530.215 MBD, Spring 2009
Solutions for HW#6
Problem 1

" Schematic and Given Data;

™"

/"‘ 20in. /" 20in.

[in. X2 in. lin. %2 in.
b

(a) (b}
Sy =25 ksi 8§, =25 ksi

Assumptions:

1. The bar does not fail under compression.

2. The bar is straight.

3. The minimum AISC recommended value for Le should be used in the analysis.

Analysis:
(a) From Appendix B-1, the least radius of gyration

p=0.289h=0.289(1)=0.280 in.

Le_ 20 _4o5
p

Lc 2:"[2 -15 : ;
s (—S—J where E = 30 X 106 psi (Appendix C-1)
L Oy
2.2 ks
LJ/p = 2n330 x ]_“_.]_ “=154
25 x 10°

Johnson's Eq. (5.12) applies:

S (L
Sa= Sy~ goE o)

2
8. = 25,000 - - 25,000° - (69.2)? = 22,470 psi
430 x 105

Por = ScrA = 22,470 (1)(2) = 44,490 Ih.

With a safety factor of 4, P = 11,235 Ib
(b) From Fig. 5.25(e), assume L¢ = (2.1)L =42 in.

_L‘E-ni.z 145.33

P 0.289
Eq. (5.12) still applies:

. 25,0007 - B,
Ser = 25,000 - — "2 (145.33)% = 13,854 psi

430 x 10°%)

Per = 13,854(1)(2) = 27,708 |b
With a safety factor of 4, P = 6927 Ib



Problem 2
Schematic and Given Data:

Sp= IS0 P

1.2m p =

Assumptions:

1. The steel angle iron does not fail under compression.
2. Theends are pinned.

3. The steel angle is straight.

Analysis:

1. Using the minimum radios of gyration,
E= 1200 _ 240
p 3

Euler/Johnson tangent point [Eq. (5.13)] is at

L. QEEE'J-_[EHZ{EDTJ]%=
F‘( S, J]' 0.350 108.03

Hence, the Euler Eq. (5.11) applies:

=Pa__®E
S = AT Wp)?

where E = 207 » 107 Pa (Appendix C-1)

_ Y207 = 107 MPa)

- = 35.47 MPa
Ser (240)°

Since the cross-sectional area is not given, the load capacity with SF = 3 can
only be given as: P= EESM :P =118 A where"P" is in Newtons and "A" in
e, | |



Problem 3
Schematic and Given Data:

A= 16din
Iy =25in"
Ty = 0,46 in,*
5, =2 ksi

Assumpltions:
1. The I-beam does not fail under compression.
2. The I-beam is straighu

Amnalysis: Since | = Ap2, pp =1/ 222 = “'#% (.53 in.

Euler-Johnson tangent point [Eq. (5.13)] is at % = {%ﬁ where E = 30 % 10 psi

L
¥
(Appendix C-1), F«: [in’{?rgzx 104 ]1_“9

J‘

(a) _ﬂ' [b-'ﬁ

=189 Iohnson equation [Eq. (5.12] applies:

X
[5:]’ % (18,07 = 41.5 ksi

5L'r= S}' . zE

with 5F =3, P = {41,500 psi){1.64 in.2)/3 =22 470 Ib u
(Mote that, in this case, column action is almost negligible, and S - 5y)

by Le_ 50 _ 9434, Johnson equation still applies:

2P g4 3422 28.7 ksi
Ser=42- 4 550,000) Y ]

P =(28,700) (1.64)/3 = 15,710 1b

-

B:

(<) F E3

___mE_ AHE0,000) _ ¢ 49
Ser = dpR - (188.68)! N

= 188.68, Euler Eq. (5.11) applies:

(B3200(1.64)/3 = 4550 1b

=200 _ 397 36, Eq. (5.11 ies:
5= Eq. (5.11) appli

Ser= 2B0.000) _ 5 g ki
(377.36)

= (2080)(1.64)3 = 1140 1b

(d)

=[5 I’I-’



Problem 4
Schematic and Given Data:

I & =350MFa

-
d = 20 mm

Assumplions:
1. The rod does not fail under compression.
2. The rod is straight.

Amalysis: From Appendix B-1, p=d/4 = 2004 =5 mm
{a) Assuming Johnson Eq. (5.12) applies:

Syt 2
_ ¥
Ser=5y- 3 ]

where E = 207 GPa (Appendix C-1).

(3502 L,T
« = (350 MPa)(0.9) = 315 MPa =350 - =20 __[le
Fer = { a)0.5) mﬁ{zm,mu}[ P
(3501  [Let? Le
ISMPaowm ————~— (=%}, Therefore, =48 32
47(207,000) r-_] SO

From Eq. (5.13), Enler/Johnson tangent is at

Le _(22%E é-_ [2:!1:3(2]]7.0[]0}
P Sy ] 350

L
]]nll]ﬁ

Hence, lohnson does indeed apply and L. = L = 48.32(5) = 241.6 mm

b} Assume Buler Bq. (£.11) applica:

5., = nE -
(Le/p)
T 207 0000
O = (330 MPa)(L3) = 173 MPa =————
or =1 (L3, (L)

Therefore, %= 10K

Hewce, both Johnson and Evler apply, and Le = L = 108{5) = 540 mm
ic) The Culer equation will definitely appli.
(207,000 T,
o = (3500(0. 1) =35 MPa=—————= 2=134]
(Le/p)’ e
L. =L = 241(5) = 1205 mm
(d) The Enler countion will apply

RA207.000) _ Lo _ 240

gt U b e o

L =L = 340¢{5) = 270{ nun



Problem 5
Schematic and Given Data:

1 2-mm-dic.
[ Lie-rod

Boom ¥ akN

Pl (1.7 ——]

— |y ———

Assumption: The tie-rod is straight.

Analysis:
(a)

6 kN(1 m)

M, =0 F= 07 m

=857 kN

Tensile stress in the tie rod is o = P__8570 _758MPa
A 361 mm?2

F=300 _54
SF=35% B

(b) =754 MPain compression
From Appendix B-1, p =%= 3mm, L =L, =700 mm == IF'E =233.3

Euler-Johnson tangent point [Eq. (5.13)] is at

1
Le _ [EJIEE],% =[—2“2{m? * ml}]i = 101
pools, 200

where E = 207 % 10° Pa (Appendix C-1).
Hence, Euler Eq. (5.11) applies:

2 i
__mE _ MU0 i

5
T Lelpy (233.3Y
Sinee 75.8 = 37.5, the rod will fail in buckling. |

{c) Long, slender rods in compression can carry only a small fraction of the load they
Can carry in tension.



Problem 6.

4F sinf = 3920

2 bars
2" oF 3920
F =
/ \ i
Iﬂ _ . I'?I N

In range of operation, F is maximum when 8 = 15°

3920
Fma.x:_. = 3786 N - bar
4sin 15 FEEIE

Per = ngFmax = 2.5(3786) = 9465 N

ll-i-" = 9.8(400) = 3920 N

[ =300 mm, h =25 mm
Try b = 5 mm: out of plane k = (5/4/12) = 1.443 mm

[ 300

i = =207.8
kK 1.443
i (272)(1.4)(207)(10%) 1"/
(E :[ T .(3801(106}} ] =123 - use Euler
: :

(1.472)(207)(10%)
P = (25)(5 = 8280 N
(8)P)—0738)2

Try: 5.5 mm: k = 5.5/4/12 = 1.588 mm

[ 300
K15

1.472)(207)(10°
P = 25(55) =T = 11010N

The factor of safety is thus

11010
T 3786

Use 25 x 5.5 mm bars Ans.
291 Ans.



