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ABSTRACT

Comparative tests between bars with as-

rolled and with machined surfaces show a small

difference in the compressive prestrain needed

to exhaust the original extensional ductility of

the steel, as this is determined by the reversed

bend test .g”o Machined bars show a higher ex-

haustion limit (prestrain) than as-rolled bars by

0.03 at 70 F and 0.06 at -16 F. Stress Calcula-

tions show that the most brittle fractures may oc-

cur at applied elastic macroscopic stresses as

low as about 50 ksi at 70 F and about 30 ksi at

-16 F. Highly ductile bars sustained a stress

close to 90 ksi at both test temperatures.
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PURPOSEOF THETESTS

The important influence of the history of
strain and temperature on the ductility of struc–
tural steel and on the initiation of brittle frac–
t.re have been demonstrated and discussed in
several earlier papers.’ “‘ It was shown that
preccxn pressed notched mild steel pktes tested
in central static tension would de”elop sme$t -
ed cracks or would fracture at a“ average “et
stress as low as 10% of the original yield point.
Without prior compressive prestraini”g this
steel, like all other mild steels tested in tbe
laboratory, would not fracture before general
yielding of the net section, i“ spite of the most
severe notches and temperatures below Charpy
transition. The reduction of the extensional
ductility caused by cold or bot compression has
been studied with axially compressed bars’-,
‘ ‘-l’ and with reversed-bend sheets’ ‘-20 and
~ar~:-l. ~ remarkable result of these tests was

the sudden drop of the extensional ductility at
a narrowly determined limit of the prestrain,
henceforth called the exhaustion limit for the
particular testing conditions Prestra, ins lower
than this limit had little effect on the exten-
sional ductility. This beha”ior was particularly
evident in the reversed bend test (Fig. 1, 2) in
which the compressive prestrain at the interior
of the bent bar was calculated after stages la
and lb from the radius of cur”ature and the bar
thickness. Tbe test load (as in Fig. lc) of bars
of an ABS-C steel is plotted in Fig. 3 against
the prestrain for reversed-bending et 70 F (left)
or –16 F (right). Bars prestrained by 0.59 OL-
more and tested at 70 F (left) developed arrested
cracks or fractured at loads smaller than 2000 lb
and corresponding extensional strains of the or–
der of O. 01, with hardly any opening of the U-
shaped bar. Bars prestrained by less than O. 59
did not fracture even at a load of 5000 lb. , at
which the bent bars opened up by very large
angles corresponding to strsins considerably
higher than O. 10. For bars tested by unbending
at -16 F the exhaustion limit was 0.55 to 0.57
(compressive prestrai”). The sudden transiticm
of tbe ductility makes it unnecessary to mee!sure
exactly the strains at fracture It is C,nLY ~e–
quired to know whether the strains arc large or
very small, and this is directly reflected i“ the
magnitude of the load. Thus the reversed bend
test is very simple, requiring only a measwe -
ment of the rnaxim”m applied load, and fbe ex-
haustion limit is a realistic measure of the
quality of tbe sfeel since it measures its re-
sistance to em brittle merit by pre.straining

~FI:%E
OF BENDING

7
4

FIG, lb
SECONDSTAGE
oF BENDING

FIG. 1.
THIRD STAGE

REVERSED BENDING

+
FIG. 1. FIRST STAGE , SECOND STAGE, AND
THIRD STAGE OF REVERSED BENDING.

Earlier tests’ did not show any significant
size effect for bars va~ing in thickness from

1/8 in. to 3/4 in. , and in width from 1 in. to
4 i“. A small number of tests had shown that
bars with machined surfaces probably had a
slightly higher exhaustion limit as compared
with barz having surfaces in the as-rolled con-
dition. The present tests were designed for a
more systematic study of the effect of the sur-
face condition and of size on the exhaustion
limit determined by the method of reversed-
bending.

MATERLU

The material used was 1-1/4 in. thick plate
of ABS–C steel (1956 classification) and be–
longed to the same heats as plates tested at
the National B.rea LI of Standards The details
of plate preparation, composition, and proper–
ties are given in Table I (NBS data).
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FIG. z. SHACKLES F(IR TESTING PM-BENT
BARS IN REVERSED BENDINC

TESTS FOR THE EFFECT OF SURFACE
CONDITION

Plates 242, 243, 245, and 246 of heats c-4
and C-5 were used (Table I) as their finishing
tcmperat.rcs, yield and te”silc strength, elon–
gation, and NDT tempcrat.re were almost iden–
tical. rifty–eight 1.00 in. wide bars were cut
in the dinxtion of rolling, and their thickness
was reduced by o“c–sided machining [rem 1.25
in. to 9.75 in. The bars were bent to vzmious
radii (Fig. la, b) half of thcm with the as–rolled
face and the other half with the rnachincd sur-
face at the interior of the bend. The final test
in reverse bcncfing was dorm either at 7[) F or
at –16 r, in a tension machine equipped with
specially co”structcd sets of shackles for 0.75
in. thick bars, and also for the 1 .25 in. thick
bars (Fig. Z)uscd in the tests for size effect.
The tcsl rcs”lts arc given in Tables H and

111, and in the graphs uf rig. 3 ar,d 4.
Machi”i”g of the surface raised the ex–
haustion Iimit from about 0.59 to about 0.66 for
final testing at 70 F, and fmm about 3.56 t:>
about 0.59 for final tcsti”g at –16 F. The final
results are summarized in Table V, where they

are also compared with the exhaustion limits of
other steel previously tested in reversed bend–
ing

TESTS FOR SIZE EFFECT

Comparfitivc tests of bars of full plate thick-
ness (1 .25 in. )and of rcd”ced thickness (U ,75
in. )by one-sided machining were also made,
ABS-C steel heat C-7 was used (Table I), and
all tests were performed with the same as–
rolled face on the interior of the bend The
fcst results arc given in Table IV and Fig. 5,
and the cc,rresp ending exhaustion limits are ir, -
dicated on the last two lines of Table V. The
exhaustion limit is slightly differc”t [or heat
G-7 than for C-4 or c-5, but does not chanqe
with the tbickncss

STRESS AT rRACTURE

An attempt was made to calculate the macrw
scopic fracture stress at the inner surface oi
the bent bars, on the assumption of a smooth
bar surface. The bending moment at fracture
was calculated from the load and the moment
arm, which were measured in each test. But
the stress–distribution depends also on the
exact stress–strain relations of the prcstrained
steel, and these were “ot known. The exact
bending stress just before fracture can he found
only when the stresses are elastic, i.e. for
[ractures iit very low loads. It can also be cs -
ti,nated for fractures at large loads and deforms-
tic>ns, when considerable strain hardcninq has
occurred a“d the slope of the stress-strain
cur”e is substantially reduced, so that the
stress distribution will approach the fully plas–
tic hcnding stress distribution with a yield
stress cq.~1 to tbe frfict. re stress In inter–
rnediatc situations the stress cannot be found
exactly from the existing data, but it will cer–
tainly lic between the extreme values of stress
calculti ted for an elastic and for a perfectly
plastic stress distribution. These two extremes
were calculated for all fractures. The lJPpe,
Ii,mit of stress (c>lasiic) is likely to be correct
f<,, frsct,,res at the Iowc,t loads, snd the lower
limit of stress (fully plastic) [or fractures at the
bighcst loads.

‘The deformation of the truss-section d.c to
the large bending strains was also taken into
consideration. The true shape oi the deformed
cross–section is curvilinear (Fig. 6, inset) and
was approximated by a trapezoid. It was also
assumed that the line parallel to tbc bases and



-3-

:r’ ‘“““AR
I +

+ FR&CTUREAFTER
EARLIER CRACK

+ TEARING AFTER
EARLIER CRACK

&p 1
● FRACTURE

h 8 NO FRACTURE
1

1

‘00Ld2LJ_#%
COMPRESSIVE PRESTRAIN cOMPREsswE FRESTRAIN
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TABLE I. PROPERTIES OF 1-1/4 IN. THICK ABS-C TABLE II. RHJERSED-BEND TESTS. EFFECT OF
SURFACE CONDITION 0.75 IN. THICK
BARS PKESTRAINED AND TESTED AT 70 F.
ASS-C STEEL (1 956)

STEELS (1956)*

SIZE EFFE

c-h

21d3

cent,,

Next to
Id. t

32.9

61.8

32.0

-18

-10

+12

w

-11

+20

+20

1,890

7.1

0.16

0.73

0.22

0.911

0.031

C-5

2115

Top

Next to
la. t

32.3

61.3

33.0

C.b

2112

Top

Next to
Last

c-5

21J6

c.. t.,

Next to
Ia,t

c-7

252

cent.,

La#t

T%T LOAD(lb) EtP.!3TllRESTRESSmE-
5TTAIb

IPlate N..

Plate %sit.im

:.si

*.C ture

87.3+
87.3+
83.8+
87.3.
89 .0+

99.3+
89.0+
89.0.
87.3+
78.3

90.8+
6L.0

88:9

78.0

Arr. cr..;

1 110
1 860
1 780
1 080

780

560
mu

1 020
760

1 L90

bX/b<

hi-. crack

28.0
L8.o
b5.0
27.2
20.0
3L.5
18.8
26.2
19.2
35.6

16:8

21:3

112:6
:;

;; ~

c-h
C-!J
C-L
C-4
c-5

2
5

J

:
33
37
38

36

3:
35
3

—

Yield Point, (ksi) 32.2

62.>

32.5

32.0

61.3

31.0

36.7

65.0

30.5

-21J

-10

+17

+77

-13

Tensile StFe.gth (ksi)

Elongation (8” ). (%)

4

-1

+10

+58

-7

.20

+20

-7

+7

+19

+52

.5

+30

+10

-6

0

+18

+5?

-3

+10

.10F------
10%?ibmw

ND, (“F) *,

c-6
C-L
c-b
c-b
c-b

1:
U
13
31
16
15
12
30

$
39

g

55

ao

800

1 603
1 580
1 920

h50
590

0

-10

1, 91i0

7.6

I

0.16

0.73

0.23

0.o11

5

2,030

7.5

1,950

7.2

1,5cc

?.2Fwrite Gmi. size

c 0.16

0.68

0.22

0.011

0.02E

0.15

0.68

0.23

0.010

0.027

0.15

0.71J

0.25

0.00?

0.035L
Ml I

Che”i.,1
Composition (%) Si

I
I

PI

SI

*NB3test data.

at 5CQ0 lb.. The adirm w,. st OPF



TABLE III . REVERSED-BEND TESTS . EFFECT OF TABLE IV. RHJERSED-BEND TESTS. EFFECT OF BAs
SURFACE COND1TION 0.75 IN. THICK
BARB PRESTRAINED AT 70 F AND TESTED

THICKNESS 0.75 and 1.25 IN. THICK
BARS PREST!WJNED AT 70 F AND TESTED
AT -16 F. ABS-C STEEL (1956)AT -16 F. ASS-C STEEL (1956)

9AR;TEEL FRE-
STF.AIN

TEST LOALI(lb) FXMXUR1

Ill!ibd
!r, . C,ack

mrwss
:Si

Yactur,
EEL BAR FRE-

ST8A1X
TEST LOAJ (lb) IT9,1ss

:.i

haotur<

90.8+

90.’L?+

9L.5+
90.8+

90.0+
89.0+
92.5.
90.8+
89.3+
92 .5+

Fm.cm

w’m
,,. crash

17.9
7.7

33.3
35.8

L;~

17.9
6.8

11.o

23.3
b6.5
17.1
59.2
19.2
10.9
28.2
35.3

&r. crack Wctltre

II Dow
k Ocot
L coo+
b cm+
ham+
born+
1180
1960
L cm+
kmo+

k Ocm
1290
; ;g

1 320
1 130
1 MO
1330
1180

,,. Crack raoture

5 coo+
1 6h0
1 6Cm
5 003+
1 71do
1 no
5 coo+

?%
1 900
1 620
1 8b0
1380

c-7
c-7
c-7
c-7
c-7
c-7
G-7
c-7
c-7
c-7

c-7
c-7
c-7
C-7
c-7
c-7
c-7
C-7
c-7

8
10
15
19
20
~

.12
II
16

18
1:

9

:

;
b

i
10

8
3
5

2
15

1;
2
6

12
U

0.L5
0.118
0.5o
0.50
0.50
0.51
0.51
0.51
0.52
0.52

0.52
0.52
0.53
0.53
0.56
0.57
0.59
0.62
0.65

07.2+
87.2+
89.1+
87.2+
85.JJ+
87.2+

87.2+
89.1+

87.2+

85.2+
88.6.
81c.7+

85.8+

38.L
39.6
32.3

C-L
c-h
c-5
c-h
C-L
C4
c-5
C-4
c.5
c-5
c-b
c-5
c-b

0.50
0.55
0.55
0.56
0.56
0.56
0.56
0.57
0.57
0.59
0.62
0.62
0.67

%
310

20.8
63.2

630
1 960

1 ;80
380
7W
270
b30

;80
J90

1 300
1 030
1 130

370
560
6L0

15.7
16.5
J2.5
3k.7
38.1
12.11
19.2
22.2

C-L
c-!!
c-h
C-5
C-5
C4
c-5
C-5
c-5
c-5
C-5
c-b
c-5
c-h

0.51
0.53
0.56
0.57
0.57
0.59
;.;;

0.60
0.6o
0.60
0.62
0.62
0.63

5 cno+
5 Lno+
5 Om
5 m+
5 mm+
5 Occ+
1 760
1 790
1 L60
2 280
1 L50
1170
1370
1 3&o

7 5LX+
7 500+
7 503+
L 203
3030
k Om
3890
3680
5710
7 5@3+
h C60
3390
3230
3330
2 690

c-7
c-7
c-7
C-7
C-7
c-7
G-7
c-7
c-7
c-7
c-7
c -7
c-7
C-7
C-7

OM
0.50
0.50
0.50
0.51
0.51
0.51
0.51
0.51
0.52
0.52
0.53
0.53
0.53
0.57

1 %%
650

2 280
2 050
1 180
L @Jo
1860
2 lt30
5 710

1 ;Lo
380
930

2 LCQ
380

211.2

?:;
22.0
28.6
66.3

71i0
L20

1 070
1 3140

18.2
h.5

11.0
28.6

L.6

The leading waaetop?ed at 5C00 lb.

+ TW Ioadlw was st.aPPed at 4000 lb. (0.75 0.75 in. b%., )
or 750o lb. (1.25 1.67 in. bars).
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FIG. 5. EXHAUSTION LIMITS OF ASS-C (1 956) STEEL TESTED ON AS-ROLLED SURFACE AT
-16 F. 9x 0.75x 0.75 in. THICK BARS (LEFT); 18x 1.67x 1.25 in. THICK BARS (PJGHT)

D1- ‘
L

I
0,20 0

RAOIUS OF CuRvATURE R [in)

FIG 6. ENLARGED WIDTH VS. RADIUS OF CURVATUIW OF 0.75 IN. BARS

dividing the cross-section in two equal areas
retained its original width b. As the height
did not change appreciably during bending, a
single measurement of the largest base b, was
sufficient for the determination of the trapezoid.
The width b, after various amounts of bending
of O. 75 x 1.00 in. bars was plotted against the
radius of curvature at the intrados (Fig. 6). The
approximate linear relationship found experi-
mentally (Eq. 7 of Appendix) was used in all
calculations.

Calculations were made according to straight
and to curved beam theory for elastic’” and for
fully plastic behavior’’-” according to the for-
mulas given in the Appendix. Stress from axial
loading was added to the bending stress only in
elastic behavior. In fully plastic action tbe
small axial force of the present tests (about 10%
of the yield load in pure tension corresponding
to the raised yield strength) causes a negligible
reduction of the plastic bending capacity, as
can be easily seen from the. interaction curve
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TABLE V. Summarized REsULTS OF STWERSED BEND TESTS

T.,ted at -16°F Tested at 75°F

steel A@ Exba,, s- U“afwd Fxha”s - Med EXhaue- UnaEed Exha,,s -
tion Limit tim Llmic tie. Limit t?.. Limit

0.),0 to O.MJ 0.50 to 0.55 0.50 to 0.55 0.57 to 0.59
ills-w 0.50 to 0.52 0.57 to 0.57 0.52 to 0.% 0.63 t.. 0.62
HY-80 0,s9 to 0.63 0.60 to 0.63 0.61 to 0.65
!+-1 0.1!6 to 0.L8

0.65 to 0.s9
0.52 +.. 0.55 0.52 to 0,55 0.61 t.. 0.62

T-l 0.lt9 to 0.52 0.52 to 0.53 0.% to 0.59 0.60 to 0.611

ARs-c-11
ABS-C.5
AS-rolled 0.5< to 0.57 0.59 w, 0.60

surface

Machined 0.59 t. 0.60
surf ,.,

0.65 t. 0.67

AM-C-7
As-rolled
0.75’, qua,, 0.50 to 0.52

1.67 x 1.25 thick 0.51 t. 0.52
—

rest. or 1960.

for combined bending arid tension.2 1-2s

The results are tabulated in Tables VI and
VII. The stres ses calculated by straight and
curved elastic beam formulas differ substan-
tially, but those for rectangular and trapezoidal
cross-sections are surprisingly close. The
trapezoidal section gives elastic stresses only
6 to 7q, smaller than the rectzmg”lar, and fully
plastic stresses only 8 to 10Y. larger. ITI view
of the approximations introduced by the finite
bending and by the assumption of the trapezoi-
dal shape, and of the “ncerfainty of the stress-
strain law, these small differences do not justi–
fy the laborious calculations for trapezoidal ser

tions. Rectangular curved beam formulas give a
sufficiently good approximation.

The fracture stresses calculated by rectangu-
lar curved beam theory for the extreme instances
of purely elastic and of fully plastic be bavior
(Tables VI and VTI, Columns 4 and 6) have been
plotted against prestrain in Fig. 7 and 8. A
vertical line joins the points corresponding to
the elastic stress (higher) and the fully plastic
stress (lower) for the same test. As already dis -
cussed, it appears reasonable to accept the
stress based on a fully plastic distribution for
bars which sustained high loads and deforma-
tions (lower end of vertical lines on upper part
of graphs), and the elastic curved-beam stress
for bars which fractured at Low loads and de for-

mations (upper end of vertical lines in lowest
part of the graphs). It is quite interesting to
find that several brittle bars fractured at a ce,l-
culated elastic stress of about 50 ksi at 70 F,
and even down to 30 ksi or less at -16 F. These
stresses are very close to the expected O. 17,
offset tensile yi eId strt?”gth, which from anahr
gy with earlier tests with E-Steel” and with r=
cent unpublished tests of bars of AS S-B steel
compressed axially by O. 50 but unaged, should

be about 40 to 50 ksi. The low nomina~ stress
fractures are probably caused by stress con-
centrations from surface irregularities or from
flaws, and to a certain extent by residual
stresses, but the y indicate an extreme brittle-

ness, i.e. an inability of the steel to yield
locally so as to reduce the stress concentra-
tions and wipe out the residual stresses .’2 The
calculated yield stress based on an assumed
fully plastic distribution was equal to about
90 t 3 ksi for all the bar5 which withstood large
deformations, irrespective of surface condition
and test temperature

CONCLUSIONS

a. Bars of ABS-C steel with machined sur-
faces have a slightly higher exhaustion limit
than bars with as-rolled surfaces, as found by
the reversed-bend test. The difference is equal
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5

51

!
33
3738
36

3.;
33

9
10
11
;?
16
15
12
30
14

44

;;
4356

55

TABLE VI. STRSSS AT FIRST CRACK OR MAKIMUM
LOAD FOR ELASTIC OR FULLY PLASTIC
DISTRIBUTION. TESTS AT 70 F .

PRE
WA Ix

0.55
:S;
,;.
,,

~.~g
0.60

,,
!!

0.62

0.63
0.65

,,
!!

0.69

0.53
0.56
0.59
0.62
0.63

3.65
r,
!!

).67
,,

,!
,,
,,

3.69
3.71

).?1

ASS-C STEEL (1 956)

MAXIMUM ELASTIC STRESS -i

Re.tang,
Str-aighi

137.6+
137. 6+
134. 2+
137 .6+
140.2+

} JJ
i

69.8
42.2
31.1

22.5
29.3
4&
55:4

140 .7+
140. 2+
3.40.2+
137.7+
122.5

142.9+
101.7

26.1
140.2

33,1

1::.;

65:3
78.4
18.6

24.2

?ectang,
Curved

217 .7+
222. 7+
270.2+
229 .2+
233.7+

72.9
126.3
117.8

71.5
54.2

41.0
53.7
74.7
54.6

109.4

217.7+
=4. 7.+
233.7+
238.7+
216.2

259.9+
184.2
J;.;

62;9

231.3
125.3
123.9
1$1#:

49.5

T,apez
Curved

i
20 .0+
20 .6+
206.6+
212.6+
21B.9+

68.3
118.7
111.5

67.2
51.0

37.4
50

“k
2?:3

101.7

2&.&.

218:8+
224.6+
204.6

?44.7+
173.3

,g:j

217.2
L17.9
116.8
144.8
35.8

46.6

YIELD S
FOR FUL

~

Ie’etang.

57.3+
87.3+
83.8+
87.3+
89. o+

28.0
48.0
45.0
27.2
20.0

i
1 .5
1 .8
26.2
19.2
35.6

89.3+
;:.OJ

87:3+
78.0

~.y

16:8
88.9
21.3

78.0
42.6
42.2
50.5
12.0

15.6

Ss ksi.
PLASTIC
R1BUTION

T,aPez.

1

95.5
96.4
;;:~
99.3

2:; ?
50.2 $
30.4 =
22.4 ~
15.3
21.3
29.7
21.7
40.8

7

97.0
97.8+
98.0
:;. ~

102. 7+ ~
72.5 a
19.0 .5

101.2 g
24.2 ~

88.7
48.5
48.0
57.8
13.8

17.9

TASLE VII. STRESS AT FIRST CRACK OR MAKIMUM
LOAD FOR ELASTIC OR FULLY PLASTIC
DISTRIBUTION. TESTS AT -16 F.

BAR

17
23
52
18
22

;$

&
h8

g

25
26
27

#

41
42
54
57
58
$
5

PRE-
;T8A11

0.50
0.55

,,

0.56
,,

0;56

0.57
,!

0.59

0.62
“

0.67

0.51
0.53
0.56
0.57

m

0;59

,!

0.60
,,

0.60
0.62

!,

0.63

ASS-C STEEL (1956)

w.xlm EUSTIC STRESS ksi

Iectarlg.
\tl.e. ight

l$;. g+

11:9
lg. g

55.6
:~;:;;

65.9
111.9

27.8
10.6
17.1

141.7+
140.2+
145. k+
142.9+
140.7+
11++~y

72.1
26.5
91.1

29.8
17.0
43.9
54.8

!ectang,
Curved

200 .5+
43.7
17.8

2;Jy

83.9
223.6+
216.6+
100.2
23.3
45.6
17.4
30.4

200.5+
213.0+
218.9+
217.1+
213.6+
2;:.:
113:0

$:2
47.5
27.7
71.7
91.1

YIELD S,
FoR FUZ
TRESS D

iectmlg.

90.8+
17.9

7.7
y6. y

35.8
94. 5+
90.8+
4;:g

17.9
6.8

11.0

90.0+
89.0+
92.5+
90. 8+
89.3+
92.5+
23.3
46.5
3.7.1
59.2

19.2
10.9
28.2
35.3

:SS k,i.
PLASTIC
‘R1BUTION

m-ape..

J
~$.~

8:5
98.8+ a
36.6 :

39
“k ;103. + .

lpj.y 4

10:7

20.1
7.7

12.5

:

97 .0+
96.8+

101.5+
101.0+

98.6+
m;: $+

51.6
19.0 %
66.0 2

s
21.4 :
:.: ~

39:8

stress co,re?+mnding to an applied 1..3 of 50C0 lb,
at which n. m’act, ure ofx”rre’i.

+ stress cm.reapmding to an applied load of 5000 lb.
at which no fractureoccurred.



I 1 I 1

1 1 1 1 I

,-*

.~—.

+ ● EEI==E
+ 0 NO FRK7”RE

I I I .



-1o-

to about 0.03 for tests at 70 F and 0.06 at -16F

b. IJO size effect was reflected in the ex-
haustion limit when the thidkness of the test
bars was increased from 0.75 to 1.25 in.

c. The calculated stress on the assumption
of an e~astic stress distribution for the most

brittle of the bars prestrained beyond the ex-
haustion limit was close to, and sometimes low-
er than the O. 1% offset strength after compres–
siOn. The calculated stress o“ the assumption
of fully plastic stress distribution for bars pre -
strained below the exhaustion limit (ductile)
was close to 90 ksi with few exceptions.
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APPENDIX

CAIGULATION OF FRACTURESTRSSS FOR RECTANGULARAND
FOR TRAPEZOIDAL CROSS-SECTIONS , FOR STRAIGHT AND CURVED

BEAMS , AND FOR PURSLY ELASTIC AND FOR FULLY PLASTIC BEHAVIOR

1. Rectangular Cross-Section

a. Straight elastic beam Or
99 e

= 6N/boh2 + P/A (1)

b. Straight fully plastic or~, ~ = l+M\boh2 (* << Or )
S5P (2)

c. Curved elastic or
c, e [

J+‘“21 ~&h (; + *)
1 ‘i (3).

cl. Curved fully plastic or #
CJP =

~, ~ = @f/boh2 (2)

II. Trapezoidal Cross-Section

Assumption: The line dividing the cross-section in two equal

areas (Fig. 6$ inset) retains the initial Width bo.

Then

b2 = CT (4)

a = h(bl -be)/(bl - b2) (5)

Distance of centroid from lower base bl

C = ~(bl + b2)/(bl 4- 2bz) (6)

From experiment: bl = 1.38 - ~= 1.38 -~(~ - 1) (7)

a. ~tr.Straight elastic beam: ~ ~
,

= %( bl+E’b2)/( b$+Lblb2+b; ) + ~ ( 8 )
h
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b. Straight fully plastic: ~tr. = 6M/(A X L)S,p (9)

L=+

[

b. + 2b2( ~ b + 2bl
1b2) + ~“ + bl(bl - oj

% 2 bo+ b20-
b) (10)

0

~tr

[
=M~+— -2;1C(* + F%

1

F
c. Curved elastic:

C9P +T (11;

d. Curved fully plastic: ~tr = ~tr
C*P SSP

= 6M/(A X L)

M: applied bending moment

P: applied force

A: area of cross-section

I: moment of inertia about c entroid

R: radius of’ curvature at intrs.dos of m.mved beam

c: nominal compressive prestrain at intrados

(9)



I Ship Structure Committee NONE
26 .,0..

r“”,.REPOR,TITLE

REVERSED-BEND TESTS OF ASS-C STEEL WITH AS-ROLLED AND MAC HINEL
SURFACES

,. DESCR!PT(VE NOTES <TPP. ., “P,, end ,“cI”. !v. date.)

Progress Report
,. AUTHOR(S)(L.. * .mme.<1,.1..0.., l“ltt.1)

Satoh, K., and MYlonas, C.

5. REPORT DATE

April 1965
7.. TOTAL .0. OP . ..ss

13
,6. ..2; . ..,s

!.. CONTRACTOR . . . . . .0. s.. 0“10,..,0..s . . . . . . NUMBER(S,
NObs-88294

b. . . . . . . . .0.
NObs-88294/3

. S b. ~:.”:;o;~.o”T .’?(S) (A”, .fh.r .mb.” U!., m., b. . ..lm.d

Serial No. S-F 013-02-04 Task 2022
d, I

f(. S.P. LEMEN, ARY .0,,s ,2. SPO”SO. ING MILITARY ACTIVITY

i.
Bureau of Ships, Dept. of the Navy
Washington, D. C.

,,. ABSTRACT

Comparative tests between bars with as-rolled and with machined surfaces
show a small difference in the compressive prestrain needed to exhaust the original
extensional ductility of the steel, as this is determined by the reversed bent test? 3’
Machined bars show a higher exhaustion Iimit (prestrain) than as-rolled bars by O. 03
at 70 F and O. 06 at -16 F. Stress calculations show that the most brittle fractures
may occur at applied elastic macroscopic stresses as low as about 50 ksi at 70 F an
about 30 ksi at -16 F. Highly ductile bars sustained a stress close to 90 ksi at bot
test temperatures.

DD ,%% 1473 NONE

Sec.rity Classification



NONE

1.
KEY WORDS

1NSTRUCTIONS
1, ORIGINATING ACTIVIT E Enter the name ..d addr.ss
of the contractor, subc.mtr,.tor, ~a.tee, Department of D-
fe.se activity or other organization (corporate author) iss.1.g
the report.

2a REPORT SECUFTTY CLASS1FICATION Enter th. over.
.11 security classification of the report. I.dic.te whether
C<Restricted D.t.S, is included. Marking is to be i. .ccorc$
ace with appropriate security regia! ion..

2b, GROUP A.tome.tic d.aw.gr.dinx is specified i. DoD D1-
recti, e 5200.10 and Armed Forces lnd.strlnI Manual. Enter
the wow number. Also, when applicable, how that optiomel
t“arki”zs have been used for Grow 3 and GrouP 4 as .“thot-
ized,

3, R~ORT TITLE Enter the c.mlete rap.rt title i. al
. ..1{.1 letters, Titles i. all cm.es shomld be uncl.ssifled.
U a me .ni.gf.l title . .nn.t be select .d without c1 .esiflc..
ti.., show title classification i. til capital. i. mre.the.is
immediately following the title.

4, DESCRIPTIVE NOTES If wnr..riti.. enter the tn. “f
report, e. g., i.t erim, wwress, si”mmkry,annual, m final.
Give the i.clus~ve dates when a specific report%ng period is
c.. erd,
5. AUTHOR(S) Enter the nanla(s) of autho<s) .S ShOW. 0.

or in the rer..ti. EnteI 1.s, name, first “am., middle i“ith?l.
If military, slmw rank and branch of iacrvi.e. The name of
the Principal aatt!o, is .“ ab.ol.te minimum r.wireu.ent.

6. REPORT DAT2 Enter th. date of the report as diw,
month, wan or month, ye.,, If more tba” one date 6wF.ears
o. the report. u.. date of publication.

7.. ‘IT3TAL NUMBER OF PAGES The t.tel Pac. Co””t

should follow .OIM.1 Pagi..ti.. pr.cedur.s, L e., e.ter the
number of pages comtainiw information

?b. NUMBER OF REFERENCES Enter the total number of
references cited in the report.

8.. CONTRACT OR GRANT NUMBER If q. ProP,i.ste, e“t=
the applicable number of the contra.t or want under which
the rewml was written

8b, 8c, & 8d. pROJECT NUM13ER Enter the appropriate
military depwtmerd id..tific.tion, such a. project number,
subroject number, system ..tnbers, task ..mber, etc.

9.. ORIGINATORSS REPORT NUMBER(S> Enter the Offi-
cial rqort “umber by which the documemt will b. Idenl ifled
and c. trolled by the origi..t ing activity. This number must
be unique to this rwort.

9b. OTHER RwORT Nu~ER(sh If the report ha. bee.
.ssig”.d any other reP.rI “umber. (either by the .r/@nalor
o, by the s.Pon. o,), .1s. e“te, this number(s).

10, AVAU.ABILITY/LIMITATION NOTICES Enter any lb’.
itatloms on further disse!nm.ti.” of the report, other than th..,

)D ,7:,% 1473 (BACK)

LINK A

T
Y
,0.,

—

w

~~~hs~~, by securit Y .1.s siflc.1 i.., .Si.g St .“d.rd .tmt.me.ts

(1)

(2)

(3)

(4)

(5)

,-Ch.alif ied requesters may obtain copies of this
,cP.ti from DDCa S
,, Foreiw .momcment and Wsscmi.nti.. .f t~,

,qorl by DDC is not a.thorizerl ‘,

rev, S. Government .K.ncies may obt.im coPiQ. of

this report directly frm! DX, Othet qualified DE”2
.s,,s shall request tluough

,$!

,,”, S, tiIit.,y .g...ies may obtain copies of this

report directl Y from DDC Oth.r qualified . .ers
shall request “through

,,!

‘,~, ~,,ti*~”t*on .! ,hi. ,Wort i, .o.trO, *e& Qad.

ified DDC u.ers shall request thro.gh
,,)

If the rep.tt has be.. furnished to the Office of Technical
Services, Department of Commerce, for ..1. t. the public. i.dl
cat. this feet .“d emter the price, if km. -

IL SUPPLEMENTARY NOTES Use f., edditiond exPlan.-
,Ory mate,,

12. SPONSORINGMIIJT ARY A CTIVH’ K Enter the name of
the dep .rtme.t.l prc.j ect .ffic e or 1mboratory .Po.so.i”z (pap
inf for) the research and de”el”wnent, 1.. I.de address.

13. A8STRACT: Enter a. abstract &ving . brief and factual
summary .1 the document indica, iv. of the report, even though
it may .1s. appear .Isewhere i“ the body of the t.chnlc.l re-
port If additi.”,1 space is rewirwl, a .O.ti”uati.. sheet sh.
be attached.

It is hid>ly desirable that the abstract Qf cl.,,if.=d ‘Por
be u..l..sif ied. Each paragraph of the abstract shall end wit
. . indication of the military security classification of the i.-
formaticm %. the cmwgraph, recmeseot.d as [TsJ, [s), [.1, . . (.

There is . . limitation . . the Ie.sth of the abstr. ct. How
.,.,, the su~gested I.”@h is from 150 t, 225 words.

14. KEY WORDS: Key word= are tech.i..lly mea”iwful term
or short Phrases that chsr.cterixe a rePOrt and may be used .s
index e“tdes for cataloging the report. Key ‘WOK!. must b.
selected so hat . . security classification is rewired. Identi
ft..., such as equipment model desi~.tion, trade -m., milit,

Pd=ct ..d. ..~.. ~.wphk l.~.t,,... maY be used . . key
words but will be followed by an indication of te.hmc.l con.
text. The am.igntnent of links, rd.., end weights is optional,

NONE

Security Classification



NATIONAL ACADEMY OF SC1ENCES-NATIONAL RSSEARCH COUNCIL
DIV1S1ON OF ENGINEERING AND Industrial RESEARCH

The Ship Hull Research Committee undertakes research service activities in the general
fields of materials, design, and fabrication, as relating to improved ship hull structure, when
such activities are accepted by the Academy as part of its functions. The Committee recommends
research objectives and projects; provides liaison and technical guidance to such studies; reviews
project reports; and stimulates productive avenues of research.

SHIP HULL RESEARCH COMMITTEE

Chairman: RADM A. G. Mumma, USN (Ret. )
Executive Vice President
Worthington Corporation

Members: Prof. R. B. Couch, Chairman Professor J. E. Goldberg
DePt. of Naval Architecture Prof. of Civil Engineering

& Marine Engineering Purdue University
University of Michigan

Mr. Hollinshead de Lute Mr. James Goodrich
Asst. to Vice President Exec. Vice President
Bethlehem Steel Co. Bath Iron Works

Dr. C 0. Dohrenwe nd
Vice President .& Provost Mr. D. C. MacMillan
Rensselaer Polytechnic Inst. President

Prof. J. Harvey EVarIS
George G. Sham, Inc.

Prof. of Naval Architecture
Mass Institute of Technology

Mhur R. Lytle
Director

R. W. Rumke

Executive Secretary

SR-158 PROJECT ADVISORY COMMITTEE
‘mMacro fracture Fundamentals”

Chairman: Professor W. R. Osgood
Professor of Civil Engineering
Catholic University of America

Members: Professor Joseph Kempner Professor P. M. Naghdi
Profes Sor & Director of Professor of Engineering Science

APPlied Mechanics University of California, Berkeley

Polytechnic Institute of Brooklyn

Mr. J. A. Kies Dr. Nicolas Perrone

Head, Ballistics Branch structural Mechanics Branch

Mechanics Division Office of Naval Research
Naval Research Laboratory


