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ABSTRACT

Comparative tests between bars with ag-
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.”*1° 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 showthat the most brittle fractures may oc-
cur at applied elastic macroscopic stresses as
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-16 F. Highly ductile bars sustained a stress

close to 90 ksi at both test temperatures.
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PURPOSE OF THE TESTS

The important influence of the history of
strain and temperature on the ductility of struc-
tural steel and on the initiation of brittle frac-
ture have been demonstrated and discussed in
several earlier papers.* '® It was shown that
precompressed notched mild stesl plates tested
in central static tension would develop arrest-
ed cracks or would fracture at an average net
stress as low as 10% cf the original yield point.
Without prier compressive prestraining this
steel, like all other mild steels tested in the
laberatory, would not fracture before general
yvielding of the net section, in spite of the most
severe notches and temperatures below Charpy
transition. The reduction of the extensional
ductility caused by cold or hot compression has
been studied with axially compressed bars® ™7
12717 and with reversed~bend sheets!®™2° and
bars!™'® A remarkable result of these tests was
the sudden drop of the extensional ductility at
a narrowly determined limit of the prestrain,
henceforth called the exhausticn limit for the
particular testing conditions, Prestrains lower
than this limit had little effect on the exten-
sional ductility. This behavior 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 1b from the radius of curvature and the bar
thickness. The test load {(as in Fig. lc) of bars
of an ABS-C steel ig plotted in Fig. 3 against
the prestrain for reversed-bending at 70 F{left)
or -16 F{right). Bars presirained by 0.59 or
more and tested at 70 F(left) develeoped arrested
cracks or fractured at loads smaller than 20001b
and corregponding extensional strains of the or-
der of 0.01, with hardly any opening of the U~
shaped bar. Barsg prestrained by less than 0.59
did not ifracture even at a load of 5000 lb., at
which the bent bars opened up by very large
angles corresponding to strains considerably
higher than 0.10. For bars tested by unbending
at -16 F the exhaustion limit was 0.55 to 0,57
{compressive prestrain). The sudden transiticon
of the ductility makes it unnecessary to measure
exactly the strains at fracture. It is only re-
quired to know whether the strains are large or
very small, and this is directlyreflected in the
magnitude of the load. Thus the reversed bend
test ig very simple, requiring only a measure-
ment of the maximum applied load, and the ex-
haustion limit is a realistic measure of the
quality of the stesl since it measures its re-—
sistance to embrittiement by prestraining.

FIG. o
FIRST STAGE

22200200

FIG Ib

SECOND STAGE
OF BENDING

072222722

FIG. Ic
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 varying in thickness from
1/8 in. to 3/4 in., and in width from 1 in. to
4 in. A small number of tegts had shown that
hars with machined surfaces probably had a
slightly higher exhaustion limit as compared
with bars having surfaces in the as-rolled con-
diticn. 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.

MATERIAL

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 Bureau of Standards. The details
of plate preparation, composition, and proper—
ties are given in Table I (NBS data).



TESTS FOR THE EFFECT OF SURFACE
CONDITION

Plates 242, 243, 245, and 246 of heats C-4
and C-5 were used (Tablc I) as their finishing
temperatures, vield and tensile strength, elon-
gation, and NDT temperature were almost iden—
tical. Tifty—ecight 1.00 in. wide bars wore cut

in the dircction of rolling, and their thickness
wag reduced by onc-sided machining rom 1 .25
in. to 0.75 in. Theo bars were bent to varicus
radii (Fig. la, b)yhalf of them with the as-rolled
face and the other half with the machined sur-
face at the interior of the bend. The final test
in reverse bending was done either at 70 F or
at =16 T, in a tension machine equipped with
specially constructed sets of gchackles for 0.75
in. thick bars, and also
bars {(Fig. 2} uscd in th
The test results are given in Tables II and
1II, and in the graphs of T'ig. 3 and 4.
Machining cf the surface raised the ex-
haustion limit from about 9.59 to about 0,66 for
final testing at 70 F, and from about J.56 to

about 0.59 for final testing at -16 F. The {inal
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 EFTECT

Comparative tests of bars of full plate thick-
ness (1.25 in.)and of reduced thickness (0,75
in.)by one-sided machining were also made.
ABS-C steel heat C~-7 wasg uscd (Table 1), and
all tests were performed with the same as-
rolled face on the interior of the bend. The
test results are given in Table 1V and Fig. 5,
and the corresponding exhaustion limits are in-
dicated on the last twa lines of Table V. The
exhaustion limit is slightly differcnt for heat
C-7 than for C-4 or C-5, but does not change
with the thickness.

An attempt was made to calculate the macro-
scopic fracture stress at the inner surface of
the bent bars, on the assumption of a smooth
bar surface. The bending moment at fracturce
was calculated from the load and the moment
arm, which were measured in each test. But
the stress-distribution depends also on the
cxact stregs-strain relations of the prestrained

atoe] = e WY
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not know The exact
bending stress just bhefore fracture can be found
only when the stresses are elastic, i.c. for
fractures at very low loads. It can also be c¢s-
timated [or fractures at large loads and deforma-
ticns, when considerable strain hardening has
occurrced and the slope of the stresg-gtrain
curve is substantially reduced, so that the
gtregs distribution will approach the fully plas-
tic bending stress distribution with a yield
stress cqual to the fracture stress.

meadiate situations the stress cannot be found
cxactly from the cxisting data, but it will cer-
tainly lic between the extreme values of stress
calculated for an elastic and for a perfectly
plastic stress distribution. These two oxtremes
were calculated for all fractures. The upper
limit of stress {(¢lastic) is likely te be correct
for fractures at the lowest loads, and the lower
limit of stress {fully plastic) for fractures at the
highgst loads.

Tne deformation of the cross-scction due to
the large bending straing was also taken into
cunsideration. The true shapce of the deformed
cross-section is curvilinear {Fig. 6, insect)and
was approximated by a trapezoid. It was also
assumed that the line parallel to the bases and
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TABLE 1. PROPERTIES OF 1-1/4 IN, THICK ABS-C

STEELS (1956)%

TABLE II. REVERSED-BEND TESTS. EFFECT OF
SURFACE CONDITION 0.75 IN. THICK
BARS PRESTRAINED AND TESTED AT 70 F.
ABS-C STELL (1956}

STEEL TESTS FOR SURFACE EFFEGTS SIZE EFFECT
Heat Code Dl C=ly c-5 C-5 c-7
Plate No,. 2h2 2h3 245 246 252
Flate Positlon Top Center Top Center Center
TIngot Location Next, to Next to | Next to Next to Last
Last Last Last Last
Yield Point, (ksi) 32.2 32.9 32.3 32.0 36.7
Tensile Strength {(ksi) 62,3 61,8 62,3 61.3 65,0
Elomgatien (8n) (%) 32,5 32.0 33.0 31.0 30,5
Ta0 -5 -18 =7 =5 =24
TvlS =1 =10 7 ) =10
Transition TYZS +10 +12 +19 +15 +17
Temp.
50f Fibrous 458 +ol +52 +57 +17
10% Fibrous =7 -11 +5 -3 =13
o Edge +20 +20 +30 +10 0o
T (°F) Center
+20 +20 +10 +10 -10
Finishing Temp, (°F) | 1,840 1,890 2,000 1,950 1,300
Ferrite Grain Size l Tob 7.1 745 7.2 7.2
1
) 0.16 0.15 0.16 0,15 0,15
o 0,73 0.73 0468 0,58 0.74
Chemical |
Compesition (%) Si | 0.23 0,22 0.22 0.23 0.25
P o001 0,011 0,011 0.010 0.008
s | o.032 0,031 0.028 0,027 0,035

*NBS dbest data,

SITEL | BAR PRE- TTST LOAD (1b) FRACTURE STRESS
STRATN WM/fod? kesi
Arr. Crack | Fracture Arr, Crack | Fracture
c=ly 2 0,55 - 5 000 - B7.3+
Gl & 0,57 - 5 000t - 87.3+
c=h S 0459 - 5 0CO+ - §3.8+
C=l 7 8.59 - 5 000 - 87,3+
C=5 51 0.59 - 5 00+ - 39,0+
Celt 8 0.59 1110 1 §20 28.0 - ]
o=k N 060 1 860 1 860 L8.0 - =
c-5 33 0.60 1 780 1 780 L5.0 - =3
C=5 37 0.60 1 080 2 700 27,2 - #
c-5 38 0u62 780 2 h30 20,0 - E,
Cmb 36 0463 560 1 820 1.5 - =z
Cal 1 0,65 800 2 000 18, - T}
c=5 3L 0.65 1020 1820 26,2 - k!
c-5 35 0485 760 2 000 19,2 -
G-l 3 0.69 1 Lo 1 190 35,6 -
C=ly 9 0,53 - 5 QDO+ - 89,3+
o=l 10 0.56 - S 000+ - 89,0+
C=ly 11 0.5% - 5 000+ - 89,0+
C=l 13 0,62 - 5 000+ - 8743+
c=l 31 0,83 - I 130 - 7840 o
C-h 14 0.65 - 5 000+ - 90,8+ g
Chi 15 0,65 - I 300 - 6L.0 ¢
c-L 1z 0.65 £h0 3 720 16.8 - 2
=l 30 0,67 L 990 - 88,3 -
[ 1 0.67 800 1 340 21.3 - 2
c-5 Ly 0.67 3 %80 - 78,0 o
C-5 39 0.67 1 600 1 600 h2.6 - g
C=5 59 0.67 1 %80 1 580 L2,2 - =
c-5 L3 0.6% 1 920 1 930 50.5 -
C=5 56 0,71 450 1 L90 12,0 -
=5 55 0.71 590 1 650 15,8 -

4 The loading was stoppad at SO00 1b,




TABLE III.

REVERSED-BEND TESTS. EFFECT OF

SURFACE CONDITION 0.75 IN, THICK

T e e Ty T

™A

BARS PRESTRAINED AT 70 F AND TESTED

TABLE 1V, REVERSED-BEND TESTS.

EFFECT OF BAR

THICKNESS 0.75 and 1.25 IN, THICK
BARS PRESTRAINED AT 70 F AND TESTED

AT =16 F.

ABS-C STEEL {1956}

AT =16 P. ABS-C STEEL (1956)
STIEL BAR FRE= TEST LOAD (1b) FRACTURE 3TRESS
STRAIN 1M/0d? kst
Arr, Crack | Fracturs | Arr. Crack | Fracture
c-L 17 0.50 - C 000+ - 0.8+
culy 23 0.55 700 1 6ko 17.9 -
C-5 52 0,55 710 1 600 7.7 - @
c=h 18 0.56 - g 000+ - 90,0+ &
o=k 22 0.56 1 320 1 7ho 33.3 - y
c-ly 2l 0,56 1 Loo 1 71¢ 35.8 5
c-5 50 0.56 - 5 000+ - 9L 5+ o
-l 21 0.57 - 5 000+ - 90.8+ | o
w8 Lg .57 1 &80 1 480 L2,5 - ]
Cub L8 0.59 380 1 500 9.6 - )
] 1% 0,562 700 i 620 17,9 - =
Cu5 L7 0,62 270 1840 6.8 -
c-l 20 0,67 L30 1 380 1.0 -
o=k 25 0,51 - 5 000+ - 90,0+
C-h 26 0.53 - 5 000+ - 89,0+
c=l 27 0.56 - 5 000+ - 92.5+
Cub LS 0.57 - 5 000+ - 90,8+ b
C=5 L& 0.57 - 5 D00+ - 89,3+ 8
o=l 28 059 - 5 000+ - 92.5+ | &
C=5 11 0,59 900 1 760 2343 - 5
r_t ). n_co 1 7on T %o 1.£ -
L) e ey L fAv L7 O e> @
-5 sk 0.60 650 1 h6o 17,1 - £
c-5 57 0,60 2 280 2 280 59,2 - £
G5 58 0,60 7LO 1 450 19.2 - g
=l 29 0,62 hzo 1170 10.5 -
Ca5 ) 0,62 1 070 1 370 28,2 -
G=ly 32 0,63 1340 1 340 35.3 -

+ The loading was stopped at 5000 1b.

STEEL BAR PRE=~ TEST LOAD {l1b} FRACTURE STRESS
STRATN LM/6a® kei
Arr, Crack | Fracture | Arr. Crack | Fracture
c=7 8 0.45 - L 000+ - B7.2+
c-7 10 0,48 - h 000+ - 87,2+
0-7 15 0450 - L 000+ - 89,1+
6-7 19 0,50 - U 000+ - B7,24 »
c=7 20 0.50 - by 000+ - Bg.+ 3
c-7 0,52 - L 000+ - 87.2¢ | =
c-7 g 0451 430 1 180 20.8 x
c-7 .12 0,51 1 960 1 960 63.2 g
c=7 11 0452 - L 000+ - 87,2+ 7
C=? 16 0.52 - L 000+ - 89,1+ v
C-7 18 0,52 - L coo+ - 57,2+ o
g7 17 0,52 L8o 1 290 15,7 - o
c=7 & 0,53 Lyo 1 150 16.5 - 5
C-7 g 0.53 1 300 1 300 L2,s - 5
=7 7 0,56 1 030 1 320 3h.7 - "
c=7 1 0,57 1130 1130 38,1 - &
ca7 2 0,59 370 1 10 12,k - =]
C-7 3 0,62 560 1 330 19.2 -
Ca7 I 0.65 8Lo 1180 22.2 -
c-7 1 Ouh8 - 7 500+ - 8542+ 4
c-7 b 0,50 - 7 500+ - 88,6+ | 8
C=7 10 ©u50 . 7 500+ - BheT+ | =z,
C-T 8 0,50 2 050 L 200 2h.2 - ~
c-7 3 Q.51 1180 3030 1h.0 - °
C-T 5 0451 L 000 L 000 L7.3 - ©
o7 2 0.51 1 860 3 890 22,0 - %
o7 u 0,51 2 430 3 650 28.6 - &
c=7 15 0,51 5 710 5 710 £6.3 - 4
C=7 7 0452 - 7 500+ - 85.8+ x
c-7 13 0.52 1 sho L 060 18,2 x
c-7 2 0453 380 3 390 heS |
C=7 6 0.53 930 3230 11.0 384 G
c-7 12 053 2 Loo 3 330 28,6 3%.6 w
c-7 i1 0.57 360 2 630 b6 3243 -

+ The loading was stopped at 4000 1b. (0.75 0.75 in. bars)
or 7500 1ib. (1.25 1.67 1in. bars).
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dividing the cross-section in two equal areas
retained its original width by . As the height
did not change appreciably during bending, a
single measurement of the largest base b, was
sufficient for the determination ¢f the trapezoid.
The width b, after various amounts of bending
of 0,75 x 1.00 in. barg 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 werse made according to straight
and to curved beam theory for elastic®® and for
fully plastic behavior®'™2?® according to the for-
mulas given in the Appendix. Stress from axial
loading was added to the bending stress only in
eclastic behavior. In fully plastic action the
small axial force of the present tests (about10%
of the vield 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 REVERSED BEND TESTS
| u
Tested at ~16°F Tasted at 75°F
Steel Azed Exhaus- Unared Exhaus= Aged Exhaus= Unaged Exhaus-
tion Limit tion Limit tion Limit tion Limit
E 0,40 to 0.lLL 0450 4o 0,55 0,50 to 0.55 0.57 to 0,59
ABS-C# 0.50 1o 0.52 0,57 to 0.57 0,52 to 0,56 0.69 to 0.62
HY-RO 0,59 to C.A3 0.60 to 0.63 0.61 to 0,65 0,65 to 0,59
A=7 .16 to C.h8 0452 to 0,55 0452 to 0,55 0.61 1o 0,62
T-1 0.9 to 0,52 0,52 to 0,53 0.5% to 0.59 0.60 to 0.6k
ARS =0l
ARS-C-J
As-rolled 0,55 to 0,57 0.59 to 0.A0
Surface
Machined Q.59 Lo 0.0 0.65 to 0.47
Surface
ABS-C=7
As=rolled
0,75" square 0,50 to 0,52
1.67 x 1,25 thick 0451 to 0.52
L. —

Mpests of 1960.

for combined bending and tension,?1722

The results are tabulated in Tables VI and
VII. The stresses calculated by straight and

curved elasgtic bheam formulasg diffar cuhetan=-

CUIVOL Tigovie LOalll IVNNULGs ULLIgD Sulsiail

tially, but those for rectangular and trapezoidal
cross-sections are surprigsingly clese. The
trapezoidal section gives elastic stresses only
6 to 7% smaller than the rectangular, and fully
plastic stresses only 8 to 10% larger. In view
of the approximations introduced by the finite
bending and by the assumpticn of the trapezoi-
dal shape, and of the uncertainty of the stress-
strain law, these small differences do not justi-

fy the laborious calculations for trapezoidal sec~

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

The fracture gtresses calculated by rectangu-
lar curved beam theory for the extreme instances
cf purely elastic and of fully plastic behavior
{Tables VI and Vi, Celumns 4 and 6) have been
plotted against prestrain in Fig. 7 and 8. A
vartical line joing the points corresponding to
the elastic stress (higher) and the fully plastic
stress (lower) for the same test. As alrecadydis-
cussed, it appears reascnable 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 defor-

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 cal-

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 0.1%
ofiset tensile yield strength, which from analo-
gy with earlier tests with BE~Steel’® and with re-
cent unpublished tests of bars of ABS~B steel
compressed axially by 0.50 but unaged, should
be about 40 to 50 ksi. The low nominal stress
fractures are probably caused by stress con-

Aavtratinne fram enrfacs irreonlaritine Aar fram
Ceniialions ireh suriace lifcguialliiics O rim

flaws, and to a certain extent by residual
stresses, but they indicate an extreme brittle-
ness, i.e. an inability of the steel to vyield
locally so as to reduce the stress concentra-
tions and wipe out the residual stresses.’® The
calculated vield stress based on an assumed
fully plastic distribution was equal to about

90 + 3 ksi for all the bars which withstood large
deformatlons, 1rrespect1ve of surface condition

CL
-
(0
u
z
-
a
T
@
-
o)

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



TABLE VI.

STRESS AT FIRST CRACK OR MAXIMUM

LOAD FOR ELASTIC OR FULLY PLASTIC
DISTRIBUTION.

ABS-C STEEL {1956)

TESTS AT 70 F.

TABLE VII.

STRESS AT FIRST CRACK OR MAXIMUM

LOAD FOR EIASTIC OR FULLY PLASTIC

DISTRIBUTION.
ABS-C STEEL (1956)

TESTS AT -16 T.

YIELD STRESS ksi.

PRE. YIELD STRESS ksai.
BAR | gopa1p | MAXIMUM ELASTIC STRESS ksi,| FOR FULLY PLASTIC
STRESS DISTRIEUTION
Rectang, | Rectang,| Trapez.,
Straight Curved | Curved [Rsctang. Trapez,
2 0.55 1376+ 217 T+ [ 2040+ | B7.3+ 95, 5H
6 0.57 137.6+ 222,71+ | 208,64+ | B7.3+ 56..hH
S 0.59 134, 2+ ZT0.2+ | 206,6+ | B3.8+ 93, 3H
7 " 137.6+ 229,24+ | 212.64 | 87.3+ 97 .24
51 " 1ho.2+ 233.7+ | 21B.9+ { 89.0+ 99, 3H
8 | 0.59 ui.s 72.9 | 68,3 | 28.0 31,2 |9
it 0,60 The5 126,3 | 118,7 48,0 E3.5 |~
33 " 69.8 117.8 {111.5 | 45,0 50.2 |9
37 i 42,2 7.5 67.2 27.2 30,4 |=
38 0.62 31,1 sh.2 £1.0 20,0 22.h a
36 0.563 22.5 1.0 T4 .5 15.3
1 0.65 29.3 53.7 50.% 18,8 21.3
3 " 40,8 The? 69, 26,2 29.7
35 n 29.8 Shub 5l.3 13,2 21.7
3 0.69 55.L 109.4 | 101,7 3C.6 ho,8
g 0.53 ThG. 7+ 217.7+ | 203.5+ | 89.3+ 97 + 0
10 0.56 140, 2+ 22k, 77+ 210.9+ | 89,0+ 975+
11 0.59 1ho.2+ 233.7+ | 218.8+ | 89,0+ 8. 0H
13 0.62 137.7+ 238.7+ | 22,6+ | B7,3+ 98, 2+
31 0.63 122,5 216,2 | 20L..6 8.6 87.8
16 0.65 2,9+ 259.9+ | 2l 7+ | 9u.B+ 102, 7+
15 " 101.7 18h.2 | 173.3 64.0 72.5 |2
12 " 26,1 L7.58 ug.9 16.8 15.0 |5
30 0.67 1L0.2 260.5 | 248,14 §8.9 101.2 |&
i " 33.1 62.9 58.7 21.3 2h.2 &
Ly n 122.3 231.3 |217.2 78,0 88.7
39 n 66,0 125.3 |117.9 L2,6 48,5
£9 u 65,3 123.% 116,56 L2.2 48,0
L3 | 0.69 78.L 15L.8 J1kh.B | 50.5 57.8
56 0.71 18.6 38.1 35.8 12.0 13.8
55 0.71 2.2 L9.5 Lbé. 6 15.6 17.9

BAR sggffu MAXIMUM ELASTIC STRESS ksi,| FOR FULLY PLASTIC
STRESS DISTRIBUTION
Rectang. [ Rectang,] Trapez,
Straight Curved | Curved | Rectang. Prapez,
17 0,50 12.9+ 213,7+ | 200.5+ 90,8+ 97 .5+
23 0.55 27.8 . 43.7 17.9 19.6
52 " 11.9 18.9 17.8 7.7 8.5
18 0.56 1.7+ 226.7+ | 213.04 90,0+ 98,8+ |
22 " 56,8 31.5 78.1 36.7 36.6 5
o
2l 0,56 B5.6 83,0 83.9 35,8 39 |x
50 " 148749+ 238,7+ | 223,6+ 9.5+ 103.8+4| o
21 0.57 142,94+ 23L.7+ | 216.6+ 90.58+ 100,54+ | =
Lg " 65.9 107.2 | 100.2 L2.5 6.9
148 0,59 1.9 25.0 23,3 9.6 10.7
19 0,62 27.8 L8.5 k5.6 17.9 20.1
T " 10.5 18.5 17.4 6.8 7.7
20 0.67 17.1 32.5 30,4 11.0 12.5
25 0.51 1h1.7+ 21L.2+ | 200.5+ 90,0+ 97.0+
26 0.53 1h0. 2+ 217.54+ | 213.0+ 89.0+ 96,8+
27 0.56 L5, bt 232,7+ | 218,9+ 92,5+ 101,54+
I5 8,57 12,9+ 231.2+ | 217.1+ 90,8+ 101.0+
L6 " 10,7+ 227.7+ | 213,6+ Bg, 3+ 98,6+
28 0,59 L5 U+ 2h2.7+ | 227,10+ 92,5+ 102.6+
L1 " 36.2 60,7 S6.7 23.3 25.9
L2 " 72,1 10,6 | 113.0 L6.5 51.6 |
Sh 0,60 26.5 hs.0 La.l 17.1 19.0 | ¢
57 i 91.1 155.3 5.5 59,2 6640 =
58 0.60 29.8 50.6 | B7.5 19.2 21.k | &
29 0.62 17.0 29,7 27,7 10.9 12,2 |=
L0 " k3.9 6.7 1.7 28,2 31.6
32 0.63 ch.8 G743 91,1 35.3 39.8

+ stress corresponding to an applied load of S0C0 1b,
at which ne fracture gccurred,

+ stress corresponding to an applied lcad of 5000 1b.
2t which no fracture ceceurred.
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to about 0.03 for tests at 70 F and 0.06 at -16F.

b. No size effect was refiected in the ex-
haustion limit when the thickness of the test
bars was increased from 0.75 to 1.25 in.

c. The calculated stress on the assumption
of an elastic stress distribution for the most
brittle of the bars prestrained beyond the ex-
haustion limit was clese to, and sometimes low-
er than the 0.1% offset strength after compres-
sion. The calculated stress on the assumption
of fully plastic stress distribution for bars pre-
strained below the exhausticn limit {ductile}
was close to 90 ksi with few exceptions.
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APPENDIX
CALCULATION OF FRACTURE STRESS FOR RECTANGULAR AND

FOR TRAPEZOIDAL CROSS-SECTIONS, FOR STRAIGHT AND CURVED
BEAMS, AND FOR PURELY ELASTIC AND FOR FULLY PLASTIC BEHAVIOR

I. Rectangular Crgss-Section

a. Straight elastic beam  of = &li/b a” + P/A (1)
3

. R 2 P r
b. Straight fully plastic oL _ = b h << g

g ¥ p s,p = WY/, (x s,p) ()

. r _ ln 1,1 1 P
ce Curved elastic Uc,e = M(él .;---t-)..(-:‘.gr.1 (ﬁ + ﬁ?%ﬁ)} + (3)
de Curved fully plastic of = = L411/b n?
Cyp Sgp o (2)

IT. TIrapezeoidal Cross-Section

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

areas (Fig. 6, inset) retains the initial width b_.

Then
~ 2 2
by =1/ 2bg = by ()
a = h{b, =b_)/(b b, )
= Dy =D /ARy = B (5)

Distance of centroid from lower base b1

8,8

= X
c = 3h(bl + bz)/(bl + 2b,) (6)
i : = E: ..1-1-_
From experiment: by = 1.38 - 3 1.38 g(e 1) (1)
s o , . Gtre o _12M, . 2 2y, B
2, Straight elastic beam: ¢ = hg(bl+2b2)/(bl+ublb2+b2)+A (8)




=

Streight fully plastic: oo 7 = 6M/(A x L) (9)

¥
I b+ 2b b+ 2b _]
YTE -, [59‘:—5(% - o)+ 5ETE P - %o | o
0 2 o 1
- v _ c L oL 1 b3

Curved elastic: oc’p =M [I + 2blc(R ull=gern c{l+ T (11

Curved fully plastiec: otr _ otr _ 6M/(A x L) {9)
CsDP 2,0

M: applied bending moment
applied force
A: area of cross-section
I: moment of inertia about centroid
R: radius of curvature at intrados of curved beam

er nominal compressive prestrain at intrados
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