
^,v,s6^ COPY

NBSIR 80-1 985i^ 00 HOT REMOVE

IP 19 1

Examination of Failed Eight

Inch Diameter Cast Iron Pipe
Natural Gas Main, Philadelphia,

Pennsylvania

T. Robert Shives

Fracture and Deformation Division

Center for Materials Science

National Measurement Laboratory

National Bureau of Standards

Washington, D.C. 20234

September 1979

Issued February 1 980

Failure Analysis Report

Prepared for

National Transportation Safety Board
Washington, D.C. 20594





NBSIR 80-1985

EXAMINATION OF FAILED EIGHT

INCH DIAMETER CAST IRON PIPE

NATURAL GAS MAIN, PHILADELPHIA,

PENNSYLVANIA

T. Robert Shives

Fracture and Deformation Division

Center for Materials Science

National Measurement Laboratory

National Bureau of Standards

Washington, D.C. 20234

September 1979

Issued February 1 980

Failure Analysis Report

Prepared for

National Transportation Safety Board

Washington, D.C. 20594

U.S. DEPARTMENT OF COMMERCE, Philip M. Klutznick, Secretary

Luther H. Hodges, Jr., Deputy Secretary

Jordan J. Baruch, Assistant Secretary for Science and Technology

NATIONAL BUREAU OF STANDARDS, Ernest Ambler, Director



THOO aajIA^ t^OiTAI/||MAX3

W"
Wt

a«»H MOm'TSAO fl3T3MAja HOMI S

>IH<»J3aAJW3 .WAM 2A0 JARUTAM
AiMAVJYayiiiias

1^" iTm

\

L"^:-
'

» •*,

-'1 *

Jyd

„iSfi "'I

Rf

noiftivtO rwflwwrtfllO bne fitii:

8kuT«mM to) ist

Q rbisbrniS to U&01U9 !«ioirot$j|

I^CSQS , 3' a .noteo^-^J

‘ eC8f li^omal

066 f Y?6UTd«^
' JV'*-

1^’"

IttoqiiiH siaylanA

i' . \f'

' '.yk .* v|j|

biGoa yJ9^®2 noftenGqi^ttiT {anoifftM ^
,D-Q ,noiQfiina8W

.
€

II ,>^-a*ft_JS;3S. v».

,. y \ ,

7zr- a
iJl,

-''jm

*® <»»****

' «•<— «—Ml. ' in— Wi—

—

M ill! P——^llll I

.
;

M =?0 TM3^/rrRAq^0^^*U *
•’’ Pi'

'%

• " y^Q^oni^'^ bns ymtiAi^smh ,rtom»8 .Ln#iyw>L
i- ... V H <ir *»*

’*^’

\xaomkQ ,^kimA lfa«ni3laAAmAT8 ^ UASRUa JIAROrTAM _'
* Jft -’jJMBIfiap"'’!-

'^a^SaBBr :.4l



TABLE OF CONTENTS

Page

SUMMARY 1

1. INTRODUCTION 2

1.1 Reference
1.2 Backgound Information
1.3 Parts Submitted

2. PLAN OF THE EXAMINATION

3. RESULTS OF THE EXAMINATION

3.1 Documentary Photographs
3.2 Cleaning the Fracture Surface
3.3 Fractographic Examination
3.4 Chemical Analysis
3.5 Examination of Graphitization and Metal lographic

Examination
3.6 Hardness Measurements
3.7 Ring Tests and Talbot Tests

4. DISCUSSION 7

5. CONCLUSIONS 8

6. ACKNOWLEDGEMENT 8

REFERENCES 8

FIGURES

1. Piece of eight inch diameter gray cast iron gas pipe containing
one face of the fracture from the 16 foot, 9 inch length of pipe.

2. Two-foot length of pipe identified as being from west end of
16 foot, 9 inch length as received at NBS.

3. Two- foot length of pipe identified as being from the 11 foot
length as received at NBS.

4. Two-foot length of pipe identified as being from east end of
16 foot, 9 inch length as received at NBS.

5. Fracture surface after cleaning.

6. SEM fractograph showing representative features of the fracture
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7. SEM fractograph at higher magnification than in figure 6.
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8. Polished transverse section through the piece of the pipe shown in

figure 1 ranging from 1/4 to 2 inches from the fracture.

9. Etched longitudinal section intersecting the fracture at the location
indicated at the lower right in figure 5.

10. Unetched longitudinal section showing essentially complete graphitization
at the left and partial graphitization at the right.

11. Unetched longitudinal section showing the fracture profile at the top.

12. Etched longitudinal section showing the fracture profile horizontally
at the top.

13. Etched longitudinal section showing representative microstructure of
the pipe material except for the region adjacent to the inside wall.

14. Etched longitudinal section showing the fracture profile horizontally
at the top.

15. Etched longitudinal section showing the representative microstructure
adjacent to the inner wall surface.
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SUMMARY

•At the request of the National Transportation Safety Board, the National
Bureau of Standards performed an examination of a fractured eight inch
diameter cast iron pipe natural gas main. An explosion and fire at the
location of the failure had occurred on May 13, 1979 at Tacony and
Margaret Streets in Philadelphia, Pennsylvania. The supporting soil

beneath the pipe was missing at the location of the failure. The pipe-
line had completely fractured circumferentially in three places, and
after fracturing, fell into the cavity created by the missing soil.

Failure appeared to be due to the application of a bending load to the
unsupported pipe.

The non-uniform wall thickness indicated that the pipe was pit cast and
therefore was probably rather old. Today, such pipe is normally centri-
fugal ly cast which results in a uniform wall thickness.

Only one of the fracture surfaces was selected by the National Transpor-
tation Safety Board for examination by the National Bureau of Standards.
Corrosion product on that fracture surface was rather easily removed,
indicating that the fracture was likely recent. Cleavage was the pre-
dominant fracture mode. The amount of graphitization at the fracture
was not considered excessive.

The hardness of the material was typical for gray cast iron. The chemical
composition was typical for this material, but the phosphorus content was
higher than desirable according to today's practices. The microstructure
appeared to be satisfactory with the possible exception of more steadite
(iron-iron phosphide eutectic) than desirable according to today's practices.
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Examination of Failed Eight Inch Diameter Cast Iron Pipe Natural
Gas Main, Philadelphia, Pennsylvania

1 . INTRODUCTION

1 .1 Reference

National Transportation Safety Board, Washington, D.C. 20594. This investi-
gation was conducted at the request of Mr. Jerry A. Houck, Metallurgist,
National Transportation Safety Board. The requesting letter was dated
June 25, 1979.

1 .2 Background Information

Information in this section was furnished by the National Transportation
Safety Board and by representatives of the Philadelphia Gas Works. On

May 13, 1979, there was an explosion and fire at Tacony and Margaret Streets
in Philadelphia, Pennsylvania. The explosion and fire were attributed to

the ignition of an accumulation of natural gas at the site.

After the explosion and fire, the eight inch diameter natural gas main pipe
at this location was found to be completely fractured circumferential ly in

three places. Two of these fractures were in an 11 foot length of pipe,
and the other was in a 16 foot, 9 inch length of pipe. There was another
16 foot, 9 inch length of pipe between the two lengths containing the
fractures.

The pipeline was under the paving of Margaret Street and had been buried
to a depth of 3 feet, 3 inches (measured from the top of the pipe).

When the pipeline in the region of the fracture was uncovered, the soil

beneath the pipeline was missing to a depth ranging from 3 inches to about
3 feet, 9 inches below the level where the pipeline had originally been
installed. This missing soil created a cavity and left the pipeline un-

supported. When the pipe fractured, it fell into this cavity.

A fractured six inch diameter cast iron water main was in close proximity
to the fractured gas pipe.

1 .3 Parts Submitted

A small piece of the eight inch diameter gas pipe was submitted to NBS for
examination. This piece varied in length from about 3 inches to 4 1/4 inches
around the circumference and contained one of the fracture surfaces from the
fracture in the 16 foot, 9 inch length. This piece is shown as received at

NBS in figure 1. The other fracture surfaces were not submitted by the
National Transportation Safety Board.

- 2 -
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In addition, three two-foot pieces of pipe, one from each of the two pipe
lengths that had fractured and one from the 16 foot, 9 inch length between
the two lengths containing the fractures, were submitted. These pieces
did not contain a fracture surface. The pieces are shown as received at
NBS in figures 2, 3, and 4 and were identified respectively as from west
end of 16 foot, 9 inch section, from 11 foot section, and from east end of
16 foot, 9 inch section. The submitted fracture was from the same length
of pipe from which the two-foot piece identified as being from the east
end of 16 foot, 9 inch section was taken.

2. PLAN OF THE EXAMINATION

A meeting to discuss the examination of the pipe samples was held at the
National Bureau of Standards on May 30, 1979. Those attending that meeting
included R. D. Stout and LeRoy C. Schlagel representing the Philadelphia
Gas Works, Jerry Houck of the National Transportation Safety Board, and
T. R. Shives of the NBS Fracture and Deformation Division. At that time
it was agreed that the following tests and examination would be performed
on the submitted pipe samples.

1) Documentary photographs of the piece of pipe containing the fracture.

2) Cleaning of the fracture surface.

3) Fractographic examination.

4) Chemical analysis of material from the piece containing the fracture.

5) Sectioning for metal lographic examination and for examination for
graphitization.

6) Hardness

7) Talbot and ring tests on sections of. pipe furnished from three different
lengths of pipe, two of which had fractured. The third length was
between the two fractured lengths.

3. RESULTS OF THE EXAMINATION

3.1 Documentary Photographs

Documentary photographs of the piece of pipe containing the fracture are
shown in figures 1 and 5. Documentation of the other submitted pieces of

pipe are shown in figures 2, 3, and 4. Documentation of other aspects of
the examination is found in other figures throughout the report.

3.2 Cleaning the Fracture Surface

The fracture surface was covered with corrosion product when received at
NBS. The fracture was cleaned ul trasonical ly for ten minutes with a

commercial detergent. Some, but not all, of the corrosion product was
removed during this process. Further ultrasonic cleaning was carried
out with buffered hydrochloric acid. Most of the corrosion product was
removed. The fracture surface is shown after cleaning in figure 5.

- 3 -



•mn

Tr

ow? art? ’tc »no’T¥ arte ^o aaptH l(>o>-wi aa^^ .na^iJ-bba nt^

(la^iftd rtont # if «rt3 ano tjft» b€n4iJo»tV bw< iwt:J eHiprisr

seiiifT a’^an .asiuTpeil Mi prttntainco eHipfwr owi artJ

. «JB ^ .aDja^tUi a nU:tna) Jon bfb
CRpt^ ?« \favri:»aiair bdt’^UffsbL#1,5ia^ bo« bn* *C .S eatupn 28H;

to b^ -t*ta (n»”T ^rtotiosr Joot U- «crtFt <^oo^ 3i- >o bna
«ij^rv?j 3TSft2 5tui»6^ baiiliMM? aHT riortr^ ,ioo> df

5?j58 n»rl g(f'5i( ns aoafii ioc<)-t*<l, arti riaffbi ropnt aqtq .to

'(•i|Kf iBv( nofiD9i lioot e.rioot.af to tyia

wnAM'HMa , 31^ ia vwii< ' i'

tffi ia btaft ?6w jaf-viRni tqfq ar : H ?idfi6iitf»6K9 adi t^oarb Q^ e«li99«i A
pnt:r-5^ ^s4i gnfbn»i3», aaodT f ,0?: ^eH <o ab^abnai^ to^uasiuH* ^8flo^t6^]

6>(iq^a5fc?trt*^ 5/li fajafftac: ?3 \oftiJ bfla babiiUnt
tw\6 xtiiHZ t>er^»4^oq^nl*v /a<iofi»W bnW ^o jiIouqW- ’^itoC «2)hoUt i?ad,

S4T»f: JMJ ;
* .wotffvfC f»ofiimet^ bfti ZSI/i itfil fa ^av^fi2 ..fl .T

t)«wfT>otn(9o 9d bt|jr« «<>^jaoNiwa^ bf\a sia&i &irtwof fcft arti isdi booips law if”

' - .aafqmae aqt-q baia^nrfua orti no^

art5 Qrn^nteinoo aqiq ^ aoatq adi to ariqa.i]poiudQ v'Totnanaroitf < t
I a^fit^ut ^lui^aett orti to cnti!a»P*^{S

* .w^jaofwaxa ofilqsicoiDaTt
.i?*rutfaa'it af!5 ^nt^ntatnoo aa?tq Mj woit fit"T9?«n to tf ay Tana TaoKnadO

'Jr 'TOt fwr^ao^wBxa bffs oof^aitrfaaxo orikjatforfai^^^ot odlnoHoaE
,' .npfiaibrHqai^.^

'' aaanb'iiH^
Jra'»s^^>b sr9idi fiwfxt bad2?jribt aqt'q tc 4no|;iD9? no aiiaJ goH bna iodfat.

asw (ffgaar trW Ml* fo^iynj ', aqfq^ to ediena^^
.a^fegnof boyu7oait 'q»d adi

' * ’

:irr

mirmW3 3Ht ^>Q^TJU^3i^ X.

8^aigpi<gt|

*Si

.!#•

^qO rX'

> & 5 rt;J ^nf/tJ;a5 fio5 i^rq ®d%to artq^igoiortq v*fs5 i^ijjjgi:iO<}'

to bfr^JrPKiiig. % 'rtotlainowoooo ,1 boa l ,ao*»ogFt oi^ .rwoder
'0 fa ncli&jnm^^

.
>A bnfi»irx >X ao'wg^t nt iWodz ota^oq^q

i fliJJ JubrlauotMi ^mgft ^adjo nLtuiuot if noftanfiRoxa- afli

St.

-V- .t:' .
aa8tti^..ytt^^snt or13 fldfiiaaP^^r

i'$:. ii»v J-oosit' ?putie*fq li^W wihivo:> ^aWiMatiua anuioait- artT

^ diU ns.; "tot yf r6DhHiifSif«^feans»ro aaw stoioMt adT,. *28fJf
iou^tq no'rso’f'YCKS a/ti to »ffa ton iu<3 ,a<no2 .^^9g^oi9b fafo'^.i^mmoo;

Pfl'c^fnaD Btvf grifAftsfo otfio^axtTo .zaeociq sfSi gnHub boyoc»7
aaw tjubenq n&rjynryc^g^ .bfoa of’tofrioonbyri bfjTsttud rttfw tuo

i MiigTt nr ^tirnrafo *iatta r^edt at •oa'Hu^ anutoe'tt MT .bsvooiM

;-.f' »
'

'f



3.3 Fractographic Examination

The fracture was examined macroscopically and one area was examined with the
scanning electron microscope (SEM). The location of the fracture origin was
not evident from the fracture features. Two SEM fractographs representative
of the fracture surface are shown in figures 6 and 7. Both fractographs are
at relatively low magnification since the fracture features are rather coarse.
The predominant fracture mode is cleavage, indicating a low ductility or
brittle fracture. This type of fracture is expected for gray cast iron.
Although there had been some corrosive attack, the fracture features had not
been obliterated by the corrosion process.

3.4 Chemical Analysis

Samples of material from each of the three pipe lengths examined were sub-
mitted to a commercial laboratory for chemical analysis. The results of
these analyses are given below as percent by weight:

West end, 16 ft. 11 ft. length East end, 16 ft.

-9 in. length 9 in. length

Total carbon 3.68 4.18 3.60
Combined carbon 1.04 1.65 1.29
Manganese Q.44 0.50 0.48
Phosphorus 1.34 1.45 1.35
Sulfur 0.069 0.086 0.104
Silicon 1.61 1.60 1.61

Nickel 0.03 0.03 0.03
Chromium <0.01 <0.01 <0.01
Molybdenum <0.01 <0.01 <0.01
Copper 0.09 0.08 0.08

The carbon equivalent^ (% total carbon +1/3 {% silicon + % phosphorus) for
the material from all three pipe lengths is greater than 4.3^ indicating that
the material is hypereutectic and would be expected to be relatively low in

strength. The phosphorus content in all three cases is rather high compared
to today's practice. Excessive phosphorus leads to the formation of steadite
(iron- iron phosphide eutectic). Steadite is hard and brittle, and if present
in sufficient quantities, may have adverse effects on the mechanical proper-
ties of the cast iron. As a basis for comparison only, proposed American
National Standard A21. 9-1970 for cast iron pipe centrifugally cast in sand
lined molds for gas service limits the phosphorus content to 0.90% maximum
and the sulfur content to 0.12% maximum. It should be noted that the pipe
being examined was pit cast and was produced before the quoted standard was
written.
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3.5 Examination for Graphitization and Metallographic Examination

Little if any graphitization was evident during a macroscopic examination
of the fracture surface. A transverse section was taken through the pipe
ranging from about 1/4 to 2 inches from the fracture. This section is

shown in figure 8 after polishing. No significant graphitization was
evident.

Two longitudinal sections intersecting the fracture were taken at the
locations indicated in figure 5. A small amount of graphitization was
detected adjacent to the outside pipe wall surface in these sections. A
photomicrograph showing the entire wall thickness adjacent to the fracture
appears in figure 9. The graphitization extends about 0.12 inch in from
the outside wall surface. The wall thickness of the pipe varied around
the circumference between about 0.57 inch maximum and 0.42 inch minimum.
Graphitization is essentially complete right at and near the surface.
As distance from the surface increases, a region of partial graphitization
is reached. An area showing the change from essentially complete graphiti-
zation to partial graphitization appears in figure 10.

The unetched microstructure of the pipe material from the fractured piece
is shown in figure 11. The fracture profile is horizontal at the top. The
field shown in figure 11 is representative of the unetched microstructure
of the material except for the region adjacent to the inside wall surface
of the pipe. (The region adjacent to the inside wall surface is discussed
later in this report.) The thin, dark particles are graphite flakes with
a type A distribution?.

An etched field from one of the longitudinal sections from the fractured
piece of pipe is shown in figure 12. This field is representative of the
material in the pipe except for the region adjacent to the inside wall
surface. A field similar to that shown in figure 12 is shown at higher
magnification in figure 13. The microstructure consists of graphite flakes
(long, thin, dark particles), pearl ite (fingerprint pattern), ferrite (light
gray patches), and what appears to be steadite (small, rounded particles
within the ferrite patches).

The etched microstructure adjacent to the inner wall surface is shown in

figures 14 and 15. Again, the microstructure consists of graphite flakes,
pearl ite, ferrite and what appears to be steadite, but there is much more
ferrite and much less pearlite in this region than avyay from the inner wall.
The graphite flakes are smaller and there are more of them per unit volume,
than in the remainder of the material.

3.6 Hardness Measurements

An attempt was made to take Brinell hardness measurements on a transverse
section through one of the two-foot pieces of pipe, but the material cracked
under the load. Therefore, Rockwell K (HRK) hardness measurements were taken.

- 5-



"1

f

tiftt to> ftoUifilnta;^^ 8.E

_ arti A aiutorrt erti Yo
"-ie? tt--<fT .Piiiffirri A\f ^uods m&if^ PW^ffi'B^ '•:

t>npie>.oM ^foci rtaitft 8 sniupn nr mrtMie V

rttbfvsi%iLviJl

fnBOJ:
«T,

'W.

,$ «

s* ('
il'
?J

aris 6^, 1251:;’^ n#w fBnl'bidtfiWof owT
::^fftoaiR |Tjlt» A .8 0^<b2lpfbl1^ ano^lsoaf!

nf ff»»» ai^ls^hiO'SftJ or Jnaoetbfi

•’Tw?oBi!^ 4ia«jil©t f!i flpw 9lf^m »f1X Bfitwotiz

lisnrStM fuodt iferwto 0^^pttrtf iteaqqj

feunna b#tTfcv sqfq ariy ttsw »tfT vepfitnua rfcif abfi^ua
,S^vO lihnl Xi»i^ fycds ma^&ii &:>n9i9Jm:rTh

9j*fa«63 itol^sif^l’Hcfi'r^]

fafiiaq To rto?*W $ wisWui »dl
M^fYiina? 910 pfilwiB fi9*ift ftA ibay|a«9if at,^

^ ,0f aruilti ^ ^atqiii noJt«i?'IMQ6'^P ot nof^rsar^
.

«>
,

•^' ...

' ' ^ *^
' ' -- ,

^,*’"^41

'“

' '

9'f0 ''^»«nT' ,„ fifclf.Mi^-' .,9(0 To fin;T:5in^aoif?^«'

,

an? 46 ^64^l6s^*^od eT o4T » t f a^ilert rtf nwWfi *^V
'fe^(tb4a<to 9^4

' ib, di( (tBinaao^qs’^ it ft ^uetT (i^:rtwdrta'"'bfa'tt,..

flaw abtel 9(^4* (# tnajHfc'* 910-^ tqsDxs fahdJim To
tr^ abt^rtf o4 4f»a:‘Btb6 (tciioaT oriT) .sqfq »rt4 To

KTfii' a.9^,i>fT 9dlfloG*<e 'sni- b9rs?#^fbq ..ntrtJ 9/n‘^: L^^oqsT^ itrtt

'

rT

rv^‘y'.:?aiaife5B v^ootiodtiTatb A'i
* “n" ‘^^^^WWItwi

a bM4ls?(wIfcfrt4,} 9(10 sw-rT^^braFTA barfoi
,

31^1 _r!0'yT ^4,^

rrs^.. ftb|a{^t\,i»n,4'’a4V,4l^^ no^rpo*^ S44 ‘^oT j^ox» »qtq artt -fft''' feHsIbi?
ll oworta ar jNeda I tilafT A ,do*Tiru^

«rT arjfT .Sf eiuMT fit fwOrtl it oqt^ ,T^ ooofi

To rTi>ano:> OtfT ^.^eta^wetT «t (Tot46bfTtn$.
4rt^rf>:- »4 fv'iaT t.ifri9t-H% ' jlfsb

;
^ntHJ^iVgnof

aiC;at#*T'6<i' biJbnooT .ffami;) qa lurtK bite , (isi1o4sq; X-*

*'ta»-'ioiBq^94h't9T 9*0 n>yttN(”
“ .r"T \

(V t f/9'i-iif^iJZ^ Hsff T«i|itnt '9(0 0^. \f(ia|^^.OT^99u43iur0aoiotw bfM.4T9 '^dT'

Tio hns ti .is^uet'T-

,

i^^f'''^i4 iM 9i4..o4 ^

i<»«iii tub

^ r,;- -HiftfiiWyH a(*4'.swJTT.,,xj&¥^ bob bTItjoT^
' .amuiov Sttik'^^Q^ '(»d4 T» 9^0-iB a-tfi -riw^ tTtfl'qs^: ortT?'.

=;i
•.

' -
- >. /rist-taiBw ariJ To 'fatmtamsi ortt'fit

* -

^ r79T uaceMVaaootrtBH 3*l£,

"Z ^ '
" ' '

'''
‘ ''

i--^'^

9£*rt:veftm s no i|i0ojsrf 6d Haor^a Bibi o4 sbMi zbim iqm^B
. bo^qOT:' ffelntO^'ETJi smif Tud ,2»ql'q TO' .id09?q,,:46cT-ow4' odT To.soo rtpuonrtl not^oiMrii

,09)144 24n9w»noa6ftinr2a^ 51 TrE^sC^uJ^ .oioTa'TWT ^.b60f 9rti t^bmi



The load for hardness measurements with this hardness scale is signifi-
cantly less than the load for the Brinell hardness. Ten measurements
were made on one transverse section from each of the three submitted
two-foot long pipe pieces. The results of these measurements and the
approximate equivalent Brinell hardness number (HB) are as follows:

Hardness , HRK Approximate Equivalent

Pipe Identification Range Average Brinell Hardness

West end 16 foot, 9 inch length 89-94 91.7 155

11 foot length 91-93 1/2 92.2 157

East end 16 foot, 9 inch length 91 1/2 -

93 1/2

92.6 155

The typical range of Brinell hardness for ordinary gray cast iron is 140-200^.

3.7 Ring Tests and Talbot Tests

Two ring tests and two Talbot tests were performed on specimens machined from
each of the three submitted two-foot pieces of pipe in accordance with American
National Standard A21.9-70. The modulus of rupture was calculated for each
specimen from the results of these tests using the formulae given in ANSI
21.9-70. The results are as follows:

Pipe Identification Modulus of Rupture, psi
• Ring Test Talbot Test

West end of 16 foot, 9 inch length
Gl-1 37,300 36,400
Gl-2 39,800 35,700

11 foot length
G2-1 37,000 35,100
G2-2 40,000 37,400

East end of 16 foot, 9 inch length
G3-1 40,000 28,300
G3-2 37,900 29,400

In addition to the modulus of rupture. the secant modulus of elasticity was
calculated from the results of the Talbot tests. These results are as follows:

Pipe Identification Secant Modulus of Elasticity, psi

West end of 16 foot, 9 inch length
Gl-1 7,110,000
Gl-2 7,615,000

11 foot length
G2-1 7,638,000

G2-2 7,350,000

-6



st zsdftbirj^ 2t(tl fIJJwf 2ifi^0iB‘WB$9i3 iBZ»ntn$(i toJ h«or

ano no ^bsa r
^

3^ (en) 'fadffun fjjKtineif rfsfiHe :rn9r6vr3p|.sieni?x^<

V ‘ >

ez&rttf^fih rtaftng ^s^e^avA ^
" ipri;5)l

Si'.

m
-T^f

j

'"*«'
4.

.‘

., 9<jfq
, ^ r-' ,.

^\T
rfon^ C 3f bnuk iz0

^
^

%\\ tl'
^ ^

r-
' ' ' "

*_. ,.' ^ '*' .f 4.'.^

. Oti-r.(ir ft npif Jjta ,0^ «»nft*rt;J?»nt38''f^^^ i
'*»"«2 5 's .v'j . ^

’ '^-
a? .'

,' IL^»T-l9d r6? bn6 2 ig^T T,

»rtf

>

,. a« s-TB 2^fub*t srtT :o^^,TS'^

ij(xT*'.-

t?o ia Butiibm
s TB9T ipT<ri?

O0&;:ir ^ GQi: V'

,'c’^ n0^S£7rfffmh sqH
ml'-.

’

-^et
'M'

.-41?

BI>

V”

^^v3|rr... • '

J POOJt
y>

- -..- - ' > *»
.

.

«»ens| «aiTf e ,joct 3t W bn*!,J 2i

at •f-Ta','
' fu'iSll

‘

,. :^i‘.
•

00€i??
oSJ-m

V.
^
*'’^'^

...•A.

f?.
, 'fe

W: •

Vw>

^sa- f-sa;
"

e #Joso> 3^^>o bns'iBiS

a M '•ofifSb* 1^

,t. ^

.

^:\
. irj’x

aoc.etf.s
poo,jf»,r-':

d

ftodi e :^4'0Q?i' dr ^p bJi« .i«9w

y

.

ofco,asa.

r00t.i»<&3€.*T



8,625,000
8,432,000

East end of 16 foot, 9 inch length
63-1

63-2

American National Standard A21.9-70 for cast iron pipe centrifugal ly cast
in sand lined molds for gas requires that the modulus of rupture as calcu-
lated from the results of both ring tests and Talbot tests be at least
40,000 psi, and that the secant modulus of elasticity must not exceed
250 times the actual modulus of rupture for any given pipe sample as

determined from the results of the Talbot tests.

The pipe being examined appears to have been pit cast, and not centrifugal ly
cast, and the pipe was produced many years before the quoted standard was
written. It is not clear what criteria were in effect at the time this
pipe was manufactured. Therefore, although ANSI 21.9-70 is not directly
applicable, it does provide a basis for comparison.

4. DISCUSSION

This eight inch diameter gray cast iron pipe natural gas main fractured
transversely in three places in a region where the soil under the pipe
was missing leaving the gas pipe in an unsupported condition. There was
a fractured water main pipe in close proximity to the failed gas main pipe.

There was some corrosion product on the one fracture surface submitted for
examination, but the corrosion product was reasonably easily removed indi-
cating that the fracture was probably rather recent. The pipe failed in a

brittle manner with cleavage being the predominant fracture mode. The
location of the fracture origin was not established.

A small amount of graphitization was found at the fracture surface adjacent
to the outside wall surface of the pipe. In a transverse section slightly
removed from the fracture, no significant graphitization was detected. The
graphitization was not considered excessive in the sections examined.

The chemical composition of the pipe material appeared to be satisfactory
with the possible exception of phosphorus. The phosphorus content was higher
than desirable according to today's practice. A high phosphorus content may
lead to the formation of excessive steadite, a hard, brittle constituent. It

may have also contributed to the high secant modulus of elasticity (relative
to the modulus of rupture) for the piece of pipe from the East end of 16 foot,
9 inch length as calculated from the results of the Talbot tests. The phos-
phorus content, modulus of rupture from most tests, and two of the secant
modulus of elasticity values would not meet today's ANSI standards for centri-
fugal ly cast iron pipe. However, it should be noted that the pipe examined
was pit cast and was produced before the standard cited was written.

The hardness of the material was acceptable for gray cast iron. The micro-
structure of the pipe material appeared to be satisfactory, although some
steadite was present. There was a region adjacent to the inside wall surface

- 7 -
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of the pipe where the carbon content appeared to be lower than that of the
rest of the material. The microstructure is also finer in this region than
in the rest of the material.

5.

CONCLUSIONS

1. This failed gray cast iron gas main pipe had fractured transversely in

three places in a region where the soil beneath the pipe was missing.

2. Failure appeared to be due to a bending load applied to the unsupported
pipe.

3. Most of the corrosion product on the fracture surface was rather easily
removed, indicating that the fracture was probably recent.

4. The fracture mode was predominantly cleavage, which is normal for cast
iron fractures.

5. There was some graphitization at the fracture, but not an excessive
amount. Graphitization did not appear to make a significant contribution
to the failure.

6. The fracture origin was not established.

7. The chemical composition of the material appeared to be typical with
the possible exception of a higher phosphorus content than is usual

in today's grades of cast iron.

8. The hardness of the material was typical for gray cast iron.

9. The microstructure of the material appeared to be satisfactory, with
the possible exception of more steadite than desirable.

6.
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Figure 1. Piece of eight inch diameter gray cast iron gas pipe
containing one face of the fracture from the 16 foot,
9 inch length of pipe. The piece of pipe is shown as

received at NBS. What was reported to be the top of
the pipe as it was oriented in service is at the bottom
in the figure. x 1/2
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Figure 5. Fracture surface after cleaning. What was reported to be

the top of the pipe as it was oriented in service is at

the top in the figure. X 2/3





Figure 6. SEM fractograph showing representative features of
the fracture surface. X 19

Figure 7. SEM fractograph at higher magnification than in figure 6.

Cleavage is the predominant fracture mode. There is

some evidence of rather mild corrosive attack. X 107





Figure 8. Polished transverse section through the piece of
pipe shown in figure 1 ranging from 1/4 to 2 inches
from the fracture. No significant graphitization is
evident at this section. X 0.8





Figure 9. Etched longitudinal section intersecting the fracture at the
location indicated at the lower right in figure 5. The
fracture profile runs at about 45*^ from the upper left to
the lower right. The outside pipe wall is vertical at the
left and the inside pipe wall is vertical at the right. Some
graphitization can be seen adjacent to the outside wall sur-
face.

Etchant: 1% nital X 11





•Figure 10. Unetched longitudinal section showing essentially complete
graphitization at the left and partial graphitization at
the right.

As polished X 100

Figure 11. Unetched longitudinal section showing the fracture profile
horizontally at the top. The field shown is not adjacent
to either the inside or the outside wall of the pipe. The

graphite flakes are present in a type A distribution.
As polished X 100





Figure 12. Etched longitudinal section showing the fracture profile
horizontally at the top. This microstructure is repre-
sentative of the material except for a region adjacent to
the inside wall.
Etchant: 1% nital X 100

Figure 13. Etched longitudinal section showing representative microstructure
of the pipe material except for the region adjacent to the inside
wall. This figure is at a much higher magnification than figure 12.

The microstructure consists of graphite flakes, pearl ite (finger-
print pattern), ferrite (light gray patches), and what is probably
steadite (small rounded region within the ferrite patches).
Etchant: Mo nital X 1000





Figure 14. Etched longitudinal section showing the fracture profile
horizontally at the top. The field shown is representative
of the microstructure adjacent to the inner wall of the pipe.
Etchant: 1% nital X 100

Figure 15. Etched longitudinal section showing the representative micro-
structure adjacent to the inner pipe wall surface. This figure
is at a much higher magnification than figure 14. The micro-
structure consists of graphite flakes, pearl ite, ferrite and

what appears to be steadite.
Etchant: 1% nital X 1000





HBS-114A (REV. 9.78)

U.S. DEPT. OF COMM.

BIBLIOGRAPHIC DATA
SHEET

1. PUBLICATION OR REPORT NO.

NBSIR - 1985

No;

4. TITLE AND SUBTITLE

Examination of Failed Eight Inch Diameter Cast Iron Pipe
Natural Gas Main, Philadelphia, Pennsylvania

7. AUTHOR(S)

T. Robert Shives

AcfiOSSItJli No*

5. Publication Date

Feb. 1980

S* PeifOT»»Bg;Ofgamzation Code

8. Performing Organ. Report No.

9. PERFORMING ORGANIZATION NAME AND ADDRESS

NATIONAL BUREAU OF STANDARDS
DEPARTMENT OF COMMERCE
WASHINGTON, DC 20234

iSi Pfeied/Ta«k/W<xk ifetit No.

11. Contract/Grant No.

5620-42

12. SPONSORING ORGANIZATION NAME AND COMPLETE ADDRESS cSfreef, City, sr^fe, ZIP)

National Transportation Safety Board

Washington, D.C. 20594

13. Type of Report & Period Covered

Failure Analysis

Ag«icy Cod?

\ V \X ' X
'

;-!E

15. SUPPLEMENTARY NOTES

Contract/Grant No. 5620-42

I I
Document describes a computer program; SF-185, FIPS Software Summary, is attached.

16. ABSTRACT (A 200-word or less factual summary of most significant information. If document includes a significant bibliogr^hy or

literature survey, mention it here.) At the request of the National Transportation Safety Board, the

National Bureau of Standards performed an examination of a fractured eight inch dia-

meter cast iron pipe natural gas main. An explosion and fire at the location of the

failure had occurred on May 13, 1979 at Tacony and Margaret Streets in Philadelphia,

Pennsylvania. The supporting soil beneath the pipe was missing at the location of the

failure. The pipeline had completely fractured circumferential ly in three places, and

after fracturing, fell into the cavity created by the missing soil. Failure appeared to

be due to the application of a bending load to the unsupported pipe.

The non-uniform wall thickness indicated that the pipe was pit cast and therefore

was probably rather old. Today, such pipe is normally centrifugal ly cast which results

in a uniform wall thickness.

Only one of the fracture surfaces was selected by the National Transportation Safe

ty Board for examination by the National Bureau of Standards. Corrosion product on

^

that fracture surface was rather easily removed, indicating that the fracture was likel

recent. Cleavage was the predominant fracture mode. The amount of graphitization at

the fracture was not considered excessive.

The hardness of the material was typical for gray cast iron. The chemical compo-

sition was typical for this material, but the phosphorus content was higher than desir-

able according to today's practices. The microstructure appeared to be satisfactory

with the possible exception of more steadite (iron-iron phosphide eutectic) than

.sirahlp arrnrding tn tnHay'<; practices ^
— de-

17. KEY WORDS (six to twelve entries; alphabetical order; capitalize only the first letter of the first key word unless a proper name;

separsted by aemicotona)

Brittle fracture; Cast iron. Cast

Graphitization

iron pipe, cast iron gas pipe, Cleavage;

18. AVAILABILITY I \
Unlimited

nCi For Official Distribution. Do Not Release to NTIS

I

' Order From Sup. of Doc., U.S. Government Printing Office, Washington, DC
20402, SD Stock No. SN003-003-

I i

Order From National Technical Information Service (NTIS), Springfield,

VA. 22161

19. SECURITY CLASS
(THIS REPORT)

UNCLASSIFIED

20. SECURITY CLASS
(THIS PAGE)

UNCLASSIFIED

21. NO. OF
PRINTED PAGES

22. Price

USCOMM-DC



m m ^.~- —

^

/, ^ . IWi^IrlSlfc^S-;' '

.tSObOtlOU^.

ojijE’: ,ebl

.OH Twyi' no wonroiSlif^

ssei - flI2«M

.A,

- '

ncnl ^ifiD ta^iowfO rtawl JrigfS bafUl >o rrofi/wit

J“' §rn*vrx«mf«<J ,tlnqf®t>if|rt<? .nljiH 2&a f

-#
'

'rl'^

I

Jjco

id

3
.«.tO\J,^i»#5 41

gi^-osde

*,'• ,fCftT -W-

2?2Vj6#lA S'tuyftl ,

.. . •45,-;»;--'C : Tfll-

if'

mM2
WOfTA.,‘/ -OPO 01

TiiIQAAOMATt >10 UASHIIf
SORIMMOO ^0 TM3al1)li^

»4m 00

{Ai» ^••'Ai^ieafiaQA 3T5jtmdo oha awnMioiTAsiBAas j

blfiflg yJ*A82 nofj6}ioq*nBiT.
M80S .3.0 .no.i|

‘

aatiN^

mem
Si^-OSd? . oH tnsn^V offfim

»« vaSI-^^? ^wntwj^Htwfea *

Itf •«Ht' <M Ml A)
Ur»*A'U M*hK«« .',1^-^toS^'OS'til rtWoJ^Maitlwr ItrumW »n^ TO iT

byty^aft-n & >o not^'««in*fix9 «« 2biBt«i543J To
^r»j nof^Boof 9^3 is ^fT b«^ nol’sofqxa nA "

. i^ow ea® fruid'ftii nonl'

/«t'(Tqrsja5n#l a? 2^04*152 bn» x,io^T js ,£1 W'tiuoooibait

9^3 Ip 9Ki$ If pntzeN 2ow sq^q erti i13^6»M fto* gflhtnoqqu* wIT .flftntj^xi

Bijfi . ssoiRT^T^.^’Trt^ ftJ bsiuJof-jT xr^JsrcjfJioa' biH onff^KIhg aHT n»Vt
&3>ifi^06 $4urtfc'^. r>02 giif22^(B 9(1^ bajtsio od'nf ffaf* ,g^^^^^3f'^T

"

,90^0 boiioqquznu edJ 63 bf0f'*fotb#iftd'’6 Toijrtof^fiof foga sHl ol y

V aXbT^Bd?' brra J«a3 Jlq 9<|Tg‘^9ftT ^fdi ba^iaTbifl fTsw nnoTl^nu“nOif(9
^8iKj x^^^T^TT^9o xitBonon z\ sqfg rtout «xAbcT ,bfo -wmiirt

'^/ ^ tizsnjibfrti fffw «r<otN
npt'iaT’ e^QMfi^T baToolde artT To sno yfriO'

7', qq Trxfbi?Tcj ^nof20TTo3 To uaytufi f6fk>Hgtf^»H3 xd ,oofTwif«ufX9 loT bTf-
‘ r efivf 5Mi^ i&Q Q6t3iotM ,bmfomy itttsa 90f>>»»f qhuJoAT

^5 noxiai;Htrfti6'>g To :ff»uofB£ .obofB yfu^ae^T ^wjMhttoboxq 9(t> 2Bw fgsvMfD
“ .9vfis90*»'b»'<96teno3 Jbft afij siL'iD

-oqriKiii .rq^tinofio ortT .n?nf jt»o \,BiQ 'lof ffol-qx^ 2»W feU^Jjin^ddi To ?25rttn(i^9
2A««r loft^nop 2inodq«of1q sdt ^Jd ifhi noT fiofq'xf

,1. 9<J 63 b9T«9qq#^9*iiil3in3ao*tohra »rfl^ ^/zaolJDftq e'XBbol oJ edf'bl^ #
-9t r«d8 (d?5d94i«i sbMqcOftq rmt-noii*) no® To nofJqeoKO 9 fdf 22o<f.

.,,x... iUB^ ',
.., at,

• ixOt «»•• *wt» «Ni) 1*%S> •A 1(1^ ^<->m'ii^i» yiwi^itr.

a .ki

*9?svf3rO ,iqlq
m

T 3263, ^aqi-q nertit 3Jf3i5ert(rft 3ifO. muTof'iT of^^N

>TU«, iiA

2j

v-r
30‘4A^niaic* ^>90 iMaHX

• •Yi^- k .• .1,

oi ftU oO 4M*fws*«:uO touinOioX

{M«(l90t1Qf JftfTfliJ «Diyi*l rHMl4Jntdllf|l l«3lH«aAT <0011

ji.fLia^i - _ •_ i>ii> IT

U,. J|^ in(|i9

aft AafU Of .g)»Ci


