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1 Introduction 

This calculation assesses the adequacy of the Palisades Plant Diesel Oil Storage Tank (T10) for seismic loads. 
The seismic demand is based on the safe shutdown earthquake (SSE) as defined in the FSAR Update, which has 
a PGA of 0.20 g. The tank configuration is based mainly on drawings C-228, 5935-M-71-9-2 and 5935-M-71-2-3. 
The tank was built to conform to Underwriters Laboratory standards, circa 1967. 

Tank T10 is about 36' long and 12' in diameter, and has a wall thickness of 7/16" all around. The tank was 
constructed from _steel plates butt welded together; shallow dished heads were used as end caps. The material is 
specified as ."Mild Steel", which is assumed to be A285 plate, with a minimum specific yield stress of 30 ksi. This· 
material was commonly used for water and oil storage tanks and its yield strength is at the low end of the range 
for carbon steels [1,2]. 

The tank rests on a long, relatively narrow concrete saddle. The saddle then rests on a 14' x 40' x 12" RIC slab. 
Four steel hold down straps loop around the tank and are anchored to the slab. The whole assembly was 
founded about 1 O' below grade and then back filled to provide cover over the tank body. The net effect is a tank 
embedded to about 3/4 of its height, with the remainder covered by a shallow mo'und. Th.e configuration is shown 
in Appendix Aand on drawing C-228. · 

The drawings did not provide all necessary information, so the following assumptions were made: 

• 
• 

• 
• .. 

' ) , 

Tank material is A285 grade C steel, fy=30 ksi 
Each:saddle edge-is less than-about 3' feet from the tank head, a nominal value of 2' is used for stress 
calculations (32' saddle length) · 
The saddle bedding angle is 60 degrees ~ 
The height of the dished head is about 1' 

--1 
Diesel weight density is 51 lb per cu. ft . 

The tank material assumption was explained above. The saddle length is an important assumption because it 
effects the assumed behavior of the tank. If the saddle to head distance is more than about half the tank radius 
(3'), th~n the stiffening effect of the head for saddle loads is not assured [2]. If the saddle edge-to-tank head 

. distance is more then aqout 3' then the following analysis is not valid. 

The bedding angle was based on available dimensions and on the assumption that the saddle long edge is abo~t 
6" from the tank (saddle height of about 12" ==RIC slab thickness). This is consistent with the to-scale drawin 
(C-228) and is very reasonable assumption. The height of the head is also based on the. to-scale drawing, and IF\ 

· does not have a significant effect on analysis results. The diesel weight is a typical value. _ _ r='_Q} 

© 
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2 Method of Analysis 

The tank is assumed to be full, and the weight of the soil over the tank was included. The response 
spectrum/equivalent static load method is used to determine applied loads. Spectral damping is not important 
since the tank will be shown to respond in the rigid range of the SSE ground RS .. The transverse horizontal load 
is combined absolutely with the· vertical load { ±). The longitudinal load does not contribute to-the governing 
stresses. 

By inspection, for a 0.20 g acceleration, the longitudinal load on the tank can be withstood by friction. The failure 
mode is assumed to be tank wall overstress or saddle bearing overstress for vertical and transverse loads. 

The assumed behavior of the tank/soil system for vertical and. transverse loads is summarized below: 

• Away from the saddle ends, some of the tank load is carried by ring action directly to the saddle, this is 
limited by yield of the tank wall due to circumferential bending stress 

• The active pressure of the surrounding soil will tend to relieve some of the tank/saddle loads, ~nd will 
tend to increase the ring bending capacity {i.e., the soil will carry some of the load and confine the tank) 

• Loads not carried by ring action or the soil will travel to the head-stiffened ends of the tank via global 
peam action, where they are transferred back to the edge of the saddle [2] · 

There is conservatism in the assumed behavior: 
. .., 

• Passive 'pres.sure ont1e. soil' wili'tend to prevent passagif of horizontal load from the tank to tne'·saddle, 
this is probably a large conservatism 

• Passive pressure of the soil will result in the soil picking up more load as the tank x-section bulges, it is 
not included ~ · 

• The full weight of the soil over the tank is included in the load calculation, when soil arching would tend to 
reduc~ this load . ·i . 

• Th.e vertical seismic acceleration is combined absolutely with the tr~nsverse, an SRSS combination may 
be considered 

Global beam load transfer and stress analysis will generally follow a procedure developed by LP. Zick [2] for the 
design of saddle supports. Because it is a design procedure it is likely to have inherent conservatism. · The 
procedure is a commonly cited reference for the analysis of horizontal. tanks. · 

The procedure assumes an above ground horizontal tank supported on two saddles. It is adapted to this case 
using the assumed behavior above. The shear load input to the analysis, which is 1/2.the total vertical load fdr 
the typical case, is 1/2 the net load {net load =total load - soil load - ring load) for this case. 

Zick assumed saddle angles of 120 and 150 degrees, which are common. Tank T10 saddle has a bedding angle 
of only 60 degrees. This is a significant extrapolation beyond the common configuration, but is considered 
acceptable because the relative difference in actual horizontal bearing width {i.e., the distance between the horns 
of the saddles) is not as great as the difference in bedding angles and because the surrounding soil will tend to 
increase the effective bedding angle. In addition, examination of Zick's stress factors show, as expected, they 
increase significantly with smaller bedding angles {Appendix A), indicating the procedure is flexible. 
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The presence of a horizotal load on the tank is not considered by Zick. A transverse load results in a radial 
saddle load offset from vertical. This is likely to result in higher stresses on one side of the saddle, To account 
for this the offset will be limited to about 15 degrees and the resulting local stresses at the saddle will be 
increased by a 1.5 factor. 

The following tank stresses will be checked: 

• Global bending stress at the center of the tank 
• Local shear stress near the saddle edge 
• Local circumferential bending stress + direct stress at the horn of saddle near edge 

In addition concrete bearing stress will be check near the saddle edge. The tank is assumed to be at 
atmospheric pressure, since any internal pressure will tend to reduce the circumferential tank wall moments which 
will be shown to dominate. · 

3 Acceptance Criteria . 
) . 

The tank stresses will be compared to the limits recommended by Zick. The tank yield stress is 30 ksi for A285 
material. Concrete bearing allowable is per ACI 318 for f c of 3 ksi (3 ksi per C-228 and specification. C30, Class 
A concrete). · · 

·Item Allowi'IPle Stress Comments· 
(ksi) 

Tank wall local shear 24 0.8fy 
. near saddle 
Tank wall cicumferential 37.5. -1.25¥ > 

stress at saddle horn 
Tank wall global bending. 15.0 a.Sy 
stress 

·Concrete bearing 2.55 fb = ~0.85fc, ~=1.0 

Table 1 -Acceptance Criteria 

Note that the moment buckling stress of the tank was checked per NASA SP-8007 and found to be substantially 
more than fy. 
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4 Analysis and Results 

The details of the analysis are included in Appendix A. Formulae used to develop loads and stresses are 
presented there. Key input parameters can be found summarized in attached spreadsheets. 

The results will be summarized in this section. The loading condition of downward seismic acceleration was 
shown to control. 

Item Value 

Tank weight .236 kips 
Overhead soil weiQht 83 kips 
Horizontal seismic acceleration 0.20 Q 

Vertical seismic acceleration 0.13 g 
Combined acceleration · 1.15 g 
Vertical load carried by soil 166 kips 
Load carried by ring action 72.2 kips 
Load carried to tank head. 64 kips 

Table 2 - Applied loads 

Item Apr'!ied Stress . ~pplied/Allowed 
(ksi) 

Tank wall local shear 10.2 2.4 
near saddle 
Tank wall cicumferential 37.4 1.0 
stress at saddle· horn 
Tank wall global bending 9.2 1.6 
stress 
Concrete bearing .37 ·. 6.9 

Table 3 - Stress levels for applied loads 
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5 Conclusion 

The tank and saddle stresses are below the allowable stresses, therefore the tank configuration is adequate for 
the postulated safe shutdown earthquake. The minimum allowed stress to applied stress ratio was 1.0, controlled 
by local circumferential stress at the end of the saddle. 

The procedure used to develop loads was conservative, mainly because credit for the load carrying ability of the 
soil fill was set at conservative levels .. This results in higher tank-to-saddle loads and local stresses. In addition, 
the stress analysis procedure used is presented as a design procedure in reference 2, as is likely to have inherent 
conservatisms. 

The analysis assumed that the saddle edge to tank head distance is less than 3 feet, resulting in a head stiffened 
shell near the end of the saddle.· If the distance is more than about 3 feet, the analysis is not valid, although the 
tank may still be adequate. · · 
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