——

Weak Lmk
‘Highr Streng‘fh’Ste E—

Is Tmplicated as Villain
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St Car amt Plane Crashies. —
- - -Bridge and Reactor Flaws

By BiiL Pave—- - o oo
Staff Reporter of THE WALL STREET JOUL RvaL
On Oct, 26, 1381, pilot Charles Madison
Hairston.took off from the Mineral Wells,
Teéxas, airportin fisBeech AireraftE-96 He
.climbed 1o ahout 300 feet when, without . .
“warning, the plané's Teft wing fell off. The .
aircraft plummeted to theground; k;i}mg
Mr. Haircton in 2 fiery crash... . .
i On March 27, 1880, nmany of the more
o-ihe-Adex-

anderL Jﬂeﬂand M—Ex platform in e

room waiting for the -’s«w;_mgs entertain- ..

forkm opera_.) s

Ling pain-in-his-hip: few mm “white
he was on Lhe job. the pair became excruci-
am_xg Co-wi Sﬂcers helped hifn off hisggiand o

*"mﬁ?ﬁrm these 4.&59":5 were vaused”
By the failure of-i “q.:mh siepl 3 Eey-

T3

Ll xus\. 55

brmm‘mvs Tuckear recctozs dc.ms Jss::es

r-(-‘oru nnno_l nﬁn!-w':siﬂgs: .

To an alarming de,
on_the job.~ Cr)c,\eix
Strengih _stee]
p,an@s a.adw :

se, [11s & chief
-snspeﬂ! -the feeeﬂr—»w rafrgact-geet- -
dent that killed four, and.in- w@ex;&_ee
crashes_gf {-‘-‘au xe‘smxe’ \"in' ot

- Posszb v mo;' o8
stée] that. sh.weff’ 3

'emerged High- sueng*h sieal
fragile and temperzmental than it
would imply.

“The problem of high-strength steel is
pervasive in a wide range of industries.”
says Geoffrey Egarn, the president of Apteck
Engineering Services Inc.. 2 Palo Alto.
Calif.. firm specializing in steel-zcciden:
analysis. "There are probably hundreds of
high-strength steel failures or costly inci-

dents every vear.”
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Alloys and Heat

For around 30 vears, steelmakers have
produced high-sirength sieel by doctoring
ordinary steel with certain alloys or treating
it with heat. High-strength steel grew out of
research during World War II aimed at les-
sening the cracking of steel used in ships. It
was sold as a technological breakthrough
and it caught on guickly. because.
Saw a way 1o cut costs by using les; steel,
while-at the same time giving lhexr struc-
tures less weight and added erengm and du-
rability.
n one early U'S. Steet Corp. ad: 4 cob

ns of classic Greek design. The cap-
Tead: 'Greatest column since 26 B.C."
ay, virtually all sophisticated steelmak-
ers make high-strength steel. and most
prominent designers and-fabricators work
with it fr'e_q_uentl_ T e
to weight and. stress was achieved by sam
ficing much of the ductility, or pliabil nv
found in ordinary_ steel. The difference he-.
tween ordinary stee! and high-strepgth-steel—
‘can be visualized as the dlfference between
a rubber band and a paper clip. Because it
is 50 unyielding. high-strength steel is highly
susceptible to cracking. corrosion and brit-
“iréness.”

I&Msere—aﬂ he Wmﬁ.m.ﬁt

peenuinakin Bl Sorgas

“those applications where the margin for er
ror is the slimmest. Too often, experts say,
manufacturers and users of high-strength
steel have misunderstood or ignored its limi-
tations” with calamitous results.

Storage-Tank Blast

In Carson, Calif.. for example. a 20,000-
gallon hydrogen storage tank made of high-
strength stee} exploded one Sunday marning
in 1975. Two people at the Air Products &
Chemicals Inc. facility were injured in the
blast, which was felt several miles away..
and nearly 60 of the plant was destroyed.
Had the accident happened on a weekday
rather- tian on a Sunday. many workers
might have been killed. one expert says.

A lawsuit stemming from the Carson
blast was settled out of court, but not before
& Lehigh University metallurgist hired by P
Air Products co-wrote a report that blamed
the accident on cracks in the high-strength-
steel tank. The metallurgist, Richard Rob-
erts. says that if any hydrogen is still being
stored in tanks made of the same variety of
steel, they are “‘ticking bombs.” tLukens
Inc., which manufactured the SA517 grade F
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Weak Lmk High-Strength Steel Is Called the Villain
In More and More Acadents and Flaws in Stmctures

" Continded Froim First Page
steel usetl in the Carson tank, says it doesn't
_know of any.)

“Steeraccidetit investigators say that mis-
- haps involving the failure of Migh-strength

“~—steet Mave’ “oceurred fof as long as if has

been in use. Only in the last seven or elght

January

16, 1984 £

- ting: “We ride those pla.nes ourselvs. “and

we have friends. who ride them.”” He adds
that.“all the testing in the world" failed to,
turn up the problem—ramely, the bolts’ ten-
deney jo corrode and-crack dfter years of

me. T want to say. “Don’t use it incriticat
applications.’
About five million tons of high-strength

steel are produced in the U.S. annually.
m-e ofjtis used in me automobile mdustry |

SOTVICe wore dgm&e;r protective cadmium’
coating. -

ing Specmc connections . between, say, a
- :seemingly isolated plane crask and the col-
_Iapse‘ﬁfh roof. Previously, many. accidents

metal Tatigue.”™

‘Twenty years from now, high-strength
vaH—be—eons:dere&*m—have

teeuarot

ures” were caused by cracks in high-
strength-steel hip joints. The problem is im-
proving, as Surgeons jom with engineers 10

i né solution:

aﬂl&@ﬁ&gb-stmg&%t@dtoﬂsmﬁsﬁefd—

.,mmsemofaﬁeramamcxdeanwhwha

 tworpound bolt SPIIT in Two and part of H Tell
96 feet, driving a wickéd dent int6 an unoc-
~{cupied seat in-the stands. Bethiehern Steel
Corp., which had recently acquired the ﬁrm
that made -the bolts, did the replacemen

faﬁt—deeadeferhaps 200(rhrpmpt:mtfaﬂ* 'strength—stee‘r im cars fo promote Tuel eHfi-

- Chlcago-based suppher io the auto mdustry
-38ay ﬂae—qu&h{y high—strerggﬁrsteex‘ 1

ciency.
1°not TOr auto rﬂa]iérs concern over poor- |
- quality steel_ Officials at Inland Steel Co., 4

 psed-ircars needs improvement. In the mid-
Fri-A says—iﬁi‘ﬁm“@ Iritand Steel miet-"]
“we were fat, dumb and happy.”
He exptains tha as high-strength steel came
to 'be used in increasingly sophisticated de- :
signs. the toferamce for even the smallest-
manufacturing error was shrinking. U.S.
-{ steelmakers. were slow-to recognize “1hat |

othe: experts say the fea.r of bemg sued has

made theim increasimgly closemouthed in’

W)reover. such suits tend fo be settled out
of court, with all pam%%gfeemg to keep
—faets-in the ease-confidentigh—— -~}

Neyenheless.,mnghacademsand.nea;

Fccidents involyisg highstrength stes have 1

. Lumetoughttocaunsrekab;my into ques- |

“life of- | mjury as when cerroded high-
streng‘th -stee] wires supporting an auditg

AVE nﬂ%ssof"

{work-Ralph Kristoferson, of t.hexmivexsixy's

Ltion, swears he

steel again. ““We weren't aware that we
were, taking- such risks,” he says.

 steel bolts were discovered on.the General
- Dyramics Corp. assembly line for the K:18
jet: As 4 resull, the U
Wf—ﬁgﬁ%@r'm was - temiporarily
grounided while the compafy searchéd for
other defective boits. The check turned up 25

- rium Foofn-West Berti-fatted 1o 1880, kifl—{ Ddd-bolts; some-of-them already in-planes.

office of facilities, planning and construc-
> will neveruse high-strength-|

pmd:x:iquamy was becoming absolutely es- |
sential,” he says. .

osingto Competitors = |

By contrast, Japanese steelmakers were
quick to sense the need for more stringency.
+amd-fmproved tieir $I66] Britulations ac-
cordingly. Nippon Stee} recently ticensed Iz
—ra:nﬁ%bee’:w usea\'xppoa Steeip?ocesmai

a.!ld consxsaencx in mg
level previously unaltainable.” Bezb!ehe'r
is Lhe‘OMy other U S stee?rnakﬁr with this .

AP GeEA BEOCESS

" Sng ohe persom and imjuring three ofhers. AL
* the very least, the-incidents have necessi-

~1ated USeTS toTgvake €XTensTve and ostly req

= _pRIrs. . ;
Camhna Eovser & Lxcht Co, plans o In-
U@ special shxe"a"’amf the “igh*
rrenigth-steel vessel walls of its nuclear re-

sctor in Hartsvide- ST, The shield is de-
i e T reinforce-the -walls; which have
. uﬂ.oméprem&w'&x

hrifile: Arpundzomber
nncwmcma mmemnbryareai

| take the Second-largest car and truck recall
in the ]

Had they gone mdetected, the. bolts cou.d

~Defective High-strengthi-stéel bofts alst T
. Iprompted General Motors in 1981 o yndei- |

in history. Nearly T v

have caused planes to erash. - -+ When it comes to stee} quality. .Ianmese:

Hughes says.

a.';d 'Ge'ma.. steelmakers have :;}"'mtw.rl

U.S.-were ¢ajled back to the factory: after 2
accidents and 22 injuries were-attributed (o
the failure of ooits suppomgg,rhe rear .sus-

enmneerﬁarr’y"cmﬁﬁwamsm TS stéeT
- makers witt be forced out of business if they |

don’t sBGn-martew ibe quality gap. Your! ]
dcmm&amsdoa t want to hear about it.” o

9320 X -hryt-
"( uaHs amﬁow radr:mon to escape mto

- ;mertrshou‘?d Wp”rtsmtmr safer - 7
. -’Are “gUreT britie reactors safe?” ““The
- s(arvihme 5 wereaty-domrr-kifow, " says

- {eprge; &h,-wm&-

E 2 ¥
kus \nfe, danghzer_and parems m: SepL 2, %
1850 when a bOTt on his Chevrelet Malie}-srengi s'eei rad u‘xan uﬂtlc o U8
¢racked iff 1wo and € ¢dr sph out of con- | & g U
T Of 4 THO T

TUdG m SOUU\Q‘!'H VGW J

ey iryc Tonoai
{‘s taa AN u' =% Q TG A"i\\.ll LAY KXIDLA

sTsubdommifiee. Contends that cur-
rent lesmw meihods-aren’t sufficiently ac-

curate to determine the extént of damage 10 |

- =g regctor wall” THe publicutlity industry
O OISDEeS WIS aSSESSHeRt.
Beeth Auc:;b in Onmha has been under-

m-s‘:m.z
'hmﬁ&nd_,
wherash s ;EX;L_;:.:\;-:::& 3
endent. “We-were scared.’ says \M}ham
Schultz, the manager of rechnical engineer:

'ute R{r Sih. who also consults fdr'a con- 13

ersey, I WAS T mit
acle sebody got hurt.” Mr. McKinney.savs.
noting that the-day before hag been Labor | 5
Day and the same road was jammed with
traffic. GM paid Mr. McKinney's-repair-billl
but_not until his car was one of those re-

Quality concerns are being raised in
Luu T FasErRs axwelt J
manager of metallurgy for i

mm....-.; ad
man -free ﬁmﬁp ‘makes 3

Czlied the fofow 0wWmMg March.
Tfomas I Hughe!”‘a—(}f metdliurgist]
-mmmmmm

with steal bolts. frets that no standard est

would have detected-their suscepubility 1o
corrosion and cracking. The Society of Auto-
mottve Engineers sull hists this boht for use.
Mr. Hughel observes. adding: It bothers

|
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Early this year, the Matignal Transptﬂg;
tion Safety Board i§ éxpected (o issue its re-
. pert on the cause of last November's Am-
trak irain-wreck in Texas—thatkiHed fourt

- bi-Persons-and-inivred-dozens more, SOMe S0F-

ously. Investigators have been focusing on a|

I

seet}eﬁ of high-strength-steel rail that shat-

“. = m
S ) %@R—m‘m—} weed%fdwcb

—
Hya w.\..s.s: Wt Jm KA Staff Beporter -~

When U.S. Steel Corp. discovered in the
tite 18505 that its patented, high-strength *

-1 steet-was Hikety 10 Track inTcenam’’

safety-critical applications. the company
put its.engineers to-work revising T-1's
«hemlg’al composition.

“WHil& thoseé engineers toiled in“private,
(.8, Steel took pams to reassure worried
customers. Its sales department mam-
tained that the company had proved that
‘the problem was due emtirely to steel us-
ers’ faulty designs or fabrication methods.
Never, company salesmen were instructed
40 say, was the-T-i-steel jtself at fatlt.

In 1980, a jury in Tennessee found U.S.
Steet and its T-1 licensee, Lukens Inc. of
Coatesville, Pa., guilty of "'negligent mis-
representation”” of T-1 steel. The following
year—29 years after T-1 was patented—
U.S. Stee! added a "CAUTION! 1o Hs
“How to Weld " T-1 booklet, in effect con-
ceding that the steel was likely to crack in
certain situations. no matter how good the
design of fabrication retheds.

The T-1 story has particular relevance
today given wxdespread concern over the

steel:-Though T-1's formulation e\entua}ly
was changed and it is littie used today, ex-
perts worry that some structures fashioned
from the original material may st be in
use, possxb}y containihg dangerous unde-

3 vM EFa b

H

@
An umdennﬁed respondent answered:

*.". . In every case where a fabricator has

enccuntered difficulty in welding the T-1

.Steels, it has been conclusively proven-that-4

the fabricater didn't foHew proper welding
procedure or the design of the structure it-
self was faulty. In no case was the steel it-

- self-at fauit.” 1

The answer was extraordinary, consid-
ering U.S. Steel's then years-old research
project aimed at eliminayng the T-1 crack-
ing problems. It was also important, be-
cause customers frequentl]y rely on steel-
industry salesmen for information about
the proper use of the product.
Modification Sought

In the early 1960s, U.S. Steel research-
ers recommended that a2 modified T-1 be
marketed for structures of the thicknesses
where the cracking problem was worst,
But 3:R. England, & 0.8 Steet'metaliurgi:
cal engineer in the early 1960s, testified at
the trial that the new product was shelved
in part because “the commercial depart-
mem was adamantly against the introduc-
tion of a more expensive product.”

Meanwhile, T-1 customers continued 10

“enCoumer probiems. In 1963, @ LuKens offi-

cial wrote to U.S. Steel, lsting some of
them. He cited accidents caused by cracks
in truck tanks made from T-1 and extef |
sive cracks in storage tanks at Allas mis-
sile bases,

tered: tironicaly, the Yo ﬁm

maade by Krupp.!

1t probiems with high- st*e'ng‘m steel often ]

at the steel mill, they can be intensi-
ﬁed by faulty design. Sometimes.

speeify hfgh—

investigators -say, designers
strengih steel Wwithout fully considering its
limitations.

That appears to have happened in the!
case of Grumman-Corpr’'s Fixitte bus” The!
eompany had to repair hundreds of thel
buses in dozens of cities after cracks devel-
oped in the Mgh-strength-steel underframe
and engine cradle. Grumman,. enticed by the
federal government's offer to pay bonuses
for the lightest vehicle possible, apparently
placed undue emphasis on the steel’s struc-
tural integrity without considering whether
the steel would be thick or heavy enough to
withstand the stress of city streets.

A Grumman spokesman concedes: that
the federal bidding arrangement provided
an incentive to build as light a bus as possi-
blé. He says thal Griumman has sued RORr
Industries Inc., the bus’s designer, charging
that Rohr was to blame for the cracks. The
case is still pending in a U.S. district court.
in Uniondale, N.Y.

Designers also appear to be at fault for
nuclear-reactor brittleness problems. Be-
[ TamSE 2 TearTor IS SuTostly o bmid; destgn-
ers have tended to rely on computer models.
rather than far more costly field testing, to
| ensure a structure’s safety % a.result, the
mdustry was caught off guard when. about

10 vears ago. it was discdvered that traces.

made public at the Tennessee trial raise

- troubling questions about how steel-safety

problems are resolved and how. in this en-
vironment, U.S. Steel chose to put profits
ahead of public safety.
U.S. Steel declined to be interviewed for
this story. a spokesman saying that T-1is
an old story.” A U.S. Stee} attorney sug-
gesled 0.2 Lukens almmey that Lukens

As early. as the Jale 1950s, a respected |
steel fabricator had identified T-1's high
boron coatent 2s a primary cause of stress-
relief cracking. And in December 1965-a
month before salesmen were assured there
was nothing wrong with T-1 steel—the
company’'s own engineers reported: “Pre-
fiminary results indicate that boron is re-
sponsible for cracking in the heat-affected
zone after stress-relief.”

Atthe triat, 118 Steel officialg defended |

(,d“l.(l dif Intt‘l’\ EW VHLH U]lb TIEWsSPd T,
but Lukens officials agreed to be inter-

their delay in reformulating T-1 until 1973

- _viewed_nonetheless, __ . by stzgnﬁfwg that the evidence wasn't conc’éﬁzew |
The 1980 Trial main Nmmdpmvmn was U .S_Steel's unwill-

| of copper found in the steel at-weld joinis
hastened the raté of embriTement
While he argues fhal reactors are safe,
William Pellini, formerly the U.S. Navy's
chief metaliurgist, says that perhaps hatfof
the designers working with high-strength
steef “don’t know enough 10 stay out of trou-.
ble.”" He complains that they ‘haven’t been
trained to understand fabrication and mezaj

_mmmmmmmm
catérs acquired expertise with high-strength
steel. Sometimnes, experts say , their fack of.

-£3USeS-: Mfm%
the structures they-erect.

" who was fo blame for eracks {hat had de-™

The 1980 trial involved a dispute over

veloped in parts of a hydroelectric piant’'s
urbine before it went into service. The
plant's operator, the Tennessee Valley Au-
and_its buyjkder, - Allis-Chalmers. .
amed the T-1 steel. for the dam-

1ge knownas ‘stress-relief’” cracks Such
< ted af-

_ingness 10" jeopardize its patent.

471962 internal company memo stated
that an improved high-strength steel could
be made but added that by doing so. “‘the
commercial advantage of having a propri-
.etary steel which has been wxdely pro-
mo:ed and publicized wou&d largely
fost.”

in 1.8 -Steel's-def T3 crllMAv\!!hll

Poor welding was the principal cause of
the Kiehard platform disaster in the North
Sea, according to the official Norwegian
government report. The accident occu.rred
when a high-strength-stee! tube connecting
two of the platform's legs cracked. The re-
port says the tube had been eracked when it
was welded to the leg vears before. The fis-

ter weldmo 1o relieve potentially danger-

age resulted
from improper design and fabrication. The
- jury faulted both the steel companies for
“negligent misrepresentation’ of T-1 steel,

. Qus rest LS. Steel and Lu-
kens arg'ued that the

ity to cracking was noted in techmcal liter-

ature and product A

fabricators. . .
Finally, in 1973, U.S. Stee! recom-

supes—had—beenleft—to—srow—undetected;
hundreds of feet below the ocean surface.
| _Serious welding cracks were built into
several major high-strength-siee! bridges
incjuding one near New Orleans and one m

mended changing T-1's formula. An inter-
nal memo from the company S engmeenng

and the TVA and Allis-Chalmers for negh-
gence that contributed 6 the problem.
One key trial document is a report of a
1966 118, Steel saled meeting in Pitts-
. burgh- By this time, the company’s cus-
tomers and competitors aliké were ex-
pressing serious reservations about T-1. A

—§3lesman asked: ''Why.do we hear of weld

ing problems with the T-1 steels? And how
do we reply to our customers?”

Paducah. Ky. la 1981, cracks that had
eluded detection for 20 years were found in

TABOTaoTy At year-observed-that-inthe
original T-1 steel, the boror minimum was
set “four times higher than needed.” a pol-
icy that “was dictated by patentability
considerations in 1952."" The memo further
explained: “Since a lower minimum will
help the boron addition problem and since
the patent has expired, we can permit our
mills and licensees to use it if neces-

the bixd:la of the-NewOrteansbr ifrgti &
investigator says that eventually the bridge
eould have cotlapsed. The cracks in the Pa-
ducah bridge were found in 1979. less than a
year before the bridge could easily have
failed, officials say. The federal governinent
started a mandatory bridge-iiSpection pro-
gram several years—age-AS-& restit s
likely that all high-strength-sieel hridges;

sary.”

have been inspected by now.



