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INTERIOR STEEL STAIR
WITH GLASS RAILING
DESIGN & ANALYSIS



 Glass Railing Design 

Loads Data:

P200 200.00 Concentrated Load (lbs)

q50 50.00Uniform Load (plf)

qwind 10.00 Uniform Distributed Load (psf)

Glass Data:

E 10400000.00 Modulus of Elasticity of Glass (psi) 

Mrflexure 24000.00 Modulus of Rupture of Glass in Flexure (psi)

Mrshear 12000.00 Modulus of Rigity of glass in Shear (psi)

SF 4.00 Safety Factor

Geometric Glass Railing Data:

h 45.00 Height of Glass Pannel in Cantilever (in)

t 0.5315 Thickness of Glass Pannel (in)

w 48.00 Width of Glass Pannel (in)
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Fb
Mrflexure
SF

Fb 6000.00 psi

Fv
Mrshear
SF

Fv 3000.00 psi

L h

w w hif

L 45.00 in

Sx
L t2

6
Sx 2.12 in3

Ix
L t3

12 Ix 0.56 in4

A L t A 23.92 in2

Actual Glass Moment:
Concentrated Load = 200 lbs.

M200 P200 h M200 9000.00 lbs in

Uniform Load = 50 plf

M50 q50
L

12
h M50 8437.50 lbs in

Uniform Distributed Wind Load

Mwind
qwind
144

L
h2

2
Mwind 3164.06 lbs in

Mactual max M200 M50 Mwind Mactual 9000.00 lbs in

Actual Glass Shear:
Concentrated Load = 200 lbs.

V200 P200 V200 200.00 lbs

Uniform Load = 50 plf

V50 q50
L

12
V50 187.50 lbs

Uniform Distributed Wind Load

Vwind
qwind
144

w h Vwind 150.00 lbs

Vactual max V200 V50 Vwind Vactual 200.00 lbs
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Section Required:

Bending Design:
          Section Modulus Required

Sxr
Mactual
Fb

Sxr 1.5 in3 

Shear Design: 
            Area Required

Ar
Vactual
Fv

Ar 0.07 in2 

Section Provided:

BENDINGglass if Sxr min Sx "N.G" "OK" BENDINGglass "OK"

SHEARglass if Ar A "N.G" "OK" SHEARglass "OK"

Check Deflection:

Δallow
h
30

Δallow 1.50 in

Δ200
P200 h

3

3E Ix
Δ200 1.04 in

Δwind

qwind
144

L h4

8E Ix Δwind 0.27 in

DEFLECTIONglass "N.G."

"O.K." max Δ200 Δwind Δallowif

DEFLECTIONglass "O.K."
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Connection Design:

ds 4.00 Distance Between Glass Supports in Connection (in)

Ds 2.00 Diameter of Glass Support (in)

Psystem 250.00 Pannel Total Weigth of Glass and Handrail (lbs)

Standoffpairs 3.00 Standoff Pair per panel

Maximum Connection Moment:

MBactual
Mactual

Standoffpairs
MBactual 3000.00 lbs in

Maximum Connection Shear:

VBactual
Vactual

Standoffpairs

Psystem
Standoffpairs

VBactual 150.00 lbs

Maximum Connection Axial:

PBactual
Vactual

Standoffpairs
PBactual 66.67 lbs

Tensile Load Per Glass Supports in Connection:

Tbolt
MBactual
ds

PBactual Tbolt 816.67 lbs

Shear Load Per Glass Supports in Connection:

Vbolt
max V200 V50
Standoffpairs

Psystem
Standoffpairs

Vbolt 150.00 lbs
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Check Two Way Glass Shear at Glass Supports in Connection:
Ap π Ds t Ap 7.95 in2

fv
Tbolt
Ap t

fv 193.20 psi

SHEARtwoway "N.G."

"OK" Fv Fvif
SHEARtwoway "OK"

Threaded Rod Analysis:

db 0.375 Diameter of Threaded Rod (in)

n 16.00 Threads per in

Arod 0.7854 db
0.9743
n

2

Arod 0.077 in2

Fnv 31.50 Nominal Shear Strees  (ksi)
Rf 0.9 Reduce Factor:

= 0.9   D < 1/2" 
= 1.0   D>= 1/2"

Fnt 52.50 Nominal Tensile Strees (ksi)

SFv 3.00 Safe Factor (shear) 

SFt 3.00 Safe Factor (tension)

Fvb Fnv
Rf
SFv

Fvb 9.45 ksi

Ft Fnt
Rf
SFt Ft 15.75 ksi

Check Shear

fvrod
Vbolt

1000Arod fvrod 1.94 ksi

Vallowrod Fv Arod Vallowrod 232.47 kips

SHEAR if fv Fv "OK" "NG" SHEAR "OK"

Check Tension

ftrod
Tbolt
Arod

ftrod 10539.03 ksi

F'nt min Ft max 0 1.25Ft 2.4 fvrod F'nt 15.04 ksi

Tallow F'nt Arod 1000 Tallow 1165.58 lbs

TENSION if Tbolt Tallow "OK" "NG" TENSION "OK"

Minimum Thread Length 

TLmin
2 Tbolt

Fv π db
0.9743
n

TLmin 0.55 in
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S.S Bolt Threaded Tension & Shear Stress Design 14th

Data:

Tbolt 1.150 Tension in Anchor (kips) Ω 2.00 ASD Factor=2.00

Vbolt 0.2025 Shear in Anchor (kips)

Fnv 29.25 Nominal Shear Strength (ksi) Table 2-4 .......=0.45*Fu

Fnt 48.75 Nominal Tensile Strength (ksi) Table 2-4......=0.75*Fu

D 0.375 Screw Diameter (in) n 16.00 Threads per in......... (AISC-Table 7-17 page 7-81)

Fv
Fnv
Ω

Fv 14.625 ksi

Ft
Fnt
Ω

Ft 24.375 ksi

Abolt 0.7854 D
0.9743
n

2
Abolt 0.077 in2

Check Shear

fv
Vbolt
Abolt

fv 2.613 ksi

Vallow Fv Abolt Vallow 1.133 kips

SHEAR if fv Fv "OK" "NG" SHEAR "OK"

Check Tension

ft
Tbolt
Abolt

ft 14.841 ksi

F'nt min Ft max 0 1.3Ft Ω

Ft
Fv
fv F'nt 22.977 ksi

Tallow F'nt Abolt Tallow 1.780 kips

TENSION if Tbolt Tallow "OK" "NG" TENSION "OK"

Minimum Thread Length 

TLmin
2 Tbolt

Fv π D
0.9743
n

TLmin 0.159 in

25-055 13125 SW 63rd Ave, Miami, FL 33156 Page 9 of 116



Minimum Base Thickness for Bolt Connection Design AISC 14th 

Load Data:

Tbolt 1.150 Tension in Anchor (kips) 

Bolt Data:

D 0.375 Bolt Diameter (in) 

n 16.00 Threads per in......... (AISC-ASD Table 4-147)

Base Material Data:

Fvbase 14.40 Base Material Allowable Shear Strength (ksi) 

Fubase 58.00 Base Material Tensile Strength (ksi) by Table 2-3 or 2-4 page 2-39 or 2-40

AISC Equivalent Bolts Thread Length Data:

Ttable 8.64 Maximum Allowable Tension in Anchor by Table 7-2 page 7-23

Futable 120.00 Maximun Tensile Strength (ksi) by Table 2-5 page 2-41

Ltable 0.484 Nut Thread Length (in)   For High-Strength Bolts..............Table 7-15 page 7-80
                                   For Non High-Strength Bolts.......Table 7-18 page 7-83

Minimum Thread Length (by Calculations)

TLcalc
2 Tbolt

Fvbase π D
0.9743
n

TLcalc 0.162 in

Minimum Thread Length (by Equivalent AISC Standard)

TLequivalent Ltable
Tbolt
Ttable

Futable
Fubase TLequivalent 0.133 in

Minimum Thread Length 

inTLmin max TLcalc TLequivalent TLmin 0.162
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Top Railing Design:

w w w 

Handrail to provide redistribution of load between glass panels & to remain in place in
case that one of the glass planes breaks

Fb.top 16216.00 Top Railing Allowable Bending Stress (psi)

HANDRAIL WILL BE 
1-1/2" O.D. x 1/8" THK. S.S.
304 MINFv.top 9189.00 Top Railing Allowable Shear Stress (psi)

Sxtop 0.17 Top Railing Inertia Modulus for Vertical Loads in3

Sytop 0.17 Top Railing Inertia Modulus for Horizontal Loads in3

Atop 0.54 Top Railing Area in2

Maximum Moment:

Concentrated Load = 200 lbs.

M200.top
P200 w

5
M200.top 1920.00 lb in

Uniform Load = 50 plf

M50.top 0.1012
q50
12

w2 M50.top 971.52 lb in

Mmax.top max M200.top M50.top Mmax.top 1920.00 lb in
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Maximum Shear:

Concentrated Load = 200 lbs.

V200.top P200 V200.top 200.00 lbs

Uniform Load = 50 plf

V50.top 0.6
q50
12

w V50.top 120.00 lbs

Vmax.top max V200.top V50.top Vmax.top 200.00 lbs

Section Required:

Bending Design:
          Section Modulus Required

Shr
Mmax.top

Fb.top
Shr 0.12 in3

Shear Design: 
            Area Required

Ahr
1.5 Vmax.top

Fv.top
Ahr 0.03 in2

Section Provided:

BENDINGtop if Shr min Sxtop Sytop "N.G" "OK" BENDINGtop "OK"

SHEARtop if Ahr Atop "N.G" "OK" SHEARtop "OK"
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3A Engineering Group. SK-16

25-055 Stair V02.r3d
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Company
Designer
Job Number
Model Name

:
:
:
:

3A Engineering Group.

Checked By : __________

RISA-3D Version 23 [ 25-055 Stair V02.r3d ] Page 1

Node Coordinates
Label X [in] Y [in] Z [in] Detach From Diaphragm

1 N1 -44 92.6431 -173
2 N11 -22 107.1885 -129
3 N14 -55 85.3704 -129
4 N18 -77 70.825 -129
5 N30 -121 63.576525 -129
6 N45 0 12.6675 -125
7 N52 -11 19.9402 -81
8 N63 -66 56.3037 -125
9 N65 -11 19.9402 -125

10 N66 -33 34.4856 -125
11 N67 -22 27.2129 -125
12 N68 -44 41.7583 -125
13 N69 -55 49.031 -125
14 N70 -88 63.5764 -173
15 N72 -33 99.9158 -173
16 N73 0 12.6675 -81
17 N74 -22 27.2129 -81
18 N75 -33 34.4856 -81
19 N76 -44 41.7583 -81
20 N77 -55 49.031 -81
21 N78 -66 56.3037 -81
22 N79 -88 63.5764 -81
23 N80 -11 114.4612 -173
24 N81 -22 107.1885 -173
25 N82 -55 85.3704 -173
26 N83 -66 78.0977 -173
27 N84 -77 70.825 -173
28 N85 -11 114.4612 -129
29 N86 -33 99.9158 -129
30 N87 -44 92.6431 -129
31 N88 -66 78.0977 -129
32 N102 -99 63.5765 -173
33 N103 -99 63.5765 -81
34 N104 -110 63.5765 -173
35 N107 -110 63.5765 -81
36 N115 0 121.7339 -129
37 N118 0 121.7339 -173
38 N119 11 129.0066 -129
39 N122 11 129.0066 -173
40 N99 22 136.2793 -129
41 N111 22 136.2793 -173
42 N114 33 143.552 -129
43 N133 11 5.394772 -125
44 N134 11 5.394772 -81
45 N137 22 -1.877956 -125
46 N138 22 -1.877956 -81
47 N141 33 -9.150684 -125
48 N143 -77 63.5764 -81
49 N144 -77 63.5764 -125
50 N71 -121 63.5765 -125
51 N58 -99 63.5765 -129
52 N59 -110 63.5765 -129
53 N60 -88 63.576425 -125
54 N61 -99 63.57645 -125
55 N62 -110 63.576475 -125
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RISA-3D Version 23 [ 25-055 Stair V02.r3d ] Page 2

Node Coordinates (Continued)
Label X [in] Y [in] Z [in] Detach From Diaphragm

56 N64 -121 63.576525 -81
57 N92 -121 63.576525 -173
58 N93 -77 63.5764 -129
59 N95 -88 63.576431 -129

Node Boundary Conditions
Node Label X [k/in] Y [k/in] Z [k/in] X Rot [k-ft/rad] Y Rot [k-ft/rad] Z Rot [k-ft/rad]

1 N138 Reaction Reaction Reaction
2 N134 Reaction Reaction Reaction
3 N73 Reaction Reaction Reaction
4 N52 Reaction Reaction Reaction
5 N74 Reaction Reaction Reaction
6 N75 Reaction Reaction Reaction
7 N76 Reaction Reaction Reaction
8 N77 Reaction Reaction Reaction
9 N78 Reaction Reaction Reaction

10 N143 Reaction Reaction Reaction
11 N79 Reaction Reaction Reaction
12 N103 Reaction Reaction Reaction
13 N107 Reaction Reaction Reaction
14 N64 Reaction Reaction Reaction
15 N141 Reaction Reaction Reaction Reaction Reaction Reaction
16 N114 Reaction Reaction Reaction Reaction Reaction Reaction

Envelope AISC 15TH (360-16): LRFD Member Steel Code Checks
Member Shape Code Check Loc[in] LCShear Check Loc[in] DirLCphi*Pnc [k]phi*Pnt [k]phi*Mn y-y [k-ft]phi*Mn z-z [k-ft] Cb Eqn

1 M60 HSS10X2X4 0.1 0 3 0.033 0 z 2 176.967 216.936 11.824 49.55 1 H1-1b
2 M68 HSS10X2X4 0.1 0 3 0.033 0 z 2 176.967 216.936 11.824 49.55 1 H1-1b
3 M69 HSS10X2X4 0.269 44.083 3 0.064 47.917 y 2 96.224 216.936 11.824 49.68 2.02 H1-1b
4 M70 HSS10X2X4 0.019 44 3 0.02 44 z 3 176.967 216.936 11.824 49.68 1.667H1-1b
5 M75 HSS10X2X4 0.022 44 3 0.02 44 z 3 176.967 216.936 11.824 49.68 1.667H1-1b
6 M78 HSS10X2X4 0.1 0 3 0.033 0 z 3 176.967 216.936 11.824 49.55 1 H1-1b
7 M85 HSS10X2X4 0.139 44.083 3 0.032 48.875 z 2 96.224 216.936 11.824 49.68 2.196H1-1b
8 M89 HSS10X2X4 0.1 0 3 0.033 0 z 3 176.967 216.936 11.824 49.55 1 H1-1b
9 M95 HSS10X2X4 0.018 44 3 0.02 44 z 3 176.967 216.936 11.824 49.68 1.667H1-1b

10 M96 HSS10X2X4 0.041 44 3 0.021 44 z 3 176.967 216.936 11.824 49.68 1.667H1-1b
11 M97 HSS10X2X4 0.019 44 3 0.02 44 z 3 176.967 216.936 11.824 49.68 1.667H1-1b
12 M98 HSS10X2X4 0.029 44 3 0.02 44 z 3 176.967 216.936 11.824 49.68 1.667H1-1b
13 M101 HSS10X2X4 0.06 44 3 0.023 44 z 3 176.967 216.936 11.824 49.68 1.667H1-1b
14 M102 HSS10X2X4 0.189 0 6 0.049 0 z 6 176.967 216.936 11.824 49.55 1 H1-1b
15 M103 HSS10X2X4 0.1 0 3 0.033 0 z 3 176.967 216.936 11.824 49.55 1 H1-1b
16 M104 HSS10X2X4 0.1 0 3 0.033 0 z 3 176.967 216.936 11.824 49.55 1 H1-1b
17 M108 HSS10X2X4 0.104 44.083 3 0.032 48.875 z 2 96.224 216.936 11.824 49.68 2.437H1-1b
18 M111 HSS10X2X4 0.1 0 3 0.033 0 z 3 176.967 216.936 11.824 49.55 1 H1-1b
19 M113 HSS10X2X4 0.1 0 3 0.033 0 z 3 176.967 216.936 11.824 49.55 1 H1-1b
20 M47 HSS10X2X4 0.1 0 3 0.033 0 z 3 176.967 216.936 11.824 49.55 1 H1-1b
21 M49 HSS10X2X4 0.02 44 3 0.02 44 z 3 176.967 216.936 11.824 49.68 1.667H1-1b
22 M55 HSS10X2X4 0.02 44 3 0.02 44 z 3 176.967 216.936 11.824 49.68 1.667H1-1b
23 M91 HSS10X2X4 0.067 44 3 0.029 44 z 3 176.967 216.936 11.824 49.68 1.667H1-1b
24 M79 HSS10X4X6 0.114 131.868 3 0.083 131.868 z 3 241.139 371.358 48.3 93.15 3 H1-1b
25 M42 HSS10X4X6 0.102 131.868 3 0.136 131.868 y 3 241.139 371.358 48.3 93.15 2.306H1-1b
26 M30 HSS10X4X6 0.064 33 3 0.079 44 z 3 353.928 371.358 48.3 93.15 1.331H1-1b
27 M31 HSS10X2X4 0.092 44.083 3 0.032 48.875 z 2 96.224 216.936 11.824 49.68 2.553H1-1b
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Envelope AISC 15TH (360-16): LRFD Member Steel Code Checks (Continued)
Member Shape Code Check Loc[in] LCShear Check Loc[in] DirLCphi*Pnc [k]phi*Pnt [k]phi*Mn y-y [k-ft]phi*Mn z-z [k-ft] Cb Eqn

28 M32 HSS10X4X6 0.104 7.249 3 0.1 7.249 y 3 370.874 371.358 48.3 93.15 1.504H1-1b
29 M33 HSS10X4X6 0.153 44 3 0.053 44 z 3 353.928 371.358 48.3 93.15 2.029H1-1b

Envelope Member Section Deflections - Strength
Member Sec x [in] LC y [in] LC z [in] LC x Rotate [rad] LC (n) L/y' Ratio LC (n) L/z' Ratio LC

1 M60 1 max 0.024 3 0.009 3 0.023 3 0 3 NC 6 NC 6
2 min 0.011 6 0.006 1 0.015 6 0 1 NC 1 NC 1
3 2 max 0.024 3 0.03 3 0.072 3 0 3 4296.187 1 1838.383 1
4 min 0.011 6 0.016 1 0.039 1 0 1 2089.131 3 899.295 3
5 3 max 0.024 3 0.051 3 0.135 3 0 3 2148.093 1 828.342 6
6 min 0.011 6 0.026 1 0.068 6 0 1 1044.566 3 394.631 3
7 4 max 0.024 3 0.073 3 0.206 3 0 3 1432.062 1 523.006 6
8 min 0.011 6 0.037 1 0.099 6 0 1 696.377 3 240.606 3
9 5 max 0.024 3 0.094 3 0.283 3 0 3 1074.047 1 380.183 6

10 min 0.011 6 0.047 1 0.13 6 0 1 522.283 3 169.133 3
11 M68 1 max 0.027 3 0.013 3 0.028 3 0 6 NC 6 NC 6
12 min 0.01 6 0.009 1 0.018 1 0 5 NC 1 NC 1
13 2 max 0.027 3 0.042 3 0.079 3 0 6 3159.935 1 1774.837 1
14 min 0.01 6 0.023 1 0.042 1 0 5 1537.137 3 853.145 3
15 3 max 0.027 3 0.071 3 0.144 3 0 6 1579.968 1 799.662 1
16 min 0.01 6 0.036 1 0.073 1 0 5 768.568 3 376.744 3
17 4 max 0.027 3 0.099 3 0.218 3 0 6 1053.312 1 501.546 1
18 min 0.01 6 0.05 1 0.105 1 0 5 512.379 3 230.594 3
19 5 max 0.027 3 0.128 3 0.298 3 0 6 789.984 1 363.256 1
20 min 0.01 6 0.064 1 0.139 1 0 5 384.284 3 162.519 3
21 M69 1 max 0 5 0 2 0 6 0 6 NC 6 NC 6
22 min 0 2 0 6 0 1 0 2 NC 1 NC 1
23 2 max 0 6 0 1 0.003 2 0 6 NC 6 NC 6
24 min 0 2 -0.001 4 -0.001 5 0 2 NC 1 NC 1
25 3 max 0 6 0.001 2 0.016 3 0 6 NC 6 NC 6
26 min 0 3 0 4 0.009 6 0 2 NC 1 5913.793 3
27 4 max 0 6 0.007 3 0.094 3 0 6 NC 6 1848.703 6
28 min -0.001 3 0.004 1 0.05 6 0 2 NC 1 977.039 3
29 5 max 0 6 0.013 3 0.195 3 0 6 NC 6 902.867 6
30 min -0.001 3 0.007 1 0.102 6 0 2 7059.767 3 472.673 3
31 M70 1 max 0 6 0 6 0 6 0 6 NC 6 NC 6
32 min 0 1 0 1 0 1 0 4 NC 1 NC 1
33 2 max 0 2 0 5 0.004 2 0 6 NC 6 NC 6
34 min 0 5 0 4 0.002 6 0 4 NC 1 NC 1
35 3 max 0 2 0 6 0.006 2 0 6 NC 6 NC 6
36 min 0 5 -0.001 4 0.003 6 0 4 NC 1 7399.063 2
37 4 max 0 2 -0.001 6 0.006 3 0 6 NC 6 NC 6
38 min 0 5 -0.001 4 0.003 6 0 4 NC 1 7838.346 3
39 5 max 0 2 -0.001 6 0.005 3 0 6 NC 6 NC 6
40 min 0 5 -0.002 4 0.003 6 0 4 NC 1 8124.421 3
41 M75 1 max 0 6 0 6 0 6 0 3 NC 6 NC 6
42 min 0 1 0 1 0 1 0 6 NC 1 NC 1
43 2 max 0 6 0 5 0.005 2 0 3 NC 6 NC 6
44 min 0 3 0 4 0.003 6 0 6 NC 1 9583.916 2
45 3 max 0 6 0 5 0.007 2 0 3 NC 6 NC 6
46 min 0 3 -0.001 4 0.004 6 0 6 NC 1 6222.911 2
47 4 max 0 6 0 2 0.008 3 0 3 NC 6 9606.1 6
48 min 0 3 -0.002 4 0.005 6 0 6 NC 1 5740.525 3
49 5 max 0 6 -0.001 2 0.008 3 0 3 NC 6 NC 6
50 min 0 3 -0.002 4 0.004 6 0 6 NC 1 5421.805 3
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Envelope Member Section Deflections - Strength (Continued)
Member Sec x [in] LC y [in] LC z [in] LC x Rotate [rad] LC (n) L/y' Ratio LC (n) L/z' Ratio LC

51 M78 1 max 0.015 3 0.01 3 0.02 3 0 1 NC 6 NC 6
52 min 0.008 1 0.007 1 0.013 1 0 3 NC 1 NC 1
53 2 max 0.015 3 0.037 3 0.063 3 0 1 3369.563 1 2146.41 1
54 min 0.008 1 0.02 1 0.033 1 0 3 1639.744 3 1015.535 3
55 3 max 0.015 3 0.064 3 0.12 3 0 1 1684.781 1 947.461 1
56 min 0.008 1 0.033 1 0.059 1 0 3 819.872 3 438.701 3
57 4 max 0.015 3 0.091 3 0.186 3 0 1 1123.188 1 587.813 1
58 min 0.008 1 0.046 1 0.088 1 0 3 546.581 3 264.947 3
59 5 max 0.015 3 0.118 3 0.258 3 0 1 842.391 1 423.239 1
60 min 0.008 1 0.059 1 0.117 1 0 3 409.936 3 185.069 3
61 M85 1 max 0 5 0 2 0 6 0 6 NC 6 NC 6
62 min 0 2 0 6 0 1 0 2 NC 1 NC 1
63 2 max 0 5 0 2 0.004 2 0 6 NC 6 NC 6
64 min 0 1 0 4 -0.001 5 0 2 NC 1 NC 1
65 3 max 0 5 0.001 5 0.02 2 0 6 NC 6 8565.892 6
66 min 0 1 0 4 0.011 6 0 2 NC 1 4715.844 2
67 4 max 0 5 0.002 3 0.093 3 0 6 NC 6 1883.215 6
68 min 0 1 0.001 1 0.049 6 0 2 NC 1 987.405 3
69 5 max 0 5 0.003 3 0.189 3 0 6 NC 6 933.965 6
70 min 0 1 0.002 1 0.099 6 0 2 NC 1 486.721 3
71 M89 1 max 0.018 3 0.006 3 0.02 3 0 3 NC 6 NC 6
72 min 0.009 6 0.004 1 0.012 6 0 1 NC 1 NC 1
73 2 max 0.018 3 0.021 3 0.065 3 0 3 6181.607 1 2003.475 6
74 min 0.009 6 0.011 1 0.034 6 0 1 3005.557 3 974.118 3
75 3 max 0.018 3 0.036 3 0.124 3 0 3 3090.804 1 905.581 6
76 min 0.009 6 0.018 1 0.06 6 0 1 1502.779 3 423.157 3
77 4 max 0.018 3 0.05 3 0.191 3 0 3 2060.536 1 568.966 6
78 min 0.009 6 0.025 1 0.089 6 0 1 1001.852 3 256.414 3
79 5 max 0.018 3 0.065 3 0.265 3 0 3 1545.402 1 412.477 6
80 min 0.009 6 0.033 1 0.119 6 0 1 751.389 3 179.506 3
81 M95 1 max 0 6 0 6 0 6 0 6 NC 6 NC 6
82 min 0 1 0 1 0 1 0 4 NC 1 NC 1
83 2 max 0 6 0 5 0.004 2 0 6 NC 6 NC 6
84 min 0 3 -0.001 4 0.003 6 0 4 NC 1 9924.045 2
85 3 max 0 6 -0.001 6 0.007 2 0 6 NC 6 NC 6
86 min 0 3 -0.001 4 0.004 6 0 4 NC 1 6527.023 2
87 4 max 0 6 -0.001 6 0.007 3 0 6 NC 6 NC 6
88 min 0 3 -0.002 4 0.004 6 0 4 NC 1 6306.794 3
89 5 max 0 6 -0.001 6 0.007 3 0 6 NC 6 NC 6
90 min 0 3 -0.003 4 0.004 6 0 4 NC 1 6216.894 3
91 M96 1 max 0 6 0 6 0 6 0 4 NC 6 NC 6
92 min 0 1 0 1 0 1 0 2 NC 1 NC 1
93 2 max 0 6 0.001 5 0.004 2 0 4 NC 6 NC 6
94 min 0 3 0 6 0.002 6 0 2 NC 1 NC 1
95 3 max 0 6 0.001 5 0.006 2 0 4 NC 6 NC 6
96 min 0 3 0 6 0.004 6 0 2 NC 1 7423.832 2
97 4 max 0 6 0.001 2 0.006 2 0 4 NC 6 NC 6
98 min 0 3 0 4 0.004 6 0 2 NC 1 7377.921 2
99 5 max 0 6 0.001 2 0.007 3 0 4 NC 6 NC 6

100 min 0 3 -0.001 4 0.004 6 0 2 NC 1 6269.794 3
101 M97 1 max 0 6 0 6 0 6 0 2 NC 6 NC 6
102 min 0 1 0 1 0 1 0 4 NC 1 NC 1
103 2 max 0 6 0 5 0.005 2 0 2 NC 6 NC 6
104 min 0 3 -0.001 4 0.003 6 0 4 NC 1 9500.294 2
105 3 max 0 6 -0.001 6 0.007 3 0 2 NC 6 NC 6
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Envelope Member Section Deflections - Strength (Continued)
Member Sec x [in] LC y [in] LC z [in] LC x Rotate [rad] LC (n) L/y' Ratio LC (n) L/z' Ratio LC

106 min 0 3 -0.001 4 0.004 6 0 4 NC 1 6172.986 3
107 4 max 0 6 -0.001 6 0.008 3 0 2 NC 6 9757.728 6
108 min 0 3 -0.002 4 0.005 6 0 4 NC 1 5724.079 3
109 5 max 0 6 -0.001 1 0.008 3 0 2 NC 6 NC 6
110 min 0 3 -0.003 4 0.004 6 0 4 NC 1 5504.57 3
111 M98 1 max 0 6 0 6 0 6 0 3 NC 6 NC 6
112 min 0 1 0 1 0 1 0 6 NC 1 NC 1
113 2 max 0 6 0 5 0.004 2 0 3 NC 6 NC 6
114 min 0 3 0 4 0.003 6 0 6 NC 1 NC 1
115 3 max 0 6 0 2 0.007 2 0 3 NC 6 NC 6
116 min 0 3 0 4 0.004 6 0 6 NC 1 6632.443 2
117 4 max 0 6 0 2 0.007 3 0 3 NC 6 NC 6
118 min 0 3 -0.001 4 0.004 6 0 6 NC 1 6280.593 3
119 5 max 0 6 0 2 0.008 3 0 3 NC 6 NC 6
120 min 0 3 -0.002 4 0.004 6 0 6 NC 1 5759.958 3
121 M101 1 max 0 6 0 6 0 6 0 4 NC 6 NC 6
122 min 0 1 0 1 0 1 0 2 NC 1 NC 1
123 2 max 0 6 0.001 3 0.003 2 0 4 NC 6 NC 6
124 min 0 3 0 6 0.002 5 0 2 NC 1 NC 1
125 3 max 0 6 0.002 3 0.005 2 0 4 NC 6 NC 6
126 min 0 3 0.001 6 0.002 5 0 2 NC 1 8882.982 2
127 4 max 0 6 0.002 3 0.005 2 0 4 NC 6 NC 6
128 min 0 3 0.001 6 0.003 5 0 2 NC 1 8335.497 2
129 5 max 0 6 0.001 2 0.007 3 0 4 NC 6 NC 6
130 min -0.001 3 0 4 0.004 6 0 2 NC 1 6291.735 3
131 M102 1 max 0.02 3 0.013 3 0.024 3 0 1 NC 6 NC 6
132 min 0.009 6 0.008 1 0.016 1 0 3 NC 1 NC 1
133 2 max 0.02 3 0.042 3 0.072 3 0 1 3099.153 1 1940.509 1
134 min 0.009 6 0.022 1 0.038 1 0 3 1508.001 3 922.283 3
135 3 max 0.02 3 0.071 3 0.134 3 0 1 1549.577 1 866.31 1
136 min 0.009 6 0.037 1 0.067 1 0 3 754 3 381.517 6
137 4 max 0.02 3 0.1 3 0.221 6 0 1 1033.051 1 540.679 1
138 min 0.009 6 0.051 1 0.097 1 0 3 502.667 3 215.996 6
139 5 max 0.02 3 0.129 3 0.317 6 0 1 774.788 1 390.553 1
140 min 0.009 6 0.065 1 0.128 1 0 3 377 3 146.577 6
141 M103 1 max 0.024 3 0.014 3 0.027 3 0 6 NC 6 NC 6
142 min 0.009 6 0.009 1 0.017 1 0 3 NC 1 NC 1
143 2 max 0.024 3 0.043 3 0.078 3 0 6 3037.319 1 1825.36 1
144 min 0.009 6 0.023 1 0.041 1 0 3 1477.72 3 872.045 3
145 3 max 0.024 3 0.073 3 0.142 3 0 6 1518.66 1 820.117 1
146 min 0.009 6 0.038 1 0.071 1 0 3 738.86 3 384.097 3
147 4 max 0.024 3 0.103 3 0.215 3 0 6 1012.44 1 513.597 1
148 min 0.009 6 0.052 1 0.103 1 0 3 492.573 3 234.719 3
149 5 max 0.024 3 0.133 3 0.293 3 0 6 759.33 1 371.678 1
150 min 0.009 6 0.067 1 0.136 1 0 3 369.43 3 165.248 3
151 M104 1 max 0.027 3 0.012 3 0.026 3 0 3 NC 6 NC 6
152 min 0.011 6 0.008 1 0.017 1 0 1 NC 1 NC 1
153 2 max 0.027 3 0.038 3 0.077 3 0 3 3517.219 1 1778.945 1
154 min 0.011 6 0.02 1 0.041 1 0 1 1710.64 3 861.676 3
155 3 max 0.027 3 0.063 3 0.142 3 0 3 1758.609 1 801.329 1
156 min 0.011 6 0.033 1 0.072 1 0 1 855.32 3 380.068 3
157 4 max 0.027 3 0.089 3 0.216 3 0 3 1172.406 1 502.529 1
158 min 0.011 6 0.045 1 0.104 1 0 1 570.213 3 232.46 3
159 5 max 0.027 3 0.115 3 0.295 3 0 3 879.305 1 363.944 1
160 min 0.011 6 0.058 1 0.138 1 0 1 427.66 3 163.755 3
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Envelope Member Section Deflections - Strength (Continued)
Member Sec x [in] LC y [in] LC z [in] LC x Rotate [rad] LC (n) L/y' Ratio LC (n) L/z' Ratio LC

161 M108 1 max 0 5 0 2 0 6 0 6 NC 6 NC 6
162 min 0 2 0 6 0 1 0 2 NC 1 NC 1
163 2 max 0 5 0.001 2 0.006 2 0 6 NC 6 NC 6
164 min 0 2 0 4 0.001 5 0 2 NC 1 NC 1
165 3 max 0 5 0.001 5 0.024 2 0 6 NC 6 7164.473 6
166 min 0 2 0 4 0.013 6 0 2 NC 1 3802.06 2
167 4 max 0 5 0.001 5 0.096 3 0 6 NC 6 1840.829 6
168 min 0 2 0 4 0.05 6 0 2 NC 1 960.062 3
169 5 max 0 5 0.001 5 0.19 3 0 6 NC 6 933.082 6
170 min 0 2 0 1 0.099 6 0 2 NC 1 484.85 3
171 M111 1 max 0.01 3 0.007 3 0.014 3 0 1 NC 6 NC 6
172 min 0.005 1 0.005 1 0.009 1 -0.001 3 NC 1 NC 1
173 2 max 0.01 3 0.03 3 0.051 3 0 1 3975.116 1 2502.96 1
174 min 0.005 1 0.016 1 0.027 1 -0.001 3 1934.561 3 1179.215 3
175 3 max 0.01 3 0.053 3 0.102 3 0 1 1987.558 1 1083.754 1
176 min 0.005 1 0.027 1 0.05 1 -0.001 3 967.281 3 498.481 3
177 4 max 0.01 3 0.075 3 0.162 3 0 1 1325.039 1 665.725 1
178 min 0.005 1 0.038 1 0.075 1 -0.001 3 644.854 3 297.239 3
179 5 max 0.01 3 0.098 3 0.228 3 0 1 993.779 1 476.812 1
180 min 0.005 1 0.049 1 0.101 1 -0.001 3 483.64 3 205.903 3
181 M113 1 max 0.005 3 0.004 3 0.008 3 0 1 NC 6 NC 6
182 min 0.003 1 0.002 1 0.005 1 0 3 NC 1 NC 1
183 2 max 0.005 3 0.021 3 0.038 3 0 1 5346.412 1 3162.294 1
184 min 0.003 1 0.011 1 0.019 1 0 3 2602.016 3 1483.191 3
185 3 max 0.005 3 0.038 3 0.081 3 0 1 2673.206 1 1322.547 1
186 min 0.003 1 0.019 1 0.038 1 0 3 1301.008 3 602.956 3
187 4 max 0.005 3 0.054 3 0.133 3 0 1 1782.137 1 798.583 1
188 min 0.003 1 0.027 1 0.06 1 0 3 867.339 3 351.754 3
189 5 max 0.005 3 0.071 3 0.191 3 0 1 1336.603 1 566.874 1
190 min 0.003 1 0.035 1 0.083 1 0 3 650.504 3 240.3 3
191 M47 1 max 0.002 3 0.001 3 0.003 3 0 1 NC 6 NC 6
192 min 0.001 1 0.001 1 0.002 1 0 3 NC 1 NC 1
193 2 max 0.002 3 0.01 3 0.023 3 0 1 9690.531 1 4629.663 1
194 min 0.001 1 0.005 1 0.011 1 0 3 4716.219 3 2158.326 3
195 3 max 0.002 3 0.02 3 0.057 3 0 1 4845.266 1 1837.08 6
196 min 0.001 1 0.01 1 0.026 6 0 3 2358.109 3 808.607 3
197 4 max 0.002 3 0.029 3 0.1 3 0 1 3230.177 1 1089.689 6
198 min 0.001 1 0.014 1 0.042 6 0 3 1572.073 3 452.449 3
199 5 max 0.002 3 0.038 3 0.149 3 0 1 2422.633 1 766.557 6
200 min 0.001 1 0.019 1 0.059 6 0 3 1179.055 3 301.399 3
201 M49 1 max 0 6 0 6 0 6 0 6 NC 6 NC 6
202 min 0 1 0 1 0 1 0 3 NC 1 NC 1
203 2 max 0 2 0 5 0.003 2 0 6 NC 6 NC 6
204 min 0 5 0 2 0.002 6 0 3 NC 1 NC 1
205 3 max 0 2 0 5 0.005 2 0 6 NC 6 NC 6
206 min 0 5 0 2 0.003 6 0 3 NC 1 9065.905 2
207 4 max 0 2 0 6 0.004 2 0 6 NC 6 NC 6
208 min 0 5 -0.001 4 0.002 6 0 3 NC 1 NC 1
209 5 max 0 2 0 6 0.003 3 0 6 NC 6 NC 6
210 min 0 5 -0.001 4 0.002 6 0 3 NC 1 NC 1
211 M55 1 max 0 6 0 6 0 6 0 6 NC 6 NC 6
212 min 0 1 0 1 0 1 0 3 NC 1 NC 1
213 2 max 0 2 0 5 0.003 2 0 6 NC 6 NC 6
214 min 0 5 0 2 0.001 6 0 3 NC 1 NC 1
215 3 max 0 2 0 5 0.004 2 0 6 NC 6 NC 6
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Envelope Member Section Deflections - Strength (Continued)
Member Sec x [in] LC y [in] LC z [in] LC x Rotate [rad] LC (n) L/y' Ratio LC (n) L/z' Ratio LC

216 min 0 5 0 2 0.002 6 0 3 NC 1 NC 1
217 4 max 0 2 0 5 0.002 2 0 6 NC 6 NC 6
218 min 0 5 0 2 0.001 6 0 3 NC 1 NC 1
219 5 max 0 2 0 2 0.001 3 0 6 NC 6 NC 6
220 min 0 5 0 4 0.001 6 0 3 NC 1 NC 1
221 M91 1 max 0 3 0 6 0 6 0 6 NC 6 NC 6
222 min 0 6 0 2 0 1 0 2 NC 1 NC 1
223 2 max 0 3 0 5 0.002 2 0 6 NC 6 NC 6
224 min 0 6 0 1 0.001 5 0 2 NC 1 NC 1
225 3 max 0 3 0.001 5 0.003 2 0 6 NC 6 NC 6
226 min 0 6 0 6 0.001 5 0 2 NC 1 NC 1
227 4 max 0.001 3 0.001 5 0.004 2 0 6 NC 6 NC 6
228 min 0 6 0 6 0.001 5 0 2 NC 1 9949.121 2
229 5 max 0.001 3 0 5 0.009 3 0 6 NC 6 8337.31 6
230 min 0 6 -0.001 4 0.005 6 0 2 NC 1 5088.51 3
231 M79 1 max 0 6 0 6 0 6 0 6 NC 6 NC 6
232 min 0 1 0 1 0 1 0 1 NC 1 NC 1
233 2 max -0.001 6 -0.002 6 0 2 0 4 NC 6 NC 6
234 min -0.001 2 -0.004 3 0 5 0 2 NC 1 NC 1
235 3 max -0.001 6 -0.004 6 0 6 0 4 NC 6 NC 6
236 min -0.003 2 -0.008 3 0 3 0 2 NC 1 NC 1
237 4 max -0.002 6 -0.004 6 0 6 0 3 NC 6 NC 6
238 min -0.004 2 -0.007 4 0 3 0 1 NC 1 NC 1
239 5 max -0.003 6 -0.004 6 0 4 0.001 3 NC 6 NC 6
240 min -0.005 2 -0.007 3 0 2 0 6 NC 1 NC 1
241 M42 1 max -0.003 6 -0.012 6 -0.009 6 -0.002 1 NC 6 NC 6
242 min -0.006 3 -0.02 3 -0.018 3 -0.003 3 NC 1 NC 1
243 2 max -0.002 6 -0.019 1 -0.01 6 -0.002 1 NC 6 NC 6
244 min -0.004 3 -0.03 3 -0.027 3 -0.005 3 9012.577 3 9704.168 3
245 3 max -0.002 6 -0.018 1 -0.009 6 -0.002 1 NC 6 NC 6
246 min -0.003 3 -0.027 3 -0.02 3 -0.004 3 7618.677 3 NC 1
247 4 max -0.001 6 -0.008 1 -0.004 1 -0.001 1 NC 6 NC 6
248 min -0.002 3 -0.012 3 -0.008 3 -0.003 3 NC 1 NC 1
249 5 max 0 6 0 6 0 6 0 6 NC 6 NC 6
250 min 0 1 0 1 0 1 0 1 NC 1 NC 1
251 M30 1 max 0.002 2 -0.013 6 0.007 3 -0.001 6 NC 6 NC 6
252 min 0.001 6 -0.026 2 0.003 6 -0.002 3 NC 1 NC 1
253 2 max 0.002 2 -0.011 6 0.006 3 -0.001 6 NC 6 NC 6
254 min 0.001 6 -0.021 2 0.003 6 -0.002 3 NC 1 NC 1
255 3 max 0.002 2 -0.009 6 0.006 3 -0.001 6 NC 6 NC 6
256 min 0.001 6 -0.017 2 0.003 6 -0.001 3 NC 1 NC 1
257 4 max 0.002 2 -0.007 6 0.006 3 -0.001 6 NC 6 NC 6
258 min 0.001 6 -0.013 2 0.003 6 -0.001 3 NC 1 NC 1
259 5 max 0.002 2 -0.005 6 0.005 3 0 6 NC 6 NC 6
260 min 0.001 4 -0.009 3 0.002 6 -0.001 3 NC 1 NC 1
261 M31 1 max 0 5 0 2 0 6 0 6 NC 6 NC 6
262 min 0 2 0 6 0 1 0 2 NC 1 NC 1
263 2 max 0 5 0.001 2 0.009 2 0 6 NC 6 NC 6
264 min 0 2 0 4 0.003 5 0 2 NC 1 9951.785 2
265 3 max 0 5 0.001 5 0.029 2 0 6 NC 6 6114.69 6
266 min 0 2 0 4 0.015 6 0 2 NC 1 3163.358 2
267 4 max 0 5 0.001 5 0.1 3 0 6 NC 6 1771.754 6
268 min 0 2 0 4 0.052 6 0 2 NC 1 920.238 3
269 5 max 0 5 0.001 5 0.193 3 0 6 NC 6 917.98 6
270 min 0 2 0 4 0.1 6 0 2 NC 1 476.003 3
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Envelope Member Section Deflections - Strength (Continued)
Member Sec x [in] LC y [in] LC z [in] LC x Rotate [rad] LC (n) L/y' Ratio LC (n) L/z' Ratio LC

271 M32 1 max 0.02 3 -0.004 1 0.018 3 0.001 3 4211.768 1 651.914 6
272 min 0.012 6 -0.006 3 0.009 6 0.001 1 2685.946 3 332.466 3
273 2 max 0.02 3 -0.004 1 0.012 3 0.001 3 5804.286 1 883.689 6
274 min 0.012 6 -0.006 3 0.006 6 0.001 1 3696.382 3 450.651 3
275 3 max 0.02 3 -0.003 1 0.007 3 0.001 3 9090.294 1 1347.198 6
276 min 0.012 6 -0.005 3 0.003 6 0.001 1 5781.169 3 687.042 3
277 4 max 0.02 3 -0.003 6 0.001 3 0.001 3 NC 6 2737.557 6
278 min 0.012 6 -0.004 3 0 6 0.001 1 NC 1 1396.222 3
279 5 max 0.02 3 -0.002 6 -0.002 1 0.001 3 NC 6 NC 6
280 min 0.012 6 -0.004 3 -0.004 3 0 1 NC 1 NC 1
281 M33 1 max 0.002 2 -0.017 6 0.009 3 -0.001 6 8486.391 6 NC 6
282 min 0.001 6 -0.033 2 0.005 6 -0.002 3 3224.46 2 NC 1
283 2 max 0.002 2 -0.015 6 0.009 3 -0.001 6 NC 6 NC 6
284 min 0.001 6 -0.028 3 0.005 6 -0.002 3 5079.834 2 NC 1
285 3 max 0.002 2 -0.013 6 0.009 3 -0.001 6 NC 6 NC 6
286 min 0.001 6 -0.023 3 0.005 6 -0.002 3 NC 1 NC 1
287 4 max 0.002 2 -0.011 6 0.011 3 -0.001 6 NC 6 NC 6
288 min 0.001 6 -0.02 3 0.005 6 -0.003 3 NC 1 NC 1
289 5 max 0.003 2 -0.012 6 0.018 3 -0.001 6 NC 6 NC 1
290 min 0.001 6 -0.02 3 0.009 1 -0.003 3 NC 1 4792.871 3

Member Point Loads (BLC 6 : RAILING)
Member Label Direction Magnitude [k, k-ft] Location [(in, %)]

1 M60 My -0.175 %100
2 M68 My -0.175 %100
3 M78 My -0.175 %100
4 M89 My -0.175 %100
5 M102 My -0.175 %100
6 M103 My -0.175 %100
7 M104 My -0.175 %100
8 M111 My -0.175 %100
9 M113 My -0.175 %100

10 M47 My -0.175 %100
11 M75 My -0.175 %100
12 M97 My -0.175 %100
13 M98 My -0.175 %100
14 M96 My -0.175 %100
15 M101 My -0.175 %100
16 M95 My -0.175 %100
17 M70 My -0.175 %100
18 M49 My -0.175 %100
19 M55 My -0.175 %100
20 M91 My -0.175 %100

Member Distributed Loads (BLC 2 : SI)
Member LabelDirection Start Magnitude [k/ft, F, ksf, k-ft/in] End Magnitude [k/ft, F, ksf, k-ft/in] Start Location [(in, %)] End Location [(in, %)]

1 M113 Y -0.04 -0.04 0 %100
2 M70 Y -0.04 -0.04 0 %100
3 M95 Y -0.04 -0.04 0 %100
4 M97 Y -0.04 -0.04 0 %100
5 M75 Y -0.04 -0.04 0 %100
6 M98 Y -0.04 -0.04 0 %100
7 M96 Y -0.04 -0.04 0 %100
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Member Distributed Loads (BLC 2 : SI) (Continued)
Member LabelDirection Start Magnitude [k/ft, F, ksf, k-ft/in] End Magnitude [k/ft, F, ksf, k-ft/in] Start Location [(in, %)] End Location [(in, %)]

8 M101 Y -0.04 -0.04 0 %100
9 M69 Y -0.04 -0.04 0 %100

10 M85 Y -0.04 -0.04 0 %100
11 M108 Y -0.04 -0.04 0 %100
12 M89 Y -0.04 -0.04 0 %100
13 M60 Y -0.04 -0.04 0 %100
14 M104 Y -0.04 -0.04 0 %100
15 M68 Y -0.04 -0.04 0 %100
16 M103 Y -0.04 -0.04 0 %100
17 M102 Y -0.04 -0.04 0 %100
18 M78 Y -0.04 -0.04 0 %100
19 M111 Y -0.04 -0.04 0 %100
20 M47 Y -0.04 -0.04 0 %100
21 M49 Y -0.04 -0.04 0 %100
22 M55 Y -0.04 -0.04 0 %100
23 M91 Y -0.04 -0.04 0 %100
24 M31 Y -0.04 -0.04 0 %100

Member Distributed Loads (BLC 3 : LL)
Member LabelDirection Start Magnitude [k/ft, F, ksf, k-ft/in] End Magnitude [k/ft, F, ksf, k-ft/in] Start Location [(in, %)] End Location [(in, %)]

1 M70 Y -0.04 -0.04 0 %100
2 M95 Y -0.04 -0.04 0 %100
3 M97 Y -0.04 -0.04 0 %100
4 M75 Y -0.04 -0.04 0 %100
5 M98 Y -0.04 -0.04 0 %100
6 M96 Y -0.04 -0.04 0 %100
7 M101 Y -0.04 -0.04 0 %100
8 M69 Y -0.04 -0.04 0 %100
9 M108 Y -0.04 -0.04 0 %100

10 M85 Y -0.04 -0.04 0 %100
11 M89 Y -0.04 -0.04 0 %100
12 M60 Y -0.04 -0.04 0 %100
13 M104 Y -0.04 -0.04 0 %100
14 M68 Y -0.04 -0.04 0 %100
15 M103 Y -0.04 -0.04 0 %100
16 M102 Y -0.04 -0.04 0 %100
17 M78 Y -0.04 -0.04 0 %100
18 M111 Y -0.04 -0.04 0 %100
19 M113 Y -0.04 -0.04 0 %100
20 M47 Y -0.04 -0.04 0 %100
21 M49 Y -0.04 -0.04 0 %100
22 M55 Y -0.04 -0.04 0 %100
23 M91 Y -0.04 -0.04 0 %100
24 M31 Y -0.04 -0.04 0 %100

Member Distributed Loads (BLC 4 : 0.5LL IN)
Member LabelDirection Start Magnitude [k/ft, F, ksf, k-ft/in] End Magnitude [k/ft, F, ksf, k-ft/in] Start Location [(in, %)] End Location [(in, %)]

1 M70 Y -0.04 -0.04 %50 %100
2 M95 Y -0.04 -0.04 %50 %100
3 M97 Y -0.04 -0.04 %50 %100
4 M75 Y -0.04 -0.04 %50 %100
5 M98 Y -0.04 -0.04 %50 %100
6 M96 Y -0.04 -0.04 %50 %100
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Member Distributed Loads (BLC 4 : 0.5LL IN) (Continued)
Member LabelDirection Start Magnitude [k/ft, F, ksf, k-ft/in] End Magnitude [k/ft, F, ksf, k-ft/in] Start Location [(in, %)] End Location [(in, %)]

7 M101 Y -0.04 -0.04 %50 %100
8 M69 Y -0.04 -0.04 %25 %75
9 M85 Y -0.04 -0.04 %25 %75

10 M108 Y -0.04 -0.04 %25 %75
11 M89 Y -0.04 -0.04 0 %50
12 M60 Y -0.04 -0.04 0 %50
13 M104 Y -0.04 -0.04 0 %50
14 M68 Y -0.04 -0.04 0 %50
15 M103 Y -0.04 -0.04 0 %50
16 M102 Y -0.04 -0.04 0 %50
17 M78 Y -0.04 -0.04 0 %50
18 M111 Y -0.04 -0.04 0 %50
19 M113 Y -0.04 -0.04 0 %50
20 M47 Y -0.04 -0.04 0 %50
21 M49 Y -0.04 -0.04 %50 %100
22 M55 Y -0.04 -0.04 %50 %100
23 M91 Y -0.04 -0.04 %50 %100
24 M31 Y -0.04 -0.04 %25 %75

Member Distributed Loads (BLC 7 : 0.5LL OUT)
Member LabelDirection Start Magnitude [k/ft, F, ksf, k-ft/in] End Magnitude [k/ft, F, ksf, k-ft/in] Start Location [(in, %)] End Location [(in, %)]

1 M70 Y -0.04 -0.04 0 %50
2 M95 Y -0.04 -0.04 0 %50
3 M97 Y -0.04 -0.04 0 %50
4 M75 Y -0.04 -0.04 0 %50
5 M98 Y -0.04 -0.04 0 %50
6 M96 Y -0.04 -0.04 0 %50
7 M101 Y -0.04 -0.04 0 %50
8 M69 Y -0.04 -0.04 0 %25
9 M85 Y -0.04 -0.04 0 %25

10 M108 Y -0.04 -0.04 0 %25
11 M89 Y -0.04 -0.04 %50 %100
12 M60 Y -0.04 -0.04 %50 %100
13 M104 Y -0.04 -0.04 %50 %100
14 M68 Y -0.04 -0.04 %50 %100
15 M103 Y -0.04 -0.04 %50 %100
16 M102 Y -0.04 -0.04 %50 %100
17 M78 Y -0.04 -0.04 %50 %100
18 M111 Y -0.04 -0.04 %50 %100
19 M113 Y -0.04 -0.04 %50 %100
20 M108 Y -0.04 -0.04 %75 %100
21 M85 Y -0.04 -0.04 %75 %100
22 M69 Y -0.04 -0.04 %75 %100
23 M47 Y -0.04 -0.04 %50 %100
24 M49 Y -0.04 -0.04 0 %50
25 M55 Y -0.04 -0.04 0 %50
26 M91 Y -0.04 -0.04 0 %50
27 M31 Y -0.04 -0.04 0 %25
28 M31 Y -0.04 -0.04 %75 %100
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Basic Load Cases
BLC Description Category Y Gravity Nodal Point Distributed

1 DL DL -1
2 SI DL 24
3 LL LL 24
4 0.5LL IN LL 24
5 PL LL 1
6 RAILING OL1 20
7 0.5LL OUT LL 28

Load Combinations
Description Solve P-Delta BLC Factor BLC Factor BLC Factor BLC Factor BLC Factor BLC Factor BLC Factor

1 DL+SI Yes Y 1 1.4 2 1.4
2 DL+SI+LL Yes Y 1 1.2 2 1.2 3 1.6
3 DL+SI+LL+RAILING Yes Y 1 1.2 2 1.2 3 1.6 6 1.6
4 DL+SI+0.5LL IN+RAILING Yes Y 1 1.2 2 1.2 4 1.6 6 1.6
5 DL+SI+0.5LL OUT+RAILING Yes Y 1 1.2 2 1.2 6 1.6 7 1.6
6 DL+SI+PL Yes Y 1 1.2 2 1.2 5 1.6

Load Combination Design
Description Service Hot Rolled Cold Formed Wood Concrete Masonry Aluminum Stainless Connection

1 DL+SI Yes Yes Yes Yes Yes Yes Yes Yes
2 DL+SI+LL Yes Yes Yes Yes Yes Yes Yes Yes
3 DL+SI+LL+RAILING Yes Yes Yes Yes Yes Yes Yes Yes
4 DL+SI+0.5LL IN+RAILING Yes Yes Yes Yes Yes Yes Yes Yes
5 DL+SI+0.5LL OUT+RAILING Yes Yes Yes Yes Yes Yes Yes Yes
6 DL+SI+PL Yes Yes Yes Yes Yes Yes Yes Yes

Hot Rolled Steel Properties
Label E [ksi] G [ksi] Nu Therm. Coeff. [1e °F ¹] Density [k/ft³] Yield [ksi] Ry Fu [ksi] Rt

1 A992 29000 11154 0.3 0.65 0.49 50 1.1 58 1.2
2 A36 Gr.36 29000 11154 0.3 0.65 0.49 36 1.5 58 1.2
3 A572 Gr.50 29000 11154 0.3 0.65 0.49 50 1.1 58 1.2
4 A500 Gr.B RND 29000 11154 0.3 0.65 0.527 42 1.3 58 1.1
5 A500 Gr.B Rect 29000 11154 0.3 0.65 0.527 46 1.2 58 1.1
6 A53 Gr.B 29000 11154 0.3 0.65 0.49 35 1.5 58 1.2
7 A1085 29000 11154 0.3 0.65 0.49 50 1.1 58 1.2

Hot Rolled Steel Section Sets
Label Shape Type Design List Material Design Rule Area [in²] Iyy [in ] Izz [in ] J [in ]

1 stringer HSS10X4X6 Beam Tube A500 Gr.B Rect Typical 8.97 24.3 104 66.5
2 Tread HSS10X2X4 Beam Tube A500 Gr.B Rect Typical 5.24 3.67 52.5 12.2
3 plate PLATE Beam None A36 Gr.36 Typical 5 41.667 0.104 0.005
4 Beam HSS6X4X4 Beam Tube A500 Gr.B Rect Typical 4.3 11.1 20.9 23.6
5 Column HSS10X4X6 Column Tube A500 Gr.B Rect Typical 8.97 24.3 104 66.5

Beam Deflections
LC Member Label Span Location [in] y' [in] (n) L'/y' Ratio

1 1 M60 1 44 0 NC
2 1 M68 1 44 0 NC
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Beam Deflections (Continued)
LC Member Label Span Location [in] y' [in] (n) L'/y' Ratio

3 1 M69 1 38.333 0.001 NC
4 1 M70 1 44 0 NC
5 1 M75 1 44 0 NC
6 1 M78 1 44 0 NC
7 1 M85 1 60.375 0.001 NC
8 1 M89 1 44 0 NC
9 1 M95 1 44 0 NC

10 1 M96 1 44 -0.001 NC
11 1 M97 1 44 0 NC
12 1 M98 1 44 0 NC
13 1 M101 1 36.667 -0.001 NC
14 1 M102 1 44 0 NC
15 1 M103 1 44 0 NC
16 1 M104 1 44 0 NC
17 1 M108 1 92 0 NC
18 1 M111 1 44 0 NC
19 1 M113 1 44 0 NC
20 1 M47 1 44 0 NC
21 1 M49 1 44 0 NC
22 1 M55 1 44 0 NC
23 1 M91 1 39.417 -0.001 NC
24 1 M79 1 16.484 -0.001 NC
25 1 M42 1 131.868 0 NC
26 1 M30 1 44 0 NC
27 1 M31 1 92 0 NC
28 1 M33 1 0 -0.014 6267
29 2 M60 1 44 0 NC
30 2 M68 1 44 0 NC
31 2 M69 1 31.625 0.001 NC
32 2 M70 1 44 0.001 NC
33 2 M75 1 44 0 NC
34 2 M78 1 44 0 NC
35 2 M85 1 48.875 0.001 NC
36 2 M89 1 44 0 NC
37 2 M95 1 44 0.001 NC
38 2 M96 1 38.958 -0.001 NC
39 2 M97 1 44 0 NC
40 2 M98 1 44 0 NC
41 2 M101 1 31.625 -0.001 NC
42 2 M102 1 44 0 NC
43 2 M103 1 44 0 NC
44 2 M104 1 44 0 NC
45 2 M108 1 92 0 NC
46 2 M111 1 44 0 NC
47 2 M113 1 44 0 NC
48 2 M47 1 44 0 NC
49 2 M49 1 44 0 NC
50 2 M55 1 44 0 NC
51 2 M91 1 32.542 -0.001 NC
52 2 M79 1 13.736 -0.001 NC
53 2 M42 1 54.945 -0.018 7449
54 2 M30 1 44 0 NC
55 2 M31 1 92 -0.001 NC
56 2 M33 1 0 -0.022 4048
57 3 M60 1 44 0 NC
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Beam Deflections (Continued)
LC Member Label Span Location [in] y' [in] (n) L'/y' Ratio

58 3 M68 1 44 0 NC
59 3 M69 1 29.708 0.001 NC
60 3 M70 1 44 0 NC
61 3 M75 1 44 -0.001 NC
62 3 M78 1 44 0 NC
63 3 M85 1 44.083 0.001 NC
64 3 M89 1 44 0 NC
65 3 M95 1 44 0 NC
66 3 M96 1 33 -0.001 NC
67 3 M97 1 44 0 NC
68 3 M98 1 39.875 -0.001 NC
69 3 M101 1 28.875 -0.001 NC
70 3 M102 1 44 0 NC
71 3 M103 1 44 0 NC
72 3 M104 1 44 0 NC
73 3 M108 1 92 0 NC
74 3 M111 1 44 0 NC
75 3 M113 1 44 0 NC
76 3 M47 1 44 0 NC
77 3 M49 1 44 0 NC
78 3 M55 1 44 0 NC
79 3 M91 1 31.167 -0.001 NC
80 3 M79 1 10.989 -0.001 NC
81 3 M42 1 54.945 -0.018 7270
82 3 M30 1 44 0 NC
83 3 M31 1 92 0 NC
84 3 M33 1 0 -0.022 4037
85 4 M60 1 44 0 NC
86 4 M68 1 44 0 NC
87 4 M69 1 32.583 0.001 NC
88 4 M70 1 44 0 NC
89 4 M75 1 44 -0.001 NC
90 4 M78 1 44 0 NC
91 4 M85 1 45.042 0.001 NC
92 4 M89 1 44 0 NC
93 4 M95 1 44 0 NC
94 4 M96 1 35.75 -0.001 NC
95 4 M97 1 44 0 NC
96 4 M98 1 42.625 -0.001 NC
97 4 M101 1 31.625 -0.001 NC
98 4 M102 1 44 0 NC
99 4 M103 1 44 0 NC

100 4 M104 1 44 0 NC
101 4 M108 1 92 0.001 NC
102 4 M111 1 44 0 NC
103 4 M113 1 44 0 NC
104 4 M47 1 44 0 NC
105 4 M49 1 44 0 NC
106 4 M55 1 44 0 NC
107 4 M91 1 35.292 -0.001 NC
108 4 M79 1 12.363 -0.001 NC
109 4 M42 1 54.945 -0.014 9129
110 4 M30 1 44 0 NC
111 4 M31 1 92 0.001 NC
112 4 M33 1 0 -0.017 5171
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Beam Deflections (Continued)
LC Member Label Span Location [in] y' [in] (n) L'/y' Ratio

113 5 M60 1 44 0 NC
114 5 M68 1 44 0 NC
115 5 M69 1 32.583 0.001 NC
116 5 M70 1 44 0 NC
117 5 M75 1 44 -0.001 NC
118 5 M78 1 44 0 NC
119 5 M85 1 46.958 0.001 NC
120 5 M89 1 44 0 NC
121 5 M95 1 44 0 NC
122 5 M96 1 33.458 -0.001 NC
123 5 M97 1 44 -0.001 NC
124 5 M98 1 39.417 -0.001 NC
125 5 M101 1 29.333 -0.001 NC
126 5 M102 1 44 0 NC
127 5 M103 1 44 0 NC
128 5 M104 1 44 0 NC
129 5 M108 1 92 0 NC
130 5 M111 1 44 0 NC
131 5 M113 1 44 0 NC
132 5 M47 1 44 0 NC
133 5 M49 1 44 0 NC
134 5 M55 1 44 0 NC
135 5 M91 1 32.542 -0.001 NC
136 5 M79 1 13.736 -0.001 NC
137 5 M42 1 54.945 -0.014 9229
138 5 M30 1 44 0 NC
139 5 M31 1 92 0 NC
140 5 M33 1 0 -0.017 5215
141 6 M60 1 44 0 NC
142 6 M68 1 44 0 NC
143 6 M69 1 36.417 0.001 NC
144 6 M70 1 44 0 NC
145 6 M75 1 44 0 NC
146 6 M78 1 44 0 NC
147 6 M85 1 55.583 0.001 NC
148 6 M89 1 44 0 NC
149 6 M95 1 44 0 NC
150 6 M96 1 44 -0.001 NC
151 6 M97 1 44 0 NC
152 6 M98 1 44 0 NC
153 6 M101 1 37.125 -0.001 NC
154 6 M102 1 44 0 NC
155 6 M103 1 44 0 NC
156 6 M104 1 44 0 NC
157 6 M108 1 92 0 NC
158 6 M111 1 44 0 NC
159 6 M113 1 44 0 NC
160 6 M47 1 44 0 NC
161 6 M49 1 44 0 NC
162 6 M55 1 44 0 NC
163 6 M91 1 40.792 -0.001 NC
164 6 M79 1 17.857 -0.001 NC
165 6 M42 1 56.319 -0.013 9841
166 6 M30 1 44 0 NC
167 6 M31 1 92 0 NC
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Beam Deflections (Continued)
LC Member Label Span Location [in] y' [in] (n) L'/y' Ratio

168 6 M33 1 0 -0.013 6845

AISC 15TH (360-16): LRFD Member Steel Code Checks
LC Member Shape UC Max Loc[in] Shear UC Loc[in] Dir phi*Pnc[k]phi*Pnt[k]phi*Mnyy[k-ft]phi*Mnzz[k-ft] Cb Eqn

1 1 M60 HSS10X2X4 0.047 0 0.02 0 z 176.967 216.936 11.824 49.55 1 H1-1b
2 1 M68 HSS10X2X4 0.047 0 0.02 0 z 176.967 216.936 11.824 49.55 1 H1-1b
3 1 M69 HSS10X2X4 0.147 44.083 0.042 47.917 y 96.224 216.936 11.824 49.68 2.098 H1-1b
4 1 M70 HSS10X2X4 0.01 44 0.012 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
5 1 M75 HSS10X2X4 0.009 18.792 0.012 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
6 1 M78 HSS10X2X4 0.047 0 0.02 0 z 176.967 216.936 11.824 49.55 1 H1-1b
7 1 M85 HSS10X2X4 0.076 44.083 0.02 48.875 z 96.224 216.936 11.824 49.68 2.275 H1-1b
8 1 M89 HSS10X2X4 0.047 0 0.02 0 z 176.967 216.936 11.824 49.55 1 H1-1b
9 1 M95 HSS10X2X4 0.01 44 0.012 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b

10 1 M96 HSS10X2X4 0.017 44 0.012 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
11 1 M97 HSS10X2X4 0.009 19.708 0.012 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
12 1 M98 HSS10X2X4 0.01 44 0.012 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
13 1 M101 HSS10X2X4 0.029 44 0.013 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
14 1 M102 HSS10X2X4 0.047 0 0.02 0 z 176.967 216.936 11.824 49.55 1 H1-1b
15 1 M103 HSS10X2X4 0.047 0 0.02 0 z 176.967 216.936 11.824 49.55 1 H1-1b
16 1 M104 HSS10X2X4 0.047 0 0.02 0 z 176.967 216.936 11.824 49.55 1 H1-1b
17 1 M108 HSS10X2X4 0.057 47.917 0.02 48.875 z 96.224 216.936 11.824 49.68 2.325 H1-1b
18 1 M111 HSS10X2X4 0.047 0 0.02 0 z 176.967 216.936 11.824 49.55 1 H1-1b
19 1 M113 HSS10X2X4 0.047 0 0.02 0 z 176.967 216.936 11.824 49.55 1 H1-1b
20 1 M47 HSS10X2X4 0.047 0 0.02 0 z 176.967 216.936 11.824 49.55 1 H1-1b
21 1 M49 HSS10X2X4 0.011 44 0.012 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
22 1 M55 HSS10X2X4 0.011 44 0.012 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
23 1 M91 HSS10X2X4 0.033 44 0.016 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
24 1 M79 HSS10X4X6 0.064 131.868 0.043 131.868 z 241.139 371.358 48.3 93.15 3 H1-1b
25 1 M42 HSS10X4X6 0.063 131.868 0.068 131.868 y 241.139 371.358 48.3 93.15 2.312 H1-1b
26 1 M30 HSS10X4X6 0.037 33 0.047 44 z 353.928 371.358 48.3 93.15 1.339 H1-1b
27 1 M31 HSS10X2X4 0.051 44.083 0.02 48.875 z 96.224 216.936 11.824 49.68 2.259 H1-1b
28 1 M32 HSS10X4X6 0.057 7.249 0.055 7.249 y 370.874 371.358 48.3 93.15 1.481 H1-1b
29 1 M33 HSS10X4X6 0.088 44 0.025 33 y 353.928 371.358 48.3 93.15 2.016 H1-1b
30 2 M60 HSS10X2X4 0.077 0 0.033 0 z 176.967 216.936 11.824 49.55 1 H1-1b
31 2 M68 HSS10X2X4 0.077 0 0.033 0 z 176.967 216.936 11.824 49.55 1 H1-1b
32 2 M69 HSS10X2X4 0.237 44.083 0.064 47.917 y 96.224 216.936 11.824 49.68 2.086 H1-1b
33 2 M70 HSS10X2X4 0.017 44 0.019 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
34 2 M75 HSS10X2X4 0.014 18.792 0.019 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
35 2 M78 HSS10X2X4 0.077 0 0.033 0 z 176.967 216.936 11.824 49.55 1 H1-1b
36 2 M85 HSS10X2X4 0.123 44.083 0.032 48.875 z 96.224 216.936 11.824 49.68 2.283 H1-1b
37 2 M89 HSS10X2X4 0.077 0 0.033 0 z 176.967 216.936 11.824 49.55 1 H1-1b
38 2 M95 HSS10X2X4 0.016 44 0.019 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
39 2 M96 HSS10X2X4 0.029 44 0.02 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
40 2 M97 HSS10X2X4 0.015 44 0.019 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
41 2 M98 HSS10X2X4 0.017 44 0.019 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
42 2 M101 HSS10X2X4 0.047 44 0.021 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
43 2 M102 HSS10X2X4 0.077 0 0.033 0 z 176.967 216.936 11.824 49.55 1 H1-1b
44 2 M103 HSS10X2X4 0.077 0 0.033 0 z 176.967 216.936 11.824 49.55 1 H1-1b
45 2 M104 HSS10X2X4 0.077 0 0.033 0 z 176.967 216.936 11.824 49.55 1 H1-1b
46 2 M108 HSS10X2X4 0.093 47.917 0.032 48.875 z 96.224 216.936 11.824 49.68 2.287 H1-1b
47 2 M111 HSS10X2X4 0.077 0 0.033 0 z 176.967 216.936 11.824 49.55 1 H1-1b
48 2 M113 HSS10X2X4 0.077 0 0.033 0 z 176.967 216.936 11.824 49.55 1 H1-1b
49 2 M47 HSS10X2X4 0.077 0 0.033 0 z 176.967 216.936 11.824 49.55 1 H1-1b
50 2 M49 HSS10X2X4 0.018 44 0.02 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
51 2 M55 HSS10X2X4 0.018 44 0.02 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
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AISC 15TH (360-16): LRFD Member Steel Code Checks (Continued)
LC Member Shape UC Max Loc[in] Shear UC Loc[in] Dir phi*Pnc[k]phi*Pnt[k]phi*Mnyy[k-ft]phi*Mnzz[k-ft] Cb Eqn

52 2 M91 HSS10X2X4 0.053 44 0.026 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
53 2 M79 HSS10X4X6 0.1 131.868 0.07 131.868 z 241.139 371.358 48.3 93.15 3 H1-1b
54 2 M42 HSS10X4X6 0.097 131.868 0.109 131.868 y 241.139 371.358 48.3 93.15 2.322 H1-1b
55 2 M30 HSS10X4X6 0.058 33 0.076 44 z 353.928 371.358 48.3 93.15 1.334 H1-1b
56 2 M31 HSS10X2X4 0.083 44.083 0.032 48.875 z 96.224 216.936 11.824 49.68 2.25 H1-1b
57 2 M32 HSS10X4X6 0.09 7.249 0.086 7.249 y 370.874 371.358 48.3 93.15 1.472 H1-1b
58 2 M33 HSS10X4X6 0.139 44 0.04 44 y 353.928 371.358 48.3 93.15 2.011 H1-1b
59 3 M60 HSS10X2X4 0.1 0 0.033 0 z 176.967 216.936 11.824 49.55 1 H1-1b
60 3 M68 HSS10X2X4 0.1 0 0.033 0 z 176.967 216.936 11.824 49.55 1 H1-1b
61 3 M69 HSS10X2X4 0.269 44.083 0.06 47.917 y 96.224 216.936 11.824 49.68 2.02 H1-1b
62 3 M70 HSS10X2X4 0.019 44 0.02 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
63 3 M75 HSS10X2X4 0.022 44 0.02 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
64 3 M78 HSS10X2X4 0.1 0 0.033 0 z 176.967 216.936 11.824 49.55 1 H1-1b
65 3 M85 HSS10X2X4 0.139 44.083 0.032 48.875 z 96.224 216.936 11.824 49.68 2.196 H1-1b
66 3 M89 HSS10X2X4 0.1 0 0.033 0 z 176.967 216.936 11.824 49.55 1 H1-1b
67 3 M95 HSS10X2X4 0.018 44 0.02 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
68 3 M96 HSS10X2X4 0.041 44 0.021 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
69 3 M97 HSS10X2X4 0.019 44 0.02 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
70 3 M98 HSS10X2X4 0.029 44 0.02 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
71 3 M101 HSS10X2X4 0.06 44 0.023 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
72 3 M102 HSS10X2X4 0.1 0 0.033 0 z 176.967 216.936 11.824 49.55 1 H1-1b
73 3 M103 HSS10X2X4 0.1 0 0.033 0 z 176.967 216.936 11.824 49.55 1 H1-1b
74 3 M104 HSS10X2X4 0.1 0 0.033 0 z 176.967 216.936 11.824 49.55 1 H1-1b
75 3 M108 HSS10X2X4 0.104 44.083 0.032 48.875 z 96.224 216.936 11.824 49.68 2.437 H1-1b
76 3 M111 HSS10X2X4 0.1 0 0.033 0 z 176.967 216.936 11.824 49.55 1 H1-1b
77 3 M113 HSS10X2X4 0.1 0 0.033 0 z 176.967 216.936 11.824 49.55 1 H1-1b
78 3 M47 HSS10X2X4 0.1 0 0.033 0 z 176.967 216.936 11.824 49.55 1 H1-1b
79 3 M49 HSS10X2X4 0.02 44 0.02 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
80 3 M55 HSS10X2X4 0.02 44 0.02 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
81 3 M91 HSS10X2X4 0.067 44 0.029 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
82 3 M79 HSS10X4X6 0.114 131.868 0.083 131.868 z 241.139 371.358 48.3 93.15 3 H1-1b
83 3 M42 HSS10X4X6 0.102 131.868 0.136 131.868 y 241.139 371.358 48.3 93.15 2.306 H1-1b
84 3 M30 HSS10X4X6 0.064 33 0.079 44 z 353.928 371.358 48.3 93.15 1.331 H1-1b
85 3 M31 HSS10X2X4 0.092 44.083 0.032 48.875 z 96.224 216.936 11.824 49.68 2.553 H1-1b
86 3 M32 HSS10X4X6 0.104 7.249 0.1 7.249 y 370.874 371.358 48.3 93.15 1.504 H1-1b
87 3 M33 HSS10X4X6 0.153 44 0.053 44 z 353.928 371.358 48.3 93.15 2.029 H1-1b
88 4 M60 HSS10X2X4 0.073 0 0.025 0 z 176.967 216.936 11.824 49.55 1 H1-1b
89 4 M68 HSS10X2X4 0.073 0 0.025 0 z 176.967 216.936 11.824 49.55 1 H1-1b
90 4 M69 HSS10X2X4 0.188 44.083 0.047 47.917 y 96.224 216.936 11.824 49.68 2.029 H1-1b
91 4 M70 HSS10X2X4 0.016 44 0.018 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
92 4 M75 HSS10X2X4 0.019 44 0.017 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
93 4 M78 HSS10X2X4 0.073 0 0.025 0 z 176.967 216.936 11.824 49.55 1 H1-1b
94 4 M85 HSS10X2X4 0.095 44.083 0.024 48.875 z 96.224 216.936 11.824 49.68 2.165 H1-1b
95 4 M89 HSS10X2X4 0.073 0 0.025 0 z 176.967 216.936 11.824 49.55 1 H1-1b
96 4 M95 HSS10X2X4 0.016 44 0.017 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
97 4 M96 HSS10X2X4 0.032 44 0.018 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
98 4 M97 HSS10X2X4 0.017 44 0.017 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
99 4 M98 HSS10X2X4 0.023 44 0.018 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b

100 4 M101 HSS10X2X4 0.045 44 0.019 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
101 4 M102 HSS10X2X4 0.073 0 0.025 0 z 176.967 216.936 11.824 49.55 1 H1-1b
102 4 M103 HSS10X2X4 0.073 0 0.025 0 z 176.967 216.936 11.824 49.55 1 H1-1b
103 4 M104 HSS10X2X4 0.073 0 0.025 0 z 176.967 216.936 11.824 49.55 1 H1-1b
104 4 M108 HSS10X2X4 0.07 44.083 0.024 48.875 z 96.224 216.936 11.824 49.68 2.468 H1-1b
105 4 M111 HSS10X2X4 0.073 0 0.025 0 z 176.967 216.936 11.824 49.55 1 H1-1b
106 4 M113 HSS10X2X4 0.073 0 0.025 0 z 176.967 216.936 11.824 49.55 1 H1-1b
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AISC 15TH (360-16): LRFD Member Steel Code Checks (Continued)
LC Member Shape UC Max Loc[in] Shear UC Loc[in] Dir phi*Pnc[k]phi*Pnt[k]phi*Mnyy[k-ft]phi*Mnzz[k-ft] Cb Eqn

107 4 M47 HSS10X2X4 0.073 0 0.025 0 z 176.967 216.936 11.824 49.55 1 H1-1b
108 4 M49 HSS10X2X4 0.017 44 0.018 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
109 4 M55 HSS10X2X4 0.017 44 0.018 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
110 4 M91 HSS10X2X4 0.049 44 0.024 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
111 4 M79 HSS10X4X6 0.087 131.868 0.057 131.868 z 241.139 371.358 48.3 93.15 3 H1-1b
112 4 M42 HSS10X4X6 0.079 131.868 0.099 131.868 y 241.139 371.358 48.3 93.15 2.293 H1-1b
113 4 M30 HSS10X4X6 0.05 33 0.053 44 z 353.928 371.358 48.3 93.15 1.349 H1-1b
114 4 M31 HSS10X2X4 0.062 44.083 0.024 48.875 z 96.224 216.936 11.824 49.68 2.69 H1-1b
115 4 M32 HSS10X4X6 0.08 7.249 0.076 7.249 y 370.874 371.358 48.3 93.15 1.52 H1-1b
116 4 M33 HSS10X4X6 0.116 44 0.041 44 y 353.928 371.358 48.3 93.15 2.05 H1-1b
117 5 M60 HSS10X2X4 0.091 0 0.025 0 z 176.967 216.936 11.824 49.55 1 H1-1b
118 5 M68 HSS10X2X4 0.091 0 0.025 0 z 176.967 216.936 11.824 49.55 1 H1-1b
119 5 M69 HSS10X2X4 0.238 44.083 0.045 47.917 y 96.224 216.936 11.824 49.68 1.989 H1-1b
120 5 M70 HSS10X2X4 0.016 44 0.014 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
121 5 M75 HSS10X2X4 0.02 44 0.014 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
122 5 M78 HSS10X2X4 0.091 0 0.025 0 z 176.967 216.936 11.824 49.55 1 H1-1b
123 5 M85 HSS10X2X4 0.125 44.083 0.025 48.875 z 96.224 216.936 11.824 49.68 2.184 H1-1b
124 5 M89 HSS10X2X4 0.091 0 0.025 0 z 176.967 216.936 11.824 49.55 1 H1-1b
125 5 M95 HSS10X2X4 0.016 44 0.013 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
126 5 M96 HSS10X2X4 0.036 44 0.015 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
127 5 M97 HSS10X2X4 0.017 44 0.013 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
128 5 M98 HSS10X2X4 0.026 44 0.014 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
129 5 M101 HSS10X2X4 0.053 44 0.016 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
130 5 M102 HSS10X2X4 0.091 0 0.025 0 z 176.967 216.936 11.824 49.55 1 H1-1b
131 5 M103 HSS10X2X4 0.091 0 0.025 0 z 176.967 216.936 11.824 49.55 1 H1-1b
132 5 M104 HSS10X2X4 0.091 0 0.025 0 z 176.967 216.936 11.824 49.55 1 H1-1b
133 5 M108 HSS10X2X4 0.094 44.083 0.025 48.875 z 96.224 216.936 11.824 49.68 2.405 H1-1b
134 5 M111 HSS10X2X4 0.091 0 0.025 0 z 176.967 216.936 11.824 49.55 1 H1-1b
135 5 M113 HSS10X2X4 0.091 0 0.025 0 z 176.967 216.936 11.824 49.55 1 H1-1b
136 5 M47 HSS10X2X4 0.091 0 0.025 0 z 176.967 216.936 11.824 49.55 1 H1-1b
137 5 M49 HSS10X2X4 0.017 44 0.014 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
138 5 M55 HSS10X2X4 0.016 44 0.014 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
139 5 M91 HSS10X2X4 0.061 44 0.022 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
140 5 M79 HSS10X4X6 0.096 131.868 0.075 131.868 z 241.139 371.358 48.3 93.15 3 H1-1b
141 5 M42 HSS10X4X6 0.083 131.868 0.122 131.868 z 241.139 371.358 48.3 93.15 2.302 H1-1b
142 5 M30 HSS10X4X6 0.053 33 0.07 44 z 353.928 371.358 48.3 93.15 1.313 H1-1b
143 5 M31 HSS10X2X4 0.083 44.083 0.025 48.875 z 96.224 216.936 11.824 49.68 2.499 H1-1b
144 5 M32 HSS10X4X6 0.087 7.249 0.085 7.249 y 370.874 371.358 48.3 93.15 1.515 H1-1b
145 5 M33 HSS10X4X6 0.126 44 0.049 44 z 353.928 371.358 48.3 93.15 2.023 H1-1b
146 6 M60 HSS10X2X4 0.04 0 0.017 0 z 176.967 216.936 11.824 49.55 1 H1-1b
147 6 M68 HSS10X2X4 0.04 0 0.017 0 z 176.967 216.936 11.824 49.55 1 H1-1b
148 6 M69 HSS10X2X4 0.149 44.083 0.047 44.083 z 96.224 216.936 11.824 49.68 2.027 H1-1b
149 6 M70 HSS10X2X4 0.009 44 0.01 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
150 6 M75 HSS10X2X4 0.008 18.792 0.01 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
151 6 M78 HSS10X2X4 0.04 0 0.017 0 z 176.967 216.936 11.824 49.55 1 H1-1b
152 6 M85 HSS10X2X4 0.073 44.083 0.017 48.875 z 96.224 216.936 11.824 49.68 2.186 H1-1b
153 6 M89 HSS10X2X4 0.04 0 0.017 0 z 176.967 216.936 11.824 49.55 1 H1-1b
154 6 M95 HSS10X2X4 0.008 44 0.01 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
155 6 M96 HSS10X2X4 0.016 44 0.011 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
156 6 M97 HSS10X2X4 0.008 19.708 0.01 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
157 6 M98 HSS10X2X4 0.009 44 0.01 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
158 6 M101 HSS10X2X4 0.027 44 0.011 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
159 6 M102 HSS10X2X4 0.189 0 0.049 0 z 176.967 216.936 11.824 49.55 1 H1-1b
160 6 M103 HSS10X2X4 0.04 0 0.017 0 z 176.967 216.936 11.824 49.55 1 H1-1b
161 6 M104 HSS10X2X4 0.04 0 0.017 0 z 176.967 216.936 11.824 49.55 1 H1-1b
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AISC 15TH (360-16): LRFD Member Steel Code Checks (Continued)
LC Member Shape UC Max Loc[in] Shear UC Loc[in] Dir phi*Pnc[k]phi*Pnt[k]phi*Mnyy[k-ft]phi*Mnzz[k-ft] Cb Eqn

162 6 M108 HSS10X2X4 0.054 47.917 0.017 48.875 z 96.224 216.936 11.824 49.68 2.33 H1-1b
163 6 M111 HSS10X2X4 0.04 0 0.017 0 z 176.967 216.936 11.824 49.55 1 H1-1b
164 6 M113 HSS10X2X4 0.04 0 0.017 0 z 176.967 216.936 11.824 49.55 1 H1-1b
165 6 M47 HSS10X2X4 0.04 0 0.017 0 z 176.967 216.936 11.824 49.55 1 H1-1b
166 6 M49 HSS10X2X4 0.009 44 0.01 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
167 6 M55 HSS10X2X4 0.009 44 0.01 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
168 6 M91 HSS10X2X4 0.031 44 0.014 44 z 176.967 216.936 11.824 49.68 1.667 H1-1b
169 6 M79 HSS10X4X6 0.058 131.868 0.042 131.868 z 241.139 371.358 48.3 93.15 3 H1-1b
170 6 M42 HSS10X4X6 0.068 131.868 0.077 131.868 y 241.139 371.358 48.3 93.15 2.191 H1-1b
171 6 M30 HSS10X4X6 0.034 33 0.046 44 z 353.928 371.358 48.3 93.15 1.289 H1-1b
172 6 M31 HSS10X2X4 0.047 44.083 0.017 48.875 z 96.224 216.936 11.824 49.68 2.258 H1-1b
173 6 M32 HSS10X4X6 0.057 7.249 0.057 7.249 y 370.874 371.358 48.3 93.15 1.47 H1-1b
174 6 M33 HSS10X4X6 0.088 44 0.027 44 z 353.928 371.358 48.3 93.15 1.965 H1-1b

Member Primary Data
Label I Node J Node Rotate(deg) Section/Shape Type Design List Material Design Rule

1 M60 N88 N83 90 Tread Beam Tube A500 Gr.B Rect Typical
2 M68 N87 N1 90 Tread Beam Tube A500 Gr.B Rect Typical
3 M69 N79 N70 90 Tread Beam Tube A500 Gr.B Rect Typical
4 M70 N73 N45 90 Tread Beam Tube A500 Gr.B Rect Typical
5 M75 N75 N66 90 Tread Beam Tube A500 Gr.B Rect Typical
6 M78 N85 N80 90 Tread Beam Tube A500 Gr.B Rect Typical
7 M85 N103 N102 90 Tread Beam Tube A500 Gr.B Rect Typical
8 M89 N18 N84 90 Tread Beam Tube A500 Gr.B Rect Typical
9 M95 N52 N65 90 Tread Beam Tube A500 Gr.B Rect Typical

10 M96 N77 N69 90 Tread Beam Tube A500 Gr.B Rect Typical
11 M97 N74 N67 90 Tread Beam Tube A500 Gr.B Rect Typical
12 M98 N76 N68 90 Tread Beam Tube A500 Gr.B Rect Typical
13 M101 N78 N63 90 Tread Beam Tube A500 Gr.B Rect Typical
14 M102 N11 N81 90 Tread Beam Tube A500 Gr.B Rect Typical
15 M103 N86 N72 90 Tread Beam Tube A500 Gr.B Rect Typical
16 M104 N14 N82 90 Tread Beam Tube A500 Gr.B Rect Typical
17 M108 N107 N104 90 Tread Beam Tube A500 Gr.B Rect Typical
18 M111 N115 N118 90 Tread Beam Tube A500 Gr.B Rect Typical
19 M113 N119 N122 90 Tread Beam Tube A500 Gr.B Rect Typical
20 M47 N99 N111 90 Tread Beam Tube A500 Gr.B Rect Typical
21 M49 N134 N133 90 Tread Beam Tube A500 Gr.B Rect Typical
22 M55 N138 N137 90 Tread Beam Tube A500 Gr.B Rect Typical
23 M91 N143 N144 90 Tread Beam Tube A500 Gr.B Rect Typical
24 M79 N141 N144 stringer Beam Tube A500 Gr.B Rect Typical
25 M42 N18 N114 stringer Beam Tube A500 Gr.B Rect Typical
26 M30 N71 N144 stringer Beam Tube A500 Gr.B Rect Typical
27 M31 N64 N92 90 Tread Beam Tube A500 Gr.B Rect Typical
28 M32 N18 N93 Column Column Tube A500 Gr.B Rect Typical
29 M33 N30 N93 stringer Beam Tube A500 Gr.B Rect Typical

Envelope Node Reactions
Node Label X [k] LC Y [k] LC Z [k] LC MX [k-ft] LC MY [k-ft] LC MZ [k-ft] LC

1 N138 max 0.02 2 0.195 2 0.07 2 0 6 0 6 0 6
2 min -0.024 5 0.102 6 -0.048 5 0 1 0 1 0 1
3 N134 max 0.041 2 0.201 2 0.044 2 0 6 0 6 0 6
4 min -0.031 5 0.106 6 -0.023 5 0 1 0 1 0 1
5 N73 max 0.054 2 0.205 2 0.014 2 0 6 0 6 0 6
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Envelope Node Reactions (Continued)
Node Label X [k] LC Y [k] LC Z [k] LC MX [k-ft] LC MY [k-ft] LC MZ [k-ft] LC

6 min -0.034 5 0.108 6 -0.014 5 0 1 0 1 0 1
7 N52 max 0.055 2 0.208 2 -0.008 6 0 6 0 6 0 6
8 min -0.039 5 0.11 6 -0.025 3 0 1 0 1 0 1
9 N74 max 0.044 2 0.209 2 -0.029 6 0 6 0 6 0 6

10 min -0.052 5 0.111 6 -0.057 3 0 1 0 1 0 1
11 N75 max 0.016 2 0.207 2 -0.054 6 0 6 0 6 0 6
12 min -0.078 5 0.11 6 -0.101 3 0 1 0 1 0 1
13 N76 max -0.023 1 0.202 2 -0.106 6 0 6 0 6 0 6
14 min -0.129 5 0.107 6 -0.197 3 0 1 0 1 0 1
15 N77 max -0.082 6 0.192 2 -0.301 6 0 6 0 6 0 6
16 min -0.23 3 0.101 6 -0.564 3 0 1 0 1 0 1
17 N78 max -0.16 6 0.172 2 -0.859 6 0 6 0 6 0 6
18 min -0.365 3 0.088 4 -1.575 3 0 1 0 1 0 1
19 N143 max -0.103 6 0.112 2 1.057 5 0 6 0 6 0 6
20 min -0.225 3 0.028 4 0.227 6 0 1 0 1 0 1
21 N79 max 0.239 3 0.066 2 -0.352 1 0 6 0 6 0 6
22 min 0.121 1 0.002 4 -0.831 3 0 1 0 1 0 1
23 N103 max 0.056 4 0.094 2 0.628 3 0 6 0 6 0 6
24 min 0.021 1 0.031 4 0.394 1 0 1 0 1 0 1
25 N107 max 0.005 4 0.093 2 0.581 3 0 6 0 6 0 6
26 min -0.025 2 0.032 4 0.341 1 0 1 0 1 0 1
27 N64 max 0.002 4 0.097 2 0.479 3 0 6 0 6 0 6
28 min -0.022 2 0.036 4 0.248 6 0 1 0 1 0 1
29 N141 max -3.792 6 5.591 3 0.099 2 0.177 4 0.104 2 -1.278 6
30 min -6.473 2 3.288 6 -0.077 5 -0.129 2 -0.129 4 -2.555 3
31 N114 max 6.982 3 7.667 3 0.763 3 4.518 3 4.174 3 -4.131 1
32 min 3.888 6 4.613 6 0.368 1 2.138 1 2.023 1 -6.359 3
33 Totals: max 0 1 15.22 2 0 2
34 min 0 3 9.044 6 0 6
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 Weld Design For Tube 

 MATERIALS: 

Electrodes:
E 70 XX ----Fu= 70 Ksi
E 60 XX ----Fu= 60 Ksi

Weld and Section Data:

Fu 70.00 Ultimate Tensile Strength (ksi)

b 4.00 Width of Tube Steel (in)

d 10.00 Depth of Tube Steel (in)

Load Data:

Mweld 3.0 Moment (Kips-ft)

Vweld 6.5 Shear (Kips)

Pweld 5.6 Tension or Compression (Kips)

Tweld 0.5 Torsional Moment (kips-ft)

Check Weld Section :

Fv 0.3 Fu Fv 21.00 ksi 

te x 0.00001

x x 0.01

Pweld

2 b d( ) x

Mweld 12

b d
d2

3
x

2 1.5Vweld

2 b d( ) x

Tweld 12
b
2

2 d
2

2

b d( )3

6
x

2

Fvwhile

te 0.04 in 

Sweld b d
d2

3
te Sweld 2.93 in3

Aweld 2 d b( ) te Aweld 1.12 in2

Jweld
b d( )3

6
te Jweld 18.30 in3
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Check Bending Stress :

fb
Mweld 12( )

Sweld
fb 12.27 ksi 

Check Shear Stress :

fv
1.5Vweld

Aweld

Tweld 12
b
2

2 d
2

2

Jweld
fv 10.47 ksi 

Check Tension Stress :

fa
Pweld

Aweld
fa 5.00 Ksi

Check Combined Stress :

fweld fb fa
2 fv

2 fweld 20.19 ksi 

STRESS "N.G."

"OK" Fv fweldif

STRESS "OK"

Wweld "3/16"
te

0.707
0.1875if

" 1/4" 0.1875
te

0.707
0.25if

"3/8" 0.25
te

0.707
0.375if

"1/2" 0.375
te

0.707
0.50if

"5/8" 0.50
te

0.707
0.625if

"3/4" 0.625
te

0.707
0.750if

"1" 0.75
te

0.707
1.00if

Wweld "3/16"
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  Moment-Resisting Bearing Type Plate Connection Design

Loads Data:

M 3.0 Moment in Connection (kips-ft) 

P 3.5 Axial in Connection Positive Down (Gravity) (kips)

V 6.5 Shear in Connection (kips)

Plate Data:

B 10.0 Plate Width (in)

N 18.0 Plate Lenght along Moment Direction (in)

a 1.0 Bolts Distance from plate Edge along Length (N) direction (in)

d 10.0 Depth of Column along Length (N) direction (in)

bf 4.0 Flange Width of Column along Width (B) direction (in)

Fyplate 36.00 Yield Strength of Plate Material (Ksi)

Allowable Tensile Bending Stress of Plate Material (Ksi)
Fb=0.6*Fy ...................... for Steel
Fb=Fy/1.85......................for Stainless Steel

Fbplate 21.60

Allowable Support Stress Data:

Fpsupp 1.050  Allowable compressive strength of support (ksi)
0.35*f̀ 'c................................................for Full Area of Concrete Support
0.35*f̀ 'c*SQR(A2/A1) < or = 0.7*f̀ 'c.........for less than Full Area of Concrete Support
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Concrete Bearing Stress:

e
12M

max 0.1 P( )
e 10.29 in

fb "INCREASE PLATE"
P

B N
6 M 12( )

B N2
Fpsuppif

P
B N

6 M 12( )

B N2
e

N

6
if

2P

3
N

2
e B

N

6
e

N

2
if

Fpsupp e
N

2
P

B N
6 M 12( )

B N2
Fpsuppif

0.00
P

B N
6 M 12( )

B N2
0.00if

fb 1.05 ksi

Compression Length:

Kd if e
N

6
N x 0.00001

x x 0.00001

N a 0.5 fb x B P P
N

2
0.5 fb B

x2

3
M 12while

Kd 0.73

Tension in Bolts:

Tbolts 0.5 fb Kd B P

0 e
N

6
if

Tbolts 0.32 Kips

Tension per Bolt:

TPerbolts
Tbolts

6 TPerbolts 0.05 Kips
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Plate Design:

m
N 0.95 d

2
m 4.25 in

n
B 0.8 bf

2
n 3.40 in

f2 0 Kd mif

Kd m fb
Kd

Kd m e
N

6
if

fb Kd m e
N

6
if

f2 0.00 ksi

Mplate max 0.5fb Kd B m
Kd
3

m a Tbolts Kd mif

max
f2 m2 B

2

fb f2 B m2

3
m a Tbolts Kd mif

Mplate 15.31 kips in

tplate
6 Mplate
Fbplate B

tplate 0.65 in

25-055 13125 SW 63rd Ave, Miami, FL 33156 Page 46 of 116



25-055 13125 SW 63rd Ave, Miami, FL 33156 Page 47 of 116

NODE 141



25-055 13125 SW 63rd Ave, Miami, FL 33156 Page 48 of 116



25-055 13125 SW 63rd Ave, Miami, FL 33156 Page 49 of 116



25-055 13125 SW 63rd Ave, Miami, FL 33156 Page 50 of 116



25-055 13125 SW 63rd Ave, Miami, FL 33156 Page 51 of 116



25-055 13125 SW 63rd Ave, Miami, FL 33156 Page 52 of 116



 Weld Design For Tube 

 MATERIALS: 

Electrodes:
E 70 XX ----Fu= 70 Ksi
E 60 XX ----Fu= 60 Ksi

Weld and Section Data:

Fu 70.00 Ultimate Tensile Strength (ksi)

b 4.00 Width of Tube Steel (in)

d 10.00 Depth of Tube Steel (in)

Load Data:

Mweld 6.0 Moment (Kips-ft)

Vweld 8.0 Shear (Kips)

Pweld 7.0 Tension or Compression (Kips)

Tweld 4.6 Torsional Moment (kips-ft)

Check Weld Section :

Fv 0.3 Fu Fv 21.00 ksi 

te x 0.00001

x x 0.01

Pweld

2 b d( ) x

Mweld 12

b d
d2

3
x

2 1.5Vweld

2 b d( ) x

Tweld 12
b
2

2 d
2

2

b d( )3

6
x

2

Fvwhile

te 0.08 in 

Sweld b d
d2

3
te Sweld 5.87 in3

Aweld 2 d b( ) te Aweld 2.24 in2

Jweld
b d( )3

6
te Jweld 36.59 in3
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Check Bending Stress :

fb
Mweld 12( )

Sweld
fb 12.27 ksi 

Check Shear Stress :

fv
1.5Vweld

Aweld

Tweld 12
b
2

2 d
2

2

Jweld
fv 13.48 ksi 

Check Tension Stress :

fa
Pweld

Aweld
fa 3.12 Ksi

Check Combined Stress :

fweld fb fa
2 fv

2 fweld 20.46 ksi 

STRESS "N.G."

"OK" Fv fweldif

STRESS "OK"

Wweld "3/16"
te

0.707
0.1875if

" 1/4" 0.1875
te

0.707
0.25if

"3/8" 0.25
te

0.707
0.375if

"1/2" 0.375
te

0.707
0.50if

"5/8" 0.50
te

0.707
0.625if

"3/4" 0.625
te

0.707
0.750if

"1" 0.75
te

0.707
1.00if

Wweld "3/16"
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  Moment-Resisting Bearing Type Plate Connection Design

Loads Data:

M 7.0 Moment in Connection (kips-ft) 

P 4.0 Axial in Connection Positive Down (Gravity) (kips)

V 5.5 Shear in Connection (kips)

Plate Data:

B 36.00 Plate Width (in)

N 18.0 Plate Lenght along Moment Direction (in)

a 4.0 Bolts Distance from plate Edge along Length (N) direction (in)

d 10.0 Depth of Column along Length (N) direction (in)

bf 4.0 Flange Width of Column along Width (B) direction (in)

Fyplate 36.00 Yield Strength of Plate Material (Ksi)

Allowable Tensile Bending Stress of Plate Material (Ksi)
Fb=0.6*Fy ...................... for Steel
Fb=Fy/1.85......................for Stainless Steel

Fbplate 21.60

Allowable Support Stress Data:

Fpsupp 1.050  Allowable compressive strength of support (ksi)
0.35*f̀ 'c................................................for Full Area of Concrete Support
0.35*f̀ 'c*SQR(A2/A1) < or = 0.7*f̀ 'c.........for less than Full Area of Concrete Support
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Concrete Bearing Stress:

e
12M

max 0.1 P( )
e 21.00 in

fb "INCREASE PLATE"
P

B N
6 M 12( )

B N2
Fpsuppif

P
B N

6 M 12( )

B N2
e

N

6
if

2P

3
N

2
e B

N

6
e

N

2
if

Fpsupp e
N

2
P

B N
6 M 12( )

B N2
Fpsuppif

0.00
P

B N
6 M 12( )

B N2
0.00if

fb 1.05 ksi

Compression Length:

Kd if e
N

6
N x 0.00001

x x 0.00001

N a 0.5 fb x B P P
N

2
0.5 fb B

x2

3
M 12while

Kd 0.40

Tension in Bolts:

Tbolts 0.5 fb Kd B P

0 e
N

6
if

Tbolts 3.50 Kips

Tension per Bolt:

TPerbolts
Tbolts

6 TPerbolts 0.58 Kips
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Plate Design:

m
N 0.95 d

2
m 4.25 in

n
B 0.8 bf

2
n 16.40 in

f2 0 Kd mif

Kd m fb
Kd

Kd m e
N

6
if

fb Kd m e
N

6
if

f2 0.00 ksi

Mplate max 0.5fb Kd B m
Kd
3

m a Tbolts Kd mif

max
f2 m2 B

2

fb f2 B m2

3
m a Tbolts Kd mif

Mplate 30.88 kips in

tplate
6 Mplate
Fbplate B

tplate 0.49 in
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  Moment-Resisting Bearing Type Plate Connection Design

Loads Data:

M 6.0 Moment in Connection (kips-ft) 

P 7.0 Axial in Connection Positive Down (Gravity) (kips)

V 9.0 Shear in Connection (kips)

Plate Data:

B 36.00 Plate Width (in)

N 18.0 Plate Lenght along Moment Direction (in)

a 4.0 Bolts Distance from plate Edge along Length (N) direction (in)

d 10.0 Depth of Column along Length (N) direction (in)

bf 4.0 Flange Width of Column along Width (B) direction (in)

Fyplate 36.00 Yield Strength of Plate Material (Ksi)

Allowable Tensile Bending Stress of Plate Material (Ksi)
Fb=0.6*Fy ...................... for Steel
Fb=Fy/1.85......................for Stainless Steel

Fbplate 21.60

Allowable Support Stress Data:

Fpsupp 1.050  Allowable compressive strength of support (ksi)
0.35*f̀ 'c................................................for Full Area of Concrete Support
0.35*f̀ 'c*SQR(A2/A1) < or = 0.7*f̀ 'c.........for less than Full Area of Concrete Support
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Concrete Bearing Stress:

e
12M

max 0.1 P( )
e 10.29 in

fb "INCREASE PLATE"
P

B N
6 M 12( )

B N2
Fpsuppif

P
B N

6 M 12( )

B N2
e

N

6
if

2P

3
N

2
e B

N

6
e

N

2
if

Fpsupp e
N

2
P

B N
6 M 12( )

B N2
Fpsuppif

0.00
P

B N
6 M 12( )

B N2
0.00if

fb 1.05 ksi

Compression Length:

Kd if e
N

6
N x 0.00001

x x 0.00001

N a 0.5 fb x B P P
N

2
0.5 fb B

x2

3
M 12while

Kd 0.41

Tension in Bolts:

Tbolts 0.5 fb Kd B P

0 e
N

6
if

Tbolts 0.72 Kips

Tension per Bolt:

TPerbolts
Tbolts

6 TPerbolts 0.12 Kips
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Plate Design:

m
N 0.95 d

2
m 4.25 in

n
B 0.8 bf

2
n 16.40 in

f2 0 Kd mif

Kd m fb
Kd

Kd m e
N

6
if

fb Kd m e
N

6
if

f2 0.00 ksi

Mplate max 0.5fb Kd B m
Kd
3

m a Tbolts Kd mif

max
f2 m2 B

2

fb f2 B m2

3
m a Tbolts Kd mif

Mplate 31.75 kips in

tplate
6 Mplate
Fbplate B

tplate 0.49 in
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EXTERIOR ALUMINUM
CABLE RAILING

DESIGN & ANALYSIS



Handrail Design:

General Data:

L 50.00  Railing Span (in) 

Hpost 40.00 Post Heigh (in)

General Loads:

qwind 10.00 Wind Pressure (psf)

P200 200.00 Single Concentrated Load (lbs) .....Railing P=200.00, Fence P=0.00 

q50 50.00 Uniform Distributed Load (plf).........Railing q=50.00, Fence q=0.00

Top Railing Data: Cable Data:

FbTR 19000.00 psi Fycable 50000.00 psi

FvTR 5500.00 psi ϕcable 0.1875 in

SxTR 0.325 Ecable 16345000.00 psiin3

SyTR 0.325 in3

ATR 0.736 in2

Post Anchor Data: Interm. Post Data:

FbPT 19000.00 psi FbPT.I 19000.00 psi

FbPTnw 10600.00 psi FbPT.Inw 10600.00psi

FvPT 5500.00 psi FvPT.I 5500.00 psi

SxPT 0.9115 in3 SxPT.I 0.552 in3

SyPT 0.9115 in3 SyPT.I 0.552 in3

APT 1.75 in2 APT.I 0.938 in2

IxPT 0.9115 in4 IxPT.I 0.552 in4

EPT 10100.00 ksi EPT.I 10100.00 ksi
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Cable Design:

Lcable 50.00 Actual Cable Intermediate Post Span (in)

scable 3.00 Cable spacing O.C.(in)

LT 50.00 Length of cable between anchor points (in)

Fps 150.00 Applied prestressing Force (lbs)

For Sphere Pass-Through Resistance with 
w=50 psf through 2 cables & Vertical Actual Deflection

Acable π
ϕcable

2

4
Acable 0.03 in2

Icable 0.70 π
ϕcable

4

64
Icable 42.47 10 6 in4

ΔV x 0.01

x x 0.0001

4 x Ecable Acable
Lcable

4 x2 Lcable
2 Lcable

4 x2 Lcable
2 LT Lcable

48 Ecable Icable x

Lcable
3

4 Fps x

Lcable

50
π 42

4 144

2 cos asin
scable 2 x

4 ϕcable

while

ΔV 0.29 in

Pef

50
π 42

4 144

2 cos asin
scable 2 ΔV
4 ϕcable

Pef 4.18 lbs

Tcable
Pef
2 ΔV

ΔV
2 Lcable

2

4
Tcable 182.79 lbs

Cable Section Required:

ϕcable.req 4

Tcable

0.9 Fycable

π
ϕcable.req 0.07 in

Section Provided:

TENSIONcable if ϕcable ϕcable.req "O.K." "N.G." TENSIONcable "O.K."
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Top Railing Vertical Design:

Actual Moment for Vertical Loads:

Concentrated Load = 200 lbs

MTR.200.V
P200 L

5
MTR.200.V 2000.00 in lb

Uniform Load = 50 plf

MTR.50.V 0.1012
q50
12

L2 MTR.50.V 1054.17 in lb

MTR.V max MTR.50.V MTR.200.V MTR.V 2000.00 in lb

Actual Shear for Vertical Loads:

Concentrated Load = 200 lbs.

VTR.200 P200 VTR.200 200.00 lbs

Uniform Load = 50 plf.

VTR.50 0.6
q50
12

L VTR.50 125.00 lbs

VTR.V max VTR.200 VTR.50 VTR.V 200.00 lbs

Actual Axial for Cable Loads:

PTR.V

Tcable floor
Hpost
scable

2
PTR.V 1188.15 lbs.

***See Attached Axial and Bending Combined Calculations for Top Railing Vertical Loads

25-055 13125 SW 63rd Ave, Miami, FL 33156 Page 85 of 116



Top Railing Horizontal Design:

Actual Moment for Horizontal Loads:
Concentrated Load = 200 lbs

MTR.200.H
P200 L

5
MTR.200.H 2000.00 in lb

Uniform Load = 50 plf

MTR.50.H 0.1012
q50
12

L2 MTR.50.H 1.05 103in lb

For Wind Pressure

MTR.wind 0.1012
qwind
144

Hpost
2

L2 MTR.wind 351.39 in lb

MTR.H max MTR.200.H MTR.50.H MTR.wind MTR.H 2000.00 in lb

Actual Shear for Horizontal Loads:
Concentrated Load = 200 lbs.

VTR.200.H P200 VTR.200.H 200.00 lbs

Uniform Load = 50 plf

VTR.50.H 0.6
q50
12

L VTR.50.H 125 lbs

For Wind Pressure

VTR.wind 0.6
qwind
144

Hpost
2

L VTR.wind 41.67 lbs

VTR.H max VTR.200.H VTR.50.H VTR.wind VTR.H 200.00 lbs

Actual Axial for Cable Loads:

PTR.H

Tcable floor
Hpost
scable

2
PTR.H 1188.15 lbs.

***See Attached Axial and Bending Combined Calculations for Top Railing Horizontal  Loads
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Post Anchor Along X-X Axis:

Concentrated Load = 200 lbs.

RPT.200 P200 RPT.200 200.00 lbs

Uniform Load = 50 plf

RPT.50
q50
12

L RPT.50 208.33 lbs

For Wind Pressure

RPT.wind
qwind
144

Hpost L RPT.wind 138.89 lbs

RPT.xx max RPT.200 RPT.50 RPT.wind RPT.xx 208.33 lbs

Actual Moment:

MPT.xx 0.85RPT.xx Hpost MPT.xx 7083.33 in - lb

Actual Shear:

VPT.xx RPT.xx VPT.xx 208.33 lbs.

Section Required:
Bending Design: Section Modulus Required:

SPT.xx
MPT.xx
FbPT

SPT.xx 0.37 in3 

Shear Design: Area Required:

APT.xx
1.5 VPT.xx
FvPT

APT.xx 0.06 in2 

Post Anchor Section Provided:

BENDINGPT.xx if SPT.xx SxPT "N.G" "OK" BENDINGPT.xx "OK"

SHEARPT.xx if APT.xx APT "N.G" "OK" SHEARPT.xx "OK"
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Post Anchor Along Y-Y Axis Design (Cable Tension):

Actual Moment:

MPT.yy

Tcable floor
Hpost 2

1.35scable
Hpost 2

8
MPT.yy 7814.37 in lb

Actual Shear:

VPT.yy

Tcable floor
Hpost
scable

2
VPT.yy 1188.15 lbs.

Section Required:
Bending Design: Section Modulus Required:

SPT.yy
MPT.yy
FbPT

SPT.yy 0.411 in3 

Shear Design (Area Required)

APT.yy
1.5 VPT.yy
FvPT

APT.yy 0.32 in2 

Post Anchor Section Provided:

BENDINGPT.yy if SPT.yy SyPT "N.G" "OK" BENDINGPT.yy "OK"

SHEARPT.yy if APT.yy APT "N.G" "OK" SHEARPT.yy "OK"

Post Anchor Combined Stress (Bending at Hpost/2)

fbPT.xx.0.5H
MPT.xx
SxPT

fbPT.xx.0.5H 7771.07 psi

fbPT.yy
MPT.yy
SyPT

fbPT.yy 8573.08 psi

IEPT
fbPT.xx.0.5H
FbPT

fbPT.yy
FbPT

IEPT 0.86

COMBINEDPT "N.G."

"OK" 1.05 IEPTif
COMBINEDPT "OK"
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EXTERIOR GLASS RAILING
DESIGN & ANALYSIS



  Wind for Solid Freestanding Walls & Signs Design (   ASCE 7-22
Wind Velocity (mph) as per FBC-2023 Section 1620.2
                                                Miami-Dade        Broward
Risk Category I                        V=165 mph          V=156 mph
Risk Category II                       V=175 mph          V=170 mph
Risk Category III                      V=186 mph          V=180 mph
Risk Category IV                      V=195 mph          V=185 mph

General Wind Data:

V 175.00 Wind Velocity (mph) 

Kzt 1.00 Topographic Factor ASCE7-22
Sections 26.8.1 & 26.8.2

Kd 0.85 Wind Directionality Factor ASCE 7-22 Section 26.6

G 0.85 Gust Factor (Rigid Structure) ASCE 7-22 Section 26.11

Ke 1.00 Ground Elevation Factor ASCE 7-22 Section 26.9

Cf 1.80 Net Force Coefficients (see Figure 6-20 through 6-23)
For Solid Signs:                 s/h<0.16 &   0.2<B/s<10......Cf=1.85
For Freestanding Walls:    s/h>=1  & B/s=1..................Cf=1.45
                                          s/h>=1  & B/s=2..................Cf=1.40
                                          s/h>=1  & B/s=5..................Cf=1.35
                                          s/h>=1  & B/s=10................Cf=1.30

Values for Terrain exposure constants  and zg:
Exposure B------  Value  =7.5 ,  Value zg=3280
Exposure C------  Value  =9.8 ,  Value zg=2460
Exposure D------  Value  =11.5 ,  Value zg=1935

α 9.8

zg 2460

General Sign Data:

Z 18.0 Height of Top of Sign (ft)

 Then

Z if Z 15 15 Z( )

Kz 2.41
Z

zg

2

α

Kz 0.88

qz 0.00256Kz Kzt Kd Ke V2 qz 58.87 psf

Allowable Design Wind Loads:

pz max 0.6 qz G Cf 10 pz 54.04 psf
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 Glass Railing Design 

Loads Data:

P200 200.00 Concentrated Load (lbs)

q50 50.00 Uniform Load (plf)

qwind 54.04 Uniform Distributed Load (psf)

Glass Data:

E 10400000.00 Modulus of Elasticity of Glass (psi) 

Mrflexure 24000.00 Modulus of Rupture of Glass in Flexure (psi)

Mrshear 12000.00 Modulus of Rigity of glass in Shear (psi)

SF 4.00 Safety Factor

Geometric Glass Railing Data:

h 37.00 Height of Glass Lite Pannel in Cantilever (in)

t 0.75 Thickness of Glass Pannel (in)

w 48.00 Width of Glass Pannel (in)
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Then

Fb
Mrflexure

SF
Fb 6000.00 psi

Fv
Mrshear

SF
Fv 3000.00 psi

L h

w w hif

L 37.00 in

Sx
L t2

6
Sx 3.47 in3

Ix
L t3

12 Ix 1.30 in4

A L t A 27.75 in2

Maximum Glass Moment in Length (L):

Concentrated Load = 200 lbs.

M200 P200 h M200 7400.00 lbs in

Uniform Load = 50 plf

M50 q50
L

12
h M50 5704.17 lbs in

Uniform Distributed Wind Load

Mwind
qwind
144

L
h2

2
Mwind 9504.47 lbs in

Mmax max M200 M50 Mwind Mmax 9504.47 lbs in
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Maximum Glass Shear in Length (L):
Concentrated Load = 200 lbs.

V200 P200 V200 200.00 lbs

Uniform Load = 50 plf

V50 q50
L

12
V50 154.17 lbs

Uniform Distributed Wind Load

Vwind
qwind
144

L h Vwind 513.76 lbs

Vmax max V200 V50 Vwind Vmax 513.76 lbs

Section Required:

Bending Design:
          Section Modulus Required Sxr

Mmax
Fb

Sxr 1.58 in3 

Shear Design: 
            Area Required Ar

Vmax
Fv

Ar 0.17 in2 

Section Provided:

BENDINGglass if Sxr min Sx "N.G" "OK" BENDINGglass "OK"

SHEARglass if Ar A "N.G" "OK" SHEARglass "OK"

Check Deflection:

Δpermissible
h
30

Δpermissible 1.23 in

Δ200
P200 h3

3E Ix
Δ200 0.25 in

Δwind

qwind
144

L h4

8E Ix Δwind 0.24 in

DEFLECTIONglass "N.G."

"O.K." max Δ200 Δwind Δpermissibleif

DEFLECTIONglass "O.K."
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 Base Shoe Connection Design:

hB 4.92 Height of Bottom Rail (in)

tB 0.85 Thick of Wall in Bottom Rail (in)

wB 1.88 Width of Bottom Rail (in)

Fb. 10000.00 Allowable Bending Stress in Bottom Rail (psi)

Fv. 5500.00 Allowable Shear Stress in Bottom Rail (psi)

 Alloy 6060-T6

L1 h hB

w w h hBif

L1 41.92 in

Maximum Mounting Moment in Length (L1):

Concentrated Load = 200 lbs.

MB200 P200 h hB MB200 8384.00 lbs in

Uniform Load = 50 plf

MB50 q50
L1
12

h hB MB50 7322.03 lbs in

Uniform Distributed Wind Load

MBwind
qwind
144

L1
h hB

2

2
MBwind 13822.50 lbs in

MBmax max MB200 MB50 MBwind MBmax 13822.50 lbs in
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Maximum Mounting Shear in Length (L1):
Conc. Load = 200 lbs.

VB200
MB200

4
6

hB tB

P200
VB200 3289.93 lbs

Uniform Load = 50 plf
VB50

MB50
4
6

hB tB

q50
L1
12

VB50 2873.20 lbs

Uniform Dist. 
Wind Load VBwind

MBwind
4
6

hB tB

qwind
144

L1 h hB VBwind 5753.76 lbs

VBmax max VB200 VB50 VBwind VBmax 5753.76 lbs

Check Resisting Couple in the Wall`s Molding:

FB
MBmax

hB
FB 2809.45 lbs

Geometric Inertia & Area in Wall`s Molding:

SB
L1 tB

2

6
SB 5.05 in3

AB L1 tB AB 35.63 in2

Check Bending Stress in Molding Wall:

fb
MBmax

SB
fb 2738.29 psi

BENDING "N.G."

"OK" fb Fb.if

BENDING "OK"

Check Shear Stress in Molding Wall:

fv
FB
AB

fv 78.85 psi

SHEAR "N.G."

"OK" fv Fv.if SHEAR "OK"

Check Combined Bending/Shear in Wall`s Monting:

CBV
fb
Fb.

fv
Fv.

CBV 0.29

COMBINED "N.G."

"OK" CBV 1.00if

COMBINED "OK"
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3.3.6

Table 2 - Hilti KWIK HUS-EZ and KWIK HUS-EZ P design Strength with concrete / pullout failure in uncracked concrete1,2,3,4

Nominal 
anchor 

diameter 
in. (mm)

Nominal 
embed. 
in. (mm)

Tension - Nn Shear - Vn

ƒ'c = 2,500 psi 
(17.2 MPa) 

lb (kN)

ƒ'c = 3,000 psi 
(20.7 MPa) 

lb (kN)

ƒ'c = 4,000 psi 
(27.6 MPa) 

lb (kN)

ƒ'c = 6,000 psi 
(41.4 MPa) 

lb (kN)

ƒ'c = 2,500 psi 
(17.2 MPa) 

lb (kN)

ƒ'c = 3,000 psi 
(20.7 MPa) 

lb (kN)

ƒ'c = 4,000 psi 
(27.6 MPa) 

lb (kN)

ƒ'c = 6,000 psi 
(41.4 MPa) 

lb (kN)

1/4 
(6.4)

1-5/8 585 620 675 765 1,075 1,180 1,360 1,670
(41) (2.6) (2.8) (3.0) (3.4) (4.8) (5.2) (6.0) (7.4)

2-1/2 1,525 1,670 1,930 2,365 2,235 2,450 2,825 3,460
(64) (6.8) (7.4) (8.6) (10.5) (9.9) (10.9) (12.6) (15.4)

3/8 
(9.5)

1-5/8 910 1,000 1,155 1,415 980 1,075 1,245 1,520
(41) (4.0) (4.4) (5.1) (6.3) (4.4) (4.8) (5.5) (6.8)

2-1/8 1,490 1,635 1,885 2,310 1,605 1,760 2,030 2,485
(54) (6.6) (7.3) (8.4) (10.3) (7.1) (7.8) (9.0) (11.1)

2-1/2 1,980 2,165 2,505 3,065 2,130 2,335 2,695 3,300
(64) (8.8) (9.6) (11.1) (13.6) (9.5) (10.4) (12.0) (14.7)

3-1/4 3,085 3,375 3,900 4,775 6,640 7,275 8,400 10,290
(83) (13.7) (15.0) (17.3) (21.2) (29.5) (32.4) (37.4) (45.8)

1/2 
(12.7)

2-1/4 1,645 1,800 2,080 2,550 1,770 1,940 2,240 2,745
(57) (7.3) (8.0) (9.3) (11.3) (7.9) (8.6) (10.0) (12.2)
3 2,785 3,050 3,525 4,315 3,000 3,285 3,795 4,645

(76) (12.4) (13.6) (15.7) (19.2) (13.3) (14.6) (16.9) (20.7)
4-1/4 5,070 5,555 6,415 7,855 10,920 11,965 13,815 16,920
(108) (22.6) (24.7) (28.5) (34.9) (48.6) (53.2) (61.5) (75.3)

5/8 
(15.9)

3-1/4 3,240 3,550 4,100 5,025 3,490 3,825 4,415 5,410
(83) (14.4) (15.8) (18.2) (22.4) (15.5) (17.0) (19.6) (24.1)
5 6,705 7,345 8,485 10,390 14,445 15,825 18,270 22,380

(127) (29.8) (32.7) (37.7) (46.2) (64.3) (70.4) (81.3) (99.6)

3/4 
(19.1)

4 4,380 4,795 5,540 6,785 9,430 10,330 11,930 14,610
(102) (19.5) (21.3) (24.6) (30.2) (41.9) (45.9) (53.1) (65.0)
6-1/4 9,345 10,235 11,820 14,475 20,125 22,045 25,455 31,175
(159) (41.6) (45.5) (52.6) (64.4) (89.5) (98.1) (113.2) (138.7)

Table 3 - Hilti KWIK HUS-EZ and KWIK HUS-EZ P design Strength with concrete / pullout failure in cracked concrete1,2,3,4,5

Nominal 
anchor 

diameter 
in. (mm)

Nominal 
embed. 
in. (mm)

Tension - Nn Shear - Vn

ƒ'c = 2,500 psi 
(17.2 MPa) 

lb (kN)

ƒ'c = 3,000 psi 
(20.7 MPa) 

lb (kN)

ƒ'c = 4,000 psi 
(27.6 MPa) 

lb (kN)

ƒ'c = 6,000 psi 
(41.4 MPa) 

lb (kN)

ƒ'c = 2,500 psi 
(17.2 MPa) 

lb (kN)

ƒ'c = 3,000 psi 
(20.7 MPa) 

lb (kN)

ƒ'c = 4,000 psi 
(27.6 MPa) 

lb (kN)

ƒ'c = 6,000 psi 
(41.4 MPa) 

lb (kN)

1/4 
(6.4)

1-5/8 300 315 345 390 765 835 965 1,180
(41) (1.3) (1.4) (1.5) (1.7) (3.4) (3.7) (4.3) (5.2)

2-1/2 760 830 960 1,175 1,585 1,735 2,000 2,450
(64) (3.4) (3.7) (4.3) (5.2) (7.1) (7.7) (8.9) (10.9)

3/8 
(9.5)

1-5/8 475 520 600 730 695 760 880 1,080
(41) (2.1) (2.3) (2.7) (3.2) (3.1) (3.4) (3.9) (4.8)

2-1/8 1,055 1,155 1,335 1,635 1,135 1,245 1,440 1,760
(54) (4.7) (5.1) (5.9) (7.3) (5.0) (5.5) (6.4) (7.8)

2-1/2 1,400 1,535 1,775 2,170 1,510 1,655 1,910 2,340
(64) (6.2) (6.8) (7.9) (9.7) (6.7) (7.4) (8.5) (10.4)

3-1/4 2,185 2,390 2,765 3,385 4,705 5,155 5,950 7,285
(83) (9.7) (10.6) (12.3) (15.1) (20.9) (22.9) (26.5) (32.4)

1/2 
(12.7)

2-1/4 1,035 1,135 1,310 1,605 1,115 1,220 1,410 1,725
(57) (4.6) (5.0) (5.8) (7.1) (5.0) (5.4) (6.3) (7.7)
3    1,755 1,920 2,220 2,715 1,890 2,070 2,390 2,925

(76) (7.8) (8.5) (9.9) (12.1) (8.4) (9.2) (10.6) (13.0)
4-1/4 3,190 3,495 4,040 4,945 6,875 7,530 8,695 10,650
(108) (14.2) (15.5) (18.0) (22.0) (30.6) (33.5) (38.7) (47.4)

5/8 
(15.9)

3-1/4 2,040 2,235 2,580 3,165 2,200 2,410 2,780 3,405
(83) (9.1) (9.9) (11.5) (14.1) (9.8) (10.7) (12.4) (15.1)
5    4,225 4,625 5,340 6,540 9,095 9,965 11,505 14,090

(127) (18.8) (20.6) (23.8) (29.1) (40.5) (44.3) (51.2) (62.7)

3/4 
(19.1)

4    2,755 3,020 3,485 4,270 5,940 6,505 7,510 9,200
(102) (12.3) (13.4) (15.5) (19.0) (26.4) (28.9) (33.4) (40.9)
6-1/4 5,885 6,445 7,440 9,115 12,670 13,880 16,030 19,630
(159) (26.2) (28.7) (33.1) (40.5) (56.4) (61.7) (71.3) (87.3)

1 1 See Section 3.1.9 to convert design strength value to ASD value.
2 Linear interpolation between embedment depths and concrete compressive strengths is not permitted.
3 Apply spacing, edge distance, and concrete thickness factors in Tables 6 through 15 as necessary. Compare to the steel values in Table 4.
 The lesser of the values is to be used for the design.

5 Tabular values are for static loads only.  For seismic tension loads, multiply cracked concrete tabular values in tension by the following reduction factors:
 1/4-in diameter by 1-5/8-in nominal embedment depth - aN,seis = 0.60
 All other sizes - aN,seis = 0.75
 No reduction needed for seismic shear.  See Section 3.1.9 for additional information on seismic applications.25-055 13125 SW 63rd Ave, Miami, FL 33156 Page 101 of 116
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Table 8 - Load Adjustment Factors for 3/8-in. Diameter KWIK HUS-EZ and KWIK HUS-EZ P in Uncracked Concrete1,4

3/8-in. KH-EZ
uncracked 
concrete

Spacing factor 
in tension

ƒAN

Edge distance 
factor in tension

ƒRN

Spacing factor 
in shear 3

ƒAV

Edge distance in shear

Conc. thickness factor in 
shear 4

ƒHV

toward edge
ƒRV

II to and away 
from edge

ƒRV

Embedment 
hnom

in. 1-5/8 2-1/8 2-1/2 3-1/4 1-5/8 2-1/8 2-1/2 3-1/4 1-5/8 2-1/8 2-1/2 3-1/4 1-5/8 2-1/8 2-1/2 3-1/4 1-5/8 2-1/8 2-1/2 3-1/4 1-5/8 2-1/8 2-1/2 3-1/4
(mm) (41) (54) (64) (83) (41) (54) (64) (83) (41) (54) (64) (83) (41) (54) (64) (83) (41) (54) (64) (83) (41) (54) (64) (83)

Sp
ac

in
g 

(s
)/e

dg
e 

di
st

an
ce

 (c
a)/

co
nc

re
te

th
ic

kn
es

s 
(h

) -
 in

. (
m

m
)

1-1/2 (38) n/a n/a n/a n/a 0.58 0.62 0.63 0.57 n/a n/a n/a n/a 0.49 0.32 0.25 0.08 0.58 0.62 0.50 0.17 n/a n/a n/a n/a
2 (51) n/a n/a n/a n/a 0.76 0.75 0.75 0.66 n/a n/a n/a n/a 0.75 0.49 0.38 0.13 0.76 0.75 0.75 0.26 n/a n/a n/a n/a

2-1/4 (57) 0.84 0.74 0.70 0.65 0.86 0.82 0.81 0.70 0.65 0.62 0.60 0.55 0.90 0.59 0.46 0.16 0.90 0.82 0.81 0.31 n/a n/a n/a n/a
2-1/2 (64) 0.88 0.77 0.72 0.67 0.95 0.91 0.88 0.75 0.67 0.63 0.61 0.55 1.00 0.69 0.54 0.18 1.00 0.91 0.88 0.37 n/a n/a n/a n/a

3 (76) 0.95 0.82 0.77 0.70 1.00 1.00 1.00 0.85 0.71 0.66 0.63 0.56 0.90 0.71 0.24 1.00 1.00 0.48 n/a n/a n/a n/a
3-1/4 (83) 0.99 0.85 0.79 0.72 0.90 0.72 0.67 0.64 0.57 1.00 0.80 0.27 0.54 0.95 n/a n/a n/a
3-1/2 (89) 1.00 0.88 0.81 0.73 0.95 0.74 0.68 0.65 0.58 0.89 0.30 0.61 0.98 n/a n/a n/a

4 (102) 0.93 0.86 0.77 1.00 0.78 0.71 0.68 0.59 1.00 0.37 0.74 1.00 0.91 0.84 n/a
4-1/2 (114) 0.99 0.90 0.80 0.81 0.73 0.70 0.60 0.44 0.88 0.89 n/a
4-3/4 (121) 1.00 0.93 0.82 0.83 0.75 0.71 0.60 0.48 0.96 0.91 0.639

5 (127) 0.95 0.83 0.84 0.76 0.72 0.61 0.52 1.00 0.94 0.655
6 (152) 1.00 0.90 0.91 0.81 0.76 0.63 0.68 1.00 0.718
7 (178) 0.97 0.98 0.86 0.81 0.65 0.86 0.775
8 (203) 1.00 1.00 0.91 0.85 0.67 1.00 0.829
9 (229) 0.97 0.90 0.69 0.879

10 (254) 1.00 0.94 0.71 0.927
11 (279) 0.98 0.74 0.972
12 (305) 1.00 0.76 1.000
14 (356) 0.80
16 (406) 0.84
18 (457) 0.89
20 (508) 0.93
24 (610) 1.000

Table 9 - Load Adjustment Factors for 3/8-in. Diameter KWIK HUS-EZ and KWIK HUS-EZ P in cracked Concrete1,4

3/8-in. KH-EZ
cracked 
concrete

Spacing factor 
in tension

ƒAN

Edge distance 
factor in tension

ƒRN

Spacing factor 
in shear 3

ƒAV

Edge distance in shear

Conc. thickness factor in 
shear 4

ƒHV

toward edge
ƒRV

II to and away 
from edge

ƒRV

Embedment 
hnom

in. 1-5/8 2-1/8 2-1/2 3-1/4 1-5/8 2-1/8 2-1/2 3-1/4 1-5/8 2-1/8 2-1/2 3-1/4 1-5/8 2-1/8 2-1/2 3-1/4 1-5/8 2-1/8 2-1/2 3-1/4 1-5/8 2-1/8 2-1/2 3-1/4
(mm) (41) (54) (64) (83) (41) (54) (64) (83) (41) (54) (64) (83) (41) (54) (64) (83) (41) (54) (64) (83) (41) (54) (64) (83)

Sp
ac

in
g 

(s
)/e

dg
e 

di
st

an
ce

 (c
a)/

co
nc

re
te

th
ic

kn
es

s 
(h

) -
 in

. (
m

m
)

1-1/2 (38) n/a n/a n/a n/a 0.92 0.74 0.66 0.57 n/a n/a n/a n/a 0.49 0.32 0.25 0.09 0.92 0.64 0.50 0.17 n/a n/a n/a n/a
2 (51) n/a n/a n/a n/a 1.00 0.90 0.79 0.66 n/a n/a n/a n/a 0.76 0.50 0.39 0.13 1.00 0.90 0.77 0.26 n/a n/a n/a n/a

2-1/4 (57) 0.84 0.74 0.70 0.65 1.00 0.98 0.85 0.70 0.66 0.62 0.60 0.55 0.90 0.59 0.46 0.16 1.00 0.98 0.85 0.31 n/a n/a n/a n/a
2-1/2 (64) 0.88 0.77 0.72 0.67 1.00 1.00 0.92 0.75 0.67 0.63 0.61 0.55 1.00 0.69 0.54 0.18 1.00 1.00 0.92 0.37 n/a n/a n/a n/a

3 (76) 0.95 0.82 0.77 0.70 1.00 1.00 0.85 0.71 0.66 0.63 0.56 1.00 0.91 0.71 0.24 1.00 1.00 1.00 0.48 n/a n/a n/a n/a
3-1/4 (83) 0.99 0.85 0.79 0.72 0.90 0.73 0.67 0.64 0.57 1.00 0.80 0.27 0.55 0.95 n/a n/a n/a
3-1/2 (89) 1.00 0.88 0.81 0.73 0.95 0.74 0.68 0.65 0.58 0.90 0.31 0.61 0.98 n/a n/a n/a

4 (102) 0.93 0.86 0.77 1.00 0.78 0.71 0.68 0.59 1.00 0.37 0.75 1.00 0.91 0.84 n/a
4-1/2 (114) 0.99 0.90 0.80 0.81 0.73 0.70 0.60 0.44 0.89 0.97 0.89 n/a
4-3/4 (121) 1.00 0.93 0.82 0.83 0.75 0.71 0.60 0.48 0.97 1.00 0.92 0.64

5 (127) 0.95 0.83 0.85 0.76 0.72 0.61 0.52 1.00 0.94 0.66
6 (152) 1.00 0.90 0.92 0.81 0.77 0.63 0.69 1.00 0.72
7 (178) 0.97 0.98 0.87 0.81 0.65 0.86 0.78
8 (203) 1.00 1.00 0.92 0.85 0.67 1.00 0.83
9 (229) 0.97 0.90 0.69 0.88

10 (254) 1.00 0.94 0.72 0.93
11 (279) 0.99 0.74 0.97
12 (305) 1.00 0.76 1.00
14 (356) 0.80
16 (406) 0.85
18 (457) 0.89
20 (508) 0.93
24 (610) 1.00

1 Linear interpolation not permitted.
2 When combining multiple load adjustment factors (e.g. for a 4 anchor pattern in a corner with thin concrete member) the design can become very conservative. 

To optimize the design, use Hilti PROFIS Anchor Design software or perform anchor calculation using design equations from ACI 318-14 Chapter 17.
3 Spacing factor reduction in shear, ƒAV AV = ƒAN.
4 Concrete thickness reduction factor in shear, ƒHV HV = 1.0.
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8" spacing 4" edge distance
T= 4337.5 x 1.00 x 1.00 = 4337.5 lbs
V= 9345 x 0.67 x 0.37 = 2082.36 lbs
.
Ta= 4337.5 lbs/1.44 = 3012.15 lbs
Va= 2316.62 lbs/1.44 = 1608.77 lbs
.
Okay for concrete connection at balcony



 Check Anchors:

sbolt 8.00 Spacing of Bolts Per Pannels

Tbolt 3012.15 Allowable Tension Per Bolt (lbs)

Vbolt 1608.77 Allowable Shear Per Bolt (lbs)

Fp 5000.00 Allowable Compressive
Strength in Support (psi)

3/8" HILTI KH-EZ S anchor W/ 3-1/4"
min embed, 4" min edge distance and
8" spaced o.c max

Length of Compression Zone:

kd
Fp L1 0.5wB

2

Fp L1
2 0.5wB

2

4

4 MBmax Fp L1
6

3
Fp L1

kd 0.15 in

Tensile Load on Cap Screws Per Width of Glass Pannel:

Tpannel 0.5 Fp kd L1 Tpannel 15519.80 lbs

Shear Load on Cap Screws Per Width of Glass Pannel:

Vpannel Vmax Vpannel 513.76 lbs

Check Compressive Stress in Support:

fp floor
2Tpannel

kd L1
fp 5000.00 psi

COMPRESSION "N.G."

"OK" Fp fpif

COMPRESSION "OK"
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Number of Anchors Per Loaded Triangle:

Nanchors floor
L1

sbolt
1 Nanchors 6.00 bolts

Check Tension in Anchors:

Td
Tpannel
Nanchors

Td 2586.63 lbs

TENSION "N.G."

"OK" Tbolt Tdif

TENSION "OK"

Check Shear in Anchors:

Vd
Vpannel

L1
sbolt Vd 98.04 lbs

SHEAR "N.G."

"OK" Vbolt Vdif

SHEAR "OK"

Check Combined Tension/Shear in Anchors:

CTV
Td

Tbolt

1.3 Vd
Vbolt

1.3

CTV 0.85

COMBINED1 "N.G."

"OK" CTV 1.00if

COMBINED1 "OK"
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w w w 

Top Railing Design:

Handrail to provide redistribution of load between glass panels &
to remain in place in case that one of the glass planes breaks

Fb.top 18000.00 Top Railing Allowable Bending Stress ( psi)

Fv.top 12000.00 Top Railing Allowable Shear Stress ( psi)

Sxtop 0.1391 Top Railing Inertia Modulus for Vertical Loads in3  

Sytop 0.2124 Top Railing Inertia Modulus for Horizontal Loads in3  

Atop 0.5110 Top Railing Area in2

Maximum Moment:

Concentrated Load = 200 lbs. M200.top
P200 w

5 M200.top 1920.00 lb in

Uniform Load = 50 plf M50.top 0.1012
q50
12

w2
M50.top 971.52 lb in

Mmax.top max M200.top M50.top Mmax.top 1920.00 lb in

Maximum Shear:
Concentrated Load = 200 lbs. V200.top P200 V200.top 200.00 lbs

Uniform Load = 50 plf V50.top 0.6
q50
12

w V50.top 120.00 lbs

Vmax.top max V200.top V50.top Vmax.top 200.00 lbs

Section Required:
Bending Design:
          Section Modulus Required Shr

Mmax.top
Fb.top

Shr 0.11 in3 

Shear Design: 
            Area Required Ahr

1.5 Vmax.top
Fv.top

Ahr 0.03 in2 

Section Provided:

BENDINGtop if Shr min Sxtop Sytop "N.G" "OK" BENDINGtop "OK"

SHEARtop if Ahr Atop "N.G" "OK" SHEARtop "OK"
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INTERIOR GLASS RAILING
SIDE MOUNTED BASE SHOE

DESIGN & ANALYSIS



Loads Data:

P200 200.00 Concentrated Load (lbs)

q50 50.00 Uniform Load (plf)

qwind 10.00 Uniform Distributed Load (psf)

Glass Data:

E 10400000.00 Modulus of Elasticity of Glass (psi) 

Mrflexure 24000.00 Modulus of Rupture of Glass in Flexure (psi)

Mrshear 120000.00 Modulus of Rigity of glass in Shear (psi)

SF 4.00 Safety Factor

Geometric Glass Railing Data:

h 45.00 Height of Glass Pannel in Cantilever (in)

t 0.5 Thickness of Glass Pannel (in)

w 48.00 Width of Glass Pannel (in)
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Then

Fb
Mrflexure

SF
Fb 6000.00 psi

Fv
Mrshear

SF
Fv 30000.00 psi

L h

w w hif

L 45.00 in

Sx
L t2

6
Sx 1.88 in3

Ix
L t3

12 Ix 0.47 in4

A L t A 22.50 in2

Actual Glass Moment in Length (L):
Concentrated Load = 200 lbs.

M200 P200 h M200 9000.00 lbs in

Uniform Load = 50 plf

M50 q50
L

12
h M50 8437.50 lbs in

Uniform Distributed Wind Load

Mwind
qwind
144

L
h2

2
Mwind 3164.06 lbs in

Mmax max M200 M50 Mwind Mmax 9000.00 lbs in

Actual Glass Shear in Length (L):
Concentrated Load = 200 lbs.

V200 P200 V200 200.00 lbs

Uniform Load = 50 plf

V50 q50
L

12
V50 187.50 lbs
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Uniform Distributed Wind Load

Vwind
qwind
144

L h Vwind 140.63 lbs

Vmax max V200 V50 Vwind Vmax 200.00 lbs

Section Required:

Bending Design:
          Section Modulus Required

Sxr
M200

Fb
Sxr 1.5 in3 

Shear Design: 
            Area Required

Ar
Vmax

Fv
Ar 0.01 in2 

Section Provided:

BENDINGglass if Sxr min Sx "N.G" "OK" BENDINGglass "OK"

SHEARglass if Ar A "N.G" "OK" SHEARglass "OK"

Check Deflection:

Δpermissible
h
30

Δpermissible 1.50 in

Δ200
P200 h3

3E Ix
Δ200 1.25 in

Δwind

qwind
144

L h4

8E Ix Δwind 0.33 in

Δmax max Δwind Δ200 Δmax 1.25 in

DEFLECTIONglass "O.K."

"N.G." Δpermissible Δmaxif
DEFLECTIONglass "O.K."
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 Base Shoe Connection Design:

hB 4.92 Height of Bottom Rail (in)

tB 0.85 Thick of Wall in Bottom Rail (in)

wB 1.88 Width of Bottom Rail (in)

Fb. 10000.00 Allowable Bending Stress in Bottom Rail (psi)

Fv. 5500.00 Allowable Shear Stress in Bottom Rail (psi)

 Alloy 6063-T5

L1 h
hB
2

w w h hBif

L1 48.00 in

Actual Mounting Moment in Length (L1):

Concentrated Load = 200 lbs.

MB200 P200 h hB MB200 9984.00 lbs in

Uniform Load = 50 plf

MB50 q50
L1
12

h hB MB50 9984.00 lbs in

Uniform Distributed Wind Load

MBwind
qwind
144

L1
h hB

2

2
MBwind 4153.34 lbs in

MBmax max MB200 MB50 MBwind MBmax 9984.00 lbs in
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Actual Mounting Shear in Length (L1):

Concentrated Load = 200 lbs. Uniform Load = 50 plf Uniform Distributed 
Wind Load

VBwind
MBwind

4
6

hB tB

qwind
144

L1 h hBVB200
MB200

4
6

hB tB

P200 VB50
MB50

4
6

hB tB

q50
L1
12

VB200 3879.61 lbs VB50 3879.61 lbs VBwind 1697.12 lbs

VBmax max VB200 VB50 VBwind VBmax 3879.61 lbs

Check Resisting Couple in the Wall`s Molding:

FB
MBmax

hB
FB 2029.27 lbs

Geometric Inertia & Area in Wall`s Molding:

SB
L1 tB

2

6
SB 5.78 in3

AB L1 tB AB 40.80 in2

Check Bending Stress in Molding Wall:

fb
MBmax

SB
fb 1727.34 psi

BENDING "N.G."

"OK" fb Fb.if

BENDING "OK"

Check Shear Stress in Molding Wall:

fv
FB
AB

fv 49.74 psi

SHEAR "N.G."

"OK" fv Fv.if

SHEAR "OK"

Check Combined Bending/Shear in Wall`s Monting:

CBV
fb
Fb.

fv
Fv.

CBV 0.18

COMBINED "N.G."

"OK" CBV 1.00if

COMBINED "OK"
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3.3.6

Table 2 - Hilti KWIK HUS-EZ and KWIK HUS-EZ P design Strength with concrete / pullout failure in uncracked concrete1,2,3,4

Nominal 
anchor 

diameter 
in. (mm)

Nominal 
embed. 
in. (mm)

Tension - Nn Shear - Vn

ƒ'c = 2,500 psi 
(17.2 MPa) 

lb (kN)

ƒ'c = 3,000 psi 
(20.7 MPa) 

lb (kN)

ƒ'c = 4,000 psi 
(27.6 MPa) 

lb (kN)

ƒ'c = 6,000 psi 
(41.4 MPa) 

lb (kN)

ƒ'c = 2,500 psi 
(17.2 MPa) 

lb (kN)

ƒ'c = 3,000 psi 
(20.7 MPa) 

lb (kN)

ƒ'c = 4,000 psi 
(27.6 MPa) 

lb (kN)

ƒ'c = 6,000 psi 
(41.4 MPa) 

lb (kN)

1/4 
(6.4)

1-5/8 585 620 675 765 1,075 1,180 1,360 1,670
(41) (2.6) (2.8) (3.0) (3.4) (4.8) (5.2) (6.0) (7.4)

2-1/2 1,525 1,670 1,930 2,365 2,235 2,450 2,825 3,460
(64) (6.8) (7.4) (8.6) (10.5) (9.9) (10.9) (12.6) (15.4)

3/8 
(9.5)

1-5/8 910 1,000 1,155 1,415 980 1,075 1,245 1,520
(41) (4.0) (4.4) (5.1) (6.3) (4.4) (4.8) (5.5) (6.8)

2-1/8 1,490 1,635 1,885 2,310 1,605 1,760 2,030 2,485
(54) (6.6) (7.3) (8.4) (10.3) (7.1) (7.8) (9.0) (11.1)

2-1/2 1,980 2,165 2,505 3,065 2,130 2,335 2,695 3,300
(64) (8.8) (9.6) (11.1) (13.6) (9.5) (10.4) (12.0) (14.7)

3-1/4 3,085 3,375 3,900 4,775 6,640 7,275 8,400 10,290
(83) (13.7) (15.0) (17.3) (21.2) (29.5) (32.4) (37.4) (45.8)

1/2 
(12.7)

2-1/4 1,645 1,800 2,080 2,550 1,770 1,940 2,240 2,745
(57) (7.3) (8.0) (9.3) (11.3) (7.9) (8.6) (10.0) (12.2)
3 2,785 3,050 3,525 4,315 3,000 3,285 3,795 4,645

(76) (12.4) (13.6) (15.7) (19.2) (13.3) (14.6) (16.9) (20.7)
4-1/4 5,070 5,555 6,415 7,855 10,920 11,965 13,815 16,920
(108) (22.6) (24.7) (28.5) (34.9) (48.6) (53.2) (61.5) (75.3)

5/8 
(15.9)

3-1/4 3,240 3,550 4,100 5,025 3,490 3,825 4,415 5,410
(83) (14.4) (15.8) (18.2) (22.4) (15.5) (17.0) (19.6) (24.1)
5 6,705 7,345 8,485 10,390 14,445 15,825 18,270 22,380

(127) (29.8) (32.7) (37.7) (46.2) (64.3) (70.4) (81.3) (99.6)

3/4 
(19.1)

4 4,380 4,795 5,540 6,785 9,430 10,330 11,930 14,610
(102) (19.5) (21.3) (24.6) (30.2) (41.9) (45.9) (53.1) (65.0)
6-1/4 9,345 10,235 11,820 14,475 20,125 22,045 25,455 31,175
(159) (41.6) (45.5) (52.6) (64.4) (89.5) (98.1) (113.2) (138.7)

Table 3 - Hilti KWIK HUS-EZ and KWIK HUS-EZ P design Strength with concrete / pullout failure in cracked concrete1,2,3,4,5

Nominal 
anchor 

diameter 
in. (mm)

Nominal 
embed. 
in. (mm)

Tension - Nn Shear - Vn

ƒ'c = 2,500 psi 
(17.2 MPa) 

lb (kN)

ƒ'c = 3,000 psi 
(20.7 MPa) 

lb (kN)

ƒ'c = 4,000 psi 
(27.6 MPa) 

lb (kN)

ƒ'c = 6,000 psi 
(41.4 MPa) 

lb (kN)

ƒ'c = 2,500 psi 
(17.2 MPa) 

lb (kN)

ƒ'c = 3,000 psi 
(20.7 MPa) 

lb (kN)

ƒ'c = 4,000 psi 
(27.6 MPa) 

lb (kN)

ƒ'c = 6,000 psi 
(41.4 MPa) 

lb (kN)

1/4 
(6.4)

1-5/8 300 315 345 390 765 835 965 1,180
(41) (1.3) (1.4) (1.5) (1.7) (3.4) (3.7) (4.3) (5.2)

2-1/2 760 830 960 1,175 1,585 1,735 2,000 2,450
(64) (3.4) (3.7) (4.3) (5.2) (7.1) (7.7) (8.9) (10.9)

3/8 
(9.5)

1-5/8 475 520 600 730 695 760 880 1,080
(41) (2.1) (2.3) (2.7) (3.2) (3.1) (3.4) (3.9) (4.8)

2-1/8 1,055 1,155 1,335 1,635 1,135 1,245 1,440 1,760
(54) (4.7) (5.1) (5.9) (7.3) (5.0) (5.5) (6.4) (7.8)

2-1/2 1,400 1,535 1,775 2,170 1,510 1,655 1,910 2,340
(64) (6.2) (6.8) (7.9) (9.7) (6.7) (7.4) (8.5) (10.4)

3-1/4 2,185 2,390 2,765 3,385 4,705 5,155 5,950 7,285
(83) (9.7) (10.6) (12.3) (15.1) (20.9) (22.9) (26.5) (32.4)

1/2 
(12.7)

2-1/4 1,035 1,135 1,310 1,605 1,115 1,220 1,410 1,725
(57) (4.6) (5.0) (5.8) (7.1) (5.0) (5.4) (6.3) (7.7)
3    1,755 1,920 2,220 2,715 1,890 2,070 2,390 2,925

(76) (7.8) (8.5) (9.9) (12.1) (8.4) (9.2) (10.6) (13.0)
4-1/4 3,190 3,495 4,040 4,945 6,875 7,530 8,695 10,650
(108) (14.2) (15.5) (18.0) (22.0) (30.6) (33.5) (38.7) (47.4)

5/8 
(15.9)

3-1/4 2,040 2,235 2,580 3,165 2,200 2,410 2,780 3,405
(83) (9.1) (9.9) (11.5) (14.1) (9.8) (10.7) (12.4) (15.1)
5    4,225 4,625 5,340 6,540 9,095 9,965 11,505 14,090

(127) (18.8) (20.6) (23.8) (29.1) (40.5) (44.3) (51.2) (62.7)

3/4 
(19.1)

4    2,755 3,020 3,485 4,270 5,940 6,505 7,510 9,200
(102) (12.3) (13.4) (15.5) (19.0) (26.4) (28.9) (33.4) (40.9)
6-1/4 5,885 6,445 7,440 9,115 12,670 13,880 16,030 19,630
(159) (26.2) (28.7) (33.1) (40.5) (56.4) (61.7) (71.3) (87.3)

1 1 See Section 3.1.9 to convert design strength value to ASD value.
2 Linear interpolation between embedment depths and concrete compressive strengths is not permitted.
3 Apply spacing, edge distance, and concrete thickness factors in Tables 6 through 15 as necessary. Compare to the steel values in Table 4.
 The lesser of the values is to be used for the design.

5 Tabular values are for static loads only.  For seismic tension loads, multiply cracked concrete tabular values in tension by the following reduction factors:
 1/4-in diameter by 1-5/8-in nominal embedment depth - aN,seis = 0.60
 All other sizes - aN,seis = 0.75
 No reduction needed for seismic shear.  See Section 3.1.9 for additional information on seismic applications.25-055 13125 SW 63rd Ave, Miami, FL 33156 Page 112 of 116
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Table 8 - Load Adjustment Factors for 3/8-in. Diameter KWIK HUS-EZ and KWIK HUS-EZ P in Uncracked Concrete1,4

3/8-in. KH-EZ
uncracked 
concrete

Spacing factor 
in tension

ƒAN

Edge distance 
factor in tension

ƒRN

Spacing factor 
in shear 3

ƒAV

Edge distance in shear

Conc. thickness factor in 
shear 4

ƒHV

toward edge
ƒRV

II to and away 
from edge

ƒRV

Embedment 
hnom

in. 1-5/8 2-1/8 2-1/2 3-1/4 1-5/8 2-1/8 2-1/2 3-1/4 1-5/8 2-1/8 2-1/2 3-1/4 1-5/8 2-1/8 2-1/2 3-1/4 1-5/8 2-1/8 2-1/2 3-1/4 1-5/8 2-1/8 2-1/2 3-1/4
(mm) (41) (54) (64) (83) (41) (54) (64) (83) (41) (54) (64) (83) (41) (54) (64) (83) (41) (54) (64) (83) (41) (54) (64) (83)

Sp
ac

in
g 

(s
)/e

dg
e 

di
st

an
ce

 (c
a)/

co
nc

re
te

th
ic

kn
es

s 
(h

) -
 in

. (
m

m
)

1-1/2 (38) n/a n/a n/a n/a 0.58 0.62 0.63 0.57 n/a n/a n/a n/a 0.49 0.32 0.25 0.08 0.58 0.62 0.50 0.17 n/a n/a n/a n/a
2 (51) n/a n/a n/a n/a 0.76 0.75 0.75 0.66 n/a n/a n/a n/a 0.75 0.49 0.38 0.13 0.76 0.75 0.75 0.26 n/a n/a n/a n/a

2-1/4 (57) 0.84 0.74 0.70 0.65 0.86 0.82 0.81 0.70 0.65 0.62 0.60 0.55 0.90 0.59 0.46 0.16 0.90 0.82 0.81 0.31 n/a n/a n/a n/a
2-1/2 (64) 0.88 0.77 0.72 0.67 0.95 0.91 0.88 0.75 0.67 0.63 0.61 0.55 1.00 0.69 0.54 0.18 1.00 0.91 0.88 0.37 n/a n/a n/a n/a

3 (76) 0.95 0.82 0.77 0.70 1.00 1.00 1.00 0.85 0.71 0.66 0.63 0.56 0.90 0.71 0.24 1.00 1.00 0.48 n/a n/a n/a n/a
3-1/4 (83) 0.99 0.85 0.79 0.72 0.90 0.72 0.67 0.64 0.57 1.00 0.80 0.27 0.54 0.95 n/a n/a n/a
3-1/2 (89) 1.00 0.88 0.81 0.73 0.95 0.74 0.68 0.65 0.58 0.89 0.30 0.61 0.98 n/a n/a n/a

4 (102) 0.93 0.86 0.77 1.00 0.78 0.71 0.68 0.59 1.00 0.37 0.74 1.00 0.91 0.84 n/a
4-1/2 (114) 0.99 0.90 0.80 0.81 0.73 0.70 0.60 0.44 0.88 0.89 n/a
4-3/4 (121) 1.00 0.93 0.82 0.83 0.75 0.71 0.60 0.48 0.96 0.91 0.639

5 (127) 0.95 0.83 0.84 0.76 0.72 0.61 0.52 1.00 0.94 0.655
6 (152) 1.00 0.90 0.91 0.81 0.76 0.63 0.68 1.00 0.718
7 (178) 0.97 0.98 0.86 0.81 0.65 0.86 0.775
8 (203) 1.00 1.00 0.91 0.85 0.67 1.00 0.829
9 (229) 0.97 0.90 0.69 0.879

10 (254) 1.00 0.94 0.71 0.927
11 (279) 0.98 0.74 0.972
12 (305) 1.00 0.76 1.000
14 (356) 0.80
16 (406) 0.84
18 (457) 0.89
20 (508) 0.93
24 (610) 1.000

Table 9 - Load Adjustment Factors for 3/8-in. Diameter KWIK HUS-EZ and KWIK HUS-EZ P in cracked Concrete1,4

3/8-in. KH-EZ
cracked 
concrete

Spacing factor 
in tension

ƒAN

Edge distance 
factor in tension

ƒRN

Spacing factor 
in shear 3

ƒAV

Edge distance in shear

Conc. thickness factor in 
shear 4

ƒHV

toward edge
ƒRV

II to and away 
from edge

ƒRV

Embedment 
hnom

in. 1-5/8 2-1/8 2-1/2 3-1/4 1-5/8 2-1/8 2-1/2 3-1/4 1-5/8 2-1/8 2-1/2 3-1/4 1-5/8 2-1/8 2-1/2 3-1/4 1-5/8 2-1/8 2-1/2 3-1/4 1-5/8 2-1/8 2-1/2 3-1/4
(mm) (41) (54) (64) (83) (41) (54) (64) (83) (41) (54) (64) (83) (41) (54) (64) (83) (41) (54) (64) (83) (41) (54) (64) (83)

Sp
ac

in
g 

(s
)/e

dg
e 

di
st

an
ce

 (c
a)/

co
nc

re
te

th
ic

kn
es

s 
(h

) -
 in

. (
m

m
)

1-1/2 (38) n/a n/a n/a n/a 0.92 0.74 0.66 0.57 n/a n/a n/a n/a 0.49 0.32 0.25 0.09 0.92 0.64 0.50 0.17 n/a n/a n/a n/a
2 (51) n/a n/a n/a n/a 1.00 0.90 0.79 0.66 n/a n/a n/a n/a 0.76 0.50 0.39 0.13 1.00 0.90 0.77 0.26 n/a n/a n/a n/a

2-1/4 (57) 0.84 0.74 0.70 0.65 1.00 0.98 0.85 0.70 0.66 0.62 0.60 0.55 0.90 0.59 0.46 0.16 1.00 0.98 0.85 0.31 n/a n/a n/a n/a
2-1/2 (64) 0.88 0.77 0.72 0.67 1.00 1.00 0.92 0.75 0.67 0.63 0.61 0.55 1.00 0.69 0.54 0.18 1.00 1.00 0.92 0.37 n/a n/a n/a n/a

3 (76) 0.95 0.82 0.77 0.70 1.00 1.00 0.85 0.71 0.66 0.63 0.56 1.00 0.91 0.71 0.24 1.00 1.00 1.00 0.48 n/a n/a n/a n/a
3-1/4 (83) 0.99 0.85 0.79 0.72 0.90 0.73 0.67 0.64 0.57 1.00 0.80 0.27 0.55 0.95 n/a n/a n/a
3-1/2 (89) 1.00 0.88 0.81 0.73 0.95 0.74 0.68 0.65 0.58 0.90 0.31 0.61 0.98 n/a n/a n/a

4 (102) 0.93 0.86 0.77 1.00 0.78 0.71 0.68 0.59 1.00 0.37 0.75 1.00 0.91 0.84 n/a
4-1/2 (114) 0.99 0.90 0.80 0.81 0.73 0.70 0.60 0.44 0.89 0.97 0.89 n/a
4-3/4 (121) 1.00 0.93 0.82 0.83 0.75 0.71 0.60 0.48 0.97 1.00 0.92 0.64

5 (127) 0.95 0.83 0.85 0.76 0.72 0.61 0.52 1.00 0.94 0.66
6 (152) 1.00 0.90 0.92 0.81 0.77 0.63 0.69 1.00 0.72
7 (178) 0.97 0.98 0.87 0.81 0.65 0.86 0.78
8 (203) 1.00 1.00 0.92 0.85 0.67 1.00 0.83
9 (229) 0.97 0.90 0.69 0.88

10 (254) 1.00 0.94 0.72 0.93
11 (279) 0.99 0.74 0.97
12 (305) 1.00 0.76 1.00
14 (356) 0.80
16 (406) 0.85
18 (457) 0.89
20 (508) 0.93
24 (610) 1.00

1 Linear interpolation not permitted.
2 When combining multiple load adjustment factors (e.g. for a 4 anchor pattern in a corner with thin concrete member) the design can become very conservative. 

To optimize the design, use Hilti PROFIS Anchor Design software or perform anchor calculation using design equations from ACI 318-14 Chapter 17.
3 Spacing factor reduction in shear, ƒAV AV = ƒAN.
4 Concrete thickness reduction factor in shear, ƒHV HV = 1.0.

 

25-055 13125 SW 63rd Ave, Miami, FL 33156 Page 113 of 116

8" spacing 3" edge distance
T= 3900 x 1.00 x 0.85 = 3315 lbs
V= 8400 x 0.67 x 0.24 = 1350.72 lbs
.
Ta= 3315 lbs/1.44 = 2302.08 lbs
Va= 1350.72 lbs/1.44 = 938 lbs
.
Okay for concrete connection at balcony



 Check Anchors:

sbolt 8.00 Spacing of Bolts Per Pannels

htop 2.40 Height of Support at Top (in)

hbottom 2.4 Height of Support at Bottom (in)

Tbolt 2320.0 Allowable Tension Per Bolt (lbs)

Vbolt 938.0 Allowable Shear Per Bolt (lbs)

Fp 5000.00 Allowable Compressive Strength in Support (psi)

Minimum Lateral Support Heigth (h):

hmin min htop hbottom hmin 2.40 in

Length of Compression Zone:

kd
Fp L1 hmin

2

Fp L1
2 hmin

2

4

4 MBmax Fp L1
6

3
Fp L1

kd 0.03 in

Tensile Load on Cap Screws Per Width of Glass Pannel:

Tpannel 0.5 Fp kd L1 Tpannel 4180.22 lbs
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Shear Load on Cap Screws Per Width of Glass Pannel:

Vpannel Vmax Vpannel 200.00 lbs

Check Compressive Stress in Support:

fp floor
2Tpannel

kd L1
fp 5000.00 psi

COMPRESSION "N.G."

"OK" Fp fpif

COMPRESSION "OK"

Number of Anchors Per Loaded Triangle:

Nanchors floor
L1

sbolt
Nanchors 6.00 bolts

Check Tension in Anchors:

Td
Tpannel
Nanchors

Td 696.70 lbs

TENSION "N.G."

"OK" Tbolt Tdif

TENSION "OK"

Check Shear in Anchors:

Vd
Vpannel
Nanchors

Vd 33.33 lbs

SHEAR "N.G."

"OK" Vbolt Vdif

SHEAR "OK"

Check Combined Tension/Shear in Anchors:

CTV
Td

Tbolt

Vd
Vbolt

CTV 0.34

COMBINED1 "N.G."

"OK" CTV 1.00if

COMBINED1 "OK"
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Top Railing Design:

Handrail to provide redistribution of load between glass
panels & to remain in place in case that one of the
glass planes breaks

Handrail Material Data:
Fb.top 1700 Top Railing Allowable Bending Stress ( psi)

Fv.top 175 Top Railing Allowable Shear Stress ( psi)

Sxtop 0.48 Top Railing Inertia Modulus for Vertical Loads in3  

Sytop 0.53 Top Railing Inertia Modulus for Horizontal Loads in3  

Atop 1.75 Top Railing Area in2

Actual Moment:
Concentrated Load = 200 lbs. Uniform Load = 50 plf

M200.top
P200 0.5

5
M50.top 0.1012

q50
12

0.52

M200.top 20.00 lb in M50.top 0.11 lb in

Mmax.top max M200.top M50.top Mmax.top 20.00 lb in

Actual Shear:
Concentrated Load = 200 lbs. Uniform Load = 50 plf

V200.top P200 V50.top 0.6
q50
12

0.5

V200.top 200.00 lbs
V50.top 1.25 lbs

Vmax.top max V200.top V50.top Vmax.top 200.00 lbs

Section Required:
Bending Design:
          Section Modulus Required

Shear Design: 
            Area Required

Shr
Mmax.top

Fb.top
Shr 0.01 in3 Ahr

1.5 Vmax.top
Fv.top

Ahr 1.71 in2 

Section Provided:

BENDINGtop if Shr min Sxtop Sytop "N.G" "OK" BENDING.top "OK"

SHEARtop if Ahr Atop "N.G" "OK" SHEARtop "OK"

25-055 13125 SW 63rd Ave, Miami, FL 33156 Page 116 of 116


		2026-04-10T16:56:37-0400
	Alaym Aguilar




