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DESIGN NOTE AND MATERIAL SPECIFICATIONS 

A) The design safety factor for window washing equipment is 4 against failure, 
thus the <P factor modified to be unity. ( <P = 1) 

B) Unless otherwise noted, all steel conform to ASTM standard 
which has the following material strength: 

1) PLATES AND BARS· DESIGNATION: A572 GR.42 
MIN YIELD STRESS 
TENSILE STRESS 

2) STRUCTURAL SHAPES RECTANGULAR· A500 GR.C 
MIN YIELD STRESS 
TENSILE STRESS 

ROUND· A500 GR.C 
MIN YIELD STRESS 
TENSILE STRESS 

W, M, S, gp, C, MC, L A572GR.42 
MIN YIELD STRESS 
TENSILE STRESS 

F = y 42Ksi 
F = u 60Ksi 

F = , SOKsi 
F = • 62Ksi 

F = y 46Ksi 
F = u 62Ksi 

F = , 42Ksi 
F = u 60Ksi 

C) Unless otherwise noted, all aluminium conform to ANSIIA WS D1.2-97 I(CAN3·S157·M83) 
standard, which has the following material strength: 

6061·T6 NON WELDED F, = 35Ksi 

Fu = 38Ksi 

WELDED F = y 16 Ksi 

Fu = 25Ksi 

6351 ·T6 NON WELDED F, = 37Ksi 

Fu = 42Ksi 

WELDED Fy = 16Ksi 
F = u 25Ksi 
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Table 2 .. 4-

Applicable ASTM ·Specific~tions 
for Various Structural Shapes 
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'MECElANICAL PROPERTIES FOR ALUM1NIVM ALOYS 
ITABLE 2.2 FROM CAN. S157.M83 
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JOB No. 8J19 8J19 Retractable Outrigger.mcdx

Part: B Made By:
Check By:

1. Input Data

Fig.1

Service Load -> ≡Ps 1000 lbf Load Factor -> ≡αf 4

Factored Load  -> ≡Pf =⋅αf Ps 4 kip

Distance between wheel supports (minim) -> ≡As 78 in =As 6.5 ft

Cantilever - > ≡Bs 54 in =Bs 4.5 ft

Distance between supports (minim) -> ≡Cs 84 in =Cs 7 ft

Distance between supports (minim) -> ≡Gs =-Cs As 0.5 ft =Gs 6 in

Distance between supports (minim) -> ≡a1s 27 in =a1s 2.25 ft

Created with PTC Mathcad Express. See www.mathcad.com for more information.
01/18/2018 Page 1 of 7



JOB No. 8J19 8J19 Retractable Outrigger.mcdx

Part: B Made By:
Check By:

2. Structure Loading

≡RR =―――
⋅Pf Bs

Cs

2.571 kip ≡RF =――――
⋅Pf ⎛⎝ +Cs Bs⎞⎠

Cs

6.571 kip

Maximum Bending Momen ≡MB =⋅Bs Pf 216 ⋅kip in

Bending moment at a1s ≡M1B =―――――
⋅MB ⎛⎝ -Cs a1s⎞⎠
Cs

146.571 ⋅kip in

3. Boom

Boom Material :  AL 6061-T6 -> ≔Fu 37.7 ksi ≔Fy 35 ksi ≔Fwy 16 ksi

≡EAL 10100 ksi ≡GAL 3800 ksi

3.1 HSS 7 5/8" x 4 5/8" x 1/4"

Section Properties

HSS Height -> ≔hH 7.625 in HSS Width -> ≔wH 4.625 in Wall thickness -> ≔tH 0.25 in

inside height -> ≔aH =-hH ⋅2 tH 7.125 in inside width ≔bH =-wH ⋅2 tH 4.125 in

Area -> ≔AH =-⋅hH wH ⋅aH bH 5.875 in2

Moment of inertia -> ≔IH =――――――
-⋅wH hH

3 ⋅bH aH
3

12
46.528 in4

Elastic section modulus "x-x" -> ≔SH =――――――
-⋅wH hH

3 ⋅bH aH
3

⋅6 hH
12.204 in3

radius of gyration -> ≔rH =
‾‾‾
――
IH
AH

2.814 in

Plastic section modulus "x-x" -> ≔ZH =――――――
-⋅wH hH

2 ⋅bH aH
2

4
14.873 in3

≔Qflg =⋅⋅wH tH
⎛
⎜
⎝

-――
hH
2

―
tH
2

⎞
⎟
⎠

4.264 in3 ≔Qweb =⋅⋅⋅2 ―
aH
2

tH ―
aH
4

3.173 in3

Static moment -> ≔QH =+Qflg Qweb 7.437 in3

Created with PTC Mathcad Express. See www.mathcad.com for more information.
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JOB No. 8J19 8J19 Retractable Outrigger.mcdx

Part: B Made By:
Check By:≔QH =+Qflg Qweb 7.437 in3

a) Allowable stress design (weld connection)

=RF 6.571 kip =MB 216 ⋅kip in =Fy 35 ksi

=SH 12.204 in3 =IH 46.528 in4 =QH 7.437 in3 =tH 0.25 in

Bending stress - > ≔σH =――
MB

SH

17.699 ksi Shear Stress -> ≔τH =―――
⋅RF QH

⋅IH tH
4.201 ksi

equivalent stress -> ≔σequ =‾‾‾‾‾‾‾‾‾‾+σH
2 ⋅3 τH

2 19.137 ksi

=≥Fy σequ 1 1=True; 0=False`

Load and resistance factor design (LRFD)

=ZH 14.873 in3 =aH 7.125 in =tH 0.25 in

Moment capacity -> ≔Mn =⋅Fy ZH 520.6 ⋅kip in

shear capacity -> ≔Vn =⋅⋅⋅0.6 Fy aH tH 37.406 kip

≔chk1 =+――
MB

Mn

⎛
⎜
⎝
――
RF

Vn

⎞
⎟
⎠

2

0.446 =≤chk1 1 1 1=True; 0=False

3.2 HSS 7 " x 4 " x 1/4"

Section Properties

HSS Height -> ≔hH 7.0 in HSS Width -> ≔wH 4.0 in Wall thickness -> ≔tH 0.25 in

inside height -> ≔aH =-hH ⋅2 tH 6.5 in inside width ≔bH =-wH ⋅2 tH 3.5 in

Area -> ≔AH =-⋅hH wH ⋅aH bH 5.25 in2

Moment of inertia -> ≔IH =――――――
-⋅wH hH

3 ⋅bH aH
3

12
34.234 in4

Elastic section modulus "x-x" -> ≔SH =――――――
-⋅wH hH

3 ⋅bH aH
3

⋅6 hH
9.781 in3

radius of gyration -> ≔rH =
‾‾‾
――
IH
AH

2.554 in

≔ZH =――――――
-⋅wH hH

2 ⋅bH aH
2

4
12.031 in3

Created with PTC Mathcad Express. See www.mathcad.com for more information.
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JOB No. 8J19 8J19 Retractable Outrigger.mcdx

Part: B Made By:
Check By:≔rH =

‾‾‾
――
IH
AH

2.554 in

Plastic section modulus "x-x" -> ≔ZH =――――――
-⋅wH hH

2 ⋅bH aH
2

4
12.031 in3

≔Qflg =⋅⋅wH tH
⎛
⎜
⎝

-――
hH
2

―
tH
2

⎞
⎟
⎠

3.375 in3 ≔Qweb =⋅⋅⋅2 ―
aH
2

tH ―
aH
4

2.641 in3

Static moment -> ≔QH =+Qflg Qweb 6.016 in3

a) Allowable stress design (weld connection)

=RR 2.571 kip =M1B 146.571 ⋅kip in =Fy 35 ksi

=SH 9.781 in3 =IH 34.234 in4 =QH 6.016 in3 =tH 0.25 in

Bending stress - > ≔σH =――
M1B

SH

14.985 ksi Shear Stress -> ≔τH =―――
⋅RR QH

⋅IH tH
1.807 ksi

equivalent stress -> ≔σequ =‾‾‾‾‾‾‾‾‾‾+σH
2 ⋅3 τH

2 15.308 ksi

=≥Fy σequ 1 1=True; 0=False`

Load and resistance factor design (LRFD)

=ZH 12.031 in3 =aH 6.5 in =tH 0.25 in

Moment capacity -> ≔Mn =⋅Fy ZH 421.1 ⋅kip in

shear capacity -> ≔Vn =⋅⋅⋅0.6 Fy aH tH 34.125 kip

≔chk1 =+――
MB

Mn

⎛
⎜
⎝
――
RR

Vn

⎞
⎟
⎠

2

0.519 =≤chk1 1 1 1=True; 0=False

Created with PTC Mathcad Express. See www.mathcad.com for more information.
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JOB No. 8J19 8J19 Retractable Outrigger.mcdx

Part: B Made By:
Check By:

4. Front Frame - Fig.2
=RF 6.571 kip

Boom Material : 
ASTM500 Gr.C -> ≔Fu 62 ksi

≔Fy 50 ksi

≡EST 29000 ksi

HSS 3" x3"x3/16" Properties

≔LHSS 41 in ≔AHSS 1.89 in2

≔rHSS 1.14 in ≔ZHSS 1.97 in3

Lenght Factor ≔K 1

≔Fc =⋅――
RF

2
――
LHSS

28 in
4.811 kip

Fig.2

≔λc =⋅―――
⋅K LHSS

⋅π rHSS

‾‾‾‾
――
Fy

EST

0.475

≔Pn =⋅⋅AHSS ((0.658))λc
2

Fy 86 kip =≥Pn Fc 1 1=True; 0=False

Created with PTC Mathcad Express. See www.mathcad.com for more information.
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JOB No. 8J19 8J19 Retractable Outrigger.mcdx

Part: B Made By:
Check By:

5. Pins- Fig.3 =RF 6.571 kip

≔DP ―
3
4

in

≔aP ―
5
8

in

=DP 0.75 in

Fig.3 =aP 0.625 in

Boom Material : SS304 -> ≔Fy 35 ksi

≔ZP =――
DP

3

6
0.07 in3 ≔AP =―――

⋅π DP
2

4
0.442 in2

≔Mn =⋅Fy ZP 2.461 ⋅kip in ≔Vn =⋅⋅0.6 Fy AP 9.278 kip

≔Mu =⋅――
RF

2
aP 2.054 ⋅kip in ≔Vu =――

RF

2
3.286 kip

≔chk2 =+――
Mu

Mn

⎛
⎜
⎝
――
Vu

Vn

⎞
⎟
⎠

2

0.96 =≤chk2 1 1 1=True; 0=False

Created with PTC Mathcad Express. See www.mathcad.com for more information.
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JOB No. 8J19 8J19 Retractable Outrigger.mcdx

Part: B Made By:
Check By:

6. Pin- Fig.4
Safety Line Ultimate Force -> ≡FSL 5 kip

≔bP 2 in ≔t2 ―
5
8

in =t2 0.625 in

≔DP 1 in

Boom Material : 
SS304 -> ≔Fy 35 ksi

≔LP =+bP t2 2.625 in

Fig.4

≔ZP =――
DP

3

6
0.167 in3 ≔AP =―――

⋅π DP
2

4
0.785 in2

≔Mn =⋅Fy ZP 5.833 ⋅kip in ≔Vn =⋅⋅0.6 Fy AP 16.493 kip

≔Mu =―――
⋅FSL LP

4
3.281 ⋅kip in ≔Vu =――

FSL

2
2.5 kip

≔chk3 =+――
Mu

Mn

⎛
⎜
⎝
――
Vu

Vn

⎞
⎟
⎠

2

0.585 =≤chk3 1 1 1=True; 0=False

Created with PTC Mathcad Express. See www.mathcad.com for more information.
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Tie Back Anchor
Ultimate Applied Load kip Pedestal Tube
Height of Tie Back Anchor                in

The tie-back anchors are used as anchorage to which personal fall arrest equipment is attached.

Maximum Design load  = per    OSHA

Actual arresting load with body harness and shock absorber is 

So, for    OSHA

Design anchors for =

For a safety factor of 5.4 ~ 6.0, the performance factor  in design equation shall be ignored.

Loading  

=

=

= *

= * = kip-in   

Pedestal Tube HSS 4.0" OD x 0.25" wall A500 Gr C

= ksi = ksi = in3

= in = in2

= *   

= * = kip-in

> kip-in =

BY

CHK

RV

PROJECT NO

PART

Mf

Lbs

132.50

46.00 ZFy

5,000

A

h

2.76

900 Lbs

S.F. 5000
= = 5.6

26.50

P h

5.00 26.50

Lbs5,000

in

Pf 5.00 kip

. .

62.00 3.31

Mf

900

Fu

Pult

1.33r

OK

5.00
24.00

Mn Fy

PROJECT CLIENT

152.2946.00 3.31

132.50

Z

DATE

-

19-Jan-18

DATE

-

C

Vlado

8J19

2SHEET OF1

DATE

-

-

Swingstage Division
1615 Warden Avenue, Toronto, Ontario M1R 2T3



Tie Back Anchor
Ultimate Applied Load kip Bottom Plate and Weld Size
Height of Tie Back Anchor in

Weld Size = in

= ksi

 * D 2 * 2

= * * * =

BY

CHK

RV

PROJECT NO

PART

< 0.3130.24t req'd =
frw =
Fw

in O.K.

0.707 1.50

44.54

kip/in

in

44.54

10.55
=

*

10.55 kip/in
12.56

+ 0.50* (

=

1

3.14

Mf

* 0.707

70.00

=
132.50

Sw

FEXX0.60 *

=

..

4 4
= in12.56

=

2SHEET OF

CLIENT DATE

C

DATE

-

19-Jan-18

DATE

2

Sw

70.00FEXX

=

PROJECT

0.60

frw =

Fw

5/16"tw1

8J19

-

E70xx

4

in any direction

-

Vlado

-

5.00
24.00

h

5,000 Lbs

 )SIN 1.5

2
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