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PROBLEM 4-51a

Statement: A solid, rectangular colummn has the dimensions and properties helow. Determine ifitis a
Johngon or an Euler colummn and find the critical load:

(&) If itz boundary conditions are pirmed-panmed.

(b} If its boundary conditions ate fived-pirngied.

(o) If 1tz boundary conditions are fived-foed.

() If itz bonndary conditions are fived-free.

Uniits: N = newton MFa = 10° Fa &Fa = 107 Fa W= 107N
Given: Length of colurmm L= 100.mm Mlaterial Steel

Thackness f:= 10.mm ¥ield strength Sy =300 .MFa

Height b= 20.mm Nlodulus of elasticity E =207 GPa
Solution: oee Mathead file POA51a.

1. Caleulate the slendermess ratin that drades the unit load s slenderress ratio graph into Johnson and Euler

Teglons.
Sp= w22 S = 1167
A

2. Caleulate the cross-section area, moment of mertia, and the radine of gyration.

Area A=hi A = 200 00mm®
Ilornent of inertia I= % I= 166?mm4

. . I
Radins of gyration k= 4 k=258 mm

3. Define functions to deterraine colurom type and critical load.

Type Bpelly = |"Euler” If 5 = Sp
“Johnaon"  ofherwise
2 F
Critical load Pl B = | rafrn fl-% i fype Sy = "Enler"
Sy
2
A5
A-l.ﬁ:}.— l—[g] :| offierwize
E\ 2.
(a) penned-pinned ends

4. Using Table 47, caleulate the effectiee coluran length.
Leg=1.L Legr = 100mm
5. Caleulate the slendeimess ratio for the colummn.

. Lef
Slendermess ratio &= < & = 3464



6. Delermuoe e Lype aod crilical Joad wsiog e Coaeecliones deloed above,

fpe| Sy = "Johnson"
() fixed-pinned ends
1. Using Table 4-7, caleulate the effectrve coburan length,
Leg =051 Lyg = E0mm
8. Calculate the slendermess ratio for the colurom.
L
Slenderness ratin S = %‘#‘
9. Deeterreane the type and critical load weing the fanctions defined dhonee.
frpel 5 = "Johnson"
(o) fixed-fled ends

10. Using Table 47, caleulate the effective colurm length.

Leg =045L Leg = 65mm
11. Caleulate the slendeimess ratio for the colmmm.
L
Slenderness ratin 5 = %’"

12. Deterrnine the type and critical load using the favctions defived ahovve.

fpe( 5y = "Johnson"
() fized-froe ends
13. Using Tahle 4-7, calenlate the effective colurm length.
Leg =211 Leg =210 mm
13, Caleulate the slendermess ratio for the colarum.

L
Slenderness ratin S = %‘#‘

14, Deterraire the type and crtical load using the fovctions defined ahoree.

frpel 5 = "Johnson"

Per(8) = 5736kN

5=2771

Por(8) = 5831kN

p= 4252

Pp(8) = 520kN

5= 7275



PROUBLEM 4-02a

Statement: A solid, circular colummn, loaded eccenirically, has the dimensions and properties below. Find
he critical load:

{a) If its boundary conditions are pinned-pirmed.

(b If its boundary conditions ate fixed-pinmed.

(o) If 1ts houndary conditions are fixed-fived.

() If its boundary conditions ave fixed-free.

Uniits: N = newton MFa = 10° Fa #Fa = 10° Fa N = 107N
Given: Length of colarnn L= 100 mm Mlaterial Steel
Catzide diameter od = 20mm Tield strength Ay =300 MPa
Eccentricity (t) g = 10.mm Mlodnlus of elasticitsy E=207.GFa

Solution: See Iilathead file PO452a.

1. Calculate the cross-gection area, distance to extreme fiber, and the moment of inertia.

Atea A= g.of A = 314.16mm°
Distance to extreroe flher ¢ =050d ¢ = 10mm
Morment of inertia I= % od" I = 1254mm”

Fadiuz of gyration k= % k= 500mm
. . g
Eccentricity ratio E=— E =40
k
(a) pinned-pinned ends
3. Using Table 47, caleulate the effective coluran length.
Leg=1.1L Legr = 100mm
4. Calenlate the slendermess ratio for the coburan.
. Legr
Slendermess ratio &= < & = 20.00
5. Caleulate the critical load using the Secant ecuation.
Guess P=1kN
Fiven
|
P= 2
F
1 + Eyzec| 5
v sec[ - -’-1-E-fl]
Fup = Find[P) oy = 1863FkN
() fixed-pinned ends

. Using Table 4-7, calenlate the effectie coluan length.



Leg=05.L Leg = 20mm
7. Caleulate the slendermess ratio for the column.

L
Slenderness ratin = %ﬂ“
5. Calenlate the crtical load using the Secant ecuation.
Juess P=1FkN
Fivan 'V
P= ca =
1+ Eosec| 5 | ——
v 5er:[ ,, 4-E-fl]
FPop = Find(F)
(o) fixed-fied ends
9. Using Table 47, calenlate the effectsre coluran length.
Leg =00653L Leg = 65mm
10, Caleulate the slenderness ratio for the colaro.
L
Slenderness ratin = %ﬂ“

11. Calenlate the critical load using the Secant equation.

Cuesa F=1kN
Fhvean
Ay-A
FP= i =
1 + E,.z80 [.5';.«- 451&1]
P, = Find(F)
() fixed-free ends

12, Using Table 47, calonlate the effectnee colurm length,

Lg=211 Leg = 210mm

13, Caleulate the slenderness ratio for the colummn.

L
Slenderness ratin 5= %‘ﬁr
14, Calenlate the critical load using the Secant equation.
CGruess P:=1kN

(Fiven
Sy-A

P= =
1 + E,.z80 [S?' m]

Py = Find(F)

S = 1600

Fop = 18771 EN

&= 12100

P, = 1876 kN

ar = dd

Fop = 1193 kN



