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problem distribution
moring: 6% (7 out of 120 problems)

afternoon: 5% (3 out of 60 problems)
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subject areas

stress-strain diagram (3)v”
creep/fatigue (2)«”
processing/properties (2)v"
phase diagram (2)»”~

other (1)
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32. What does the non-linear portion of a stress-strain
diagram represent?
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33. What 1s the 0.2% offset yield stress?
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34. What metal exhibits upper and lower yield points?
steel (.aha Iren allua>

Mh-bote! T cacbon
cdons t \l-:"c:n R*'bﬂs
cwy  w (3s)




creep and fatigue

creep
» deformation at constant stress and high temperature

» grain boundary sliding, formatio_rl_g)? vords (failure)
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» failure in cyclic loading/due to surface defects '
» sensitive to surface properties (corrosion, finish)
* endurance limit for steels (unlimited life)
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35. What 1s the cause of creep failure?
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37. Define metal fatigue?
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ductility, hardness, toughness

ductility i L_

» deformation without fracture (% elongation)

» increases with temperature, lower carbon content’> <
hardness

* resistance to penetration (Brinell, Rockwell tests) Col c3

* increases with carbon content, smaller gram size f f
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toughness
» energy absorbed before fracture (Charpy test)
 area under the stress-strain curve —
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36. Which statement regarding ductile-brittle transition
1s false?

sudden loss of ductility below a critical temperature (-H-u--)

loss of toughness at lower temperatures (4-y ,:)

carbon steels less susceptible to this transition (F.Js,_)

* some pure metals (aluminum, copper, nickel) do not
exhibit this transition C‘h‘uc)
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processing ~ chemistr
% W roshrucfure
annealing
* heat and slowly cool (relieves internal stresses)
* increases ductility, lowers yield, softens the materal

cold working
* stressing past the vield point (reduces grain size)
* increases toughness, hardness, vield strength

| \
quenchin
« rapid cooling that promotes hardening

» strong but brittle material (low toughness)
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37. Which statement regarding carbon steel 1s false?

a steel can be hardened without carburizing (fr'v E-)

yield strength can be increased by cold rolling C—\-rue)

ductility decreases for steels with more carbon (.}W e_)

steels with larger grain size are stronger (-Fu),.s e..)
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reactions

» cutectic: liguid — two solid phases
- —_—— Fbll'dp

» eutectoid: solid — two solid phases
~ =

» penitectic: liquid + solid — solid
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» peritectoid: two solid phases — solid
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18. What 1s a peritectoid reaction?
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binary phase diagram .,
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{

iron - 1ron carbide phase diagram

Atomic pereent carbon
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o ferrite (BCC), 6 1ron (BCC), b austenite (FCC)
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17. A steel with 0.18 wt% carbon is heated to 1100°C
and then slowly cooled to room temperature. What 1s
the phase composition?
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16. Which condition does not lead to stronger metals
and alloys?

« presence of second phase precipitates stroa, "
« presence of dispersed fibers or particles 4y oa oA

» presence of martensite phase in steel STTop 5"

» annealing of cold worked metal above its recrystal-
lization temperature 4y @ oo

19



crystal structures

BCC body-centered cubic ~ FCC face-centered cubic

Volumes /bmshi;e.o

Bec , Fce , Simple €vble e—
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