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DISCLAIMER 


The calculations contained in this document were developed by Bechtel SAIC Company, LLC (BSC) and 
are solely intended for the use of BSC in its work for the Yucca Mountain Project. 
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ACRONYMS 

WHF Wet Handling Facility 

DL Dead Load 

LL Live Load 

C.G. Center of Gravity 
 
ITS Important To Safety 
 
TAD Transport, Aging, and Disposal 

DBGM-2 Design Basis Ground Motion (2000 Year Return Period) 
 
BDBGM Beyond Design Base Ground Motion (10000 Year Return Period) 
 
SSI Soil Structure Interaction  

YMP Yucca Mountain Project 

3D Three-dimensional 

FE Finite element 

FEM Finite element model 

C/C Center to Center 

ACI American Concrete Institute 

SRSS Square Root of Sum of Squares 
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1. PURPOSE
 

The purpose of this calculation is to perform a preliminary design of the reinforced concrete 
shear walls for the WHF structure. The WHF can be classified as a low rise shear wall structure. 
Shear walls provide the primary load path for transferring seismic loads from the concrete super-
structure to the foundation. Results from this calculation will confirm that the wall thicknesses 
used in the Tier-1 seismic analysis (Ref. 2.2.5) are adequate for the imposed loadings. Output 
from this calculation will be used in creating the preliminary WHF concrete outline and 
reinforcement drawings. 

2. REFERENCES 

2.1 	PROCEDURES/DIRECTIVES 

2.1.1 BSC (Bechtel SAIC Company) 2007. 	EG-PRO-3DP-G04B-00037, Rev.008, 

Calculations and Analyses. Las Vegas, Nevada: ACC: ENG20070420.0002 


2.1.2 	 BSC (Bechtel SAIC Company) 2007. IT-PRO-0011, Rev. 04, ICN 0. Software 
Management.  Las Vegas, Nevada: ACC: DOC.20070319.0016 

2.1.3 	 ORD (Office of Repository Development) 2007, Repository Project Management 
Automation Plan. 000-PLN-MGR0-00200-000, Rev. 00E. Las Vegas, Nevada: U.S. 
Department of Energy, Office of the Repository Development. ACC: 
ENG.20070326.0019 

2.2 	DESIGN INPUTS 

2.2.1 BSC (Bechtel SAIC Company) 2006. Project Design Criteria Document. 000-3DR-

MGR0-00100-000 REV 006. Las Vegas, Nevada: Bechtel SAIC Company. ACC: 

ENG.20061201.0005. 


2.2.2 	 ACI 349-01. 2001. Code Requirements for Nuclear Safety Related Concrete Structures 
(ACI 349-01). Farmington Hills, Michigan:  American Concrete Institute.  TIC: 252732. 
ISBN 0-87031-041-0 

2.2.3 	 BSC (Bechtel SAIC Company) 2006. Basis of Design for the TAD Canister-Based 

Repository Design Concept. 000-3DR-MGR0-00300-000-000. Las Vegas, Nevada: 

Bechtel SAIC Company. ACC: ENG.20061023.0002. 


2.2.4 	 BSC (Bechtel SAIC Company) 2006. Seismic Analysis and Design Approach Document. 
000-30R-MGR0-02000-000-000. Las Vegas, Nevada: Bechtel SAIC Company. ACC: 
ENG.20061214.0008. 

2.2.5 	 BSC (Bechtel SAIC Company) 2007. Tier 1 Seismic Analysis Using a Multiple Stick 
Model of the WHF, 050-SYC-WH00-00200-000-00A Las Vegas, Nevada: Bechtel SAIC 
Company.  ACC: ENG. 20070326.0034 
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2.2.6 	 BSC (Bechtel SAIC Company) 2007. Wet Handling Facility (WHF) Mass Properties  
050-SYC-WH00-00300-000-00B.  Las Vegas, NV: Bechtel SAIC Company.  ACC: 
ENG.20070326.0001  

2.2.7 	 BSC (Bechtel SAIC Company) 2006 Wet Handling Facility Preliminary Layout Ground 
Floor Plan. 050-P0K-WH00-10301-000-00A. Las Vegas, Nevada: Bechtel SAIC 
Company. ACC: ENG.20060920.0004. 

2.2.8 	 BSC (Bechtel SAIC Company) 2006. Wet Handling Facility Preliminary Layout Second 
Floor Plan. 050-P0K-WH00-10401-000-00A. Las Vegas, Nevada: Bechtel SAIC 
Company. ACC: ENG.20060920.0005. 

2.2.9 	 BSC (Bechtel SAIC Company) 2006. Wet Handling Facility Preliminary Layout Section 
A  050-P0K-WH00-10501-000-00A .Las Vegas, Nevada: Bechtel SAIC Company. ACC: 
ENG.20060920.0006. 

2.2.10 BSC (Bechtel SAIC Company) 2006. Wet Handling Facility  Preliminary Layout 
Section B   050-P0K-WH00-10601-000-00A. Las Vegas, Nevada: Bechtel SAIC 
Company. ACC: ENG.20060920.0007. 

2.2.11 BSC (Bechtel SAIC Company) 2007 	Wet Handling Facility Preliminary Layout Ground 
Floor and Pool Basement Plans,  050-P0K-WH00-10101-000-00A. Las Vegas, Nevada: 
Bechtel SAIC Company. ACC: ENG.20070221.0002. 

2.2.12 BSC (Bechtel SAIC Company) 2007. Wet Handling Facility Preliminary Layout Second 
Floor Plan. 050-P0K-WH00-10102-000-00A. Las Vegas, Nevada: Bechtel SAIC 
Company. ACC: ENG.20070221.0003. 

2.2.13 BSC (Bechtel SAIC Company) 2007. Wet Handling Facility Preliminary Layout Section 
A  050-P0K-WH00-10103-000-00A .Las Vegas, Nevada: Bechtel SAIC Company. ACC: 
ENG.20070221.0004. 

2.2.14 BSC (Bechtel SAIC Company) 2006. Wet Handling Facility Preliminary Layout Second 
Floor Plan. 050-P0K-WH00-10104-000-00A. Las Vegas, Nevada: Bechtel SAIC 
Company. ACC: ENG.20070221.0005 

2.2.15 MacGregor, J.G. 1997. Reinforced Concrete, Mechanics and Design.  Prentice Hall 
International Series in Civil Engineering and Engineering Mechanics. 3rd Edition.  Upper 
Saddle River, New Jersey: Prentice Hall. TIC: 242587. ISBN 0-13-233974-9 

2.3 DESIGN CONSTRAINTS 

None 
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2.4 DESIGN OUTPUTS 

Results of this calculation will be used in preparing preliminary WHF concrete shear wall 
drawings. Drawing numbers have yet to be assigned for these drawings. 

3. ASSUMPTIONS 

3.1 	 ASSUMPTIONS REQUIRING VERIFICATION 

3.1.1	 Building plan, elevations, and dimensions 

The plans, elevations and dimensions (see Attachment A) are used as the basis for the 
structural configuration of the WHF shear walls. The WHF plans from the Plant Design 
Model as of September 20, 2006 (Refs. 2.2.7, 2.2.8, 2.2.9, and 2.2.10) form the basis for 
defining the structural configuration of the shear walls and diaphragms. It is assumed that 
the WHF design, as it existed when the attachments were developed, is an adequate 
representation of the structure. 

The WHF plans and sections shown in References 2.2.7, 2.2.8, 2.2.9, and 2.2.10 have 
been superseded by References 2.2.11, 2.2.12, 2.2.13, and 2.2.14. There are no significant 
differences due to the changing column lines and wall openings in the revised WHF floor 
plans. 

Rationale: The rationale for this assumption is that further refinement of the general 
arrangement will not significantly affect the structure. The developments of the general 
arrangements continue to be refined; however the major rooms, wall locations and wall 
openings are defined. Shear walls computed in this calculation are adequate for the 
preliminary design. A soil structure interaction analysis of a detailed FEM will include 
the revised building layout shown in References 2.2.11 through 2.2.14. This assumption 
is being tracked in CalcTrac. 

Where used:  Assumption is used in Section 6. 

3.1.2 	 It is assumed that the final, total out of plane moments due to eccentric loading from the 
truss supports and crane supports, combined with the moments due to out-of-plane shear  
will not be significantly larger than the out of plane wall moment calculated in this 
preliminary design.   

Rationale:  The Tier 2 finite element model and the detailed design of the WHF will 
minimize the roof truss out of plane moment by the use of beam pockets in the walls 
reducing the eccentricity of the truss reactions to the wall centerline. Also, through proper 
design and detailing of the walls this moment can be distributed along the length of the 
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wall. Likewise, the crane rail, end truck and corbel will distribute the crane wheel loads 
and resulting moment. Using the smaller eccentricity for the truss load and uniform 
distributions, the total out of plane moments will not be significantly larger than the 
design moments of this calculation.  The longer span of the steel truss will be accounted 
for in the Tier 2 finite element model and detailed design. This assumption is being 
tracked in CalcTrac. 

Where used: This assumption is used in the shear wall design template for the East-West 
Walls (Attachment C). Table 5, Shear Wall Design Summary reflects the use of this 
Assumption. 

3.1.3 	 The concrete corbels for the 400-ton Canister Transfer Machine rail at Elevation 60 ft. on 
the walls A/4-7 and B/4-7 are assumed to be horizontal beams stiffening the walls. 

Rationale:  The Tier 2 finite element model of the WHF will incorporate the stiffness of 
these corbel beams into the Tier 2 analysis along with the design loads from the Canister 
Transfer Machine.  The Tier 2 analysis will capture the local effects of the heavy 
equipment on the walls and the stiffening effects of the horizontal beams.  Between the 
end truck spread of the wheel loads and the rail corbel horizontal beam, the eccentric 
moment will be distributed along the length of wall.  The resulting eccentric moment will 
not significantly add to the design wall moments of this calculation. This assumption is 
being tracked in CalcTrac. 

Where used: This assumption is used in Section 6, Table 3 and Attachment A, Pages A9 
& A10 

3.1.4 	 The concrete roof slab of the Maintenance Room at Elevation 32 ft. just east of the WHF 
east wall on Column line 7 ( i.e. 7/B-C ) will be tied to the WHF east wall to stiffen the 
wall. 

Rationale: The Tier 2 analysis of the WHF will incorporate this concrete roof slab into 
the finite element model to stiffen the east wall and to reduce the unbraced height of the 
wall. The Air Receiver Building will become Important to Safety and will have to be 
included in the Tier 2 model. This assumption is being tracked in CalcTrac. 

Where used: This assumption is used in Section 6, Table 3 and Attachment A, Pages A8 

3.1.5 	 This calculation assumes that the requirement of Paragraph B of Section 4.2.11.4.4 of the 
Project Design Criteria Document (Ref. 2.2.1) does not apply to this preliminary shear 
wall design. 

Rationale: The requirement to reduce the dead load load-factor to 0.90 was not included 
in the concrete shear wall design because the effects are considered to be small. 

This assumption will be validated in the Tier 2 seismic analysis and detailed final design. 
This assumption is being tracked in CalcTrac. 
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Where used: This assumption is used in Section 6, Table 1.    

3.2 ASSUMPTIONS NOT REQUIRING VERIFICATION 

3.2.1 Wet Handling Facility (WHF) Structure 

The WHF is a low-rise shear wall structure. 

Rationale– The primary load path for lateral loads is through the roof and floor 
diaphragms to the supporting concrete walls.  The concrete walls transfer the loads as in-
plane shear loads to the mat foundation. 

Where used: Assumption is used in the entire calculation 

4 METHODOLOGY 

4.1 QUALITY ASSURANCE 

This calculation was prepared in accordance with EG-PRO-3DP-G04B-00037, Rev. 008, 
Calculations and Analyses (Ref. 2.1.1). Section 5.1.2 of the Basis of Design for the TAD 
Canister-Based Repository Design Concept (Ref. 2.2.3) classifies the WHF structure as 
ITS. The approved record version of this document is designated QA:QA.  

4.2 USE OF SOFTWARE 

Word 2003 and Excel 2003, the parts of the Microsoft Office 2003 suite of programs, 
were used in this calculation.  Microsoft Office 2003 is classified as Level 2 software as 
defined in IT-PRO-0011, Software Management, (Ref 2.1.2). Microsoft Office 2003 is 
listed on the current Software Report. Microsoft Office software is also listed in 000-
PLN-MGR0-00200-000, Repository Project Management Automation Plan, (Ref. 2.1.3). 
Verification of the Excel computations in this calculation is done using a hand calculator. 

Software was executed on a PC system running Microsoft Windows 2000 operating 
system. 

The calculation process and equations documented in Section 6 of this calculation have 
been checked by manual calculations. 

10 May, 2007 
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4.3 	DESIGN APPROACH 

4.3.1	    Material Properties used in the calculation: 

Concrete design strength, fc = 5,000 psi Section 4.2.11.6.2 of PDC (Ref.2.2.1) 

Reinforcing Steel Yield strength, fy = 60 ksi Section 4.2.11.6.2 of PDC (Ref.2.2.1) 

Concrete strain, εc = 0.003 	 Section 10.2.3 of ACI 349 (Ref.2.2.2) 

Reinforcing Steel Yield strain, εy = fy / Es = 0.002 Sect. 10.2.4 of ACI 349 (Ref.2.2.2) 

           Where ES = 29,000 ksi 	     Section 4.2.11.6.6 of PDC (Ref.2.2.1) 

           Min. reinforcement ratio, ρ min = 0.0025     Section 11.10.9  of ACI 349 (Ref.2.2.2) 

4.3.2 	 This calculation uses the results of the Tier 1 Seismic Analysis Using a Multiple Stick 
Model of the WHF (Ref. 2.2.5) to perform a preliminary design of the WHF shear walls. 
Design of slabs (diaphragms) and the base slab are contained in separate calculations and 
are not addressed in this calculation. Shear wall plans and elevations are shown in 
Attachment A.  

The WHF can be classified as a low rise shear wall structure (Assumption 3.2.1).  The 
predominant load path for seismic loads is through the diaphragms and shear walls to the 
base slab. The WHF shear wall design complies with ACI 349 (Ref. 2.2.2) requirements.   

The WHF shear walls are designed for the combined effects of in-plane shear loads, in-
plane bending moments, out-of-plane shear loads, and out-of-plane bending moments.  
Also considered in the WHF shear wall design is shear friction, or the capacity of the 
wall to transfer horizontal loads into the base mat. 

The design procedure for the Wet Handling Facility shear walls is listed in Appendix D, 
Section D5, of the Seismic Analysis and Design Approach Document (Ref. 2.2.4). A 
Microsoft Excel template based on this design procedure is also listed in Appendix D, 
Section D5.2, of the Seismic Analysis and Design Approach Document (Ref. 2.2.4) and is 
used for the design of the Wet Handling Facility concrete shear walls.  

11 	May, 2007 
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5 LIST OF ATTACHMENTS 
Number of Pages 

Attachment A Floor Plans and Wall Elevations 	 15 
Attachment B Shear Wall Design Templates (North-South Walls) CD 1 of 1 
Attachment C Shear Wall Design Templates (East-West Walls) CD 1 of 1 

Attachment D Excel and Word files relevant to this calculation CD 1 of 1 


6 BODY OF CALCULATION 

6.1 	 Symbols and Notation used in Design 

Shear Wall Design template: The spreadsheets utilized in this calculation package are 
based on the methodology defined in the attachments B and C. No special assumptions 
are made. 

The procedure used to design reinforced concrete shear walls is given in a step-by-step 
approach in the following tables. The code referred to is the ACI 349-01 code (Ref. 
2.2.2). 

Code Section 
φ		 Strength reduction factor 

0.90 for flexure 	 9.3.2 
0.85 for out-of-plane shear 	 9.3.2 
0.60 for in-plane shear 	 9.3.4 
0.85 for shear across a joint 	 9.3.4 
0.90 for net tension 	 9.3.2 
0.70 – 0.90 for combined flexure and axial load 9.3.2 

Code Section 

Acv	 area bounded by web thickness and length of section 21.0 
in the direction of the shear force considered. 
(gross shear area)  = tw * lw 

d 	 distance from extreme compression fiber to centroid of  tension 
steel (taken as 0.8lw for walls) 11.0& 11.10.4 

f’c concrete design strength (5000 psi for this calculation) 
fy reinforcing steel yield strength  (60 ksi for this calculation) 
lw length of wall or wall segment  21.0 
hw height of wall or wall segment 21.0 
tw thickness of wall segment 
Ft axial demand force in tension 

12 	May, 2007 
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Fc axial demand force in compression 

Vu in-plane shear demand force = (Vu / φ ) φ = 0.60
	
Mz in-plane demand moment (moment resulting from in-plane shear forces) 

Vz out-of-plane demand shear force 

My out-of-plane demand moment (moment resulting from out-of-plane shear forces) 

Ah out-of-plane design acceleration (in g’s) 


Code Section 
H height of wall between floors (diaphragms) 
Vc nominal shear strength provided by concrete  11.0 
Vn nominal shear strength 11.0 
Vs nominal shear strength provided by shear reinforcement 11.0 
εc concrete strain 
εs reinforcing steel strain 
d’ concrete cover to reinforcment centerline 
αc coefficient defining the relative contribution of  21.6.5.3 

concrete strength to wall strength 

ρn required horizontal reinforcing, percent. 

ρv required vertical reinforcing, percent. 


6.2 SHEAR WALL DESIGN FORCES 

This calculation for the shear wall design of the WHF structure uses axial forces, shear 
forces, moments, and accelerations from the response spectrum seismic analysis (Ref. 
2.2.5). As required in Section 6.3 of 050-SYC-WH00-00200-000-00A, Tier 1 Seismic 
Analysis Using a Multiple Stick Model of the WHF (Ref. 2.2.5), these forces will be 
subjected to a torsional increase factor. This factor accounts for load eccentricity and 
increase in the magnitude of the loads. 
The YMP shear wall template included in the Seismic Analysis and Design Approach 
Document (Ref. 2.2.4) is used for the design of the WHF reinforced concrete shear walls. 
This template accepts axial loads with a certain sign convention. (+) Positive values are 
taken as compression and (-) negative values are taken as tension.  The SAP 2000 output 
from 050-SYC-WH00-00200-000-00A, Tier 1 Seismic Analysis Using a Multiple Stick 
Model of the WHF (Ref. 2.2.5), uses the opposite sign convention where (-) negative 
values are taken as compression and (+) positive values are taken as tension. This change 
in sign is addressed in the Shear Wall Design Forces spreadsheet (Table 1). 
The results from 050-SYC-WH00-00200-000-00A, Tier 1 Seismic Analysis Using a 
Multiple Stick Model of the WHF (Ref. 2.2.5, Table 22) state that the DBGM-2 (2000 
year return period ground motion) 35’ Upper Bound Alluvium Soil Case governs the 
design of Wet handling Facility Structure. The values in this design are taken directly 
from the analysis results of this Soil Case.  
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Design forces are calculated for direct input into the YMP shear wall template. Axial 
force in tension, axial force in compression, in-plane shear, and in-plane moment are 
calculated. Figure 1 displays the axes of the loads as they are applied to a shear wall.   
Out-of-plane shear and out-of-plane moment are calculated using the YMP shear wall 
template (See Attachments B and C). 

FORCE IN+/- X DIRECTION: AXIAL FORCES = P or E (+ Tension / - Compression) 
FORCE IN +/- Y DIRECTION: IN-PLANE   SHEAR FORCES = Vu  
FORCE IN +/- Z DIRECTION: OUT-OF-PLA NE SHEAR FORCES = Vz  
MOMENTS ABOUT  Z AXIS: IN-PLANE MOMENTS = Mz  
MOMENTS ABOUT Y AXIS: OUT-OF-PLA NE MOMENTS = My  

 

 

Wall length lw 

+Y

+X+Z

+Y 

+X+Z 
Wall thickness tw 
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Figure 1 
Shear Wall Local Coordinate System 

Note: Vz and My are calculated in the shear wall design templates (Attachments B & D) 

Referencing Attachment A and the results from 050-SYC-WH00-00200-000-00A Tier 1 
Seismic Analysis Using a Multiple Stick Model of the WHF (Ref. 2.2.5), a case example 
calculating the shear wall design forces for the member 1.1.5 is shown here: 
(i)  Axial force in tension (Ft) is taken as: 
                          Ft = −1*[(DL + 25%LL) + Et + Et * f ]                       (Eq.6.1.1) 

Where: 
Ft = axial force in tension (kips) 
-1    represents the change in sign convention between SAP 2000 output and YMP 

shear wall template 
DL+25%LL = axial force (kips) (compression) from 1g vertical load case 
(Ref.2.2.5) 
Et = axial force (kips) (tension) from DBGM-2 seismic analysis (Ref.2.2.5) 
f = torsional increase factor (%)    (Table 4, Ref. 2.2.5) 

 

14 May, 2007 



 
 

 

           

 

  
 

 

Title: WHF Shear Wall Design 	 Doc. ID: 050-DBC-WH00-00200-000-00A

Ft = -1*[(-11,162) + (11,064) + (11,064*14%)] = -1451 kips (Using 
Eq.6.1.1) 

(ii) Axial force in compression (Fc) is taken as: 
                          Fc = −1*[(DL + 25%LL) + Ec + Ec * f ]    (Eq.6.1.2) 

Where: 
Fc = Axial force in compression (kips)  
-1    represents the change in sign convention between SAP 2000 output and YMP 

shear wall template 
DL+25%LL = Axial force (kips) (compression) from 1g vertical load case (Ref. 

2.2.5) 

Ec = Axial force (kips) (compression) from  DBGM-2 seismic analysis   (Ref. 2.2.5) 

f = torsional increase factor (%)       (Ref. 2.2.5) 


   
Using Eq.6.1.2,      Fc = -1*[(-11,162) +(-11,064) + (-11,064*14%)] =23,774 kips  

(iii) In-plane shear force (Vu) is taken as: 
   Vu = E1+ E1* f                                                (Eq.6.1.3) 

Where: 
Vu = in-plane shear force (kips)  
E1 = in-plane shear force (kips) from DBGM-2 seismic analysis  (Ref. 2.2.5) 
f = torsional increase factor (%)      (Ref. 2.2.5) 

 
Using Eq.6.1.3, Vu = 20,709 + (20,709 *14%) = 23,608 kips        

(iv) 	 In-plane bending moment (Mz) is taken as: 
Mz = Mzo + Mzo * f                                             (Eq.6.1.4) 

Where: 

Mz = in-plane bending moment (kip-ft) 

Mzo = in-plane bending moment (kip-ft) from DBGM-2 seismic analysis 
 
(Ref.2.2.5) 

f = torsional increase factor (%)     (Ref. 2.2.5) 

Using Eq.6.1.4, Mz = 461,150 + (461,150 *14%) = 525,711 kip-ft 
         

 
The resulting forces and moments acting in the shear walls are shown in Table 1. 
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 Title: 
WHF Shear Wall Design            

Doc. ID: 

050-DBC-WH00-00200-000-00A 
Table 1 Shear Wall Design Forces 

DESIGN FORCES:  SHEAR WALL DESIGN INPUT (NORTH - SOUTH WALLS)- 

Wall Member 
# 

 (Attach. A) 

DBGM-2 Seismic Loads 
from SAP 2000 output   

(Ref.2.2.5 Attachment G) 

Dead & Live
   from SAP 2000 output 

(Ref.2.2.5 Attachment G) 
Torsional 
Increase 
Factor 

(Ref.2.2.5 
Table 4) 

DESIGN FORCES WITH TORSIONAL INCREASE FACTOR    
for input into Shear Wall Design Template 

Member Geometry 
(Ref.2.2.5 Table 1) 

Axial Force 
(Tension) 

Axial Force 
(Compression) 

In-Plane 
Shear Force 

In-Plane 
Moment Axial Force (compression) Axial Force 

(Tension) 
Axial Force     

(Compression) In-Plane Shear In-Plane Moment Thickness Height Length 

Et 
(= +P) 

Ec 
(= -P) 

E1 
(= V2) 

Mzo 
(= M3) DL +25%LL f Ft = 

-1*[(DL+25%LL) + Et + Et*f] 
Fc = 

-1*[(DL+25%LL) + Ec + Ec*f] 
Vu = 

(E1 + E1*f) 
Mz = 

(Mzo + Mzo*f) tw hw lw 

(kips) (kips) (kips) (kip-ft) (kips) % (kips) (kips) (kips) (kip-ft) (ft) (ft) (ft) 
1.1.1 3846 -3846 4427 25578 -2407 14.00% -2218 6792 5047 29159 4 10 33.00 
1.1.2 740 -740 712 3610 -581 14.00% -320 1424 812 4115 4 10 8.00 
1.1.3 5746 -5746 11046 104944 -5775 14.00% -1353 12326 12593 119636 4 10 80.17 
1.1.4 3936 -3936 4523 26269 -2398 14.00% -2329 6885 5156 29947 4 10 33.67 
1.1.5 11064 -11064 20709 461150 -11162 14.00% -2567 23774 23608 525711 4 30 214.00 
1.2.1 1769 -1769 2899 16282 -1142 10.00% -918 3088 3189 17910 4 10 33.00 
1.2.2 2314 -2314 7976 74254 -2690 10.00% -124 5234 8774 81679 4 10 88.33 
1.2.3 1829 -1829 2961 16705 -886 10.00% -1215 2898 3257 18376 4 10 33.67 
1.2.4 4060 -4060 13836 215418 -4717 10.00% -221 9184 15219 236960 4 30 214.00 
2.1.1 2708 -2708 4642 87787 -3079 9.00% -181 6031 5059 95688 4 10 45.00 
2.1.2 2675 -2675 4638 88039 -3008 9.00% -209 5923 5055 95963 4 10 45.00 
2.1.3 2708 -2708 4642 104514 -3079 9.00% -181 6031 5059 113921 4 30 57.00 
2.1.4 2312 -2312 5091 119480 -2942 9.00% 0 5462 5549 130233 2 40 100.00 
2.1.5 2675 -2675 4638 104685 -3008 9.00% -209 5923 5055 114107 4 30 57.00 
2.2.1 1154 -1154 3298 58447 -1515 5.00% 0 2727 3463 61369 4 10 45.00 
2.2.2 980 -980 3295 58608 -1238 5.00% 0 2267 3460 61538 4 10 45.00 
2.2.3 1154 -1154 3298 74630 -1515 5.00% 0 2727 3463 78361 4 30 57.00 
2.2.4 980 -980 3295 74757 -1238 5.00% 0 2267 3460 78495 4 30 57.00 
3.1.1 2477 -2477 4604 87207 -3166 3.00% 0 5718 4742 89823 4 10 45.00 
3.1.2 2470 -2470 4599 87561 -3096 3.00% 0 5640 4737 90188 4 10 45.00 
3.1.3 2477 -2477 4604 103576 -3166 3.00% 0 5718 4742 106683 4 30 57.00 
3.1.4 2470 -2470 4599 103790 -3096 3.00% 0 5640 4737 106904 4 30 57.00 
3.2.1 1214 -1214 3462 61293 -1643 1.00% 0 2869 3497 61906 4 10 45.00 
3.2.2 990 -990 3462 61231 -1366 1.00% 0 2365 3496 61843 4 10 45.00 
3.2.3 1214 -1214 3462 78450 -1643 1.00% 0 2869 3497 79235 4 30 57.00 
3.2.4 990 -990 3462 78462 -1366 1.00% 0 2365 3496 79246 4 30 57.00 
4.1.1 3276 -3276 5269 92190 -3739 1.00% 0 7048 5321 93112 4 32 57.00 
4.1.2 3193 -3193 5167 110027 -3481 1.00% -93 6706 5219 111127 4 40 57.00 
4.1.3 2605 -2605 7047 30096 -2861 1.00% -56 5491 7118 30397 4 8 57.00 
4.2.1 1594 -1594 4003 82462 -1919 2.00% 0 3545 4083 84111 4 40 57.00 
4.2.2 1050 -1050 3590 63304 -1460 2.00% 0 2531 3662 64570 4 10 45.00 
4.2.3 1050 -1050 3590 81358 -1460 2.00% 0 2531 3662 82985 4 30 57.00 
4.3.1 972 -972 5925 69708 -1063 20.00% -210 2230 7110 83649 4 20 57.00 
5.1.1 3563 -3563 5328 93197 -3860 5.00% -267 7602 5595 97857 4 32 57.00 
6.1.1 3866 -3866 5383 94098 -3949 7.00% -583 8085 5760 100685 4 32 57.00 
6.1.2 3733 -3733 4766 78823 -3287 7.00% -1036 7282 5100 84341 4 10 45.67 
6.1.4 3733 -3733 4766 97942 -3287 7.00% -1036 7282 5100 104798 4 30 57.00 
6.2.2 1492 -1492 4238 87163 -1772 8.00% -16 3383 4577 94136 4 40 57.00 
7.1.1 6206 -6206 7289 56357 -4979 13.00% -2531 11992 8237 63683 4 10 66.00 
7.1.2 4943 -4943 7514 59348 -4861 13.00% -1211 10446 8491 67063 4 10 68.00 
7.1.3 6437 -6437 7289 56357 -4456 13.00% -3263 11730 8237 63683 4 10 66.00 
7.1.4 4337 -4337 5694 68442 -4040 13.00% -1265 8940 6434 77339 4 22 57.00 
7.1.5 10739 -10739 16399 303693 -10257 13.00% -2903 22391 18531 343174 4 22 157.00 
7.1.6 2589 -2589 6060 26040 -2373 13.00% -790 5299 6848 29426 4 8 57.00 
7.1.7 9222 -9222 16794 115363 -9276 13.00% -2073 19697 18977 130360 4 8 157.00 
7.2.1 2025 -2025 4443 91268 -2227 12.00% -264 4495 4977 102220 4 40 57.00 
7.2.2 4596 -4596 14060 331568 -5543 12.00% -159 10691 15747 371357 4 40 157.00 
7.3.1 1458 -1458 6899 79357 -1441 20.00% -452 3190 8279 95229 4 20 57.00 
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 Title: 
WHF Shear Wall Design            

Doc. ID: 

050-DBC-WH00-00200-000-00A 
Table 1 Shear Wall Design Forces (continued) 

DESIGN FORCES:  SHEAR WALL DESIGN INPUT (EAST - WEST WALLS)- 

Wall Member 
# 

(Attach. A) 

DBGM-2 Seismic Loads 
from SAP 2000 output   

(Ref.2.2.5 Attachment G) 

Dead & Live
 from SAP 2000 output 

(Ref.2.2.5 Attachment G) 
Torsional 
Increase 
Factor 

(Ref.2.2.5 
Table 4) 

DESIGN FORCES WITH TORSIONAL INCREASE FACTOR 
for input into Shear Wall Design Template 

Member Geometry 
(Ref.2.2.5 Table 1) 

Axial Force 
(Tension) 

Axial Force 
(Compression) 

In-Plane 
Shear Force 

In-Plane 
Moment 

Axial Force 
(compression) 

Axial Force 
(Tension) 

Axial Force     
(Compression) In-Plane Shear In-Plane Moment Thickness Height Length 

Et 
(= +P) 

Ec 
(= -P) 

E1 
(= V2) 

Mzo 
(= M3) DL + 25%LL f Ft = 

-1*[(DL+25%LL) + Et + Et*f] 
Fc = 

-1*[(DL+25%LL) + Ec + Ec*f] 
Vu = 

(E1 + E1*f) 
Mz = 

(Mzo + Mzo*f) tw hw lw 

(kips) (kips) (kips) (kip-ft) (kips) % (kips) (kips) (kips) (kip-ft) (ft) (ft) (ft) 

A.1.1 7586 -7586 10995 115929 -5751 10.00% -2593 14095 12094 127522 4 10 92.25 
A.1.2 3233 -3233 5171 32443 -3128 10.00% -428 6684 5688 35687 4 10 44.00 
A.1.3 1454 -1454 1681 8721 -1206 10.00% -394 2806 1849 9593 4 10 16.00 
A.1.4 901 -901 426 6880 -863 10.00% -128 1854 469 7568 4 32 12.50 
A.1.5 1722 -1722 1973 11864 -1500 10.00% -395 3395 2170 13050 4 10 18.50 
A.1.6 4192 -4192 4085 34762 -2752 10.00% -1860 7364 4493 38238 4 10 35.67 
A.1.7 10717 -10717 17846 239063 -10085 10.00% -1704 21874 19631 262970 4 22 164.00 
A.1.8 4902 -4902 6058 89825 -4252 10.00% -1141 9645 6663 98808 4 22 61.50 
A.1.9 7849 -7849 11819 99006 -7695 10.00% -939 16329 13000 108907 4 8 150.00 
A.2.1 8132 -8132 15401 469623 -9157 13.00% -32 18346 17403 530674 4 40 270.00 
A.3.1 3981 -3981 5779 82297 -3470 20.00% -1308 8248 6935 98756 4 20 122.00 
B.1.1 6651 -6651 12594 117584 -6129 5.00% -855 13113 13224 123463 4 10 102.17 
B.1.3 4511 -4511 9716 73734 -5780 5.00% 0 10517 10201 77421 4 10 79.00 
B.1.4 1116 -1116 1328 6751 -1081 5.00% -91 2253 1394 7089 4 10 13.00 
B.1.5 3647 -3647 4292 23757 -3120 5.00% -709 6949 4506 24945 4 10 35.67 
B.1.6 7004 -7004 15335 239378 -8638 5.00% 0 15992 16101 251347 4 22 148.00 
B.1.7 6197 -6197 12595 177983 -7472 5.00% 0 13979 13224 186882 4 22 122.00 
B.1.8 7698 -7698 12133 99014 -8881 5.00% 0 16964 12740 103965 4 8 148.00 
B.1.9 5618 -5618 9997 67811 -6128 5.00% 0 12027 10497 71202 4 8 122.00 
B.2.1 3388 -3388 7964 185692 -4331 6.00% 0 7922 8441 196833 4 40 148.00 
B.2.2 3537 -3537 6487 144491 -4323 6.00% 0 13871 14796 470221 4 40 270.00 
B.3.1 2380 -2380 4792 72655 -1889 20.00% -967 4745 5750 87186 4 20 122.00 
C.1.1 10334 -10334 22109 719055 -12958 6.00% 0 23912 23435 762199 4 40 216.00 
C.2.1 5852 -5852 13958 443605 -7668 6.00% 0 13871 14796 470221 4 40 270.00 
D.1.1 7971 -7971 11049 125083 -5900 11.00% -2948 14748 12264 138842 4 10 102.17 
D.1.2 7815 -7815 10613 114997 -6680 11.00% -1994 15354 11780 127646 4 10 98.17 
D.1.3 13309 -13309 21662 474160 -12580 11.00% -2193 27353 24044 526317 4 30 216.00 
D.2.1 3200 -3200 5376 46950 -2380 12.00% -1204 5964 6021 52584 4 10 102.17 
D.2.2 2583 -2583 5164 43617 -2804 12.00% -89 5697 5784 48851 4 10 98.17 
D.2.3 2092 -2092 3030 18806 -1899 12.00% -444 4242 3394 21062 4 10 58.00 
D.2.4 6601 -6601 13571 299458 -7082 12.00% -311 14475 15199 335393 4 30 270.00 

A.1.10 4684 -4684 8659 54368 -4607 10.00% -546 9760 9525 59805 4 8 110.00 

Note: Numbers shown in table above have been rounded off in Excel.  Computations performed within Excel are based on the actual numbers stored in Excel.  Excel Spreadsheet file is contained in Attachment D  
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6.3 Acceleration  g -values ( Ah ): 

It should be noted that in calculation 050-SYC-WH00-00200-000-00A, Tier 1 Seismic 
Analysis Using a Multiple Stick Model of the WHF (Ref. 2.2.5), the out-of-plane shear 
area for each of the wall elements was defined in such a manner as to distribute all of the 
seismic loads to the shear walls located in the plane of the seismic load. For example, the  
total seismic load from an East/West seismic motion is taken entirely by the East/West 
shear walls. Conversely, the North/South seismic loads are taken by the North/South 
shear walls. Thus the out-of-plane forces and moments are not available from reference 
2.2.5 and are computed in this calculation. To compute the out of plane forces and 
moments the out-of-plane accelerations are applied to a 12” width of wall that spans 
between the diaphragm levels. Pinned – Pinned boundary conditions are used in the 
computation of the out-of-plane bending moment. The accelerations to be applied in this  
analysis are taken from Table 18 of Tier 1 Seismic Analysis Using a Multiple Stick Model  
of the WHF (Ref. 2.2.5) and listed here in Table 2. 
 
For the purpose of calculating the overall capacity of each wall, the out-of-plane of the 
wall acceleration value (g) has been considered known as (Ah). Walls running North-
South will have East–West “g” values as follows: 
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Plan view configuration of walls  
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Table 2: Diaphragm Out-of-Plane Accelerations for DBGM-2 (Source: Table 18, Ref 2.2.5) 

Diaphragm Level 
East - West       

X - Acceleration North - South 
Y - Acceleration 

ft /sec2 g's ft /sec2 g's 
-52' (Node 1099) 17.402 0.54 17.068 0.53 
0' (Node 2099) 19.491 0.605 17.046 0.529 

32' (Node 3099) 23.856 0.741 22.285 0.692 
40' (Node 4099) 23.593 0.733 23.943 0.744 
80' (Node 5099) 31.776 0.987 31.5 0.978 
100' (Node 6099) 43.143 1.34 52.382 1.627 

Note: Out-of-plane accelerations for E–W walls are N–S accelerations as shown in Table 
18 of Ref. 2.2.5 and conversely for the out-of-plane accelerations for N–S walls. 

Table 3: Acceleration g - values with respect to WHF walls: 

Table - Showing WHF - Acceleration  g - values with respect to walls: 

D
ire

ct
io

n 

WALL 

height of 
wall or 

wall 
segment  

hw (ft) 

Height of 
wall 

between  
floors 

H (ft) 

length of 
wall or 

wall 
segment  

lw (ft) 

Thickness of 
the wall 

        tw (ft) 

32' Ah 
Values 

40' Ah 
values 

80' Ah 
Values 

100' Ah 
Values 

N-S 1.1.1 10.00 ft 40.00 ft 33 4.00 ft 0.733 
N-S 1.1.2 10.00 ft 40.00 ft 8 4.00 ft 0.733 
N-S 1.1.3 10.00 ft 40.00 ft 80.17 4.00 ft 0.733 
N-S 1.1.4 10.00 ft 40.00 ft 33.67 4.00 ft 0.733 
N-S 1.1.5 30.00 ft 40.00 ft 214 4.00 ft 0.733 
N-S 1.2.1 10.00 ft 40.00 ft 33 4.00 ft 0.987 
N-S 1.2.2 10.00 ft 40.00 ft 88.33 4.00 ft 0.987 
N-S 1.2.3 10.00 ft 40.00 ft 33.67 4.00 ft 0.987 
N-S 1.2.4 30.00 ft 40.00 ft 214 4.00 ft 0.987 
N-S 2.1.1 10.00 ft 40.00 ft 45 4.00 ft 0.733 
N-S 2.1.2 10.00 ft 40.00 ft 45 4.00 ft 0.733 
N-S 2.1.3 30.00 ft 40.00 ft 57 4.00 ft 0.733 
N-S 2.1.4 40.00 ft 40.00 ft 100 2.00 ft 0.733 
N-S 2.1.5 30.00 ft 40.00 ft 57 4.00 ft 0.733 
N-S 2.2.1 10.00 ft 40.00 ft 45 4.00 ft 0.987 
N-S 2.2.2 10.00 ft 40.00 ft 45 4.00 ft 0.987 
N-S 2.2.3 30.00 ft 40.00 ft 57 4.00 ft 0.987 
N-S 2.2.4 30.00 ft 40.00 ft 57 4.00 ft 0.987 
N-S 3.1.1 10.00 ft 40.00 ft 45 4.00 ft 0.733 
N-S 3.1.2 10.00 ft 40.00 ft 45 4.00 ft 0.733 
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N-S 3.1.3 30.00 ft 40.00 ft 57 4.00 ft 0.733 
N-S 3.1.4 30.00 ft 40.00 ft 57 4.00 ft 0.733 
N-S 3.2.1 10.00 ft 40.00 ft 45 4.00 ft 0.987 
N-S 3.2.2 10.00 ft 40.00 ft 45 4.00 ft 0.987 
N-S 3.2.3 30.00 ft 40.00 ft 57 4.00 ft 0.987 
N-S 3.2.4 30.00 ft 40.00 ft 57 4.00 ft 0.987 
N-S 4.1.1 32.00 ft 32.00 ft 57 4.00 ft 0.741 
N-S 4.1.2 40.00 ft 40.00 ft 57 4.00 ft 0.733 
N-S 4.1.3 8.00 ft 8.00 ft 57 4.00 ft 0.733 
N-S 4.2.1 40.00 ft 40.00 ft 57 4.00 ft 0.987 
N-S 4.2.2 10.00 ft 40.00 ft 45 4.00 ft 0.987 
N-S 4.2.3 30.00 ft 40.00 ft 57 4.00 ft 0.987 
N-S 4.3.1 20.00 ft 20.00 ft 57 4.00 ft 1.340 
N-S 5.1.1 32.00 ft 32.00 ft 57 4.00 ft 0.741 
N-S 6.1.1 32.00 ft 32.00 ft 57 4.00 ft 0.741 
N-S 6.1.2 10.00 ft 40.00 ft 46 4.00 ft 0.733 
N-S 6.1.4 30.00 ft 40.00 ft 57 4.00 ft 0.733 
N-S 6.2.2 40.00 ft 40.00 ft 57 4.00 ft 0.987 
N-S 7.1.1 10.00 ft 32.00 ft 66 4.00 ft 0.741 
N-S 7.1.2 10.00 ft 32.00 ft 68 4.00 ft 0.987 
N-S 7.1.3 10.00 ft 32.00 ft 66 4.00 ft 0.987 
N-S 7.1.4 22.00 ft 32.00 ft 57 4.00 ft 0.741 
N-S 7.1.5 22.00 ft 32.00 ft 157 4.00 ft 0.987 
N-S 7.1.6 8.00 ft 68.00 ft 57 4.00 ft 1.340 
N-S 7.1.7 8.00 ft 48.00 ft 157 4.00 ft 0.987 
N-S 7.2.1 40.00 ft 68.00 ft 57 4.00 ft 1.340 
N-S 7.2.2 40.00 ft 48.00 ft 157 4.00 ft 0.987 
N-S 7.3.1 20.00 ft 68.00 ft 57 4.00 ft 1.340 
E-W A.1.1 10.00 ft 40.00 ft 92.25 4.00 ft 0.744 
E-W A.1.2 10.00 ft 40.00 ft 44.00 4.00 ft 0.744 
E-W A.1.3 10.00 ft 32.00 ft 16.00 4.00 ft 0.692 
E-W A.1.4 32.00 ft 32.00 ft 12.50 4.00 ft 0.692 
E-W A.1.5 10.00 ft 32.00 ft 18.50 4.00 ft 0.692 
E-W A.1.6 10.00 ft 32.00 ft 35.67 4.00 ft 0.692 
E-W A.1.7 22.00 ft 40.00 ft 164.00 4.00 ft 0.744 
E-W A.1.8 22.00 ft 32.00 ft 61.50 4.00 ft 0.744 
E-W A.1.9 8.00 ft 40.00 ft 150.00 4.00 ft 0.744 
E-W A.2.1 40.00 ft 40.00 ft 270.00 4.00 ft 0.978 
E-W A.3.1 20.00 ft 40.00 ft 122.00 4.00 ft 1.627 
E-W B.1.1 10.00 ft 40.00 ft 102.17 4.00 ft 0.744 
E-W B.1.3 10.00 ft 40.00 ft 79.00 4.00 ft 0.744 
E-W B.1.4 10.00 ft 32.00 ft 13.00 4.00 ft 0.692 
E-W B.1.5 10.00 ft 32.00 ft 35.67 4.00 ft 0.692 
E-W B.1.6 22.00 ft 40.00 ft 148.00 4.00 ft 0.744 
E-W B.1.7 22.00 ft 32.00 ft 122.00 4.00 ft 0.692 
E-W B.1.8 8.00 ft 40.00 ft 148.00 4.00 ft 0.744 
E-W B.1.9 8.00 ft 68.00 ft 122.00 4.00 ft 1.627 
E-W B.2.1 40.00 ft 40.00 ft 148.00 4.00 ft 0.978 
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E-W B.2.2 40.00 ft 68.00 ft 270.00 4.00 ft 1.627 
E-W B.3.1 20.00 ft 68.00 ft 122.00 4.00 ft 1.627 
E-W C.1.1 40.00 ft 40.00 ft 216.00 4.00 ft 0.744 
E-W C.2.1 40.00 ft 40.00 ft 270.00 4.00 ft 0.978 
E-W D.1.1 10.00 ft 40.00 ft 102.17 4.00 ft 0.744 
E-W D.1.2 10.00 ft 40.00 ft 98.17 4.00 ft 0.744 
E-W D.1.3 30.00 ft 40.00 ft 216.00 4.00 ft 0.744 
E-W D.2.1 10.00 ft 40.00 ft 102.17 4.00 ft 0.978 
E-W D.2.2 10.00 ft 40.00 ft 98.17 4.00 ft 0.978 
E-W D.2.3 10.00 ft 40.00 ft 58.00 4.00 ft 0.978 
E-W D.2.4 30.00 ft 40.00 ft 270.00 4.00 ft 0.978 
E-W A.1.10 8.00 ft 28.00 ft 110.00 4.00 ft 0.744 

These values are used in the shear wall template in the equation to calculate 

VYu = Out of plane Shear force = [(Ah * tw * 150/1000) * H/2 ] = Vz 

Mzu = Out of plane Moment  = [(Ah * tw * 150/1000) * (H2/8) ] = My 

H = Wall height between floors in ft. Ref drawings (* = Multiplication) 

Calculation of the out-of-plane forces and moments for each of the shear walls is 
performed in the shear wall design templates contained in Attachments B and  C. 

6.4 LIMITING SHEAR WALL CAPACITY 

Prior to designing the required reinforcing in the concrete shear walls a check will be 
made to verify that each of the walls satisfies the limiting shear wall capacity defined in 
section 21.6.5.6 of ACI 349-01 (Ref. 2.2.2). This code requirement limits the nominal 
shear wall capacity. Shear walls that do not satisfy these requirements will need to have 
their wall thickness increased until the above requirements are satisfied. 

In this section, the limiting shear wall capacity, computed following Appendix D, Section 
D5, of the Seismic Analysis and Design Approach Document (Ref. 2.2.4) is evaluated for 
all shear walls of the Wet Handling Facility.  The demand/capacity (D/C) ratio is then 
computed for each shear wall.  This will determine if the wall thickness is adequate for 
design. 
The applied demand shears, Vu, are calculated in Table 1.  The shear capacity of the 
individual wall is based on the geometric properties of said wall and the compressive 
strength (f ’c) of the concrete used. 
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For example, for Wall Member # 1.1.5: [Referencing Attachment A and the results from  
050-SYC-WH00-00200-000-00A Tier 1 Seismic Analysis Using a Multiple Stick Model 
of the WHF (Ref. 2.2.5)] 

Shear Area of a given wall Acv = tw * lw        (Eq.6.2.1) 

Where, 
Acv = shear area of a wall (ft2)    (Ref. 2.2.4, Figure D-4a) 
tw = wall thickness (ft)           (Table 1)  
lw = length of wall (ft)           (Table 1)  

Acv = (4*214) = 856 ft2    (Using Eq.6.2.1) 

Shear capacity of a given wall  = C = 8* f ' c * Acv         (Eq.6.2.2) 

Where, 
C = Vn max                 (Ref. 2.2.4, Section D5.1.1 Step 1) 
A 2

cv = shear area of a wall (ft )    (Ref. 2.2.4, Figure D-4a) 
f’c = concrete compressive strength = 5,000 psi   (Ref. 2.2.2, Sect. 4.2.11) 

C = 8* 5000 * (144 /1000) *856 = 69,729 kip       (Using Eq.6.2.2) 

( Note: The capacity of an individual pier is conservatively limited to wall capacity of  
Eq. 6.2.2 ) 

According to Appendix D5 of the Seismic Analysis and Design Approach Document  
(Ref. 2.2.4), the strength reduction factor, φ, is taken as 0.60 for in-plane shear. 
This method in which the strength reduction factor is used is shown here: 

Factored In-plane shear load = Demand = D = (Vu / φ)        (Eq.6.2.3) 
Where, 
D = Factored In-plane Shear Load   (Ref. 2.2.4, Figure D-4a) 
Vu = in-plane shear force (kips)        (Table 1)  
φ = strength reduction factor = 0.60 

D = (23,774/0.60) = 39,623 kips                         (Using Eq.6.2.3) 

Therefore, 
Demand Capacity ratio = (D / C) = (39,623 / 69,729) = 0.568  

 
To determine if the wall thickness is adequate, a demand/capacity ratio is calculated for 
all walls. The values calculated using equations 6.2.1, 6.2.2, and 6.2.3 are shown in 
Table 3. 
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Table 4: Limiting Shear Wall Capacity 
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# tw  lw Acv C Vu D D/C 
N-S Walls: 

N-S 1.1.1 4 33 132 10753 5047 8412 0.78 
N-S 1.1.2 4 8 32 2607 812 1353 0.52 
N-S 1.1.3 4 80.17 320.68 26122 12593 20988 0.80 
N-S 1.1.4 4 33.67 134.68 10971 5156 8593 0.78 
N-S 1.1.5 4 214 856 69729 23608 39347 0.56 
N-S 1.2.1 4 33 132 10753 3189 5314 0.49 
N-S 1.2.2 4 88.33 353.32 28781 8774 14623 0.51 
N-S 1.2.3 4 33.67 134.68 10971 3257 5429 0.49 
N-S 1.2.4 4 214 856 69729 15219 25366 0.36 
N-S 2.1.1 4 45 180 14663 5059 8432 0.58 
N-S 2.1.2 4 45 180 14663 5055 8425 0.57 
N-S 2.1.3 4 57 228 18573 5059 8432 0.45 
N-S 2.1.4 2 100 200 16292 5549 9248 0.57 
N-S 2.1.5 4 57 228 18573 5055 8425 0.45 
N-S 2.2.1 4 45 180 14663 3463 5772 0.39 
N-S 2.2.2 4 45 180 14663 3460 5767 0.39 
N-S 2.2.3 4 57 228 18573 3463 5772 0.31 
N-S 2.2.4 4 57 228 18573 3460 5767 0.31 
N-S 3.1.1 4 45 180 14663 4742 7903 0.54 
N-S 3.1.2 4 45 180 14663 4737 7894 0.54 
N-S 3.1.3 4 57 228 18573 4742 7903 0.43 
N-S 3.1.4 4 57 228 18573 4737 7894 0.43 
N-S 3.2.1 4 45 180 14663 3497 5828 0.40 
N-S 3.2.2 4 45 180 14663 3496 5827 0.40 
N-S 3.2.3 4 57 228 18573 3497 5828 0.31 
N-S 3.2.4 4 57 228 18573 3496 5827 0.31 
N-S 4.1.1 4 57 228 18573 5321 8869 0.48 
N-S 4.1.2 4 57 228 18573 5219 8698 0.47 
N-S 4.1.3 4 57 228 18573 7118 11863 0.64 
N-S 4.2.1 4 57 228 18573 4083 6805 0.37 
N-S 4.2.2 4 45 180 14663 3662 6104 0.42 
N-S 4.2.3 4 57 228 18573 3662 6104 0.33 
N-S 4.3.1 4 57 228 18573 7110 11850 0.64 
N-S 5.1.1 4 57 228 18573 5595 9324 0.50 
N-S 6.1.1 4 57 228 18573 5760 9600 0.52 
N-S 6.1.2 4 45.67 182.68 14881 5100 8499 0.57 
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N-S 6.1.4 4 57 228 18573 5100 8499 0.46 
N-S 6.2.2 4 57 228 18573 4577 7628 0.41 
N-S 7.1.1 4 66 264 21505 8237 13728 0.64 
N-S 7.1.2 4 68 272 22157 8491 14151 0.64 
N-S 7.1.3 4 66 264 21505 8237 13728 0.64 
N-S 7.1.4 4 57 228 18573 6434 10723 0.58 
N-S 7.1.5 4 157 628 51156 18531 30885 0.60 
N-S 7.1.6 4 57 228 18573 6848 11413 0.61 
N-S 7.1.7 4 157 628 51156 18977 31628 0.62 
N-S 7.2.1 4 57 228 18573 4977 8294 0.45 
N-S 7.2.2 4 157 628 51156 15747 26246 0.51 
N-S 7.3.1 4 57 228 18573 8279 13799 0.74 

E-W Walls: 
E-W A.1.1 4 92.25 369 30058 12094 20157 0.67 
E-W A.1.2 4 44 176 14337 5688 9480 0.66 
E-W A.1.3 4 16 64 5213 1849 3082 0.59 
E-W A.1.4 4 12.5 50 4073 469 782 0.19 
E-W A.1.5 4 18.5 74 6028 2170 3617 0.60 
E-W A.1.6 4 35.67 142.68 11623 4493 7489 0.64 
E-W A.1.7 4 164 656 53437 19631 32719 0.61 
E-W A.1.8 4 61.5 246 20039 6663 11106 0.55 
E-W A.1.9 4 150 600 48875 13000 21667 0.44 
E-W A.2.1 4 270 1080 87975 17403 29004 0.33 
E-W A.3.1 4 122 488 39752 6935 11558 0.29 
E-W B.1.1 4 102.17 408.68 33291 13224 22040 0.66 
E-W B.1.3 4 79 316 25741 10201 17002 0.66 
E-W B.1.4 4 13 52 4236 1394 2324 0.55 
E-W B.1.5 4 35.67 142.68 11623 4506 7511 0.65 
E-W B.1.6 4 148 592 48224 16101 26836 0.56 
E-W B.1.7 4 122 488 39752 13224 22041 0.55 
E-W B.1.8 4 148 592 48224 12740 21233 0.44 
E-W B.1.9 4 122 488 39752 10497 17495 0.44 
E-W B.2.1 4 148 592 87975 14796 24660 0.28 
E-W B.2.2 4 122 488 39752 6876 11461 0.29 
E-W B.3.1 4 122 488 39752 5750 9583 0.24 
E-W C.1.1 4 216 864 70380 23435 39059 0.55 
E-W C.2.1 4 270 1080 87975 15494 25823 0.29 
E-W D.1.1 4 102.17 408.68 33291 12264 20440 0.61 
E-W D.1.2 4 98.17 392.68 31987 11780 19634 0.61 
E-W D.1.3 4 216 864 70380 24044 40074 0.57 
E-W D.2.1 4 102.17 408.68 33291 6021 10036 0.30 
E-W D.2.2 4 98.17 392.68 31987 5784 9640 0.30 
E-W D.2.3 4 58 232 18898 3394 5656 0.30 
E-W D.2.4 4 270 1080 87975 15199 25332 0.29 
E-W A.1.10 4 110 440 35842 9525 15876 0.44 
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Note: Numbers shown in table above have been rounded off in Excel. Computations performed 
within Excel are based on the actual numbers stored in Excel.  Excel Spreadsheet file is 
contained in Attachment D (Summary (North-South).xls – in the Shear Wall Capacity worksheet) 

Results contained in the above Table 3 indicate that the current wall thickness for all of the WHF 
shear walls satisfies the limiting shear wall requirements defined in ACI 349-01 (Ref. 2.2.2).  

6.5 SHEAR WALL DESIGN 

The results from Table 4 show that the wall thickness for each of the walls of the Wet 
Handling Facility is adequate for this preliminary design.  In this section, the reinforcing 
steel requirements are computed for all WHF shear walls.  Reinforcing steel requirements 
need to satisfy the ACI 349-01 (Ref. 2.2.2) Chapter 9, 11, and 21 requirements.  The 
procedure for performing the design can be found in Steps 2 and 3 in Section D5 of 
Appendix D of the Seismic Analysis and Design Approach Document (Ref. 2.2.4). The 
YMP shear wall design template is also found in Appendix D of the Seismic Analysis and 
Design Approach Document (Ref. 2.2.4). Shear wall templates for North-South walls can 
be found in Attachment B of this calculation.  Shear wall templates for East-West walls 
can be found in Attachment C of this calculation.  A summary of the reinforcement 
selections for each wall member can be found in Table 5.  Demand/Capacity ratios for 
shear on gross section, in-plane shear, out-of-plane shear, and bending and axial loads are 
also summarized in Table 5.  
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7 RESULTS AND CONCLUSIONS 

7.1 RESULTS 

Results from Table 4 indicate that the wall thickness for all of the WHF shear walls 
satisfies the limiting shear wall requirements defined in ACI 349-01 (Ref. 2.2.2) and 
presented for the YMP in Appendix D of the Seismic Analysis and Design Approach 
Document (Ref. 2.2.4). Furthermore, it is observed that all of the WHF shear walls have 
a significant reserve margin available.  This reserve capacity will be important in future 
fragility analysis calculations made for the WHF structure.      

The reinforcing steel requirements for each of the shear walls are computed using the 
YMP shear wall template (Ref. 2.2.4) and displayed in Table 5.  A representative wall or 
wall pier is selected for each wall or wall elevation. (see Attachment A for wall or wall 
pier locations). The reinforcement patterns for the representative wall piers envelope the 
reinforcing required by the wall or wall elevation represented. Table 5 also displays the 
demand/capacity ratio for shear on gross section, in-plane shear, out of plane shear, and 
bending and axial loads. For all WHF shear walls, boundary elements are not required. 
(See Attachments B and C)   

Table 5: Shear Wall Design Summary 
Note: Numbers shown in table below have been rounded off in Excel. The excel 
spreadsheet file is contained in Attachment D. 

Table 5 : Shear Wall Design Summary 

W
al

l P
an

el

WHF-Shear Wall Reinforcements provided and Demand / Capacity Ratios 

W
al

l #

Horizontal Vertical Demand / Capacity Ratios 

Reinforcement Reinforcement 
Shear on 

Gross 
Sect. 

In-Plane 
Shear 

Out-of-Plane 
Shear 

Bending & 
Axial Loads 

( a )  N-S Walls : All values are present for all members. 

1.1.1 # 10 @ 6"c/c EF # 11 @ 6"c/c EF 0.78 0.64 0.13 0.29 
1.1.2 # 10 @ 6"c/c EF # 11 @ 6"c/c EF 0.52 0.42 0.13 0.55 1-AD 
1.1.3 # 10 @ 6"c/c EF # 10 @ 6"c/c EF 0.80 0.64 0.13 0.25 
1.1.4 # 10 @ 6"c/c EF # 10 @ 6"c/c EF 0.78 0.64 0.13 0.36 
1.1.5 # 9 @ 6"c/c EF # 10 @ 6"c/c EF 0.56 0.53 0.13 0.18 
1.2.1 # 9 @ 6"c/c EF # 10 @ 6"c/c EF 0.49 0.47 0.18 0.26 
1.2.2 # 9 @ 6"c/c EF # 10 @ 6"c/c EF 0.51 0.48 0.18 0.24 
1.2.3 # 9 @ 6"c/c EF # 10 @ 6"c/c EF 0.49 0.47 0.18 0.27 
1.2.4 # 9 @ 6"c/c EF # 10@ 6"c/c EF 0.36 0.34 0.18 0.24 
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2.1.1 # 11 @12"c/c EF # 10 @ 6"c/c EF 0.58 0.64 0.13 0.48 2-AB 
2.1.3 # 10 @12"c/c EF # 10 @ 6"c/c EF 0.45 0.57 0.13 0.38 
2.2.1 #10@12"c/c EF   #10@ 6"c/c EF 0.39 0.49 0.18 0.37 

2.2.3 ( * ) #10 @12"c/c EF  #10 @ 6"c/c EF 0.31 0.39 0.18 0.50 
2.1.4 # 9 @12"c/c EF  # 10 @12"c/c EF 0.57 0.53 0.14 0.41 2-BC 
2.1.2 # 11 @12"c/c EF # 10 @ 6"c/c EF 0.58 0.64 0.13 0.48 2-CD 

2.1.5 ( * ) # 11 @12"c/c EF  #10 @ 6"c/c EF 0.45 0.50 0.13 0.59 
2.2.2 ( * ) #10@12"c/c EF  #10 @ 6"c/c EF 0.39 0.49 0.18 0.58 
2.2.4 ( * ) #10 @12"c/c EF  #10 @ 6"c/c EF 0.31 0.39 0.18 0.50 

3.1.1 # 11 @12"c/c EF # 10 @ 6"c/c EF 0.54 0.60 0.13 0.45 3/AB 
3.1.3 # 11 @12"c/c EF # 10 @ 6"c/c EF 0.43 0.47 0.13 0.36 
3.2.1 # 11 @12"c/c EF # 10 @ 6"c/c EF 0.40 0.44 0.18 0.37 
3.2.3 # 11 @12"c/c EF # 10 @ 6"c/c EF 0.31 0.35 0.18 0.32 
3.1.2 # 11 @12"c/c EF # 10 @ 6"c/c EF 0.54 0.60 0.11 0.42 3/CD 
3.1.4 #11 @12"c/c EF #10 @ 6"c/c EF 0.43 0.47 0.13 0.36 
3.2.2 #11 @ 12"c/c EF #10 @ 6"c/c EF 0.40 0.44 0.18 0.37 
3.2.4 #11@12"c/c EF #10 @ 6"c/c EF 0.31 0.35 0.18 0.32 

4.1.1 # 11@12"c/c EF #11 @12"c/c EF 0.48 0.53 0.11 0.46 
4.1.3 #11 @12"c/c EF #11@12"c/c EF 0.64 0.71 0.03 0.13 4-AB 
4.2.1 # 11 @12"c/c EF # 11 @12"c/c EF 0.37 0.41 0.18 0.52 
4.3.1 # 11@12"c/c EF #11 @12"c/c EF 0.64 0.71 0.12 0.40 
4.1.2 #11 @12"c/c EF # 9 @ 6"c/c EF 0.47 0.52 0.13 0.46 4-CD 
4.2.2 #11 @12"c/c EF # 9 @ 6"c/c EF 0.42 0.46 0.18 0.47 
4.2.3 # 11@12"c/c EF # 9 @ 6"c/c EF 0.33 0.36 0.18 0.41 

5.1.1 #11@12"c/c EF # 9 @ 6"c/c EF 0.50 0.56 0.11 0.38 5-AB 

6.1.1 # 11@12"c/c EF # 10@ 6"c/c EF 0.52 0.57 0.11 0.31 6-AB 

6.1.2 # 11@12"c/c EF # 10 @ 6"c/c EF 0.57 0.64 0.13 0.44 
6.1.4 # 11@12"c/c EF # 11@12"c/c EF 0.46 0.51 0.13 0.36 
6.2.2 # 11@12"c/c EF # 11@12"c/c EF 0.41 0.45 0.18 0.36 

7.1.1 #11 @ 6"c/c EF #11 @ 6"c/c EF 0.64 0.44 0.11 0.15 
7.1.4 #11@ 6"c/c EF #11 @ 6"c/c EF 0.58 0.39 0.11 0.22 
7.1.6 #11 @ 6"c/c EF #11 @ 6"c/c EF 0.61 0.42 0.41 0.77 
7.2.1 #11 @ 6"c/c EF #11 @ 6"c/c EF 0.45 0.30 0.41 0.77 
7.3.1 #11 @ 6"c/c EF #11 @ 6"c/c EF 0.74 0.50 0.41 0.77 7-AB 
7.1.2 #11 @ 6"c/c EF #11 @ 6"c/c EF 0.64 0.43 0.14 0.16 
7.1.3 #11 @ 6"c/c EF #11 @ 6"c/c EF 0.64 0.44 0.14 0.17 7-BD 
7.1.5 #11 @ 6"c/c EF #11 @ 6"c/c EF 0.60 0.41 0.14 0.16 
7.1.7 #11 @ 6"c/c EF #11 @ 6"c/c EF 0.62 0.42 0.21 0.28 
7.2.2 #11 @ 6"c/c EF #11 @ 6"c/c EF 0.51 0.35 0.21 0.28 
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    ( b )   E-W Walls :  All Values are present for all members: 

A.1.1 #11 @ 6"c/c EF #11 @ 6"c/c EF 0.67 0.46 0.13 0.18 A-17 
A.1.2 #11 @ 6" c/c EF #11 @ 6" c/c EF 0.66 0.45 0.13 0.20 
A.1.3 #11@ 6" c/c EF #11@ 6"c/c EF 0.59 0.40 0.10 0.32 
A.1.4 #11@ 6"c/c EF #11@ 6"c/c EF 0.19 0.14 0.10 0.38 
A.1.5 #11@ 6"c/c EF #11@ 6"c/c EF 0.60 0.41 0.10 0.32 
A.1.6 #11@ 6"c/c EF #11@ 6"c/c EF 0.64 0.45 0.10 0.28 
A.1.7 #11@ 6"c/c EF #11@ 6"c/c EF 0.61 0.42 0.13 0.15 
A.1.8 #11@ 6"c/c EF #11@ 6"c/c EF 0.55 0.38 0.11 0.23 
A.1.9 #11@ 6"c/c EF #11@ 6"c/c EF 0.44 0.30 0.13 0.15 
A.1.10 #11@ 6"c/c EF #11@ 6"c/c EF 0.44 0.30 0.09 0.07 
A.2.1 #11@ 6"c/c EF #11@ 6"c/c EF 0.33 0.22 0.18 0.19 
A.3.1 #11@ 6"c/c EF #11 @ 6" c/c EF 0.29 0.20 0.29 0.32 
B.1.1 #11@12"c/c EF #11@ 6"c/c EF 0.66 0.74 0.13 0.16 B-17 
B.1.3 #11@12"c/c EF #11@ 6"c/c EF 0.66 0.73 0.13 0.16 
B.1.4 #11@12"c/c EF #11@ 6"c/c EF 0.55 0.61 0.10 0.33 
B.1.5 #11@12"c/c EF #11@ 6"c/c EF 0.65 0.72 0.10 0.18 
B.1.6 #11@12"c/c EF #11@ 6"c/c EF 0.56 0.62 0.13 0.15 
B.1.7 #11@12"c/c EF #11@ 6"c/c EF 0.55 0.61 0.10 0.09 
B.1.8 #11@12"c/c EF #11@ 6"c/c EF 0.44 0.49 0.13 0.15 
B.1.9 #11@12"c/c EF #11@ 6"c/c EF 0.44 0.49 0.21 0.16 
B.2.1 #11@12"c/c EF #11@ 6"c/c EF 0.29 0.32 0.18 0.19 
B.2.2 #11@12"c/c EF #11@ 6"c/c EF 0.29 0.32 0.35 0.46 
B.3.1 #11@12"c/c EF #11@ 6"c/c EF 0.24 0.27 0.15 0.08 
C.1.1 #11@12"c/c EF #11@12"c/c EF 0.55 0.61 0.13 0.35 C-17 
C.2.1 #11@12"c/c EF #11@12"c/c EF 0.29 0.32 0.18 0.38 
D.1.1 #11@ 6"c/c EF #11@ 12"c/c EF 0.61 0.42 0.13 0.35 
D.1.2 #11@ 6"c/c EF # 11@12"c/c EF 0.61 0.42 0.13 0.34 
D.1.3 #11@ 6"c/c EF # 11@12"c/c EF 0.57 0.39 0.13 0.30 
D.2.1 #11@ 6"c/c EF #11@ 12"c/c EF 0.61 0.42 0.18 0.39 D-17 
D.2.2 #11@ 6"c/c EF # 11@12"c/c EF 0.30 0.20 0.18 0.38 
D.2.3 #11@ 6"c/c EF # 11@12"c/c EF 0.30 0.20 0.18 0.38 
D.2.4 #11@ 6"c/c EF #11@ 12"c/c EF 0.29 0.19 0.18 0.38 

( * ) The vertical reinforcing steel has been revised from #11 @ 12” c/c EF (As = 1.56 in2, as 
calculated) to #10 @ 6” c/c EF (As = 2.54 in2) for constructability convenience. 
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7.2 	CONCLUSIONS 

Based on the results shown in Tables 4 and 5, the shear walls of the WHF, as designed, 
are adequate to satisfy the limiting shear wall capacity requirements.  Shear wall 
capacities as computed from the requirements of ACI 349-01 (Ref. 2.2.2) exceed the 
demand loads applied to the shear walls.  Reinforcing steel requirements are computed 
for all the shear walls. 

Some panels of walls at column lines 1, 2, 4, 6, 7, A, B, and C exceed the D/C ratio of 
0.60 as specified in SADA document (Ref. 2.2.4). Thickness of these walls may be 
increased subject to the completion of the BDGM evaluation. 

Sufficient reserve capacity exists in the remaining WHF shear walls which may be 
needed in the limited probabilistic risk assessment of the WHF for the BDBGM 
earthquake. 

These calculation outputs are reasonable compared to the inputs and are suitable for their 
intended use. 

8 	 DIRECTORY OF FILES LISTED ON CD 1 OF 1 ( ATTACHMENTS  B 
THROUGH D ) 

Folder: 	 Attachment B Shear Wall Design Templates (North-South Walls) 
Files:	 Name: Date Created: 

Wall 1.xls 05/23/2007 
Wall 2.xls 05/23/2007 
Wall 3.xls 05/23/2007 
Wall 4.xls 05/23/2007 
Wall 5.xls 05/23/2007 
Wall 6.xls 05/23/2007 
Wall 7.xls 05/23/2007 

Folder: 	 Attachment C Shear Wall Design Templates (East-West Walls) 
Files:	 Name: Date Created: 

Wall A.xls 05/23/2007 
Wall B.xls 05/23/2007 
Wall C.xls 05/23/2007 
Wall D.xls 05/23/2007 

29 	May, 2007 



 

 
 

 

 

Title: WHF Shear Wall Design            Doc. ID: 050-DBC-WH00-00200-000-00A 

Folder: Attachment D Excel and Word files- relevant to this calculation 
Files: Name: Date Created: 

WHF Shear Wall Design-050-DBC-WH00-00200-000-00A.doc 05/23/2007 
WHF- Final Design Loads, Wall Shear Capacity, N-S & E-W Walls 
Reinforcements.xls 05/23/2007 
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ATTACHMENT A:  Floor Plans and Wall Elevations 

Page No. 

Elevation Along Column Line 1 ...................................................................................................A2
 

Elevation Along Column Line 2 ...................................................................................................A3
 

Elevation Along Column Line 3 ...................................................................................................A4
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