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personnel during a release of stored energy if a slab fractures
while being cut

Andy Stefanik Amly \S'fo-;gmk

Ang Lee }Q
Bob Morrison (Abstract only) % WJ&-—-—/

target pile shielding, CCSS, stored energy, slab fracture, steel
cutting

The fracture of CCSS slab V4148E PO 0 was examined to
obtain information that could be helpful in protecting personnel
during a release of stored energy if a slab fractures while being
ripped. A rough estimate for the motive force applied to the
fractured slab was obtained by calculations (Appendix D). The
result of the calculations is that the force applied to the slab
that moved the farthest is about 0.54 times its weight. I
rounded this computed factor to 1 to cover some of the
uncertainty in the calculation. I do not consider rounding the
result of 0.54 to 1 as applying a safety factor to the result. I
consider 1 to be the basic result. I used the calculated ratio, 1,
along with a coefficient of friction of 0.5 and a safety factor of
4 to calculate how heavy a stop, i.e., the stands and a pile of
steel, has to be to keep a fractured slab from moving towards
personnel.



Applicable Codes:

It is very important to remember that the plan stated above is
based on information gleaned from photographs taken after the
fracture but before anything was reportedly moved. The results
appear reasonable based on the photographs and also on the
size of the steel piles.

The biggest slab remaining to be ripped for the NuMI project is
V4148E P1 0, the “mate” to the fractured slab. As a further
precaution to the above plan, the welder and other personnel
shall stay clear of this slab after a pinch point forms until the
slab is ripped into two pieces. If the cutting torch stops, the
welder and other personnel can approach the slab to restart the
cutting operation but must be made aware that a partially cut
slab with a pinch point can fracture as it cools due to increasing
pressure at the pinch point as the material cools and shrinks.
We have decided to pursue this course because we believe it is
very likely that slab V4148E P1 O will fracture when it is
ripped. If it does, personnel will be a safe distance away from it
and we will test the plan proposed to protect the welder and
other personnel.

I've told the cutting-crew chief that he can cross cut slab
V4148E P1 0 into two or more pieces and then rip the shorter
pieces for safety reasons. He and I agree that we will rip this
slab without cross cutting it so we can test the safety plan if the
slab fractures. Testing the proposed safety plan will benefit
future cutting operations.

The job Hazard Analysis will be revised to include a copy of
this cover sheet and appropriate information from pages 1, 2,
and 3.

Not applicable.
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Appendix A
Farilure of Support System

During Cutting of Steel
May 30, 2003

Event:

On Friday, May 30, 2003, a welder of the Technical Division Machine Shop group was
cutting a 9.117°x19°4°x49”, 29,0001b piece of steel using a MAPP gas and Oxygen cutting
rig at the Railhead. The steel was supported by magnet stands and bottle jacks
approximately 18” off of the ground (Figure 1). The cut was along the length (19°4”) of
the steel creating two equal pieces. Approximately 16 from the completion of the cut,
the steel fractured and one 9.117x19°4”°x24.5”, 14,5001b piece of steel fell 18” to the
ground. No one was injured and the only property damage was a broken bottle jack.

Action/Conditions that may have contributed to the incident:

When cutting, the media gradually bows due to heating and cooling. This created a
“pinch point” or pressure point in the steel, which is exaggerated in Figure 2. This is a
normal phenomenon according to the welder involved. Near the completion of the cut,
the pressure increased resulting in the fracturing of the last 16” of steel. The magnet
stands and bottle jacks failed to support the release of lateral energy created when the
steel fractured.

Another condition that may have contributed to the incident was the magnet stands and
bottle jacks were not adequate to support the steel in case an event such as this one
occurred. ’

The vendor of the steel was contacted prior to the operation to determine the appropriate
grade of steel for the tasks to be performed. There were six other cuts similar to this one.
Each of the other cuts caused a similar bowing resulting in a “pinch point” of the steel
with no incident.
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Lessons Learned:

» The magnet stands and bottle jacks could not support the release of lateral energy,
though they were adequate for the amount of vertical force.

> A Job Hazard Analysis was written, but did not included provisions for this type
of incident.

» “Pinch points” occur when cutting steel, especially with longer cuts.



Corrective Actions:

>

>

Redesign the platform on which cuts are made to be able to support this type of
release of energy.
Write the JHA to include this type of phenomenon.

Recommended actions for other sections:

>

vV VvV V¥

Contact the vendor of the steel and be sure that the grade of steel will be adequate
for the operations and tasks.

Consider engineering reviews whenever a job is being performed with
unpredictable materials.

Write JHA’s carefully to include all possible hazards.

Be sure supports are adequate and can account for unpredictable occurrences such
as the fracture force from a “pinch point.”

Be aware that “pinch points” can and do occur when cutting steel, especially
longer cuts.

Contact: Eric McHugh PPD/ES&H x2399
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sficients of friction reduce on dry surfaces as sliding
y ‘increases. (Sec results of railway brake-shoe tests

jum steel. Values are for the average of four tests with
sitact pressures (Trans. ASME 1946; sce footnotes to
2 1).

ng velocﬂy.
in/s 0.0001, 0.001 0.01 0.1 1 10 100
f 053 0.48 039 0.31 0.23 0.19 0.8

fect of Surface Fitish ‘The degree of surface roughness
been found to influence the coefficient of friction. Burwell
uated this effect for conditions of botindary or greasy fric-
(Jour. SAE, 1942; see. footnotes to Table 3.2.1). The val-
ed in the table below, are for. shdmg coefﬁcrents of fric-

icants :ir'e~
d'successfully. “Boyd and Robertson with pressur rangmg
om 50,000 to 400,000 1b/in? (344,700 to 2,757, 1000 k’N/m’)

Der,npj'ing' f_o_rce?F ‘

Veiocny k

~3'2.4 Posmve dampmg Dampmg force mcreases as velocity
ses.

ound sliding coefficients of frrctron f for hard steel on hard
teel as follows: powdered mica, 0.305; powdered soapstone;,
.306; lead iodide; 0.071; silver- sulfate;0.054; graphite, 0.058;
molybdenum drsulﬁde 0.033; tungsten disulfide, 0.037; stearic
crd 0.029 (Trans ASME 1945 see footnotes toTable3.2. 1).

Coefficients of Static Friction for Special
Cases

‘Masonry and Earth  Dry masonry on brickwork,’ 06—07
imber on polished stone, 0.40; iron on stone, 0.3 to 0(7

of Sliding Velocity It has generally been observed

Dokos méasured this reduction in friction for mild steel

. Speed mih-.-

_-f,afterSs . 021
) f,afterlZs

STATIC AND SLIDING COEFFICIENTS OF FRICTION  3-27

Coefficients of Stiding Friction for Speeral

. Cases -

Soapy Wood Lesley gives for wood on wood, coprously
lubricated with taliow, stearine, and soft soap (as used in
launchmg practice), a starting coefficient of friction ¢qual to
0.036, diminishing to an average value of 0. 019 for the first 50

" ft of motionof the ship. Rennie gives 0.0385 for wood on wood,
. lubricated with soft soap, under a load of 56 1bfin%.

- Asbestos-Fabric Brake Material, The coefficient of slrdmg
friction f- of asbestos fabric against a cast-iron brake drum,
according to Taylor and Holt (NBS, 1940) is 0.35 10 0.40 when
at normal temperature. It drops somewhat with rise in’ brake
temperature up to 300°F. (149°C) With a further increase in
brake temperature from 300 to 500°F (149 to 260° Cy the
value of J may ehow an mcrease caused by drsruptlon of the

_ brake surface

Steel Tres on—'Steel les (Galton) e o
. Start - 6.8 . 13.5 273 409 544 .60,
L0242 0 088 0.072 007 0. 057. 0.038 0. 021

Railway Braké Shoes on Steel Tires' :Galton and Westmg-
house give, for cast-iron” brakes, the followmg ‘valies for -f;

Values of f.

. which decrease rapidly with the: speed of the rim; the: coefli-
: c1ent f decreases also wrth trme, as the temperature of the shoe

'Speedmn/h..' L 10 0. 30 w0 '_'60'

£, when brakes were applred 037 021 0.8 0.3 0 10 0.06
0.17 - 0.11 .0.10 0.07 0.0
0.13" 0 10 008 0 06 0 05

Schmidt and Schrader confirm the marked decrease in the
coéfficient of friction with the increase of Tim speed. They dlso
show an irregular slight decrease in the value of f with hrgher

~ shoe pressure-on the wheel, but'they did: ot find the drop in

friction after a prolonged’ application of the' brakes: Theit

observations are as follows:

Speed, mi/h 20 3 40 50 60

Coefﬁcrent of friction - 025 023 019 0.17 0. 16

Wood Brake ‘Blocks Acoordmg to Klein, fis practlmlly
constant for velocities from 200 to 4,000 ft/mm (61 to 1219

" m/min) and for pressures from 7 to 142 1b/in’ (48.3. to 979
"kN/m?). The following values of f are for wood on lengthwise

ﬁber brake blocks carefully machmed

masonry on dry clay, 0.51; masonry on moist clay, 0.33. Beech Oak Poplar
Earth on Earth * Dry sand; clay, mixed carth, 0.4 to 0.7; Cast iron ™ 0.29-0.37° " " 0.30-0.34 0.35-0.40
amip clay, 1.0; wet clay, 0.31; sl'ungle and gravel, 0.8 to 1.1. Wrought irori 0.54 C0.51-0:40 - - - 0.65-0:60
Natural ‘Cork ~On-cork, 0.59; on pine with grain, 0.49; on’ :
lass, 0:52; on dry steel; 0.45; on"wet steel,: 0.69; on hot steel, Elm U Willew
).64; on oiled steel,0.45; water-soaked cork on steel 056 orl- Cast iron 0:36-0.37 0.46-0.47
: » Wrought iron. 0.60-0.49 = 0.63-0.60
- Surface
Super- . Grit-
‘ﬁmshed Ground Ground Ground  Ground  blasted :
Roughness; #ictiie v 20 50 65 50
Mineral oil A 0.128 0.189 0.360 0.372- 0378 - 0212
.. -Mineral oil- +.2%; oleic acid . 0116 . 0.170 0.249  0.261 0.230 Q164
: {Oleic.acid : 53 i 0163 0195 . . 0.222 0.238-...Q195 . . .
Mineral ol + 2%‘sulfonated sperm ml, N 0.137 . . 0.175 0.251, 0.197. .. 0465
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PYMOO7 -4 T BUSINESS PLANNING DEPARTMENT 08/05/02 11:22 .

SLAB CHEMISTRY REPORT

T UN MANI RPT
C MN p S SI CYy - ING CUT LOCT ID IT FEST BY SEQ
0.082 00.350 .087 .007 0.373 0.284 T V4148EPO0 0 AR612 004

Ml CR MO SN AL N ¥ B TI CB €0 PB AS SB
00.11 00.84 0.003 .C02 0.042 .005 0.005 .0001 0.004 0.002 0.003 .000 .002 .0070
——

W TA ZR SE TE 02 M2 GE CA MG CB-TA BI GCE SAL GONOGO
0.00 .000 .001 .00 .00 0000 00.0 .00G0 .001 .000 0.000 .000 .000 .000

' T UN MANI RPT
- C MN P S SI cu ING CUT tOC T ID IT FEST BY SEQ
0.091 00.340 .061 .007 0.251 0.192 B VA148EPO0 0 AR612 005
-—— [,

NI CR MO SN AL N v B TI 8 'CO  PB AS 58
- 00.08 00.57 0.003 .006 0.039 .005 0.003 .0001 0.003 0.001 0.003 .000 .002 .0060
—

W A ZR SE TE 02 H2- GE CA MG CB-TA BI CE SAL  GONOGO
0.00 .000 .001 .00 . 07(200 00.0 .0000 .001 .000 0.000 .000 .000 .000

R .
\ SLAB- 1D ? THICK WIDTH L6T WEIGHT GRADE S-DTE DS S TP URC STT RSN PC1 PC2
L V1d8E 2070 J09.11 048.75 461 058002 IMXO 07 25 HY 0 3 29 4

CAR NUM TRK BAY M ML LOC LOAD CC-R-A TST1 TST2 A ORDER ITEM  SCH LIN
K003 000000 HY 0001 6 1 0000 C I I 0300 0 00095 000 000 000

SLAB )BEJECTED- FOR 38 " HEAT M45989 SPRGRD IMX9 0
o

CK WIDTH LGT . WEIGHT GRADE S-DTE DS S TP URC STT RSN PC1 PC2
09.11 048.75 461 058002 IMX9 07.29 HY 03 29 4

CAR NUM TRK BAY M ML LOC LOAD CC-R-A TSTL TST2 A ORDER ITEM  SCH LIN
K003 000000 HY 0001 6 1 0000 C I T 0300 0 00095 000. 000 000

SLAB REJECTED FOR 38 HEAT MA45989 SPRGRD IMX9 0

SLAB-ID
V4148E 70 0

TV/DOCJ/'_/@M[
WS ?//‘/7/_07/
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€9/1l/9
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LTI 1 SR I EWWT VMY A g
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CUT 4 PARTS FROM 9.11" MILL SLAB V4148E PO O (48.75" WIDE, 461" LONG, 58,400 POUNDS)

CENTERLI NE-———~———-j

2X DRILL & TAP PICK POINT ON CENTERLINE FOR ALL
PART #406668-3 SLABS.

PART ##06668-38

1*-8 CLASS 2B. 2.5" DEEP.

( 48.75 ) CENTERLINE

_+n

N T S E—

PART #406668-3B

J. PART f406668-3a |

i 14,600 POUNDS

i

14,600 POUNDS

+ 4

PART #406668—3A__¥“
H 14,600 POUNDS

(24.1) ‘ {'
Fiaar) !

230.5%5

CUT HALF~SLAB

IN HALF ALONG CENTERL INE

Piotted by stefanik on 11-Jun-03 , File: CCSS_CUT_SKETCH_2.pff

( 461 )

230.5%5

CUT HALF-SLAB IN HALF

}7

ALONG CENTERL INE

SLAB WILL BE CUT [N HALF AT THE MILL BEFORE SHIPPING TO FNAL.
/EACH HALF-SLAB FROM THE MILL WEIGHS 29,200 POUNDS.

.625 CUT ALLOWANCE
BETWEEN PARTS

g0/1/9
sy
5
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Appendix E
Conversation with John Risser
US Steel — Non Prime Products
412-433-3984

John provided the following information regarding the fractured slab:

The additives chromium, copper, silicon, nickel, and molybdenum make the CCSS slabs
susceptible to cracking. These high strength elements can cause a slab to crack if not
preheated to 200 °F, particularly early in the morning or on a cold day. These elements
should be trace amounts, i.e., less than 0.01%, for flame cutting. Nickel and chromium
are what really caused the slab to crack. This is a silicon-aluminum killed steel.

I asked John about slab behavior during cutting and about the pinch point that can form
as the cut progresses. He referred me to the mill for questions about cutting.

Notes:

The percentage of these elements in slabs V4148E PO 0 and V4148E T0 0 are: Cr - 0.57
to 0.84; Cu—0.192 to 0.284; Si —0.251 to 0.373; Ni - 0.08 to 0.11; Mo - 0.003.
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