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appendix A: cellular beams  
A.1 plastic moments 
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A.2 example plastic analysis calculation 
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A.3 spreadsheet for (plastic) symmetrical failure mechanisms 
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A.4 axial force check on cellular beam 
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A.5 deflection check on cellular beam 

live load deflection 
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A.6 interaction check 

NOTE: these values are taken from the RAM model 

 

A.7 web post buckling 

NOTE: these values are taken from the RAM model 

 

Therefore, web post buckling controls the section of cellular beam selected  
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A.8 cellular beam cost analysis 

30’x30’ composite beam and slab system = $17.3019 

 

Assuming that the only change from this system is the replacement of W-shape with cellular 

beams, we have: 

@ 60’ span, expect SmartBEAM (LB27x35/46) to cost $150/ton more than traditional W-shape20 

LB27x35/46 typical beam size, 3 beams per 30’x60’ bay 

     

 
             (   )  (    )                     

Since the bay size is double the typical bay (30’x30’), divide tonnage by two 

         

 
 (

         

          
)  (

    

   
)  

    

          
  

    

      
               (          )                                 

 

$17.30 + $0.30 = $17.60 Total Cost per SF 

  

                                                      
19

 “RSMeansOnline,” Reed Construction Data Inc., 2013 <meanscostworks.com> (12 October 2012) 
20

 Steve Redman, CMC Steel, Personal communication (21 March 2013). 
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appendix B: lateral analysis 
B.1 existing frame stiffness calculation 
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Stiffness of original frame 

  
 

 
 

   

        
          using STAAD values of displacement  
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B.2 proposed frame stiffness calculation 
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Stiffness of proposed frame 

  
 

 
 

   

      
        using STAAD values of displacement 
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B.3 story displacement load cases/combos 

allowable inter-story drift 

 

   
 

(     ) (  
  
  

)

   
                                            

load case definitions 

1 D DeadLoad  RAMUSER 

2 Lp PosLiveLoad  RAMUSER 

3 Sp PosRoofLiveLoad  RAMUSER 

4 E1  Wind  EQ_IBC09_X_+E_F 

5 E2  Wind  EQ_IBC09_X_-E_F 

6 E3  Wind  EQ_IBC09_Y_+E_F 

7 E4  Wind  EQ_IBC09_Y_-E_F 

8 E5  Seismic  EQ_IBC09_X_+E_F 

9 E6  Seismic  EQ_IBC09_X_-E_F 

10 E7  Seismic  EQ_IBC09_Y_+E_F 

11 E8  Seismic  EQ_IBC09_Y_-E_F 

12 W1  Wind Calc X  W_User 

13 W2  Wind Calc Y  W_User 

 

load combinations 

1 *  1.000 D 

2 *  1.000 D + 1.000 Lp 

3 *  1.000 D + 1.000 Sp 

4 *  1.000 D + 0.750 Lp + 0.750 Sp 

5 *  1.000 D + 1.000 W1 

6 *  1.000 D + 1.000 W2 

7 *  1.000 D - 1.000 W1 

8 *  1.000 D - 1.000 W2 

9 *  1.000 D + 0.750 Lp + 0.750 Sp + 0.750 W1 

10 * 1.000 D + 0.750 Lp + 0.750 Sp + 0.750 W2 

11 * 1.000 D + 0.750 Lp + 0.750 Sp - 0.750 W1 

12 *  1.000 D + 0.750 Lp + 0.750 Sp - 0.750 W2 

13 *  1.000 D + 0.750 Lp + 0.750 W1 

14 *  1.000 D + 0.750 Lp + 0.750 W2 

15 *  1.000 D + 0.750 Lp - 0.750 W1 

16 *  1.000 D + 0.750 Lp - 0.750 W2 

17 *  1.000 D + 0.750 Sp + 0.750 W1 

18 * 1.000 D + 0.750 Sp + 0.750 W2 

19 *  1.000 D + 0.750 Lp-0.525 E1 



final report victoria interval [STRUCTURAL] 

 

[ [ M T O B  |  p e n n s y l v a n i a  ] 53 ] 

 

a
p

p
e

n
d

ix
 B

: 
la

te
ra

l a
n

a
ly

si
s 

 

20 *  1.000 D + 0.750 Sp - 0.750 W2 

21 *  0.600 D + 1.000 W1 

22 *  0.600 D + 1.000 W2 

23 *  0.600 D - 1.000 W1 

24 *  0.600 D - 1.000 W2 

25 *  1.012 D + 0.700 E1 

26 *  1.012 D + 0.700 E2 

27 *  1.012 D + 0.700 E3 

28 *  1.012 D + 0.700 E4 

29 *  1.012 D + 0.700 E5 

30 *  1.012 D + 0.700 E6 

31 *  1.012 D + 0.700 E7 

32 *  1.012 D + 0.700 E8 

33 *  1.012 D - 0.700 E1 

34 *  1.012 D - 0.700 E2 

35 *  1.012 D - 0.700 E3 

36 *  1.012 D - 0.700 E4 

37 *  1.012 D - 0.700 E5 

38 *  1.012 D - 0.700 E6 

39 *  1.012 D - 0.700 E7 

40 *  1.012 D - 0.700 E8 

41 *  1.009 D + 0.750 Lp + 0.750 Sp + 0.525 E1 

42 *  1.009 D + 0.750 Lp + 0.750 Sp + 0.525 E2 

43 *  1.009 D + 0.750 Lp + 0.750 Sp + 0.525 E3 

44 *  1.009 D + 0.750 Lp + 0.750 Sp + 0.525 E4 

45 *  1.009 D + 0.750 Lp + 0.750 Sp + 0.525 E5 

46 *  1.009 D + 0.750 Lp + 0.750 Sp + 0.525 E6 

47 *  1.009 D + 0.750 Lp + 0.750 Sp + 0.525 E7 

48 *  1.009 D + 0.750 Lp + 0.750 Sp + 0.525 E8 

49 *  1.009 D + 0.750 Lp + 0.750 Sp - 0.525 E1 

50 *  1.009 D + 0.750 Lp + 0.750 Sp - 0.525 E2 

51 *  1.009 D + 0.750 Lp + 0.750 Sp - 0.525 E3 

52 *  1.009 D + 0.750 Lp + 0.750 Sp - 0.525 E4 

53 *  1.009 D + 0.750 Lp + 0.750 Sp - 0.525 E5 

54 *  1.009 D + 0.750 Lp + 0.750 Sp - 0.525 E6 

55 *  1.009 D + 0.750 Lp + 0.750 Sp - 0.525 E7 

56 *  1.009 D + 0.750 Lp + 0.750 Sp - 0.525 E8 

57 *  1.009 D + 0.750 Lp + 0.525 E1 

58 *  1.009 D + 0.750 Lp + 0.525 E2 

59 *  1.009 D + 0.750 Lp + 0.525 E3 

60 *  1.009 D + 0.750 Lp + 0.525 E4 

61 *  1.009 D + 0.750 Lp + 0.525 E5 

62 *  1.009 D + 0.750 Lp + 0.525 E6 

63 *  1.009 D + 0.750 Lp + 0.525 E7 
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64 *  1.009 D + 0.750 Lp + 0.525 E8 

65 *  1.009 D + 0.750 Lp - 0.525 E1 

66 *  1.009 D + 0.750 Lp - 0.525 E2 

67 *  1.009 D + 0.750 Lp - 0.525 E3 

68 *  1.009 D + 0.750 Lp - 0.525 E4 

69 *  1.009 D + 0.750 Lp - 0.525 E5 

70 *  1.009 D + 0.750 Lp - 0.525 E6 

71 *  1.009 D + 0.750 Lp - 0.525 E7 

72 *  1.009 D + 0.750 Lp - 0.525 E8 

73 *  1.009 D + 0.750 Sp + 0.525 E1 

74 *  1.009 D + 0.750 Sp + 0.525 E2 

75 *  1.009 D + 0.750 Sp + 0.525 E3 

76 *  1.009 D + 0.750 Sp + 0.525 E4 

77 *  1.009 D + 0.750 Sp + 0.525 E5 

78 *  1.009 D + 0.750 Sp + 0.525 E6 

79 *  1.009 D + 0.750 Sp + 0.525 E7 

80 *  1.009 D + 0.750 Sp + 0.525 E8 

81 *  1.009 D + 0.750 Sp - 0.525 E1 

82 *  1.009 D + 0.750 Sp - 0.525 E2 

83 *  1.009 D + 0.750 Sp - 0.525 E3 

84 *  1.009 D + 0.750 Sp - 0.525 E4 

85 *  1.009 D + 0.750 Sp - 0.525 E5 

86 *  1.009 D + 0.750 Sp - 0.525 E6 

87 *  1.009 D + 0.750 Sp - 0.525 E7 

88 *  1.009 D + 0.750 Sp - 0.525 E8 

89 *  0.588 D + 0.700 E1 

90 *  0.588 D + 0.700 E2 

91 *  0.588 D + 0.700 E3 

92 *  0.588 D + 0.700 E4 

93 *  0.588 D + 0.700 E5 

94 *  0.588 D + 0.700 E6 

95 *  0.588 D + 0.700 E7 

96 *  0.588 D + 0.700 E8 

97 *  0.588 D - 0.700 E1 

98 *  0.588 D - 0.700 E2 

99 *  0.588 D - 0.700 E3 

100 *  0.588 D - 0.700 E4 

101 *  0.588 D - 0.700 E5 

102 *  0.588 D - 0.700 E6 

103 *  0.588 D - 0.700 E7 

104 *  0.588 D - 0.700 E8 
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appendix C: foundation loads 
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appendix D: architectural calcs 
D.1 mullion design 
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D.2 R-value + temp gradients 

 

 

layer material conductiv ity, k thickness, l conductance, C resistance, RSI temp change, ΔT t

C = k/l RSI = 1/C ΔT = (Ri/ΣRi)*(Tint-Text)

(W/mK) (m) (W/m2K) m2K/W (°C) (°C)

exterior temp (-15 C, 85% RH) -15

exterior film - - 34.00 0.029 0.393

-14.607

brick 1.3 0.09 14.44 0.069 0.926

-13.681

air gap - 0.04 - 0.170 2.273

-11.408

rigid insulation (EPS 1) 0.039 0.05 0.78 1.282 17.144

5.736

Batt Insulation/Stud - 0.07 - 0.896 11.981

17.717

gypsum board 0.16 0.02 8.00 0.125 1.672

19.389

interior film - - 8.30 0.120 1.611

interior temp (21 C, 40% RH) 21

RSI = 2.692

Rvalue = 5.678*RSI = 15.286

USI = 0.371

Uvalue = 0.065

existing brick veneer wall system

layer material conductiv ity, k thickness, l conductance, C resistance, RSI temp change, ΔT t

C = k/l RSI = 1/C ΔT = (Ri/ΣRi)*(Tint-Text)

(W/mK) (m) (W/m2K) m2K/W (°C) (°C)

exterior temp (-15 C, 85% RH) -15

exterior film - - 34.00 0.029 0.273

-14.727

brick 1.3 0.09 14.44 0.069 0.643

-14.084

air gap - 0.04 - 0.170 1.579

-12.505

insulation panel - 0.0508 - 2.466 22.902

10.397

3" Batt Insulation/6"Stud - 0.07 - 0.896 8.322

18.720

gypsum board 0.16 0.02 8.00 0.125 1.161

19.881

interior film - - 8.30 0.120 1.119

interior temp (21 C, 40% RH) 21

RSI = 3.876

Rvalue = 5.678*RSI = 22.007

USI = 0.258

Uvalue = 0.045

redesigned insulated panel [brick skin]
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layer material conductiv ity, k thickness, l conductance, C resistance, RSI temp change, ΔT t

C = k/l RSI = 1/C ΔT = (Ri/ΣRi)*(Tint-Text)

(W/mK) (m) (W/m2K) m2K/W (°C) (°C)

exterior temp (-15 C, 85% RH) -15

exterior film - - 34.00 0.029 0.278

-14.722

metal panel 80 0.008 10000.00 0.000 0.001

-14.721

air gap - 0.04 - 0.170 1.608

-13.113

insulation panel 0.039 0.0508 - 2.466 23.318

10.205

3" Batt Insulation/6"Stud - 0.07 - 0.896 8.474

18.678

gypsum board 0.16 0.02 8.00 0.125 1.182

19.861

interior film - - 8.30 0.120 1.139

interior temp (21 C, 40% RH) 21

RSI = 3.807

Rvalue = 5.678*RSI = 21.614

USI = 0.263

Uvalue = 0.046

redesigned insulated panel [metal skin]
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D.3 pressure gradient + RH 

 

  

layer material permeability, μ permeance, M Rv,I pressure change, ΔP Pw Pw ,sat RH

permeability, μ M = μ/t Rv,I = 1/M ΔP = (Rvj/ΣRvj)*(Pint-Pext) @ interface Pw ,sat=1000e(52.58 – 6790.5/T – 5.028lnT) RH=Pw/Pw sat

(ng/Pa*s*m) (ng/Pa*s*m2) (Pa*s*m2/ng) (Pa) (Pa) (Pa) (%)

exterior temp (-15 C, 85% RH) 162.43 191.1 85.0

exterior film - 75000 0.000013 0.163

162.6 197.4 82.4

brick 10 111.1111111 0.009000 109.864

272.5 212.9 128.0

air gap 7200 0.000139 1.695

274.2 255.6 107.2

rigid insulation (EPS 1) 2 40 0.025000 305.179

579.3 913.5 63.4

Batt Insulation/Stud 3 42.85714286 0.023333 284.834

864.2 2012.8 42.9

gypsum board 2 100 0.010000 122.072

986.2 2234.3 44.1

interior film - 15000 0.000067 0.814

interior temp (21 C, 40% RH) 987.1 2467.6 40.0

0.067552 824.62

existing brick veneer wall system

layer material permeability, μ permeance, M Rv,I pressure change, ΔP Pw Pw ,sat RH

M = μ/t Rv,I = 1/M ΔP = (Rvj/ΣRvj)*(Pint-Pext) @ interface Pw ,sat=1000e(52.58 – 6790.5/T – 5.028lnT) RH=Pw/Pw sat

(ng/Pa*s*m) (ng/Pa*s*m2) (Pa*s*m2/ng) (Pa) (Pa) (Pa) (%)

exterior temp (-15 C, 85% RH) 162.4310376 191.1 85.0

exterior film - 75000 0.000013 0.161804

162.592842 195.4 83.2

brick 10 111.1 0.009000 109.217666

271.810507 206.0 131.9

air gap 7200 0.000139 1.685458

273.495965 234.1 116.8

insulation panel 2 39.37 0.025400 308.236524

581.732489 1253.4 46.4

Batt Insulation/Stud 3 42.86 0.023333 283.156911

864.889400 2143.2 40.4

gypsum board 2 100 0.010000 121.352962

986.242362 2303.4 42.8

interior film - 15000 0.000067 0.809020

interior temp (21 C, 40% RH) 987.051 2467.6 40.0

0.067952 824.62

redesigned insulated panel [brick skin]

layer material permeability, μ permeance, M Rv,I pressure change, ΔP Pw Pw ,sat RH

M = μ/t Rv,I = 1/M ΔP = (Rvj/ΣRvj)*(Pint-Pext) @ interface Pw ,sat=1000e(52.58 – 6790.5/T – 5.028lnT) RH=Pw/Pw sat

(ng/Pa*s*m) (ng/Pa*s*m2) (Pa*s*m2/ng) (Pa) (Pa) (Pa) (%)

exterior temp (-15 C, 85% RH) 162.43 191.1 85.0

exterior film - 75000 0.000013 0.184

162.6 195.5 83.2

metal panel 10 1250 0.000800 11.041

173.7 195.5 88.8

air gap 7200 0.000139 1.917

175.6 222.9 78.8

insulation panel 2 39.37007874 0.025400 350.537

526.1 1237.5 42.5

Batt Insulation/Stud 3 42.85714286 0.023333 322.015

848.1 2137.7 39.7

gypsum board 2 100 0.010000 138.007

986.1 2300.5 42.9

interior film - 15000 0.000067 0.920

interior temp (21 C, 40% RH) 987.1 2467.6 40.0

0.059752 824.62

redesigned insulated panel [metal skin]
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appendix E: mechanical calcs 
E.1 HVAC loads for typical floor 
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E.2 ASHRAE 62.1-2007 outdoor air requirements 
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E.3 TRACE system checksums 
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E.4 TRACE room checksums 
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E.5 IBC tables used 
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appendix F:  additional drawings 
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