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February 10, 2023 
 
▪T▪▪▪Mobile▪ 
15 Commerce Way 
Suite B 
Norton, MA 02766 

Structural Analysis of Antenna and Equipment Loads 
RE:              
Site Number   CT11090A 
Site Name   Greenwich / Putnam Ave 2 
Site Address   411 West Putnam Avenue, Greenwich, CT 06830      
 
To whom it may concern: 
 
Chappell Engineering Associates, LLC has performed a structural analysis of the existing roof mounted ballast antenna frames 
at the above-referenced location.  The analysis has been performed in accordance with the 2022 Connecticut State Building 
Code (International Building Code) with Connecticut Amendments.  Based upon the site walk completed on 06-12-2020, the 
existing 3-sector site consists of a single elevated steel frame with equipment cabinets and three (3) roof mounted ballast 
antenna frames. 
 
T-Mobile currently proposes to install one (1) Ericsson B160 Battery Cabinet and one (1) Ericsson 6160 Equipment Cabinet on 
the existing elevated steel equipment frame.  The proposed cabinets will be located in the space reserved for future 
equipment as indicated in the table below.  The total weight of the equipment cabinets being installed is 2,451lbs.  The net 
change (-549lbs.) is a net decrease in the overall load to the frame as compared to the original (existing) design condition.  
A sketch of the proposed changes is included in on our construction drawings, and the table below summarizes the existing 
and proposed configurations: 
 

Existing Equipment Configuration Proposed Equipment Configuration 
Cabinet Type Weight Cabinet Type Weight 

PPC 150 lbs PPC 150 lbs 
Transformer 410 lbs. Transformer 410 lbs. 
Ericsson RBS 6102 1219 lbs. Ericsson RBS 6102 1219 lbs. 
Ericsson RS8000 (future) 1500 lbs. Ericsson 6160 680 lbs. 
Ericsson RS8000 (future) 1500 lbs. Ericsson B160 1771 lbs. 
Total 4779 lbs.   4230 lbs. 

 
Additionally, T-Mobile proposes to install three (3) total 2500 MHz antennas, three (3) total 600/700MHz antennas, three (3) 
total 1900MHz antennas.  Ancillary equipment serving to supplement the proposed antennas will include three (3) total 
Ericsson 4460 B25+B66 remote radios and three (3) total Ericsson 4480 B71+ B85 remote radios at the alpha, beta and 
gamma sectors to replace the existing three (3) in-service antennas and related transmitting equipment at these locations.  
Additionally, three (3) total DC/Hybrid cables will be run to service the proposed antenna (1 per sector, total of 3 sectors 
receiving the new antenna). 
 
The existing alpha, beta and gamma sector antenna frames do not have the required capacity to support the proposed 
antennas, and will be reinforced to provide sufficient capacity to support the proposed antenna loads.  The existing rear 
ballast will be re-located to the new larger footprint frames.  Our calculations are enclosed and are summarized below for 
the respective member capacities of the reinforced ballast frames. 
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     C A P A C I T Y  
   Defl    Dir    Combined 
Beam    Section Co L/  Slen Axial  Shea Mom LTB Axial+Mom 

3  L 2.5x2.5x3/16        1 7285 176  0.00 MJ  0.00  0.02 0.03      0.03  
 4  L 2.5x2.5x3/16        1 7285 176  0.00  MJ 0.00  0.02 0.03      0.03  
5  L 2.5x2.5x3/16        1 4482 207  0.00 MJ 0.00  0.03 0.04      0.04  
6  L 2.5x2.5x3/16        1 1984  206 -0.08 MJ 0.00  0.08 0.09      0.11  

13  L 2.5x2.5x3/16        1 1992 190 -0.08 MJ 0.04  0.31 0.35      0.41  

19  L 2.5x2.5x3/16        1 1608  190 -0.09 MJ 0.04  0.35 0.39      0.45  
21  L 4x4x1/4             1  9582 128  0.00 MJ 0.02  0.15 0.17      0.28  
22  L 4x4x1/4             2  486  189  0.00 MJ 0.01  0.13 0.82      0.97  

23  L 2.5x2.5x3/16        1 1463 116  -0.10 MJ 0.01  0.07 0.26      0.41  
24  L 2.5x2.5x3/16        1 1984  206 -0.07 MJ 0.00  0.08 0.09      0.11  
25  L 2.5x2.5x3/16        1 1499 116 -0.09 MJ 0.01  0.07 0.28      0.38  

26  PIPE 2-1/2             2 9999   4 -0.01 MJ 0.06  0.08 0.08      0.09  
27  PIPE 2-1/2             1 9999   4  0.00 MJ 0.06   0.08 0.08      0.09  
28   PIPE 2-1/2             2 9999   4  -0.01 MJ 0.06  0.09 0.09      0.09  
 29  PIPE 2-1/2             1 9999    4  0.00 MJ 0.06  0.08 0.08      0.09  
31  PIPE 2-1/2             2 9999    4  0.02 MJ 0.03  0.04 0.04      0.05  

37  PIPE 2-1/2             1  633   88 -0.03 MJ 0.00  0.02 0.02      0.20  
43  PIPE 2-1/2             2   92  92 -0.01 MI 0.04   0.44 0.00      0.46  
47  PIPE 2-1/2             1   488  91 -0.03 MJ 0.00  0.02 0.02      0.22  

63  L 2.5x2.5x3/16        1 1569  205  0.00 MJ 0.00  0.00 0.16      0.16  
65  L 2.5x2.5x3/16        1 9999   8 -0.01 MJ 0.05  0.13 0.13      0.13  
69  L 4x4x1/4             2 5940   86 -0.01 MJ 0.01  0.05 0.22      0.25  

71  L 4x4x1/4             2 9999  86  -0.01 MJ 0.01  0.06 0.13      0.16  
73  L 4x4x1/4             2 5312  118  0.00 MJ 0.01  0.12 0.12      0.13  
74  L 4x4x1/4             2  5404  84 -0.01 MJ 0.04  0.22 0.22      0.23  
75  L 4x4x1/4             2 3604 118  0.00 MJ 0.01  0.21 0.21      0.21  

76  L 4x4x1/4             2 2345   84 -0.01 MJ 0.03  0.21 0.21      0.22  
77  L 4x4x1/4             1  3646 189  0.00 MJ 0.00  0.05 0.06      0.06  
78  L 4x4x1/4             1 3646  189  0.00 MJ 0.00  0.05 0.06      0.06  
79  L 4x4x1/4             2  3441 200 -0.07 MJ 0.00  0.05 0.06      0.10  
80  L 4x4x1/4             2 3441 200 -0.07 MJ 0.00  0.05 0.06      0.10  

81  L 4x4x1/4             2  980  189  0.00 MJ 0.01  0.16 0.19      0.19  
84  L 4x4x1/4             1 8495 189  0.00 MJ 0.00  0.05 0.05       0.06  

 
Photos of the existing ballast frames and the existing antenna mounting locations are included in this report.  The appropriate 
antenna mounting plans and details have been included in our drawings which are also enclosed for your convenience. 
 
If you have any questions regarding this matter, please do not hesitate to call. 
 
Very truly yours, 
CHAPPELL ENGINEERING ASSOCIATES, LLC 
 

 
 
Clement J Salek, P.E. 
CJS/cjs 



Existing T-Mobile Equipment Frame

Existing T-Mobile Equipment Frame



Existing T-Mobile Alpha Sector Antennas

Existing T-Mobile Alpha Sector Ballast



Existing T-Mobile Beta Sector Ballast

Existing T-Mobile Beta Sector Antennas



Existing T-Mobile Gamma Sector Antennas

Existing T-Mobile Gamma Sector Ballast



Site Name/Number: CT11090A Greenwich / Putnam Ave 2

Site Address: 411 West Putnam Avenue, Greenwich, CT 06830

CEA Job Number:

Date:

Appurtenances Attached to Ballast Frame:

Depth, d = 4.6 in in 8.5 in 11.9 in 7.5 in 9.0 in in
Width, w = 12.1 in in 24.0 in 15.1 in 15.1 in 20.9 in in
Height, h = 54.7 in in 96.0 in 17.0 in 19.2 in 36.3 in in

Height ARL = 10.6 ft ft 8.6 ft 5 ft 5 ft 10.6 ft ft
Weight = 24 lbs lbs 128 lbs 104 lbs 93 lbs 84 lbs lbs

Design Code: ASCE 7

60 ft 60 ft 60 ft 60 ft 60 ft 60 ft 60 ft 60 ft 60 ft 60 ft
4.6 ft 0.0 ft 8.0 ft 1.4 ft 1.6 ft 3.0 ft 0.0 ft 0.0 ft 0.0 ft 0.0 ft
1.0 ft 0.0 ft 2.0 ft 1.3 ft 1.3 ft 1.7 ft 0.0 ft 0.0 ft 0.0 ft 0.0 ft
4.6 s.f. 0.0 s.f. 16.0 s.f. 1.8 s.f. 2.0 s.f. 5.3 s.f. 0.0 s.f. 0.0 s.f. 0.0 s.f. 0.0 s.f.
116 mph 116 mph 116 mph 116 mph 116 mph 116 mph 116 mph 116 mph 116 mph 116 mph

Exposure = B B B B B B B B B B Section 6.5.6.3
G (Gust effect factor) = 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 Section 6.5.8
Cf (Force Coeficient) = 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 Fig 6-20 to 6-23

Kz (Exposure Coefficients) = 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 6.5.6.6, Table 6-3
K1 (Multiplier) = 0 0 0 0 0 0 0 0 0 0 Figure 6-2
K2 (Multiplier) = 0 0 0 0 0 0 0 0 0 0 Figure 6-2
K3 (Multiplier) = 0 0 0 0 0 0 0 0 0 0 Figure 6-2

Kzt (Topographic Factor) : (1+K1*K2*K3)^2 = 1 1 1 1 1 1 1 1 1 1 Section 6.5.7.2
Kd = 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 Table 6-4

I (Importance Factor) = 1 1 1 1 1 1 1 1 1 1 Table 6-2
qz = .00256*Kz*Kzt*Kd*V^2*I (psf) = 24.9 psf 24.9 psf 24.9 psf 24.9 psf 24.9 psf 24.9 psf 24.9 psf 24.9 psf 24.9 psf 24.9 psf psf, Section 6.5.10

Reference Wind Pressure, p = 29.6 psf 29.6 psf 29.6 psf 29.6 psf 29.6 psf 29.6 psf 29.6 psf 29.6 psf 29.6 psf 29.6 psf

F, lbs = 136 0 474 53 60 156 0 0 0 0

Required Minimum Ballast:

10 ft Common 8x8x16 Block Wgt = 37 lbs
14.00 ft Solid 8x8x16 Block Wgt = 68 lbs
0.67 ft Solid 4x8x16 Block Wgt = 34 lbs

13.33 ft Common 8x4x16 Block Wgt = 19 lbs
140.00 ft^2

1550 lbs
28

Safety Factor for Overturning = 1.8 Total Appurtenance Wgt = 433 lbs Solid
4x8x16

Let Wt = total ballast required, lbs in Front Tray
Let Wf = 0.5 Wt

Let Wr = 0.5 Wt

For Stability; Mcausing <= Mresisting

Mcausing <= Mframe wgt + +

Mcausing <= Mframe wgt + 0.5 (Wt)(dr) + 0.5 (Wt)(df)

Solving for Wt;

0.50 dr + 0.50 df

Mcausing = 13921.9 ft-lbs
1033.3 ft-lbs

0.5 dr = 6.67 ft
0.5 df = 0.33 ft

Min. Total Ballast Req'd (Wt) = 1841 lbs < = Wt

Min. Front Ballast Req'd (Wf) = 921 lbs = 28 Solid 4x8x16 Blocks in Front Tray
Min. Rear Ballast Req'd (Wr) = 921 lbs = 28 Solid 4x8x16 Blocks in Rear Tray
Total Loaded Frame Weight = 3824 lbs 56 Total per Ballast Mount

Frame Surcharge = 27.3 psf

<= Wt
12888.58

7.00

 Z (Above Ground Level) =
 Height of Projection Area =

Weight of steel frame =

Ballast Frame Geometry

February 10, 2023

Frame Geometry

Centroid of front ballast to toe, df =

Wt

Mframe wgt =

 Width of Projection Area =

(min total ballast req'd)

Commscope W-
65A-R1 

Antenna

RFS 
APXVAALL24_

43-U-NA20 

Ericsson 4460 
B25+B66

Ericsson 
4480 

B71+B85

Centroid of rear ballast to toe, dr =

Frame width =

Mrear ballast Mfront ballast

Mcausing - Mframe wgt
<=

Frame depth =

Frame Footprint Area =

Af (Projected Area of Gross) =
Reference Wind Velocity, V =

28
Solid 4x8x16

in Rear Tray

1815.141

Ericsson 
M-MIMO 
AIR6419 
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Load no. 1: X2 Antenna Loads (units - kips ft.)

/ JOINT LOADS
/ JOINT LOADS
/ JOINT LOADS
/ JOINT LOADS
/ JOINT LOADS

FX2 0.06 FX3 -0.012 N 39 53
FX2 0.065 FX3 -0.042 N 56 46
FX2 0.065 FX3 -0.1 N 54
FX3 -0.1 N 51
/ JOINT LOADS

FX2 0.19 FX3 -0.062 N 55 67
/ END

F O R C E   S U M M A T I O N

FX1=0. kip
FX2=0.695 kip
FX3=-0.432 kip

Load no. 2: X2 Wind on Frame (units - kips ft.)

/ BEAM LOADS
/ BEAM LOADS
DIST GL FX2 0.009 B 63
/ BEAM LOADS
/ BEAM LOADS

/ BEAM LOADS
DIST GL FX2 0.005 B 67
DIST GL FX2 0.007 B 6 21 22 TO 25 49 TO 62 66
DIST GL FX2 0.005 B 34 42 44 89
DIST GL FX2 0.005 B 46 45 43 36

/ END

F O R C E   S U M M A T I O N

FX1=0. kip
FX2=0.528 kip
FX3=0. kip

Load no. 3: Selfweight (units - kips ft.)

/ BEAM LOADS
SELF  X3 -1. B 1 TO 19 21 TO 29 31 34 TO 39 42 TO 62 64 66 TO 68 89
/ BEAM LOADS
SELF  X3 -1. B 70 72 TO 88
/ END

F O R C E   S U M M A T I O N

FX1=0. kip
FX2=0. kip
FX3=-1.2843 kip
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Load no. 4: -X2 Antenna Loads (units - kips ft.)

/ JOINT LOADS
/ JOINT LOADS
/ JOINT LOADS
/ JOINT LOADS
/ JOINT LOADS

/ JOINT LOADS
FX2 -0.06 FX3 -0.012 N 39 54
FX2 -0.19 FX3 -0.06 N 55 67
FX2 -0.065 FX3 -0.042 N 56 46
FX2 -0.065 FX3 -0.1 N 53

FX3 -0.1 N 51
/ END

F O R C E   S U M M A T I O N

FX1=0. kip
FX2=-0.695 kip
FX3=-0.428 kip

Load no. 5: -X2 Wind on Frame (units - kips ft.)

/ BEAM LOADS
/ BEAM LOADS
DIST GL FX2 0.009 B 63
/ BEAM LOADS
/ BEAM LOADS

/ BEAM LOADS
/ BEAM LOADS
DIST GL FX2 -0.007 B 6 21 22 TO 25 49 TO 62 66
DIST GL FX2 -0.005 B 67
DIST GL FX2 -0.005 B 34 42 44 89

DIST GL FX2 -0.005 B 46 45 43 36
/ END STATIC

F O R C E   S U M M A T I O N

FX1=0. kip
FX2=-0.3759 kip
FX3=0. kip
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R e s u l t s   S u m m a r y   T a b l e

C A P A C I T Y

Defl  Dir Combined

Beam   Section Com L/ Slen Axial Shear Mom LTB Axial+Mom

3 L 2.5x2.5x3/16       1 7285 176  0.00 MJ 0.00 0.02 0.03     0.03      
4 L 2.5x2.5x3/16       1 7285 176  0.00 MJ 0.00 0.02 0.03     0.03      
5 L 2.5x2.5x3/16       1 4482 207  0.00 MJ 0.00 0.03 0.04     0.04      
6 L 2.5x2.5x3/16       1 1984 206 -0.08 MJ 0.00 0.08 0.09     0.11   ***

13 L 2.5x2.5x3/16       1 1992 190 -0.08 MJ 0.04 0.31 0.35     0.41      
MI 0.00 0.01 0.00

19 L 2.5x2.5x3/16       1 1608 190 -0.09 MJ 0.04 0.35 0.39     0.45      
21 L 4x4x1/4            1 9582 128  0.00 MJ 0.02 0.15 0.17     0.28      

MI 0.01 0.06 0.00
22 L 4x4x1/4            2  486 189  0.00 MJ 0.01 0.13 0.82     0.97      

MI 0.02 0.49 0.00

23 L 2.5x2.5x3/16       1 1463 116 -0.10 MJ 0.01 0.07 0.26     0.41      
MI 0.04 0.16 0.00

24 L 2.5x2.5x3/16       1 1984 206 -0.07 MJ 0.00 0.08 0.09     0.11   ***
25 L 2.5x2.5x3/16       1 1499 116 -0.09 MJ 0.01 0.07 0.28     0.38      

MI 0.04 0.16 0.00

26 PIPE 2-1/2            2 9999   4 -0.01 MJ 0.06 0.08 0.08     0.09      
27 PIPE 2-1/2            1 9999   4  0.00 MJ 0.06 0.08 0.08     0.09      
28 PIPE 2-1/2            2 9999   4 -0.01 MJ 0.06 0.09 0.09     0.09      
29 PIPE 2-1/2            1 9999   4  0.00 MJ 0.06 0.08 0.08     0.09      
31 PIPE 2-1/2            2 9999   4  0.02 MJ 0.03 0.04 0.04     0.05      

37 PIPE 2-1/2            1  633  88 -0.03 MJ 0.00 0.02 0.02     0.20      
MI 0.02 0.17 0.00

43 PIPE 2-1/2            2   92  92 -0.01 MI 0.04 0.44 0.00     0.46   ***
47 PIPE 2-1/2            1  488  91 -0.03 MJ 0.00 0.02 0.02     0.22      

MI 0.01 0.18 0.00

63 L 2.5x2.5x3/16       1 1569 205  0.00 MJ 0.00 0.00 0.16     0.16      
MI 0.01 0.10 0.00

65 L 2.5x2.5x3/16       1 9999   8 -0.01 MJ 0.05 0.13 0.13     0.13      
69 L 4x4x1/4            2 5940  86 -0.01 MJ 0.01 0.05 0.22     0.25      

MI 0.01 0.13 0.00

71 L 4x4x1/4            2 9999  86 -0.01 MJ 0.01 0.06 0.13     0.16      
MI 0.00 0.08 0.00

73 L 4x4x1/4            2 5312 118  0.00 MJ 0.01 0.12 0.12     0.13      
74 L 4x4x1/4            2 5404  84 -0.01 MJ 0.04 0.22 0.22     0.23      
75 L 4x4x1/4            2 3604 118  0.00 MJ 0.01 0.21 0.21     0.21      

76 L 4x4x1/4            2 2345  84 -0.01 MJ 0.03 0.21 0.21     0.22      
77 L 4x4x1/4            1 3646 189  0.00 MJ 0.00 0.05 0.06     0.06      
78 L 4x4x1/4            1 3646 189  0.00 MJ 0.00 0.05 0.06     0.06      
79 L 4x4x1/4            2 3441 200 -0.07 MJ 0.00 0.05 0.06     0.10      
80 L 4x4x1/4            2 3441 200 -0.07 MJ 0.00 0.05 0.06     0.10      

81 L 4x4x1/4            2  980 189  0.00 MJ 0.01 0.16 0.19     0.19      
84 L 4x4x1/4            1 8495 189  0.00 MJ 0.00 0.05 0.05     0.06      
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Detailed Results Table for Beam 22 - 53

Moments: kips*foot , Forces: kips , Stresses: ksi , Section prop.: inch

X2 (Major axis)
Beam: 21                          22 
22,   55,   54,
59,   66,   53 12.50

CONSTRAINTS DESIGN DATA

- Sections   : Check - Kx = 1.00         - Ky = 1.00
- Steel Grade: A36    - Allow. Slend. :  200 (compr.)  300 (tens.)

- Allowable Deflection  : 1/240
- Tension Area Reduction Factor : 1.00
- Building type : Unbraced

Section: L 4x4x1/4 

Ix =     3.04  Iy =     3.04in4   Sx =   1.05   Sy =   1.05in3  Area =  1.94
h  =     4.00   b =     4.00in     t =   0.25   ey =   2.90in   ex =  2.90in
J =     0.04  Cw =     0.00in6   Iv =   1.23  in4

DESIGN COMBINATION = 2    

M2 Moment Diagram

0.07 0.06

0.35

Max. AXIAL Force =     0.02 (tens.)   Max. SHEAR Force =     0.18
M3 Moment Diagram

0.00 0.00

1.35

Max. AXIAL Force =     0.02 (tens.)   Max. SHEAR Force =     0.30

SECTION CLASSIFICATION:   *** NON-COMPACT / SLENDER ***

Limiting Ratios: Compact Non-Compact Slender -axial
d/t= 16.13  <   15.3   25.8   12.8 (Fy=  36.0 )            
b/t= 16.13  <   15.3   25.8   12.8

DESIGN   EQUATION     FACTORS     VALUES    RESULT 

V2 Shear Vu/0.6Vn<1.00 Aw =      0.99 Vu =    0.30
G2.1.b-i Vn=0.6*Fy*Aw Vn =   21.50 0.02

M3 Moment M λ =     16.13 M =    1.35
(F10-6) < 1.00 Mn =    4.58 0.49

0.6Mn λp =     18.55 Mp =    4.73
FLB λr =     25.83 Mr =    2.73
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Detailed Results Table for Beam 22 - 53

Moments: kips*foot , Forces: kips , Stresses: ksi , Section prop.: inch

DESIGN   EQUATION     FACTORS     VALUES    RESULT 

V3 Shear Vu/0.6Vn<1.00 Aw =      0.99 Vu =    0.18
G2.1.b-i Vn=0.6*Fy*Aw Vn =   21.50 0.01

M2 Moment M λ =     16.13 M =    0.35
(F10-6) < 1.00 Mn =    4.58 0.13

0.6Mn λp =     18.55 Mp =    4.73
FLB λr =     25.83 Mr =    2.73

Deflection defl. defl =
< 1.00 0.30851 0.49

L / 240

Axial Pu (kL/r)x =120 Pu =    0.02
Force < 1.00 (kL/r)y =189 Ag =    1.94
(D2-1) 0.6AgFy Fy =   36.00 0.00

Lateral M Lb =     12.50 M =    1.35
Torsional < 1.00 Mn =    2.74 0.82
Buckling 0.6Mn
(F10-2,3) Cb =      1.44 Me =   -1.00

Critical Segment from  0.00 to 12.50 on +z flange
Segment End Moments:    0.00 and    0.00

Combined Pr  Mrx  Mry Cmx =      1.00 Mrx =    0.35
Forces + + Cmy =      1.00 Mry =    1.35 0.97

(compress.) 2φPn φMnx φMny Pex =     35.19 B1x =    1.00
(H1-1b) < 1.00 Pey =     14.19 B1y =    1.00

Detailed Results Table for Beam 21 - 58

Moments: kips*foot , Forces: kips , Stresses: ksi , Section prop.: inch

X2 (Major axis)
Beam: 19                          20 
21,   51,   60,
50,   61,   58 12.50

CONSTRAINTS DESIGN DATA

- Sections   : Check - Kx = 1.00         - Ky = 1.00
- Steel Grade: A36    - Allow. Slend. :  200 (compr.)  300 (tens.)

- Allowable Deflection  : 1/240
- Tension Area Reduction Factor : 1.00
- Building type : Unbraced

Section: L 4x4x1/4 

Ix =     3.04  Iy =     3.04in4   Sx =   1.05   Sy =   1.05in3  Area =  1.94
h  =     4.00   b =     4.00in     t =   0.25   ey =   2.90in   ex =  2.90in
J =     0.04  Cw =     0.00in6   Iv =   1.23  in4

DESIGN COMBINATION = 1    
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Detailed Results Table for Beam 21 - 58

Moments: kips*foot , Forces: kips , Stresses: ksi , Section prop.: inch

M2 Moment Diagram

0.34 0.31

-0.41

Max. AXIAL Force =     0.01 (tens.),    -0.02 (compr.)   Max. SHEAR Force =     0.30
M3 Moment Diagram

0.00 0.00

0.17

Max. AXIAL Force =     0.01 (tens.),    -0.02 (compr.)   Max. SHEAR Force =     0.09

SECTION CLASSIFICATION:   *** NON-COMPACT / SLENDER ***

Limiting Ratios: Compact Non-Compact Slender -axial
d/t= 16.13  <   15.3   25.8   12.8 (Fy=  36.0 )            
b/t= 16.13  <   15.3   25.8   12.8

DESIGN   EQUATION     FACTORS     VALUES    RESULT 

V2 Shear Vu/0.6Vn<1.00 Aw =      0.99 Vu =    0.09
G2.1.b-i Vn=0.6*Fy*Aw Vn =   21.50 0.01

M3 Moment M λ =     16.13 M =    0.17
(F10-6) < 1.00 Mn =    4.58 0.06

0.6Mn λp =     18.55 Mp =    4.73
FLB λr =     25.83 Mr =    2.73

V3 Shear Vu/0.6Vn<1.00 Aw =      0.99 Vu =    0.30
G2.1.b-i Vn=0.6*Fy*Aw Vn =   21.50 0.02

M2 Moment M λ =     16.13 M =    0.41
(F10-6) < 1.00 Mn =    4.58 0.15

0.6Mn λp =     18.55 Mp =    4.73
FLB λr =     25.83 Mr =    2.73

Deflection defl. defl =
< 1.00 0.01565 0.03

L / 240

Axial Pu (kL/r)x =48 Pu =    0.02
Force < 1.00 (kL/r)y =76 Ag =    1.94
(E7-1) 0.6AeFcr Ae =     1.86 Fcr =   26.59 0.00

Slender. reduct. x   =    0.40 y =   0.40

Lateral M Lb =     12.50 M =    0.41
Torsional < 1.00 Mn =    3.93 0.17
Buckling 0.6Mn
(F10-2,3) Cb =      1.40 Me =    9.62

Critical Segment from  0.00 to 12.50 on +z flange
Segment End Moments:    0.34 and    0.31
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Detailed Results Table for Beam 21 - 58

Moments: kips*foot , Forces: kips , Stresses: ksi , Section prop.: inch

DESIGN   EQUATION     FACTORS     VALUES    RESULT 

Combined Pr  Mrx  Mry Cmx =      1.00 Mrx =    0.41
Forces + + Cmy =      1.00 Mry =    0.17 0.28

(compress.) 2φPn φMnx φMny Pex =    210.55 B1x =    1.00
(H1-1b) < 1.00 Pey =     83.99 B1y =    1.00

Detailed Results Table for Beam 37 - 34

Moments: kips*foot , Forces: kips , Stresses: ksi , Section prop.: inch

X2 (Major axis)
Beam: 39                          38 
37,   36,   38,
39,   35,   34 10.35

CONSTRAINTS DESIGN DATA

- Sections   : Check - Kx = 1.00         - Ky = 1.00
- Steel Grade: A53    - Allow. Slend. :  200 (compr.)  300 (tens.)

- Allowable Deflection  : 1/240
- Tension Area Reduction Factor : 1.00
- Building type : Unbraced

Section: PIPE 2-1/2 

Ix =     1.53  Iy =     1.53in4   Zx =   1.45   Zy =   1.45in3  Area =  1.70
D  =     2.87   t =     0.20in
J =     3.06  Cw =     0.00in6

DESIGN COMBINATION = 1    

M2 Moment Diagram

0.00
0.01

-0.04

Max. AXIAL Force =    -0.62 (compr.)   Max. SHEAR Force =     0.02
M3 Moment Diagram

0.00
0.08

0.43

Max. AXIAL Force =    -0.62 (compr.)   Max. SHEAR Force =     0.19
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Detailed Results Table for Beam 37 - 34

Moments: kips*foot , Forces: kips , Stresses: ksi , Section prop.: inch

SECTION CLASSIFICATION:   *** COMPACT ***

Limiting Ratios: Compact Non-Compact Slender -axial
d/t= 14.04  <   58.0  256.9   91.1 (Fy=  35.0  R =  0.010 )

DESIGN   EQUATION     FACTORS     VALUES    RESULT 

V2 Shear Vu/0.6Vn<1.00 Aw =      0.85 Vu =    0.19
G2.1.b-i Vn=0.6*Fy*Aw Vn =   17.94 0.02

M3 Moment M Z =      1.45 M =    0.43
(F8-1) < 1.00 Mn =    4.24 0.17

without LTB 0.6Mn

M2 Moment M Z =      1.45 M =    0.04
(F8-1) < 1.00 Mn =    4.24 0.02

without LTB 0.6Mn

Deflection defl. defl =
< 1.00 0.19623 0.38

L / 240

Axial Pu (kL/r)x =88 Pu =    0.62
Force < 1.00 (kL/r)y =88 Ag =    1.70
(E3-1) 0.6AgFcr Fcr =   23.58 0.03

Slender. reduct. x   =    0.67 y =   0.67

Combined Pr  Mrx  Mry Cmx =      1.00 Mrx =    0.05
Forces + + Cmy =      1.00 Mry =    0.43 0.20

(compress.) 2φPn φMnx φMny Pex =     63.24 B1x =    1.02
(H1-1b) < 1.00 Pey =     63.24 B1y =    1.02

Detailed Results Table for Beam 68 - 89

Moments: kips*foot , Forces: kips , Stresses: ksi , Section prop.: inch

X2 (Major axis)
Beam: 33                          33 
43,   64,   68,
42,   89       10.75

CONSTRAINTS DESIGN DATA

- Sections   : Check - Kx = 1.00         - Ky = 1.00
- Steel Grade: A53    - Allow. Slend. :  200 (compr.)  300 (tens.)

- Allowable Deflection  : 1/240
- Tension Area Reduction Factor : 1.00
- Building type : Unbraced

Section: PIPE 2-1/2 

Ix =     1.53  Iy =     1.53in4   Zx =   1.45   Zy =   1.45in3  Area =  1.70
D  =     2.87   t =     0.20in
J =     3.06  Cw =     0.00in6

DESIGN COMBINATION = 2    
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Detailed Results Table for Beam 68 - 89

Moments: kips*foot , Forces: kips , Stresses: ksi , Section prop.: inch

M3 Moment Diagram

-1.13
-1.02

0.01

Max. AXIAL Force =     0.12 (tens.),    -0.20 (compr.)   Max. SHEAR Force =     0.34

SECTION CLASSIFICATION:   *** COMPACT ***

Limiting Ratios: Compact Non-Compact Slender -axial
d/t= 14.04  <   58.0  256.9   91.1 (Fy=  35.0  R =  0.003 )

DESIGN   EQUATION     FACTORS     VALUES    RESULT 

V2 Shear Vu/0.6Vn<1.00 Aw =      0.85 Vu =    0.34
G2.1.b-i Vn=0.6*Fy*Aw Vn =   17.94 0.03

M3 Moment M Z =      1.45 M =    1.13
(F8-1) < 1.00 Mn =    4.24 0.44

without LTB 0.6Mn

Deflection defl. defl =
< 1.00 1.40546 2.61

L / 240

Axial Pu (kL/r)x =70 Pu =    0.20
Force < 1.00 (kL/r)y =70 Ag =    1.70
(E3-1) 0.6AgFcr Fcr =   27.26 0.01

Slender. reduct. x   =    0.51 y =   0.51

Combined Pr  Mrx  Mry Cmx =      1.00 Mrx =    0.00
Forces + + Cmy =      1.00 Mry =    1.13 0.45

(compress.) 2φPn φMnx φMny Pex =     99.95 B1x =    1.00
(H1-1b) < 1.00 Pey =     99.95 B1y =    1.00

Detailed Results Table for Beam 67 - 44

Moments: kips*foot , Forces: kips , Stresses: ksi , Section prop.: inch

X2 (Major axis)
Beam: 46                          45 
47,   67,   46,
45,   44       10.75

CONSTRAINTS DESIGN DATA

- Sections   : Check - Kx = 1.00         - Ky = 1.00
- Steel Grade: A53    - Allow. Slend. :  200 (compr.)  300 (tens.)

- Allowable Deflection  : 1/240
- Tension Area Reduction Factor : 1.00
- Building type : Unbraced
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Detailed Results Table for Beam 67 - 44

Moments: kips*foot , Forces: kips , Stresses: ksi , Section prop.: inch

Section: PIPE 2-1/2 

Ix =     1.53  Iy =     1.53in4   Zx =   1.45   Zy =   1.45in3  Area =  1.70
D  =     2.87   t =     0.20in
J =     3.06  Cw =     0.00in6

DESIGN COMBINATION = 1    

M2 Moment Diagram

0.00
-0.01

0.04

Max. AXIAL Force =    -0.65 (compr.)   Max. SHEAR Force =     0.02
M3 Moment Diagram

0.27

0.08

0.47

Max. AXIAL Force =    -0.65 (compr.)   Max. SHEAR Force =     0.15

SECTION CLASSIFICATION:   *** COMPACT ***

Limiting Ratios: Compact Non-Compact Slender -axial
d/t= 14.04  <   58.0  256.9   91.1 (Fy=  35.0  R =  0.011 )

DESIGN   EQUATION     FACTORS     VALUES    RESULT 

V2 Shear Vu/0.6Vn<1.00 Aw =      0.85 Vu =    0.15
G2.1.b-i Vn=0.6*Fy*Aw Vn =   17.94 0.01

M3 Moment M Z =      1.45 M =    0.47
(F8-1) < 1.00 Mn =    4.24 0.18

without LTB 0.6Mn

M2 Moment M Z =      1.45 M =    0.04
(F8-1) < 1.00 Mn =    4.24 0.02

without LTB 0.6Mn

Deflection defl. defl =
< 1.00 0.26446 0.49

L / 240

Axial Pu (kL/r)x =91 Pu =    0.65
Force < 1.00 (kL/r)y =91 Ag =    1.70
(E3-1) 0.6AgFcr Fcr =   22.94 0.03

Slender. reduct. x   =    0.67 y =   0.67
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Detailed Results Table for Beam 67 - 44

Moments: kips*foot , Forces: kips , Stresses: ksi , Section prop.: inch

DESIGN   EQUATION     FACTORS     VALUES    RESULT 

Combined Pr  Mrx  Mry Cmx =      1.00 Mrx =    0.04
Forces + + Cmy =      1.00 Mry =    0.48 0.22

(compress.) 2φPn φMnx φMny Pex =     59.14 B1x =    1.02
(H1-1b) < 1.00 Pey =     59.14 B1y =    1.02

Detailed Results Table for Beam 80

Moments: kips*foot , Forces: kips , Stresses: ksi , Section prop.: inch

X2 (Major axis)
Beam: 66                          21 

80
13.27

CONSTRAINTS DESIGN DATA

- Sections   : Check - Kx = 1.00         - Ky = 1.00
- Steel Grade: A36    - Allow. Slend. :  200 (compr.)  300 (tens.)

- Allowable Deflection  : 1/240
- Tension Area Reduction Factor : 1.00
- Building type : Unbraced

Section: L 4x4x1/4 

Ix =     3.04  Iy =     3.04in4   Sx =   1.05   Sy =   1.05in3  Area =  1.94
h  =     4.00   b =     4.00in     t =   0.25   ey =   2.90in   ex =  2.90in
J =     0.04  Cw =     0.00in6   Iv =   1.23  in4

DESIGN COMBINATION = 2    

M2 Moment Diagram
0.00 0.00

0.13

Max. AXIAL Force =    -0.50 (compr.)   Max. SHEAR Force =     0.04

SECTION CLASSIFICATION:   *** NON-COMPACT / SLENDER ***

Limiting Ratios: Compact Non-Compact Slender -axial
d/t= 16.13  <   15.3   25.8   12.8 (Fy=  36.0 )            
b/t= 16.13  <   15.3   25.8   12.8

DESIGN   EQUATION     FACTORS     VALUES    RESULT 

M2 Moment M λ =     16.13 M =    0.13
(F10-6) < 1.00 Mn =    4.58 0.05

0.6Mn λp =     18.55 Mp =    4.73
FLB λr =     25.83 Mr =    2.73
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Detailed Results Table for Beam 80

Moments: kips*foot , Forces: kips , Stresses: ksi , Section prop.: inch

DESIGN   EQUATION     FACTORS     VALUES    RESULT 

Deflection defl. defl =
< 1.00 0.04627 0.07

L / 240

Axial Pu (kL/r)x =187 Pu =    0.50
Force < 1.00 (kL/r)y =196 Ag =    1.94
(E7-1) 0.6AeFcr Ae =     1.94 Fcr =    6.56 0.07

Lateral M Lb =     13.27 M =    0.13
Torsional < 1.00 Mn =    3.64 0.06
Buckling 0.6Mn
(F10-2,3) Cb =      1.14 Me =    7.42

Critical Segment from  0.00 to 13.27 on +z flange
Segment End Moments:    0.00 and    0.00

Combined Pr  Mrx  Mry Cmx =      1.00 Mrx =    0.14
Forces + + Cmy =      1.00 Mry =    0.00 0.10

(compress.) 2φPn φMnx φMny Pex =     14.49 B1x =    1.06
(H1-1b) < 1.00 Pey =     13.19 B1y =    1.06

Detailed Results Table for Beam 79

Moments: kips*foot , Forces: kips , Stresses: ksi , Section prop.: inch

X2 (Major axis)
Beam: 65                          22 

79
13.27

CONSTRAINTS DESIGN DATA

- Sections   : Check - Kx = 1.00         - Ky = 1.00
- Steel Grade: A36    - Allow. Slend. :  200 (compr.)  300 (tens.)

- Allowable Deflection  : 1/240
- Tension Area Reduction Factor : 1.00
- Building type : Unbraced

Section: L 4x4x1/4 

Ix =     3.04  Iy =     3.04in4   Sx =   1.05   Sy =   1.05in3  Area =  1.94
h  =     4.00   b =     4.00in     t =   0.25   ey =   2.90in   ex =  2.90in
J =     0.04  Cw =     0.00in6   Iv =   1.23  in4

DESIGN COMBINATION = 2    

M2 Moment Diagram
0.00 0.00

0.13

Max. AXIAL Force =    -0.54 (compr.)   Max. SHEAR Force =     0.04
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Detailed Results Table for Beam 79

Moments: kips*foot , Forces: kips , Stresses: ksi , Section prop.: inch

SECTION CLASSIFICATION:   *** NON-COMPACT / SLENDER ***

Limiting Ratios: Compact Non-Compact Slender -axial
d/t= 16.13  <   15.3   25.8   12.8 (Fy=  36.0 )            
b/t= 16.13  <   15.3   25.8   12.8

DESIGN   EQUATION     FACTORS     VALUES    RESULT 

M2 Moment M λ =     16.13 M =    0.13
(F10-6) < 1.00 Mn =    4.58 0.05

0.6Mn λp =     18.55 Mp =    4.73
FLB λr =     25.83 Mr =    2.73

Deflection defl. defl =
< 1.00 0.04627 0.07

L / 240

Axial Pu (kL/r)x =187 Pu =    0.54
Force < 1.00 (kL/r)y =196 Ag =    1.94
(E7-1) 0.6AeFcr Ae =     1.94 Fcr =    6.56 0.07

Lateral M Lb =     13.27 M =    0.13
Torsional < 1.00 Mn =    3.64 0.06
Buckling 0.6Mn
(F10-2,3) Cb =      1.14 Me =    7.42

Critical Segment from  0.00 to 13.27 on +z flange
Segment End Moments:    0.00 and    0.00

Combined Pr  Mrx  Mry Cmx =      1.00 Mrx =    0.14
Forces + + Cmy =      1.00 Mry =    0.00 0.10

(compress.) 2φPn φMnx φMny Pex =     14.49 B1x =    1.06
(H1-1b) < 1.00 Pey =     13.19 B1y =    1.07

Detailed Results Table for Beam 73

Moments: kips*foot , Forces: kips , Stresses: ksi , Section prop.: inch

X2 (Major axis)
Beam: 58                          59 

73
7.82

CONSTRAINTS DESIGN DATA

- Sections   : Check - Kx = 1.00         - Ky = 1.00
- Steel Grade: A36    - Allow. Slend. :  200 (compr.)  300 (tens.)

- Allowable Deflection  : 1/240
- Tension Area Reduction Factor : 1.00
- Building type : Unbraced

Section: L 4x4x1/4 

Ix =     3.04  Iy =     3.04in4   Sx =   1.05   Sy =   1.05in3  Area =  1.94
h  =     4.00   b =     4.00in     t =   0.25   ey =   2.90in   ex =  2.90in
J =     0.04  Cw =     0.00in6   Iv =   1.23  in4

DESIGN COMBINATION = 2    
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Detailed Results Table for Beam 73

Moments: kips*foot , Forces: kips , Stresses: ksi , Section prop.: inch

M2 Moment Diagram

-0.22

0.34

Max. AXIAL Force =     0.06 (tens.)   Max. SHEAR Force =     0.10

SECTION CLASSIFICATION:   *** NON-COMPACT / SLENDER ***

Limiting Ratios: Compact Non-Compact Slender -axial
d/t= 16.13  <   15.3   25.8   12.8 (Fy=  36.0 )            
b/t= 16.13  <   15.3   25.8   12.8

DESIGN   EQUATION     FACTORS     VALUES    RESULT 

V3 Shear Vu/0.6Vn<1.00 Aw =      0.99 Vu =    0.10
G2.1.b-i Vn=0.6*Fy*Aw Vn =   21.50 0.01

M2 Moment M λ =     16.13 M =    0.34
(F10-6) < 1.00 Mn =    4.58 0.12

0.6Mn λp =     18.55 Mp =    4.73
FLB λr =     25.83 Mr =    2.73

Deflection defl. defl =
< 1.00 0.01766 0.05

L / 240

Axial Pu (kL/r)x =75 Pu =    0.06
Force < 1.00 (kL/r)y =118 Ag =    1.94
(D2-1) 0.6AgFy Fy =   36.00 0.00

Lateral M Lb =      7.82 M =    0.34
Torsional < 1.00 Mn =    4.58 0.12
Buckling 0.6Mn
(F10-2,3) Cb =      1.99 Me =   21.98

Critical Segment from  0.00 to  7.82 on +z flange
Segment End Moments:   -0.22 and    0.34

Combined Pr  Mrx  Mry Cmx =      1.00 Mrx =    0.34
Forces + + Cmy =      1.00 Mry =    0.00 0.13

(compress.) 2φPn φMnx φMny Pex =     90.08 B1x =    1.00
(H1-1b) < 1.00 Pey =     36.39 B1y =    1.00
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Detailed Results Table for Beam 75

Moments: kips*foot , Forces: kips , Stresses: ksi , Section prop.: inch

X2 (Major axis)
Beam: 57                          61 

75
7.82

CONSTRAINTS DESIGN DATA

- Sections   : Check - Kx = 1.00         - Ky = 1.00
- Steel Grade: A36    - Allow. Slend. :  200 (compr.)  300 (tens.)

- Allowable Deflection  : 1/240
- Tension Area Reduction Factor : 1.00
- Building type : Unbraced

Section: L 4x4x1/4 

Ix =     3.04  Iy =     3.04in4   Sx =   1.05   Sy =   1.05in3  Area =  1.94
h  =     4.00   b =     4.00in     t =   0.25   ey =   2.90in   ex =  2.90in
J =     0.04  Cw =     0.00in6   Iv =   1.23  in4

DESIGN COMBINATION = 2    

M2 Moment Diagram

-0.37

0.58

Max. AXIAL Force =     0.10 (tens.)   Max. SHEAR Force =     0.15

SECTION CLASSIFICATION:   *** NON-COMPACT / SLENDER ***

Limiting Ratios: Compact Non-Compact Slender -axial
d/t= 16.13  <   15.3   25.8   12.8 (Fy=  36.0 )            
b/t= 16.13  <   15.3   25.8   12.8

DESIGN   EQUATION     FACTORS     VALUES    RESULT 

V3 Shear Vu/0.6Vn<1.00 Aw =      0.99 Vu =    0.15
G2.1.b-i Vn=0.6*Fy*Aw Vn =   21.50 0.01

M2 Moment M λ =     16.13 M =    0.58
(F10-6) < 1.00 Mn =    4.58 0.21

0.6Mn λp =     18.55 Mp =    4.73
FLB λr =     25.83 Mr =    2.73

Deflection defl. defl =
< 1.00 0.02603 0.07

L / 240

Axial Pu (kL/r)x =75 Pu =    0.10
Force < 1.00 (kL/r)y =118 Ag =    1.94
(D2-1) 0.6AgFy Fy =   36.00 0.00

Lateral M Lb =      7.82 M =    0.58
Torsional < 1.00 Mn =    4.58 0.21
Buckling 0.6Mn
(F10-2,3) Cb =      2.07 Me =   22.86

Critical Segment from  0.00 to  7.82 on +z flange
Segment End Moments:   -0.37 and    0.58
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Detailed Results Table for Beam 75

Moments: kips*foot , Forces: kips , Stresses: ksi , Section prop.: inch

DESIGN   EQUATION     FACTORS     VALUES    RESULT 

Combined Pr  Mrx  Mry Cmx =      1.00 Mrx =    0.58
Forces + + Cmy =      1.00 Mry =    0.00 0.21

(compress.) 2φPn φMnx φMny Pex =     90.08 B1x =    1.00
(H1-1b) < 1.00 Pey =     36.39 B1y =    1.00
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