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2.0 SUMMARY 
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1.0 INTRODUCTION 

Existing structural design documents for the 27362 Building state that 
the structure is adequate to resist specified earthquake loads. However, the 
analyses and calculations to support these statements are not retrievable. 
The purpose of this document is to provide the structural analysis 
documentation supporting the structural qualification of the 27362 Facility to 
current site design criteria. 

The 27362 Building is described by 2 Plant facility management as a 
Safety Class 3 structure that houses Safety Class 1 equipment. The "Class 3 
over 1" function requires that the building be evaluated to Safety Class 1 
seismic loads. 

Design criteria originate from DOE Order 6430.1A, which directs the use 
of current design criteria, specifically, the guide1 ines for natural phenomena 
hazards evaluation found in UCRL-15910 (June 1990) and site-specific design 
criteria. The site-specific design criteria for the Hanford Site as approved 
by DOE-RL are found in SDC-4.1, Rev. 12 (DOE-RL 1993). 

The structural evaluation plan, was to uti1 ize simple conservative 
methods and proceed to more rigorous methods as needed. 
seismic, wind, and ashfall loads appropriate for Safety Class 1 structures 
were used. 
were employed first, and then dynamic analysis methods could be used as 
needed. 

The natural phenomena 

For the seismic analysis simple equivalent static analysis methods 

The 27362 Facility consists of three main structures: 27362 Building, 
27362A Building, and 27362B Building. All of these structures are made of 
reinforced concrete roof sl abs, wall s, fl oors and foundations. 
buildings are supported on spread footings close to the surface o f  the ground 
but below frost level. 

These 

I The current design and evaluation criteria for facilities at the Hanford 
Site appear in UCRL-15910 and SDC-4.1, Rev. 12, and the documents referenced 
therein. 
the current evaluation is ACI-349-90. 

The design code for 27362 Building was ACI-318-63; the code used in 

The 27362 Building was analyzed for both normal operating and natural 
phenomena loads. The design of different components of the structure are 
controlled by different loads, load combinations, and loading directions. The 
required strength of the roof slab, the in-plane bending of the wall panels 
and the size of four of the columns is control led by normal dead and 1 ive 
loads. The size of all other components of the structure is controlled by 
earthquake 1 oads. 

1 
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As a result of this evaluation, all structural members of the 27362 
Building show positive margins of safety with respect to the material design 
strengths. Margin-of-safety is defined as 

- A l l o w a b l e  load - 
Actual load M . S .  - 

which must be greater than 0.0. 
type of structural member is as follows: 

The controlling margin o f  safety for each 

0 - Roof: Dead and live load (vertical bending) 

0 

0 

0 

0 

0 

Walls: Dead and live load (vertical bending) 

Col umns: Earthquake (1 ateral base shear) 

Foundation Wall : Earthquake (lateral shear friction) 

Footing: Dead, 1 ive, and earthquake (vertical bending) 

M.S. = 0.009 

M.S. = 0.630 

M.S. = 0.170 

M.S. = 0.620 

M.S. = 0.037 

Soil bearinq: Dead, live, and earthquake (vertical load) M.S. = 0.017 

Most reinforcing details in the structural members meet the current 
ACI-349-90 criteria. 
panel reinforcement is embedded into the surrounding column and beam members. 
The existing embedment length is 15 cm (6-in.), which meets the ACI-318-63 
design code criteria. The 15 cm (6-in.) length also meets the bond stress 
criteria of ACI-349-90. Fifteen centimeters (6-in.) does not meet ACI-349-90 
requirements for an overall minimum length of 30.5 centimeters (12-in.). 

The one exception is the depth to which the precast wall 

The requirement that the minimum embedment length be greater than the 
bond stress length criteria was added to the code to enhance the system 
ductility. Because the bond stress portion of the required embedment length 
is met, although the ductility portion is not, the wall member is acceptable 
for non-plastic stress levels. 

2 

Calculations to qualify the 27362 structure for the safety class 3/1 
function are included in Appendix A. More rigorous calculations were 
performed in response to review comments and are included in Appendix B, which 
was added in Revision 1 of this report. 
change the results, but demonstrate even more structural capacity. 

These additional calculations do not 
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3.0 STRUCTURE DESCRIPTION 

The 27362 Building was designed as a single-story reinforced concrete 
structure. The walls, columns, roof, floor, and foundation were all 
constructed of reinforced concrete. A 1 ater construction project added 
concrete thickness to the three outside walls. 

The 27362 Building was built originally to construction specification 
HWS-8937, project number HAP-642, dated July 10, 1970. 
1983 time period, project number B-246A added more wall concrete. 
numbers H-2-26648 to H-2-26654 show the original structural design and 
drawings H-2-90318 and H-2-90319 show the additions by project B-246a. 

The overall dimensions of the building are 20 m (65-ft 6-in.) long by 
17.5 m (57-ft 2-in.) wide by 3.7 m (12-ft 2-in.) high. 
16.5 cm (64-in.) thick with roof beams alternating with wall top beams that 
run in both directions. 
(2-ft 9-in.) below grade with the east wall 1.5 m (5-ft) below grade. 

The foundation elements in the 27362 Building consist o f  the wall 
footings, column footings, foundation wall, and column pedestals. The 
footings are 30.5 cm (l-ft) thick by 61 cm (2-ft) wide for the walls and 1.2 m 
(4-ft) wide for the columns. The foundation wall was poured monolithically 
with the column pedestals and supported on the footing. The foundation wall 
is 20.3 cm (8-in.) thick, as is the building wall, but has slightly less 
reinforcement. 
as the columns and are 12.7 cm (5-in.) shorter than the foundation walls. 

Later in the 1982/ 
Drawing 

The roof slab is 

The wall and column footings are a minimum of 84 cm 

The column pedestals have the same dimensions and reinforcing 

The floor slab is supported on soil backfill with expansion joint 
material between the slab edges and all foundation walls. 
floor slab are storage racks, storage cubicles, and the stored material e 

column pedestals. The building walls are precast wall panels that are set in 
place with a 6 mm (+-in.) gap between the wall panel and the underlying 
foundation wall. Holding the wall in place are cast-in-place columns and wall 
beams, which in turn are poured monolithically with the roof slab and roof 
beams. Once these other cast-in-place members have stabilized the wall, the 
gap is grouted shut. 

The slab spans are nearly equal in both directions and the reinforcing is 
identical. 
that alternate with the wall lines to support the roof slab. 
also acts as a shear diaphragm to distribute lateral loads evenly to the 
precast shear wall s. 

Supported on the 

The building walls, columns, beams, and roof slab are supported by the 

The roof slab system is designed and constructed as a two-way slab unit. 

Poured monolithically with the slab are very shallow roof beams 
The roof slab 

3 
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4.0 ANALYSIS 

4.1 CODES AND STANDARDS 

Codes and standards at the Hanford Site originate from DOE Order 
6430.1A, which directs the use of other design and evaluation documents. 
addition to national codes and standards, the following DOE-specific 
guidel ines and criteria documents were used: 

In 

0 UCRL-15910, Design and Eva7uat ion Guide7 ines for Department of Energy 
Faci 7 it i e s  Subjected to Natura7 Phenomena Loadings (UCRL-15910) 

0 Site specific design criteria as approved by DOE-RL, SDC-4.1, Rev. 12 
Standard Architectural-Civil Design Criteria Design loads for Facilities 
(DOE-RL 1993). 

UCRL-15910 provides load combinations for use with extreme wind loadings 
and recommends the use of ACI-349 load combinations for seismic loadings. 
Other UCRL-15910 recommendations for use in seismic analyses are as follows: 

0 

0 

0 

0 

0 

0 

UBC 1988 and 1991, special design details for reinforced concrete 
structures 

Moderate seismic provisions of the UBC special design details when the 
peak ground acceleration is less than 0.24 g 

Elastic evaluation methods and F, of unity when the UBC special details 
cannot be met 

10% damping for post-yield inelastic stress conditions 

Square-root-sum-of-the-squares methodology (SRSS) or 100-40-40 methods 
for combining seismic load directions 

Use o f  ground motion equivalent to one-half of the appropriate return 
period for existing buildings that cannot meet the guidel ines provided 
in UCRL-15910, Section 4.4.5 

Use of equivalent static analysis methods for simple structures. 

SDC-4.1, Rev. 12, provides basic natural phenomena and other design 

For example, ANSI A58.1 

loads for Hanford Site buildings. These loads include seismic, wind, ashfall, 
dead, live, roof, soil, and snow. SDC-4.1 directs the use of national codes 
and standards for design and evaluation methods. 
(1982) is specified for wind, snow, and roof load design, UCRL-15910 for some 
load combinations, and ACI and UBC for reinforced concrete design. 

The design for ashfall loads is found only in SDC-4.1, which becomes 
both the design and evaluation document for this load. 
load, the extreme nature of the load, and how it is to be combined with other 
loads all are defined in SDC-4.1. 

The magnitude of the 

4 
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Nuclear Regulatory Guide 1.61 was used to select the proper seismic 
damping value. 
seismic design of reinforced concrete structures to remain within elastic 
limits. The 27362 Building does not meet all of the currently required ACI 
reinforcing details; per the UCRL-15910 recommendation it must remain within 
elastic stress limits. 

Reg. Guide 1.61 recommends the use of 7% damping for the 

Tank Seismic Experts Panel (TSEP) Guidelines also recommend the use of 
7% damping for response level 2-type loadings. Response level 2 loadings are 
high loadings, but are intended to remain within the material elastic limits. 

ACI-349 and ACI-318 concrete building codes provide load combinations 
and design methods for use in the evaluation of reinforced concrete 
structures. These codes also provide reinforcing details required for 
structures subjected to seismic loads. 

The UBC provides special concrete reinforcing details for use in the 
evaluation of concrete structures subjected to seismic loads. However, the 
27362 structures rely on shear wall to resist lateral loads and therefore are 
not required to meet the UBC special detailing. The UBC also provides 
recommendations on mass acceleration for seismic load determinations. 

4.2 DESIGN ASSUMPTIONS 

The 27362, 27362A, and 27362B structures are being analyzed 
simultaneously and contain similar assumptions which are listed below. 

e 

e 

e 

e 

The 27362 facilities house Safety Class 1 materials and shall be 
evaluated as Safety Class 3/1. 

These structures shall be evaluated to current site-specific natural 
phenomena loads and criteria, as specified in UCRL-15910 and SDC-4.1. 

Seismic loads are expected to be the controlling lateral load. These 
structures shall be evaluated initially for seismic loads that use 
equivalent static methods as allowed by UCRL-15910 and progress to more 
exact and rigorous methods as required. 

Equivalent static evaluations multiply the mass of the structure by a 
static seismic acceleration. 
response spectra curve times a multiple mode factor. The mode factor 
recommended by ASCE 4-86 is 1.0 for simple regular structures and 1.5 
for complex structures. 
structures, so the 1.0 mode factor will be used. 

This acceleration equals the peak of the 

The 27362 structures are simple regular 

5 
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For the 27362 structures, 10% seismic damping and F factors as 
recommended by UCRL-15910 shall be used if all reinvorcing details meet 
the applicable ACI and UBC requirements. When the reinforcing details 
do not meet these requirements, then 7% damping and F, equal to unity 
shall be used so that the structure stays within the elastic stress 
range. 

Review of the drawings show the 27362 structures to be reinforced 
concrete with the following support systems: 

- Lateral loads resisted by the concrete shear walls and rigid roof 
diaphragm 

roof slab acting as a diaphragm 

slab (273628) to resist vertical loads. 

- Lateral loads proportionally distributed to the shear walls by the 

The roof slab acting as a two-way slab (27362 and ZA) or a one-way - 

Material strengths used in this evaluation are original design values 
depicted in the construction specifications or the drawings. 

Drawings and design specifications listed in the calculations are 
labeled as-built and are considered to be valid design information. 

For the calculation of seismic inertial loads, only the mass of the 
deadweight will be included; the mass of snow or roof live load will not 
be included per UBC Chapter 23 interpretation. 

For overturning effects, 100% of the deadweight mass will be used to 
calculate the overturning moment, but only 90% for the dead load 
resisting moment. 

Soil bearing pressures from the original design media are as follows: 

- 27362 = 1,860 N/m: (4,500 lb/ft:) foundation on undisturbed soil 
27362A = 2,066 N/mz (5,000 lb/ftz) design drawing - - 27362B = 2,066 N/m (5,000 lb/ft ) design specification. 

The 242s Evaporator soil report provides the basis for the validation o f  
the stated soil bearing pressures. 

Because the 27362 structures rely on shear walls to provide the lateral 
seismic loads, the UBC special seismic details for frames do not apply. 

6 
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4.3 CONSTRUCTION MATERIALS AND IN SITU PROPERTIES 

Construction of the 27362 Building uses reinforced concrete for the 
precast and cast-in-place members. The construction specification, HWS-8937 
(HWS 1970), references several ACI standards, codes, and practices for the 
design, detailing, and placement of concrete. This specification also lists 
several ASTM standards to be followed for material properties and material 
tests: 

0 

0 

e 

0 

e 

ASTM A615-68 Deformed Bi 1 1  et Steel Bars for Concrete Reinforcement 

ACI 306-66 

ACI 315-65 

ACI 318-63 

ACI 605-59 

Recommended Practice for Cold Water Concreting 

Manual of Standard Practice for Detailing Reinforced 
Concrete Structures 

Building Code Requirements for Reinforced Concrete 

Recommended Practice for Hot Weat her Concreting . 
The strengths of the concrete and reinforcing steel materials are given 

in the design drawings and the YWS specificatJon. Concrete strength is listed 
on drawing H-2-26650 as 8.6 N/m (3,000 lb/in ) at 28 days. The reinforcement 
steel strength is given in HWS specification 6 as ASTM 5615, grade 40.* The 
grade 40 translates to a minimum yield strength 115 N/m (40,000 lb/in ). 

The 2736 Facility was visited on December 21, 1993. This visit had 
several objectives: 
shown on the design drawings; second, to verify equipment loads on the 
structures; third, to inspect the structural condition of the concrete 
members. 

first, to verify the configuration of the structures as 

The site visit resulted in the following observations. 

0 

0 

0 

The structural configuration of the 27362 Building is as shown on the 
drawings; see drawing list in Section 5.0. 

Wall- and ceilinq-mounted equipment loads are very light, less than 
16 Kg/m3 (1 lb/ft ). Floor-mounted storage racks and cubicles are much 
heavier, but are supported vertically by the floor and horizontally by 
the floor and wall as assumed in the analysis. 
further evaluation o f  equipment loads on the structure. 

See WHC-SD-CP-SA-026 for 

The condition of the structural members was very good. 
members had no visible cracking or spalling, aggregate voids were very 
small, and no patches or repair areas were found. 
obviously could not be seen, but no rust stains or spalled rebar cover 
was found either. 

The concrete 

The reinforcing 

Based on these observations the conclusion is that equipment loads as 
assumed are reasonable. It is also reasonable to conclude that the in situ 
concrete and rebar properties meet those specified by the original material 
design properties since there were no signs of deterioration. 

7 
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4.4 ANALYSIS METHOD 

The UCRL-15910 recommends that high-hazard facilities (Safety Class 1) 
normally be analyzed with dynamic methods. UCRL-15910 Appendix A a1 so states 
that equivalent static methods are an acceptable alternative for simple high- 
hazard structures. The 27362 Building is a simple structure with a regular 
floor plan that fits the UCRL-15910 description; thus equivalent static 
methods were employed. 

To analyze the 27362 Building, static load hand-calculation methods were 
employed. The normal dead and live loads were combined with the natural 
phenomena seismic, wind, or ashfall loads to produce equivalent static total 
loads on the structure. 
is an extreme static load, and seismic and wind are extreme dynamic loads. 

Dead and live loads are normal static loads, ashfall 

To convert dynamic seismic loads into static loads, the methods 
recommended in ASCE 4-86 were employed. 
accelerations were multiplied by the mass of the structure to simulate dynamic 
earthquake effects. This method is acceptable only for simple regular 
structures such as the 27362 Building. 

Site-specific response spectra peak 

Dynamic wind loads are calculated from the ANSI A58.1 standard (ANSI 
1982). 
load given a dynamic wind speed value that is multiplied by gust response 
factors. 

This standard provides a simple formula for calculating a static wind 

4.5 EQUIVALENT STATIC ANALYSIS JUSTIFICATION 

The "Equivalent Static Analysis Method" is a solution to a single- 
degree-of-freedom model where the response spectrum represents an exact 
dynamic analysis. Structures that have a single degree of freedom or nearly 
so can be dynamically analyzed by this method. The justification and use of 
the equivalent static analysis method for simple regular structures is 
discussed in the following documents: UCRL 15910 Appendix A, ASCE 4-86 
Section 3.2.5, and UBC 1991 Section 2333. 

These documents agree that the equivalent static method should be used 
only on simple regular structures that have uniform mass and stiffness 
distributions. The ASCE document further defines simple and regular to mean 
cantilever or simple multi-degree-of-freedom structures. 
provides quantifiable measures of what regular, uniform mass, and uniform 
stiffness mean. 

The UBC document 

UBC Tables 23-M and 23-N define what constitutes irregularities in 
dimensions, mass, and stiffness. The vertical irregularities of Table 23-M 
are for multi-story buildings only and thus are not applicable to the 27362 
facilities. The plan irregularities of Table 23-N are applicable and shall be 
addressed item by item as follows. 

A. Torsional Irregularities must be limited to about 10% total eccentricity 
based on displacements at the ends of the buildings. 
facilities all have less than 5% eccentricity. 

The 27362 

8 
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E. 

WHC - SD - C P- SA- 023 
REVISION 1 

Re-entrant corners between floor levels must be limited to 15% of the 
total building dimension. The 27362 facilities are all single-story 
structures. 

Diaphragms in regular buildings must not have abrupt variations in 
stiffness, openings greater than 50% of the gross area, or greater than 
50% stiffness variation between floor levels. The 27362 facilities 
diaphragms meet these cirterian. 

Regular building shall not have discontinuities in lateral load path 
including out-of-plane members. The 27362 facilities use shear wall 
diaphragms for lateral load resistance, and all lateral load members are 
in-line with these diaphragms. 

Regular buildings shall not have nonparallel lateral load systems. The 
27362 facilities all have parallel lateral load systems. 

Based on the precedinq discussions and reference documents. the 
conclusion is that the 2736f facilities meet the description of simple, 
regular structures. Therefore, use of the equivalent static method o f  
analysis is justified. 

9 
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4.6 STRUCTURAL COMPONENT EVALUATION 

Below is a list o f  the structural components analyzed in the course o f  
this evaluation. The analysis items checked are listed for each component. 

APPENDIX A 

LOAD CALCULATION: 

LATERAL LOAD RESISTANCE: 

- ROOF: 

WALL PANELS: 

COLUMNS : 

FOUNDATION WALLS: 

FOOT I NG : 

DEFLECTIONS: 

COLUMN-SHEAR WALL: 

0 Design 1 oads and 1 oad Combinations 
0 Two-way slab strength analysis 
0 Shear-diaphragm strength analysis 
0 Wall-beam strength analysis 
0 Reinforcing detail check 

Design loads and load combinations 
Shear-diaphragm strength analysis 
Reinforcing detail check 

Design loads and load combinations 
Compressive strength analysis 
Shear strength analysis 
Combined direction analysis 
Reinforcing detail check 

0 Design loads and load combinations 
0 Compressive strength analysis 
0 Shear strength analysis 
0 Reinforcing detail check 

a 

a 

a 

a 

a 

a 

Design loads and load combinations 
Bending and shear strength analysis 
Overturning and sliding resistance 

Shear wall deflection 
Out-of-plane deflection 
Soil -spring deflection 

APPENDIX B 

Column-Foundation Detail & Capacity Check 
Shear-Wall Unit computer model by RA Giller 
Shear-Wall Unit computer model by EO Weiner 
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DESIGN VERIFICATION METHOD 

The need f o r  design v e r i f i c a t i o n  has been reviewed with the method selected as 
i nd i cated bel ow : 

x Independent Review 

Alternate Calculations 

Qual i f i cat  i on Testing 

Formal Design Review 
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DEAD LOADS 

- Roof: 

Concrete  roo f  6.5" s l a b  = 

Roofing, 3 ply f e l t  and grave l  = 

Load = (81.-25 + 5.5) X 65.5' X 57.16' = 

Roof Beams: 

Concrete beam 2.5" deep, 12" wide, 13.3' long 

Load = 2.5" X 12" X 13.3' X 16 beams X 150 pef  / 144 s i  = 

Wall s beams : 

Concrete beams 

8" X 12-5" X 57'7ong X 2 beams X 150 pcf  / 144 si = 

3.5" X 11" X 57'1ong X 2 beams X 158 pcf / 144 si = 

8" X 8" X 30' long X 2 beams X 150 pcf  / 144 si = 

8" X 11" X 65.5'long X 2 beams X 150 pcf  / 144 si = 

Total  load f o r  wall  beams = 

I n t e r i o r  Walls: 

Concrete  wall 8" thick 

8" X 10.5' X 13.16' X 12 walls X 150 pcf  / 12 i n ,  = 

E x t e r i o r  Wall s: 

Concrete wall  8" thick 

81.25 ps f  

5.5 p s f  

325 k i p s  

7 kips 

12 k i p s  

5 k i p s  

4 k i p s  

12 k i p s  

33 k i p s  

166 k i p s  

8" X 10.5' X 13.16' X 16 w a l l s  X 150 pcf / 12 i n .  = 

8" X 10.5' X 7' X 2 w a l l s  X 150 pcf / 12 i n .  = 

Total  load f o r  E x t e r i o r  w a l l s  = 

22 1 kips  

15 kips  

236 k i p s  
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6" Add-on Wall s: 

Concrete wall 6" t h i c k  

0.5' X 11.25' X 181' X 150 pcf = 153 k ips  

Col umns : 

Columns 10.416' high 

8" X 12" X 10.416' X 6 columns X 150 pcf / 144 si = 6 k i p s  

11" X 12" X 10.416' X 1 2  columns X 150 pcf / 144 si  = 17 k i p s  

13" X 13" X 10.416' X 4 columns X 150 pcf / 144 si  = 7 k ips  

12" X 13" X 10.416' X 8 columns X 150 pcf / 144 si  = 14 k ips  

Total load  fo r  columns = 44 k i p s  

F1 oor S1 ab: 

Floor S l a b  6" t h i ck  

0.5' X 7twide X 55.4'long X 150 pcf = 

0.5' X 27.67'wide X 27.3'long X 4 s l a b s  X 150 pcf = 

29 k ips  

227 k ips  

Total  l oad  for f l o o r  s l a b  = 256 k i p s  

Foundat i on Wall s : 

Foundation Wall 8" th i ck  

0.67'  X 1.9'high X 340'long X 150 pcf = 

0.67' X 4.16'high X 84'long X 150 pcf = 

Foundation Wall' 6" th ick  

0.5' X 1.9'high X 123'long X 150 pcf = 

0.5' X 4.16'high X 57'long X 150 pcf = 

Tota l  l oad  for foundation walls = 

65 k ips  

35  k ips  

18 k ips  

18 k i p s  

136 k i p s  
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Column Pedes ta l  : 

Column P e d i s t a l  1.6' o r  0.75' high 

14" X 14" X 1.6'high X 12 c o l .  X 150 pcf / 144 si = 

11" X 14" X 1.6'high X 12 co l .  X 150 pcf  / 144 si = 

4 k i p s  

3 k i p s  

8" X 12" X 0.75'high X 6 c o l .  X 150 pcf  / 144 si = 

Total  load  f o r  Column P e d i s t a l s  = 

Foot i n s s  : 

Column Foot ings 1' t h i c k  

4 '  X 11.67' X l ' t h i ck  X 3 foo t ings  X 150 pcf = 

4' X 4 '  X l ' th ick X 24 foo t ings  X 150 pcf = 

Wall Footing 1' thick 

2' X 10' X l ' t h i c k  X 30 foo t ings  X 150 pcf = 

Total  load f o r  f o o t i n g s  = 

Dead Load Summarv: 

Roof = 
Roof Beams = 
Wall Beams = 
I n t e r i o r  Walls = 
E x t e r i o r  Walls = 
6" Add-on Walls = 
Columns = 
Floor  S lab  = 
Foundation Wall s = 
Column Ped i s t a l  = 
Footings = 

Tota l  

1 k i p  

8 k i p s  

21 k i p s  

58 k i p s  

90 k i p s  

169 k ips  

325 k ips  
7 k ips  
33 k ips  
166 k ips  
236 k i p s  
153 k ips  
44 k ips  
256 k i p s  
136 k ips  
8 k ips  

169 k ips  

1533 k ips  
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LIVE LOADS (SDC-4.1 and ANSI-A58.1) 

- Roof: 

Roof l ive  load  = 20 psf X 65.5’ X 57.16’ = 

Roof snow load  = 20 psf  X 65.5’ X 57.16‘ = 

75 k ips  

75 k i p s  

use either roof  l i v e  load  or  snow load but  not  both 

Total load = 75 k i p s  

WIND LOADS 

S t r a i g h t  wind p res su re  

(SDC-4.1 and ANSI A58.1) 

4, = 0.00256 K, ( I V ) ‘  

K, = 0.8 

I = 1.0 

V = 90 mph 

f o r  he ights  upto 15‘ and exposure category C 

q, = 16*6 psf 

Building wind pressure 

p = qz (GhCp - GCpi )  

p (windward wa l l )  = 16.6 psf  (1.32 X 0.8 + 0.25) = + 21.7 psf 

p (leeward wa l l )  = 16,6 psf  (1.32 X -.5 + 0.25) = - 6.8 psf 

Total  l a t e r a l  pressure = 21.7 + 6.8 = 28.5 psf  

Total  l a t e r a l  f o r c e  = 28.5 psf X 12’ X 65.5’ = 22 k ips  

p (Roof) = 16.6 psf (-0.7) = - 11.6 psf 

Total  Upward fo rce  = 11.6 psf X 65.5’ X 57.16’ = 43 k ips  
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SEISMIC LOADS (SDC-4.1 and UCRL-15910) 

Vertical Seismic Loads: 

2/3 X (7% damped, 0.29 spectra  peak) X Dead Weight D 

2/3 X (0 .389)  W = 0.25D * 
Horizontal Seismic Load: 

(7% damped, 0 . 2 g  spectra  peak) X Dead Weight D 

(0 .389)  W = 0.38D * 
ASH LOADS (SDC-4.1) 

Ash Load: (24  psf extreme load s imi lar  t o  wind and earthquake) 

24 psf X 65 .5 '  X 57.16' = 90 kips 
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Lateral loads are resisted 
by wall shear, 4 - 56' long 
walls in the NS direction, 
and 6 - 28' long walls in 
the EW direction. 

The roof slab acts in 
diaphragm shear as a rigid 
p l  a te  t o  dis t r ibute  1 ateral 
forces evenly between the 
shear walls. 

UBC requires t h a t  accidental 
torsion be accounted for in 
the design of the lateral  
force resist ing system. 
th i s  torsion i s  derived from 
an offset  of the lateral  
seismic force. The amount 
of the offset  i s  5% o f  the 
building dimension in each 
direction. 

5% of 56' = 2.8' 

1 
E 65' 

5% o f  64' = 3.3' 

The EW direction has a designed offset  from the 6" add-on walls.  
offset  i s  as follows; 

The designed 

total  la teral  load  = 583k 

la teral  load for the 6" wall (north side only) 

0.5' X 11.25' X 67' X 0.150 ksf X 0.38g = 21.5k 

Offset = (583 - 22)(56'/2) t 22(56') - 56' = 1.1' 
583 2 

Total NS offset  = 2.8' + 1.1' = 3.9' 

Total EW offset  = 3.3' 
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A Z - 5  Ver t i ca l  D i s t r i b u t i o n  O f  Lateral Loads: 

Elevations 

11 '-6' to 12'-2" 

10'-7' / 

Dimensions 
Used Roof I 

Column 
Wall 

11 
13' 

(+) 2" 

L I 3 u a n  Found . Wal I * 3' 
-' 

4 

Panel I 

1- \ I - "  t 

- 

14' 

Footing I 1' 

Typical Wall Section 

The l a t e r a l  l oads  a r e  d i s t r i b u t e d  a s  fol lows;  

e 

Roof, Roof Beams, Wall beams, + 1/2 [Columns and Walls] a r e  placed 
a t  the roof level; 14' above the base and 11' above t h e  
foundat i on. 

1/2 [Columns and Walls] + Foundation and Floor a r e  placed a t  t h e  
Wall-Foundation i n t e r f a c e ;  3' above t h e  base. 
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A2-6  Actual lateral Loads: 

@ R o o f  level 
F = [(325 + 7 + 33) t 1/2(166 + 236 + 153 + 44)] 0.38 253 kips 

@ Wall bottom level 
F = [1/2(166 t 236 + 153 t 44)] 0.38 + 253 367 kips 

@ Foundation wall toD 
F = (256 + 136 + 8) 0.38 + 367 519 kips 

@ Base level 
F = (169) 0.38 t 519 kips = 583 kips 

Q Roof Level 

NS 

EW 

81 t 

102 t 

59 + 
84 + 

57 t 

67 

56 = 253 kips 

253 k i p s  

Q Wall Bottom 

NS 117 t 86 + 83 t 81 = 367 kips 

148 t 122 t 97 - - - 367 kips EW 

8 Foundation Wall Top 

R, R, RT R, 
I 

NS 166 t 122 + 117 t 114 = 519 k i p s  

EW 210 t 173 + 519 k i p s  136 

Q Base 

R l  R2 R3 

187 t 137 t 131 t 128 = 583 k i p s  

583 kips 235 t 194 t 154 t - - - 
NS 

EW 
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If the connection between the 6" add-on walls and the 8" precast walls is 
adequate to transfer all lateral loads, then the overall strength and 
stiffness will be affected. 

Wall stiffness i s  based on wall area, thickness X length. 
the 6" wall has no stiffness the wall stiffness distribution i s  as follows; 

For the case where 

outside wall = 8'l X 56" X 12" 

inside wall = 8" X 47.4' X 12" 

Relative stiff. for outside wall 

Relative stiff. for inside wall 

= 5376 si 

= 4550 si 

= 5376 / (5376 t 4550) = 54% 

= 46% 

For the case where the 6" wall has stiffness the total stiffness distribution 
is as follows; 

outside wall = 14" X 56' X 12" 

inside wall = 8" X 47.4' X 12" 

Rel. stif. outside wall 

Rel. stif. inside wall 

= 9408 si 

= 4550 si 

= 9408R / (9408R t 4550R) = 67% 

= 33% 

Stiffness increase; 

67 / 54 = 1 e 24 = 24% increase. 

As the stiffness increases so do the loads, a stiffness increase of 24% equals 
a load increase of 24%. However, the wall thickness increases from 8" to 14" 
or an increase of 14 / 8 = 1.75 (75% increase) which increases the wall 
strength by 75%. 

In conclusion, the thicker stiffer wall increases the loads 24% and the wall 
strength 75% which i s  a less severe condition than neglecting the stiffness 
and strength contributions of the 6" add on wall. 
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The 27362 bu i ld ing  roof  s l a b  i s  a r e in fo rced  conc re t e  s l a b ,  poured 
monol i th ic  w i t h  the roof beams and columns and anchored by dowel action t o  the 
p r e c a s t  wall pane ls .  Cons t ruc t ion  d e t a i l s  i n d i c a t e  t h a t  the s l a b  was designed 
a s  a Two-way s l a b .  The s l a b  a l s o  serves as a l a t e r a l  load diaphragm t h a t  t i e s  
t o g e t h e r  the bu i ld ing  shear w a l l s  f o r  lateral  loading .  

e 

e 

DESIGN LOADS AND LOAD COMBINATIONS 

Design loads  a r e  spec f i ed  i n  S D C - 4 . 1 w ,  UCRL-15910 and ANSI 
A58.1. Load combinations are l i s t e d  i n  UCRL-15910 and ACI-349. 

TWO-WAY SLAB BENDING AND SHEAR STRENGTH ANALYSIS 

Two-way s l a b  des ign  f o r  v e r t i c a l  l oads  fo l lows  the methods of ACI- 
349 c h a p t e r  13. 

SHEAR DIAPHRAGM STRENGTH ANALYSIS 

The roof  s l a b  diaphragm a c t i o n  f o r  l a t e r a l  l oads  fo l lows  ACI-349 
c h a p t e r  11 s h e a r  s t r e n g t h  methods. 

WALL BEAM COMPRESSIVE STRENGTH ANALYSIS 

Compression i s  developed i n  t h e  s l a b  edge wall beams a s  l a t e r a l  
l oads  a r e  t r a n s f e r e d  from t h e  roof  s l a b  t o  t h e  wall pane ls .  
349 c h a p t e r  10 provides  compressive s t r e n g t h  eva lua t ion  methods. 

ACI- 

REINFORCING DETAIL CHECK 

Reinforcing d e t a i l s  a r e  found i n  several ACI-349 chap te r s .  
Minimum r e i n f o r c i n g  is s p e c i f i e d  i n  c h a p t e r  7,  r e b a r  anchorage i n  
c h a p t e r  12, f l e x u r e  and shea r  s t r e n g t h s  a r e  found i n  chap te r s  10 
and 11, and two-way s l a b  d e t a i l s  i n  chap te r  13. 



DESIGN LOADS 

Ver t i ca l  Loads: 

Dead Loads 

roof  s e l f  weight = 81.25 p s f  X 3744 s f  = 
3 p l y  roof ing  weight = 5 .5  ps f  X 3744 sf = 

Live Load 
roof  1 i ve load  = 
snow l oad  = 

Ash Load 

ash load  = 

Wind Load 

wind load  = 

Earthquake Load 

ear thquake  load = 

20 psf  
20 ps f  

24 p s f  

- 12 psf  

x 3744 sf = 
x 3744 sf = 

x 3744 sf = 

x 3744 sf = 

304 k i p s  
21 k i p s  

75 k ips  
75 k i p s  

90 k i p s  

- 45 k ips  

- t 0.25 X (81.25 t 5.5) = 22 psf 

- + 22 psf  x 3744 s f  = - + 82 k i p s  
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A3- 3 Horizontal Earthauake Loads: 

From the "Lateral Load Resistance" section the total lateral load a t  the roof 
level is;  

253 k i p s  

The following diagram shows; Lateral loads a t  the roof level,  

Shear wall reactions due t o  a lateral loads and 
due t o  accidental offset of  the lateral loads. 

253 kim 3.9 Wft 

253 kips 
4.5 k/ft 

t 
81 kips 

1 102 kips 

1 84 kips 

N 
1 67 kips 

59 kips 56 kips 

Building Plan 



Orig RA A& 243-94 Checker b e* 2J-44 WHC-SD-CP-SA-023 
Rev. ,€f/ 

LOAD COMBINATIONS (ACI-349 and UCRL:-15910) A 3-4 
Per ASCE 7-88 (ANSI-A58.1), roof l ive or snow loads may be used but  not both.  

Per SDC-4.1, ash, wind and earthquake loads are extreme loads and are not  used 
a t  the same time. 

Vertical Loads : 

ACI-349 Section 9.2: 

1.) 1.4D + 1.7( Lr or S ) 

1.4(86.75) + 1.7(20) = 

4 . )  D + (Lr or S )  t E 

86.75 + 20 + 22 = 

4.) 0.9D - E 
0.9(86.75) - 22 = 

4.) D + ( L r  or S )  + A 
86.75 + 20 + 24 = 

5.) 0.9D - W 

0.9(86.75) - 12 = 

UCRL-15910 Section 5.2.3: 

5.4(a) D + 1.3W 
86.75 + 1.3(-12) = 

1.1D + 0.5L + 1.2W 
1.1(86.75) + 0.5(20) + 1.2(-12) = 

5.4(b) 

Horizontal Loads: 

ACI-349, 4.) 

ACI-349, 5.) 

UCRL-15910, 
5.4(a) 

E = 253 kips 

W = ( 2 9 D s f )  (12’ X 64’) = 
1000 

1.3W = 1.3 (29Dsfl (12’ X 64‘1 = 
1000 

156 psf 

129 psf 

56 psf 

131 psf 

66 p s f  

71 psf 

91 psf 

253 . kips 

22 kips 

29 kips 
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TWO-WAY SLAB BENDING & SHEAR: (Ver t i ca l  Loads) 

The roof s l a b  is designed and cons t ruc ted  as a Two-way s l a b  system and shall 
be analyzed as such, according t o  ACI-349 Chapter 13 rules. , 

Use the "Di rec t  Design Method" o f  chap te r  13 : 

A minimum of 3 spans i n  each d i r e c t i o n  is requi red ;  27362 has 4 
@ the NS d i r e c t i o n  and 5 i n  t h e  EW d i r e c t i o n .  

13.33'/7' = 1.9 : O.K. 

spans 
Rat io  of  l onges t  t o  s h o r t e s t  span, not  g r e a t e r  than 2.0; 27362 has 

Suuesi  e 
0 & span r a t i o s  not  g r e a t e r  than  1/3 of  the longer ;  27362 

has 7'/14' = 1/2 f o r  one span, but  since the s h o r t e r  span has a 
weaker c ros s - sec t ion  i t  is roughly equ iva len t  t o  the 1/3 
requirement .  

Columns may be o f f s e t  by no more than 10%; 27362 has 0% o f f s e t s .  

A l l  l oads  a r e  from g r a v i t y ,  and l ive  loads  do not  exceed 3 times 
the dead load.  

Total  Factored S t a t i c  Moment: 

w, = f ac to red  load 

1, = panel width 

1, = c l e a r  span, from the f a c e  of 
suppor ts  

- 156psf (14.167) (13.33) 
8 Jfo - 

M, = 49,088 f t - l b s  = 589 i n -k ips  
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75.5' T 17' T 75.5- 

Effective Beam width per ACI 13.2.4 

A3-6  Distribution o f  Static Moment: (ACI Section 13.6.3) 

Interior Span Negative Moment = 0.65 M, ACI, 13.6.3.2 

Interior Span Positive Moment = 0.35 M, ACI, 13.6.3.2 

End Span Interior Negative Moment = 0.70 M, ACI, 13.6.3.3 

End Span Exterior Negative Moment = 0.30 M, ACI, 13.6.3.3 

End Span Positive Moment = 0.50 M, ACI, 13.6.3.3 

Distribution o f  Pos. & Neg. Moments to Panel Strips: (ACI 13.6.4) 

1J1, = 

'1 approx.- - bh3 beam / bh3 slab = 17(g3) / 151(6.53) = 0.30 

a,12/1, = 9rrr( 0.30 

14' / 14.167' = 0.99 

P, = 0.0, for masonary edge wall 
2.5, for a monolithic concrete wall 

P, = use 1.25 for a slab with an edge beam and a partially 
restrianing precast wall. 

Interior Negative Moment ACI, 13.6.4.1 

Column Strip = 75% of the negative moment 

Middle Strip = 25% of the negative moment 

Exterior Negative Moment ACI, 13.6.4.2 

Column Strip = 87.5% of the negative moment 

Middle Strip = 12.5% of the negative moment 

Positive Moment ACI, 13.6.4.4 

Column Strip = 

Middle Strip = 

64.0% of the positive moment 

36.0% of the positive moment 
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A3- 7 
Final Moment Distributions: When there are beams between supports. 

Moment Type Moment in Column Mi ddl e 
And Location Panel Strip Strip 

Interior Span 0 65M, 75% 25% 
Negative Moment 

Interior Span 0. 35M, 64% 36% 
Positive Moment 

End Span Interior 0.70M0 75% 25% 
Negative Moment 

End Span Exterior 0. 30M, 87.5% 12.5% 
Negative Moment 

End Span Positive 0. 50M, 64% 36% 
Moment 

Design Moments: *** (M, = 589 in-kips) 

Interior Span Column Strip = 
Negat i ve 
Moment ; Middle Strip = 

Interior Span Column Strip = 
Positive 
Moment; Middle Strip = 

End Span Column Strip = 
Interior 
Negative Moment; Middle Strip = 

End Span Column Strip = 
Exterior 
Negative Moment; Middle Strip = 

End Span Column Strip = 
Positive 
Moment ; Middle Strip = 

0.65 (0.75) M, = 

0.65 (0.25) M, = 

0.35 (0.64) M, = 

0.35 (0.36) M, = 

0.70 (0.75) M, = 

0.70 (0.25) M, = 

0.30 (0.875) M, = 

0.30 (0.125) M, = 

0.50 (0.64) M, = 

0.50 (0.36) M, = 

287 in.-kips 

96 in.-kips 

132 in.-kips 

74 in.-kips 

309 in.-kips 

103 in.-kips 

155 in.-kips 

22 in.-kips 

188 in.-kips 

106 in.-kips 

*** See further adjustments, next page. 
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A3-8 
Column Strip Positive Moments: 

Shall be further divided between the beam and the slab 

For a112/1, = 1.0 

For a112/11 = 0.0 

For a,12/l, = 0.30 

Column strip beam resists 85% o f  strip moment 

Column strip beam resists 0% o f  strip moment 

Column strip beam resists 0.30(85%) = 25% o f  the 
strip moment. And the column strip slab resists 
100 - 25 = 75%. 

Interior Span, Beam = 132 X .25 = 33 in.-kips 
Column Strip, 
Positive Moment; Slab = 132 X .75 = 99 in.-kips 

End Span, Beam = 188 X .25 = 47 in.-kips 
Column Strip, 
Positive Moment; Slab = 188 X .75 = 141 in.-kips 

Chapter 13, Section 13.6.7 

the absolute sum o f  positive + negative moments 
This section allows a further 10% readjustment in moments so long has 

not fall below the 
minimum does 



D i s t r i b u t i o n  o f  Shear  Load: 

Column s t r i p ,  f o r  Beam w i t h  a, = 1.0: 

VU = 156 P S f  X 14.2’ X 13.33 = 14.8 k ips ,  p e r  panel 

Fig. R13.6.8 

1000 2 

Column s t r i p ,  for Beam w i t h  a, = 0.30 

Beam Vu = 0.30(14.8) = 4.4 k ips ,  p e r  panel 

2.2 k ips ,  each end 

10.4 k ips ,  p e r  panel 

5 .2  k ips ,  each end 

S l a b  Vu = 14.8 - 4.4 = 

Orig RA. & 7- g- 94 

Tota l  Fac tored  Shear Load: 

VU = 156 DSf x 13.33 
1000 

‘ X 13.33’ - 27.7 k ips ,  p e r  panel 

13.9 k ips ,  each end of member 

Middle s t r i p :  

VU = 27.7 - 14.8 = 12.9 k ips ,  p e r  panel 

6.5 k ips ,  each end 
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Middle StriD, Positive Moment CaDacitv: 

h = 6.5" 

d = h - 1.5" cover - 1/2 b a r  4 

d = 4.8" 

b = 14.2' = 7.1' = 85" 

h 

#3 bars Q 10" O.C. 

2 

column s t r ip  width = 7.1' 

middle s t r ip  width = 7.1' 

#3 bars @ 10" centers; 

(12"/10") 7.1' = 8.52 bars : 8 bars 

As (8 - #3 bars) = 0.88 s i  

From Whitney s t ress  block theory; 

As fy  = 0.85f'c (ab)  : 

a =  A s f v  
0.85 f ' c  (b )  

a = 0.16" 

Moment = 4Asfy (d  - a/2) 

4Mn = 0.9 (0.88 X 40) (4.8 - 0.16/2) = 

S1 ab Shear CaDaci t v :  

Shear = 42 F c  bd 

4Vn = 42 a 0  (85" 

4Vn = 445 kips = 38 

(4.8") 

kips 

150 in-kips 
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Column Strip (Slab only), Positive Moment CaDacity: 

4Mn = 150 in.-kips (7.1' - 1') = 
7.1' 

129 in.-kips 

Column StriD (Beam only), Positive Moment Caoacity: 

h = 9" 
b 

A 

b 9  d 
I 

#6 Bars 

b = 12" 

d = h - 1.5" cover - 1/2 bar 4 

d = 7.1" 

As (2 - #6 bars) = 0.88 si 1 
b 

From Whitney Stress Block 
Theory and Equilibrium; 

Asfy = 0.85f'c (ab) 

a =  A s f v  
0.85 f'c (b) 

a = 1,115" 

Moment = Asfy (d - a/2) 

4Mn = .9Asfy (7.1" - 1.15") = 
2 

Beam Shear CaDacitv: 

Shear = 42 Jf'c bd 

4Vn = 42 m 0  (12")(7.1") 

4Vn = 49.3 kips = 8 kips 

207 in.-kips 
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Column & Middle S t r i D ,  I n t e r i o r  Neq. Moment caDacity: 

2 - #3 Bars Q l(r O.C. 
h = 6.5" 

d = 4.8" 

b = 85" P '  P AI m 
h 

2 - #3 B a r s  @ 10" centers 
(#3 Bars (3 5" centers) 

I (12"/5") 7.1' = 17.04 bars 

As (17 - #3 Bars) = 1.87 s i  

From Whitney Stress Block Theory; 

A s f y  = 0.85f'c (ab) 

a =  Asfy 
-85f 'c (b) 

a = 0.345" 

Moment = 

4Mn = .9Asfy (4.8 - .345/2) = 

.9Asfy (d  - a/2) 

312 in.-kips 

Column & Middle S t r i D ,  End Span Neq. Mom. CaDacitv: 

h = 6.5" 

d = 4.8" 

b = 85" 

#3 Bars 8 10' O.C. 

' h 

As f o r  8 - #3 Bars = 0,88 s i  I 
From Whitney Stress Block Theory; 

Asfy = 0.85f'c (ab) 

a = A s f v  
0.85f'c (b) 

a = 0.16" 

Moment = 0.9Asfy (d - a/2) 

4Mn = 0.9Asfy (4.8 - 0.16/2) = 150 in .k ips  
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A3-13 
Strength Check: 

Moments : in.-Kips9 Shears : Kips 

Interior Span: 

Q-) Moment, Column Strip = 287 e 312 O.K. 

Middle Strip = 96 < 312 O.K. 

(+) Moment, Column Strip, Beam = 33 e 207 O.K. 

Column Strip, Slab = 99 < 129 O.K. 

Middle Strip = 74 < 150 O.K. 

End Span, Interior Support: 

( - )  Moment, Column Strip = 309 < 312 O.K. 

Middle Strip = 103 < 312 O.K. 

End Span, Exterior Support: 

( - )  Moment, Column Strip = 

Middle Strip = 

End Span, 

(+) Moment, Column Strip, Beam = 47 < 207 O.K. 
Column Strip, Slab = 141 > 129 .ir******** 

Middle Strip = 106 < 150 O.K. 
********* Using the 10% moment redistribution from 13.6.7: 

155 in.-kips minus 10% = 139.5 1150 and thus O.K. 
141 in.-kips minus 10% = 126.94129 and thus O.K. 

Shear, 

Column Strip, Beam Shear = 

Column Strip, Slab Shear = 

Middle Strip = 

2.2 < 8.0 O.K. 

5.2 < 38 O.K. 

6.5 < 38 O.K. 
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pmin = .0018 in each direction 

P = As/bd = .ll/(lO" X 4.8") = .0023 > .0018 O.K. 

maximum slab spacing; 3h = 3 X 6.5" = 19.5" > 10" O.K. 

18" > 10" O.K. 

Chapter 13 In-plane, two-way bending (See figure 13.4.8) 

maximum slab spacing; 2h = 2 X 6.5" = 13" > 10" O.K. 

Column strip straight top bars 
hooked wall embedment required, hooked provided 
50% slab development length (Id) at 0.31 required 
50% slab 1 at 0.21 required 
100% slab 1, at 0.351 provided 

6" straight wall embedment required, 7" provided 
50% slab 1, at 1 - 3" required 
5Q% slab 1 at 0.8751 required 
100% slab 7, at 1-01 provided 

same reinforcing provided and less reinf. required O.K.  

O.K. 

Column strip straight bottom bars 

O.K. 

Middle strip 

Chapter 11 In-plane diaphragm action 

For deep flexural members 11.8 

A" > .0015 b,s 

.0015 (6.5" X 5") = 0.04875 si 

0.11 si > 0.04875 si O.K.  

A", > .0025 busZ 

.0025 (6.5" X 5") = 0.08125 si 

0.11 si > 0.08125 si O.K. 
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The 27362 b u i l d i n g  wal l  panels are precast re in forced concrete panels e 

These panels have rebar extending outward 6" on the top edge and two sides 
edges which are then cast i n t o  the surrounding beams and columns. 
edge i s  l e f t  f r e e  dur ing the beam and column construct ion w i t h  a 1/4" gap 
which i s  grouted- in a f t e r  the r e s t  o f  the bu i ld ing  has been poured. 

cast- in-place concrete has hardened. These shear wal l  u n i t s  t r a n s f e r  the 
e n t i r e  l a t e r a l  load t o  the bu i ld ing  foundation. 

The bottom 
- 

The precast wal l  panels act  as shear wal l  u n i t s  once the beam and column 

e 

0 

a 

e 

DESIGN LOADS AND LOAD COMBINATIONS 
rev. 12 

Design loads are specfied i n  SDC-4.1 @, UCRL-15910 and ANSI 
A58,l. Load combinations are l i s t e d  i n  UCRL-15910 and ACI-349. 

SHEAR DIAPHRAGCI STRENGTH ANALYSIS 

The wal l  provides l a t e r a l  bu i ld ing  shear resistance through 
diaphragm action, which i s  a shear check using ACI-349 chapter 11. 

OUT-OF-PLANE BENDING 

The wal l  panels also experience out-of-plane bending which i s  
checked w i t h  bending formulas obtained from "Roark's Formulas For 
Stress and Strain.  

REINFORCING DETAIL CHECK 

Reinforcing d e t a i l s  are found i n  several ACI-349 chapters. 
Minimum r e i n f o r c i n g  i s  spec i f ied i n  chapter 7 and rebar anchorage 
i n  chapter 12. 
f r i c t i o n  are found i n  chapters 10, 11 and 13. 

Shear strength, f l e x u r a l  strength and shear 
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DESIGN LOADS 

Censth o f  Walls:  

56' X 4 + 64.33' X 2 + 28.33' X 2 = 409.32' 

V e r t i c a l  Loads : 

Dead Loads: 

roof = 325 k ips 
beams = 40 k ips  
8" w a l l s  = 402 k ips  

L i v e  Loads: 

roof = 

Earthquake Loads: 

75 k ips  

roof = 325 k ips  
beams = 40 k ips  
8" w a l l s  = 402 k ips  

X .25 = 
x .25 = 
x .25 = 

81 k ips  
10 k ips  
1101 kips 

Tota l  = 767 k ips 

Tota l  = 192 k i p s  

-_  __.-- -_ . .. 
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Horizontal Loads: 

Earthquake Loads a t  the roof level 

2skips 3.9m 

1 1 1 1 1 1 1 1 1 1  

t t t 5 7 k i P S  t 
81 kips 59kips 56 kips 

CI 102 kips 

T 1 8 4 k i p s  

N 
1 8 7 k i ~ s  

Building Plan 

Earthquake Loads a t  the Wall Bottom (includes the above roof level loads) 

367 kips 5.65 k/ft 
l l r r r r r r r l  + 148kips 

T + 122kips 

N B + 97 kips 

t t t = k i p s  t 
117 kips 86Mps 81 kips 

Building Plan 
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Load Combinations 

28 wall pane ls  not  count ing 7' 
i n - f  i 11 wall s 

4 wal l s  resist N.S. l a t e r a l  l oads ,  
the two o u t s i d e  walls have 4 wall 
pane ls  w i t h  no openings,  the two 
i n s i d e  walls have 2 door openings i n  
the 4 wall pane ls  so the walls are 
assumed t o  be only  85% effective i n  
r e s i s t i n g  l a t e r a l  l oads  

3 walls, wi th  4 wall panels  each,  
r e s i s t  E.W. l a t e r a l  loads  

Page 'A4 - 4 

Horizontal Vertical Load 
'- Load 

F1 

11'9' 

F2 

Beam 

Wall 
Panel Column 

c 14'4' NS * 
14W EW 

ACI-349 Sect ion  9 . 2 :  

1 . )  1.4D + 1.7L 

u = 1.4(767k)  + 1.7(75') = 43 k/wall panel 

F = O  

28 wall panels 

4 . )  D + L + E  

U = 767k t 75k + 19Zk = 37 k/wall panel 

F, = 81k = 20 k/wall panel 

F, = 10Zk = 26 k/wall panel 

28 wall pane ls  

4 wall panels  

4 wall pane ls  

F, = 117k - 81k = 9 k/wall panel 

F, = 148k - 102k = 12 k/wall panel 

4 wall pane ls  

4 wall panels  

NS d i r e c t i o n  

EW d i r e c t i o n  

NS d i r e c t i o n  

EW d i r e c t i o n  
I 
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Orig 

Reinforcina D e t a i l  Check Page A4-1i 

ACI-349 

Chapter 14; wal l  design r e f e r s  t o  sections 7.12 & 11-10 f o r  
r e i  n f  o r c i  ng . 

Chapter 7.12 Pain. = .0012 i n  each d i r e c t i o n  

Chapter 11 e 10, plain. = .0025 f o r  wal ls  i n  hor izonta l  d i r e c t i o n  

pain. = .0025 for  wal ls  i n  v e r t i c a l  d i r e c t i o n  

P = As/(bs,) 

= (.11 s i ) / (8"  X 5") = .00275 > .0025 O.K. 

S, maximum = lJ5 = 158"/5" = 31.6" > 5" O.K. 

= 18" > 5" O.K. 

Chapter 12, 

The 6" embedment length o f  wal l  r e i n f o r c i n g  i n t o  beams and columns 
does not  meet current ACI-349-90, 12.2.5 code requirement o f  12". 

The rebar bond stress was calculated using both the o r i g i n a l  A C I -  
318-63 design code and the current ACI-349 bu i ld ing  code and found 
t o  be acceptable; 

ACI-318-63 

Bonding strength f o r  a #3 bar w i t h  6" embed. = 3,965 lbs.  

Allowable bar tension f o r  #3 bar 

Margin o f  safety 

ACI-349-90 12.2.2 

Min. embed f o r  bonding o f  a #3 bar 

Actual embed. 

Margin o f  Safety 

= 2,200 lbs .  

= 0.80 O.K. 

= 6.0" 

= 6" 

= 0.0 O.K. 



A5 0 COLUMN EVALUATION 

Orig 7-8- 94 Checker E 0 Y M  t r z - F - 9 9  WHC-SD-CP-SA-023 
Rev. 1 
Page A S - /  

The 27362 building columns are cast-in-place columns poured mono1 ithic 
with the beams and foundation wall, and are used to secure the precast wall 
panels in place. Some of the columns are laterally supported by the wall 
panels and thus have no bending or slenderness considerations. The remaining 
columns are not laterally supported in one or both directions and thus do have 
bending moments to be considered. 

DESIGN LOADS AND LOAD COMBINATIONS 
W V .  \z. 

Design loads are specfied in S D C - 4 . 1 ~ 1 ,  UCRL-15910 and ANSI 
A58.1. Load combinations are listed in UCRL-15910 and ACI-349. 

a 

a 

0 

COMPRESSIVE STRENGTH ANALYSIS 

Check column compression using ACI-349 chapter 10 and the column 
design charts of ACI-340.2R. All columns in the 27362 building 
are braced against side sway and they have three different types 
of lateral support. The three types are, full support both 
directions (18 cloumns), full support in one direction only (8 
columns) and no lateral support (4 columns). 

SHEAR STRENGTH ANALYSIS 

All lateral building loads are transfered to the foundation 
through column base shear. Twenty columns resist the NS direction 
shear and 18 resist the EW direction shear. Some columns resist 
shear in both directions and will be checked for combined effects. 

REINFORCING DETAIL CHECK 

Reinforcing details are found in several ACI-349 chapters. 
Minimum reinforcing is specified in chapter 10 and rebar anchorage 
in chapter 12. Shear strength, flexural strength and shear 
friction are found in chapters 10 and 11. 



DESIGN LOADS: 

Vertical Loads : 

Dead Loads 

roof  = 325 kips  
beams = 40 kips  
8" w a l l s  = 402 kips  
columns = 44 kips  

Live Loads 

roof  = 75 kips  

Earthquake Loads 

roof  = 325 X .25  = 
beams = 40 X .25 = 
8" w a l l s  = 402 X .25  = 
columns = 44 X .25  = 

81 kips  
10 kips 

101 kips 
11  kips 

Total = 

Total = 

Total = 

811 kips 

75 kips  

203 kips 



2-6-94 Checker- f3b bctczer z-8-4r WHC-SD-CP-SA-023 
Rev. ,0’ I 
Page AS- 3 

Horizontal  Loads : 

Earthquake Loads a t  t h e  roof  level 

253kips 3.9m 
1 1 1 1 1 1 1 1 1 1  . ~ ~ F  E 

102kips 

I + 84kips 

N 
67kipS 

t t t 5 7 m  t 
81 kips 59kips 56 kips 

Building Plan 

Earthquake Loads a t  the column base ( inc ludes  the above roof  level loads )  

367 kips 5.65 k/ft 
l l l l l l l l l l  

367 ~ . 5 5 ~  kip 

N 
t 97 kips 

117kips 86kips 81 kips 

1 148kips 

1 t 1 2 2 k i p s  

Building Plan 
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UH$-SD#3A3923 Rev. # 
I COLUMNS 7.1.1-Load-moment strength interaction diagram or 

References: 
columns AS-9 o 

L ACI 318-83, Sections 9.3.2.2, 10.2, and 10.3; ACI Publication SP-7, pp. 152-182 

-- "', ksi 
A, 

0 020 0.40 0.60 0.80 1.00 1 2 0  1.40 1.60 1.80 2.00 
% ij '3 ksi 
Ap h A$' 

COLUMNS 7.1 2-Load-moment strength interaction diagram for R3-40.60 

References: ACI 31 
columns 

- 'Pn,kri 
A9 

0 020 0.40 0.60 0.80 1.00 I20 1.40 1.60 1.80 2.00 

u 
M 
N 
s 

7.1.1 

6 
0 
L 
U 
M 
N 
S 

7.1.2 

For use of these Design Aids, see Columns Examples 1-8 and 11-16. 

75 
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COLUMNS 11 .l-Biaxial bending design constant+ P-For r e c t # & # k % l & ~  Rev 

~ ~ - 1 6  with two bars on each of four faces 

Reference: 
Columns Subject to Biaxial Bending," ACI JOURNAL. Proceedings V. 63, No. 9. Sept. 1966. pp. 91 1-923 

Pame, Alfred, L.: Nieves. Jose M.;  and Gouwens, Albert. "Capacity of Reinforced Rectangular 

'. 
0 
L 
U 
M 
N 
S 

11.7 

COLUMNS 11.2-Biaxial bending design 
with three bars on each of four faces 

Reference: same as for COLUMNS 1 1 .  I 
COLUMNS 11.2.1 
13 bars on eachof four faces  I 

Pi/ Po 

constant* p-For rectangular columns 

COLUMNS 11.2.2 
3 bars on eachof four faces  I' 

C 
0 
L 
U 
M 
N 
S 

11.2 

Pn/ Po %/Po 
'p = constant portion of uniaxial factored moment strengths 

iMn8,= and Mn0, which may be permitted to act simultaneously on 
the column cross  section: value of f3 depends on P, / P<,and properties 
of column material and cross  section 

For use of this Design Aid, see Columns Examples 13 and 16. 

161 



M/HC- Sb-CP *SA- 013 
COLUMNS 8.1-Basic limits of factored axial load and factoredWlnS@tWfbAJWtO Rev. 
columns (Design load and moment  strengths) 

A5-/7 L References: ACl 318-83, Sections 9.3.2.2. 10.2. and 10.3: ACI Publication SP-7. pp. 152-182 u 
M 
N 
s 

8.1 

3ASIC LIMITS TABLE R3-40 
Coordinate8 tabulated below 
provide mora preeisa value. 
POP crit ical  point. on eor- 
rcmpondiag interaction dia- 
gram. (COLUHHS 71, 

Rectaagular column w i t h  bar8 on 

four facer 

a, 

R3-40.45 Y =  0.45 
, 197 
,2b1 , 308 
,345 
,397 
,429 , 485 
, 520 

,1512 
,2a53 , 3223 , 39 30 
a5188 
,5803 
ab411 

,4567 

, 388 
,388 
,308 
,300 
, 380 
, 380 
,380 
,300 

,309 
,411 
- 4 7 s  
,542  
,hi8 
,681 
,755 
,831 

.e1 1,638 
,02 1,847 

,114 2,26? 

,0b 2,686 
,0? 2,806 
,08 3,lUb 

.e3 ~ ~ 9 5 7  

.as 2,477 ,316 l i i 3 6  ;38e 
.337 1.305 ,011 
*,358 1,373 ,092 - -  ,379 I 1,441 . U T 3  

,202 
,271 , 356 , 024 
, a n  
,541 
, 609 
, LIS 

,211 
,Slh 
,a0u 
,PLY 
-5aa 
, 632 
,717 

786 

,315 
.381 

,583 
.5¶9 
,612 
bb3 

,711 

,443 

,300 
,S88 
,300 
388 
, see , 388 
,388 
,300 

,161 la087 
,179 1.646 

,215 1,96" 
,197 1.885 

,233 2.113 
,252 2.283 

,288 2,601 
,278 2,uoz 

,241 , i ~ a  
,343 ,3285 

,544 ,6802 

,726 ,8668 

,432 ,4647 

,625 ,7536 

,889 ,9917 
,913 l a l2SS  

For use of this Design Aid, see Columns Examples 11 and 13. 

131 
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Rev. Jf 1 
Page AS-27 

REINFORCING DETAIL CHECK 

Longi t ud i nal rei nforcement : 

4 - #5 bars, 

P, = 

As = 1.24 si 

Ag min. = 
Ag max. = 

8" X 12" = 96 si 
14" X 14" = 196 si 

p, = 1.24/96 = .013 
p, = 1.24/196 = .006 ** 

Required reinf. (ACI-349 Section 10.9) 

p, min. = 
p, max. = 

.01 > ,006 

.08 > .013 
** 
O.K. 

Lateral reinforcement: 

#3 bars 8 5" near base of column 
#3 bars 8 10" in the remainder of the column 

Required spacing (ACI-349 Section 7-10) 

least dimension, 6 columns require 8" spacing < 18" 
24 columns require 11" or 14" > 10" 

Required rei nf. 

Av min. = 50bs/fy 
= 50(14")10" E 

40,000 psi 
.175 si < .22 si 

No Good 
O.K. 

Q.K, 

Required lap splice at dowels: 

Class C splice = 1.7 l,, 

1, = 10" for a #5 bar with Fy = 40 ksi and f'c = 3 ksi 

1.7 X 10" = 17" Drawing shows a minimum lap length of 4 ties spaced at 
5" which equals 15" plus additional over lap of about 
1" top and bottom which equals = 17" O.K. 

** By reducing the effective column area down to 11" X ll", p, becomes .013 
which is acceptable. 
reduced ; 

The reduction in compressive capacity is also 

4Pn = (1l2 / 142) X 140 kips = 86.4 kips > 78.3 kips O.K. 

The base of the column has additional longitudinal reinf. in the form of 
dowels, and so do not require a smaller effective area to meet minimum 
reinforcing. 



A6.0 FOUNDATION WALL EVALUATION 

2-8-94 Checker E6 lc)ew eu- Z - 6 - 9 Y -  WHC-SD-CP-SA-023 
Rev, , d l  
Page 46 - 1  

The 27362 building foundation wall is a combination foundation wall 
column pedetal constructed of reinforced concrete poured mono1 ithic with the 
footings and the columns. All loads are transfered to the foundation wall 
through the columns, there is no wall panel-foundation wall load transfer 
since the wall panels are set-in-place with a 1/4" gap between panel and 
foundation. 

0 DESIGN LOADS AND LOAD COMBINATIONS 
rev. IZ. 

Design loads are specfied in SDC-4.1-, UCRL-15910 and ANSI 
A58.1. Load combinations are listed in UCRL-15910 and ACI-349. 

e COMPRESSIVE STRENGTH ANALYSIS 

Check column compression using ACI-349 chapters 10 and 14. 
Chapter 10 is the basic compression strength requirements and 
chapter 14 is the strength requirements specific to the design of 
1 oad bearing wall s . 

e SHEAR STRENGTH ANALYSIS 

All lateral building loads are transfered from the column base 
shear through the foundation wall to the footing. 
stength requirements to be meet are in ACI-349 chapter 11. 

The shear 

e REINFORCING DETAIL'CHECK 

Reinforcing details are found in several ACI-349 chapters. 
Minimum reinforcing is specified in chapter 10 and 14 and rebar 
anchorage in chapter 12. Shear strength, and shear friction is 
found in chapter 11. 



DESIGN LOADS: 

Vert i cal Loads : 

Dead Loads 

roof  = 
beams = 
8" w a l l s  = 
columns = 
foundation wall = 

Live Loads 

roof = 75 k ips  

Earthquake Loads 

325 kips 
40 kips 

402 kips 
44 kips 
136 kips  Total = 947 kips  

Total = 75 k ips  

roof  = 325 X .25 = 81 kips  
beams = 40 X .25 = 10 kips 
8" w a l l s  = 402 X .25 = 101 kips 
columns = 44 X .25 = 11 kips 
fdn. wall = 136 X .25 = 34 kips Total = 237 kips 
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Horizontal Loads : 

Earthqake Loads at  the top of the foundation wall 

519 klps 

9.3 k/ft 

519 kips 8.0 WA 
l l r r r r r r r l  

166kips 122kips 114 kips 

t 210 kips 

I t tnkips 

~ 

j c- 138kiPS 
N 

Building Plan 

Earthquake loads at  the footing base (includes the above foundation loads) 

583 kips 9.0 k/ft 
1 1 1 1 1 1 1 1 1 1  

E 
-i t =kips 

187 kips 137 kips 128 kips 

Building Plan 
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Marains o f  Safety 

MS = allowable - 1 
actual 

Wall compression 7390 kiDs - 1 = 4.86 
1259 kips 

Wall shear 230 kiDs - 1 = 1.37 
97 kips 

Shear friction 157 kios - 1 = 0.62 
97 kips 

REINFORCING CHECK: 

Minimum reinforcing : 

Since the shear capacity o f  the concrete (Vc) is approximatly twice the value 
of the required strength, ACI-349 section 7.12 rather than 11.10.9 controls 
the minimum reinforcment. 

Section 7.12  reinforcing; 

Prnin. = ,0012 

- A$bso = .2 si / (8" X 15") = .0017 > .0012 O.K. 

- .0017 > -0012 O.K. 
Pvert - 

Phorz - 
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The 27362 building footings are wall and column footings constructed of 
reinforced concrete poured monlithic with the foundation wall-column pedistal. 
The footings must be designed to resist shear and bending due to vertical 
loads, shear and bending due to horizontal loads, and to resist sliding and 
overturning through interaction surrounding s o i l .  

e DESIGN LOADS AND LOAD COMBINATIONS 
re”. I-2 

Design loads are specfied in S D C - 4 . 1 6  UCRL-15910 and ANSI 
A58.1 .  Load combinations are listed in UCRL-15910 and ACI-349. 

e 

* 

BENDING AND SHEAR STRENGTH ANALYSIS 

Vertical and 1 ateral building loads produce bending and shear due 
to bending in the footings. The design shall be in accordance 
with ACI-349 chapters 10, 11 and 15 requirements. 

OVERTURNING, SLIDING RESISTANCE AND SOIL BEARING 

The design of footings or foundations for overturning, sliding and 
soil bearing i s  based on UBC 1991 and the Structural Engineers 
Hanbook. 
loading conditions 

These documents provide factors of safety for different 
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DESIGN LOADS: 

Vertical Loads : 

Dead Loads 

roof = 
beams = 
8" walls = 
6" walls = 
columns = 
foundat ion  walls = 
wall footing = 
column f o o t i n g  -- 
column Ped. = 

Live Loads, roof = 

Earthquake Loads 

roo f  = 325 X .25 = 
beams = 40 X .25 = 
8" walls = 402 X .25 = 
6" walls = 153 X .25 = 
columns = 44 X .25 = 
fdn  wall = 136 X .25 = 
wall f t n g  = 90 X .25 = 
col. f t n g  = 79 X .25 = 
column Ped. 8 X .25 = 

325 k i p s  
40 k i p s  

402 k i p s  
153 k i p s  
44 k i p s  

136 k i p s  
90 k i p s  
79 k i p s  
8 k i p s  Total  = 1277 k i p s  

75 k i p s  Tota l  = 75 k i p s  

81 k i p s  
10 k i p s  

101 k i p s  
38 k i p s  
11 k i p s  
34 k ips  
23 k i p s  
20 k i p s  

2 k i p s  Total  = 320 k i p s  
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Horizontal Loads: 

Earthquake Loads a t  the roof level ( E L  = 11' )  

253kips 3.9m 
1 1 1 1 1 1 1 1 1 1  

E E 
1 102kips 

T t 84kips 

N 
C- 67kips 

56 kips 
t 

81 kips 59kips 

Building Plan 

Earthquake Loads a t  the Wall Bottom (EL = 0 .22 ' ) ,  (includes roof level loads) 

367kips 5.65Wft 
l r l r l r r l r l  

367 6.55 kip ~ E 
1 148kips 

T + 122kips 

N B 1 97 kips 

t t t=m t 
117kips 86kips 81 kips 

Building Plan 
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(Includes the Roof level and Wall Bottom level loads) 

I 

519kips 8.0k/lt 
l s r s s s s s s l  + 210 kips 

CI 173kips 

1 1 3 6 k i p s  

t t t117kiPS t 
114 kips 

519 kips 

9.3 k/ft 

166 kips 122 kips 

T N 

Building Plan 

Earthquake Loads a t  the Footing Base ( E L  = - 2 . 7 5 ’ )  
(Includes the loads form the Roof, Wall Bottom, and Foundation Wall levels) 

583 kips 9.0 kfft 

l r r r r r r r r l  

583 kips 
10.4 Kcft E 

t 

+ =kips 1 
2 N 
1 154kips 

187 kips 137 kips 128 kips 

Building Plan 
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LOAD COMBINATIONS: (ACI-349 Sect ion  9.2) 

Ver t i ca l  Loads : 

Note; Live,  r o o f ,  beams, 8" wall, columns, column p e d i s t a l ,  column foo t ing  and 
a s s o c i a t e d  ear thquake  v e r t i c a l  l oads  a r e  t r a n s f e r e d  i n t o  the column 
f o o t i n g s  because the 8" w a l l s  do not  rest on the foundat ion walls. 

The 6" w a l l s ,  foundat ion w a l l s ,  wall foo t ing ,  and a s soc ia t ed  ear thquake 
v e r t i c a l  l oads  are t r a n s f e r e d  i n t o  the wall foo t ings .  

1.4D + 1.7L 
1.4(325 + 40 + 402 + 44 + 79 t 8) + 1.7(75) = 46 kips/column 

30 columns 

1.4(153 + 136 + 90) = 
297' of  wall  f o o t i n g  

D + L + E  

1.8 k i p s / f t  

(898) + 75 + (81 + 10 + 101 + 11 + 20 + 21 = 40 kips/column 
30 columns 

(379) + (38 + 34 + 23) = 1.6 k i p s / f t  
297' of wall foo t ing  

Horizontal  Loads: 

4.) E 

583 k i p s  20 columns res is t  loads  i n  the NS d i r e c t i o n  

18 columns resist loads  i n  the EW d i r e c t i o n  

583 k i p s  / 20 columns = 

583 k i p s  / 18 columns = 

29 k i p s  / column 

32 k i p s  / column 
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OVERTURNING, SLIDING, AND SOIL BEARING: 

References : 

Acronyms : 

Criteria: 

Rev. I2 
SDC-4.1 M 
UBC 1991 
Structural Engineers Handbook (SEH) 

OTM = 
SF = 
DLRM = 
DLSR = 
SBL = 
ASB = 

Overturning Moment 
S1 iding Force 
Dead Load resisting Moment 
Dead Load Shear Resistance 
Soil Bearing Load 
Allowable Soil Bearing 

For sustained loads such as a retaining wall resisting soil 
loads or a building structure resisting wind loads, UBC and 
SEH recommend or require the following. 

DLRM 2 1.5 (OTM) 

DLSR 2 1.5 (SF) 

SBL 2 ASB Note; a 1/3 increase in ASB is allowed 
when resistance is being provided for wind 
1 oads. 

For non-sustained seismic loads UBC recommends the following 
criteria. 

DLRM 2 OTM 

DLSR 2 SF 

SBL 2 1.33 (ASB) 

Allowable Soil Bearing pressure: 
242s 

From t h e m  evaporator building soil report by 
Shannon & Wilson 

ASB = 5,000 psf at 3’ depth and less than 4’ wide footing. 

The 27362 building footings are 2.75’ deep which will reduce 
the ASB to about 4,500 psf. 

Use AS B = 4,500 psf 
seismic’ ASB = 1.33 X 4,500 psf = 6,000 psf 



BENDING AND SHEAR STRENGTH ANALYSIS: 

Vertical load = 40 kips / col. and 1.6 kips / ft 

Horizontal load = 32 kips / col. 

Overturnins Moment: 

NS direction, worst case wall 

(81k)14’ t (166k - 81k)3‘ = 1389 ft-kips 

EW direction, worst case wall 

(10Zk)14’ + (210k - 10Zk)3’ = 1752 ft-kips 

Additional vert. load due to OTM: 

NS direction 

OTM = R(56‘) + R/2(28’) 

OTM = 70R 

R = 1389 ft-kiDs = 19.8 kips 
70 

EW direction 

OTM = R(14.17‘)Z 

OTM = 28.34R 

R = 1752 ft-kips = 30.9 kips 
28.34 ( 2  wall s) 

Panel Panel Panel Panel 

W ~ I  wall ~~ open 
Panel Panel Panel Panel 
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GENERALIZED 
SOIL PROFiLE 

WHC-SO-CP-SA-023 Rev. 
Allowable Soil Pressure ( DLtLL) For I "  S e t t l m  * 

( k s f  1 p a y  A T 1 4  

. o  
Tan, loose, silty, fine 
SAND 8 fine-coarse 

G R A V E L  

Ton, rned. dense, 
silty, fine SANO - 5  = 

u 

;5 

5 
- 
e 

Groy-block, dense, E 
clean, med. SAND 10 
B GRAVEL € 

qroding to qrovelly ~ 

rned. SAND 0 

f a 
8 

'0 

15 

20 

0 5 10 IS i 

- 
I 

3' min. footing depth 

E m b e d m e n t  
Note: 

For footings in f i l l '  or bockfill use ollowobla 
bearing pressure for 8=12' regardless of 
footing size. 
9 is  the leost dimension of continuous or 
square footing. 

HANFORD ATOMIC E N €  RGY RESERVATION 
EVA P CR AT0 R FA C I L I T Y 

BLDG. 242-S 
ALLOWABLE BEARING PRESSURES 

UNDISTURBED SUBGilADE 
C-301 OCT, 1971 

S H A N N C N  t WILSON 
SOIL YZCWAHICP I fQUNOATlON LHGINCCRS 



A8.0 DEFLECTION CALCULATION 

a SHEAR WALL DEFLECTIONS 

Shear wall deflections result  from shear and flexural deformations 
o f  the concrete shear walls with respect t o  a fixed base, 

Q OUT-OF-PLANE DEFLECTIONS 

Out-of-plane deflections results from the horizontal deflection of 
the wall panels due t o  slab type flexure (out-of-plane flexure). 

6 SOIL SPRING DEFLECTIONS 

Soil spring deflections result  from the rocking type motion of a 
rigid shear wall on a flexable soil base. 
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