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W HEX a steel heam in a bridge or other structure 
has been bent by an accident, it has sometimes 
been found practicable to straighten the member 
in position, instead of replacing it. The straighb 

cning procedurc has usually bccn tmsed on the judicious 
application of localized heat, which causes the metal to 
expand and yield locally, thcn upon cooling to contract 
in such a manner as to accomplish the desired straight- 
cning. In  some instances, however, i t  has been found 
necessary to supplement the heat-and-contraction 
technique with a certain amount of cold straightening. 

For cold straightening of a heam, a heavy transverse 
force may be applied, utilizing a jack or a cable. If 
only a steady force is applied, i t  must produce bending 
stresses exceeding the yield point of the steel, in order 
to :womplish permanent straightening. However, if 
the tension side of the bent member is lightly hammered 
during application of the steady transverse force, 
straightening can be effected under a steady force 
wh1c.h alone is insufficient to produce yielding. This 
ol)scw-ed behavior has led to the present laboratory 
studies of thr effect of light hammering on members 
carrying steady axial tension. Thc investigation is 
related also to the peening of welds for the relief of redd- 
ual stress. 

This investigation has been undertaken under the 
sponsorship of the Engineering Experiment Station of 
the University of Washington. To date, the work has 
heen only of an exploratory naturc, using a simple type 
of specimen under stratly tensile stress. The experi- 
mental results are not yet sufficient to warrant any 
swetqing conclusions. However, thc tests indicate the 
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) Plastic elongation of mild steel strips axially loaded 
below the yield point subjected to transverse hammering 
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Fig. 1 Test specimen, machined from hot-rolled mild 
steel sheet; 0.078-in. thick 

considerable plastic elongation which can result from 
light transverse hammering on a tension member whose 
steady stress is well below its yield point. 

The test specimens were all machined from the same 
lCgage, hot-rolled mild steel sheet (0.078-in. thick), to 
the dimenfiions shown in Fig. 1. Figure 2 shows the 
testing fixture, in which the specimen rests on a small 
rectangular anvil, and is subjected to a steady tensile 
load produced by a 100-lb. weight hanging from the 
long arm of a bell-crank lever. The hammering action 
was accomplished by repeated 3-in. drops of a 1-lb. 
piece of l1/rin. round steel stock, having a flat striking 
face. 

Before hammering or applying tensile load, a 10-in 
gage length was laid off with punchmarks on each test 
specimen, straddling the reduced section. The 10-in. 
length was chosen to accommodate a 10-in. Whittemore 

Fig. 2 The tentingfixture, with a apecimen in place. The 
10-in. Whittemore strain-yage in  in the jnregro~rnd 



strain c ~ g r ,  \I hirh \\as used for measuring elongation of 
each specimen. Thc \Vhittcwmre gage \\as applied to 
each specimen, irnrnrrliately hrforc the hamniering 
began, and again aftrr appropriate numlms of hammer 
blo~vs. For e : ~ h  hammer blow, the 1-lb. weight was 
raised 3 in. with a string and allo~vcd to fall freely, 
guided within a loosely fitting vertiral tube. The loca- 
tion of the hammer Idou s wa.i slon ly sl~ifted h:~ck and 
forth along thc retlurcd srction of the test sperimcn, as 
hammrring prowcded. Timing of thc hlows was syn- 
chronizcd uith the s\\ings of a simple prndulum con- 
sisting of a sm:ill weight hanging from an appropriate 
length of string. The frequency was 90 hlows per 
minute in all trsts, exrrpt \\here stated to be othrrwiw. 

The yicltl point of the strrl was almut 35,700 psi., as 
determined from tmaion trsth of unhammered speci- 
mrns. For the tcsth nit11 tr:iris\cfic hammering, the 
steady trnsilr strt+w\ for s~~cresbive sperimrns were 
30,000 psi., 25,000, 20,000, 15.000, 10,000, 5000 and 
zero. Six Iluntlrcd h:immcr hlovs \\mL applied to each 
sperimrn. Three completr s ~ r i r s  of these tests were 
vonductrd. Figure 3 sho\vs the family of elongation 
curves ol)taincd from thc first sc~ies, the number of 
blows being plottcd :ih :hhci\sae. These curves show 
that the 600 blows produrcd only 0.001-in. elongation 
of thr 10-in gage Irngth, \\lien no trnsilc stress was ap- 
plied X t h  15,000 psi. stc:dy tmsile stress, the 600 
blows produced 0 004.j-in. elon~ntion; and under 
30,000 psi. steady strc,<+, the same hammering caused 
an elongation of 0.028-in The curves of elongation, 
incidcntslly, are wr11 to rc~scmhle a family of creep-time 
curves for steel at high temperatures. 

The second and third series of tests, intended to  be 
identical t o  the first series, prodwed ailnilas but far 
from identical results. Figure 4 shoms the elongation 
produce by 600 blows on each specimen in each of the 

Number of  Hammer Blows 
i90 Blows per Minute) 

Fig. 3 Plastic elongation rs. number of hammer blows, 
under aarinur ualuer of steady tensile stress 

Fig. 4 Plastic elongation caused by 600 humrner blowy. 
under various values of stead?/ tenaile stress. The three 
curres repreaent tests made on different days. Room ten#- 

peroture was highest for the upper curue 

three test series. The only known difference in the tebt 
conditions was the room temperature, whirl1 %as sorne- 
what higher for the first series than for the others. 

It was felt that the frequency of the hammer hlon. 
might have a significant influenre on the amount of 
elongation produced. Arrordingly, tests were con- 

* - 551T (>  ducted in which 600 blows were applied to suu t 
spwirnen a t  frequencies of 120, 60, 30 and 15 hlovs 1w1 
minute, respectively In these trsts, the steady ten*il( 
stress was 25,000 psi on all the specirnms. A s~r i r s  oi 
these frequency-variation tests was conducted on i.iic.11 

of two different days, and the results ate sho\~n graplii- 
cally in Fig. 5. I t  is seen that the highest freq~lenc~!. 
caused the greatefit elongation, but the curve of elonp- 
tion versus frequency was considerably different in thc, 
two supposedly identical series of tests. Additional 
single tests scattered ron~iderably from the cunw 
shown in Fig. 5. 

I t  was wondered how far the effects of the hanmrr 
blows might extend from the material a~tually struch 
by the hammer. To indicate the ans\\ er, an SR-4 r ~ -  
sistance-wire strain gage :eras cemented over half tlw 

Fig. 5 Plastic elongation rr. frequency of hammer blows. 
Sir hundred blows on each specimen, under steady tensile 
stress of 25.000 psi. The twn curwu represent tents made 

on different days under snppoaedly identical conditions 
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length of the reduced section of a. test slxvimen, and 
the haniniering was confined to the other half of the 
reduced section, using a steady t eude  s t r e ~ s  of 25,000 
psi. This test was repeated on :I wrond spwiu~en, 
under the same conditions. In  both these tests, the 
elongation of the unhammered pwtion was negligible, 
compared to the elongation of the hammered portion. 

It would appear that the c~onsiclrrablr variations be- 
tneen repented tests may be partly attributable to 
~~onhomogcneity among specimens cut from different 
parts of the s i t 4  sheot, hut differe~wes in the prevailing 
room tempcr:iture m:ty :~lbo hitre played a significant 
part Further tests are to he niade, to study the effect 
of sm:tll difftmmces in temperature. Each individual 
curvc il1ustr:~trtl in this article, houcver, was denved 
entirely from tests conducted at practically the same 
tcmprr:bt~ur. 

CONCLIJSION 

, This exploratory investigation indicates a number of 
interesting features of the behavior of constant-stress 
Gemhers under light transverse hammering. Even 
when the steady stress was less than half the yield 
point, a few hundred light blows of a flat-faced hammer 
caused quite appreciable plastic elongation. Differ- 
euces in room temperature and frequency of blows ap- 
peared to have a considerable effect. The plastic elon- 
gation was confined almost entirely to the zone actually 
struck by the hammer. The conditions responsible 
for the plastic elongation have not been established in 
this investigation. I t  is possible that the dynamic 
stresses during each hammer blow were suffiriently high 
that momentary yielding should be expected, referring 
to common theories for the yielding of ductile metals, 
such as the maxitnum shear theory or maximum shear- 
strain energy theory. 

Transforlnation ol dustenite in 
a Manganese-lolybdenum Steel 
Deposited as Weld l e l a l  

Discussion by IIallock C. Campbell 

The declassification of the N.D.12.c.'~ welding studies 
on the S.R.C-2A electrode and particularly the publica- 
tion of the transformation diagram in THE WELDING 
JOURNAL marks a big step forward in the science as 
opposed to the art of welding. The availability of the 
transformation diagram. should greatly aid in the 
understanding of melding problems connected with 
welding armor and high-tensile steels. 

An application of the transformation diagram in ex- 
plaining past observations and strengthening our faith 
in the currently recommended procedures is presented 
in the accompanying graph of Charpy V-notch impact 
values for the manganese-moly weld metal discussed by 
Dr. Miller. 

Each of the points in Fig. 1 is an average of six im- 
pact tests. The welds were made with 8/16-in. man- 
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Fig.. I Chorpy V-notrh impact strenkth in. Mn-Mo 
electrodes 

ganese-moly electrodes in a/,-in. manganese-moly plate 
using a 45' included angle V-groove butt joint with 
l/2-in. root and a backing strip. The weld metal com- 
position mas 0.15 C, 1.7 Mn, 0.2 Si, 0.4 Mo. The speei- 
mens welded with 150-200" F. interpass temperature 
are noticeably higher in impact strength than those 
welded with 250-300° F. interpaus. This would be ex- 
pected from a knowledge of the cuoling diagram. Since 
the cooling rates for such welds pass through the ferrite- 
bainite region, the use of higher interpass temperatures 
(which results in slower cooling rates) leads to less 

..martensite and hence lower impact strength, as the 
authors have explained. 

It is hoped that the publication of the diagram will 
serve a valuable educational purpose in teaching the 
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Effects of Light Peening on the Yielding of Steel 

Discusswn by N. H. 
Polalcowski 

I wish to congratulate the authors for 
their simple and ingenious approach to a 
problem which is practically important but 
inherently complex a t  the name time. It 
may perhaps be of interest to reproduce 
here some of my own results which not 
only bear out the obeervationa made by 
Profeswr Milb and Mr. Harriaon but, I 
believe, also explain their reasons. 

In the course of an inveatigation of the 
diicontinuous yield phenomenon, steel 
rods 0.25 in. in diameter and 10 in. long 
were hammered by hand with a 4-0~. 
wooden mallet for different tLinre intervals. 
The blows were divided a. uniformly as 
poseible over the whole length of each 
sample and aftemrdn the rods were 
tested in tenaion by uaing a plain Pin. ex- 
tenaometer attached to an autographic re- 
cording device. A set of recards obtained 
with a 0.14% C, commercial-quality 
steel, normalized from 900' C. is shown in 
Fig. 1. 

I t  is seen that the initial yield stress (or 
load) values decreas~ systemntirnlly with 
incmasing intensity of the hamtlleriug 
treatment applied, as indicated by the 
small arrow.. Since the actual yield 
attees is d ~ p r ~ s ~ e d  by hammering, it is 
only natural that large permanent wts are 
found a t  relatively low streeses. In fact, 
yielding begins a t  much lower stress values 
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EXTENSION, ins. 
Fig. I The effect of hammering for periodn indicated on the yield-point be- 
havior of normalired, 0.14% C-steel rods, 0.25 in. in diameter, ond 10 in. long. 

Gage length 4 in. in all tests 

than those indicated on the consecutive 
curves in Fig. 1, because a steel subjected 
to hammering and not allowed to age has 
probably no elastic range a t  all, just l i e  
common nonferrous metals. Thin could 
not be detected in my experiments because 
of the crude exteosomrter uaed, hut i t  is a 
well-known fact nince Bauschinger's time. 

The fall of the yield strese and the ei- 
mulhneous di~appearance of the yield dis- 
continuity can be accounted for if it is a% 
~unwd that discontinuous yielding of steel 
is caused by a brittle "grain-boundary 
skeleton," as already auggeated by numer- 
ous prominent investigators in the past. 
The above "skeleton" consist8 most likely 
of cemeotite, some nitridea and perhaps of 
other incluniona as well. Hammering de- 
stroys the brittle structure emheddd in 
the soft ferrite without seriously affecting 
th'e ductility of the matrix, which has a 

much lower inherent yield stress value 
than the "con~ponite body," i.e., the an- 
nealed but mechanically unworked steel. 

The above concr'pt is consistent with the 
authom' ohnervation that the elongation 
was confined to that portion af the tcst- 
piece which was actually hammcmd (p. 
253, top, left), because only in this porticnl 
wss the yicld point dcprcased. 
' A reference to their Fig. 3 suggests th i~ t  
some emnll atrctohing was c a u d  by the 
action of the hammer alone (lowmt 
curve), nnd this would indicate that scme 
work-hardening must have occurred. 

I would be glad to know whether the 
'- changes of hardness caused by different 

numbem of hlows are available to the au- 
thors (Vickers or Brinell values prefer- 
ably), na some increase could he expected 
in spite of the simultgneorrs depwllaion of 
the yicld point. 
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