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IN JANUARY OF 1985, SERVICE FAILURES WERE DISCOVERED ON TwO
FIELD ANCHOR HEADS INSTALLED ON THE CONTAINMENT BUILDING OF THE
VOSEPH M. FARLEY NUCLEAR PLANT, UNIT NO. 2 LOCATED AT DOLTON,
ALABAMA . THE PLANT, WHICH HAS BEEN IN SERVICE FOR APPROXIMATELY
SEVEN YEARS, IS OPERATED BY THE ALABAMA POWER COMPANY . THE
ATTACHED REPORT BY MR. D.E.BUDINGER COVERS THE FAILURE ANALYSES AND
METALLURGICAL EVALUATION OF THESE TWO ANCHOR MEADS. MV 018 AND MWV
038. 1IN ADDITION, TME REPORT COVERS THE METALLURGICAL EVALUATION
OF FOUR OTHER ANCHOR MEADS, WHICH WERE REMOVED FROM THE CONTAINMENT
BUILDING BUT HAD NOT FAILED, THE METALLURGICAL EVALUATION OF ONE
GREASE COVER AND THE CHEMICAL ANALYSES OF SEVERAL GRCASE SAMPLES .
MR. BUDINGER’S CONCLUSIONS ARE



THE FAILURE OF THE ANCHORAGES WAS DUE TO THE IN-SERVICE EMBRITTLE-
MENT AS INDICATED BY SIGNIFICANT AMOUNTS OF INTERGRANULAR SEPARATION
(IGS) BEING EVIDENT ON THE FRACTURE FACES OF THE ANCHORAGES. THE
CONCLUDED EMBRITTLING AGENT IS MYDROGEN, WHICH RESULTS IN HYDROGEN
STRESS CRACKING (MSC).

THE MAJOR SOURCE OF THE MYDROGEN WAS THE PRESENCE OF WATER IN
CONTACT WITH OR ADJACENT TO THE ANCHOR MEADS WITHIN THE GREASE
COVERS. ATOMIC OR NACENT HYDROGEN WAS GENERATED BY THE CORROSION
REACTIONS OF IRON AND ZINC IN THE PRESENCE OF WATER. THE FAILURES
WOULD NOT HAVE OCCURRED WITHOUT THE PRESENCE OF WATER.

THE SOURCE OF THE WATER, WMICH WAS MEAVILY CONTAMINATED WITH CATIONS
AND ANIONS, IS THE ON-SITE ENVIRONMENTAL CONDITIONS.

BOTH THE ANCHORAGE TENDON MOLES AND THE GREASE COVER INTERIOR
SHOWED EVIDENCE THAT ACTIVE CORROSION HAD TAKEN PLACE.

NEITHER CRACKING INDUCED ON STRUCTURAL TESTING AT THE UNIVERSITY OF
ILLINOIS NOR THE INLAND LABORATORY-CREATED FRACTURES ON TENSILE

OR IMPACT SPECIMENS SHOWED IGS. THIS INDICATES THAT THE EMBRITTLING
SPECIES IS NO LONGER PRESENT AND ELIMINATES TEMPER EMBRITTLEMENT AS
THE SOURCE OF THE FAILURES. OTHER POSSIBLE SOURCES OF THE 1GS WERE
ELIMINATED BY TME COMBINATION OF SCANNING ELECTRON MICROSCOPY AND
MECHANICAL TESTING.

THE METALLURGICAL EVALUATION INDICATED THAT THE ANCHORAGES KAD

HIGHER STRENGTHMS BUT DUCTILITIES WITHIN THE RANGE OF PREVIOUSLY
TESTED /#LUMINUM GRAIN REFINED FIELD ANCHOR MEADS. THE WIGHER
STRENGTHS WOULD NOT MAVE RESULTED IN THE SUBJECT FAILURES, HOWEVER,
WOULD INCREASE THE SUSCEPTIBILITY TO MSC AND IGS. THE ANCHORAGES
MET THE MARDNESS REQUIREMENTS OF THME INRYCO SPECIFICATION AND THE
CHEMICAL REQUIREMENTS OF THE ASTM AND INRYCO SPECIFICATIONS. THE
MICROSTRUCTURES AND MICROCLEANLINESSES WERE AS EXPECTED FOR THE
STEEL GRADE AND CONDITION. RETEMPERED ANCHORAGES INDICATED THAT
THE MEADS WERE MEAT TREATED AS SPECIFIFD.
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FINALLY, THE FOLLOWING RECOMMENDATIONS WERE MADE :

1. ELIMINATION OF WATER IN THE POST TENSIONING SYSTEM IS ESSENTIAL
FOR THE ELIMINATION OF THE RECURRENCE OF SIMILAR SERVICE FAILURES.
THE AMOUNT OF WATER THAT CAN BE TOLERATED CAN NOT BE DETERMINED
WITH ANY CERTAINTY.

2. IF THE WATER CAN NOT BE ELIMINATED, THEN THE ANCHORAGES SHOULD BE
INSPECTED AT SOME INCREASED FREQUENCY TO INSURE AGAINST FAILURES
AND THE COLLECTION OF EXCESSIVE AMOUNTS OF WATER. VERTICAL TENDONS,
DUE TO THEIR ORIENTATION, SHOULD BE THOROUGHMLY EXAMINID FOR WATER.

3. CURRENT VISUAL INSPECTION PROCEDURES WILL NOT DETERMINE IF THE
ANCHORAGE IS CRACKED IN THE CENTER OF THE MONEYCOMBE AT THE SHIM
FACE. DETENSIONING AND MAGNETIC PARTICLE TNSPECTION ARE NECESSARY
TO DETERMINE IF SUCH CRACKING IS PRESENT.

4. THE STRENGTH LEVELS OF THE ANCHMORAGES SHOULD BE LOWERED IF POSSIBLE
WITHIN THE SCOPE OF THE ORIGINAL DESIGN. WWILE THIS WILL REDUCE THE
SUSCEPTIBILITY TOWARD MYDROGEN STRESS CRACKING (HSC), IT DOES NOT
PRECLUDE THE OCCURRENCE OF MSC. DETERMINATION OF THE OPTIMUM
STRENGTH LEVELS IS OUTSIDE THE SCOPE OF THIS INVESTIGATION.

PPN/R-SCRIPT
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TABLE 1. TNLAND STEEL METALIUNC “Fal LABORATORY
MEYALLURGICAL TEST DATA ON FARLEY UNIT NO. 2
ANCHOR HEAD HVY 016

CHEMICAL ANALYS!S:

C MN P S S! ; Tt AL

.43 97 014 028 .24 . . ’ L . a 3 . 004 o018

MICROANALYSIS -

CLEANLINESS (J-K RATING ON APPEARANCE ) A -aH, BNt
CARBIDE MORPHOLOGY TEMPERED MARTENSITE

MACRUANALYSIS: SOUND KILLED STEFL

HARODNESS (SURFACE ) : BHN 429-444 (HRC CONVERTED 45-47)
HRC ACTUAL 40-41

TENSILE PROPERTIFS:

SAMPLE YIELD~ TENSILE TOTAL REDUCTION  ELASTIC
TEST STRENGTH  STRENGTH  ELONGATION IN AREA RATIO
DIRECTION GAUGE (KS1) (kS1) (% IN 2%) (%) YS/18
TRANSVERSE .503" 163.6 201 .3 11.0 18.6 0.81
TRANSVE RSE 498 168 2 198 5 8.0 13.9 0.8S
LONGITUDINAL 498 174 6 206 .2 13.0 35.9 0.85
LONGITUDINAL . 499 169 2 200.2 13.0 35.5 0.85
* O.2% OFF-SET YIELD STRENGTH. .
IMPACT PROPERTIES:
ROOM TEMPERATURE 212 DEGREES F
TEST IMPACT PROPERTY LONGITUDINAL  TRANSVERSE LONGITUDINAL TRANSVERSE
1 ENERGY ABSORPIION, FT.-LBS. 12 3 20 8
BRITTLE FRACIURE, % 95 95 90-95 95
2 ENERGY ARSOPPTION, FT_ -iRS 13 " 20 10
BRITILE FRACTURE, % a9%5 95 90 9% 95

RFFER TN FIGURES 2A-2C FOR THE TEST POSITIONS AND ORTFNTATIONS .



TABLE 2

CHEMICAL ANALYSIS:
c L P S
45 .98 .01 .029
MICROANALYSIS:

CLEANLINESS (JU-K RATING ON APPEARANCE )

CARGIDE MORPHOLOGY

HARUMESS (SURFACE):

TENSILE PROPERTIES:

INLAMD STEEL METAILURGICAL { ABORATORY

ANCHOR HEAD v 038

st cu NI MO R AS ca v
.22 vt 14 22 112 0t4a - 008 .OF
Ad-an

TEMPERED MARTENSITE

BHN 429-444 (HRC CONVERTED 45-47)
HRC ACTUAL 44 .0-44.5

SAMPLE YIELD» TENSILE TOTAL REDUCTION
TESY STRENGTH STRENGTH ELONGATION IN AREA
DIRECTION GAUGE (ksSI) (ks1) (X IN 2%) (%)
TRANSVERSE . 508" *e 202.4 8.0 LA |
TRANSVERSE .50% 161.3 192.7 8.0 13. 4
LONGITUDINAL . 504 170.4 196 .7 15.0 44 9
LONGITUDINAL . 503 176 .6 199.8 13.0 45.6

* 0.2% OFF -SE

IMPACT PROPERTIES:

.................

1 ENERGY ABSORPTION,

BRITTLE FRACTURE,

2 ENFRGY ABSORPTION
BRITTLE FRACTURE,

T YIELD STRENGTH. ** CHART PAPER JAMMED .

ROOM TEMPERATURE

.008

METALLURGICAL TEST DATA ON TARLEY UNIT NO. 2

T

18

021

.009 97 PPM .01

ELASTIC
RATIO
¥YS/1s

212 DEGREES F

LONGITUDINAL TRANSVERSE LONGITUDINAL TRANSVERSE
Afs = 13 8 23 10
* 95 95 95 95
o FY.-4NS. 13 23
* 95 90

REFER TD FIGURES 2A-2C FOR THE TEST POSITIONS AND ORTEMTATIONS .

se

.010
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TABLE 3 INLAND STEF!I MFIALLURGICAL LABORAIODRY
METALLURGICAL TEST DATA ON FARLEY UNIT NO. 2
ANCHOR MEAD MV 027 AFTER RETEMPERING

CHEMICAL ANALYSIS:
Cc L] P S Si cu NI L8] CcR AS cn v T AL N 02

43 1.0V 012 .027 .24 .1 .12 .23 1.10 .012 -.008 .01 .002 .022 .006 B3 PPM

MICROANALYSIS:
CLEANI INESS (J K RATING ON APPEARANCE ) AJ-an, B2n
CARBIDE MORPHOLOGY TEMPERED MARTENSITE
HARDNESS (PROFILE): HRC CONVERTED
fROM BHN HRC ACTUAL
OUTER MIDDLE INNER OUTER MIDDLE INNER
Toe 47 45 47 43 43 aa
MIDOLE as 44 45 43 40 42
BOTIOM a5 a5 47 43 43 a4q

TENSILE PROPERTIES:

SAMPLE YIELD» TENSILE TOTAL REDUCTION ELASTIC
TEST STRENGTH STRENGTH ELONGATION IN AREA RATIO
DIRECTION GAUGE (xSt) (xS1) (% IN 2%) %) YS/1S
TRANSVERSE 1 _S504° 168 .0 190.5 8.0 $.35 0.88
TRANSVERE 2 .503 156.5 182.2 9.0 141 0.85

* 0.2% OFF-SET YIELD STRENGTH.

IMPACT PROPERTIES:

ROOM TEMPERATURE

IMPACT PROPERTY TRANSVERSE 1 TRANSVERSE 2 TRANSVERSE 3
ENFPGY ABSORPTION, FT_-LBS. 8 8 8
BRITVILE FRACTURE, % 95- 100 95- 100 95- 100
LATERAL EXPANSION, IN. . 005 . 008 . 005

REFER TO FIGURES 2A-2C FOR TME TEST POSITIONS AND ORIENTATIONS.
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TABLE 4. INLAND STEEL METALIURGICAL | ARORATORY
METALLURGICAL TEST DAIA ON FARLEY UNIT NO. 2

CHEMICAL ANALYSIS:
c L] P S st

.44 Y. 04 0'3 .027 .25

MICROAMAL YSIS

ANCHOR HEAD MV 028 (NOT RETEMPERED)

cu NI Lt CR Aas 8 v 11 AL N 02 SN

11 13 24 193 013 - 008 .0V .002 .023 .009 159 PPM .01

CLEANCINESS (J-X RATING DN APPEARANCE ) AJ-an, B8

CARBIDE MORPHOLOGY

TEMPERED MARTENSITE

HARDNESS (PROFILE) HRC CONVERTED
FROM BiN HRC ACTUAL

for 48 48 48 a6 45 46

MIDODLE 48 a7 47 44 44 L}

BOVIOM 48 48 48 46 45 46

TENSILE PROPERTIES:

SAMPLE YIELD TENSILE ToTaL REDUCTION ELASTIC
TEST STRENGTH STRENGTH ELONGATION IN AREA RaTIO
DIRECTION GAUGE (xs1) (xsi) (%X INn 27) ) ¥YS/1S
TRANSVERSE t _SOa" 172 .9 202.5 9.0 14.5 0.e3
TRANSVERSE 2 .S0S 158 .5 192.3 9.0 0.7 0.82

* O.2% OFF-SET YIELD STRENGTH.

IMPACT PROPERTIES:

IMPACT PROPERTY
ENERGY ABSORPTYION, F!_ -LBS.
BRITILE FRACTURE, X
LATERAL EXPANSION, IN.

ROOM TEMPERATURE

........................................

REFER TO FIGURES 2A-2C FOR THE TEST POSITIONS AND ORIFNTATIONS .



- T

TAGLE S INIAND STEEL METAILLURGICAL | ARORATORY
METALLURGICAL TEST DATA ON FARLEY UNIT NO. 2
ANCHOR HEAD MV 039 (NOT RETEMPERED)

CHEMICAL ANALYSIS:
C -~ P S st cu NL LUt CR AS cB8 v

-44 .99 013 .027 .24 .Y .12 .23 4.0

MICROANALYSIS

CLEANI INESS (J-X RATING ON APPEARANCE )
CARBIDE MORPHOLOGY

AJ-4H, B2W
TEMPERED MARTENSITE

HARDNESS (PROFILE): HRC CONVERTED

FROM BHN HRC ACTUAL
OUTER MIDDLE INNER OUTER MIDDLE INNER
ToP 48 48 48 46 46 47
MIDDLE a8 47 47 46 44 44
BOTTOUM 48 48 48 47 46 EL
TENSILE PROPERTIES:
SAMPLE YIELD. TENSILE TOTAL REDUCTION
TEST STRENGTH STRENGTH ELONGATION IN AREA
DIRECTION GAUGE (ks1) (xs1) (% IN 27) (%)
TRANSVERSE t 505" 183 8 207.3 9.0 15.9
TRANSVERSE 2 .S03 169 .8 199.8 8.0 15.9

* O.2% OFF-SET YIELD STRENGTH.

IMPACT PROPERTIES:

ROOM TEMPERATURE

......................................

IMPACT PROPERTY TRANSVERSE 1 TRANSVERSE 2 TRANSVERSE
ENFRGY ABSORPTION. FT_ -1BS. 6 7 7
RRITILE FRACTURE, % 95- 100 25 100 95 - 100
LATERAL EXPANSION, IN. . 006 . 006 . 004

REFER TO FIGURES 2A-2C FOR THE TEST POSITIONS AND ORIFNTATIONS.

ELASTIC
RATIO
¥sS/1s



TABLE 6. INILAND STEEL METALLURGICAL LARORATORY
METALLURGICAL TES! DAIA ON FARLEY UNIT NO. 2
ANCHOR HEAD HV 049 AFTER RETEMPERING

CHEMICAL ANALYSIS:

c - L S si v m L) cR AS c8 v T AL

-44 1.03 012 .027 .24 .Y .13 .24 1.13

MICROAMALYSIS:

CLEANLINESS (U X RATING ON APPEARANCE )
CARBIDE MORPHOLOGY

AJ-4H, B2M
TEMPERED MARTENSITE

HARDNESS (PROFILE ) HRC CONVERTED

FROM BHN

................................

ToP a7 a7 47 46 44 45
MIDDLE a7 4s 44 a5 43 e3
BOTTOM 48 48 47 a 44 a5

TENSILE PROPERTIES:

SAMPLE YIELD~ TENSILE ToTaL REDUCT ION ELASTIC
TEST STRENGTH STRENGTH ELONGATION IN AREA RATIO
DIRECTION GAUGE (xs1) (xs1) % IN 2%) (%) ¥s/1s
TRANSVERSE '  SO0e" 174.9 195.5 7.0 9.3 0. .89
TRANSVERSE 2 .S04 155 9 188 .0 9.0 17.4 0.83

* O.2% OFF-SET YIELD SIRENGTH.

IMPACT PROPERTIES:

ROOM TEMPERATURE

IMPACT PROPERTY

FNERGY ARSORPTIION, FT -LBS. 7 6 7
ERITILE FRACIIRE , X 95 - Y00 95 100 95 - 100
LATFRAL FXPANSION, IN . 007 - 004 . 004

REFER TO FIGURES 24 -2C FOR TME TFST POSITIONS AND ORTENTATIONS .

- e



Appendix A.

REPORT

Inland Steel Company Chemical Department Grease Analyses
of February 12, 1985. Reduced copy.
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“Appendix A continued.

REPORT OF CHEMICAL ANMALYS IS
INLAND STEEL COMPaANY
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(a) Neutraltzatfon mumter by color-tnéfcater titratien. These
nutbers will not be the sate as t'cse obtained using Inrveo's
rethod (ASTM D664 Neutra:iization Number Sy Potentiometric
Titratien) dut shou 4 suff'.e for CO"parisen sursoses. e

are not presently set o2 te run TAK by ASTM 2664,

(b) The extraction orocedure 1s 4 sinale-extracsion
the pracedure fn ASTM 0974, (Since 1t 13 @ bk
mettod, 1t sould be excected %0 give higher esy
Inryes's surface extraciion procecure, but ‘t was

version of
extractien
Its t™ar

theusnt

to be more aporcoriate for M’hly centacinated samoie, )

A weigred arount (asorox, 10

cf grease was shaken in a

secaratory funnel with 100 ®l of near-bofling water, Tre
Phases were allcwed to separate and the botisn laver ¢rawn
off for analysis. For anfcn anaiysis, an a'fouot was ine
ected througn 4 syringe f1iter (Acrodisc €192, 0.2 zicran)
nte an fon chronatocracn (Dfonex 20001 with AS.? secaratcr

€alumr). Ouantitation was dene Sy compartsan of
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with trose of aqueous standards. Cation naiysis was cone

by flare AX,

() Unies are relattve peak heights, The species ressons'ble
€culd nct be fdent‘fied. The retention t're incicated trat
1t (they) Interacted only very wesily with the resin. Care
benate, organic acics, tetratorate, and fiuerice behave sim.

tlarly,

(€] Urizs are reletive cesk hefgrts. The soecies resocrsible
cculd not be fdent!fied, The retention tice fncicates that

ft (they) fnteracted strong'y with the res’n.
teracts less strongly and crtha'ate core so.

Sulfate in-

(0] Insu’ficient savsle. It aocesred that mest ¢f the cantents
of the container ha¢ been re=oved pricr to our receivirg 1t,

ntin
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Appendix A continued.

REPORT OF CHENMICAL ANALYSIS

W
INLAND STEEL COMPANY I
CREm Eny JIPaRTRERT « BNALIIY S0 AN i Pas Py 19 ese
i O T I T e
! nrgice “ra- “gecen Ancharvgsd. Ineves : Sghwrepry 1, Jo%¢
LARTERT PO T
: Pagwasi Yaral!
LLTTRE Bl
| G-8308 3t ce 4

f (*) Imsuf’iclent sample. Water analysis on Shig se=sle may Se
BOOt anyway since 1fouid mate” wis encounteres in the in-
terior of the anchorheda curing gredse sa=2iing.

A1l the used grease samoles were laden with particulate desris,
! Seroles 1,2,7, ana § hed flakes of 2inc, sore of them fingerna!!
s'2e, 411 friadle. The presence of particulate desr’s of yrk=own
comsosition Tay make the data for extractadie ‘ons aifficyls e
interpre: since the alstriduticn of contazinarnts wi'l affgcs %
representativeness of 4 sacpie 4ad thetr corresive fnfivence.

Conclusions:
The following conclusfons can be drawn from the above date,

1. Water 15 getting into the anchorhead conta‘mer prabas’y fa
Jteuid form ginte the desicn wayld seen to elimingte tre pot.
sibi11%y of condensat!s+. Liauid water may carry large quars
tities of dissoives materials.

2. The saroles are highiy cantanirated with particulate dadris,
: The dissribution and sources of the decr's need 0 be faves:-
1gated, Any kinc of particulate debris weuld seenm t2 e un-

| desirable.

| 3. There tre large ¢1f%erences 1n the gresse antlyses, yet t*e
samoles form three nedt grouos « too, BOtSsm, and anctsrtedd
interior « giving the de‘a increased cred'dility, Sc=e res-
sons for these differences =ay be:

a) Tre sarrles may be mixtures of greases from d/ffgrert
Tots. Greese fs removed during routine ins;ecticn
and renlaced with rew grease.

t) Contamirants alreacy present cay be recistriduted
I by water,

(SRR B LA T TR
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Appendix A continued.

REPORT OF CHEMICAL ANALYSIS

W
INLAND STEEL COWPANY i
TRERIEAL MIPANTRERT o BRALTY 2ER e I 3 o= § rers
AEL LN Y TE AR AT T T 1Y ' i
| Grease from Tendon Ancharhesd, Inrvco | Sanouar: -
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|
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|
: €) Offarest tevels ¢f contamination by so)ies, water,
! and water-borre matarials fay exist,
i d) The grease may be detertorating, HWigher total asic
| numoers ancd the large 4, and ncnesistent As for 5
anchornesd Intaricr satdle suggest this but are ‘-
from conc usive.
!
| 4. The most highiy contaninated gresase s that frem the anchar.
head fnterior, the most crit'cal location. This sugoesss taat
the anchorhesa 1tse’? =ay Be the peint of entry ¢’ the czn-
tanirants pessibly with the tencon dctiing as a conduit,
es: P, Nee 2-10¢
0. Bugincer z-:u/
6. Fencer 2-174
i k. Carr -in
| P, Kawking 211
£, Saith -1l
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Appendix B. Inland Steel Company Chemical Department Grease Analyses

of February 26, 1985. Reduced copy.

REPORT OF CHEMICAL ANMALYSILS
INLAND STEEL COMPANY |

CREW EML MERARIRERT « Bah T TER TR .

T
: reste Fram 7 € | Febryary 15, 1888
: BAEL HE s

! Operating Techngloay, P. Noe

(4] LiGuia water encountered during samoling,

(8) Uniis are relative pesk heigris. The species responsiblie could not Se fcentified.
(e Yot seteminadle due to interference.

(¢, Mng!’ied version of that fn ASTM D974, See footmote (b), G-539%.

(@) o of extract of manufaciurer's samale of 2090-F4 1y 9.4,

Grease from V21 was saspled in 6 approxicately 3* Tayers until the bottem (f1:! enc) wes
rescnen.

e
! Led M. G-5439 Aate~ Extract Snaivsig ¢}
|

€1 MOt MO 30" A A ha K G omg

Ree 2 ee2 e [ b gen g2 ) @y i
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Attention:

fumnles feceived: 2/10/83
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Fiald End, INOROVZL w/tape 0,30
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Suburban Laboratories, Inc., Grease Analyses of February 21, 1985.
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Appendix C continued.

Inryco, Ine.
Feoruary 21, 1985
Page 12 padiansing
Memles Neceived: 2/10/85 Slorides Mitrates Sulfides  Mater Content Jota) Mase i
(ppm) (ppm) (ppm) ] (mg KOW/g)
Lisld Anchor Cap / ¥-21
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Tendon
Tensile
Loading

Tendon Wires (170)

Conduit

Concrete Concrete

Bearing Plate

Shim Stack

Protective Grgase
ke Field Anchor Head

Figure 1. Sketch showing the approximate orientation and layout of
the components at the lower end of the vertical tendons.
The sketch is not to scale.




Macroetch on HV 016 only

(cross hatched area).
7

Surface
Hardnesses

on HV 016 & HV 03

(Brinell & HRC),

Slice for
Cross sectional

Hardness Profiles

Chemical
Analysis.

Microsections,
Longitudinal &/or
Transverse.
(Microstructures

on HV 027, HV 028,

HV 039 & HV 049

(Brinell and HRC).

denotes the nine

positicns tested.

{= rated on the
——e— it < longitudinal sections)
) Di0A~A0 =
OOOOOOOOOOOOOOf
O-0O~A0~0-0~C 0,0
OA0-0,0-0-0,-0
O0Z20A0,0,020
O.0-0-0-0-0
O OOOOO //
)
,’/
\ - - /
— —— -
Top (Button Head) Face
) Chemical
Analyses.
Microsections,
Longitudinal &/or

Transverse.
o) | 1

Figure 2A.

Bottom (Shim) Face

Test locations for the macroetch,
hardnesses and microsections.
Figure is not drawn to scale.



Duplicate threaded

. 505" diameter
transverse tensile
specimens with 2"

gauge lengths.
Positions 1 & 2
maintained on HV 027,
HV 028, HV 039 & HV 049

but not on RV 016 & HV 038.

0.0AC
05050
02026%090%0
0-0 Q50
U000 0.0
0nQR0~0,0:0400
000,00
OLA0A00~0~0,0
A0 A0 A0 200
O VA0~A0,0,0,0
0 0~,0,020~0,0
00~0,-0C20 D~
OO0 00, IO
A0 E0A0A0A0
O A Q00,0
O o ©.0,0 20
O ‘f“-’QOOQ
Q

Top (Button Head) Face

T

|
Il
|

|
|
|

|

|

{
|
|
|

Figure

Bottom (Shim) Face

Test locations for the Tensile Specimens.
Figure is not drawn to scale.

Duplicate threaded
.505" diameter
longitudinal tensile
specimens with 2"
gauge lengths.

HV 016 & HV 038 only.




Top (Button Head) Face

|

|

Longitudinal full size
impact specimens on

HV 016 & HV 038 only.

Notched normal to the

rolling direction and

outer diameter of the

head.

Transverse full size
impact specimens.
Notched parallel to the

rolling direction.

Bottom (Shim) Face

Transverse specimens

on HV 027, HV 028, HV 03¢
& HV 049 taken adjacent
to the shim face only

Figure 2C. Test locations for the Charpy V Notch

impact specimens.
to scale.

Figure is not drawn
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INTRODUCT ION

THE JOSEPH M. FARLEY MNUCLEAR PLANT. UNIT NO. 2 - DOLTON,
ALABAMA, OPERATED BY ALABAMA POWER COMPANY (APCQ), ENCOUNTERED THE
FIELD FAILURE OF TWOD FIELD ANCHOR HEADS, MV 018 AND MV 038. THE
ANCHOR HEADS ARE PART OF THE POST TENSIONING SYSTEM USED IN THE
REACTOR CONTAINMENT BUILDING. ANCHOR HMEADS WV 016 AND WV 038 WERE
LOCATED AT THE LOWER POSITION OF VERTICAL TENDONS V-17 AND V-21,
RESPECTIVELY. BOTH HEADS MAD BEEN STRESSED FOR APPROXIMATELY SEVEN
TO EIGHT YEARS (STRESSED ON NOVEMBER, 1876, THROUGH JUNE, 18§77).
THE ANCHORAGES WERE LAST INSPECTED IN JUNE-JULY, 1883, AT wWHICH
TIME THE INSPECTED ANCHORAGES (21) APPEARED TO BE INTACT BASED ON
THE VISUAL INSPECTION PROCEDURES IN USE AT THAT TIME. THREE
ANCHORAGES FROM THE WV HEAT GROUP, BUT NEITHER OF THE FAILED HEADS,
WERE INSPECTED IN 1983,

ANCHOR MEAD MV 016 WAS DISCOVERED JANUARY 25, 1885, DUPING A
30-DAY REFUELING SHUTDOWN OF UNIT NO. 2. THE RING PORTION OF THE
HEAD HAD FRACTURED INTO FIVE SECTIONS AND THE HONEYCOMB PORTION HAD
SHATTERED INTO APPROXIMATELY 80 PIECES. TWO MAJOR FRACTURE SEC-
TIONS OF THE ANCHOR MEAD MV 018, LABELED #1 AND #2, WERE RECEIVED
AT THE INLAND METALLURGICAL LABORATORY ON JANUARY 28, 1985, FOR
FAILURE ANALYSES. THE OTHER MAJOR FRACTURE SECTIONS OF ANCHOR HEAD
HV 018 WERE SENT TO BATTELLE FOR SIMILAR FAILURE ANALYSES. INSPEC-
TION OF THE OTHER ANCHOR MEADS IN THE CONTAINMENT WAS CONCURRENTLY
BEING PERFORMED. IN ADDITION, FIVE GREASE SAMPLES FROM THE LOWER
END OF TENDON V-17 WERE SUBMITTED TO THE INLAND METALLURGICAL
LABORATORY FOR CHEMICAL ANALYSES.

ON JANUARY 30, 1985, DURING THE INSPECTION OF UNIT NO. 2,
FRACTURED ANCHOR MEAD MWV 038 WAS DISCOVERED. THE MEAD HAD
FRACTURED INTO THREE SECTIONS PLUS ONE SMALL FRAGMENT FROM THE
HONEYCOME AREA. THE ENTIRE ANCHOR HEAD WAS RECEIVED AT THE INLAND
METALLURGICAL LABORATORY ON FEBRUARY 18, 1985, AND WAS JODINTLY
INSPECTED (VISUALLY, USING A LOW POWER MICROSCOPE AND SCANNING
ELECTRON MICROSCOPE, SEM, ON THE SMALL FRAGMENT) BY INLAND
METALLURGICAL  LABORATORY  PERSONNEL, G. SCHMIDT OF BECHTEL
REPRESENTING THE APCO, T. GROENEVELD OF BATTELLE AND H. PRESSWALLA
OF INRYCO ON FEBFUARY 18, 198%5. AFTER THE EXAMINATION AND A
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JOINT AGREEMENT, SECTION #1, REPRESENTING APPROXIMATELY SO% OF THE
ANCHOR HEAD, AND THE SMALL MONEYCOME FRAGMENT WERE RETAINED BY
BATTELLE FOR THEIR ANALYSES OF THE FAILURE. SECTIONS #2 AND #3
WERE RETAINED BY INLAND FOR FAILURE ANALYSES. AT THIS TIME, ALL 49
ANCHOR HE DS OF THME MV MEAT IDENTIFICATION WERE BEING REMOVED FROM
THE CONTAINMENT BUILDING.

PRIOR TO RECEIVING ANCHOR MEAD WV 038, THE GREASE COVER FROM
THE LOWER END OF VERTICAL TENDON V-21 WAS SUBMITTED TO THE INLAND
METALLURGICAL LABORATORY ON FEBRUARY 9, 1985. THE GREASE COVER
CONTAINED THE GREASE RETAINED UPON REMOVAL FROM THE TENDON. ALSO
SUBMITTED WERE TWO UNCONTROLLED GREASE SAMPLES TAKEN FROM ANCHOR
HEAD HV 038 AFTER UMCOVERING AND PRIOR TD DETENSIONING THE HEAD.
SAMPLING AND ANALYSES OF THE GREASE AND A METALLURGICAL EVALUATION
OF THE GALVANIZED GREASE COVER WERE REQUESTED.

FOUR ANCHOR MEADS, MV 027, MWV 028, MV 038 AND WV 049, WHICH
WERE DETENSIONED AND REMOVED FROM THE CONTAINMENT BUILDING, WERE
RECEIVED 8Y THE INLAND METALLURGICAL LABORATORY ON FEBRUARY 20,
1985, FOR MODIFIED (ABBREVIATED) TESTING. TMESE ANCHOR HEADS WERE
MAGNETIC PARTICLE INSPECTED AFTER DETENSIONING AND ANCHOR HEAD WV
03§ WAS FOUND TO BE CRACKED (REFERRED TO AS PRECRACKED) ON THE SHIM
FACE IN THE CENTER OF THE HONEYCOMBE WEBS. THE REMAINING THREE
HEADS WERE NOT PRECRACKED. ANCMOR MEADS MV 027 AND MV 048 WERE THEN
SENT TO FPM MEAT TREATING - ELK GROVE VILLAGE, ILLINOIS, AND WERE
RETEMPERED AT 850 DEGREES F FOR FOUR MOURS. THE FOUR ANCHOR MEADS
WERE THEN LOAD TESTED AT THE UNIVERSITY OF ILLINOIS, CHAMPAIGN-
URBANA, ILLINOIS, BY INRYCO. AFTER LOAD TESTING, THE ANCHOR HEADS
WERE AGAIN MAGNETIC PARTICLE TESTED WITH CRACKS BEING NOTED ON
ANCHOR MEADS MV 027 AND MV 048 (REFERRED TO AS POST-CRACKS ) AND
ANCHOR HEAD MV 039 FURTHER CRACKED (PRECRACKED AND POST-CRACKED) IN
THE CENTER OF THE MONEYCOME WEBS ON THE SMIM FACE. TME LOAD TEST
CONSISTS OF SIMULATING THE ACTUAL LTADING CONDITIONS OF THE ANCMOR
HEADS (LOADED TO 120-150% GUTS, I.E., THE MINIMUM GUARANTEED
ULTIMATE TENSILE STRENGTH OF THE TENDON) AS CLOSELY AS POSSIBLE
USING A 3,000,000 LB. UNIVERSAL TESTING MACHINE. ALL FOUR MEADS
WERE LOAD TESTED SATISFACTORILY; THAT IS. NO RADIAL {FLEXURAL )
FRACTURES OR PREMATURE PUNCMOUT (SHEAR) FAILURES OF THE HONEYCOMB
OCCURRED.




THE FIELD ANCHOR MEADS ARE 4* THICK BY 9.375" DIAMETER
CYLINDRICAL PARTS AND ARE SUBJECTED TO A COMBINATION OF SHEAR, COM-
PRESSIVE AND TENSILE LOADS IN SERVICE. FIGURE 1 IS A SKETCH OF THE
APPROXIMATE LAYOUT OF THE SYSTEM COMPONENTS AT THE LOWER END OF THE
VERTICAL TENDONS. ONE MUNDRED SEVENTY (170) ©.287* DIAMETER HOLES
ARE DRILLED LONGITUDINALLY THROUGH THE CENTRAL HONEYTOME AREA OF
THE ANCHOR MEAD. TME STEEL WIRES OF THE TENDONS FIT THROUGH THE
HOLES AND ARE COLD HIADED. AFTER INSTALLATION IN THE STRUCTURE ,
THE ANCHOR MEADS ARE THEN JACKED AWAY FROM THE BEARING PLATE TO
STRESS (TENSION) THE TENDONS. SPLIT SHIM PLATES ARE THEN INSERTED
BETWEEN THE ANCHOR HEAD AND THE BEARING PLATE TO MAINTAIN THE TENS-
ILE STRESS. AFTER TENSIONING, GALVANIZED GREASE COVERS ARE PLACED
OVER THE HEADS AND A MEATED CORROSION PROTECTION GREASE (vISCO O
2090P WAX-BASED PETROLEUM NUCLEAR CASING FILLER PACKING GREASE) IS
THEN PUMPED INTO THE SYSTEM FROM THE LOWER END OF THE TENDON AND
CIRCULATED UNTIL A CONSTANT TEMPERATURE IS ACHIEVED. THE GREASE
COMPLETELY ENCASES THE ANCHORAGES AND TENDONS . PERODIDICALLY, THE
GREASE IS "TOPPED-OFF" FROM THME UPPER END OF THE TENDON. THERE ARE
357 TENDO!S IN THE CONTAINMENT STRUCTURE OF WHICH 130 ARE VERTICAL,
134 ARE HOOP AND 93 ARE DOME.

THE ANCHOR HEADS ARE MACHINED FROM 10* DIAMETER MOT WORKED AND
ANNEALED ASTM A-322 GRADE 4140 OR 4142 ALLOY STEEL ROUNDS. THE WV
ANCHOR HEADS WERE PRODUCED FROM STEEL PURCHASED BY WESTERN CONCRETE
FROM €. M. JORGENSON, WHO PURCHASED IT FROM REPUBLIC STEEL COMPANY
HEAT #8081524. THE HEAT WAS MADE IN 1973. THE ANCHOR MEADS WERE
HMEAT TREATED BY DOWNEY STEEL TREATING - DOWNEY, CALIFORNIA. TO
MILITARY SPEC. MIL-MS887S TO A MARDNESS OF HRC 40-44. MEAT TREATING
CHARTS OR TEMPERATURE RECORDS WERE NOT REQUIRED AT THE TIME THE
HEADS WERE MANUFACTURED.

THIS REPORT COVERS THE FAILURE ANALYSES OF ANCHMOR HEADS MV 016
AND HV 038 AND THE METALLURGICAL EVALUATION OF THESE ANCHORAGES
ALONG WITH ANCHORAGES MV 027, MV 028, MV 039 AND MV 048. ALSO
INCLUDED ARE THE CHEMICAL EVALUATIONS OF CREASE SAMPLES OBTAINED
FROM THE LOWER ENDS OF THE VERTICAL TENDONS V-17 AND V=21
(ANCHORAGES MV 016 AND WV 038, RESPECTIVELY). THE GALVANIZED
GREASE COVER FROM V-21 (MV 038) WAS ALSO EXAMINED. IN ADDITION,
INFORMATION ON THE ON-SITE CONDITIONS AND PHOTOGRAPHMS OF THE
ON-SITE CONDITIONS WERE CONSIDERED.
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TESTING PROCEDURES

THE BASIC METALLURGICAL TESTING PROCEDURES FOR THE TESTING OF
THE SUBMITTED FIELD ANCHOR MEAD SAMPLES WERE AS FOLLOWS:

1. VISUAL EXAMINATION WAS DONE IN THME AS-RECEIVED CONDITION OF BOTH ANCHOR
HEADS AND GREASE SAMPLES. SAMPLES OF THE GREASE RETAINED ON
ANCHOR HEADS WV 016 AND MV 038 WERE OBTAINED. THE GREASE SAMPLING
FROM THE GREASE COVER FROM TENDON V-21 AND VISUAL EXAMINATION OF THE
GREASE SAMPLES WILL BE COVERED IN THE GREASE ANALYSES SECTION OF
THIS REPORT.

2. SAMPLES WHICH REQUIRED DFGREASING WERE THEN CLEANED WITH STODDART 'S
SOLVENT OR ALCMOMOL AND FURTHER EXAMININED WITH BOTH THE UNAIDED
EYE AND LOW POWER MICROSCOPE. PHOTOGRAPHS WERE OBTAINED OF ANCHOR
HEADS HV 016 AND MV 038 AND THE FRACTURE FACES OF THE CRACKS ON
MV 039. THE GREASE COVER FROM TENDON V-21 WAS ALSO PHOTOGRAPHED.

3. SCANNING ELECTRON MY ZROSCOPE (SEM) FRACTOGRAPHY WAS PERFORMED ON ALL
OF THE FRACTURE FACES LOCATED ON THE ANCMOR WEADS AFTER THE HEADS
WERE SECTIONED TO A SUITABLE SIZE. 1IN ADDITIUN, ALL OF THE
TRANSVERSE TENSILE TEST FRACTURE FACES AND SELECTED CHARPY V NOTCH
IMPACT SPECIMEN FRACTURE FACES WERE EXAMINED. ALL OF THE ABOVE
FRACTURES WFRE EXAMINED FOR FRACTURE MODES, I.E.. OUCTILE, BRITTLE
(CLEAVAGE), SHEAR OR INTERGRAMULAR SEPARATION (IGS). ANY OTHER
FEATURES OF INTEREST WERE NOTED.

4. COMPLETE CHEMICAL ANALYSES INCLUDING RESIDUAL ELEMENTS WERE OBTAINED
FROM THE ANCHOR WEADS.

§. MECHANICAL PROPERTIES INCLUDED THE FOLLOWING:

A.) BRINELL AND ROCKWELL (MRC) HARDNESS WERE OBTAINED ON THE RING
SURFACE OF ANCMOR MEADS MV 018 AND MV 038 AND ON THE RING CROSS -
SECTION OF ANCHOR MEADS HV 027, MV 028, HV 039 AND MV 049.

B.) TENSILE PROPERTIES WERE OBTAINED FROM THE RING AREA OF EACH
ANCHOR HEAD USING STANDARD .SOS" DIAMETER ROUND TENSILE SPEC-
IMENS WITH 2 GAUGE LENGTMS. ANCMOR MEADS MV 018 AND MY 038
WERE TESTED IN THME LONGITUDINAL AND TRANSVCRSE DIRECTIONS AND
THE BALANCE OF THE ANCMOR HEADS WERE TESTED IN THE TRANSVERSE
DIRECTION ONLY.
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THE FOLLOWING PROPERTIES WERE OBTAINED:

.) YIELD STRENGTH, KSI (0.2% OFF SET)

) ULTIMATE TENSILE STRENGTH, KSI

) TOTAL ELONGATION, % IN 2* GAUGE LENGTH
) REDUCTION OF AREA, %

s WN .

IN ALL CASES, INDIVIDUAL TEST RESULTS WERE REPORTED WITH NO
AVERAGING BEING DONE.

C.) CHARPY V NOTCH IMPACT PROPERTIES USING FULL SIZE IMPACT SPEC-
IMENS WERE OBTAINED FROM THE RING AREA. ANCHOR WEADS MV 016
AND HV 038 WERE TESTED IN THE LONGITUDINAL AND TRANSVERSE
DIRECTIONS AT ROOM TEMPERATURE AND 212 DEGREES F. THE BALANCE
OF THE ANCHOR MEADS WERE TESTED AT ROOM TEMPERATURE IN THE
TRANSVERSE DIRECTION ONLY. THE FOLLOWING PROPERTIES WERE
OBTAINED:

1.) ENERGY ABSORPTION, FT.-LBS.
2.) BRITTLE FRACTURE, %
3.) LATERAL EXPANSION, INCMES (MV 027 MV 028 .MV 038 ,HV 048)

IN ALL CASES, INDIVIDUAL TEST RESULTS WERE REPORTED WITH NO
AVERAGING BEING DONE. IN MOST CASES, DUPLICATE OR TRIPLICATE
TESTS WERE OBTAINED.

6. METALLOGRAPHIC EXAMINATION TO EVALUATE THE MICROSTRUCTURE (AN
EVALUATION OF THE MEAT TREATMENT) AND MICROCLEANLINESS AS RATED
ON LONGITUDINAL MICROSPECIMENS WERE OBTAINED FROM THE RING AREAS USING
THE J-K RATING SYSTEM BY APPEARANCE ONLY. IN ADDITION. SELECTIVE
MICROSECTIONS FROM THE MONEYCOME AREAS WERE ALSO EXAMINED.

THE LOCATIONS OF THE BASIC TESTING OF THE ANCHOR HEADS ARE SHOWN
IN FIGURES 2A-C, AS WELL AS COULD BE MAINTAINED ON THE SUBMITTED
SAMPLES. IT SHOULD BE NOTED THMAT, 1IN SOME INSTANCES, TME TESTING
WAS LIMITED DUE TC THE SAMPLE SUBMITTED.

THE GREASE COVER FROM THE LOWER END OF VERTICAL TENDON V=21 wWaS
EXAMINED VISUALLY AS RECEIVED AND AFTER GREASE SAMPLING. THE COVEw
WAS THMEN SECTIONED IN ORDER TO OBTAIN ZINC COATING WEIGHTS AND
MICROSECTIONS FOR EVALUATION OF THE GALVANIZED COATING INTEGRITY.
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TEST RESULTS

VISUAL EXAMINATION

ANCHOR HEAD WV 016 (FIELD FAILURE)

THE TWO SUBMITTED SECTIONS OF ANCHOR MEAD MV 018 ARE SHOWN IN
FIGURE 3. THE MATING FRACTURED FACES OF THE MEAD EXHIBITED A
WOODY, FIBROUS-TYPE FRACTURE APPEARANCE. TME FRACTURE FACES WERE
NORMAL TO THE INBOARD (SMIM FACE) AND WERE STRAIGHT AND ALIGNED
PARALLEL TO THE ROLLING DIRECTION. IT IS NOT KNOWN IF THE FRACTURE
COINCIDED WITH THE SPLIT SHIM SPACE. IT APPEARS THAT THE FRACTURE
OF THE RING PORTIONS OF THE MEAD ORIGINATED AT OR NEAR THE SHIM
FACE OF THE MEAD NEAR OR AT THE HONEYCOMB: SEE FIGURE 4. NOTE THE
INDICATIONS OF A LIGHT CMEVRON PATTERN POINTING TOWARD THESE LOC-
ATIONS. A DEFINITE ORIGIN OF THE HONEYCOME FRACTURE WAS NOT
APPARENT, ALTHOUGH THE FAILURE OF THE MEAD PROBABLY ORIGINATED
WITHIN THE MONEYCOMB AND PROPAGATED TO THE OUTER RING. NOTE THAT
THE MONEYCOMB HAD REPORTEDLY SHATTERED INTO APPROXIMATELY 80
PIECES: HOWEVER, THE MONEYCOME FRACTURES IN THE AREA OF THE MATING
FACES REMAINED PARALLEL TO THE ROLLING DIRECTION AND NORMAL TO THE
SHIM FACE INDICATING A BIAXIAL TENSILE LOADING.

THE ADDITIONAL TWO FRACTURE FACES APPEAR TO BE SECONDARY
FAILURES. THEY ALSO HMAVE THE WOODY FRACTURE APPEARANCE, BUT THE
FRACTURE FACES ARE ANGLED AT APPROXIMATELY 10 DEGREES FROM THE
ROLLING DIRECTION. THE FRACTURE FACE FROM SECTION #1 ALSO MAS A
STRIATED APPEARANCE ON THE UPPER TWO-THIRDS OF THE FRACTURE
INDICATING A PROGRESSIVE FRACTURE WHICH PROBABLY OCCURRED LAST AND
ORIGINATED NEAR THE BOTTOM (SHIM FACE) OF TME MEAD. TME FRACTURE
FACE OF SECTION #2 APPEARS TO MAVE ORIGINATED AT MULTIPLE ORIGINS
(AS INDICATED BY THE RATCHMET MARKS) AT, NEAR OR WITHIN THE
HONEYCOMS; SEE FIGURES § AND 6. THE FRACTURES IN THE HONEYCOMB
AREAS ADJACENT TO THE SECONDARY FRACTURES WERE ANGLED TO THE ROLLED
DIRECTION INDICATING A MORE COMPLEX, POSSIBLY TENSILE-SHEAR LOAD-
ING. IT WAS ALSO NOTED THAT SPALLING OF THE ZUTTONMEAD SURFACES OF
THE HEAD HAD OCCURRED ADJACENT TO THE SECONDARY FRACTURES INDICAT-
ING SIGNIFICANT COMPRESSIVE LOADING ALONG THAT SURFACE; SEE FIGURE
3.
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ANCHOR HEAD MV 038 (FIELD FAILURE)

............................ ceee--

THE SHIM FACE OF ANCHOR MEAD HV 038 IS SHOWN IN FIGURE 7
WHEN THE ANCHOR HMEAD WAS RECEIVED, SECTION #3 WAS NOT COMPLETELY
SEPARATED FROM SECTION #2. THERE WAS ALSO A SMALL FRAGMENT OF THE
HONEYCOME FROM THE AREA CIRCLED 1IN FIGURE 8. THE FRAGMENT WAS
VOINTLY EXAMINED AND RETAINED BY BATTELLE. A LIGHT FRACTOGRAPH OF
THE RADIAL FRACTURE OF SECTIONS #2 AND #3 IS SHOWN IN FIGURE 8
THE FRACTURE FACES AS SHOWN IN FIGURE 8 ALSO HAD A WOODY, FIBROUS
APPEARANCE, WERE NORMAL TO THE SHIM FACE AND WERE STRAIGHT AND
ALIGNED PARALLEL TO THE ROLLING DIRECTIONS EXCEPT IN THE AREA WHERE
THE FRACTURE FACES OF SECTIONS #1, #2 AND #3 INTERSECTED THE
FRACTURES WERE NOT ALIGNED WITH THE SPLIT SHIM SPACE, WHICH IS
DENOTED BY THE ARROWS IN FIGURE 7. A DEFINITE FAILURE POINT ORIGIN
IS NOT READILY APPARENT IN FIGURE 8 OR THE DETAIL FIGURES & AND 10
HOWEVER, THE FRACTURES OF THE OUTER RING AREAS APPEAR TO HAVE
ORIGINATED AT OR ADJACENT TO THE HONEYCOME AND IN THE LOWER QUARTER
OF THE RING. INDEED, THE FAILURE OF THE HEAD MAY HAVE ORIGINATED
WITHIN THE HONEYCOME AREA AND PROPAGATED TO THE OUTER RING.

SECTION #3 WAS SEPARATED FROM SECTION #2 AND APPEARS TO BE A
SECONDARY FAILURE. AGAIN, THE FRACTURED FACES EXHIBITED THE wWOODY
FRACTURE APPEARANCE, BUT THE FACES ARE ANGLED AT APPROXIMATELY 10
DEGREES FROM THE ROLLING OIRECTION. THE FRACTURED FACES ALSO HAVE
A STRIATED APPEARANCE ON THE UPPER HALF OF THE FRACTURE SIMILAR TO
THE SECONDARY FRACTURES OF ANCHOR MEAD WV 016 IT APPEARS THAT
THIS FRACTURE ALSD ORIGINATED AT OR ADJACENT TO THE HONEYCOMB AND
SHIM FACE; SEE FIGURE 11,

ANCHOR HEADS HV 027, MV 028, MV 039, HV 049
(DETENSIONED ANCHOR MEADS WHICH MAD NOT FAILED)

ANCHOR HEAD MV 028 HAD ND CRACKS. TME OTHER THREE ANCHORAGES
REVEALED CRACKS ALONG THE CENTRAL HONEYCOME WEBS ON THE INBOARD
(SHIM) FACE HONEYCOME SECTIONS WERE CUT OUT OF THE THREE
ANCHORAGES CONTAINING THE CRACKS AND THEN SEPARATED TO REVEAL THE
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FRACTURE FACES CARE WAS TAKEN IN SECTIONING WV 038 TO INCLUDE
BOTH PRECRACKS AND POST-CRACKS. THE FRACTURED FACES OF THE THREE
ANCHORAGES ALSO SHOWED THE WOODY, FIBEROUS APPEARANCE FIGURE 12
SHOWS THE FRACTURE FACE OF WV 039; THE ARROW INDICATES THE PRE-
CRACKET WEB AREA WHICH HAD A SMOOTHER, MORE CRYSTALLINE APPEARANCE
AS COMPARED TO YHE ADJACENT POST-CRACKED WEB AREAS.

GENERAL COMMENTS ON VISUAL EXAMINATION

THE ANCHORAGES SHOWED VARYING DEGREES OF CORROSION PITTING OF
THE TENDON MOLES MV O168 AND #HV O38 APPEARED TD SHOW A MIGHER
DEGREE QOF PITTING THAN THE OTHER FOUR ANCHORAGE® ThE CORROSION
PITTING INDICATES THE ACTIVE CURRCSION HMAD UR WAS OCCURRING WITHIN
THE TENCON MHOLES.

THE GALVANIZED GREASE COVER FROM THE LOWER END OF VERTICAL
TENDON V-21 (HV 038) EXHIBITED AN "ETCHMED™ CONDITION ON THE INNER
SURFACES AS SHOWN IN FIGURE 13A THE “"ETCHED" CONDITION IS AN
INDICATION THAT ACTIVE CORROSION HAD OCCURRED OR WAS OCSURRING
WITHIN THE GREASE COVER. THE GREASE COVER FROM THE LOWER END OF
TENDON V=17 (MV ©16) HAD A SIMILAR "ETCHED" APPEARANCE BASED ON ON-
SITE PHOTOGRAPHS. SURFACE IRREGULARITIES, WHWICH APPEARED TD BE
DROSS, WERE ALSO EVIDENT ON THE INNER SURFACES OF THE GALVANIZED
COVER; SEE FIGURE 13B. WHEN OBTAINING GREASE SAMPLES FROM THE
TENDON V-21 GREASE COVER, POCKETS OF LIQUID WATER WERE ENCOUNTERED
WITH APPROXIMATELY 200 ML OF WATER BEING FOUND NEAR THE LOWER END
OF THE COVER THIS AMOUNT OF WATER IS EXCESSIVE.

PHOTOGRAPHS OF ANCHOR HEAD HV 038 BEFORE DETENSIONING SMOWED
WATER BEADS BEING VISIBLE ON BOTH THE SHIM PLATES AND THE ANCHOR
HEAD ITSELF.
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'SCANNING ELECTRON MICROSCOPY (SEM)

FIGURES 4-6 AND 9-12 HAVE ACCOMPANYING OVERLAYS. THE OVERLAYS
SHOW BOTH THE POSITIONS AT WHMICH SEX ANALYSES WERE OBTAINED, 1I.E.,
THE CROSS-HMATCHED AREAS, AND THE POSITIONS AT WHICH INTERGRANULAR
SEPARATION (IGS) WAS NOTED, 1I.E., THE RED MIGHLIGHTED AREAS. THE
OVERLAY METHOD WAS USED IN ORDER TO CLEARLY PRESENT THE SEM
ANALYSES OF THE HMEAD FRACTURES AND ALSC ALLOW AN UNOBSTRUCTED VIEW
OF THE FRACTOGRAPHS. 1IN ALL OF THE SECTIONS PERTAINING TO THE SEM
FRACTOGRAPHY, THE TOP SURFACE OF THE ANCHMOR MHEAD REFERS TO TME
BUTTONHEAD SURFACE AND THE BOTTOM SURFACE OF THE ANCHOR HMEAD REFERS
TO THE SHIM SURFACE.

ANCHOR HEAD MWV 018 (FIELD FAILURE)

SCANNING ELECTRON MICROSCOPIC (SEM) ANALYSES WERE PERFORMED ON
ALL THE RING FRACTURE FACES AND SELECTED AREAS OF THE MONEYCOMS;
REFER TO FIGURES 4-6. THE RING OF THE HEAD AND MONEYCOME REVEALED
INTERGRANULAR SEPARATION (IGS) TO VARYING DEGREES; SEE FIGURES 144
AND 14B. IGS INDICATES THAT THE FRACTURE OCCURRED WHILE THE MEAD
WAS IN A PARTIALLY EMBRITTLED CONDITION. THE MATING FRACTURE FACE,
SHOWN IN FIGURES 4A AND 4B, REVEALED IGS AT THE TOP AND BOTTOM,
INNER SIDE (ADJACENT TO THE HONEYCOMB) OF THE RING. THE BALANCE OF
THE SECTIONS EXAMINED FROM THESE FRACTURES PREDOMINANTLY SHOWED
COMEINATIONS OF CL*AVAGE AND DUCTILE FRACTURE MODES.

EXAMINATION OF THE SECONDARY FRACTURE FACES REVEALED THE
FOLLOWING: SECTION #1, SHOWN IN FIGURE &, EXHIBITED HEAVY 1IGS
ACROSS THE BOTTCK THWIRD OF THE RING: SECTION #2, SHOWN IN FIGURE 6,
SHOWED HEAVY TGS AT " BOTTOM HMALF INNER SIDE OF THE RING.

THE HONEYCOMB AREA REVEALED IGS ON BOTH THE VERTICAL AND
ANGLED WEB FRACTURES. ALSO, THE SPALLED AREAS OF THE TOP
(BUTTONHEAD) END OF THE RING, SHOWN IN FIGURE 3, EXMIBITED MEAVY
1GS.
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. ANCHOR HEAD MV 038 (FIELD FAILURE)

e S

SEM ANALYSES WERE PERFORMED ON THE FRACTURED FACES OF ANCHOR
HEAD HV 038; SEE FIGURES 9-11. AGAIN, THE RING AND HONEYCOMS
SHOWED 1IGS; SEE FIGURES 1SA AND 1SB. THE RING PORTION OF SECTION
#2 (RIGHT SIDE OF FIGURE 8 AND FIGURE 10) SHOWED A NARROW BAND OF
!“WWWMMVMATMWMEO'MIIN.

APPROXIMATELY SOX OF THE RING PORTION CF SECTION #3 (LEFT SIDE
OF FIGURE 8 AND FIGURE §) SHOWED INTERGRANULAR SEPARATION. THE
MAIN LCCATION OF THE INTERGRANULAR SEPARATION WAS ON THE INNER SIDE
(ADJACENT TO THE HONEYCOME) OF TME RING. ONLY A SMALL AMOUNT OF
INTERGRANULAR SEPARATION WAS SEEN AT THE BOTTOM OF THE RING.

THE NON-RADIAL FRACTURE FACE BETWEEN SECTIONS #2 AND #3; SEE
FIGURE 11, SHOWED 1GS ACROSS THE LOWER THIRD OF THE RING.

THE FRAGMENT OF THE HONEYCOMB, WMICH WAS RETAINED BY BATTELLE,
WAL EXAMINED AND SHOWED HEAVY 1GS ON BOTH SIDES OF THE FRAGMENT.

ANCHOR HEAD HV 038
(DETENSIONED ANCHOR HMEAD WHICH HAD NOT FAILED)

e e S

THE ANALYSIS WAS PERFORMED ON THE MONEYCOMB FRACTURED FACES OF
ANCHOR MEAD MV 039. THE PRECRACKED WEB, SHOWN IN FIGURE 12,
EXHIBITED MEAVY IGS ALONG THE BOTTOM INCH OF THE WEB; SEE FIGURE
16A. ABOVE THE BOTTOM INCH THE FRACTURE MODE WAS A COMBINATION OF
CLEAVAGE AND DUCTILE; SEE FIGURE 18B. TME OTHER WEBS WHICH WERE
CRACKED DURING LOAD TESTING SMHOWED A COMBINATION OF CLEAVAGE AND
DUCTILE FRACTURE MODES. NO IGS WAS NOTED ON THESE POST-CRACKS.



" ANCHOR HEAD MV 027, MV 048
(DETENSIONED ANCHOR HEADS WHICH MAD NOT FAILED)

THE FRACTURED WEBS WHICH WERE POST-CRACKED DURING LOAD TESTING
EXMIBITED A COMBINATION OF CLEAVAGE AND DUCTILE FRACTURE MODES: NO
IGS WAS PRESENT. BOTH OF THESE MEADS HAD BEEN RETEMPERED AT 850
DEGREES F FOR FOUR MOURS AND THE POST-CRACKING REPORTEDLY OCCURRED
AT 115% GUTS.

GENERAL COMMENTS ON THE SEM FRACTOGRAPHY

THE PREDOMINANCE OF THE IGS WITHIN AND TOWARDS THE HONEYCONB
AREA AND THE TOP AND BOTTOM RING SURFACES IS AN INDICATION OF AN
EXTERNAL EMBRITTLING AGENT RATHER THAN A TEMPER EMBRITTLEMENT
PHENOMENON. TEMPER EMBRITTLEMENT SHOULD RESULT IN A MORE UNIFORMLY
DISPERSED 1IGS WHICH SHOULD BE MORE EVIDENT IN THE MORE SLOwWLY
COOLED AREAS OF THE HEAD, 1I.E., TME CENTER PORTION OF THE OUTER
RING.

IN ADDITION, SEM ANALYSES WERE PERFORMED ON THE TRANSVERSE
TENSILE TESTS OF ALL THE ANCMOR MEADS AND SELECTED TRANSVERSE
IMPACT TESTS. NO IGS WAS NOTED ON ANY OF THESE TEST SPECIMENS. THE
LACK OF IGS ON THE TEST SPECIMENS IS ALSO AN INDICATION THAT THE
EMBRITTLEMENT IS NOT TEMPER EMBRITTLEMENT AND THE EMBRITTLING AGENT
IS NO LONGER PRESENT.

BASED ON THE “FRESH" APPEARANCE OF THE FRACTURE FACES, NO
EVIDENCE OF QUENCH CRACKING WAS OBSERVED. QUENCH CRACKS WOULD HAVE
AN OXIDIZED SURFACE DUE TO THE PRESENCE OF TEMPER SCALE.
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THE FRACTURE FACES ALSO APPEARED TO BE FREE OF CORROSION PRO-
DUCTS. THE LACX OF CORROSION PRODUCTS IS AN INDICATION THAT THE
FRACTURES ARE PROBABLY NOT STRESS CORROSION CRACKING. ENERGY DIS-
PERSIVE QUALITATIVE SEM X-RAY ANALYSES OF THE FRACTURE FACES SHOWED
NO IDENTIFIABLE CORROSION PRODUCTS OR EMBRITTLING SPECIES. MOWEVER,
IT SHOULD BE NOTED THAT THE X-RAY UNIT IS NOT CAPABLE OF DETECTING
EITHER MYDROGEN OR CAREON.

THE WOODY FIBROUS NATURE OF THE FRACTURES WAS CAUSED BY THE
PREFERENTIAL ALIGNMENT OF THE NONMETALLIC INCLUSIONS IN THE ROLLING
DIRECTION. THE INCLUSIONS CREATE FLOW LINES WHICH ACT AS PLANES OF
WEAKNESS. THIS CONDITION WOULD RESULT IN LOWER TRANSVERSE FRACTURE
RESISTANCE OF THE MEADS.



© MECHANICAL PROPERTIES

THE MECHANICAL PROPERTIES OF THE ANCHOR MEADS ARE PRESENTED IN
THE ATTACHED TABLES 1-86. BOTH BRINELL AND ROCKWELL MARDNESS TESTS
WERE CONDUCTED ON THE ANCMOR HEADS. HARDNESS TESTS WERE PERFORMED
ON THE TRANSVERSE RING SURFACE OF ANCHORAGES MV O18 AND WV 038, AND
CROSS-SECTIONAL MARDNESS PROFILES WERE OBTAINED ON ANCHORAGES MV
027. WV 028, MV 035 AND WV O48. THE ROCKWELL VALUES WERE ON THE
AVERAGE 2 TD 3 POINTS LOWER THAN THE CONVERTED BRINELL VALUES. THE
SPECIFIED HARDNESS RANGE WAS MRC 40-44.

THE TENSILE PROPERTIES WERE OBTAINED WITH MACHINED .S505* DIA-
METER SPECIMENS WITH 2° GAUGE LENGTHS FROM THE RING AREZ OF THE
HEADS . THE STRENGTH LEVELS ARE WIGMER AND THE DUCTILITIES ARE
WITHIN THE RANGE OF DATA THAT WAS FOUND ON PREVIOUSLY TESTED FIELD
ANCHOR HEADS PRODUCED FROM ALUMINUM GRAIN REFINED AISI 4140 OR 4142
ALLOY STEELS. THE HIGHER STRENGTH WOULD MAKE THE MATERIAL MORE
SUSCEPTIBLE TO STRESS CORROSION CRACKING OR MYDROGEN STRESS CRACK-
ING.

THE EFFECT OF THE MARDENABILITY OF AISI 4140 OR 4142 ALLOY % (EEL
ON THE TENSILE PROPERTIES IS SHOWN IN TABLES 3-6. TEST 1 FROM
HEADS MV 027, MV 028, MV 038 AND MV 049 WAS OBTAINED IMMEDIATELY
ADJACENT TO THE SHIM FACE. TEST 2 WAS APPROXIMATELY 1-1/2" ABOVE
THE SHIM FACE. IN ALL CASES, TEST 2 SHOWED LOWER STRENGTH LEVELS.
HOWEVER, ONLY THE RETEMPERED MEADS MV 027 AND MV 049 SHOWED GREATER
DUCTILITY ON TEST 2 AS COMPARED TO TEST 1. HEADS MV 028 AND MWV
038, WHICH WERE NOT RETEMPERED, SHOWED COMPARABLE OR LESS DUCTILITY
ON TEST 2.

THE IMPACT PROPERTIES WERE OBTAINED WITH FULL SIZE CHARPY V
NOTCH SPECIMENS, ALSO FROM THE RING AREA OF THE HEADS. THE IMPACT
ENERGIES ARE NORMAL FOR THE ALLOY STEEL PRODUCT IN THE QUENCHED AND
TEMPERED CONDITION.

THE ANCHORAGES WHICH WERE RETEMPERED AT 850 DEGREES F FOR FOUR
HOURS DID NOT SHOW SIGNIFICANT DIFFERENCES AS COMPARED TO THE OTHER
ANCHORAGES . THIS INDICATES THAT THE ANCHORAGES WERE PROBABLY MEAT
TREATED AS SPECIFIED.
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" CMEMISTRY

THE CHEMICAL OHECK ANALYSES OF THE ANCHOR MEADS OBTAINED FROM
THE OUTER RING ARE GIVEN IN THE ATTACHED TABLES 1-6. THE LADL:
CHEMISTRY OF REPUBLIC HEAT #8061524 AND THE CHEMICAL REQUIREMENTS
OF ASTM A-322 GRADE AISI 4140 OR 4142 HOT ROLLED ALLOY STEEL BARS
ARE GIVEN BELOW:

DESCRIPTIUN c L.l P ] SI MO CR
LADLE, MEAT

6061524 .44 .98 .015 .030 .23 .22 1.07
ASTM A-322=

GRADE 4140 .38/ .78/ .038 .040 .20/ .18/ .80/
OR 4142 .45 1.00 .35 .28 1.00

*SINGLE NUMBERS ARE MAXIMUMS. THE ASTM SPECIFICATION IS IDENTICAL
TO INRYCO SPECIFICATION 1848, DATED JULY 15, 1872, WITH THE EXCEP-
TION OF THE CARBON RANGE OF .40/.45% ON THE INRYCO SPECIFICATION.

THE OHMEMICAL ANALYSES OF THE HMEADS ARE IN LINE WITH THE ASTM
SPECIFICATION AND IN GOOD AGREEMENT WITH REPUBLIC’S MEAT. 1IN ADDITION,
QU, NI, AL, N, 02, AS, TI, CB, V., SN AND SB CHECKS WERE AT A SATISFAC-
TORY RESIDUAL LEVEL. THE RESIDUAL ELEMENTS INDICATED A PROBABLE
ELECTRIC FURNACE STEELMAKING ORIGIN.

COATING WEIGHTS OF THE GALVANIZED COATING OF THE GREASE COVER FROM
THE LOWER END OF TENDON V-21 (MV 038) WERE 3.3 0Z./SQ.FT. ON THE INNER
SURFACE AND 2.9 OZ./SQ.FT. ON THE OUTER SURFACE. WITHOUT KNOWLEDGE OF
THE ORIGINAL COATING WEIGHTS, THE SIGNIFICANCE OF THESE COATING WEIGHTS
CAN NOT BE DETERMINED. THE COATINGS ARE MEAVY, HMOT DIPPED GALVANIZED
COATINGS WHICH WOULD OFFER  SATISFACTORY  ATMOSPHERIC CORROSION
RESISTANCE.
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MICROANALYSES

LONGITUDINAL AND TRANSVERSE MICROSECTIONS WERE OBTAINED FROM BOTH
THE RING AND HONEYCOMB AREAS OF ANCHORAGES HV 0168 AND HY 038. 1IN ALL
CASES, THE SECTIONS INTERSECTED FRACTURE FACES. THE FRACTURES APPEARED
TO BE A COMBINATION OF BRITTLE, INTERGRANULAR OR DUCTILE FRACTURES. NO
EVIDENCE OF PRIOR CRACKING WAS APPARENT.

LONGITUDINAL MICROSECTIONS FROM THE RING AND HONEYCOME AREAS OF
ANCHORAGES MV 027, HV 028, WV 039 AND HV 049 WERE SECURED. THE HONEY-
COMB SECTIONS OF ANCHMORAGES MV 027, MV 039 AND HV 048 INTERSECTED THE
FRACTURE FACES CAUSED BY LOAD TESTING. THE FRACTURES APPEARED TO BE
DUCTILE.

THE MICROCLEANLINESS OF THE MEADS WAS RATED A3-4H AND B2-3H ON THE
AVERAGE, PER THE uU-K RATING SYSTEM, AND RATED ON APPEARANCE ONLY. THE
MICROSTRUCTURE OF THE MEADS WAS TEMPERED MARTENSITE, INDICATING A
QUENCHED AND TEMPERED CONDITION. LIGHT REMNANTS OF BANDING WERE EVIDENT,
THE TENDON HOLES SHOWED A LIGHT PARTIAL SURFACE DECARBURIZATION
(<.001" DEEP). NO CLUSTERED SULFIDES WERE EVIDENT. PRIOR AUSTENITIC
GRAIN SIZE WAS 8 OR FINER. THERE WERE NO CHROMIUM CARBIDES EVIDENT. THERE
WAS NO EVIDENCE OF CARBON RESTORATION

MICROSECTIONS WERE OBTAINED FROM THE GALVANIZED GREASE COVER OF
V-=21. NO DETECTABLE CORROSION ATTACK WAS EVIDENT ON THE GALVANIZED
COATING. THE GENERAL COATING THICKNESS WAS BETWEEN .004" AND .007" THICK, BUT
THICKNESS UP TO .042" WAS NOTED. ALL THE SURFACES OF THE COVER
EXAMINED WERE COATED.

GREASE ANALYSES

ATTACHED IN APPENDICES A AND B ARE THE INLAND STEEL COMPANY CHE -
MICAL DEPARTMENT ANALYSES OF VARIOUS GREASE SAMPLES OBTAINED FROM THE
GREASE SUPPLIER (UNUSED SAMPLES), FROM THE GREASE COVCRS FROM THE LOWER
END OF TENDONS V-17 AND V-21 AT VARIOUS LOCATIONS WITHIN THE COVERS, AND
FROM THE SAMPLES OBTAINED FROM THE SUBMITTED ANCMORAGES MV 018 AND MWV
038. THE SAMPLES FROM COVER V-17 WERE OBTAINED ON-SITE. THE SAMPLES
FROM COVER V-21 AND ANCHORAGES MV 016 AND HV 038 WERE OBTAINED AFTER THE
SAMPLES WERE SHIPPED TO THE INLAND METALLURGICAL LABORATORY.



LIQUID WATER WAS ENCOUNTERED DURING THE SAMPLING OF ANCHORAGES WY
016 4D HV 038 AND COVER V-21. PARTICULATE DEBRIS AND ZINC FLAKES WERE
ALS0 FOUND IN THE SAMPLES FROM COVER V-17 AND ANCHORAGE MV O16. THE
WATER FROM COVER V-21 MAD A PH OF 8.3 AND CONTAINED 150 PPM CL, 250 PPM
SO4, 200 PPM NA, 15 PPM K AND 480 PPM CA. THERE CAN BE NO DOUBT THAT
THE POST TENSIONING SYSTEM OF THE FARLEY UNIT NO. 2 1S CONTAMINATED WITH
WATER.

NOTE THAT INLAND USED A DIFFERENT EXTRACTION METHOD FOR THE WATER
EXTRACTABLE 1ION ANALYSIS OF THE GREASE. INLAND USED A BULK EXTRACTION
METHOD AND INYRCO‘S PROCEDURE SPECIFIES A SURFACE EXTRACTION METHOD
WHICH COUL®D NOT BE RUN ON A TIMELY BASIS AT INLAND. THE BULK METHOD,
WHICH WOULD BE EXPECTED TO RESULT IN MIGHER LEVELS OF IONS, MAY BE MORE
REPRESENTATIVE OF THE RISPECTIVE GREASE SAMPLE.

APPENDIX C, ATTACHED, IS A COPY OF THE GREASE ANALYSES OF VARIOUS
GREASE SAMPLES AS OBTAINED BY SUBURBAN LABORATORIES, INC., OF WILLSIDE,
ILLINOIS. SAMPLES WERE SENT TO SUBURBAN WHEN IT WAS DETERMINED THAT
INLAND COULD NOT CONFORM TO INYRCO'S SPECIFIED YTEST METHODS FOR THE
GREASE ANALYSES ON A TIMELY BASIS.

INLAND RECEIVED AND FORWARDED TO SUBURBAN SAMPLES S/L 1537-1541
WITHOUT ANY ANALYSES BEING DONE AT INLAND. SAMPLES S/L 1542-1548 WERE
ANALYZED BY INLAND AND ARE COVERED IN INLAND REPORT DATED 2/12/85.
INLAND SAMPLED, BUT DID NOT ANALYZE, SAMPLES S/L 1547-1555 FROM COVER V-
21. INLAND RETAINED AND ANALYZED LAYERS #2 AND #5 FROM COVER V-21,
WHICH ARE COVERED IN INLAND REPORT DATED 02/28/85 ALONG WITH SAMPLE S/L
1556 (Mv 038).

IN ADDITION, A WATER SAMPLE OBTAINED FROM COVER V-21 WAS SENT TO
SUBURBAN FOR ANALYSES, MHOWEVER, IS NOT INCLUDED IN THE ATTACHED REPORT.

COMMENTS ON THE ANALYSES COVERED IN THE ATTACMED SUBURBAN REPORT
SHOULD BE SOLICITED FROM SUBURBAN LABORATORIES, INC.
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CONCLUSIONS

-

FOLLOWING ARE THE CONCLUSIONS BASED ON THE FAILURE ANALYSES OF
ANCHOR HEADS HV 018 AND HV 038 AND THE METALLURGICAL EVALUATION OF THESE
ANCHORAGES ALONG WITH ANCHORAGES MV 027, MV 028, MY 039 AND MV O49. THE
CONCLUSIONS ARE ALSO BASED ON OBSERVATIONS AND CHEMICAL EVALUATIONS OF
GREASE SAMPLES OBTAINED FROM GREASE COVERS FROM THE BOTTOM END OF
TENDONS V-17 AND V-21 WHICH COVERED ANCHORAGES MV 018 AND MV 038,
RESPECTIVELY. ALSO EXAMINED WAS THE GALVANIZED GREASE COVER FROM V-21
(HV ©38). IN ADDITION, INFORMATION ON THE ON-SITE CONDITIONS AND
PHOTOGRAPHS OF THE ON-SITE CONDITIONS WERE CONSIDERED.

1. THE FAILURE OF ANCHORAGES MV 018 AND WV 038 WAS DUE TO THE IN-
SERVICE PARTIAL EMBRITTLEMENT OF THE ANCHORAGES AS INDICATED
BY THE PRESENCE OF SIGNIFICANT AMOUNTS OF INTERGRANULAR SEPA-
RATION (1GS) ON THE FRACTURE FACES. WE HAVE CONCLUDED THAT
THE EMBRITTLING SPECIES IS MYDROGEN, WHICH RESULTS IN MYDROGEN
STRESS CRACKING (MSC). THE IGS WAS MOST PRONOUNCED IN THE
ANCHORAGE CENTRAL HONEYCOMB AREA AND EXPOSED AREAS OF THE
ANCHORAGE BEARING AND BUTTONMEAD FACES.

2. THE MAJOR SOURCE OF THE MYDROGEN WAS THE PRESENCE OF WATER
IN CONTACT OR /DJACENT TO TME ANCHOR HEADS WITHIN THE GREASE
COVERS. ATOMIC OR NACENT HYDROGEN WAS GENERATED BY THE COR-
ROSION REACTIONS OF IRON AND ZINC IN THE PRESENCE OF WATER.
SAMPLES OF GREASE FROM BOTH V-17 AND V-21 WERE CONTAMINATED
WITH WATER. THE FAILURES WOULD NOT MAVE OCCURRED WITHOUT THE
PRESENCE OF THE WATER.

3. THE WATER PRESENT IN THE GREASE COVERS IS HEAVILY CONTAMINATED
WITH CATIONS AND ANIONS. WE CONCLUDE THIS WATER IS PRESENT
BECAUSE OF ENVIRONMENTAL CONDITIONS.

¢. THE TENDON HOLES OF THE ANCHORAGES SHOWED VARYING DEGREES OF
CORRDSION PITTING INDICATING THAT ACTIVE GENERAL CORROSION WAS
OCCURRING WITHIN THE ANCHORAGES.

5. THE INNER SURFACES OF THE GREASE COVER, WHICH ARE ZINC COATED
ALSO SHOWED AN "ETCHED" CONDITION INDICATING ACTIVE CORROSION
AND ZINC-RICH PARTICLES WERE FOUND IN THE GREASE SAMPLES FROM
v=17.
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8. ANCHOR HEAD WV 039, WHICH WAS DETENSIONED, MAGNETIC PARTICLE
INSPECTED, LOAD TESTED AT THE UNIVERSITY OF ILLINOIS
AND RE-MAGNETIC PARTICLE INSPECTED WAS FOUND TO BE CRACKED
ON DETENSIONING AND FURTHER CRACKED ON LOAD TESTING.
THE CRACKS ON DETENSIONING WERE PREDOMINANTLY IGS, WWILE
THE CRACKS ON LOAD TESTING WERE A COMBINATION OF CLEAVAGE
AND DUCTILE RACTURE MODES. THIS INDIC.TES THAT THI EMBRIT-
TLING SPECIES WAS PRESENT DURING THE FORMATION OF THE IN-
SERVICE CRACKS AND WAS NOT DURING THE FORMATION OF THE LOAD
TESTING CRACKS. ANCHORAGE MV 039 MAD INITIATED AN IN-SERVICE
FAILURE AND, IN TIME, WOULD HMAVE FAILED.

7. OTHER POSSIBLE SOURCES OF THE IGS MA/E BEEN ELIMINATED BY
THE COMBINATION OF SCANNING ELECTR' N MICROSCOPY (SEM) AND
MECHANICAL TESTING OF THE ANCHORS ;ES. NONE OF THE LABORATORY-
CREATED FRACTURES (TENSILE SPECI (ENS AND IMPACT SPECIMENS )
SHMOWED ANY IGS. THE IN-SERVICE RACTURES WERE RELATIVELY
CLEAN AND SHOWED NO EVIDENCE OF OXIDE OR IDENTIFIABLE COR-
ROSION PRODUCTS.

ADDITIONAL CONCLUSIONS

R cemmm--

THE SUBMITTED ANCHORAGES MAD MARDNESSES WHICH WERE WITHIN THE
SPECIFICATION. TME SUBMITTED ANCHORAGES MAD STRENGTH LEVELS WHICH WERE
HIGHER BUT DUCTILITIES WHICH WERE WITHIN THE RANGE OF DATA THAT WAS
FOUND ON PREVIOUSLY TESTED ALUMINUM GRAIN REFINED FIELD ANCMOR HEADS .
THE HIGHER STRENGTH LEVELS WOULD RESULT IN A GREATER SUSCEPTIBILITY TO
HSC AND IGS. THESE MIGHER STRENGTH LEVELS ALONE WOULD NOT MAVE RESULTED
IN THE SUCJECT FAILURES.

THE ANCHOR HEAD SAMPLES MET THE CHMEMICAL REQUIREMENTS OF THE ASTM
AND INRYCO SPECIFICATIONS AND ALL RESIDUAL ELEMENTS WERE AT ACCEPTABLE
LEVELS.

THE MICROSTRUCTURES AND MICROCLEANLINESS OF THE SUBMITTED SAMPLES
WERE AS EXPECTED FOR THE STEEL GRADE AND CONDITION.

THE RETEMPERED ANCHORAGES INDICATED THAT THE MEADS WERE MEAT TREATED
AS SPECIFIED.
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RECOMMENDATIONS

ELIMINATION OF WATER IN THE POST TENSIONING SYSTEM IS ESSENTIAL FOR
THE ELIMINATION OF THE RECURRENCE OF SIMILAR FAILURES. THE AMOUNT
OF WATER THAT CAN BE TOLERATED CAN NOT BE DETERMINED WITH ANY
CERTAINTY.

IF THE WATER CAN NOT BE ELIMINATED, THEN THE ANCHORAGES SHOULD BE
INSPECTED AT SOME INCREASED FREQUENCY TO INSURE AGAINST FAILURES
AND THE COLLECTION OF EXCESSIVE AMOUNTS OF WATER WITHIN THE SYSTEM.
THE VERTICAL TENDONS, DUE TO THEIR ORIENTATION, SHOULD BE SUSPECT
AND THOROUGHLY EXAMINED FOR THE PRESENCE OF WATER. MOWEVER, THIS
DOES NOT PRECLUDE INSPECTION OF THE HOOP OR DOME TENDONS

BASED ON CURRENT VISUAL INSPECTION PROCEDURES, IT IS NOT POSSIBLE
TO DETERMINE IF AN ANCHORAGE IS CRACKED IN THE CENTER AREA OF THE
HONEYCOME ON THE SMIM SIDE OF THE ANCHORAGE. DETENSIONING AND
MAGNETIC PARTICLE INSPECTION ARE NECESSARY TO DETERMINE IF CRACKING
SUCH AS THAT NOTED ON ANCHORAGE MV 038 1S PRESENT.

WE RECOMMEND LOWERING THE STRENGTH LEVELS OF THE ANCHORAGES IF
POSSIBLE WITHIN THE SCOPE OF THME ORIGINAL DESIGN. WMILE THIS WILL
REDUCE THE SUSCEPTIBILITY OF THE ANCHORAGE TO MYDROGEN STRESS
CRACKING (MSC), IT DOES NOT PRECLUDE THE OCCURRENCE OF MSC.
DETERMINATION OF THE OPTIMUM STRENGTH LEVELS IS OUTSIDE THE SCOPE
OF THIS INVESTIGATION.



INRYCOD POST TENSIONING DIVISION - INVESTIGATION NO. 199785 PAGE 20

LIST OF REFERENCES =

-

1. INRYCO BROCHURE ON POST TENSIONING SYSTEMS FOR CONTAINMENT
BUILDINGS .

2. INRYCO MATERIAL SPECIFICATION 1848 DATED JULY 18, 1972.
3. ASTM SPECIFICATION A 322-84A (1870).

4. INRYCO QUALITY CONTROL PROCEDURE NO. SQ 7.2 SHEATHING FILLER
ANALYSIS DATED NOVEMBER 18, 1883,

§  INRYCO MATERIAL SPECIFICATION 1322-40 POST TENSIONING ANCHOR-
HEAD DATED JUNE 24, 1880.

6. INRYCO MATERIAL SPECIFICATION 1001-40 GUIDE FOR PREPARATION
AND CERTIFICATION OF TEST INFORMATION DATED JUME 24, 1880.

7. INRYCO MATERIAL SPECIFICATION 1888-40 FORGING REQUIREMENTS
FOR ANCHORAGES DATED JUNE 24, 1880,

8. INRYCO MATERIAL SPECIFICATION 1E4S POST TENSIONING ANCHORAGE
MATERIAL CLEANLINESS DATED JUNE 24, 1880.

9. PRIVATE CORRESPONDENCE, *“STATISTICAL ANALYSIS OF MECMANICAL
PROPERTIES OF AL GRAIN REFINED ANCHORAGES,* DATED OCTOBER
17, 1880.

10, H.H.PRESSWALLA, “INVESTIGATION FOR FEASIBILITY OF LOWER
STRENGTH AND HIGHER DUCTILITY FOR INRYCO 170W ANCHORMEADS  *
DATED SEPTEMBER 22, 1980.

1" INLAND STEEL METALLURGICAL LABORATORY INVESTIGATION NO. 06778 -
FINAL REPORT DATED MAY 28, 1980.

12, PRIVATE CORRESPONDANCE WITH M.MENDRICKSOM OF INRYCO FEBRUARY 1.
1985 TO DATE.



INRYCO POST TENSIONING DIVISION - INVESTIGATION NO. 19978 PAGE 21

13. PRIVATE CORRESPONDANCE WITH W.W.PRESSWALLA OF INRYCO FEBRUARY %
1985 TO DATE. )

14.  PRIVATE CORRESPONDENCE WITH G.SCHIMDT OF BECHTEL DATED FEBRUARY
23, 198S.

15.  TRIP REPORT AND ATTACHMMENTS COVERING FEBRUARY 7, 1985 MEETING
WITH NRC DATED FEBRUARY 11, 1885.

16.  TRIP REPORT AND ATTACHMENTS COVERING MARCH 1, 1985 MEETING
WITH NRC DATED MARCH 4, 198S.

17.  VARIOUS INLAND STEEL PRELIMINARY REPORTS BETWEEN FEBRUARY 1, 1888
TO DATE.

18. SUBURBAN LABORATORIES, INC., GREASE ANALYSIS REPORT DATED
FEBRUARY 21, 1885,

19.  ASM METALS MANDBOOK, 8TH EDITION, VOL. 10, *FAILURE ANALYSIS
AND PREVENTION,* 1875,

20. ASME HANDBOOKX “METALS PROPERTIES, K * 1854,

21. ALLOY DIGEST FILE CODE SA18, "AISI 4140, " MAY, 1954,
22. ASTM STP 645, °"FRACTOGRAPHY IN FAILURE ANALYSIS.* 1877.
23. AIME CONFERENCE PROCEEDINGS, *ADVANCED TECHNIQUES FOR

CHARACTERIZING HYDROGEN IN METALS, ™ 1981.

* THE ABOVE REFERENCES ARE NOT FOOTNOTED
IN THE REPORT.

DEB:RLB
ATTACHMENTS
PROTOGRAPHS



