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DYNAMIC CHARACTERISTICS OF ELASTO-PLASTIC
RESTORING FORCE OF MILD STEEL
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Chemical Compositions, Heat Treatment and
Mechanical Properties of Low Carbon Steel
Used in this Experiment

c % 0.15
Si % o.z21
Chemicat Composition Mn % 057
P % [eleR =]
s % [eleR 13

Heat Treatment 870°C 1hr Normalizing

Upper Yield Point kgom? 2670

Lower Yield Point | kgori® 2630

Mechanical Properties [yiymate Strength | kgom® | 4760

Elongation % 27.6
Reduction of .
e % 625
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#—2 Classification of the Tests

range of 0a 100 ~ 3400 ~ 3700 ~ 4000 ~ 4200 ~
Fange of 1\ 3199 3250 3560 3920 4150 4440
04~ 05 No. 1 No. 5 No. 9 No. 13 No. 17
37~ 38 No. 2 No. 6 No. 10 No. 14 No. 18
89~93 No. 3 No. 7 No. 11} No. 15 No. i9
109 ~118 No. 4 No. 8 No. 12 No. 16 No. 20
Oa : amplitude of sinusoidal stress
Remarks O=0g sinwt (kgom?). -~
f 1 t=a/2T (¢.p.s.)
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[Test No. 18, o=0ogsinwi, 6,=4240kg/em™, f=w/2 n:]
223,73 c.p.s., N(numbers of repetition of loading)=84~86
E—2 Typical Dynamic Data Recorded on
Oscillograph Paper

|:Test No. 10, o=0,sinwt, 6,=3900kg/cm™2, f=w/2 7r:|
=3.78 ¢c.p.s., N (numbers of repetition of loading) =57~59

F—3 Typical DPynamic Data Recorded on
Oscillograph Paper
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Relations between O’c/&: and N
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Refations between €m and f (N=50)
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ol "‘4“{ in this paper
= Wi : caiculoted from the bilinear model
l obtained by putting 4 — O

ol

20 |~ e - e

80 ! 7‘

ol .4|_ .
‘“/Zk
/ .
i -
40 f

3000 4000
Gt (omplitude of repeated stress kgom' )

®—22

Y E, ESEREICE VB LANI LBbR 5,
3113 B, 2 HERE o, KHLTFry NLEZLDT,
E & o, otEMIc oM TEBMICHRP LTV B, Z0E
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Relations befween E1 and N for Various Levels
of Stress Amplitude  Ga (0= Oa sinet, t =/ 21=38cps)

Ei--— one of the spring constants in the proposed
mode t

N--~ numbers of repetition of loading
N a  Ob =3230~3240 {kgem?)
S A Oa =3550~3560 ( + )
2 A Oa =3950~3980 { - )
= A 00 =4050~4100 ( » )
ui 4 0d = 4230~4270 ( » )
solid lines represent the curves which are calculated
from the relotion Ei= fn] 140427 exp(-372x I0°N}j
Py
£1--~ average volue of Ei at N=50~I00 oblained from experiment
s and given in table 3
5x10
1\
\‘r\
4xi0°
R —
k3 a 'y
\\ | .
] 4
3x10° |— 4 -
\\
4 4
. A 4 — r A— p—
2x10 4
SN—a F
—4a_ 4
——— —
1x18 1 i
r—— i |
Y
0 0 20 30 40 50 60 70 80 90 100
N
F—23
~ Relations between 71 and N for Various Levels
8 of Stress Amplitude OCa (O=0usinet, f=w2x=38c¢p.s.)
“v'g N1--= constant of dash pot in the proposed model
E’ N «-- numbers of repetition of ioading
= solid Jines represent the curyes which are calculated
from the telation =7 |1+0339exp236x10°N )]
@——- average volue of 71 at N=50~100 odbtained from experiment
and given in fable 3
L]
816 f——ro] —— L ’ —
N Y -0 = 35503560 (kg cnf )
N \ /A ’
7x10 I a .
i\ 3
N 4 —lm(0=4230~4270(kgom )T A e L
6x10 - 5
3 - 04 = 3950~3980 {kgem’ }
\4/A L .
N A _—00=4050~4100 {kgcm®)
5x10 =
< A
ST
ol ~d AEL\A\~A A
A0 [P g L 1 :45 p\ —
'y 3 e, o S
O'EO 3240(k4§- )
3)(‘03 gem A 4
. A 00 =3230~3240 (kgori®)
2xi0 A 0o =3550~3560( - )
A Ca=3950-3980( * )
&  Qg=4050~4100{ » )
. A 0g=4230~4270{ + )
1xi0
e 10 20 30 40 50 60 70 80 90 100
—_ N
E—24
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Comparison of The Experimental Stress~Strain Curve with
The Calculated One
(Given Stress : 0= Ou sinet , O =3900kgem’, 1=/ 2L =378cps.)

[—=—-0-——experimental g
result (N=50) 2
theoretical =
result caloulated . © |4000
from the propose ;
mode!, of which T //C7 %
properties are : ,d(
E=2.10x10fkgomi® —L /43000
E=228xICkgon®  F
M1=374x 10 kgori e
Oy=267x I0kgem® 2000 T
/1
1000
1
¢
-1x162 l o) 1162
3 R ) 3
g -1boo j
¢ [£---strafn
# d m---middle value of straint
-2000 Fi in the stress~strain
7 relation
N--~ numbers of repefition
/ of loading
& ~3000
i} V
I /
Qw%fm
B—25

Comparison of The Experimental Stress Strain Curve with
The Calculated One
( Given Stress : 0= O sinwt , Ut = 3240Kkgei’, 1=/ 20L=372cps.)

[-~-C—~~gxperimentol
result (N=80)
theoretical

e
S
2
result catcutated b
from the proposed 1
000

model, of which
properties are :

E=210xI0%kgom2 3
Ei=377x10]kgon;

i
7b=324x101kgcrﬁzsec bd g
Oy=267x10"kgen 2000 ¢
1000 #

-1x162 g O; 1xi6°
j —-gl-em
-1000

4 E--~ strain
9 P m--~ middle value of stroin
) ~2000] in the stress~strain
¢ ;{ relation
N--- numbers of repetition”
¢ ¢ of loading
o1 P/ | -3000
74({00
28

10~%/sec @ Order L7 Y, IWEDL 4 K> OR TR
SO OTLEEREMENIZER L R 3HBICA-T
{3, BERDY, ThbLBRT R THEECEEYEXD
LEZBh, SHOBEL Ly, B—I3 & 2I5S
BEIZ>VWT ey hLESDT f=8.72 (cps) i
SVTRIERBICE bTRE-EEL R 2T 5, f=
3.72 (c.p.s) ITHTH i OEBEIZSED L IR D,
#,=2.51x10° (kg, cm, sec)

® (VI~(X) OFEREELDBE, E L9 iZoF

madel, of which
properties are

i :

Comparison of The Experimental Stress~Strain Curve with

The Calculated One

{ Given Stress : 0= Oa sinwt, Oa=4240kge’, {=9/20L=373cps )

k\

O ’I‘E
experimental &
resuft { N=80) =
o
theoretical 4000
result calgulated * P e o
from the proposed -4

3
—

P

..
E =210x10%kgom? 3000 )
Ei=762xI0%g o i
"1=445x10%gari'sec é;ﬂ d
= ; !
Oy=267x10°kgom 2000
i l 7
j 1000 #
j o Z 1x16%
Lixig* = E-Em
‘ j ;
-1000
4 ; ?
¢ -2000) P
? /
b 8
—=3000] o
i
£-~strain
i ( . /,c/ m-~~middle value of strain
é P inthe stress~strain
‘E\o__:c O relation
N-— numbers of repetition
of loading
B—27

Comparison of The Experimental Stress~Strain Curve with

The Calculated One
(Given Stress: O=Ca sinwt,

T =3753kgom

2 (=a/2= 043 cps.}

—~-0-=~- experimental '5
result (N=50) 2
| —m- theoretical ~
result caloulated _lbb 14000
from the proposed
model, of which T Po
properties are : /;r ]
E=2 10x10%gcri’ < L
Ei=175x10%geni? g
7l|=37lxlgﬂ’Kgcm_zsec ;,(
Oy=2867 {Tkgom d’ 2000
1 4
1]
/b 100C ‘;’
Lixiat f [¢] 1168
K Er-Em
? ‘3’7
ol -1000
i
¢ ¢ £ --- strain ‘
! # E -~ middle value of. strain
P -2000 in the stress~strain
relation
55 5/ N--- numbers of repetition
/ of loading
4 ~ 3000,
I -
v Lﬁjﬂ/
|
b -4000

Lok EhD,

E,=(9.65x10°~2.01x 10% 0,) »
«{140.427 exp(—3.72X 102N)}

7,=2.51 x10°{1-+0.339 exp(—2.36

x1072N)}
(kg, cm, sec)

felil, Nz2

f=3.72(c.ps)

4.440 = 0, = 3.100 (kg, cm™2)

R —28
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Comparison of The Experimental Stress Strain Curve with

The Calculgted One
( Given Stress : 0= Oa sinwt, Od =3735kgem?, (=472 =11.20¢ps.)

O - e xperimental
result ( N=50)
—eem— theoretical

result calculoted
from the proposed
modet, of which
PTODG\”ISS are
E= 240 x I07kgori? 000

)
07107 kgem? l . g
!

—— 0 (kgem®)

=127 10° kg o sec
Oy=267xt O’KgomZS

LTTLE

2 o 1x162

T,
=

2000

looo 1 f

b ix I

=1000

& ---stran I

m--- middie value of strain
[of in the stress~strain
refation

N--- numpers of repetition

rj , of Ioud‘mg
B |
1
|

2000

(g
|
g

1

Relations between £ and f for Various Levels of
2

E Stress Amplitude Oa ( 0= Og sinwt, f= ¥2)
= o~
2
= Ec -~~~ the overage of Ei at N=50~]00 obtained from
- the experiments
{5 Ey-—— one of the spring constants in the proposed mode)
N ---- numbers of repetition of ioading
O O = 3173~3252 (kg cm 2)
[ === Ot = 3449~3552 ( )
i ——O—r- 0y = 37273900 ( -+ )
——@~—= Jg = 4018~4070( - )
. cem@e-e 00 = 4230~4437 ( )]
Sxi0
4x10°
/o~\ |__average vaiue : 3143 x 10 kgem®
T
s
3010 Lt q i [0
— — o
N overage T ~Lgm—
o [value : 2818x10° kgcm
O —.. . avey i :
2xl05 . - ‘uge vla ue 59GSXIO kgcm
I r‘\lo/ | . |
(—average value : 1286 x10° kgem?
1xi0® !
' |
L average value : 1LO63xI0° kg cm?
| s
b |
o 10 20 30 40 SO 60 70 80 90 100 ilO

t (frequency of repeated loading c.p.s )

=30
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L, #hb0EEEEEBICANRTEFAVEREL TR
RIRERBRNEELZBND, BEFITHL TR, K
ETERRLICEFNVIR—FRICREL T L KADTH
FRBETEDHLVEREME Tz ide bian
LEZORD, LML, EFANEMICRVEES L

-3 Measured Constants of the Proposed Model

Test No O'u_ ! €a €am w El i
(xgerf) | (c.ps.) (kgema)| ( kg ei®) |(kgorsec)
1 |3173 | 040 378548 1915x10 | 21.07 | 264x18] 2.13x1"
2 [ 3240 | 372 |szsax10|1375x10] 14.83 | 377x18| 324%10°
3 e | ] —
4 | 3252 | 1160 |3az0xid| 165810 19.84 | 302G | 100X 10
5 {3460 | 043 |s3504i3| 2475410 2870 | 268x18 | 298xid]
6 | 3552 | 372 |aoasxo|21ioxio| 25.81 | 3.13x18| 600x10
7 | 3449 | 925 |4s00xi8|23420i0| 28.15 | 263118 | 17208
8 | 3450 |11.62 |a0eaxid|2234xi0| 2648 | 28315 13610
o |[3753 | 043 |7343xi0|araoxid| 55.28 | 175x18|371x18
10 | 3900 | 378 |assoxid| a370xi6| 5785 | 228x18] 37ax18
11 {3727 | 9.10 [esesxid)azzexi0| 5446 |176x18[162x10°
12 |3735 [1.20 |s908xi6 3057xi0 | 49.30 | 207x10°| 127x16
13 |4060 | 0.50 |aersxid|s27000| 9062 | L17x10| 349%13
14 [4070 | 3.79 | 932548 e750xi0] 9620 | 128x10 | 35816
15 |aors | 922 |esooxO|esrexiC] 88.76 |1aixIC| 15axI5
6 | — | — | —] — | — | — | —
17 laz4a8 | 041 |esooxidl73a0xi8]120.10 | 1o2xiS | 42116
18 [4240 [ 373 |10s0xiS|z010x18 | 12170 | 26216 | 445 x18
19 4437 | 925 lioeid|es0exid]127.21 | 110x10 | 194x10
20 [4230 |11.30 | e70000 7275x10|107. 10 | 1a7x18] 123x18

Remarks | each value given in this table is the average of the
experimental results a¢ N=50~100

N * numbers of repetition of loading

Relations between‘a and Stress Amplitude Oa
( O=0a sinwt, f =w/27)

&
€
§ Eiome the average of £ af N=50~100 obfgined from
~ the experiments
(G Ei~-~-one of the spring constents in n\e proposed modet
N -~ numbers of repetition of loading
{all vatues given in table 3 gre piotted )
s
SxI10
4xi0
No | —&i=965xi0-201x 10°0
3x1(§ Q- °©
o]
[ %o
s o
2x10 o)
(oo
] e}
. k
1x10 o o
o\
N
3000 4000

- Ot {amptitude of repeated stress kgem®)

31
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iy
2
]
g Relations between 71 and f for‘Vurious Levels of
g Stress Amplitude Ca { 0= Oa sinwt, t=421)
<= ~
7y---1he average of T at N=50~I00
obtgined from the experiments
' 7,1--- constont of dash pot in the proposed
.' model
1 N --- numbers of repetition of loading
axiop-t
H Qe O = 3173~ 3252 (kgom )
— 0~ Cg = 3449~3552 ( "+ )
@m0 = 37273900 { )
-6~ 05 =4018~4070 { + )
% 0d =4230~4437 ( . )
Y‘
o
u
3xlo ‘5‘['.
o
|
‘.
\ \
5
J
2x10 ‘\
i
\\'\
A
W\
W
y
Xy '
1%10 \ LY
%
BT
.
X N
N
S
= e
o] jo 20 30 40 50 60 70 80 90 00 IO
t {ep.s)
32
8
e ~
4 Relgtions between 1 and Oa for Various Levels
= of Frequency of Sinusoidal Loading
= (0= Ga sinwt, f=a/2)
,O/
4x10‘
[} /
a
3x10°
[} Py
T ---the average of i at N=50~I00
T---constant of dash pot in
the proposed model
N---numbers of ‘repetition of loading
wmmemmmen § = 040 ~050 c.p.5.
. /S iy | = 372~379
2x10
—ee— = 922~925
ke = 1L20~1162 *
1ad
a
A [y
& X (= Demmee
0
3000 4000
———— Oa (kgom?)
=33

i

Bz, AEBRTHEELLEIFO TR AT Y VA
N—F DIRBNEGERE OIS & B3 e o S MR &
KD THD, AROEFFERG, HIFHREFELR
nWeskpoht, BETAGERE AT IV AV—TIEE

Relations between heq and f, and between heq and Oa

( heq is calculated from the relation heq=W/21E&a’, using
the values given in the tgble 3 )

{a) neq~f Relations

o | ] | I
i |
——0a=3173~3252 (kgem®) |

P~-~(Ja = 3449~ 3552 ( kgem?)
....,..«_O'q=!3727‘“3900 (kgem?)

nea ! ' //Tig

|
| |
~mmgpmam 00 = 4018~4070 (kgom )

cee-toe- 00 = 4230~4437 (kgomid)
00s i | | ) ;
g 20 Exe) 60 80 66 120
et (e ps.)
(b) heq~Ca Relations
i : .
048 b e : I | ] ! -
i i ‘ i
4 | |
io . |
heq [ o i ‘
o i ‘
o|© ! i |
i ° ° ‘ |
0.0 2
[ I I
3 i o !
© o ‘% °
° o
005 ‘ ‘
3000 4000
- 00 (kg i)
=34

Theoretical Relations between heq and f
for Various Sorts of Mechanical Mode!

w
( heq is calculated trom the relation heq=—sseey )

I i | ! |
020 0 ‘ T
Assumed Properties 4
£=210x10° kgen
Ei= 228x10% kgem? .
D= 374x10° Kgom¥sec
Oy=267x107 kgom? ;
Ga=390xI0° kgom® ‘
15
e Omen proposed modet
- -bihneor model {Ti—=0
visce-elastic modet
| (oy~0)
——-- visco-elasto-plastic model
I (g=0)
010
|
heq
I'oos _
X =
] i
7 ‘
!
i
|
i
|
|
0 80 100 i20
f leps)

35
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Theoretica] Relations befween heq and Oa
for Various Sorts of Mechanical Model

w
{ heq is calculated from the relation heq=-zrreey }

| |
020 e}
I ]
walmmem proposed model
\ ~=1== bilinear model {}~~0)
ot == visco-elastic model
(Oy-—0)
=t —visco-elasto- plastic modei
(£1-—0)
~
Q1S
- \\
\\\ \‘\\O\
N
~
S \\\O\
010 |— > P ra.
~
~ N
Assumed Properties N ™~
E =2.10x10° kgoni® N
heq E1=228x10° kgom? e
T =374x10° kgom7sec S~
1 Oy=267x10] kgom? e
Ga=380X10° kgem
005
¢}
3000 4000
Ga (kgem®)
E—36
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