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By definition E — en

For a uniform deformation,the volume is considered:

V~V0withV0rrA0e0~
0e

0andV~Aerr e

4 4

£ _ A0 ~ltfi~2N\
Aoeo~Ae~e— A

Also,
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1 — r and~— en i— r

)

2en(~) en(ii)

By definition, E en and e £

So
e _ e—e0 e0

— e0 ±T~:21±e~~en(l±e)
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F FBy definition, a ~ andS A0



So
F FA0 e

wherewe usedthevolume conservation.

Theserelationsareonly good up to necking.

Rememberthat the tensile strength (UTS) is the maximum engineeringstress,and that
the elongationgiven correspondsto engineeringstrain. We, thus, have to translatethat
information into true strainand stress.We can usethe formulaefound in Exercise2:

E — en(1±e)— en(i +0.3) 0.262 (8)

a — S(1 +e) 340(1+0.3) 442 MPa (9)

We aregiven the UTS, so we areat the point of necking initiation. At that point, ~ ri,.
ci __ 44Hencen 0.262 and with a K?, K — 0.2620262 628 MPa.

\ \.

~ This is a very importantexercise:we aregivenresultsofa testafterthespecimenhasalready
beencold-worked. In Day:1 somecold work was done, taking the material into its plastic
domain. The workpieceis then left to rest,where it contracteda little bit due to elasticity.
And finally the material is beingtestedat Day:2. Since it is always the samematerial, it
hasonly one representativecurve for its plastic domain. The history of actionsis reported
on thegraph.

Yield Load: We are looking for the “new apparent” yield strengthof the specimenpre-
strained. So it comesdirectly from the dataof Day:2 experiment.

We assumethat the elasticline is almostvertical, i. e. the diameterat yielding is equalto
the startingdiameterfor Day:2 experiment.

2 000
Y~2 ~19,980 psi (10)

4

Remark: If we try to accountfor the elasticity, we get a diameterof 0.3569” at yielding for
Day:2 experiment.
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Figure 1: Note that Day:1 is referredto the previouscold-working,while Day:2 is referred
to the tensiletest. Also notethat the elasticdeformationhasbeenenlargedto makethe
presentationclear.

Pre-strain:Whenconsideringnecking,we must considerthecurve representingthematerial
and we canwrite Eneck n, ~ startingwithout pre-stra~n.So

Eneck~fl~O.5~2efl (11)
Dneck

~ D0 Dneck exp (Eneck)~z0398 (12)

Pre-strain:
D

— 2&~—~ 0.217 (13)
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Maximum load: Let usfirst determineK from yieldingpoint of Day:2 experiment:

a’ — Y — KE’~ ~ K — r — 42,892 psi

Let us useK and n at neckingwherethe maximumload is applied.

Eneck fl~ afl~ — K? — Kn~ — 30,329 psineck —

And

1rD~eckaneck— 2289 lbf
4

Summary

• Y — 19, 980 psi (yieldingfor Day 2 experiment).

• Cold work inducedstrain E’ — 0.217.

• Maximum load — ~ 2 ,2891bf.

i~xerc~s.’

From the first tensile specimen,we can infer K and n. Area
en (~j9~~) en (120.4) 0.51 at necking.So, n 0.51.

Startingdiameter: 0.505” !=~Dneck D0 exp (—~~~k)~ 0.391”.

4xUTS _ 3
UTS 120,000lbf !=~aneck 999 X 10 ~J5i

1FD~eck

aneck ~1409x10
3psi

~fl

Secondspecimen:E — — 0 2552

So a — K? — 702 x i03 psi, D — D
0 exp (—i) 0.445”.

And load — ITD
2Y — 0, 000 lbf.4

reduction 40% ~ Eneck —

(17)

(18)

(14)

(15)

(16)
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