Interactive Roark’s Formulas: Design of an | beam used in a crane

‘ 1 13 fest

Crogs zection of I heam

" \ +— 20000 Pounds

We assume that the | beam can be modeled as a cantilever beam fixed at the left end with a concentrated load
at the end.

Using the 7th edition of Roark's Formulas for Stress and Strain we will make use of two tables:
The | beam cross section can be located in Appendix 1, Table A.1.
Table 8.1, case la provides the shear, stress, and deflection formulas for our load and support condition.

Both cases get loaded into TK Solver using the on-line menuing system.
We then enter the data for the cross section and the beam. After solving we get the following results.

St | Input MHame Outpst Unit Commernit

1 iz Meutral Awis (1,2]

[i tib in Length of Flanges, b

0.4 tit in Thickness of Flanges, t

F ti1d in Length of Center, d

1 titw in Thickness of Center, tw
A 14 in“2 Frea, A
tiy 4.5 in Cantroid to Extremity, v
| 181 1667 in“d Frea moment of inertia
k3 335026 in“3 Hastic Section Modulus, lic
tir 3286 in Radius of Gyration, r
Z 41.4 in“3 Plastic Section hodulus, £
5F 1.2354 Shape Factor, 5F
t 4 in Depth




5t | Input MHame Ot pst Unit Comment
Left end free, Aght end fixed
Table #.1: Casze 1 - Roark's Formulas
Concentrated Intermediate Load
case 'CASE_1a End Restraints Reference Number
17 matnum higteral Number (See higteral Table)
matl "Steal - A
plat W Generate plots 7 'n=no [Default=yes)
180 L in Length of beam
i a in Load distance from left end
20000 ' bt Load
E 1 HES psi Young's hiodulus
z _ in Meutral amis to stress point
AT SECTION:
180 x in Distance from left end
it -20000 Ibf Transwerse shear
Tl -3600000 Ibf-in Bending moment
theta 1] rad Slope Angle
W SBEEYE6 |in Deflection
=t _ psi Fiber stress at stress point
sty -107166.43 | psi v Fiber stress at extremity v
AT LEFT EMD:
FA 1} Ibf Wartical neaction
Tl 1] Ibf-in Bending moment
thetah 0.0739079 | rad Slope Angle
WA -B8689502 | in Deflection
AT RIGHT END:
[3]:] 20000 Ibf ‘Jertical neaction
T[] -3600000 Ibf-in Bending moment
thetab 1] rad Slope Angle
whH 1] in Deflection

Here is the cross-section plot.
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Here are the deflection and stress plots.




Concentrated Intermediate Load

Defection in
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Concertrated Intermediate Load

Max Fib Stress psi
(=]
=
=
=
L]

-100000

-110000 T T T T T T T T 1
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Distance from Left End in [in]

We find that the stress is too high for the type of material we have in mind and the deflection is too great. One
way to reduce the stress is to change the cross section. In this case let us assume that we are prepared to
change the depth of the beam cross section (variable t1d).

At this point we will change the value of stress (variable sty) from the calculated value of -107166 psi to a new
value of —=50000 psi by entering it in the input column. We then go to the status column for variable t1d (beam
cross section depth) and type a G to assign a guess to that variable. When we solve, new results are

immediately available.

Here is the updated Variable Sheet.



5t | Input MHame Outpst Unit Commernit

1 iz Meutral Awis (1,2]

[i tib in Length of Flanges, b

0.4 tit in Thickness of Flanges, t
ti1d 13,9258 in Length of Center, d

1 titw in Thickness of Canter, tw
A 19,9258 in“2 Frea, A
tiy 74628 in Cantroid to Extremity, v
| A37 3276 in“d Frea moment of inertia
| % T2 in"3 Hastic Section Modulus, Vo
tir 5.1929 in Radius of Gyration, r
Z 91,758 in“3 Plastic Section hodulus, £
5F 1.2744 Shape Factor, S5F
t 14 B2AT6AG | in Depth

Left end free, fght end fixed

Table 8.1: Case 1 - Roark's Formulas

Concentrated Intermediate Load

case 'CASE_1a End Restraints Reference Number
17 matnum hiateral Humber [5ee higteral Table)
matl "Steal - A
plat W Generate plots 7 'n=no (Default=yes)
180 L in Length of beam
i a in Load distance from left end
20000 ' bt Load
E 2HEF psi Young's hiodulus
z _ in Meutral axis to stress point
AT SECTION:
1&0 x in Distance from left end
W 20000 bt Transwerse shear
Tl -3600000 Ibf-in Bending moment
theta i rad Slope Angle
W GEGTET6 | in Deflection
=t _ psi Fiber stress at stress point
-50000 sty psi lvx Fiber stress at extremity
AT LEFT END:
FiA i bt ‘wartical reaction
Tl 1] Ibf-in Bending moment
thetas 0.0207926 | rad Slope Angle
WA 24951066 | in Deflection
AT RIGHT END:
FB 20000 bt ‘wartical reaction
T[] -3600000 Ibf-in Bending moment
thetab 1] rad Slope Angle
wh 1] in Deflection

Here is the new cross-section plot.
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Here are the new stress and deflection plots.



Dreflection in

Max Fib Stress psi
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