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Technical Memorandum 1 

SEISMIC EVALUATION 

1.1   Introduction 

The City of Wilsonville retained Carollo Engineers, Inc. (Carollo) to perform a seismic evaluation 
of five of their existing structures located at the Wastewater Treatment Plant (Plant) in 
Wilsonville, Oregon. 

The Plant is comprised of several buildings and process structures that include water-bearing 
basins, channels, and clarifiers. The scope of work, however, is limited to the evaluation of five 
structures. Much of the Plant was recently upgraded and expanded in 2014 and included new 
buildings such as the Headworks and Solids Drying Building. These newer facilities were 
designed in accordance with the 2010 Oregon Structural Specialty Code (OSSC) and should 
meet modern seismic design and detailing. These newer structures were also designed to a 
higher performance level than typical commercial facilities. Therefore, these structures were not 
included in the scope of work and should have a relatively low risk of poor seismic performance. 

The Plant does have some older structures that were considered for inclusion in this evaluation, 
but by the nature of their design are considered to be inherently resilient. After a review of the 
record drawings for the various facilities and a site visit to the Plant, five existing structures were 
selected for inclusion in this seismic evaluation. The list of existing structures evaluated in this 
study are shown in Table 1.1. An aerial view of these structures is shown on Figure 1.1. 

Table 1.1 List of Structures Evaluated 

Structure Name Type 
Approximate  

Date Built 

Operations Building Building 1995 

Process Gallery Building 1995 

Workshop Building 1979 

Aeration Basins and Stabilization Basins Water-bearing Basin 1993 

Sludge Storage Basins and Biofilter Water-bearing Basin 1979 

The purpose of the evaluation was to identify seismic vulnerabilities and deficiencies to consider 
for enhancement of plant resiliency. The seismic evaluation was performed using the procedures 
established by American Society of Civil Engineers (ASCE) Standard: Seismic Evaluation and 
Retrofit of Existing Buildings 41-17 (ASCE 41-17). The standard prescribes a three-tiered 
approach for the seismic evaluation: Tier 1 - Screening, Tier 2 - Deficiency-based evaluation and 
retrofit and Tier 3 - Systematic evaluation and retrofit. For this evaluation, analysis procedures 
were limited to the Tier 1 level and Tier 2 level as required. The balance of this report presents 
background information, a description of seismic evaluation criteria and procedures used, 
findings, mitigation recommendations, including conceptual level mitigation cost estimates. 
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Geo-seismic site hazards were assessed as part of this study and findings are summarized in a 
technical memorandum prepared by Northwest Geotech, Inc. that is presented in Appendix D. 
Non-structural components were also evaluated in accordance with the Tier 1 procedures set 
forth in ASCE 41-17 for each of the five structures as well as the overall plant as part of this study. 

 

Figure 1.1 Aerial View of the Structures Evaluated 

1.2   Background Information 

The required information for this evaluation was obtained by reviewing the existing record 
drawings and by performing a site visit. The typical structures are one-story tall except for the 
process gallery, which has a below grade basement. The structural systems consisted of 
reinforced concrete masonry (CMU) shear walls, cast-in-place concrete shear walls, or wood 
framed shear walls with wood or metal deck roof diaphragms. Table 1.2 provides detailed 
information about the structural systems for the structures that were evaluated. 
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Table 1.2 Detailed Structural Information for Structures Evaluated 

Detailed Structural Information for Structures Evaluated 

Operations Building 

No. of Stories One-Story 

Vertical Seismic System Reinforced CMU Shear Walls 

Vertical Gravity System Reinforced CMU Walls and Tube Steel Columns 

Roof Gravity System Steel Open-Web Joists and Steel Beams 

Roof Diaphragm Steel Roof Decking 

Foundation System Shallow Spread and Wall Footings 

Process Gallery 

No. of Stories One-story above grade + basement 

Vertical Seismic System Reinforced CMU Shear Walls + Cast-in-Place Concrete Shear Walls 

Vertical Gravity System Reinforced CMU Walls, Concrete Walls, and Concrete Columns 

Gravity System Steel Beams at Roof, concrete slab and concrete beams at grade level 

Roof Diaphragm Steel Roof Decking 

Foundation System Mat Slab 

Workshop 

No. of Stories One-Story  

Vertical Seismic System Wood Framed Shear Walls 

Vertical Gravity System Wood Framed Walls and Tube Steel Columns 

Gravity System Wood Joists and Glulam Beams 

Roof Diaphragm Plywood Sheathing 

Foundation System Shallow Spread and Wall Footings 

Aeration and Stabilization Basins 

No. of Stories One-Story (partially buried) 

Vertical Seismic System Cantilevered Concrete Walls 

Vertical Gravity System Concrete Walls 

Roof Gravity System N/A 

Roof Diaphragm N/A 

Foundation System Mat Slab 

Solids Storage and Biofilter Basins 

No. of Stories One- Story (mostly buried) 

Vertical Seismic System Cantilevered Concrete Walls 

Vertical Gravity System Concrete Walls  

Roof Gravity System N/A 

Diaphragms N/A 

Foundation System Mat Slab 
Notes: 
Abbreviations: No. - number; N/A - not applicable. 
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Modifications were made to some of the structures after their original construction. The aeration 
basins were modified in 2014 by adding a third basin to the east of basin No. 1 as well as two 
stabilization basins to the west of basin No. 2 and a blower canopy. The sludge storage and 
biofilter basins were modified in 2014 to include a concrete wall within the biofilter. 

1.3   Seismic Evaluation Criteria 

Seismic evaluation of the buildings was performed using the ASCE 41-17 prescribed Tier 1 
screening evaluation. The purpose of Tier 1 screening is to efficiently identify potential 
deficiencies or identify the need for additional investigation. Tier 1 screening is performed using 
checklists and quick procedure calculations. The Tier 1 evaluation requires selection of a 
Performance Objective using the Structural Performance Levels and Seismic Hazard Levels 
defined within ASCE 41-17. 

The results obtained from the above two-stage analysis for the performance objective selected is 
presented in this report. After Tier 1 evaluation, there are two additional evaluations: 
Tier 2 - Deficiency based and Tier 3 - Systematic Evaluation. In the Tier 2 evaluation, the 
deficiencies observed in Tier 1 can be further evaluated by performing more detailed analysis 
and calculations, while the Tier 3 evaluation involves performing detailed linear and non-linear 
finite element mathematical models for the buildings. The Tier 2 evaluation was performed for 
items deemed deficient from Tier 1 while Tier 3 evaluation was not considered as part of this 
study. 

Since a portion of the structures included in the scope of work are non-building structures with 
structural systems and load paths that are not similar to buildings, for the seismic evaluation we 
chose to apply the relevant design standard, which is American Concrete Institute (ACI) 350.3-06, 
"Seismic Design of Liquid-Containing Concrete Structures and Commentary," recognizing that 
no relevant seismic evaluation guides or standards are available for existing concrete tanks. 

1.3.1   Performance Objective 

The performance objective is typically a two-fold objective that establishes building 
performance levels for different seismic hazards. For example, a typical performance objective 
for a non-essential building might be meeting the life safety performance level when subjected 
to an earthquake having a return period of 225 years and meeting the collapse prevention 
performance level when subjected to an earthquake having a return period of 975 years. 

Structures that are considered to have an elevated or essential function to society are expected 
to have relatively higher structural performance levels. To address this need, the 2019 OSSC 
classifies structures into Risk Categories. Essential facilities, such as fire stations, emergency 
response centers, reservoirs, pump stations and intake structures are typically classified as Risk 
Category IV structures and are evaluated with stringent performance objectives, since an 
interruption in the operation of these facilities can result in a significant and immediate hazard to 
the general public. Risk Category III structures are generally considered to serve an important 
role, but their structural performance requirements after a major seismic event are less stringent 
than that of a Risk Category IV structure but higher than that of a Risk Category II structure. 
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The structures evaluated in this study were classified as Risk Category III based on the 
functionality. As prescribed by ASCE 41-17 a performance objective of Basic Performance 
Objective for Existing Buildings (BPOE) was selected for these Risk Category III structures. The 
concrete tanks were also considered to be Risk Category III structures and an importance factor 
of 1.25 was used in the evaluation. 

1.3.2   Performance Level 

Building performance levels include both structural and non-structural performance levels. The 
structural performance levels defined in ASCE 41-17 are as follows: 

• S-1: Immediate Occupancy. 
• S-2: Damage Control. 
• S-3: Life Safety. 
• S-4: Limited Safety. 
• S-5: Collapse Prevention. 
• S-6: Not Considered. 

Non-structural performance levels defined in ASCE 41-17 are as follows: 

• N-A: Operational. 
• N-B: Position Retention. 
• N-C: Life Safety. 

The performance level of a structure can be described in terms of: 

1. Safety of the building occupants during and after a seismic event. 
2. Cost of restoring the building to its pre-event condition. 
3. Length of time the building is removed from service, i.e., not occupiable. 

To help provide some perspective, the definitions of the S-1 and S-3 structural performance 
levels are as followS: 

S-1: Immediate Occupancy: “Immediate Occupancy” refers to the post-earthquake damage 
state in which only very limited structural damage has occurred. The basic vertical- and 
lateral-force resisting systems of the building retain almost all their pre-earthquake strength and 
stiffness. The risk of life-threatening injury from structural damage is very low, and although 
some minor structural repairs might be appropriate, these repairs would generally not be 
required before re-occupancy. Continued use of the building is not limited by its structural 
condition but might be limited by damage or disruption to nonstructural elements of the 
building, furnishings, or equipment and availability of external utility services. 

S-3: Life Safety: “Life Safety” refers to the post-earthquake damage state in which significant 
damage to the structure has occurred but some margin against either partial or total structural 
collapse remains. Some structural elements and components are severely damaged, but this 
damage has not resulted in large falling debris hazards, either inside or outside the building. 
Injuries might occur during the earthquake, however, the overall risk of life-threatening injury as 
a result of structural damage is expected to be low. It should be possible to repair the structure, 
however, for economic reasons, this repair might not be practical. Although the damaged 
structure is not an imminent collapse risk, it would be prudent to implement structural repairs or 
install temporary bracing before re-occupancy. 
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The tanks do not have an associated structural performance level but are expected to sustain 
similar damage levels as those described for buildings. 

1.3.3   Seismic Hazard Level 

The seismic hazard level quantifies the magnitudes of spectral response accelerations the 
structures will experience in an earthquake. Per ASCE 41-17 two levels of seismic hazards should 
be considered when using the BPOE performance objective defined above for existing buildings. 
These are Basic Safety Earthquake-1 for use with existing buildings (BSE-1E) and Basic Safety 
Earthquake-2 for use with existing buildings (BSE-2E). These seismic hazards quantify the 
probabilistic magnitude of ground shaking that might occur at the project site. The BSE-1E and 
BSE-2E are defined as follows: 

• BSE-1E: Taken as a seismic hazard with a 20 percent probability of exceedance 
in 50 years. This ground motion has an approximate return period of 225 years. 

• BSE-2E: Taken as a seismic hazard with a 5 percent probability of exceedance 
in 50 years. This ground motion has an approximate return period of 975 years. 

The BSE-1E and BSE-2E seismic hazards result in smaller forces in the structures than those 
compared to the forces obtained when designing a new building per the ASCE 7-16 load criteria. 
The reduced seismic hazard used in this evaluation is justified for existing buildings because the 
remaining service life for the existing building is less than that for new buildings and thus the 
magnitude of earthquakes experienced by existing buildings are likely to be smaller, given the 
reduced exposure period. 

This evaluation also considered a single seismic hazard associated with a magnitude 9.0 (M9.0) 
scenario earthquake originating on the Cascadia Subduction Zone (CSZ). A geotechnical 
memorandum was prepared (Northwest Geotech, Inc., 2021) that provided estimates of the 
spectral acceleration and geologic hazards associated with the M9.0 CSZ scenario earthquake. 
Refer to Appendix D for the geotechnical memorandum. 

The ASCE 41-17 BSE-1E and the BSE-2E seismic hazards used in this seismic evaluation are 
summarized in Tables 1. 3 and 1.4. The ground motion is based upon the seismic data obtained 
from the United States Geological Survey (USGS). The CSZ seismic hazard used in the seismic 
evaluation is summarized in Table 1.5. 
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Table 1.3 BSE-1E Seismic Parameters 

Parameter Value 

Latitude 45.29 N 

Longitude 122.77 W 

SS, 20/50 0.223 g 

S1, 20/50 0.082 g 

Site Class C 

Fa 1.3 

Fv 1.5 

SXS, BSE-1E 0.291 g 

SX1, BSE-1E 0.123 g 
Notes:  
Abbreviations: N – north; W – west; g – acceleration due to Gravity; C – Soil Site Class Type; SS, 20/50 – Spectral Response 
Acceleration Parameter at Short Periods for any Seismic Hazard Level and any Damping, Adjusted for Site Class;  
S1, 20/50 – Spectral Response Acceleration Parameter at a 1 Second Period for any Seismic Hazard Level and any Damping, 
Adjusted for Site Class;  
Fa – Factor to Adjust Spectral Acceleration in the short period range for Site Class;  
Fv – Factor to Adjust Spectral Acceleration at 1 Second for Site Class;  
SXS, BSE-1E – Spectral Response Acceleration Parameter at Short Periods for BSE-1E Seismic Hazard Level and any Damping, 
Adjusted for Site Class;  
SX1, BSE-1E – Spectral Response Acceleration Parameter at a 1 Second Period for BSE-1E Seismic Hazard Level and any Damping, 
Adjusted for Site Class.  

Table 1.4 BSE-2E Seismic Parameters 

Parameter Value 

Latitude 45.29 N 

Longitude 122.77 W 

SS, 5/50 0.598 g 

S1, 5/50 0.27 g 

Site Class C 

Fa 1.265 

Fv 1.5 

SXS, BSE-2E 0.744 g 

SX1, BSE-2E 0.405 g 
Notes:  
Abbreviations: SS, 5/50 – Spectral Response Acceleration Parameter at Short Periods for any Seismic Hazard Level and any 
Damping, Adjusted for Site Class;  
S1, 5/50 – Spectral Response Acceleration Parameter at a 1 Second Period for any Seismic Hazard Level and any Damping, 
Adjusted for Site Class;  
SXS, BSE-2E – Spectral Response Acceleration Parameter at Short Periods for BSE-2E Seismic Hazard Level and any Damping, 
Adjusted for Site Class;  
SX1, BSE-2E – Spectral Response Acceleration Parameter at a 1 Second Period for BSE-2E Seismic Hazard Level and any Damping, 
Adjusted for Site Class. 
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Table 1.5 CSZ Seismic Parameters 

Parameter Value 

Latitude 45.29 N 

Longitude 122.77 W 

SS 0.343 g 

S1 0.221 g 

Site Class C 

Fa 1.3 

Fv 1.5 

SXS, CSZ 0.446 g 

SX1, CSZ 0.332 g 
Notes: 
Abbreviations: SS – Spectral Response Acceleration Parameter at Short Periods for any Seismic Hazard Level and any 
Damping, Adjusted for Site Class;  
S1 – Spectral Response Acceleration Parameter at a 1 Second Period for any Seismic Hazard Level and any Damping, Adjusted 
for Site Class;  
SXS, CSZ – Spectral Response Acceleration Parameter at Short Periods for CSZ Seismic Hazard Level and any Damping, Adjusted 
for Site Class;  
SX1, CSZ – Spectral Response Acceleration Parameter at a 1 Second Period for CSZ Seismic Hazard Level and any Damping, 
Adjusted for Site Class. 

1.3.4   Selection of Performance Objectives 

Taking into account the performance levels and seismic hazards described above, per 
ASCE 41-17 Risk Category III existing structures were evaluated for Damage Control (S-2) at the 
BSE-1E seismic hazard level and Limited Safety (S-4) at the BSE-2E seismic hazard level. From 
Table 1.5 above, the CSZ seismic hazard is greater than those for the BSE-1E seismic hazard 
level. Our analysis replaced the BSE-1E seismic hazard for the higher seismic ground motions 
associated with the CSZ seismic hazard. For Tier 1 analyses the performance objectives are 
deemed to be satisfied if the analysis is performed for BSE-2E using Limited Safety Structural 
Performance parameters and Position Retention Non-Structural Performance parameters 
provided in ASCE 41-17. However, because the CSZ hazard exceeds that of the BSE-2E, the 
Tier 1 checks were explicitly evaluated at the CSZ hazard level. 

1.4   Seismic Evaluation and Analysis 

The buildings were evaluated using the Tier 1 and Tier 2 procedures set forth in ASCE 41-17. The 
seismic evaluation and analysis comprised of data collection and review, a site visit, completion 
of Tier 1 checklists and calculations, and Tier 2 calculations based on the deficiencies found in the 
Tier 1 evaluation. 

Similarly, the basins were evaluated using ACI 350-06 and ACI 350.3-06 with the same seismic 
hazard levels as the buildings, but the following adjustments were made to adapt the use of 
ACI 350-06 and ACI 350.3-06 for seismic evaluation, rather than design: 

• Importance factor = 1.25. 
• Load factors were limited to 1.0 for load combinations. 
• Capacity-reduction factors were set equal to 1.0. 
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1.4.1   Data Collection and Review 

To obtain data and information necessary for performing the seismic evaluation, the following 
construction documents and reports were reviewed: 

• City of Wilsonville, Oregon Sewage Treatment Plant Phase III Expansion, prepared by 
CH2M Hill, dated August 1979. 

• City of Wilsonville Wastewater Treatment Plant, prepared by CH2M Hill, dated 
December 1995. 

• City of Wilsonville Wastewater Treatment Plant Improvements DBO, prepared by 
CH2M Hill, dated June 2012. 

• Technical Memorandum, prepared by Northwest Geotech, Inc., dated June 2021. 

The material properties used in this evaluation are listed in Table 1.6. These properties were 
determined based on information shown in the record drawings. For the properties that could 
not be obtained from the record drawings, the values were obtained from the default historical 
material properties prescribed in ASCE 41-17, Chapter 4. 

Table 1.6 Material Properties 

Material and Mechanical Property Value 

Concrete Compressive Strength f’c = 4,000 psi 

Reinforcing Steel (ASTM A615 G60) Yield Strength fy = 60,000 psi 

Steel Framing (ASTM A36) Yield Strength Fy = 36,000 psi 

Corrugated Steel Roof Deck (ASTM A446) Yield Strength Fy = 50,000 psi 
Notes: 
Abbreviations: ASTM – ASTM International; f’c – Concrete Compressive Strength; fy – Yield Strength of Rebar; Fy – Yield 
Strength of Steel; psi - pounds per square inch. 

1.4.2   Site Visit 

A site visit was conducted by James Doering, S.E., and Brian Stuetzel, E.I.T., of Carollo on 
June 16 and 17, 2021. The site visit included review of both interior and exterior spaces with 
access gained to the basement and ground floor levels. Access to the roof levels was not 
available. The buildings were in full operation at the time of the site visit. 

The site visit objectives included: 

• Verification that the structures are generally configured and constructed in accordance 
with the record drawings. 

• Completion of Tier 1 checklist items that required visual verification. 
• Identification of additional loads that are to be included in the seismic analysis, such as 

equipment, piping, and ceilings. 
• Structural condition assessment of visual portions of the structures. 
• Non-Structural items within the structures and around the plant. 

Observations made during the site visits were collected using an Apple iPhone and a digital 
camera. Photographs collected during the site visit are included in Appendix A for reference. 
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1.4.3   Analysis Procedures 

Analysis procedures followed those set forth in ASCE 41-17, ACI 350-06, and ACI 350.3-06. For 
the most part, the structures did not have any significant irregularities. 

The analysis included the structure above grade and those portions of the structure below grade 
that are within the seismic load path for lateral load resistance. Loads applied to the structure 
include dead loads, live loads, inertial seismic loads, and hydrodynamic loads where applicable. 
Load combinations analyzed were limited to those that include seismic loads. Load intensities 
and material unit weights assumed for the evaluation are presented in Table 1.7. 

Refer to Appendix B for the Tier 1 checklists and calculations. 

Table 1.7 Load Intensities and Material Unit Weights 

Load/Material Value 

Unit Weight of Concrete 150 pcf 

Unit Weight of Steel 490 pcf 

Roof Live Load 20 psf 

Roof Snow Load 25 psf 

Floor Live Load  250 psf 
Notes: 
Abbreviations: pcf - pounds per cubic foot; psf - pounds per square foot. 

1.4.4   Acceptance Criteria 

The analysis involves the estimation of seismic load and deformation demands placed upon 
structural members. These demands are compared against their estimated capacity, which is a 
function of the member proportions, material properties, and desired performance level. The 
metric used in this evaluation to quantify the degree of distress of an existing member or 
connection is referred to as the demand to capacity ratio (DCR): 

𝐷𝐷𝐷𝐷𝐷𝐷 =
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
 

DCR values that exceed 1.0 are typically considered to have exceeded their capacity for the 
evaluated performance level and are considered deficient. 

The estimated capacity is a function of the material properties. For this evaluation, the material 
properties have been obtained from the record construction documents. For Tier 2 
investigations and beyond, ASCE 41-17 requires that a knowledge factor be applied to the 
material property depending on which type of construction documents served as the source for 
the material information. Since the information for materials is provided on the construction 
documents, the knowledge factor has been assumed to be 0.90. 

1.5   Evaluation Findings 

The results from review of the record drawings, site visit and structural calculations are 
presented in this section. The structural members and connection capacities were checked 
against the demands imposed by the prescribed seismic loads as described in previous sections 
to obtain corresponding DCRs. DCR values that exceed 1.0 indicate a deficiency with respect to 
the evaluated performance level. The members and connections that were found to be deficient 
for each building are listed in Table 1.8. 
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Table 1.8 List of Deficiencies  

No. Deficiency Description 

Operations Building 

S1 
Load path / Transfer to 
Shear Walls 

No drag connections to transfer diaphragm forces into 
shear walls where those walls are discontinuous within the 
plan of the building. 

S2 Plan Irregularities 
No diaphragm ties in the N-S direction to transfer 
diaphragm forces into shear walls. 

NS1 Edge Clearance 
The ceiling edges do not have a sufficient gap between the 
enclosing walls and this could cause damage due to 
restraint. 

NS2 Lens Covers Lens covers over lights lack safety device. 

NS3 Overhead Glazing 
Windows above entrance appear to lack proper restraint in 
frame if cracked or damaged. 

NS4 Tall Narrow Contents 
Storage racks lack restraint to structure. Also, the 
refrigerator in laboratory appears to lack restraint if wheels 
are locked. 

NS5 
Fall-Prone Contents / 
Suspended Equipment 

The laboratory hoods could not be determined if adequate 
lateral bracing is attached back to structure. In addition, 
the air handler unit lacks anchorage to support structure. 

Process Gallery 

S1 
Load path / transfer to 
shear walls 

The roof beam aligned with interior shear wall lacks ability 
to transfer seismic loads into the shear wall. 

NS1 In-line Equipment 
Air handling unit lacks anchorage along channel support. 
Also, the aeration blower pumps in basement lack proper 
anchorage back to structure. 

NS2 Fluid and Gas Piping 
Multiple pipes lack restraint to Unistrut support below. In 
addition, the compression struts for RAS piping lack 
diagonal bracing back to structure. 

Workshop 

S1 Narrow Wood Shear Walls 
The shear wall segments along the east elevation cannot 
develop the overturning forces due to a lack of holdowns at 
the ends of each shear wall segment. 

S2 Narrow Wood Shear Walls 
The shear wall segments along the east elevation do not 
have sufficient shear capacity to resisting the in-plane 
seismic loads. 

S3 Narrow Wood Shear Walls 
The shear wall segments along the east elevation do not 
have adequate sill bolt anchorage for resisting the in-plane 
seismic loads. 

NS1 Tall Narrow Contents 
The storage racks within building lack restraint back to the 
structure. In addition, the shelving unit along south 
elevation lacks anchorage across entire length. 
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No. Deficiency Description 

Stabilization Basins 

S1 Freeboard 
The longitudinal sloshing direction results in a freeboard 
deficit of about 1.2 feet. The aluminum covers can be 
damaged by sloshing water. 

Sludge Storage Basins 

S1 Freeboard 
The longitudinal sloshing direction results in a freeboard 
deficit of about 1.6 feet. The membrane covers can be 
damaged by sloshing water. 

Overall Plant Structures 

NS1 Tall Narrow Contents 
Storage racks within the Headworks building lack 
anchorage back to structure. 

NS2 In-Line Equipment 
Recirculation pump at Disk Filters lacks restraint against 
overturning. 

NS3 Heavy Equipment 
ACCU units near the aeration basins lack anchorage to 
structural pads. 

Notes: 
Abbreviations: ACCU - air cooled condensing unit; RAS - return activated sludge. 

Based on the observed deficiencies, mitigation methods are outlined in the following section 
along with a planning level cost estimates to mitigate these deficiencies. 

1.6   Recommendations for Mitigation 

In this section mitigation measures to address the structural deficiencies are presented. The 
observed structural deficiencies can be mitigated by performing reasonable retrofit and 
strengthening of the existing buildings. Following is a detailed discussion for each of the 
observed structural deficiencies and potential mitigation strategies. 

1.6.1   Load Path / Transfer to Shear Walls 

There needs to be a direct load path for the seismic forces to be transferred from the roof level 
down to the foundation level. The loads will eventually need to be transferred into the shear 
walls, and one way to ensure transfer into the shear wall system is through collector beams. To 
mitigate this issue, adding collector beams and associated connections to the shear walls will 
allow for the seismic loads to transfer into the lateral load resisting system. 
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Figure 1.2 Operations Building - Collector Beam Locations and Anchorage Deficiencies 

 

Figure 1.3 Process Gallery - Collector Beam Location and Anchorage Deficiency 
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1.6.2   Narrow Wood Shear Walls 

Narrow wood shear walls tend to have reduced shear strength and overturning capacity to resist 
lateral forces. Since the wall height tends to be significantly larger than the wall length, the 
overturning forces on the wall can cause damage at the wall base and render it less effective at 
resisting shear forces. A Tier 2 evaluation for the east shear wall segments was performed and 
the overturning capacity, shear capacity, and shear anchorage to the foundation were found to 
be deficient. The following mitigation is recommended for the east wall of the workshop: 

• Provide holdown anchorage for each end of the middle (2) shear wall segments. 
Holdown anchorage is typically comprised of a prefabricated metal connector with a 
post-installed anchor into the building foundation/footing. 

• Enhance the shear strength of the middle (2) shear wall segments by providing a 
plywood overlay at the interior side of the wall. 

• Enhance the shear anchorage capacity at the sill plate connection to the 
foundation/footing by providing additional sill plate anchors to reduce the overall 
spacing of sill bolts to no more than 24 inches. Sill plate anchorage should be comprised 
of a post-installed anchor into the foundation/footing and associated plate washer on 
top of the sill plate. 

• Provide top plate straps where splices occur in the stud wall top plates. Because only the 
middle (2) shear wall segments are considered to be effective in resisting in-plane 
seismic loads, the top plates will be required to transmit diaphragm loads to the 
middle (2) shear walls and the configuration of the top plates may require supplemental 
ties to ensure seismic loads can be effectively transmitted to the middle (2) shear walls. 

1.7   Cost Estimates 

To assist the City of Wilsonville with their planning efforts to improve reliability of these 
buildings, we have developed a rough order of magnitude of cost associated with mitigating the 
seismic deficiencies identified. The construction cost estimate includes direct and indirect costs. 
Direct costs include materials, labor, and construction equipment required for the retrofit. This 
cost also includes removal and re-installation of the interior finishes to allow access to perform 
recommended mitigation. Various indirect cost and non-construction cost factors that have 
been included in the total estimated project cost are identified in Appendix C. 

Cost estimates provided in this evaluation/study are considered to be a Class 5 estimate as 
defined in “Recommended Practice 18R-97 Cost Estimate Classification System for the Process 
Industries,” published by the Association for the Advancement of Cost Engineering (AACEI). 
These costs are anticipated to have an accuracy range of +50 percent to -30 percent and are 
intended for planning purposes. The unit costs in Appendix C are derived from RS Means and 
Carollo’s cost estimate database. 

A summary of the cost estimate is provided in Table 1.9. The detailed breakdown of the cost 
estimate is provided in Appendix C. The total estimated cost for mitigating all the seismic 
deficiencies identified is $810,400. 
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Table 1.9 Summary of Retrofit Cost Estimate 

Structure Cost Estimate 

Operations Building $646,900 

Process Gallery $44,800 

Workshop $114,400 

Overall Plant (Non-Structural) $4,300 

TOTAL $810,400 

1.8   Conclusion 

The goal of the seismic evaluation was to identify specific seismic vulnerabilities and deficient 
structural conditions for the purpose of improving the overall reliability of the subject buildings. 
Our findings presented in this report identify numerous seismic vulnerabilities and deficient 
conditions that warrant retrofit. Mitigation strategies for retrofit were developed and presented 
in this report along with cost estimates. 
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Figure 1 Operations Building - East Elevation View 

 

Figure 2 Operations Building - Roof Joist Framing 
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Figure 3 Operations Building - Roof Steel Framing 

 

Figure 4 Operations Building - Drag Connection Deficiency Locations 
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Figure 5 Operations Building - Diaphragm Span Location Exceeding 40 feet Deficiency 

 

Figure 6 Operations Building - Ceiling Clearance to Wall 
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Figure 7 Operations Building - Lens Cover Lacks Safety Device 

 

Figure 8 Operations Building - Window Above Entrance Appears to Lack Special Treatment to 
Limit Damage 
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Figure 9 Operations Building - Collector Beam Connection to CMU Wall 

 

Figure 10 Process Gallery - South Elevation 
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Figure 11 Process Gallery - Wall Anchorage 

 

Figure 12 Process Gallery - Beam Anchorage 
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Figure 13 Process Gallery - Basement Interior View 

 

Figure 14 Process Gallery - Air Handling Unit Lacking Anchorage 
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Figure 15 Process Gallery - Blower Equipment with Missing Nuts 

 

Figure 16 Process Gallery - Piping Lacks Connection Back to Supports Below 
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Figure 17 Process Gallery - RAS Piping Lacks Lateral Bracing Along Length at Compression Struts 

 

Figure 18 Workshop - North Elevation 
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Figure 19 Workshop - Interior View 

 

Figure 20 Workshop - Storage Room Interior View 
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Figure 21 Workshop - East Elevation Shear Walls are Considered Narrow and Could Limit Strength 

 

Figure 22 Workshop - Storage Shelving Lacks Restraint to Structure 
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Figure 23 Workshop - Storage Shelves on South Wall Missing Anchorage 

 

Figure 24 Aeration Basin - Top View 
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Figure 25 Stabilization Basin - Top View 

 

Figure 26 Stabilization Basin - Walkway with Piping and Support 
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Figure 27 Sludge Storage and Biofilter Basins - Top View 

 

Figure 28 Sludge Storage and Biofilter Basins - Pump Equipment 
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Figure 29 Headworks Building - Shelving Lacks Anchorage to Structure 

 

Figure 30 Disk Filters - Recirculation Pump Lacking Resistance to Overturning 
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Figure 31 Aeration Basins Canopy - ACCU Units Lacking Anchorage To Concrete Pad 
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Appendix B 
ASCE 41-17 TIER 1 CHECKLISTS AND 
CALCULATIONS / TIER 2 CALCULATIONS 





City of Wilsonville 

Wastewater Treatment Plant 

Structural Checklists & Calculations 
Table of Contents 

Operations Building – Tier 1       pg. 01 

Process Gallery – Tier 1       pg. 89 

Workshop – Tier 1        pg. 180 

Aeration and Stabilization Basins – Tier 1     pg. 245 

Sludge Storage and Biofilter Basins – Tier 1     pg. 334 

Overall Plant Non-Structural Checklist – Tier 1    pg. 408 

Tier 2 Calculations        pg. 434 



ASCE 41-17 Tier 1 Checklists

1



Table 17-2. Collapse Prevention Basic Configuration Checklist

2

BSE-2E Seismic Check at Limited Safety



3



4



5



0.744

0.744 0.45

0.45

6



ASCE 41-17 Tier 1 Checklists

7



Table 17-33. Collapse Prevention Structural Checklist for Building Types RM1
and RM2

8
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City of Wilsonville 

Operations Building Tier 1 Structural Calculations 

 

ASCE 41-17 Seismic Parameters       pg. 1 

Building Weight         pg. 3 

Seismic Base Shear         pg. 5 

Wall Shear Stress Check        pg. 6 

Wall Anchorage Check        pg. 7 
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BY: BS DATE Jul-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

Roof EL 125.63

Description                          Load

1-1/2"x20ga metal deck 2.5 psf

Rigid insulation w/ metal sheet roofing 4.5

Steel beam 1.8

Steel truss 2.5

Suspended accoustical ceiling 3.5

Miscellaneous 5.0

Dead Load for Gravity Design 19.8 psf

Roof Live Load 20.0 psf (Assumed)

Snow Load 25.0 psf

Notes

1.

Wall Loads

Description                          Load

8" CMU wall (partial grouted @ 24") 47.0 psf

5/8" GWB w/ insulation 3.7

5/8" GWB w/ insulation double sided 7.4

3-5/8"x20ga studs @ 16" 4.0

Plastic veneer finish 7.5

8" CMU Wall w/ GWB 1-side for Seismic Load 58.2 psf

8" CMU Wall w/ GWB 2-sides for Seismic Load 54.4 psf

8" CMU Wall w/ metal studs for Seismic Load 62.2 psf

City of Wilsonville

Operations Building 11962A.00

Operations Building Seismic Weight

Roof Loads

The roof deck is set at a slope of 5/12, so the deck and truss members will have the unit weight increased by a factor 

of 1.08 to account for a projected unit horizontal weight.

Wall Loads

Seismic Weight
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Roof Weight

Roof Area  4888.0 ft
2

Roof Seismic Weight 96.8 kip

Wall Weight

Wall Height to Roof 10.17 ft

8" CMU Wall w/ GWB 1-side Length 254.67 ft

8" CMU Wall w/ GWB 2-sides Length 25.33 ft

8" CMU Wall w/ metal studs Length 37.00 ft

Roof Wall Seismic Weight 94.1 kip

Total Seismic Weight 190.9 kip

Notes

1.

2.

Wall seismic weight assumes half of the wall height associated with each level.

Per Section 4.5.2.1, the effective seismic weight includes the total dead load, 25% of the live load when area is used 

as storage, and 20% of the roof snow live load if greater than 30 psf (otherwise assume zero).
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

SEISMIC BASE SHEAR

Process Gallery

Modification Factor, C = 1.0

SX1 = 0.405 (BSE-2E seismic hazard)

T = 0.114 s

SXS = 0.744 (BSE-2E seismic hazard)

Spectral Acceleration, Sa = 0.744

Seismic Weight, W = 190.9 kip

Seismic Force, V = 142.0 kip

City of Wilsonville

Operations Building 11962A.00

ASCE 41-17  - Tier 1 Screening (BSE-2E Level)

49



BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

WALL SHEAR STRESS CHECK

CMU wall thickness, t = 7.625 in

Roof Story Base Shear, Vroof = 142.0 kips

System Modification Factor, Ms = 3.75 (Interpolated between LS & CP)

Roof Level

Shear Wall in N-S Direction

West Elevation Wall Line

Total length of exterior 8" CMU walls = 84.00 ft

Grout spacing = 32 in

total net area of shear walls = 4611.6 in
2

average shear stress, v avg,NS  = 4.1 psi < 70.0 Shear Stress OK

DCR = 0.06

East Elevation Wall Line

Total length of exterior 8" CMU walls = 60.67 ft

Grout spacing = 32 in

total net area of shear walls = 3330.8 in
2

average shear stress, v avg,NS  = 5.7 psi < 70.0 Shear Stress OK

DCR = 0.08

Shear Wall in E-W Direction

North Elevation Wall Line

Total length of exterior 8" CMU walls = 21.33 ft

Grout spacing = 32 in

total net area of shear walls = 1171.0 in
2

average shear stress, v avg,NS  = 32.3 psi < 70.0 Shear Stress OK

DCR = 0.46

South Elevation Wall Line

Total length of exterior 8" CMU walls = 22.00 ft

Grout spacing = 32 in

total net area of shear walls = 1207.8 in
2

average shear stress, v avg,NS  = 31.4 psi < 70.0 Shear Stress OK

DCR = 0.45

City of Wilsonville

Operations Building 11962A.00

ASCE 41-17  - Tier 1 Screening (BSE-2E Level)

File: Tier 1 Calculations - Operations Page 1 of 1
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

WALL ANCHORAGE FORCE

Operations Building: Roof Joist Bearing Anchorage into 8" CMU Wall along East and West Wall Elevations

wall height to diaphragm, hw = 10.17 ft

unit weight of wall, wp = 58.20 psf (partial grout for wall)

Ψ = 1.15 (Interpolated between LS & CP)

SXS = 0.744 g

wall out-of-plane load = 253.2 lbs/ft

roof joist spacing = 6.33 ft

wall anchorage force, Tc = 1602.8 lbs

Masonry & Steel Strength

anchor bolt size = 0.750 in

anchor bolt embed, lb = 7.00 in

anchor bolt location from face, lbe = 3.81 in

anchor bolt yield stress, fy = 36.00 ksi

masonry compressive strength, f'm = 1500 psi

projected area of anchor bolt in tension, Apt = 101.1 in
2

projected area of each anchor bolt in shear, Apvbolt = 22.80 in
2

cross section area of anchor bolt, Ab = 0.44 in
2

estimated overlap of projected area, Aptoverlap = 43.20 in
2

net projected area of anchor bolt in tension, Aptnet = 180.70 in
2

estimated overlap of projected area, Apvoverlap = 0.00 in
2

net projected area of anchor bolt in shear, Apvnet = 45.60 in
2

φBvnb = 4*Apvnet*(f'm)
0.5

 = 7064.9 lbs group masonry breakout shear strength

φBvnc = 1050*(f'm*Ab)
0.25

 = 10654.8 lbs group masonry crushing shear strength

φBvnpry = 8*Aptnet*(f'm)
0.5

 = 55987.6 lbs group anchor pryout shear strength

φBvns = 0.60*Ab*fy = 19085.2 lbs group steel yielding strength

Masonry breakout strength DCR = 0.23 OK

Masonry crushing strength DCR = 0.15 OK

Anchor pryout DCR = 0.03 OK

Steel yielding DCR = 0.08 OK

City of Wilsonville

Operations Building 11962A.00

ASCE 41-17  - Tier 1 Screening (BSE-2E Level)
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BEAM BEARING CONNECTION TO CMU WALL



BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

WALL ANCHORAGE FORCE

Operations Building: Beam Anchorage into 8" CMU Wall along East and West Wall Elevations

wall height to diaphragm, hw = 18.36 ft

unit weight of wall, wp = 58.20 psf (partial grout for exterior walls [CMU + veneer])

Ψ = 1.15 (Interpolated between LS & CP)

SXS = 0.744 g

wall out-of-plane load = 457.1 lbs/ft

beam spacing = 8.33 ft

wall anchorage force, Tc = 3807.9 lbs

Masonry & Steel Strength

anchor bolt size = 0.750 in

anchor bolt embed, lb = 7.00 in

anchor bolt location from face, lbe = 3.81 in

anchor bolt yield stress, fy = 36.00 ksi

masonry compressive strength, f'm = 1500 psi

projected area of single anchor bolt in tension, Apt = 101.1 in
2

projected area of single anchor bolt in shear, Apvbolt = 22.80 in
2

cross section area of single anchor bolt, Ab = 0.44 in
2

estimated overlap of projected area, Aptoverlap = 43.20 in
2

net projected area of anchor bolt in tension, Aptnet = 180.70 in
2

estimated overlap of projected area, Apvoverlap = 1.25 in
2

net projected area of anchor bolt in shear, Apvnet = 44.98 in
2

φBvnb = 4*Apvnet*(f'm)
0.5

 = 6968.1 lbs group masonry breakout shear strength

φBvnc = 1050*(f'm*Ab)
0.25

 = 10654.8 lbs group masonry crushing shear strength

φBvnpry = 8*Aptnet*(f'm)
0.5

 = 55987.6 lbs group anchor pryout shear strength

φBvns = 0.60*Ab*fy = 19085.2 lbs group steel yielding strength

Masonry breakout strength DCR = 0.55 OK

Masonry crushing strength DCR = 0.36 OK

Anchor pryout DCR = 0.07 OK

Steel yielding DCR = 0.20 OK

City of Wilsonville

Operations Building 11962A.00

ASCE 41-17  - Tier 1 Screening (BSE-2E Level)
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SLOPED BEAM BEARING CONNECTION TO CMU WALLS



BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

WALL ANCHORAGE FORCE

Operations Building: Beam Anchorage into 8" CMU Wall along North and South Wall Elevations

wall height to diaphragm, hw = 10.17 ft

unit weight of wall, wp = 58.20 psf (partial grout for exterior walls [CMU + veneer])

Ψ = 1.15 (Interpolated between LS & CP)

SXS = 0.744 g

wall out-of-plane load = 253.2 lbs/ft

beam spacing = 6.67 ft

wall anchorage force, Tc = 1688.9 lbs

Masonry & Steel Strength

anchor bolt size = 0.750 in

anchor bolt embed, lb = 7.00 in

anchor bolt location from face, lbe = 3.81 in

anchor bolt yield stress, fy = 36.00 ksi

masonry compressive strength, f'm = 1500 psi

projected area of single anchor bolt in tension, Apt = 101.1 in
2

projected area of single anchor bolt in shear, Apvbolt = 22.80 in
2

cross section area of single anchor bolt, Ab = 0.44 in
2

estimated overlap of projected area, Aptoverlap = 63.60 in
2

net projected area of anchor bolt in tension, Aptnet = 170.50 in
2

estimated overlap of projected area, Apvoverlap = 2.20 in
2

net projected area of anchor bolt in shear, Apvnet = 44.50 in
2

φBvnb = 4*Apvnet*(f'm)
0.5

 = 6894.5 lbs group masonry breakout shear strength

φBvnc = 1050*(f'm*Ab)
0.25

 = 10654.8 lbs group masonry crushing shear strength

φBvnpry = 8*Aptnet*(f'm)
0.5

 = 52827.2 lbs group anchor pryout shear strength

φBvns = 0.60*Ab*fy = 19085.2 lbs group steel yielding strength

Masonry breakout strength DCR = 0.24 OK

Masonry crushing strength DCR = 0.16 OK

Anchor pryout DCR = 0.03 OK

Steel yielding DCR = 0.09 OK

City of Wilsonville

Operations Building 11962A.00

ASCE 41-17  - Tier 1 Screening (BSE-2E Level)
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ASCE 41-17 Tier 1 Checklists
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Table 17-3. Immediate Occupancy Basic Configuration Checklist

58

CSZ Seismic Check at Damage Control
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ASCE 41-17 Tier 1 Checklists
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Table 17-35. Immediate Occupancy Structural Checklist for Building Types RM1
and RM2
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Anchorage to CMU connection DCR = 0.48
(OK)
Puddle weld connection DCR = 0.84 (OK)
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City of Wilsonville 

Operations Building Tier 1 Structural Calculations 

 

CSZ Seismic Parameters        pg. 1 

Building Weight         pg. 3 

Seismic Base Shear         pg. 5 

Wall Shear Stress Check        pg. 6 

Transfer to Shear Wall Check        pg. 7 

Foundation Dowels         pg. 10 

Wall Anchorage Check        pg. 11 
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Period T(sec) CSZ Sa(g) Period T  (sec) CSZ Sa (g) Period T (sec) CSZ Sa  (g)

0 0.168 0 0.163 0 0.158

0.05 0.175 0.05 0.172 0.05 0.170

0.1 0.256 0.1 0.253 0.1 0.250

0.15 0.315 0.15 0.310 0.15 0.305

0.2 0.343 0.2 0.334 0.2 0.326

0.25 0.352 0.25 0.340 0.25 0.330

0.3 0.356 0.3 0.342 0.3 0.330

0.4 0.340 0.4 0.322 0.4 0.305

0.5 0.314 0.5 0.292 0.5 0.274

0.6 0.284 0.6 0.260 0.6 0.243

0.7 0.269 0.7 0.244 0.7 0.227

0.8 0.255 0.8 0.231 0.8 0.214

1 0.221 1 0.200 1 0.185

1.5 0.165 1.5 0.149 1.5 0.138

2 0.128 2 0.116 2 0.108

2.5 0.104 2.5 0.094 2.5 0.087

3 0.085 3 0.077 3 0.071

Vs30 = 500 m/s Vs30 = 600 m/sVs30 = 400 m/s

Table 2: CSZ Generalized Response Spectra Ordinates 

Latitude  45.295155 degrees       Longitude -122.771810 degrees
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BY: BS DATE Jul-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

Roof EL 125.63

Description                          Load

1-1/2"x20ga metal deck 2.5 psf

Rigid insulation w/ metal sheet roofing 4.5

Steel beam 1.8

Steel truss 2.5

Suspended accoustical ceiling 3.5

Miscellaneous 5.0

Dead Load for Gravity Design 19.8 psf

Roof Live Load 20.0 psf (Assumed)

Snow Load 25.0 psf

Notes

1.

Wall Loads

Description                          Load

8" CMU wall (partial grouted @ 24") 47.0 psf

5/8" GWB w/ insulation 3.7

5/8" GWB w/ insulation double sided 7.4

3-5/8"x20ga studs @ 16" 4.0

Plastic veneer finish 7.5

8" CMU Wall w/ GWB 1-side for Seismic Load 58.2 psf

8" CMU Wall w/ GWB 2-sides for Seismic Load 54.4 psf

8" CMU Wall w/ metal studs for Seismic Load 62.2 psf

City of Wilsonville

Operations Building 11962A.00

Operations Building Seismic Weight

Roof Loads

The roof deck is set at a slope of 5/12, so the deck and truss members will have the unit weight increased by a factor 

of 1.08 to account for a projected unit horizontal weight.

Wall Loads

Seismic Weight

75



Roof Weight

Roof Area  4888.0 ft
2

Roof Seismic Weight 96.8 kip

Wall Weight

Wall Height to Roof 10.17 ft

8" CMU Wall w/ GWB 1-side Length 254.67 ft

8" CMU Wall w/ GWB 2-sides Length 25.33 ft

8" CMU Wall w/ metal studs Length 37.00 ft

Roof Wall Seismic Weight 94.1 kip

Total Seismic Weight 190.9 kip

Notes

1.

2.

Wall seismic weight assumes half of the wall height associated with each level.

Per Section 4.5.2.1, the effective seismic weight includes the total dead load, 25% of the live load when area is used 

as storage, and 20% of the roof snow live load if greater than 30 psf (otherwise assume zero).
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

SEISMIC BASE SHEAR

Process Gallery

Modification Factor, C = 1.0

Ss = 0.343 (CSZ spectral response)

S1 = 0.221 (CSZ spectral response)

Fa = 1.3 (Site amplication factor per ASCE 7-16)

Fv = 1.5 (Site amplication factor per ASCE 7-16)

SX1 = S1*Fv = 0.332 (CSZ seismic hazard)

T = 0.114 s

SXs = Ss*Fa = 0.446 (CSZ seismic hazard)

Spectral Acceleration, Sa = 0.446

Seismic Weight, W = 190.9 kip

Seismic Force, V = 85.1 kip

City of Wilsonville

Operations Building 11962A.00

ASCE 41-17  - Tier 1 Screening (CSZ Seismic Level)
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

WALL SHEAR STRESS CHECK

CMU wall thickness, t = 7.625 in

Roof Story Base Shear, Vroof = 85.1 kips

System Modification Factor, Ms = 2.25 (Interpolated between LS & IO)

Roof Level

Shear Wall in N-S Direction

West Elevation Wall Line

Total length of exterior 8" CMU walls = 84.00 ft

Grout spacing = 32 in

total net area of shear walls = 4611.6 in
2

average shear stress, v avg,NS  = 4.1 psi < 70.0 Shear Stress OK

DCR = 0.06

East Elevation Wall Line

Total length of exterior 8" CMU walls = 60.67 ft

Grout spacing = 32 in

total net area of shear walls = 3330.8 in
2

average shear stress, v avg,NS  = 5.7 psi < 70.0 Shear Stress OK

DCR = 0.08

Shear Wall in E-W Direction

North Elevation Wall Line

Total length of exterior 8" CMU walls = 21.33 ft

Grout spacing = 32 in

total net area of shear walls = 1171.0 in
2

average shear stress, v avg,NS  = 32.3 psi < 70.0 Shear Stress OK

DCR = 0.46

South Elevation Wall Line

Total length of exterior 8" CMU walls = 22.00 ft

Grout spacing = 32 in

total net area of shear walls = 1207.8 in
2

average shear stress, v avg,NS  = 31.3 psi < 70.0 Shear Stress OK

DCR = 0.45

City of Wilsonville

Operations Building 11962A.00

ASCE 41-17  - Tier 1 Screening (CSZ Seismic Level)

File: Tier 1 Calculations - Operations Page 1 of 1
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Transfer to shear wall connection



BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

TRANSFER TO SHEAR WALLS

Top of Wall Connection into CMU Walls (Detail 6/95-S-202)

diaphragm shear strength, qult = 1170 lbs/ft (assumed less than wall shear strength)

anchor bolt spacing = 24 in

diaphragm shear strength = 2340.0 lbs

Masonry & Steel Strength (Assuming φ = 1.0 for Tier 1)

anchor bolt size = 0.625 in

anchor bolt embed, lb = 7.00 in

anchor bolt yield stress, fy = 36.00 ksi

masonry compressive strength, f'm = 1500 psi

projected area of anchor bolt in tension, Apt = 153.94 in
2

cross section area of anchor bolt, Ab = 0.31 in
2

Bvnc = 1050*(f'm*Ab)
0.25

 = 4863.2 lbs masonry crushing shear strength

Bvnpry = 8*Apt*(f'm)
0.5

 = 47696.0 lbs anchor pryout shear strength

Bvns = 0.60*Ab*fy = 6626.8 lbs steel yielding strength

Masonry crushing strength DCR = 0.48 OK

Anchor pryout DCR = 0.05 OK

Steel yielding DCR = 0.35 OK

Puddle Weld Strength

deck thickness = 0.0359 in

N-S Wall Elevations - Deck welded to support with puddle weld at 18"

effective puddle weld diameter = 0.625 in

puddle weld spacing = 18.00 in

load at puddle weld = 1755.0 lbs /weld

strength of puddle weld = 2093.7 lbs /weld

Puddle weld strength DCR = 0.84 OK

E-W Wall Elevations - Deck welded to support with puddle weld at 12"

effective puddle weld diameter = 0.625 in

puddle weld spacing = 12.00 in

load at puddle weld = 1170.0 lbs /weld

strength of puddle weld = 2093.7 lbs /weld

Puddle weld strength DCR = 0.56 OK

City of Wilsonville

Operations Building 11962A.00

ASCE 41-17  - Tier 1 Screening (CSZ Seismic Level)
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Deck Span = 6'-8"
q = 1170 psf (interpolated)



BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

FOUNDATION DOWELS

Wall Shear Strength

steel yield strength, fy = 60000 psi

Seismic unit shear, Vu = 0.43 kip/ft

Seismic unit moment, Mu = 4.3 ft*kip/ft

unit depth, dv = 12.00 in

Mu/(Vu*dv) = 10.07

Wall area, Anv = 91.5 in
2

masonry strength, f'm = 1500 psi

Reinforcement area, Av = 0.44 in
2

reinforcement spacing, s = 32.0 in

Nominal reinforcement shear strength, Vns = 4.95 kip

ϒg = 0.75

Nominal Unit Wall Shear, Vn = 10.63 kip/ft ACI 530-13 Eq. 9-23

Shear Friction between wall and slab

Dowels into foundation are #6@32"

Reinforcement area, Avf = 0.44 in
2

μ = 1.0

Unit Shear Friction, Vn = 26.40 kip/ft

Dowels can develop wall strength

City of Wilsonville

Operations Building 11962A.00

ASCE 41-17  - Tier 1 Screening (CSZ Seismic Level)
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ROOF JOIST BEARING CONNECTION TO CMU WALL



BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

WALL ANCHORAGE FORCE

Operations Building: Roof Joist Bearing Anchorage into 8" CMU Wall along East and West Wall Elevations

wall height to diaphragm, hw = 10.17 ft

unit weight of wall, wp = 58.20 psf (partial grout for wall)

Ψ = 1.55 (Interpolated between LS & IO)

SXS = 0.446 g

wall out-of-plane load = 204.6 lbs/ft

roof joist spacing = 6.33 ft

wall anchorage force, Tc = 1295.0 lbs

Masonry & Steel Strength

anchor bolt size = 0.750 in

anchor bolt embed, lb = 7.00 in

anchor bolt location from face, lbe = 3.81 in

anchor bolt yield stress, fy = 36.00 ksi

masonry compressive strength, f'm = 1500 psi

projected area of anchor bolt in tension, Apt = 101.1 in
2

projected area of each anchor bolt in shear, Apvbolt = 22.80 in
2

cross section area of anchor bolt, Ab = 0.44 in
2

estimated overlap of projected area, Aptoverlap = 43.20 in
2

net projected area of anchor bolt in tension, Aptnet = 180.70 in
2

estimated overlap of projected area, Apvoverlap = 0.00 in
2

net projected area of anchor bolt in shear, Apvnet = 45.60 in
2

φBvnb = 4*Apvnet*(f'm)
0.5

 = 7064.9 lbs group masonry breakout shear strength

φBvnc = 1050*(f'm*Ab)
0.25

 = 10654.8 lbs group masonry crushing shear strength

φBvnpry = 8*Aptnet*(f'm)
0.5

 = 55987.6 lbs group anchor pryout shear strength

φBvns = 0.60*Ab*fy = 19085.2 lbs group steel yielding strength

Masonry breakout strength DCR = 0.18 OK

Masonry crushing strength DCR = 0.12 OK

Anchor pryout DCR = 0.02 OK

Steel yielding DCR = 0.07 OK

City of Wilsonville

Operations Building 11962A.00

ASCE 41-17  - Tier 1 Screening (CSZ Seismic Level)
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BEAM BEARING CONNECTION TO CMU WALL



BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

WALL ANCHORAGE FORCE

Operations Building: Beam Anchorage into 8" CMU Wall along East and West Wall Elevations

wall height to diaphragm, hw = 18.36 ft

unit weight of wall, wp = 58.20 psf (partial grout for exterior walls [CMU + veneer])

Ψ = 1.55 (Interpolated between LS & IO)

SXS = 0.446 g

wall out-of-plane load = 369.3 lbs/ft

beam spacing = 8.33 ft

wall anchorage force, Tc = 3076.6 lbs

Masonry & Steel Strength

anchor bolt size = 0.750 in

anchor bolt embed, lb = 7.00 in

anchor bolt location from face, lbe = 3.81 in

anchor bolt yield stress, fy = 36.00 ksi

masonry compressive strength, f'm = 1500 psi

projected area of single anchor bolt in tension, Apt = 101.1 in
2

projected area of single anchor bolt in shear, Apvbolt = 22.80 in
2

cross section area of single anchor bolt, Ab = 0.44 in
2

estimated overlap of projected area, Aptoverlap = 43.20 in
2

net projected area of anchor bolt in tension, Aptnet = 180.70 in
2

estimated overlap of projected area, Apvoverlap = 1.25 in
2

net projected area of anchor bolt in shear, Apvnet = 44.98 in
2

φBvnb = 4*Apvnet*(f'm)
0.5

 = 6968.1 lbs group masonry breakout shear strength

φBvnc = 1050*(f'm*Ab)
0.25

 = 10654.8 lbs group masonry crushing shear strength

φBvnpry = 8*Aptnet*(f'm)
0.5

 = 55987.6 lbs group anchor pryout shear strength

φBvns = 0.60*Ab*fy = 19085.2 lbs group steel yielding strength

Masonry breakout strength DCR = 0.44 OK

Masonry crushing strength DCR = 0.29 OK

Anchor pryout DCR = 0.05 OK

Steel yielding DCR = 0.16 OK

City of Wilsonville

Operations Building 11962A.00

ASCE 41-17  - Tier 1 Screening (CSZ Seismic Level)
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SLOPED BEAM BEARING CONNECTION TO CMU WALLS



BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

WALL ANCHORAGE FORCE

Operations Building: Beam Anchorage into 8" CMU Wall along North and South Wall Elevations

wall height to diaphragm, hw = 10.17 ft

unit weight of wall, wp = 58.20 psf (partial grout for exterior walls [CMU + veneer])

Ψ = 1.55 (Interpolated between LS & IO)

SXS = 0.446 g

wall out-of-plane load = 204.6 lbs/ft

beam spacing = 6.67 ft

wall anchorage force, Tc = 1364.6 lbs

Masonry & Steel Strength

anchor bolt size = 0.750 in

anchor bolt embed, lb = 7.00 in

anchor bolt location from face, lbe = 3.81 in

anchor bolt yield stress, fy = 36.00 ksi

masonry compressive strength, f'm = 1500 psi

projected area of single anchor bolt in tension, Apt = 101.1 in
2

projected area of single anchor bolt in shear, Apvbolt = 22.80 in
2

cross section area of single anchor bolt, Ab = 0.44 in
2

estimated overlap of projected area, Aptoverlap = 63.60 in
2

net projected area of anchor bolt in tension, Aptnet = 170.50 in
2

estimated overlap of projected area, Apvoverlap = 2.20 in
2

net projected area of anchor bolt in shear, Apvnet = 44.50 in
2

φBvnb = 4*Apvnet*(f'm)
0.5

 = 6894.5 lbs group masonry breakout shear strength

φBvnc = 1050*(f'm*Ab)
0.25

 = 10654.8 lbs group masonry crushing shear strength

φBvnpry = 8*Aptnet*(f'm)
0.5

 = 52827.2 lbs group anchor pryout shear strength

φBvns = 0.60*Ab*fy = 19085.2 lbs group steel yielding strength

Masonry breakout strength DCR = 0.20 OK

Masonry crushing strength DCR = 0.13 OK

Anchor pryout DCR = 0.03 OK

Steel yielding DCR = 0.07 OK

City of Wilsonville

Operations Building 11962A.00

ASCE 41-17  - Tier 1 Screening (CSZ Seismic Level)
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ASCE 41-17 Tier 1 Checklists
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Table 17-2. Collapse Prevention Basic Configuration Checklist

90

BSE-2E Seismic Level at Limited Safety
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ASCE 41-17 Tier 1 Checklists
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Table 17-33. Collapse Prevention Structural Checklist for Building Types RM1
and RM2

0.12
0.13
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City of Wilsonville 

Process Gallery Building Tier 1 Structural Calculations 

 

ASCE 41-17 Seismic Parameters       pg. 1 

Building Weight         pg. 3 

Seismic Base Shear         pg. 6 

Wall Shear Stress Check        pg. 7 

Wall Anchorage Check        pg. 8 
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BY: BS DATE Jul-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

Roof EL 125.63

Description                          Load

1-1/2"x20ga metal deck 2.3 psf

Rigid insulation w/ sheet roofing 4.5

Steel beam 3.5

Miscellaneous 5.0

Dead Load for Gravity Design 15.3 psf

Roof Live Load 20.0 psf (Assumed)

Snow Load 25.0 psf

Notes

1.

Floor EL 111.00

Description                          Load

8" concrete slab 100.0 psf

Concrete beam 73.0

Miscellaneous 10.0

Dead Load for Gravity Design 183.0 psf

Floor Live Load 200.0 psf

Notes

1.

Wall Loads

Roof Loads

Roof beam self weight assumed total beam weight, 9831.0 lb, divided by total roof area, 3093.1 ft
2
 which is 

9831.0lb/3093.1ft
2
 = 3.18 lb/ft

2
. Assume 3.5 psf.

Wall Loads

Floor Loads

Floor beam self weight assumed total beam weight, 226925.0 lb, divided by total floor area, 3093.1 ft
2
 which is 

226925.0lb/3093.1ft
2
 = 73.4 lb/ft

2
. Assume 73.5 psf.

City of Wilsonville

Process Gallery Building 11962A.00

Process Gallery Building Seismic Weight
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Description                          Load

8" CMU wall (partial grouted @ 24") 51.0 psf

8" CMU wall (partial grouted @ 32") 47.0

8" Concrete wall 100.0

14" Concrete wall 175.0

Exterior Plastic Veneer Finish 7.5

8" Exterior CMU Wall Load for Seismic 58.5 psf

8" Interior CMU Wall Load for Seismic 47.0 psf

8" Concrete Wall Load for Seismic 100.0 psf

14" Concrete Wall Load for Seismic 175.0 psf

Roof Weight

Roof Area  3093.1 ft
2

Roof Seismic Weight 47.3 kip

Seismic Weight
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Floor Weight

Dry Chemical Storage Area  3093.1 ft
2

Floor Seismic Weight 566.0 kip

Wall Weight

Wall Height to Roof 14.63 ft

Wall Height to 2nd Level 18.00 ft

Parapet Height 0.87 ft

8" Exterior CMU Wall Length (1st floor) 220.00 ft

8" Interior CMU Wall Length (1st floor) 108.00 ft

8" Concrete Wall Length (basement) 37.42 ft

14" Concrete Wall Length (basement) 220.00 ft

Roof Wall Seismic Weight 142.5 kip

Basement Wall Seismic Weight 511.5 kip

Combined Roof Seismic Weight 189.8 kip

Combined Base Level Seismic Weight 1077.5 kip

Total Seismic Weight 1267.3 kip

Notes

1.

2.

Wall seismic weight assumes half of the wall height associated with each level.

Per Section 4.5.2.1, the effective seismic weight includes the total dead load, 25% of the live load when area is used 

as storage, and 20% of the roof snow live load if greater than 30 psf (otherwise assume zero).
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

SEISMIC BASE SHEAR

Process Gallery

Modification Factor, C = 1.2

SX1 = 0.405 (BSE-2E seismic hazard)

T = 0.149 s

SXS = 0.744 (BSE-2E seismic hazard)

Spectral Acceleration, Sa = 0.744

Seismic Weight, W = 1267.3 kip

Seismic Force, V = 1131.4 kip

Story
Weight, 

wx (kip)

Floor Height, 

hx (ft)
k factor

wxhx
k 

(kip*ft
2
)

Cvx

Force on 

Level, Fx (kip)

Story Force, 

Vj (kip)

Roof 189.8 32.63 1.0 6193.2 0.242 273.8 273.8

1st 1077.5 18.00 1.0 19395.0 0.758 857.6 1131.4

Σwxhx
k
 = 25588.2

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 1 Screening (BSE-2E Seismic Level)
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

WALL SHEAR STRESS CHECK

CMU wall thickness, t = 7.625 in

Concrete wall thickness, t = 14 in

Concrete strength, f'c = 4000 psi

Roof Story Base Shear, Vroof = 273.8 kips

1st Floor Story Base Shear, V1st = 1131.4 kips

System Modification Factor, Ms = 3.75 (Interpolated between LS & CP)

Roof Level

Shear Wall in N-S Direction

Total length of exterior 8" CMU walls = 74.00 ft

Grout spacing = 24 in

Total length of interior 8" CMU walls = 49.42 ft

Grout spacing = 32 in

total net area of shear walls = 6997.1 in
2

average shear stress, v avg,NS  = 10.4 psi < 70.0 Shear Stress OK

DCR = 0.15

Shear Wall in E-W Direction

Total length of exterior 8" CMU walls = 88.00 ft

Grout spacing = 24 in

Total length of interior 8" CMU walls = 50.00 ft

Grout spacing = 32 in

total net area of shear walls = 8280.8 in
2

average shear stress, v avg,NS  = 8.8 psi < 70.0 Shear Stress OK

DCR = 0.13

1st Level

Shear Wall in N-S Direction

Total length of 14" concrete walls = 118.00 ft

total net area of shear walls = 19824.0 in
2

average shear stress, v avg,NS  = 15.2 psi < 126.5 Shear Stress OK

DCR = 0.12

Shear Wall in E-W Direction

Total length of 14" concrete walls = 109.50 ft

total net area of shear walls = 18396.0 in
2

average shear stress, v avg,NS  = 16.4 psi < 126.5 Shear Stress OK

DCR = 0.13

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 1 Screening (BSE-2E Seismic Level)

File: Tier 1 Calculations - Process Gallery Page 1 of 1
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WALL ANCHORAGE CONNECTION DETAIL ALONG NORTH AND SOUTH WALL
ELEVATIONS



BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

WALL ANCHORAGE FORCE

Process Gallery: Ledger Angle Anchorage into 8" CMU Wall along North and South Wall Elevations

wall height to diaphragm, hw = 14.63 ft

parapet height, hp = 0.87 ft

unit weight of wall, wp = 58.50 psf (partial grout for exterior walls [CMU + veneer])

Ψ = 1.15 (Interpolated between LS & CP)

SXS = 0.744 g

wall out-of-plane load = 409.7 lbs/ft

anchor bolt spacing = 24.00 in

wall anchorage force, Tc = 819.4 lbs

Masonry & Steel Strength

anchor bolt size = 0.750 in

anchor bolt embed, lb = 6.00 in

anchor bolt yield stress, fy = 36.00 ksi

masonry compressive strength, f'm = 1500 psi

projected area of anchor bolt in tension, Apt = 113.10 in
2

cross section area of anchor bolt, Ab = 0.44 in
2

φBanb = 4*Apt*(f'm)
0.5

 = 17521.0 lbs masonry breakout tensile strength

φBans = Ab*fy = 15904.3 lbs steel yielding strength

Masonry breakout strength DCR = 0.05 OK

Steel yielding DCR = 0.05 OK

Puddle Weld Shear Strength

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 1 Screening (BSE-2E Seismic Level)

File: Tier 1 Calculations - Process Gallery Page 1 of 2
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 1 Screening (BSE-2E Seismic Level)

deck thickness = 0.0359 in

weld spacing = 6.00 in

load at weld = 204.8 lbs / weld

allowable strength of screw from chart= 1091.0 lbs / weld

strength level of screw in shear = 2182.0 lbs / weld

Puddle weld strength DCR = 0.09 OK

ASCE 41-17 Section 9.10.1.3 allows for 2 

times allowable strength for strength level.

File: Tier 1 Calculations - Process Gallery Page 2 of 2
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WALL ANCHORAGE CONNECTION DETAIL ALONG INTERIOR WALL ELEVATIONS



BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

WALL ANCHORAGE FORCE

Process Gallery: Bearing Anchorage into 8" Interior CMU Wall

wall height to diaphragm, hw = 14.63 ft

unit weight of wall, wp = 47.00 psf (partial grout for interior walls)

Ψ = 1.15 (Interpolated between LS & CP)

SXS = 0.744 g

wall out-of-plane load = 294.2 lbs/ft

anchor bolt spacing = 16.00 in

wall anchorage force, Tc = 392.2 lbs

Masonry & Steel Strength

anchor bolt size = 0.750 in

anchor bolt embed, lb = 6.00 in

anchor bolt location from face, lbe = 3.81 in

anchor bolt yield stress, fy = 36.00 ksi

masonry compressive strength, f'm = 1500 psi

projected area of anchor bolt in tension, Apt = 113.10 in
2

projected area of each anchor bolt in shear, Apvbolt = 22.80 in
2

cross section area of anchor bolt, Ab = 0.44 in
2

φBvnb = 4*Apv*(f'm)
0.5

 = 3532.4 lbs masonry breakout shear strength

φBvnc = 1050*(f'm*Ab)
0.25

 = 5327.4 lbs masonry crushing shear strength

φBvnpry = 8*Apt*(f'm)
0.5

 = 35041.9 lbs anchor pryout shear strength

φBvns = 0.60*Ab*fy = 9542.6 lbs steel yielding strength

Masonry breakout strength DCR = 0.11 OK

Masonry crushing strength DCR = 0.07 OK

Anchor pryout DCR = 0.01 OK

Steel yielding DCR = 0.04 OK

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 1 Screening (BSE-2E Seismic Level)
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Puddle Weld Shear Strength

deck thickness = 0.0359 in

weld spacing = 6.00 in

load at weld = 147.1 lbs / weld

allowable strength of screw from chart= 1091.0 lbs / weld

strength level of screw in shear = 2182.0 lbs / weld

Puddle weld strength DCR = 0.07 OK

ASCE 41-17 Section 9.10.1.3 allows for 2 

times allowable strength for strength level.
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BEAM ANCHORAGE CONNECTION DETAIL ALONG EAST AND WEST WALL
ELEVATIONS



BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

WALL ANCHORAGE FORCE

Process Gallery: Beam Anchorage into 8" CMU Wall along East and West Wall Elevations

wall height to diaphragm, hw = 14.63 ft

parapet height, hp = 0.87 ft

unit weight of wall, wp = 58.50 psf (partial grout for exterior walls [CMU + veneer])

Ψ = 1.15 (Interpolated between LS & CP)

SXS = 0.744 g

wall out-of-plane load = 409.7 lbs/ft

beam spacing = 6.67 ft

wall anchorage force, Tc = 2732.6 lbs

Masonry & Steel Strength

anchor bolt size = 0.750 in

anchor bolt embed, lb = 8.00 in

anchor bolt location from face, lbe = 3.81 in

anchor bolt yield stress, fy = 36.00 ksi

masonry compressive strength, f 'm = 1500 psi

projected area of single anchor bolt in tension, Apt = 201.06 in
2

projected area of single anchor bolt in shear, Apvbolt = 22.80 in
2

cross section area of single anchor bolt, Ab = 0.44 in
2

estimated overlap of projected area, Aptoverlap = 2.50 in
2

net projected area of anchor bolt in tension, Aptnet = 400.87 in
2

estimated overlap of projected area, Apvoverlap = 1.25 in
2

net projected area of anchor bolt in shear, Apvnet = 44.98 in
2

φBvnb = 4*Apvnet*(f'm)
0.5

 = 6968.1 lbs group masonry breakout shear strength

φBvnc = 1050*(f'm*Ab)
0.25

 = 10654.8 lbs group masonry crushing shear strength

φBvnpry = 8*Aptnet*(f'm)
0.5

 = 124206.2 lbs group anchor pryout shear strength

φBvns = 0.60*Ab*fy = 19085.2 lbs group steel yielding strength

Masonry breakout strength DCR = 0.39 OK

Masonry crushing strength DCR = 0.26 OK

Anchor pryout DCR = 0.02 OK

Steel yielding DCR = 0.14 OK

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 1 Screening (BSE-2E Seismic Level)
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ASCE 41-17 Tier 1 Checklists
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Table 17-3. Immediate Occupancy Basic Configuration Checklistst

that
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CSZ Seismic Level at Damage Control
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ASCE 41-17 Tier 1 Checklists
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Table 17-35. Immediate Occupancy Structural Checklist for Building Types RM1
and RM2

1

0.12
0.13

0.15
0.13
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Ledger Connection:
Anchorage connection DCR = 0.48 (OK)
Deck weld connection DCR = 0.61 (OK)

Collector Beam:
Anchorage connection DCR = 5.51 (NG)
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City of Wilsonville 

Process Gallery Building Tier 1 Structural Calculations 

 

CSZ Seismic Parameters        pg. 1 

Building Weight         pg. 3 

Seismic Base Shear         pg. 6 

Wall Shear Stress Check        pg. 7 

Transfer to Shear Wall Check        pg. 8 

Foundation Dowels Check        pg. 11 

Wall Anchorage Check        pg. 12 
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0.125
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0.2
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0.25

0.275
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0.35

0.375

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

CS
Z 

SA
(G

)

PERIOD T (SEC)

GENERALIZED SITE SPECIFIC SPECTRA
CASCADIA SUBDUCTION ZONE FULL RUPTURE

400 m/s Spectra 500 m/s Spectra 600 m/s Spectra

Figure No. 3
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Period T(sec) CSZ Sa(g) Period T  (sec) CSZ Sa (g) Period T (sec) CSZ Sa  (g)

0 0.168 0 0.163 0 0.158

0.05 0.175 0.05 0.172 0.05 0.170

0.1 0.256 0.1 0.253 0.1 0.250

0.15 0.315 0.15 0.310 0.15 0.305

0.2 0.343 0.2 0.334 0.2 0.326

0.25 0.352 0.25 0.340 0.25 0.330

0.3 0.356 0.3 0.342 0.3 0.330

0.4 0.340 0.4 0.322 0.4 0.305

0.5 0.314 0.5 0.292 0.5 0.274

0.6 0.284 0.6 0.260 0.6 0.243

0.7 0.269 0.7 0.244 0.7 0.227

0.8 0.255 0.8 0.231 0.8 0.214

1 0.221 1 0.200 1 0.185

1.5 0.165 1.5 0.149 1.5 0.138

2 0.128 2 0.116 2 0.108

2.5 0.104 2.5 0.094 2.5 0.087

3 0.085 3 0.077 3 0.071

Vs30 = 500 m/s Vs30 = 600 m/sVs30 = 400 m/s

Table 2: CSZ Generalized Response Spectra Ordinates 

Latitude  45.295155 degrees       Longitude -122.771810 degrees

161
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BY: BS DATE Jul-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

Roof EL 125.63

Description                          Load

1-1/2"x20ga metal deck 2.3 psf

Rigid insulation w/ sheet roofing 4.5

Steel beam 3.5

Miscellaneous 5.0

Dead Load for Gravity Design 15.3 psf

Roof Live Load 20.0 psf (Assumed)

Snow Load 25.0 psf

Notes

1.

Floor EL 111.00

Description                          Load

8" concrete slab 100.0 psf

Concrete beam 73.0

Miscellaneous 10.0

Dead Load for Gravity Design 183.0 psf

Floor Live Load 200.0 psf

Notes

1.

Wall Loads

Roof Loads

Roof beam self weight assumed total beam weight, 9831.0 lb, divided by total roof area, 3093.1 ft
2
 which is 

9831.0lb/3093.1ft
2
 = 3.18 lb/ft

2
. Assume 3.5 psf.

Wall Loads

Floor Loads

Floor beam self weight assumed total beam weight, 226925.0 lb, divided by total floor area, 3093.1 ft
2
 which is 

226925.0lb/3093.1ft
2
 = 73.4 lb/ft

2
. Assume 73.5 psf.

City of Wilsonville

Process Gallery Building 11962A.00

Process Gallery Building Seismic Weight
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Description                          Load

8" CMU wall (partial grouted @ 24") 51.0 psf

8" CMU wall (partial grouted @ 32") 47.0

8" Concrete wall 100.0

14" Concrete wall 175.0

Exterior Plastic Veneer Finish 7.5

8" Exterior CMU Wall Load for Seismic 58.5 psf

8" Interior CMU Wall Load for Seismic 47.0 psf

8" Concrete Wall Load for Seismic 100.0 psf

14" Concrete Wall Load for Seismic 175.0 psf

Roof Weight

Roof Area  3093.1 ft
2

Roof Seismic Weight 47.3 kip

Seismic Weight
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Floor Weight

Dry Chemical Storage Area  3093.1 ft
2

Floor Seismic Weight 566.0 kip

Wall Weight

Wall Height to Roof 14.63 ft

Wall Height to 2nd Level 18.00 ft

Parapet Height 0.87 ft

8" Exterior CMU Wall Length (1st floor) 220.00 ft

8" Interior CMU Wall Length (1st floor) 108.00 ft

8" Concrete Wall Length (basement) 37.42 ft

14" Concrete Wall Length (basement) 220.00 ft

Roof Wall Seismic Weight 142.5 kip

Basement Wall Seismic Weight 511.5 kip

Combined Roof Seismic Weight 189.8 kip

Combined Base Level Seismic Weight 1077.5 kip

Total Seismic Weight 1267.3 kip

Notes

1.

2.

Wall seismic weight assumes half of the wall height associated with each level.

Per Section 4.5.2.1, the effective seismic weight includes the total dead load, 25% of the live load when area is used 

as storage, and 20% of the roof snow live load if greater than 30 psf (otherwise assume zero).
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

SEISMIC BASE SHEAR

Process Gallery

Modification Factor, C = 1.2

Ss = 0.343 (CSZ spectral response)

S1 = 0.221 (CSZ spectral response)

Fa = 1.3 (Site amplication factor per ASCE 7-16)

Fv = 1.5 (Site amplication factor per ASCE 7-16)

SX1 = S1*Fv = 0.332 (CSZ seismic hazard)

T = 0.149 s

SXs = Ss*Fa = 0.446 (CSZ seismic hazard)

Spectral Acceleration, Sa = 0.446

Seismic Weight, W = 1267.3 kip

Seismic Force, V = 678.1 kip

Story
Weight, 

wx (kip)

Floor Height, 

hx (ft)
k factor

wxhx
k 

(kip*ft
2
)

Cvx

Force on 

Level, Fx (kip)

Story Force, 

Vj (kip)

Roof 189.8 32.63 1.0 6193.2 0.242 164.1 164.1

1st 1077.5 18.00 1.0 19395.0 0.758 514.0 678.1

Σwxhx
k
 = 25588.2

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 1 Screening (CSZ Seismic Level)
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

WALL SHEAR STRESS CHECK

CMU wall thickness, t = 7.625 in

Concrete wall thickness, t = 14 in

Concrete strength, f'c = 4000 psi

Roof Story Base Shear, Vroof = 164.1 kips

1st Floor Story Base Shear, V1st = 678.1 kips

System Modification Factor, Ms = 2.25 (Interpolated between LS & IO)

Roof Level

Shear Wall in N-S Direction

Total length of exterior 8" CMU walls = 74.00 ft

Grout spacing = 24 in

Total length of interior 8" CMU walls = 49.42 ft

Grout spacing = 32 in

total net area of shear walls = 6997.1 in
2

average shear stress, v avg,NS  = 10.4 psi < 70.0 Shear Stress OK

DCR = 0.15

Shear Wall in E-W Direction

Total length of exterior 8" CMU walls = 88.00 ft

Grout spacing = 24 in

Total length of interior 8" CMU walls = 50.00 ft

Grout spacing = 32 in

total net area of shear walls = 8280.8 in
2

average shear stress, v avg,NS  = 8.8 psi < 70.0 Shear Stress OK

DCR = 0.13

1st Level

Shear Wall in N-S Direction

Total length of 14" concrete walls = 118.00 ft

total net area of shear walls = 19824.0 in
2

average shear stress, v avg,NS  = 15.2 psi < 126.5 Shear Stress OK

DCR = 0.12

Shear Wall in E-W Direction

Total length of 14" concrete walls = 109.50 ft

total net area of shear walls = 18396.0 in
2

average shear stress, v avg,NS  = 16.4 psi < 126.5 Shear Stress OK

DCR = 0.13

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 1 Screening (CSZ Seismic Level)

File: Tier 1 Calculations - Process Gallery Page 1 of 1

166



BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

TRANSFER TO SHEAR WALLS

Beam Connection to CMU Walls (Detail 5008)

diaphragm shear strength, qult = 1280 lbs/ft (assumed less than wall shear strength)

beam length = 30 ft

diaphragm shear strength = 38400.0 lbs

W16x26 Beam Tensile Strength (Assuming φ = 1.0 for Tier 1)

beam area, A = 7.68 in
2

steel yield stress, Fy = 50 ksi

steel tensile stress, Fu = 65 ksi

φBt = min(Fy*A, Fu*A) = 384.0 kip

Masonry breakout strength DCR = 0.10 OK

Masonry & Steel Strength (Assuming φ = 1.0 for Tier 1)

anchor bolt size = 0.750 in

anchor bolt embed, lb = 8.00 in

anchor bolt location from face, lbe = 3.81 in

anchor bolt yield stress, fy = 36.00 ksi

masonry compressive strength, f'm = 1500 psi

projected area of single anchor bolt in tension, Apt = 201.06 in
2

projected area of single anchor bolt in shear, Apvbolt = 22.80 in
2

cross section area of single anchor bolt, Ab = 0.44 in
2

estimated overlap of projected area, Aptoverlap = 2.50 in
2

net projected area of anchor bolt in tension, Aptnet = 400.87 in
2

estimated overlap of projected area, Apvoverlap = 1.25 in
2

net projected area of anchor bolt in shear, Apvnet = 44.98 in
2

φBvnb = 4*Apvnet*(f'm)
0.5

 = 6968.1 lbs group masonry breakout shear strength

φBvnc = 1050*(f'm*Ab)
0.25

 = 10654.8 lbs group masonry crushing shear strength

φBvnpry = 8*Aptnet*(f'm)
0.5

 = 124206.2 lbs group anchor pryout shear strength

φBvns = 0.60*Ab*fy = 19085.2 lbs group steel yielding strength

Masonry breakout strength DCR = 5.51 NG

Masonry crushing strength DCR = 3.60 NG

Anchor pryout DCR = 0.31 OK

Steel yielding DCR = 2.01 NG

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 1 Screening (CSZ Seismic Level)
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Deck span = 6'-8"
q = 1280 lb/ft (interpolated)



BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

TRANSFER TO SHEAR WALLS

Ledger Angle Connection into CMU Walls

diaphragm shear strength, qult = 1280 lbs/ft (assumed less than wall shear strength)

anchor bolt spacing = 24 in

diaphragm shear strength = 2560.0 lbs

Masonry & Steel Strength (Assuming φ = 1.0 for Tier 1)

anchor bolt size = 0.750 in

anchor bolt embed, lb = 6.00 in

anchor bolt location from face, lbe = 13.50 in

anchor bolt yield stress, fy = 36.00 ksi

masonry compressive strength, f'm = 1500 psi

projected area of anchor bolt in tension, Apt = 113.10 in
2

projected area of each anchor bolt in shear, Apv = 286.28 in
2

cross section area of anchor bolt, Ab = 0.44 in
2

φBvnb = 4*Apv*(f'm)
0.5

 = 44349.9 lbs masonry breakout shear strength

Bvnc = 1050*(f'm*Ab)
0.25

 = 5327.4 lbs masonry crushing shear strength

Bvnpry = 8*Apt*(f'm)
0.5

 = 35041.9 lbs anchor pryout shear strength

Bvns = 0.60*Ab*fy = 9542.6 lbs steel yielding strength

Masonry breakout strength DCR = 0.06 OK

Masonry crushing strength DCR = 0.48 OK

Anchor pryout DCR = 0.07 OK

Steel yielding DCR = 0.27 OK

Puddle Weld Strength

deck thickness = 0.0359 in

N-S Wall Elevations - Deck welded to support with puddle weld at 6"

effective puddle weld diameter = 0.625 in

puddle weld spacing = 6.00 in

load at puddle weld = 640.0 lbs /weld

strength of puddle weld = 2093.7 lbs /weld

Puddle weld strength DCR = 0.31 OK

E-W Wall Elevations - Deck welded to support with puddle weld at 12"

effective puddle weld diameter = 0.625 in

puddle weld spacing = 12.00 in

load at puddle weld = 1280.0 lbs /weld

strength of puddle weld = 2093.7 lbs /weld

Puddle weld strength DCR = 0.61 OK

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 1 Screening (CSZ Seismic Level)
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

FOUNDATION DOWELS

CMU Wall Shear Strength

steel yield strength, fy = 60000 psi

Seismic unit shear, Vu = 1.54 kip/ft

Seismic unit moment, Mu = 22.5 ft*kip/ft

unit depth, dv = 12.00 in

Mu/(Vu*dv) = 14.62

Wall area, Anv = 91.5 in
2

masonry strength, f'm = 1500 psi

Reinforcement area, Av = 0.44 in
2

reinforcement spacing, s = 32.0 in

Nominal reinforcement shear strength, Vns = 4.95 kip

ϒg = 0.75

Nominal Unit Wall Shear, Vn = 10.63 kip/ft ACI 530-13 Eq. 9-23

Shear Friction between wall and slab

Dowels into concrete walls below are #6@32"

Reinforcement area, Avf = 0.44 in
2

μ = 1.0

Unit Shear Friction, Vn = 26.40 kip/ft

Dowel DCR = 0.40 Dowels can develop wall strength

Concrete Wall Shear Strength

Concrete wall thickness, t = 14 in

Concrete strength, f'c = 4000 psi

Seismic unit shear, Vu = 6.4 kips/ft

Axial unit load on wall, Nu = 10.1 kips/ft

Shear strength, Vc1 = 2*λ*(f'c)
0.5

*h*dv = 17.0 kips/ft (ACI 318-14 Table 11.5.4.6)

Shear strength, Vc2 = 3.3*(f'c)
0.5

*h*dv+[(Nu*dv)/(4*L)] = 28.1 kips/ft (ACI 318-14 Table 11.5.4.6)

Shear strength, Vcmax = 10*(f'c)
0.5

*h*dv = 85.0 kips/ft (ACI 318-14 Section 11.5.4.3)

Conc shear capacity, Vc = min[max(Vc1,Vc2),Vcmax] = 28.1 kips/ft

Shear Friction between wall and slab

Dowels into foundation are #7@12" & #8@12" alternating (effective 6" spacing)

Reinforcement area, Avf = 1.39 in
2

steel yield strength, fy = 60000 psi

μ = 1.0

Unit Shear Friction, Vn = 83.40 kip/ft

Dowel DCR = 0.34 Dowels can develop wall strength

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 1 Screening (CSZ Seismic Level)
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WALL ANCHORAGE CONNECTION DETAIL ALONG NORTH AND SOUTH WALL
ELEVATIONS



BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

WALL ANCHORAGE FORCE

Process Gallery: Ledger Angle Anchorage into 8" CMU Wall along North and South Wall Elevations

wall height to diaphragm, hw = 14.63 ft

parapet height, hp = 0.87 ft

unit weight of wall, wp = 58.50 psf (partial grout for exterior walls [CMU + veneer])

Ψ = 1.55 (Interpolated between LS & IO)

SXS = 0.446 g

wall out-of-plane load = 331.0 lbs/ft

anchor bolt spacing = 24.00 in

wall anchorage force, Tc = 662.0 lbs

Masonry & Steel Strength

anchor bolt size = 0.750 in

anchor bolt embed, lb = 6.00 in

anchor bolt yield stress, fy = 36.00 ksi

masonry compressive strength, f'm = 1500 psi

projected area of anchor bolt in tension, Apt = 113.10 in
2

cross section area of anchor bolt, Ab = 0.44 in
2

φBanb = 4*Apt*(f'm)
0.5

 = 17521.0 lbs masonry breakout tensile strength

φBans = Ab*fy = 15904.3 lbs steel yielding strength

Masonry breakout strength DCR = 0.04 OK

Steel yielding DCR = 0.04 OK

Puddle Weld Shear Strength

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 1 Screening (CSZ Seismic Level)

File: Tier 1 Calculations - Process Gallery Page 1 of 2
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 1 Screening (CSZ Seismic Level)

deck thickness = 0.0359 in

weld spacing = 6.00 in

load at weld = 165.5 lbs / weld

allowable strength of screw from chart= 1091.0 lbs / weld

strength level of screw in shear = 2182.0 lbs / weld

Puddle weld strength DCR = 0.08 OK

ASCE 41-17 Section 9.10.1.3 allows for 2 

times allowable strength for strength level.

File: Tier 1 Calculations - Process Gallery Page 2 of 2
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WALL ANCHORAGE CONNECTION DETAIL ALONG INTERIOR WALL ELEVATIONS



BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

WALL ANCHORAGE FORCE

Process Gallery: Bearing Anchorage into 8" Interior CMU Wall

wall height to diaphragm, hw = 14.63 ft

unit weight of wall, wp = 47.00 psf (partial grout for interior walls)

Ψ = 1.55 (Interpolated between LS & IO)

SXS = 0.446 g

wall out-of-plane load = 237.7 lbs/ft

anchor bolt spacing = 16.00 in

wall anchorage force, Tc = 316.9 lbs

Masonry & Steel Strength

anchor bolt size = 0.750 in

anchor bolt embed, lb = 6.00 in

anchor bolt location from face, lbe = 3.81 in

anchor bolt yield stress, fy = 36.00 ksi

masonry compressive strength, f'm = 1500 psi

projected area of anchor bolt in tension, Apt = 113.10 in
2

projected area of each anchor bolt in shear, Apvbolt = 22.80 in
2

cross section area of anchor bolt, Ab = 0.44 in
2

φBvnb = 4*Apv*(f'm)
0.5

 = 3532.4 lbs masonry breakout shear strength

φBvnc = 1050*(f'm*Ab)
0.25

 = 5327.4 lbs masonry crushing shear strength

φBvnpry = 8*Apt*(f'm)
0.5

 = 35041.9 lbs anchor pryout shear strength

φBvns = 0.60*Ab*fy = 9542.6 lbs steel yielding strength

Masonry breakout strength DCR = 0.09 OK

Masonry crushing strength DCR = 0.06 OK

Anchor pryout DCR = 0.01 OK

Steel yielding DCR = 0.03 OK

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 1 Screening (CSZ Seismic Level)
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Puddle Weld Shear Strength

deck thickness = 0.0359 in

weld spacing = 6.00 in

load at weld = 118.8 lbs / weld

allowable strength of screw from chart= 1091.0 lbs / weld

strength level of screw in shear = 2182.0 lbs / weld

Puddle weld strength DCR = 0.05 OK

ASCE 41-17 Section 9.10.1.3 allows for 2 

times allowable strength for strength level.
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BEAM ANCHORAGE CONNECTION DETAIL ALONG EAST AND WEST WALL
ELEVATIONS



BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

WALL ANCHORAGE FORCE

Process Gallery: Beam Anchorage into 8" CMU Wall along East and West Wall Elevations

wall height to diaphragm, hw = 14.63 ft

parapet height, hp = 0.87 ft

unit weight of wall, wp = 58.50 psf (partial grout for exterior walls [CMU + veneer])

Ψ = 1.55 (Interpolated between LS & IO)

SXS = 0.446 g

wall out-of-plane load = 331.0 lbs/ft

beam spacing = 6.67 ft

wall anchorage force, Tc = 2207.8 lbs

Masonry & Steel Strength

anchor bolt size = 0.750 in

anchor bolt embed, lb = 8.00 in

anchor bolt location from face, lbe = 3.81 in

anchor bolt yield stress, fy = 36.00 ksi

masonry compressive strength, f 'm = 1500 psi

projected area of single anchor bolt in tension, Apt = 201.06 in
2

projected area of single anchor bolt in shear, Apvbolt = 22.80 in
2

cross section area of single anchor bolt, Ab = 0.44 in
2

estimated overlap of projected area, Aptoverlap = 2.50 in
2

net projected area of anchor bolt in tension, Aptnet = 400.87 in
2

estimated overlap of projected area, Apvoverlap = 1.25 in
2

net projected area of anchor bolt in shear, Apvnet = 44.98 in
2

φBvnb = 4*Apvnet*(f'm)
0.5

 = 6968.1 lbs group masonry breakout shear strength

φBvnc = 1050*(f'm*Ab)
0.25

 = 10654.8 lbs group masonry crushing shear strength

φBvnpry = 8*Aptnet*(f'm)
0.5

 = 124206.2 lbs group anchor pryout shear strength

φBvns = 0.60*Ab*fy = 19085.2 lbs group steel yielding strength

Masonry breakout strength DCR = 0.32 OK

Masonry crushing strength DCR = 0.21 OK

Anchor pryout DCR = 0.02 OK

Steel yielding DCR = 0.12 OK

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 1 Screening (CSZ Seismic Level)
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

PLAN IRREGULARITIES

Beam Connection to CMU Walls (Detail 5008)

diaphragm shear strength, qult = 1466 lbs/ft (assumed less than wall shear strength)

beam length = 30 ft

diaphragm shear strength = 43980.0 lbs

W16x26 Beam Tensile Strength (Assuming φ = 1.0 for Tier 1)

beam area, A = 7.68 in
2

steel yield stress, Fy = 50 ksi

steel tensile stress, Fu = 65 ksi

φBt = min(Fy*A, Fu*A) = 384.0 kip

Masonry breakout strength DCR = 0.11 OK

Masonry & Steel Strength (Assuming φ = 1.0 for Tier 1)

anchor bolt size = 0.750 in

anchor bolt embed, lb = 8.00 in

anchor bolt location from face, lbe = 3.81 in

anchor bolt yield stress, fy = 36.00 ksi

masonry compressive strength, f'm = 1500 psi

projected area of single anchor bolt in tension, Apt = 201.06 in
2

projected area of single anchor bolt in shear, Apvbolt = 22.80 in
2

cross section area of single anchor bolt, Ab = 0.44 in
2

estimated overlap of projected area, Aptoverlap = 2.50 in
2

net projected area of anchor bolt in tension, Aptnet = 400.87 in
2

estimated overlap of projected area, Apvoverlap = 1.25 in
2

net projected area of anchor bolt in shear, Apvnet = 44.98 in
2

φBvnb = 4*Apvnet*(f'm)
0.5

 = 6968.1 lbs group masonry breakout shear strength

φBvnc = 1050*(f'm*Ab)
0.25

 = 10654.8 lbs group masonry crushing shear strength

φBvnpry = 8*Aptnet*(f'm)
0.5

 = 124206.2 lbs group anchor pryout shear strength

φBvns = 0.60*Ab*fy = 19085.2 lbs group steel yielding strength

Masonry breakout strength DCR = 6.31 NG

Masonry crushing strength DCR = 4.13 NG

Anchor pryout DCR = 0.35 OK

Steel yielding DCR = 2.30 NG

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 1 Screening (CSZ Seismic Level)
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ASCE 41-17 Tier 1 Checklists
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Table 17-2. Collapse Prevention Basic Configuration Checklist

181

BSE-2E Seismic Level at Limited Safety
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ASCE 41-17 Tier 1 Checklists
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Table 17-6. Collapse Prevention Structural Checklist for Building Type W2

West Wall Line DCR = 0.34 (OK)
East Wall Line DCR = 1.02 (Slightly overstressed
but considered OK)
North Wall Line DCR = 0.52 (OK)
South Wall Line DCR = 0.47 (OK)
Interior Wall Line DCR = 0.42 (OK)
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The roof uses bridging but it is unclear if
blocking between framing members. The spans
are less than 40ft between shear walls and
aspect ratio is less than 4-to-1.
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City of Wilsonville 

Workshop Tier 1 Structural Calculations 

 

ASCE 41-17 Seismic Parameters       pg. 1 

Building Weight         pg. 3 

Seismic Base Shear         pg. 5 

Wall Shear Stress Check        pg. 6 
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BY: BS DATE Jul-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

Roof EL 125.63

Description                          Load

1/2" plywood 1.5 psf

Rigid insulation w/ built-up roofing 6.0 (See note 2)

2x12 wood joists @ 24" 2.0

3 1/8"x15" glulam beam 1.0 (See note 1)

5/8" gypsum wall board interior finish 3.2

Miscellaneous 3.0

Dead Load for Gravity Design 16.7 psf

Roof Live Load 20.0 psf (Assumed)

Notes

1.

2.

Wall Loads

Description                          Load

11.5 psf

1/2" plywood siding 1.5

2x6 Stud Wall Load for Seismic 13.0 psf

Roof Weight

Roof Area  2464.0 ft
2

City of Wilsonville

Workshop Building 11962A.00

Workshop Building Seismic Weight

Roof Loads

Roof glulam beam self weight assumed unit beam weight, 13.2 lb/ft, divided by beam tributary width, 17.0 ft which is 

13.2lb/ft/17.0ft = 0.78 lb/ft
2
. Assume 1.0 psf.

Wall Loads

Seismic Weight

Rigid insulation slopes from 1.5" to 6". The average insulation thickness is assumed to be 3".

2x6 @ 16" stud wall w/ 5/8" GWB int and 1/2" 

gypsum sheathing ext

219



Roof Seismic Weight 41.1 kip

Wall Weight

Wall Height to Roof 15.50 ft

Stud Wall Length 212.00 ft

Opening Length in Stud Wall 35.00 ft

Roof Wall Seismic Weight 17.8 kip

Total Seismic Weight 59.0 kip

Notes

1.

2.

Wall seismic weight assumes half of the wall height associated with each level.

Per Section 4.5.2.1, the effective seismic weight includes the total dead load, 25% of the live load when area is used 

as storage, and 20% of the roof snow live load if greater than 30 psf (otherwise assume zero).
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

SEISMIC BASE SHEAR

Process Gallery

Modification Factor, C = 1.3

SX1 = 0.405 (BSE-2E seismic parameter)
T = 0.149 s

SXS = 0.744 (BSE-2E seismic parameter)
Spectral Acceleration, Sa = 0.744

Seismic Weight, W = 59.0 kip

Seismic Force, V = 57.1 kip

City of Wilsonville

Workshop 11962A.00

ASCE 41-17  - Tier 1 Screening (BSE-2E Level)
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

WALL SHEAR STRESS CHECK

Roof Story Base Shear, Vroof = 57.1 kips

System Modification Factor, Ms = 3.75 (Interpolated between LS & CP)

Roof Level

Shear Wall in N-S Direction

West Elevation Wall Line

Total length of stud walls = 44.67 ft

average shear stress, v avg,NS  = 340.9 lb/ft < 1000.0 Shear Stress OK

DCR = 0.34

East Elevation Wall Line

Total length of stud walls = 15.00 ft

average shear stress, v avg,NS  = 1015.1 lb/ft > 1000.0 NG

DCR = 1.02

Shear Wall in E-W Direction

North Elevation Wall Line

Total length of stud walls = 29.33 ft

average shear stress, v avg,EW  = 519.1 lb/ft < 1000.0 Shear Stress OK

DCR = 0.52

South Elevation Wall Line

Total length of stud walls = 32.67 ft

average shear stress, v avg,EW  = 466.1 lb/ft < 1000.0 Shear Stress OK

DCR = 0.47

Interior Wall Line

Total length of stud walls = 36.00 ft

average shear stress, v avg,EW  = 423.0 lb/ft < 1000.0 Shear Stress OK

DCR = 0.42

City of Wilsonville

Workshop 11962A.00

ASCE 41-17  - Tier 1 Screening (BSE-2E Level)

File: Tier 1 Calculations - Workshop Page 1 of 1
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ASCE 41-17 Tier 1 Checklists
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Table 17-3. Immediate Occupancy Basic Configuration Checklist
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CSZ Seismic Level at Damage Control
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ASCE 41-17 Tier 1 Checklists
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Table 17-7. Immediate Occupancy Structural Checklist for Building Type W2

West Wall Line DCR = 0.34 (OK)
East Wall Line DCR = 1.01 (Slightly overstressed
but considered OK)
North Wall Line DCR = 0.52 (OK)
South Wall Line DCR = 0.47 (OK)
Interior Wall Line DCR = 0.42 (OK)
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City of Wilsonville 

Workshop Tier 1 Structural Calculations 

 

CSZ Seismic Parameters        pg. 1 

Building Weight         pg. 3 

Seismic Base Shear         pg. 5 

Wall Shear Stress Check        pg. 6 
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Figure No. 3
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Period T(sec) CSZ Sa(g) Period T  (sec) CSZ Sa (g) Period T (sec) CSZ Sa  (g)

0 0.168 0 0.163 0 0.158

0.05 0.175 0.05 0.172 0.05 0.170

0.1 0.256 0.1 0.253 0.1 0.250

0.15 0.315 0.15 0.310 0.15 0.305

0.2 0.343 0.2 0.334 0.2 0.326

0.25 0.352 0.25 0.340 0.25 0.330

0.3 0.356 0.3 0.342 0.3 0.330

0.4 0.340 0.4 0.322 0.4 0.305

0.5 0.314 0.5 0.292 0.5 0.274

0.6 0.284 0.6 0.260 0.6 0.243

0.7 0.269 0.7 0.244 0.7 0.227

0.8 0.255 0.8 0.231 0.8 0.214

1 0.221 1 0.200 1 0.185

1.5 0.165 1.5 0.149 1.5 0.138

2 0.128 2 0.116 2 0.108

2.5 0.104 2.5 0.094 2.5 0.087

3 0.085 3 0.077 3 0.071

Vs30 = 500 m/s Vs30 = 600 m/sVs30 = 400 m/s

Table 2: CSZ Generalized Response Spectra Ordinates 

Latitude  45.295155 degrees       Longitude -122.771810 degrees
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BY: BS DATE Jul-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

Roof EL 125.63

Description                          Load

1/2" plywood 1.5 psf

Rigid insulation w/ built-up roofing 6.0 (See note 2)

2x12 wood joists @ 24" 2.0

3 1/8"x15" glulam beam 1.0 (See note 1)

5/8" gypsum wall board interior finish 3.2

Miscellaneous 3.0

Dead Load for Gravity Design 16.7 psf

Roof Live Load 20.0 psf (Assumed)

Notes

1.

2.

Wall Loads

Description                          Load

11.5 psf

1/2" plywood siding 1.5

2x6 Stud Wall Load for Seismic 13.0 psf

Roof Weight

Roof Area  2464.0 ft
2

City of Wilsonville

Workshop Building 11962A.00

Workshop Building Seismic Weight

Roof Loads

Roof glulam beam self weight assumed unit beam weight, 13.2 lb/ft, divided by beam tributary width, 17.0 ft which is 

13.2lb/ft/17.0ft = 0.78 lb/ft
2
. Assume 1.0 psf.

Wall Loads

Seismic Weight

Rigid insulation slopes from 1.5" to 6". The average insulation thickness is assumed to be 3".

2x6 @ 16" stud wall w/ 5/8" GWB int and 1/2" 

gypsum sheathing ext
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Roof Seismic Weight 41.1 kip

Wall Weight

Wall Height to Roof 15.50 ft

Stud Wall Length 212.00 ft

Opening Length in Stud Wall 35.00 ft

Roof Wall Seismic Weight 17.8 kip

Total Seismic Weight 59.0 kip

Notes

1.

2.

Wall seismic weight assumes half of the wall height associated with each level.

Per Section 4.5.2.1, the effective seismic weight includes the total dead load, 25% of the live load when area is used 

as storage, and 20% of the roof snow live load if greater than 30 psf (otherwise assume zero).
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

SEISMIC BASE SHEAR

Process Gallery

Modification Factor, C = 1.3

Ss = 0.343 (CSZ spectral response)

S1 = 0.221 (CSZ spectral response)

Fa = 1.3 (Site amplication factor per ASCE 7-16)

Fv = 1.5 (Site amplication factor per ASCE 7-16)

SX1 = S1*Fv = 0.332 (CSZ seismic hazard)

T = 0.149 s

SXs = Ss*Fa = 0.446 (CSZ seismic hazard)

Spectral Acceleration, Sa = 0.446

Seismic Weight, W = 59.0 kip

Seismic Force, V = 34.2 kip

City of Wilsonville

Workshop 11962A.00

ASCE 41-17  - Tier 1 Screening (BSE-2E Level)

243



BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

WALL SHEAR STRESS CHECK

Roof Story Base Shear, Vroof = 34.2 kips

System Modification Factor, Ms = 2.25 (Interpolated between LS & IO)

Roof Level

Shear Wall in N-S Direction

West Elevation Wall Line

Total length of stud walls = 44.67 ft

average shear stress, v avg,NS  = 340.3 lb/ft < 1000.0 Shear Stress OK

DCR = 0.34

East Elevation Wall Line

Total length of stud walls = 15.00 ft

average shear stress, v avg,NS  = 1013.3 lb/ft > 1000.0 NG

DCR = 1.01

Shear Wall in E-W Direction

North Elevation Wall Line

Total length of stud walls = 29.33 ft

average shear stress, v avg,EW  = 518.2 lb/ft < 1000.0 Shear Stress OK

DCR = 0.52

South Elevation Wall Line

Total length of stud walls = 32.67 ft

average shear stress, v avg,EW  = 465.3 lb/ft < 1000.0 Shear Stress OK

DCR = 0.47

Interior Wall Line

Total length of stud walls = 36.00 ft

average shear stress, v avg,EW  = 422.2 lb/ft < 1000.0 Shear Stress OK

DCR = 0.42

City of Wilsonville

Workshop 11962A.00

ASCE 41-17  - Tier 1 Screening (BSE-2E Level)

File: Tier 1 Calculations - Workshop Page 1 of 1
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City of Wilsonville 

Aeration Basins Structural Calculations 

 

Aeration Basin Dividing Wall (BSE-2E Seismic Level)    pg. 1 

Aeration Basin Dividing Wall (CSZ Seismic Level)     pg. 24 

Stabilization Basin Perimeter Wall (BSE-2E Seismic Level)   pg. 43 

Stabilization Basin Perimeter Wall (CSZ Seismic Level)    pg. 68 
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Aeration Basin Dividing
Wall Evaluation
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Dividing Wall Section Reinforcing
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

Static, Seismic, and Hydrodynamic Seismic Wall Pressures using ACI 350.3-06 and an IBC 2012:

wall connection fixity = no roof & fixed at floor

tank unit width perpendicular to EQ., B = 1 ft

tank inside length in direction of seismic, L = 19.75 ft 1.50

tank wall thickness, tw = 18 inch

wall height,  Hw = 18.5 ft

liquid height, HL = 15.82 ft

liquid specific gravity = 1

liquid density, γL = (sp.gr.)*γw = 0.0624 k/ft
3

acceleration due to gravity, g = 32.17 ft/sec
2

liquid mass density, ρL = γL / g = 0.00194 k-sec
2
/ft

4 0 18.5

15.82

Soil  Data

The site has groundwater present.

soil height above top of foundation base = 0 ft

groundwater ht. above foundation base = 0 ft

dry soil lateral pressure = 0 k/ft
3

        WALL  SECTION         

saturated soil lateral pressure = 0 k/ft
3

dry soil unit weight = 0 k/ft
3

live load lateral surcharge = 0.000 ksf

0

concrete strength, f 'c = 4 ksi

concrete density, γc = 0.150 k/ft
3

concrete modulus of elasticity, Ec = 3605.0 ksi

concrete mass density, ρc = γc / g = 0.004663 k-sec
2
/ft

4

Seismic:
Deisgn, 5% damped, spectral response acceleration at the short period of 0.2-second, SDS = 0.744 *g

Deisgn, 5% damped, spectral response acceleration at a period of 1-second, SD1 = 0.405 *g

B = 1 ft

Structure Risk Category = 2

Importance factor, I = 1 18 in.

Response modification factor, Rwi = 3

Response modification factor, Rwc = 1

L = 19.75 ft

11962A.00

Aeration Basin Hydrodynamic Pressures (BSE-2E Seismic Level)

City of Wilsonville

Aeration Basins

WALL PLAN  

seismic direction

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic

file: wall_pressures_IBC2013 page 1 of 8
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Aeration Basin Hydrodynamic Pressures (BSE-2E Seismic Level)

City of Wilsonville

Aeration Basins

Weights:

unit 1-ft width wall mass, Ww = (18/12) * (18.5) * 0.15 = 4.16 kip

wall c.g. relative to base, hw = 18.5 / 2 = 9.250 ft

unit width liquid mass, WL = (19.75) * (1) * (15.82) * 32.17 = 19.50 kip

Seismic:   

1).   structure stiffness and dynamic property:

Note: per ASCE 7-10 and IBC 2012, the terms Sai and Sac have been appropriatetly substituted into the seismic equation of ACI 350.

Note: Wi and hi are impulsive component variables calculated on page 3.

wall mass, mw = Hw*( tw / 12 )*ρc = 0.12939 k-sec
2
/ft

2

liquid mass, mi = ( W i / WL )*( L/2 )*HL*ρL = 0.22237 k-sec
2
/ft

2

centroidal distance of masses, h = ( hw*mw + hi*mi ) / ( mw + mi ) = 7.232 ft

wall fixity condition is no roof & fixed at floor:

wall stiffness is determined using a unit mass load located at the centroidal distance h.

wall flexure stiffness, k = Ec*( tw/h)³ / 48 = 1157.99 k/ft/ft

( 1157.99 / (0.1294 + 0.2224 ) )ˆ½ = 57.3756 rad/sec

period of tank plus impulsive mass, Ti = 2π / ωi = 2 π  /  57.3756 = 0.1095 sec

(note: acceleration values to be from a maximum considered earthquake response spectra which will produce a factored load )

design factored spectral response acceleration for impulsive mass ( 5% damping ), Sai = SDS = 0.744 g

2).   Dynamic properties, Spectral amplification factors, and Effective mass coefficient:

(3.16*32.2*tanh(3.16*(0.801)) )ˆ½ = 10.0189

10.0189 / ( 19.75 )ˆ½ = 2.2544 rad/sec,

period of the convective mass, Tc = 2π / ωc = 2 π  /  2.2544 = 2.7870 sec

Long transition period (from map figure 22-15 ASCE 7), TL = 16 sec

design spectral response acceleration for convective mass ( 0.5% damping ), Sac = 1.5 * Sd1 / Tc = 0.218 g

0.8063

L
H

3.16 g tanh 3.16
L

  λ = =  
  

2

L L

L L
effective mass coeff.,  = 0.0151 0.1908 1.021  ,   but  1.0  =

H H

   
ε − + ≤   

   

c

λ

 L
ω = =

i

w i

k

m m
ω = =

+
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Aeration Basin Hydrodynamic Pressures (BSE-2E Seismic Level)

City of Wilsonville

Aeration Basins

L = 19.75 ft

B = 1 ft

HL = 15.82 ft

WL = 19.5 kip

L / HL = 1.24842

HL / L = 0.80101

3).   lateral fluid impulsive force:

Wi = equivalent mass of the impulsive component of liquid.

19.5*(tanh(0.866*(1.2484)) / 0.866*(1.2484)) = 14.31 kip

hi (EBP) = HL * (0.5-0.09375*(L/HL)) = 15.82*(0.5-0.09375*(1.2484)) = 6.058 ft

hi (IBP) = HL * {{(0.866*L/HL)/(2*tanh(0.866*L/HL))} -1/8 } = 8.798 ft

( 0.744 * 1 / 3 )*14.31 = 3.5 kip

4).   lateral fluid convective force: Wc = equivalent mass of the convective component of liquid.

19.5*( 0.264*(1.2484)*tanh(3.16*(0.801)) ) = 6.35 kip

10.491 ft

11.502 ft

( 0.218 * 1 / 1 )*6.35 = 1.4 kip

hi

hc

Dynamic Model   

(convective)

Pi

L

(impulsive)

Pc

    −   
   = − =

     
           

L

c  (IBP) L

L L

H
cosh 3.16 2.01

L
h H 1

H H
3.16 sinh 3.16

L L

     = =          

L
c L

L

HL
W W 0.264 tanh 3.16

H L

I
ai

i i

wi

  S     
impulsive force, P  W

R

 
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 

L

i L

L

L
tanh 0.866

H
W W

L
0.866

H

  
  

  = =
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L

c  (EBP) L

L L

H
cosh 3.16 1

L
h H 1

H H
3.16 sinh 3.16

L L
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Aeration Basin Hydrodynamic Pressures (BSE-2E Seismic Level)

City of Wilsonville

Aeration Basins

5).   lateral inertia force of the accelerating wall:

unit width wall mass, Ww = 4.16 kip

wall c.g. relative to base, hw = 9.250 ft

( 0.744*1*0.8063/3 )*4.16 = 0.83 kip

6).   maximum wave slosh height displacement:

( 19.75 / 2) * ( 0.218 / 1.0 * 1 ) = 2.15     ft

7).   vertical acceleration:

design horizontal accereration, SDS = 0.744 *g

 vertical spectral response acceleration (per ACI 350 para 9.4.3), Sav = Ct = 0.4*SDS = 0.2976 g

per ASCE 7-10 para. 15.7.7.2(b),   use I = Ri = b = 1.0

0.2976*1*1/1 = 0.2976 g

8).  vertical force distribution on a unit width using the linear distribution of ACI 350 sec 5.3:

0.033 ksf 0.088 ksf

0.188 ksf 0.001 ksf 0.294 ksf 0.045 ksf 0.987 ksf

Hw = 18.5

HL = 15.82

impulsive:

Pi = 3.50 kip

hi = 6.058 ft

at y = HL, piy  = 0.033 ksf

at base y = 0, piy  = 0.188 ksf

convective:

Pc = 1.40 kip

hc = 10.491 ft

at y = HL, pcy  = 0.088 ksf

at base y = 0, pcy  = 0.001 ksf

convectiveimpulsive vertical
acceleration

wall
inertia

hydrostatic

H
L

H
w

.

.

I
ai

w w

wi

 S      
wall  inertia force, P  W

R

 ε
= = 

 

( )i L i L i

L

iy 2

L

y
P 4H 6h 6H 12h

H
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2 B H
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Design vertical acceleration, ü  = =
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Aeration Basin Hydrodynamic Pressures (BSE-2E Seismic Level)

City of Wilsonville

Aeration Basins

vertical acceleration:

ü = 0.2976

at y = HL, pvy  = 0.000 ksf

at base y = 0, pvy  = 0.294 ksf

wall inertia:

pwy  = 0.2000 * γc * (tw/12)

at y = Hw, pwy  = 0.045 ksf

at base y = 0, pwy  = 0.045 ksf

hydrostatic:

at y = HL, qhy  = 0.000 ksf

at base y = 0, qhy  = 0.987 ksf

combine the effects of the dynamic pressures on the wall:

at y = Hw, py  = 0.117 ksf

at base y = 0, py  = 0.375 ksf

0.117 ksf    ( unfactored = 0.117 / 1.4 = 0.084 ksf )

0.375 ksf    ( unfactored = 0.375 / 1.4 = 0.268 ksf )

resultant dynamic pressures

9).  wall design pressures for hydrostatic + dynamic: wall height, Hw = 18.5 ft

liquid height, HL = 15.82 ft

unfactored load = 0.084 ksf

0.987 ksf unfactored load = 0.268 ksf

hydrostatic resultant dynamic pressures

H
L

H
w

.

.

A

B

.

Iai c w
wy

wi

  S       (t /12)
p  

R

ε γ
= =

( )hy L Lq   H y= γ − =

( )2 2 2

y iy wy cy vyp p p p p= + + + =

( )= γ − =
vy L L

p  ü  H y
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Aeration Basin Hydrodynamic Pressures (BSE-2E Seismic Level)

City of Wilsonville

Aeration Basins

10).  wall design pressures for external soil loading:
      static soil: The site has groundwater present.

wall height = 18.5 ft

soil height above top of base = 0 ft

groundwater ht. above base = 0 ft

dry soil lateral pressure = 0.000 k/ft
3

sat. soil lateral pressure = 0.000 k/ft
3

live load lateral surcharge = 0.000 ksf

equivalent static soil loadings: LL lateral surcharge, q1 = 0.0000 ksf

unfactored soil, q2 = 0.0000 ksf

unfactored soil, q3 = 0.0000 ksf

unfactored soil, q4 = 0.000 ksf

equivalent soil loadings:

unfactored q5 = 0.0000 ksf

unfactored q6 = 0.0000 ksf

unfactored q7 = 0.0000 ksf

      soil seismic:

resultant factored soil seismic load per foot of wall width, Pu (eq) = 0 k/ft

centroid location of the resultant soil seismic from the bottom of wall, heq = 0 ft

The resultant soil seismic load will be resolved into an equivalent pressure loading…

Equivalent factored seismic soil pressure loading & seismic wall loadings…

equivalent soil seismic, q8 = 0.0000 ksf

equivalent soil seismic, q9 = 0.0000 ksf

wall seismic (see wall page 5), q10 = 0.0450 ksf

equivalent soil seismic, q11 = q8 - q9 = 0.0000 ksf

equivalent soil seismic, q12 = q9 = 0.0000 ksf

unfactored equivalent soil seismic, q8 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q9 =0 / 1.4 = 0.0000 ksf

unfactored wall seismic , q10 = 0.045 / 1.4 = 0.0321 ksf

unfactored equivalent soil seismic, q11 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q12 =0 / 1.4 = 0.0000 ksf

( resultant soil seismic load )  Peq

A

B

.

q4

q3

q1q2

A

B

q4

q3

q1q2

=

q5q6q7

q8

q9

q10

q12q11

=

q10

file: wall_pressures_IBC2013 page 6 of 8
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Aeration Basin Hydrodynamic Pressures (BSE-2E Seismic Level)

City of Wilsonville

Aeration Basins

11).   Summary of equivalent unfactored pressure loadings for wall load cases 1 thru 4:

a).  load case 1:  hydrostatic water

wall height = 18.5 ft

water depth = 15.82 ft

(unfactored) 0.987 ksf

b).  load case 2:  hydrostatic + dynamic:

0.084 ksf (unfactored)

wall height = 18.5 ft

water depth = 15.82 ft

0.987 ksf 0.268 ksf 1.171 ksf 0.084 ksf

(unfactored) (unfactored) (unfactored) (unfactored)

hydrostatic resultant dynamic

 pressures 

c).  load case 3:  static soil + LL surcharge: wall height = 18.5 ft

soil height on wall = 0 ft

groundwater height = 0 ft

equivalent static soil & surcharge loadings... LL lateral surcharge, q1 = 0.000 ksf

unfactored soil, q2 = 0.000 ksf

unfactored soil, q3 = 0.000 ksf

unfactored soil, q4 = 0.000 ksf

equivalent soil loadings:

unfactored q5 = 0.000 ksf

unfactored q6 = 0.000 ksf

unfactored q7 = 0.000 ksf

d).  load case 4:   soil seismic: (*note: add static soil pressure q6 & q7 to the seismic soil shown below)

equivalent seismic soil pressure loading & seismic wall loadings…

wall height = 18.5 ft

soil height on wall = 0 ft

unfactored equivalent soil seismic, q8 = 0.000 ksf

unfactored equivalent soil seismic, q9 = 0.000 ksf

unfactored equivalent soil seismic, q10 = 0.032 ksf

unfactored equivalent soil seismic, q11 = 0.000 ksf

unfactored equivalent soil seismic, q12 = 0.000 ksf

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic

=

q4

q3

q1q2

=

q5q6q7

q8

q9

q10

q12q11

=

q10
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Static, Seismic, and Hydrodynamic Seismic Wall Pressures using ACI 350.3-06 and an IBC 2012:

wall connection fixity = no roof & fixed at floor

tank unit width perpendicular to EQ., B = 1 ft

tank inside length in direction of seismic, L = 175 ft 1.50

tank wall thickness, tw = 18 inch

wall height,  Hw = 18.5 ft

liquid height, HL = 15.82 ft

liquid specific gravity = 1

liquid density, γL = (sp.gr.)*γw = 0.0624 k/ft
3

acceleration due to gravity, g = 32.17 ft/sec
2

liquid mass density, ρL = γL / g = 0.00194 k-sec
2
/ft

4 0 18.5

15.82

Soil  Data

The site has groundwater present.

soil height above top of foundation base = 0 ft

groundwater ht. above foundation base = 0 ft

dry soil lateral pressure = 0 k/ft
3

        WALL  SECTION         

saturated soil lateral pressure = 0 k/ft
3

dry soil unit weight = 0 k/ft
3

live load lateral surcharge = 0.000 ksf

0

concrete strength, f 'c = 4 ksi

concrete density, γc = 0.150 k/ft
3

concrete modulus of elasticity, Ec = 3605.0 ksi

concrete mass density, ρc = γc / g = 0.004663 k-sec
2
/ft

4

Seismic:
Deisgn, 5% damped, spectral response acceleration at the short period of 0.2-second, SDS = 0.744 *g

Deisgn, 5% damped, spectral response acceleration at a period of 1-second, SD1 = 0.405 *g

B = 1 ft

Structure Risk Category = 2

Importance factor, I = 1 18 in.

Response modification factor, Rwi = 3

Response modification factor, Rwc = 1

L = 175 ft

11962A.00

Aeration Basin Hydrodynamic Pressures (BSE-2E Seismic Level - Longitudinal Direction)

City of Wilsonville

Aeration Basins

WALL PLAN  

seismic direction

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic
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11962A.00

Aeration Basin Hydrodynamic Pressures (BSE-2E Seismic Level - Longitudinal Direction)

City of Wilsonville

Aeration Basins

Weights:

unit 1-ft width wall mass, Ww = (18/12) * (18.5) * 0.15 = 4.16 kip

wall c.g. relative to base, hw = 18.5 / 2 = 9.250 ft

unit width liquid mass, WL = (175) * (1) * (15.82) * 32.17 = 172.75 kip

Seismic:   

1).   structure stiffness and dynamic property:

Note: per ASCE 7-10 and IBC 2012, the terms Sai and Sac have been appropriatetly substituted into the seismic equation of ACI 350.

Note: Wi and hi are impulsive component variables calculated on page 3.

wall mass, mw = Hw*( tw / 12 )*ρc = 0.12939 k-sec
2
/ft

2

liquid mass, mi = ( W i / WL )*( L/2 )*HL*ρL = 0.28024 k-sec
2
/ft

2

centroidal distance of masses, h = ( hw*mw + hi*mi ) / ( mw + mi ) = 6.981 ft

wall fixity condition is no roof & fixed at floor:

wall stiffness is determined using a unit mass load located at the centroidal distance h.

wall flexure stiffness, k = Ec*( tw/h)³ / 48 = 1287.44 k/ft/ft

( 1287.44 / (0.1294 + 0.2802 ) )ˆ½ = 56.0621 rad/sec

period of tank plus impulsive mass, Ti = 2π / ωi = 2 π  /  56.0621 = 0.1121 sec

(note: acceleration values to be from a maximum considered earthquake response spectra which will produce a factored load )

design factored spectral response acceleration for impulsive mass ( 5% damping ), Sai = SDS = 0.744 g

2).   Dynamic properties, Spectral amplification factors, and Effective mass coefficient:

(3.16*32.2*tanh(3.16*(0.0904)) )ˆ½ = 5.3174

5.3174 / ( 175 )ˆ½ = 0.4020 rad/sec,

period of the convective mass, Tc = 2π / ωc = 2 π  /  0.402 = 15.6314 sec

Long transition period (from map figure 22-15 ASCE 7), TL = 16 sec

design spectral response acceleration for convective mass ( 0.5% damping ), Sac = 1.5 * Sd1 / Tc = 0.039 g

0.7581

L
H

3.16 g tanh 3.16
L

  λ = =  
  

2

L L

L L
effective mass coeff.,  = 0.0151 0.1908 1.021  ,   but  1.0  =

H H

   
ε − + ≤   

   

c

λ

 L
ω = =

i

w i

k

m m
ω = =

+
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11962A.00

Aeration Basin Hydrodynamic Pressures (BSE-2E Seismic Level - Longitudinal Direction)

City of Wilsonville

Aeration Basins

L = 175 ft

B = 1 ft

HL = 15.82 ft

WL = 172.75 kip

L / HL = 11.06195

HL / L = 0.09040

3).   lateral fluid impulsive force:

Wi = equivalent mass of the impulsive component of liquid.

172.75*(tanh(0.866*(11.0619)) / 0.866*(11.0619)) = 18.03 kip

hi (EBP) = HL * 0.375 = 15.82 * 0.375 = 5.933 ft

hi (IBP) = HL * {{(0.866*L/HL)/(2*tanh(0.866*L/HL))} -1/8 } = 73.798 ft

( 0.744 * 1 / 3 )*18.03 = 4.5 kip

4).   lateral fluid convective force: Wc = equivalent mass of the convective component of liquid.

172.75*( 0.264*(11.0619)*tanh(3.16*(0.0904)) ) = 140.32 kip

7.963 ft

201.127 ft

( 0.0389 * 1 / 1 )*140.32 = 5.5 kip

hi

hc

Dynamic Model   

(convective)

Pi

L

(impulsive)

Pc

    −   
   = − =

     
           

L
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L L
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H H
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11962A.00

Aeration Basin Hydrodynamic Pressures (BSE-2E Seismic Level - Longitudinal Direction)

City of Wilsonville

Aeration Basins

5).   lateral inertia force of the accelerating wall:

unit width wall mass, Ww = 4.16 kip

wall c.g. relative to base, hw = 9.250 ft

( 0.744*1*0.7581/3 )*4.16 = 0.78 kip

6).   maximum wave slosh height displacement:

( 175 / 2) * ( 0.0389 / 1.0 * 1 ) = 3.40 ft

7).   vertical acceleration:

design horizontal accereration, SDS = 0.744 *g

 vertical spectral response acceleration (per ACI 350 para 9.4.3), Sav = Ct = 0.4*SDS = 0.2976 g

per ASCE 7-10 para. 15.7.7.2(b),   use I = Ri = b = 1.0

0.2976*1*1/1 = 0.2976 g

8).  vertical force distribution on a unit width using the linear distribution of ACI 350 sec 5.3:

0.036 ksf 0.177 ksf

0.249 ksf 0.170 ksf 0.294 ksf 0.042 ksf 0.987 ksf

Hw = 18.5

HL = 15.82

impulsive:

Pi = 4.50 kip

hi = 5.933 ft

at y = HL, piy  = 0.036 ksf

at base y = 0, piy  = 0.249 ksf

convective:

Pc = 5.50 kip

hc = 7.963 ft

at y = HL, pcy  = 0.177 ksf

at base y = 0, pcy  = 0.170 ksf

convectiveimpulsive vertical
acceleration

wall
inertia

hydrostatic

H
L

H
w

.

.

I
ai

w w

wi

 S      
wall  inertia force, P  W

R

 ε
= = 

 

( )i L i L i

L

iy 2

L

y
P 4H 6h 6H 12h

H
p

2 B H

  
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L

y
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Aeration Basin Hydrodynamic Pressures (BSE-2E Seismic Level - Longitudinal Direction)

City of Wilsonville

Aeration Basins

vertical acceleration:

ü = 0.2976

at y = HL, pvy  = 0.000 ksf

at base y = 0, pvy  = 0.294 ksf

wall inertia:

pwy  = 0.1880 * γc * (tw/12)

at y = Hw, pwy  = 0.042 ksf

at base y = 0, pwy  = 0.042 ksf

hydrostatic:

at y = HL, qhy  = 0.000 ksf

at base y = 0, qhy  = 0.987 ksf

combine the effects of the dynamic pressures on the wall:

at y = Hw, py  = 0.194 ksf

at base y = 0, py  = 0.447 ksf

0.194 ksf    ( unfactored = 0.194 / 1.4 = 0.138 ksf )

0.447 ksf    ( unfactored = 0.447 / 1.4 = 0.32 ksf )

resultant dynamic pressures

9).  wall design pressures for hydrostatic + dynamic: wall height, Hw = 18.5 ft

liquid height, HL = 15.82 ft

unfactored load = 0.138 ksf

0.987 ksf unfactored load = 0.320 ksf

hydrostatic resultant dynamic pressures

H
L

H
w

.

.

A

B

.

Iai c w
wy

wi

  S       (t /12)
p  

R

ε γ
= =
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( )2 2 2

y iy wy cy vyp p p p p= + + + =
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vy L L
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Aeration Basin Hydrodynamic Pressures (BSE-2E Seismic Level - Longitudinal Direction)

City of Wilsonville

Aeration Basins

10).  wall design pressures for external soil loading:
      static soil: The site has groundwater present.

wall height = 18.5 ft

soil height above top of base = 0 ft

groundwater ht. above base = 0 ft

dry soil lateral pressure = 0.000 k/ft
3

sat. soil lateral pressure = 0.000 k/ft
3

live load lateral surcharge = 0.000 ksf

equivalent static soil loadings: LL lateral surcharge, q1 = 0.0000 ksf

unfactored soil, q2 = 0.0000 ksf

unfactored soil, q3 = 0.0000 ksf

unfactored soil, q4 = 0.000 ksf

equivalent soil loadings:

unfactored q5 = 0.0000 ksf

unfactored q6 = 0.0000 ksf

unfactored q7 = 0.0000 ksf

      soil seismic:

resultant factored soil seismic load per foot of wall width, Pu (eq) = 0 k/ft

centroid location of the resultant soil seismic from the bottom of wall, heq = 0 ft

The resultant soil seismic load will be resolved into an equivalent pressure loading…

Equivalent factored seismic soil pressure loading & seismic wall loadings…

equivalent soil seismic, q8 = 0.0000 ksf

equivalent soil seismic, q9 = 0.0000 ksf

wall seismic (see wall page 5), q10 = 0.0423 ksf

equivalent soil seismic, q11 = q8 - q9 = 0.0000 ksf

equivalent soil seismic, q12 = q9 = 0.0000 ksf

unfactored equivalent soil seismic, q8 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q9 =0 / 1.4 = 0.0000 ksf

unfactored wall seismic , q10 = 0.0423 / 1.4 = 0.0302 ksf

unfactored equivalent soil seismic, q11 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q12 =0 / 1.4 = 0.0000 ksf

( resultant soil seismic load )  Peq

A

B

.

q4

q3

q1q2

A

B

q4

q3

q1q2

=

q5q6q7

q8

q9

q10

q12q11

=

q10
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Aeration Basin Hydrodynamic Pressures (BSE-2E Seismic Level - Longitudinal Direction)

City of Wilsonville

Aeration Basins

11).   Summary of equivalent unfactored pressure loadings for wall load cases 1 thru 4:

a).  load case 1:  hydrostatic water

wall height = 18.5 ft

water depth = 15.82 ft

(unfactored) 0.987 ksf

b).  load case 2:  hydrostatic + dynamic:

0.138 ksf (unfactored)

wall height = 18.5 ft

water depth = 15.82 ft

0.987 ksf 0.320 ksf 1.169 ksf 0.138 ksf

(unfactored) (unfactored) (unfactored) (unfactored)

hydrostatic resultant dynamic

 pressures 

c).  load case 3:  static soil + LL surcharge: wall height = 18.5 ft

soil height on wall = 0 ft

groundwater height = 0 ft

equivalent static soil & surcharge loadings... LL lateral surcharge, q1 = 0.000 ksf

unfactored soil, q2 = 0.000 ksf

unfactored soil, q3 = 0.000 ksf

unfactored soil, q4 = 0.000 ksf

equivalent soil loadings:

unfactored q5 = 0.000 ksf

unfactored q6 = 0.000 ksf

unfactored q7 = 0.000 ksf

d).  load case 4:   soil seismic: (*note: add static soil pressure q6 & q7 to the seismic soil shown below)

equivalent seismic soil pressure loading & seismic wall loadings…

wall height = 18.5 ft

soil height on wall = 0 ft

unfactored equivalent soil seismic, q8 = 0.000 ksf

unfactored equivalent soil seismic, q9 = 0.000 ksf

unfactored equivalent soil seismic, q10 = 0.030 ksf

unfactored equivalent soil seismic, q11 = 0.000 ksf

unfactored equivalent soil seismic, q12 = 0.000 ksf

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic

=

q4

q3

q1q2

=

q5q6q7

q8

q9

q10

q12q11

=

q10
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Wall Data:

Design for a slab or a wall? Wall trial moment of Inertia, Ix = 0.5 Ig = 2916 in
4

Wall Support Fixity = Cantilever

Span, L = 18.5 ft

Wall width, b = 12 in

Thickness of Wall, h = 18 in

Depth to reinforcing, d = 15 in

concrete strength, f 'c = 4 ksi

reinforcing yield strength, fy = 60 ksi

allow deflection, L/Δ = 240

Wall Loadings:

Externally  Applied  Service  Loads to a Wall with Cantilever Support

Uniform Trapezoidal Loads Point Loads Moment Loads Concrete

Begin End Load

w b wb e we a P c M Factors

( k/ft ) ( ft ) ( k/ft ) ( ft ) ( k/ft ) ( ft ) ( kip ) ( ft ) ( ft-k )

2.68 0.234 18.5 0.75 1

optional environmental load factor for moment (ACI 350) = 1

Results:
 * Deflection is based on the trial moment of Inertia of 0.5*Ig.( actual deflection will be adjusted later on page 6. )

Calculated  Reactions,  Moments,  and  Deflections for the Wall with Cantilever Support
Reactions,  R or Ru Maximum Moments,  M or Mu * Maximum Short Term Deflections

Load Left End Right End Max Positive Max Negative downward upward

Type RL RR x distance +M x distance -M x distance Δ x distance Δ
(kip) (kip) (ft) (ft-k) (ft) (ft-k) (ft) (in) (ft) (in)

0.00 7.78 0.000 0.00 18.500 -50.81 0.000 -0.584 18.500 0.000

 Δ ≤ L/240 ,Okay  Δ ≤ L/240 ,Okay

0.00 7.78 0.000 0.00 18.500 -50.81

     Δmax = L/240 = 0.925 ''

environmental factor, Mu = 0.00 -50.81

Using # 9 @ 6'' neg bars and # 9 @ 6''  pos bars, the final adjusted long term deflection ( see page 6 ), Δ = 0.788 ''

City of Wilsonville

Aeration Basins

service 

loads

factored 

loads

11962A.00

Dividing Wall between Aeration Basins 1&2 (Hydrodynamic Loading Only) (BSE-2E)

x RR
RL

P M

w

wewb

a

Positive Load Sign Convention

e

c

b

wall = 12 x 18

L = 18.5

b

d
h

( design width )

(k/ft)

(0.75)

(0.75)

(k/ft)

(0.23)

(0)

(k/ft)

(0)

(0)
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City of Wilsonville

Aeration Basins 11962A.00

Dividing Wall between Aeration Basins 1&2 (Hydrodynamic Loading Only) (BSE-2E)

Wall Shear Capacity (Based on ACI 318, 11.2.1.1):

Maximum Shear, Vu = 7.78 kip concrete, f 'c = 4 ksi

Wall width, b = 12 in reinforcing, fy = 60 ksi

Depth to reinforcing, d = 15 in concrete modulus, Ec = 57 * ( f 
'
c )

½
 = 3605 ksi

Thickness of wall, h = 18 in φ, Shear = 1.00

factored shear force, V u = 7.780 kip

Concrete Shear Capacity,   φVc = φ ∗2*b*d*( f 'c)
1/2

 = 22.768 kip

øVc   >   Vu,  OK

Minimum shrinkage-temperature requirement in the flexure direction: 

wall minimum temperature / shrinkage steel ratio = 0.00500

number of layers of reinforcement in the wall ( 1 or 2 ? ) = 2

-9.0
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-7.0
-6.0
-5.0
-4.0
-3.0
-2.0
-1.0
0.0

0 2 4 6 7 9 11 13 15 17 19S
h

e
a
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Factored Shear Diagram

b

d
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City of Wilsonville

Aeration Basins 11962A.00

Dividing Wall between Aeration Basins 1&2 (Hydrodynamic Loading Only) (BSE-2E)

Wall  Bending: 

Service Moment, M(+) = 0.00 ft-k concrete strength, f 'c = 4 ksi

Service Moment, M(-) = 50.81 ft-k reinforcing yield strength, fy = 60 ksi

Factored Moment, Mu(+) = 0.00 ft-k concrete modulus, Ec = 57 * ( f 
'
c )

½
 = 3605 ksi

Factored Moment, Mu(-) = 50.81 ft-k reinforcement modulus, Es = 29000 ksi

Wall width, b = 12 in n = Es / Ec = 8.044

Depth to reinforcing, d = 15 in β1 = 0.85

Thickness of wall, h = 18 in φ, Bending = 0.9

1).  Negative Steel:  ( location at x = 18.5 ft )

Depth to negative reinforcing, d1 = 2.5 in

Mu(-) = 50.81 ft-k Ru = Mu / ( φ*b*d
2
 ) = 235.0

Wall width, b = 12 in

Depth to reinforcing, d = h - d1 = 15.5 in 0.00406

Area steel required, A's (req'd) = 0.756 in
2

Bar number size = # 9

Spacing of negative bars = 6 in

Area of steel provided, A's = 2.00 in
2 ,  ρ =  As /  bd  =  0.01075

Min area steel req'd, As (min)  = 0.62 in
2 ,  ρ (min) = 0.00333

Max area allowed, A's (max)  = 3.98 in
2 ,  ρ (max) = 0.02138

2).  Positive Steel:  ( location at x = 0 ft )

concrete clear cover to positive steel = 2 in

Mu(+) = 0 ft-k Ru = Mu / ( φ*b*d
2
 ) = 0.0

Wall width, b = 12 in

Depth to reinforcing, d = 15 in 0.00000

Area steel required, As (req'd) = 0.000 in
2

Bar number size = # 9

Spacing of positive bars = 6

Area of bottom steel provided, As = 2.00 in
2 ,  ρ =  As /  bd  =  0.01111

Min area steel req'd, As (min)  = 0.54 in
2 ,  ρ (min) = 0.00300

Max area allowed, A's (max)  = 3.85 in
2 ,  ρ (max) = 0.02138
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( includes the 1 environmental factor )
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DESIGN TASK:

Concrete Shear and Moment Strength Capacity 

Design for … beam, slab, wall ? wall

Properties and Geometry  

f 'c (psi) = 4000

Compression width of wall, b = 12 inch fy (psi) = 60000

Thickness of wall, h = 18 inch φ, Bending = 1

Depth to reinforcing, d = 15 inch φ, Shear = 1

factored design moment, Mu = 50.81 ft-k Es (psi) = 29000000

factored design shear, Vu = 7.78 kip Ec (psi) = 3604997

n = Es / Ec = 8.04

β1 = 0.85

  Nominal Shear Strength (Based on ACI 318-11.3.1.1)  

concrete shear strength,   φVc = φ*2*b*d*( f'c )
1/2

 = 22.77 kip ≥ Vu

stirrup spacing, s = 0 in

stirrup U-bar size = 0

Shear strength ≥ design shear, Okay

  Bending Strength  (ACI 318 - 10.2.1 thru 10.2.7)  

comment :

Area steel provided, As = 2 in
2 ρ = As / bd = 0.01111

 ρ(min)  <  As/bd  <  ρ(max)  -  OK

As (min)  = 0.32 in
2 ρ (min) = 0.00180

As (max)  = 3.85 in
2 ρ (max) = 0.02138

φ*Mn = 1*0.01111*60*12*15² *(1-0.588*0.01111*60/4)*(ft/12) = 135.294 ft-k ≥ Mu

Moment strength ≥ design moment, Okay

Aeration Basins

Dividing Wall Strength for 18" Thick Wall (Hydrodynamic Loading Only) (BSE-2E)

City of Wilsonville

Existing 18" wall w/ #9@6"

y2

n y '

c

 0.588  f  
bending strength,    M   f  b d  1  

f

ρ 
φ = φ ρ − 

 

b

d

h

cover
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BY: BS DATE: Aug-21 CLIENT:     SHEET:

CHKD: DESCRIPTION:     JOB NO: 11962A.00

DESIGN TASK:

Concrete Shear and Moment Strength Capacity 

Design for … beam, slab, wall ? wall

Properties and Geometry  

f 'c (psi) = 4000

Compression width of wall, b = 12 inch fy (psi) = 60000

Thickness of wall, h = 12 inch φ, Bending = 1

Depth to reinforcing, d = 9 inch φ, Shear = 1

factored design moment, Mu 22.08
factored design shear, Vu = 4.50 kip Ec (psi) = 3122019

n = Es / Ec = 9.29

β1 = 0.85

  Nominal Shear Strength (Based on ACI 318-11.3.1.1)  

concrete shear strength,   φVc = φ*2*b*d*( f'c )
1/2

 = 13.66 kip ≥ Vu

stirrup spacing, s = 0 in

stirrup U-bar size = 0

Shear strength ≥ design shear, Okay

  Bending Strength  (ACI 318 - 10.2.1 thru 10.2.7)  

comment :

Area steel provided, As = 0.6 in
2 ρ = As / bd = 0.00556

 ρ(min)  <  As/bd  <  ρ(max)  -  OK

As (min)  = 0.19 in
2 ρ (min) = 0.00180

As (max)  = 1.73 in
2 ρ (max) = 0.01604

φ*Mn = 1*0.00556*60*12*9² *(1-0.588*0.00556*60/3)*(ft/12) = 25.235 ft-k ≥ Mu

Moment strength ≥ design moment, Okay

Aeration Basins

Dividing Wall Strength for 12" Thick Wall (Hydrodynamic Loading Only) (BS-2E)

City of Wilsonville

existing 12" wall w/ #7@12"

y2

n y '

c

 0.588  f  
bending strength,    M   f  b d  1  

f

ρ 
φ = φ ρ − 

 

b

d

h

cover
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

Static, Seismic, and Hydrodynamic Seismic Wall Pressures using ACI 350.3-06 and an IBC 2012:

wall connection fixity = no roof & fixed at floor

tank unit width perpendicular to EQ., B = 1 ft

tank inside length in direction of seismic, L = 19.75 ft 1.50

tank wall thickness, tw = 18 inch

wall height,  Hw = 18.5 ft

liquid height, HL = 15.82 ft

liquid specific gravity = 1

liquid density, γL = (sp.gr.)*γw = 0.0624 k/ft
3

acceleration due to gravity, g = 32.17 ft/sec
2

liquid mass density, ρL = γL / g = 0.00194 k-sec
2
/ft

4 0 18.5

15.82

Soil  Data

The site has groundwater present.

soil height above top of foundation base = 0 ft

groundwater ht. above foundation base = 0 ft

dry soil lateral pressure = 0 k/ft
3

        WALL  SECTION         

saturated soil lateral pressure = 0 k/ft
3

dry soil unit weight = 0 k/ft
3

live load lateral surcharge = 0.000 ksf

0

concrete strength, f 'c = 4 ksi

concrete density, γc = 0.150 k/ft
3

concrete modulus of elasticity, Ec = 3605.0 ksi

concrete mass density, ρc = γc / g = 0.004663 k-sec
2
/ft

4

Seismic:
Deisgn, 5% damped, spectral response acceleration at the short period of 0.2-second, SDS = 0.446 *g

Deisgn, 5% damped, spectral response acceleration at a period of 1-second, SD1 = 0.332 *g

B = 1 ft

Structure Risk Category = 3

Importance factor, I = 1.25 18 in.

Response modification factor, Rwi = 3

Response modification factor, Rwc = 1

L = 19.75 ft

11962A.00

Aeration Basin Transverse Hydrodynamic Pressures (CSZ Seismic Level)

City of Wilsonville

Aeration Basins

WALL PLAN  

seismic direction

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic

file: wall_pressures_IBC2013 page 1 of 8
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Aeration Basin Transverse Hydrodynamic Pressures (CSZ Seismic Level)

City of Wilsonville

Aeration Basins

Weights:

unit 1-ft width wall mass, Ww = (18/12) * (18.5) * 0.15 = 4.16 kip

wall c.g. relative to base, hw = 18.5 / 2 = 9.250 ft

unit width liquid mass, WL = (19.75) * (1) * (15.82) * 32.17 = 19.50 kip

Seismic:   

1).   structure stiffness and dynamic property:

Note: per ASCE 7-10 and IBC 2012, the terms Sai and Sac have been appropriatetly substituted into the seismic equation of ACI 350.

Note: Wi and hi are impulsive component variables calculated on page 3.

wall mass, mw = Hw*( tw / 12 )*ρc = 0.12939 k-sec
2
/ft

2

liquid mass, mi = ( W i / WL )*( L/2 )*HL*ρL = 0.22237 k-sec
2
/ft

2

centroidal distance of masses, h = ( hw*mw + hi*mi ) / ( mw + mi ) = 7.232 ft

wall fixity condition is no roof & fixed at floor:

wall stiffness is determined using a unit mass load located at the centroidal distance h.

wall flexure stiffness, k = Ec*( tw/h)³ / 48 = 1157.99 k/ft/ft

( 1157.99 / (0.1294 + 0.2224 ) )ˆ½ = 57.3756 rad/sec

period of tank plus impulsive mass, Ti = 2π / ωi = 2 π  /  57.3756 = 0.1095 sec

(note: acceleration values to be from a maximum considered earthquake response spectra which will produce a factored load )

design factored spectral response acceleration for impulsive mass ( 5% damping ), Sai = SDS = 0.446 g

2).   Dynamic properties, Spectral amplification factors, and Effective mass coefficient:

(3.16*32.2*tanh(3.16*(0.801)) )ˆ½ = 10.0189

10.0189 / ( 19.75 )ˆ½ = 2.2544 rad/sec,

period of the convective mass, Tc = 2π / ωc = 2 π  /  2.2544 = 2.7870 sec

Long transition period (from map figure 22-15 ASCE 7), TL = 16 sec

design spectral response acceleration for convective mass ( 0.5% damping ), Sac = 1.5 * Sd1 / Tc = 0.179 g

0.8063

L
H

3.16 g tanh 3.16
L

  λ = =  
  

2

L L

L L
effective mass coeff.,  = 0.0151 0.1908 1.021  ,   but  1.0  =

H H

   
ε − + ≤   

   

c

λ

 L
ω = =

i

w i

k

m m
ω = =

+
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Aeration Basin Transverse Hydrodynamic Pressures (CSZ Seismic Level)

City of Wilsonville

Aeration Basins

L = 19.75 ft

B = 1 ft

HL = 15.82 ft

WL = 19.5 kip

L / HL = 1.24842

HL / L = 0.80101

3).   lateral fluid impulsive force:

Wi = equivalent mass of the impulsive component of liquid.

19.5*(tanh(0.866*(1.2484)) / 0.866*(1.2484)) = 14.31 kip

hi (EBP) = HL * (0.5-0.09375*(L/HL)) = 15.82*(0.5-0.09375*(1.2484)) = 6.058 ft

hi (IBP) = HL * {{(0.866*L/HL)/(2*tanh(0.866*L/HL))} -1/8 } = 8.798 ft

( 0.446 * 1.25 / 3 )*14.31 = 2.7 kip

4).   lateral fluid convective force: Wc = equivalent mass of the convective component of liquid.

19.5*( 0.264*(1.2484)*tanh(3.16*(0.801)) ) = 6.35 kip

10.491 ft

11.502 ft

( 0.1787 * 1.25 / 1 )*6.35 = 1.4 kip

hi

hc

Dynamic Model   

(convective)

Pi

L

(impulsive)

Pc

    −   
   = − =

     
           

L
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H
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L
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Aeration Basin Transverse Hydrodynamic Pressures (CSZ Seismic Level)

City of Wilsonville

Aeration Basins

5).   lateral inertia force of the accelerating wall:

unit width wall mass, Ww = 4.16 kip

wall c.g. relative to base, hw = 9.250 ft

( 0.446*1.25*0.8063/3 )*4.16 = 0.62 kip

6).   maximum wave slosh height displacement:

( 19.75 / 2) * ( 0.1787 / 1.0 * 1.25 ) = 2.20     ft

7).   vertical acceleration:

design horizontal accereration, SDS = 0.446 *g

 vertical spectral response acceleration (per ACI 350 para 9.4.3), Sav = Ct = 0.4*SDS = 0.1784 g

per ASCE 7-10 para. 15.7.7.2(b),   use I = Ri = b = 1.0

0.1784*1*1/1 = 0.1784 g

8).  vertical force distribution on a unit width using the linear distribution of ACI 350 sec 5.3:

0.025 ksf 0.088 ksf

0.145 ksf 0.001 ksf 0.176 ksf 0.034 ksf 0.987 ksf

Hw = 18.5

HL = 15.82

impulsive:

Pi = 2.70 kip

hi = 6.058 ft

at y = HL, piy  = 0.025 ksf

at base y = 0, piy  = 0.145 ksf

convective:

Pc = 1.40 kip

hc = 10.491 ft

at y = HL, pcy  = 0.088 ksf

at base y = 0, pcy  = 0.001 ksf

convectiveimpulsive vertical
acceleration

wall
inertia

hydrostatic

H
L

H
w

.

.

I
ai

w w

wi

 S      
wall  inertia force, P  W

R

 ε
= = 

 

( )i L i L i

L
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L

y
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p

2 B H
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Design vertical acceleration, ü  = =
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Aeration Basin Transverse Hydrodynamic Pressures (CSZ Seismic Level)

City of Wilsonville

Aeration Basins

vertical acceleration:

ü = 0.1784

at y = HL, pvy  = 0.000 ksf

at base y = 0, pvy  = 0.176 ksf

wall inertia:

pwy  = 0.1498 * γc * (tw/12)

at y = Hw, pwy  = 0.034 ksf

at base y = 0, pwy  = 0.034 ksf

hydrostatic:

at y = HL, qhy  = 0.000 ksf

at base y = 0, qhy  = 0.987 ksf

combine the effects of the dynamic pressures on the wall:

at y = Hw, py  = 0.106 ksf

at base y = 0, py  = 0.251 ksf

0.106 ksf    ( unfactored = 0.106 / 1.4 = 0.075 ksf )

0.251 ksf    ( unfactored = 0.251 / 1.4 = 0.179 ksf )

resultant dynamic pressures

9).  wall design pressures for hydrostatic + dynamic: wall height, Hw = 18.5 ft

liquid height, HL = 15.82 ft

unfactored load = 0.075 ksf

0.987 ksf unfactored load = 0.179 ksf

hydrostatic resultant dynamic pressures

H
L

H
w

.

.

A

B

.

Iai c w
wy

wi

  S       (t /12)
p  
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ε γ
= =

( )hy L Lq   H y= γ − =

( )2 2 2

y iy wy cy vyp p p p p= + + + =
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vy L L

p  ü  H y
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Aeration Basin Transverse Hydrodynamic Pressures (CSZ Seismic Level)

City of Wilsonville

Aeration Basins

10).  wall design pressures for external soil loading:
      static soil: The site has groundwater present.

wall height = 18.5 ft

soil height above top of base = 0 ft

groundwater ht. above base = 0 ft

dry soil lateral pressure = 0.000 k/ft
3

sat. soil lateral pressure = 0.000 k/ft
3

live load lateral surcharge = 0.000 ksf

equivalent static soil loadings: LL lateral surcharge, q1 = 0.0000 ksf

unfactored soil, q2 = 0.0000 ksf

unfactored soil, q3 = 0.0000 ksf

unfactored soil, q4 = 0.000 ksf

equivalent soil loadings:

unfactored q5 = 0.0000 ksf

unfactored q6 = 0.0000 ksf

unfactored q7 = 0.0000 ksf

      soil seismic:

resultant factored soil seismic load per foot of wall width, Pu (eq) = 0 k/ft

centroid location of the resultant soil seismic from the bottom of wall, heq = 0 ft

The resultant soil seismic load will be resolved into an equivalent pressure loading…

Equivalent factored seismic soil pressure loading & seismic wall loadings…

equivalent soil seismic, q8 = 0.0000 ksf

equivalent soil seismic, q9 = 0.0000 ksf

wall seismic (see wall page 5), q10 = 0.0337 ksf

equivalent soil seismic, q11 = q8 - q9 = 0.0000 ksf

equivalent soil seismic, q12 = q9 = 0.0000 ksf

unfactored equivalent soil seismic, q8 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q9 =0 / 1.4 = 0.0000 ksf

unfactored wall seismic , q10 = 0.0337 / 1.4 = 0.0241 ksf

unfactored equivalent soil seismic, q11 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q12 =0 / 1.4 = 0.0000 ksf

( resultant soil seismic load )  Peq

A

B

.

q4

q3

q1q2

A

B

q4

q3

q1q2

=

q5q6q7

q8

q9

q10

q12q11

=

q10
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Aeration Basin Transverse Hydrodynamic Pressures (CSZ Seismic Level)

City of Wilsonville

Aeration Basins

11).   Summary of equivalent unfactored pressure loadings for wall load cases 1 thru 4:

a).  load case 1:  hydrostatic water

wall height = 18.5 ft

water depth = 15.82 ft

(unfactored) 0.987 ksf

b).  load case 2:  hydrostatic + dynamic:

0.075 ksf (unfactored)

wall height = 18.5 ft

water depth = 15.82 ft

0.987 ksf 0.179 ksf 1.091 ksf 0.075 ksf

(unfactored) (unfactored) (unfactored) (unfactored)

hydrostatic resultant dynamic

 pressures 

c).  load case 3:  static soil + LL surcharge: wall height = 18.5 ft

soil height on wall = 0 ft

groundwater height = 0 ft

equivalent static soil & surcharge loadings... LL lateral surcharge, q1 = 0.000 ksf

unfactored soil, q2 = 0.000 ksf

unfactored soil, q3 = 0.000 ksf

unfactored soil, q4 = 0.000 ksf

equivalent soil loadings:

unfactored q5 = 0.000 ksf

unfactored q6 = 0.000 ksf

unfactored q7 = 0.000 ksf

d).  load case 4:   soil seismic: (*note: add static soil pressure q6 & q7 to the seismic soil shown below)

equivalent seismic soil pressure loading & seismic wall loadings…

wall height = 18.5 ft

soil height on wall = 0 ft

unfactored equivalent soil seismic, q8 = 0.000 ksf

unfactored equivalent soil seismic, q9 = 0.000 ksf

unfactored equivalent soil seismic, q10 = 0.024 ksf

unfactored equivalent soil seismic, q11 = 0.000 ksf

unfactored equivalent soil seismic, q12 = 0.000 ksf

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic

=

q4

q3

q1q2

=

q5q6q7

q8

q9

q10

q12q11

=

q10
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

Static, Seismic, and Hydrodynamic Seismic Wall Pressures using ACI 350.3-06 and an IBC 2012:

wall connection fixity = no roof & fixed at floor

tank unit width perpendicular to EQ., B = 1 ft

tank inside length in direction of seismic, L = 175 ft 1.50

tank wall thickness, tw = 18 inch

wall height,  Hw = 18.5 ft

liquid height, HL = 15.82 ft

liquid specific gravity = 1

liquid density, γL = (sp.gr.)*γw = 0.0624 k/ft
3

acceleration due to gravity, g = 32.17 ft/sec
2

liquid mass density, ρL = γL / g = 0.00194 k-sec
2
/ft

4 0 18.5

15.82

Soil  Data

The site has groundwater present.

soil height above top of foundation base = 0 ft

groundwater ht. above foundation base = 0 ft

dry soil lateral pressure = 0 k/ft
3

        WALL  SECTION         

saturated soil lateral pressure = 0 k/ft
3

dry soil unit weight = 0 k/ft
3

live load lateral surcharge = 0.000 ksf

0

concrete strength, f 'c = 4 ksi

concrete density, γc = 0.150 k/ft
3

concrete modulus of elasticity, Ec = 3605.0 ksi

concrete mass density, ρc = γc / g = 0.004663 k-sec
2
/ft

4

Seismic:
Deisgn, 5% damped, spectral response acceleration at the short period of 0.2-second, SDS = 0.446 *g

Deisgn, 5% damped, spectral response acceleration at a period of 1-second, SD1 = 0.332 *g

B = 1 ft

Structure Risk Category = 3

Importance factor, I = 1.25 18 in.

Response modification factor, Rwi = 3

Response modification factor, Rwc = 1

L = 175 ft

11962A.00

Aeration Basin Hydrodynamic Pressures (CSZ Seismic Level - Longitudinal Direction)

City of Wilsonville

Aeration Basins

WALL PLAN  

seismic direction

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic
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CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Aeration Basin Hydrodynamic Pressures (CSZ Seismic Level - Longitudinal Direction)

City of Wilsonville

Aeration Basins

Weights:

unit 1-ft width wall mass, Ww = (18/12) * (18.5) * 0.15 = 4.16 kip

wall c.g. relative to base, hw = 18.5 / 2 = 9.250 ft

unit width liquid mass, WL = (175) * (1) * (15.82) * 32.17 = 172.75 kip

Seismic:   

1).   structure stiffness and dynamic property:

Note: per ASCE 7-10 and IBC 2012, the terms Sai and Sac have been appropriatetly substituted into the seismic equation of ACI 350.

Note: Wi and hi are impulsive component variables calculated on page 3.

wall mass, mw = Hw*( tw / 12 )*ρc = 0.12939 k-sec
2
/ft

2

liquid mass, mi = ( W i / WL )*( L/2 )*HL*ρL = 0.28024 k-sec
2
/ft

2

centroidal distance of masses, h = ( hw*mw + hi*mi ) / ( mw + mi ) = 6.981 ft

wall fixity condition is no roof & fixed at floor:

wall stiffness is determined using a unit mass load located at the centroidal distance h.

wall flexure stiffness, k = Ec*( tw/h)³ / 48 = 1287.44 k/ft/ft

( 1287.44 / (0.1294 + 0.2802 ) )ˆ½ = 56.0621 rad/sec

period of tank plus impulsive mass, Ti = 2π / ωi = 2 π  /  56.0621 = 0.1121 sec

(note: acceleration values to be from a maximum considered earthquake response spectra which will produce a factored load )

design factored spectral response acceleration for impulsive mass ( 5% damping ), Sai = SDS = 0.446 g

2).   Dynamic properties, Spectral amplification factors, and Effective mass coefficient:

(3.16*32.2*tanh(3.16*(0.0904)) )ˆ½ = 5.3174

5.3174 / ( 175 )ˆ½ = 0.4020 rad/sec,

period of the convective mass, Tc = 2π / ωc = 2 π  /  0.402 = 15.6314 sec

Long transition period (from map figure 22-15 ASCE 7), TL = 16 sec

design spectral response acceleration for convective mass ( 0.5% damping ), Sac = 1.5 * Sd1 / Tc = 0.032 g

0.7581

L
H

3.16 g tanh 3.16
L

  λ = =  
  

2

L L

L L
effective mass coeff.,  = 0.0151 0.1908 1.021  ,   but  1.0  =

H H

   
ε − + ≤   

   

c

λ

 L
ω = =

i

w i

k

m m
ω = =

+

file: wall_pressures_IBC2013 page 2 of 8

277



BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Aeration Basin Hydrodynamic Pressures (CSZ Seismic Level - Longitudinal Direction)

City of Wilsonville

Aeration Basins

L = 175 ft

B = 1 ft

HL = 15.82 ft

WL = 172.75 kip

L / HL = 11.06195

HL / L = 0.09040

3).   lateral fluid impulsive force:

Wi = equivalent mass of the impulsive component of liquid.

172.75*(tanh(0.866*(11.0619)) / 0.866*(11.0619)) = 18.03 kip

hi (EBP) = HL * 0.375 = 15.82 * 0.375 = 5.933 ft

hi (IBP) = HL * {{(0.866*L/HL)/(2*tanh(0.866*L/HL))} -1/8 } = 73.798 ft

( 0.446 * 1.25 / 3 )*18.03 = 3.4 kip

4).   lateral fluid convective force: Wc = equivalent mass of the convective component of liquid.

172.75*( 0.264*(11.0619)*tanh(3.16*(0.0904)) ) = 140.32 kip

7.963 ft

201.127 ft

( 0.0319 * 1.25 / 1 )*140.32 = 5.6 kip

hi

hc

Dynamic Model   

(convective)

Pi

L

(impulsive)

Pc

    −   
   = − =

     
           

L

c  (IBP) L

L L

H
cosh 3.16 2.01

L
h H 1

H H
3.16 sinh 3.16

L L

     = =          

L
c L

L

HL
W W 0.264 tanh 3.16

H L

I
ai

i i

wi

  S     
impulsive force, P  W

R

 
= = 

 

L

i L

L
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H
W W

L
0.866

H

  
  

  = =
 
 
 
 
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Aeration Basin Hydrodynamic Pressures (CSZ Seismic Level - Longitudinal Direction)

City of Wilsonville

Aeration Basins

5).   lateral inertia force of the accelerating wall:

unit width wall mass, Ww = 4.16 kip

wall c.g. relative to base, hw = 9.250 ft

( 0.446*1.25*0.7581/3 )*4.16 = 0.59 kip

6).   maximum wave slosh height displacement:

( 175 / 2) * ( 0.0319 / 1.0 * 1.25 ) = 3.49 ft

7).   vertical acceleration:

design horizontal accereration, SDS = 0.446 *g

 vertical spectral response acceleration (per ACI 350 para 9.4.3), Sav = Ct = 0.4*SDS = 0.1784 g

per ASCE 7-10 para. 15.7.7.2(b),   use I = Ri = b = 1.0

0.1784*1*1/1 = 0.1784 g

8).  vertical force distribution on a unit width using the linear distribution of ACI 350 sec 5.3:

0.027 ksf 0.181 ksf

0.188 ksf 0.173 ksf 0.176 ksf 0.032 ksf 0.987 ksf

Hw = 18.5

HL = 15.82

impulsive:

Pi = 3.40 kip

hi = 5.933 ft

at y = HL, piy  = 0.027 ksf

at base y = 0, piy  = 0.188 ksf

convective:

Pc = 5.60 kip

hc = 7.963 ft

at y = HL, pcy  = 0.181 ksf

at base y = 0, pcy  = 0.173 ksf

convectiveimpulsive vertical
acceleration

wall
inertia

hydrostatic

H
L

H
w

.

.

I
ai

w w

wi

 S      
wall  inertia force, P  W

R

 ε
= = 

 

( )i L i L i

L

iy 2

L

y
P 4H 6h 6H 12h

H
p

2 B H

  
− − −  

  = =

( )c L c L c

L

cy 2

L

y
P 4H 6h 6H 12h

H
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2 B H

  
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I
ac

(max)
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2

S
  

1.4
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Design vertical acceleration, ü  = =
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Aeration Basins

vertical acceleration:

ü = 0.1784

at y = HL, pvy  = 0.000 ksf

at base y = 0, pvy  = 0.176 ksf

wall inertia:

pwy  = 0.1409 * γc * (tw/12)

at y = Hw, pwy  = 0.032 ksf

at base y = 0, pwy  = 0.032 ksf

hydrostatic:

at y = HL, qhy  = 0.000 ksf

at base y = 0, qhy  = 0.987 ksf

combine the effects of the dynamic pressures on the wall:

at y = Hw, py  = 0.190 ksf

at base y = 0, py  = 0.331 ksf

0.190 ksf    ( unfactored = 0.19 / 1.4 = 0.136 ksf )

0.331 ksf    ( unfactored = 0.331 / 1.4 = 0.236 ksf )

resultant dynamic pressures

9).  wall design pressures for hydrostatic + dynamic: wall height, Hw = 18.5 ft

liquid height, HL = 15.82 ft

unfactored load = 0.136 ksf

0.987 ksf unfactored load = 0.236 ksf

hydrostatic resultant dynamic pressures

H
L

H
w

.

.

A

B

.

Iai c w
wy

wi

  S       (t /12)
p  

R

ε γ
= =

( )hy L Lq   H y= γ − =

( )2 2 2

y iy wy cy vyp p p p p= + + + =

( )= γ − =
vy L L

p  ü  H y
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10).  wall design pressures for external soil loading:
      static soil: The site has groundwater present.

wall height = 18.5 ft

soil height above top of base = 0 ft

groundwater ht. above base = 0 ft

dry soil lateral pressure = 0.000 k/ft
3

sat. soil lateral pressure = 0.000 k/ft
3

live load lateral surcharge = 0.000 ksf

equivalent static soil loadings: LL lateral surcharge, q1 = 0.0000 ksf

unfactored soil, q2 = 0.0000 ksf

unfactored soil, q3 = 0.0000 ksf

unfactored soil, q4 = 0.000 ksf

equivalent soil loadings:

unfactored q5 = 0.0000 ksf

unfactored q6 = 0.0000 ksf

unfactored q7 = 0.0000 ksf

      soil seismic:

resultant factored soil seismic load per foot of wall width, Pu (eq) = 0 k/ft

centroid location of the resultant soil seismic from the bottom of wall, heq = 0 ft

The resultant soil seismic load will be resolved into an equivalent pressure loading…

Equivalent factored seismic soil pressure loading & seismic wall loadings…

equivalent soil seismic, q8 = 0.0000 ksf

equivalent soil seismic, q9 = 0.0000 ksf

wall seismic (see wall page 5), q10 = 0.0317 ksf

equivalent soil seismic, q11 = q8 - q9 = 0.0000 ksf

equivalent soil seismic, q12 = q9 = 0.0000 ksf

unfactored equivalent soil seismic, q8 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q9 =0 / 1.4 = 0.0000 ksf

unfactored wall seismic , q10 = 0.0317 / 1.4 = 0.0226 ksf

unfactored equivalent soil seismic, q11 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q12 =0 / 1.4 = 0.0000 ksf

( resultant soil seismic load )  Peq

A

B

.

q4

q3

q1q2

A

B

q4

q3

q1q2

=

q5q6q7

q8

q9

q10

q12q11

=

q10
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11).   Summary of equivalent unfactored pressure loadings for wall load cases 1 thru 4:

a).  load case 1:  hydrostatic water

wall height = 18.5 ft

water depth = 15.82 ft

(unfactored) 0.987 ksf

b).  load case 2:  hydrostatic + dynamic:

0.136 ksf (unfactored)

wall height = 18.5 ft

water depth = 15.82 ft

0.987 ksf 0.236 ksf 1.087 ksf 0.136 ksf

(unfactored) (unfactored) (unfactored) (unfactored)

hydrostatic resultant dynamic

 pressures 

c).  load case 3:  static soil + LL surcharge: wall height = 18.5 ft

soil height on wall = 0 ft

groundwater height = 0 ft

equivalent static soil & surcharge loadings... LL lateral surcharge, q1 = 0.000 ksf

unfactored soil, q2 = 0.000 ksf

unfactored soil, q3 = 0.000 ksf

unfactored soil, q4 = 0.000 ksf

equivalent soil loadings:

unfactored q5 = 0.000 ksf

unfactored q6 = 0.000 ksf

unfactored q7 = 0.000 ksf

d).  load case 4:   soil seismic: (*note: add static soil pressure q6 & q7 to the seismic soil shown below)

equivalent seismic soil pressure loading & seismic wall loadings…

wall height = 18.5 ft

soil height on wall = 0 ft

unfactored equivalent soil seismic, q8 = 0.000 ksf

unfactored equivalent soil seismic, q9 = 0.000 ksf

unfactored equivalent soil seismic, q10 = 0.023 ksf

unfactored equivalent soil seismic, q11 = 0.000 ksf

unfactored equivalent soil seismic, q12 = 0.000 ksf

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic

=

q4

q3

q1q2

=

q5q6q7

q8

q9

q10

q12q11

=

q10
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Wall Data:

Design for a slab or a wall? Wall trial moment of Inertia, Ix = 0.5 Ig = 2916 in
4

Wall Support Fixity = Cantilever

Span, L = 18.5 ft

Wall width, b = 12 in

Thickness of Wall, h = 18 in

Depth to reinforcing, d = 15 in

concrete strength, f 'c = 4 ksi

reinforcing yield strength, fy = 60 ksi

allow deflection, L/Δ = 240

Wall Loadings:

Externally  Applied  Service  Loads to a Wall with Cantilever Support

Uniform Trapezoidal Loads Point Loads Moment Loads Concrete

Begin End Load

w b wb e we a P c M Factors

( k/ft ) ( ft ) ( k/ft ) ( ft ) ( k/ft ) ( ft ) ( kip ) ( ft ) ( ft-k )

2.68 0.212 18.5 0.502 1

optional environmental load factor for moment (ACI 350) = 1

Results:
 * Deflection is based on the trial moment of Inertia of 0.5*Ig.( actual deflection will be adjusted later on page 6. )

Calculated  Reactions,  Moments,  and  Deflections for the Wall with Cantilever Support
Reactions,  R or Ru Maximum Moments,  M or Mu * Maximum Short Term Deflections

Load Left End Right End Max Positive Max Negative downward upward

Type RL RR x distance +M x distance -M x distance Δ x distance Δ
(kip) (kip) (ft) (ft-k) (ft) (ft-k) (ft) (in) (ft) (in)

0.00 5.65 0.000 0.00 18.500 -38.63 0.000 -0.455 18.500 0.000

 Δ ≤ L/240 ,Okay  Δ ≤ L/240 ,Okay

0.00 5.65 0.000 0.00 18.500 -38.63

     Δmax = L/240 = 0.925 ''

environmental factor, Mu = 0.00 -38.63

Using # 9 @ 6'' neg bars and # 9 @ 6''  pos bars, the final adjusted long term deflection ( see page 6 ), Δ = 0.509 ''

City of Wilsonville

Aeration Basins

service 

loads

factored 

loads

11962A.00

Dividing Wall between Aeration Basins 1&2 (Hydrodynamic Loading Only) (CSZ)

x RR
RL

P M

w

wewb

a

Positive Load Sign Convention

e

c

b

wall = 12 x 18

L = 18.5

b

d
h

( design width )

(k/ft)

(0.5)

(0.5)

(k/ft)

(0.21)

(0)

(k/ft)

(0)

(0)
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City of Wilsonville

Aeration Basins 11962A.00

Dividing Wall between Aeration Basins 1&2 (Hydrodynamic Loading Only) (CSZ)

Wall Shear Capacity (Based on ACI 318, 11.2.1.1):

Maximum Shear, Vu = 5.65 kip concrete, f 'c = 4 ksi

Wall width, b = 12 in reinforcing, fy = 60 ksi

Depth to reinforcing, d = 15 in concrete modulus, Ec = 57 * ( f 
'
c )

½
 = 3605 ksi

Thickness of wall, h = 18 in φ, Shear = 1.00

factored shear force, V u = 5.650 kip

Concrete Shear Capacity,   φVc = φ ∗2*b*d*( f 'c)
1/2

 = 22.768 kip

øVc   >   Vu,  OK

Minimum shrinkage-temperature requirement in the flexure direction: 

wall minimum temperature / shrinkage steel ratio = 0.00500

number of layers of reinforcement in the wall ( 1 or 2 ? ) = 2

-6.0

-5.0

-4.0

-3.0

-2.0

-1.0

0.0

0 2 4 6 7 9 11 13 15 17 19S
h

e
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r,
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ip

)

distance, x (ft)

Factored Shear Diagram

b

d
h

( design width )

cover
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City of Wilsonville

Aeration Basins 11962A.00

Dividing Wall between Aeration Basins 1&2 (Hydrodynamic Loading Only) (CSZ)

Wall  Bending: 

Service Moment, M(+) = 0.00 ft-k concrete strength, f 'c = 4 ksi

Service Moment, M(-) = 38.63 ft-k reinforcing yield strength, fy = 60 ksi

Factored Moment, Mu(+) = 0.00 ft-k concrete modulus, Ec = 57 * ( f 
'
c )

½
 = 3605 ksi

Factored Moment, Mu(-) = 38.63 ft-k reinforcement modulus, Es = 29000 ksi

Wall width, b = 12 in n = Es / Ec = 8.044

Depth to reinforcing, d = 15 in β1 = 0.85

Thickness of wall, h = 18 in φ, Bending = 0.9

1).  Negative Steel:  ( location at x = 18.5 ft )

Depth to negative reinforcing, d1 = 2.5 in

Mu(-) = 38.63 ft-k Ru = Mu / ( φ*b*d
2
 ) = 178.7

Wall width, b = 12 in

Depth to reinforcing, d = h - d1 = 15.5 in 0.00306

Area steel required, A's (req'd) = 0.569 in
2

Bar number size = # 9

Spacing of negative bars = 6 in

Area of steel provided, A's = 2.00 in
2 ,  ρ =  As /  bd  =  0.01075

Min area steel req'd, As (min)  = 0.62 in
2 ,  ρ (min) = 0.00333

Max area allowed, A's (max)  = 3.98 in
2 ,  ρ (max) = 0.02138

2).  Positive Steel:  ( location at x = 0 ft )

concrete clear cover to positive steel = 2 in

Mu(+) = 0 ft-k Ru = Mu / ( φ*b*d
2
 ) = 0.0

Wall width, b = 12 in

Depth to reinforcing, d = 15 in 0.00000

Area steel required, As (req'd) = 0.000 in
2

Bar number size = # 9

Spacing of positive bars = 6

Area of bottom steel provided, As = 2.00 in
2 ,  ρ =  As /  bd  =  0.01111

Min area steel req'd, As (min)  = 0.54 in
2 ,  ρ (min) = 0.00300

Max area allowed, A's (max)  = 3.85 in
2 ,  ρ (max) = 0.02138
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( includes the 1 environmental factor )

# 9 @ 6''

# 9 @ 6'' 
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Concrete Shear and Moment Strength Capacity 

Design for … beam, slab, wall ? wall

Properties and Geometry  

f 'c (psi) = 4000

Compression width of wall, b = 12 inch fy (psi) = 60000

Thickness of wall, h = 18 inch φ, Bending = 1

Depth to reinforcing, d = 15 inch φ, Shear = 1

factored design moment, Mu = 38.63 ft-k Es (psi) = 29000000

factored design shear, Vu = 5.65 kip Ec (psi) = 3604997

n = Es / Ec = 8.04

β1 = 0.85

  Nominal Shear Strength (Based on ACI 318-11.3.1.1)  

concrete shear strength,   φVc = φ*2*b*d*( f'c )
1/2

 = 22.77 kip ≥ Vu

stirrup spacing, s = 0 in

stirrup U-bar size = 0

Shear strength ≥ design shear, Okay

  Bending Strength  (ACI 318 - 10.2.1 thru 10.2.7)  

comment :

Area steel provided, As = 2 in
2 ρ = As / bd = 0.01111

 ρ(min)  <  As/bd  <  ρ(max)  -  OK

As (min)  = 0.32 in
2 ρ (min) = 0.00180

As (max)  = 3.85 in
2 ρ (max) = 0.02138

φ*Mn = 1*0.01111*60*12*15² *(1-0.588*0.01111*60/4)*(ft/12) = 135.294 ft-k ≥ Mu

Moment strength ≥ design moment, Okay

Aeration Basins

Dividing Wall Strength for 18" Thick Wall (Hydrodynamic Loading Only) (CSZ)

City of Wilsonville

Existing 18" wall w/ #9@6"

y2

n y '

c

 0.588  f  
bending strength,    M   f  b d  1  

f

ρ 
φ = φ ρ − 

 

b

d

h
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DESIGN TASK:

Concrete Shear and Moment Strength Capacity 

Design for … beam, slab, wall ? wall

Properties and Geometry  

f 'c (psi) = 4000

Compression width of wall, b = 12 inch fy (psi) = 60000

Thickness of wall, h = 12 inch φ, Bending = 1

Depth to reinforcing, d = 9 inch φ, Shear = 1

factored design moment, Mu = 17.1
factored design shear, Vu = 3.50 kip Ec (psi) = 3122019

n = Es / Ec = 9.29

β1 = 0.85

  Nominal Shear Strength (Based on ACI 318-11.3.1.1)  

concrete shear strength,   φVc = φ*2*b*d*( f'c )
1/2

 = 13.66 kip ≥ Vu

stirrup spacing, s = 0 in

stirrup U-bar size = 0

Shear strength ≥ design shear, Okay

  Bending Strength  (ACI 318 - 10.2.1 thru 10.2.7)  

comment :

Area steel provided, As = 0.6 in
2 ρ = As / bd = 0.00556

 ρ(min)  <  As/bd  <  ρ(max)  -  OK

As (min)  = 0.19 in
2 ρ (min) = 0.00180

As (max)  = 1.73 in
2 ρ (max) = 0.01604

φ*Mn = 1*0.00556*60*12*9² *(1-0.588*0.00556*60/3)*(ft/12) = 25.235 ft-k ≥ Mu

Moment strength ≥ design moment, Okay

Aeration Basins

Dividing Wall Strength for 12" Thick Wall (Hydrodynamic Loading Only) (CSZ)

City of Wilsonville

existing 12" wall w/ #7@12"

y2

n y '

c

 0.588  f  
bending strength,    M   f  b d  1  

f

ρ 
φ = φ ρ − 

 
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DESIGN TASK:

Static, Seismic, and Hydrodynamic Seismic Wall Pressures using ACI 350.3-06 and an IBC 2012:

wall connection fixity = no roof & fixed at floor

tank unit width perpendicular to EQ., B = 1 ft

tank inside length in direction of seismic, L = 25 ft 1.50

tank wall thickness, tw = 18 inch

wall height,  Hw = 18.67 ft

liquid height, HL = 16.67 ft

liquid specific gravity = 1

liquid density, γL = (sp.gr.)*γw = 0.0624 k/ft
3

acceleration due to gravity, g = 32.17 ft/sec
2

liquid mass density, ρL = γL / g = 0.00194 k-sec
2
/ft

4 0 18.67

16.67

Soil  Data

The site has no groundwater.

soil height above top of foundation base = 0 ft

groundwater ht. above foundation base = 0 ft

dry soil lateral pressure = 0 k/ft
3

        WALL  SECTION         

saturated soil lateral pressure = 0 k/ft
3

dry soil unit weight = 0 k/ft
3

live load lateral surcharge = 0.000 ksf

0

concrete strength, f 'c = 4 ksi

concrete density, γc = 0.150 k/ft
3

concrete modulus of elasticity, Ec = 3605.0 ksi

concrete mass density, ρc = γc / g = 0.004663 k-sec
2
/ft

4

Seismic:
Deisgn, 5% damped, spectral response acceleration at the short period of 0.2-second, SDS = 0.744 *g

Deisgn, 5% damped, spectral response acceleration at a period of 1-second, SD1 = 0.405 *g

B = 1 ft

Structure Risk Category = 2

Importance factor, I = 1 18 in.

Response modification factor, Rwi = 3

Response modification factor, Rwc = 1

L = 25 ft

11962A.00

Stabilizatin Basins (Transverse Direction) (BSE-2E)

City of Wilsonville

Aeration Basins

WALL PLAN  

seismic direction

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic
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Weights:

unit 1-ft width wall mass, Ww = (18/12) * (18.67) * 0.15 = 4.20 kip

wall c.g. relative to base, hw = 18.67 / 2 = 9.335 ft

unit width liquid mass, WL = (25) * (1) * (16.67) * 32.17 = 26.01 kip

Seismic:   

1).   structure stiffness and dynamic property:

Note: per ASCE 7-10 and IBC 2012, the terms Sai and Sac have been appropriatetly substituted into the seismic equation of ACI 350.

Note: Wi and hi are impulsive component variables calculated on page 3.

wall mass, mw = Hw*( tw / 12 )*ρc = 0.13058 k-sec
2
/ft

2

liquid mass, mi = ( W i / WL )*( L/2 )*HL*ρL = 0.26806 k-sec
2
/ft

2

centroidal distance of masses, h = ( hw*mw + hi*mi ) / ( mw + mi ) = 7.261 ft

wall fixity condition is no roof & fixed at floor:

wall stiffness is determined using a unit mass load located at the centroidal distance h.

wall flexure stiffness, k = Ec*( tw/h)³ / 48 = 1144.17 k/ft/ft

( 1144.17 / (0.1306 + 0.2681 ) )ˆ½ = 53.5744 rad/sec

period of tank plus impulsive mass, Ti = 2π / ωi = 2 π  /  53.5744 = 0.1173 sec

(note: acceleration values to be from a maximum considered earthquake response spectra which will produce a factored load )

design factored spectral response acceleration for impulsive mass ( 5% damping ), Sai = SDS = 0.744 g

2).   Dynamic properties, Spectral amplification factors, and Effective mass coefficient:

(3.16*32.2*tanh(3.16*(0.6668)) )ˆ½ = 9.9345

9.9345 / ( 25 )ˆ½ = 1.9869 rad/sec,

period of the convective mass, Tc = 2π / ωc = 2 π  /  1.9869 = 3.1623 sec

Long transition period (from map figure 22-15 ASCE 7), TL = 16 sec

design spectral response acceleration for convective mass ( 0.5% damping ), Sac = 1.5 * Sd1 / Tc = 0.192 g

0.7688

L
H

3.16 g tanh 3.16
L

  λ = =  
  

2

L L

L L
effective mass coeff.,  = 0.0151 0.1908 1.021  ,   but  1.0  =

H H

   
ε − + ≤   

   

c

λ

 L
ω = =

i

w i

k

m m
ω = =

+
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L = 25 ft

B = 1 ft

HL = 16.67 ft

WL = 26.01 kip

L / HL = 1.49970

HL / L = 0.66680

3).   lateral fluid impulsive force:

Wi = equivalent mass of the impulsive component of liquid.

26.01*(tanh(0.866*(1.4997)) / 0.866*(1.4997)) = 17.25 kip

hi (EBP) = HL * 0.375 = 16.67 * 0.375 = 6.251 ft

hi (IBP) = HL * {{(0.866*L/HL)/(2*tanh(0.866*L/HL))} -1/8 } = 10.483 ft

( 0.744 * 1 / 3 )*17.25 = 4.3 kip

4).   lateral fluid convective force: Wc = equivalent mass of the convective component of liquid.

26.01*( 0.264*(1.4997)*tanh(3.16*(0.6668)) ) = 10 kip

10.474 ft

12.446 ft

( 0.1921 * 1 / 1 )*10 = 1.9 kip

hi

hc

Dynamic Model   

(convective)

Pi

L

(impulsive)

Pc

    −   
   = − =

     
           

L

c  (IBP) L

L L

H
cosh 3.16 2.01

L
h H 1

H H
3.16 sinh 3.16

L L

     = =          

L
c L

L

HL
W W 0.264 tanh 3.16

H L

I
ai

i i

wi

  S     
impulsive force, P  W

R

 
= = 

 

L

i L

L

L
tanh 0.866

H
W W

L
0.866

H

  
  

  = =
 
 
 
 

    −   
   = − =

     
           

L

c  (EBP) L

L L

H
cosh 3.16 1

L
h H 1

H H
3.16 sinh 3.16

L L

ac
c c

wc

 S  I 
convective force, P = W =

R

 
 
 
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5).   lateral inertia force of the accelerating wall:

unit width wall mass, Ww = 4.20 kip

wall c.g. relative to base, hw = 9.335 ft

( 0.744*1*0.7688/3 )*4.2 = 0.80 kip

6).   maximum wave slosh height displacement:

( 25 / 2) * ( 0.1921 / 1.0 * 1 ) = 2.40     ft

7).   vertical acceleration:

design horizontal accereration, SDS = 0.744 *g

 vertical spectral response acceleration (per ACI 350 para 9.4.3), Sav = Ct = 0.4*SDS = 0.2976 g

per ASCE 7-10 para. 15.7.7.2(b),   use I = Ri = b = 1.0

0.2976*1*1/1 = 0.2976 g

8).  vertical force distribution on a unit width using the linear distribution of ACI 350 sec 5.3:

0.032 ksf 0.101 ksf

0.226 ksf 0.013 ksf 0.310 ksf 0.043 ksf 1.040 ksf

Hw = 18.67

HL = 16.67

impulsive:

Pi = 4.30 kip

hi = 6.251 ft

at y = HL, piy  = 0.032 ksf

at base y = 0, piy  = 0.226 ksf

convective:

Pc = 1.90 kip

hc = 10.474 ft

at y = HL, pcy  = 0.101 ksf

at base y = 0, pcy  = 0.013 ksf

convectiveimpulsive vertical
acceleration

wall
inertia

hydrostatic

H
L

H
w

.

.

I
ai

w w

wi

 S      
wall  inertia force, P  W

R

 ε
= = 

 

( )i L i L i

L

iy 2

L

y
P 4H 6h 6H 12h

H
p

2 B H

  
− − −  

  = =

( )c L c L c

L

cy 2

L

y
P 4H 6h 6H 12h

H
p

2 B H

  
− − −  

  = =

I
ac

(max)

L
d =    =

2

S
  

1.4

  
  
  

Iav

i

 S    b 
Design vertical acceleration, ü  = =

R
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vertical acceleration:

ü = 0.2976

at y = HL, pvy  = 0.000 ksf

at base y = 0, pvy  = 0.310 ksf

wall inertia:

pwy  = 0.1907 * γc * (tw/12)

at y = Hw, pwy  = 0.043 ksf

at base y = 0, pwy  = 0.043 ksf

hydrostatic:

at y = HL, qhy  = 0.000 ksf

at base y = 0, qhy  = 1.040 ksf

combine the effects of the dynamic pressures on the wall:

at y = Hw, py  = 0.126 ksf

at base y = 0, py  = 0.410 ksf

0.126 ksf    ( unfactored = 0.126 / 1.4 = 0.09 ksf )

0.410 ksf    ( unfactored = 0.41 / 1.4 = 0.293 ksf )

resultant dynamic pressures

9).  wall design pressures for hydrostatic + dynamic: wall height, Hw = 18.67 ft

liquid height, HL = 16.67 ft

unfactored load = 0.090 ksf

1.040 ksf unfactored load = 0.293 ksf

hydrostatic resultant dynamic pressures

H
L

H
w

.

.

A

B

.

Iai c w
wy

wi

  S       (t /12)
p  

R

ε γ
= =

( )hy L Lq   H y= γ − =

( )2 2 2

y iy wy cy vyp p p p p= + + + =

( )= γ − =
vy L L

p  ü  H y
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10).  wall design pressures for external soil loading:
      static soil: The site has no groundwater.

wall height = 18.67 ft

soil height above top of base = 0 ft

groundwater ht. above base = 0 ft

dry soil lateral pressure = 0.000 k/ft
3

sat. soil lateral pressure = 0.000 k/ft
3

live load lateral surcharge = 0.000 ksf

equivalent static soil loadings: LL lateral surcharge, q1 = 0.0000 ksf

unfactored soil, q2 = 0.0000 ksf

unfactored soil, q3 = 0.0000 ksf

0.000

equivalent soil loadings:

unfactored q5 = 0.0000 ksf

unfactored q6 = 0.0000 ksf

      soil seismic:

resultant factored soil seismic load per foot of wall width, Pu (eq) = 0 k/ft

centroid location of the resultant soil seismic from the bottom of wall, heq = 0 ft

The resultant soil seismic load will be resolved into an equivalent pressure loading…

Equivalent factored seismic soil pressure loading & seismic wall loadings…

equivalent soil seismic, q8 = 0.0000 ksf

equivalent soil seismic, q9 = 0.0000 ksf

wall seismic (see wall page 5), q10 = 0.0429 ksf

equivalent soil seismic, q11 = q8 - q9 = 0.0000 ksf

equivalent soil seismic, q12 = q9 = 0.0000 ksf

unfactored equivalent soil seismic, q8 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q9 =0 / 1.4 = 0.0000 ksf

unfactored wall seismic , q10 = 0.0429 / 1.4 = 0.0306 ksf

unfactored equivalent soil seismic, q11 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q12 =0 / 1.4 = 0.0000 ksf

( resultant soil seismic load )  Peq

A

B

.

q1q2

q3

A

B

q8

q9

q10

q12q11

=

q10

q1q2

q3

=

q5q6
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11).   Summary of equivalent unfactored pressure loadings for wall load cases 1 thru 4:

a).  load case 1:  hydrostatic water

wall height = 18.67 ft

water depth = 16.67 ft

(unfactored) 1.040 ksf

b).  load case 2:  hydrostatic + dynamic:

0.09 ksf (unfactored)

wall height = 18.67 ft

water depth = 16.67 ft

1.040 ksf 0.293 ksf 1.243 ksf 0.090 ksf

(unfactored) (unfactored) (unfactored) (unfactored)

hydrostatic resultant dynamic

 pressures 

c).  load case 3:  static soil + LL surcharge: wall height = 18.67 ft

soil height on wall = 0 ft

equivalent static soil & surcharge loadings... LL lateral surcharge, q1 = 0.000 ksf

unfactored soil, q2 = 0.000 ksf

unfactored soil, q3 = 0.000 ksf

0.000

equivalent soil loadings:

unfactored q5 = 0.000 ksf

unfactored q6 = 0.000 ksf

d).  load case 4:   soil seismic: (*note: add static soil pressure q6 & q7 to the seismic soil shown below)

equivalent seismic soil pressure loading & seismic wall loadings…

wall height = 18.67 ft

soil height on wall = 0 ft

unfactored equivalent soil seismic, q8 = 0.000 ksf

unfactored equivalent soil seismic, q9 = 0.000 ksf

unfactored equivalent soil seismic, q10 = 0.031 ksf

unfactored equivalent soil seismic, q11 = 0.000 ksf

unfactored equivalent soil seismic, q12 = 0.000 ksf

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic

=

q1q2

q3

=

q5q6

q8

q9

q10

q12q11

=

q10
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Static, Seismic, and Hydrodynamic Seismic Wall Pressures using ACI 350.3-06 and an IBC 2012:

wall connection fixity = no roof & fixed at floor

tank unit width perpendicular to EQ., B = 1 ft

tank inside length in direction of seismic, L = 60 ft 1.00

tank wall thickness, tw = 12 inch

wall height,  Hw = 18.67 ft

liquid height, HL = 16.67 ft

liquid specific gravity = 1

liquid density, γL = (sp.gr.)*γw = 0.0624 k/ft
3

acceleration due to gravity, g = 32.17 ft/sec
2

liquid mass density, ρL = γL / g = 0.00194 k-sec
2
/ft

4 0 18.67

16.67

Soil  Data

The site has no groundwater.

soil height above top of foundation base = 0 ft

groundwater ht. above foundation base = 0 ft

dry soil lateral pressure = 0 k/ft
3

        WALL  SECTION         

saturated soil lateral pressure = 0 k/ft
3

dry soil unit weight = 0 k/ft
3

live load lateral surcharge = 0.000 ksf

0

concrete strength, f 'c = 4 ksi

concrete density, γc = 0.150 k/ft
3

concrete modulus of elasticity, Ec = 3605.0 ksi

concrete mass density, ρc = γc / g = 0.004663 k-sec
2
/ft

4

Seismic:
Deisgn, 5% damped, spectral response acceleration at the short period of 0.2-second, SDS = 0.744 *g

Deisgn, 5% damped, spectral response acceleration at a period of 1-second, SD1 = 0.405 *g

B = 1 ft

Structure Risk Category = 2

Importance factor, I = 1 12 in.

Response modification factor, Rwi = 3

Response modification factor, Rwc = 1

L = 60 ft

11962A.00

Stabilizatin Basins (Longitudinal Direction) (BSE-2E)

City of Wilsonville

Aeration Basins

WALL PLAN  

seismic direction

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic
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Weights:

unit 1-ft width wall mass, Ww = (12/12) * (18.67) * 0.15 = 2.80 kip

wall c.g. relative to base, hw = 18.67 / 2 = 9.335 ft

unit width liquid mass, WL = (60) * (1) * (16.67) * 32.17 = 62.41 kip

Seismic:   

1).   structure stiffness and dynamic property:

Note: per ASCE 7-10 and IBC 2012, the terms Sai and Sac have been appropriatetly substituted into the seismic equation of ACI 350.

Note: Wi and hi are impulsive component variables calculated on page 3.

wall mass, mw = Hw*( tw / 12 )*ρc = 0.08705 k-sec
2
/ft

2

liquid mass, mi = ( W i / WL )*( L/2 )*HL*ρL = 0.30993 k-sec
2
/ft

2

centroidal distance of masses, h = ( hw*mw + hi*mi ) / ( mw + mi ) = 6.927 ft

wall fixity condition is no roof & fixed at floor:

wall stiffness is determined using a unit mass load located at the centroidal distance h.

wall flexure stiffness, k = Ec*( tw/h)³ / 48 = 390.46 k/ft/ft

( 390.46 / (0.0871 + 0.3099 ) )ˆ½ = 31.3618 rad/sec

period of tank plus impulsive mass, Ti = 2π / ωi = 2 π  /  31.3618 = 0.2003 sec

(note: acceleration values to be from a maximum considered earthquake response spectra which will produce a factored load )

design factored spectral response acceleration for impulsive mass ( 5% damping ), Sai = SDS = 0.744 g

2).   Dynamic properties, Spectral amplification factors, and Effective mass coefficient:

(3.16*32.2*tanh(3.16*(0.2778)) )ˆ½ = 8.4681

8.4681 / ( 60 )ˆ½ = 1.0932 rad/sec,

period of the convective mass, Tc = 2π / ωc = 2 π  /  1.0932 = 5.7474 sec

Long transition period (from map figure 22-15 ASCE 7), TL = 16 sec

design spectral response acceleration for convective mass ( 0.5% damping ), Sac = 1.5 * Sd1 / Tc = 0.106 g

0.5299

L
H

3.16 g tanh 3.16
L

  λ = =  
  

2

L L

L L
effective mass coeff.,  = 0.0151 0.1908 1.021  ,   but  1.0  =

H H

   
ε − + ≤   

   

c

λ

 L
ω = =

i

w i

k

m m
ω = =

+
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L = 60 ft

B = 1 ft

HL = 16.67 ft

WL = 62.41 kip

L / HL = 3.59928

HL / L = 0.27783

3).   lateral fluid impulsive force:

Wi = equivalent mass of the impulsive component of liquid.

62.41*(tanh(0.866*(3.5993)) / 0.866*(3.5993)) = 19.94 kip

hi (EBP) = HL * 0.375 = 16.67 * 0.375 = 6.251 ft

hi (IBP) = HL * {{(0.866*L/HL)/(2*tanh(0.866*L/HL))} -1/8 } = 23.998 ft

( 0.744 * 1 / 3 )*19.94 = 4.9 kip

4).   lateral fluid convective force: Wc = equivalent mass of the convective component of liquid.

62.41*( 0.264*(3.5993)*tanh(3.16*(0.2778)) ) = 41.83 kip

8.832 ft

28.102 ft

( 0.1057 * 1 / 1 )*41.83 = 4.4 kip

hi

hc

Dynamic Model   

(convective)

Pi

L

(impulsive)

Pc

    −   
   = − =

     
           

L
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L L

H
cosh 3.16 2.01

L
h H 1

H H
3.16 sinh 3.16

L L
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L
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 
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 

L
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H
W W

L
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H

  
  
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5).   lateral inertia force of the accelerating wall:

unit width wall mass, Ww = 2.80 kip

wall c.g. relative to base, hw = 9.335 ft

( 0.744*1*0.5299/3 )*2.8 = 0.37 kip

6).   maximum wave slosh height displacement:

( 60 / 2) * ( 0.1057 / 1.0 * 1 ) = 3.17 ft

Wave height is greater than the freeboard of 2-ft. Check effects of wave spillage.

7).   vertical acceleration:

design horizontal accereration, SDS = 0.744 *g

 vertical spectral response acceleration (per ACI 350 para 9.4.3), Sav = Ct = 0.4*SDS = 0.2976 g

per ASCE 7-10 para. 15.7.7.2(b),   use I = Ri = b = 1.0

0.2976*1*1/1 = 0.2976 g

8).  vertical force distribution on a unit width using the linear distribution of ACI 350 sec 5.3:

0.037 ksf 0.156 ksf

0.257 ksf 0.108 ksf 0.310 ksf 0.020 ksf 1.040 ksf

Hw = 18.67

HL = 16.67

impulsive:

Pi = 4.90 kip

hi = 6.251 ft

at y = HL, piy  = 0.037 ksf

at base y = 0, piy  = 0.257 ksf

convective:

Pc = 4.40 kip

hc = 8.832 ft

at y = HL, pcy  = 0.156 ksf

at base y = 0, pcy  = 0.108 ksf

convectiveimpulsive vertical
acceleration

wall
inertia

hydrostatic

H
L

H
w

.

.

I
ai

w w

wi

 S      
wall  inertia force, P  W

R

 ε
= = 

 

( )i L i L i

L

iy 2

L

y
P 4H 6h 6H 12h

H
p

2 B H

  
− − −  

  = =

( )c L c L c

L

cy 2

L

y
P 4H 6h 6H 12h

H
p

2 B H

  
− − −  

  = =

I
ac

(max)

L
d =    =

2

S
  

1.4

  
  
  

Iav

i

 S    b 
Design vertical acceleration, ü  = =

R
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DESIGN TASK:

11962A.00

Stabilizatin Basins (Longitudinal Direction) (BSE-2E)

City of Wilsonville

Aeration Basins

vertical acceleration:

ü = 0.2976

at y = HL, pvy  = 0.000 ksf

at base y = 0, pvy  = 0.310 ksf

wall inertia:

pwy  = 0.1314 * γc * (tw/12)

at y = Hw, pwy  = 0.020 ksf

at base y = 0, pwy  = 0.020 ksf

hydrostatic:

at y = HL, qhy  = 0.000 ksf

at base y = 0, qhy  = 1.040 ksf

combine the effects of the dynamic pressures on the wall:

at y = Hw, py  = 0.166 ksf

at base y = 0, py  = 0.429 ksf

0.166 ksf    ( unfactored = 0.166 / 1.4 = 0.118 ksf )

0.429 ksf    ( unfactored = 0.429 / 1.4 = 0.307 ksf )

resultant dynamic pressures

9).  wall design pressures for hydrostatic + dynamic: wall height, Hw = 18.67 ft

liquid height, HL = 16.67 ft

unfactored load = 0.118 ksf

1.040 ksf unfactored load = 0.307 ksf

hydrostatic resultant dynamic pressures

H
L

H
w

.

.

A

B

.

Iai c w
wy

wi

  S       (t /12)
p  

R

ε γ
= =

( )hy L Lq   H y= γ − =

( )2 2 2

y iy wy cy vyp p p p p= + + + =

( )= γ − =
vy L L

p  ü  H y
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11962A.00

Stabilizatin Basins (Longitudinal Direction) (BSE-2E)

City of Wilsonville

Aeration Basins

10).  wall design pressures for external soil loading:
      static soil: The site has no groundwater.

wall height = 18.67 ft

soil height above top of base = 0 ft

groundwater ht. above base = 0 ft

dry soil lateral pressure = 0.000 k/ft
3

sat. soil lateral pressure = 0.000 k/ft
3

live load lateral surcharge = 0.000 ksf

equivalent static soil loadings: LL lateral surcharge, q1 = 0.0000 ksf

unfactored soil, q2 = 0.0000 ksf

unfactored soil, q3 = 0.0000 ksf

0.000

equivalent soil loadings:

unfactored q5 = 0.0000 ksf

unfactored q6 = 0.0000 ksf

      soil seismic:

resultant factored soil seismic load per foot of wall width, Pu (eq) = 0 k/ft

centroid location of the resultant soil seismic from the bottom of wall, heq = 0 ft

The resultant soil seismic load will be resolved into an equivalent pressure loading…

Equivalent factored seismic soil pressure loading & seismic wall loadings…

equivalent soil seismic, q8 = 0.0000 ksf

equivalent soil seismic, q9 = 0.0000 ksf

wall seismic (see wall page 5), q10 = 0.0197 ksf

equivalent soil seismic, q11 = q8 - q9 = 0.0000 ksf

equivalent soil seismic, q12 = q9 = 0.0000 ksf

unfactored equivalent soil seismic, q8 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q9 =0 / 1.4 = 0.0000 ksf

unfactored wall seismic , q10 = 0.0197 / 1.4 = 0.0141 ksf

unfactored equivalent soil seismic, q11 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q12 =0 / 1.4 = 0.0000 ksf

( resultant soil seismic load )  Peq

A

B

.

q1q2

q3

A

B

q8

q9

q10

q12q11

=

q10

q1q2

q3

=

q5q6
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Stabilizatin Basins (Longitudinal Direction) (BSE-2E)

City of Wilsonville

Aeration Basins

11).   Summary of equivalent unfactored pressure loadings for wall load cases 1 thru 4:

a).  load case 1:  hydrostatic water

wall height = 18.67 ft

water depth = 16.67 ft

(unfactored) 1.040 ksf

b).  load case 2:  hydrostatic + dynamic:

0.118 ksf (unfactored)

wall height = 18.67 ft

water depth = 16.67 ft

1.040 ksf 0.307 ksf 1.229 ksf 0.118 ksf

(unfactored) (unfactored) (unfactored) (unfactored)

hydrostatic resultant dynamic

 pressures 

c).  load case 3:  static soil + LL surcharge: wall height = 18.67 ft

soil height on wall = 0 ft

equivalent static soil & surcharge loadings... LL lateral surcharge, q1 = 0.000 ksf

unfactored soil, q2 = 0.000 ksf

unfactored soil, q3 = 0.000 ksf

0.000

equivalent soil loadings:

unfactored q5 = 0.000 ksf

unfactored q6 = 0.000 ksf

d).  load case 4:   soil seismic: (*note: add static soil pressure q6 & q7 to the seismic soil shown below)

equivalent seismic soil pressure loading & seismic wall loadings…

wall height = 18.67 ft

soil height on wall = 0 ft

unfactored equivalent soil seismic, q8 = 0.000 ksf

unfactored equivalent soil seismic, q9 = 0.000 ksf

unfactored equivalent soil seismic, q10 = 0.014 ksf

unfactored equivalent soil seismic, q11 = 0.000 ksf

unfactored equivalent soil seismic, q12 = 0.000 ksf

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic

=

q1q2

q3

=

q5q6

q8

q9

q10

q12q11

=

q10
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DESIGN TASK:

Rectangular Plate:

plate  boundary  condition  case  number (1, 2, 3, 4, or 5) = 1

total plate width = 2*a = 2 * 12.5 = 25 ft

plate dimension, a = 12.5 ft

plate dimension, b = 18.67 ft

plate sides ratio, a/b = 0.6695

for for

moment shear

1 1

1 1

1 1

0.9 0.9

Notes: 1).  Load 100 = uniform load of any load height ≥ b/3;    Load 400 = triangular load of any load height ≥ b/6.

2).  load height must be less than or equal to "b", and uniform load height ≥ "b / 3", and triangular load height ≥ "b / 6" .

3).  loads may be positive or negative.

plate thickness, h = 12 in d d'

( in ) ( in )

concrete strength, f 'c = 4 ksi 9'' 3''

reinforcing steel strength, fy = 60 ksi 9.5'' 2.5''

reinforcing clear cover to face of concrete = 2 in

number of curtains of reinforcing, (1 or 2) = 2

Are bars in "x" or "y" direction closest to face of concrete ? y

minimum ratio of horizontal shrinkage-temperature steel = 0.00500

minimum ratio of vertical shrinkage-temperature steel = 0.00500

My bending

11962A.00Aeration Basins

...only for custom 

City of Wilsonville

Loading

Stabilization Basin Perimieter Wall w/ Seismic Loads & Soil Backfill (BSE-2E)

unfactored loads:

Choice of Available Loadings

concrete load factors

conditions

load type load height, (ft)

q ,  M ,  or  F

load

(  ksf,  ft-k/ft,  k/ft  )loads  100 or 400Selection Number

16.670

( 4 max )

0.166

400

1.040

0.263

A

C

B 16.670

100

-0.411

16.670

10.280

400

bar locations

Mx bending

400D

Free

b

aa
0

x

y

load 1 load 8load 4load 2

( 2/3  b )

load 5

( 2/3  b )

load 6

( 1/3  b )

load 3

( 1/3  b )

load 7

( 1/6  b )

Available Loading Selections - ( loads 1 thru 9 ,  100 ,  or  400 )

load 9

load 100

load height

load 400

load height

FM
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11962A.00Aeration Basins

City of Wilsonville

Stabilization Basin Perimieter Wall w/ Seismic Loads & Soil Backfill (BSE-2E)

a = 12.5 0.166 0.263 1.040 -0.411

b = 18.67

a / b = 0.6695 57.862 91.674 362.512 -143.262

Mx Mux As(req'd) As(min)

x / a y / b A B C D A B C D ft-k/ft ft-k/ft in
2
/ft in

2
/ft

0 1 0.1035 0.0228 0.0228 0.0037 5.99 2.09 8.28 -0.52 15.84 15.89 0.41 0.36

0 0.8 0.0996 0.0272 0.0272 0.0067 5.76 2.50 9.88 -0.96 17.18 17.27 0.44 0.36

0 0.6 0.0900 0.0303 0.0303 0.0105 5.21 2.78 10.99 -1.50 17.47 17.62 0.45 0.36

0 0.4 0.0668 0.0284 0.0284 0.0134 3.87 2.60 10.30 -1.92 14.85 15.04 0.38 0.36

0 0.2 0.0272 0.0150 0.0150 0.0092 1.57 1.37 5.43 -1.32 7.05 7.19 0.18 0.36

0 0 0.0000 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.36

0.2 0 0.0034 0.0022 0.0022 0.0015 0.20 0.20 0.79 -0.21 0.97 0.99 0.02 0.36

0.4 0 0.0089 0.0050 0.0050 0.0032 0.51 0.46 1.80 -0.45 2.32 2.36 0.06 0.36

0.6 0 0.0139 0.0071 0.0071 0.0043 0.80 0.65 2.58 -0.61 3.43 3.49 0.09 0.36

0.8 0 0.0171 0.0085 0.0085 0.0049 0.99 0.78 3.07 -0.70 4.14 4.21 0.10 0.36

1 0 0.0182 0.0089 0.0089 0.0051 1.05 0.82 3.24 -0.73 4.38 4.45 0.11 0.36

1 0.2 -0.0070 -0.0039 -0.0039 -0.0024 -0.41 -0.35 -1.40 0.34 -1.82 -1.86 -0.05 -0.36

1 0.4 -0.0288 -0.0115 -0.0115 -0.0051 -1.66 -1.06 -4.18 0.74 -6.17 -6.24 -0.16 -0.36

1 0.6 -0.0417 -0.0138 -0.0138 -0.0048 -2.41 -1.27 -5.02 0.68 -8.02 -8.08 -0.20 -0.36

1 0.8 -0.0473 -0.0136 -0.0136 -0.0037 -2.74 -1.25 -4.92 0.53 -8.38 -8.43 -0.21 -0.36

1 1 -0.0516 -0.0134 -0.0134 -0.0031 -2.99 -1.23 -4.85 0.45 -8.61 -8.66 -0.22 -0.36

0.8 1 -0.0459 -0.0117 -0.0117 -0.0027 -2.66 -1.07 -4.25 0.38 -7.60 -7.64 -0.19 -0.36

0.8 0.8 -0.0424 -0.0121 -0.0121 -0.0032 -2.45 -1.11 -4.38 0.46 -7.48 -7.52 -0.19 -0.36

0.8 0.6 -0.0379 -0.0127 -0.0127 -0.0044 -2.19 -1.16 -4.59 0.63 -7.32 -7.38 -0.19 -0.36

0.8 0.4 -0.0266 -0.0109 -0.0109 -0.0049 -1.54 -1.00 -3.94 0.70 -5.77 -5.84 -0.15 -0.36

0.8 0.2 -0.0066 -0.0038 -0.0038 -0.0024 -0.38 -0.35 -1.39 0.35 -1.78 -1.81 -0.04 -0.36

max negative moment, Mux(-) = -8.66 ft-k/ft max positive moment, Mux(+) = 17.62 ft-k/ft

max negative steel req'd, As(-) = -0.22 in
2
/ft max positive steel req'd, As(+) = 0.45 in

2
/ft

minimum steel req'd = -0.36 in
2
/ft minimum steel req'd = 0.36 in

2
/ft

Use Use

Moment Coefficients

Boundary Case 1
Reinforcing:Moment Coefficient Multipliers

( d = 9'' )
Final Moments

Mx Moments,   ft-k/ft

Loads:   q ,  M ,  or  F
SUMMARY

Mx - Moment Summary
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11962A.00Aeration Basins

City of Wilsonville

Stabilization Basin Perimieter Wall w/ Seismic Loads & Soil Backfill (BSE-2E)

a = 12.5 0.166 0.263 1.040 -0.411

b = 18.67

a / b = 0.6695 57.862 91.674 362.512 -143.262

My Muy As(req'd) As(min)

x / a y / b A B C D A B C D ft-k/ft ft-k/ft in
2
/ft in

2
/ft

0 1 0.0000 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.36

0 0.8 0.0199 0.0055 0.0055 0.0014 1.15 0.50 1.99 -0.20 3.45 3.47 0.08 0.36

0 0.6 0.0180 0.0061 0.0061 0.0021 1.04 0.56 2.21 -0.30 3.50 3.53 0.08 0.36

0 0.4 0.0134 0.0057 0.0057 0.0027 0.77 0.52 2.06 -0.38 2.97 3.01 0.07 0.36

0 0.2 0.0055 0.0030 0.0030 0.0018 0.32 0.28 1.09 -0.26 1.42 1.45 0.03 0.36

0 0 0.0000 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.36

0.2 0 0.0170 0.0109 0.0109 0.0077 0.98 1.00 3.97 -1.11 4.85 4.96 0.12 0.36

0.4 0 0.0446 0.0248 0.0248 0.0158 2.58 2.27 8.99 -2.26 11.59 11.81 0.28 0.38

0.6 0 0.0692 0.0357 0.0357 0.0213 4.01 3.28 12.96 -3.06 17.19 17.49 0.42 0.38

0.8 0 0.0854 0.0424 0.0424 0.0244 4.94 3.88 15.36 -3.50 20.68 21.03 0.51 0.38

1 0 0.0910 0.0445 0.0445 0.0254 5.26 4.08 16.15 -3.64 21.86 22.22 0.54 0.38

1 0.2 0.0101 -0.0015 -0.0015 -0.0041 0.58 -0.14 -0.56 0.58 0.47 0.41 0.01 0.36

1 0.4 -0.0211 -0.0132 -0.0132 -0.0079 -1.22 -1.21 -4.79 1.13 -6.09 -6.20 -0.15 -0.36

1 0.6 -0.0245 -0.0099 -0.0099 -0.0036 -1.42 -0.90 -3.58 0.51 -5.39 -5.44 -0.13 -0.36

1 0.8 -0.0125 -0.0037 -0.0037 -0.0004 -0.72 -0.34 -1.34 0.05 -2.35 -2.36 -0.06 -0.36

1 1 0.0000 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.36

1 0.4 -0.0211 -0.0132 -0.0132 -0.0079 -1.22 -1.21 -4.79 1.13 -6.09 -6.20 -0.15 -0.36

0.8 0.4 -0.0199 -0.0126 -0.0126 -0.0075 -1.15 -1.15 -4.55 1.07 -5.78 -5.89 -0.14 -0.36

0.6 0.4 -0.0161 -0.0104 -0.0104 -0.0063 -0.93 -0.96 -3.78 0.90 -4.77 -4.86 -0.11 -0.36

0.4 0.4 -0.0094 -0.0067 -0.0067 -0.0041 -0.54 -0.61 -2.42 0.59 -2.98 -3.04 -0.07 -0.36

0.2 0.4 0.0007 -0.0010 -0.0010 -0.0010 0.04 -0.09 -0.37 0.14 -0.29 -0.30 -0.01 -0.36

max negative moment, Muy(-) = -6.20 ft-k/ft max positive moment, Muy(+) = 22.22 ft-k/ft

max negative steel req'd, As(-) = -0.15 in
2
/ft max positive steel req'd, As(+) = 0.54 in

2
/ft

minimum steel req'd = -0.36 in
2
/ft minimum steel req'd = 0.38 in

2
/ft

Use Use

SUMMARY

Boundary Case 1

My - Moment Summary

Loads:   q ,  M ,  or  F

Final Moments

My Moments,   ft-k/ft

( d = 9.5'' )

Reinforcing:

Moment Coefficients

Moment Coefficient Multipliers
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DESIGN TASK:

11962A.00Aeration Basins

City of Wilsonville

Stabilization Basin Perimieter Wall w/ Seismic Loads & Soil Backfill (BSE-2E)

a = 12.5 0.166 0.263 1.040 -0.411

b = 18.67

a / b = 0.6695 3.099 4.910 19.417 -7.673

V Vu φVc

x / a y / b A B C D A B C D k/ft k/ft k/ft

0 1 0.4370 0.0425 0.0425 -0.0160 1.35 0.21 0.83 0.12 2.51 2.50 10.81

0 0.8 0.5116 0.1304 0.1304 0.0208 1.59 0.64 2.53 -0.16 4.60 4.61 10.81

0 0.6 0.5283 0.1797 0.1797 0.0567 1.64 0.88 3.49 -0.44 5.57 5.62 10.81

0 0.4 0.4585 0.2287 0.2287 0.1202 1.42 1.12 4.44 -0.92 6.06 6.15 10.81

0 0.2 0.1599 0.1437 0.1437 0.1168 0.50 0.71 2.79 -0.90 3.09 3.18 10.81

0 0.00 -0.0543 -0.0108 -0.0108 0.0075 -0.17 -0.05 -0.21 -0.06 -0.49 -0.48 10.81

0.2 0 0.0863 0.1156 0.1156 0.1155 0.27 0.57 2.24 -0.89 2.19 2.28 10.81

0.4 0 0.3128 0.2396 0.2396 0.1922 0.97 1.18 4.65 -1.48 5.32 5.47 10.81

0.6 0 0.4704 0.3103 0.3103 0.2286 1.46 1.52 6.02 -1.75 7.25 7.43 10.81

0.8 0 0.5594 0.3460 0.3460 0.2448 1.73 1.70 6.72 -1.88 8.27 8.46 10.81

1 0 0.5880 0.3568 0.3568 0.2494 1.82 1.75 6.93 -1.91 8.59 8.78 10.81

Concrete strength reduction factor for shear, φ = 0.75

d = 9.5 in

maximum shear, Vu = 8.78 k/ft OK

φVc = φ*2*(f 'c)
1/2

*b*d = (0.75*2*(4000)ˆ½ *12*9.5)/1000 = 10.81 k/ft

"Moments and Reactions for Rectangular Plates"

Engineering Monograph No. 27

By: W. T. Moody, United States Bureau of Reclamation

Quadratic interpolation is used for intermediate values within the Moody tables and between Moody figures.

The positive sign convention for moments Mx and My is tension on the loaded face of the plate.

The Mx moment is in the direction of the x-axis and the My moment is in the direction of the y-axis by plate sign convention.

Shear Coefficients Shears,   k/ft

Boundary Case 1

Loads:   q ,  M ,  or  F

Shear Coefficient Multipliers
Final Shears

Notes:         

Reference:

Shear Summary

SUMMARY
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DESIGN TASK:

Concrete Shear and Moment Strength Capacity 

Design for … beam, slab, wall ? wall

Properties and Geometry  

f 'c (psi) = 4000

Compression width of wall, b = 12 inch fy (psi) = 60000

Thickness of wall, h = 12 inch φ, Bending = 1

Depth to reinforcing, d = 9 inch φ, Shear = 1

factored design moment, Mu = 22.22 ft-k Es (psi) = 29000000

factored design shear, Vu = 8.78 kip Ec (psi) = 3604997

n = Es / Ec = 8.04

β1 = 0.85

  Nominal Shear Strength (Based on ACI 318-11.3.1.1)  

concrete shear strength,   φVc = φ*2*b*d*( f'c )
1/2

 = 13.66 kip ≥ Vu

stirrup spacing, s = 0 in

stirrup U-bar size = 0

Shear strength ≥ design shear, Okay

  Bending Strength  (ACI 318 - 10.2.1 thru 10.2.7)  

comment :

Area steel provided, As = 0.79 in
2 ρ = As / bd = 0.00731

 ρ(min)  <  As/bd  <  ρ(max)  -  OK

As (min)  = 0.19 in
2 ρ (min) = 0.00180

As (max)  = 2.31 in
2 ρ (max) = 0.02138

φ*Mn = 1*0.00731*60*12*9² *(1-0.588*0.00731*60/4)*(ft/12) = 33.256 ft-k ≥ Mu

Moment strength ≥ design moment, Okay

Aeration Basins

Stabilization Basins Perimeter Wall Strength (Vertical Reinforcing) (BSE-2E)

City of Wilsonville

existing 12" wall w/ #8@12" vert reinf

y2

n y '

c

 0.588  f  
bending strength,    M   f  b d  1  

f

ρ 
φ = φ ρ − 

 

b

d

h

cover
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CHKD: DESCRIPTION:     JOB NO: 11962A.00

DESIGN TASK:

Concrete Shear and Moment Strength Capacity 

Design for … beam, slab, wall ? wall

Properties and Geometry  

f 'c (psi) = 4000

Compression width of wall, b = 12 inch fy (psi) = 60000

Thickness of wall, h = 12 inch φ, Bending = 1

Depth to reinforcing, d = 9 inch φ, Shear = 1

factored design moment, Mu = 17.62 ft-k Es (psi) = 29000000

factored design shear, Vu = 5.62 kip Ec (psi) = 3604997

n = Es / Ec = 8.04

β1 = 0.85

  Nominal Shear Strength (Based on ACI 318-11.3.1.1)  

concrete shear strength,   φVc = φ*2*b*d*( f'c )
1/2

 = 13.66 kip ≥ Vu

stirrup spacing, s = 0 in

stirrup U-bar size = 0

Shear strength ≥ design shear, Okay

  Bending Strength  (ACI 318 - 10.2.1 thru 10.2.7)  

comment :

Area steel provided, As = 0.79 in
2 ρ = As / bd = 0.00731

 ρ(min)  <  As/bd  <  ρ(max)  -  OK

As (min)  = 0.19 in
2 ρ (min) = 0.00180

As (max)  = 2.31 in
2 ρ (max) = 0.02138

φ*Mn = 1*0.00731*60*12*9² *(1-0.588*0.00731*60/4)*(ft/12) = 33.256 ft-k ≥ Mu

Moment strength ≥ design moment, Okay

Aeration Basins

Stabilization Basins Perimeter Wall Strength (Horizontal Reinforcing) (BSE-2E)

City of Wilsonville

existing 12" wall w/ #8@12" horiz reinf outside face

y2

n y '

c

 0.588  f  
bending strength,    M   f  b d  1  

f

ρ 
φ = φ ρ − 

 

b

d

h

cover
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BY: BS DATE: Aug-21 CLIENT:     SHEET:

CHKD: DESCRIPTION:     JOB NO: 11962A.00

DESIGN TASK:

Concrete Shear and Moment Strength Capacity 

Design for … beam, slab, wall ? wall

Properties and Geometry  

f 'c (psi) = 4000

Compression width of wall, b = 12 inch fy (psi) = 60000

Thickness of wall, h = 12 inch φ, Bending = 1

Depth to reinforcing, d = 9 inch φ, Shear = 1

factored design moment, Mu = 8.66 ft-k Es (psi) = 29000000

factored design shear, Vu = 5.62 kip Ec (psi) = 3604997

n = Es / Ec = 8.04

β1 = 0.85

  Nominal Shear Strength (Based on ACI 318-11.3.1.1)  

concrete shear strength,   φVc = φ*2*b*d*( f'c )
1/2

 = 13.66 kip ≥ Vu

stirrup spacing, s = 0 in

stirrup U-bar size = 0

Shear strength ≥ design shear, Okay

  Bending Strength  (ACI 318 - 10.2.1 thru 10.2.7)  

comment :

Area steel provided, As = 0.6 in
2 ρ = As / bd = 0.00556

 ρ(min)  <  As/bd  <  ρ(max)  -  OK

As (min)  = 0.19 in
2 ρ (min) = 0.00180

As (max)  = 2.31 in
2 ρ (max) = 0.02138

φ*Mn = 1*0.00556*60*12*9² *(1-0.588*0.00556*60/4)*(ft/12) = 25.676 ft-k ≥ Mu

Moment strength ≥ design moment, Okay

Aeration Basins

Stabilization Basins Perimeter Wall Strength (Horizontal Reinforcing) (BSE-2E)

City of Wilsonville

existing 12" wall w/ #7@12" horiz reinf inside face

y2

n y '

c

 0.588  f  
bending strength,    M   f  b d  1  

f

ρ 
φ = φ ρ − 

 

b

d

h

cover
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

Static, Seismic, and Hydrodynamic Seismic Wall Pressures using ACI 350.3-06 and an IBC 2012:

wall connection fixity = no roof & fixed at floor

tank unit width perpendicular to EQ., B = 1 ft

tank inside length in direction of seismic, L = 25 ft 1.50

tank wall thickness, tw = 18 inch

wall height,  Hw = 18.67 ft

liquid height, HL = 16.67 ft

liquid specific gravity = 1

liquid density, γL = (sp.gr.)*γw = 0.0624 k/ft
3

acceleration due to gravity, g = 32.17 ft/sec
2

liquid mass density, ρL = γL / g = 0.00194 k-sec
2
/ft

4 0 18.67

16.67

Soil  Data

The site has no groundwater.

soil height above top of foundation base = 0 ft

groundwater ht. above foundation base = 0 ft

dry soil lateral pressure = 0 k/ft
3

        WALL  SECTION         

saturated soil lateral pressure = 0 k/ft
3

dry soil unit weight = 0 k/ft
3

live load lateral surcharge = 0.000 ksf

0

concrete strength, f 'c = 4 ksi

concrete density, γc = 0.150 k/ft
3

concrete modulus of elasticity, Ec = 3605.0 ksi

concrete mass density, ρc = γc / g = 0.004663 k-sec
2
/ft

4

Seismic:
Deisgn, 5% damped, spectral response acceleration at the short period of 0.2-second, SDS = 0.446 *g

Deisgn, 5% damped, spectral response acceleration at a period of 1-second, SD1 = 0.332 *g

B = 1 ft

Structure Risk Category = 3

Importance factor, I = 1.25 18 in.

Response modification factor, Rwi = 3

Response modification factor, Rwc = 1

L = 25 ft

11962A.00

Stabilizatin Basins (Transverse Direction) (CSZ)

City of Wilsonville

Aeration Basins

WALL PLAN  

seismic direction

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic
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CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Stabilizatin Basins (Transverse Direction) (CSZ)

City of Wilsonville

Aeration Basins

Weights:

unit 1-ft width wall mass, Ww = (18/12) * (18.67) * 0.15 = 4.20 kip

wall c.g. relative to base, hw = 18.67 / 2 = 9.335 ft

unit width liquid mass, WL = (25) * (1) * (16.67) * 32.17 = 26.01 kip

Seismic:   

1).   structure stiffness and dynamic property:

Note: per ASCE 7-10 and IBC 2012, the terms Sai and Sac have been appropriatetly substituted into the seismic equation of ACI 350.

Note: Wi and hi are impulsive component variables calculated on page 3.

wall mass, mw = Hw*( tw / 12 )*ρc = 0.13058 k-sec
2
/ft

2

liquid mass, mi = ( W i / WL )*( L/2 )*HL*ρL = 0.26806 k-sec
2
/ft

2

centroidal distance of masses, h = ( hw*mw + hi*mi ) / ( mw + mi ) = 7.261 ft

wall fixity condition is no roof & fixed at floor:

wall stiffness is determined using a unit mass load located at the centroidal distance h.

wall flexure stiffness, k = Ec*( tw/h)³ / 48 = 1144.17 k/ft/ft

( 1144.17 / (0.1306 + 0.2681 ) )ˆ½ = 53.5744 rad/sec

period of tank plus impulsive mass, Ti = 2π / ωi = 2 π  /  53.5744 = 0.1173 sec

(note: acceleration values to be from a maximum considered earthquake response spectra which will produce a factored load )

design factored spectral response acceleration for impulsive mass ( 5% damping ), Sai = SDS = 0.446 g

2).   Dynamic properties, Spectral amplification factors, and Effective mass coefficient:

(3.16*32.2*tanh(3.16*(0.6668)) )ˆ½ = 9.9345

9.9345 / ( 25 )ˆ½ = 1.9869 rad/sec,

period of the convective mass, Tc = 2π / ωc = 2 π  /  1.9869 = 3.1623 sec

Long transition period (from map figure 22-15 ASCE 7), TL = 16 sec

design spectral response acceleration for convective mass ( 0.5% damping ), Sac = 1.5 * Sd1 / Tc = 0.158 g

0.7688

L
H

3.16 g tanh 3.16
L

  λ = =  
  

2

L L

L L
effective mass coeff.,  = 0.0151 0.1908 1.021  ,   but  1.0  =

H H

   
ε − + ≤   

   

c

λ

 L
ω = =

i

w i

k

m m
ω = =

+
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CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Stabilizatin Basins (Transverse Direction) (CSZ)

City of Wilsonville

Aeration Basins

L = 25 ft

B = 1 ft

HL = 16.67 ft

WL = 26.01 kip

L / HL = 1.49970

HL / L = 0.66680

3).   lateral fluid impulsive force:

Wi = equivalent mass of the impulsive component of liquid.

26.01*(tanh(0.866*(1.4997)) / 0.866*(1.4997)) = 17.25 kip

hi (EBP) = HL * 0.375 = 16.67 * 0.375 = 6.251 ft

hi (IBP) = HL * {{(0.866*L/HL)/(2*tanh(0.866*L/HL))} -1/8 } = 10.483 ft

( 0.446 * 1.25 / 3 )*17.25 = 3.2 kip

4).   lateral fluid convective force: Wc = equivalent mass of the convective component of liquid.

26.01*( 0.264*(1.4997)*tanh(3.16*(0.6668)) ) = 10 kip

10.474 ft

12.446 ft

( 0.1575 * 1.25 / 1 )*10 = 2.0 kip

hi

hc

Dynamic Model   

(convective)

Pi

L

(impulsive)

Pc

    −   
   = − =

     
           

L

c  (IBP) L

L L

H
cosh 3.16 2.01

L
h H 1

H H
3.16 sinh 3.16

L L

     = =          

L
c L

L

HL
W W 0.264 tanh 3.16

H L

I
ai

i i

wi

  S     
impulsive force, P  W

R

 
= = 

 

L

i L

L

L
tanh 0.866

H
W W

L
0.866

H

  
  

  = =
 
 
 
 

    −   
   = − =

     
           

L

c  (EBP) L

L L

H
cosh 3.16 1

L
h H 1

H H
3.16 sinh 3.16

L L

ac
c c

wc

 S  I 
convective force, P = W =

R

 
 
 
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DESIGN TASK:

11962A.00

Stabilizatin Basins (Transverse Direction) (CSZ)

City of Wilsonville

Aeration Basins

5).   lateral inertia force of the accelerating wall:

unit width wall mass, Ww = 4.20 kip

wall c.g. relative to base, hw = 9.335 ft

( 0.446*1.25*0.7688/3 )*4.2 = 0.60 kip

6).   maximum wave slosh height displacement:

( 25 / 2) * ( 0.1575 / 1.0 * 1.25 ) = 2.46 ft

7).   vertical acceleration:

design horizontal accereration, SDS = 0.446 *g

 vertical spectral response acceleration (per ACI 350 para 9.4.3), Sav = Ct = 0.4*SDS = 0.1784 g

per ASCE 7-10 para. 15.7.7.2(b),   use I = Ri = b = 1.0

0.1784*1*1/1 = 0.1784 g

8).  vertical force distribution on a unit width using the linear distribution of ACI 350 sec 5.3:

0.024 ksf 0.106 ksf

0.168 ksf 0.014 ksf 0.186 ksf 0.032 ksf 1.040 ksf

Hw = 18.67

HL = 16.67

impulsive:

Pi = 3.20 kip

hi = 6.251 ft

at y = HL, piy  = 0.024 ksf

at base y = 0, piy  = 0.168 ksf

convective:

Pc = 2.00 kip

hc = 10.474 ft

at y = HL, pcy  = 0.106 ksf

at base y = 0, pcy  = 0.014 ksf

convectiveimpulsive vertical
acceleration

wall
inertia

hydrostatic

H
L

H
w

.

.

I
ai

w w

wi

 S      
wall  inertia force, P  W

R

 ε
= = 

 

( )i L i L i

L

iy 2

L

y
P 4H 6h 6H 12h

H
p

2 B H

  
− − −  

  = =

( )c L c L c

L

cy 2

L

y
P 4H 6h 6H 12h

H
p

2 B H

  
− − −  

  = =

I
ac

(max)

L
d =    =

2

S
  

1.4

  
  
  

Iav

i

 S    b 
Design vertical acceleration, ü  = =

R
 

file: wall_pressures_IBC2013 page 4 of 8

316



BY: BS DATE: Aug-21 CLIENT: SHEET:
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DESIGN TASK:

11962A.00

Stabilizatin Basins (Transverse Direction) (CSZ)

City of Wilsonville

Aeration Basins

vertical acceleration:

ü = 0.1784

at y = HL, pvy  = 0.000 ksf

at base y = 0, pvy  = 0.186 ksf

wall inertia:

pwy  = 0.1429 * γc * (tw/12)

at y = Hw, pwy  = 0.032 ksf

at base y = 0, pwy  = 0.032 ksf

hydrostatic:

at y = HL, qhy  = 0.000 ksf

at base y = 0, qhy  = 1.040 ksf

combine the effects of the dynamic pressures on the wall:

at y = Hw, py  = 0.120 ksf

at base y = 0, py  = 0.273 ksf

0.120 ksf    ( unfactored = 0.12 / 1.4 = 0.086 ksf )

0.273 ksf    ( unfactored = 0.273 / 1.4 = 0.195 ksf )

resultant dynamic pressures

9).  wall design pressures for hydrostatic + dynamic: wall height, Hw = 18.67 ft

liquid height, HL = 16.67 ft

unfactored load = 0.086 ksf

1.040 ksf unfactored load = 0.195 ksf

hydrostatic resultant dynamic pressures

H
L

H
w

.

.

A

B

.

Iai c w
wy

wi

  S       (t /12)
p  

R

ε γ
= =

( )hy L Lq   H y= γ − =

( )2 2 2

y iy wy cy vyp p p p p= + + + =

( )= γ − =
vy L L

p  ü  H y
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11962A.00

Stabilizatin Basins (Transverse Direction) (CSZ)

City of Wilsonville

Aeration Basins

10).  wall design pressures for external soil loading:
      static soil: The site has no groundwater.

wall height = 18.67 ft

soil height above top of base = 0 ft

groundwater ht. above base = 0 ft

dry soil lateral pressure = 0.000 k/ft
3

sat. soil lateral pressure = 0.000 k/ft
3

live load lateral surcharge = 0.000 ksf

equivalent static soil loadings: LL lateral surcharge, q1 = 0.0000 ksf

unfactored soil, q2 = 0.0000 ksf

unfactored soil, q3 = 0.0000 ksf

0.000

equivalent soil loadings:

unfactored q5 = 0.0000 ksf

unfactored q6 = 0.0000 ksf

      soil seismic:

resultant factored soil seismic load per foot of wall width, Pu (eq) = 0 k/ft

centroid location of the resultant soil seismic from the bottom of wall, heq = 0 ft

The resultant soil seismic load will be resolved into an equivalent pressure loading…

Equivalent factored seismic soil pressure loading & seismic wall loadings…

equivalent soil seismic, q8 = 0.0000 ksf

equivalent soil seismic, q9 = 0.0000 ksf

wall seismic (see wall page 5), q10 = 0.0321 ksf

equivalent soil seismic, q11 = q8 - q9 = 0.0000 ksf

equivalent soil seismic, q12 = q9 = 0.0000 ksf

unfactored equivalent soil seismic, q8 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q9 =0 / 1.4 = 0.0000 ksf

unfactored wall seismic , q10 = 0.0321 / 1.4 = 0.0230 ksf

unfactored equivalent soil seismic, q11 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q12 =0 / 1.4 = 0.0000 ksf

( resultant soil seismic load )  Peq

A

B

.

q1q2

q3

A

B

q8

q9

q10

q12q11

=

q10

q1q2

q3

=

q5q6
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11962A.00

Stabilizatin Basins (Transverse Direction) (CSZ)

City of Wilsonville

Aeration Basins

11).   Summary of equivalent unfactored pressure loadings for wall load cases 1 thru 4:

a).  load case 1:  hydrostatic water

wall height = 18.67 ft

water depth = 16.67 ft

(unfactored) 1.040 ksf

b).  load case 2:  hydrostatic + dynamic:

0.086 ksf (unfactored)

wall height = 18.67 ft

water depth = 16.67 ft

1.040 ksf 0.195 ksf 1.149 ksf 0.086 ksf

(unfactored) (unfactored) (unfactored) (unfactored)

hydrostatic resultant dynamic

 pressures 

c).  load case 3:  static soil + LL surcharge: wall height = 18.67 ft

soil height on wall = 0 ft

equivalent static soil & surcharge loadings... LL lateral surcharge, q1 = 0.000 ksf

unfactored soil, q2 = 0.000 ksf

unfactored soil, q3 = 0.000 ksf

0.000

equivalent soil loadings:

unfactored q5 = 0.000 ksf

unfactored q6 = 0.000 ksf

d).  load case 4:   soil seismic: (*note: add static soil pressure q6 & q7 to the seismic soil shown below)

equivalent seismic soil pressure loading & seismic wall loadings…

wall height = 18.67 ft

soil height on wall = 0 ft

unfactored equivalent soil seismic, q8 = 0.000 ksf

unfactored equivalent soil seismic, q9 = 0.000 ksf

unfactored equivalent soil seismic, q10 = 0.023 ksf

unfactored equivalent soil seismic, q11 = 0.000 ksf

unfactored equivalent soil seismic, q12 = 0.000 ksf

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic

=

q1q2

q3

=

q5q6

q8

q9

q10

q12q11

=

q10
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CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

Static, Seismic, and Hydrodynamic Seismic Wall Pressures using ACI 350.3-06 and an IBC 2012:

wall connection fixity = no roof & fixed at floor

tank unit width perpendicular to EQ., B = 1 ft

tank inside length in direction of seismic, L = 60 ft 1.00

tank wall thickness, tw = 12 inch

wall height,  Hw = 18.67 ft

liquid height, HL = 16.67 ft

liquid specific gravity = 1

liquid density, γL = (sp.gr.)*γw = 0.0624 k/ft
3

acceleration due to gravity, g = 32.17 ft/sec
2

liquid mass density, ρL = γL / g = 0.00194 k-sec
2
/ft

4 0 18.67

16.67

Soil  Data

The site has no groundwater.

soil height above top of foundation base = 0 ft

groundwater ht. above foundation base = 0 ft

dry soil lateral pressure = 0 k/ft
3

        WALL  SECTION         

saturated soil lateral pressure = 0 k/ft
3

dry soil unit weight = 0 k/ft
3

live load lateral surcharge = 0.000 ksf

0

concrete strength, f 'c = 4 ksi

concrete density, γc = 0.150 k/ft
3

concrete modulus of elasticity, Ec = 3605.0 ksi

concrete mass density, ρc = γc / g = 0.004663 k-sec
2
/ft

4

Seismic:
Deisgn, 5% damped, spectral response acceleration at the short period of 0.2-second, SDS = 0.446 *g

Deisgn, 5% damped, spectral response acceleration at a period of 1-second, SD1 = 0.332 *g

B = 1 ft

Structure Risk Category = 3

Importance factor, I = 1.25 12 in.

Response modification factor, Rwi = 3

Response modification factor, Rwc = 1

L = 60 ft

11962A.00

Stabilizatin Basins (Longitudinal Direction) (CSZ)

City of Wilsonville

Aeration Basins

WALL PLAN  

seismic direction

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic
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11962A.00

Stabilizatin Basins (Longitudinal Direction) (CSZ)
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Weights:

unit 1-ft width wall mass, Ww = (12/12) * (18.67) * 0.15 = 2.80 kip

wall c.g. relative to base, hw = 18.67 / 2 = 9.335 ft

unit width liquid mass, WL = (60) * (1) * (16.67) * 32.17 = 62.41 kip

Seismic:   

1).   structure stiffness and dynamic property:

Note: per ASCE 7-10 and IBC 2012, the terms Sai and Sac have been appropriatetly substituted into the seismic equation of ACI 350.

Note: Wi and hi are impulsive component variables calculated on page 3.

wall mass, mw = Hw*( tw / 12 )*ρc = 0.08705 k-sec
2
/ft

2

liquid mass, mi = ( W i / WL )*( L/2 )*HL*ρL = 0.30993 k-sec
2
/ft

2

centroidal distance of masses, h = ( hw*mw + hi*mi ) / ( mw + mi ) = 6.927 ft

wall fixity condition is no roof & fixed at floor:

wall stiffness is determined using a unit mass load located at the centroidal distance h.

wall flexure stiffness, k = Ec*( tw/h)³ / 48 = 390.46 k/ft/ft

( 390.46 / (0.0871 + 0.3099 ) )ˆ½ = 31.3618 rad/sec

period of tank plus impulsive mass, Ti = 2π / ωi = 2 π  /  31.3618 = 0.2003 sec

(note: acceleration values to be from a maximum considered earthquake response spectra which will produce a factored load )

design factored spectral response acceleration for impulsive mass ( 5% damping ), Sai = SDS = 0.446 g

2).   Dynamic properties, Spectral amplification factors, and Effective mass coefficient:

(3.16*32.2*tanh(3.16*(0.2778)) )ˆ½ = 8.4681

8.4681 / ( 60 )ˆ½ = 1.0932 rad/sec,

period of the convective mass, Tc = 2π / ωc = 2 π  /  1.0932 = 5.7474 sec

Long transition period (from map figure 22-15 ASCE 7), TL = 16 sec

design spectral response acceleration for convective mass ( 0.5% damping ), Sac = 1.5 * Sd1 / Tc = 0.087 g

0.5299

L
H

3.16 g tanh 3.16
L

  λ = =  
  

2

L L

L L
effective mass coeff.,  = 0.0151 0.1908 1.021  ,   but  1.0  =

H H

   
ε − + ≤   

   

c

λ

 L
ω = =

i

w i

k

m m
ω = =

+
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L = 60 ft

B = 1 ft

HL = 16.67 ft

WL = 62.41 kip

L / HL = 3.59928

HL / L = 0.27783

3).   lateral fluid impulsive force:

Wi = equivalent mass of the impulsive component of liquid.

62.41*(tanh(0.866*(3.5993)) / 0.866*(3.5993)) = 19.94 kip

hi (EBP) = HL * 0.375 = 16.67 * 0.375 = 6.251 ft

hi (IBP) = HL * {{(0.866*L/HL)/(2*tanh(0.866*L/HL))} -1/8 } = 23.998 ft

( 0.446 * 1.25 / 3 )*19.94 = 3.7 kip

4).   lateral fluid convective force: Wc = equivalent mass of the convective component of liquid.

62.41*( 0.264*(3.5993)*tanh(3.16*(0.2778)) ) = 41.83 kip

8.832 ft

28.102 ft

( 0.0866 * 1.25 / 1 )*41.83 = 4.5 kip

hi

hc

Dynamic Model   

(convective)

Pi

L

(impulsive)

Pc

    −   
   = − =

     
           

L

c  (IBP) L

L L

H
cosh 3.16 2.01

L
h H 1

H H
3.16 sinh 3.16

L L

     = =          

L
c L

L

HL
W W 0.264 tanh 3.16

H L

I
ai

i i

wi

  S     
impulsive force, P  W

R

 
= = 

 

L

i L

L

L
tanh 0.866

H
W W

L
0.866

H

  
  

  = =
 
 
 
 

    −   
   = − =

     
           

L

c  (EBP) L

L L

H
cosh 3.16 1

L
h H 1

H H
3.16 sinh 3.16

L L

ac
c c

wc

 S  I 
convective force, P = W =

R

 
 
 
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5).   lateral inertia force of the accelerating wall:

unit width wall mass, Ww = 2.80 kip

wall c.g. relative to base, hw = 9.335 ft

( 0.446*1.25*0.5299/3 )*2.8 = 0.28 kip

6).   maximum wave slosh height displacement:

( 60 / 2) * ( 0.0866 / 1.4 * 1.25 ) = 3.25 ft

Wave height is greater than the freeboard of 2-ft. Check effects of wave spillage.

7).   vertical acceleration:

design horizontal accereration, SDS = 0.446 *g

 vertical spectral response acceleration (per ACI 350 para 9.4.3), Sav = Ct = 0.4*SDS = 0.1784 g

per ASCE 7-10 para. 15.7.7.2(b),   use I = Ri = b = 1.0

0.1784*1*1/1 = 0.1784 g

8).  vertical force distribution on a unit width using the linear distribution of ACI 350 sec 5.3:

0.028 ksf 0.159 ksf

0.194 ksf 0.111 ksf 0.186 ksf 0.015 ksf 1.040 ksf

Hw = 18.67

HL = 16.67

impulsive:

Pi = 3.70 kip

hi = 6.251 ft

at y = HL, piy  = 0.028 ksf

at base y = 0, piy  = 0.194 ksf

convective:

Pc = 4.50 kip

hc = 8.832 ft

at y = HL, pcy  = 0.159 ksf

at base y = 0, pcy  = 0.111 ksf

convectiveimpulsive vertical
acceleration

wall
inertia

hydrostatic

H
L

H
w

.

.

I
ai

w w

wi

 S      
wall  inertia force, P  W

R

 ε
= = 

 

( )i L i L i

L

iy 2

L

y
P 4H 6h 6H 12h

H
p

2 B H

  
− − −  

  = =

( )c L c L c

L

cy 2

L

y
P 4H 6h 6H 12h

H
p

2 B H

  
− − −  

  = =

I
ac

(max)

L
d =    =

2

S
  

1.4

  
  
  

Iav

i

 S    b 
Design vertical acceleration, ü  = =

R
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vertical acceleration:

ü = 0.1784

at y = HL, pvy  = 0.000 ksf

at base y = 0, pvy  = 0.186 ksf

wall inertia:

pwy  = 0.0985 * γc * (tw/12)

at y = Hw, pwy  = 0.015 ksf

at base y = 0, pwy  = 0.015 ksf

hydrostatic:

at y = HL, qhy  = 0.000 ksf

at base y = 0, qhy  = 1.040 ksf

combine the effects of the dynamic pressures on the wall:

at y = Hw, py  = 0.165 ksf

at base y = 0, py  = 0.301 ksf

0.165 ksf    ( unfactored = 0.165 / 1.4 = 0.118 ksf )

0.301 ksf    ( unfactored = 0.301 / 1.4 = 0.215 ksf )

resultant dynamic pressures

9).  wall design pressures for hydrostatic + dynamic: wall height, Hw = 18.67 ft

liquid height, HL = 16.67 ft

unfactored load = 0.118 ksf

1.040 ksf unfactored load = 0.215 ksf

hydrostatic resultant dynamic pressures

H
L

H
w

.

.

A

B

.

Iai c w
wy

wi

  S       (t /12)
p  

R

ε γ
= =

( )hy L Lq   H y= γ − =

( )2 2 2

y iy wy cy vyp p p p p= + + + =

( )= γ − =
vy L L

p  ü  H y
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10).  wall design pressures for external soil loading:
      static soil: The site has no groundwater.

wall height = 18.67 ft

soil height above top of base = 0 ft

groundwater ht. above base = 0 ft

dry soil lateral pressure = 0.000 k/ft
3

sat. soil lateral pressure = 0.000 k/ft
3

live load lateral surcharge = 0.000 ksf

equivalent static soil loadings: LL lateral surcharge, q1 = 0.0000 ksf

unfactored soil, q2 = 0.0000 ksf

unfactored soil, q3 = 0.0000 ksf

0.000

equivalent soil loadings:

unfactored q5 = 0.0000 ksf

unfactored q6 = 0.0000 ksf

      soil seismic:

resultant factored soil seismic load per foot of wall width, Pu (eq) = 0 k/ft

centroid location of the resultant soil seismic from the bottom of wall, heq = 0 ft

The resultant soil seismic load will be resolved into an equivalent pressure loading…

Equivalent factored seismic soil pressure loading & seismic wall loadings…

equivalent soil seismic, q8 = 0.0000 ksf

equivalent soil seismic, q9 = 0.0000 ksf

wall seismic (see wall page 5), q10 = 0.0148 ksf

equivalent soil seismic, q11 = q8 - q9 = 0.0000 ksf

equivalent soil seismic, q12 = q9 = 0.0000 ksf

unfactored equivalent soil seismic, q8 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q9 =0 / 1.4 = 0.0000 ksf

unfactored wall seismic , q10 = 0.0148 / 1.4 = 0.0106 ksf

unfactored equivalent soil seismic, q11 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q12 =0 / 1.4 = 0.0000 ksf

( resultant soil seismic load )  Peq

A

B

.

q1q2

q3

A

B

q8

q9

q10

q12q11

=

q10

q1q2

q3

=

q5q6
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11).   Summary of equivalent unfactored pressure loadings for wall load cases 1 thru 4:

a).  load case 1:  hydrostatic water

wall height = 18.67 ft

water depth = 16.67 ft

(unfactored) 1.040 ksf

b).  load case 2:  hydrostatic + dynamic:

0.118 ksf (unfactored)

wall height = 18.67 ft

water depth = 16.67 ft

1.040 ksf 0.215 ksf 1.137 ksf 0.118 ksf

(unfactored) (unfactored) (unfactored) (unfactored)

hydrostatic resultant dynamic

 pressures 

c).  load case 3:  static soil + LL surcharge: wall height = 18.67 ft

soil height on wall = 0 ft

equivalent static soil & surcharge loadings... LL lateral surcharge, q1 = 0.000 ksf

unfactored soil, q2 = 0.000 ksf

unfactored soil, q3 = 0.000 ksf

0.000

equivalent soil loadings:

unfactored q5 = 0.000 ksf

unfactored q6 = 0.000 ksf

d).  load case 4:   soil seismic: (*note: add static soil pressure q6 & q7 to the seismic soil shown below)

equivalent seismic soil pressure loading & seismic wall loadings…

wall height = 18.67 ft

soil height on wall = 0 ft

unfactored equivalent soil seismic, q8 = 0.000 ksf

unfactored equivalent soil seismic, q9 = 0.000 ksf

unfactored equivalent soil seismic, q10 = 0.011 ksf

unfactored equivalent soil seismic, q11 = 0.000 ksf

unfactored equivalent soil seismic, q12 = 0.000 ksf

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic

=

q1q2

q3

=

q5q6

q8

q9

q10

q12q11

=

q10
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Rectangular Plate:

plate  boundary  condition  case  number (1, 2, 3, 4, or 5) = 1

total plate width = 2*a = 2 * 12.5 = 25 ft

plate dimension, a = 12.5 ft

plate dimension, b = 18.67 ft

plate sides ratio, a/b = 0.6695

for for

moment shear

1 1

1 1

1 1

0.9 0.9

Notes: 1).  Load 100 = uniform load of any load height ≥ b/3;    Load 400 = triangular load of any load height ≥ b/6.

2).  load height must be less than or equal to "b", and uniform load height ≥ "b / 3", and triangular load height ≥ "b / 6" .

3).  loads may be positive or negative.

plate thickness, h = 12 in d d'

( in ) ( in )

concrete strength, f 'c = 4 ksi 9'' 3''

reinforcing steel strength, fy = 60 ksi 9.5'' 2.5''

reinforcing clear cover to face of concrete = 2 in

number of curtains of reinforcing, (1 or 2) = 2

Are bars in "x" or "y" direction closest to face of concrete ? y

minimum ratio of horizontal shrinkage-temperature steel = 0.00500

minimum ratio of vertical shrinkage-temperature steel = 0.00500

My bending

11962A.00Aeration Basins

...only for custom 

City of Wilsonville

Loading

Stabilization Basin Perimieter Wall w/ Seismic Loads & Soil Backfill (CSZ)

unfactored loads:

Choice of Available Loadings

concrete load factors

conditions

load type load height, (ft)

q ,  M ,  or  F

load

(  ksf,  ft-k/ft,  k/ft  )loads  100 or 400Selection Number

16.670

( 4 max )

0.165

400

1.040

0.136

A

C

B 16.670

100

-0.411

16.670

10.280

400

bar locations

Mx bending

400D

Free

b

aa
0

x

y

load 1 load 8load 4load 2

( 2/3  b )

load 5

( 2/3  b )

load 6

( 1/3  b )

load 3

( 1/3  b )

load 7

( 1/6  b )

Available Loading Selections - ( loads 1 thru 9 ,  100 ,  or  400 )

load 9

load 100

load height

load 400

load height

FM
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Stabilization Basin Perimieter Wall w/ Seismic Loads & Soil Backfill (CSZ)

a = 12.5 0.165 0.136 1.040 -0.411

b = 18.67

a / b = 0.6695 57.514 47.405 362.512 -143.262

Mx Mux As(req'd) As(min)

x / a y / b A B C D A B C D ft-k/ft ft-k/ft in
2
/ft in

2
/ft

0 1 0.1035 0.0228 0.0228 0.0037 5.95 1.08 8.28 -0.52 14.79 14.84 0.38 0.36

0 0.8 0.0996 0.0272 0.0272 0.0067 5.73 1.29 9.88 -0.96 15.94 16.03 0.41 0.36

0 0.6 0.0900 0.0303 0.0303 0.0105 5.17 1.44 10.99 -1.50 16.10 16.25 0.42 0.36

0 0.4 0.0668 0.0284 0.0284 0.0134 3.84 1.35 10.30 -1.92 13.57 13.76 0.35 0.36

0 0.2 0.0272 0.0150 0.0150 0.0092 1.56 0.71 5.43 -1.32 6.38 6.51 0.16 0.36

0 0 0.0000 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.36

0.2 0 0.0034 0.0022 0.0022 0.0015 0.19 0.10 0.79 -0.21 0.88 0.90 0.02 0.36

0.4 0 0.0089 0.0050 0.0050 0.0032 0.51 0.24 1.80 -0.45 2.09 2.14 0.05 0.36

0.6 0 0.0139 0.0071 0.0071 0.0043 0.80 0.34 2.58 -0.61 3.11 3.17 0.08 0.36

0.8 0 0.0171 0.0085 0.0085 0.0049 0.98 0.40 3.07 -0.70 3.76 3.83 0.10 0.36

1 0 0.0182 0.0089 0.0089 0.0051 1.05 0.42 3.24 -0.73 3.98 4.05 0.10 0.36

1 0.2 -0.0070 -0.0039 -0.0039 -0.0024 -0.40 -0.18 -1.40 0.34 -1.65 -1.68 -0.04 -0.36

1 0.4 -0.0288 -0.0115 -0.0115 -0.0051 -1.65 -0.55 -4.18 0.74 -5.65 -5.72 -0.14 -0.36

1 0.6 -0.0417 -0.0138 -0.0138 -0.0048 -2.40 -0.66 -5.02 0.68 -7.39 -7.46 -0.19 -0.36

1 0.8 -0.0473 -0.0136 -0.0136 -0.0037 -2.72 -0.64 -4.92 0.53 -7.76 -7.81 -0.20 -0.36

1 1 -0.0516 -0.0134 -0.0134 -0.0031 -2.97 -0.63 -4.85 0.45 -8.00 -8.05 -0.20 -0.36

0.8 1 -0.0459 -0.0117 -0.0117 -0.0027 -2.64 -0.56 -4.25 0.38 -7.07 -7.10 -0.18 -0.36

0.8 0.8 -0.0424 -0.0121 -0.0121 -0.0032 -2.44 -0.57 -4.38 0.46 -6.93 -6.97 -0.17 -0.36

0.8 0.6 -0.0379 -0.0127 -0.0127 -0.0044 -2.18 -0.60 -4.59 0.63 -6.75 -6.81 -0.17 -0.36

0.8 0.4 -0.0266 -0.0109 -0.0109 -0.0049 -1.53 -0.51 -3.94 0.70 -5.28 -5.35 -0.13 -0.36

0.8 0.2 -0.0066 -0.0038 -0.0038 -0.0024 -0.38 -0.18 -1.39 0.35 -1.61 -1.64 -0.04 -0.36

max negative moment, Mux(-) = -8.05 ft-k/ft max positive moment, Mux(+) = 16.25 ft-k/ft

max negative steel req'd, As(-) = -0.20 in
2
/ft max positive steel req'd, As(+) = 0.42 in

2
/ft

minimum steel req'd = -0.36 in
2
/ft minimum steel req'd = 0.36 in

2
/ft

Use Use

Moment Coefficients

Boundary Case 1
Reinforcing:Moment Coefficient Multipliers

( d = 9'' )
Final Moments

Mx Moments,   ft-k/ft

Loads:   q ,  M ,  or  F
SUMMARY

Mx - Moment Summary
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City of Wilsonville

Stabilization Basin Perimieter Wall w/ Seismic Loads & Soil Backfill (CSZ)

a = 12.5 0.165 0.136 1.040 -0.411

b = 18.67

a / b = 0.6695 57.514 47.405 362.512 -143.262

My Muy As(req'd) As(min)

x / a y / b A B C D A B C D ft-k/ft ft-k/ft in
2
/ft in

2
/ft

0 1 0.0000 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.36

0 0.8 0.0199 0.0055 0.0055 0.0014 1.14 0.26 1.99 -0.20 3.20 3.22 0.08 0.36

0 0.6 0.0180 0.0061 0.0061 0.0021 1.03 0.29 2.21 -0.30 3.22 3.25 0.08 0.36

0 0.4 0.0134 0.0057 0.0057 0.0027 0.77 0.27 2.06 -0.38 2.72 2.76 0.06 0.36

0 0.2 0.0055 0.0030 0.0030 0.0018 0.31 0.14 1.09 -0.26 1.29 1.31 0.03 0.36

0 0 0.0000 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.36

0.2 0 0.0170 0.0109 0.0109 0.0077 0.98 0.52 3.97 -1.11 4.36 4.47 0.11 0.36

0.4 0 0.0446 0.0248 0.0248 0.0158 2.56 1.18 8.99 -2.26 10.47 10.70 0.26 0.36

0.6 0 0.0692 0.0357 0.0357 0.0213 3.98 1.69 12.96 -3.06 15.58 15.88 0.38 0.38

0.8 0 0.0854 0.0424 0.0424 0.0244 4.91 2.01 15.36 -3.50 18.78 19.13 0.46 0.38

1 0 0.0910 0.0445 0.0445 0.0254 5.23 2.11 16.15 -3.64 19.85 20.22 0.49 0.38

1 0.2 0.0101 -0.0015 -0.0015 -0.0041 0.58 -0.07 -0.56 0.58 0.53 0.47 0.01 0.36

1 0.4 -0.0211 -0.0132 -0.0132 -0.0079 -1.21 -0.63 -4.79 1.13 -5.50 -5.61 -0.13 -0.36

1 0.6 -0.0245 -0.0099 -0.0099 -0.0036 -1.41 -0.47 -3.58 0.51 -4.94 -4.99 -0.12 -0.36

1 0.8 -0.0125 -0.0037 -0.0037 -0.0004 -0.72 -0.18 -1.34 0.05 -2.18 -2.19 -0.05 -0.36

1 1 0.0000 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.36

1 0.4 -0.0211 -0.0132 -0.0132 -0.0079 -1.21 -0.63 -4.79 1.13 -5.50 -5.61 -0.13 -0.36

0.8 0.4 -0.0199 -0.0126 -0.0126 -0.0075 -1.14 -0.60 -4.55 1.07 -5.22 -5.33 -0.13 -0.36

0.6 0.4 -0.0161 -0.0104 -0.0104 -0.0063 -0.92 -0.49 -3.78 0.90 -4.30 -4.39 -0.10 -0.36

0.4 0.4 -0.0094 -0.0067 -0.0067 -0.0041 -0.54 -0.32 -2.42 0.59 -2.68 -2.74 -0.06 -0.36

0.2 0.4 0.0007 -0.0010 -0.0010 -0.0010 0.04 -0.05 -0.37 0.14 -0.24 -0.26 -0.01 -0.36

max negative moment, Muy(-) = -5.61 ft-k/ft max positive moment, Muy(+) = 20.22 ft-k/ft

max negative steel req'd, As(-) = -0.13 in
2
/ft max positive steel req'd, As(+) = 0.49 in

2
/ft

minimum steel req'd = -0.36 in
2
/ft minimum steel req'd = 0.38 in

2
/ft

Use Use

SUMMARY

Boundary Case 1

My - Moment Summary

Loads:   q ,  M ,  or  F

Final Moments

My Moments,   ft-k/ft

( d = 9.5'' )

Reinforcing:

Moment Coefficients

Moment Coefficient Multipliers
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Stabilization Basin Perimieter Wall w/ Seismic Loads & Soil Backfill (CSZ)

a = 12.5 0.165 0.136 1.040 -0.411

b = 18.67

a / b = 0.6695 3.081 2.539 19.417 -7.673

V Vu φVc

x / a y / b A B C D A B C D k/ft k/ft k/ft

0 1 0.4370 0.0425 0.0425 -0.0160 1.35 0.11 0.83 0.12 2.40 2.39 10.81

0 0.8 0.5116 0.1304 0.1304 0.0208 1.58 0.33 2.53 -0.16 4.28 4.29 10.81

0 0.6 0.5283 0.1797 0.1797 0.0567 1.63 0.46 3.49 -0.44 5.14 5.18 10.81

0 0.4 0.4585 0.2287 0.2287 0.1202 1.41 0.58 4.44 -0.92 5.51 5.60 10.81

0 0.2 0.1599 0.1437 0.1437 0.1168 0.49 0.36 2.79 -0.90 2.75 2.84 10.81

0 0.00 -0.0543 -0.0108 -0.0108 0.0075 -0.17 -0.03 -0.21 -0.06 -0.46 -0.46 10.81

0.2 0 0.0863 0.1156 0.1156 0.1155 0.27 0.29 2.24 -0.89 1.92 2.01 10.81

0.4 0 0.3128 0.2396 0.2396 0.1922 0.96 0.61 4.65 -1.48 4.75 4.90 10.81

0.6 0 0.4704 0.3103 0.3103 0.2286 1.45 0.79 6.02 -1.75 6.51 6.68 10.81

0.8 0 0.5594 0.3460 0.3460 0.2448 1.72 0.88 6.72 -1.88 7.44 7.63 10.81

1 0 0.5880 0.3568 0.3568 0.2494 1.81 0.91 6.93 -1.91 7.73 7.92 10.81

Concrete strength reduction factor for shear, φ = 0.75

d = 9.5 in

maximum shear, Vu = 7.92 k/ft OK

φVc = φ*2*(f 'c)
1/2

*b*d = (0.75*2*(4000)ˆ½ *12*9.5)/1000 = 10.81 k/ft

"Moments and Reactions for Rectangular Plates"

Engineering Monograph No. 27

By: W. T. Moody, United States Bureau of Reclamation

Quadratic interpolation is used for intermediate values within the Moody tables and between Moody figures.

The positive sign convention for moments Mx and My is tension on the loaded face of the plate.

The Mx moment is in the direction of the x-axis and the My moment is in the direction of the y-axis by plate sign convention.

Shear Coefficients Shears,   k/ft

Boundary Case 1

Loads:   q ,  M ,  or  F

Shear Coefficient Multipliers
Final Shears

Notes:         

Reference:

Shear Summary

SUMMARY
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BY: BS DATE: Aug-21 CLIENT:     SHEET:

CHKD: DESCRIPTION:     JOB NO: 11962A.00

DESIGN TASK:

Concrete Shear and Moment Strength Capacity 

Design for … beam, slab, wall ? wall

Properties and Geometry  

f 'c (psi) = 4000

Compression width of wall, b = 12 inch fy (psi) = 60000

Thickness of wall, h = 12 inch φ, Bending = 1

Depth to reinforcing, d = 9 inch φ, Shear = 1

factored design moment, Mu = 20.22 ft-k Es (psi) = 29000000

factored design shear, Vu = 7.92 kip Ec (psi) = 3604997

n = Es / Ec = 8.04

β1 = 0.85

  Nominal Shear Strength (Based on ACI 318-11.3.1.1)  

concrete shear strength,   φVc = φ*2*b*d*( f'c )
1/2

 = 13.66 kip ≥ Vu

stirrup spacing, s = 0 in

stirrup U-bar size = 0

Shear strength ≥ design shear, Okay

  Bending Strength  (ACI 318 - 10.2.1 thru 10.2.7)  

comment :

Area steel provided, As = 0.79 in
2 ρ = As / bd = 0.00731

 ρ(min)  <  As/bd  <  ρ(max)  -  OK

As (min)  = 0.19 in
2 ρ (min) = 0.00180

As (max)  = 2.31 in
2 ρ (max) = 0.02138

φ*Mn = 1*0.00731*60*12*9² *(1-0.588*0.00731*60/4)*(ft/12) = 33.256 ft-k ≥ Mu

Moment strength ≥ design moment, Okay

Aeration Basins

Stabilization Basins Perimeter Wall Strength (Vertical Reinforcing) (CSZ)

City of Wilsonville

existing 12" wall w/ #8@12" vert reinf

y2

n y '

c

 0.588  f  
bending strength,    M   f  b d  1  

f

ρ 
φ = φ ρ − 

 

b

d

h

cover
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BY: BS DATE: Aug-21 CLIENT:     SHEET:

CHKD: DESCRIPTION:     JOB NO: 11962A.00

DESIGN TASK:

Concrete Shear and Moment Strength Capacity 

Design for … beam, slab, wall ? wall

Properties and Geometry  

f 'c (psi) = 4000

Compression width of wall, b = 12 inch fy (psi) = 60000

Thickness of wall, h = 12 inch φ, Bending = 1

Depth to reinforcing, d = 9 inch φ, Shear = 1

factored design moment, Mu = 16.25 ft-k Es (psi) = 29000000

factored design shear, Vu = 5.18 kip Ec (psi) = 3604997

n = Es / Ec = 8.04

β1 = 0.85

  Nominal Shear Strength (Based on ACI 318-11.3.1.1)  

concrete shear strength,   φVc = φ*2*b*d*( f'c )
1/2

 = 13.66 kip ≥ Vu

stirrup spacing, s = 0 in

stirrup U-bar size = 0

Shear strength ≥ design shear, Okay

  Bending Strength  (ACI 318 - 10.2.1 thru 10.2.7)  

comment :

Area steel provided, As = 0.79 in
2 ρ = As / bd = 0.00731

 ρ(min)  <  As/bd  <  ρ(max)  -  OK

As (min)  = 0.19 in
2 ρ (min) = 0.00180

As (max)  = 2.31 in
2 ρ (max) = 0.02138

φ*Mn = 1*0.00731*60*12*9² *(1-0.588*0.00731*60/4)*(ft/12) = 33.256 ft-k ≥ Mu

Moment strength ≥ design moment, Okay

Aeration Basins

Stabilization Basins Perimeter Wall Strength (Horizontal Reinforcing) (CSZ)

City of Wilsonville

existing 12" wall w/ #8@12" horiz reinf outside face

y2

n y '

c

 0.588  f  
bending strength,    M   f  b d  1  

f

ρ 
φ = φ ρ − 

 

b

d

h

cover
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BY: BS DATE: Aug-21 CLIENT:     SHEET:

CHKD: DESCRIPTION:     JOB NO: 11962A.00

DESIGN TASK:

Concrete Shear and Moment Strength Capacity 

Design for … beam, slab, wall ? wall

Properties and Geometry  

f 'c (psi) = 4000

Compression width of wall, b = 12 inch fy (psi) = 60000

Thickness of wall, h = 12 inch φ, Bending = 1

Depth to reinforcing, d = 9 inch φ, Shear = 1

factored design moment, Mu = 8.05 ft-k Es (psi) = 29000000

factored design shear, Vu = 5.18 kip Ec (psi) = 3604997

n = Es / Ec = 8.04

β1 = 0.85

  Nominal Shear Strength (Based on ACI 318-11.3.1.1)  

concrete shear strength,   φVc = φ*2*b*d*( f'c )
1/2

 = 13.66 kip ≥ Vu

stirrup spacing, s = 0 in

stirrup U-bar size = 0

Shear strength ≥ design shear, Okay

  Bending Strength  (ACI 318 - 10.2.1 thru 10.2.7)  

comment :

Area steel provided, As = 0.6 in
2 ρ = As / bd = 0.00556

 ρ(min)  <  As/bd  <  ρ(max)  -  OK

As (min)  = 0.19 in
2 ρ (min) = 0.00180

As (max)  = 2.31 in
2 ρ (max) = 0.02138

φ*Mn = 1*0.00556*60*12*9² *(1-0.588*0.00556*60/4)*(ft/12) = 25.676 ft-k ≥ Mu

Moment strength ≥ design moment, Okay

Aeration Basins

Stabilization Basins Perimeter Wall Strength (Horizontal Reinforcing) (CSZ)

City of Wilsonville

existing 12" wall w/ #7@12" horiz reinf inside face

y2

n y '

c

 0.588  f  
bending strength,    M   f  b d  1  

f

ρ 
φ = φ ρ − 

 

b

d

h

cover
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City of Wilsonville 

Sludge Storage Basins and Biofilter Structural Calculations 

 

Biofilter Basin Dividing Wall Check (BSE-2E Seismic Level)   pg. 1 

Biofilter Basin Dividing Wall Check (CSZ Seismic Level)    pg. 25 

WAS Basin Dividing Wall Check (BSE-2E Seismic Level)    pg. 45 

WAS Basin Dividing Wall Check (CSZ Seismic Level)    pg. 61 
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Biofilter Basin Dividing
Wall Evaluation
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Dividing Wall Section Reinforcing
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

Static, Seismic, and Hydrodynamic Seismic Wall Pressures using ACI 350.3-06 and an IBC 2012:

wall connection fixity = no roof & fixed at floor

tank unit width perpendicular to EQ., B = 1 ft

tank inside length in direction of seismic, L = 20 ft 1.00

tank wall thickness, tw = 12 inch

wall height,  Hw = 11.18 ft

liquid height, HL = 10.44 ft

liquid specific gravity = 1

liquid density, γL = (sp.gr.)*γw = 0.0624 k/ft
3

acceleration due to gravity, g = 32.17 ft/sec
2

liquid mass density, ρL = γL / g = 0.00194 k-sec
2
/ft

4 0 11.18

10.44

Soil  Data

The site has no groundwater.

soil height above top of foundation base = 0 ft

groundwater ht. above foundation base = 0 ft

dry soil lateral pressure = 0 k/ft
3

        WALL  SECTION         

saturated soil lateral pressure = 0 k/ft
3

dry soil unit weight = 0 k/ft
3

live load lateral surcharge = 0.000 ksf

0

concrete strength, f 'c = 3 ksi

concrete density, γc = 0.150 k/ft
3

concrete modulus of elasticity, Ec = 3122.0 ksi

concrete mass density, ρc = γc / g = 0.004663 k-sec
2
/ft

4

Seismic:
Deisgn, 5% damped, spectral response acceleration at the short period of 0.2-second, SDS = 0.744 *g

Deisgn, 5% damped, spectral response acceleration at a period of 1-second, SD1 = 0.405 *g

B = 1 ft

Structure Risk Category = 2

Importance factor, I = 1 12 in.

Response modification factor, Rwi = 3

Response modification factor, Rwc = 1

L = 20 ft

11962A.00

Interior Dividing Wall between Sludge Storage & Biofilter Basins (Transverse Direction) (BSE-2E)

City of Wilsonville

Sludge Storage Basins & Biofilter

WALL PLAN  

seismic direction

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic

file: wall_pressures_IBC2013 page 1 of 8
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Interior Dividing Wall between Sludge Storage & Biofilter Basins (Transverse Direction) (BSE-2E)

City of Wilsonville

Sludge Storage Basins & Biofilter

Weights:

unit 1-ft width wall mass, Ww = (12/12) * (11.18) * 0.15 = 1.68 kip

wall c.g. relative to base, hw = 11.18 / 2 = 5.590 ft

unit width liquid mass, WL = (20) * (1) * (10.44) * 32.17 = 13.03 kip

Seismic:   

1).   structure stiffness and dynamic property:

Note: per ASCE 7-10 and IBC 2012, the terms Sai and Sac have been appropriatetly substituted into the seismic equation of ACI 350.

Note: Wi and hi are impulsive component variables calculated on page 3.

wall mass, mw = Hw*( tw / 12 )*ρc = 0.05213 k-sec
2
/ft

2

liquid mass, mi = ( W i / WL )*( L/2 )*HL*ρL = 0.11345 k-sec
2
/ft

2

centroidal distance of masses, h = ( hw*mw + hi*mi ) / ( mw + mi ) = 4.442 ft

wall fixity condition is no roof & fixed at floor:

wall stiffness is determined using a unit mass load located at the centroidal distance h.

wall flexure stiffness, k = Ec*( tw/h)³ / 48 = 1282.34 k/ft/ft

( 1282.34 / (0.0521 + 0.1135 ) )ˆ½ = 88.0026 rad/sec

period of tank plus impulsive mass, Ti = 2π / ωi = 2 π  /  88.0026 = 0.0714 sec

(note: acceleration values to be from a maximum considered earthquake response spectra which will produce a factored load )

design factored spectral response acceleration for impulsive mass ( 5% damping ), Sai = SDS = 0.744 g

2).   Dynamic properties, Spectral amplification factors, and Effective mass coefficient:

(3.16*32.2*tanh(3.16*(0.522)) )ˆ½ = 9.7169

9.7169 / ( 20 )ˆ½ = 2.1728 rad/sec,

period of the convective mass, Tc = 2π / ωc = 2 π  /  2.1728 = 2.8918 sec

Long transition period (from map figure 22-15 ASCE 7), TL = 16 sec

design spectral response acceleration for convective mass ( 0.5% damping ), Sac = 1.5 * Sd1 / Tc = 0.210 g

0.7109

L
H

3.16 g tanh 3.16
L

  λ = =  
  

2

L L

L L
effective mass coeff.,  = 0.0151 0.1908 1.021  ,   but  1.0  =

H H

   
ε − + ≤   

   

c

λ

 L
ω = =

i

w i

k

m m
ω = =

+
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Interior Dividing Wall between Sludge Storage & Biofilter Basins (Transverse Direction) (BSE-2E)

City of Wilsonville

Sludge Storage Basins & Biofilter

L = 20 ft

B = 1 ft

HL = 10.44 ft

WL = 13.03 kip

L / HL = 1.91571

HL / L = 0.52200

3).   lateral fluid impulsive force:

Wi = equivalent mass of the impulsive component of liquid.

13.03*(tanh(0.866*(1.9157)) / 0.866*(1.9157)) = 7.3 kip

hi (EBP) = HL * 0.375 = 10.44 * 0.375 = 3.915 ft

hi (IBP) = HL * {{(0.866*L/HL)/(2*tanh(0.866*L/HL))} -1/8 } = 8.006 ft

( 0.744 * 1 / 3 )*7.3 = 1.8 kip

4).   lateral fluid convective force: Wc = equivalent mass of the convective component of liquid.

13.03*( 0.264*(1.9157)*tanh(3.16*(0.522)) ) = 6.12 kip

6.151 ft

8.702 ft

( 0.2101 * 1 / 1 )*6.12 = 1.3 kip

hi

hc

Dynamic Model   

(convective)

Pi

L

(impulsive)

Pc

    −   
   = − =

     
           

L

c  (IBP) L

L L

H
cosh 3.16 2.01

L
h H 1

H H
3.16 sinh 3.16

L L

     = =          

L
c L

L

HL
W W 0.264 tanh 3.16

H L

I
ai

i i

wi

  S     
impulsive force, P  W

R

 
= = 

 

L

i L

L

L
tanh 0.866

H
W W

L
0.866

H

  
  

  = =
 
 
 
 

    −   
   = − =

     
           

L

c  (EBP) L

L L

H
cosh 3.16 1

L
h H 1

H H
3.16 sinh 3.16

L L

ac
c c

wc

 S  I 
convective force, P = W =

R

 
 
 
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Interior Dividing Wall between Sludge Storage & Biofilter Basins (Transverse Direction) (BSE-2E)

City of Wilsonville

Sludge Storage Basins & Biofilter

5).   lateral inertia force of the accelerating wall:

unit width wall mass, Ww = 1.68 kip

wall c.g. relative to base, hw = 5.590 ft

( 0.744*1*0.7109/3 )*1.68 = 0.30 kip

6).   maximum wave slosh height displacement:

( 20 / 2) * ( 0.2101 / 1.0 * 1 ) = 2.10 ft

Wave height is greater than the freeboard of 0.74-ft. Check effects of wave spillage.

7).   vertical acceleration:

design horizontal accereration, SDS = 0.744 *g

 vertical spectral response acceleration (per ACI 350 para 9.4.3), Sav = Ct = 0.4*SDS = 0.2976 g

per ASCE 7-10 para. 15.7.7.2(b),   use I = Ri = b = 1.0

0.2976*1*1/1 = 0.2976 g

8).  vertical force distribution on a unit width using the linear distribution of ACI 350 sec 5.3:

0.022 ksf 0.096 ksf

0.151 ksf 0.029 ksf 0.194 ksf 0.026 ksf 0.651 ksf

Hw = 11.18

HL = 10.44

impulsive:

Pi = 1.80 kip

hi = 3.915 ft

at y = HL, piy  = 0.022 ksf

at base y = 0, piy  = 0.151 ksf

convective:

Pc = 1.30 kip

hc = 6.151 ft

at y = HL, pcy  = 0.096 ksf

at base y = 0, pcy  = 0.029 ksf

convectiveimpulsive vertical
acceleration

wall
inertia

hydrostatic

H
L

H
w

.

.

I
ai

w w

wi

 S      
wall  inertia force, P  W

R

 ε
= = 

 

( )i L i L i

L

iy 2

L

y
P 4H 6h 6H 12h

H
p

2 B H

  
− − −  

  = =

( )c L c L c

L

cy 2

L

y
P 4H 6h 6H 12h

H
p

2 B H

  
− − −  

  = =

I
ac

(max)

L
d =    =

2

S
  

1.4

  
  
  

Iav

i

 S    b 
Design vertical acceleration, ü  = =

R
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Interior Dividing Wall between Sludge Storage & Biofilter Basins (Transverse Direction) (BSE-2E)

City of Wilsonville

Sludge Storage Basins & Biofilter

vertical acceleration:

ü = 0.2976

at y = HL, pvy  = 0.000 ksf

at base y = 0, pvy  = 0.194 ksf

wall inertia:

pwy  = 0.1763 * γc * (tw/12)

at y = Hw, pwy  = 0.026 ksf

at base y = 0, pwy  = 0.026 ksf

hydrostatic:

at y = HL, qhy  = 0.000 ksf

at base y = 0, qhy  = 0.651 ksf

combine the effects of the dynamic pressures on the wall:

at y = Hw, py  = 0.107 ksf

at base y = 0, py  = 0.264 ksf

0.107 ksf    ( unfactored = 0.107 / 1.4 = 0.076 ksf )

0.264 ksf    ( unfactored = 0.264 / 1.4 = 0.189 ksf )

resultant dynamic pressures

9).  wall design pressures for hydrostatic + dynamic: wall height, Hw = 11.18 ft

liquid height, HL = 10.44 ft

unfactored load = 0.076 ksf

0.651 ksf unfactored load = 0.189 ksf

hydrostatic resultant dynamic pressures

H
L

H
w

.

.

A

B

.

Iai c w
wy

wi

  S       (t /12)
p  

R

ε γ
= =

( )hy L Lq   H y= γ − =

( )2 2 2

y iy wy cy vyp p p p p= + + + =

( )= γ − =
vy L L

p  ü  H y
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Interior Dividing Wall between Sludge Storage & Biofilter Basins (Transverse Direction) (BSE-2E)

City of Wilsonville

Sludge Storage Basins & Biofilter

10).  wall design pressures for external soil loading:
      static soil: The site has no groundwater.

wall height = 11.18 ft

soil height above top of base = 0 ft

groundwater ht. above base = 0 ft

dry soil lateral pressure = 0.000 k/ft
3

sat. soil lateral pressure = 0.000 k/ft
3

live load lateral surcharge = 0.000 ksf

equivalent static soil loadings: LL lateral surcharge, q1 = 0.0000 ksf

unfactored soil, q2 = 0.0000 ksf

unfactored soil, q3 = 0.0000 ksf

0.000

equivalent soil loadings:

unfactored q5 = 0.0000 ksf

unfactored q6 = 0.0000 ksf

      soil seismic:

resultant factored soil seismic load per foot of wall width, Pu (eq) = 0 k/ft

centroid location of the resultant soil seismic from the bottom of wall, heq = 0 ft

The resultant soil seismic load will be resolved into an equivalent pressure loading…

Equivalent factored seismic soil pressure loading & seismic wall loadings…

equivalent soil seismic, q8 = 0.0000 ksf

equivalent soil seismic, q9 = 0.0000 ksf

wall seismic (see wall page 5), q10 = 0.0264 ksf

equivalent soil seismic, q11 = q8 - q9 = 0.0000 ksf

equivalent soil seismic, q12 = q9 = 0.0000 ksf

unfactored equivalent soil seismic, q8 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q9 =0 / 1.4 = 0.0000 ksf

unfactored wall seismic , q10 = 0.0264 / 1.4 = 0.0189 ksf

unfactored equivalent soil seismic, q11 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q12 =0 / 1.4 = 0.0000 ksf

( resultant soil seismic load )  Peq

A

B

.

q1q2

q3

A

B

q8

q9

q10

q12q11

=

q10

q1q2

q3

=

q5q6
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Interior Dividing Wall between Sludge Storage & Biofilter Basins (Transverse Direction) (BSE-2E)

City of Wilsonville

Sludge Storage Basins & Biofilter

11).   Summary of equivalent unfactored pressure loadings for wall load cases 1 thru 4:

a).  load case 1:  hydrostatic water

wall height = 11.18 ft

water depth = 10.44 ft

(unfactored) 0.651 ksf

b).  load case 2:  hydrostatic + dynamic:

0.076 ksf (unfactored)

wall height = 11.18 ft

water depth = 10.44 ft

0.651 ksf 0.189 ksf 0.764 ksf 0.076 ksf

(unfactored) (unfactored) (unfactored) (unfactored)

hydrostatic resultant dynamic

 pressures 

c).  load case 3:  static soil + LL surcharge: wall height = 11.18 ft

soil height on wall = 0 ft

equivalent static soil & surcharge loadings... LL lateral surcharge, q1 = 0.000 ksf

unfactored soil, q2 = 0.000 ksf

unfactored soil, q3 = 0.000 ksf

0.000

equivalent soil loadings:

unfactored q5 = 0.000 ksf

unfactored q6 = 0.000 ksf

d).  load case 4:   soil seismic: (*note: add static soil pressure q6 & q7 to the seismic soil shown below)

equivalent seismic soil pressure loading & seismic wall loadings…

wall height = 11.18 ft

soil height on wall = 0 ft

unfactored equivalent soil seismic, q8 = 0.000 ksf

unfactored equivalent soil seismic, q9 = 0.000 ksf

unfactored equivalent soil seismic, q10 = 0.019 ksf

unfactored equivalent soil seismic, q11 = 0.000 ksf

unfactored equivalent soil seismic, q12 = 0.000 ksf

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic

=

q1q2

q3

=

q5q6

q8

q9

q10

q12q11

=

q10
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

Static, Seismic, and Hydrodynamic Seismic Wall Pressures using ACI 350.3-06 and an IBC 2012:

wall connection fixity = no roof & fixed at floor

tank unit width perpendicular to EQ., B = 1 ft

tank inside length in direction of seismic, L = 58.5 ft 1.00

tank wall thickness, tw = 12 inch

wall height,  Hw = 11.18 ft

liquid height, HL = 10.44 ft

liquid specific gravity = 1

liquid density, γL = (sp.gr.)*γw = 0.0624 k/ft
3

acceleration due to gravity, g = 32.17 ft/sec
2

liquid mass density, ρL = γL / g = 0.00194 k-sec
2
/ft

4 0 11.18

10.44

Soil  Data

The site has no groundwater.

soil height above top of foundation base = 0 ft

groundwater ht. above foundation base = 0 ft

dry soil lateral pressure = 0 k/ft
3

        WALL  SECTION         

saturated soil lateral pressure = 0 k/ft
3

dry soil unit weight = 0 k/ft
3

live load lateral surcharge = 0.000 ksf

0

concrete strength, f 'c = 3 ksi

concrete density, γc = 0.150 k/ft
3

concrete modulus of elasticity, Ec = 3122.0 ksi

concrete mass density, ρc = γc / g = 0.004663 k-sec
2
/ft

4

Seismic:
Deisgn, 5% damped, spectral response acceleration at the short period of 0.2-second, SDS = 0.744 *g

Deisgn, 5% damped, spectral response acceleration at a period of 1-second, SD1 = 0.405 *g

B = 1 ft

Structure Risk Category = 2

Importance factor, I = 1 12 in.

Response modification factor, Rwi = 3

Response modification factor, Rwc = 1

L = 58.5 ft

11962A.00

Interior Dividing Wall between Sludge Storage & Biofilter Basins (Longitudinal Direction) (BSE-2E)

City of Wilsonville

Sludge Storage Basins & Biofilter

WALL PLAN  

seismic direction

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic
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Weights:

unit 1-ft width wall mass, Ww = (12/12) * (11.18) * 0.15 = 1.68 kip

wall c.g. relative to base, hw = 11.18 / 2 = 5.590 ft

unit width liquid mass, WL = (58.5) * (1) * (10.44) * 32.17 = 38.11 kip

Seismic:   

1).   structure stiffness and dynamic property:

Note: per ASCE 7-10 and IBC 2012, the terms Sai and Sac have been appropriatetly substituted into the seismic equation of ACI 350.

Note: Wi and hi are impulsive component variables calculated on page 3.

wall mass, mw = Hw*( tw / 12 )*ρc = 0.05213 k-sec
2
/ft

2

liquid mass, mi = ( W i / WL )*( L/2 )*HL*ρL = 0.12201 k-sec
2
/ft

2

centroidal distance of masses, h = ( hw*mw + hi*mi ) / ( mw + mi ) = 4.416 ft

wall fixity condition is no roof & fixed at floor:

wall stiffness is determined using a unit mass load located at the centroidal distance h.

wall flexure stiffness, k = Ec*( tw/h)³ / 48 = 1305.12 k/ft/ft

( 1305.12 / (0.0521 + 0.122 ) )ˆ½ = 86.5722 rad/sec

period of tank plus impulsive mass, Ti = 2π / ωi = 2 π  /  86.5722 = 0.0726 sec

(note: acceleration values to be from a maximum considered earthquake response spectra which will produce a factored load )

design factored spectral response acceleration for impulsive mass ( 5% damping ), Sai = SDS = 0.744 g

2).   Dynamic properties, Spectral amplification factors, and Effective mass coefficient:

(3.16*32.2*tanh(3.16*(0.1785)) )ˆ½ = 7.2067

7.2067 / ( 58.5 )ˆ½ = 0.9422 rad/sec,

period of the convective mass, Tc = 2π / ωc = 2 π  /  0.9422 = 6.6684 sec

Long transition period (from map figure 22-15 ASCE 7), TL = 16 sec

design spectral response acceleration for convective mass ( 0.5% damping ), Sac = 1.5 * Sd1 / Tc = 0.091 g

0.4260
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L = 58.5 ft

B = 1 ft

HL = 10.44 ft

WL = 38.11 kip

L / HL = 5.60345

HL / L = 0.17846

3).   lateral fluid impulsive force:

Wi = equivalent mass of the impulsive component of liquid.

38.11*(tanh(0.866*(5.6034)) / 0.866*(5.6034)) = 7.85 kip

hi (EBP) = HL * 0.375 = 10.44 * 0.375 = 3.915 ft

hi (IBP) = HL * {{(0.866*L/HL)/(2*tanh(0.866*L/HL))} -1/8 } = 24.029 ft

( 0.744 * 1 / 3 )*7.85 = 1.9 kip

4).   lateral fluid convective force: Wc = equivalent mass of the convective component of liquid.

38.11*( 0.264*(5.6034)*tanh(3.16*(0.1785)) ) = 28.8 kip

5.354 ft

36.815 ft

( 0.0911 * 1 / 1 )*28.8 = 2.6 kip

hi

hc
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5).   lateral inertia force of the accelerating wall:

unit width wall mass, Ww = 1.68 kip

wall c.g. relative to base, hw = 5.590 ft

( 0.744*1*0.426/3 )*1.68 = 0.18 kip

6).   maximum wave slosh height displacement:

( 58.5 / 2) * ( 0.0911 / 1.0 * 1 ) = 2.66     ft

Wave height is greater than the freeboard of 0.74-ft. Check effects of wave spillage.

7).   vertical acceleration:

design horizontal accereration, SDS = 0.744 *g

 vertical spectral response acceleration (per ACI 350 para 9.4.3), Sav = Ct = 0.4*SDS = 0.2976 g

per ASCE 7-10 para. 15.7.7.2(b),   use I = Ri = b = 1.0

0.2976*1*1/1 = 0.2976 g

8).  vertical force distribution on a unit width using the linear distribution of ACI 350 sec 5.3:

0.023 ksf 0.134 ksf

0.159 ksf 0.115 ksf 0.194 ksf 0.016 ksf 0.651 ksf

Hw = 11.18

HL = 10.44

impulsive:

Pi = 1.90 kip

hi = 3.915 ft

at y = HL, piy  = 0.023 ksf

at base y = 0, piy  = 0.159 ksf

convective:

Pc = 2.60 kip

hc = 5.354 ft

at y = HL, pcy  = 0.134 ksf

at base y = 0, pcy  = 0.115 ksf
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vertical acceleration:

ü = 0.2976

at y = HL, pvy  = 0.000 ksf

at base y = 0, pvy  = 0.194 ksf

wall inertia:

pwy  = 0.1056 * γc * (tw/12)

at y = Hw, pwy  = 0.016 ksf

at base y = 0, pwy  = 0.016 ksf

hydrostatic:

at y = HL, qhy  = 0.000 ksf

at base y = 0, qhy  = 0.651 ksf

combine the effects of the dynamic pressures on the wall:

at y = Hw, py  = 0.140 ksf

at base y = 0, py  = 0.285 ksf

0.140 ksf    ( unfactored = 0.14 / 1.4 = 0.1 ksf )

0.285 ksf    ( unfactored = 0.285 / 1.4 = 0.204 ksf )

resultant dynamic pressures

9).  wall design pressures for hydrostatic + dynamic: wall height, Hw = 11.18 ft

liquid height, HL = 10.44 ft

unfactored load = 0.100 ksf

0.651 ksf unfactored load = 0.204 ksf

hydrostatic resultant dynamic pressures
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10).  wall design pressures for external soil loading:
      static soil: The site has no groundwater.

wall height = 11.18 ft

soil height above top of base = 0 ft

groundwater ht. above base = 0 ft

dry soil lateral pressure = 0.000 k/ft
3

sat. soil lateral pressure = 0.000 k/ft
3

live load lateral surcharge = 0.000 ksf

equivalent static soil loadings: LL lateral surcharge, q1 = 0.0000 ksf

unfactored soil, q2 = 0.0000 ksf

unfactored soil, q3 = 0.0000 ksf

0.000

equivalent soil loadings:

unfactored q5 = 0.0000 ksf

unfactored q6 = 0.0000 ksf

      soil seismic:

resultant factored soil seismic load per foot of wall width, Pu (eq) = 0 k/ft

centroid location of the resultant soil seismic from the bottom of wall, heq = 0 ft

The resultant soil seismic load will be resolved into an equivalent pressure loading…

Equivalent factored seismic soil pressure loading & seismic wall loadings…

equivalent soil seismic, q8 = 0.0000 ksf

equivalent soil seismic, q9 = 0.0000 ksf

wall seismic (see wall page 5), q10 = 0.0158 ksf

equivalent soil seismic, q11 = q8 - q9 = 0.0000 ksf

equivalent soil seismic, q12 = q9 = 0.0000 ksf

unfactored equivalent soil seismic, q8 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q9 =0 / 1.4 = 0.0000 ksf

unfactored wall seismic , q10 = 0.0158 / 1.4 = 0.0113 ksf

unfactored equivalent soil seismic, q11 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q12 =0 / 1.4 = 0.0000 ksf

( resultant soil seismic load )  Peq

A

B

.

q1q2

q3

A

B

q8

q9

q10

q12q11

=

q10

q1q2

q3

=

q5q6
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11).   Summary of equivalent unfactored pressure loadings for wall load cases 1 thru 4:

a).  load case 1:  hydrostatic water

wall height = 11.18 ft

water depth = 10.44 ft

(unfactored) 0.651 ksf

b).  load case 2:  hydrostatic + dynamic:

0.1 ksf (unfactored)

wall height = 11.18 ft

water depth = 10.44 ft

0.651 ksf 0.204 ksf 0.755 ksf 0.100 ksf

(unfactored) (unfactored) (unfactored) (unfactored)

hydrostatic resultant dynamic

 pressures 

c).  load case 3:  static soil + LL surcharge: wall height = 11.18 ft

soil height on wall = 0 ft

equivalent static soil & surcharge loadings... LL lateral surcharge, q1 = 0.000 ksf

unfactored soil, q2 = 0.000 ksf

unfactored soil, q3 = 0.000 ksf

0.000

equivalent soil loadings:

unfactored q5 = 0.000 ksf

unfactored q6 = 0.000 ksf

d).  load case 4:   soil seismic: (*note: add static soil pressure q6 & q7 to the seismic soil shown below)

equivalent seismic soil pressure loading & seismic wall loadings…

wall height = 11.18 ft

soil height on wall = 0 ft

unfactored equivalent soil seismic, q8 = 0.000 ksf

unfactored equivalent soil seismic, q9 = 0.000 ksf

unfactored equivalent soil seismic, q10 = 0.011 ksf

unfactored equivalent soil seismic, q11 = 0.000 ksf

unfactored equivalent soil seismic, q12 = 0.000 ksf

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic

=

q1q2

q3

=

q5q6

q8

q9

q10

q12q11

=

q10
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Rectangular Plate:

plate  boundary  condition  case  number (1, 2, 3, 4, or 5) = 1

total plate width = 2*a = 2 * 14.63 = 29.26 ft

plate dimension, a = 14.63 ft

plate dimension, b = 11.18 ft

plate sides ratio, a/b = 1.3086

for for

moment shear

1 1

1 1

1 1

Notes: 1).  Load 100 = uniform load of any load height ≥ b/3;    Load 400 = triangular load of any load height ≥ b/6.

2).  load height must be less than or equal to "b", and uniform load height ≥ "b / 3", and triangular load height ≥ "b / 6" .

3).  loads may be positive or negative.

plate thickness, h = 12 in d d'

( in ) ( in )

concrete strength, f 'c = 3 ksi 9'' 3''

reinforcing steel strength, fy = 60 ksi 9.5'' 2.5''

reinforcing clear cover to face of concrete = 2 in

number of curtains of reinforcing, (1 or 2) = 2

Are bars in "x" or "y" direction closest to face of concrete ? y

minimum ratio of horizontal shrinkage-temperature steel = 0.00500

minimum ratio of vertical shrinkage-temperature steel = 0.00500

My bending

11962A.00Sludge Storage and Biofilters Basins

...only for custom 

City of Wilsonville

Loading

Biofilter Dividing Wall Evaluationf ro Hydrostatic + Hydrodynamic Loads (BSE-2E)

unfactored loads:

Choice of Available Loadings

concrete load factors

conditions

load type load height, (ft)

q ,  M ,  or  F

load

(  ksf,  ft-k/ft,  k/ft  )loads  100 or 400Selection Number

10.440

( 4 max )

0.107

400

0.651

0.157

A

C

B 10.440

100

10.440400

bar locations

Mx bending

D

Free

b

aa
0

x

y

load 1 load 8load 4load 2

( 2/3  b )

load 5

( 2/3  b )

load 6

( 1/3  b )

load 3

( 1/3  b )

load 7

( 1/6  b )

Available Loading Selections - ( loads 1 thru 9 ,  100 ,  or  400 )

load 9

load 100

load height

load 400

load height

FM

file: Rec_plate2013 Page 1 of 4 plate analysis

353



BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00Sludge Storage and Biofilters Basins

City of Wilsonville

Biofilter Dividing Wall Evaluationf ro Hydrostatic + Hydrodynamic Loads (BSE-2E)

a = 14.63 0.107 0.157 0.651

b = 11.18

a / b = 1.3086 13.374 19.624 81.370

Mx Mux As(req'd) As(min)

x / a y / b A B C D A B C D ft-k/ft ft-k/ft in
2
/ft in

2
/ft

0 1 0.2643 0.0678 0.0678 3.53 1.33 5.51 10.38 10.38 0.26 0.36

0 0.8 0.2149 0.0599 0.0599 2.87 1.17 4.87 8.92 8.92 0.23 0.36

0 0.6 0.1536 0.0483 0.0483 2.05 0.95 3.93 6.94 6.94 0.17 0.36

0 0.4 0.0895 0.0331 0.0331 1.20 0.65 2.69 4.54 4.54 0.11 0.36

0 0.2 0.0288 0.0130 0.0130 0.39 0.25 1.05 1.69 1.69 0.04 0.36

0 0 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.36

0.2 0 0.0118 0.0061 0.0061 0.16 0.12 0.50 0.78 0.78 0.02 0.36

0.4 0 0.0288 0.0123 0.0123 0.38 0.24 1.00 1.62 1.62 0.04 0.36

0.6 0 0.0423 0.0166 0.0166 0.57 0.33 1.35 2.25 2.25 0.06 0.36

0.8 0 0.0506 0.0191 0.0191 0.68 0.38 1.56 2.61 2.61 0.06 0.36

1 0 0.0533 0.0199 0.0199 0.71 0.39 1.62 2.72 2.72 0.07 0.36

1 0.2 0.0163 0.0038 0.0038 0.22 0.08 0.31 0.60 0.60 0.01 0.36

1 0.4 -0.0189 -0.0077 -0.0077 -0.25 -0.15 -0.63 -1.03 -1.03 -0.03 -0.36

1 0.6 -0.0478 -0.0152 -0.0152 -0.64 -0.30 -1.23 -2.17 -2.17 -0.05 -0.36

1 0.8 -0.0691 -0.0199 -0.0199 -0.92 -0.39 -1.62 -2.93 -2.93 -0.07 -0.36

1 1 -0.0847 -0.0233 -0.0233 -1.13 -0.46 -1.90 -3.49 -3.49 -0.09 -0.36

0.8 1 -0.0802 -0.0220 -0.0220 -1.07 -0.43 -1.79 -3.30 -3.30 -0.08 -0.36

0.8 0.8 -0.0656 -0.0189 -0.0189 -0.88 -0.37 -1.54 -2.79 -2.79 -0.07 -0.36

0.8 0.6 -0.0460 -0.0147 -0.0147 -0.61 -0.29 -1.20 -2.10 -2.10 -0.05 -0.36

0.8 0.4 -0.0187 -0.0078 -0.0078 -0.25 -0.15 -0.63 -1.04 -1.04 -0.03 -0.36

0.8 0.2 0.0148 0.0033 0.0033 0.20 0.07 0.27 0.53 0.53 0.01 0.36

max negative moment, Mux(-) = -3.49 ft-k/ft max positive moment, Mux(+) = 10.38 ft-k/ft

max negative steel req'd, As(-) = -0.09 in
2
/ft max positive steel req'd, As(+) = 0.26 in

2
/ft

minimum steel req'd = -0.36 in
2
/ft minimum steel req'd = 0.36 in

2
/ft

Use Use

Moment Coefficients

Boundary Case 1
Reinforcing:Moment Coefficient Multipliers

( d = 9'' )
Final Moments

Mx Moments,   ft-k/ft

Loads:   q ,  M ,  or  F
SUMMARY

Mx - Moment Summary
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Biofilter Dividing Wall Evaluationf ro Hydrostatic + Hydrodynamic Loads (BSE-2E)

a = 14.63 0.107 0.157 0.651

b = 11.18

a / b = 1.3086 13.374 19.624 81.370

My Muy As(req'd) As(min)

x / a y / b A B C D A B C D ft-k/ft ft-k/ft in
2
/ft in

2
/ft

0 1 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.36

0 0.8 0.0430 0.0119 0.0119 0.57 0.23 0.97 1.78 1.78 0.04 0.36

0 0.6 0.0307 0.0097 0.0097 0.41 0.19 0.79 1.39 1.39 0.03 0.36

0 0.4 0.0179 0.0066 0.0066 0.24 0.13 0.54 0.91 0.91 0.02 0.36

0 0.2 0.0058 0.0026 0.0026 0.08 0.05 0.21 0.34 0.34 0.01 0.36

0 0 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.36

0.2 0 0.0590 0.0306 0.0306 0.79 0.60 2.49 3.88 3.88 0.09 0.36

0.4 0 0.1438 0.0615 0.0615 1.92 1.21 5.00 8.13 8.13 0.19 0.36

0.6 0 0.2117 0.0831 0.0831 2.83 1.63 6.76 11.23 11.23 0.27 0.36

0.8 0 0.2528 0.0955 0.0955 3.38 1.87 7.77 13.03 13.03 0.31 0.38

1 0 0.2664 0.0996 0.0996 3.56 1.95 8.10 13.62 13.62 0.33 0.38

1 0.2 0.1166 0.0290 0.0290 1.56 0.57 2.36 4.49 4.49 0.11 0.36

1 0.4 0.0254 -0.0040 -0.0040 0.34 -0.08 -0.33 -0.07 -0.07 0.00 -0.36

1 0.6 -0.0171 -0.0125 -0.0125 -0.23 -0.24 -1.02 -1.49 -1.49 -0.03 -0.36

1 0.8 -0.0210 -0.0084 -0.0084 -0.28 -0.16 -0.68 -1.13 -1.13 -0.03 -0.36

1 1 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.36

1 0.4 0.0254 -0.0040 -0.0040 0.34 -0.08 -0.33 -0.07 -0.07 0.00 -0.36

0.8 0.4 0.0228 -0.0046 -0.0046 0.30 -0.09 -0.38 -0.16 -0.16 0.00 -0.36

0.6 0.4 0.0161 -0.0059 -0.0059 0.22 -0.12 -0.48 -0.38 -0.38 -0.01 -0.36

0.4 0.4 0.0089 -0.0063 -0.0063 0.12 -0.12 -0.52 -0.52 -0.52 -0.01 -0.36

0.2 0.4 0.0070 -0.0032 -0.0032 0.09 -0.06 -0.26 -0.23 -0.23 -0.01 -0.36

max negative moment, Muy(-) = -1.49 ft-k/ft max positive moment, Muy(+) = 13.62 ft-k/ft

max negative steel req'd, As(-) = -0.03 in
2
/ft max positive steel req'd, As(+) = 0.33 in

2
/ft

minimum steel req'd = -0.36 in
2
/ft minimum steel req'd = 0.38 in

2
/ft

Use Use

SUMMARY

Boundary Case 1

My - Moment Summary

Loads:   q ,  M ,  or  F

Final Moments

My Moments,   ft-k/ft

( d = 9.5'' )

Reinforcing:

Moment Coefficients

Moment Coefficient Multipliers
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00Sludge Storage and Biofilters Basins

City of Wilsonville

Biofilter Dividing Wall Evaluationf ro Hydrostatic + Hydrodynamic Loads (BSE-2E)

a = 14.63 0.107 0.157 0.651

b = 11.18

a / b = 1.3086 1.196 1.755 7.278

V Vu φVc

x / a y / b A B C D A B C D k/ft k/ft k/ft

0 1 1.1848 0.2216 0.2216 1.42 0.39 1.61 3.42 3.42 9.37

0 0.8 0.8863 0.2371 0.2371 1.06 0.42 1.73 3.20 3.20 9.37

0 0.6 0.5861 0.2104 0.2104 0.70 0.37 1.53 2.60 2.60 9.37

0 0.4 0.3774 0.2142 0.2142 0.45 0.38 1.56 2.39 2.39 9.37

0 0.2 0.0094 0.1033 0.1033 0.01 0.18 0.75 0.94 0.94 9.37

0 0.00 -0.1013 -0.0175 -0.0175 -0.12 -0.03 -0.13 -0.28 -0.28 9.37

0.2 0 0.2143 0.2201 0.2201 0.26 0.39 1.60 2.24 2.24 9.37

0.4 0 0.5674 0.3580 0.3580 0.68 0.63 2.61 3.91 3.91 9.37

0.6 0 0.7792 0.4251 0.4251 0.93 0.75 3.09 4.77 4.77 9.37

0.8 0 0.8844 0.4555 0.4555 1.06 0.80 3.32 5.17 5.17 9.37

1 0 0.9158 0.4643 0.4643 1.10 0.81 3.38 5.29 5.29 9.37

Concrete strength reduction factor for shear, φ = 1.00

d = 9.0 in

maximum shear, Vu = 5.29 k/ft OK

φVc = φ*2*(f 'c)
1/2

*b*d = (1.00*2*(3000)ˆ½ *12*9.0)/1000 = 11.83   k/ft

"Moments and Reactions for Rectangular Plates"

Engineering Monograph No. 27

By: W. T. Moody, United States Bureau of Reclamation

Quadratic interpolation is used for intermediate values within the Moody tables and between Moody figures.

The positive sign convention for moments Mx and My is tension on the loaded face of the plate.

The Mx moment is in the direction of the x-axis and the My moment is in the direction of the y-axis by plate sign convention.

Shear Coefficients Shears,   k/ft

Boundary Case 1

Loads:   q ,  M ,  or  F

Shear Coefficient Multipliers
Final Shears

Notes:         

Reference:

Shear Summary

SUMMARY
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BY: BS DATE: Aug-21 CLIENT:     SHEET:

CHKD: DESCRIPTION:     JOB NO: 11962A.00

DESIGN TASK:

Concrete Shear and Moment Strength Capacity 

Design for … beam, slab, wall ? wall

Properties and Geometry  

f 'c (psi) = 3000

Compression width of wall, b = 12 inch fy (psi) = 60000

Thickness of wall, h = 12 inch φ, Bending = 1

Depth to reinforcing, d = 9 inch φ, Shear = 1

factored design moment, Mu = 13.62 ft-k Es (psi) = 29000000

factored design shear, Vu = 5.29 kip Ec (psi) = 3122019

n = Es / Ec = 9.29

β1 = 0.85

  Nominal Shear Strength (Based on ACI 318-11.3.1.1)  

concrete shear strength,   φVc = φ*2*b*d*( f'c )
1/2

 = 11.83 kip ≥ Vu

stirrup spacing, s = 0 in

stirrup U-bar size = 0

Shear strength ≥ design shear, Okay

  Bending Strength  (ACI 318 - 10.2.1 thru 10.2.7)  

comment :

Area steel provided, As = 1.04 in
2 ρ = As / bd = 0.00963

 ρ(min)  <  As/bd  <  ρ(max)  -  OK

As (min)  = 0.19 in
2 ρ (min) = 0.00180

As (max)  = 1.73 in
2 ρ (max) = 0.01604

φ*Mn = 1*0.00963*60*12*9² *(1-0.588*0.00963*60/3)*(ft/12) = 41.498 ft-k ≥ Mu

Moment strength ≥ design moment, Okay

Sludge Storage and Biofilter Basins

Biofilter Dividing Wall Strength Check for Hydrostatic + Hydrodynamic Loads (Vertical Reinforcing) (BSE-2E)

City of Wilsonville

existing 12" wall w/ #6@12" & #7@12" alternating (effective 6" spacing)

y2

n y '

c

 0.588  f  
bending strength,    M   f  b d  1  

f

ρ 
φ = φ ρ − 

 

b

d

h

cover
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BY: BS DATE: Aug-21 CLIENT:     SHEET:

CHKD: DESCRIPTION:     JOB NO: 11962A.00

DESIGN TASK:

Concrete Shear and Moment Strength Capacity 

Design for … beam, slab, wall ? wall

Properties and Geometry  

f 'c (psi) = 3000

Compression width of wall, b = 12 inch fy (psi) = 60000

Thickness of wall, h = 12 inch φ, Bending = 1

Depth to reinforcing, d = 9 inch φ, Shear = 1

factored design moment, Mu = 10.38 ft-k Es (psi) = 29000000

factored design shear, Vu = 3.42 kip Ec (psi) = 3122019

n = Es / Ec = 9.29

β1 = 0.85

  Nominal Shear Strength (Based on ACI 318-11.3.1.1)  

concrete shear strength,   φVc = φ*2*b*d*( f'c )
1/2

 = 11.83 kip ≥ Vu

stirrup spacing, s = 0 in

stirrup U-bar size = 0

Shear strength ≥ design shear, Okay

  Bending Strength  (ACI 318 - 10.2.1 thru 10.2.7)  

comment :

Area steel provided, As = 0.44 in
2 ρ = As / bd = 0.00407

 ρ(min)  <  As/bd  <  ρ(max)  -  OK

As (min)  = 0.19 in
2 ρ (min) = 0.00180

As (max)  = 1.73 in
2 ρ (max) = 0.01604

φ*Mn = 1*0.00407*60*12*9² *(1-0.588*0.00407*60/3)*(ft/12) = 18.851 ft-k ≥ Mu

Moment strength ≥ design moment, Okay

Sludge Storage and Biofilter Basins

Biofilter Dividing Wall Strength Check for Hydrostatic + Hydrodynamic Loads (Horizontal Reinforcing) (BSE-2E)

City of Wilsonville

existing 12" wall w/ #6@12" 

y2

n y '

c

 0.588  f  
bending strength,    M   f  b d  1  

f

ρ 
φ = φ ρ − 

 

b

d

h

cover
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

Static, Seismic, and Hydrodynamic Seismic Wall Pressures using ACI 350.3-06 and an IBC 2012:

wall connection fixity = no roof & fixed at floor

tank unit width perpendicular to EQ., B = 1 ft

tank inside length in direction of seismic, L = 20 ft 1.00

tank wall thickness, tw = 12 inch

wall height,  Hw = 11.18 ft

liquid height, HL = 10.44 ft

liquid specific gravity = 1

liquid density, γL = (sp.gr.)*γw = 0.0624 k/ft
3

acceleration due to gravity, g = 32.17 ft/sec
2

liquid mass density, ρL = γL / g = 0.00194 k-sec
2
/ft

4 0 11.18

10.44

Soil  Data

The site has no groundwater.

soil height above top of foundation base = 0 ft

groundwater ht. above foundation base = 0 ft

dry soil lateral pressure = 0 k/ft
3

        WALL  SECTION         

saturated soil lateral pressure = 0 k/ft
3

dry soil unit weight = 0 k/ft
3

live load lateral surcharge = 0.000 ksf

0

concrete strength, f 'c = 3 ksi

concrete density, γc = 0.150 k/ft
3

concrete modulus of elasticity, Ec = 3122.0 ksi

concrete mass density, ρc = γc / g = 0.004663 k-sec
2
/ft

4

Seismic:
Deisgn, 5% damped, spectral response acceleration at the short period of 0.2-second, SDS = 0.446 *g

Deisgn, 5% damped, spectral response acceleration at a period of 1-second, SD1 = 0.332 *g

B = 1 ft

Structure Risk Category = 3

Importance factor, I = 1.25 12 in.

Response modification factor, Rwi = 3

Response modification factor, Rwc = 1

L = 20 ft

11962A.00

Interior Dividing Wall between Sludge Storage & Biofilter Basins (Transverse Direction) (CSZ)

City of Wilsonville

Sludge Storage Basins & Biofilter

WALL PLAN  

seismic direction

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Interior Dividing Wall between Sludge Storage & Biofilter Basins (Transverse Direction) (CSZ)

City of Wilsonville

Sludge Storage Basins & Biofilter

Weights:

unit 1-ft width wall mass, Ww = (12/12) * (11.18) * 0.15 = 1.68 kip

wall c.g. relative to base, hw = 11.18 / 2 = 5.590 ft

unit width liquid mass, WL = (20) * (1) * (10.44) * 32.17 = 13.03 kip

Seismic:   

1).   structure stiffness and dynamic property:

Note: per ASCE 7-10 and IBC 2012, the terms Sai and Sac have been appropriatetly substituted into the seismic equation of ACI 350.

Note: Wi and hi are impulsive component variables calculated on page 3.

wall mass, mw = Hw*( tw / 12 )*ρc = 0.05213 k-sec
2
/ft

2

liquid mass, mi = ( W i / WL )*( L/2 )*HL*ρL = 0.11345 k-sec
2
/ft

2

centroidal distance of masses, h = ( hw*mw + hi*mi ) / ( mw + mi ) = 4.442 ft

wall fixity condition is no roof & fixed at floor:

wall stiffness is determined using a unit mass load located at the centroidal distance h.

wall flexure stiffness, k = Ec*( tw/h)³ / 48 = 1282.34 k/ft/ft

( 1282.34 / (0.0521 + 0.1135 ) )ˆ½ = 88.0026 rad/sec

period of tank plus impulsive mass, Ti = 2π / ωi = 2 π  /  88.0026 = 0.0714 sec

(note: acceleration values to be from a maximum considered earthquake response spectra which will produce a factored load )

design factored spectral response acceleration for impulsive mass ( 5% damping ), Sai = SDS = 0.446 g

2).   Dynamic properties, Spectral amplification factors, and Effective mass coefficient:

(3.16*32.2*tanh(3.16*(0.522)) )ˆ½ = 9.7169

9.7169 / ( 20 )ˆ½ = 2.1728 rad/sec,

period of the convective mass, Tc = 2π / ωc = 2 π  /  2.1728 = 2.8918 sec

Long transition period (from map figure 22-15 ASCE 7), TL = 16 sec

design spectral response acceleration for convective mass ( 0.5% damping ), Sac = 1.5 * Sd1 / Tc = 0.172 g

0.7109

L
H

3.16 g tanh 3.16
L

  λ = =  
  

2

L L

L L
effective mass coeff.,  = 0.0151 0.1908 1.021  ,   but  1.0  =

H H

   
ε − + ≤   

   

c

λ

 L
ω = =

i

w i

k

m m
ω = =

+
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CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Interior Dividing Wall between Sludge Storage & Biofilter Basins (Transverse Direction) (CSZ)

City of Wilsonville

Sludge Storage Basins & Biofilter

L = 20 ft

B = 1 ft

HL = 10.44 ft

WL = 13.03 kip

L / HL = 1.91571

HL / L = 0.52200

3).   lateral fluid impulsive force:

Wi = equivalent mass of the impulsive component of liquid.

13.03*(tanh(0.866*(1.9157)) / 0.866*(1.9157)) = 7.3 kip

hi (EBP) = HL * 0.375 = 10.44 * 0.375 = 3.915 ft

hi (IBP) = HL * {{(0.866*L/HL)/(2*tanh(0.866*L/HL))} -1/8 } = 8.006 ft

( 0.446 * 1.25 / 3 )*7.3 = 1.4 kip

4).   lateral fluid convective force: Wc = equivalent mass of the convective component of liquid.

13.03*( 0.264*(1.9157)*tanh(3.16*(0.522)) ) = 6.12 kip

6.151 ft

8.702 ft

( 0.1722 * 1.25 / 1 )*6.12 = 1.3 kip

hi

hc

Dynamic Model   

(convective)

Pi

L

(impulsive)

Pc

    −   
   = − =

     
           

L

c  (IBP) L

L L

H
cosh 3.16 2.01

L
h H 1

H H
3.16 sinh 3.16

L L

     = =          

L
c L

L

HL
W W 0.264 tanh 3.16

H L

I
ai

i i

wi

  S     
impulsive force, P  W

R

 
= = 

 

L

i L

L

L
tanh 0.866

H
W W

L
0.866

H

  
  

  = =
 
 
 
 

    −   
   = − =

     
           

L

c  (EBP) L

L L

H
cosh 3.16 1

L
h H 1

H H
3.16 sinh 3.16

L L

ac
c c

wc

 S  I 
convective force, P = W =

R

 
 
 
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DESIGN TASK:

11962A.00

Interior Dividing Wall between Sludge Storage & Biofilter Basins (Transverse Direction) (CSZ)

City of Wilsonville

Sludge Storage Basins & Biofilter

5).   lateral inertia force of the accelerating wall:

unit width wall mass, Ww = 1.68 kip

wall c.g. relative to base, hw = 5.590 ft

( 0.446*1.25*0.7109/3 )*1.68 = 0.22 kip

6).   maximum wave slosh height displacement:

( 20 / 2) * ( 0.1722 / 1.0 * 1.25 ) = 2.15ft

Wave height is greater than the freeboard of 0.74-ft. Check effects of wave spillage.

7).   vertical acceleration:

design horizontal accereration, SDS = 0.446 *g

 vertical spectral response acceleration (per ACI 350 para 9.4.3), Sav = Ct = 0.4*SDS = 0.1784 g

per ASCE 7-10 para. 15.7.7.2(b),   use I = Ri = b = 1.0

0.1784*1*1/1 = 0.1784 g

8).  vertical force distribution on a unit width using the linear distribution of ACI 350 sec 5.3:

0.017 ksf 0.096 ksf

0.117 ksf 0.029 ksf 0.116 ksf 0.020 ksf 0.651 ksf

Hw = 11.18

HL = 10.44

impulsive:

Pi = 1.40 kip

hi = 3.915 ft

at y = HL, piy  = 0.017 ksf

at base y = 0, piy  = 0.117 ksf

convective:

Pc = 1.30 kip

hc = 6.151 ft

at y = HL, pcy  = 0.096 ksf

at base y = 0, pcy  = 0.029 ksf

convectiveimpulsive vertical
acceleration

wall
inertia

hydrostatic

H
L

H
w

.

.

I
ai

w w

wi

 S      
wall  inertia force, P  W

R

 ε
= = 

 

( )i L i L i

L

iy 2

L

y
P 4H 6h 6H 12h

H
p

2 B H

  
− − −  

  = =

( )c L c L c

L

cy 2

L

y
P 4H 6h 6H 12h

H
p

2 B H

  
− − −  

  = =

I
ac

(max)

L
d =    =

2

S
  

1.4

  
  
  

Iav

i

 S    b 
Design vertical acceleration, ü  = =

R
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11962A.00

Interior Dividing Wall between Sludge Storage & Biofilter Basins (Transverse Direction) (CSZ)

City of Wilsonville

Sludge Storage Basins & Biofilter

vertical acceleration:

ü = 0.1784

at y = HL, pvy  = 0.000 ksf

at base y = 0, pvy  = 0.116 ksf

wall inertia:

pwy  = 0.1321 * γc * (tw/12)

at y = Hw, pwy  = 0.020 ksf

at base y = 0, pwy  = 0.020 ksf

hydrostatic:

at y = HL, qhy  = 0.000 ksf

at base y = 0, qhy  = 0.651 ksf

combine the effects of the dynamic pressures on the wall:

at y = Hw, py  = 0.102 ksf

at base y = 0, py  = 0.182 ksf

0.102 ksf    ( unfactored = 0.102 / 1.4 = 0.073 ksf )

0.182 ksf    ( unfactored = 0.182 / 1.4 = 0.13 ksf )

resultant dynamic pressures

9).  wall design pressures for hydrostatic + dynamic: wall height, Hw = 11.18 ft

liquid height, HL = 10.44 ft

unfactored load = 0.073 ksf

0.651 ksf unfactored load = 0.130 ksf

hydrostatic resultant dynamic pressures

H
L

H
w

.

.

A

B

.

Iai c w
wy

wi

  S       (t /12)
p  

R

ε γ
= =

( )hy L Lq   H y= γ − =

( )2 2 2

y iy wy cy vyp p p p p= + + + =

( )= γ − =
vy L L

p  ü  H y
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11962A.00

Interior Dividing Wall between Sludge Storage & Biofilter Basins (Transverse Direction) (CSZ)

City of Wilsonville

Sludge Storage Basins & Biofilter

10).  wall design pressures for external soil loading:
      static soil: The site has no groundwater.

wall height = 11.18 ft

soil height above top of base = 0 ft

groundwater ht. above base = 0 ft

dry soil lateral pressure = 0.000 k/ft
3

sat. soil lateral pressure = 0.000 k/ft
3

live load lateral surcharge = 0.000 ksf

equivalent static soil loadings: LL lateral surcharge, q1 = 0.0000 ksf

unfactored soil, q2 = 0.0000 ksf

unfactored soil, q3 = 0.0000 ksf

0.000

equivalent soil loadings:

unfactored q5 = 0.0000 ksf

unfactored q6 = 0.0000 ksf

      soil seismic:

resultant factored soil seismic load per foot of wall width, Pu (eq) = 0 k/ft

centroid location of the resultant soil seismic from the bottom of wall, heq = 0 ft

The resultant soil seismic load will be resolved into an equivalent pressure loading…

Equivalent factored seismic soil pressure loading & seismic wall loadings…

equivalent soil seismic, q8 = 0.0000 ksf

equivalent soil seismic, q9 = 0.0000 ksf

wall seismic (see wall page 5), q10 = 0.0198 ksf

equivalent soil seismic, q11 = q8 - q9 = 0.0000 ksf

equivalent soil seismic, q12 = q9 = 0.0000 ksf

unfactored equivalent soil seismic, q8 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q9 =0 / 1.4 = 0.0000 ksf

unfactored wall seismic , q10 = 0.0198 / 1.4 = 0.0142 ksf

unfactored equivalent soil seismic, q11 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q12 =0 / 1.4 = 0.0000 ksf

( resultant soil seismic load )  Peq

A

B

.

q1q2

q3

A

B

q8

q9

q10

q12q11

=

q10

q1q2

q3

=

q5q6
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DESIGN TASK:

11962A.00

Interior Dividing Wall between Sludge Storage & Biofilter Basins (Transverse Direction) (CSZ)

City of Wilsonville

Sludge Storage Basins & Biofilter

11).   Summary of equivalent unfactored pressure loadings for wall load cases 1 thru 4:

a).  load case 1:  hydrostatic water

wall height = 11.18 ft

water depth = 10.44 ft

(unfactored) 0.651 ksf

b).  load case 2:  hydrostatic + dynamic:

0.073 ksf (unfactored)

wall height = 11.18 ft

water depth = 10.44 ft

0.651 ksf 0.130 ksf 0.708 ksf 0.073 ksf

(unfactored) (unfactored) (unfactored) (unfactored)

hydrostatic resultant dynamic

 pressures 

c).  load case 3:  static soil + LL surcharge: wall height = 11.18 ft

soil height on wall = 0 ft

equivalent static soil & surcharge loadings... LL lateral surcharge, q1 = 0.000 ksf

unfactored soil, q2 = 0.000 ksf

unfactored soil, q3 = 0.000 ksf

0.000

equivalent soil loadings:

unfactored q5 = 0.000 ksf

unfactored q6 = 0.000 ksf

d).  load case 4:   soil seismic: (*note: add static soil pressure q6 & q7 to the seismic soil shown below)

equivalent seismic soil pressure loading & seismic wall loadings…

wall height = 11.18 ft

soil height on wall = 0 ft

unfactored equivalent soil seismic, q8 = 0.000 ksf

unfactored equivalent soil seismic, q9 = 0.000 ksf

unfactored equivalent soil seismic, q10 = 0.014 ksf

unfactored equivalent soil seismic, q11 = 0.000 ksf

unfactored equivalent soil seismic, q12 = 0.000 ksf

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic

=

q1q2

q3

=

q5q6

q8

q9

q10

q12q11

=

q10
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DESIGN TASK:

Static, Seismic, and Hydrodynamic Seismic Wall Pressures using ACI 350.3-06 and an IBC 2012:

wall connection fixity = no roof & fixed at floor

tank unit width perpendicular to EQ., B = 1 ft

tank inside length in direction of seismic, L = 58.5 ft 1.00

tank wall thickness, tw = 12 inch

wall height,  Hw = 11.18 ft

liquid height, HL = 10.44 ft

liquid specific gravity = 1

liquid density, γL = (sp.gr.)*γw = 0.0624 k/ft
3

acceleration due to gravity, g = 32.17 ft/sec
2

liquid mass density, ρL = γL / g = 0.00194 k-sec
2
/ft

4 0 11.18

10.44

Soil  Data

The site has no groundwater.

soil height above top of foundation base = 0 ft

groundwater ht. above foundation base = 0 ft

dry soil lateral pressure = 0 k/ft
3

        WALL  SECTION         

saturated soil lateral pressure = 0 k/ft
3

dry soil unit weight = 0 k/ft
3

live load lateral surcharge = 0.000 ksf

0

concrete strength, f 'c = 3 ksi

concrete density, γc = 0.150 k/ft
3

concrete modulus of elasticity, Ec = 3122.0 ksi

concrete mass density, ρc = γc / g = 0.004663 k-sec
2
/ft

4

Seismic:
Deisgn, 5% damped, spectral response acceleration at the short period of 0.2-second, SDS = 0.446 *g

Deisgn, 5% damped, spectral response acceleration at a period of 1-second, SD1 = 0.405 *g

B = 1 ft

Structure Risk Category = 3

Importance factor, I = 1.25 12 in.

Response modification factor, Rwi = 3

Response modification factor, Rwc = 1

L = 58.5 ft

11962A.00

Interior Dividing Wall between Sludge Storage & Biofilter Basins (Longitudinal Direction) (CSZ)

City of Wilsonville

Sludge Storage Basins & Biofilter

WALL PLAN  

seismic direction

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic
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11962A.00

Interior Dividing Wall between Sludge Storage & Biofilter Basins (Longitudinal Direction) (CSZ)

City of Wilsonville

Sludge Storage Basins & Biofilter

Weights:

unit 1-ft width wall mass, Ww = (12/12) * (11.18) * 0.15 = 1.68 kip

wall c.g. relative to base, hw = 11.18 / 2 = 5.590 ft

unit width liquid mass, WL = (58.5) * (1) * (10.44) * 32.17 = 38.11 kip

Seismic:   

1).   structure stiffness and dynamic property:

Note: per ASCE 7-10 and IBC 2012, the terms Sai and Sac have been appropriatetly substituted into the seismic equation of ACI 350.

Note: Wi and hi are impulsive component variables calculated on page 3.

wall mass, mw = Hw*( tw / 12 )*ρc = 0.05213 k-sec
2
/ft

2

liquid mass, mi = ( W i / WL )*( L/2 )*HL*ρL = 0.12201 k-sec
2
/ft

2

centroidal distance of masses, h = ( hw*mw + hi*mi ) / ( mw + mi ) = 4.416 ft

wall fixity condition is no roof & fixed at floor:

wall stiffness is determined using a unit mass load located at the centroidal distance h.

wall flexure stiffness, k = Ec*( tw/h)³ / 48 = 1305.12 k/ft/ft

( 1305.12 / (0.0521 + 0.122 ) )ˆ½ = 86.5722 rad/sec

period of tank plus impulsive mass, Ti = 2π / ωi = 2 π  /  86.5722 = 0.0726 sec

(note: acceleration values to be from a maximum considered earthquake response spectra which will produce a factored load )

design factored spectral response acceleration for impulsive mass ( 5% damping ), Sai = SDS = 0.446 g

2).   Dynamic properties, Spectral amplification factors, and Effective mass coefficient:

(3.16*32.2*tanh(3.16*(0.1785)) )ˆ½ = 7.2067

7.2067 / ( 58.5 )ˆ½ = 0.9422 rad/sec,

period of the convective mass, Tc = 2π / ωc = 2 π  /  0.9422 = 6.6684 sec

Long transition period (from map figure 22-15 ASCE 7), TL = 16 sec

design spectral response acceleration for convective mass ( 0.5% damping ), Sac = 1.5 * Sd1 / Tc = 0.091 g

0.4260

L
H

3.16 g tanh 3.16
L

  λ = =  
  

2

L L

L L
effective mass coeff.,  = 0.0151 0.1908 1.021  ,   but  1.0  =

H H

   
ε − + ≤   

   

c

λ

 L
ω = =

i

w i

k

m m
ω = =

+
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11962A.00

Interior Dividing Wall between Sludge Storage & Biofilter Basins (Longitudinal Direction) (CSZ)

City of Wilsonville

Sludge Storage Basins & Biofilter

L = 58.5 ft

B = 1 ft

HL = 10.44 ft

WL = 38.11 kip

L / HL = 5.60345

HL / L = 0.17846

3).   lateral fluid impulsive force:

Wi = equivalent mass of the impulsive component of liquid.

38.11*(tanh(0.866*(5.6034)) / 0.866*(5.6034)) = 7.85 kip

hi (EBP) = HL * 0.375 = 10.44 * 0.375 = 3.915 ft

hi (IBP) = HL * {{(0.866*L/HL)/(2*tanh(0.866*L/HL))} -1/8 } = 24.029 ft

( 0.446 * 1.25 / 3 )*7.85 = 1.5 kip

4).   lateral fluid convective force: Wc = equivalent mass of the convective component of liquid.

38.11*( 0.264*(5.6034)*tanh(3.16*(0.1785)) ) = 28.8 kip

5.354 ft

36.815 ft

( 0.0911 * 1.25 / 1 )*28.8 = 3.3 kip

hi

hc

Dynamic Model   

(convective)

Pi

L

(impulsive)

Pc

    −   
   = − =

     
           

L

c  (IBP) L

L L

H
cosh 3.16 2.01

L
h H 1

H H
3.16 sinh 3.16

L L

     = =          

L
c L

L

HL
W W 0.264 tanh 3.16

H L

I
ai

i i

wi

  S     
impulsive force, P  W

R

 
= = 

 

L

i L

L

L
tanh 0.866

H
W W

L
0.866

H

  
  

  = =
 
 
 
 

    −   
   = − =

     
           

L

c  (EBP) L

L L

H
cosh 3.16 1

L
h H 1

H H
3.16 sinh 3.16

L L

ac
c c

wc

 S  I 
convective force, P = W =

R

 
 
 
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11962A.00

Interior Dividing Wall between Sludge Storage & Biofilter Basins (Longitudinal Direction) (CSZ)

City of Wilsonville

Sludge Storage Basins & Biofilter

5).   lateral inertia force of the accelerating wall:

unit width wall mass, Ww = 1.68 kip

wall c.g. relative to base, hw = 5.590 ft

( 0.446*1.25*0.426/3 )*1.68 = 0.13 kip

6).   maximum wave slosh height displacement:

( 58.5 / 2) * ( 0.0911 / 1.0 * 1.25 ) = 3.33     ft

Wave height is greater than the freeboard of 0.74-ft. Check effects of wave spillage.

7).   vertical acceleration:

design horizontal accereration, SDS = 0.446 *g

 vertical spectral response acceleration (per ACI 350 para 9.4.3), Sav = Ct = 0.4*SDS = 0.1784 g

per ASCE 7-10 para. 15.7.7.2(b),   use I = Ri = b = 1.0

0.1784*1*1/1 = 0.1784 g

8).  vertical force distribution on a unit width using the linear distribution of ACI 350 sec 5.3:

0.018 ksf 0.170 ksf

0.126 ksf 0.146 ksf 0.116 ksf 0.012 ksf 0.651 ksf

Hw = 11.18

HL = 10.44

impulsive:

Pi = 1.50 kip

hi = 3.915 ft

at y = HL, piy  = 0.018 ksf

at base y = 0, piy  = 0.126 ksf

convective:

Pc = 3.30 kip

hc = 5.354 ft

at y = HL, pcy  = 0.170 ksf

at base y = 0, pcy  = 0.146 ksf

convectiveimpulsive vertical
acceleration

wall
inertia

hydrostatic

H
L

H
w

.

.

I
ai

w w

wi

 S      
wall  inertia force, P  W

R

 ε
= = 

 

( )i L i L i

L

iy 2

L

y
P 4H 6h 6H 12h

H
p

2 B H

  
− − −  

  = =

( )c L c L c

L

cy 2

L

y
P 4H 6h 6H 12h

H
p

2 B H

  
− − −  

  = =

I
ac

(max)

L
d =    =

2

S
  

1.4

  
  
  

Iav

i

 S    b 
Design vertical acceleration, ü  = =

R
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Interior Dividing Wall between Sludge Storage & Biofilter Basins (Longitudinal Direction) (CSZ)

City of Wilsonville

Sludge Storage Basins & Biofilter

vertical acceleration:

ü = 0.1784

at y = HL, pvy  = 0.000 ksf

at base y = 0, pvy  = 0.116 ksf

wall inertia:

pwy  = 0.0792 * γc * (tw/12)

at y = Hw, pwy  = 0.012 ksf

at base y = 0, pwy  = 0.012 ksf

hydrostatic:

at y = HL, qhy  = 0.000 ksf

at base y = 0, qhy  = 0.651 ksf

combine the effects of the dynamic pressures on the wall:

at y = Hw, py  = 0.173 ksf

at base y = 0, py  = 0.232 ksf

0.173 ksf    ( unfactored = 0.173 / 1.4 = 0.123 ksf )

0.232 ksf    ( unfactored = 0.232 / 1.4 = 0.166 ksf )

resultant dynamic pressures

9).  wall design pressures for hydrostatic + dynamic: wall height, Hw = 11.18 ft

liquid height, HL = 10.44 ft

unfactored load = 0.123 ksf

0.651 ksf unfactored load = 0.166 ksf

hydrostatic resultant dynamic pressures

H
L

H
w

.

.

A

B

.

Iai c w
wy

wi

  S       (t /12)
p  

R

ε γ
= =

( )hy L Lq   H y= γ − =

( )2 2 2

y iy wy cy vyp p p p p= + + + =

( )= γ − =
vy L L

p  ü  H y

file: wall_pressures_IBC2013 page 5 of 8

370



BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

Interior Dividing Wall between Sludge Storage & Biofilter Basins (Longitudinal Direction) (CSZ)

City of Wilsonville

Sludge Storage Basins & Biofilter

10).  wall design pressures for external soil loading:
      static soil: The site has no groundwater.

wall height = 11.18 ft

soil height above top of base = 0 ft

groundwater ht. above base = 0 ft

dry soil lateral pressure = 0.000 k/ft
3

sat. soil lateral pressure = 0.000 k/ft
3

live load lateral surcharge = 0.000 ksf

equivalent static soil loadings: LL lateral surcharge, q1 = 0.0000 ksf

unfactored soil, q2 = 0.0000 ksf

unfactored soil, q3 = 0.0000 ksf

0.000

equivalent soil loadings:

unfactored q5 = 0.0000 ksf

unfactored q6 = 0.0000 ksf

      soil seismic:

resultant factored soil seismic load per foot of wall width, Pu (eq) = 0 k/ft

centroid location of the resultant soil seismic from the bottom of wall, heq = 0 ft

The resultant soil seismic load will be resolved into an equivalent pressure loading…

Equivalent factored seismic soil pressure loading & seismic wall loadings…

equivalent soil seismic, q8 = 0.0000 ksf

equivalent soil seismic, q9 = 0.0000 ksf

wall seismic (see wall page 5), q10 = 0.0119 ksf

equivalent soil seismic, q11 = q8 - q9 = 0.0000 ksf

equivalent soil seismic, q12 = q9 = 0.0000 ksf

unfactored equivalent soil seismic, q8 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q9 =0 / 1.4 = 0.0000 ksf

unfactored wall seismic , q10 = 0.0119 / 1.4 = 0.0085 ksf

unfactored equivalent soil seismic, q11 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q12 =0 / 1.4 = 0.0000 ksf

( resultant soil seismic load )  Peq

A

B

.

q1q2

q3

A

B

q8

q9

q10

q12q11

=

q10

q1q2

q3

=

q5q6
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11962A.00

Interior Dividing Wall between Sludge Storage & Biofilter Basins (Longitudinal Direction) (CSZ)

City of Wilsonville

Sludge Storage Basins & Biofilter

11).   Summary of equivalent unfactored pressure loadings for wall load cases 1 thru 4:

a).  load case 1:  hydrostatic water

wall height = 11.18 ft

water depth = 10.44 ft

(unfactored) 0.651 ksf

b).  load case 2:  hydrostatic + dynamic:

0.123 ksf (unfactored)

wall height = 11.18 ft

water depth = 10.44 ft

0.651 ksf 0.166 ksf 0.694 ksf 0.123 ksf

(unfactored) (unfactored) (unfactored) (unfactored)

hydrostatic resultant dynamic

 pressures 

c).  load case 3:  static soil + LL surcharge: wall height = 11.18 ft

soil height on wall = 0 ft

equivalent static soil & surcharge loadings... LL lateral surcharge, q1 = 0.000 ksf

unfactored soil, q2 = 0.000 ksf

unfactored soil, q3 = 0.000 ksf

0.000

equivalent soil loadings:

unfactored q5 = 0.000 ksf

unfactored q6 = 0.000 ksf

d).  load case 4:   soil seismic: (*note: add static soil pressure q6 & q7 to the seismic soil shown below)

equivalent seismic soil pressure loading & seismic wall loadings…

wall height = 11.18 ft

soil height on wall = 0 ft

unfactored equivalent soil seismic, q8 = 0.000 ksf

unfactored equivalent soil seismic, q9 = 0.000 ksf

unfactored equivalent soil seismic, q10 = 0.008 ksf

unfactored equivalent soil seismic, q11 = 0.000 ksf

unfactored equivalent soil seismic, q12 = 0.000 ksf

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic

=

q1q2

q3

=

q5q6

q8

q9

q10

q12q11

=

q10
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Rectangular Plate:

plate  boundary  condition  case  number (1, 2, 3, 4, or 5) = 1

total plate width = 2*a = 2 * 14.63 = 29.26 ft

plate dimension, a = 14.63 ft

plate dimension, b = 11.18 ft

plate sides ratio, a/b = 1.3086

for for

moment shear

1 1

1 1

1 1

Notes: 1).  Load 100 = uniform load of any load height ≥ b/3;    Load 400 = triangular load of any load height ≥ b/6.

2).  load height must be less than or equal to "b", and uniform load height ≥ "b / 3", and triangular load height ≥ "b / 6" .

3).  loads may be positive or negative.

plate thickness, h = 12 in d d'

( in ) ( in )

concrete strength, f 'c = 3 ksi 9'' 3''

reinforcing steel strength, fy = 60 ksi 9.5'' 2.5''

reinforcing clear cover to face of concrete = 2 in

number of curtains of reinforcing, (1 or 2) = 2

Are bars in "x" or "y" direction closest to face of concrete ? y

minimum ratio of horizontal shrinkage-temperature steel = 0.00500

minimum ratio of vertical shrinkage-temperature steel = 0.00500

My bending

11962A.00Sludge Storage and Biofilters Basins

...only for custom 

City of Wilsonville

Loading

Biofilter Dividing Wall Evaluation for Hydrostatic + Hydrodynamic Loads (CSZ)

unfactored loads:

Choice of Available Loadings

concrete load factors

conditions

load type load height, (ft)

q ,  M ,  or  F

load

(  ksf,  ft-k/ft,  k/ft  )loads  100 or 400Selection Number

10.440

( 4 max )

0.102

400

0.651

0.080

A

C

B 10.440

100

10.440400

bar locations

Mx bending

D

Free

b

aa
0

x

y

load 1 load 8load 4load 2

( 2/3  b )

load 5

( 2/3  b )

load 6

( 1/3  b )

load 3

( 1/3  b )

load 7

( 1/6  b )

Available Loading Selections - ( loads 1 thru 9 ,  100 ,  or  400 )

load 9

load 100

load height

load 400

load height

FM
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Biofilter Dividing Wall Evaluation for Hydrostatic + Hydrodynamic Loads (CSZ)

a = 14.63 0.102 0.080 0.651

b = 11.18

a / b = 1.3086 12.749 9.999 81.370

Mx Mux As(req'd) As(min)

x / a y / b A B C D A B C D ft-k/ft ft-k/ft in
2
/ft in

2
/ft

0 1 0.2643 0.0678 0.0678 3.37 0.68 5.51 9.56 9.56 0.24 0.36

0 0.8 0.2149 0.0599 0.0599 2.74 0.60 4.87 8.21 8.21 0.21 0.36

0 0.6 0.1536 0.0483 0.0483 1.96 0.48 3.93 6.37 6.37 0.16 0.36

0 0.4 0.0895 0.0331 0.0331 1.14 0.33 2.69 4.16 4.16 0.10 0.36

0 0.2 0.0288 0.0130 0.0130 0.37 0.13 1.05 1.55 1.55 0.04 0.36

0 0 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.36

0.2 0 0.0118 0.0061 0.0061 0.15 0.06 0.50 0.71 0.71 0.02 0.36

0.4 0 0.0288 0.0123 0.0123 0.37 0.12 1.00 1.49 1.49 0.04 0.36

0.6 0 0.0423 0.0166 0.0166 0.54 0.17 1.35 2.06 2.06 0.05 0.36

0.8 0 0.0506 0.0191 0.0191 0.64 0.19 1.56 2.39 2.39 0.06 0.36

1 0 0.0533 0.0199 0.0199 0.68 0.20 1.62 2.50 2.50 0.06 0.36

1 0.2 0.0163 0.0038 0.0038 0.21 0.04 0.31 0.56 0.56 0.01 0.36

1 0.4 -0.0189 -0.0077 -0.0077 -0.24 -0.08 -0.63 -0.94 -0.94 -0.02 -0.36

1 0.6 -0.0478 -0.0152 -0.0152 -0.61 -0.15 -1.23 -1.99 -1.99 -0.05 -0.36

1 0.8 -0.0691 -0.0199 -0.0199 -0.88 -0.20 -1.62 -2.70 -2.70 -0.07 -0.36

1 1 -0.0847 -0.0233 -0.0233 -1.08 -0.23 -1.90 -3.21 -3.21 -0.08 -0.36

0.8 1 -0.0802 -0.0220 -0.0220 -1.02 -0.22 -1.79 -3.03 -3.03 -0.08 -0.36

0.8 0.8 -0.0656 -0.0189 -0.0189 -0.84 -0.19 -1.54 -2.56 -2.56 -0.06 -0.36

0.8 0.6 -0.0460 -0.0147 -0.0147 -0.59 -0.15 -1.20 -1.93 -1.93 -0.05 -0.36

0.8 0.4 -0.0187 -0.0078 -0.0078 -0.24 -0.08 -0.63 -0.95 -0.95 -0.02 -0.36

0.8 0.2 0.0148 0.0033 0.0033 0.19 0.03 0.27 0.49 0.49 0.01 0.36

max negative moment, Mux(-) = -3.21 ft-k/ft max positive moment, Mux(+) = 9.56 ft-k/ft

max negative steel req'd, As(-) = -0.08 in
2
/ft max positive steel req'd, As(+) = 0.24 in

2
/ft

minimum steel req'd = -0.36 in
2
/ft minimum steel req'd = 0.36 in

2
/ft

Use Use

Moment Coefficients

Boundary Case 1
Reinforcing:Moment Coefficient Multipliers

( d = 9'' )
Final Moments

Mx Moments,   ft-k/ft

Loads:   q ,  M ,  or  F
SUMMARY

Mx - Moment Summary
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Biofilter Dividing Wall Evaluation for Hydrostatic + Hydrodynamic Loads (CSZ)

a = 14.63 0.102 0.080 0.651

b = 11.18

a / b = 1.3086 12.749 9.999 81.370

My Muy As(req'd) As(min)

x / a y / b A B C D A B C D ft-k/ft ft-k/ft in
2
/ft in

2
/ft

0 1 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.36

0 0.8 0.0430 0.0119 0.0119 0.55 0.12 0.97 1.64 1.64 0.04 0.36

0 0.6 0.0307 0.0097 0.0097 0.39 0.10 0.79 1.28 1.28 0.03 0.36

0 0.4 0.0179 0.0066 0.0066 0.23 0.07 0.54 0.83 0.83 0.02 0.36

0 0.2 0.0058 0.0026 0.0026 0.07 0.03 0.21 0.31 0.31 0.01 0.36

0 0 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.36

0.2 0 0.0590 0.0306 0.0306 0.75 0.31 2.49 3.55 3.55 0.08 0.36

0.4 0 0.1438 0.0615 0.0615 1.83 0.61 5.00 7.45 7.45 0.18 0.36

0.6 0 0.2117 0.0831 0.0831 2.70 0.83 6.76 10.29 10.29 0.25 0.36

0.8 0 0.2528 0.0955 0.0955 3.22 0.96 7.77 11.95 11.95 0.29 0.38

1 0 0.2664 0.0996 0.0996 3.40 1.00 8.10 12.49 12.49 0.30 0.38

1 0.2 0.1166 0.0290 0.0290 1.49 0.29 2.36 4.14 4.14 0.10 0.36

1 0.4 0.0254 -0.0040 -0.0040 0.32 -0.04 -0.33 -0.05 -0.05 0.00 -0.36

1 0.6 -0.0171 -0.0125 -0.0125 -0.22 -0.12 -1.02 -1.36 -1.36 -0.03 -0.36

1 0.8 -0.0210 -0.0084 -0.0084 -0.27 -0.08 -0.68 -1.03 -1.03 -0.02 -0.36

1 1 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.36

1 0.4 0.0254 -0.0040 -0.0040 0.32 -0.04 -0.33 -0.05 -0.05 0.00 -0.36

0.8 0.4 0.0228 -0.0046 -0.0046 0.29 -0.05 -0.38 -0.13 -0.13 0.00 -0.36

0.6 0.4 0.0161 -0.0059 -0.0059 0.21 -0.06 -0.48 -0.33 -0.33 -0.01 -0.36

0.4 0.4 0.0089 -0.0063 -0.0063 0.11 -0.06 -0.52 -0.47 -0.47 -0.01 -0.36

0.2 0.4 0.0070 -0.0032 -0.0032 0.09 -0.03 -0.26 -0.20 -0.20 0.00 -0.36

max negative moment, Muy(-) = -1.36 ft-k/ft max positive moment, Muy(+) = 12.49 ft-k/ft

max negative steel req'd, As(-) = -0.03 in
2
/ft max positive steel req'd, As(+) = 0.30 in

2
/ft

minimum steel req'd = -0.36 in
2
/ft minimum steel req'd = 0.38 in

2
/ft

Use Use

SUMMARY

Boundary Case 1

My - Moment Summary

Loads:   q ,  M ,  or  F

Final Moments

My Moments,   ft-k/ft

( d = 9.5'' )

Reinforcing:

Moment Coefficients

Moment Coefficient Multipliers

file: Rec_plate2013 Page 3 of 4 plate analysis

375



BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00Sludge Storage and Biofilters Basins

City of Wilsonville

Biofilter Dividing Wall Evaluation for Hydrostatic + Hydrodynamic Loads (CSZ)

a = 14.63 0.102 0.080 0.651

b = 11.18

a / b = 1.3086 1.140 0.894 7.278

V Vu φVc

x / a y / b A B C D A B C D k/ft k/ft k/ft

0 1 1.1848 0.2216 0.2216 1.35 0.20 1.61 3.16 3.16 9.37

0 0.8 0.8863 0.2371 0.2371 1.01 0.21 1.73 2.95 2.95 9.37

0 0.6 0.5861 0.2104 0.2104 0.67 0.19 1.53 2.39 2.39 9.37

0 0.4 0.3774 0.2142 0.2142 0.43 0.19 1.56 2.18 2.18 9.37

0 0.2 0.0094 0.1033 0.1033 0.01 0.09 0.75 0.85 0.85 9.37

0 0.00 -0.1013 -0.0175 -0.0175 -0.12 -0.02 -0.13 -0.26 -0.26 9.37

0.2 0 0.2143 0.2201 0.2201 0.24 0.20 1.60 2.04 2.04 9.37

0.4 0 0.5674 0.3580 0.3580 0.65 0.32 2.61 3.57 3.57 9.37

0.6 0 0.7792 0.4251 0.4251 0.89 0.38 3.09 4.36 4.36 9.37

0.8 0 0.8844 0.4555 0.4555 1.01 0.41 3.32 4.73 4.73 9.37

1 0 0.9158 0.4643 0.4643 1.04 0.42 3.38 4.84 4.84 9.37

Concrete strength reduction factor for shear, φ = 1.00

d = 9.0 in

maximum shear, Vu = 4.84 k/ft OK

φVc = φ*2*(f 'c)
1/2

*b*d = (1.00*2*(3000)ˆ½ *12*9.0)/1000 = 11.83   k/ft

"Moments and Reactions for Rectangular Plates"

Engineering Monograph No. 27

By: W. T. Moody, United States Bureau of Reclamation

Quadratic interpolation is used for intermediate values within the Moody tables and between Moody figures.

The positive sign convention for moments Mx and My is tension on the loaded face of the plate.

The Mx moment is in the direction of the x-axis and the My moment is in the direction of the y-axis by plate sign convention.

Shear Coefficients Shears,   k/ft

Boundary Case 1

Loads:   q ,  M ,  or  F

Shear Coefficient Multipliers
Final Shears

Notes:         

Reference:

Shear Summary

SUMMARY
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BY: BS DATE: Aug-21 CLIENT:     SHEET:

CHKD: DESCRIPTION:     JOB NO: 11962A.00

DESIGN TASK:

Concrete Shear and Moment Strength Capacity 

Design for … beam, slab, wall ? wall

Properties and Geometry  

f 'c (psi) = 3000

Compression width of wall, b = 12 inch fy (psi) = 60000

Thickness of wall, h = 12 inch φ, Bending = 1

Depth to reinforcing, d = 9 inch φ, Shear = 1

factored design moment, Mu = 12.49 ft-k Es (psi) = 29000000

factored design shear, Vu = 4.84 kip Ec (psi) = 3122019

n = Es / Ec = 9.29

β1 = 0.85

  Nominal Shear Strength (Based on ACI 318-11.3.1.1)  

concrete shear strength,   φVc = φ*2*b*d*( f'c )
1/2

 = 11.83 kip ≥ Vu

stirrup spacing, s = 0 in

stirrup U-bar size = 0

Shear strength ≥ design shear, Okay

  Bending Strength  (ACI 318 - 10.2.1 thru 10.2.7)  

comment :

Area steel provided, As = 1.04 in
2 ρ = As / bd = 0.00963

 ρ(min)  <  As/bd  <  ρ(max)  -  OK

As (min)  = 0.19 in
2 ρ (min) = 0.00180

As (max)  = 1.73 in
2 ρ (max) = 0.01604

φ*Mn = 1*0.00963*60*12*9² *(1-0.588*0.00963*60/3)*(ft/12) = 41.498 ft-k ≥ Mu

Moment strength ≥ design moment, Okay

Sludge Storage and Biofilter Basins

Biofilter Dividing Wall Strength Check for Hydrostatic + Hydrodynamic Loads (Vertical Reinforcing) (CSZ)

City of Wilsonville

existing 12" wall w/ #6@12" & #7@12" alternating (effective 6" spacing)

y2

n y '

c

 0.588  f  
bending strength,    M   f  b d  1  

f

ρ 
φ = φ ρ − 

 

b

d

h

cover
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BY: BS DATE: Aug-21 CLIENT:     SHEET:

CHKD: DESCRIPTION:     JOB NO: 11962A.00

DESIGN TASK:

Concrete Shear and Moment Strength Capacity 

Design for … beam, slab, wall ? wall

Properties and Geometry  

f 'c (psi) = 3000

Compression width of wall, b = 12 inch fy (psi) = 60000

Thickness of wall, h = 12 inch φ, Bending = 1

Depth to reinforcing, d = 9 inch φ, Shear = 1

factored design moment, Mu = 9.56 ft-k Es (psi) = 29000000

factored design shear, Vu = 3.16 kip Ec (psi) = 3122019

n = Es / Ec = 9.29

β1 = 0.85

  Nominal Shear Strength (Based on ACI 318-11.3.1.1)  

concrete shear strength,   φVc = φ*2*b*d*( f'c )
1/2

 = 11.83 kip ≥ Vu

stirrup spacing, s = 0 in

stirrup U-bar size = 0

Shear strength ≥ design shear, Okay

  Bending Strength  (ACI 318 - 10.2.1 thru 10.2.7)  

comment :

Area steel provided, As = 0.44 in
2 ρ = As / bd = 0.00407

 ρ(min)  <  As/bd  <  ρ(max)  -  OK

As (min)  = 0.19 in
2 ρ (min) = 0.00180

As (max)  = 1.73 in
2 ρ (max) = 0.01604

φ*Mn = 1*0.00407*60*12*9² *(1-0.588*0.00407*60/3)*(ft/12) = 18.851 ft-k ≥ Mu

Moment strength ≥ design moment, Okay

Sludge Storage and Biofilter Basins

Biofilter Dividing Wall Strength Check for Hydrostatic + Hydrodynamic Loads (Horizontal Reinforcing) (CSZ)

City of Wilsonville

existing 12" wall w/ #6@12" 

y2

n y '

c

 0.588  f  
bending strength,    M   f  b d  1  

f

ρ 
φ = φ ρ − 

 

b

d

h

cover
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Biofilter Basin Dividing
Wall Evaluation
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Dividing Wall between Biofilter and WAS Basins
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

Static, Seismic, and Hydrodynamic Seismic Wall Pressures using ACI 350.3-06 and an IBC 2012:

wall connection fixity = pinned at roof & fixed at floor

tank unit width perpendicular to EQ., B = 1 ft

tank inside length in direction of seismic, L = 12.67 ft 1.00

tank wall thickness, tw = 12 inch

wall height to underside of roof,  Hw = 12.48 ft

liquid height, HL = 10.89 ft

liquid specific gravity = 1

liquid density, γL = (sp.gr.)*γw = 0.0624 k/ft
3

acceleration due to gravity, g = 32.17 ft/sec
2

liquid mass density, ρL = γL / g = 0.00194 k-sec
2
/ft

4 0 12.48

10.89

Soil  Data

The site has no groundwater.

soil height above top of foundation base = 0 ft

groundwater ht. above foundation base = 0 ft

dry soil lateral pressure = 0 k/ft
3

        WALL  SECTION         

saturated soil lateral pressure = 0 k/ft
3

( wall fixity = pinned at roof & fixed at floor )

dry soil unit weight = 0 k/ft
3

live load lateral surcharge = 0.000 ksf

0

concrete strength, f 'c = 3 ksi

concrete density, γc = 0.150 k/ft
3

concrete modulus of elasticity, Ec = 3122.0 ksi

concrete mass density, ρc = γc / g = 0.004663 k-sec
2
/ft

4

Seismic:
Deisgn, 5% damped, spectral response acceleration at the short period of 0.2-second, SDS = 0.744 *g

Deisgn, 5% damped, spectral response acceleration at a period of 1-second, SD1 = 0.405 *g

B = 1 ft

Structure Risk Category = 2

Importance factor, I = 1 12 in.

Response modification factor, Rwi = 3

Response modification factor, Rwc = 1

L = 12.67 ft

11962A.00

WAS Storage Basin Transverse Loading (BSE-2E)

City of Wilsonville

Sludge Storage and Biofilters

WALL PLAN  

seismic direction

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

WAS Storage Basin Transverse Loading (BSE-2E)

City of Wilsonville

Sludge Storage and Biofilters

Weights:

unit 1-ft width wall mass, Ww = (12/12) * (12.48) * 0.15 = 1.87 kip

wall c.g. relative to base, hw = 12.48 / 2 = 6.240 ft

unit width liquid mass, WL = (12.67) * (1) * (10.89) * 32.17 = 8.61 kip

Seismic:   

1).   structure stiffness and dynamic property:

Note: per ASCE 7-10 and IBC 2012, the terms Sai and Sac have been appropriatetly substituted into the seismic equation of ACI 350.

Note: Wi and hi are impulsive component variables calculated on page 3.

wall mass, mw = Hw*( tw / 12 )*ρc = 0.05819 k-sec
2
/ft

2

liquid mass, mi = ( W i / WL )*( L/2 )*HL*ρL = 0.10164 k-sec
2
/ft

2

centroidal distance of masses, h = ( hw*mw + hi*mi ) / ( mw + mi ) = 4.979 ft

wall fixity condition is pinned at roof & fixed at floor:

wall stiffness is determined using a unit mass load located at the centroidal distance h.

wall flexure stiffness, k = Ec*(tw*Hw/h)³ / ( 12*(4*Hw-h)*(Hw-h)² ) = 2799.85 k/ft/ft

( 2799.85 / (0.0582 + 0.1016 ) )ˆ½ = 132.3522 rad/sec

period of tank plus impulsive mass, Ti = 2π / ωi = 2 π  /  132.3522 = 0.0475 sec

(note: acceleration values to be from a maximum considered earthquake response spectra which will produce a factored load )

design factored spectral response acceleration for impulsive mass ( 5% damping ), Sai = SDS = 0.744 g

2).   Dynamic properties, Spectral amplification factors, and Effective mass coefficient:

(3.16*32.2*tanh(3.16*(0.8595)) )ˆ½ = 10.0385

10.0385 / ( 12.67 )ˆ½ = 2.8202 rad/sec,

period of the convective mass, Tc = 2π / ωc = 2 π  /  2.8202 = 2.2279 sec

Long transition period (from map figure 22-15 ASCE 7), TL = 16 sec

design spectral response acceleration for convective mass ( 0.5% damping ), Sac = 1.5 * Sd1 / Tc = 0.273 g

0.8195

L
H

3.16 g tanh 3.16
L

  λ = =  
  

2

L L

L L
effective mass coeff.,  = 0.0151 0.1908 1.021  ,   but  1.0  =

H H

   
ε − + ≤   

   

c

λ

 L
ω = =

i

w i

k

m m
ω = =

+

file: wall_pressures_IBC2013 page 2 of 8

383



BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

WAS Storage Basin Transverse Loading (BSE-2E)

City of Wilsonville

Sludge Storage and Biofilters

L = 12.67 ft

B = 1 ft

HL = 10.89 ft

WL = 8.61 kip

L / HL = 1.16345

HL / L = 0.85951

3).   lateral fluid impulsive force:

Wi = equivalent mass of the impulsive component of liquid.

8.61*(tanh(0.866*(1.1635)) / 0.866*(1.1635)) = 6.54 kip

hi (EBP) = HL * (0.5-0.09375*(L/HL)) = 10.89*(0.5-0.09375*(1.1635)) = 4.257 ft

hi (IBP) = HL * {{(0.866*L/HL)/(2*tanh(0.866*L/HL))} -1/8 } = 5.813 ft

( 0.744 * 1 / 3 )*6.54 = 1.6 kip

4).   lateral fluid convective force: Wc = equivalent mass of the convective component of liquid.

8.61*( 0.264*(1.1635)*tanh(3.16*(0.8595)) ) = 2.62 kip

7.378 ft

7.916 ft

( 0.2727 * 1 / 1 )*2.62 = 0.7 kip

hi

hc

Dynamic Model   

(convective)

Pi

L

(impulsive)

Pc

    −   
   = − =

     
           

L

c  (IBP) L

L L

H
cosh 3.16 2.01

L
h H 1

H H
3.16 sinh 3.16

L L

     = =          

L
c L

L

HL
W W 0.264 tanh 3.16

H L

I
ai

i i

wi

  S     
impulsive force, P  W

R

 
= = 

 

L

i L

L

L
tanh 0.866

H
W W

L
0.866

H

  
  

  = =
 
 
 
 

    −   
   = − =

     
           

L

c  (EBP) L

L L

H
cosh 3.16 1

L
h H 1

H H
3.16 sinh 3.16

L L

ac
c c

wc

 S  I 
convective force, P = W =

R

 
 
 
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

WAS Storage Basin Transverse Loading (BSE-2E)

City of Wilsonville

Sludge Storage and Biofilters

5).   lateral inertia force of the accelerating wall:

unit width wall mass, Ww = 1.87 kip

wall c.g. relative to base, hw = 6.240 ft

( 0.744*1*0.8195/3 )*1.87 = 0.38 kip

6).   maximum wave slosh height displacement:

( 12.67 / 2) * ( 0.2727 / 1.0 * 1 ) = 1.72     ft

7).   vertical acceleration:

design horizontal accereration, SDS = 0.744 *g

 vertical spectral response acceleration (per ACI 350 para 9.4.3), Sav = Ct = 0.4*SDS = 0.2976 g

per ASCE 7-10 para. 15.7.7.2(b),   use I = Ri = b = 1.0

0.2976*1*1/1 = 0.2976 g

8).  vertical force distribution on a unit width using the linear distribution of ACI 350 sec 5.3:

0.025 ksf 0.066 ksf

0.122 ksf -0.002 ksf 0.202 ksf 0.030 ksf 0.680 ksf

Hw = 12.48

HL = 10.89

impulsive:

Pi = 1.60 kip

hi = 4.257 ft

at y = HL, piy  = 0.025 ksf

at base y = 0, piy  = 0.122 ksf

convective:

Pc = 0.70 kip

hc = 7.378 ft

at y = HL, pcy  = 0.066 ksf

at base y = 0, pcy  = -0.002 ksf

convectiveimpulsive vertical
acceleration

wall
inertia

hydrostatic

.

.

H
L

H
w

I
ai

w w

wi

 S      
wall  inertia force, P  W

R

 ε
= = 

 

( )i L i L i

L

iy 2

L

y
P 4H 6h 6H 12h

H
p

2 B H

  
− − −  

  = =

( )c L c L c

L

cy 2

L

y
P 4H 6h 6H 12h

H
p

2 B H

  
− − −  

  = =

I
ac

(max)

L
d =    =

2

S
  

1.4

  
  
  

Iav

i

 S    b 
Design vertical acceleration, ü  = =

R
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

WAS Storage Basin Transverse Loading (BSE-2E)

City of Wilsonville

Sludge Storage and Biofilters

vertical acceleration:

ü = 0.2976

at y = HL, pvy  = 0.000 ksf

at base y = 0, pvy  = 0.202 ksf

wall inertia:

pwy  = 0.2032 * γc * (tw/12)

at y = Hw, pwy  = 0.030 ksf

at base y = 0, pwy  = 0.030 ksf

hydrostatic:

at y = HL, qhy  = 0.000 ksf

at base y = 0, qhy  = 0.680 ksf

combine the effects of the dynamic pressures on the wall:

at y = Hw, py  = 0.087 ksf

at base y = 0, py  = 0.253 ksf

0.087 ksf    ( unfactored = 0.087 / 1.4 = 0.062 ksf )

0.253 ksf    ( unfactored = 0.253 / 1.4 = 0.181 ksf )

resultant dynamic pressures

9).  wall design pressures for hydrostatic + dynamic: wall height, Hw = 12.48 ft

liquid height, HL = 10.89 ft

unfactored load = 0.062 ksf

0.680 ksf unfactored load = 0.181 ksf

hydrostatic resultant dynamic pressures

A

B

.

.

H
L

H
w

Iai c w
wy

wi

  S       (t /12)
p  

R

ε γ
= =

( )hy L Lq   H y= γ − =

( )2 2 2

y iy wy cy vyp p p p p= + + + =

( )= γ − =
vy L L

p  ü  H y
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

WAS Storage Basin Transverse Loading (BSE-2E)

City of Wilsonville

Sludge Storage and Biofilters

10).  wall design pressures for external soil loading:
      static soil: The site has no groundwater.

wall height = 12.48 ft

soil height above top of base = 0 ft

groundwater ht. above base = 0 ft

dry soil lateral pressure = 0.000 k/ft
3

sat. soil lateral pressure = 0.000 k/ft
3

live load lateral surcharge = 0.000 ksf

equivalent static soil loadings: LL lateral surcharge, q1 = 0.0000 ksf

unfactored soil, q2 = 0.0000 ksf

unfactored soil, q3 = 0.0000 ksf

0.000

equivalent soil loadings:

unfactored q5 = 0.0000 ksf

unfactored q6 = 0.0000 ksf

      soil seismic:

resultant factored soil seismic load per foot of wall width, Pu (eq) = 0 k/ft

centroid location of the resultant soil seismic from the bottom of wall, heq = 0 ft

The resultant soil seismic load will be resolved into an equivalent pressure loading…

Equivalent factored seismic soil pressure loading & seismic wall loadings…

equivalent soil seismic, q8 = 0.0000 ksf

equivalent soil seismic, q9 = 0.0000 ksf

wall seismic (see wall page 5), q10 = 0.0305 ksf

equivalent soil seismic, q11 = q8 - q9 = 0.0000 ksf

equivalent soil seismic, q12 = q9 = 0.0000 ksf

unfactored equivalent soil seismic, q8 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q9 =0 / 1.4 = 0.0000 ksf

unfactored wall seismic , q10 = 0.0305 / 1.4 = 0.0218 ksf

unfactored equivalent soil seismic, q11 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q12 =0 / 1.4 = 0.0000 ksf

( resultant soil seismic load )  Peq

A

B

q1q2

q3

A

B

q8

q9

q10

q12q11

=

q10

q1q2

q3

=

q5q6
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

WAS Storage Basin Transverse Loading (BSE-2E)

City of Wilsonville

Sludge Storage and Biofilters

11).   Summary of equivalent unfactored pressure loadings for wall load cases 1 thru 4:

a).  load case 1:  hydrostatic water

wall height = 12.48 ft

water depth = 10.89 ft

(unfactored) 0.680 ksf

b).  load case 2:  hydrostatic + dynamic:

0.062 ksf (unfactored)

wall height = 12.48 ft

water depth = 10.89 ft

0.680 ksf 0.181 ksf 0.799 ksf 0.062 ksf

(unfactored) (unfactored) (unfactored) (unfactored)

hydrostatic resultant dynamic

 pressures 

c).  load case 3:  static soil + LL surcharge: wall height = 12.48 ft

soil height on wall = 0 ft

equivalent static soil & surcharge loadings... LL lateral surcharge, q1 = 0.000 ksf

unfactored soil, q2 = 0.000 ksf

unfactored soil, q3 = 0.000 ksf

0.000

equivalent soil loadings:

unfactored q5 = 0.000 ksf

unfactored q6 = 0.000 ksf

d).  load case 4:   soil seismic: (*note: add static soil pressure q6 & q7 to the seismic soil shown below)

equivalent seismic soil pressure loading & seismic wall loadings…

wall height = 12.48 ft

soil height on wall = 0 ft

unfactored equivalent soil seismic, q8 = 0.000 ksf

unfactored equivalent soil seismic, q9 = 0.000 ksf

unfactored equivalent soil seismic, q10 = 0.022 ksf

unfactored equivalent soil seismic, q11 = 0.000 ksf

unfactored equivalent soil seismic, q12 = 0.000 ksf

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic

=

q1q2

q3

=

q5q6

q8

q9

q10

q12q11

=

q10
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

Rectangular Plate:

plate  boundary  condition  case  number (1, 2, 3, 4, or 5) = 1

total plate width = 2*a = 2 * 10 = 20 ft

plate dimension, a = 10 ft

plate dimension, b = 12.48 ft

plate sides ratio, a/b = 0.8013

for for

moment shear

1 1

1 1

1 1

Notes: 1).  Load 100 = uniform load of any load height ≥ b/3;    Load 400 = triangular load of any load height ≥ b/6.

2).  load height must be less than or equal to "b", and uniform load height ≥ "b / 3", and triangular load height ≥ "b / 6" .

3).  loads may be positive or negative.

plate thickness, h = 12 in d d'

( in ) ( in )

concrete strength, f 'c = 3 ksi 9'' 3''

reinforcing steel strength, fy = 60 ksi 9.5'' 2.5''

reinforcing clear cover to face of concrete = 2 in

number of curtains of reinforcing, (1 or 2) = 2

Are bars in "x" or "y" direction closest to face of concrete ? y

minimum ratio of horizontal shrinkage-temperature steel = 0.00500

minimum ratio of vertical shrinkage-temperature steel = 0.00500

My bending

11962A.00Sludge Storage and Biofilters Basin

...only for custom 

City of Wilsonville

Loading

Biofilter Basin Dividing Wall along WAS Storage Basin (BSE-2E)

unfactored loads:

Choice of Available Loadings

concrete load factors

conditions

load type load height, (ft)

q ,  M ,  or  F

load

(  ksf,  ft-k/ft,  k/ft  )loads  100 or 400Selection Number

10.890

( 4 max )

0.087

400

0.680

0.166

A

C

B 10.890

100

10.890400

bar locations

Mx bending

D

Free

b

aa
0

x

y

load 1 load 8load 4load 2

( 2/3  b )

load 5

( 2/3  b )

load 6

( 1/3  b )

load 3

( 1/3  b )

load 7

( 1/6  b )

Available Loading Selections - ( loads 1 thru 9 ,  100 ,  or  400 )

load 9

load 100

load height

load 400

load height

FM
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CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00Sludge Storage and Biofilters Basin

City of Wilsonville

Biofilter Basin Dividing Wall along WAS Storage Basin (BSE-2E)

a = 10 0.087 0.166 0.680

b = 12.48

a / b = 0.8013 13.550 25.855 105.910

Mx Mux As(req'd) As(min)

x / a y / b A B C D A B C D ft-k/ft ft-k/ft in
2
/ft in

2
/ft

0 1 0.1290 0.0303 0.0303 1.75 0.78 3.21 5.75 5.75 0.14 0.36

0 0.8 0.1198 0.0330 0.0330 1.62 0.85 3.49 5.97 5.97 0.15 0.36

0 0.6 0.1031 0.0336 0.0336 1.40 0.87 3.56 5.83 5.83 0.15 0.36

0 0.4 0.0727 0.0293 0.0293 0.98 0.76 3.10 4.84 4.84 0.12 0.36

0 0.2 0.0278 0.0143 0.0143 0.38 0.37 1.52 2.27 2.27 0.06 0.36

0 0 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.36

0.2 0 0.0047 0.0029 0.0029 0.06 0.07 0.30 0.44 0.44 0.01 0.36

0.4 0 0.0121 0.0062 0.0062 0.16 0.16 0.66 0.99 0.99 0.02 0.36

0.6 0 0.0186 0.0088 0.0088 0.25 0.23 0.93 1.41 1.41 0.03 0.36

0.8 0 0.0227 0.0103 0.0103 0.31 0.27 1.09 1.66 1.66 0.04 0.36

1 0 0.0241 0.0108 0.0108 0.33 0.28 1.14 1.75 1.75 0.04 0.36

1 0.2 -0.0038 -0.0025 -0.0025 -0.05 -0.06 -0.26 -0.38 -0.38 -0.01 -0.36

1 0.4 -0.0288 -0.0110 -0.0110 -0.39 -0.28 -1.16 -1.84 -1.84 -0.05 -0.36

1 0.6 -0.0453 -0.0145 -0.0145 -0.61 -0.38 -1.54 -2.53 -2.53 -0.06 -0.36

1 0.8 -0.0538 -0.0155 -0.0155 -0.73 -0.40 -1.64 -2.77 -2.77 -0.07 -0.36

1 1 -0.0602 -0.0161 -0.0161 -0.82 -0.42 -1.70 -2.94 -2.94 -0.07 -0.36

0.8 1 -0.0541 -0.0143 -0.0143 -0.73 -0.37 -1.51 -2.61 -2.61 -0.07 -0.36

0.8 0.8 -0.0486 -0.0139 -0.0139 -0.66 -0.36 -1.47 -2.49 -2.49 -0.06 -0.36

0.8 0.6 -0.0415 -0.0134 -0.0134 -0.56 -0.35 -1.42 -2.33 -2.33 -0.06 -0.36

0.8 0.4 -0.0270 -0.0105 -0.0105 -0.37 -0.27 -1.11 -1.75 -1.75 -0.04 -0.36

0.8 0.2 -0.0038 -0.0026 -0.0026 -0.05 -0.07 -0.28 -0.39 -0.39 -0.01 -0.36

max negative moment, Mux(-) = -2.94 ft-k/ft max positive moment, Mux(+) = 5.97 ft-k/ft

max negative steel req'd, As(-) = -0.07 in
2
/ft max positive steel req'd, As(+) = 0.15 in

2
/ft

minimum steel req'd = -0.36 in
2
/ft minimum steel req'd = 0.36 in

2
/ft

Use Use

Moment Coefficients

Boundary Case 1
Reinforcing:Moment Coefficient Multipliers

( d = 9'' )
Final Moments

Mx Moments,   ft-k/ft

Loads:   q ,  M ,  or  F
SUMMARY

Mx - Moment Summary
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CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00Sludge Storage and Biofilters Basin

City of Wilsonville

Biofilter Basin Dividing Wall along WAS Storage Basin (BSE-2E)

a = 10 0.087 0.166 0.680

b = 12.48

a / b = 0.8013 13.550 25.855 105.910

My Muy As(req'd) As(min)

x / a y / b A B C D A B C D ft-k/ft ft-k/ft in
2
/ft in

2
/ft

0 1 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.36

0 0.8 0.0239 0.0066 0.0066 0.32 0.17 0.70 1.20 1.20 0.03 0.36

0 0.6 0.0206 0.0068 0.0068 0.28 0.17 0.71 1.17 1.17 0.03 0.36

0 0.4 0.0146 0.0059 0.0059 0.20 0.15 0.62 0.97 0.97 0.02 0.36

0 0.2 0.0056 0.0029 0.0029 0.08 0.07 0.31 0.46 0.46 0.01 0.36

0 0 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.36

0.2 0 0.0237 0.0143 0.0143 0.32 0.37 1.52 2.21 2.21 0.05 0.36

0.4 0 0.0607 0.0311 0.0311 0.82 0.81 3.30 4.93 4.93 0.12 0.36

0.6 0 0.0928 0.0439 0.0439 1.26 1.13 4.65 7.04 7.04 0.17 0.36

0.8 0 0.1135 0.0514 0.0514 1.54 1.33 5.45 8.31 8.31 0.20 0.36

1 0 0.1205 0.0539 0.0539 1.63 1.39 5.71 8.74 8.74 0.21 0.36

1 0.2 0.0232 0.0022 0.0022 0.31 0.06 0.23 0.61 0.61 0.01 0.36

1 0.4 -0.0204 -0.0137 -0.0137 -0.28 -0.35 -1.45 -2.08 -2.08 -0.05 -0.36

1 0.6 -0.0289 -0.0116 -0.0116 -0.39 -0.30 -1.23 -1.92 -1.92 -0.05 -0.36

1 0.8 -0.0158 -0.0049 -0.0049 -0.21 -0.13 -0.52 -0.87 -0.87 -0.02 -0.36

1 1 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.36

1 0.4 -0.0204 -0.0137 -0.0137 -0.28 -0.35 -1.45 -2.08 -2.08 -0.05 -0.36

0.8 0.4 -0.0196 -0.0132 -0.0132 -0.26 -0.34 -1.39 -2.00 -2.00 -0.05 -0.36

0.6 0.4 -0.0165 -0.0113 -0.0113 -0.22 -0.29 -1.20 -1.71 -1.71 -0.04 -0.36

0.4 0.4 -0.0104 -0.0078 -0.0078 -0.14 -0.20 -0.82 -1.16 -1.16 -0.03 -0.36

0.2 0.4 0.0000 -0.0019 -0.0019 0.00 -0.05 -0.20 -0.25 -0.25 -0.01 -0.36

max negative moment, Muy(-) = -2.08 ft-k/ft max positive moment, Muy(+) = 8.74 ft-k/ft

max negative steel req'd, As(-) = -0.05 in
2
/ft max positive steel req'd, As(+) = 0.21 in

2
/ft

minimum steel req'd = -0.36 in
2
/ft minimum steel req'd = 0.36 in

2
/ft

Use Use

SUMMARY

Boundary Case 1

My - Moment Summary

Loads:   q ,  M ,  or  F

Final Moments

My Moments,   ft-k/ft

( d = 9.5'' )

Reinforcing:

Moment Coefficients

Moment Coefficient Multipliers
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CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00Sludge Storage and Biofilters Basin

City of Wilsonville

Biofilter Basin Dividing Wall along WAS Storage Basin (BSE-2E)

a = 10 0.087 0.166 0.680

b = 12.48

a / b = 0.8013 1.086 2.072 8.486

V Vu φVc

x / a y / b A B C D A B C D k/ft k/ft k/ft

0 1 0.5081 0.0647 0.0647 0.55 0.13 0.55 1.23 1.23 9.37

0 0.8 0.5607 0.1453 0.1453 0.61 0.30 1.23 2.14 2.14 9.37

0 0.6 0.5511 0.1819 0.1819 0.60 0.38 1.54 2.52 2.52 9.37

0 0.4 0.4592 0.2241 0.2241 0.50 0.46 1.90 2.86 2.86 9.37

0 0.2 0.1324 0.1333 0.1333 0.14 0.28 1.13 1.55 1.55 9.37

0 0.00 -0.0675 -0.0137 -0.0137 -0.07 -0.03 -0.12 -0.22 -0.22 9.37

0.2 0 0.1171 0.1421 0.1421 0.13 0.29 1.21 1.63 1.63 9.37

0.4 0 0.3714 0.2679 0.2679 0.40 0.56 2.27 3.23 3.23 9.37

0.6 0 0.5420 0.3360 0.3360 0.59 0.70 2.85 4.14 4.14 9.37

0.8 0 0.6359 0.3692 0.3692 0.69 0.76 3.13 4.59 4.59 9.37

1 0 0.6655 0.3792 0.3792 0.72 0.79 3.22 4.73 4.73 9.37

Concrete strength reduction factor for shear, φ = 1.00

d = 9.0 in

maximum shear, Vu = 4.73 k/ft OK

φVc = φ*2*(f 'c)
1/2

*b*d = (1.00*2*(3000)ˆ½ *12*9.0)/1000 = 11.83   k/ft

"Moments and Reactions for Rectangular Plates"

Engineering Monograph No. 27

By: W. T. Moody, United States Bureau of Reclamation

Quadratic interpolation is used for intermediate values within the Moody tables and between Moody figures.

The positive sign convention for moments Mx and My is tension on the loaded face of the plate.

The Mx moment is in the direction of the x-axis and the My moment is in the direction of the y-axis by plate sign convention.

Shear Coefficients Shears,   k/ft

Boundary Case 1

Loads:   q ,  M ,  or  F

Shear Coefficient Multipliers
Final Shears

Notes:         

Reference:

Shear Summary

SUMMARY
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BY: BS DATE: Aug-21 CLIENT:     SHEET:

CHKD: DESCRIPTION:     JOB NO: 11962A.00

DESIGN TASK:

Concrete Shear and Moment Strength Capacity 

Design for … beam, slab, wall ? wall

Properties and Geometry  

f 'c (psi) = 3000

Compression width of wall, b = 12 inch fy (psi) = 60000

Thickness of wall, h = 12 inch φ, Bending = 1

Depth to reinforcing, d = 9 inch φ, Shear = 1

factored design moment, Mu = 8.74 ft-k Es (psi) = 29000000

factored design shear, Vu = 4.73 kip Ec (psi) = 3122019

n = Es / Ec = 9.29

β1 = 0.85

  Nominal Shear Strength (Based on ACI 318-11.3.1.1)  

concrete shear strength,   φVc = φ*2*b*d*( f'c )
1/2

 = 11.83 kip ≥ Vu

stirrup spacing, s = 0 in

stirrup U-bar size = 0

Shear strength ≥ design shear, Okay

  Bending Strength  (ACI 318 - 10.2.1 thru 10.2.7)  

comment :

Area steel provided, As = 1.04 in
2 ρ = As / bd = 0.00963

 ρ(min)  <  As/bd  <  ρ(max)  -  OK

As (min)  = 0.19 in
2 ρ (min) = 0.00180

As (max)  = 1.73 in
2 ρ (max) = 0.01604

φ*Mn = 1*0.00963*60*12*9² *(1-0.588*0.00963*60/3)*(ft/12) = 41.498 ft-k ≥ Mu

Moment strength ≥ design moment, Okay

Sludge Storage and Biofilter Basin

Biofilter Dividing Wall along WAS Storage Basin (Vertical Reinforcing) (BSE-2E)

City of Wilsonville

existing 12" wall w/ #6@12" & #7@12" alternating for 6" effective spacing

y2

n y '

c

 0.588  f  
bending strength,    M   f  b d  1  

f

ρ 
φ = φ ρ − 

 

b

d

h

cover
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BY: BS DATE: Aug-21 CLIENT:     SHEET:

CHKD: DESCRIPTION:     JOB NO: 11962A.00

DESIGN TASK:

Concrete Shear and Moment Strength Capacity 

Design for … beam, slab, wall ? wall

Properties and Geometry  

f 'c (psi) = 3000

Compression width of wall, b = 12 inch fy (psi) = 60000

Thickness of wall, h = 12 inch φ, Bending = 1

Depth to reinforcing, d = 9 inch φ, Shear = 1

factored design moment, Mu = 5.97 ft-k Es (psi) = 29000000

factored design shear, Vu = 2.14 kip Ec (psi) = 3122019

n = Es / Ec = 9.29

β1 = 0.85

  Nominal Shear Strength (Based on ACI 318-11.3.1.1)  

concrete shear strength,   φVc = φ*2*b*d*( f'c )
1/2

 = 11.83 kip ≥ Vu

stirrup spacing, s = 0 in

stirrup U-bar size = 0

Shear strength ≥ design shear, Okay

  Bending Strength  (ACI 318 - 10.2.1 thru 10.2.7)  

comment :

Area steel provided, As = 0.31 in
2 ρ = As / bd = 0.00287

 ρ(min)  <  As/bd  <  ρ(max)  -  OK

As (min)  = 0.19 in
2 ρ (min) = 0.00180

As (max)  = 1.73 in
2 ρ (max) = 0.01604

φ*Mn = 1*0.00287*60*12*9² *(1-0.588*0.00287*60/3)*(ft/12) = 13.479 ft-k ≥ Mu

Moment strength ≥ design moment, Okay

Sludge Storage and Biofilter Basin

Biofilter Dividing Wall along WAS Storage Basin (Horizontal Reinforcing) (BSE-2E)

City of Wilsonville

existing 12" wall w/ #5@12"

y2

n y '

c

 0.588  f  
bending strength,    M   f  b d  1  

f

ρ 
φ = φ ρ − 

 

b

d

h

cover
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CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

Static, Seismic, and Hydrodynamic Seismic Wall Pressures using ACI 350.3-06 and an IBC 2012:

wall connection fixity = pinned at roof & fixed at floor

tank unit width perpendicular to EQ., B = 1 ft

tank inside length in direction of seismic, L = 12.67 ft 1.00

tank wall thickness, tw = 12 inch

wall height to underside of roof,  Hw = 12.48 ft

liquid height, HL = 10.89 ft

liquid specific gravity = 1

liquid density, γL = (sp.gr.)*γw = 0.0624 k/ft
3

acceleration due to gravity, g = 32.17 ft/sec
2

liquid mass density, ρL = γL / g = 0.00194 k-sec
2
/ft

4 0 12.48

10.89

Soil  Data

The site has no groundwater.

soil height above top of foundation base = 0 ft

groundwater ht. above foundation base = 0 ft

dry soil lateral pressure = 0 k/ft
3

        WALL  SECTION         

saturated soil lateral pressure = 0 k/ft
3

( wall fixity = pinned at roof & fixed at floor )

dry soil unit weight = 0 k/ft
3

live load lateral surcharge = 0.000 ksf

0

concrete strength, f 'c = 3 ksi

concrete density, γc = 0.150 k/ft
3

concrete modulus of elasticity, Ec = 3122.0 ksi

concrete mass density, ρc = γc / g = 0.004663 k-sec
2
/ft

4

Seismic:
Deisgn, 5% damped, spectral response acceleration at the short period of 0.2-second, SDS = 0.446 *g

Deisgn, 5% damped, spectral response acceleration at a period of 1-second, SD1 = 0.332 *g

B = 1 ft

Structure Risk Category = 3

Importance factor, I = 1.25 12 in.

Response modification factor, Rwi = 3

Response modification factor, Rwc = 1

L = 12.67 ft

11962A.00

WAS Storage Basin Transverse Loading (CSZ)

City of Wilsonville

Sludge Storage and Biofilters

WALL PLAN  

seismic direction

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic
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BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

WAS Storage Basin Transverse Loading (CSZ)

City of Wilsonville

Sludge Storage and Biofilters

Weights:

unit 1-ft width wall mass, Ww = (12/12) * (12.48) * 0.15 = 1.87 kip

wall c.g. relative to base, hw = 12.48 / 2 = 6.240 ft

unit width liquid mass, WL = (12.67) * (1) * (10.89) * 32.17 = 8.61 kip

Seismic:   

1).   structure stiffness and dynamic property:

Note: per ASCE 7-10 and IBC 2012, the terms Sai and Sac have been appropriatetly substituted into the seismic equation of ACI 350.

Note: Wi and hi are impulsive component variables calculated on page 3.

wall mass, mw = Hw*( tw / 12 )*ρc = 0.05819 k-sec
2
/ft

2

liquid mass, mi = ( W i / WL )*( L/2 )*HL*ρL = 0.10164 k-sec
2
/ft

2

centroidal distance of masses, h = ( hw*mw + hi*mi ) / ( mw + mi ) = 4.979 ft

wall fixity condition is pinned at roof & fixed at floor:

wall stiffness is determined using a unit mass load located at the centroidal distance h.

wall flexure stiffness, k = Ec*(tw*Hw/h)³ / ( 12*(4*Hw-h)*(Hw-h)² ) = 2799.85 k/ft/ft

( 2799.85 / (0.0582 + 0.1016 ) )ˆ½ = 132.3522 rad/sec

period of tank plus impulsive mass, Ti = 2π / ωi = 2 π  /  132.3522 = 0.0475 sec

(note: acceleration values to be from a maximum considered earthquake response spectra which will produce a factored load )

design factored spectral response acceleration for impulsive mass ( 5% damping ), Sai = SDS = 0.446 g

2).   Dynamic properties, Spectral amplification factors, and Effective mass coefficient:

(3.16*32.2*tanh(3.16*(0.8595)) )ˆ½ = 10.0385

10.0385 / ( 12.67 )ˆ½ = 2.8202 rad/sec,

period of the convective mass, Tc = 2π / ωc = 2 π  /  2.8202 = 2.2279 sec

Long transition period (from map figure 22-15 ASCE 7), TL = 16 sec

design spectral response acceleration for convective mass ( 0.5% damping ), Sac = 1.5 * Sd1 / Tc = 0.224 g

0.8195

L
H

3.16 g tanh 3.16
L

  λ = =  
  

2

L L

L L
effective mass coeff.,  = 0.0151 0.1908 1.021  ,   but  1.0  =

H H

   
ε − + ≤   

   

c

λ

 L
ω = =

i

w i

k

m m
ω = =

+

file: wall_pressures_IBC2013 page 2 of 8

396



BY: BS DATE: Aug-21 CLIENT: SHEET:

CHKD: DESCRIPTION: JOB NO:

DESIGN TASK:

11962A.00

WAS Storage Basin Transverse Loading (CSZ)

City of Wilsonville

Sludge Storage and Biofilters

L = 12.67 ft

B = 1 ft

HL = 10.89 ft

WL = 8.61 kip

L / HL = 1.16345

HL / L = 0.85951

3).   lateral fluid impulsive force:

Wi = equivalent mass of the impulsive component of liquid.

8.61*(tanh(0.866*(1.1635)) / 0.866*(1.1635)) = 6.54 kip

hi (EBP) = HL * (0.5-0.09375*(L/HL)) = 10.89*(0.5-0.09375*(1.1635)) = 4.257 ft

hi (IBP) = HL * {{(0.866*L/HL)/(2*tanh(0.866*L/HL))} -1/8 } = 5.813 ft

( 0.446 * 1.25 / 3 )*6.54 = 1.2 kip

4).   lateral fluid convective force: Wc = equivalent mass of the convective component of liquid.

8.61*( 0.264*(1.1635)*tanh(3.16*(0.8595)) ) = 2.62 kip

7.378 ft

7.916 ft

( 0.2235 * 1.25 / 1 )*2.62 = 0.7 kip

hi

hc

Dynamic Model   

(convective)

Pi

L

(impulsive)

Pc

    −   
   = − =

     
           

L

c  (IBP) L

L L

H
cosh 3.16 2.01

L
h H 1

H H
3.16 sinh 3.16

L L

     = =          

L
c L

L

HL
W W 0.264 tanh 3.16

H L

I
ai

i i

wi

  S     
impulsive force, P  W

R

 
= = 

 

L

i L

L

L
tanh 0.866

H
W W

L
0.866

H

  
  

  = =
 
 
 
 

    −   
   = − =

     
           

L

c  (EBP) L

L L

H
cosh 3.16 1

L
h H 1

H H
3.16 sinh 3.16

L L

ac
c c

wc

 S  I 
convective force, P = W =

R

 
 
 
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11962A.00

WAS Storage Basin Transverse Loading (CSZ)

City of Wilsonville

Sludge Storage and Biofilters

5).   lateral inertia force of the accelerating wall:

unit width wall mass, Ww = 1.87 kip

wall c.g. relative to base, hw = 6.240 ft

( 0.446*1.25*0.8195/3 )*1.87 = 0.28 kip

6).   maximum wave slosh height displacement:

( 12.67 / 2) * ( 0.2235 / 1.0 * 1.25 ) = 1.77 ft

7).   vertical acceleration:

design horizontal accereration, SDS = 0.446 *g

 vertical spectral response acceleration (per ACI 350 para 9.4.3), Sav = Ct = 0.4*SDS = 0.1784 g

per ASCE 7-10 para. 15.7.7.2(b),   use I = Ri = b = 1.0

0.1784*1*1/1 = 0.1784 g

8).  vertical force distribution on a unit width using the linear distribution of ACI 350 sec 5.3:

0.019 ksf 0.066 ksf

0.091 ksf -0.002 ksf 0.121 ksf 0.023 ksf 0.680 ksf

Hw = 12.48

HL = 10.89

impulsive:

Pi = 1.20 kip

hi = 4.257 ft

at y = HL, piy  = 0.019 ksf

at base y = 0, piy  = 0.091 ksf

convective:

Pc = 0.70 kip

hc = 7.378 ft

at y = HL, pcy  = 0.066 ksf

at base y = 0, pcy  = -0.002 ksf

convectiveimpulsive vertical
acceleration

wall
inertia

hydrostatic

.

.

H
L

H
w

I
ai

w w

wi

 S      
wall  inertia force, P  W

R

 ε
= = 

 

( )i L i L i

L

iy 2

L

y
P 4H 6h 6H 12h

H
p

2 B H

  
− − −  

  = =

( )c L c L c

L

cy 2

L

y
P 4H 6h 6H 12h

H
p

2 B H

  
− − −  

  = =

I
ac

(max)

L
d =    =

2

S
  

1.4

  
  
  

Iav

i

 S    b 
Design vertical acceleration, ü  = =

R
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11962A.00

WAS Storage Basin Transverse Loading (CSZ)

City of Wilsonville

Sludge Storage and Biofilters

vertical acceleration:

ü = 0.1784

at y = HL, pvy  = 0.000 ksf

at base y = 0, pvy  = 0.121 ksf

wall inertia:

pwy  = 0.1523 * γc * (tw/12)

at y = Hw, pwy  = 0.023 ksf

at base y = 0, pwy  = 0.023 ksf

hydrostatic:

at y = HL, qhy  = 0.000 ksf

at base y = 0, qhy  = 0.680 ksf

combine the effects of the dynamic pressures on the wall:

at y = Hw, py  = 0.078 ksf

at base y = 0, py  = 0.166 ksf

0.078 ksf    ( unfactored = 0.078 / 1.4 = 0.056 ksf )

0.166 ksf    ( unfactored = 0.166 / 1.4 = 0.119 ksf )

resultant dynamic pressures

9).  wall design pressures for hydrostatic + dynamic: wall height, Hw = 12.48 ft

liquid height, HL = 10.89 ft

unfactored load = 0.056 ksf

0.680 ksf unfactored load = 0.119 ksf

hydrostatic resultant dynamic pressures

A

B

.

.

H
L

H
w

Iai c w
wy

wi

  S       (t /12)
p  

R

ε γ
= =

( )hy L Lq   H y= γ − =

( )2 2 2

y iy wy cy vyp p p p p= + + + =

( )= γ − =
vy L L

p  ü  H y
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11962A.00

WAS Storage Basin Transverse Loading (CSZ)

City of Wilsonville

Sludge Storage and Biofilters

10).  wall design pressures for external soil loading:
      static soil: The site has no groundwater.

wall height = 12.48 ft

soil height above top of base = 0 ft

groundwater ht. above base = 0 ft

dry soil lateral pressure = 0.000 k/ft
3

sat. soil lateral pressure = 0.000 k/ft
3

live load lateral surcharge = 0.000 ksf

equivalent static soil loadings: LL lateral surcharge, q1 = 0.0000 ksf

unfactored soil, q2 = 0.0000 ksf

unfactored soil, q3 = 0.0000 ksf

0.000

equivalent soil loadings:

unfactored q5 = 0.0000 ksf

unfactored q6 = 0.0000 ksf

      soil seismic:

resultant factored soil seismic load per foot of wall width, Pu (eq) = 0 k/ft

centroid location of the resultant soil seismic from the bottom of wall, heq = 0 ft

The resultant soil seismic load will be resolved into an equivalent pressure loading…

Equivalent factored seismic soil pressure loading & seismic wall loadings…

equivalent soil seismic, q8 = 0.0000 ksf

equivalent soil seismic, q9 = 0.0000 ksf

wall seismic (see wall page 5), q10 = 0.0228 ksf

equivalent soil seismic, q11 = q8 - q9 = 0.0000 ksf

equivalent soil seismic, q12 = q9 = 0.0000 ksf

unfactored equivalent soil seismic, q8 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q9 =0 / 1.4 = 0.0000 ksf

unfactored wall seismic , q10 = 0.0228 / 1.4 = 0.0163 ksf

unfactored equivalent soil seismic, q11 =0 / 1.4 = 0.0000 ksf

unfactored equivalent soil seismic, q12 =0 / 1.4 = 0.0000 ksf

( resultant soil seismic load )  Peq

A

B

q1q2

q3

A

B

q8

q9

q10

q12q11

=

q10

q1q2

q3

=

q5q6
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11962A.00

WAS Storage Basin Transverse Loading(CSZ)

City of Wilsonville

Sludge Storage and Biofilters

11).   Summary of equivalent unfactored pressure loadings for wall load cases 1 thru 4:

a).  load case 1:  hydrostatic water

wall height = 12.48 ft

water depth = 10.89 ft

(unfactored) 0.680 ksf

b).  load case 2:  hydrostatic + dynamic:

0.056 ksf (unfactored)

wall height = 12.48 ft

water depth = 10.89 ft

0.680 ksf 0.119 ksf 0.743 ksf 0.056 ksf

(unfactored) (unfactored) (unfactored) (unfactored)

hydrostatic resultant dynamic

 pressures 

c).  load case 3:  static soil + LL surcharge: wall height = 12.48 ft

soil height on wall = 0 ft

equivalent static soil & surcharge loadings... LL lateral surcharge, q1 = 0.000 ksf

unfactored soil, q2 = 0.000 ksf

unfactored soil, q3 = 0.000 ksf

0.000

equivalent soil loadings:

unfactored q5 = 0.000 ksf

unfactored q6 = 0.000 ksf

d).  load case 4:   soil seismic: (*note: add static soil pressure q6 & q7 to the seismic soil shown below)

equivalent seismic soil pressure loading & seismic wall loadings…

wall height = 12.48 ft

soil height on wall = 0 ft

unfactored equivalent soil seismic, q8 = 0.000 ksf

unfactored equivalent soil seismic, q9 = 0.000 ksf

unfactored equivalent soil seismic, q10 = 0.016 ksf

unfactored equivalent soil seismic, q11 = 0.000 ksf

unfactored equivalent soil seismic, q12 = 0.000 ksf

Load Cases:
case 1 = water
case 2 = water + water seismic + wall seismic
case 3 = soil + lateral surcharge
case 4 = soil + soil seismic + wall seismic

=

q1q2

q3

=

q5q6

q8

q9

q10

q12q11

=

q10
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DESIGN TASK:

Rectangular Plate:

plate  boundary  condition  case  number (1, 2, 3, 4, or 5) = 1

total plate width = 2*a = 2 * 10 = 20 ft

plate dimension, a = 10 ft

plate dimension, b = 12.48 ft

plate sides ratio, a/b = 0.8013

for for

moment shear

1 1

1 1

1 1

Notes: 1).  Load 100 = uniform load of any load height ≥ b/3;    Load 400 = triangular load of any load height ≥ b/6.

2).  load height must be less than or equal to "b", and uniform load height ≥ "b / 3", and triangular load height ≥ "b / 6" .

3).  loads may be positive or negative.

plate thickness, h = 12 in d d'

( in ) ( in )

concrete strength, f 'c = 3 ksi 9'' 3''

reinforcing steel strength, fy = 60 ksi 9.5'' 2.5''

reinforcing clear cover to face of concrete = 2 in

number of curtains of reinforcing, (1 or 2) = 2

Are bars in "x" or "y" direction closest to face of concrete ? y

minimum ratio of horizontal shrinkage-temperature steel = 0.00500

minimum ratio of vertical shrinkage-temperature steel = 0.00500

My bending

11962A.00Sludge Storage and Biofilters Basin

...only for custom 

City of Wilsonville

Loading

Biofilter Basin Dividing Wall along WAS Storage Basin (CSZ)

unfactored loads:

Choice of Available Loadings

concrete load factors

conditions

load type load height, (ft)

q ,  M ,  or  F

load

(  ksf,  ft-k/ft,  k/ft  )loads  100 or 400Selection Number

10.890

( 4 max )

0.078

400

0.680

0.088

A

C

B 10.890

100

10.890400

bar locations

Mx bending

D

Free

b

aa
0

x

y

load 1 load 8load 4load 2

( 2/3  b )

load 5

( 2/3  b )

load 6

( 1/3  b )

load 3

( 1/3  b )

load 7

( 1/6  b )

Available Loading Selections - ( loads 1 thru 9 ,  100 ,  or  400 )

load 9

load 100

load height

load 400

load height

FM
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11962A.00Sludge Storage and Biofilters Basin

City of Wilsonville

Biofilter Basin Dividing Wall along WAS Storage Basin (CSZ)

a = 10 0.078 0.088 0.680

b = 12.48

a / b = 0.8013 12.149 13.706 105.910

Mx Mux As(req'd) As(min)

x / a y / b A B C D A B C D ft-k/ft ft-k/ft in
2
/ft in

2
/ft

0 1 0.1290 0.0303 0.0303 1.57 0.42 3.21 5.20 5.20 0.13 0.36

0 0.8 0.1198 0.0330 0.0330 1.46 0.45 3.49 5.40 5.40 0.14 0.36

0 0.6 0.1031 0.0336 0.0336 1.25 0.46 3.56 5.28 5.28 0.13 0.36

0 0.4 0.0727 0.0293 0.0293 0.88 0.40 3.10 4.38 4.38 0.11 0.36

0 0.2 0.0278 0.0143 0.0143 0.34 0.20 1.52 2.05 2.05 0.05 0.36

0 0 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.36

0.2 0 0.0047 0.0029 0.0029 0.06 0.04 0.30 0.40 0.40 0.01 0.36

0.4 0 0.0121 0.0062 0.0062 0.15 0.09 0.66 0.89 0.89 0.02 0.36

0.6 0 0.0186 0.0088 0.0088 0.23 0.12 0.93 1.28 1.28 0.03 0.36

0.8 0 0.0227 0.0103 0.0103 0.28 0.14 1.09 1.51 1.51 0.04 0.36

1 0 0.0241 0.0108 0.0108 0.29 0.15 1.14 1.59 1.59 0.04 0.36

1 0.2 -0.0038 -0.0025 -0.0025 -0.05 -0.03 -0.26 -0.34 -0.34 -0.01 -0.36

1 0.4 -0.0288 -0.0110 -0.0110 -0.35 -0.15 -1.16 -1.67 -1.67 -0.04 -0.36

1 0.6 -0.0453 -0.0145 -0.0145 -0.55 -0.20 -1.54 -2.29 -2.29 -0.06 -0.36

1 0.8 -0.0538 -0.0155 -0.0155 -0.65 -0.21 -1.64 -2.50 -2.50 -0.06 -0.36

1 1 -0.0602 -0.0161 -0.0161 -0.73 -0.22 -1.70 -2.66 -2.66 -0.07 -0.36

0.8 1 -0.0541 -0.0143 -0.0143 -0.66 -0.20 -1.51 -2.37 -2.37 -0.06 -0.36

0.8 0.8 -0.0486 -0.0139 -0.0139 -0.59 -0.19 -1.47 -2.25 -2.25 -0.06 -0.36

0.8 0.6 -0.0415 -0.0134 -0.0134 -0.50 -0.18 -1.42 -2.11 -2.11 -0.05 -0.36

0.8 0.4 -0.0270 -0.0105 -0.0105 -0.33 -0.14 -1.11 -1.58 -1.58 -0.04 -0.36

0.8 0.2 -0.0038 -0.0026 -0.0026 -0.05 -0.04 -0.28 -0.36 -0.36 -0.01 -0.36

max negative moment, Mux(-) = -2.66 ft-k/ft max positive moment, Mux(+) = 5.40 ft-k/ft

max negative steel req'd, As(-) = -0.07 in
2
/ft max positive steel req'd, As(+) = 0.14 in

2
/ft

minimum steel req'd = -0.36 in
2
/ft minimum steel req'd = 0.36 in

2
/ft

Use Use

Moment Coefficients

Boundary Case 1
Reinforcing:Moment Coefficient Multipliers

( d = 9'' )
Final Moments

Mx Moments,   ft-k/ft

Loads:   q ,  M ,  or  F
SUMMARY

Mx - Moment Summary
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11962A.00Sludge Storage and Biofilters Basin

City of Wilsonville

Biofilter Basin Dividing Wall along WAS Storage Basin (CSZ)

a = 10 0.078 0.088 0.680

b = 12.48

a / b = 0.8013 12.149 13.706 105.910

My Muy As(req'd) As(min)

x / a y / b A B C D A B C D ft-k/ft ft-k/ft in
2
/ft in

2
/ft

0 1 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.36

0 0.8 0.0239 0.0066 0.0066 0.29 0.09 0.70 1.08 1.08 0.03 0.36

0 0.6 0.0206 0.0068 0.0068 0.25 0.09 0.71 1.06 1.06 0.02 0.36

0 0.4 0.0146 0.0059 0.0059 0.18 0.08 0.62 0.88 0.88 0.02 0.36

0 0.2 0.0056 0.0029 0.0029 0.07 0.04 0.31 0.41 0.41 0.01 0.36

0 0 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.36

0.2 0 0.0237 0.0143 0.0143 0.29 0.20 1.52 2.00 2.00 0.05 0.36

0.4 0 0.0607 0.0311 0.0311 0.74 0.43 3.30 4.46 4.46 0.11 0.36

0.6 0 0.0928 0.0439 0.0439 1.13 0.60 4.65 6.38 6.38 0.15 0.36

0.8 0 0.1135 0.0514 0.0514 1.38 0.70 5.45 7.53 7.53 0.18 0.36

1 0 0.1205 0.0539 0.0539 1.46 0.74 5.71 7.91 7.91 0.19 0.36

1 0.2 0.0232 0.0022 0.0022 0.28 0.03 0.23 0.55 0.55 0.01 0.36

1 0.4 -0.0204 -0.0137 -0.0137 -0.25 -0.19 -1.45 -1.89 -1.89 -0.04 -0.36

1 0.6 -0.0289 -0.0116 -0.0116 -0.35 -0.16 -1.23 -1.74 -1.74 -0.04 -0.36

1 0.8 -0.0158 -0.0049 -0.0049 -0.19 -0.07 -0.52 -0.78 -0.78 -0.02 -0.36

1 1 0.0000 0.0000 0.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.36

1 0.4 -0.0204 -0.0137 -0.0137 -0.25 -0.19 -1.45 -1.89 -1.89 -0.04 -0.36

0.8 0.4 -0.0196 -0.0132 -0.0132 -0.24 -0.18 -1.39 -1.81 -1.81 -0.04 -0.36

0.6 0.4 -0.0165 -0.0113 -0.0113 -0.20 -0.16 -1.20 -1.55 -1.55 -0.04 -0.36

0.4 0.4 -0.0104 -0.0078 -0.0078 -0.13 -0.11 -0.82 -1.06 -1.06 -0.02 -0.36

0.2 0.4 0.0000 -0.0019 -0.0019 0.00 -0.03 -0.20 -0.23 -0.23 -0.01 -0.36

max negative moment, Muy(-) = -1.89 ft-k/ft max positive moment, Muy(+) = 7.91 ft-k/ft

max negative steel req'd, As(-) = -0.04 in
2
/ft max positive steel req'd, As(+) = 0.19 in

2
/ft

minimum steel req'd = -0.36 in
2
/ft minimum steel req'd = 0.36 in

2
/ft

Use Use

SUMMARY

Boundary Case 1

My - Moment Summary

Loads:   q ,  M ,  or  F

Final Moments

My Moments,   ft-k/ft

( d = 9.5'' )

Reinforcing:

Moment Coefficients

Moment Coefficient Multipliers
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11962A.00Sludge Storage and Biofilters Basin

City of Wilsonville

Biofilter Basin Dividing Wall along WAS Storage Basin (CSZ)

a = 10 0.078 0.088 0.680

b = 12.48

a / b = 0.8013 0.973 1.098 8.486

V Vu φVc

x / a y / b A B C D A B C D k/ft k/ft k/ft

0 1 0.5081 0.0647 0.0647 0.49 0.07 0.55 1.11 1.11 9.37

0 0.8 0.5607 0.1453 0.1453 0.55 0.16 1.23 1.94 1.94 9.37

0 0.6 0.5511 0.1819 0.1819 0.54 0.20 1.54 2.28 2.28 9.37

0 0.4 0.4592 0.2241 0.2241 0.45 0.25 1.90 2.60 2.60 9.37

0 0.2 0.1324 0.1333 0.1333 0.13 0.15 1.13 1.41 1.41 9.37

0 0.00 -0.0675 -0.0137 -0.0137 -0.07 -0.02 -0.12 -0.20 -0.20 9.37

0.2 0 0.1171 0.1421 0.1421 0.11 0.16 1.21 1.48 1.48 9.37

0.4 0 0.3714 0.2679 0.2679 0.36 0.29 2.27 2.93 2.93 9.37

0.6 0 0.5420 0.3360 0.3360 0.53 0.37 2.85 3.75 3.75 9.37

0.8 0 0.6359 0.3692 0.3692 0.62 0.41 3.13 4.16 4.16 9.37

1 0 0.6655 0.3792 0.3792 0.65 0.42 3.22 4.28 4.28 9.37

Concrete strength reduction factor for shear, φ = 1.00

d = 9.0 in

maximum shear, Vu = 4.28 k/ft OK

φVc = φ*2*(f 'c)
1/2

*b*d = (1.00*2*(3000)ˆ½ *12*9.0)/1000 = 11.83   k/ft

"Moments and Reactions for Rectangular Plates"

Engineering Monograph No. 27

By: W. T. Moody, United States Bureau of Reclamation

Quadratic interpolation is used for intermediate values within the Moody tables and between Moody figures.

The positive sign convention for moments Mx and My is tension on the loaded face of the plate.

The Mx moment is in the direction of the x-axis and the My moment is in the direction of the y-axis by plate sign convention.

Shear Coefficients Shears,   k/ft

Boundary Case 1

Loads:   q ,  M ,  or  F

Shear Coefficient Multipliers
Final Shears

Notes:         

Reference:

Shear Summary

SUMMARY
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Concrete Shear and Moment Strength Capacity 

Design for … beam, slab, wall ? wall

Properties and Geometry  

f 'c (psi) = 3000

Compression width of wall, b = 12 inch fy (psi) = 60000

Thickness of wall, h = 12 inch φ, Bending = 1

Depth to reinforcing, d = 9 inch φ, Shear = 1

factored design moment, Mu = 7.91 ft-k Es (psi) = 29000000

factored design shear, Vu = 4.28 kip Ec (psi) = 3122019

n = Es / Ec = 9.29

β1 = 0.85

  Nominal Shear Strength (Based on ACI 318-11.3.1.1)  

concrete shear strength,   φVc = φ*2*b*d*( f'c )
1/2

 = 11.83 kip ≥ Vu

stirrup spacing, s = 0 in

stirrup U-bar size = 0

Shear strength ≥ design shear, Okay

  Bending Strength  (ACI 318 - 10.2.1 thru 10.2.7)  

comment :

Area steel provided, As = 1.04 in
2 ρ = As / bd = 0.00963

 ρ(min)  <  As/bd  <  ρ(max)  -  OK

As (min)  = 0.19 in
2 ρ (min) = 0.00180

As (max)  = 1.73 in
2 ρ (max) = 0.01604

φ*Mn = 1*0.00963*60*12*9² *(1-0.588*0.00963*60/3)*(ft/12) = 41.498 ft-k ≥ Mu

Moment strength ≥ design moment, Okay

Sludge Storage and Biofilter Basin

Biofilter Dividing Wall along WAS Storage Basin (Vertical Reinforcing) (CSZ)

City of Wilsonville

existing 12" wall w/ #6@12" & #7@12" alternating for 6" effective spacing

y2

n y '

c

 0.588  f  
bending strength,    M   f  b d  1  

f

ρ 
φ = φ ρ − 

 

b

d

h

cover
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CHKD: DESCRIPTION:     JOB NO: 11962A.00

DESIGN TASK:

Concrete Shear and Moment Strength Capacity 

Design for … beam, slab, wall ? wall

Properties and Geometry  

f 'c (psi) = 3000

Compression width of wall, b = 12 inch fy (psi) = 60000

Thickness of wall, h = 12 inch φ, Bending = 1

Depth to reinforcing, d = 9 inch φ, Shear = 1

factored design moment, Mu = 5.4 ft-k Es (psi) = 29000000

factored design shear, Vu = 1.94 kip Ec (psi) = 3122019

n = Es / Ec = 9.29

β1 = 0.85

  Nominal Shear Strength (Based on ACI 318-11.3.1.1)  

concrete shear strength,   φVc = φ*2*b*d*( f'c )
1/2

 = 11.83 kip ≥ Vu

stirrup spacing, s = 0 in

stirrup U-bar size = 0

Shear strength ≥ design shear, Okay

  Bending Strength  (ACI 318 - 10.2.1 thru 10.2.7)  

comment :

Area steel provided, As = 0.31 in
2 ρ = As / bd = 0.00287

 ρ(min)  <  As/bd  <  ρ(max)  -  OK

As (min)  = 0.19 in
2 ρ (min) = 0.00180

As (max)  = 1.73 in
2 ρ (max) = 0.01604

φ*Mn = 1*0.00287*60*12*9² *(1-0.588*0.00287*60/3)*(ft/12) = 13.479 ft-k ≥ Mu

Moment strength ≥ design moment, Okay

Sludge Storage and Biofilter Basin

Biofilter Dividing Wall along WAS Storage Basin (Horizontal Reinforcing) (CSZ)

City of Wilsonville

existing 12" wall w/ #5@12"

y2

n y '

c

 0.588  f  
bending strength,    M   f  b d  1  

f

ρ 
φ = φ ρ − 

 

b

d

h

cover

File:  concrete_strength2013
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City of Wilsonville 

Tier 2 Structural Calculations 

Operations Building         pg. 435 

Seismic Base Shear (BSE-2E)      pg. 436 

CMU In-Plane Shear (BSE-2E)      pg. 437 

Seismic Base Shear (CSZ)       pg. 448 

CMU In-Plane Shear (CSZ)       pg. 449 

Diaphragm Check (CSZ)       pg. 459 

 

Process Gallery         pg. 462 

 Seismic Base Shear (BSE-2E)      pg. 463 

 CMU In-Plane Shear (BSE-2E)      pg. 464 

 Vertical Irregularity Check (BSE-2E)     pg. 474
 Seismic Base Shear (CSZ)       pg. 489 

 CMU In-Plane Shear (CSZ)       pg. 490 

 Vertical Irregularity Check (CSZ)      pg. 499 

 Diaphragm Check (CSZ)       pg. 503 

 

Workshop          pg. 506 

 Seismic Base Shear (BSE-2E)      pg. 507 

 Narrow Shear Walls (BSE-2E)      pg. 508 

 Seismic Base Shear (CSZ)       pg. 520 

 Narrow Shear Walls (CSZ)       pg. 521 

 Wood Diaphragm Check (CSZ)      pg. 527 
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OPERATIONS BUILDING - TIER 2 CALCULATIONS

435



BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

SEISMIC BASE SHEAR FOR OPERATIONS BUILDING

spectral response acceleration, Sxs = 0.744 g (BSE-2E seismic hazard)

spectral response acceleration, Sx1 = 0.405 g (BSE-2E seismic hazard)

building period, T = 0.114 s

response spectrum acceleration, Sa = 0.744 g

effective seismic weight, W = 190.9 kip

C1C2 = 1.4 (Table 11-6 for masonry walls, m=2.5)

effective mass factor, Cm = 1.0

seismic lateral force, V = 198.8 kip

City of Wilsonville

Operations Building 11962A.00

ASCE 41-17  - Tier 2 (BSE-2E)
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Shear Wall 4

Shear Wall 3

Shear Wall 2

Shear Wall 1



BY: BS DATE Sep-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

CMU IN-PLANE SHEAR WALL CHECK IN BUILDING N-S DIRECTION

Shear wall 1

Roof seismic load, V = 198.8 kip

diaphragm span, L = 60.00 ft

roof tributary width for seismic, Tw = 8 ft

tributary seismic load on shear wall, QE = 26.5 kip

wall height, h = 10.17 ft

tributary seismic moment on shear wall, Mu = 269.6 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 40 ft

vertitcal shear wall grout spacing = 32 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 1692.0 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 233.0 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 261.6 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 5544.0 lbs

vertical compressive stress, fae = P/(d*t) = 1.5 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.001

City of Wilsonville

Operations Building 11962A.00

ASCE 41-17  - Tier 2 (BSE-2E)
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h/L = 0.25

steel reinforcing ratio, ρg = 0.003

ρg*fye/fme = 0.08

m-factor = 7.0 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 1648.3 kip

demand capacity ratio, DCR = 0.02 OK

Shear wall 2

Roof seismic load, V = 198.8 kip

diaphragm span, L = 60.00 ft

roof tributary width for seismic, Tw = 25 ft

tributary seismic load on shear wall, QE = 82.8 kip

wall height, h = 10.17 ft

tributary seismic moment on shear wall, Mu = 842.4 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 44 ft

vertitcal shear wall grout spacing = 32 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 1853.0 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 258.0 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 286.7 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 49500.0 lbs

vertical compressive stress, fae = P/(d*t) = 12.3 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.006

h/L = 0.23

steel reinforcing ratio, ρg = 0.003

ρg*fye/fme = 0.08

m-factor = 7.0 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 1806.3 kip

demand capacity ratio, DCR = 0.05 OK

Shear wall 3

Roof seismic load, V = 198.8 kip

diaphragm span, L = 60.00 ft

roof tributary width for seismic, Tw = 22 ft

tributary seismic load on shear wall, QE = 72.9 kip

wall height, h = 10.17 ft

tributary seismic moment on shear wall, Mu = 741.3 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 40.67 ft

vertitcal shear wall grout spacing = 32 in
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horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 1712.1 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 236.2 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 264.9 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 43560.0 lbs

vertical compressive stress, fae = P/(d*t) = 11.7 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.006 psi

h/L = 0.25

steel reinforcing ratio, ρg = 0.003

ρg*fye/fme = 0.08

m-factor = 7.0 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 1668.8 kip

demand capacity ratio, DCR = 0.04 OK

Shear wall 4

Roof seismic load, V = 198.8 kip

diaphragm span, L = 60.00 ft

roof tributary width for seismic, Tw = 5 ft

tributary seismic load on shear wall, QE = 16.6 kip

wall height, h = 10.17 ft

tributary seismic moment on shear wall, Mu = 168.5 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 24.67 ft

vertitcal shear wall grout spacing = 32 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 1068.1 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 135.6 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 164.3 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 2587.5 lbs

vertical compressive stress, fae = P/(d*t) = 1.1 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.001 psi

h/L = 0.41

steel reinforcing ratio, ρg = 0.003

ρg*fye/fme = 0.08
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m-factor = 7.0 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 1035.1 kip

demand capacity ratio, DCR = 0.02 OK
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BY: BS DATE Sep-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

CMU IN-PLANE SHEAR WALL CHECK IN BUILDING E-W DIRECTION

Shear wall A

Roof seismic load, V = 198.8 kip

diaphragm span, L = 102.00 ft

roof tributary width for seismic, Tw = 6 ft

tributary seismic load on shear wall, QE = 11.7 kip

wall height, h = 10.17 ft

tributary seismic moment on shear wall, Mu = 118.9 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 20 ft

vertitcal shear wall grout spacing = 32 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 887.0 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 106.8 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 135.5 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 3564.0 lbs

vertical compressive stress, fae = P/(d*t) = 0.3 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

City of Wilsonville

Operations Building 11962A.00

ASCE 41-17  - Tier 2 (BSE-2E)
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fae/fme = 0.000

h/L = 0.51

steel reinforcing ratio, ρg = 0.003

ρg*fye/fme = 0.08

m-factor = 7.0 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 853.8 kip

demand capacity ratio, DCR = 0.01 OK

Shear wall B

Roof seismic load, V = 198.8 kip

diaphragm span, L = 102.00 ft

roof tributary width for seismic, Tw = 25 ft

tributary seismic load on shear wall, QE = 48.7 kip

wall height, h = 10.17 ft

tributary seismic moment on shear wall, Mu = 495.5 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 20.67 ft

vertitcal shear wall grout spacing = 32 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 907.1 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 110.3 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 139.0 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 28710.0 lbs

vertical compressive stress, fae = P/(d*t) = 2.4 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.001

h/L = 0.49

steel reinforcing ratio, ρg = 0.003

ρg*fye/fme = 0.08

m-factor = 7.0 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 875.4 kip

demand capacity ratio, DCR = 0.06 OK

Shear wall C

Roof seismic load, V = 198.8 kip

diaphragm span, L = 102.00 ft

roof tributary width for seismic, Tw = 45 ft

tributary seismic load on shear wall, QE = 87.7 kip

wall height, h = 10.17 ft

tributary seismic moment on shear wall, Mu = 892.0 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 28.67 ft
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vertitcal shear wall grout spacing = 32 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 1229.1 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 160.9 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 189.5 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 40788.0 lbs

vertical compressive stress, fae = P/(d*t) = 2.5 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.001

h/L = 0.35

steel reinforcing ratio, ρg = 0.003

ρg*fye/fme = 0.08

m-factor = 7.0 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 1194.1 kip

demand capacity ratio, DCR = 0.07 OK

Shear wall D

Roof seismic load, V = 198.8 kip

diaphragm span, L = 102.00 ft

roof tributary width for seismic, Tw = 26 ft

tributary seismic load on shear wall, QE = 50.7 kip

wall height, h = 10.17 ft

tributary seismic moment on shear wall, Mu = 515.4 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 26.67 ft

vertitcal shear wall grout spacing = 32 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 1128.1 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 145.6 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 174.3 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 17820.0 lbs

vertical compressive stress, fae = P/(d*t) = 1.2 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.001

h/L = 0.38

steel reinforcing ratio, ρg = 0.003
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ρg*fye/fme = 0.08

m-factor = 7.0 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 1098.0 kip

demand capacity ratio, DCR = 0.05 OK
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

SEISMIC BASE SHEAR FOR OPERATIONS BUILDING

spectral response acceleration, Sxs = 0.446 g (CSZ seismic hazard)

spectral response acceleration, Sx1 = 0.332 g (CSZ seismic hazard)

building period, T = 0.114 s

response spectrum acceleration, Sa = 0.446 g

effective seismic weight, W = 190.9 kip

C1C2 = 1.4 (Table 11-6 for masonry walls, m=2.0)

effective mass factor, Cm = 1.0

seismic lateral force, V = 119.2 kip

City of Wilsonville

Operations Building 11962A.00

ASCE 41-17  - Tier 2 (CSZ)
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BY: BS DATE Sep-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

CMU IN-PLANE SHEAR WALL CHECK IN BUILDING N-S DIRECTION

Shear wall 1

Roof seismic load, V = 119.2 kip

diaphragm span, L = 60.00 ft

roof tributary width for seismic, Tw = 8 ft

tributary seismic load on shear wall, QE = 15.9 kip

wall height, h = 10.17 ft

tributary seismic moment on shear wall, Mu = 161.6 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 40 ft

vertitcal shear wall grout spacing = 32 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 1692.0 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 233.0 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 261.6 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 5544.0 lbs

vertical compressive stress, fae = P/(d*t) = 1.5 psi

City of Wilsonville

Operations Building 11962A.00

ASCE 41-17  - Tier 2 (CSZ)
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factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.001

h/L = 0.25

steel reinforcing ratio, ρg = 0.003

ρg*fye/fme = 0.08

m-factor = 5.0 (interpolated between LS & IO. ASCE 41-17 Table 11-6)
knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 1177.4 kip

demand capacity ratio, DCR = 0.01 OK

Shear wall 2

Roof seismic load, V = 119.2 kip

diaphragm span, L = 60.00 ft

roof tributary width for seismic, Tw = 25 ft

tributary seismic load on shear wall, QE = 49.7 kip

wall height, h = 10.17 ft

tributary seismic moment on shear wall, Mu = 505.1 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 44 ft

vertitcal shear wall grout spacing = 32 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 1853.0 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 258.0 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 286.7 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 49500.0 lbs

vertical compressive stress, fae = P/(d*t) = 12.3 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.006

h/L = 0.23

steel reinforcing ratio, ρg = 0.003

ρg*fye/fme = 0.08

m-factor = 5.0 (interpolated between LS & IO. ASCE 41-17 Table 11-6)
knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 1290.2 kip

demand capacity ratio, DCR = 0.04 OK

Shear wall 3

Roof seismic load, V = 119.2 kip

diaphragm span, L = 60.00 ft

roof tributary width for seismic, Tw = 22 ft

tributary seismic load on shear wall, QE = 43.7 kip
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wall height, h = 10.17 ft

tributary seismic moment on shear wall, Mu = 444.5 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 40.67 ft

vertitcal shear wall grout spacing = 32 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 1712.1 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 236.2 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 264.9 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 43560.0 lbs

vertical compressive stress, fae = P/(d*t) = 11.7 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.006 psi

h/L = 0.25

steel reinforcing ratio, ρg = 0.003

ρg*fye/fme = 0.08

m-factor = 5.0 (interpolated between LS & IO. ASCE 41-17 Table 11-6)
knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 1192.0 kip

demand capacity ratio, DCR = 0.04 OK

Shear wall 4

Roof seismic load, V = 119.2 kip

diaphragm span, L = 60.00 ft

roof tributary width for seismic, Tw = 5 ft

tributary seismic load on shear wall, QE = 9.9 kip

wall height, h = 10.17 ft

tributary seismic moment on shear wall, Mu = 101.0 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 24.67 ft

vertitcal shear wall grout spacing = 32 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 1068.1 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 135.6 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 164.3 kip

Determining m-factor for wall governed by flexure
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roof axial load on wall, P = 2587.5 lbs

vertical compressive stress, fae = P/(d*t) = 1.1 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.001 psi

h/L = 0.41

steel reinforcing ratio, ρg = 0.003

ρg*fye/fme = 0.08

m-factor = 5.0 (interpolated between LS & IO. ASCE 41-17 Table 11-6)
knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 739.4 kip

demand capacity ratio, DCR = 0.01 OK
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BY: BS DATE Sep-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

CMU IN-PLANE SHEAR WALL CHECK IN BUILDING E-W DIRECTION

Shear wall A

Roof seismic load, V = 119.2 kip

diaphragm span, L = 102.00 ft

roof tributary width for seismic, Tw = 6 ft

tributary seismic load on shear wall, QE = 7.0 kip

wall height, h = 10.17 ft

tributary seismic moment on shear wall, Mu = 71.3 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 20 ft

vertitcal shear wall grout spacing = 32 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 887.0 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 106.8 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 135.5 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 3564.0 lbs

City of Wilsonville

Operations Building 11962A.00

ASCE 41-17  - Tier 2 (CSZ)
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vertical compressive stress, fae = P/(d*t) = 0.3 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.000

h/L = 0.51

steel reinforcing ratio, ρg = 0.003

ρg*fye/fme = 0.08

m-factor = 5.0 (interpolated between LS & IO. ASCE 41-17 Table 11-6)
knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 609.8 kip

demand capacity ratio, DCR = 0.01 OK

Shear wall B

Roof seismic load, V = 119.2 kip

diaphragm span, L = 102.00 ft

roof tributary width for seismic, Tw = 25 ft

tributary seismic load on shear wall, QE = 29.2 kip

wall height, h = 10.17 ft

tributary seismic moment on shear wall, Mu = 297.1 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 20.67 ft

vertitcal shear wall grout spacing = 32 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 907.1 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 110.3 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 139.0 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 28710.0 lbs

vertical compressive stress, fae = P/(d*t) = 2.4 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.001

h/L = 0.49

steel reinforcing ratio, ρg = 0.003

ρg*fye/fme = 0.08

m-factor = 5.0 (interpolated between LS & IO. ASCE 41-17 Table 11-6)
knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 625.3 kip

demand capacity ratio, DCR = 0.05 OK

Shear wall C

Roof seismic load, V = 119.2 kip

diaphragm span, L = 102.00 ft

roof tributary width for seismic, Tw = 45 ft
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tributary seismic load on shear wall, QE = 52.6 kip

wall height, h = 10.17 ft

tributary seismic moment on shear wall, Mu = 534.8 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 28.67 ft

vertitcal shear wall grout spacing = 32 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 1229.1 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 160.9 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 189.5 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 40788.0 lbs

vertical compressive stress, fae = P/(d*t) = 2.5 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.001

h/L = 0.35

steel reinforcing ratio, ρg = 0.003

ρg*fye/fme = 0.08

m-factor = 5.0 (interpolated between LS & IO. ASCE 41-17 Table 11-6)
knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 852.9 kip

demand capacity ratio, DCR = 0.06 OK

Shear wall D

Roof seismic load, V = 119.2 kip

diaphragm span, L = 102.00 ft

roof tributary width for seismic, Tw = 26 ft

tributary seismic load on shear wall, QE = 30.4 kip

wall height, h = 10.17 ft

tributary seismic moment on shear wall, Mu = 309.0 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 26.67 ft

vertitcal shear wall grout spacing = 32 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 1128.1 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 145.6 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 174.3 kip
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Determining m-factor for wall governed by flexure

roof axial load on wall, P = 17820.0 lbs

vertical compressive stress, fae = P/(d*t) = 1.2 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.001

h/L = 0.38

steel reinforcing ratio, ρg = 0.003

ρg*fye/fme = 0.08

m-factor = 5.0 (interpolated between LS & IO. ASCE 41-17 Table 11-6)
knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 784.3 kip

demand capacity ratio, DCR = 0.04 OK
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Diaphragm Check



BY: BS DATE Sep-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

DIAPHRAGM METAL DECK CHECK

Roof seismic load, V = 119.2 kip

diaphragm span, L = 102.00 ft

roof unit diaphragm load, v = 1.17 kip/ft

Roof span between shear walls, L1 = 50.00 ft

Roof depth, d = 36.00 ft

diaphragm shear, v1 = 0.812 kip/ft

diaphragm strength, Qallow = 530 lbs/ft

expected diaphragm strength, QCE = 1060 lbs/ft

m-factor = 1.625 (interpolated between LS & IO. ASCE 41-17 Table 9-6)
knowledge factor, κ = 0.90

diaphragm strength, κmφQCE = 1.550 kip/ft

demand capacity ratio, DCR = 0.52 OK

City of Wilsonville

Operations Building 11962A.00

ASCE 41-17  - Tier 2 (CSZ)

(expected strength shall be 2x the allowable 

per ASCE 41-17 Section 9.10.1.3)
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Deck Span = 6'-8"
q = 530 psf (interpolated)



PROCESS GALLERY - TIER 2 CALCULATIONS
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

SEISMIC BASE SHEAR FOR PROCESS GALLERY

spectral response acceleration, Sxs = 0.744 g (BSE-2E seismic hazard)

spectral response acceleration, Sx1 = 0.405 g (BSE-2E seismic hazard)

building period, T = 0.114 s

response spectrum acceleration, Sa = 0.744 g

effective seismic weight, W = 1267.3 kip

C1C2 = 1.4 (Table 11-6 for masonry walls, m=2.5)

effective mass factor, Cm = 1.0

seismic lateral force, V = 1320.0 kip

Story
Weight, 

wx (kip)

Floor 

Height, hx 

(ft)

k factor
wxhx

k 

(kip*ft
2
)

Cvx

Force on 

Level, Fx 

(kip)

Story 

Force, Vj 

(kip)

Roof 189.8 32.63 1.0 6193.2 0.242 319.5 319.5

1st 1077.5 18.00 1.0 19395.0 0.758 1000.5 1320.0

Σwxhx
k
 = 25588.2

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 2 (BSE-2E)
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Shear Wall 1

Shear Wall 2

Shear Wall 3



BY: BS DATE Sep-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

CMU IN-PLANE SHEAR WALL CHECK IN BUILDING N-S DIRECTION

Shear wall 1

Roof seismic load, V = 319.5 kip

diaphragm span, L = 52.00 ft

roof tributary width for seismic, Tw = 15 ft

tributary seismic load on shear wall, QE = 92.2 kip

wall height, h = 14.63 ft

tributary seismic moment on shear wall, Mu = 1348.4 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 46 ft

vertitcal shear wall grout spacing = 24 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 2077.0 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 277.0 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 305.7 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 13608.3 lbs

vertical compressive stress, fae = P/(d*t) = 0.5 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.000

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 2 (BSE-2E)
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h/L = 0.32

steel reinforcing ratio, ρg = 0.004

ρg*fye/fme = 0.11

m-factor = 7.0 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 1925.7 kip

demand capacity ratio, DCR = 0.05 OK

Shear wall 2

Roof seismic load, V = 319.5 kip

diaphragm span, L = 52.00 ft

roof tributary width for seismic, Tw = 26 ft

tributary seismic load on shear wall, QE = 159.8 kip

wall height, h = 14.63 ft

tributary seismic moment on shear wall, Mu = 2337.1 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 48 ft

vertitcal shear wall grout spacing = 32 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 2014.0 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 270.4 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 299.1 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 23369.7 lbs

vertical compressive stress, fae = P/(d*t) = 0.8 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.000

h/L = 0.30

steel reinforcing ratio, ρg = 0.003

ρg*fye/fme = 0.09

m-factor = 7.0 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 1884.2 kip

demand capacity ratio, DCR = 0.08 OK

Shear wall 3

Roof seismic load, V = 319.5 kip

diaphragm span, L = 52.00 ft

roof tributary width for seismic, Tw = 10.67 ft

tributary seismic load on shear wall, QE = 65.6 kip

wall height, h = 14.63 ft

tributary seismic moment on shear wall, Mu = 959.1 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 28 ft

vertitcal shear wall grout spacing = 24 in
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horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 1291.0 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 154.3 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 183.0 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 9761.4 lbs

vertical compressive stress, fae = P/(d*t) = 0.6 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.000

h/L = 0.52

steel reinforcing ratio, ρg = 0.004

ρg*fye/fme = 0.11

m-factor = 2.5 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 411.7 kip

demand capacity ratio, DCR = 0.16 OK
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BY: BS DATE Sep-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

CMU IN-PLANE SHEAR WALL CHECK IN BUILDING E-W DIRECTION

Shear wall A

Roof seismic load, V = 319.5 kip

diaphragm span, L = 56.67 ft

roof tributary width for seismic, Tw = 4 ft

tributary seismic load on shear wall, QE = 22.6 kip

wall height, h = 14.63 ft

tributary seismic moment on shear wall, Mu = 329.9 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 50 ft

vertitcal shear wall grout spacing = 24 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 2238.0 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 302.3 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 331.0 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 3537.1 lbs

vertical compressive stress, fae = P/(d*t) = 0.1 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 2 (BSE-2E)
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fae/fme = 0.000

h/L = 0.29

steel reinforcing ratio, ρg = 0.004

ρg*fye/fme = 0.11

m-factor = 7.0 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 2085.3 kip

demand capacity ratio, DCR = 0.01 OK

Shear wall B

Roof seismic load, V = 319.5 kip

diaphragm span, L = 56.67 ft

roof tributary width for seismic, Tw = 12 ft

tributary seismic load on shear wall, QE = 67.7 kip

wall height, h = 14.63 ft

tributary seismic moment on shear wall, Mu = 989.8 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 26.67 ft

vertitcal shear wall grout spacing = 32 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 1128.1 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 132.8 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 161.5 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 10064.7 lbs

vertical compressive stress, fae = P/(d*t) = 0.7 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.000

h/L = 0.55

steel reinforcing ratio, ρg = 0.004

ρg*fye/fme = 0.11

m-factor = 7.0 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 1017.4 kip

demand capacity ratio, DCR = 0.07 OK

Shear wall C

Roof seismic load, V = 319.5 kip

diaphragm span, L = 56.67 ft

roof tributary width for seismic, Tw = 24.33 ft

tributary seismic load on shear wall, QE = 137.2 kip

wall height, h = 14.63 ft

tributary seismic moment on shear wall, Mu = 2006.8 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 21.33 ft
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vertitcal shear wall grout spacing = 32 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 926.9 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 100.5 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 129.2 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 19994.8 lbs

vertical compressive stress, fae = P/(d*t) = 1.6 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.001

h/L = 0.69

steel reinforcing ratio, ρg = 0.004

ρg*fye/fme = 0.11

m-factor = 7.0 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 813.8 kip

demand capacity ratio, DCR = 0.17 OK

Shear wall D

Roof seismic load, V = 319.5 kip

diaphragm span, L = 56.67 ft

roof tributary width for seismic, Tw = 16.33 ft

tributary seismic load on shear wall, QE = 92.1 kip

wall height, h = 14.63 ft

tributary seismic moment on shear wall, Mu = 1346.9 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 38 ft

vertitcal shear wall grout spacing = 24 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 1714.0 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 220.8 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 249.5 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 13463.2 lbs

vertical compressive stress, fae = P/(d*t) = 0.6 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.000

h/L = 0.39

steel reinforcing ratio, ρg = 0.004
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ρg*fye/fme = 0.11

m-factor = 7.0 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 1571.7 kip

demand capacity ratio, DCR = 0.06 OK
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

BEAM AND COLUMN CHECK SUPPORTING CMU WALL ABOVE (VERTICAL IRREGULARITY TIER 1 FINDING)

Roof seismic load, V = 319.5 kip

diaphragm span, L = 56.67 ft

roof tributary width for seismic, Tw = 24.33 ft

wall height, h = 14.63 ft

tributary seismic load on shear wall, VE = 137.2 kip

seismic overturning on shear wall, ME = 2006.8 kip*ft

Wall length, Lw = 21.33 ft

Factor for adjusting action, χ = 1.15 (interpolated between LS & CP)

C1C2 = 1.4

Force delivery reduction factor, J = 2

Beam B2 (16"x32") Check

Roof unit weight, wDroof = 15.3 psf

Wall unit weight, wDwall = 47.0 lb/ft

Floor unit weight, wDfloor = 183 psf

Floor unit live load, wLfloor = 200 psf

Tributary width to beam, Twbeam = 8 ft

supported gravity loads on beam, QD = 1633.4 lb/ft

supported live loads on beam, QL = 400 lb/ft (assume only 25% of LL)

supported combined loads on beam, QG = 2236.7 lb/ft

Axial load on beam, QUF = 56.3 kip

Bending moment demand on beam, QUF = 127.2 kip*ft

Shear demand on beam, QUF = 23.9 kip

Beam axial strength, QCL = 1534.8 kip (From TEDDS calculation)

Beam bending strength, QCL = 296.6 kip*ft (From TEDDS calculation)

Beam shear strength, QCL = 58.7 kip (From TEDDS calculation)

knowledge factor, κ = 0.90

Beam axial strength, κ*QCL = 1381.32 kip

Beam bending strength, κ*QCL = 266.94 kip*ft

Beam shear strength, κ*QCL = 52.83 kip

Axial DCR = 0.04 OK

Moment DCR = 0.48 OK

Shear DCR = 0.45 OK

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 2 (BSE-2E)
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Column (18"x18") Check

Roof unit weight, wDroof = 15.3 psf

Wall unit weight, wDwall = 47.0 lb/ft

Floor unit weight, wDfloor = 183 psf

Floor unit live load, wLfloor = 200 psf

Tributary area to column, Twcolumn = 213.36 ft
2

supported gravity loads on column, QD = 43.2 kip

supported live loads on column, QL = 10.7 kip (assume only 25% of LL)

supported combined loads on column, QG = 59.2 kip

supported overturning loads on column, QE = 38.6 kip

Axial compression load on column, QUFcomp = 97.9 kip

Axial tension load on column, QUFten = 0.2 kip

Bending moment demand on column, QUF = 48.9 kip*ft

Shear demand on column, QUF = 6.9 kip

Column axial strength, QCL = 1099.1 kip (From TEDDS calculation)

Column bending strength, QCL = 230.5 kip*ft (From TEDDS calculation)

Column shear strength, QCL = 33.8 kip (From TEDDS calculation)

knowledge factor, κ = 0.90

Column axial strength, κ*QCL = 989.19 kip

Column bending strength, κ*QCL = 207.45 kip*ft

Column shear strength, κ*QCL = 30.42 kip

Axial DCR = 0.10 OK

Moment DCR = 0.24 OK

Shear DCR = 0.23 OK
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Carollo Engineers

3150 Bristol St. Suite 500, Costa Mesa, CA, 92626

Project

City of Wilsonville - Process Gallery

Job Ref.

11962A.00

Section

Beam B-2 Check (Vertical Irregularity)

Sheet no./rev.

 1

Calc. by

BS

Date

8/23/2021

Chk'd by Date App'd by Date

RC RECTANGULAR COLUMN DESIGN (ACI318-14) 

Tedds calculation version 2.2.02

x x

y

y
1' 4"

2
' 

8
"

4 × No. 8 longitudinal bars

No. 4 ties @ 9 in c/c

 

Applied loads

Ultimate axial force acting on column; Pu_act = 56.3 kips

Ultimate smaller end moment about x axis; M1x_act = 0.001 kips_ft

Ultimate larger end moment about x axis; M2x_act = 127.2 kips_ft

Column curvature about x axis; single curvature

Ratio of DL moment to total moment; βd = 0.600

Geometry of column

Depth of column (larger dimension of column); h = 32.0 in

Width of column (smaller dimension of column); b = 16.0 in

Clear cover to reinforcement (both sides); cc = 1.5 in

Unsupported height of column about x axis; lux = 21.3 ft

Effective height factor about x axis; kx = 1.00 

Column state about the x axis; Braced

Unsupported height of column about y axis; luy = 21.3 ft

Effective height factor about y axis; ky = 1.00 

Column state about the y axis; Braced

Check on overall column dimensions

Column dimensions are OK - h < 4b

Reinforcement of column

Numbers of bars of longitudinal steel; N = 4

Longitudinal steel bar diameter number; Dbar_num = 8
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Carollo Engineers

3150 Bristol St. Suite 500, Costa Mesa, CA, 92626

Project

City of Wilsonville - Process Gallery

Job Ref.

11962A.00

Section

Beam B-2 Check (Vertical Irregularity)

Sheet no./rev.

 2

Calc. by

BS

Date

8/23/2021

Chk'd by Date App'd by Date

Diameter of longitudinal bar; Dlong = 1.000 in

Stirrup bar diameter number; Dstir_num = 4

Diameter of stirrup bar; Dstir = 0.500 in

Specified yield strength of reinforcement; fy = 60000 psi

Specified compressive strength of concrete; f’c = 4000 psi

Modulus of elasticity of bar reinforcement; Es = 29 × 106 psi

Modulus of elasticity of concrete; Ec = 57000 × f’c1/2 × (1psi)1/2 = 3604997 psi

Yield strain; εy = fy / Es = 0.00207

Ultimate design strain; εc = 0.003 in/in

Check for minimum area of steel - 10.6.1.1

Gross area of column; Ag = h ×b = 512.000 in2

Area of steel; Ast  = N × ( π × Dlong
2) / 4 = 3.142 in2

Minimum area of steel required; Ast_min = 0.01× Ag = 5.120 in2

 Ast< Ast_min, FAIL- Minimum steel check 

Check for maximum area of steel - 10.6.1.1

Permissible maximum area of steel; Ast_max = 0.08× Ag = 40.960 in2

 Ast< Ast_max, PASS - Maximum steel check

Slenderness check about x axis

Radius of gyration; rx = 0.3 × h = 9.6 in

Actual slenderness ratio; srx_act  = kx × lux / rx = 26.66

Permissible slenderness ratio; srx_perm = min(34 - 12 * (M1x_act / M2x_act),40) = 34

Slenderness effects may be neglected about the X axis

Slenderness check about y axis

Radius of gyration; ry = 0.3 × b = 4.8 in

Actual slenderness ratio; sry_act  = ky × luy / ry = 53.33

Permissible slenderness ratio; sry_perm = min(34 - 12 * (M1y_act / M2y_act),40) = 34

Column is slender about the Y axis

Magnified moments about y axis

Moment of inertia of section; Igy = (h × b3) / 12 = 10922.667 in4

Euler’s buckling load; Pcy = (π2 / (ky × luy)2) × (0.4 × Ec × Igy / (1+βd )) = 1482.96 kips

Correction factor for actual to equiv. mmt.diagram; Cmy = 1.0

Moment magnifier; δnsy = max(Cmy / (1 - ( Pu_act / (0.75 × Pcy ))),1.0) = 1.053

Minimum factored moment about y axis; M2y_min = Pu_act × (0.6 in + 0.03 × b) = 5.07 kip_ft

Minimum magnified moment about y axis; Mcy_min = δnsy × M2y_min = 5.34 kip_ft

Axial load capacity of axially loaded column

Strength reduction factor; φ = 1.00
; A’s = Ast / 2 = 1.571 in2

Area of steel on tension face; As = Ast / 2 = 1.571 in2

Net axial load capacity of column; Pn =0.8 × (0.85 × f’c × (Ag - Ast ) + fy × Ast ) = 1534.891 kips

Ultimate axial load capacity of column; Pu =φ × Pn = 1534.891 kips

PASS : Column is safe in axial loading

Area of steel on compression face
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Net moments for biaxial column

Assuming strength reduction factor; φ = 0.65

Net moment about major (X) axis; Mnx = Mux_act / φ = 0 kips_ft

Net moment about minor (Y) axis; Mny = Mcy_min / φ= 8.21 kips_ft

Uniaxially loaded column about major axis

Details of column cross-section 

c/dt  ratio; rxb =  0.102

Effective cover to reinforcement; d’ = cc + Dstir + (Dlong/2) = 2.500 in

Spacing between bars; s = ((h – (2×d’)))/ ((N/2)-1) =  27.000 in

Depth of tension steel; dt = h - d’ = 29.500 in

Depth of NA from extreme compression face; cx = rxb × dt = 3.008 in

Factor of depth of compressive stress block; β1= 0.850

Depth of equivalent rectangular stress block; ax = min((β1× cx), h)= 2.557 in

Yield strain in steel; εsx = fy / Es = 0.002 

Strength reduction factor; φx = 0.900

Details of concrete block

Force carried by concrete

Forces carried by concrete; Pxcon = 0.85 ×  f’c × b × ax = 139.079 kips

Moment carried by concrete

Moment carried by concrete; Mxcon = Pxcon × ((h/2) – (ax/2)) = 170.624 kip_ft

Details of steel layer 1

Depth of layer; xx1 = 2.500 in

Strain of layer; εx1 = εc * (1 - xx1 / cx) = 0.00051 

Stress in layer; σx1 = min(fy, Es * εx1) - 0.85 * f'c  = 11287.26 psi 

Force carried by layer; Px1 = Nx * Abar * σx1 =  17.730 kips

Moment carried by steel layer; Mx1 = Px1 * ((h / 2) - xx1) = 19.946 kip_ft

Details of steel layer 2

Depth of layer; xx2 = 29.500 in

Strain of layer; εx2 = εc * (1 - xx2 / cx) = -0.02642 

Stress in layer; σx2 = max(-1 * fy, Es * εx2) = -60000.00 psi 

Force carried by layer; Px2 = Nx * Abar * σx2 =  -94.248 kips

Moment carried by steel layer; Mx2 = Px2 * ((h / 2) - xx2) = 106.029 kip_ft

Force carried by steel

Sum of forces by steel; Pxs =  -76.5 kips

Total force carried by column

Nominal axial load strength; Pnx = 62.561 kips

Strength reduction factor; φx = 1.000

Ultimate axial load carrying capacity of column; Pux = φx  × Pnx =  56.305 kips

Total moment carried by column

Total moment carried by column; Mox =  296.599 kip_ft;
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Ultimate moment strength capacity of column; Mux = φx × Mox =  296.599 kip_ft

Equivalent required uniaxial moment about x axis

Equivalent required uniaxial nominal moment; Mnxe = Mnx + Mny × h / b × ((1 - β) / β) = 16.422 kip_ft

Equivalent required uniaxial ultimate moment; Muxe = Mnxe × φx =  14.780 kip_ft;

Check load capacity about the x axis

Factored axial load; Pu_act = 56.3 kips

Ultimate axial capacity; Pux = 56.3 kips

PASS - Ultimate axial capacity exceeds factored axial load

Equivalent required uniaxial factored moment; Muxe = 14.8 kip_ft

Ultimate moment capacity about the x axis; Mux = 266.9 kip_ft

PASS - Ultimate moment capacity exceeds factored moment about x axis

Uniaxially loaded column about minor axis

Details of column cross-section 

c/dt  ratio; ryb =  0.151

Effective cover to reinforcement; d’ = cc + Dstir + (Dlong/2) = 2.500 in

Spacing between bars; s = ((b – (2×d’)))/ ((N/2)-1) =  11.000 in

Depth of tension steel; bt = b - d’ = 13.500 in

Depth of NA from extreme compression face; cy = ryb × bt = 2.034 in

Factor of depth of compressive stress block; β1= 0.850

Depth of equivalent rectangular stress block; ay = min((β1× cy), b)= 1.729 in

Yield strain in steel; εsy = fy / Es = 0.002 

Strength reduction factor; φy = 0.900

Details of concrete block

Force carried by concrete

Forces carried by concrete; Pycon = 0.85 ×  f’c × h × ay = 188.109 kips

Moment carried by concrete

Moment carried by concrete; Mycon = Pycon × ((b/2) – (ay/2)) = 111.855 kip_ft

Details of steel layer 1

Depth of layer; xy1 = 2.500 in

Strain of layer; εy1 = εc * (1 - xy1 / cy) = -0.00069 

Stress in layer; σy1 = max(-1 * fy, Es * εy1) = -19929.49 psi 

Force carried by layer; Py1 = Ny * Abar * σy1 =  -31.305 kips

Moment carried by steel layer; My1 = Py1 * ((b / 2) - xy1) = -14.348 kip_ft

Details of steel layer 2

Depth of layer; xy2 = 13.500 in

Strain of layer; εy2 = εc * (1 - xy2 / cy) = -0.01691 

Stress in layer; σy2 = max(-1 * fy, Es * εy2) = -60000.00 psi 

Force carried by layer; Py2 = Ny * Abar * σy2 =  -94.248 kips

Moment carried by steel layer; My2 = Py2 * ((b / 2) - xy2) = 43.197 kip_ft
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Force carried by steel

Sum of forces by steel; Pys =  -125.6 kips

Total force carried by column

Nominal axial load strength; Pny = 62.556 kips

Strength reduction factor; φy = 1.000

Ultimate axial load carrying capacity of column; Puy = φy  × Pny =  62.556 kips

Moment carried by biaxial column minor axis

Nominal moment strength; Moy = 140.703 kip_ft

Contour beta factor

Contour beta factor; β = 0.500 ;

Mnx_upon_Mox1 = Mnx / Mox = 0.000;

;

Mny_upon_Moy = 1.000

Net moment along minor axis resisted by column; Mny1 =  Moy ×( Mny_upon_Moy ) = 140.703 kip_ft;

Ultimate moment along minor axis ; Muy = Mny1 × φy =  126.633 kip_ft;

Check load capacity about the y axis

Factored axial load; Pu_act = 56.3 kips

Ultimate axial capacity; Puy = 56.3 kips

PASS - Ultimate axial capacity exceeds factored axial load

Factored moment about the y axis; Muy_max =  φ * Mny = 5.3 kip_ft

Ultimate moment capacity about the y axis; Muy = 126.6 kip_ft

PASS - Ultimate moment capacity exceeds factored moment about y axis

Design of column ties - 25.7.2

Spacing of lateral ties; sv_ties = 9.000 in

16 times longitudinal bar diameter; sv1 = 16 × Dlong =  16.000 in

48 times tie bar diameter; sv2 = 48 × Dstir =  24.000 in

Least column dimension; sv3 = min (h,b) = 16.000 in

Required tie spacing ; s = min(sv1,sv2,sv3) = 16.000 in

 sv_ties < s PASS 

;
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RC RECTANGULAR COLUMN DESIGN (ACI318-14) 

Tedds calculation version 2.2.02

x x

y

y
1' 6"

1
' 
6

"

8 × No. 7 longitudinal bars

No. 3 ties @ 12 in c/c

 

Applied loads

Ultimate axial force acting on column; Pu_act = 97.9 kips

Ultimate smaller end moment about x axis; M1x_act = 0.001 kips_ft

Ultimate larger end moment about x axis; M2x_act = 48.9 kips_ft

Column curvature about x axis; single curvature

Ratio of DL moment to total moment; βd = 0.600

Geometry of column

Depth of column (larger dimension of column); h = 18.0 in

Width of column (smaller dimension of column); b = 18.0 in

Clear cover to reinforcement (both sides); cc = 1.5 in

Unsupported height of column about x axis; lux = 18.0 ft

Effective height factor about x axis; kx = 1.00 

Column state about the x axis; Braced

Unsupported height of column about y axis; luy = 18.0 ft

Effective height factor about y axis; ky = 1.00 

Column state about the y axis; Braced

Check on overall column dimensions

Column dimensions are OK - h < 4b

Reinforcement of column

Numbers of bars of longitudinal steel; N = 8

Longitudinal steel bar diameter number; Dbar_num = 7

Diameter of longitudinal bar; Dlong = 0.875 in

Stirrup bar diameter number; Dstir_num = 3

Diameter of stirrup bar; Dstir = 0.375 in

Specified yield strength of reinforcement; fy = 60000 psi
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Specified compressive strength of concrete; f’c = 4000 psi

Modulus of elasticity of bar reinforcement; Es = 29 × 106 psi

Modulus of elasticity of concrete; Ec = 57000 × f’c1/2 × (1psi)1/2 = 3604997 psi

Yield strain; εy = fy / Es = 0.00207

Ultimate design strain; εc = 0.003 in/in

Check for minimum area of steel - 10.6.1.1

Gross area of column; Ag = h ×b = 324.000 in2

Area of steel; Ast  = N × ( π × Dlong
2) / 4 = 4.811 in2

Minimum area of steel required; Ast_min = 0.01× Ag = 3.240 in2

 Ast> Ast_min, PASS- Minimum steel check 

Check for maximum area of steel - 10.6.1.1

Permissible maximum area of steel; Ast_max = 0.08× Ag = 25.920 in2

 Ast< Ast_max, PASS - Maximum steel check

Slenderness check about x axis

Radius of gyration; rx = 0.3 × h = 5.4 in

Actual slenderness ratio; srx_act  = kx × lux / rx = 40

Permissible slenderness ratio; srx_perm = min(34 - 12 * (M1x_act / M2x_act),40) = 34

Column is slender about the X axis

Magnified moments about x axis

Moment of inertia of section; Igx = (b × h3) / 12 = 8748 in4

Euler’s buckling load; Pcx = (π2 / (kx × lux)2) × (0.4 × Ec × Igx / (1+βd )) = 1667.81 kips

Correction factor for actual to equiv. mmt.diagram; Cmx = 0.6 + (0.4 * M1x_act / M2x_act) = 0.600

Moment magnifier; δnsx = max(Cmx / (1 - ( Pu_act / (0.75 × Pcx ))),1.0) = 1

Magnified moment about x axis; Mcx = δnsx × M2x_act = 48.9 kip_ft

Minimum factored moment about x axis; M2x_min = Pu_act × (0.6 in + 0.03 × h) = 9.3 kip_ft

Minimum magnified moment about x axis; Mcx_min = δnsx × M2x_min = 9.3 kip_ft

Slenderness check about y axis

Radius of gyration; ry = 0.3 × b = 5.4 in

Actual slenderness ratio; sry_act  = ky × luy / ry = 40

Permissible slenderness ratio; sry_perm = min(34 - 12 * (M1y_act / M2y_act),40) = 34

Column is slender about the Y axis

Magnified moments about y axis

Moment of inertia of section; Igy = (h × b3) / 12 = 8748 in4

Euler’s buckling load; Pcy = (π2 / (ky × luy)2) × (0.4 × Ec × Igy / (1+βd )) = 1667.81 kips

Correction factor for actual to equiv. mmt.diagram; Cmy = 1.0

Moment magnifier; δnsy = max(Cmy / (1 - ( Pu_act / (0.75 × Pcy ))),1.0) = 1.085

Minimum factored moment about y axis; M2y_min = Pu_act × (0.6 in + 0.03 × b) = 9.3 kip_ft

Minimum magnified moment about y axis; Mcy_min = δnsy × M2y_min = 10.09 kip_ft

Axial load capacity of axially loaded column

Strength reduction factor; φ = 1.00
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Area of steel on compression face; A’s = Ast / 2 = 2.405 in2

Area of steel on tension face; As = Ast / 2 = 2.405 in2

Net axial load capacity of column; Pn =0.8 × (0.85 × f’c × (Ag - Ast ) + fy × Ast ) = 1099.102 kips

Ultimate axial load capacity of column; Pu =φ × Pn = 1099.102 kips

PASS : Column is safe in axial loading

Net moments for biaxial column

Assuming strength reduction factor; φ = 0.65

Net moment about major (X) axis; Mnx = Mcx / φ = 75.23 kips_ft

Net moment about minor (Y) axis; Mny = Mcy_min / φ= 15.52 kips_ft

Uniaxially loaded column about major axis

Details of column cross-section 

c/dt  ratio; rxb =  0.273

Effective cover to reinforcement; d’ = cc + Dstir + (Dlong/2) = 2.312 in

Spacing between bars; s = ((h – (2×d’)))/ ((N/2)-1) =  4.458 in

Depth of tension steel; dt = h - d’ = 15.688 in

Depth of NA from extreme compression face; cx = rxb × dt = 4.287 in

Factor of depth of compressive stress block; β1= 0.850

Depth of equivalent rectangular stress block; ax = min((β1× cx), h)= 3.644 in

Yield strain in steel; εsx = fy / Es = 0.002 

Strength reduction factor; φx = 1.000

Details of concrete block

Force carried by concrete

Forces carried by concrete; Pxcon = 0.85 ×  f’c × b × ax = 223.022 kips

Moment carried by concrete

Moment carried by concrete; Mxcon = Pxcon × ((h/2) – (ax/2)) = 133.403 kip_ft

Details of steel layer 1

Depth of layer; xx1 = 2.312 in

Strain of layer; εx1 = εc * (1 - xx1 / cx) = 0.00138 

Stress in layer; σx1 = min(fy, Es * εx1) - 0.85 * f'c  = 36672.92 psi 

Force carried by layer; Px1 = Nx * Abar * σx1 =  66.157 kips

Moment carried by steel layer; Mx1 = Px1 * ((h / 2) - xx1) = 36.868 kip_ft

Details of steel layer 2

Depth of layer; xx2 = 9.000 in

Strain of layer; εx2 = εc * (1 - xx2 / cx) = -0.00330 

Stress in layer; σx2 = max(-1 * fy, Es * εx2) = -60000.00 psi 

Force carried by layer; Px2 = 2 * Abar * σx2 =  -72.158 kips

Moment carried by steel layer; Mx2 = Px2 * ((h / 2) - xx2) = 0.000 kip_ft

Details of steel layer 3

Depth of layer; xx3 = 15.688 in

Strain of layer; εx3 = εc * (1 - xx3 / cx) = -0.00798 

Stress in layer; σx3 = max(-1 * fy, Es * εx3) = -60000.00 psi 
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Force carried by layer; Px3 = Nx * Abar * σx3 =  -108.238 kips

Moment carried by steel layer; Mx3 = Px3 * ((h / 2) - xx3) = 60.320 kip_ft

Force carried by steel

Sum of forces by steel; Pxs =  -114.2 kips

Total force carried by column

Nominal axial load strength; Pnx = 108.782 kips

Strength reduction factor; φx = 1.000

Ultimate axial load carrying capacity of column; Pux = φx  × Pnx =  97.904 kips

Total moment carried by column

Total moment carried by column; Mox =  230.591 kip_ft;

Ultimate moment strength capacity of column; Mux = φx × Mox =  230.591 kip_ft

Equivalent required uniaxial moment about x axis

Equivalent required uniaxial nominal moment; Mnxe = Mnx + Mny × h / b × ((1 - β) / β) = 90.754 kip_ft

Equivalent required uniaxial ultimate moment; Muxe = Mnxe × φx =  90.754 kip_ft;

Check load capacity about the x axis

Factored axial load; Pu_act = 97.9 kips

Ultimate axial capacity; Pux = 97.9 kips

PASS - Ultimate axial capacity exceeds factored axial load

Equivalent required uniaxial factored moment; Muxe = 81.7 kip_ft

Ultimate moment capacity about the x axis; Mux = 207.5 kip_ft

PASS - Ultimate moment capacity exceeds factored moment about x axis

Uniaxially loaded column about minor axis

Details of column cross-section 

c/dt  ratio; ryb =  0.273

Effective cover to reinforcement; d’ = cc + Dstir + (Dlong/2) = 2.312 in

Spacing between bars; s = ((b – (2×d’)))/ ((N/2)-1) =  4.458 in

Depth of tension steel; bt = b - d’ = 15.688 in

Depth of NA from extreme compression face; cy = ryb × bt = 4.287 in

Factor of depth of compressive stress block; β1= 0.850

Depth of equivalent rectangular stress block; ay = min((β1× cy), b)= 3.644 in

Yield strain in steel; εsy = fy / Es = 0.002 

Strength reduction factor; φy = 0.900

Details of concrete block

Force carried by concrete

Forces carried by concrete; Pycon = 0.85 ×  f’c × h × ay = 223.022 kips

Moment carried by concrete

Moment carried by concrete; Mycon = Pycon × ((b/2) – (ay/2)) = 133.403 kip_ft

Details of steel layer 1

Depth of layer; xy1 = 2.312 in

Strain of layer; εy1 = εc * (1 - xy1 / cy) = 0.00138 
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Stress in layer; σy1 = min(fy, Es * εy1) - 0.85 * f'c  = 36672.92 psi 

Force carried by layer; Py1 = Ny * Abar * σy1 =  66.157 kips

Moment carried by steel layer; My1 = Py1 * ((b / 2) - xy1) = 36.868 kip_ft

Details of steel layer 2

Depth of layer; xy2 = 9.000 in

Strain of layer; εy2 = εc * (1 - xy2 / cy) = -0.00330 

Stress in layer; σy2 = max(-1 * fy, Es * εy2) = -60000.00 psi 

Force carried by layer; Py2 = 2 * Abar * σy2 =  -72.158 kips

Moment carried by steel layer; My2 = Py2 * ((b / 2) - xy2) = 0.000 kip_ft

Details of steel layer 3

Depth of layer; xy3 = 15.688 in

Strain of layer; εy3 = εc * (1 - xy3 / cy) = -0.00798 

Stress in layer; σy3 = max(-1 * fy, Es * εy3) = -60000.00 psi 

Force carried by layer; Py3 = Ny * Abar * σy3 =  -108.238 kips

Moment carried by steel layer; My3 = Py3 * ((b / 2) - xy3) = 60.320 kip_ft

Force carried by steel

Sum of forces by steel; Pys =  -114.2 kips

Total force carried by column

Nominal axial load strength; Pny = 108.782 kips

Strength reduction factor; φy = 1.000

Ultimate axial load carrying capacity of column; Puy = φy  × Pny =  97.904 kips

Moment carried by biaxial column minor axis

Nominal moment strength; Moy = 230.591 kip_ft

Contour beta factor

Contour beta factor; β = 0.500 ;

Mnx_upon_Mox1 = Mnx / Mox = 0.326;

;

Mny_upon_Moy = 0.674

Net moment along minor axis resisted by column; Mny1 =  Moy ×( Mny_upon_Moy ) = 155.419 kip_ft;

Ultimate moment along minor axis ; Muy = Mny1 × φy =  155.419 kip_ft;

Check load capacity about the y axis

Factored axial load; Pu_act = 97.9 kips

Ultimate axial capacity; Puy = 97.9 kips

PASS - Ultimate axial capacity exceeds factored axial load

Factored moment about the y axis; Muy_max =  φ * Mny = 10.1 kip_ft

Ultimate moment capacity about the y axis; Muy = 139.9 kip_ft

PASS - Ultimate moment capacity exceeds factored moment about y axis

Design of column ties - 25.7.2

Spacing of lateral ties; sv_ties = 12.000 in

16 times longitudinal bar diameter; sv1 = 16 × Dlong =  14.000 in

48 times tie bar diameter; sv2 = 48 × Dstir =  18.000 in

Least column dimension; sv3 = min (h,b) = 18.000 in
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Required tie spacing ; s = min(sv1,sv2,sv3) = 14.000 in

 sv_ties < s PASS 

;
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CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

SEISMIC BASE SHEAR FOR PROCESS GALLERY

spectral response acceleration, Sxs = 0.446 g (CSZ seismic hazard)

spectral response acceleration, Sx1 = 0.332 g (CSZ seismic hazard)

building period, T = 0.114 s

response spectrum acceleration, Sa = 0.446 g

effective seismic weight, W = 1267.3 kip

C1C2 = 1.4 (Table 11-6 for masonry walls, m=2.0)

effective mass factor, Cm = 1.0

seismic lateral force, V = 791.3 kip

Story
Weight, 

wx (kip)

Floor 

Height, hx 

(ft)

k factor
wxhx

k 

(kip*ft
2
)

Cvx

Force on 

Level, Fx 

(kip)

Story 

Force, Vj 

(kip)

Roof 189.8 32.63 1.0 6193.2 0.242 191.5 191.5

1st 1077.5 18.00 1.0 19395.0 0.758 599.8 791.3

Σwxhx
k
 = 25588.2

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 2 (CSZ)
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BY: BS DATE Sep-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

CMU IN-PLANE SHEAR WALL CHECK IN BUILDING N-S DIRECTION

Shear wall 1

Roof seismic load, V = 191.5 kip

diaphragm span, L = 52.00 ft

roof tributary width for seismic, Tw = 15 ft

tributary seismic load on shear wall, QE = 55.2 kip

wall height, h = 14.63 ft

tributary seismic moment on shear wall, Mu = 808.2 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 46 ft

vertitcal shear wall grout spacing = 24 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 2077.0 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 277.0 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 305.7 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 13608.3 lbs

vertical compressive stress, fae = P/(d*t) = 0.5 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.000

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 2 (CSZ)
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h/L = 0.32

steel reinforcing ratio, ρg = 0.004

ρg*fye/fme = 0.11

m-factor = 5.0 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 1375.5 kip

demand capacity ratio, DCR = 0.04 OK

Shear wall 2

Roof seismic load, V = 191.5 kip

diaphragm span, L = 52.00 ft

roof tributary width for seismic, Tw = 26 ft

tributary seismic load on shear wall, QE = 95.8 kip

wall height, h = 14.63 ft

tributary seismic moment on shear wall, Mu = 1400.8 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 48 ft

vertitcal shear wall grout spacing = 32 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 2014.0 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 270.4 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 299.1 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 23369.7 lbs

vertical compressive stress, fae = P/(d*t) = 0.8 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.000

h/L = 0.30

steel reinforcing ratio, ρg = 0.003

ρg*fye/fme = 0.09

m-factor = 5.0 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 1345.8 kip

demand capacity ratio, DCR = 0.07 OK

Shear wall 3

Roof seismic load, V = 191.5 kip

diaphragm span, L = 52.00 ft

roof tributary width for seismic, Tw = 10.67 ft

tributary seismic load on shear wall, QE = 39.3 kip

wall height, h = 14.63 ft

tributary seismic moment on shear wall, Mu = 574.9 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 28 ft

vertitcal shear wall grout spacing = 24 in
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horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 1291.0 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 154.3 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 183.0 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 9761.4 lbs

vertical compressive stress, fae = P/(d*t) = 0.6 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.000

h/L = 0.52

steel reinforcing ratio, ρg = 0.004

ρg*fye/fme = 0.11

m-factor = 5.0 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 823.3 kip

demand capacity ratio, DCR = 0.05 OK
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BY: BS DATE Sep-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

CMU IN-PLANE SHEAR WALL CHECK IN BUILDING E-W DIRECTION

Shear wall A

Roof seismic load, V = 191.5 kip

diaphragm span, L = 56.67 ft

roof tributary width for seismic, Tw = 4 ft

tributary seismic load on shear wall, QE = 13.5 kip

wall height, h = 14.63 ft

tributary seismic moment on shear wall, Mu = 197.8 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 50 ft

vertitcal shear wall grout spacing = 24 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 2238.0 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 302.3 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 331.0 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 3537.1 lbs

vertical compressive stress, fae = P/(d*t) = 0.1 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 2 (CSZ)
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fae/fme = 0.000

h/L = 0.29

steel reinforcing ratio, ρg = 0.004

ρg*fye/fme = 0.11

m-factor = 5.0 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 1489.5 kip

demand capacity ratio, DCR = 0.01 OK

Shear wall B

Roof seismic load, V = 191.5 kip

diaphragm span, L = 56.67 ft

roof tributary width for seismic, Tw = 12 ft

tributary seismic load on shear wall, QE = 40.6 kip

wall height, h = 14.63 ft

tributary seismic moment on shear wall, Mu = 593.3 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 26.67 ft

vertitcal shear wall grout spacing = 32 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 1128.1 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 132.8 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 161.5 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 10064.7 lbs

vertical compressive stress, fae = P/(d*t) = 0.7 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.000

h/L = 0.55

steel reinforcing ratio, ρg = 0.004

ρg*fye/fme = 0.11

m-factor = 5.0 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 726.7 kip

demand capacity ratio, DCR = 0.06 OK

Shear wall C

Roof seismic load, V = 191.5 kip

diaphragm span, L = 56.67 ft

roof tributary width for seismic, Tw = 24.33 ft

tributary seismic load on shear wall, QE = 82.2 kip

wall height, h = 14.63 ft

tributary seismic moment on shear wall, Mu = 1202.8 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 21.33 ft
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vertitcal shear wall grout spacing = 32 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 926.9 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 100.5 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 129.2 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 19994.8 lbs

vertical compressive stress, fae = P/(d*t) = 1.6 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.001

h/L = 0.69

steel reinforcing ratio, ρg = 0.004

ρg*fye/fme = 0.11

m-factor = 5.0 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 581.3 kip

demand capacity ratio, DCR = 0.14 OK

Shear wall D

Roof seismic load, V = 191.5 kip

diaphragm span, L = 56.67 ft

roof tributary width for seismic, Tw = 16.33 ft

tributary seismic load on shear wall, QE = 55.2 kip

wall height, h = 14.63 ft

tributary seismic moment on shear wall, Mu = 807.3 kip*ft

masonry strength, f'm = 1500 psi

shear wall length, d = 38 ft

vertitcal shear wall grout spacing = 24 in

horizontal shear wall grout spacing = 48 in

shear wall thickness, t = 7.625 in

An = 1714.0 in
2

Φ = 1.0 (assumed per Tier 2)

masonry shear wall strength, φQCEm = 220.8 kip

horizontal masonry shear wall strength, φQCEs = 28.7 kip

combined masonry shear wall strength, φQCE = 249.5 kip

Determining m-factor for wall governed by flexure

roof axial load on wall, P = 13463.2 lbs

vertical compressive stress, fae = P/(d*t) = 0.6 psi

factor for expected strength, Fexp = 1.3 (ASCE 41-17 Table 11-1)

expected compressive strength, fme = Fexp*f'm = 1950.0 psi

fae/fme = 0.000

h/L = 0.39

steel reinforcing ratio, ρg = 0.004
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ρg*fye/fme = 0.11

m-factor = 5.0 (interpolated between LS & CP. ASCE 41-17 Table 11-6)

knowledge factor, κ = 0.90

masonry shear wall strength, κmφQCE = 1122.7 kip

demand capacity ratio, DCR = 0.05 OK
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

BEAM AND COLUMN CHECK SUPPORTING CMU WALL ABOVE (VERTICAL IRREGULARITY TIER 1 FINDING)

Roof seismic load, V = 191.5 kip

diaphragm span, L = 56.67 ft

roof tributary width for seismic, Tw = 24.33 ft

wall height, h = 14.63 ft

tributary seismic load on shear wall, VE = 82.2 kip

seismic overturning on shear wall, ME = 1202.8 kip*ft

Wall length, Lw = 21.33 ft

Factor for adjusting action, χ = 1.3 (interpolated between LS & IO)

C1C2 = 1.4

Force delivery reduction factor, J = 2

Beam B2 (16"x32") Check

Roof unit weight, wDroof = 15.3 psf

Wall unit weight, wDwall = 47.0 lb/ft

Floor unit weight, wDfloor = 183 psf

Floor unit live load, wLfloor = 200 psf

Tributary width to beam, Twbeam = 8 ft

supported gravity loads on beam, QD = 1633.4 lb/ft

supported live loads on beam, QL = 400 lb/ft (assume only 25% of LL)

supported combined loads on beam, QG = 2236.7 lb/ft

Axial load on beam, QUF = 38.2 kip

Bending moment demand on beam, QUF = 127.2 kip*ft

Shear demand on beam, QUF = 23.9 kip

Beam axial strength, QCL = 1534.8 kip (From TEDDS calculation)

Beam bending strength, QCL = 296.6 kip*ft (From TEDDS calculation)

Beam shear strength, QCL = 58.7 kip (From TEDDS calculation)

knowledge factor, κ = 0.90

Beam axial strength, κ*QCL = 1381.32 kip

Beam bending strength, κ*QCL = 266.94 kip*ft

Beam shear strength, κ*QCL = 52.83 kip

Axial DCR = 0.03 OK

Moment DCR = 0.48 OK

Shear DCR = 0.45 OK

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 2 (CSZ)
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Column (18"x18") Check

Roof unit weight, wDroof = 15.3 psf

Wall unit weight, wDwall = 47.0 lb/ft

Floor unit weight, wDfloor = 183 psf

Floor unit live load, wLfloor = 200 psf

Tributary area to column, Twcolumn = 213.36 ft
2

supported gravity loads on column, QD = 43.2 kip

supported live loads on column, QL = 10.7 kip (assume only 25% of LL)

supported combined loads on column, QG = 59.2 kip

supported overturning loads on column, QE = 26.2 kip

Axial compression load on column, QUFcomp = 85.4 kip

Axial tension load on column, QUFten = 12.7 kip

Bending moment demand on column, QUF = 42.7 kip*ft

Shear demand on column, QUF = 4.1 kip

Column axial strength, QCL = 1099.1 kip (From TEDDS calculation)

Column bending strength, QCL = 230.5 kip*ft (From TEDDS calculation)

Column shear strength, QCL = 33.8 kip (From TEDDS calculation)

knowledge factor, κ = 0.90

Column axial strength, κ*QCL = 989.19 kip

Column bending strength, κ*QCL = 207.45 kip*ft

Column shear strength, κ*QCL = 30.42 kip

Axial DCR = 0.09 OK

Moment DCR = 0.21 OK

Shear DCR = 0.14 OK
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BY: BS DATE Sep-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

DIAPHRAGM METAL DECK CHECK

Roof seismic load, V = 191.5 kip

diaphragm span, L = 58.00 ft

roof unit diaphragm load, v = 3.30 kip/ft

Roof span between shear walls, L1 = 48.00 ft

Roof depth, d = 53.33 ft

diaphragm shear, v1 = 1.486 kip/ft

diaphragm strength, Qallow = 530 lbs/ft

expected diaphragm strength, QCE = 1060 lbs/ft

m-factor = 1.625 (interpolated between LS & IO. ASCE 41-17 Table 9-6)
knowledge factor, κ = 0.90

diaphragm strength, κmφQCE = 1.550 kip/ft

demand capacity ratio, DCR = 0.96 OK

City of Wilsonville

Process Gallery 11962A.00

ASCE 41-17  - Tier 2 (CSZ)

(expected strength shall be 2x the allowable 

per ASCE 41-17 Section 9.10.1.3)
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WORKSHOP - TIER 2 CALCULATIONS
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

SEISMIC BASE SHEAR FOR WORKSHOP

spectral response acceleration, Sxs = 0.744 g (BSE-2E seismic hazard)

spectral response acceleration, Sx1 = 0.405 g (BSE-2E seismic hazard)

building period, T = 0.149 s

response spectrum acceleration, Sa = 0.744 g

effective seismic weight, W = 59.0 kip

C1C2 = 1.4 (Table 12-3 for wood structural panels, m=4.15)

effective mass factor, Cm = 1.0

seismic lateral force, V = 61.5 kip

City of Wilsonville

Workshop 11962A.00

ASCE 41-17  - Tier 2 (BSE-2E)
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BY: BS DATE Sep-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

NARROW SHEAR WALL CHECK ALONG EAST ELEVATION

Roof seismic load, V = 61.5 kip

diaphragm span, L = 44.00 ft

roof tributary width for seismic, Tw = 22 ft

wall length, Lwall = 48 ft

effective shear wall length, Lsweff = 10.5 ft (wall lengths considered to act as shear walls)

unit roof seismic load on shear wall, vE = 0.64 kip/ft

unit effective base seismic load on shear wall, vEeff = 2.93 kip/ft

Wall Double Top Plate Check for Tension & Compression

Diaphragm bending moment, M = (V/2)*Lwall/4 = 369.0 kip*ft

Tension/ Compression force on top plate, TC = M/L = 8.4 kip

top plate net area, Anet = 8.25 in
2

(3-2x6 plates but only one plate effective at joint)

tension/compression stress, ft-c = 1016.5 psi

Double Top Plate Check for Tension

design tension value, Ft = 575.0 psi (assumed Douglas Fir-Larch No. 2)

wet service factor, CM = 1.0

City of Wilsonville

Workshop 11962A.00

ASCE 41-17  - Tier 2 (BSE-2E)

Based on the findings from Tier 1, the east elevation wall is considered to have narrow shear walls. These shear walls will 

be checked to resist the seismic load on structure. From ASCE 41-17 Section 12.4.3.6.2, the shear walls will be considered 

deformation-controlled actions. The anchor connections for these shear walls will be considered force-controlled.
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temperature factor, Ct = 1.0

size factor, CF = 1.0

incising factor, Ci = 1.0

format conversion factor for tension, KF = 2.7

adjusted tension design stress, F't = 1552.5 psi

knowledge factor, κ = 0.90

DCR = f t /(κ*F' t ) = 0.73 OK

Double Top Plate Check for Compression

design compression value perpendicular to grain, Fc = 625.0 psi (assumed Douglas Fir-Larch No. 2)

wet service factor, CM = 1.0

temperature factor, Ct = 1.0

incising factor, Ci = 1.0

bearing area factor, Cb = 1.0

format conversion factor for tension, KF = 2.4

adjusted compression design stress, F'c = 1500.0 psi

knowledge factor, κ = 0.90

DCR = f c /(κ*F' c ) = 0.75 OK

Shear wall 1 - Shear Wall Strength Check

wall height, h = 15.5 ft

shear wall length, L = 2 ft

shear wall ratio, h/L = 7.75 > 3.5 (NG)

Shear wall 2 - Shear Wall Strength Check

wall height, h = 15.5 ft

shear wall length, L = 6 ft

shear wall ratio, h/L = 2.58 < 3.5

tributary effective seismic shear on shear wall, Vueff = 17.6 kip

tributary effective seismic moment on shear wall, Mueff = 272.4 kip*ft

shear wall strength, Vn = 400 lbs/ft (per AWC SDPWS-2008 Table 4.3B)

expected yield strength, QCE = 600 lbs/ft (increased by 1.5 per ASCE 41-17 12.4.3.6.2)

m-factor = 4.15 (interpolated between LS & CP. ASCE 41-17 Table 12-3)
knowledge factor, κ = 0.90

wood shear wall strength, κmφQCE = 13.4 kip

demand capacity ratio, DCR = 1.31 NG

Shear wall 2 Base Plate Anchorage (1/2" expansion anchor @ 4'-0" spacing)

Factor for adjusting action, χ = 1.15 (interpolated between LS & CP)

C1C2 = 1.4

Force delivery reduction factor, J = 2

anchor spacing = 4 ft

Seismic shear force on sill bolt, Vsill = 4.81 kip (Connection considered force-controlled)

Anchor steel shear strength = 5.49 kip (From Hilti Profis Calculation)

Anchor pryout strength = 10.91 kip (From Hilti Profis Calculation)

Concrete edge failure strength = 17.84 kip (From Hilti Profis Calculation)
knowledge factor, κ = 0.90

steel strength DCR = 0.97 OK

pullout strength DCR = 0.49 OK

concrete breakout strength DCR = 0.30 OK

2x6 Sill Plate check for Shear

Seismic shear force on sill bolt, Vsill = 4.81 kip

There is no detail provided to show how the top plates in wall are spliced together. This connection cannot be checked and 

as such considered deficient. Mitigation is required to provide chord connection.

As noted in ASCE 41-17 Table 12-3 footnote b, since the aspect ratio exceeds the maximum ratio this wall cannot be 

considered to act as part of the lateral resisting system.
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reference lateral design value for bolt in single shear, Z = 650 lbs (1/2"Ø bolt in assumed Douglas Fir-Larch)

wet service factor, CM = 1

temperature factor, Ct = 1

group action factor, Cg = 1

geometry factor, CΔ = 1

end grain factor, Ceg = 1

diaphragm factor, Cdi = 1

toe-nail factor, Ctn = 1

format conversion factor for tension, KF = 3.32

adjusted bolt design value in shear, Z' = 2158 lbs
knowledge factor, κ = 0.90

DCR = V sill /(κ*Z') = 2.48 NG

Shear wall 3 - Shear Wall Strength Check

wall height, h = 15.5 ft

shear wall length, L = 4.5 ft

shear wall ratio, h/L = 3.44 < 3.5

tributary effective seismic shear on shear wall, Vueff = 13.2 kip

tributary effective seismic moment on shear wall, Mueff = 204.3 kip*ft

shear wall strength, Vn = 400 lbs/ft (per AWC SDPWS-2008 Table 4.3B)

expected yield strength, QCE = 600 lbs/ft (increased by 1.5 per ASCE 41-17 12.4.3.6.2)

m-factor = 4.15 (interpolated between LS & CP. ASCE 41-17 Table 12-3)
knowledge factor, κ = 0.90

wood shear wall strength, κmφQCE = 10.1 kip

demand capacity ratio, DCR = 1.31 NG

Shear wall 3 Base Plate Anchorage (1/2" expansion anchor @ 4'-0" spacing)

Factor for adjusting action, χ = 1.15 (interpolated between LS & CP)

C1C2 = 1.4

Force delivery reduction factor, J = 2

anchor spacing = 4 ft

Seismic shear force on sill bolt, Vsill = 4.81 kip (Connection considered force-controlled)

Anchor steel shear strength = 5.49 kip (From Hilti Profis Calculation)

Anchor pryout strength = 10.91 kip (From Hilti Profis Calculation)

Concrete edge failure strength = 17.84 kip (From Hilti Profis Calculation)
knowledge factor, κ = 0.90

steel strength DCR = 0.97 OK

pullout strength DCR = 0.49 OK

concrete breakout strength DCR = 0.30 OK

2x6 Sill Plate check for Shear

Seismic shear force on sill bolt, Vsill = 4.81 kip

reference lateral design value for bolt in single shear, Z = 650 lbs (1/2"Ø bolt in assumed Douglas Fir-Larch)

wet service factor, CM = 1

temperature factor, Ct = 1

group action factor, Cg = 1

geometry factor, CΔ = 1

end grain factor, Ceg = 1

diaphragm factor, Cdi = 1

toe-nail factor, Ctn = 1

format conversion factor for tension, KF = 3.32

adjusted bolt design value in shear, Z' = 2158 lbs
knowledge factor, κ = 0.90

DCR = V sill /(κ*Z') = 2.48 NG

Drawings do not indicate the use of hold-down hardware to foundation. This is considered a deficiency and will need 
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Shear wall 4 - Shear Wall Strength Check

wall height, h = 15.5 ft

shear wall length, L = 2.5 ft

shear wall ratio, h/L = 6.20 > 3.5 (NG)

As noted in ASCE 41-17 Table 12-3 footnote b, since the aspect ratio exceeds the maximum ratio this wall cannot be 

considered to act as part of the lateral resisting system.

Drawings do not indicate the use of hold-down hardware to foundation. This is considered a deficiency and will need 
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Company:
Address:
Phone I Fax:
Design:
Fastening point:

Carollo Engineers

 | 
Workshop - Sill plate anchorage check

Page:
Specifier:
E-Mail:
Date:

1
B. Stuetzel

9/17/2021

Specifier's comments: City of Wilsonville - Workshop - Shear Wall Sill Plate Anchorage into Concrete Foundation

1 Input data

 Anchor type and diameter:  Kwik Bolt TZ - CS 1/2 (3 1/4)

 Item number:  not available

 Effective embedment depth:  hef,act = 3.250 in., hnom = 3.625 in.

 Material:  Carbon Steel

 Evaluation Service Report:  ESR-1917

 Issued I Valid:  1/1/2020 | 5/1/2021

 Proof:  Design Method ACI 318-14 / Mech

 Stand-off installation:  eb = 0.000 in. (no stand-off); t = 1.500 in.

 Anchor plateR :  lx x ly x t = 48.000 in. x 5.500 in. x 1.500 in.; (Recommended plate thickness: not calculated)

 Profile:  no profile

 Base material:  cracked concrete, 3000, fc' = 3,000 psi; h = 28.000 in.

 Installation:  hammer drilled hole, Installation condition: Dry

 Reinforcement:  tension: condition B, shear: condition B; no supplemental splitting reinforcement present

 edge reinforcement: none or < No. 4 bar
 Seismic loads (cat. C, D, E, or F)  Tension load: yes (17.2.3.4.3 (d))

 Shear load: yes (17.2.3.5.3 (c))

Note: the Kwik Bolt TZ - CS anchor is in the process of phase-out.

Application also possible with Kwik Bolt TZ2 - CS under the selected boundary conditions.

R -  The anchor calculation is based on a rigid anchor plate assumption.

Geometry [in.] & Loading [lb, in.lb]
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2

Company:
Address:
Phone I Fax:
Design:
Fastening point:

Carollo Engineers

 | 
Workshop - Sill plate anchorage check

Page:
Specifier:
E-Mail:
Date:

2
B. Stuetzel

9/17/2021

1.1 Design results
Case  Description Forces [lb] / Moments [in.lb] Seismic Max. Util. Anchor [%]

1  Combination 1 N = 0; Vx = 4,810; Vy = 0;
Mx = 0; My = 0; Mz = 0;

yes 135

1 xy

2 Load case/Resulting anchor forces

Anchor reactions [lb]
Tension force: (+Tension, -Compression)

Anchor Tension force Shear force Shear force x Shear force y
1 0 4,810 4,810 0

max. concrete compressive strain: - [‰]
max. concrete compressive stress: - [psi]
resulting tension force in (x/y)=(0.000/0.000): 0 [lb]
resulting compression force in (x/y)=(0.000/0.000): 0 [lb]

 Anchor forces are calculated based on the assumption of a rigid anchor plate.

3 Tension load

Load Nua [lb] Capacity f Nn [lb] Utilization bN = Nua/f Nn Status
 Steel Strength* N/A N/A N/A N/A

 Pullout Strength* N/A N/A N/A N/A

 Concrete Breakout Failure** N/A N/A N/A N/A

 * highest loaded anchor    **anchor group (anchors in tension)
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Company:
Address:
Phone I Fax:
Design:
Fastening point:

Carollo Engineers

 | 
Workshop - Sill plate anchorage check

Page:
Specifier:
E-Mail:
Date:

3
B. Stuetzel

9/17/2021

4 Shear load

Load Vua [lb] Capacity f Vn [lb] Utilization bV = Vua/f Vn Status
 Steel Strength* 4,810 5,495  88              OK 

   Steel failure (with lever arm)* N/A N/A N/A N/A

 Pryout Strength** 4,810 44 OK

 Concrete edge failure in direction y+** 4,810 17,840 27 OK

 * highest loaded anchor    **anchor group (relevant anchors)

4.1 Steel Strength

Vsa [lb] aV,seis f f  Vsa [lb] Vua [lb]
5,495 1.000 1.000 5,495 4,810

4.2 Pryout Strength

ANc [in.2] ANc0 [in.2] ca,min [in.] kcp cac [in.] y c,N

95.06 95.06 8.000 2 6.000 1.000

ec1,V [in.] y ec1,V ec2,V [in.] y ec2,V y ed,N y cp,N kcr

0.000 1.000 0.000 1.000 1.000 1.000 17

l a Nb [lb] f f seismic f Vcpg [lb] Vua [lb]
1.000 5,455 1.000 1.000 10,911 4,810

4.3 Concrete edge failure in direction y+

le [in.] da [in.] ca1 [in.] AVc [in.2] AVc0 [in.2]
3.250 0.500 8.000 288.00 288.00

y ed,V y parallel,V ec,V [in.] y ec,V y c,V y h,V

1.000 2.000 0.000 1.000 1.000 1.000

l a Vb [lb] f f seismic f Vcbg [lb] Vua [lb]
1.000 8,920 1.000 1.000 17,840 4,810

10,911
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5 Warnings
•  The anchor design methods in PROFIS Engineering require rigid anchor plates per current regulations (AS 5216:2018, ETAG 001/Annex C,

 EOTA TR029 etc.). This means load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the
 anchor plate is assumed to be sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Engineering calculates
 the minimum required anchor plate thickness with CBFEM to limit the stress of the anchor plate based on the assumptions explained above. The
 proof if the rigid anchor plate assumption is valid is not carried out by PROFIS Engineering.  Input data and results must be checked for
 agreement with the existing conditions and for plausibility!

•  Condition A applies where the potential concrete failure surfaces are crossed by supplementary reinforcement proportioned to tie the potential
 concrete failure prism into the structural member. Condition B applies where such supplementary reinforcement is not provided, or where pullout
 or pryout strength governs.

•  Refer to the manufacturer's product literature for cleaning and installation instructions.

•  For additional information about ACI 318 strength design provisions, please go to  https://submittals.us.hilti.com/PROFISAnchorDesignGuide/

•  An anchor design approach for structures assigned to Seismic Design Category C, D,  E or F is given in ACI 318-14, Chapter 17, Section
 17.2.3.4.3 (a) that requires the governing design strength of an anchor or group of anchors be limited by ductile steel failure. If this is NOT the
 case, the connection design (tension) shall satisfy the provisions of Section 17.2.3.4.3 (b), Section 17.2.3.4.3 (c), or Section 17.2.3.4.3 (d). The
 connection design (shear) shall satisfy the provisions of Section 17.2.3.5.3 (a), Section 17.2.3.5.3 (b), or Section 17.2.3.5.3 (c).

•  Section 17.2.3.4.3 (b) / Section 17.2.3.5.3 (a) require the attachment the anchors are connecting to the structure be designed to undergo ductile
 yielding at a load level corresponding to anchor forces no greater than the controlling design strength. Section 17.2.3.4.3 (c) / Section 17.2.3.5.3
 (b) waive the ductility requirements and require the anchors to be designed for the maximum tension / shear that can be transmitted to the
 anchors by a non-yielding attachment. Section 17.2.3.4.3 (d) / Section 17.2.3.5.3 (c) waive the ductility requirements and require the design
 strength of the anchors to equal or exceed the maximum tension / shear obtained from design load combinations that include E, with E increased
 by w0.

•  Hilti post-installed anchors shall be installed in accordance with the Hilti Manufacturer's Printed Installation Instructions (MPII). Reference ACI
 318-14, Section 17.8.1.

Fastening meets the design criteria!
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Coordinates Anchor [in.]

Anchor x y c-x c+x c-y c+y

1 -0.000 0.000 - - 8.000 8.000

6 Installation data

 Anchor type and diameter: Kwik Bolt TZ - CS 1/2 (3 1/4)
 Profile: no profile  Item number: not available 
 Hole diameter in the fixture: df = 0.562 in.  Maximum installation torque: 480 in.lb
 Plate thickness (input): 1.500 in.  Hole diameter in the base material: 0.500 in.
 Recommended plate thickness: not calculated  Hole depth in the base material: 4.000 in.
 Drilling method: Hammer drilled  Minimum thickness of the base material: 8.000 in.
 Cleaning: Manual cleaning of the drilled hole according to instructions for use is
 required.

 Hilti KB-TZ stud anchor with 3.625 in embedment, 1/2 (3 1/4), Carbon steel, installation per ESR-1917

6.1 Recommended accessories

Drilling Cleaning Setting
•  Suitable Rotary Hammer
•  Properly sized drill bit

•  Manual blow-out pump •  Torque controlled cordless impact tool
•  Torque wrench
•  Hammer

1
x

y
24.000 24.000

24.000 24.000

2.
75

0
2.

75
0

2.
75

0
2.

75
0
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7 Remarks; Your Cooperation Duties
•  Any and all information and data contained in the Software concern solely the use of Hilti products and are based on the principles, formulas and

 security regulations in accordance with Hilti's technical directions and operating, mounting and assembly instructions, etc., that must be strictly
 complied with by the user.  All figures contained therein are average figures, and therefore use-specific tests are to be conducted prior to using
 the relevant Hilti product.  The results of the calculations carried out by means of the Software are based essentially on the data you put in. 
 Therefore, you bear the sole responsibility for the absence of errors, the completeness and the relevance of the data to be put in by you.
 Moreover, you bear sole responsibility for having the results of the calculation checked and cleared by an expert, particularly with regard to
 compliance with applicable norms and permits, prior to using them for your specific facility.  The Software serves only as an aid to interpret norms
 and permits without any guarantee as to the absence of errors, the correctness and the relevance of the results or suitability for a specific
 application.

•  You must take all necessary and reasonable steps to prevent or limit damage caused by the Software.  In particular, you must arrange for the
 regular backup of programs and data and, if applicable, carry out the updates of the Software offered by Hilti on a regular basis. If you do not use
 the AutoUpdate function of the Software, you must ensure that you are using the current and thus up-to-date version of the Software in each
 case by carrying out manual updates via the Hilti Website.  Hilti will not be liable for consequences, such as the recovery of lost or damaged data
 or programs, arising from a culpable breach of duty by you.
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

SEISMIC BASE SHEAR FOR WORKSHOP

spectral response acceleration, Sxs = 0.446 g (CSZ seismic hazard)

spectral response acceleration, Sx1 = 0.332 g (CSZ seismic hazard)

building period, T = 0.149 s

response spectrum acceleration, Sa = 0.446 g

effective seismic weight, W = 59 kip

C1C2 = 1.4 (Table 12-3 for wood structural panels, m=2.75)

effective mass factor, Cm = 1.0

seismic lateral force, V = 36.8 kip

City of Wilsonville

Workshop 11962A.00

ASCE 41-17  - Tier 2 (CSZ)
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BY: BS DATE Sep-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

NARROW SHEAR WALL CHECK ALONG EAST ELEVATION

Roof seismic load, V = 36.8 kip

diaphragm span, L = 44.00 ft

roof tributary width for seismic, Tw = 22 ft

wall length, Lwall = 48 ft

effective shear wall length, Lsweff = 10.5 ft (wall lengths considered to act as shear walls)

unit roof seismic load on shear wall, vE = 0.38 kip/ft

unit effective base seismic load on shear wall, vEeff = 1.75 kip/ft

Wall Double Top Plate Check for Tension & Compression

Diaphragm bending moment, M = (V/2)*Lwall/4 = 220.8 kip*ft

Tension/ Compression force on top plate, TC = M/L = 5.0 kip

top plate net area, Anet = 8.25 in
2

(3-2x6 plates but only one plate effective at joint)

tension/compression stress, ft-c = 608.3 psi

Double Top Plate Check for Tension

design tension value, Ft = 575.0 psi (assumed Douglas Fir-Larch No. 2)

wet service factor, CM = 1.0

City of Wilsonville

Workshop 11962A.00

ASCE 41-17  - Tier 2 (CSZ)

Based on the findings from Tier 1, the east elevation wall is considered to have narrow shear walls. These shear walls will 

be checked to resist the seismic load on structure. From ASCE 41-17 Section 12.4.3.6.2, the shear walls will be considered 

deformation-controlled actions. The anchor connections for these shear walls will be considered force-controlled.
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temperature factor, Ct = 1.0

size factor, CF = 1.0

incising factor, Ci = 1.0

format conversion factor for tension, KF = 2.7

adjusted tension design stress, F't = 1552.5 psi

knowledge factor, κ = 0.90

DCR = f t /(κ*F' t ) = 0.44 OK

Double Top Plate Check for Compression

design compression value perpendicular to grain, Fc = 625.0 psi (assumed Douglas Fir-Larch No. 2)

wet service factor, CM = 1.0

temperature factor, Ct = 1.0

incising factor, Ci = 1.0

bearing area factor, Cb = 1.0

format conversion factor for tension, KF = 2.4

adjusted compression design stress, F'c = 1500.0 psi

knowledge factor, κ = 0.90

DCR = f c /(κ*F' c ) = 0.45 OK

Shear wall 1 - Shear Wall Strength Check

wall height, h = 15.5 ft

shear wall length, L = 2 ft

shear wall ratio, h/L = 7.75 > 3.5 (NG)

Shear wall 2 - Shear Wall Strength Check

wall height, h = 15.5 ft

shear wall length, L = 6 ft

shear wall ratio, h/L = 2.58 < 3.5

tributary seismic shear on shear wall, Vu = 10.5 kip

tributary seismic moment on shear wall, Mu = 163.0 kip*ft

shear wall strength, Vn = 400 lbs/ft (per AWC SDPWS-2008 Table 4.3B)

expected yield strength, QCE = 600 lbs/ft (increased by 1.5 per ASCE 41-17 12.4.3.6.2 

m-factor = 2.75 (interpolated between LS & IO. ASCE 41-17 Table 12-3)
knowledge factor, κ = 0.90

wood shear wall strength, κmφQCE = 8.9 kip

demand capacity ratio, DCR = 1.18 NG

Shear wall 2 Base Plate Anchorage (1/2" expansion anchor @ 4'-0" spacing)

Factor for adjusting action, χ = 1.3 (interpolated between LS & IO)

C1C2 = 1.4

Force delivery reduction factor, J = 2

anchor spacing = 4 ft

Seismic shear force on sill bolt, Vsill = 3.25 kip (Connection considered force-controlled)

Anchor steel shear strength = 5.49 kip (From Hilti Profis Calculation)

Anchor pryout strength = 10.91 kip (From Hilti Profis Calculation)

Concrete edge failure strength = 17.84 kip (From Hilti Profis Calculation)
knowledge factor, κ = 0.90

steel strength DCR = 0.66 OK

pullout strength DCR = 0.33 OK

concrete breakout strength DCR = 0.20 OK

2x6 Sill Base Plate check for Shear

Seismic shear force on sill bolt, Vsill = 3.25 kip

As noted in ASCE 41-17 Table 12-3 footnote b, since the aspect ratio exceeds the maximum ratio this wall cannot be 

considered to act as part of the lateral resisting system.

There is no detail provided to show how the top plates in wall are spliced together. This connection cannot be checked and 

as such considered deficient. Mitigation is required to provide chord connection.
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reference lateral design value for bolt in single shear, Z = 650 lbs (1/2"Ø bolt in assumed Douglas Fir-Larch)

wet service factor, CM = 1

temperature factor, Ct = 1

group action factor, Cg = 1

geometry factor, CΔ = 1

end grain factor, Ceg = 1

diaphragm factor, Cdi = 1

toe-nail factor, Ctn = 1

format conversion factor for tension, KF = 3.32

adjusted bolt design value in shear, Z' = 2158 lbs
knowledge factor, κ = 0.90

DCR = V sill /(κ*Z') = 1.68 NG

Shear wall 3 - Shear Wall Strength Check

wall height, h = 15.5 ft

shear wall length, L = 4.5 ft

shear wall ratio, h/L = 3.44 < 3.5

tributary seismic shear on shear wall, Vu = 7.9 kip

tributary seismic moment on shear wall, Mu = 122.2 kip*ft

shear wall strength, Vn = 400 lbs/ft (per AWC SDPWS-2008 Table 4.3B)

expected yield strength, QCE = 600 lbs/ft (increased by 1.5 per ASCE 41-17 12.4.3.6.2 

m-factor = 2.75 (interpolated between LS & IO. ASCE 41-17 Table 12-3)
knowledge factor, κ = 0.90

wood shear wall strength, κmφQCE = 6.7 kip

demand capacity ratio, DCR = 1.18 NG

Shear wall 3 Base Plate Anchorage (1/2" expansion anchor @ 4'-0" spacing)

Factor for adjusting action, χ = 1.3 (interpolated between LS & IO)

C1C2 = 1.4

Force delivery reduction factor, J = 2

anchor spacing = 4 ft

Seismic shear force on sill bolt, Vsill = 3.25 kip (Connection considered force-controlled)

Anchor steel shear strength = 5.49 kip (From Hilti Profis Calculation)

Anchor pryout strength = 10.91 kip (From Hilti Profis Calculation)

Concrete edge failure strength = 17.84 kip (From Hilti Profis Calculation)
knowledge factor, κ = 0.90

steel strength DCR = 0.66 OK

pullout strength DCR = 0.33 OK

concrete breakout strength DCR = 0.20 OK

2x6 Sill Plate check for Shear

Seismic shear force on sill bolt, Vsill = 3.25 kip

reference lateral design value for bolt in single shear, Z = 650 lbs (1/2"Ø bolt in assumed Douglas Fir-Larch)

wet service factor, CM = 1

temperature factor, Ct = 1

group action factor, Cg = 1

geometry factor, CΔ = 1

end grain factor, Ceg = 1

diaphragm factor, Cdi = 1

toe-nail factor, Ctn = 1

format conversion factor for tension, KF = 3.32

adjusted bolt design value in shear, Z' = 2158 lbs
knowledge factor, κ = 0.90

DCR = V sill /(κ*Z') = 1.68 NG

Drawings do not indicate the use of hold-down hardware to foundation. This is considered a deficiency and will need 
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Shear wall 4 - Shear Wall Strength Check

wall height, h = 15.5 ft

shear wall length, L = 2.5 ft

shear wall ratio, h/L = 6.20 > 3.5 (NG)

As noted in ASCE 41-17 Table 12-3 footnote b, since the aspect ratio exceeds the maximum ratio this wall cannot be 

considered to act as part of the lateral resisting system.

Drawings do not indicate the use of hold-down hardware to foundation. This is considered a deficiency and will need 
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BY: BS DATE Aug-21 CLIENT SHEET

CHKD BY DESCRIPTION JOB NO.

DESIGN TASK

WOOD DIAPHRAGM CHECK

Roof seismic load, V = 38.6 kip

diaphragm span, L = 56.00 ft

roof unit diaphragm load, v = 0.69 kip/ft

Roof span between shear walls, L1 = 34.00 ft

Roof depth, d = 36.00 ft

diaphragm shear, v1 = 0.325 kip/ft

diaphragm strength, VN = 360 lbs/ft (per AWC SDPWS-2008 Table 4.2C)

expected diaphragm strength, QCE = 540 lbs/ft (expected strength shall be 1.5x the allowable)

m-factor = 2 (interpolated between LS & IO. ASCE 41-17 Table 12-3)

knowledge factor, κ = 0.90

diaphragm strength, κmφQCE = 0.972 kip/ft

demand capacity ratio, DCR = 0.33 OK

Checking diaphragm deflection in E-W direction. Deflection will be calculated per ASCE 41-17 Eq. 12-3.

roof unit diaphragm load, v = 689.3 lb/ft

diaphragm span, L = 56.00 ft

modulus of elasticity, E = 1700000 psi

area of diaphragm chord, A = 34.5 in2

diaphragm width, b = 44 ft

diaphragm shear stiffness, Gd = 8000 lb/in

sum of individual chord splice slip values, Σ(ΔcX) = 1.375 in*ft (assumed one splice at midspan of wall)

diaphragm deflection, Δy = 1.25 in

Checking wall adequacy to resist P-delta effects due to deflection calculated. 2x6 stud will be checked.

roof DL = 16.7 psf

tributary length of roof DL = 6 ft

City of Wilsonville

Workshop 11962A.00

ASCE 41-17  - Tier 2 (CSZ)

From Tier 1, the roof diaphragm exceeds the 30ft span between lateral resisting members. The diaphragm will be 

considered unblocked as there is no indication if blocking is used between members. Nailing pattern is assumed 8d@6"oc 

for 1/2" plywood. Diaphragm is assumed to be deformation-controlled.
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wall stud spacing = 16 in

unit vertical load on single stud, Pu = 133.6 lbs

diaphragm deflection, Δy = 1.25 in

moment due to P-delta effect, Pu*Δy = 167.2 lbs*in

stud area, A = 8.25 in2

stud wall height, le = 15.5 ft

stud depth, d = 5.5 in

le/d = 33.8

modulus of elasticity, Emin = 510000 psi

wet service factor, CM = 1

temperature factor, Ct = 1

incising factor, Ci = 1

adjusted modulus of elasticity, E'min = 510000 psi

FcE = 0.822E'min/(le/d)
2
 = 366.6 psi

design value, Fc = 850 psi (assumed Douglas Fir-Larch)

design value, Fbn = 700 psi (assumed Douglas Fir-Larch)

format conversion factor for compression, KD = 2.4

format conversion factor for bending, KD = 2.54

size factor, CF = 1

adjusted F"c = 2040 psi

adjusted F'bn = 1778 psi

c = 0.8

FcE/F"c = 0.180

(1+FcE/F"c)/(2c) = 0.737

column stability factor, CP = 0.172

adjusted F'c = 351.9 psi

axial strength, Pn = 2903.1 lbs

section modulus, S = 7.6 in3

bending strength, Mn = F'bn*S = 13446.1 lbs*in

knowledge factor, κ = 0.90

DCR = P u /(κ*P n ) = 0.05 OK

DCR = M u /(κ*M n ) = 0.01 OK

Combined DCR = 0.06 OK
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Appendix C  
SEISMIC RETROFIT COST ESTIMATE 
 





Project Name: Operations Building Date Prepared: 6/3/2022

Project Number: 11962A.00 Prepared By: B. Stuetzel

Project Construction Duration: Date Accepted:

Accepted By:

TOTAL TOTAL

QTY. Unit Unit Cost Amount per UM Amount Direct Cost Direct Cost Reference

General Conditions Mitigation

Temporary trailers for staffing 6 MO 24,000$              144,000$            144,000$            

144,000$             

Deficiency No. S1/S2 Mitigation

Add new steel beam 80 FT 79$                      6,320$                   7$                        566$                    6,886$                RS Means. Assumed W18x50.

Add new beam anchorage 8 EA 500$                    4,000$                4,000$                $500/connection. Estimate

Add new steel plate 30 FT 51$                      6,150$                   8$                        225$                    6,375$                RS Means. 25 lbs/ft Gal Steel.

Epoxy anchors at 6" OC 64 EA 71$                      4,544$                   38$                      2,432$                6,976$                RS Means

Field welding of steel plate to beam 4 EA 2,400$                9,600$                9,600$                Estimate

Construction difficulty, operations and work restrictions 1 LS 33,837$              100% of other costs

67,673$                

Deficiency No. NS1 Mitigation

Demo and restoration of interior ceiling system 155 SF 75$                      11,625$              11,625$              $75/SF.

Construction difficulty, operations and work restrictions 1 LS 5,813$                50% of other costs

17,438$                

Deficiency No. NS2 Mitigation

Add security latches 48 EA 10$                      480$                      -$                    480$                    RS Means. Increased cost by 25%

Construction difficulty, operations and work restrictions 1 LS 240$                    50% of other costs

720$                     

Deficiency No. NS3 Mitigation

Demo existing window 1 LS 3,000$                Estimate

New window frame and glazing 154 SF 72$                      44,044$                 8$                        1,271$                45,315$              RS Means

Construction difficulty, operations and work restrictions 1 LS 24,157$              50% of other costs

72,472$                

Deficiency No. NS4 Mitigation

Add epoxy anchors 6 EA 71$                      426$                      38$                      228$                    654$                    RS Means

Construction difficulty, operations and work restrictions 1 LS 327$                    50% of other costs

981$                     

Storage racks lack restraint to structure. The 

laboratory refridgerator lacks restraint if 

wheels are in locked position.

INSTALLATION

No diaphragm ties in the N-S direction to 

transfer diaphragm forces into the lateral 

resisting system.

Windows above entrance appear to lack 

proper restraint in frame if cracked or 

damaged.

Lens covers over lights lack safety devices.

The ceiling edges don't provide adequate gap 

clearance to wall for movement.

MATERIALS





Deficiency No. NS5 Mitigation

Add diagonal bracing 4 EA 500$                    2,000$                2,000$                $500/brace. Estimate

Add welded connection 4 FT 7$                        27$                        102$                    409$                    436$                    RS Means

Construction difficulty, operations and work restrictions 1 LS 2,436$                100% of other costs

4,872$                  

Sub-total 308,156$             

ENR Index Factor 1.23

Sub-total 378,085.39$        

NOTES: Project Level Allowance 30% 113,425.62$        

Sub-total 491,511$             

GR / GC 15% 73,726.65$          

Sub-total 565,238$             

Contractor's Profit 10% 56,524$                

Sub-total 621,761$             

Bond 2% 12,435$                

Sub-total 634,197$             

Insurance 2% 12,684$                

GRAND TOTAL 646,881$        
CONSTRUCTION COST ONLY

The laboratory hoods could not be 

determined if adequate lateral bracing is 

attached back to structure. The air handling 

unit lacks anchorage to support structure.





Project Name: Process Gallery Date Prepared: 6/3/2022

Project Number: 11962A.00 Prepared By: B. Stuetzel

Project Construction Duration: Date Accepted:

Accepted By:

TOTAL TOTAL

QTY. Unit Unit Cost Amount per UM Amount Direct Cost Direct Cost Reference

Deficiency No. S1 Mitigation

Add new steel plate 10 FT 51$                      2,050$                   8$                        75$                      2,125$                RS Means

Epoxy anchors at 6" OC 21 FT 71$                      1,491$                   38$                      798$                    2,289$                RS Means

Field welding of steel rod to existing joist 1 EA 2,400$                2,400$                2,400$                

Construction difficulty, operations and work restrictions 1 LS 6,814$                100% of other costs

13,628$                

Deficiency No. NS1 Mitigation

Add epoxy anchors 2 EA 71$                      142$                      38$                      76$                      218$                    RS Means

Provide nuts for threaded rod anchorage 12 EA 2$                        24$                        24$                      RS Means

Construction difficulty, operations and work restrictions 1 LS 121$                    50% of other costs

363$                     

Deficiency No. NS2 Mitigation

Install pipe straps to unistrut 20 EA 25$                      500$                      9$                        175$                    675$                    

Add diagonal bracing 6 EA 500$                    3,000$                3,000$                $500/brace. Estimate

Construction difficulty, operations and work restrictions 1 LS 3,675$                100% of other costs

7,350$                  

Sub-total 21,341$                

ENR Index Factor 1.23

Sub-total 26,183.91$          

NOTES: Project Level Allowance 30% 7,855.17$            

Sub-total 34,039$                

GR / GC 15% 5,105.86$            

Sub-total 39,145$                

Contractor's Profit 10% 3,914$                  

Sub-total 43,059$                

Bond 2% 861$                     

Sub-total 43,921$                

Insurance 2% 878$                     

GRAND TOTAL 44,799$           
CONSTRUCTION COST ONLY

Air handling unit lacks anchorage along 

channel support. The aeration blower pumps 

in basement lack proper anchorage back to 

structure (missing nuts).

Multiple pipes lack restraint to Unistrut 

supports. The compression struts for RAS 

piping lack diagonal bracing back to structure.

MATERIALS INSTALLATION

Roof beam aligned with interior shear wall 

lacks ability to transfer seismic loads into the 

lateral resisting system.





Project Name: Workshop Date Prepared: 6/3/2022

Project Number: 11962A.00 Prepared By: B. Stuetzel

Project Construction Duration: Date Accepted:

Accepted By:

TOTAL TOTAL

QTY. Unit Unit Cost Amount per UM Amount Direct Cost Direct Cost Reference

Deficiency No. S1 Mitigation

Demo and restoration of finishes 330 SF 75$                      24,750$              24,750$              $75/SF. Estimate

Add additional epoxy anchors 4 EA 71$                      284$                      38$                      152$                    436$                    RS Means

Construction difficulty, operations and work restrictions 1 LS 25,186$              100% of other costs

50,372$                

Deficiency No. S2 Mitigation

Install new plywood overlay for shear walls 165 SF 1$                        157$                      3$                        508$                    665$                    RS Means

Install steel plate w/ connections to top plate splice locations 10 FT 24$                      240$                      6$                        60$                      300$                    RS Means. 13 lbs/ft steel

Construction difficulty, operations and work restrictions 1 LS 965$                    100% of other costs

1,930$                  

Deficiency No. S3 Mitigation

Add epoxy anchors 4 EA 71$                      284$                      38$                      152$                    436$                    RS Means

Construction difficulty, operations and work restrictions 1 LS 436$                    100% of other costs

872$                     

Deficiency No. NS1 Mitigation

Add epoxy anchors 8 EA 71$                      568$                      38$                      304$                    872$                    RS Means

Construction difficulty, operations and work restrictions 1 LS 436$                    50% of other costs

1,308$                  

Sub-total 54,482$                

ENR Index Factor 1.23

Sub-total 66,845.47$          

NOTES: Project Level Allowance 30% 20,053.64$          

Sub-total 86,899$                

GR / GC 15% 13,034.87$          

Sub-total 99,934$                

Contractor's Profit 10% 9,993$                  

Sub-total 109,927$             

Bond 2% 2,199$                  

Sub-total 112,126$             

Insurance 2% 2,243$                  

GRAND TOTAL 114,368$        
CONSTRUCTION COST ONLY

MATERIALS INSTALLATION

Storage racks within building lack restraint 

back to structure. Shelving unit along south 

elevation lacks anchorage across entire length.

Hold-down anchors within east elevation wall 

lack strength to resist overturning forces due 

to seismic.

Shear wall segments along the east elevation 

do not have sufficient shear capacity to resist 

the in-plane seismic loads.

Shear wall segments along the east elevation 

do not have adequate sill bolt anchorage for 

resisting the in-plane seismic loads.





Project Name: Wastewater Treatment Plant (Overall Site Structures) Date Prepared: 6/3/2022

Project Number: 11962A.00 Prepared By: B. Stuetzel

Project Construction Duration: Date Accepted:

Accepted By:

TOTAL TOTAL

QTY. Unit Unit Cost Amount per UM Amount Direct Cost Direct Cost Reference

Deficiency No. NS1 Mitigation

Add epoxy anchors 4 EA 71$                      284$                      38$                      152$                    436$                    RS Means

Construction difficulty, operations and work restrictions 1 LS 218$                    50% of other costs

654$                     

Deficiency No. NS2 Mitigation

Add weighted sand bags to prevent overturning 4 EA 10$                      40$                        40$                      RS Means

Construction difficulty, operations and work restrictions 1 LS 20$                      50% of other costs

60$                       

Deficiency No. NS3 Mitigation

Add epoxy anchors 8 EA 71$                      568$                      38$                      304$                    872$                    RS Means

Construction difficulty, operations and work restrictions 1 LS 436$                    50% of other costs

1,308$                  

Sub-total 2,022$                  

ENR Index Factor 1.23

Sub-total 2,480.85$            

NOTES: Project Level Allowance 30% 744.26$                

Sub-total 3,225$                  

GR / GC 15% 483.77$                

Sub-total 3,709$                  

Contractor's Profit 10% 371$                     

Sub-total 4,080$                  

Bond 2% 82$                       

Sub-total 4,161$                  

Insurance 2% 83$                       

GRAND TOTAL 4,245$             
CONSTRUCTION COST ONLY

MATERIALS INSTALLATION

Storage racks within the Headworks building 

lack anchorage back to structure

ACCU units near Aeration Basins lack 

anchorage to structural pads

Recirculation pump at Disk Filters lacks 

restraint against overturning




	City of Wilsonville | Wastewater Treatment Plant Master Plan | Technical Memorandum 1 | Seismic Evaluation | FINAL | July 2022
	Engineer Seal
	Contents
	1.1    Introduction
	1.2    Background Information
	1.3    Seismic Evaluation Criteria
	1.3.1    Performance Objective
	1.3.2    Performance Level
	1.3.3    Seismic Hazard Level
	1.3.4    Selection of Performance Objectives

	1.4    Seismic Evaluation and Analysis
	1.4.1    Data Collection and Review
	1.4.2    Site Visit
	1.4.3    Analysis Procedures
	1.4.4    Acceptance Criteria

	1.5    Evaluation Findings
	1.6    Recommendations for Mitigation
	1.6.1    Load Path / Transfer to Shear Walls
	1.6.2    Narrow Wood Shear Walls

	1.7    Cost Estimates
	1.8    Conclusion
	1.9    References
	1.9.1    Standards
	1.9.2    Reports


	Appendices
	Appendix A - Site Visit Photographs
	Appendix B - ASCE 41-17 Tier 1 Checklists and Calculations / Tier 2 Calculations
	Appendix C - Seismic Retrofit Cost Estimate
	Appendix D - Geotechnical Memorandum

	Tables
	Table 1.1 List of Structures Evaluated
	Table 1.2 Detailed Structural Information for Structures Evaluated
	Table 1.3 BSE-1E Seismic Parameters
	Table 1.4 BSE-2E Seismic Parameters
	Table 1.5 CSZ Seismic Parameters
	Table 1.6 Material Properties
	Table 1.7 Load Intensities and Material Unit Weights
	Table 1.8 List of Deficiencies 
	Table 1.9 Summary of Retrofit Cost Estimate

	Figures
	Figure 1.1 Aerial View of the Structures Evaluated
	Figure 1.2 Operations Building - Collector Beam Locations and Anchorage Deficiencies
	Figure 1.3 Process Gallery - Collector Beam Location and Anchorage Deficiency

	Abbreviations




