3.11 Mechanics of Materials FO01
Exam #1 Solutions : Friday 10/05/01

(*show all of your work / calculations to get as much credit as possible)

1. Calculate the magnitude of the forces in members CD, DE, and
DF, of the truss shown below indicating whether each member is
In tension or compression (10 pts total)

4.5ft ! 4.5ft 4.5ft _ 4.5ft
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1.A. METHOD OF JOINTS:

1. Draw a free-body diagram of the entire truss (*shown below)
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2. Determine support reactions using the equations of static equilibrium
2F=0, ZFy=0, ZMXy=0 (CCW+, CW-) :

By definition : Rgx=0 kips

ZFX:O: RaxtRex-2
Rax=2 Kips

>M ,=0= -3(4.5)-5(4.5)(2)-2(4.5)(3)+2(3)+Re,(4.5)(4)
>M ,=0= -13.5-45-27+6+ Rg, 18
>M ,=0= -79.5+ Rg,18

Rey=79.5/18
Rey=4.417 kips

2 F,=0=-3-5-2+Rg,+Ray= -10+4.417+Rp,
Ray=5.583 kips

(3 pts for determining reaction forces)

3. Identify a joint where you know the maximum amount of forces (e.g. a support
with two members).

Start at Joint E.

4. Draw a free-body diagram of the joint and determine whether forces

are compressive or tensile. We know that there has to be a force in the downwards y-
direction counteracting the upwards reaction force at the roller. Hence, Fpc must be
in compression, which also indictaes that F-- must be in tension to counteract Fg,.

4.417Kips
5. Write and solve equations of static equilibrium* for diagram drawn in step 4.
From geometry : Foex=Fpecosa=0.832Fpe
FDEy:FDESi no=0.5546Fpe
where : 0=33.69



5 F,=0=4.417-Fpg,=4.417-0.5546Fp¢
Fpe=7.963 kips (COM PRESSI ON) Ans.

(3 pts for determining Fyg)
6. Move to an adjacent joint and repeat steps 4-5 until entire truss is solved
Move to Joint D and choose directions arbitrarily.

Fepy Joint D

Feo 2Kips

IECDX oA ——— 2Kips
FDx 5 a=33.69°|:DEX
Fo 2 5605 Foe
FFDy i:DEy
From geometry : Foex=Fpecosa=0.832Fpe=6.625kips

FDEy:FDESi nO(:0.5546FDE:4.4162kips
FFDX=F|:DCOS([FO.4472F|:D
FFDy:FFDSi ng= 0.8943Fp
Fcpx=Fcpcosa= 0.832Fcp
FCDy: FCDSi na=0.5546Fcp

> F,=0=-2-Fpgx+Fepx+Frox=-2-6.625+0.832F cp+0.4472F¢p

> F,=0=-8.625+0.832F cp+0.4472Fp (1)

% F,=0=-2-Fcpy+Fepy+Fpey=-2-0.5546Fcp+0.8943F¢p+4.4162
2 F,=0=2.4162-0.5546Fcp+0.8943F¢p (2)

Hence, we have two equations and two unknowns :

Solve eg. (1) for Fcp=8.625-0.4472F¢/0.832=10.366-0.5375Fp
Plug into eg. (1) into eg. (2) and solve for Fcp:
0=2.4162-0.5546[ 10.366-0.5375F¢] +0.8943F¢p
0=2.4162-5.749+0.298F¢p+0.8943F

0=-3.3328+1.1923Fp

Frp=2.79 kips (COM PRESSION) Ans.



Pluginto eg. (1) :
0=-8.625+0.832Fcp+0.4472(2.79)
Fcp=8.866 kips (COM PRESSION) Ans.

(4 pts for determining Fry and F.p)

2. The stress state for a linear elastic isotropic material is shown on the

following page (E=45kPa and v=0.35).

a) What is the magnitude and direction of the largest normal strain?

b) What is the magnitude of the largest shear strain? What plane does it
take place in?

(10 pts)
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2.A. The stress pseudovector is:
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Hooke's Law for alinear elastic, isotropic material under multiaxial loading in matrix
formis:

DexO O 1 -V - 0 0 0 M dk
Ssyg E 1 y 0 0 0 % %y
Be-8 0 . 1 0 0 0 0f af
0 O=1EQ inglin
Vv o - . . 2(1+v) 0 0 min
El(xﬂ g . . . 2(1+v) 0 M@l

0 0 m O

which corresponds to the following set of six equations:

Ex=0x/E-vaoylE -vo:/E
&y =—vox/E+oy/E -vo:/E
&2=—vox/E-voylE +0:/E
Yyz =2(1+V)1y/ E

Yy =2(1+V)Tx/E

Yoy =2(1+V)Txy/E

Substituting in the given numerical valuesyields :

£x = -8/ 45 -0.35* 2/ 45 —0.35* 5/ 45 = 0.177 -0.0155 -0.038 = -0.2305
gy = —0.35* -8/ 45 +2/ 45 -0.35* 5/ 45 = -0.06 +0.044 -0.0388 =0.0548
£, = -0.35* -8/ 45 —0.35* 2/ 45 +5/ 45 =0.0622 —0.015 +0.111 =0.1583
Vye = 2(1+0.35)* 2/45 = 0.12

Vxe = 2(1+0.35)* —4/ 45 = —0.24

Vxy = 2(1+0.35) * 1/ 45 = 0.06

a) Thelargest normal strain is &,=-0.23 (compressive). Ans.
b) The largest shear strain is yy,=-0.24 Ans.



3. Calculate the force needed to compress the steel bar shown below to
L./2 if the bar is simultaneously heated up by 50°C (E=200GPa,

0, =12¢10°/°C, L,=0.5m, A,=0.05m?). (10 pts)
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3A. 0=F/A=Eg,(E ,=F/EA,
ErotaL=ErHerRMAL TE—TAAT-F/EA,
£rora =AL/L,=-05L /L, =-0.5
-05=+0,AT- F/EA,
solve for : F=[0.5+0, AT]EA,
substitute in numerical values : F=[0.5+(12¢10°/°C*50 °C)]200GPa*0.05m?
F=5.006GN Ans.

4. Define the following words in one to two sentences :

(2pts each=10 pts)

a) statically indeterminate : a structure which has more variables than
number of equations of static equilibrium; hence, additional equations are
needed to solve the entire structure (i.e. geometric compatibility, constitutive
eqs., etc.)

b) membrane stresses : tensile stresses in the wall of a thin walled spherical
pressure vessel tangential to the curved surface of the vessel, 0,~0¢

c¢) thermal shock : failure or fracture of a materials or structure due to stresses
induced by thermal expansion

d) hydrostatic stress : a stress state with three normal, equal stresses and no
shear stresses, 0=0y=0,=0;, Txy,=Tx,~T,,~0

e) moment lever arm : the perpendicular distance from the point of interest
to the line of action of the applied force



