*4-4, The A-36 steel rod is subjected to the loading
shown. If the cross-sectional area of the rod is 50 mm?,
determine the displacement of C. Neglect the size of the
couplings at B, C,and D.

The normal forces developed in segments AB and BC are shown the FBDS of each

segment in Fig. a and b, respectively. The cross-sectional area of these two segments
2

1m
— 2 _ —6Y 2
are A = A0 mm BalO.OOmmb 50.0 (107°) m“. Thus,
P;L; 1
6 =2 AiElz = TESCAPABLAB + Ppc LpcB

1
- —3.00(10%)(1) + 6.00(10°)(1.5)d
50.0(10-%) QO0(10°)D. (10°)(1) + 6.00(10%)(1.5)

The positive sign indicates that coupling C moves away from the fixed support.

0.600 (1073 m = 0.600 mm Ans.

C 4kN D 2kN

Py=-3.00kN qfd ? ko 2k
(a)
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*4-8. The load of 800 Ib is supported by the four
304 stainless steel wires that are connected to the rigid
members AB and DC. Determine the angle of tilt of each
member after the load is applied. The members were originally
horizontal, and each wire has a cross-sectional area of 0.05 in’.

Referring to the FBD of member AB, Fig. a,

C+EMpu = 0; Fgc (5) —800(1) =0 Fgc = 160 1b

C+EMg = 0; 800(4) — Fan (5) =0 Fan = 6401b

Using the results of Fj- and F,; and referring to the FBD of member DC, Fig. b,
C+=EMp = 0; Fcr (7) — 160(7) — 640(2) = 0 Fcg = 342.86 1b

C+3IMc =0;  640(5) — Fpe(7) =0 Foe = 457.141b

Since E and F are fixed,

5 _ Foeloe _ 457.14(4)(12)
5= -
AEs  0.05[28.0(10%]

5 _ Forler _ 34286 (4)(12)
© AEx  005[280(10%]

= 0.01567 in |

= 0.01176in |

From the geometry shown in Fig. ¢
5
oy = 0.01176 + ;(0.01567 - 0.01176) = 0.01455in |

_0.01567 — 0.01176

= 46.6(107° Ans.
7(12) 6.6(10"°) rad ns.
Subsequently,
Fan L 640 (4.5)(12
Sap = 2 = “5)02) = 0.024691in |
AEs  0.05[28.0(10°]
Fac L 160 (4.5)(12
dgc = o= = G2 006171 in |
AEs  0.05[280(10%]
Thus,

(+1) 8a = 814 + 8am = 0.01455 + 0.02469 = 0.03924 in |

(+1) 8 = 8¢ + 8g/c = 0.01176 + 0.006171 = 0.01793in |

From the geometry shown in Fig. d

~0.03924 — 0.01793
B 5(12)

= 0.355(10"%) rad Ans.
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*4-20. The rigid bar is supported by the pin-connected
rod CB that has a cross-sectional area 0500 mn? and is
made of A-36 steel. Determine the vertical displacement of
the bar at B when the load is applied.

Force In The Rod. Referring to the FBD of member AB, Fig.a

3

Cramy=0 Foc(2) @ - Fusm |t

Il
o

Fpc = 50.0 kN

V3 + 42 = 5m. The axial

Displacement. The initial length of rod BC is Lgc
deformation of this rod is

_ Frelpc _ 50.0(10)(5)
" ApcEq 05109 [200a0) ]

=2.50(10°% m

From the geometry shown in Fig.h, 6 = tan* (%) = 36.87j. Thus,

dpc _ 2.50(10°%)
sing  sin 36.87j

(8p)y = =4.167 (10% m = 4.17 mm Ans.
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*4-97. The 300-kip weight is slowly set on the top of a post
made of 2014-T6 aluminum with an A-36 steel core. If both
materials can be considered elastic perfectly plastic,
determine the stress in each material.

Equations of Equilibrium:
+15F,=0; Py+ P, —300=0 [1]
Elastic Analysis: Assume both materials still behave elastically under the load.

Sy = b4

Py L B P, L
7(2229)(10°)  F(4? — 22)(10.6)(10%)

Py = 09119 P,

Solving Egs. [1] and [2] yields:

P, =15691kip Py = 143.09 kip

Average Normal Stress:

Py 15691
Ay T#-2)

Oal =

= 16.65ksi < (0’7)31 = 60.0 ksi (OK!)
Py 143.09
P
A @)

= 4555ksi > (0,)y = 36.0 ksi

Therefore, the steel core yields and so the elastic analysis is invalid. The stress in the
steel is

oy = (0,)s = 36.0ksi Ans.
™ .
Py = (0))5 Ay = 36.0(;)(22) = 113.10 kip

From Eq. [1] P, = 186.90 kip

Py 18690
Ag @ -2)

= 19.83ksi < (0,)y = 60.0 ksi

Oq =

Then o, = 19.8 ksi Ans.

Aluminum

2 in.

300 Kp

Be
2



*4-108. The rigid beam is supported by the three posts A,
B, and C of equal length. Posts A and C have a diameter of
75 mm and are made of aluminum, for which £, = 70 GPa
and (oy), = 20 MPa. Post B has a diameter of 20 mm and

is made of brass, for

which FE,, = 100 GPa and

(0y)pr = 590 MPa. Determine the smallest magnitude of P
so that (a) only rods A and C yield and (b) all the posts yield.

©OMjg = 0; Fy=Fc=Fy
+COF, = 0;  Fo +2F, - 2P =0 (§))
(a) Post A and C will yield,
Fa = (01)ad
= 20(10%)(7)(0.075)*
= 88.36 kN
4
(Ey), = ((;’a)l"“ - 33884; = 0.0002857
Compatibility condition:
Sor = Oal
= 0.0002857(L)
Fy (L)
W = 0.0002857 L
Fy, = 8.976 kN
8.976(10%)
o = 00 28.6 MPa 6 o, OK.
From Eq. (1),
8.976 + 2(88.36) - 2P =0
P = 92.8kN Ans.
(b) All the posts yield:
Fie = ()0 A
= (590)(10%)(5)(0.02%)
= 185.35kN
F, = 88.36 kN
From Eq. (1); 185.35 + 2(88.36) - 2P = 0
P = 181 kN Ans.
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4P99. The rigid bar is supported by a pin at A and two

steel wires, each having a diameter of 4 mm. If the yield Ey D ji/
stress for the wires is oy = 530 MPa, and Ey = 200 GPa, T
determine the intensity of the distributed load w that can
be placed on the beam and will just cause wire EB to 8;)(0 mm
yield. What is the displacement of point G for this case? i i
For the calculation, assume that the steel is elastic A
. B B CRh v
perfectly plastic. S | G
w
«——400 mm 250 mm |
Equations of Equilibrium: 150 mm

C+SM,=0;  Fpp(0.4) + Fep(0.65) — 0.8w (0.4) = 0
0.4 Fgp + 0.65Fcp = 0.32w 1]

Plastic Analysis: Wire CD will yield first followed by wire BE. When both wires yield

Fpp = Fep = (Uy)A

= 530(106)@)(0.0042) = 6.660 kN

Substituting the results into Eq. [1] yields:

w = 21.9kN/m Ans.

Displacement: When wire BE achieves yield stress, the corresponding yield strain is

7 TE T 200007 mm/mm

8 = &, Lpr = 0.002650(800) = 2.120 mm

From the geometry

% _ dse
0.8 0.4
86 = 2855 = 2(2.120) = 424 mm Ans.
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