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Metallurgical Examination and Mechanical Tests of
Material from the Point Pleasant, W. Va. Bridge

Part 5

by

‘1. J. Feinberg

Four reports have been prepared previously in this
series on the results of investigations at NBS on material
from the Point Pleasant, West Virginia Bridge. Each of the
four reports has been concerned with the examination of
selected items salvaged from the bridge. The submitting
agency requested an examination involving chemical analysis
and tensile and notch impact tests on one of five hanger
fragments shipped to NBS. The fragm.ents numbered 12C, 12U,
14U, 14C, and 16U, respectively, contained a fracture surface
on one end and were flame-cut on the other. All five
fragments showed evidence of twisting or bending. Fragment
12C was selected for the aforementioned tests because it
was least deformed. Paint v/as observed on what appeared to
be the fracture origin in 12C. The submitting agency,
thereupon, requested additional work on the fragment. The
additional work included an analysis of the paint at the
fracture origin, analysis of the fracture, and metallo-
graphic examination of the 12C material. The paint analysis
was performed by the FBI laboratory because of the capability
of that Laboratory for conducting the unique type of
analysis required.

Material : Fragment No. 12C (Bridge Member C]_ 7 “U]_ 7N) , shown
in Figure 1, was approximately 1 1/4 in. X 6 in. X 24 in.,
as received. It was quite rusted on all surfaces. There
were, however, vestiges of an orange colored paint and of
an aluminum paint on the sides of the piece. All specimens
for mechanical tests were removed from the fragment in a
section extending from about three inches from the fracture
surface to about four inches from the flame-cut end. A
section was cut from 12C that contained the fracture
surface. It is shown in Figures 2a and 2b.

Chemical Analysis : The results of a chemical analysis
conducted by the NBS Analytical Chemistry Division on a
sample from 12C are given in Table 1.
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2

Table 1. Chemical Analysis

Carbon

g.
“O

0.26

Manganese 0.74

Sulfur 0.035

Phosphorus 0.038

Silicon <0.08

Nickel <0.08

Chromium <0.08

Molybdenum <0.08

Iron Balance

The composition of the sample complies with that specified
for structural steel, ASTM A7-24.

Tension Tests ; Tension tests v;ere conducted on hanger 12C
specimens whose principal axes were aligned parallel to the
rolling direction of the hanger and at right angles to the
rolling direction. Due to material limitations it was not
feasible to prepare specimens for tests in the larger size
specified in ASTM A7~24. Accordingly, tension tests were
conducted on sub-sized specimens with a 0.252 inch diameter
and one inch gage length in the reduced section. Tensile
test results are given in Table 2

.

Charpy Impact Tests : Charpy V-notch impact tests were
conducted on both longitudinal and transverse specimens cut
from the 12C section. The impact tests were conducted at
temperatures ranging from 0 to 250 F. Test results are
given in Table 3.
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Fracture Examination : Various features in the fracture
surface and adjoining areas of the 12C fragment are shown
in Figures 2a, 2b, 3a, and 3b. Figure 2a is a head-on view
of the fracture surface. The fracture origin is within the
boxed area. Orange colored paint was visible on the fracture
surface in this area. Arrow, A, points to the battered
south-west corner of 12C adjacent to the fracture origin.
Arrow, B, points to a secondary crack observed in the
fracture surface. This crack was about one-half inch long
on the- surface and it penetrated the examination section.
Figure 2b contains an oblique view of the fracture surface.
Vestiges of lead and aluminum bridge paint adjacent to the
fracture are visible as grey and white indications,
respectively, to the left of the inscription.

The fracture surface at the origin was a relatively
flat area about the size of a thumb nail. The remainder of
the fracture surface v/as hackly. The plane of the fracture
was oriented at approximately 76 degrees from the longitu-
dinal axis of the hanger. Figure 3a. Appreciable necking
of the hanger occurred prior to fracture (see Figure 3b)

.

Metallographic Examination : The microstructure of the 12C
hanger material was examined at several points along the
fracture profile and in areas adjacent to the fracture
surface. Decarburization and deformation were observed at
the fracture origin. Figure 4a. Continuous cleavage of
grains predominated in the section of the fracture profile
containing lead, and beyond, (see Figure 4b). Secondary
cracks were observed adjacent to the fracture surface
approximately one inch from the origin. Figures 5a and 5b.
In examination of the structure at mid-section the following
were observed:

a. Discontinuous cleavage. Figure 6a.

b. Additional secondary cracks. Figure 6b.

c. Propagation of the secondary crack of
Figure 2a through a ferrite band. Figure 7.

Analysis of Paint on Fracture Surface : The FBI Laboratory
report covering the analysis of the paint at the fracture
origin in hanger 12C is contained as Addendum 1 to this
report. The FBI Laboratory examination was nondestructive.
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Discussion and Conclusions : ASTM A7-24 lists only sulfur
and phosphorus requirements. The contents of these elements
in hanger 12C are less than the maxima permitted in that
standard. Accordingly, the chemical composition of 12C
complies with composition requirements specified in ASTM
A7-24.

The tensile properties: yield strength, tensile strength,
percent elongation and reduction of area comply essentially
with ASTM A7-24 requirem.ents . Longitudinal yield strength
and tensile strength were substantially greater than trans-
verse yield strength and tensile strength, respectively.
The 12C hanger fragment was received in a twisted condition
and evidently had been subjected to plastic deformation.
The 12C hanger was designed to carry tensile loads. If
direct tensile loads at some time contributed to extension
and plastic deformation of the member, the disparity between
longitudinal and transverse values may be attributed to the
Bauschinger effect. The Bauschinger effect is the
phenomenon by which plastic deformation of a polycrystalline
metal, caused by stress applied in one direction, reduces
the yield strength where the stress is applied in the
opposite direction.

The hanger material exhibited very low notch toughness
at 30 F, the approximate temperature at the time of the
bridge collapse. The low notch toughness is attributed
primarily to the coarse grain size found in the material.

Several detrimental structural conditions which could
weaken the hanger were observed in metallurgical exami-
nation of the 12C material. These included the following:

a. Decarburization on the side where the
fracture originated.

b. Non-uniform microstructure. A medium.-
sized grain structure consisting of
pearlite in a ferrite matrix in outer
areas of the hanger section gave way to
coarse grains in a ferrite network in
the interior of the section.

c. A ferrite band extended longitudinally
through the middle of the hanger.
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It is believed that a crack was formed at what was
later to become the fracture origin during fabrication of
the hanger. The crack could have resulted from hot shortnes
of the material. The existence of a pre-existent crack at
the fracture origin may be inferred from the FBI report. In
this report lead paint found at the fracture origin was
considered to have been deposited wet. This would indicate
the presence of a pre-existent crack.

The presence of continuous cleavage throughout a great
part of the fracture surface and the presence of secondary
cracks adjacent to the main fracture path would seem to
indicate that a high energy type of fracture occurred.
Torsional or bending stresses were evidently involved. This
is indicated by the twisted nature of the fragment. The pre
existing, lead-containing crack, in the 12C hanger was a
stress raiser that contributed to initiation of the fracture
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a

b

Microstructures observed along fracture
profile. Etched with 1% Nital. X 100

a. Deformation and decarburization at
fracture origin. Note large grain
size

.

b. Continuous cleavage predominated
in the section of the fracture
profile where lead was deposited.

Figure 4.





b

Figure 5. Secondary cracks approximately one inch
from fracture origin. X 100

a. Unetched.

b. Etched with 1% Nital. Note trans-
crystalline nature of secondary
cracks.
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.b

Figure 6a. Discontinuous cleavage in fracture profile
at mid-section. Etched with 1% Nital. X 80

Figure 6b. Secondary cracks observed at mid-section.
Unetched. X 80





Figure 7. Secondary crack of Figure 2a is
shown propagating through a
ferrite band. Note large grain
size and ferrite grain boundary
network (white) . Etched with
1% Nital. X 100
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7 V vRev. -i-lV-o?) < w • •

oii-s..TOixV

TTr'^Tr^ **' ii I" ^ Tr“(7^‘7‘[’,'?^ ^•, «7|'/^iv(

it L««^ .w«. • te sjl wa >1 «/ a a^«*a a

W W «*VWa aa ^ a Wll Nip k^a ^a

io:
Wa-** a a aa a k«a M* aa ^ p

a*i «ai aX aa

and dppldod nocliandcs Ddvicioii
»aa. «a»aa« Va.^ W V«ym •• ^a« m»m Saat^

C' /-,*aV — *P 1*^W • WW^ « ^ W Va^ •-^•.a.aaaaa^** WW
>t waktaa.a.aa^ WSa/aa ^ *k^ # W* lia< W'^ aa

April 30, 1070
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to lllj poooiolo oc;:rco of tliio ofoo
oil used by tho cutting tool ot tbo tlrio K1 v/os cut. fbo

Vcoious uutnt iuyoro uro olcoi*ly viaiblo to tl'o bcft of- tbi
inoc;::*iption. Tho Icwoi* loft bouu co:r

buyer otructuro of
bac the follcv;fnr

• •; I'-

(Ij AIuulIuui: (top- layer)
(2) Dirty liyat pray
(2)- Craayo ibottoa layer)

•"*'','r\ •'**7 •-'*'

oaiated curface bavau;
^ of tbo above parat layorc is a
y tbo foliewiny layer structure:

w^'

(
~- \ ,'• '{ V ^-:-'.

-* ** r ;V /•,’."-!'> *5 »-> V r —

(2) Cvar.',:o {vc-ry thl;-;>

(3) . Aliialiu'-r*

y'— Jf sr

Craapo (botto:e layer) ' '

Variopatod uaiat dovccits are urocent oa too too
0-. >u ucro dopes

in, ^ 1 •'
'Z — r-.

'

by the irropul
Ol‘Jl7

of PI c.-o\7 accuauiaticnc of al
have acauaulatioau of too palate
accuaiaiatlo::cof oaly-oao palate,

tla‘oo palate^ otbor valleys
aac otber valleys have

^ Iccordinp to iaforaatioa forrarcicd to too
Pbl Laboratory on Lpril flj 1970^ a copy of the criplaai
specifications for paintinp of tbe Point Pleasant Lridpo
called for the folloe^inp:

Par. 73. Titled - Shop Paint inp.

’'Oao coat of pure red load laiaod in the proportion
of 20 pounds dry rod lead, 5 pints of ra;; linseed
oil, 2 pills turpentine, and 2 pills liquid dryer,
or such ether paint of equal prado as iuay bo
selected by tho cencultinp onpincer.”

(continued on nout nape)
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,^.'3 ^_;|...•,y-,v,• ^r^: r:.r.^^ ^-7 V .T-T.X'* /-.r» .--f?color of _ 3SP CcAIilTr CP PilPT .

::icnufocturo end color as nay oo soioctcci by
oa2;iroor ”
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.r.

. 14.0.^
•: .- tad irofra:'ioaial corpcricon o::cr:iccficao

GO coo ' boot 0.0 icycr of orac^jo poiat' fro:::: layer structure P end
>^'Z '.'

J

o ran£so point fror tbo top of IC3. ciccloood o;

diotii-puicboblo diffcrcocos. botboon tbciii uith record to
the color cod typo of point. Civu-lcr c::ciiioatioco cf
the top Icyor of cluioincro paint frer layer otracture A
and a ora^plo of aluriaaai paiaf oa top of bl alco chcood
no diotiayuichablo ciffcroacoo bota'ooa tho:2 T;ita regardCi to
too typo of paint. y i-.j - , r dlffcrcaccc t/oro noted bot^voon
t;::o top layer of aluniianb paint fro:a layer structure 2 and
tlio aluuinuri paint on toT) of bl. The liyat ci'n.y paint
on top of lil coiild not be associated v/lth the dirty C-ny
paint on the side of Hi duo to diffcroncos in color and
type cf paint.
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