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Design Criteria 

Codes 

2015 International Building Code 

ASCE 7-10 Minimum Design Loads for Buildings and Other Structures  

2012 AWC National Design Standard for Wood Construction 

ACI 318-11 Building Code Requirements for Structural Concrete 

AISC 360-16 Specification for Structural Steel Buildings 

Dead Loads 

Total Dead Load (psf) = 10.7 

Frame Weight (psf) = 2.7 

Roofing Load (psf) = 8.0 

Live Loads 

Live Load (psf) = NA 

Roof Live Load (psf) = 20 

Snow Loads 

See snow load calculation sheets 

Wind Loads 

See wind load calculation sheets 

Seismic Loads 

See seismic load calculation sheets 

Load Combinations 

Strength Design Load Combinations  ASCE 7, Section 2.3.2 

1.4D 

1.2D + 1.6LR + 0.5W 

1.2D + 1.0W + 0.5LR 

(1.2+0.2SDS)D + 1.0E 

0.9D + 1.0W 

(0.9-0.2SDS)D + 1.0E 

 

Allowable Stress Design Combinations  ASCE 7, Section 2.4.1 

D 

D + LR 

D + 0.6W 

(1+0.14SDS)D + 0.7E 

D + 0.75(0.6W) + 0.75LR 

(1+0.14SDS)D + 0.75(0.7E) 

0.6D + 0.6W 

(0.6-0.14SDS)D + 0.7E 
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Snow Loads 
Roof surface = Main Roof 

Description = Snow Loads 

Ground Snow Load (pg - psf) = 15.00 ASCE 7-10, Figure 7-1 

Thermal Factor (Ct) = 1.20 ASCE 7-10, Table 7-3 

Exposure Factor (Ce) = 1.00 ASCE 7-10, Table 7-2 

Risk Category = II ASCE 7-10, Table 1.2-1 

Snow Importance Factor (Is) = 1.00 ASCE 7-10, Table 1.5-2 

Surface Condition = Unslippery ASCE 7-10, Section 7.4 

Ventilated = False ASCE 7-10, Section 7.4 

R value = 0 ASCE 7-10, Section 7.4 

Roof angle ( - deg) = 14.04  

Roof slope run for a rise of one (S) = 4.00 ASCE 7-10, Section 7.6.1 

Flat Roof Snow Load (pf - psf) = 12.60 p� � 0.7C�C	I�p� ASCE 7-10, Equation 7.3-1 

Snow Density ( - pcf) = 15.95  � 0.13p� � 14 � 30 pcf ASCE 7-10, Equation 7.7-1 

Balanced Snow Loads 

Roof Slope Factor (Cs) = 1.00 ASCE 7-10, Figure 7-2 

Sloped Roof Snow Load (ps - psf) = 12.60 �� � ���� ASCE 7-10, Equation 7.4-1 

Sloped Snow Depth (hb - ft.) = 0.79 ℎ� � �� �  ASCE 7-10, Section 7.7.1 

Rain on Snow Surcharge Load (pros - psf) = 0.00 ASCE 7-10, Section 7.10 

Unbalanced Snow Loads 

Unbalanced Required = True ASCE 7-10, Section 7.6.1 

Rafter System = True ASCE 7-10, Section 7.6.1 

Windward Load (pubw - psf) = 0.00 p��� � 0.3p� or 0 ASCE 7-10, Figure 7-5 

Leeward Load (publ - psf) = 15.00 p��" � Ip� or p� ASCE 7-10, Figure 7-5 

Drift Depth (hd - ft.) = 0.00 h$ � 0.43%l�
'

%p� � 10( ) 1.5 ASCE 7-10, Figure 7-5 

Drift Load (pubd - psf) = 0.00 p��$ � h$/√S ASCE 7-10, Figure 7-5 

Drift Width (wubd - ft.) = 0.00 w��$ � /
0

h$√S ASCE 7-10, Figure 7-5 
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Wind Loads 
Wind Design Criteria Type = OpenGableMWFR  

Eave Height (he - ft) = 8.00  

Mean Roof Height (h - ft) = 9.50  

Ridge Direction (Deg from X) = 0.00 

Width in the X direction (Wx - ft) = 28.00  

Width in the Y direction (Wy - ft) = 20.00  

Roof angle ( - deg) = 18.43  

Structure Shape = Gable 

Multi Roof Structure = False 

Enclosure Classification = Open ASCE 7-10, Section 26.10 

Wind Procedure = Directional  ASCE 7-10, Equation 26.1 

Basic Wind Speed (V - mph) = 115.00  ASCE 7-10, Figure 26.5-1 

Structure Type = BuildingMWFRS  ASCE 7-10, Table 26.6-1 

Exposure Category = C  ASCE 7-10, Section 26.7 

Low Rise = True 

Rigid Structure = True 

CNC Edge and Corner Zone Width = 3.00 

 

Global Wind Parameters 

Directionality Factor (Kd) = 0.85  ASCE 7-10, Table 26.6-1 

Topographic Factor (Kzt) = 1.00  ASCE 7-10, Table 26.8 

Gust-effect Factor (G) = 0.85  ASCE 7-10, Section 26.9 

Velocity pressure exposure coefficient for MWFRS at mean roof height (Kh) = 0.85  ASCE 7-10, Table 27.3-1 

Velocity pressure exposure coefficient for CNC at mean roof height (Kh) = 0.85 ASCE 7-10, Table 30.3-1 

Velocity pressure q2 � 0.00256K2K2	K$V7 ASCE 7-10, Section 27.3 

Velocity pressure at mean roof height for MWFRS (qh - psf) = 24.43    

Velocity pressure at mean roof height for CNC (qh - psf) = 24.43   
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Wind Loads Transverse  

Dimensional Parameters 

Dimension of Structure in the Wind Direction (L - ft) = 20.00  

Dimension of Structure Perpendicular to the Wind Direction (B - ft) = 28.00 

Height to Length (h/L) = 0.48 

Length to Width (L/B) = 0.71 

 

Design Wind Pressures (Transverse Wind) 

Wind Direction ( - deg) = 0.00 

Ridge Direction (Deg from X) = 0.00 

Roof Angle ( - deg) = 18.43 

Mean Roof Height (h - ft) = 9.50 

Roof Length (L - ft) = 20.00 

Clear Wind Flow = True 

Roofing Solidity Factor () = 1.00 

 

Design pressures (p - psf) � � 89:�; ASCE 7-10, Section 27.4.2 

 

Wind Zone Pressure Coefficient (Cn) Design Pressure (p - psf) 

Windward Roof Case A 1.10 22.84 

Leeward Roof Case A -0.17 -3.55 

Windward Roof Case B 0.01 0.17 

Leeward Roof Case B -0.96 -19.99 

 

 

 
 

*Plus and minus signs signify pressures acting towards and away from the top roof surface, respectively. 

*Pressure Coefficients are from ASCE 7-10, Figure 27.4-5 
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Wind Loads Parallel  

Dimensional Parameters 

Dimension of Structure in the Wind Direction (L - ft) = 28.00  

Dimension of Structure Perpendicular to the Wind Direction (B - ft) = 20.00 

Height to Length (h/L) = 0.34 

Length to Width (L/B) = 1.40 

 

Design Wind Pressures (Longitudinal Wind) 

Wind Direction ( - deg) = 90.00 

Ridge Direction (Deg from X) = 0.00 

Roof Angle ( - deg) = 18.43 

Mean Roof Height (h - ft) = 9.50 

Roof Length (L - ft) = 20.00 

Clear Wind Flow = True 

Roofing Solidity Factor () = 1.00 

 

Design pressures (p - psf) � � 89:�; ASCE 7-10, Section 27.4.3 

 

 

Wind Zone 
Pressure Coefficient 

(Cn) 

Design Pressure 

(p - psf) 

Zone Ends at 

(X from Windward Edge - 

ft) 

Roof Area 1 Case A -0.80 -16.61 9.50 

Roof Area 2 Case A -0.60 -12.46 19.00 

Roof Area 3 Case A -0.30 -6.23 28.00 

Roof Area 1 Case B 0.80 16.61 9.50 

Roof Area 2 Case B 0.50 10.38 19.00 

Roof Area 3 Case B 0.30 6.23 28.00 

 

 
 

*Plus and minus signs signify pressures acting towards and away from the top roof surface, respectively. 

*Pressure Coefficients are from ASCE 7-10, Figure 27.4-7 
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Seismic Loads 

Seismic Ground Motion Values 

Short Period spectral response acceleration parameter (Ss) = 0.172  ASCE 7-10, Chapter 22 

One Second Period spectral response acceleration parameter (S1) = 0.083 ASCE 7-10, Chapter 22 

Site Class = D 

Site Coefficient (Fa) = 1.600  ASCE 7-10, Table 11.4-1 

Site Coefficient (Fv) = 2.400  ASCE 7-10, Table 11.4-2 

MCER spectral response acceleration parameters 

Short Period (SMS) = 0.275 <=> � ?@<� ASCE 7-10, Equation 11.4-1 

1sec period (SM1) = 0.199 <=A � ?B<A ASCE 7-10, Equation 11.4-2 

Design spectral Acceleration Parameters 

Short Period (SDS) =0.183 <C> � (2/3)<=>  ASCE 7-10, Equation 11.4-3 

1sec Period (SD1) = 0.133 <CA � (2 3⁄ )<=A ASCE 7-10, Equation 11.4-4 

Short-period transition period (Ts - sec) = 0.724 G> � <CA <C>⁄  ASCE 7-10, Section 11.4.5 

Long-period transition period (TL - sec) = 8.000  ASCE 7-10, Figure 22-12 

Seismic Design Category 

Importance Factor (Ie) = 1.000  ASCE 7-10, Table 1.5-2 

Risk Category = II ASCE 7-10, Table 1.2-1 

Based on Short Period (SDCs) =B  ASCE 7-10, Table 11.6-1 

Based on 1sec Period (SDC1) = B  ASCE 7-10, Table 11.6-2 

Seismic Design Category (SDC) = B   

Seismic Coefficients 

Structure Type = Seismic Structure 

Seismic System Name =Timber frames ASCE 7-10, Table 12.2-1  

Detailing Requirements = 14.5   

(R) = 1.5 

(o) = 1.5 

(Cd) = 1.5 

Analysis Procedure Selection 

Structural Analysis Procedure = Equivalent Lateral Force Procedure  ASCE 7-10, Table 12.6-1 

Equivalent lateral Force Procedure 

Fundamental period of the structure (T - sec) = 0.5  From dynamic analysis 

Seismic response coefficient (Cs 8-2) = 0.122 �� � <C> (H
IJ

� )�  ASCE 7-10, Equation 12.8-2 

Cs need not exceed for T≤TL (Cs 8-3) = 0.177 �� � <CA (G(K

LM
� )) ASCE 7-10, Equation 12.8-3 

Cs need not exceed for T>TL (Cs 8-4) = 2.833 �� � <CA (G7(K

LM
� )) ASCE 7-10, Equation 12.8-4 

Cs shall not be less than (Cs 8-5) = 0.010 �� � 0.044<C>IJ ≥ 0.01 ASCE 7-10, Equation 12.8-5 

Where S1 ≥ 0.6g Cs shall not be less than (Cs 8-6) = 0.028 �� � 0.5<A (H
IJ

� )�  ASCE 7-10, Equation 12.8-6 

Cs to use in the Calculation of base shear (Cs) = 0.122   

*Additional loads due to connection plates and fasteners have been accounted for by multiplying Cs by 1.2. 

Effective seismic weight (W - kip) = 5.994  ASCE 7-10, Section 12.7.2 

Seismic Base Shear (V - kip) = 0.733 V � C�W ASCE 7-10, Equation 12.8-1 
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Vertical Distribution 

Structure period factor (k) = 1.000  ASCE 7-10, Section 12.8.3 

Seismic Weight factor sum (Sum Cvx) = 59.945 ∑ QRℎR
ST

RUA  ASCE 7-10, Equation 12.8-12 

 

Level hx (ft) Wx Ratio (a) Cvx 
(b) Fx (Kip)(c) 

1 10 1.00 1.00 0.73 

 

(a) Portion of the seismic weight that is assigned to the level. 

(b) �BV � WX9X
Y

∑ WZ9Z
Y[

Z\]
  - (ASCE 7-10, Equation 12.8-12) 

(c) ?V � �BV^  - (ASCE 7-10, Equation 12.8-11) 
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Structure Nodes 

 

   

NODE X (FT) Y (FT) Z (FT) SUPPORT 

1 8.00 -96.00 0.00   

2 8.00 -88.00 2.00   

3 8.00 -98.00 -0.50   

4 8.00 -96.00 -8.00 Fixed 

5 10.00 -88.00 2.00   

6 -18.00 -88.00 2.00   

7 8.00 -80.00 0.00   

8 8.00 -78.00 -0.50   

9 8.00 -80.00 -8.00 Fixed 



  4208 

  NW Harnett Elementary 

 

7/19/2023  

 

10 10.00 -78.00 -0.50   

11 -18.00 -78.00 -0.50   

12 10.00 -98.00 -0.50   

13 -18.00 -98.00 -0.50   

14 -8.00 -96.00 0.00   

15 -8.00 -88.00 2.00   

16 -8.00 -80.00 0.00   

17 -8.00 -78.00 -0.50   

18 -8.00 -80.00 -8.00 Fixed 

19 -8.00 -96.00 -8.00 Fixed 

20 -8.00 -98.00 -0.50   

21 -16.00 -98.00 -0.50   

22 -16.00 -96.00 0.00   

23 -16.00 -96.00 -8.00 Fixed 

24 -16.00 -88.00 2.00   

25 -16.00 -80.00 0.00   

26 -16.00 -80.00 -8.00 Fixed 

27 -16.00 -78.00 -0.50   

28 0.00 -96.00 0.00   

29 0.00 -88.00 2.00   

30 0.00 -80.00 0.00   

31 0.00 -78.00 -0.50   

32 0.00 -80.00 -8.00 Fixed 

33 0.00 -96.00 -8.00 Fixed 

34 0.00 -98.00 -0.50   

56 4.00 -78.00 -0.50   

57 -4.00 -78.00 -0.50   

75 -4.00 -98.00 -0.50   

78 4.00 -98.00 -0.50   

81 -16.00 -92.00 1.00   

82 0.00 -92.00 1.00   

83 -8.00 -92.00 1.00   

84 8.00 -92.00 1.00   

85 10.00 -94.67 0.33   

86 10.00 -91.33 1.17   

89 -18.00 -91.33 1.17   

90 -18.00 -94.67 0.33   

91 -11.98 -94.82 0.29   

92 -4.00 -94.35 0.41   

93 3.98 -94.35 0.41   

94 -11.92 -90.72 1.32   

95 -4.00 -90.72 1.32   

96 3.28 -91.04 1.24   

117 -16.00 -84.00 1.00   

118 8.00 -84.00 1.00   
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119 0.00 -84.00 1.00   

120 -8.00 -84.00 1.00   

121 -18.00 -81.33 0.33   

122 -18.00 -84.67 1.17   

123 10.00 -84.67 1.17   

124 10.00 -81.33 0.33   

125 3.98 -81.65 0.41   

126 -4.00 -81.65 0.41   

127 -11.98 -81.18 0.29   

128 3.28 -84.96 1.24   

129 -4.00 -85.28 1.32   

130 -11.92 -85.28 1.32   

 

  



  4208 

  NW Harnett Elementary 

 

7/19/2023  

 

Structure Bars 

 

   

BAR NODE 

1 

NODE 

2 

LENGTH 

(FT) 

SECTION MATERIAL GAMMA TYPE 

1 1 2 8.25 Rafter 6-16 GL VG SOFTWOOD 24F-

1.8E 

0.00 Timber Member 

Rafter 

2 3 1 2.06 Rafter 4-6 GL VG SOFTWOOD 24F-V3 

SP/SP 

0.00 Timber Member 

3 4 1 8.00 GSP 5x5.5 

POC 

GL VG SOFTWOOD 20F-

V15 POC/POC 

0.00 Timber Member 

Column 

4 28 29 8.25 Rafter 6-16 GL VG SOFTWOOD 24F-

1.8E 

0.00 Timber Member 

Rafter 
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5 2 7 8.25 Rafter 6-16 GL VG SOFTWOOD 24F-

1.8E 

0.00 Timber Member 

Rafter 

6 7 8 2.06 Rafter 4-6 GL VG SOFTWOOD 24F-V3 

SP/SP 

0.00 Timber Member 

7 9 7 8.00 GSP 5x5.5 

POC 

GL VG SOFTWOOD 20F-

V15 POC/POC 

0.00 Timber Member 

Column 

8 10 5 10.31 LMBR 2x8 

AC 

ALASKA CEDAR No.1 0.00 Timber Member 

Fascia 

9 11 10 28.00 LMBR 2x8 

AC 

ALASKA CEDAR No.1 -14.00 Timber Member 

Fascia 

10 12 5 10.31 LMBR 2x8 

AC 

ALASKA CEDAR No.1 0.00 Timber Member 

Fascia 

11 13 12 28.00 LMBR 2x8 

AC 

ALASKA CEDAR No.1 14.00 Timber Member 

Fascia 

12 14 15 8.25 Rafter 6-16 GL VG SOFTWOOD 24F-

1.8E 

0.00 Timber Member 

Rafter 

13 15 16 8.25 Rafter 6-16 GL VG SOFTWOOD 24F-

1.8E 

0.00 Timber Member 

Rafter 

14 16 17 2.06 Rafter 4-6 GL VG SOFTWOOD 24F-V3 

SP/SP 

0.00 Timber Member 

15 18 16 8.00 GSP 5x5.5 

POC 

GL VG SOFTWOOD 20F-

V15 POC/POC 

0.00 Timber Member 

Column 

16 19 14 8.00 GSP 5x5.5 

POC 

GL VG SOFTWOOD 20F-

V15 POC/POC 

0.00 Timber Member 

Column 

17 20 14 2.06 Rafter 4-6 GL VG SOFTWOOD 24F-V3 

SP/SP 

0.00 Timber Member 

18 21 22 2.06 Rafter 4-6 GL VG SOFTWOOD 24F-V3 

SP/SP 

0.00 Timber Member 

19 23 22 8.00 GSP 5x5.5 

POC 

GL VG SOFTWOOD 20F-

V15 POC/POC 

0.00 Timber Member 

Column 

20 22 24 8.25 Rafter 6-16 GL VG SOFTWOOD 24F-

1.8E 

0.00 Timber Member 

Rafter 

21 6 13 10.31 LMBR 2x8 

AC 

ALASKA CEDAR No.1 0.00 Timber Member 

Fascia 

22 6 11 10.31 LMBR 2x8 

AC 

ALASKA CEDAR No.1 0.00 Timber Member 

Fascia 

23 24 25 8.25 Rafter 6-16 GL VG SOFTWOOD 24F-

1.8E 

0.00 Timber Member 

Rafter 

24 26 25 8.00 GSP 5x5.5 

POC 

GL VG SOFTWOOD 20F-

V15 POC/POC 

0.00 Timber Member 

Column 

25 25 27 2.06 Rafter 4-6 GL VG SOFTWOOD 24F-V3 

SP/SP 

0.00 Timber Member 

28 29 30 8.25 Rafter 6-16 GL VG SOFTWOOD 24F-

1.8E 

0.00 Timber Member 

Rafter 

30 30 31 2.06 Rafter 4-6 GL VG SOFTWOOD 24F-V3 

SP/SP 

0.00 Timber Member 

31 32 30 8.00 GSP 5x5.5 

POC 

GL VG SOFTWOOD 20F-

V15 POC/POC 

0.00 Timber Member 

Column 

32 33 28 8.00 GSP 5x5.5 

POC 

GL VG SOFTWOOD 20F-

V15 POC/POC 

0.00 Timber Member 

Column 

33 34 28 2.06 Rafter 4-6 GL VG SOFTWOOD 24F-V3 

SP/SP 

0.00 Timber Member 
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34 1 7 16.49 Rafter 6-16 GL VG SOFTWOOD 24F-

1.8E 

0.00 Timber Member 

Rafter 

35 28 30 16.49 Rafter 6-16 GL VG SOFTWOOD 24F-

1.8E 

0.00 Timber Member 

Rafter 

36 14 16 16.49 Rafter 6-16 GL VG SOFTWOOD 24F-

1.8E 

0.00 Timber Member 

Rafter 

37 22 25 16.49 Rafter 6-16 GL VG SOFTWOOD 24F-

1.8E 

0.00 Timber Member 

Rafter 
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Loads 
   

CASE CASE NAME LOAD TYPE LIST LOAD VALUES 

1 DL1 self-weight 1to28 

30to33 

PZ Negative Factor=1.0000 

1 DL1 (FE) uniform 26 27 PZ=-0.0030(kip/ft2) 

2 SN1 (FE) uniform 26 27 PZ=-0.0200(kip/ft2) 

projected 

3 SN2 (FE) uniform 26 PZ=-0.0200(kip/ft2) 

projected 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 1 PY=-0.0054(kip/ft) PZ=-

0.0002(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 2 PY=-0.0010(kip/ft) 

PZ=0.0006(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 3 PY=0.0001(kip/ft) PZ=-

0.0020(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 5 PY=-0.0043(kip/ft) PZ=-

0.0007(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 6 PY=-0.0014(kip/ft) 

PZ=0.0006(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 7 PY=-0.0003(kip/ft) PZ=-

0.0026(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 8 PY=0.0044(kip/ft) PZ=-

0.0002(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 9 PY=0.0014(kip/ft) PZ=-

0.0000(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 10 PY=-0.0037(kip/ft) PZ=-

0.0003(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 11 PY=-0.0015(kip/ft) PZ=-

0.0000(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 12 PY=-0.0053(kip/ft) PZ=-

0.0008(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 13 PY=-0.0052(kip/ft) PZ=-

0.0006(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 14 PY=-0.0009(kip/ft) 

PZ=0.0006(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 15 PY=-0.0009(kip/ft) PZ=-

0.0008(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 16 PY=-0.0014(kip/ft) PZ=-

0.0019(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 17 PY=-0.0012(kip/ft) PZ=-

0.0000(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 18 PY=-0.0007(kip/ft) 

PZ=0.0013(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 19 PY=-0.0008(kip/ft) PZ=-

0.0053(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 20 PY=-0.0014(kip/ft) 

PZ=0.0007(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 21 PY=0.0123(kip/ft) 

PZ=0.0010(kip/ft) local 



  4208 

  NW Harnett Elementary 

 

7/19/2023  

 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 22 PY=-0.0120(kip/ft) 

PZ=0.0006(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 23 PY=-0.0014(kip/ft) 

PZ=0.0005(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 24 PY=-0.0003(kip/ft) PZ=-

0.0044(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 25 PY=-0.0003(kip/ft) 

PZ=0.0017(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

(FE) uniform 26 PZ=0.0003(kip/ft2) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

(FE) uniform 27 PZ=-0.0003(kip/ft2) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 4 PY=-0.0055(kip/ft) PZ=-

0.0004(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 28 PY=-0.0052(kip/ft) PZ=-

0.0006(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 30 PY=-0.0012(kip/ft) 

PZ=0.0002(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 31 PY=-0.0004(kip/ft) PZ=-

0.0017(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 32 PY=-0.0001(kip/ft) PZ=-

0.0020(kip/ft) local 

4 Wind X+ 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 33 PY=-0.0011(kip/ft) 

PZ=0.0002(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 1 PY=0.0063(kip/ft) 

PZ=0.0095(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 2 PY=0.0011(kip/ft) 

PZ=0.0059(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 3 PY=-0.0084(kip/ft) 

PZ=0.0013(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 5 PY=0.0077(kip/ft) 

PZ=0.0010(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 6 PY=0.0052(kip/ft) PZ=-

0.0001(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 7 PY=-0.0050(kip/ft) 

PZ=0.0064(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 8 PY=-0.0060(kip/ft) 

PZ=0.0003(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 9 PY=-0.0065(kip/ft) 

PZ=0.0000(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 10 PY=0.0041(kip/ft) 

PZ=0.0027(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 11 PY=-0.0042(kip/ft) 

PZ=0.0001(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 12 PY=0.0026(kip/ft) 

PZ=0.0056(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 13 PY=0.0026(kip/ft) 

PZ=0.0008(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 14 PY=0.0018(kip/ft) PZ=-

0.0004(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 15 PY=-0.0059(kip/ft) 

PZ=0.0046(kip/ft) local 
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5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 16 PY=-0.0033(kip/ft) 

PZ=0.0038(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 17 PY=0.0010(kip/ft) 

PZ=0.0019(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 18 PY=0.0023(kip/ft) 

PZ=0.0011(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 19 PY=-0.0037(kip/ft) 

PZ=0.0040(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 20 PY=0.0051(kip/ft) 

PZ=0.0034(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 21 PY=-0.0030(kip/ft) 

PZ=0.0002(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 22 PY=0.0052(kip/ft) 

PZ=0.0000(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 23 PY=0.0063(kip/ft) 

PZ=0.0003(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 24 PY=-0.0031(kip/ft) 

PZ=0.0048(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 25 PY=0.0049(kip/ft) PZ=-

0.0011(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

(FE) linear on edges 26_EDGE(2) PY=-0.0000(kip/ft) 

PZ=0.0177(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

(FE) uniform 26 PZ=0.0126(kip/ft2) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

(FE) uniform 27 PZ=0.0012(kip/ft2) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 4 PY=0.0029(kip/ft) 

PZ=0.0069(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 28 PY=0.0021(kip/ft) 

PZ=0.0018(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 30 PY=0.0013(kip/ft) 

PZ=0.0004(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 31 PY=-0.0071(kip/ft) 

PZ=0.0033(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 32 PY=-0.0081(kip/ft) 

PZ=0.0045(kip/ft) local 

5 Wind X-Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 33 PY=0.0007(kip/ft) 

PZ=0.0020(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 1 PY=-0.0033(kip/ft) 

PZ=0.0063(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 2 PY=-0.0024(kip/ft) 

PZ=0.0029(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 3 PY=-0.0052(kip/ft) PZ=-

0.0021(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 5 PY=-0.0018(kip/ft) 

PZ=0.0013(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 6 PY=-0.0021(kip/ft) PZ=-

0.0010(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 7 PY=-0.0057(kip/ft) PZ=-

0.0031(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 8 PY=0.0028(kip/ft) PZ=-

0.0001(kip/ft) local 
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6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 9 PY=-0.0070(kip/ft) 

PZ=0.0002(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 10 PY=-0.0020(kip/ft) 

PZ=0.0012(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 11 PY=-0.0036(kip/ft) 

PZ=0.0005(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 12 PY=0.0002(kip/ft) 

PZ=0.0079(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 13 PY=0.0004(kip/ft) 

PZ=0.0024(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 14 PY=-0.0002(kip/ft) 

PZ=0.0000(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 15 PY=-0.0075(kip/ft) 

PZ=0.0006(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 16 PY=-0.0040(kip/ft) 

PZ=0.0003(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 17 PY=0.0001(kip/ft) 

PZ=0.0032(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 18 PY=0.0022(kip/ft) 

PZ=0.0030(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 19 PY=-0.0053(kip/ft) 

PZ=0.0018(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 20 PY=0.0029(kip/ft) 

PZ=0.0067(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 21 PY=-0.0024(kip/ft) 

PZ=0.0013(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 22 PY=0.0030(kip/ft) PZ=-

0.0001(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 23 PY=0.0028(kip/ft) 

PZ=0.0014(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 24 PY=-0.0058(kip/ft) 

PZ=0.0034(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 25 PY=0.0019(kip/ft) PZ=-

0.0011(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

(FE) uniform 26 PZ=0.0175(kip/ft2) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

(FE) linear on edges 27_EDGE(3) PY=0.0058(kip/ft) 

PZ=0.0231(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

(FE) uniform 27 PZ=0.0002(kip/ft2) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 4 PY=-0.0004(kip/ft) 

PZ=0.0078(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 28 PY=0.0003(kip/ft) 

PZ=0.0022(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 30 PY=0.0000(kip/ft) 

PZ=0.0002(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 31 PY=-0.0075(kip/ft) PZ=-

0.0007(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 32 PY=-0.0041(kip/ft) PZ=-

0.0005(kip/ft) local 

6 Wind Y- 169 ft/s (f = 0.90-

1.80) Simulation 

uniform load 33 PY=-0.0003(kip/ft) 

PZ=0.0030(kip/ft) local 
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7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 1 PY=-0.0044(kip/ft) 

PZ=0.0028(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 2 PY=-0.0018(kip/ft) 

PZ=0.0015(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 3 PY=-0.0039(kip/ft) PZ=-

0.0042(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 5 PY=-0.0059(kip/ft) 

PZ=0.0010(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 6 PY=-0.0047(kip/ft) PZ=-

0.0013(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 7 PY=-0.0032(kip/ft) PZ=-

0.0051(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 8 PY=0.0054(kip/ft) 

PZ=0.0002(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 9 PY=-0.0068(kip/ft) 

PZ=0.0001(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 10 PY=-0.0031(kip/ft) 

PZ=0.0001(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 11 PY=-0.0040(kip/ft) 

PZ=0.0000(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 12 PY=-0.0032(kip/ft) 

PZ=0.0065(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 13 PY=-0.0017(kip/ft) 

PZ=0.0016(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 14 PY=-0.0017(kip/ft) 

PZ=0.0007(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 15 PY=-0.0075(kip/ft) PZ=-

0.0038(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 16 PY=-0.0086(kip/ft) PZ=-

0.0052(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 17 PY=-0.0008(kip/ft) 

PZ=0.0018(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 18 PY=0.0001(kip/ft) 

PZ=0.0057(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 19 PY=-0.0077(kip/ft) PZ=-

0.0007(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 20 PY=-0.0055(kip/ft) 

PZ=0.0096(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 21 PY=0.0043(kip/ft) 

PZ=0.0027(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 22 PY=-0.0061(kip/ft) 

PZ=0.0004(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 23 PY=-0.0071(kip/ft) 

PZ=0.0014(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 24 PY=-0.0054(kip/ft) PZ=-

0.0068(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 25 PY=-0.0047(kip/ft) 

PZ=0.0008(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

(FE) linear on edges 26_EDGE(4) PY=-0.0000(kip/ft) 

PZ=0.0180(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

(FE) uniform 26 PZ=0.0126(kip/ft2) local 
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7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

(FE) uniform 27 PZ=0.0011(kip/ft2) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 4 PY=-0.0016(kip/ft) 

PZ=0.0049(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 28 PY=-0.0020(kip/ft) 

PZ=0.0012(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 30 PY=-0.0020(kip/ft) 

PZ=0.0004(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 31 PY=-0.0059(kip/ft) PZ=-

0.0049(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 32 PY=-0.0034(kip/ft) PZ=-

0.0038(kip/ft) local 

7 Wind X+Y- 169 ft/s (f = 

0.90-1.80) Simulation 

uniform load 33 PY=-0.0006(kip/ft) 

PZ=0.0019(kip/ft) local 

8 EX (FE) uniform 26 27  

9 EY (FE) uniform 26 27  
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Load Combinations 
   

COMBINATION NAME ANALYSIS 

TYPE 

COMBINATION 

NATURE (A) 

CASE 

NATURE 

DEFINITION 

 10 (C) LRFD1 Linear 

Combination 

ULS dead 1*1.4000 

 11 (C) LRFD3.0 Linear 

Combination 

ULS snow 1*1.2000+2*1.6000+4*0.5000 

 12 (C) LRFD3.1 Linear 

Combination 

ULS snow 1*1.2000+2*1.6000+5*0.5000 

 13 (C) LRFD3.2 Linear 

Combination 

ULS snow 1*1.2000+2*1.6000+6*0.5000 

 14 (C) LRFD3.3 Linear 

Combination 

ULS snow 1*1.2000+2*1.6000+7*0.5000 

 15 (C) LRFD3.4 Linear 

Combination 

ULS snow 1*1.2000+3*1.6000+4*0.5000 

 16 (C) LRFD3.5 Linear 

Combination 

ULS snow 1*1.2000+3*1.6000+5*0.5000 

 17 (C) LRFD3.6 Linear 

Combination 

ULS snow 1*1.2000+3*1.6000+6*0.5000 

 18 (C) LRFD3.7 Linear 

Combination 

ULS snow 1*1.2000+3*1.6000+7*0.5000 

 19 (C) LRFD4.0 Linear 

Combination 

ULS wind 1*1.2000+4*1.0000+2*0.5000 

 20 (C) LRFD4.1 Linear 

Combination 

ULS wind 1*1.2000+5*1.0000+2*0.5000 

 21 (C) LRFD4.2 Linear 

Combination 

ULS wind 1*1.2000+6*1.0000+2*0.5000 

 22 (C) LRFD4.3 Linear 

Combination 

ULS wind 1*1.2000+7*1.0000+2*0.5000 

 23 (C) LRFD4.4 Linear 

Combination 

ULS wind 1*1.2000+4*1.0000+3*0.5000 

 24 (C) LRFD4.5 Linear 

Combination 

ULS wind 1*1.2000+5*1.0000+3*0.5000 

 25 (C) LRFD4.6 Linear 

Combination 

ULS wind 1*1.2000+6*1.0000+3*0.5000 

 26 (C) LRFD4.7 Linear 

Combination 

ULS wind 1*1.2000+7*1.0000+3*0.5000 

 27 (C) LRFD5.0 Linear 

Combination 

ULS seismic 1*1.2400+8*1.0000+2*0.2000 

 28 (C) LRFD5.1 Linear 

Combination 

ULS seismic 1*1.2400+8*-

1.0000+2*0.2000 

 29 (C) LRFD5.2 Linear 

Combination 

ULS seismic 1*1.2400+9*1.0000+3*0.2000 

 30 (C) LRFD5.3 Linear 

Combination 

ULS seismic 1*1.2400+9*-

1.0000+3*0.2000 

 31 (C) LRFD6.0 Linear 

Combination 

ULS wind 1*0.9000+4*1.0000 

 32 (C) LRFD6.1 Linear 

Combination 

ULS wind 1*0.9000+5*1.0000 
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 33 (C) LRFD6.2 Linear 

Combination 

ULS wind 1*0.9000+6*1.0000 

 34 (C) LRFD6.3 Linear 

Combination 

ULS wind 1*0.9000+7*1.0000 

 35 (C) LRFD7.0 Linear 

Combination 

ULS seismic 1*0.8600+8*1.0000 

 36 (C) LRFD7.1 Linear 

Combination 

ULS seismic 1*0.8600+8*-1.0000 

 37 (C) LRFD7.2 Linear 

Combination 

ULS seismic 1*0.8600+9*1.0000 

 38 (C) LRFD7.3 Linear 

Combination 

ULS seismic 1*0.8600+9*-1.0000 

 39 (C) ASD1.0 Linear 

Combination 

SLS dead 1*1.0000 

 40 (C) ASD3.0 Linear 

Combination 

SLS snow (1+2)*1.0000 

 41 (C) ASD3.1 Linear 

Combination 

SLS snow (1+3)*1.0000 

 42 (C) ASD5.0 Linear 

Combination 

SLS wind 1*1.0000+4*0.6000 

 43 (C) ASD5.1 Linear 

Combination 

SLS wind 1*1.0000+5*0.6000 

 44 (C) ASD5.2 Linear 

Combination 

SLS wind 1*1.0000+6*0.6000 

 45 (C) ASD5.3 Linear 

Combination 

SLS wind 1*1.0000+7*0.6000 

 46 (C) ASD6.0 Linear 

Combination 

SLS wind 1*1.0000+4*0.4500+2*0.7500 

 47 (C) ASD6.1 Linear 

Combination 

SLS wind 1*1.0000+5*0.4500+2*0.7500 

 48 (C) ASD6.2 Linear 

Combination 

SLS wind 1*1.0000+6*0.4500+2*0.7500 

 49 (C) ASD6.3 Linear 

Combination 

SLS wind 1*1.0000+7*0.4500+2*0.7500 

 50 (C) ASD6.4 Linear 

Combination 

SLS wind 1*1.0000+4*0.4500+3*0.7500 

 51 (C) ASD6.5 Linear 

Combination 

SLS wind 1*1.0000+5*0.4500+3*0.7500 

 52 (C) ASD6.6 Linear 

Combination 

SLS wind 1*1.0000+6*0.4500+3*0.7500 

 53 (C) ASD6.7 Linear 

Combination 

SLS wind 1*1.0000+7*0.4500+3*0.7500 

 54 (C) ASD6.8 Linear 

Combination 

SLS seismic 1*1.0300+8*0.5250+2*0.7500 

 55 (C) ASD6.9 Linear 

Combination 

SLS seismic 1*1.0300+8*-

0.5250+2*0.7500 

 56 (C) ASD6.10 Linear 

Combination 

SLS seismic 1*1.0300+9*0.5250+2*0.7500 

 57 (C) ASD6.11 Linear 

Combination 

SLS seismic 1*1.0300+9*-

0.5250+2*0.7500 

 58 (C) ASD6.12 Linear 

Combination 

SLS seismic 1*1.0300+8*0.5250+3*0.7500 
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 59 (C) ASD6.13 Linear 

Combination 

SLS seismic 1*1.0300+8*-

0.5250+3*0.7500 

 60 (C) ASD6.14 Linear 

Combination 

SLS seismic 1*1.0300+9*0.5250+3*0.7500 

 61 (C) ASD6.15 Linear 

Combination 

SLS seismic 1*1.0300+9*-

0.5250+3*0.7500 

 62 (C) ASD7.0 Linear 

Combination 

SLS wind (1+4)*0.6000 

 63 (C) ASD7.1 Linear 

Combination 

SLS wind (1+5)*0.6000 

 64 (C) ASD7.2 Linear 

Combination 

SLS wind (1+6)*0.6000 

 65 (C) ASD7.3 Linear 

Combination 

SLS wind (1+7)*0.6000 

 66 (C) ASD8.0 Linear 

Combination 

SLS seismic 1*0.5700+8*0.7000 

 67 (C) ASD8.1 Linear 

Combination 

SLS seismic 1*0.5700+8*-0.7000 

 68 (C) ASD8.2 Linear 

Combination 

SLS seismic 1*0.5700+9*0.7000 

 69 (C) ASD8.3 Linear 

Combination 

SLS seismic 1*0.5700+9*-0.7000 

 

(a) SLS = Service Limit State, ULS = Ultimate Limit State 
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Member Design 

 

  



  4208 

  NW Harnett Elementary 

 

7/19/2023  

 

TIMBER STRUCTURE CALCULATIONS 
-------------------------------------------------------------------------------------------------------------------------------------------- 

CODE: ANSI/AWC NDS-2012 LRFD 

ANALYSIS TYPE:   Code Group Verification 

-------------------------------------------------------------------------------------------------------------------------------------------- 

CODE GROUP:   1  TAILS     

MEMBER:   30   POINT:   3 COORDINATE:   x = 1.00 L = 2.0616 ft 

-------------------------------------------------------------------------------------------------------------------------------------------- 

LOADS: 

Governing Load Case:   11 LRFD3.0  1*1.2000+2*1.6000+4*0.5000 

-------------------------------------------------------------------------------------------------------------------------------------------- 

MATERIAL:   GL VG SOFTWOOD 24F-V3 SP/SP 

Structural Glued Laminated Softwood Timber - Tab.5A 

Ft=1.1500 ksi Fc=1.6500 ksi  

  

Fby=2.0000 ksi Fvy=0.3000 ksi Fcpy=0.7400 ksi Ey=1800.0006 ksi 

Eminy=950.0003 ksi 

Fbz=2.4000 ksi Fvz=0.3000 ksi Fcpz=0.7400 ksi Ez=1800.0006 ksi 

Eminz=950.0003 ksi 

-------------------------------------------------------------------------------------------------------------------------------------------- 

     SECTION PARAMETERS:  Rafter 4-6 

d=4.00 in   

b=5.00 in Ay=13.333 in2  Az=13.333 in2  A=20.000 in2  

drep=4.90 in Iy=26.667 in4  Iz=41.667 in4  Ix=54.956 in4  

brep=5.00 in Sy=13.333 in3 Sz=16.667 in3  

-------------------------------------------------------------------------------------------------------------------------------------------- 

MEMBER PARAMETERS: 

   BUCKLING Y    BUCKLING Z     LT BUCKLING 

-------------------------------------------------------------------------------------------------------------------------------------------- 

INTERNAL FORCES AND ACTUAL STRESSES: 

N = -0.0445 kip My = -0.0124 kip*in  Vy = 0.5117 kip Vz = 0.0049 kip 

ft = -0.0022 ksi fby = -0.0009 ksi  fvy = 0.0384 ksi fvz = 0.0004 ksi 

-------------------------------------------------------------------------------------------------------------------------------------------- 

DESIGN WOOD STRENGHTS: 

Ft' = Ft(1.1500)*CM(1.0000)*Ct(1.0000)*KF(2.7000)*Fi(0.8000)*Lam(0.8000) = 1.9872 ksi 

Fby' = Fby(2.0000)*CM(1.0000)*Ct(1.0000)*CV(1.0000)*CI(4.6451)*KF(2.5400)*Fi(0.8500)*Lam(0.8000) = 

16.0461 ksi 

Fvy' = Fvy(0.3000)*CM(1.0000)*Ct(1.0000)*Cvr(0.7200)*KF(2.8800)*Fi(0.7500)*Lam(0.8000) = 0.3732 ksi 

Fvz' = Fvz(0.3000)*CM(1.0000)*Ct(1.0000)*Cvr(0.7200)*KF(2.8800)*Fi(0.7500)*Lam(0.8000) = 0.3732 ksi 

Fby* = Fby(2.0000)*CM(1.0000)*Ct(1.0000)*CV(1.0000)*CI(4.6451)*KF(2.5400)*Fi(0.8500)*Lam(0.8000) = 

16.0461 ksi 

Fby** = Fby(2.0000)*CM(1.0000)*Ct(1.0000)*CI(4.6451)*KF(2.5400)*Fi(0.8500)*Lam(0.8000) = 16.0461 ksi 

-------------------------------------------------------------------------------------------------------------------------------------------- 

RESULTS:  

ft/Ft' + fby/Fby* = 0.0012 < 1.0000 [3.9-1]   OK! 

(fby-ft)/Fby** = -0.0001 < 1.0000 [3.9-2]   OK! 

fvy/Fvy' = 0.1028 < 1.0000 [3.4.1]   OK!,   fvz/Fvz' = 0.0010 < 1.0000 [3.4.1]   OK! 

-------------------------------------------------------------------------------------------------------------------------------------------- 

Section OK !!! 

 

 

  



  4208 

  NW Harnett Elementary 

 

7/19/2023  

 

TIMBER STRUCTURE CALCULATIONS 
------------------------------------------------------------------------------------------------------------------------------------------- 

CODE: ANSI/AWC NDS-2012 LRFD 

ANALYSIS TYPE:   Code Group Verification 

-------------------------------------------------------------------------------------------------------------------------------------------- 

CODE GROUP:   2  FASCIA     

MEMBER:   8   POINT:   1 COORDINATE:   x = 0.67 L = 6.8718 ft 

-------------------------------------------------------------------------------------------------------------------------------------------- 

LOADS: 

Governing Load Case:   12 LRFD3.1  1*1.2000+2*1.6000+5*0.5000 

-------------------------------------------------------------------------------------------------------------------------------------------- 

MATERIAL:   ALASKA CEDAR No.1 2+ 

Visually Graded Dimension Lumber - Tab.4A 

Fb=0.9750 ksi Ft=0.5250 ksi Fv=0.1650 ksi Fcp=0.5250 ksi 

Fc=0.9000 ksi E=1300.0004 ksi Emin=470.0001 ksi 

-------------------------------------------------------------------------------------------------------------------------------------------- 

     SECTION PARAMETERS:  LMBR 2x8 AC 

d=7.25 in   

b=1.50 in Ay=7.253 in2  Az=7.253 in2  A=10.880 in2  

 Iy=47.630 in4  Iz=2.039 in4  Ix=7.093 in4  

 Sy=13.139 in3 Sz=2.719 in3  

-------------------------------------------------------------------------------------------------------------------------------------------- 

MEMBER PARAMETERS: 

   BUCKLING Y    BUCKLING Z     LT BUCKLING 

FcEy = INF ksi FcEz = INF ksi FbE = INF ksi 

-------------------------------------------------------------------------------------------------------------------------------------------- 

INTERNAL FORCES AND ACTUAL STRESSES: 

N = 0.1701 kip My = 3.9087 kip*in Mz = 0.0825 kip*in Vy = -0.0670 kip Vz = 0.0078 kip 

fc = 0.0156 ksi fby = 0.2975 ksi fbz = 0.0304 ksi fvy = -0.0092 ksi fvz = 0.0011 ksi 

Mx = -0.0211 kip*in   fvty = 0.0045 ksi

 fvtz = 0.0033 ksi 

-------------------------------------------------------------------------------------------------------------------------------------------- 

DESIGN WOOD STRENGHTS: 

Fc' = Fc(0.9000)*CM(1.0000)*Ct(1.0000)*CF(1.0500)*KF(2.4000)*Fi(0.9000)*Lam(0.8000) = 1.6330 ksi 

Fb' = Fb(0.9750)*CM(1.0000)*Ct(1.0000)*CF(1.2000)*KF(2.5400)*Fi(0.8500)*Lam(0.8000) = 2.0208 ksi 

Fv' = Fv(0.1650)*CM(1.0000)*Ct(1.0000)*KF(2.8800)*Fi(0.7500)*Lam(0.8000) = 0.2851 ksi 

-------------------------------------------------------------------------------------------------------------------------------------------- 

RESULTS:  

(fc/Fc')^2 + fby/(Fb'*(1-fc/FcEy) + fbz/(Fb'*(1-fc/FcEz-(fby/FbE)^2) = 0.1604 < 1.0000 [3.9-3]   OK! 

(fvy + 3/2*fvty)/Fv' = 0.0558 < 1.0000 [3.4.1]   OK!,   (fvz + 3/2*fvtz)/Fv' = 0.0211 < 1.0000 [3.4.1]   OK! 

-------------------------------------------------------------------------------------------------------------------------------------------- 

Section OK !!! 
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TIMBER STRUCTURE CALCULATIONS 
-------------------------------------------------------------------------------------------------------------------------------------------- 

CODE: ANSI/AWC NDS-2012 LRFD 

ANALYSIS TYPE:   Code Group Verification 

-------------------------------------------------------------------------------------------------------------------------------------------- 

CODE GROUP:   3  RAFTERS     

MEMBER:   35  35 POINT:   3 COORDINATE:   x = 0.75 L = 12.3693 ft 

-------------------------------------------------------------------------------------------------------------------------------------------- 

LOADS: 

Governing Load Case:   11 LRFD3.0  1*1.2000+2*1.6000+4*0.5000 

-------------------------------------------------------------------------------------------------------------------------------------------- 

MATERIAL:   GL VG SOFTWOOD 24F-V3 SP/SP 

Structural Glued Laminated Softwood Timber - Tab.5A 

Ft=1.1500 ksi Fc=1.6500 ksi  

  

Fby=2.4000 ksi Fvy=0.3000 ksi Fcpy=0.7400 ksi Ey=1800.0006 ksi 

Eminy=950.0003 ksi 

Fbz=1.4500 ksi Fvz=0.2300 ksi Fcpz=0.5600 ksi Ez=1600.0005 ksi 

Eminz=850.0003 ksi 

-------------------------------------------------------------------------------------------------------------------------------------------- 

     SECTION PARAMETERS:  Rafter 6-16 

d=11.00 in   

b=5.00 in Ay=36.667 in2  Az=36.667 in2  A=55.000 in2  

drep=10.06 in Iy=554.583 in4  Iz=114.583 in4  Ix=327.295 in4  

brep=5.00 in Sy=100.833 in3 Sz=45.833 in3  

-------------------------------------------------------------------------------------------------------------------------------------------- 

MEMBER PARAMETERS: 

   BUCKLING Y    BUCKLING Z     LT BUCKLING 

Key = 1.0000   

ley = 16.4924 ft   

ley/d = 19.6680   

CPy = 0.7809   

FcEy = 3.0200 ksi FcEz = INF ksi FbE = INF ksi 

-------------------------------------------------------------------------------------------------------------------------------------------- 

INTERNAL FORCES AND ACTUAL STRESSES: 

N = 0.6991 kip My = 92.6863 kip*in Mz = -1.3985 kip*in Vy = -0.5317 kip Vz = 0.0764 kip 

fc = 0.0127 ksi fby = 0.9192 ksi fbz = -0.0305 ksi fvy = -0.0145 ksi fvz = 0.0021 ksi 

Mx = -4.6099 kip*in   fvty = 0.0669 ksi

 fvtz = 0.0526 ksi 

 fr = 0.0103 ksi    

-------------------------------------------------------------------------------------------------------------------------------------------- 

DESIGN WOOD STRENGHTS: 

Fc' = Fc(1.6500)*CM(1.0000)*Ct(1.0000)*CP(0.7809)*KF(2.4000)*Fi(0.9000)*Lam(0.8000) = 2.2265 ksi 

Fby' = 

Fby(2.4000)*CM(1.0000)*Ct(1.0000)*CV(1.0000)*Cc(0.9344)*CI(3.5265)*KF(2.5400)*Fi(0.8500)*Lam(0.8000) 

= 13.6586 ksi 

Fbz' = Fbz(1.4500)*CM(1.0000)*Ct(1.0000)*Cfu(1.1022)*CI(3.5265)*KF(2.5400)*Fi(0.8500)*Lam(0.8000) = 

2.7603 ksi 

Fvy' = Fvy(0.3000)*CM(1.0000)*Ct(1.0000)*Cvr(0.7200)*KF(2.8800)*Fi(0.7500)*Lam(0.8000) = 0.3732 ksi 

Fvz' = Fvz(0.2300)*CM(1.0000)*Ct(1.0000)*Cvr(0.7200)*KF(2.8800)*Fi(0.7500)*Lam(0.8000) = 0.2862 ksi 

Eminy' = Eminy(950.0003)*CM(1.0000)*Ct(1.0000)*KF(1.7600)*Fi(0.8500) = 1421.2004 ksi 

Eminz' = Eminz(850.0003)*CM(1.0000)*Ct(1.0000)*KF(1.7600)*Fi(0.8500) = 1271.6004 ksi 
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Frt' = (1/3)*Fvy(0.3000)*Cvr(0.7200)*CM(1.0000)*Ct(1.0000)*KF(2.8800)*Fi(0.7500)*Lam(0.8000) = 0.1244 ksi 

-------------------------------------------------------------------------------------------------------------------------------------------- 

RESULTS:  

(fc/Fc')^2 + fby/(Fby'*(1-fc/FcEy) + fbz/(Fbz'*(1-fc/FcEz-(fby/FbE)^2) = 0.0787 < 1.0000 [3.9-3]   OK! 

(fvy + 3/2*fvty)/Fvy' = 0.3076 < 1.0000 [3.4.1]   OK!,   (fvz + 3/2*fvtz)/Fvz' = 0.2832 < 1.0000 [3.4.1]   OK! 

fr/Frt' = 0.0828 < 1.0000 [5.4.1]   OK! 

ley/d = 19.6680 < 50.0000 STABLE,    

-------------------------------------------------------------------------------------------------------------------------------------------- 

Section OK !!! 
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TIMBER STRUCTURE CALCULATIONS 
-------------------------------------------------------------------------------------------------------------------------------------------- 

CODE: ANSI/AWC NDS-2012 LRFD 

ANALYSIS TYPE:   Code Group Verification 

-------------------------------------------------------------------------------------------------------------------------------------------- 

CODE GROUP:   5  COLUMNS     

MEMBER:   32   POINT:    COORDINATE:   x = 0.00 L = 0.0000 ft 

-------------------------------------------------------------------------------------------------------------------------------------------- 

LOADS: 

Governing Load Case:   20 LRFD4.1  1*1.2000+5*1.0000+2*0.5000 

-------------------------------------------------------------------------------------------------------------------------------------------- 

MATERIAL:   GL VG SOFTWOOD 20F-V15 POC/POC 

Structural Glued Laminated Softwood Timber - Tab.5A 

Ft=0.9000 ksi Fc=1.6000 ksi  

  

Fby=2.0000 ksi Fvy=0.2650 ksi Fcpy=0.5600 ksi Ey=1500.0000 ksi 

Eminy=790.0000 ksi 

Fbz=1.3000 ksi Fvz=0.2300 ksi Fcpz=0.4700 ksi Ez=1400.0000 ksi 

Eminz=740.0000 ksi 

-------------------------------------------------------------------------------------------------------------------------------------------- 

     SECTION PARAMETERS:  GSP 5x5.5 POC 

d=5.50 in   

b=5.00 in Ay=18.333 in2  Az=18.333 in2  A=27.500 in2  

 Iy=69.323 in4  Iz=57.292 in4  Ix=105.868 in4  

 Sy=25.208 in3 Sz=22.917 in3  

-------------------------------------------------------------------------------------------------------------------------------------------- 

MEMBER PARAMETERS: 

   BUCKLING Y    BUCKLING Z     LT BUCKLING 

Key = 2.0000 Kez = 2.0000  

ley = 16.0000 ft lez = 16.0000 ft  

ley/d = 34.9091 lez/b = 38.4000  

CPy = 0.2242 CPz = 0.1749  

FcEy = 0.7972 ksi FcEz = 0.6171 ksi FbE = INF ksi 

-------------------------------------------------------------------------------------------------------------------------------------------- 

INTERNAL FORCES AND ACTUAL STRESSES: 

N = 0.9404 kip My = 8.2853 kip*in Mz = 17.5616 kip*in Vy = -0.1044 kip Vz = 0.2154 kip 

fc = 0.0342 ksi fby = 0.3287 ksi fbz = 0.7663 ksi fvy = -0.0057 ksi fvz = 0.0117 ksi 

-------------------------------------------------------------------------------------------------------------------------------------------- 

DESIGN WOOD STRENGHTS: 

Fc' = Fc(1.6000)*CM(1.0000)*Ct(1.0000)*CP(0.1749)*KF(2.4000)*Fi(0.9000)*Lam(1.0000) = 0.6043 ksi 

Fby' = Fby(2.0000)*CM(1.0000)*Ct(1.0000)*CV(1.0000)*KF(2.5400)*Fi(0.8500)*Lam(1.0000) = 4.3180 ksi 

Fbz' = Fbz(1.3000)*CM(1.0000)*Ct(1.0000)*Cfu(1.1022)*KF(2.5400)*Fi(0.8500)*Lam(1.0000) = 3.0934 ksi 

Fvy' = Fvy(0.2650)*CM(1.0000)*Ct(1.0000)*Cvr(1.0000)*KF(2.8800)*Fi(0.7500)*Lam(1.0000) = 0.5724 ksi 

Fvz' = Fvz(0.2300)*CM(1.0000)*Ct(1.0000)*Cvr(1.0000)*KF(2.8800)*Fi(0.7500)*Lam(1.0000) = 0.4968 ksi 

Eminy' = Eminy(790.0000)*CM(1.0000)*Ct(1.0000)*KF(1.7600)*Fi(0.8500) = 1181.8400 ksi 

Eminz' = Eminz(740.0000)*CM(1.0000)*Ct(1.0000)*KF(1.7600)*Fi(0.8500) = 1107.0400 ksi 

-------------------------------------------------------------------------------------------------------------------------------------------- 

RESULTS:  

(fc/Fc')^2 + fby/(Fby'*(1-fc/FcEy) + fbz/(Fbz'*(1-fc/FcEz-(fby/FbE)^2) = 0.3450 < 1.0000 [3.9-3]   OK! 

fc/FcEz + (fby/FbE)^2 = 0.0554 < 1.0000 [3.9-4]   OK!,   fc/FcEy = 0.0429 < 1.0000 [3.9.2]   OK!,    

fvy/Fvy' = 0.0100 < 1.0000 [3.4.1]   OK!,   fvz/Fvz' = 0.0236 < 1.0000 [3.4.1]   OK! 
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ley/d = 34.9091 < 50.0000 STABLE,   lez/b = 38.4000 < 50.0000 STABLE,    

-------------------------------------------------------------------------------------------------------------------------------------------- 

Section OK !!! 
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Foundation Design 
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Can�lever Column Founda�on Design

Reac�on Forces Local to Column (ASD)

≔D READEXCEL ⎛⎝ ,“.\4208Forces.xlsx” “Sheet1!A2:I14”⎞⎠

=D

“Bar” “Point” “Case” “Fx (Kip)” “Fy (Kip)” “Fz (Kip)” “Mx (Kipin)” “My (Kipin)” “Mz (Kipin)”

31 1 11 2.445 -0.012 0.031 0.001 -2.787 -1.168

32 1 33 -0.398 0.14 0.001 0.001 0.015 12.422

15 1 33 0.215 0.154 -0.003 0.001 0.179 12.838

31 1 11 2.445 -0.012 0.031 0.001 -2.787 -1.168

19 1 19 0.932 0.014 0.076 0.001 -5.926 1.175

7 1 20 0.731 0.127 -0.07 0.001 5.059 10.933

3 1 10 0.629 0.004 0.001 0.001 -0.001 0.376

3 1 10 0.629 0.004 0.001 0.001 -0.001 0.376

32 1 32 -0.093 0.139 -0.07 0.001 5.524 11.294

19 1 31 0.389 0.011 0.076 0.001 -5.928 0.837

19 1 21 0.308 0.149 -0.006 0.001 0.166 12.927

31 1 11 2.445 -0.012 0.031 0.001 -2.787 -1.168

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

≔Fx ⋅submatrix ⎛⎝ ,,,,D 1 12 3 3⎞⎠ kip ≔Mx ⋅⋅submatrix ⎛⎝ ,,,,D 1 12 6 6⎞⎠ kip in

≔Fy ⋅submatrix ⎛⎝ ,,,,D 1 12 4 4⎞⎠ kip ≔My ⋅⋅submatrix ⎛⎝ ,,,,D 1 12 7 7⎞⎠ kip in

≔Fz ⋅submatrix ⎛⎝ ,,,,D 1 12 5 5⎞⎠ kip ≔Mz ⋅⋅submatrix ⎛⎝ ,,,,D 1 12 8 8⎞⎠ kip in

Loads are given in coordinates local to member. X is axial, Y is horizontal axis and Z is ver�cal axis. Tension is given as a 

nega�ve value.

Pier Proper�es

≔B 2.0 � Diameter of the pier foo�ng

≔γc 150 pcf Unit weight of concrete

≔cf 0.25 Coefficient of fric�on at base of foo�ng

≔ql 200 ――
psf

�
Allowable Lateral Bearing Pressure at depth below natural 

grade with increase per 1806.3.4

≔qv 1500 psf Allowable net ver�cal bearing pressure

≔G 120 pcf Unit weight of soil

≔K 0.5 Coefficient of lateral earth pressure

≔Pr =⋅B π 6.283 � Perimeter of the foo�ng

≔Ab =⋅⋅π B
2

0.25 3.142 �
2

Bearing area at base of foo�ng

≔ϕf 30 deg Fric�on angle

≔dfrost 48 in Minimum depth

≔ρmin 0.005 Minimum reinforcement ra�o

≔dbar 0.75 in Diameter of ver�cal bars

≔dagg 0.75 in Max aggregate diameter

≔d�e 0.5 in Diameter of the �e

Lateral Force Resistance

≔UnconstrainedDepthCheck =CapacityCheck ⎛⎝ ,Du Drequ
⎞⎠ “OK” =Du 48 in

≔ConstrainedDepthCheck =CapacityCheck ⎛⎝ ,Dc Dreqc
⎞⎠ “OK” =Dc 48 in
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Upli� Resistance

≔UnconstrainedUpli�Check =CapacityCheck ⎛⎝ ,ULnUncon ULmax
⎞⎠ “OK”

≔ConstrainedUpli�Check =CapacityCheck ⎛⎝ ,ULnCon ULmax
⎞⎠ “OK”

Soil Bearing Resistance

≔UnconstrainedBearingCheck =CapacityCheck ⎛⎝ ,qv QnetUncon
⎞⎠ “OK”

≔ConstrainedBearingCheck =CapacityCheck ⎛⎝ ,qv QnetCon
⎞⎠ “OK”

Rebar

Summary

=B 24 in Foo%ng Diameter

=Du 48 in Unconstrained Depth

=Dc 48 in Constrained Depth

=dbar 0.75 in Diameter of the ver%cal bars

=nbar 6 Ver%cal bar count

=d�e 0.5 in Tie Diameter

=smax 12 in Tie Spacing max
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Base Plate Design 
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Uns�ffened Base Plate Calcula�ons
Connec�on Proper�es

≔Ht 6 in Height of the Column

≔B 5 in Width of the Column

≔Tnomcol 0.25 in Nominal Thickness of the Column

≔db 0.625 in Diameter of the anchor bolt

≔dh +db 0.25 in Diameter of the bolt hole

≔edy =+⋅db 2 0.25 in 1.5 in Hole edge distance in the x direc�on

≔edz edy Hole edge distance in the y direc�on

≔Bbase 10 in Width of the base plate

≔Lbase 13 in Length of the base plate

≔tbase 0.5 in Thickness of the base plate

≔dped 24 in Diameter of the pedestal

≔hped 48 in Depth of the pedestal

≔TAreinforced 0 Anchor tension reinforcement present

≔dtr 0.75 in Diameter of tension rebar

≔VAreinforced 0 Anchor shear reinforcement present

≔dvr 0.5 in Diameter of shear rebar

≔Fybp 36 ksi Yield stress of the plate material

≔Fubp 58 ksi Ul�mate stress of the plate material

≔Fucol 62 ksi Ul�mate stress of the column pipe material

≔Fycol 50 ksi Yield stress of the column pipe material

≔sw =Tnomcol 0.25 in Leg size of the fillet weld

≔FEXX 70 ksi Strength classifica�on of the filler metal

≔nblt 4 Number of bolts in the paern

≔hef1 12 in Effec�ve embedment depth

≔syblt =-Bbase ⋅2 edy 7 in Spacing in the y direc�on

≔szblt =-Lbase ⋅2 edz 10 in Spacing in the z direc�on

≔fya 36 ksi yield stress of the bolts

≔fuab =min ⎛⎝ ,58 ksi ⋅1.9 fya
⎞⎠ 58 ksi ul�mate tensile strength of the anchor steel

≔f'c 3 ksi Compressive strength of the concrete

≔λ 1 Lightweight concrete modifica�on factor

≔γc 150 pcf Unit weight of concrete

≔fy 60 ksi Yield stress of the rebar
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Loads

≔D READEXCEL ⎛⎝ ,“.\4208Forces.xlsx” “Sheet1!A17:I29”⎞⎠

=D

“Bar” “Point” “Case” “Fx (Kip)” “Fy (Kip)” “Fz (Kip)” “Mx (Kipin)” “My (Kipin)” “Mz (Kipin)”

31 1 11 3.668 -0.018 0.047 0.001 -4.181 -1.752

32 1 33 -0.598 0.21 0.002 0.001 0.023 18.633

15 1 33 0.323 0.231 -0.005 0.001 0.269 19.257

31 1 11 3.668 -0.018 0.047 0.001 -4.181 -1.752

19 1 19 1.399 0.022 0.114 0.001 -8.889 1.762

7 1 20 1.097 0.191 -0.105 0.001 7.588 16.399

3 1 10 0.943 0.006 0.001 0.001 -0.001 0.564

3 1 10 0.943 0.006 0.001 0.001 -0.001 0.564

32 1 32 -0.139 0.209 -0.104 0.001 8.286 16.94

19 1 31 0.584 0.016 0.114 0.001 -8.892 1.255

19 1 21 0.461 0.223 -0.01 0.001 0.248 19.391

31 1 11 3.668 -0.018 0.047 0.001 -4.181 -1.752

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

Loads are given in coordinates local to column. X is axial, Y is horizontal axis and Z is ver�cal axis. Tension is 

given as a nega�ve value.

Bending in the Base Plate

Out

≔BendCheck =
‖
‖
‖
‖
‖
‖
‖‖

if

else

>⋅ϕb Mn max ⎛⎝Mu
⎞⎠

‖
‖ “OK”

‖
‖ “NG”

“OK” =⋅ϕb Mn 18.479 ⋅kip in

=max ⎛⎝Mu
⎞⎠ 4.402 ⋅kip in

=tbase 0.5 in

Weld Calcula<ons (Elas<c Method)

Out

≔WeldToBaseCheck =
‖
‖
‖
‖
‖
‖
‖‖

if

else

>⋅ϕw Rnb max ⎛⎝Vuw
⎞⎠

‖
‖ “OK”

‖
‖ “NG”

“OK” =⋅ϕw Rnb 5.568 ――
kip

in

=max ⎛⎝Vuw
⎞⎠ 0.646 ――

kip

in
=sw 0.25 in

≔tminr =―――――――
⋅⋅FEXX sin ⎛⎝45 deg⎞⎠ sw

Fucol

0.2 in Minimum thickness of pipe required to develop the 

shear rupture strength of the base metal

Out

≔ColThickCheck =
‖
‖
‖
‖
‖
‖
‖‖

if

else

>⎛⎝ ⋅Tnomcol 0.93⎞⎠ tminr

‖
‖ “OK”

‖
‖ “NG”

“OK” =⋅Tnomcol 0.93 0.233 in

=tminr 0.2 in
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NW Harne Elementary

Anchor Bolt Calcula�ons

Steel strength of anchor in tension

Concrete breakout strength of anchor in tension

Pullout strength of anchor in tension

Concrete sideface blowout strength in tension

Shear strength of steel

Concrete breakout strength

Concrete pry out strength

Combined Tension and Shear

Max tension strength ra�o 

for each load case

Max shear strength ra�o for 

each load case

=Nsr

0

0.185

0.168

0

0.06

0.171

0

0

0.213

0.085

0.165

0

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

=Vsr

0.007

0.023

0.026

0.007

0.017

0.026

0.001

0.001

0.028

0.017

0.025

0.007

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

=Interac�onCheck

“OK”

“OK”

“OK”

“OK”

“OK”

“OK”

“OK”

“OK”

“OK”

“OK”

“OK”

“OK”

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦
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NW Harne Elementary

Base and anchor Summary

=tbase 0.5 in Thickness of the base plate

=Lbase 13 in Length of the base plate

=Bbase 10 in Width of the base plate

=dh 0.875 in Hole diameter

=db 0.625 in Bolt diameter

=nblt 4 Number of bolts

=syblt 7 in Bolt spread width

=szblt 10 in Bolt spread length

=edy 1.5 in Bolt Edge Distance

=sw 0.25 in Size of the weld

=LAnchor 28 in Length of the anchor to eliminate concrete breakout

=hef1 12 in Length of anchor if concrete breakout is considered

≔LAnchorEmbed =
‖
‖
‖
‖
‖
‖
‖‖

if

else

＝TAreinforced 1

‖
‖‖ LAnchor

‖
‖‖ hef1

12 in
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Through bolted wood connec�on 

design (base shoe)

4208

NW Harne� Elementary

Wood Bolted Throughbolt connec�on

Internal Forces

≔D READEXCEL ⎛⎝ ,“.\4208Forces.xlsx” “Sheet1!A17:I29”⎞⎠

=D

“Bar” “Point” “Case” “Fx (Kip)” “Fy (Kip)” “Fz (Kip)” “Mx (Kipin)” “My (Kipin)” “Mz (Kipin)”

31 1 11 3.668 -0.018 0.047 0.001 -4.181 -1.752

32 1 33 -0.598 0.21 0.002 0.001 0.023 18.633

15 1 33 0.323 0.231 -0.005 0.001 0.269 19.257

31 1 11 3.668 -0.018 0.047 0.001 -4.181 -1.752

19 1 19 1.399 0.022 0.114 0.001 -8.889 1.762

7 1 20 1.097 0.191 -0.105 0.001 7.588 16.399

3 1 10 0.943 0.006 0.001 0.001 -0.001 0.564

3 1 10 0.943 0.006 0.001 0.001 -0.001 0.564

32 1 32 -0.139 0.209 -0.104 0.001 8.286 16.94

19 1 31 0.584 0.016 0.114 0.001 -8.892 1.255

19 1 21 0.461 0.223 -0.01 0.001 0.248 19.391

31 1 11 3.668 -0.018 0.047 0.001 -4.181 -1.752

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

≔Fx ⋅submatrix ⎛⎝ ,,,,D 1 12 3 3⎞⎠ kip ≔Mx ⋅⋅submatrix ⎛⎝ ,,,,D 1 12 6 6⎞⎠ kip in

≔Fy ⋅submatrix ⎛⎝ ,,,,D 1 12 4 4⎞⎠ kip ≔Mz ⋅⋅submatrix ⎛⎝ ,,,,D 1 12 7 7⎞⎠ kip in

≔Fz ⋅submatrix ⎛⎝ ,,,,D 1 12 5 5⎞⎠ kip ≔My ⋅⋅submatrix ⎛⎝ ,,,,D 1 12 8 8⎞⎠ kip in

Loads are given in coordinates local to member. X is axial, Y is horizontal axis and Z is ver�cal axis. Tension is given as a 

nega�ve value.

Compression will be handled by bearing against the base plate, so all posi�ve axial forces shall not be considered in the 

bolted connec�on.

≔Fx

‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

for ∊i , ‥0 1 last ⎛⎝Fx
⎞⎠

‖
‖
‖
‖
‖
‖
‖
‖
‖‖

if

else

>Fx
i

0 kip

‖
‖
‖

←n
i

0.001 kip

‖
‖
‖

←n
i

Fx
i

n

≔D 0.75 in dowel diameter (greater than 0.25")

≔n 2 Number of fasteners in a row

≔r 1 Number of rows

≔nb =⋅n r 2 total number of bolts

≔sy 8 in Spacing of fasteners in a row

≔sx 0 in Spacing between rows

≔Ix =⋅2
⎛
⎜
⎝
―
sy

2

⎞
⎟
⎠

2

32 ――
in

4

in
2

MOI of bolt group about the horizontal axis

≔Iy =⋅4
⎛
⎜
⎝
―
sx

2

⎞
⎟
⎠

2

0 ――
in

4

in
2

MOI of bolt group about the ver�cal axis

≔Io =+Ix Iy 32 ――
in

4

in
2

polar MOI of the bolt group
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Through bolted wood connec�on 

design (base shoe)

4208

NW Harne� Elementary

≔Vp ――

→―
||Fx||

nb

ver�cal force due to the applied load

≔Ve ――――
⋅⋅

→―
||My

|| sx 0.5

Io

ver�cal force due to the applied moment

≔Vu +Vp Ve total ver�cal force

≔Hp ――

→―
||Fz||

nb

horizontal force due to the applied load

≔He ――――
⋅⋅

→―
||My

|| sy 0.5

Io

horizontal force due tot he applied moment

≔Hu +Hp He total horizontal force

≔θm atan
⎛
⎜
⎜⎝
―
Hu

Vu

⎞
⎟
⎟⎠

angle of the force rela�ve to the grain

≔Zu
‾‾‾‾‾‾‾‾+Hu

2
Vu

2
max resultant force on an individual bolt

≔dm 5.5 in Depth of the main member

≔bm 5 in Width of the main member

≔ds 3 in Depth of the side member

≔bs 0.25 in Width of the side member (two plates each this thickness)

≔lm bm main member dowel bearing length

≔ls ⋅bs 2 side member dowel bearing length

≔Am ⋅dm bm Area of the main member

≔As ⋅ds bs Area of the side member

≔Em 1500 ksi Elas�c modulus of the main member

≔Es 29000 ksi Elas�c modulus of the side member

≔G
0.55

7.853

⎡
⎢⎣

⎤
⎥⎦

specific gravity of the member (main and side)

≔FePara =Round ⎛⎝ ,⋅11200 psi G 50 psi⎞⎠
6150

87950

⎡
⎢⎣

⎤
⎥⎦
psi dowel bearing strength parallel to grain

≔FePerp =Round
⎛
⎜
⎜
⎜
⎝

,―――――
⋅6100 psi G

1.45

‾‾‾
―
D

in

50 psi
⎞
⎟
⎟
⎟
⎠

2950

139850

⎡
⎢⎣

⎤
⎥⎦
psi dowel bearing strength perpendicular to grain

≔Feθ ⎛⎝ ,n θ⎞⎠ ――――――――――

⋅FePara
n
FePerp

n

+⋅FePara
n

sin ⎛⎝θ⎞⎠
2

⋅FePerp
n

cos ⎛⎝θ⎞⎠
2

func�on for dowel bearing strength at 

an angle to the grain

≔FeMain Feθ ⎛⎝ ,0 θm⎞⎠ dowel bearing strength for the main member adjusted for 

angle to grain
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Through bolted wood connec�on 

design (base shoe)

4208

NW Harne� Elementary

≔FeSide Feθ ⎛⎝ ,1 θm⎞⎠ dowel bearing strength for the side member adjusted for 

angle to grain

≔Fyb 45 ksi dowel bending yield strength

≔θ =max ⎛⎝θm⎞⎠ 89.988 deg max angle between the direc�on of load and the direc�on of 

grain for any member in a connec�on

≔Kθ =+1 0.25
⎛
⎜
⎝
―――

θ

90 deg

⎞
⎟
⎠

1.25

≔RdIm =⋅4 Kθ 5 Reduc�on Terms

≔RdIs =⋅4 Kθ 5

≔RdII =⋅3.6 Kθ 4.5

≔RdIIIm =3.2 Kθ 4

≔RdIIIs =3.2 Kθ 4

≔RdIV =3.2 Kθ 4

≔Re ――
FeMain

FeSide

≔Rt =―
lm

ls

10

≔k1 ⎛⎝Re⎞⎠

→―――――――――――――――

――――――――――――――――
-‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾++Re ⋅⋅2 Re

2 ⎛⎝ ++1 Rt Rt
2 ⎞⎠ ⋅Rt

2
Re

3 ⋅Re ⎛⎝ +1 Rt⎞⎠

⎛⎝ +1 Re⎞⎠

≔k1 k1 ⎛⎝Re⎞⎠

≔k2 ⎛⎝ ,Re Fem⎞⎠

→――――――――――――

+-1

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
+⋅2 ⎛⎝ +1 Re⎞⎠ ―――――――

⋅⋅⋅2 Fyb ⎛⎝ +1 ⋅2 Re⎞⎠ D
2

⋅⋅3 Fem lm
2

≔k2 k2 ⎛⎝ ,Re FeMain
⎞⎠

≔k3 ⎛⎝ ,Re Fem⎞⎠

→――――――――――――

+-1

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
+――――

⋅2 ⎛⎝ +1 Re⎞⎠

Re

――――――
⋅⋅⋅2 Fyb ⎛⎝ +2 Re⎞⎠ D

2

⋅⋅3 Fem ls
2

≔k3 k3 ⎛⎝ ,Re FeMain
⎞⎠

≔Fem FeMain ≔Fes FeSide
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design (base shoe)

4208

NW Harne� Elementary

≔ZIm

→―――

―――
⋅⋅D lm Fem

RdIm

Yield Mode I for the main member

≔ZIs

→―――

――――
⋅⋅2 D ls Fes

RdIm

Yield Mode I for the side member

≔ZII

→―――

――――
⋅⋅⋅k1 D ls Fes

RdII

Yield Mode II

≔ZIIIm

→―――――

――――――
⋅⋅⋅k2 D lm Fem

⋅⎛⎝ +1 ⋅2 Re⎞⎠ RdIIIm

Yield Mode III for the main member

≔ZIIIs

→――――

―――――
⋅⋅⋅2 k3 D ls Fem

⋅⎛⎝ +2 Re⎞⎠ RdIIIs

Yield Mode III for the side member

≔ZIV

→――――――

⋅――
2 D

2

RdIV

‾‾‾‾‾‾‾‾‾
――――

⋅⋅2 Fem Fyb

⋅3 ⎛⎝ +1 Re⎞⎠
Yield Mode IV

Spacing, end and edge distance requirements for the bolted connec�on

≔dedPerp =⋅4 D 3 in Min end distance for loading perpendicular to grain

≔dedParaaway =⋅4 D 3 in Min end distance for loading parallel to grain away from end of 

member

≔dedParaToward =⋅7 D 5.25 in Min end distance for loading parallel to grain toward end of member

≔sParallel =⋅4 D 3 in Min spacing for fasteners in a row

≔srowsPara =⋅1.5 D 1.125 in

≔srowsPerp ⎛⎝ ,l D⎞⎠
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

←r ―
l

D

if

else if

else

≤r 2
‖
‖ ⋅2.5 D

<<2 r 6
‖
‖
‖‖

――――
+⋅5 l ⋅10 D

8

‖
‖ ⋅5 D

≔srowsPerpm =srowsPerp ⎛⎝ ,lm D⎞⎠ 3.75 in

≔srowsPerps =srowsPerp ⎛⎝ ,ls D⎞⎠ 1.875 in

≔dedgeParallel ⎛⎝ ,,l D s⎞⎠
‖
‖
‖
‖
‖
‖
‖
‖‖

if

else

≤―
l

D
6

‖
‖ 1.5 D

‖
‖max ⎛⎝ ,⋅1.5 D ⋅s 0.5⎞⎠

≔dedgeParaM =dedgeParallel ⎛⎝ ,,lm D srowsPara⎞⎠ 1.125 in

≔dedgeParaS =dedgeParallel ⎛⎝ ,,ls D srowsPara⎞⎠ 1.125 in
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NW Harne� Elementary

≔Cg =Cg ⎛⎝ ,,,,,,n sy D Es Em As Am
⎞⎠ 0.99 Group effect factor

≔λ 1

≔Check_Im =CapacityCheckVector ⎛⎝ ,ϕZn ⎛⎝ ,,,,,,,,ZIm 1 1 Cg 1 1 1 1 λ⎞⎠ Zu⎞⎠ “OK”

≔Check_Is =CapacityCheckVector ⎛⎝ ,ϕZn ⎛⎝ ,,,,,,,,ZIs 1 1 Cg 1 1 1 1 λ⎞⎠ Zu⎞⎠ “OK”

≔Check_IIIs =CapacityCheckVector ⎛⎝ ,ϕZn ⎛⎝ ,,,,,,,,ZIIIs 1 1 Cg 1 1 1 1 λ⎞⎠ Zu⎞⎠ “OK”

≔Check_IV =CapacityCheckVector ⎛⎝ ,ϕZn ⎛⎝ ,,,,,,,,ZIV 1 1 Cg 1 1 1 1 λ⎞⎠ Zu⎞⎠ “OK”

≔ϕZn =

min ⎛⎝ϕZn ⎛⎝ ,,,,,,,,ZIm 1 1 Cg 1 1 1 1 λ⎞⎠⎞⎠
min ⎛⎝ϕZn ⎛⎝ ,,,,,,,,ZIs 1 1 Cg 1 1 1 1 λ⎞⎠⎞⎠
min ⎛⎝ϕZn ⎛⎝ ,,,,,,,,ZIIIs 1 1 Cg 1 1 1 1 λ⎞⎠⎞⎠
min ⎛⎝ϕZn ⎛⎝ ,,,,,,,,ZIV 1 1 Cg 1 1 1 1 λ⎞⎠⎞⎠

⎡
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎦

4.728

44.405

6.41

5.596

⎡
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥⎦

kip ≔Zu =max ⎛⎝Zu⎞⎠ 2.429 kip
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Top of Column Connecon 4208

NW Harne� Elementary

Wood Bolted Throughbolt connecon

Internal Forces

≔D READEXCEL ⎛⎝ ,“.\4208Forces.xlsx” “Sheet1!A32:I44”⎞⎠

=D

“Bar” “Point” “Case” “Fx (Kip)” “Fy (Kip)” “Fz (Kip)” “Mx (Kipin)” “My (Kipin)” “Mz (Kipin)”

31 5 11 3.611 -0.019 0.04 0.001 0.001 0.001

32 5 33 -0.64 0.178 -0.002 0.001 0.001 0.001

16 5 21 0.425 0.185 0 0.001 0.001 0.001

15 5 11 3.385 -0.019 0.042 0.001 0.001 0.001

15 5 19 1.694 -0.006 0.083 0.001 0.001 0.001

3 5 20 0.483 0.152 -0.078 0.001 0.001 0.001

3 5 10 0.877 0.006 0.001 0.001 0.001 0.001

3 5 10 0.877 0.006 0.001 0.001 0.001 0.001

3 5 10 0.877 0.006 0.001 0.001 0.001 0.001

3 5 10 0.877 0.006 0.001 0.001 0.001 0.001

3 5 10 0.877 0.006 0.001 0.001 0.001 0.001

3 5 10 0.877 0.006 0.001 0.001 0.001 0.001

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

≔Fx ⋅submatrix ⎛⎝ ,,,,D 1 12 3 3⎞⎠ kip ≔Mx ⋅⋅submatrix ⎛⎝ ,,,,D 1 12 6 6⎞⎠ kip in

≔Fy ⋅submatrix ⎛⎝ ,,,,D 1 12 4 4⎞⎠ kip ≔My ⋅⋅submatrix ⎛⎝ ,,,,D 1 12 7 7⎞⎠ kip in

≔Fz ⋅submatrix ⎛⎝ ,,,,D 1 12 5 5⎞⎠ kip ≔Mz ⋅⋅submatrix ⎛⎝ ,,,,D 1 12 8 8⎞⎠ kip in

Loads are given in coordinates local to member. X is axial, Y is horizontal axis and Z is ver�cal axis. Tension is given as a 

nega�ve value.

≔θs atan

⎛
⎜
⎜⎝

→―

――
||Fz

||
||Fx

||

⎞
⎟
⎟⎠

=min ⎛⎝θs
⎞⎠ 0.027 deg =max ⎛⎝θs

⎞⎠ 9.17 deg

≔θm -90 deg θs =min ⎛⎝θm
⎞⎠ 80.83 deg =max ⎛⎝θm

⎞⎠ 89.973 deg

≔Zu

→―――
‾‾‾‾‾‾‾+Fx

2
Fz

2

≔D 0.75 in dowel diameter (greater than 0.25")

≔n 2 Number of fasteners in a row

≔r 1 Number of rows

≔s 2.625 in Spacing of fasteners in a row

≔dm 5.5 in Depth of the main member

≔bm 5 in Width of the main member

≔ds 5 in Depth of the side member

≔bs 0.25 in Width of the side member

≔lm dm main member dowel bearing length

≔ls bs side member dowel bearing length

≔Am ⋅bm dm Area of the main member

≔As ⋅ds bs Area of the side member

≔Em 1500 ksi Elasc modulus of the main member

≔Es 29000 ksi Elasc modulus of the side member

≔G
0.55

7.853

⎡
⎢⎣

⎤
⎥⎦

specific gravity of the member (main and side)
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≔FePara =Round ⎛⎝ ,⋅11200 psi G 50 psi⎞⎠
6150

87950

⎡
⎢⎣

⎤
⎥⎦
psi dowel bearing strength parallel to grain

≔FePerp =Round
⎛
⎜
⎜
⎜
⎝

,―――――
⋅6100 psi G

1.45

‾‾‾
―
D

in

50 psi
⎞
⎟
⎟
⎟
⎠

2950

139850

⎡
⎢⎣

⎤
⎥⎦
psi dowel bearing strength perpendicular to grain

≔Feθ ⎛⎝ ,n θ⎞⎠ ――――――――――

⋅FePara
n
FePerp

n

+⋅FePara
n
sin ⎛⎝θ⎞⎠

2

⋅FePerp
n
cos ⎛⎝θ⎞⎠

2
funcon for dowel bearing strength at 

an angle to the grain

≔FeMain Feθ ⎛⎝ ,0 θm⎞⎠ dowel bearing strength for the main member adjusted for 

angle to grain

≔FeSide Feθ ⎛⎝ ,1 θs⎞⎠ dowel bearing strength for the side member adjusted for 

angle to grain

≔Fyb 45 ksi dowel bending yield strength

≔θ =max ⎛⎝θs⎞⎠ 9.17 deg max angle between the direcon of load and the direcon of 

grain for any member in a connecon

≔Kθ =+1 0.25
⎛
⎜
⎝
―――

θ

90 deg

⎞
⎟
⎠

1.025

≔RdIm =⋅4 Kθ 4.102 Reducon Terms

≔RdIs =⋅4 Kθ 4.102

≔RdII =⋅3.6 Kθ 3.692

≔RdIIIm =3.2 Kθ 3.282

≔RdIIIs =3.2 Kθ 3.282

≔RdIV =3.2 Kθ 3.282

≔Re ――
FeMain

FeSide

≔Rt =―
lm

ls

22

≔k1 ⎛⎝Re⎞⎠

→―――――――――――――――

――――――――――――――――
-‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾++Re ⋅⋅2 Re

2 ⎛⎝ ++1 Rt Rt
2 ⎞⎠ ⋅Rt

2
Re

3 ⋅Re ⎛⎝ +1 Rt⎞⎠

⎛⎝ +1 Re⎞⎠

≔k1 k1 ⎛⎝Re⎞⎠

≔k2 ⎛⎝ ,Re Fem⎞⎠

→――――――――――――

+-1

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
+⋅2 ⎛⎝ +1 Re⎞⎠ ―――――――

⋅⋅⋅2 Fyb ⎛⎝ +1 ⋅2 Re⎞⎠ D
2

⋅⋅3 Fem lm
2
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≔k2 k2 ⎛⎝ ,Re FeMain
⎞⎠

≔k3 ⎛⎝ ,Re Fem⎞⎠

→――――――――――――

+-1
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

+――――
⋅2 ⎛⎝ +1 Re⎞⎠

Re

――――――
⋅⋅⋅2 Fyb ⎛⎝ +2 Re⎞⎠ D

2

⋅⋅3 Fem ls
2

≔k3 k3 ⎛⎝ ,Re FeMain
⎞⎠

≔Fem FeMain ≔Fes FeSide

≔ZIm

→―――

―――
⋅⋅D lm Fem

RdIm

Yield Mode I for the main member

≔ZIs

→―――

――――
⋅⋅2 D ls Fes

RdIm

Yield Mode I for the side member

≔ZIIIs

→――――

―――――
⋅⋅⋅2 k3 D ls Fem

⋅⎛⎝ +2 Re⎞⎠ RdIIIs

Yield Mode III for the side member

≔ZIV

→――――――

⋅――
2 D

2

RdIV

‾‾‾‾‾‾‾‾‾
――――

⋅⋅2 Fem Fyb

⋅3 ⎛⎝ +1 Re⎞⎠
Yield Mode IV

Spacing, end and edge distance requirements for the bolted connecon

≔dedPerp =⋅4 D 3 in Min end distance for loading perpendicular to grain

≔dedParaaway =⋅4 D 3 in Min end distance for loading parallel to grain away from end of 

member

≔dedParaToward =⋅7 D 5.25 in Min end distance for loading parallel to grain toward end of member

≔sParallel =⋅4 D 3 in Min spacing for fasteners in a row

≔srowsPara =⋅1.5 D 1.125 in

≔srowsPerp ⎛⎝ ,l D⎞⎠
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

←r ―
l

D

if

else if

else

≤r 2
‖
‖ ⋅2.5 D

<<2 r 6
‖
‖
‖‖

――――
+⋅5 l ⋅10 D

8

‖
‖ ⋅5 D

≔srowsPerpm =srowsPerp ⎛⎝ ,lm D⎞⎠ 3.75 in

≔srowsPerps =srowsPerp ⎛⎝ ,ls D⎞⎠ 1.875 in
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≔dedgeParallel ⎛⎝ ,,l D s⎞⎠
‖
‖
‖
‖
‖
‖
‖
‖‖

if

else

≤―
l

D
6

‖
‖ 1.5 D

‖
‖max ⎛⎝ ,⋅1.5 D ⋅s 0.5⎞⎠

≔dedgeParaM =dedgeParallel ⎛⎝ ,,lm D srowsPara⎞⎠ 1.125 in

≔dedgeParaS =dedgeParallel ⎛⎝ ,,ls D srowsPara⎞⎠ 1.125 in

≔Cg =Cg ⎛⎝ ,,,,,,n s D Es Em As Am⎞⎠ 0.999 Group effect factor

≔λ 0.8 me effect factor

≔Check_Im =CapacityCheckVector ⎛⎝ ,⋅⋅ϕZn ⎛⎝ ,,,,,,,,ZIm 1 1 Cg 1 1 1 1 λ⎞⎠ n r Zu⎞⎠ “OK”

≔Check_Is =CapacityCheckVector ⎛⎝ ,⋅⋅ϕZn ⎛⎝ ,,,,,,,,ZIs 1 1 Cg 1 1 1 1 λ⎞⎠ n r Zu⎞⎠ “OK”

≔Check_IIIs =CapacityCheckVector ⎛⎝ ,⋅⋅ϕZn ⎛⎝ ,,,,,,,,ZIIIs 1 1 Cg 1 1 1 1 λ⎞⎠ n r Zu⎞⎠ “OK”

≔Check_IV =CapacityCheckVector ⎛⎝ ,⋅⋅ϕZn ⎛⎝ ,,,,,,,,ZIV 1 1 Cg 1 1 1 1 λ⎞⎠ n r Zu⎞⎠ “OK”

≔ϕZn =

min ⎛⎝ ⋅⋅ϕZn ⎛⎝ ,,,,,,,,ZIm 1 1 Cg 1 1 1 1 λ⎞⎠ n r⎞⎠
min ⎛⎝ ⋅⋅ϕZn ⎛⎝ ,,,,,,,,ZIs 1 1 Cg 1 1 1 1 λ⎞⎠ n r⎞⎠
min ⎛⎝ ⋅⋅ϕZn ⎛⎝ ,,,,,,,,ZIIIs 1 1 Cg 1 1 1 1 λ⎞⎠ n r⎞⎠
min ⎛⎝ ⋅⋅ϕZn ⎛⎝ ,,,,,,,,ZIV 1 1 Cg 1 1 1 1 λ⎞⎠ n r⎞⎠

⎡
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎦

10.238

27.748

8.433

10.948

⎡
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥⎦

kip ≔Zu =max ⎛⎝Zu⎞⎠ 3.611 kip
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