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Introductl<m

As part of a researeh program on the characteristics
required of Insulations to be used in \mdersround l^at dls-
tzd.bution systems « boiling tests were made of selected insul*
atlng materials that have been luied in this application. The
boiling test procedures follcrA-ed those incorporated in the
new specification of the Office of the Chief of Engineers
dated March 24, 1958, based cm tl» recoiamendatlona contained
in Federal Construction Council Technical Import 30, pre-
pared by the Building Research -Advisory Board.

The test procedure requires that an 8-foot specimen of
the insulation be applied to a n(»nlnal 4-lnch pipe in a tanic,
submei^ed with water, and boiled for 72 hoiira by maintaining
125 paig steam pressure on the 4-inch pipe. After drying for
24 l^urs, the speclm^ is to be evaluated in terns of eccen-
tricity, cracking^' rupturing, swelling, fraying, material
fallen from the pipe, and separation of the joints.

2. Specimens Tested

Five materials have been subjected to this boiling test;
Kaylo, Ihensobestos, Unibestoa, Foais-Sil, and Flberglas. Some
have been tested more than once and Flberglas has been tested
in blanket, loose fill, and pr^Bolded forms. Loose fill Piber-
glas has also been boiled for hours inside a clay tile con-
duit system. Some eagperlmentation has been conducted on methods
for covering the insulating material and for securing it on the
pipe. The specimens that have been tested are sOTaarized in
the following table.
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SPECIMEN IDENTIFICATION

SPECIMSW NAME THICaQIESa HOURS OP 3BOILING
1 Molded flbei^liAa, 1 in. 72

Standard
2 Kaylo 1 in* 72
3 Poan-Sil 3 in. 72
5 ^ Xhlibestoa 1.5 in." 72
5 PlberslAQ-Ric-i/il 1*5 in. 72 + 72
6 Flbergla£i«l/4 meah^ 1.5 in. 72

looae fill
7 IheiBiobestaa 1.5 in. 72
8 ^folded fibergXaa, 1.5 in. M8 + 72

Tenmerature
9 Molded fibez^^a^ 1.5 in. 72

Low Teoqperature
10 Foaa->311 1.5 in. 72 -f 72
11 Ihemobestoa 1.5 in. 72 + 72
12 Plberglas-1/4 mesh. 1.5 in. 72

loose fill
13 PiberElas-16 mesh. 1.5 in. 72

loose fill
14 Kaylo 1.5 in. 72 A- 72
15 Molded fiberglaa. 1.5 in. 72 + 72

Standard
16 Fibez^glaa-StilL/ater« 1.7 in. min. 72

Con<Suit • loos« fill
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3* Dlgouajalcffi and Conclusions

!Ihe cc^iclxialons drai>m regarding the effect of boiling on
five types of Insulation# as Indicated by the results of the
testa# are aiaoiaarlzed below, follcmed by some general con-
clusions regarding the application of Insulations to undergrovmd
piping. HiGse conoliisions are based on the test moults sum-
laarlmd In Section 4 of this report. *ShB results In successslve
testa of the sasie taaterlal were not always c<mslstent, Bius,
a more eooqprehenslve stud^ might lead to sorae modifications In
the ccmclx;t3lons •

Effect of Bolling on Five *rype3 of Insulation

Kaylo: fhls Insulatlcm will probably withstand 72 hours or
more of boiling without falling off the pipe or being
cut into pieces if straps are used to secure it to tdie

pipe. Appreciable erosion occurs at the Joints in 3 to
§ days of boiling# such that a gap of an inch or more
may develop at the Joints,

Wieimobestos: This imulation appears to swell duardng
boiling# placing stra|»» under tension, light gage alum-
inum straps were sheax^ at the eye <m this material.
Longitudinal Joints tend to open a little d\irlng boil-
ing# perhaps due to swelling# and a sll^t erosion
occurred at the Joints. In one test# none of the insul-
ation fell off the pipe In 72 hoxxrs# when supported by
straps or wires. In a second test,three sections in
succession broke and each fell off within 72 hours^ using
straps for st^port in each case,

Unlbestos! Based cm the results of one test <mly# it
that this material will remain on the pipe for 72 hours#
under boiling condlticms# with appreciable spalling or
slou^iing off of the outer layers. The binder is
leacmd out, leaving the outer surface soft and cjongy
as contrasted to its hard character when new. There
appears to be no swelling of the material. It adheres
to the pipe after boiling.
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Paaffl-311{ The Foaza-Sll toaterlal Itaelf does not appear to be
affected by boiling water. There la vlrt\iaXly no ero-
sion or other loss of siaterlal. The ceisient used to
seal the layers together in raanufaeture Is weakened
In 144 hovirs of boiling and so^ seotioas oouXd be
pulled apart by hand, although none caaie apart during
the 144-hour bolllnir: teat. It is a brittle, friable
material and can be cut by the supporting atmps if a
section becgaoea sllgl-^tly loose on the pipe and starts
to vibrate as a result of the boiling action. Binding
the material too ti^tly to the pipe my cause it to
crack when the pipe expands. This is a closed-cell
insulation which limits the access of water to the
steam pipe somev^hat under floo<led conditions.

Plbergisuss This material has been subjected to boiling vmter
under the folloirlng c<mditions and In the following
formas

a. Loose fill supported on a pipe with hard-
wai^ cloth.

b. Loose fill sufmorted on a pipe with hS-sicJsh wire
screen.

c. Loose fill in the CtlXlwater Clay Products conduit.
d. Molded thick supported by and wir^s.
e. Molded l-l/S*" thick supported by and wires.
f. Molded 1-1/2'' thick supported by 16-jae.ih screen,
g. Blanket wrap 1-1/2'' thick, Hlc-Wll, si^^fjorted by

plastic mesh.

In all forms of Piberglos, the boiling water causes a
leaching action in the glass fibers which weakens them and
causes them to bi^ak into short pieces. This action progresses
more rapidly near the pipe than at greater distances. At the
end of Jk hours of boillibs^ an appreciable amount of the mat-
erial near the pipe to the naked eye to be pulverised
to a consistency of dust, but a microsaoplc examination shows
that it still has a fibrous character although there is a tang-
led apxjearance to the fibers, Sj^newhat farther out fi'oei the
pipe, the indlvidiaal fibers are covered with translucent blis-
ters or even clustei^ of such blisters. The nature of these
blisters is not known unless it is the products of the leaching
action of water on the glass.
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Itje ©ffeetlvenesji of tho ciaterial as an Insulation does
not appear to be greatly redUiced by boiling as long as the Ins-
ulation resains cm the pipe in Its original thiekneas and with-
out voids.

Prolonged boiling of the insulation in a tank appears to
progressively break vip the fibers and eventtially substantial
amounts of the material are lost by falling Into the bottota of
the tank, 15ie rate at which this loss ooeui^, aj^^ears to be
related to the unlfownlty of packing the fibers^ the density
of the pack, i^hcrther or not a binder us used, and the size of
openings In the covering laaterlal, Genertklly speaklr^, a fac-
tory-toade Insulation envelope ccmslstlng of ootapressed blankets
of Hberglas will not detezdoi-Bte as rapidly as loose fill
material applied to the pipe by hand, insiAlatlon, wrapped In
a 16-mesh plastic or metal screen, will not be lost a;s rapidly
aa the same material wrapped in 1/4-ineh hardware cloth,

Factory-B»de envelc^s mlng blarricet Ftberglaa insulation,
as made by the Mc-V/il Company, premolded Flberglas 1-1/2 inches
thick and wrapped with l6-mesh screen, and premolded Flbergias
1-1/2 inches thick, secured with steel bamis at l-fc«3t inter-
vals, will all withstand 72 homm of boiling without appreciable
loss of material. Loose fill Fiberglas hand packed to a den-
sity of 7-X/2 pounds will suffer appr^lable loss in 72 hours
boiling wltn either iS-ineah or 1/4-Inch mesh wrapper, *318 fac-
tory-made blanJset envelope and the prodded enveloi^ wrapped
in wire mesh both suffer noticeable loss of material after boil-
ing 144 hovtro whereas, a section of the prei^lded material,
supported by straps, fell off tl^ pipe during 144 hours of boil-
ing,

Bolling loose fill Fibei^las insulation inside a clay tile
condiiit system of the type jruuaufactured by the Stillwater Clay
Products Company resulted In the loss of an appreciable amount
of taaterlal within 3 feet of the vent pipe at one end, and very
little loss in the reminder of the test specimen during a 72-
hour boiling period, The vent pipes were attached to the conduit
at the top of the arch tile, The Insulation was paclced to a den-
sity of 5*5 Ib/cu ft.
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In a t^lcal inataXXation, such a iftculd pzx>bably be
vented traa the side bXooli;3 instead of at the top of the aroh«

i In thia case, the steam wouXd leave the inouXation cavity throu^^
the upper holes of each of the ventilated side blocks and the
i$ater level wotild be at about this same hei(^t» ^he presence
of a steam apace in the part of the arch tile would prob-
ably reduce the mechanical agitation within the Insulation as
compared to that when the ec»iduit ima coe^letely filled with
water* Ey using l6-aiesh screen over the openings in the aide
block, the loss of material at these openinga ec^d be reduced*
It l3 probable that a solid encloaur® for loose fill insulation,
3uoh aa that used in the clay tile system, would prevent loss of
fibrous material during a li>oillng period of 72 hours as effect-
ively as a screen mesh wrapper in the boiling tank, if not more
so*

On the other hand, it Is also probable that prolonged boil-
ing of Fiberglas insulati^ over a period of many days in a clay
tile system would seriously deteriorate the in«iUlation, so such
a system should not be used where frequent flooding, could occur.

Oemrai Conslusicms

Wire bands should not be used to secure insulation on pipes
uncferground*

Straps should m>t be rn.de of llg^t-i^e nsetal, Sspansion
of the insulation can cause the eyej^ to cut li^t-gage straps.

folded insulation ahouM fit the pipes srmgly. Loose sec-
tions of Insulation will often vibrate on the pipe during boil-
ing and cause the straps to cut the insulation into pieces.

Brittle materials should not \>e so tightly that
pipe cxpansicm will put tension on the insulation.

Except for the cellular glass-^ the boiling water will cause
scsme eroslcm at the l<»igltudinal Joints and the butt Joints
between adjacent lengths It will also erode channels or holes
throo^i the body of flbrcsus insulations

Complete wrappers of wix^ mesh or suitable plastic mesh
(16-mesh or smaller) will probably minimize spalling and slou^-
Ing off of insulation on an landerground pipe more effectively
than straps luider boiling conditions*
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][)oi.llng teste aa<ie thue far indicate that all five of
the aatenals tested v/ill probably deteriorate significantly
if boiling continues indefinitely. i>'oaai>»Sil was probably the
least affected by boiling, but tne fit of the material on the
pipe may detezmine the likelihood of cracking the insulation or
its tendency to vibrate on the pipe.

Sie deleterious effect of boiling water on most insulating
material ikm used for xmd^v&PQimd piping systems, as revealed
by theae teats, ea^toslzes the need for continuous effort to
design such syat^»a so they will function many years before
water gains access to the insulatlcm, no matter what the natiire
of the terrain^

Results

results observed during each boiling test are siamnarlaod
separately in this section^ Ihe siamazy identifies the material
and its dimensions, the method of application, the condition of
tile insulation at the conclusion of the boiling test, and one
or more photographs of each specimen^
"1'' ^hod ’

,:i 1
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BOILING TEST OP PIPE INSULATION

Specimen 1

Description of Material

Manufactxirers Owens-Coming Plfoerglas Company

Identification name or symbol: Pre-molded Flberglas PP> Standard

Binder used: Organic themosetting resin

Length of section: 3 ft

Thickness of insulation: 1 in.

Covering; Light cloth fabric

Pipe diameter: 4 in.

Method of Application

Method of fastening: 1st section - Four 3/^~in, straps,
1 ft apart

2nd section - Pour No. 12 copper ivires,
1 ft apart

Position of joints: 1st section - Joints vertical
2nd section - Joints horizontal

Covering used: Light cloth fabric

Other features: Fourth strap on 1st section covered lapped
fabric at joint bet'ween sections
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Test Results

Amount fallen from pipe: Top half of lat section fell off.
Bottom half dropped down and resting
on straps. 2nd section intact.

Eccentricity: None on 2nd section

Separation at joints: None on 2nd section

Cracks and ruptures: None on 2nd section

Fraying: None

Swelling: Slight swelling on 2nd section

Erosions Some erosion on- interior surface and at Joints

Other damage: None

Moisture retention: Not measured
Percent

Reference to photographs: Fig 1 shovm initial appearance; right
specimen.
Fig 3 shows 1st section gone after
72 hours; right specimen.
Swelled appearance of 2nd section is
primarily the sti'’etched fabric ccA^ering.

i
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Figure 3





BOILING TEST OF PIPE INSULATION

Specimen 2

Description of Material

Manufacturer: Owens-Coming Fiberglas Company

Identification name or symbol; Kaylo - Pre-molded calcium
silicate and asbestos fibers

Binder used: Calcium silicate

Length of section: 3 ft

Thickness of insulation: 1 In.

Coverings Light cloth fabric

Pipe diameters 4 In.

Method of Application

Method of fastening* 1st section - Four ;V4-in. straps, 1 ft apart
2nd section - Four No. 12 copper wires,

1 ft apart

Position of Joints: 1st section - joints vertical
2nd section - joints horizontal

Covering used* Li^t cloth fabric

Other features; Fourth strap on 1st section covered lapped
fabric at joint between sections
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Test Results

Amount fallen from pipe: Parts of 2nd section. See Fig 3i
left specimen. 1st section intact.

Eccentricity: None.

Separation at Joints: None

Cracks and ruptures: Insulation cut ty wires on 2nd section
and broken into pieces. Top half of 2nd
section dislocated. See Fig 3| left
specimen.

Fraying: None

Swelling: None

Erosion: Some erosion at Joints

Other damage: Cloth fabric tom on 2nd section

Moisture retention: Not measured
Percent

Reference to photographs: Fig 1 shows initial appearance]
left specimen.
Fig 3 shows nzpture of 2nd section as
it appeared after 72 hr of boiling;
left specimen.
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BOXIBIO TJS.3T 09 JPIPE BiSULATIOK

Speclsmn 3

Ijgiaoription of FSatferl&l

Manufactuj^rs ?itt» ur^ Coming Coinpany

Xdmtlfioation lumtie or cXoa&d
call liaaa foam.

u»«4i tele, aatoxial* Smh piece vm!l& of two
amexitud to^c^ttier lojigitudlaally.

l^f%th of oeotionj 17 iJ^«

Ihickneai} of insulations 3 !«•

Covexing 1 Kone

fipe 41a»et&rt 4 in,

MethCHi of A^lication

Method of .fastening's 1st tiiid sectiana 3/%-ixi. stj^p«^,

g in, from etidc,

3r*d aeetioa - One strap and one wire,
2: in, frora «nc5®.

i^th and 5th seetions - ISo. l2 oopper
wires, 2 in, frm ends,

foaltion of joints s lot, 3x^, 5th sections - jalnte vertical
2nd, 4th sections - Jaiate horizontal

Covering needs ?ione

Other featuress Hone
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ftat .HeaiaXta

fimowat fallen from plpe» Hone

Boci^ntx iclt^^t 4th aeotion cut ty wim banda. hm&r h^lr
.
dix>ppe^ alitistly ^laok In wl«?o,

S«p4*mtloa at Joints t Hone

Crao.k3 and m^tujp^as Vibration of fourth aeotion oaused wix^ea.

to eat Into imul^tim, hut it not
aovorod. See Fis 4j left spaci^aan.

Fraying f Hone

Sis?ellingf Hori©

Erosions l^gli^ifele

Other t Wone

^ist'ure retentions mea^tured. l%n-^hye;ro3sopie mfcerlui.
Eer’cent

Referenoe to |;*iotosraphs? Fig i shows initial
left specimen.
Fig: 4 shows ai^earance after 7c hr
boiling,. Dialocation of 4th aeetion
fr?^ cutting by wires shown In left
specimen.
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BOmiWO f OP PIPE lilSULATlQH

4

P^gcriptlon ot BSaterlal

SIftnufactursrt Tfeiion AsbeiJtos m%4. Qow^wsxy
-Sfr-Th-SE^"'*'

' ~
. a

Identification n^e or aysaloli llalbestoa. Pre--mold#<! aabeetos
;

- flfeer^

.

Binder ttaedi ,s Blileate

Xiength ef seetlom 3 ft

%lektieaa of ina^lallant 1 1/2

Covering;; I 5{one» Exterior sade quite hard with
binder material.

Pipe diaaeters 4 in.

i; :'5 0M- :. of Heation

Ifethod of faatetULn^i let section - Pour 3/t-tn. atrape

1

ft apart
section - Pm-tr 12 e<3^er %flro6,

1 ft apart

Foelticm of ^olnta> let section - Jolnta isorlsiontal r

and eeetlon -* Jolinte vertical "
i

Other feattireat Ho'r^
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BOILING TEST OP PIPE INSULATION

’jv-
f

‘I ^

Mamifactureri

Specimen 5
1 V?’

. 'i jj'

Description of Material
it’

Ric-Wll « Seotional Plberglas Pipe Insulation

Identification nasie or symbols * Blanket Flberslas as used

Binder useds Fiberglaa oiled treatment only

^ Length of"sectloiu . 2 ft with overlapping screen joints

Thickness of insulations 1-1/^ inches - 7-1/2 lbs density

Covering; 14 x 16 mesh fiberglas strands plastic coated

«

Pipe diameter: 4 in*

Method ^ of Application

Method of fastenings Prepared sections slipped on pipe

Position of joints: MLy butt joints in this construction

Covering used: Flberglas screen held with metal staples*

Other features; 2 in, lap of covering at butt joints.
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Teat Reaultd

Amount fallen from pipe; Slight loss after 72 hr.

Eccentricityt Slight

Separation at joints: None after 72 hra - open after 144

Cracks and ruptures: None after 72 hrs.

Fraying: None

Swelling: None after 72 hrs.

Erosion: Sli^t after 72 hra^

Other damage: Plastic coverlns brittle after 144 hrs.

Moisture retention (percent): l>ry

Reference to i^tographs: Fig 5 - after 72 hrs boiling
Fig 6 - buttjoint uncovered to show

negligible loss of wool
Fig 7 « after 144 hrs boiling shows

oonie loss of Fibex^las wool
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BOILING TEST OP PIPE INSULATION

Specimen 6

Deacription of Material

Owena-Comlng Flberglae Company

Identification name or aymbols Loose-fill PiLerglaa

Binder used* None

Length of section

t

Thicki^ss of insulaticms 1*5 in*

Coveringi 3/4 in# mesh galvanized hardware cloth used to retain
loose fill insulation on pipe

Pipe diameter( 4 in*

?4ethod of Application

Method of fastening; A weired easount of loose fill Plberglas was
spread as evenly as possible on a flat piece
of 1/4 in* mesh hardware cloth and held in
place with big stitches of cotton string.
See Fig 8 and 9« Even though the insulation
was spread as evenly as possible, there was
an appeamnce of clisaps in the layer and
probable variations in density. The width
of the mesh wrapi>er and the amount of insulation
used was such that the insulation would be coia-

pressed to a density of 7^L/cu ft and a thick-
ness of l-l/£ in. when wmpped around the pipe
with the wire mesh overlapping one inch at the
edges* The wire mesh v/rax^r was held in place
with 3/4 in. bands spaced l£ in, apart.
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Teat Results

Aaount fallen from pipes About 30 percent a® welfhed dry before
and after boiling

Other dainages 4 in. pipe exposed in many placea aa voids appeared
^ in an irregular pattern in the insulation

Reference to photographs t Fig Q, left specimen^ shows appearance
after 72 boiling
Pig 9 shows close«iq;> view of voids in the
insulation



min

SBifl

^t> ea ctf!«cfiaq Of itoCHiA t9qlq rnsn^t m£M simM^£Zo4 l^r
OTJOW

sbicv sa mml^ tam M ^
OQl 4iilt*ani «S ill ofi ai -^^

iKsX^Wirmt j
ii .'- «

IXXt-

w I -.

>'^w

j-wt/
wn^ i a** b*i>

5^. ^ m ;• '^
- 'S

.M^iw: kd-^-^ w%l m
Mlm n»^siil4

-v-..:i -^:^-tiW3!;^;- 3^' |i

id. % #<T^I«i>N?^ m
>^^:; tei'
S- :N. 3N^ S^m

,-w %M •<^iy£«SSiSsl> «. S!j>^'

?^'.tsf

uidkd
'V :'M

,
'.,

.. . Vf..



Figure 8





I





BOILING TEST OP PIPE INSULATION

Specimen 7
'

I. •

Description of Flaterlal

Manufacturer: Johns-?%nville

Identification name or ayiabolx Ihexwobestos

Binder uaedj ^ A calciiai alllcate product with asbestos fibers

liength of section: 36 In,

Thlclmess of Insiilation: 1*1/2

Covering t None

Pipe aiameter; 4 in.

r^ethod of Application

Method of fastening: 1st section * 4 straps
2nd section • #12 copper iflre
3rd section * strapped

Position of Joints: 1st section * Joints horizontal
2nd section * Joints vertical
3rd section * Joints horizontal

Covering used: None

Othea:* features: 3rd section * was about 15 in. long.
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Te>it Esjuita

Amount fallen from pipes

£coentricity; None

Sepamtion at Jointes Slight, except short piece which ojpened
lip so that pipe was exposed.

Cracks and raptures: None

Frayit^s None

Swellings None

^,E^aions Slight outside edge of all 4olnts

Other damages Wire cut into insulation a distance equal to its
diameter in some places

Reference to photogmi^i Fig 3, right specimen, shows a^?peaimice
after 72 hrs boiling. Note sli^t
aepa3?atlon of longitudinal joint and

^ -5 V. 0 slight embedment of wire at farther end
of the middle section
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BOILINQ TEST OF PIPE INSULATION

Specimen 8

Deecrlptlon of I'latterlal

H&nufacturers Owens-Coming Fibex^las

Identification name or symbols PrefozeMid 1.3 In. Flbei^las
(low temperature)

Binder usedi Ox^ganic themoi;;^ettlng resin

Lengtti of section* 7 ft - 1 In.

Thickness of insiilation* 1.3 in.

Coveringi Vapor barrier paper r«aaioved from original product. l6-ia0sh
^ivanized screen wrapper applied in the laboratory.

Pipe diameters 4 in.

iHethod of Am?llcatlon

Method of fsUtenlng: 16 mesh galvanized wire fastened every 2 in,
at the longitudinal Joint with #22 copper wire

Position of Joints* 1st section - Joints horizontal
2nd section - Joints vertical
3rd section - Joints horizontal

Other features s Wire mesh wrapper in one piece with 1 in. Ifi^pped

seam*
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Teat Reaults

fmyxmt fallen from pipe: None

Eccentricity: None

Separation at jointa: ali^tly at butt joints after 120 hrs.

Cracks and rigstureai N<^ after 48 hm.

Fraying: None after 48 hrs,

StsTellingi None

Brosicm: None after 48 hrs, Sli^t erosion at buttjoints after
120 hrs.

Other damage: No daniage that could be observed after 72 hi^. Es:cept
for the slight erosion at the joints and the usual
embrlttl^oent of the glass fibers, this specimen was
in good condition after 120 hrs of balling.

Moisture retention (percent): Not measured

Reference to photograpdis: Fig 10 is a vl^ of the specimen after
120 hrs of boiling.
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BOILING TEST OP PIPE INSULATIWI

Speclnen 9

' Description of Material

Manufacturer: Owena-Comlng Plbcrglas Ccanpany

Identification naroe or symbols Prefomed 1,5 In. Ptberglas
, ,

(Xow temperature)

Binder used: Organic thermosetting; resin

Length of section; 3 i't

^Thickness of ^insulation; 1«5 in«

' Coverings^^ None ..
..

, v -
; v

Pipe diai&eter: 4 in, ?

Method of Application

Method of fastening: 1st section 4-3/4 in. ©ttaps
2nd section - 4-#lS copper wire
3rd section - 2*^12 coj^r wire

Position of Joints; 1st section - Joints vea?tical
2nd section 1" Joints horizontal
3rd section - 45*
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Teat Results

Amount fallen from pipe: None as pieces

Eccentricity: Insulation layers flared out at seaas

Separation at Joints: Joints opened from 1/8 in, to more than 1 in.

Cracks and ruptures: No cracks or complete mptures but surface
cut by wires

Fraying: All Joints shoi/ed fraying. Fraying more extensive on
second section with Joints looa^d horizontally. See Fig 11

Swelling: Sli^t

Erosion: All seams showed erosion with delamination evident

Other dfiinage: Wires cut into insulation. See Fig 12

Moisture retention (percent): Not measured

Beference to photographs: 11 shows appeax^ce after 72 hrs boil-
ing
Pig 12 shows close^ap of sections 2 and 3
fastened with wires. Mirrored view of
second section shows nature of the fraying
and delatBination at the horizontal Joint



0

. ^
Att 9tisM 29<{iq amt :tnuotak

1ft &fio tmAll fttftvftX nollAXiiftoI ^ i^^toinaeo^S
«I ..

*
' ri. t ..

Rt X ni^ »oi 8\X amt bvMqq ^loXoL taloUlot noXlorgtftqfta

a&>sWqMt ftld£<|nosrto ft3{»ftnc9 oil sft9sol^i« Imia asioosO
43mXiitf xii im ^

--.»:Ji.. -.«<* -

-M^
-

00 £>vi&xi^laL» irxofit aolt^oict •aotfoit taMi4i ftlaJto^ ijiiiliCJKt

99^ «^XXi»li:iosXv<^ b^SmoX ft^ot itiw

?.i\ jrt^ixe tsoiii^

lnal>lvft noi^sntsml^ lilXw noismo &oi«od& sjaa^ IXA tnolaotS

^ ^ */K>llAlo«ia OllU ^ ftft^lW t9s<oiHtf> *sod^

loM f(lo»onftq) ontflolofl
*

, i—^ . :
W

to4 knA ST 90«smJieq^ aiioda XX^a^ i«riq«X30lorfq ol ©ormol^
'V.^\ -P'S--,

t ^ s to q^oXo aMte SX
to vmlv ^ \$^Xh ASt^ iJOflwlcAt

Sill to oics/lAH oollooft bcooee .

litXot bt9B-
r> 'il^T ijplv^

v.'i.tl



iiTwtJ*?.'

’





BOILING TEST OF PIPE INSULATION

Specimen 10

Deao3:*lptlQn of Kiaterial
^

"" " "'
'

Kanufactuz^er: Pittsburgh Coming Glass Company
-jjfeLtiij-viK v“-, r-

Identification name or symbol: Foam«>Sll « A cellular silicate

Binder used: 99 + pure silica

Length of sections 17 In.

ISilckness of Insulation: 1*5 in*
1 ,;<

Covering! None

Pipe dicfiiBeteri 4 In.

Method of Application

MetlKKl of fastening: With clamps screw thread tightened

Position of Joints: 1st section - Joints horlsontal
iii"- : 2nd section • Joints vertical

3rd section - 45*
4th sectlcai >* Joints horizontal
5th section - Joints vertical

/

Covering used: None

Other featums: All Joints tight to slight crushing
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Teat Fieaiilts

Hmoimt fallen from pipet None

Eccentricity 8 None

Separation at Joints? Slightly at butt Joints

Cracks and matures? Aboiit half of the Individual pieces cracked
circumferentially idien steam was first turned on.
No additional cracks developed during the test.

Previns? None

Swelling* None

Erosions Some of the cement used in fabrication of sections dls-
ai^ared but not to point of unsealing Joints after 144 hr: .

Other dama^j Sections cmcked <m initial heating but cracks had not
changed after 144 hrs. Cracks may have been caused ly
ti^t bailing and pipe e:spanslon on heating.

Hoisture retention (percent )s Hone

Reference to j^otograi^j Pig I3 shows «^pearance of Foam-Sil aftci
7£ hrs boiling
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BOILING TEST OP PIPE INSULATION

Specimen II

i>eacrlptlon of Material

Manufactuz^r: Jc^tcn-Manville CoB^ny

Identification name or ayntbol: Thennobestos^ Preoiolded Caleixmi
silicate and asbestos fibers

Binder useds Calcinm silicate

Length of sections s 36 in* ' ^

it#'’-'

niickness of insulatlom ' I.5 In-
. >

Covering: None
’’

^ ^

Pipe diaaneten 4 in.

’Method of application

Method of fastenings 1st secticm - l^r 3/4 in. straps of alisainum
2nd section - Flbei^laa mesh initially sewed at
the latitudinal joint. IWo metal straps
added after 72 hra because plastic mesh had
stretched.

Position of joints t 1st secticm - Joints horizontal
and section - Joints vertical

Covering used: None except flbez^las mesh <m second section

Other features: Aluminum straps replaced with steel stmps after
s4 hours
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Teat Beaulta

.^ount fallen from pipet lat aection fell off In leas than ^4 hrs
when aluminum straps sheared.
1st section replaced and steel straps used.
1st section off again after 48 hours boil-
ing. Beplaced and boiled for an additional
72 hours with one piece breaking off.

Cracks and ruptures t At 72 hours, seams of mesh-covered sections
had opened about 2 in. 2 straps were added
to the second section and after 72 hours of
additional boiling, the seam opening had not
increased In the second section but had In the
short unstmpped section.

Other damage: Some erosion at Joints after 144 hours of boiling.

Molstuze retention (percent): Not measured

Keference to ^otographs: Fts 3.4 shows condition of mesh-covered
section after 144 hoxirs of boiling.
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BOILING TEST OP PIPE INSUL.OTON

Specimen 12

De3ci*iptlon of ^taterlal

Msttwfacturer: Owena-Coming Fiberglaa Coinpany

Identlflcatlcm name ox* i>ys^oli Loose fill Plbergla^ wool

Binder usedt ^N<me

Length of sections 7 ft - 2 In,

Ihlekness of insulations 1«5 in.

Coverings 1/4 in, laesh galvanised hardware cloth to retain loose
fill insulation on pipe

Pipe diameters 4 in, s -

Method of Af^lloation

Method of fastening? A wei^ied amount of loose fill Flberglas %/as
‘ '

-
-apriead as evenly as poasible on a flat piece
of 3/4 in, aeah hards^are cloth and held in
place with Mg stitches of cotton string.

; ii^See Pig 15 and 16, Bven thou^ the Inaiiiation
spread as evenly as posslBle, there waa

an appearance of cl\sapa in the layer and
probably variations in density* The width
of the meih wrapper and the amoimt of insulation
used was such that the insulation would be com-
pressed to a density of 7 Ib/cu ft and a thick-
ness of 1-1/2 la* when wrapped around the pipe
with the wire mesh overlapping one inch at the
edges » The wire mesh wivipper was held in place
with 3/4 in* bands spaced 12 in. apart.
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Test Ite^ulta

j-aoount fallen tram pipes About 20 percent as weigtied dry before and
after boiling.

Other damages Pipe e:cpoaed In many places as volUu In an Irz^gular
pattern fonned in the insulation.

Moisture retentl<H4 (percent )s None

Beferenoe to i^tographsi Fig X% left specliaen, tih<»r3 appearance
after hours boiling
Fig 16, bottesn specimen, shonrs cl03e\;q^
of voids with a mirror iraage of the
<mdemeath portion.

Microscopic Esssuainatlons of Insulations Samples of insulation were
taken from the specliaen at several locations after the
test for microscopic examination. Mlcrophotograj^s were
taken of the glass fibers before and after boiling.
Pig X6a shows the ^sooth, transparent, cylindrical
iSiippQSkmnoe of the fibers vdien nev;. Fig 16b shows the
appearance of the aatexlal near the surface of the envelc^
after boiling. It was broken into many short pieces, and
a|^eaz«d brown to the naked eye (perhaps the effect of the
boiling water and steam on the oil tireatment of the ori-
ginal material). Pig l6a and I6b are about 400 to 1
magnifications *
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BOILING TEST OF PIPE INSUL/iTIC««

i

specliaen 13

^ Ascription QP Material

Maimfactux^ers O^eno-Comlng Piber:gla£» Co{as>dny
.c;

Identification name or symbol: Loooo fill Flbcrglac kooI

Binder used: None

Length of section: 7 ft - 2 in.

Thickness of insulation: 1*5 In*

Covering: screen wire uaed to retain loose fill

Pipe diameter: 4 in.

Method of Application

M.ethod of fastenings A welded aiaount of loose fill Fiberglas was
spread evenly on a flat piece of 16-mesh gal-
vanized screen wire and held in place
by stitches of cotton string. Even though the
insulation was spread as evenly as possible,

|

there was an appearance of clumps in the layer
[

and probable variations in density, The width
of the screen wrapper and the amount of insiilatiOf]|

used was such that the insulation would be
coc^ressed to a density of 7 Ib/cu ft and a
thickness of 1-1/2 in, when wrapped around the

i

pipe with the wire mesh overlapping two in, at
the edges. The screen wrapper was held in place
with 3/4 in, bands spaced 8 in, apart. .‘>ee

Fig 15.
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Teat Besulta

Amount fallen from pipes About 10 peixsent of glaas wool as welded
.. u dry before and after boiling.

Other

f :' -

Pipe erpoe^ at several amall spots and some
of fibrous material

local lose

Beference to photogx^a|tes
Xi^

Fig 15* n^^t apeclBien, shows appearance
after 72 hours boiling
Fig 16, top specimen, shows spot where
pipe exposed. 16^njeBh screen wire pro-
vided a sort of flexible wrapping that
ten^d to bulge subtly between straps

mi 4;5>'0
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BOILISa TEST OF PIPE BJSiniATION

Speolioen

Description of Material

Manufacturert Owena-Coinlng Flberglas Company

Id^tlflcatlon name or sjfviboXi Kaylo

Binder iisedt Silicate

Lensth of aectlon; 3 ft

Thickness of Insulations

Covering: Canvas on 1st and short sections
. wi^: -’n I'rt-

•

Pipe diameter: 4 in.

Method of Application

Method of fastening: 3/4 pipe stmps spaced 12 in. apart

Position of Joints f 1st section - Joints horizontal
2nd section « Joints vertical
3rd section • Joints horizontal

Covering used: Canvas on 1st section and short aectl<»i

Other features: Longitudinal Joints did not close by 1/8 in. when
insulation was tightly fitted to the 4 in. pipe.
Insulation cavity was a little too small in diameter.
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Teat Re^ulta

.%BQunt fallen from pipei None after 72 houre

EccentricItyt None

Sei>aratlon at Joints: All Joints opened i;qp about 3/4 in. Insulation
moved sli^tly on 4 in. pipe

Cracks and ruptures t None

Fraying: None

Erosion: Edges of veztical Joints eix^ded so that circumference of
two half secticms lost about 1 in. after 144 hours boiling.

Heferenoe to photographs: Pig 17 shofv/s appearance after 72 hours
boiling
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Figure I7
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BOILING TEST OP PIPE INSinJ^TION

f;

;

V- ;5peclmon 15

I>eacrlptlon of g^terial

Mairnfacturex*} Oifens-Coming Fibex^las Ooa^^any

Identification name or s^rmbol: Px^eiaolded Plbexigla^^ Standard

Biniler «sed* Hienollc

Length of sections 3 ft*

Ihlckness of Insiilation: 1*5 ln»

Coverings None

Pipe diameters 4 In.

^thod of Application

Method of fastenings 1st section# 4 straps * 72 hrs* -f 72 hrs.
section# 4 copper wires « 72 hrs - new

sectitm# 4 strfi^ 72 hra.
3rd section# 2 straps - 72 hrs -f 72 hrs

Position of Jointss 1st section - Joints vertical
2nd section - Joints horiec^xtal
3rd section - Joints vertical

Other features s !^e
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Test Redulta

momt fallen frcaa pipe: After 72 hrs*
1st section^ none.

:-r : 2nd section, top half off pipe, part of
bottaa half.hanging by wires.
Replaced with a new length.

3rd section, none

Sepaj^tion at Joints? 1st and 3rd sections tight at longitudinal
Joints, 2nd section not on pipe so no butt
Joints.

Cracks and n^ures: None

Fraying? Vejy^ sli^t fraying at all Joints.

Swelling? Very sll£^t

Erosi^s Butt Joint end eroded to a concave shape on sections 1
and 3- Longitudinal Joints eroded slightly at surface.

Ottier damage? After 144 hrsj 1st aectlonj ri^ht side off pipe;
part of left side hanging at bottom by straps.
After 72 hro; replaced £ikl section; Joints tight;
Joints show sllihb erosion at surface.
After 144 hra; 3rd section; longitudinal Joint
tight.

Refeiwce to photographs? Pig 18 shows the appearance of the ins-
ulation after 72 hours boiling, Hie
first section, secured with straps, shows
sli^t erosion and fraying. Hie second
sectiorv secured with wires, had separated
frcffii the pipe and a part had fallen into
the bottcxn of the tank.
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Specimen 16

«.

BOILING OF LOOSE FILL PIBEROLAS IN
3TXLLNATER CLAY PmWCTS CEKT-A-BAR SYSTEM

Dgi^oriptlogx of Teat Speclneri

Looi^e fill FlberglcUi insulations manufactured by Owena-Com*
Ing Flberglas Comxjanys boiled inside a l4«ft test specimen
of the Cert-a-Bar Cl^ Tile Conduit as manufactured by the Still-
water Clay Products Cos^pany* The insulation was paoiced to an
average density of 5,5 Ib/cu ft around a 4-lnch pipe over a 2-inch
pipe» both located inside a clay tile conduit made of 8-inch high
side blocks and 8-lnch semi-cyllndrlcal arch tile.

The thickness of the Insulation varied frcia a ninjliniBa of about
I«72 inches around the top half' of the 4-inch pipe to a maxltnum of
approximately 4.75 Inches at aoiae places underneath the 4-inch
pil^.

The insulation had been subjected, during earlier tests, to
coveral lengthy heating and cooling cycles, and to nuraerou-j wetting
and drying cycles without boiling the insulation. The insulation
had a seial-risid BKsided chaiseterlctic before the boiling teat
and the fibers were brittle and broken into short pieces near the
pipe.

Boiling Pme^^dure

The ends of the were sealed so it could be filled with
water. The water level waa indicated by an external sight glass
and makeup water was added to replace that evupomtsd to maintain
the water level at the top of the insulation space, steam was
introduced into the 4-inch pipe at a pressure of 1^ psig and the
pressure was maintained for 72 hours. Tbe steam generated inside
the conduit was vented to the atmosphere through two vortical
2 X 3-lnch ducts placed, osne at each end of the test specimen, at
the top of the cylindrical arch tile fonrilng the top of the conduit.
The vertical leg of the two vents was about 4 feet long.
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Teat Results

Pig 19 shows the appearance of the Insulation In the conduit
after boiling 72 houra. The dark streak at top center is a cop-
per tube^used at one time to introduce water to the Insulation.

Pig 20 shows the appearaince, at the downstream end, of the
insulation. The 4 in. pipe is exposed for about 1/2 of its cir-
cumference on the lower side* There was considerable loss of
Insulation only near the outlet end for a distance of about 3 ft,
A small amount was also lost at the inlet end. Apparently the
insulation was carried out of the vertical vent pipes by the surg
ing water and steam. Some pulverized glass fibers were found in
the vent pipe at the end of the test* Except for the loss ind-
icated above, there was little evidence of any voids in the remain-
der of the insulation.
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