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April 27, 1956

Mr. Buczkovgki:

SUBJECT: The Value of Pulverized Waste in
tae A/C Pipe Furnish

Several wa2eks £g50, you and lir. Lang discusged at considarable
lensth fhe Vzlue of Pulverized Vaste in the A/C Pipe Furnisa. 4s
a rosul? of your conversation, gsoue experimental runs were made at
Santa Clara in o>d2r to geot data on the subject. The data has now
beea secured and baced on 1t, togetlier «with other information, Mr.
Lanz hes prepared a recort.on the Value of Pulverized Yecte in the
4/C Pipe Purnishes. His report is atigched hereto. You will find
© 1t dery interesting. DBased upon the informetion thereizn, 1t is my
. recommeandation that we change the iaklng Partlculars for St. Louia
~ and Santa Clara to limit the amount of Pulverized 3/C Waste returned
* to the pipe at those plants to a maximuam of 8li per cent, and a%
Ambler to a maximum cf ten per cent. Lefore going forward with the
change, will you please advige if you would accept thls recommendaticn.

(ﬂ%,&&d? AAE%;ﬂCAALX

Clyde R. Hutchcroft

CRH:ec
Att. .
cc ~ Messrs.” Buczkowski (2)
vHMuehloclk
v Maloney , d
vAngstadt
YMeek
v0strouski
Naeman Rhoades
vTaylor
vGear
v Maco
Malone ' ' .
/Hinkel -~
rlanz «
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SUSJECT: The Velue of Pulverized Waste in
tae A/C Pipc Furndza

S@vnrql vwzek3 €50, you qnd e, Lonz discuszed at considarable
lenzth thic Vzlue of Fulverilced Yaste 1r the A/L Pine Furnlsa. 4ig
a ragult of your corverzasicn, soua e;de:¢m-a+al Jns vere aade at
Santa Clars in ordar to 3ot data o ths sudject. “he data hasg now_
been seccured and baced on 1t, tegether -vlth o%her infomnation, Nr. .
Lanz nes prepered a recort on uhe Yaiue of Fulverized Vaste in the

4/C Pigze er*iha-o. Hiz “cbort 13 atiézhed hereto. You wlll find

1t vory dntemanting. 232G upon the lanfeormetion therein, 1t is my
reconnstdetion tl:u we change the ilnlilrg rarticulars for St. Leuia

&nd Santa Clara vo limit the amoun: of Sulverized A/C Waste returnec
to the pipe at those plaats to a maximua of slx per cent, and a%
Ambler ©o a maximum of ten per cent. Eefore golng forward with the:
change, will you please advigsa if you would accept this recommendaticn.
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April 27, 1955

SUBJECT: ThHe Yaluz of Pulverls

i1zned %23te 1n
the A/C Pipe Fur

aian

aiverlzed Vast2 vhen added “o the A/C Pine furnish reduces the
dengity of the Cinishad ipe and shorebr reduees sironzth.  AdCitional

- vh
DT . (R

fiber reinfyxrcennnt qust be added wvazn She amount ¢f Tulwenlasc Vasle

ta Y

2
i3 1ncerazszd to overcsre the logg o gtrength dus to tha loyared
I

density. % owap Geveained that the co2id of the addlclonal fiber
nearly i7 rot cormpleszly coffsese the gsavings ¢ue tec the use of Pulver-
1zed ioste. Deccuns the use of Pulverdzed Vauee in Sh2 furnich Teegults
in louce ¢ompity wina, and becouse lew denaiiy nine 2re @ poterntlal
gource o7 Gifficulity due to weepzne andfor leaizage, and becguse it
coate 11tfle if ony more (o make hilghar donaitr pipre »y minimizing

the use of Pulverized Waste, 1t is reconmended that ¢he use of Fulver=-
ized Vasie be limited to a maximun of six por cent at St. Louis and
Santa Clarza. AT fubler, where nicher densities are obviained because
no silica i3 uszed in the furalsh, 4% iz recormended Uhat the use of
Pulverizad Yagte be limited to a necuiavn of ten peor c2nt. It 13 not
rzcemmended t{hat Rulveridzed Waste be. 2linminated from the A/C Pipe
fuarnish bhecause 1t 13 desirablic to use ag much ccerap as poseldble to
prevent it Irom accunulating and clco, come Pulverized Vaste in the
Turnish undoubtedly aids formatlon anid filtration.

Histormr: .

Several monthe azo, I Giscusced with Mr. Bueziowaki the problen
of deternmininzg a proper velue to placz ujon Fuliveriz2d4 Vaote whan 1t
1s uszed in a furnish for A/C Pipe. I was of the opinion that, since
Pulverized Yaste had been found to harve a relative value of 5 ia
Laborgtory Sosts, i1t should be possible to uge 160 pounds of Pulver-
1zed Waste to replsce 5 pounds of C&G/3 (relative value = 100) and
95 poundn of cencnt-silica mix (57 noinds cement and 33 pouncs siliea).
Ualrz Santa Clara coats, for oxemple, the vaiue of 100 pounds of Ful-
verized Vaste would be calculated as:

(5)(.1712) + (57)(.0089) + {28)(.0038) = $1.62 or 0.0162 per nound

At Santa Clara, no flnancial valae is given to Pulverized “aste.
.Thus, for each pound of Pulverized Wante used over and above the
anount in the standard furnish, a pro’it of 0.0162 should result. If
Plant No. 6 used 100 tons of Pulverilzad Waste in a wmonth, this should
represent a saving of $3,240 over the cost of furnishes if no Pulver=-
ized Vaste had been available. '

(100)(2000){0.0162) = §3,240

Mr, Buczlowski questloned wvhether we had zny dzte to prove the
foregoing hypothesis, and, baving nonn, we ogreed to ask flr. C. R,
Mzek €2 make a trial run at Santa Clara in which Pulverized Waste
with an zgsumed relatlve strength of 5 vould L used to renlace &
calculated equivalent amount of fiber. cement and silica.
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‘1:;_; the exsonisonacol run which wac-maca, the fiber blend
in use won C&G/3, 623 moun 175 C:G, C, 375 »ounds; and Blue 375
Tr.

pounds. fu crpovimental furrich, Yo. 518 wos used with a rezular

producticn furnish, Xo. 5& Thage were:
o. B I As
nand s g 22008 | 5d 1302
Fiter blend, zo 1a's a(gt-wq 264 y -
Pulverized uasiae, pounda 107 & 257 ‘v e 7y
Caront, ‘o‘a&- €00 715
Silica, pounds 533 BT
Total 1713 1713
Furnich Mo. 543 43 identical to furnish No. 54 except that 9
pounds cf {iber, 05 pounds of cement, and 5 unda of slilllca have
beca regplacod with 150 2oundg of Pulverized ¥ -~ue. The effective=~
rezs of furnisn for itoth Jo. and Io. 84S ig 1377 which meo ns the

5 o et
15¢ pounds of Pulverizaed (faste with a relative rﬂlue of 5 ha
calculqc~u rhin‘o“c*:g ralue ecua to the ¢ pounds of f{iver blend
pius =he &5 pounds cf cecmant oad the 56 pounds of silica.

The two furnishes were made into 6 inch, Class 150 pipe using
ldentical tean prcosurss for both furniches. 0Original data cbtained
by HMr. lizek are shoin on the attachad dato shneet. ALAvarage strength
velues for the two furnlcheg are chown in the following table.

Avernge Values

No. Y 0. 5hS
Eursting Precours,P.S.I. 777 733
Mod.of Rupture.buarstinz,?.S.I. 3570 2300
Cruuninw Load,lus.Per Ft. o5z 7990
Ved.ct Rupuu e,Crughing,F.5.I. T7C0 7140
Density, P.C.I. 0.0624 - 0.C606

An excmination of these averaze values shows that plpe made
witn ¢the eerimental furnish wers weaker in bursting and cruvching
than plp2 nade uith the rezular furnish bdut also that the experi-
mental pine ‘were loxer In deasity than the regular plpe. Thre
concluslons are possible: (1) the e:x urim:ncol nipe uerse wew”er
because tnz Pulverized taste was not the nqqlvalenv of the fiber,
cement and 3ilica for wihich it wan substituted, or (2) the e: peri-
mental pips were weaker oaly because the density was lower, or (3)

the ?t?erim*ntal pipe were weaker because of a combination of (1)
and (2

It has been found in both the TN and X&:1 lLaboratories that,
wiren other Tactors are held coastant, the strength of an asbestos-
cement piroduct 13 proportiocnal to the square of the denzicy. Thus
ve can estcimate what surnngbh values would have been found for No.

54 1f the density had been ex actly 0.0620 pounds per cubic inch by
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mulsinlying the values actually obtained by (O. 0620)%/(0 06242,
Sipilarly, tnc valuos fer Mo. 548 can be corrected to 3 dengivy
of 0.CA20 nounds por cubie inch by muliiplyiag by (0. Or°0)%/
(0.0305)2. The caleunliated sirength values for both furnishes at
a denzity of C.007D nounds per cuble 1nch are shown in the follow-
ing teole:
Caleovinted Valucs
£3. 5%
Eurgting Prezsure, 2.S8.1. 767
Mod.of Runture,Zuratiag, P.S.I. 3520
Crushins Lesd, Los.Pap Fta 8410
Mod.of hupture,Couzsiing, P.S.1. 7660

Tha values ere remaricably close, beinz within two per ceant of
each ofhecr in 211 ci3ed. I¢ 18 now possible to say wit b somz apsure
ance that tho right counclusion is the second one: (2) the experimental
pipe were weaker oni;y vecauvze the donsity was lower. From tals we can
‘dafer that, if Cen"¢-v can be paintained constant, a relative value
of § for Pulverizca | Uaste te is csrrect “nd 1C0 pounds of Pulverized Waste
can be ccnsidered the equivalent of & pounds of C&G/3 and 95 pounds of
cement-gilica mixn in furnisches for A/c Pipe.

In this run, the furnish with the largest percentage of Pulver-
i1zed Waste had.the lewest ucnaity, ve have noted in several exzeri-~
montal runs that the additlion of Fulverized Waste to pine furaiches
has resxl ced in reduced dencity. From the meamer data which wers
avallable, I eatimated tnat the use of one per cent Pulverized Yaste
reduces uﬁe density of A/C Pipe by C.00025 poands per cubilec inch
(the value for this run was 0.00021 P.C.I.). Thus, in A/C Plpe, we
cannot add Pulveriz ed Waste to the furnlch and maintaln constant
donsit"~ thio complicates the question of the value of Pulverized

aste *p tha furnish 2ér A/C Pipe.

If othzr factors are constant, the strensth of an asbestos-~
ceazsnt pPOqle dezeniic on the eflfectivenees of furnish and tae density.
The uvse of Pulverized Waste in the plpe furnish adds to the e;fectivee
ness of furnlsh by the relative value of 5 but reduces the densi Tty by
~0.00025 pound3 per cudble foot for each one per cent used; these two
factors tend to offacst one another, the relatlive value of 5 tending
to Increase strenzth and the reduction In density tending to reduce
strnagth. To datermine the net effect of Pulverized naste on the
breakinzg strength of pip2 an empliricel eQUﬂtion was developed. (See
Avpendlx). By using this equation 1t was possible to calculate tne
estimated tursting pressures Jor 6 ihch Clasg 150 pipe made from
fu niashes uging vwryir" anoup 3 of tha fiber bland and Pulverized
Waste, all 7 zhes hoving the some effectiveness of furnish; cal-
culated values are-shown in the following table:
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Per cent Per ceont Effectivences Calculated Calculated
Fiver Pulverized of DensniZy of Pipe Burgting Focge.PEC
_Bleng Haste Furnish Lba./Cu.In. 6" Cloag 1539
10.31 0 1377 0.0040 ¢4
16.01 5 1377 0.0628 772
15.71 10 1377 0.¢515 T4l
[15,42 15 1377 . 0.0602 710
15.12 20 1377 0.0530 680

S ig ovldent £rom this table trat the net effect of adding
Pulverizcd Vagte and rotainlny a constent oflectiveness of furnish
1s to rccGuce density and bursting vrescure.

If Pulverdzed Yaste 1z added to ronmlace cement and silica, the
effectiveness of furnish iz increcased but donnite this, th2 calculated
burgtirg preccure stlll falls off lth Increzsed perceatages of ful-
verized Vaste a3 shoim In the folleowing table:

Per cent Per cant Effectiveness Calculated Calculeted

Fiber Pulverized of Dengity of Plpe DBursting Press.PSI
Plend Vaste Furnizh Lhs./Cu. In. 6" Clans 150 ‘
15.904 0 1346 0.C640 T83 '
15,04 5 1371 0.C628 768 :
15.94 10 1396 0.C615 749

15.94 15 1421 0.0602 730

15.94 20 1446 0.0590 T09

From the precedling twio tables, it ig evident that the per cent
fiber blend must be increased wlth increaning cmounts of Pulverized
Weste if strength 1s to be maintained. This iz shown in the {follow-
ing table witlch gives the per cent fider dicend required with varying
amounts of Pulverilized Vaste to obtain a calculated bursting prescure
for 6 inch, Class 150 pipe of 750 pounds pér square inch.

Per cent -Per cent Effectiveness Calculated Calculated 1
Fiber Pulverized of Jdensity of Pipe Pursting Press.PSI
Blend _ __ Waste Furnish Lhs./Cu. In. 6" Class 150 !
15.0% 0 —12¢0 . 0.GC640 750 N
15.48 5 1332 0.0628 750 i
15.95 10 1398 0.0615 750 :
16.49 15 1468 0.05602 750
17.08 20 1542 0.0590Q 750

On the attached sheet are shown several graphe which are of
interest. (raph iJo. 1 shows how the (cnsity drops as the per cent
Pulverized Yaste 1s increzased. Graph 'o. 2 shows how much the fiber
has to be increased as the per cent Pulverized Waste is increased in
order to maintain a burstinz nresegure of 750 pounds per square inch.
Graph No. 3 shows the furnish cost per pound %o retain a bursting
pressure of 750 pounds per square inch. Two curves are shown: one
for Pulverized Waste at 0.0050 per pound and one for Pulverized Waste
at no value. Plant No. 6 has set up Pulverized Waste at no: value but

—
i
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this i3 obvilously flctltlous; . Hedrick estimates 2 fzlr value ac
0.005 per pound. VWnile cost of furnlish per psund increascs with
increasing percentozes of Pulverized Waste, the denaity decreases;

the net edfect is nlotted on Crarh Ilo. 4 yhich shows the cost of
furnish per foot of & inch, Clasec 150 pipe. With cost of Pulverized
Waste at zero, the cont of furnich par foot of pige does degrease

wlth 1ncreasing peresntazes of Pulverized Waste; this 1z, hewever,

at the ezpense of doacity which 1s reduced as snowm in Graph ¥o. 1.
With the cost of Pulverized Yaste at 0.005 per pound which 1z believed
to be more reallstie, the cost of furalsh per foot of pipe decreases
very slighvly wlth increzasins ancunis of Pulverized Waszte up to avout
five or six per cent and thereafter remeins essentlally ccnastant.
Thus, above about five or slx per cent, it 15 not 2n econcrsy 0 use
Pulverlizad Waste at San%ta Clara; 1t is actually detrimentcl because

of the lower density and the likelihood of receiving comnlalnts on
weepage and/or leaksse. The same conclusion anpiiez to St. Louls
which ‘also uses an autocleove furnlgh. It is intereating to speculate
whether one of the rzazong that Santa Clara has been able to ude con-
8iderably cheaper furnishes than St. Louls is due to the usze of about
81X per cent Pulverizod Waste at Santa Clara and about twice this :
amount at St. Louis. Plant 8 can probably afford to use slightly :
more Pulverized Wast2, say up to ten per cent, because of the inherent
higher density of thz normal cure furnich. The use ¢f some Pulverilzed :
Waste in the furnich is desirable, not cnly to prevent the cccumulazion
of scrap but also because 1t probably alds in formation and filtration.

Recommendations:
Becauge the use of Pulvericed Waste in the furnish results in
lower density pipe, because low density pipe are a notential source
of difficulty. due to wzepage and/or leakage, and beczuse it costs
lilttle i1f 2ny wore o0 make higher density pipe by miniaizing the usc .
of Pulverlzed Waste, it 13 recommended. that the use of Pulverlzed
Wagte be limlted to a maximum of six-per cent at St. Louls and Santa
Clara and & waximum of ten per cent at Ambler.

v
Aé?zi. Laéz?*- '

RLL:ec
Att,
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APPENDIX

In his work on fiber evaluation, lir. J. A. Malone has developed

an equation:

S = 33.% + O 149 (RF + 5}, :
where S = breclidnz leoad of the nresged cake ugsed for
d‘uCﬁ“lniﬁ“ the relative SuP“ﬁJth of the
fibver, pouﬂdﬂ.
R = pelative “u.,ngth of the £ib .
P = pap cont {iber in the furnloh.
W = par cent Pulverized Waste in the furnish.

Asoume that the burating prescure of a 6 inch, Class 150 pipe

is proportioral to tihe gtrength of the LLrnish and therefore 1s
proportional to the dresking load of ir. Malone's pressed cale.

B = aS
where B = burasting pressure of a 6 inch, Clasa 150
pipae, PSI.
= ¢ong ant

substitutinb, B = a(33.4 + 0.149 RF + 0.745 H).

We kncw that strength 1s proportional to the square of the

denslty and we have also estimated that the density of pipe made
at Santa Clara without Pulverized Waste would be about 0.054% pounds

per cubic inch. -A factor correcting for density (D/0. 064)2 can
thus be introduced.

B = a(33.4 + 0.149 RF + 0.745 u)(D/0.064)2
where D 1g the density of pipe in pounds per cubic inch.

From several experimental runs we have eatimated: that one per

cent Pulverized Vaste reduces the density by 0.00025 pounds per
cubic inch. If pipe made without waste 1s 0.064 pounds per cubic
inch, D = 0.054 - 0.00025 W,

Substitutinv fer D.
. B = 2a(33. 4+o.;h9 RF+0.745 W){0.064 =0,00025 u)?/(o 064)2
S*mplifying, = a(33.4+0.149 RF+0.745 #)(1 - 0.004% W)2

The date for five experimental runs of six inch, Class 150

pipe vas inserted in the chove formula and five values of "a" were

determined: 3.43, 3.%43, 3.04%, 3.35, end 3.45. The value of 3.04
was discardad and the remaininn four velues &VtruQGd to give a =

Substituting and simplifying we zet the equation:
B = (115 + 0.5 RF + 2.5 W)(1 - 0.00% w)2
This i1s the forpula which was used to calculate the data in-

the tables 1n the body of the report.
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PER CENT PULVERIZLED \WASTE




