Statically Indeterminate Members

When the reactive forces or the internal resisting forces over a cross section exceed the

number of independent equations of equilibrium, the structure is called statically

indeterminate. These cases require the use of additional relations that depend on the

elastic deformations in the members.

Solved Problems in Statically Indeterminate Members

Problem 233

A steel bar 50 mm in diameter and 2 m long is surrounded by a shell of a cast iron 5

mm thick. Compute the load that will compress the combined bar a total of 0.8 mm in

the length of 2 m. For steel, E = 200 GPa, and for cast iron, E = 100 GPa.

Solution 233

= Bearing Plate

Cast Iron,
t=5mm

Wil Jgoe

60

Stes| Bar
d =50 mm

. _ PL
5= —

AE
8 = Bpastiron = Ospen = 0.5 mm

Pcnsf W{ED{][}}
Ooast fran = T 5 =08
[3 (60 —507)](100000)
Pogseiron = 11 00071 N
Bes = Pseml {2000] _
' [+7(507)](200000)

Pt = 50 0001 IN

TFy=10

P = Peastiron + Posen
P=11000r + 30 000w
P=61000n N
P=191.64 kN



Problem 234

A reinforced concrete column 200 mm in diameter is designed to carry an axial
compressive load of 300 kN. Determine the required area of the reinforcing steel if the
allowable stresses are 6 MPa and 120 MPa for the concrete and steel, respectively. Use

E., = 14 GPa and E;; = 200 GPa.

Solution 234
By =0;=28
(PLY} _(PL"
VAE), \aE),
"gL" _ { oL
VEJ. VEJ,
og,L _ oL

14000 200000

100G, = 7o;

When o = 120 MPa
1000 = 7(120)
T, = 8.4 MPa > 6 MPa (not ok!)

200

|l

When g = 6 MPa

300 kN 100(6) = 7o

5 ¥ os = 85.71 MPa < 120 MPa (ck!)

b [7 _r:____”-_,:.__: _‘1

T a1, ¥euilia Use 6, =6 MPa and o, = 85.71 MPa
L 2
y [ TFy=0
Ceto | Pyt + P = 300
e Oo Ag + Tpp Ap = 300

85.71A + 6[ £ n(200)* - A,] = 300(1000)

79.71A. + 60 000w = 300 000
A= 13989 mm?

Problem 235

A timber column, 8 in. x 8 in. in cross section, is reinforced on each side by a steel
plate 8 in. wide and t in. thick. Determine the thickness t so that the column will
support an axial load of 300 kips without exceeding a maximum timber stress of 1200
psi or a maximum steel stress of 20 ksi. The moduli of elasticity are 1.5 x 10° psi for

timber, and 29 x 10° psi for steel.



Solution 235

Esf = &
oLy (et
. E A 5 S E «-'.!-.'rﬁ".:cr
t 8 t G;—rL G#‘mM'L
| M =
2 A 29x10°  15x10°
j: S— 1.5G: = 29Gtimper
f— i
R When G gmpe: = 1200 psi
" i 1.5z = 29(1200)
300 Ge = 23 200 psi = 23.2 ksi > 20 ksi (not ok!)
8L ¥ When o = 20 ksi
4 T
F Hl 1.5(20 = 1000) = 29G smuer

Toimer = 1034.48 psi < 1200 psi (ok!)

Use o= = 20 ksi and Geimper = 1.03 ksi
XFy=0

I:Sr'{!d': + -F!:.'IT"JI:F = 300

Gzedar + ToimberLsimper = 300

20[4(58)] + 1.03{8:] =300
£=0.365in

Problem 236

A rigid block of mass M is supported by three symmetrically spaced rods as shown in fig
P-236. Each copper rod has an area of 900 mm?; E = 120 GPa; and the allowable stress
is 70 MPa. The steel rod has an area of 1200 mm?; E = 200 GPa; and the allowable

stress is 140 MPa. Determine the largest mass M which can be supported.

Figure P-236 and P-237
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Solution 236

W = Mg ':'/n:- = ?sf ) _
EANNE
_______‘____._______L_____I___‘______ LY E ,-"l._-p \ E Aat
¥ i
S A o (160) _ 0,,(240)
_Ffjif"‘ﬁ“ﬂu Pat Pze |1 120000 200000

10c,, = 9o
When gz = 140 MPa
T = % (140)

T = 126 MPa > 70 MPa (not ok!)
When g = 70 MPa
T = l_Tﬂ E?ﬂ}

T = 77.78 MPa < 140 MPa (ok!)
Use g, = 70 MPa and .. = 77.78 MPa

TFv=0

2Po+ Pa=W

2O wAn) + Tafs = Mg

2[70(900)] + 77.78(1200) = M(9.81)
M=223584ke

Problem 237
In Prob. 236, how should the lengths of the two identical copper rods be changed so

that each material will be stressed to its allowable limit?

Solution 237

Use g = 70 MPa and o= = 140 MPa
6:: = Esr

E _ ."{G_L\'

% E A op l"k. E -

70L,, _ 140(240)
120000 200000
Lo=2858 mm

Problem 238

The lower ends of the three bars in Fig. P-238 are at the same level before the uniform
rigid block weighing 40 kips is attached. Each steel bar has a length of 3 ft, and area of
1.0 in.?, and E = 29 x 10° psi. For the bronze bar, the areais 1.5 in.? and E = 12 x 10°
psi. Determine (a) the length of the bronze bar so that the load on each steel bar is
twice the load on the bronze bar, and (b) the length of the bronze that will make the

steel stress twice the bronze stress.



Figure P-238 @l
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Solution 238
ja) Condition: P, = 2P,
TFv=10
2P_=_r + PL'_P = 4':'
Pat P Py 2[2Pz-r} +. Por =40
Por = 8 kips
N P.=2(8) =16 kips
—— 1 7]
——l—— T s -a.
40* P PR
|' PL | - PL
VAE ) br I'\ AE S st
&oooL,, _ 16000(3x12)
1.5(12%10°)  1.0(29x10%)
Ly = 44,69 in
L= 3.72 1t
(b) Condition: o = 2y
YFy=0
2P + Pur =40
E{Gstﬁ-s!} + Gbridlb." =40
2[(2ow) As] + ourdp =40
4Gy (1.0) + Gy (1.5) = 40
Gy = 7.27 ksi
O = 2(7.27) = 14.54 ksi
E‘L".' = ast

oL} _ (oL}

£, F

7.27(1000)L,, _ 14.54(1000)(3x12)
12x10° 29 x10°

Lir = 29.79 in

Lir = 2.48 ft

Problem 239

The rigid platform in Fig. P-239 has negligible mass and rests on two steel bars, each
250.00 mm long. The center bar is aluminum and 249.90 mm long. Compute the stress
in the aluminum bar after the center load P = 400 kN has been applied. For each steel
bar, the area is 1200 mm? and E = 200 GPa. For the aluminum bar, the area is 2400

mm? and E = 70 GPa.



Solution 239

=
LRI [
=15

e o S e

Figure P-239
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Problem 240

Oz = 8y +0.10
4

1 " I_,' L "
I ot | = : o | +0.10
A 5t b, 'E A al
0,(250) _ 6,(249.90)
200000 70000

0.00125c,, = 0.00357c, + 0.10
o = 2.8560 + 80

0.10

2Fy=0

2F.; + P, =400 000

20z Az + Ga Aa = 400 000

2(2.856a, + 80)1200 + o4 (2400) = 400 000
925440, + 192 000 = 400 000

og = 22,48 MPa

Three steel eye-bars, each 4 in. by 1 in. in section, are to be assembled by driving rigid

7/8-in.-diameter drift pins through holes drilled in the ends of the bars. The center-line

spacing between the holes is 30 ft in the two outer bars, but 0.045 in. shorter in the

middle bar. Find the shearing stress developed in the drip pins. Neglect local

deformation at the holes.



Solution 240

Middle bar is 0.045 inch shorter between holes than
outer bars.

Greatly Exaggerated
Position of Holes

Gmid  Douter
£, Ir. F
ml@ 1.0
tos —— A 10
lﬁ 1.0
.}
0.045
EI:H =0
Prig = 2P puser
Bouer T Omig = 0.0453
o[ E] -oms
‘-AE  aufer N AE.’m:d
Po (30x12) | P,;(30x12-0.045) _ .
[1.0(4.0)]E [1.0(4.0)]E

360P 5 + 359.955P s = 0.18E
360F suser + 359.955(2Pouser) = 0.18E
(For steel: E =29 x 106 psi)

1079.91P,,4 = 0.18(29 x 109)
Pouter = 4833.74 1b

Prig = 2(4833.74)
Prug = 9667458 1b

Use shear force V = Py

Shearing stress of drip pins (double shear):
V _ 966748

A 23]
T = B038.54 psi

Problem 241

As shown in Fig. P-241, three steel wires, each 0.05 in.? in area, are used to lift a load
W = 1500 Ib. Their unstressed lengths are 74.98 ft, 74.99 ft, and 75.00 ft. (a) What
stress exists in the longest wire? (b) Determine the stress in the shortest wire if W =

500 Ib.



Solution 241
Let L;=7495ft; L.=74.99 ft: and Lz = 75.00 ft

(a) Bring L, and L; into Lz = 75 ft length:
(For steel: E = 29 x 106 psi)

PL

AE

For L1

o=

(75 - 74.98)(12) = LL7298x12)
0.05(29x10°)

P1=386.77 Ib

For L2
P,(74.99x12
(75 — 74.99)(12) = 1.(,—}<6)
0.05(29%10°)
P,=193361b

Let P = P;(Load carried by Lj)
P + Pz (Total load carried by La)
P + Py (Total load carried by L)

W TFy=0
(P+P)+(P+P;)+FP=W
3P + 386.77 + 193.36 = 1300
P=306621b="D;

Figure P-241

P,  306.62
3= — =
A 0.05

o3 = 613247 psi

(b) From the above solution:
Py + Pz=1580.131b > 500 Ib (L3 carries no load)

Bring L, into L, = 74.99 ft
[ PL ]| P,(74.98x12)

G=—"1 (7499 -74.98)(12) = :
AE 0.05(29 x10°)

P1=193381b

Let P = P;(Load carried by L,)
P + Py (Total load carried by L;)

TFr=10

(P+ P1) + P=500
2P +193.38 =500
P=1533311b

P+ P;=153.31 + 193.38
P+ P;=346.691b

o= P+PF _ 346.69
A 0.05
o =0933.8 psi




Problem 242

The assembly in Fig. P-242 consists of a light rigid bar AB, pinned at O, that is attached
to the steel and aluminum rods. In the position shown, bar AB is horizontal and there is
a gap, A = 5 mm, between the lower end of the steel rod and its pin support at C.
Compute the stress in the aluminum rod when the lower end of the steel rod is attached

to its support.

Figure P-242
0.752m 1.5m
vl-q ]
A a B
o, 1
Steel Aluminum
A = 250 mm* L=2m
E = 200 GPa A = 300 mm*
E=70GPa
=] lﬁ

Solution 242
ZMp=0
0.75P; = 1.0Py
Py = 2Py
075m | 15m | Os Ast = 2{0n Aa)
HNogda
Ta = { J;.“ .‘}h:l
o = 2[c,;(300)]
B 230
I O = 2.41.'}';]
—L Gq = Of
A=5mm
m By ratic and proportion:
54 _ 58
075 15
5,1 = 0.553
64 =0.58,
A=08;+ 84
5 =0z + 0.284
s _ 92(2000-5) 0.5[ o ,(2000) }
250(200000) 300(70000)

5 = (3.99 x 1079) oz + (4.76 x 107) og
G4 = 105 000 — 0.83790.;

Ga = 105 000 — 0.8379(2.404)
3.01096a,; = 105 000

Ga = 34 872.6 MPa



Problem 243

A homogeneous rod of constant cross section is attached to unyielding supports. It

carries an axial load P applied as shown in Fig. P-243. Prove that the reactions are given

by R; = Pb/L and R, = Pa/L.

Figure P-243 Ry — F e 11
] < a —3-|-(— b :
L L E
Solution 243
¥Fg=0
L=a+h " Ri+R=P
| | E:2=P-R
Ry s +— R;
< z -‘- b » B1=02=0
(PL) _(PL
Re—l [T Je—r | AE), LAE),
}i.‘ Ra _ Ryb
R, €— :_*'Rl AE AE
- Rin = Rab
Rlﬁ = (P - Rﬂb
Riua=Pb—-Rib
Rila+b)=PFb
R1L=TFh
Ry=Pb/L ok!
R:=P-Pb/L
_ P(L-b)

R;=Pa/L ok!



Problem 244

A homogeneous bar with a cross sectional area of 500 mm? is attached to rigid
supports. It carries the axial loads P1 = 25 kN and P2 = 50 kN, applied as shown in Fig.
P-244. Determine the stress in segment BC. (Hint: Use the results of Prob. 243, and
compute the reactions caused by P; and P, acting separately. Then use the principle of

superposition to compute the reactions when both loads are applied.)

.IA

1.20m

Figure P-244

Solution 244

From the result of Prob. 243:
R, = 25(2.10)/2.70

|-(7 2.70m 4;1
Iy Oy

B C R1=1944 kN
 ——] |
e e N R2 =50(0.90)/2.70
0.60m  1.20m 0,90 m Ro = 16.67 KN
A B b Ra=R1+ s
Ry €9 Lst €—R R, =19.44+ 16,67
0.60m 2.10m Ry4=3611kN
For segment BC
A < D Psc+25=Ra
R
Y o Pac+25-3611
1.80 m " osom Pzc=11.11 kN
L - 11.11(1000
25 kN ope= —BC = _IZ )
«— P> —> A 200
Ra Pec

opc = 22.22 MPa



Problem 245
The composite bar in Fig. P-245 is firmly attached to unyielding supports. Compute the

stress in each material caused by the application of the axial load P = 50 Kips.

Steel
Alurminum A=2.0in°
A=125in" E=29x10°%psi
A E = 10 = 10° psi
-
a 15in 10 W
Figure P-245 and P-246
Solution 245
3Fu=10
By + R, =50000
Ry =50000 - R,
Elm = 5_:!- = a‘
R1 Ra I & s \I
-— =5t |e— | FL | = [ £L :
| . 'E,-"g: \ E/ISf
15 | 10in R,(15)  _ _ R,(10)
Ry ) 1.25(10x10°)  2.0(29x10°)
« = R Rs = 6.96R,
—>| o |<— o, R2=6.96(50000 - Ry)
Ry el ° 7.96R; = 348 000

R:=43718591b

R, _ 43718.59
A 2.0

&

o = 21 859.30 psi

O =

R1 =50 000 — 43 718.59
R1=6281411b

R, _ 628141
A 1.25

oa = 5025.12 psi

Tal =




Problem 246
Referring to the composite bar in Prob. 245, what maximum axial load P can be applied

if the allowable stresses are 10 ksi for aluminum and 18 ksi for steel.

Solution 246
Gst = 5a1 =
2, R, crsr.{llil L Gﬁ]{]ﬁ
-— 7 |e— 29x10° 10x10°
=4 350,
i—_ - b
15in 10in
R, .“ When oy =10 ksi
+— = R T = 4.35(10)
—.| 5 |<— Gt = 43.5 ksi > 18 ksi (not ok!)
- Ry
Ry el A
““J:I When o =18 ksi
18 = 4.35Gq
g = 4.14 ksi < 10 ksi (ok!)
Use gg =4.14 ksi and < = 18 ksi
>Fg=0
r= RJ_ + Rz
P=gapAa+ Ga: Ass
P = 4.14(1.25) + 18(2.0)
P = 41.17 kips
Problem 247

The composite bar in Fig. P-247 is stress-free before the axial loads P1 and P2 are
applied. Assuming that the walls are rigid, calculate the stress in each material if P; =

150 kN and P, = 90 kN.

Aluminum Steel Bronze
& =900 mm®| &= 2000 mm?| & = 1200 mm?
E = 200 GPa E =583 GPa

E=70GPa

£ e

5IIIIZI mim 250 mm 350 mm

l“l'*ll HLE

Figure P-247 and P-248



Solution 247

From the FED of each material shown:
84 is shortening

. 150 kn 90 kN Q 8s: and 8y are lengthening
— — — R2=240- Ry
PR PR AR Pa=FRy
500 mm 250 mm' 350 mm P..=150-R,
R, ___l R, Ppr=R:=240 -1
B e ad = a + O
- | | PL 3 . { PL
150 — Ry ] — B
l Lo _1?5..0— Ry VAE /g AE/IS* \AE /i
—‘455}‘— R,(500) _ (150-R,)(250)
R:  900(70000)  2000(200000)
wo-red T}
e , (240-R,)(350)
B 1200(83000)
R, _150-R, _(240-R,)7
126000 1600000 1992000
2 R1= g5 (150 - Ry) + 55 (240 — Ry)
L+ o+ & )R = 55 (150) + & (240)
Rl = 77.60 kN
Pg=R1=77.60 kN
P, =150 -77.60 =72.40 kN
Py, = 240 — 77.60 = 162.40 kN
oc=P/A
G = 77.60(1000) /900
= §6.22 MPa
o= = 72.40(1000) /2000
= 36.20 MPa
o = 162.40(1000) /1200
=135.33 MPa
Problem 248

Solve Prob. 247 if the right wall yields 0.80 mm.



Solution 248
G = B + {E'br + DS}

PL ( PL " PL
— | =|—| +|—| +0s8
Aluminum Steel  Bronze | AE g VAE/, VAE
< €—{o0kN | R,(500) _ (150000 - R,)(250)
LN . 900(70000) 2000(200000)
500 mm 250 mm' 350 mm
240000 - R, )(350
s n;rﬂ e N ( 1)(350) £ 08
R g, . 1200(83000)
o D
7l R, 150000 — R,
s _
® 126000 1600000
150,000 - R <= — 7(240000-R;)
s- 150,000 — &y + +0.8
_,45 le— 1992000
st

B L Ry = -1 (150000 — Ry)
e R, + 55 (240000 — R1) + 1600
G — 0.8 (& + 55 + o5 JR1= & (150000)
+ ﬁ {(240000) + 1600
R1 =143 854 N = 143.854 kN

Pa=R1=143.854 kN
P, =150 - R; =150 - 143.854 = 6.146 kN
Py = Ry =240 - Ry = 240 - 143.854 = 96.146 kN

oc=P/A

G = 143.854(1000) /900
= 159.84 MPa

oz = 6.146(1000) /2000
= 3.073 MPa

Ty = 96.146(1000) /1200
= 80.122 MPa

Problem 249

There is a radial clearance of 0.05 mm when a steel tube is placed over an aluminum
tube. The inside diameter of the aluminum tube is 120 mm, and the wall thickness of
each tube is 2.5 mm. Compute the contact pressure and tangential stress in each tube

when the aluminum tube is subjected to an internal pressure of 5.0 MPa.



Solution 249

Internal pressure of aluminum tube to cause
contact with the steel:
0.05 mm ol
= |

- sa=| 2L
= Steel Tube, VE Ja
(=1 t=2.5mm
1225
3 _ n(122.6 - 122.5) = 21122.5m)
! Aluminum, 70000
N t=25mm
o1 = 57.143 MPa
i 127.6 . 7D
I - ! iy =57.143
122.6 120
5 ) P20 _ ;143
2(2.5)
1= 2.381 MPa

= pressure that
causes aluminum to contact
with the steel, further increase
of pressure will expand both
aluminum and steel tubes.

Center line of
aluminum at
first contact
with the steel

Let p. = contact pressure between steel and

Py o ’% aluminum tubes

2P+ 2P;=F

2P + 2Py = 5.0(120.1)(1)

“ Py lny, P:+ Pa=2300.25 - Equation (1)
FBD for p = 2.381 MPa

The relationship of deformations is
Deformation of steel  (from the figure):

e 5 Se: = 127.68
u
Gat gk 8=23a., 1276

le— 1225 —»| “— Deformation of aluminum

§a = 122.56
8a =122.5(3 / 127.6)

— 127.6 —=

Geometric relation of deformations

5a = 0.965.
( PL " PL
|—| =096 —
\AE ).
Py(1225m) _ %._ Pﬂuz:«'.ﬁnj
2.5(70000) | 2.5(200000)
P.=0.35P, = Equation (2)

From Equation (1)
Fc = pc{125.1)(1) P+ 0.35F; = 300.25
Pu=222411N

Pa = 0.35(222.41)
Py=7784N

Contact Force
F.+2P;,=F
P (125.1)(1) + 2(77.84) = 5(120.1)(1)
p. = 3.56 MPa



Problem 250

In the assembly of the bronze tube and steel bolt shown in Fig. P-250, the pitch of the
bolt thread is p = 1/32 in.; the cross-sectional area of the bronze tube is 1.5 in.” and of
steel bolt is 3 in.” The nut is turned until there is a compressive stress of 4000 psi in
the bronze tube. Find the stresses if the nut is given one additional turn. How many

turns of the nut will reduce these stresses to zero? Use Ebr = 12 x 10° psi and Est = 29

x 10° psi.
H’f{ R ffffx’:ﬁ
q = A = A
| o
L=40in.
Figure P-250
Solution 250
P = Pur
—
Asr g = P‘_:r G P 1
P —
% Ts = 1.0 G * 4l
P —

Oz = 2 Gpr

For one turn of the nut:
1

Bse + Bpr = =

"L (oL 1
() (L) -4
\ E . st E Avr 32

0.(40)  ©,(40) _ 1

29%10°  12x10° 32

Os + 25 O = 22 656.25

2ap, + I—’gﬁgr =22 63625

oy = 5129.72 psi
o= = 2(5129.72) = 10 259.43 psi

Initial stresses:
Ty = 4000 ps1
Tz = 2(4000) = 8000 psi

Final stresses:
Ty = 4000 + 5129.72 = 9129.72 psi
O = 2(9129.72) =18 2594 psi

Required number of turns to reduce gy, to zero:

= w =1.78 turns

5129.72

The nut must be turned back by 1.78 turns



Problem 251
The two vertical rods attached to the light rigid bar in Fig. P-251 are identical except for

length. Before the load W was attached, the bar was horizontal and the rods were

stress-free. Determine the load in each rod if W = 6600 Ib.

gy Eg

L
Figure P-251 52
RIITIIRI]
A S
L=6ft
L=4ft
g;ﬁ & & .
|: —+ -+ -+
S 48 2/

Solution 251
Ef\'"fp:n EuppOrt 0
4P4 + 8P5 = 10(6600)
P4+ 2Pp =16500 =2 (1)

I[) f | 84 = 0.55g
T S r T ; - PL &) h PL ™
t =0.5 [

W = 6600 b —| = .
AE J 4 AE /g
0y 5 Py(4) _ 0.55(6)
AE AE
P‘q = D.?EPB

From equation (1)
0.75Pg + 2Pg = 16500
Pg=60001b

P4 = 0.75(6000)
P.=45001b

Problem 252
The light rigid bar ABCD shown in Fig. P-252 is pinned at B and connected to two

vertical rods. Assuming that the bar was initially horizontal and the rods stress-free,

determine the stress in each rod after the load after the load P = 20 kips is applied.



=

Shes|
L=3ft
| A=05in"
< Hft | E = 29 x 10° psi
B C
A ) D
PR !
Aluminum P
L=4ft
& = 0.75 i I(_zﬁ_u_zﬁ_)l
E = 10 = 10 psi
‘ﬁn’ Figure P-252
Solution 252
TMe=0
4Pq + 2Ps = 4(20 000)
4oy Ag) + 20 A, =80 000
4[oa (0.75)] + 2[o= (0.5)] = 80 000
3Gy + .= 80000 =+ (1)
Sst _ Sar
2 4
& P 8z = 0.58;
y P
iR —_._ B C D oL _D_5|E"
A G R = e iﬂ E Ju VE J,
lp,, 20* —55*[3]& =05 —P“:H}ﬁ
\ ‘ 29%10 10x10
Oy I_‘_‘\--\\_‘_ 2 2 Tz = % Tl

From equation (1)

3o, + % o = 80 000

oa = 16 216.22 psi
g = 16.22 ksi

on= 2(16.22)
ax = 31.35 ksi

Problem 253
As shown in Fig. P-253, a rigid beam with negligible weight is pinned at one end and
attached to two vertical rods. The beam was initially horizontal before the load W = 50

kips was applied. Find the vertical movement of W.



Bronze

A =2in? e
6 -
E=12 = 10" psi Steal
A=0.5in’

E=20x10° psi—

L=3ft L=10ft
3
5 7
| 8 ft sle— 4ft —>
Figure P-253 E Solution 253
Ziwlt:'m suppor: = 0
3Py, + 12P,; = 8(50 000)
By P, 3Py, + 12P., = 400 000 > (1)
b 3 I 5 & L
:_-___ TEt—e - 551 51"' =
R S - L= 2B . 5 =45
'"-------hfh--h:::::::;; L §
so (PL) (L)
‘ l._Id.L.E/'.s! I.A.E /' L'T
N e P:r[]'ﬂ} =4 Pl'r{a}
0.5(29x10°) 2(12%10%)
P..= 0.725P;,

From equation (1)
3Py + 12(0.725P%) = 400 000
Py =34 188.03 1b

[PL} _ 34188.03(3x12)
\AE ., 2(12x10°)
0.0513 in

Ei;n’=

Bpr



8 3
Sw= % O

Sw= <(0.0513)
Sy = 0.1368 in
Check by 8.

P, = 0.725P, = 0.725(34 188.03)
P,=24756321b

Bet = | PL
AE ),
| 24786.32(10x12)

Y 05(29%10°)
5 = 0.2051 in
E'T"p’ — Es!

12
By = % Ogs
Sw= 2 (0.2051) = 0.1368 in ok

Problem 254
As shown in Fig. P-254, a rigid bar with negligible mass is pinned at O and attached to
two vertical rods. Assuming that the rods were initially tress-free, what maximum load P

can be applied without exceeding stresses of 150 MPa in the steel rod and 70 MPa in the

bronze rod.
2m 1 am
- D
Figure P-254 e =
l P Bronze
Ches| — & = 300 mm?
A =200 mm* E =83 GFa
E = 200 GFa L=2m

L=1.5m



Solution 254
FMg=0
2P =1.50P; + 3P,
2P = 1.5(0:As) + 3(onApr)
2P = 1.5[o= (900)] + 3[ow (300)]
2P = 1350c,; + 9000,
P = 6750 + 4500

St _ Sa

3 1.3

Spr = 28,

(SL) (<L)

1N E Abr 5 E A gf
GL‘!'EE} — 2|:Gsr[15}:|

&3 200
T = 0.5225 (WY

When o, =150MPa
oo = 0.6225(150)
Ty = 93.375 MPa > 70 MPa (not ok!)

When g =70MPa
70 =0.6225a,;
T = 112.45 MPa < 150 MPa (ok!)

Use g, = 112.43 MPa and o, = 70 MPa

P = 6750., + 450Gy
P = 675(112.45) + 450(70)
P =107 403.75 N
P=1074 kN

Problem 255
Shown in Fig. P-255 is a section through a balcony. The total uniform load of 600 kN is

supported by three rods of the same area and material. Compute the load in each rod.

Assume the floor to be rigid, but note that it does not necessarily remain horizontal.

Figure P-255 h.@q; lq,.@_“l
B C
ﬁ:!'.
&6 m Bm
5m
4 2
B - "
K3 3m > Im




Solution 255

Bp = B¢+ &y
b2 =68 — OC
Pa P P 81 _ 9. 5 35,
4m Zm 6 2
______ T b4 =00+ 81 = 8-+ 362
) EERPEELEE — T ST ! 84 = b6c+ 388 — 6c
fresitissises —-mm o i‘ - B4 =38 — 26¢
600 kN i " f
I A R LA G2
\;-'I_' | '5C |ﬁc L% E/‘A AE ﬁE !
ol P,(5) _ 3P(6) 2PB-(6)
da = 0c + 0y E'n='§':+'§'2 Ld.I.E AE AE
Ps=3.6Pp— 24P: = (1)
[FFv=0] Py+ Pp+ Pc=600

(3.6Pp — 2.4P() + Py + P- = 600

4.6Ps—14P-=600 = (2)
[TMa=0] 4Pz + 6Pc = 3(600)

Ps =450 — 1.5Pc > (3)

Substitute Pp = 450 — 1.5P to (2)
460450 - 1.5P-) — 1.4P- =600
8.3P-= 1470
P-=177.11 kN

From (3)

Py =450 — 1.5(177.11)
Pp=18434 kN

From (1)

Pa = 3.6(184.34) — 2.4(177.11)
Py=23856 kN

Problem 256
Three rods, each of area 250 mm2, jointly support a 7.5 kN load, as shown in Fig. P-

256. Assuming that there was no slack or stress in the rods before the load was applied,

find the stress in each rod. Use E;; = 200 GPa and E,. = 83 GPa.

Figure P-256

7.5 kN




Solution 256

Ihsltl-::-n of Joint & R e

\. ,a,%\,:-,caﬁer alongation

¥Ep=
2Py, cos 25° + P,; = 7.5(1000)

P, = 7500 — 1.8126P;,

Ga Azt = 7500 — 1.8126G0 A

G« (250) = 7500 — 1.8126[ay, (250)]

Ox=30-18126 Gy 2 (1)

il
cos 25° = -
Ost

Ope = 0.9063 &,
[E] = 0.9063 [ “L]
. 'E Abr . 'E < &f
6 (303) _  o063] o=(275)
83 200
cbr = 0.3414c., =2 (2)

From equation (1)
o = 30 — 1.8126(0.34143.,)
o= 18.53 MPa

From equation (2)
cbr = (0.3414(18.53)
= 6.33 MPa



Problem 257

Three bars AB, AC, and AD are pinned together as shown in Fig. P-257. Initially, the
assembly is stressfree. Horizontal movement of the joint at A is prevented by a short
horizontal strut AE. Calculate the stress in each bar and the force in the strut AE when
the assembly is used to support the load W = 10 kips. For each steel bar, A = 0.3 in.?
and E = 29 x 10° psi. For the aluminum bar, A = 0.6 in.? and E = 10 x 10° psi.

éu Wnungy

Figure P-257




Solution 257

cos 40° =10 / Lap; Laep = 13.05 ft
cos20°=10 / Lap; Lap =10.64 ft

TFy=0
Pagcos 40° + Psc + Pap cos 20° = 10(1000)

0.7660P g + Pac + 0.9397P4p =10 000 =2 (1)

5_;,3 = cos 40° 5:1.: = 0.76a60 5‘-1,.::
s ™ Fa

:E = 0.7660| L
L AE_.J,_E '\ﬂEJ AC

\

P‘E{IE.DSE 07660 Pﬁcumﬁ
0.3(29x10°) 0.6(10x10%)

Pap = 0.8511Pac =2 (2)

dap = cos 20° §4c = 09397 dac

[E = 0.9397| PL)

VAE D ap VAE Jar

P, (10.64 P, (10
FPap(1062) 3 —0.9397| Lacl0)_ ]ﬂ
0.3(29x10°) 0.6(10x10°)

Pap = 1.2806P4c =2 (3)

Substitute Pag of (2) and Pap of (3) to (1)
0.7660(0.8511P ) + Pac + 0.9397(1.2806P ) = 10 000
2.8553P.-=10000

Ps-=35002231b

P4z = 0.8511(3 502.23) = from (2)
Par=29380.751b

Pap = 1.2806(3 502.23) > from (3)
Pap=4484.961b

Stresses:

oc=P/A

Cap = 2980.75/0.3 = 9 935.83 psi
gac = 3502.23/0.6 = 5 837.05 psi
Gap = 4484.96/0.3 = 14 949.87 psi

SFu=10

Pag + Pap sin 20° = Py sin 40°
Par=2980.73 sin 40° — 4 454.96 sin 20°
Par=382.04 1b



