed
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=
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Table 9.1.2-2 Nomenclature Used for Horizontal Tanks
(Table 7-7 of SQUG GIP, Ref. 1)

Symbol Description [Units]
A - Croge-cectional area of caddle nlate and ite ctiffenere (cee Fianre Q 7 2_1\ lin 24
£ig A VOO OVRLIULIGL UV Vi Shiuuay i@ty Quis 10 Suiiviivid \Jvv 16u1v Sod T A / llll. J
N - Niamatar nf tanl (can Rignira Q 71 D_IN I+ 1
rr’ iziallivivil Vi waiin \OUU b 8 lsul\/ Zod. P } lll-]
! ™~ . 1 . . 1 1 1, . 1 PR ~ . e P ~— ~ = oA = =
D - Distance between extreme anchor bolits in base plate of a saddle (see Figure 9.1.2-1) [ft.]
d - Diameter of anchor boit [in.]
E - Elastic modulus of saddie plate and stiffener materiai [psi]
€ - Eccentricity (distance) from the anchor boit centerline to the vertical saddie plate
(see Figure 9.1.2-1) [in.]
Flong. - Resonant frequency of tank in longitudinal direction [Hz]
Firans. - Resonant frequency of tank in transverse/vertical direction [Hz]
F, - Coefficient [dimensionless]
F, - Coefficient [dimensionless]
i - Minimum specified vield strength of shell, chair, saddle, or base plate material [nsil
y r J (=} 2 2 2 et wiehad it ittt N wdeded |
¥ - Shear modnlug of caddle nlate and ctiffenar matarial Incil
N WLIVAL J1AVUGUAIUY Vi vlvuuaw tlj.ul,\./ Ll Juiliwviivil liiavviial I_POJ.J
N N . ~ e, rAOC " 1 2~
g - Acceleration of gravity [386 in/sec”]
Heg - Height of center-of-gravity of tank and fluid above the fioor where the tank is anchored [ft.]
h - Height of saddle plate from the bottom of the tank to the base plate (see Figure 9.1.2-1) [in.]
Iy - Moment of inertia of cross-sectional area of saddle plate and its stiffeners about axis Y-Y
(cee Plan of Sunnort S1 in Ficure 9 7 2_1 Iin 41
\UVV A AfR11 UL Uulltl\lj.t s A Xii A xbulv Par Y AI Ll.llo J
kg - Stiffness of the saddle plate and its stiffeners in the direction of the longitudinal axis of
tha tanl Mhf/inl
uiv walin LlUll lll_]
T — Lennﬂ'\ nf tanl (cee Rionra Q 7 2_71\ It 1
Aa llslll Ul LtQAlin \O\/V i 15“1\/ P Y .l/ Ll‘—-]
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Table 9.1.2-2 (Continued)

Symbol Description [Units]
NB - Number of anchor bolts at each bolt location [dimensionless]
NL - Number of bolt locations on each saddle [dimensionless]
NS - Number of saddles [dimensionless]
P, - Allowable tensile load of tank anchorage [Ibf]
P, Yo Allowable tensile load of anchor bolt [Ibf]
RB - Strength reduction factor for base plate bending [dimensionless]
D tl AAAAAAAAA a l“llll\/llul\llll\/ﬂk’]
RE - Strength reduction factor for an anchor bolt near an edge [dimensionless]

RS - Strength reduction factor for closely spaced anchor bolts [dimensionless]
RwW - Strength reduction factor for base plate weld [dimensionless]
S - Spacing between support saddles (see Figure 9.1.2-1) [ft.]
S, - Maximum saddle spacing for rigid tank (F,,s = 30 Hz) [ft.]
SPA - Spectral peak acceleration [g]
t - Thickness of tank shell [in.]
ty, - Thickness of base plate under saddle [in.]
tw - Thickness of leg of weld [in.]
Vi - Allowable shear load of tank anchorage [1bf]
A 'u' - Aliowable shear load of anchor bolt [Ibf]
Wy - Weight of tank per anchor bolt,

Wy = — [Ibf]

NS-NL-NB
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Figure 9.1.2-1 Horizontal Tank or Heat Exchanger (Reference 42) (Figure 7-13 of
SQUG GIP, Reference 1)
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Maximum Spacing Between Saddles, S; (ft)
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Figure 9.1.2-2 Maximum Saddle Spacing for Rigid (F,,,,, =30 Hz)
Horizontal Tanks (y, < 75 Ibf/ft’) (Reference 42) (Figure 7-14 of
SQUG GIP, Reference 1)
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Maximum Saddle Spacing for Rigid (F,,,, =30 Hz)
Horizontal Heat Exchangers (y, < 180 Ibf/ft’) (Reference 42)



