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APPENDIX A 
 

EXISTING STRUCTURAL ANALYSIS 
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APPENDIX A.1 - EXISTING LATERAL SYSTEM MODELING 

Evolution of the ETABS Model 

Model of entire building 

 

Model of half of the building, east side 

 

Simplified model used in this technical report 
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Elevations of Shear Walls 

 

 
Shear Wall 1 

 

 
Shear Wall 2, 4, 5, and 13@12 

 

 

Shear Wall 3 and 3 (offset) 

 

  



 

 Final Report | Heifer International Center Page | 122 

ETABS SPSW to Concrete Conversion 

The steel plate shear wall lateral system was converted into an equivalent concrete shear 

wall system, using an effective stiffness method.  This equates the stiffness of the steel 

plate shear wall to the stiffness of a concrete shear wall.  This allows for an equivalent 

depth, of the concrete shear wall, to be solved for.  It was found an equivalent depth of 

2.98” would be used in the model. 

 

Please find the calculations for the conversion of steel to effective concrete on the next 

page. 
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Hand Calculation of SPSW to Concrete Conversion 
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Controlling Case Data Output 

The controlling case for the building was found to be the earthquake loading in the y-

direction.
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APPENDIX A.2 - EXISTING SEISMIC AND WIND ANALYSIS 

Seismic Loading Calculations 
 

add large page of calculations 

  



 

 Final Report | Heifer International Center Page | 128 

Seismic Amplification Factor 

The seismic amplification factor, Ax, was calculated for each story, for each earthquake 

loading.  The worst case of a particular floor, for each case, was applied to calculate the 

total torsional moment and accidential torsional moment.  9.5.3.5.2 covers the 

amplification factor that must be applied to these moments.   

 

  

 

 

QUAKE_X_REGULAR    

Level 

Maximum 

Displacement 

Average 

Displacement 

Amplification 

Factor 

Updated Amplification 

Factor 

Story3 1.650297 1.633777 0.708559251 1.0 

Story2 0.888202 0.879394 0.708425206 1.0 

Story1 0.295822 0.293091 0.707446301 1.0 

     

QUAKE_X_REVERSE    

Level 

Maximum 

Displacement 

Average 

Displacement 

Amplification 

Factor 

Updated Amplification 

Factor 

Story3 1.637171 1.632025 0.698830707 1.0 

Story2 0.881133 0.878502 0.698610216 1.0 

Story1 0.293522 0.29287 0.697539891 1.0 

     

     

QUAKE_Y_REGULAR    

Level 

Maximum 

Displacement 

Average 

Displacement 

Amplification 

Factor 

Updated Amplification 

Factor 

Story3 2.21301 1.271017 2.105239655 2.1 

Story2 1.212938 0.691314 2.137784916 2.1 

Story1 0.42688 0.229725 2.397908479 2.4 

     

QUAKE_Y_REVERSE    

Level 

Maximum 

Displacement 

Average 

Displacement 

Amplification 

Factor 

Updated Amplification 

Factor 

Story3 1.358426 0.974261 1.350077945 1.4 

Story2 0.744244 0.525585 1.392458523 1.4 

Story1 0.262932 0.173467 1.59547742 1.6 

     

     

Indicates controlling amplification factor   
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Wind Loading Calculations  

Case 1 
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Case 2 
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Case 3 
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APPENDIX B 
 

REDESIGN OF GRAVITY SYSTEM  



 

 Final Report | Heifer International Center Page | 134 

APPENDIX B.1 - TYPICAL OFFICE BEAM DESIGN 
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Loading 

Computer analysis loading 

 

 

Flexure and Reactions 

Computer analysis results, showing the maximum moment is 132.8 kip-ft or 133 kip-ft 
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Computer Analysis Data 
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Member Sizing 

Flexure in Beam Moment 133 kip-ft

F'b = Fb x CD x CM x Ct x CL x CV x Cfu x Cc x Ci

Pick a size,

10.5 x 19.25

 where the Aprovided = 202.1 in
2

Ssect modulus = 648.5 in
3

CD = 1.00 because live load controls §2.3.2

CM = 1.00 because interior beam in conditioned space §5.3.3

Ct = 1.00 because interior beam in conditioned space §5.3.4

CL = 0.987 calculated below §5.3.5

CV = 0.934 calculated below §5.3.6

Cfu = 1.00 because not loaded parellel to wide faces of lamin. §5.3.7

Cc = 1.00 because no curvature to beam §5.3.8

Ci = 1.00 because no tapering of beam §5.3.9

Pick a Visually Graded Southern Pine Stress Group Table 5A

Group =

Fb = 3000 psi

Emin = 1110000 psi

Calculate CL Adjustment Factor

l u = 25.00 ft, the unbraced length of the girder

d = 19.25 in, choosen to be consistent with girder depth

l u / d = 15.58

so now we can calculate l e ,

l e  = 552 in,     or 46.00 ft

RB = 9.82

13820.2

10-1/2" x 19-1/4""

reliant on inequality on page 16, Supplement

30F-2.1E SP

    
        

  

  
 

=
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Fb*= Fb x CD x CM x Ct x Cc x Ci = 3000 psi

FbE / Fb* = 4.61

= 0.987

Calculate CV Adjustment Factor

L = 25 ft x = 20 for Southern Pine

d = 19.25 in

b = 10.5 in

CV = 0.934 < 1.0

Calculate Fb' Using the Minimum of CV or CL

CL = 0.987

min CV = 0.934

F'b = 2802 psi

2461.1 psi < F'b 

Calculate fb and Determine if Selected Beam Passes

fb = 2461 psi < Fb' = 2802

Use a for the beam

Bending Passes

10-1/2" x 19-1/4""

    
  

 

 
 ⁄   

 

 
 ⁄      

 

 
 ⁄
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APPENDIX B.2 - QUEEN POST DESIGN HAND CALCULATION 
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APPENDIX B.3 - TYPICAL OFFICE QUEEN POST DESIGN 

Loading 

Computer analysis loading 

 

 
 

Flexure and Reactions 

Computer analysis results, showing the maximum moment is 8.9 kip-ft 

 

Axial Cable and Girder Forces 

The assumption of the hinged queen post was used to determine the post reactions, cable 

tension and girder axial forces. 
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Computer Analysis Data 
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Top Chord Member Sizing 

  

Compression Parallel to Beam Grain Axial Compression 181.37 kips

F'c = Fc x CD x CM x Ct x Cp

Adjustment Factors

CD = 1.00 because live load controls §2.3.2

CM = 1.00 because interior beam in conditioned space §5.3.3

Ct = 1.00 because interior beam in conditioned space §5.3.4

Cp = 0.92 assumed value §3.7.1

Pick a Visually Graded Southern Pine Stress Group Table 5B

Group = 50

Fc = 2300 psi

Emin = 1000000 psi

so,

F'c = 2116 psi allowable compression stress

now the required area would be,

A = 86 in
2

required area of glulam

Pick a,

8.5 x 19.25

 where the Aprovided = 163.6 in
2

Is the area greater than required area? Yes

8-1/2" x 19-1/4"
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Tension Cable Sizing 
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Steel Square HSS Sizing  
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Deflection Check 
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APPENDIX B.4 - ROOF BEAM DESIGN 

Loading 

Computer analysis loading 

 

 
 

Flexure and Reactions 

Computer analysis results, showing the maximum moment is 43.8 kip-ft, or 44 kip-ft 
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Computer Analysis Data 
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Member Sizing  
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Flexure in Beam - Roof Moment 44 kip-ft

F'b = Fb x CD x CM x Ct x CL x CV x Cfu x Cc x Ci

Pick a size,

8.5 x 12.375

 where the Aprovided = 105.2 in
2

Ssect modulus = 216.9 in
3

CD = 1.00 because live load controls §2.3.2

CM = 1.00 because interior beam in conditioned space §5.3.3

Ct = 1.00 because interior beam in conditioned space §5.3.4

CL = 0.987 calculated below §5.3.5

CV = 0.965 calculated below §5.3.6

Cfu = 1.00 because not loaded parellel to wide faces of lamin. §5.3.7

Cc = 1.00 because no curvature to beam §5.3.8

Ci = 1.00 because no tapering of beam §5.3.9

Pick a Visually Graded Southern Pine Stress Group Table 5A

Group =

Fb = 3000 psi

Emin = 1110000 psi

Calculate CL Adjustment Factor

l u = 25.00 ft, the unbraced length of the girder

d = 12.375 in, choosen to be consistent with girder depth

l u / d = 24.24

so now we can calculate l e ,

l e  = 552 in,     or 46.00 ft

RB = 9.72

14088.3

8-1/2" x 12-3/8""

reliant on inequality on page 16, Supplement

30F-2.1E SP

    
        

  

  
 

=
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Fb*= Fb x CD x CM x Ct x Cc x Ci = 3000 psi

FbE / Fb* = 4.70

= 0.987

Calculate CV Adjustment Factor

L = 25 ft x = 20 for Southern Pine

d = 12.375 in

b = 8.5 in

CV = 0.965 < 1.0

Calculate Fb' Using the Minimum of CV or CL

CL = 0.987

min CV = 0.965

F'b = 2895 psi

2434.3 psi < F'b 

Calculate fb and Determine if Selected Beam Passes

fb = 2434 psi < Fb' = 2895

Use a for the beam

Bending Passes

8-1/2" x 12-3/8""

    
  

 

 
 ⁄   

 

 
 ⁄      

 

 
 ⁄
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APPENDIX B.5 - ROOF QUEEN POST DESIGN 

Loading 

Computer analysis loading 

 

 
 

Flexure and Reactions 

Computer analysis results, showing the maximum moment is 3 kip-ft, or 3.1 kip-ft 

 
 

Axial Cable and Girder Forces 

The assumption of the hinged queen post was used to determine the post reactions, cable 

tension and girder axial forces. 
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Computer Analysis Data 
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Top Chord Member Sizing 

Compression Parallel to Beam Grain Axial Compression 60.17 kips

F'c = Fc x CD x CM x Ct x Cp

Adjustment Factors

CD = 1.00 because live load controls §2.3.2

CM = 1.00 because interior beam in conditioned space §5.3.3

Ct = 1.00 because interior beam in conditioned space §5.3.4

Cp = 0.92 assumed value §3.7.1

Pick a Visually Graded Southern Pine Stress Group Table 5B

Group = 50

Fc = 2300 psi

Emin = 1000000 psi

so,

F'c = 2116 psi allowable compression stress

now the required area would be,

A = 28 in
2

required area of glulam

Pick a,

8.5 x 12.375

 where the Aprovided = 105.2 in
2

Is the area greater than required area? Yes

8-1/2" x 12-3/8"
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Check the Assumption of the Cp Adjustment Factor

FC* = Fc x CD x CM x Ct = 2300 psi

l e / d = 13.65 and 9.37 where 13.65 controls

< 50 < 50

Emin' = Emin x CM x Ct = 1000000 psi

4414 psi

FCE / FC* = 1.92 c = 0.9

now the C P  adjustment factor can be calculated

CP = 0.92 < CP,asummed

Calculate fc and Determine if Selected Beam Passes

fc = 572 psi < FC' = 2116

Compression Parallel to Grain Passes

    
         

  

  
 ⁄

 =
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Moment Induced by Self-Weight of Member

G = 0.55 Table 5B

M.C. = 5 % or 10 %

because interior beam in conditioned space

35.17 pcf, or 35.97 pcf

we will take the maximum,

D = 35.97 pcf

we have a glulam beam with,

A = 105.2 in
2

convert to square feet,

A = 0.7305 ft
2

now calculate the linear load created by its self weight, over a 29' span

w  = 26.28 plf > 0.041 klf assumed in maximum moment calculation

8-1/2" x 12-3/8"

      
 

                
  

    

   
=
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Flexure in Queen Post Girder - Roof Moment 3.1 kip-ft

F'b = Fb x CD x CM x Ct x CL x CV x Cfu x Cc x Ci

Adjustment Factors

CD = 1.00 because live load controls §2.3.2

CM = 1.00 because interior beam in conditioned space §5.3.3

Ct = 1.00 because interior beam in conditioned space §5.3.4

CL = 0.996 calculated below §5.3.5

CV = 0.958 calculated below §5.3.6

Cfu = 1.00 because not loaded parellel to wide faces of lamin. §5.3.7

Cc = 1.00 because no curvature to beam §5.3.8

Ci = 1.00 because no tapering of beam §5.3.9

Pick a Visually Graded Southern Pine Stress Group Table 5B

Group = 50

Fb = 2100 psi

Emin = 1000000 psi

Calculate CL Adjustment Factor

l u = 9.67 ft, the unbraced length of the girder

d = 12.375 in, depth choosen in compression parellel to grain calculation

l u / d = 9.37

so now we can calculate l e ,

l e  = 226.205 in,     or 18.85 ft

RB = 6.22

30972.2

Fb*= Fb x CD x CM x Ct x Cc x Ci = 2100 psi

FbE / Fb* = 14.75

= 0.996

    
        

  

  
 

=
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Calculate CV Adjustment Factor

L = 29 ft x = 20 for Southern Pine

d = 12.375 in

b = 8.5 in

CV = 0.958 < 1.0

Calculate Fb' Using the Minimum of CV or CL

CL = 0.996 Section Modulus (x) = 267.8 in
3

min CV = 0.958

F'b = 2012 psi

138.9 psi < F'b 

Calculate fb and Determine if Selected Beam Passes

fb = 139 psi < Fb' = 2012

Bending Passes

    
  

 

 
 ⁄   

 

 
 ⁄      

 

 
 ⁄
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Combined Axial and Bending Loading Interaction

§3.9.2

fc = 572 psi Emin' = 1000000 psi

Fc' = 2116 psi

fb1 = 139 psi

Fb1 = 2012 psi

9348.6 psi where,

le1 = 9.67 ft

fc < FCE1 True d1 = 12.375 in

0.073 + 0.065 = 0.138 < 1.0

Use a, 

for the glulam queen post

With a,

Southern Pine Group of 50

Combined Axial and Bending Pass

8-1/2" x 12-3/8"

  
   

 

 
   

      
  

    
⁄

     

      
          

   
  

⁄
 =
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Member Summary, Tension Cable and Steel Square HSS Sizing  
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Deflection Check 
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APPENDIX B.6 - SUMMARY OF BEAM SIZES 
 

 The typical office beam will be specified as a 10 ½” x 19 ¼” 30F-2.1E Southern 

Pine.  

 The typical office queen post will be specified as an 8 ½” x 19 ¼” Stress Class 50 

Visual Southern Pine, with 3 ½” x 3 ½” x ⅜” Square HSS Post and  (2) M56 

Macalloy 460 Bars 

 The typical roof beam will be specified as a 8 ½” x 12 ⅜” 30F-2.1E Southern 

Pine.  

 The typical roof queen post will be specified as a 8 ½” x 12 ⅜” Stress Glass 50 

Visual Southern Pine, with 3 ½” x 3 ½” x ⅜” Square HSS Post and  (2) M16 

Macalloy 460 Bars 
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APPENDIX B.7 - TYPICAL OFFICE PERIMETER BEAM 
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APPENDIX B.8 - SAP2000 QUEEN POST MODEL 

Original Model 

 
 

Member Releases 

 
 

Loading 

 
 

 
 

Axial Loading 

 
 

Member Force 
Percent Error 

(from actual) 

Cable 172.97 7.1% 

Cable 168.141 9.7% 

Cable 172.97 7.1% 

Post -40.586 3.4% 

Post -40.586 3.4% 
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APPENDIX B.9 – COLUMN SIZING 
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APPENDIX C 
 

REDESIGN OF LATERAL SYSTEM   
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APPENDIX C.1 – HSS24X0.5 COLUMN 
The Master Steel Table for RAM SS was modified to account for the larger HSS24x0.5 

used in the Heifer International Center (American Institute of Steel Construction, 2011). 
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 APPENDIX C.2 – SEISMIC AND WIND LOADING 

Seismic ASCE 7-10 

General Programming Input 

 

Risk Category II 

 

For ordinary reinforced concrete shear walls, Classification 1.2 of §12.2-1 

       

       
 

Please review the Summary and Detailed Report on the next page for the 

following values (U.S. Geological Survey, 2013): 

          

          

          
 

Site Class C 

 

The Structure Period,   : 

Value calculated by RAM SS using the Standard Equation 

         was used for “all other structural systems” per Table 12.8-2 

 

Orthogonal Effects Considered at 100%/30% 

 

 

(American Society of Civil Engineers, ASCE-7 10, Minimum Design Loads for 

Buildings and Other Structures, 2010) 
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U.S. Geological Survey Report  

2/20/14 Design  Maps  Summary  Report

geohazards.usgs.gov/designmaps/us/summary.php?template=minimal&latitude=34.7449152&longitude=-­92.2578128&siteclass=2&riskcategory=0&edition=asc… 1/2

Report  Title

Building  Code  Reference  Document

Site  Coordinates

Site  Soil  Classification

Risk  Category

Design  Maps  Summary  Report
User–Specified  Input

Heifer  International  Center  -­  2010

Thu  February  20,  2014  17:15:04  UTC

ASCE  7-­10  Standard

(which  utilizes  USGS  hazard  data  available  in  2008)

34.74492°N,  92.25781°W

Site  Class  C  –  “Very  Dense  Soil  and  Soft  Rock”

I/II/III

USGS–Provided  Output

SS  = 0.410  g SMS  = 0.491  g SDS  = 0.328  g

S1  = 0.165  g SM1  = 0.270  g SD1  = 0.180  g

For  information  on  how  the  SS  and  S1  values  above  have  been  calculated  from  probabilistic  (risk-­targeted)  and

deterministic  ground  motions  in  the  direction  of  maximum  horizontal  response,  please  return  to  the  application

and  select  the  “2009  NEHRP”  building  code  reference  document.

  

For  PGA
M
,  T

L
,  C

RS
,  and  C

R1
  values,  please  view  the  detailed  report.
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Seismic Story Drift 

Seismic Story Drift - West End 

   

Cd =  4 

   

   
I =  1 

   

W
es

t 
S

id
e 

X-direction Seismic Loading 

     

Level 

δ, Actual 

Displacement (in) 

δx, Modified 

Displacement 

(in) 

Story 

Height 

(ft) 

Δ, Design 

Story 

Drift (in) 

Δa, Allowable 

Story Drift 

(in) Pass 

Story3 0.3799 1.5196 14 0.6464 3.36 PASS 

Story2 0.2183 0.8732 14 0.5816 3.36 PASS 

Story1 0.0729 0.2916 14 0.2916 3.36 PASS 

@ RAM Frame Location EX A @ (-156.198,  -393.277), trace Location 1 

       X-direction Seismic Loading 

     

Level 

δ, Actual 

Displacement (in) 

δx, Modified 

Displacement 

(in) 

Story 

Height 

(ft) 

Δ, Design 

Story 

Drift (in) 

Δa, Allowable 

Story Drift 

(in) Pass 

Story3 0.2436 0.9744 14 0.4084 3.36 PASS 

Story2 0.1415 0.566 14 0.3784 3.36 PASS 

Story1 0.0469 0.1876 14 0.1876 3.36 PASS 

@ RAM Frame Location EX B @ (-379.546, -319.250), trace Location 3 

       Y-direction Seismic Loading 

     

Level 

δ, Actual 

Displacement (in) 

δx, Modified 

Displacement 

(in) 

Story 

Height 

(ft) 

Δ, Design 

Story 

Drift (in) 

Δa, Allowable 

Story Drift 

(in) Pass 

Story3 0.4542 1.8168 14 0.7776 3.36 PASS 

Story2 0.2598 1.0392 14 0.674 3.36 PASS 

Story1 0.0913 0.3652 14 0.3652 3.36 PASS 

@ RAM Frame Location EX A @ (-156.198,  -393.277), trace Location 1 

 

       Y-direction Seismic Loading 

     

Level 

δ, Actual 

Displacement (in) 

δx, Modified 

Displacement 

(in) 

Story 

Height 

(ft) 

Δ, Design 

Story 

Drift (in) 

Δa, Allowable 

Story Drift 

(in) Pass 

Story3 0.1035 0.414 14 0.1736 3.36 PASS 

Story2 0.0601 0.2404 14 0.1744 3.36 PASS 

Story1 0.0165 0.066 14 0.066 3.36 PASS 

@ RAM Frame Location EX B @ (-379.546, -319.250), trace Location 3 

  

 

Please refer to Appendix C.6 – Trace Locations for a visual location of EX A and EX B  
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Seismic Story Drift - East End 

   

Cd =  4 

   

   
I =  1 

   

E
as

t 
S

id
e 

X-direction Seismic Loading 

     

Level 

δ, Actual 

Displacement (in) 

δx, Modified 

Displacement 

(in) 

Story 

Height 

(ft) 

Δ, Design 

Story Drift 

(in) 

Δa, 
Allowable 

Story Drift 

(in) Pass 

Story3 0.2051 0.8204 14 0.3948 3.36 PASS 

Story2 0.1064 0.4256 14 0.38 3.36 PASS 

Story1 0.0114 0.0456 14 0.0456 3.36 PASS 

@ RAM Frame Location EX C @ (-365.149,  -844.326), trace location 4 

 

       X-direction Seismic Loading 

     

Level 

δ, Actual 

Displacement (in) 

δx, Modified 

Displacement 

(in) 

Story 

Height 

(ft) 

Δ, Design 

Story Drift 

(in) 

Δa, 
Allowable 

Story Drift 

(in) Pass 

Story3 0.4083 1.6332 14 0.8188 3.36 PASS 

Story2 0.2036 0.8144 14 0.74 3.36 PASS 

Story1 0.0186 0.0744 14 0.0744 3.36 PASS 

@ RAM Frame Location EX D @ (-556.445, -926.789), trace location 5 

       Y-direction Seismic Loading 

     

Level 

δ, Actual 

Displacement (in) 

δx, Modified 

Displacement 

(in) 

Story 

Height 

(ft) 

Δ, Design 

Story Drift 

(in) 

Δa, 
Allowable 

Story Drift 

(in) Pass 

Story3 0.2524 1.0096 14 0.5116 3.36 PASS 

Story2 0.1245 0.498 14 0.4592 3.36 PASS 

Story1 0.0097 0.0388 14 0.0388 3.36 PASS 

@ RAM Frame Location EX C @ (-365.149,  -844.326), trace location 4 

 

       Y-direction Seismic Loading 

     

Level 

δ, Actual 

Displacement (in) 

δx, Modified 

Displacement 

(in) 

Story 

Height 

(ft) 

Δ, Design 

Story Drift 

(in) 

Δa, 
Allowable 

Story Drift 

(in) Pass 

Story3 -0.219 -0.876 14 -0.472 3.36 PASS 

Story2 -0.101 -0.404 14 -0.376 3.36 PASS 

Story1 -0.007 -0.028 14 -0.028 3.36 PASS 

@ RAM Frame Location EX D @ (-556.445, -926.789), trace location 5 

  

Please refer to Appendix C.6 – Trace Locations for a visual location of EX C and EX D  
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Wind ASCE 7-10 

 

Exposure C 

 

Mean roof height = 65’-0” (conservatively assumed) 

 

      due to no hills near building 

 

Use calculated n for x and y for natural frequency 

 

          for basic wind speed 

 

       (conservatively assumed) 

 

(American Society of Civil Engineers, ASCE-7 10, Minimum Design Loads for 

Buildings and Other Structures, 2010)  
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Wind Building Drift 

Wind Building Drift - West End 

 hbuilding = 65 ft 

 
    X-direction, Wind Loading 

  
Load 

Case 

Total Building 

Displacement (in) 

Maximum Building 

Drift Allowed (in) 
Pass 

 W1 0.211 1.95 PASS 

 W2 0.067 1.95 PASS 

 W3 0.139 1.95 PASS 

 W4 0.178 1.95 PASS 

 W5 0.093 1.95 PASS 

 W6 0.007 1.95 PASS 

 W7 0.208 1.95 PASS 

 W8 0.108 1.95 PASS 

 W9 0.109 1.95 PASS 

W10 0.203 1.95 PASS 

W11 0.034 1.95 PASS 

W12 0.128 1.95 PASS 

    Y-direction, Wind Loading 

  
Load 

Case 

Total Building 

Displacement (in) 

Maximum Building 

Drift Allowed (in) 
Pass 

 W1 0.109 1.95 PASS 

 W2 0.346 1.95 PASS 

 W3 0.032 1.95 PASS 

 W4 0.131 1.95 PASS 

 W5 0.369 1.95 PASS 

 W6 0.149 1.95 PASS 

 W7 0.340 1.95 PASS 

 W8 -0.178 1.95 PASS 

 W9 0.136 1.95 PASS 

W10 0.375 1.95 PASS 

W11 -0.253 1.95 PASS 

W12 -0.014 1.95 PASS 

    EX A @ (-156.198,  -393.277), trace Location 1 
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Wind Building Drift - West End 

 hbuilding = 65 ft 

 
    X-direction, Wind Loading 

  
Load 

Case 

Total Building 

Displacement (in) 

Maximum Building 

Drift Allowed (in) 
Pass 

 W1 0.159 1.95 PASS 

 W2 -0.001 1.95 PASS 

 W3 0.126 1.95 PASS 

 W4 0.113 1.95 PASS 

 W5 -0.015 1.95 PASS 

 W6 0.014 1.95 PASS 

 W7 0.119 1.95 PASS 

 W8 0.120 1.95 PASS 

 W9 0.105 1.95 PASS 

W10 0.073 1.95 PASS 

W11 0.105 1.95 PASS 

W12 0.074 1.95 PASS 

    Y-direction, Wind Loading 

  
Load 

Case 

Total Building 

Displacement (in) 

Maximum Building 

Drift Allowed (in) 
Pass 

 W1 -0.048 1.95 PASS 

 W2 0.142 1.95 PASS 

 W3 -0.008 1.95 PASS 

 W4 -0.065 1.95 PASS 

 W5 0.043 1.95 PASS 

 W6 0.169 1.95 PASS 

 W7 0.070 1.95 PASS 

 W8 -0.142 1.95 PASS 

 W9 0.121 1.95 PASS 

W10 -0.016 1.95 PASS 

W11 -0.038 1.95 PASS 

W12 -0.175 1.95 PASS 

    EX B @ (-379.546, -319.250), trace Location 3 
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Wind Building Drift - East End 

 hbuilding = 65 ft 

 
    X-direction, Wind Loading 

  

Load Case 
Total Building 

Displacement (in) 

Maximum 

Building Drift 

Allowed (in) 

Pass 

 W1 0.072 1.95 PASS 

 W2 0.009 1.95 PASS 

 W3 0.056 1.95 PASS 

 W4 0.052 1.95 PASS 

 W5 0.000 1.95 PASS 

 W6 0.013 1.95 PASS 

 W7 0.061 1.95 PASS 

 W8 0.048 1.95 PASS 

 W9 0.052 1.95 PASS 

W10 0.039 1.95 PASS 

W11 0.042 1.95 PASS 

W12 0.030 1.95 PASS 

    Y-direction, Wind Loading 

  

Load Case 
Total Building 

Displacement (in) 

Maximum 

Building Drift 

Allowed (in) 

Pass 

 W1 0.051 1.95 PASS 

 W2 0.059 1.95 PASS 

 W3 0.010 1.95 PASS 

 W4 0.067 1.95 PASS 

 W5 0.144 1.95 PASS 

 W6 -0.056 1.95 PASS 

 W7 0.083 1.95 PASS 

 W8 -0.006 1.95 PASS 

 W9 -0.035 1.95 PASS 

W10 0.158 1.95 PASS 

W11 -0.101 1.95 PASS 

W12 0.092 1.95 PASS 

    EX C @ (-365.149,  -844.326), trace location 4 
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Wind Building Drift - East End 

 hbuilding = 65 ft 

 
    X-direction, Wind Loading 

  

Load Case 
Total Building 

Displacement (in) 

Maximum 

Building Drift 

Allowed (in) 

Pass 

 W1 0.125 1.95 PASS 

 W2 -0.071 1.95 PASS 

 W3 0.065 1.95 PASS 

 W4 0.123 1.95 PASS 

 W5 0.048 1.95 PASS 

 W6 -0.155 1.95 PASS 

 W7 0.041 1.95 PASS 

 W8 0.147 1.95 PASS 

 W9 -0.067 1.95 PASS 

W10 0.129 1.95 PASS 

W11 0.013 1.95 PASS 

W12 0.208 1.95 PASS 

    Y-direction, Wind Loading 

  

Load Case 
Total Building 

Displacement (in) 

Maximum 

Building Drift 

Allowed (in) 

Pass 

 W1 -0.072 1.95 PASS 

 W2 0.244 1.95 PASS 

 W3 -0.011 1.95 PASS 

 W4 -0.097 1.95 PASS 

 W5 0.032 1.95 PASS 

 W6 0.334 1.95 PASS 

 W7 0.129 1.95 PASS 

 W8 -0.237 1.95 PASS 

 W9 0.242 1.95 PASS 

W10 -0.049 1.95 PASS 

W11 -0.032 1.95 PASS 

W12 -0.323 1.95 PASS 

    EX D @ (-556.445, -926.789), trace location 5 
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APPENDIX C.3 – TORSIONAL IRREGULARITY AND SEISMIC AMPLIFICATION 

FACTOR 
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APPENDIX C.4 – BUILDING OVERTURNING CHECK 
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APPENDIX C.5 – LATERAL SYSTEM HAND CHECKS 
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RAM Concrete was used in the design of the shear walls for the Heifer International 

Center.  SW 13 @ column 12 is shown below. 

 

  



 

 Final Report | Heifer International Center Page | 213 

APPENDIX C.6 – TRACE LOCATIONS 
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APPENDIX D 
 

MECHANICAL AND ENVELOPE BREADTH 
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APPENDIX D.1 – THERMAL BRIDGE STUDY 

Column Design  
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Worst Case Thermal Gradient 
Worst Case Condition

Let's say:

Ti = 70

To = 10

Ti - To = 60

Tdp = 14.69

3" of insulation assumed

Redesigned System

Material Depth (in) R (BTU-in/h-ft
2
-
o
F) U (1/R) ∑Ro-x Tx Reference

0 Outside Air Film - 0.17 5.88 0.17 10.82

0.5 Aluminum Composite 0.5 0.06 15.86 0.23 11.12 Almaxco - Aluminum Compsite Panels

3.5 Batt Insulation 3 11.45 0.09 11.69 66.41 Owens Corning Insulation Systems, LLC

4 Aluminum Composite 0.5 0.06 15.86 11.75 66.72 Almaxco - Aluminum Compsite Panels

4 Inside Air Film - 0.68 1.47 12.43 70.00

Sum 12.43 0.08

Existing System
Ɨ

Material Depth (in) R (BTU-in/h-ft
2
-
o
F) U (1/R) ∑Ro-x Tx Reference

0 Outside Air Film - 0.17 5.88 0.17 11.91

0.5 HSS Steel 0.5 2.24 0.45 2.41 37.12 Wolfram Alpha, LLC

3.5 Air 23 0.00125 802.57 2.41 37.14 Wolfram Alpha, LLC

4 HSS Steel 0.5 2.24 0.45 4.65 62.35

4 Inside Air Film - 0.68 1.47 5.33 70.00 Wolfram Alpha, LLC

Sum 5.33 0.19

Ɨ
this is really a thermal bridge
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Middle Case Thermal Gradient 
Middle Case Condition

Let's say:

Ti = 70

To = 10

Ti - To = 60

Tdp = 14.69

3" of insulation assumed

Redesigned System

Material Depth (in) R (BTU-in/h-ft
2
-
o
F) U (1/R) ∑Ro-x Tx Reference

0 Outside Air Film - 0.17 5.88 0.17 10.21

0.5 Aluminum Composite 0.5 0.06 15.86 0.23 10.29 Almaxco - Aluminum Compsite Panels

6.5 Batt Insulation 6 22.91 0.04 23.14 38.32 Owens Corning Insulation Systems, LLC

17.5 Wide Flange 11 2.24 0.45 25.38 41.06

23.5 Batt Insulation 6 22.91 0.04 48.29 69.09

24 Aluminum Composite 0.5 0.06 15.86 48.35 69.17 Almaxco - Aluminum Compsite Panels

24 Inside Air Film - 0.68 1.47 49.03 70.00

Sum 49.03 0.02

Existing System
Ɨ

Material Depth (in) R (BTU-in/h-ft
2
-
o
F) U (1/R) ∑Ro-x Tx Reference

0 Outside Air Film - 0.17 5.88 0.17 11.91

0.5 HSS Steel 0.5 2.24 0.45 2.41 37.12 Wolfram Alpha, LLC

23.5 Air 23 0.00125 802.57 2.41 37.14 Wolfram Alpha, LLC

24 HSS Steel 0.5 2.24 0.45 4.65 62.35

24 Inside Air Film - 0.68 1.47 5.33 70.00 Wolfram Alpha, LLC

Sum 5.33 0.19

Ɨ
this is really a thermal bridge
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