
AV1V,|«=/CP--S554 

STRUCTURAL AND SEISMIC ANALYSES OF WASTE 
FACILITY REINFORCED CONCRETE STORAGE VAULTS 

C. Y. Wang 
Reactor Engineering Division 
Argonne National Laboratory 

Argonne, Illinois 

The submitted manuscript has been authored 
by a contractor of the U. S. Government 
under contract No. W-3M09-ENG-38. 
Accordingly, the U. S. Government retains a 
nonexclusive, royalty-free license to publish 
or reproduce the published form of this 
contribution, or allow others to do so, for 
U. S. Government purposes. 

To be presented at the 1995 ASME Pressure Vessel and Piping Conference, 
Honolulu, Hawaii, July 23-27,1995 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal totality or responsi
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights.Refer
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom
mendation, or favoring by the United States Government or any agency thereof.Thejiews 
and opinions of authors expressed herein do not necessanly state or reflect those of the 
United States Government or any agency thereof. 

DISTRIBUTION OF THIS DOCUMENT IS UNUMITi MASTER 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



STRUCTURAL AND SEISMIC ANALYSES OF WASTE 
FACILITY REINFORCED CONCRETE STORAGE VAULTS 

C. Y. Wang 
Reactor Engineering Division 
Argonne National Laboratory 

Argonne, Illinois 

ABSTRACT 
Facility 317 of Argonne National Laboratory consists of several reinforced concrete waste 

storage vaults designed and constructed in the late 1940's through the early 1960's. In this 
paper, structural analyses of these concrete vaults subjected to various natural hazards are 
described, emphasizing the northwest shallow vault. The natural phenomenon hazards considered 
include both earthquakes and tornados. Because these vaults are deeply embedded in the soil, 
the SASSI (System Analysis of .Soil-Structure Interaction) code was utilized for the seismic 
calculations. The ultimate strength method was used to analyze the reinforced concrete 
structures. In all studies, moment and shear strengths at critical locations of the storage vaults 
were evaluated. 

Results of the structural analyses show that almost all the waste storage vaults meet the code 
requirements according to ACI 349-85. These vaults also satisfy the performance goal such that 
confinement of hazardous materials is maintained and functioning of the facility is not 
interrupted. 

1. INTRODUCTION 
Facility 317 at the Argonne East Illinois site consists of several reinforced concrete vaults for 

the storage of radioactive waste material bins. These vaults, with different configurations, were 
designed and constructed in the late 1940's through the early 1960's. When the facility was 
designed, there were no special federal guidelines regarding the design of waste storage facilities. 
Also, 30 or 40 years ago there were no stringent requirements specifying how the facility should 
be designed to withstand various natural hazards like earthquakes, extreme winds, and tornadoes. 

Recently, DOE developed general design criteria (DOE Order 6430.1 A) and design and 
evaluation guidelines (UCRL-15910) for protection against natural phenomenon hazards at DOE 
sites throughout the United States [1,2]. The goal of these criteria and guidelines is to ensure 
that DOE facilities can withstand the effects of natural phenomena like earthquakes, extreme 
winds, tornadoes, and flooding. These guidelines provide procedures to evaluate, modify, or 
upgrade the existing facilities or to design new facilities that are secure against natural hazards. 



On the basis of the usage category given in DOE Standard DOE-STD-1021-93 [3], Facility 
317 is considered to be a moderate-hazard-usage facility (performance category = 3, hazard 
category = 2). The performance goal is to limit the facility damage so that confinement of 
hazardous materials is maintained and functioning of the facility is not interrupted. 

Because the waste storage facility at Facility 317 is considered to be an essential structure, 
the structural integrity of each reinforced-concrete vault had to be evaluated. For simplification, 
this paper describes only the detailed structural analysis of the north shallow vault. Analytical 
results of other reinforced concrete vaults will be presented at the conference. 

The vault analyzed here has a shallow depth and is located at the northwest side of Building 
317. It was designed and constructed in 1949. This vault presently contains many storage bins 
of mixed waste. The vault is shielded by a 1-ft-thick reinforced concrete slab and gabled roof 
covers. The vault originally had a 5-ton Gantry crane for transferring the storage bins. In 1962 
the 5-ton crane was relocated to the south-side trench and a 10-ton Gantry crane was 
subsequently installed for this north-side vault. 

2. LOAD COMBINATION, MATERIAL PROPERTIES AND ANALYTICAL APPROACH 
The required strength U is expressed in terms of combinations of factored loads, or related 

moments and forces. Factor loads are the loads specified in the ACI code multiplied by 
appropriate load factors. According to ACI 349-85 [4] and DOE Design and Evaluation 
Guidelines UCRL-15910 [2], the load combinations considered here are: 

1. U = 1.4D + 1.7L + 1.7H 

2. U = D + H + L + E 

3. U = D + H + Wt 

where U is the required strength; D is the dead load or related moment and force; L is the live 
load (i.e., crane load) or related moment and force; H is the lateral earth pressure or related 
moment and force; E is the design basis earthquake load or related moment and force; and Wt 

is the design basis tornado or related moment and force. 
Note that the live loads are generated from either the moving crane during loading and 

unloading of waste storage bins or the service loads during construction. Since the crane load 
are much larger than the service load, we use the crane load for the live load calculation. We 
also, assume that during the tornado the crane is not in operation. This assumption can be 
achieved through the weather forecast and tornado warning. Note, the snow load is not 
considered since it doesn't produce any overturning moment. 

The material properties used in the analyses are: 

(a) concrete: The compressive strength of concrete is 3000 psi. 

(b) Re-bar:- The yield stress is 40 ksi. 

3. STRUCTURAL ANALYSIS OF NORTHWEST SHALLOW VAULT 
The northwest shallow vault is about 92'-6" long and 15'-0" wide without any interior 

partitions. Since the vault is quite long, structural analysis was performed for a unit width (1.0 

- 2 -



ft) of the transverse section (see Fig. 1) utilizing the plane strain approach. The concrete wall 
of the waste storage vault is modeled as a retaining wall cantilevered at the wall-floor junction. 
The frictional resistance force generated from the shield cover is appropriately accounted for in 
the analysis. 

3.1 Load Calculations 
3.1.1 Earth Pressure (K). Analogous to the action of a fluid, the unit pressure p at a distance 
h below the finish grade is [5] 

P = C a wh, (1) 

where C a is the active pressure coefficient and w is the unit weight of the soil. Based on 
Rankine's theory, the coefficient C can be expressed as 

1 - sinc{) 
1 + sin<j> Ca = i ^ J , (2) 

where (j) is the angle of friction. Here, we assume § of the backfill to be 30° [5]. Thus, the force 
P H caused by active pressure on a wall of height h is 

P H = C a w J l _ = A x ! x (0.120) x (7.33)2 = 1.074 kips. 
w Z* J 

At the bottom, the moment caused by the earth pressure is 

M H = p x h/3 = 1.074 x (7.33)/3 = 2.62 ft-kips. 

At the location 8" above the wall-floor junction where the dowel terminates, the lateral force and 
moment are: 

P ' H = I I (0.120)(6.66)2 = 0.887 kips 

M' H = 0.887 x — = 1.95 ft-kips 

3.1.2 Live Load (L). Live loads consist of crane load and service load during the construction 
stage. Crane load is the dominant load which occurs during the time of loading and unloading 
the waste storage bins, and installation of concrete shield and gabled roof. For the north-side 
vault analyzed, a 10 ton Gentry crane is used for loading and unloading of the waste material 
bins. The minimum wheel distance is 12'-6"; the wheel reaction including 15% impact is 13.75 
kips; the weight of the ASCE rail is 75 lb/ft. 

A wheel load or any load concentrated on a small area may be treated as a point load. The 
intensity of lateral pressure in this case varies not only with the depth but also with the horizontal 
distance from the load. The pressure is greatest along the vertical line ab closest to the load as 
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Pi 
_ 1 7 ? Q m 2 n 2 

H 2 ( m

2

+ n 2 ) 3 

Pi = 0.28 Q fl2 

H 2 (0.16+n 2) 3 

shown in Fig. 2. Along this line ab, the unit horizontal pressure p may be computed by the 
following empirical equations [6,7]: 

(m > 0.4) (3) 

(m < 0.4) (4) 

The unit horizontal pressure on any other points on both sides of ab is smaller than pl at the 
same depth, and may be calculated by the following equation 

p Q = P lcos2(l.la|)) (5) 

The notations used in the equations above are self-explanatory in Fig. 2. 
In general, the sharp pressure spikes generated from the impact during crane operation are 

smeared out by the soil. Thus eliminating the 15% impact load, the point load generated from 
the crane wheel is 

Q _ 13.75 - 0.5 x (10x2x0.15) 
2 

= 6.125 kips + 0.075 (rail weight) = 6.20 kips. 

Note the horizontal distance between the crane rail and vault wall is 2'-6", the embedment of the 
vault is 7'-4". Thus, Fig. 2 implies that 

25 m = - ± L = 0.34. 7.33 

with m = 0.34 and Q = 6.20 kips, the pressure distribution along the vault wall can be calculated 
from Eq. (4), or 

P l = 0.28 Q n " (m < 0.4) 
H 2 (0.16 + n 2 ) 3 

2 
= 0.0323 - (6) 

(0 .16 + n 2 ) 3 

in which n = z/H, z is the vertical distance at the particular location, and H is the height of the 
embedment. 
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Based on Eq. (6), pressure distribution along the concrete wall are calculated at every l'-O" 
below the finish grade, and results of pl are given in Table 1. 

Thus, following some arithmetic calculations the lateral force and moment at the wall-floor 
junction are: 

P L = I pj Aj = 2 ^ x 1 x 1 = I pj = 0.667 kips 

M L = 2.85ft-kips 

Table 1. Pressure Distribution Along Concrete Wall of North Shallow Vault 

z(ft) n n 2 

(0.16 + n 2 ) 3 

n 2 

Pi(ksf) z(ft) n n 2 

(0.16 + n 2 ) 3 

(0.16 + n 2 ) 3 
Pi(ksf) 

0 0 0 0 0 0 

1.0 0.136 0.0186 0.0056 3.264 0.105 

2.0 0.273 0.0744 0.0128 5.776 0.186 

3.0 0.409 0.1675 0.0351 4.772 0.154 

4.0 0.545 0.298 0.096 3.100 0.100 

5.0 0.682 0.465 0.244 1.905 0.061 

6.0 0.818 0.670 0.571 1.173 0.037 

7.0 0.955 0.912 1.231 0.741 0.024 

Total = 0.667 

At the location 8" above the wall-floor junction, the force and moment are: 

P ' L = 0.667 - 0.024 = 0.643 kips 

M' L = 2.41 ft-kips 

3.1.3 Seismic Load (E) 

Annual probability of exceedance: 1 x 10"3 

Seismic Zone Factor: 0.12 g PGA [8] 
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Since a large portion of the structure is embedded in the soil, the soil-structure-interaction (SSI) 
effect becomes an important factor during earthquakes. Here, the seismic analysis is performed 
with a well-known computer program, SASSI (System of Analysis of .Soil ^Structure Interaction) 
developed at the University of California, Berkeley [9]. 

The mathematical model of the waste storage vault is shown in Fig. 3. A two-dimensional 
plan strain model is used to investigate the structural response due to SSI. In the soil model, the 
first 27 ft of soil is brown and gray silty clay with some fine to coarse gravel. This region is 
modeled by nine layers of soil with different depths but the same soil properties. In addition to 
the soil layers with more defined properties, ten viscoelastic layers are used to simulate the 
halfspace. The thickness of the viscoelastic layers are calculated internally by the SASSI 
program. 

In the structural model, the concrete wall and floor slabs are modeled by 4-nodes plate 
elements with three degrees of freedom in the 2-D plane, i.e., two translational plus one rotational 
degrees of freedom. The excavated soil region is represented by 2-D plane strain elements 
without the rotational degree of freedom. The input data pertaining to the concrete are: 

E = 6.9 x 105 ksf 

v = 0.278 

w = 0.150 kef 

The free field input horizontal spectrum are given in Fig. 4, with a zero period acceleration 
of 0.12 g. The corresponding 10-second acceleration history is shown in Fig. 5, which was 
obtained from the SIMQUE program of MIT. Based on the 10-second time history input, 
acceleration response obtained from the SASSI code calculation is given in Table 2. 

Table 2. Horizontal Acceleration at Selected Nodes 

Nodal No. Max. Accel, (g) 

2, 9, 16, 23 0.11 

30,37 0.12 

44 0.13 

The moment and force generated from the seismic excitation consists of two parts. The first 
part is due to structural acceleration. The second part is caused by the dynamic pressure exerted 
by the moving, soil. 
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(a) Force and Moment Due to Structural Motion 

The shear force is calculated using accelerations given in Table 2 and the actual design 
configuration (see Fig. 3). The shear force is 

W. 
p = E mj aj = E _ i a{g 

g 

where a- is the acceleration coefficient of element i. In case the wall element has different 
horizontal accelerations at its bottom and top nodes, average acceleration is then utilized. 

The shear force and the overturning moment at the wall-floor junction, including the effect 
of the concrete shielding and gabled roof, are: 

P = 0.277 kips 

M = Spy = 1.586 ft-kips 

At the location 8" above the wall-floor junction the force and moment are: 

P' a 0.266 kips 

M' = 1.40 ft-kips 

(b) Force and Moment Due to Dynamic Earth Pressure 

During an earthquake the lateral pressure against a retaining structure may be temporarily 
increased due to the vibration of the ground. The increase is a result of inertia force which is 
difficult to evaluate. For design of retaining walls with moderate height (up to 20 ft), the 
increase is generally less than 10% of the normal design pressure [6]. In the case of high 
retaining walls, however, combined pressure may be determined approximately by the trial wedge 
method [6]. 

The total soil force during a seismic event consists of a static (active) component, p A , and a 
dynamic one Ap^ [10]: 

PAE = PA + A PAE (7) 

One method commonly used is the Mononobe-Okabe solution [10] as shown in Fig. 6. In this 
approach the total active soil force during the seismic event is 

PAE = \ K A E Y h 2 (9) 

where 
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g -w 
K g 

cos2(<j)-cp-p) 

AE 

cos cp cos2 (3 cos (8 + p + cp) t + [ sin((j)+6)sin((i)-cp-L) | 1 / 2 

1 cos(8+P+cp)cos(L~P) j 

cp = tan - l a h 

g - a h 

With ah = 0.11 g, ^ = 0.667 x 0.11 g = 0.073 g 

op = tan"1 0 , n = tan - 1 (0.123) = 7° 
Y 1 - O.ll v 

Using <j) = 30°, cp = 7°, 8 = 15°, p = L = 0, we have 

g * v cos2((l)-cp-p) = 0.927 (0.9205)2 

g 

coscpcos2pcos(8+p+cp) = 0.9925 x 0.9271 

1 + f sin((j>H-6)sin(<l)-<p-L) ] 1 / 2

 = 1 5 4 5 3 

|cos(8+p+cp)cos(L-p) J 

Thus, the pressure coefficient K^g is 

K A E = 
0.927 (0.9205)2 

= 0.357 
0.9925 x 0.9271 (1.5453)2 

Based on the Mononabe-Okabe method, the total active earth force is 

PAE - i . (0.357)yh2 = 1 (0.357)(0.120)(7.33)2 

= 1.1508 kips 

The static earth force is 

PA = \ C a Y h 2 = 1 1 (0.120)(7.33)2 = 1.073 kips 

The dynamic soil force Ap^ has a value of 
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Ap^ = 1.1508 - 1.073 = 0.084 kips 

The ratio of dynamic to static earth force is 

Y = Ap^/pA = 0.084/1.073 s 0.08 or 8% 

Thus, the dynamic force is about 8% of the static earth force or 

APAE = PD = ° - 0 8 PA-

As can be seen from the calculations, the dynamic earth force during seismic excitations is less 
than 10%. This is quite close to the estimate given in Ref. [6] for walls with moderate height. 
Here, in the analysis of the north shallow wall, we assume that the dynamic earth force is about 
11% of the static force which corresponds to the average horizontal acceleration below the 
finishing grade. A slightly conservative value of 0.11 is used to cover the uncertainties of angle 
of wall friction and backfill soil properties. 

The shear force and moment caused by the dynamic earth pressure are: 

P = C a w i ^ ( 0 . 1 1 ) 

= 1.074 x 0.11 = 0.118 kips 

M = 0.118 x — 
3 

= 4.886 x 0.118 = 0.576 ft-kips 

At the location where the 1/2" $ dowel reinforcements terminate, the force and moment are: 

P' = 0.887 x 0.11 = 0.097 kips 

M' = 0.097 x 2 x 6 ' 6 7 = 0.430 ft-kips 

At the wall-floor junction, the total shear force and moment due to the structural motion and 
dynamic earth pressure are: 

P E = 0.277 + 0.118 = 0.395 kips 

M E = 1.586 + 0.576 = 2.162 ft-kips 

At the location of dowel termination, the force and moment are: 

P' E = 0.266 + 0.097 = 0.363 kips 
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M' E = 1.40 + 0.43 = 1.83 ft-kips 

3.1.4 Tornado Wind (WtV The velocity pressure q z at height z is calculated from the formula 
[11]: 

q z = 0.00256 K^IV)2, (10) 

where K̂  is the velocity pressure exposure coefficient, V is the basic wind speed, and I is the 
importance factor. Thus the velocity pressure q z is 

q z = 0.00256 (0.8)(1.00xl42)2 = 41.29 

The design pressure is 

P = q z G n C p (11) 

= 41.29 (1.32)(0.8) = 43.61 psf. 

Thus, the force and moment at the wall-floor junction are: 

P^ = p • A = 43.61 x 5.0 x 1 = 0.218 kips 

M^ = P ^ • h = 0.218 x (7.33+2.5) = 2.143 ft-kips 

At the location 8" above the wall-floor junction the lateral force and moment are: 

P ' w t = 0.218 kips 

M' w t = 0.218 x (9.83-0.67) = 2.00 ft-kips 

3.2 Design Strength 

3.2.1 Moment and Force 

a) Wall-Floor Junction 

In the structural design, 1/2" (j> (No. 4) @ 12" o.c. reinforcement and 1/2" cj> dowel are used at 
each face and each way. The tension force T, based on fy = 40 ksi and the ultimate strength 
method [12], is 

T = Aj fy = 2 x 0.20 in. x 40 ksi = 16 kips. 

Assume a is the depth of equivalent rectangular stress block with concrete stress of 0.85 f'c, the 
compression stress is 
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c = 0.85 f'c (a) (12) 

Utilizing the force equilibrium condition and f'c = 3,000 psi, the following relationship holds 

C = T, 

and 

a = — = 0.52 in. 
0.85 f'c (12) 

The moment arm y for the resisting moment is 

y = 10.5 - 0.25 - 0.5 x 0.52 = 10.00" 

Thus, the maximum nominal moment corresponding to the design reinforcement is 

M N = 16 x 10.00/12 = 13.32 ft-kips. 

Neglecting the effect of axial force, the nominal shear strength provided by the concrete wall is 

V N = 2 ^ " bd 

= 2 ^3,000 (10.25) (12) = 13.47 kips. 

Thus the design strengths of moment and shear are: 

4 M N = 0.90 x 13.32 = 11.98 ft-kips 

(j> V N = 0.85 x 13.47 = 11.45 kips, 

b) Dowel Cut-off Location 

At the dowel cut-off location, the tension (T) and compression force (C) are: 

T = Ag fy = 0.20 x 40 = 8 ksi, 

C = 0.85 f'c (a)(12). 

Based on the force equilibrium condition C = T, the depth of the equivalent rectangular stress 
block, a, is 

a = 8/(0.85x3x12) = 0.26 in. 
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The maximum design moment and later force are: 

M ' N = 8 x (10.5-0.25-0.13)/12 = 6.75 ft-kips 

V ' N = 13.47 kips 

The design strength of moment and force are: 

$ M ' N = 0.90 x 6.75 = 6.10 ft-kips 

(j) V ' N = 11.45 kips 

3.2.2 Resistant Load of Concrete Shield. Since the concrete shield is supported on the ledges 
of the concrete walls, the friction force will reduce the effects of other loads, such as the earth 
pressure, crane-induced lateral pressure, and seismic response of the structure. 

The static frictional coefficient is about 0.4-0.8, the dynamic frictional coefficient is about 25% 
less and practically has a minimum value of 0.3. 

For a load combination involving the static loads, the static friction force is 

F = /*N = 0.4 x (0.150)(0.5xll.46) 

= 0.344 kips 

Thus, at the wall-floor junction the static resisting moment and force, after multiplying by a 
factor of 0.9 [4], are: 

(]>MR = 0.9 (0.344x6.33) = 1.96 ft-kips 

(j)VR = 0.9 x 0.344 = 0.31 kips 

At the dowel cut-off location, the resisting moment and force are: 

(j)M'R = 0.9 x (0.344x5.66) = 1.75 ft-kips 

<j)V'R = 0.31 kips 

For a load combination involving the seismic load, the dynamic frictional force should be used 
which has the value: 

F = juN = 0.3 x (0.150)(0.5xll.46) 

= 0.2578 kips 
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At the wall-floor junction the resisting moment and force, after multiplying by a factor of 0.9, 
are: 

(j> M R = 0.9 (0.257x6.33) = 1.468 ft-kips 

<{> V R = 0.9 x 0.2578 = 0.23 kips. 

At the dowel cut-off location, the resisting moment and force are: 

({> M' R = 0.9 x (0.2578x5.66) = 1.31 ft-kips 

<j> V' R = 0.23 kips. 

3.3 Load Combination and Comparison of Results. To facilitate the comparison of the required 
strength and design strength, Table 4 lists the comparison of required moments and shear forces 
at the wall-floor junction. In this table Mu and V u denote the required moment and shear force, 
<|)mMN and <t>v̂ N denote the design strength of moment and shear force with <j>m and <{>v equal to 
0.90 and 0.85, respectively. 

Table 4. Comparison of Moment and Shear Force at the Wall-Floor Junction 

Load Combination 
U 

Required Strength Design Strength 
Load Combination 

U Mu 

ft-kips kips ft-kips 
< t > v v N 

kips 
1. 1.4D + 1.7H + 1.7L 9.69 2.96 11.98 11.45 

2. D + H + L + E 7.91 2.13 11.98 11.45 

3. D + H + W t 5.04 1.29 11.98 11.45 

From Table 4 we can see that the first load combination (1.4D+1.7H+1.7L) involving dead load 
(D), earth pressure (H), crane-induced live load (L) is the controlling case. Required strengths 
for. load combination cases 2 and 3 involving design basis earthquake and tornado are small. 

From this table we can see that the design strengths of both moment and shear force are larger 
than the corresponding value of the required strength, hence the design is adequate at the- wall-
floor junction. It should be mentioned here that the design strength of shear force is about 11.45 
kips, way larger than the maximum required strength of 2.96 kips. 

To compare the result at 8" above the wall-floor junction Table 5 lists all the values of the 
required and nominal strengths, as well as the design strength for bending moments plus the 
resisting moment strength due to the frictional force generated from the concrete shield. The 
total strength for resisting the overturning moment obtained from the load combination is given 
in the last column of this table. Note that the static resisting strength is used in the load 
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Table 5. Comparison of Moment Strength at 8" Above the Wall-Floor Junction 

Load Combination 
U 

Required 
Strength 

Mu 

ft-kip 

Nominal 
Strength 

M N 

ft-kips 

Design 
Strength 

<t>M N 

ft-kips 

Resisting 
Strength 
0.9 M R 

ft-kips 

Total 
Strength* 

M T 

ft-kips 

1. 1.4D + 1.7H + 1.7L 7.80 6.75 6.10 1.75 7.85 

2.D + H + L + E 6.47 6.75 6.10 1.31 7.41 
3. D + H + Wt 4.23 6.75 6.10 1.75 7.85 

*Total strength M T = (j) M N + 0.9 MR. 

combination cases 1 and 3, whereas the dynamic resisting strength is utilized for the load 
combination case 2. 

Again, Table 5 shows that the first load combination (1.4D+1.7H+1.7L) is the controlling case 
and has the largest values of moment and force. It also indicates that at 8" above the wall-floor 
junction where the dowel terminates, the requirement moments obtained from the first load 
combination exceeds both nominal and the design moment strengths (1/2" (j> @ 12" o.c.) of 6.75 
and 6.1 ft-kips, respectively. Including the resisting moment due to frictional force of the 
concrete shield, the total moment strength would be 7.85 ft-kips, which is greater than the 
required strengths. 

One reason for underestimating the tension reinforcement is believed to be due to the change 
of crane capacity in 1962. As mentioned in the introductory section, in the original 1949 design 
a 5-ton crane was used. However, this 5-ton crane was relocated to the south side runway in 
1962, and a 10-ton crane was subsequently employed for the north side vaults. Thus, if a 5-ton 
crane was utilized, the crane-induced live load would be reduced considerably and the required 
moment strength of the first load combination is about 5.90 ft-kips which is less than the design 
strength of 6.10 ft-kips. 

The design at its present stage is adequate. In the future care should be taken during removal 
of the waste storage bins. Frictional force should be maintained during the crane operation. One 
way to accomplish this is to remove the concrete shield and waste storage bins from one section 
first, put the concrete shield back, and then proceed to the next section. 

4. RESULTS OF OTHER REINFORCED CONCRETE VAULTS 
In addition to the northwest shallow vault, analyses of other reinforced-concrete vaults were 

also performed. Results indicate that the structural designs of the two south shallow vaults and 
the sodium disposal vault all meet the performance goal and code requirements according to ACI 
Code 349-85 [4]. 
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The cast iron pipe storage vault located at the northeast of Facility 317 is being dismantled and 
hence no analysis of it was performed. The deep vault located at the north side of the waste 
facility has a depth of 21 ft. This vault consists of six cells separated by permanent reinforced-
concrete partitions for storage of bins of solidified waste. Results of the analysis reveal that the 
structural capacity of the interior cells is adequate, but the strength of the two exterior cells is 
slightly insufficient. 

Because Facility 317 is quite old and portions of the deep vault are outdated by today's 
standards, new storage buildings are being designed and constructed. At the completion of these 
new projects, all wastes currently stored in Facility 317 will be removed and stored in the new 
buildings. The facility will be decontaminated and restored for general use. Therefore, Facility 
317 has a limited remaining lifetime. 

ACKNOWLEDGMENTS 
This work was performed in the Engineering Mechanics Program of the Reactor Engineering 

Division of Argonne National Laboratory under the auspices of the U.S. Department of Energy, 
Contract No. W-31-109-Eng-38. 

REFERENCES 

1. U.S. Department of Energy, General Design Criteria, DOE Order 6430-1A, Washington, 
D.C., 1989. 

2. U.S. Department of Energy, "Design and Evaluation Guidelines of Department of Energy 
Facilities Subjected to Natural Phenomena Hazards," UCRL-15910, June 1990. 

3. U.S. Department of Energy, "Natural Phenomena Hazards Performance Categorization 
Criteria for Structures, Systems, and Components," DOE Standard DOE-STD-1021-92, 
December 1992. 

4. American Concrete Institute, "Code Requirements for Nuclear Safety Related Concrete 
Structures (ACI 349-85) and Commentary - ACI 349R-85," September 1985. 

5. L. C. Urquhart, et al., "Design of Concrete Structures," 1958. 

6. W. C. Teng, "Foundation Design," Prentice-Hall, Inc., New Jersey, 1962. 

7. K. Terzaghi and R. B. Peck, "Soil Mechanics and Engineering Practice," 1956. 

8. D. W. Coats and R. C. Murry, "Natural Phenomena Hazards Modeling Project: Seismic 
Hazard Models for Department oi Energy Sites," UCRL-53582, November 1984. 

9. J. Lysmer, et al., "SASSI - A .System for Analysis of Soil-Structure Interaction, Theoretical 
Manual," University of California-Berkeley, 1988. 

10. E. L. Krinitzsky, "Fundamentals of Earthquake-Resistant Construction," John Wiley & Sons, 
Inc., 1993. 



11. American National Standards Institute, "American National Standard 
Loads for Buildings and Other Structures," ANSI A58.1, March 1982. 

- Minimum Design 

12. C. K. Wang and C. G. Salmon, Reinforced Concrete Design, Harper & Row Publishers, New 
York, 1985. 



r C o n c r e t e ShieLd 

1 

1/2" $ @ 12" O.C. 
. / E a c h Face & Each Way 

S c a c i c E a r t h 
P r e s s u r e 

F ig . 1. Analy t ica l Model of the Northwest Shallow Vault 
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Fig. 2. Lateral Pressure Due to Point Load 
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Fig. 3. Mathematical Model of the Northwest Shallow Vault Used in the SASSI Code 
Seismic Soil-Structure-Interaction Analysis 

-<?-



ANL-E SOIL, SIMULATION NO. 1 

5% DAMPING ACCEL SPECTRUM 

o 

co " 
• o 

to 

• 

• \ A 

o -

• 

-" -

V V / 

o -

q - t 

i i—i i 1 1 1 1 1 1 1 1 1 | mil TTTtj 1 1 1 | 1 rp - —t—i—n— i i i i II1 Ij TTTTJ Tinj * I -JT i r i i • 1U • i • • 

10 ,-1 10" 10' 
FREQUENCY IN HZ 

Fig. 4.Free Field Response Spectrum Used for the Seismic Analysis 
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Fig. 5. Input Acceleration Time History Used for the SASSI Code Analysis 
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Coheslonless soil: y, = Unit weight. 
B 0 s Angle of internal friction. 
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Fig. 6. Mononobe-Okabe Solution of Earth Pressure During Earthquakes 
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