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process materials 
Inside, outside, and under the ground 
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By HAROLD S. IWARCH, PE, Manager, 
Mechanical Engineering Dept., 
Laramore, Douglass and Popham, 
Engineers - Consulting. Chicago. III. 

Process piping holds and moves 
fluids or solids suspended in fluids 
from one place to another. Most 
industries use process piping, and 
everyone is dependent upon it. 
Water and sewage are prime exam
ples, and oxygen, fly ash, liquids, 
gases, mixtures of liquids, mixtures' 
of gases, slurries, and vacuum sys
tems all meet the process piping 
goal. There are countless processes 
in the worid, and no one article will 
cover them all, but 1 will try to touch 
on many. 

First, who is involved? Let's 
generalize. An owner designs or re
quires a particular process; a man
ufacturer designs and makes a type 
of pipe; a consultant puts the proc
ess and the pipe together; a contrac
tor builds the system; and the 
operator maintains the result. Each 
party involved looks upon the proj
ect from a different point of view. 

The process designer (owner) 
looks at conveying the fluids, etc., 
at a reasonable operating and capi
tal cost. The pipe designer (man
ufacturer) is concerned with various 
base materials and forms to fit the 
physical conditions. The system de
signer (consultant) chooses among 
the many available sources of pipe 
that meet the conditions of the 
process. Sometimes he asks that the 
process and/or pipe be modified to 
fit each other. The assembler (con
tractor) puts the system together, 
checking and adjusting for final 
functions. Last, and equally impor
tant, is the maintainer (operator), 

who keeps the system operating bf 
modifying and repairing whc!' 
necessary. 

The process or the pipe design., 
which came first? Most likely \k 
process was first, and then apiptj 
was designed to fit the physicil; 
conditions of that process. Now;, 
however, many piping systems art 
available, and an application of ont: 
of them to the process is very likelK 
all that is required. But the pipedsi' 
signer is still faced with the problea'; 
of finding new materials or acombi' 
nation of materials to meet recenil]|j 
developed processes that are b{(. 
yond existing piping limitations.*.,; | 

There are many parts to a proceaj 
piping system. Valves, fittingsM 
hangers, tanks, pipe, covering^ 
joints;, insulation, converters,'tt*^ 
pansionjoints, and pumps compristji 
a partial list. However, pipe,XB'''-
tings, and joints are the basic conf','] 
ponents of a piping system, anij 
hangers, insulation, and coverings' 
are the first line of accessories. A(i» 
other'accessories, such as valveî  
controls, indicators, tracing, tanla..j: 
metering, etc., are applied tO'OfJ 
connected with process piping. The;-
total system should be designê J 
with the acknowledgment of thelin>̂  
itations of each and all fiartj'i 
involved. 

For example, in an application 
glass fiber piping to a hot water sŷ  
tem (190 F), hangers were spaced) 
to 6 ft apart on a 3 in. line, excepl̂  
a duct crossing. Here, thespan'wa* 
11 ft, and the resultant sag of aboul j 
in. looked bad. The pipe operalaJ 
properly, but a channel holding Iht 
pipe, was added to the span under, 
the duct. Thus, the limitation of. 
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nger spans had to be considered. 
^Pipe design is an involved science 
Ed somewhat of an art. Construe-
on materials must be studied for 
irength, resistance to corrosion, 
bsticity, conductance (thermal 
ii electrical), workability, ex-
udability, flow resistance, and 
^e!Process temperature, pressure, 
|cuum, and toxicity demands are 

main regulators. The external 
gnditions are another set of reg-
itors. 

^The Alaskan pipeline is an exam-
eof an application that is affected 
rjjoth internal and external reg-
Uors. The oil must be heated to 
V well, and the outer surface of 

jl'pipeline must be cool to keep the 
nafrost intact. The process de-

jner's viewpoint is that the 
dine needs insulation to lower 
ating costs, and the environmen-
ist thinks that it needs insulation 

j[lieep the ground cool and undis-
'bed. 
Ipbviously, both external and 
Umal needs must be satisfied. For 
jmple, a laboratory complex re
ed the use of all glass drains be-

Be of the many chemicals em-
Byed. The application of glass also 
owed for inspection to locate 
logging and finding lost items, 
osidering the possible dangerous 
ifure of the effluents, both exter-
fand internal needs were solved 

•usingglass pipe, and the installa-
'Vwas successful. 

here will the pipe be located? 
iee major areas are evident: out-
It, inside, and underground. All 
|e similar problems and some 
iiliar problems as well. 

KOiitside piping-Outs'ide piping 
||enerally covered, probably 

ated, and may be heat traced, 
areas allow the easiest han-

|of thermal expansion through 
I loops, but even outside pip-

^ n use the ball joint loop. Ac-
pries, such as pumps and con-
Pmay require small enclosures 
,ecialized equipment. Weather 
ISajorexternal regulatoras is the 
jibllity of damage. A road cross-
t^a good example of an area 

where possible external damage 
could occur. Many outside piping 
runs are elevated and hung on sides 
of buildings or over roofs to reduce 
the possiblity of damage. 

• Inside piping-ltxs'ide piping is 
the largest area of application. Phys
ical space limitations, heat above 
furnaces, and explosive atmos
pheres are the main problems en
countered. In these situations, 
banks of piping and a confusion of 
runouts can often be found. When 
inside piping space is at a premium, 
organization and layout are prime 
design considerations. 

• Underground piping - Under
ground piping is complicated by the 
many different and changing ground 
conditions that exist. Salt corro
sion has became a factor to be dealt 
with. Much underground piping 
parallels roads, and winter road 
salting runoff has been found to 
permeate the ground and attack 
buried piping. Concrete, clay tile, 
and plastic pipe are not greatly af
fected, but steel pipe is. It is now 
common to find steel and related 
piping encased in conduits of plastic 
and concrete; some are complete 
with insulation and expansion 
joints. Steel coated conduits require 
cathodic protection and a protective 
coating. Maintenance of anodes is 
mandatory. To handle high ground 
surface loads and/or internal soil 
pressures, tile or concrete piping 
can be placed in steel sleeves, or the 
portion of the piping that is particu
larly affected by these conditions 
can use ductile iron or high strength 
cement asbestos. 

Another major factor in under
ground piping is thrust blocks. They 
should be placed carefully with re
gard to ground conditions, groups of 
pipes, and future needs. It is not 
easy to remove 5 yards of concrete 
wrapped around three pipes to 
allow for expansion. 

Process piping can be divided into 
two main application classes. One 
encompasses normal or common 
applications, such as steel steam 
piping, Schedual 80 pipe for small 
condensate returns, galvanized 

steel for potable water, and Type L 
or K copper for refigerant lines. 
Many of these applications have 
been made over the years, and ques
tions of use or selection are now 
given little thought. Some are well 
governed by code. For example, the 
City of Chicago specifies 1 to 2 in. 

Piping design is an 
involved science and 
somewhat of an art 

Both Internal and external 
factors must be considered when 
piping systems are installed in 
the ground. The 13 ft length of 
steel core pipe in the photo Is 
protected with a low conductivity 
insulation system. 
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lead pipe for small underground 
potable water service. 

The other main class is hard to 
name. It encompasses all special 
and exotic applications: penton 
(plastic) lining in steel, teflon lining 
in steel, epoxy coated steel, 
cement-motar lining for cast-iron; 
and stainless, epoxy glass fiber, 
PVC, CPVC, ABS, glass, polypro
pylene, and polyester pipe, to name 
just a few. The list is long, and the 
applications are many. Acids, food, 
pharmaceuticals, cyrogenics, fats, 
asphalts, hydroxides, salts, and 
demineralized water are just a few 
samples. 
Let's look at an existing sewage 
treatment plant as an example ofan 
application. The sewage, the air 
used to treat it, and the final effluent 
are all considered fluid process sys
tems in the plant. The sewage sys
tem consists of various types of un
derground piping. PVC and epoxy 
reinforced pipe handle industrial 
wastes that eroded or corroded the 

previously installed pipe. Tile and 
cement asbestos pipe were used for 
smaller runs (under 18 in.) and 
where ground loading was normal. 
Ductile iron pipe was used on pres
sure mains and where high ground 
loads were experienced. Concrete 
pipe was used as the main carrier for 
the system. Very large pipe diame
ters were required, and corrosives 
are diluted to such an extent as to be 
ineffective. 

In a basin at the plant, air is bub
bled through the sewage. The com
pressed air (10 psi) in large quan
tities is conveyed by 6 ft square 
concrete pipe in the underground 
portion, and the above ground 
branches are steel. In the basin, the 
distributors from the branches are 

.stainless and submerged in water. 
The large concrete air piping was 
epoxy lined to tolerate the 180 F 
temperature that exists due to com
pression heat. 

Another application example is a 
plating process that uses coated. 

lined pipe. The coating is epox) 
paint, and the lining was determine 
by the solution or fluid being ciri* 
lated. Concentrated acids are nolo 
corrosive as 5 to 15 percent soil*' 
tions. Both polyester and epqxj 
coatings were used. i,'̂ r| 

Each portion of the plating syi-
tem was considered separately. IT* 
system was composed ofa strippiiif 
tank, copper plating tanks, nickd 
plating tanks, chromium plalinj 
tanks, and various wash tanks. Pif̂  
ing lines had to be coordinated will 
the special air supply and exhaiifl 
hoods. All sewer lines and theWul' 
ralizing tank were coated wili 
epoxy. Drain effluents were HCl, 
H2 SO4, HN03 in various concenlU' 
tions. Concentrated hydroxidrt 
were used as a neutralizer.- ,' ; ' 

In an anodizing tank with 15 pet'' 
cent H2 SO4 at 95 F, the acid hadto 
be circulated, filtered, sprayed,ai«l 
cooled. CPVC piping was used for 
the circulation system, and titaniua 
was,used for the cooling coil. A.sec-

{ 

Piping installed outdoors is generally covered to protect it from the 
weather. Outdoor piping is often insulated to reduce energy losses, 
as is the case with the steam line shown in the photo. 
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What ' s new in Europe 

Embedded-coil floor heating 
By A. A. FIELD, linden, England 

Floor heating using embedded coils 
enjoyed widespread popularity in 
Europe and the U.S. during the 50s 
and 60s. The technique generated a 
new wave of specialist literature, 
including Raber and Hutchinson's 
now classic Radiant Heating in the 
United States, Chauffage et Raf-
raichissment par Rayonnement by 
the Frenchman Andre Missenard, 
and the German work Die Strahl-
ungheizung by KoUmar and Liese, 
a work that is still untranslated. The 
UK is credited with having origi
nated embedded coil heating, and 
the first installations designed by A. 
H. Barker go back to the beginning 
ofthe century. 

Floor heating began to lose out 
against competition from other 
forms of heating in the late 50s, 
when the cost of piping became dis
proportionately high. The heaviest 
grade wall thickness was always 
used for steel coils, and test re
quirements were particularly strin
gent, making a high finished cost per 
square foot. Site-formed soft cop
per coils became expensive despite 
the prefabrication saving. The trend 
to very large glazed areas in build
ings around this period also meant 
that it was often impossible to heat 
the building from floor heating 
alone, and supplementary heating 
had to be introduced. The problem 
of divided installation respon
sibilities caused building designers 
to turii away from embedded coil 
heating. The heating contractor laid 
the coils, but the main building con
tractor was left to lay the screed. 
The only guarantee that the steel 
coils would survive the life of the 
building was their complete embed
ding in concrete, and this needed 
intelligent cooperation between the 
builders, which was often lacking. 

The final blow to embedded coil 
systems was undoubtedly off-peak 
electric floor heating, which en
joyed a vast upswing in popularity 
for about 10 years. The much lower 
first cost made this unbeatable, al
though the corresponding defects — 
the high running cost, lack of con
trol, temperature buildup under 
carpets and furniture — eventually 
made it fall into disfavor. 

Plastic pipe coils 
The most important single factor 

in the new interest in floor heating 
has been the evolution of coiled 
plastic piping capable of operating 
continuously at temperatures of 120 
F and higher at normal building 
pressure heads and having a life of 
over 30 years. Information on such 
piping made by a Swedish company 
was given in this column in Septem-
hex, 1974. 

Against the generally depressed 
market for conventional heating 
systems in Europe, floor heating 
with plastic tubing is experiencing 
very high growth, at least 30 percent 
per year since 1972, sustained right 
up to the last reported statistics in 
1976. This development has been 
centered in Germany and figures in 
all kinds of buildings. The 1976 
turnover for all floor heating in 
Germany was estimated to have 
been about $50 million, represent
ing a 4 percent share of the total 
heating market there. Considering 
that the new concept of floor heat
ing did not take off until the early 
1970s, this is a remarkable penetra
tion of the market. 

Piping configurations with new 
floor heating systems vary from the 
spiral coil (Thermo-apparatebau), 
already described in this column in 
September, 1974, to the differ
entially spaced sinuous coil (Mul-
tibeton). The differentially spaced 
coil has been the only means 
whereby buildings of high specific 
floor loading (Btuh per sq ft) can be 
heated from the floor alone, without 
the need for supplementary heat 
sources. The technique is to divide 
the heated floor area into a number 
of zones, using different center-to-
center spacing of the coil. Closer 
spacing will produce higher floor 
temperatures, and close-spaced 
coils are used next to the outer 
walls. Wider spacings, and thus 
lower surface temperatures, are 
used for intermediate living and 
working areas. 

The justification for this is based 
on work done in Germany by 
Kollmar and Frank, who showed 
that floor temperatures as high as 95 
to 105 F are acceptable for transi

tory occupation. In the living and 
working areas, the average temper
ature must be kept to 75 to 79 F. 
Short-period rises to 79 to 82 F, 
however, are permissible, and this 
means that the floor coil can be de
signed for .these peak temperatures 
at the minimum outside tempera
ture. In a .typical design described 
by Kollmar' for a comer room 16.5 
ft by 11.5 ft with a total load of 8400 
Btuh and a 63 F differential between 
outside and inside, the floor would 
have to be divided into three zones: 
one would be a perimeter strip of 2.5 
ft, at a temperature of 100 F; the 
second, at 82 F, would form the in
termediate zor>e enclosing the main 
living area; the third, the basic living 
and working area, would be at 79 F. 
The importance of the outer zone 
will be realized from the fact that it 
provides, in this case, hcdf the total 
load. 

Experience with floor heating has 
shown that the air temperature need 
only be 68 F in the winter for com
fort equivalent to several degrees 
higher in other systems. 

Installation 
' Various fixing aids have been de

veloped to speed the installation of 
the Multibeton system, in particu
lar, a placement grid* consisting of 
steel strips and variable-position 
pipe cradles. The strips are secured 
to the over-floor insulation, and the 
cradles are positioned to give the 
prescribed coil spacings. The coil is 
softened with hot water and then 
formed into position. The operation 
is extremely rapid, the manufactur
ers claiming less installation time 
than for a traditional radiator sys
tem. The average figure quoted for a 
two-man teeim is 1000 to 1500 sq ft of 
panel area per day. 

Coil ends (flow -and return) are 
connected to a multi-tapped man
ifold consisting of balancing valves 
that can be preset to the required 
pressure drop. Like all panel sys
tems, however, there is a consider
able degree of self-balancing be
cause ofthe relatively high pressure 
drop of the coils compared to the 
main distribution. 

The finishing screed is treated 
with chemical additives that in
crease bending tension strength by 
22.5 percent and compressive 
strength by 21 perceht. The addi
tives also improve bonding, surface 
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M^hat's new in Europe 
finish, ,and drying tinie, as well as 
inGteasing the rrnal conductivity, 
vvhich has the effect of reducing the 
surface temperature variation. The 
main floor construction follows 
common practices, the screed npr-
rhally resting on top ofthe thermal-
acoustic layer. The total height, in-
,eluding a'% in. insulatin;g layer., is: 
aboutWrto4in. Verticaledg'einsu-
1 at ion about'^ in. thick isolates the 
screed'from the boundary walis. 

Applications 
One notable application of the 

Multibetori system is at Zurich air
port, where coils are emibedde'd in 
the apron to keep aircraft towing 
and parking areas free of snow. 
Some^200,()00 ft of 17 mm {approx. 
^ in.) OD plastic coil is used to heat. 
• 170,000 sq ffof surface. .The piping 
is spaced at 10 iri. centers and ern-
bedded monolithicatly, with the 
structural slab at a depth of 4. in. 
Total heat output under maximum 
conditions is 16 million Btuh. For 
safety, the heated area is broken 
dowri into eight bays, ea(;h with its 
own pump and heat exchanger. A 
glycol soiution is used as the heat 
transport medium. Under full load, 
flow temperature is 160 F and the-
temperature drop 36 F. Jnstallation 
cost was S'400,0p{). 

Floor heating is of course^ the 
ideal sink for the heat piimp because 
of the low water temperature. A 
number of installafiojis have been 
completed in Germany and'Switzer
land using this principle, and con
siderable interest is being shown by 
governments and local authorities. 
The main German electricity-
generating, authority,' the RWE', is 
spending'about $1 million oh re
search into the use of electrically 
di:iven heat pumps for base load 
heat supply. Results so far indicate 
that a heat pump will provide two-
thirds of theanniialenergy needs of 
a building. 

Recently completed in Esslirigen, 
Germany, is. an installation for a 
groujj of 200 dwellings and comr 
mercial buildirigs using water from 
the riearby Neckar River as a 
source. Total load ..provided by four 
BBC-York machines,, is 2.8 million 
Btuh, The installation uses no sup
plementary heat eirtitters as back
up. The Neckar is also the. source 
for another installation in Es slings 

, ep, a 100,00(3 sq ft office building 
heated by floor coils and •supplied 
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from a 4.8 MBtuh Sti.lzer-Escher-
Wyss machine^ The evaporator-
cools the river jwater' 7 to 9 F 
and dpena'tes at vvater teniperatures 
down to; 39 F in. winter. 

Plastic> piping- is being usejd .for 
both source,ahd sink on a-number of 
installations in Europe, although 
most of these are for houses. The 
technique.is fo bury the evaporator, 
usually at a depth ofover 5 ft. Expe
rience is suggesting that the ground 
area covered ne.eds to be about two 
.;to threc'times that of the dwelling. 

The relatively low sink tempera
tiire of floor heating means that it 

rcan be used to improve the. effi
ciency of-solar heatirig. 

While it is possible to show a 
theoretical energy saying for floor 
heating in terms' of lower air tem
peratures for equal comfort, few 
metered tests on actual installations 
have been reported. The only:one to 
have been continued over a long 
period is the study by Prof. H. Rei-
her and P. Schulthfeis ifi Germany .̂, 
finaneed by the Federal Housing 
Authority and carried out' by the 
Frauenhofer-gesellschaftr's Insti
tute of Technical Physics in 
Stuttgart. The objective was to 

For instaHing 
furring or insulation 
securely... 
GEIVIGO or 
TUFFWELD® 
Hangers 

GEMCO Meta l Hangers and 
Assor ted Sel f -Locking Washers 

Gemco raetal insulation hangers instati easily, 
quickly with positive adhesion to brick or metaf. 
Tight-gripping' self>locking washers, stamped 
from tempered tin plate, press over spindles to 
hold insulation. 

GEMCO SelfTAdhesive Hangers 

Just peel of protective paper, press metal hangers 
10 surface^ and use Gemco selfrlocking washers 
to bold insulation in place. 

TUFF-WELD NyTon Hangers 

Twp-piecer hangers — metal spirdles snap into 
tough, niotaed nylon bases, (deal for smooth 
surfaces. Use, with Qemco self-locking washers 
to.hold insulation securely. 

GEMCO Pronged Hangers 

Designed to hold ariy type of insulation from V i " 
to 6" thick. Metal prongs bend over to keep 
insulation firmly in.posjtion. 

For more i r i fo rmat ion on these hangers and on the companion 
line TUFF-BOND Construction Adhesiyes, please wfite or call us 
'today. 

GOODLOE E.MOORE JNC. 
Dept. HP, 2811 N. Vermil ion Street 

Box 846 / Danville. Ill inois 81832 / 217-446-7900 

Clrclo,3S7 on CBfd; 8Be:HpAC ln«MJM, p . a j j ; 334. 
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What's new in Europe 
compare the energy consumption of 
three ten-story buildings built 
around the same time, one with em
bedded floor coils, pne with a two-
pipe radiator system, and one with a 
single-pipe radiator system. The 
tests began in 1960 and continued 
for over ten years. The favorable 
results from floor heating for the 
first few years of operation caused 
the housing authority to switch to 
floor heating for a further 600 
apartments. 

Total energy measured over the 
period 1962 to 1972 showed on av
erage that the buildings with 
radiator heating used about one-
third more energy than those with 
floor heating. Although user habits 
produced wide swings in the energy 
consumption, making it impossible 
to correlate annual energy use \yith 
mean- external temperatures, the 
saving of one-third is large enough 
to make it reasonably certain that 
the floor heating systems used less 
energy. The uncontrolled nature of 
the tests, however, makes it impos
sible to put a precise value on the 
degree of economy achieved. 

The more advanced techniques 
being used today in floor heating 
would show better results, since in 
the test installations the coils were 
buried in solid, reinforced concrete 
slabs 6 in. thick with no thermal or 
acoustic insulation". The present 
technique of almost one-sided emis
sion produced by floating the screed 
and coil on insulation would over
come the divided flow of heat to 
upper and lower apartments, and 
vertical edge insulation would pre
vent lateral conduction. 

The most difficult phase in the 
marketing of new. floor heating 
techniqiies is over — the re-
establishment of the confidence of 
building designers, engineers, and 
owners. Most of the growth so far 
has been in Germany, but the tech
nique is being taken up in other 
countries, and most recently in the 
UK. If Germany's experience is any 
guide, the other countries can ex
pect to see remarkable expansion of 
the market. 

References 
1) Kollmar, A.,Berechnttng und Technik tier 
Multi-Beton-Fussbodenheizung, 1974. 
2) Reiher, H., and Schultheis, P., 
"Einsparung von Heizenergie bei nieder-
temperierten Flachenheizungen," Heizung 
Litftung Klimalechnik 189, June, 1974. 

Heating/Piplng/Aif Conditioning, August 1977 

Dura Seal 
T\pe RO-TT 

For 
energy 

efficieiicy 
)FORTHEC 
(LONG RUN! 

Dura Seals play an important part in main
taining the energy efficiency so vital to 
today's economy. Dura Seals pioneered in 
refinery sen'ice decades'ago and are now 
serving all phases of energy processing. 
Durametallic sealing products are engi
neered for the job in petroleum refining, gas 
processing; secondary recovery, boiler feed, 
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One will start cheaper and finish sooner. 
The man on the left could cut his job costs by 

40%, because he's installing pipe of Witron® 
poiybutylene instead of copper. One eastern 
contractor recently admitted to saving at least that 

, much on over 200 family units. 
A total installed system using pipe of Witron 

offers substantial economies over copper. For 
example, pipe of Witron is so flexible It bends 
around corners and obstructions, lets you make 
long piping runs with a minimum of fittings. Labor 
savings due to ease of installation are significant. 

. Joining is as simple as using a tubing cutter and 
two pairs of pliers. And If s so lightweight, one man 
can carry enough fittings and pipe to com- M M / ' A -
pletely equip two houses. _ ^WWlCCO 
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Polymer Division 

Unlike other plastics, pipe of Witron poiybu
tylene tolerates temperatures as high as 200°F 
(93°C) under pressure in hot water and heating 
systems. Pipe of Witron poiybutylene won't rust, 
rot, scale, or corrode. It is non-toxic. Impervious 
to soaps and most acids and alkalis. It doesn't 
impart taste or color to water. 

Pipe of Witron poiybutylene has been accepted 
for hot and cold water systems by FHA-HUD, the 
National Sanitation Foundation, many code bodies 
and state ahd local agencies. 

Whether your project consists of one or hundreds 
of houses, consider pipe of Witron poiybutylene. 
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Contact our nearest office below. 
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Tliermal insulation for buried piping 
By ROBERT W. ROOSE, PE,. Senior Editor and 
TED PANNKOKE, PE, Engineering Editor 

Underground insulated piping systems have been used 
for many years with varying degrees of success. The 
earliest known successful venture to supply heat to a 
group of buildings from a central source via buried pipes 
was at Lockpoit, N.Y. in 1877.' Some insulated under
ground systems have been in service for many years. 
Others, which have had the benefit of modern technol
ogy, have deteriorated badly within a few years of in
stallation. 

While it is generally more expensive to install piping 
below grade level than above, buried installations do 
offer important benefits. Piping and appurtenances are 
less subject to vandalism. The earth acts as an insulator, 
so the pipe and its contents are not exposed to as wide a 
seasonal temperature variation. Therefore, heating and 
cooling energy may be saved. Also-, the possibility of 
freezing or the solidification of viscous fluids is re
duced. At industrial sites, burying some lines makes 
above ground space available for other services. Fi
nally, burial may be the only feasible design alternative 
because of esthetic considerations. 

Buried and insulated piping systems are used for 
space heating and cooling and/or process applications 
via steam, hot water (either high or low temperature), 
and/or chilled water or brine from a central plant. These 
systems also find wide use in industry for transporting 
viscous liquids, cryogenic liquids, etc. 

Federal agency interest 
The United States Government, through various fed

eral agencies, is perhaps the largest purchaser of insu
lated underground piping systems. 

Since World War 11, many installations have been 
made to serve various federal facilities. The initial in
vestment was considerable. During the 1950s, sysiem 
failures became a matterof major concern. Therefore, a 
Federal Construction Council (FCC) task group was 
formed in 19.57 to determine the reasons for the failures 
and to develop design and installation criteria that 
would produce more reliable systems.^ 

The National Academy of Sciences-National Re
search Council published the findings and recom
mendations ofthe FCC in 1958 as Technical Report No. 
30. Underground Heat Dislribution Sysieins.* This re
port was revised and updated twice—the last time was 
in 1964.'' FCC Technical Report No. 39, Evaluation of 

Coniponenls for Underground Heat Distribution Sys 
lems, was issued in I960 and revised in 1964. 

These two reports provided the basis for the con
struction specifications of various federal agencies. In] 
1964, the first interagency specification based on the' 
work ofthe FCC was published. This is the Tri-Service, 
Specification used by the Army, Navy, and Air Force. 

In 1963. FCC Technical Report No. 47, Field Invesli
galion of Underground Heat Dislribution Systems, was 
issued.'' This covered 121 field investigations of 15 dif
ferent types of buried, insulated heat distribution sys-| 
tems. Both prefabricated and Held fabricated systems 
were covered. The age of these installations ranged^ 
from 2 to 46 years. " | 

The specification criteria developed through the ef| 
forts ofthe FCC reversed the failure trend ofthe earlyj 
post WW II period.^ To ^^^^ advantage of new devel| 
opments in materials technology, however, and to re| 
duce costs where lower temperatures and pressure^ 
might be safely handled with materials other than steelf 
another FCC task group was formed to prepare under| 
ground heat distribution system design and evaluation 
criteria based upon current technology and the experi| 
ence gained through use ofthe criteria developed previa 
ously. The recommendations ofthe task group may be' 
found in FCC Technical Report No. 66, Criteria foî  
Undergroiind Heat Dislribution Svsteins, published it 
1975.-̂  . f 

An FCC Guide Specification, Section 15705. Unden 
ground.Heal Distributioii Systems (Prefabricated oii 
Pre-engineered Type), has been prepared. This guide 
specification will be used when a minimum of three 
systems suppliers have been qualified under the criteria, 
requirements. When issued, it will be used by memben' 
ofthe Federal Interagency. Group (which has supersei 
ded the Tri-Service Committee) and which currently 
consists ofthe three armed services, the General Sett 
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"The Building Research Advisory Board IBRAB) is it unit of lliel 
National Academy of Sciences. It iiiulertakes to advance ihe art tindl 
science ofhiiihiiiig tlirough a broad spectrum of activities. The resoi 
lution of specific leclinical problems is such an activity. Over tht 
years, the BRAB Feileriil Consiruciion Council has heen very activA 
in formulating recoiiiinentlations for solving the varied problems lliail 
have heen associateit with underground heal distrihulion sysiems\ 
The purpose of the Niilional Acadcniy of Sciences is lo,further the ase\ 
of science for Ihe general welfare ofthe nation. By the terms ofilsV 
charter, il is retiiiiied lo act as an official yet independent advisor lal 
the federal governmenl. The Academy is not a federal agency, hoii'-i 
ever, and ils efforts are not restricted to governmenl activities. 
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What you nee6 to know 

the federal government. However, the technology and 
the availability of systems that are improved, modified, 
or developed to qualify for federal contracts can be 
expected lo have a definite effect on designs and con
struction practices followed on private and other non
federal projects. Therefore, further reference will be 
made to FCC reports in the remainder of the article. 

Since this article deals generally with underground 
insulated systems and not specifically.with federal re
quirements, the reader should be aware that .what are 
made as recommendations in the following text may be 
requirements for federal installations. • ' 

System classifications 
Many types of insulated underground piping system 

concepts are in use. They may be classified in various 
ways, such as prefabricated, pre-engineefed, and field 
fabricated. 

Thermal distribution systems may also be grouped by 
temperature. Three ranges are generally accepted. 
These are: above 250 F, steam and high temperature hot 
water; 180 to 250 F. steam and low temperature hot 
water; and 35 to 180 F, chilled and dual temperature 
water." 

There are a number of piping materials commonly in 
use that are restricted by allowable pressure ratings to 
applications within the lowest or the two lower temper
ature ranges. 

Systems also can be classified by types as shown 
below:' 

• Pressure testable conduit systems. 
• Nonpressure testable conduit systems. . 
• Insulating envelope systems. 
Because moisture in the form of ground water or pipe 

leaks has been the largest cause of insulation and pipe 
failure (by corrosion), emphasis today is on the devel
opment and/or use of systems that are e'nher drainable 
and dry able or that are capable of confining water to a 
limiled section. 

Pressure testable'conduit systems 
These systems, sometimes referred to as air gap sys

tems, are drainable and dryable when properly in
stalled. They consist ofa canier pipe, pipe insulation, 
spacers, and an outer casing pipe or conduit. An annu
lar airspace around the insulation provides added resis
tance to heat flow and also provides the means to leak 
test the conduit (with pressurized air). It also permits 
the system to be drained if the conduit or pipe develop 
leaks (Fig. 1). 

The outer casing may be of steel, galvanized steel, or 
cast iron. The steel and galvanized steel conduits are 

Mp.-ilipn'PiDlnn'/^ir r ' > r ' i i ' i i n im .Itrlv 107R 

generally covered with either a glass reinforced coal tar 
enamel having an outer wrap of glass fiber reinforced 
pipeline felt or with a glass fiber reinforced epoxy resin. 
Cast-iron casings are not coated. 

Pipe insulation is usually calcium silicate or pre
formed or molded glass fiber. The systems can be de
signed to handle fluid temperatures ranging from below 
freezing to 800 F or higher. . 

The carrier pipes are joined by welding, and the joints 
are covered, with split preformed insulation sections. 
Steel conduits are joined by welding also. Cast-iron 
ones are connected by sleeves (plain end conduits), 
bolted together (flanged end conduits), or connected 
with mechanical joint fittings (mechanical joint con
duit). 

Steel conduit assemblies are available in 20 and 39 ft 
lengths. Cast-iron ones come in 13 and 18'/i ft lengths. 

Pressurized monitoring alarm systems are available 
that maintain the conduit at a pressure above 
atmospheric^typically. 5 to 8psig. The unit signals any 
loss in pressure if a leak develops or if the casing is 
accidently ruptured by other construction. In the case • 
of smaller leaks, the pressure source can restore pres
sure and prevent water from entering the conduit. 
Either an air compressor or compressed nitrogen gas 
may be'used. 
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Thermal insulation for underground piping 

Manufacturers of pressurized conduit systems also 
offer prefabricated, pressure testable manholes to 
facilitate system installation and to provide watertight 
construction. 

Nonpressure testable conduits 

These are available in a variety of material combina
tions to meet the requirements of many types of applica
tions. 
• Many conduits are factory fabricated and consist ofa 
carrier pipe surrounded by insulation that in turn is 
enclosed in an outer'nonmetallic casing. The area be
tween the carriei" pipe and outer casing is completely 
filled with insulation; and generally the ends o f the 
insulation.are sealed with a watertight enclosure, thus 
limiting the spread of moisture if the pipe or outer 
covering fails (Fig. 2). 

Other types of nonpressure testable conduits afe field 
fabricated. These may be a factory engineered system 
consisting of components specifically manufactured for 
underground heat distribution components, or they 
may be concrete trenches or other nonproprietary de
signs. 

Prefabricated conduits ofthe type shown in Fig. 2 can 
be obtained witha variety of components. Carrier pipes 
may be made of copper, carbon steel, stainless steel, 
polyvinylchloride (PVC), fiberglass reinforced plastic 
(FRP), or epoxy lined asbestos-cement. Outer casings 
generally are PVC, FRP, or asbestos-cement. Insula
tions commonly used include foamed polyurethane, 
calcium silica/asbestos, and preformed foam glass. 

PVC.carrier pipes are suitable for lower temperature 
applications, such as chilled water and brine service. 
The maximum allowable working,pressure decreases 
rapidly above 73 F, and its use. above 120 F is not 
recommended. 

Copper, FRP, and epoxy lined cement carrier pipes 
are commonly used below 250 F. Copper may be used 
with fluid temperatures up to 250 F. FRP pipe generally 
is not used above 225 F, and some carries a maximum 
rating of 150 F. Asbestos-cement pipe has an allowable 
operating temperature range of 35 to 210 F. Steel pipe is 
used exclusively on hot- water and steam installations 
operating above approximately 250 F because of the 
pressures and temperatures encountered. 

Stainless steel pipe is selected for any operating tem
perature when the characteristics ofthe fluid conveyed 
require this material. 

The insulation selected for prefabricated insulated 
conduits depends primarily upon the operafing temper
ature of the pipe. 

Foamed polyurethane insulation may be used in ap
plications between approximately -320 to 260 F.* 
Polyurethane resists water penetration. Nevertheless, 

*Disciissions with insulated pipe manufacturers on the subject of 
/naximum allowable pipe, lemperalure with polyurethane material 
and a review of manufacturer's literature indicate thai 250 F is an 
accepted maxiinum value. At least one manufacturer rates his system 
al 260 F. Several stated that development ofpolyureihane derivatives 
suitable for 300 F o r higher was in process. One manufacturer stated 
thai ihey could supply urelhane foam thai would withstand 300 F. 
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it must be covered with a vapor barrier of some type. 
Ground water under a sufficient head may rupture the 
cells. Damage during construction or pipe flexing due to 
ground settling after installation may cause cracks to 
develop in the foam. Also, ifthe pipe is used for chilled 
water service without a vapor barrier, the difference in 
vapor pressure resulting from a pipe temperature lower 
than the ground water temperature may draw moisture 
to the pipe. 

Composite insulations, consisting of an insulation 
suitable for higher temperature service next to the pipe, 
which in turn is covered with a lower temperature rated 
insulation, are also used. A combination of calcium 
silicate or calcium silicate and asbestos covers the pipe 
and in turn is surrounded by polyurethane. Pipe sys
tems having this insulation" construction are rated for 
temperatures to 450 F and a maximum operating pres
sure of 500 psig. 

Formed cellular glass insulation is also used with 
prefabricated pipe construction. The insulation itself 
will withstand temperatures between -450 F up to 800 
F. Prefabricated piping with sufficient insulation thick
ness to protect the outer jacket is available for this 
temperature range. 

Prefabricated insulated pipe lengths vary with the 
manufacturer, carrier pipe material, and pipe size. Typ
ical lengths are 20 ft for copper, steel, PVC, and FRP 
carrier pipe sizes up to 12 in. Asbestos-cement carrier 
pipe sections typically come in 10 and 13 ft lengths with 
carrier pipe sizes ranging from 4 to 16 in. One manufac
turer offers 55 ft lengths with carrier pipe diameters 
(steel) up to 36 in. 

Joining methods 

Various methods are used for joining prefabricated 
pipe sections. For high temperature service, most sys
tems are joined by welding, although one system uses 
couplings designed to operate at 450 F and 500 psig. 
Below 250 F, couplings generally are used with steel 
and copper pipe. The coupling forms a leakproof joint, 
while it permits sufficient movement al the joint to 
allow for expansion and contraction within the operat
ing temperature range ofthe system, often eliminating 
the need for expansion loops. 

Nonmetallic pipes may be joined with couplings; or 
they may have bell and spigot ends, which are con
nected with rubber sealing rings; or they may be 
cemented together, depending upon the carrier pipe 
material. 

Asbestos-cement pipes are coupled together. PVC 
pipes—bell and spigot types—use sealing rings; plain 
end PVC pipe is joined with rubber gasketed couplings. 
FRP pipe with bell and spigot ends is cemented to-, 
gether. 

The adhesive needs to cure before pressure can be 
put on the line. Depending upon the outdoor ambient 
temperature and the adhesive formula, approximately 
20 to 30 hours may be required. To speed up the curing 
process or lo assemble an FRP system at ambients 
below 45 F, electric heating collars (115 V AC) designed 
for this application may be used. Heaters cut the cure 
time down to less than an hour andin some cases to only 
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Pipe support 
guide 

Conduit 

Carrier pipe 

1 Section of a pressure testable, 
drainable,'and dryable metal conduit. 

2 Detail of a water spread limiting 
conduit is shown. 

10 minutes. Pipe size, FRP material, and adhesive type 
govern the cure time when heaters are used. 

Heating lines and heating/cooling lines are insulated 
at the joints. (The construction of some prefabricated 
piping systems joined with couplings precludes the 
need to insulate joints.) One method utilizes a sleeve 
that is slipped over the conduit prior to making up the 
joint, and foam is applied in the field between pipe and 
sleeve. The ends ofthe sleeve are sealed with a double 
wrap of coal tar enamel pipeline wrap. Another method 
utilizes a sleeve that shrinks when heat is applied to it, 
forming a watertight covering over the joint insulation. 

The joints of insulated chilled water lines generally 
are not insulated. The heat loss to the ground or the gain 
from an adjacenl hot line is insignificant when com
pared to the overall ratio of insulated to uninsulated 
areas. 

Tees, elbows, reducers, and other fillings are avail
able in steel, copper, PVC, FRP, and asbestos-cement. 
PVC fittings generally are not insulated, since they are 
used in lower temperature service applications for the 
reasons given in the preceding paragraph. 

Field fabricated conduit systems 
Field fabricated pipe conduits are nonpressure test

able and may or may not have an air space around the 
pipe. They may be pre-engineered in that the conduit 
consists ofan assembly spescifically designed to house 
underground insulated pipelines. One type consists ofa 
poured concrete structure formed so that il has a Irough 
for water -^ either ground water or pipe leakage — to 
collect and be drained away. Cast-iron pipe supports, 
rollers, etc. are mounted on the base. Vitrified clay side 
pieces and half-round covers cemenied together com
plete the conduit. The cemented joints are covered with 
a waterproof mastic to seal the conduit. 

Concrete trenches are also applied (Fig. 3). These 
may be considered mini-tunnels, since they are similar 
to walk-through tunnel systems. The bottom and sides 
are formed and poured. The top consists of concrete 
slabs. After the pipes are installed in the trench, the top 
is set in.place. Tar or olher sealing material is lised lo 
provide a barrier to ground or surface water entrance at 

the joint. The lop ofthe trench often is at grade level and 
serves as a walkway. This facilitates access to the pipe, 
since the ground does not have to be dug up when 
checking for leaks, adding a line, replacing a line, etc. It 
is recommended that the bottom ofthe trench be set on 
a vapor barrier and the sides be coated with a mastic 
material to provide greater resistance to moisture pene
tration. 

Vitrified clay tile and concrete sewer file also are 
sometimes used to construci pipe conduits. These and 
other field fabricated conduits may serve well where 
drainage is good and the system is'installed above the 
water level. ' • 

Years ago, concrete trenches and field fabricated 
conduits sometimes were completely filled with insula
tion. However, examination of such systems after they 
were in operation for a period of Ume revealed that it 
was not unusual for the insulation to be wet and the 
pipes corroded. Therefore, it is recommended that the 
pipe be insulated and the insulation be covered with a 
moisture barrier. The air space around the pipe permits 
water lo drain from the system, and the heat from the 
line can dry the insulation if it becomes wetted. 

Insulating envelope systems 
These are pre-engineered systems that are designed 

to surround the pipe with a poured in place insulafing 
media, which may be any of the following: 

• An insulating concrete. 
• A granular hydrocarbon fill—both noncuring and 

heat curing types are available. 
• A Heated calcium carbonate fill. 
• An insulating granular periite fill. 
• Field installed polyurethane foam. 
Insulating concretes are available with two types of 

aggregates, vermiculite or expanded polystyrene 
beads. It is the aggregate that provides the insulafing 
value to the concrete. 

Fig. 4 shows the recommended form of installation. A 
structural concrete base pad is poured lo the desired 
grade. Precast insulating blocks and drain vents are set 
on a waterproof membrane that covers the structural 
slab and lines the trench or forms. The pipes rest Qn top 
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ofthe insulating blocks, and the insulating concrete is 
poured over the slab, pipes, and internal drains. The 
waterproof membrane is wrapped around the top ofthe 
concrete and sealed. 

If required, cathodic protection can be achieved by 
the installation of a continuous ribbon zinc anode paral
lel to the pipes inside ofthe concrete. 

Internal electrical sensors can be installed inside the 
internal drain channels to detect and locate leaks. 

Added drainage can be had if conditions warrant il by 
installing an external drain tile. 

In addition to providing thermal insulaUon, insulating 
concrete provides con.tinuous support and alignment of 
the piping and resists heavy loads. 

Granular hydrocarbon fills are installed in an open 
trench. A bed ofthe material is placed in the bottom of 
the trench. The pipe is installed and more fill is placed 
around and over the pipe. The material is then com
pacted to the proper density. The material resists wet
ting; however, installation of drain tiles along the pipe 
path may be required, depending on the natural drain
age characteristics ofthe earth and ground water condi
tions, to avoid build-upof hydrostatic heads that would 
penetrate the fill. 

Natural hydrocarbon mineral material do6s not have 
to be heat cured. It is suitable for lemperatures belween 
35 to 500 F. 

Heal cured granular fills are derived from petroleum 
residuals. These are available for various temperature 
ranges between 150 and 520 F. An asphaltic binder in 
the fill melts and bonds to the pipe during the curing 
process. Surrounding.the pipe and binder is a sintered 
zone, and the outer layer ofthe fill is unaffected by the 
curing process. 

Since these materials are used with metal piping sys
tems, cathodic protection should be installed whenever 
material selection and soil conditions dictate. 

Powdered calcium carbonate, which is treated to 
resist water penetration, is another insulating material. 
It is rated for temperatures up lo 480 F. Side forms in the 
trench are all that is required. The material is installed 
around and below the pipe lo the proper dimensions, 
compacted, and covered on the top with a plastic film. 
The manufacturer states that due to the hydrophobic 
properties ofthe material and its high electrical resistiv
ity — R = lO'"* 7r/cm/cm- — cathodic protection is not 
required. 

Expanded perlite particles are also used as a buried 
insulation. Powdered periite is heated to a high tem
perature, causing it to pop or burst into granular air-
celled particles. These parlicles are mixed in the field 
with an asphalt binder. A base pad, consisting ofthe 
insulating material and binder, is poured in a formed 
trench. The pipes are laid on the base, tested as re
quired, and then the pad and pipes are primed with a 
corrosion resisting compound. The installation is then 
completed by pouring more material over the pipes to 
the depth of the forms. 

Operating temperatures range from 15 lo 800 F, and 
the material is said to have a high electrical resisiivity. 

Polyurethane foam may be poured or blown around 
pipes in the field. The systems are ready to be backfilled 

within an hour after the foam has been placed around 
the pipes. Forriis are required for the froth-pour type of. 
insulation, and a vapor barrier liner and covering gener 

• • : 

'A ally are used to seal off ground moisture. The direct 
spray method does not reqiiire side forms. Again, vaporf 
barriers are recommended. 

Buried tunnels 
Buried walk-through tunnels generally are the most, 

expensive way lo house underground piping. However,: 
they greatly facilitate piping maintenance, and when 
property drained and venfilated, they greatly minimize 
the developmenl of corrosion on pipe and appurte-^, 
nances. jt 

Concrete tunnels constructed by forming and pouring 
are the most expensive. To reduce the cost of tunnels,'^ 
prefabricated steel tunnels have been developed. These: 
are complete with pipe racks and hangers. The sections; 
are dropped into the excavation and joined together. 
The steel is factory coated and cathodic protection cani. 
be applied to provide additional protection against cor-1 
rosion. i' 

Large diameler concrete sewer pipe has also been 
successfully used to construci tunnels. The joints must 
be sealed and caulked, and as with other tunnel sys
tems, provisions for drainage should be made as jobi 
conditions require. 
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Preliminary design considerations 
Many factors must be considered when selecUng an 

underground piping system.' Among the most imporiant 
is knowledge of soil conditions along the proposed, 
route, with respect lo soil type(s), ground water condi-' m; 
lions, corrosivity; soil stability, alkalinity, and drainage. P" 
patterns. All have a major bearing upon what types of 
systems should be considered for a specific installation, y,;, 

FCC Technical Report No. 66 goes into considerable j . , , 
detail on soil types, their relation to ground water condi- d^ 
tions, and corrosiveness.* Four ground water classifi-̂ ' jn̂ -
cations are set forth in the document; these are: severe, i 1 
bad , moderate, and mild. Briefly, these classifications I-QK 
are based upon the frequency that the water table will or gui 
will noi be above the bottom ofthe piping system com-| hiy 
bined with the length of time that accumulated surface cui 
water will remain in the soil around the pipe. Table 1 eni 
shows the relationship of these two criteria with the ele 
four classifications. This report recommends that only , {ĥ , 
drainable and dryable, pressure testable systems be )̂|̂ ^ 
used with the severe classification. Both these'systerriS[ \̂ ,ji 
and water spread limiting ones are considered suitable' 
for the remaining classifications. • : Soi 

A soil survey should be made to delermine the con- ( 
ditions along the pipeline route. It should include the; tioi 
determination of the soil pH, since the acidity or the; jj^^ 
alkalinity oflhe soil may adversely affect some materi- p^,, 
als. For example, asbestos-cement may be harmed by gĝ , 
soils having a pH less than 5.5." ^Q,. 

The services of a corrosion engineer should be| j,pp 
utilized when metal conduits and/or piping are con-| ^id 
templated. Corrosion of buried ferrous structures i | pioi 
very common unless they are properiy protected. | hjgi 

Soil corrosivity is most coinmonly delermined by thei pipe 
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Table 1 — Underground water cond i t ions classi f icat ion.* 

Water table 
Classilication above bottom ol sysiem . 

Severe 

Bad 

Moderate 

Mild 

Frequent or occasionally 

Occasional or never 

Never 

Never 

Duration that surface 
accumulation remains in soil 

Long • 

Long 

Short 

Not expected to remain 

"This table is based upon criteria set forth in Reference No. 8. Additional 
inlormation regarding soil types encountered with above classifications,, 
precipitation, and irrigation practices may be found in this reference. 

soil resisiivity test. This measures the electrical resis-
t;incc ofthe soil— the lower the resistance, the higher 
the corrosivity. Wel soils, organic soils, and soils hav
ing a high soluble salt conteni generally are corrosive.'" 

Corrosion problems can sometimes occur with high 
resistance soils, so soil resistivity, while a good 
guideline, does not always give absolute results when 
higher resistance soils are encountered. Stray electrical 
currents also may causeconosion. Stray currents may 
emanate from direct current transmission lines and 
electrified rail systems and from industrial operations 
that require direct current power. It is almost impossi
ble to know whether a stray current problem exists 
without checking the ground along the job route. 

Some system design considerations 
Chilled water lines often are installed without insula

tion. Earth lemperatures often are assumed to be rela
tively uniform year Vound and low enough not to im
pose a significant load on the system. Often the laiter 
assumption is correct, particiilariy at the temperatures 
normally encountered with comfort air conditioning 
applications. However, ground lemperatures can vary 
widely on an annual basis (Fig. 5). In some areas of 
Florida and Texas, for example, earth temperatures 

i higher than 80 F can be encountered at depths that 
.pipelines are comnfionly installed." 
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5 Seasonal var ia i ions in g round temperatures. Var iat ion decreases as depth 
increases. Actual temperatures vary wi th locat ion, type of soi l , etc. 

It is also not unusual to install chilled water lines in 
the same trench with heating lines.* Earth temperatures 
in the vicinity of heating lines will be raised, even 
though these lines are insulated. when they are in opera
tion. Methods have been developed to determine the 
heat transfer effects ofthe earth on buried lines and of 
parallel buried lines operating al differerit temperatures 
lo one another.'- The results can aid in the decision 
whether or not to insulate chilled-water lines. 

The anticipated temperature ofthe earth when heat
ing lines cross buried electrical lines, telephone cables, 
etc., should be determined to assure that the operation 
of these facilities will not be impaired. More insulation 
may be used at these points, or the line elevation may be 
raised or lowered to provide greater clearance. 

Pipe expansion can be handled with expansion loops, 
expansion joints, and/or ball joints. Prefabricated ex
pansion loop assemblies are available for both pressure 
testable and non pressure testable conduit systems. 
Expansion chambers can be designed into the encase
ment at corners and loops of insulating concrete instal
lations. Expansion loops may be used with various 
types of loose-fill insulation, usually with some limita
tion on the amount of lateral movement that may be 
accommodated. 

Ground water level is not as great a concern with 
either pressure testable drainable and dryable conduits 
or water spread limiting conduits as is with some other 
types of systems. Some types of soil will retain surface 
water for extended periods. Also, the trench that the 
pipe is installed in may disrupt normal drainage patterns 
and become a catch basin for surface water. Therefore, 
installation of drain tile along the route may be neces
sary to assure satisfactory performance of insulating 
envelopes and some types of field fabricated conduit 
systems. 

*Chilled water lines can and ure installed in prefabricated conduit 
systems with healing lines also. Wilh this form of consiruciion, the 
chilled water lines would always be insulated. 
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Tliermal insulation for underground piping systems 

Steel and cast-iron conduit systems should be calhod-
ically protected unless a corrosion survey determines 
otherwise. Cathodic protection should also be applies 
to piping in loose-fill hydrocarbon type insulations 
when warranted. 

Some other types of insulating fill are said not to 
require protection.due to their high dielectric constant 
and resistance to water penetration. However, it must 
be remembered that the possibility exists for dirt lo 
contaminate the insulation during installation, thus 
providing a path for current to flow lo the pipe, or a 
washout could occur later and expose the pipe to 
ground water. Either condition could create a hot spot 
where localized corrosion could occur. 

Cathodic protection systems should not be designed 
for built up areas without consulting wilh the local 
utility companies to learn what installations they have. 
They in turn may have records of other cathodic protec
tion systems. Cooperation among all parties utilizing 
cathodic protection is essenfial to assure that all sys
tems will be adequately protected. 

Insulation should be specified for all pipes, valves, 
and other appurtenances in heat distribution manholes. 
The insulation should be covered with sheet metal jack
eting to prevent mechanical damage. Manholes should 
also be vented. Excessive manhole temperatures have 
been found to be a major cause of inadequate inspection 
and maintenance of underground heat distribuuon sys
tems.'^ 

Drainable and dryable systems should be sloped so 
that water will drain from the entire length of conduits, 
concrete trenches, elc. Provisions should be made for 
water removal from manholes should a major inflow 
occur. 

Installation and backfill 
All piping should be installed in accordance with 

Product guide 

applicable codes and indusiry standards. The condtr̂  
or pipe should be firmly supported along its entii" 
length by virgin earth, compacted sand, or insulating li'' 
so as to minimize the possibility of excessive strain duj' 
to ground subsidence and the possibility of washoul 
that could remove protective fill from around the pipe*' 

Pipe laid in insulating backfill should not rest tf*' 
bricks* timbers, elc. These provide a moisture path!., 
the pipe, and severe concentraUon ceH corrosion mr 
occur." Remove all temporary pipe supports as backfJ 
ing occurs. - ^ 

All fill type installations must be installed to tl'' 
proper depth and properly compacted in accordant 
with the manufacturer's requirements. Care must ?' 
taken to avoid contaminating the fill with dirt or oth? 
construction debris. . f' 

Insulating concrete should be permitted to dry prii 
lo covering wilh a waterproof membrane and backfil' 
ing. • " 

Any damage to protecfive coatings incurred durij 
shipping or construction must be repaired in acct"' 
dance with methods compatible to the original coatiif' 

All welding should be done in accordance with ll 
ASA B31.1 Code for Pressure Piping. Manufacture!) 
requirements for joining coupled pipe should be fdj 
lowed to avoid leaks on low pressure lines and damaf'' 
lo high pressure systems. When plastic pipes are toj 
joined with solvent welding techniques, the methj*' 
should be practiced prior to actual pipeline constn" 
tion. This is no place for on-the-job training! ?' 

All lines should be tested for tightness prior to cff" 
plete backfilling. All joints and fittings should remî .' 
exposed until the test is completed. Pressure should li'' 
be put on lines before concrete anchors and thn 
blocks have cured sufTiciently to withstand the stref*-

Manufacturers of plastic pipe do not recommend te* 
ing with air. Hydrostatic tesUng should be empio)" 

Circle the appropriate number on the Reader Service 
Card lo obtain more Information 
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The condu *''h these materials. It is recommended that lines hand-
ng its entil'ng cryogenic fluids also be tested with the fluid to be 
insulatingfWandled, since at low temperatures, contraction rather 
ive strain diShan expansion will occur. 
of washoul Care should be taken during backfilling to prevent 

md the pipeP'T'''ge to protective coatings, conduits, and vapor 
I not rest 0 scaling membranes. 
islure path I, . . . 

• ~o Sysiem mamtenance orrosion ma / • 
tsasbackfil Careful inspecfion and regular maintenance will re-

luce the likelihood of premature failure of buried lines. 
;lalled to tlfro.cedures to follow should include the following: 
n accordant' • Monitoring of steam pressures or water tempera-
;:are must t "res at points of send out and use. This will warn of 
Tdirt or othpcessive heat loss caused by damaged or wet insula-

;ion. 
d lo dry pri' • Periodic patrolling ofthe line. Burned grass over 
and backfil lie route, water or steam coming to the surface, and 

nclted snow indicate problems, 
curred duri • Periodicinspectionof manholes and vaults. Water 
red in acc(|n ihe vault or signs of moisture in insulation or in the 
cinal coatinfO'ls of conduits are further signs of problems, 
ince with tS" • Mainlaininga regular program of checking the per-
anufactureipf'^^f'^^of ^^ '̂̂ o '̂"^ protection systems. This includes 
hould be fojii'k'ng anode readings, monitoring rectifier inslalla-
s and damadions, and checking all electrical insulating fittings, 
lipesaretoj Central healing/cooling plants offer many advan-

ages. They can be more efficient in the use of resources 
han individual building heating/cooling plants. They 
jrovide a means to alleviate the solid waste disposal 

prior ID COI"""ti'sTi by disposing of combustible trash. And it is 
,hould remaji.'isier to control air pollution at a large central installa-

ion than at many small ones. 
Underground insulated piping systems are an integral 

nd the stresb''rt of the central plant concept. In the past, they 
•ommendte'0"ie'''T'es have been the weakest link. With the vast 
be employ "tounl of past experience to draw from, however, and 

the methi; 
line constn^ 
ning! 

-.1 Service 

ind-nonmetal 
latloni-Both.a'} 
IS are]ayai,labl 
!d steel, iciKgli 
lular space,'̂  
shav^'aj'gH 
f steelttCopiJi 

present technology, buried heating and cooling distri
bution systems can be installed that will give reliable, 
economical service for any application that is not be
yond the limitations of the sysiem itself 
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[ What's new in Europe 

Speeding piping insulation 
• if\, A. nELD, London, England' 

l e l i * 
Prefabrication was once thought to 
be the only way to speed up the 

installation of piped services in 
buildings. Now'the trend is partial 

I prefabrication combined with other 
hechniques, such as soft coiled pip
ing for run-outs to terminal equip
ment, flexible hose couplings for 
equipment connections, and thin 
!wall steel and copper tubing with 
.compression joints. 

> Limits to prefabrication 
Piped assemblies that are enfirely 

imade up in a factory can only b e 
used as part ofa packaged unit, such 

.asatransportable boiler house. The 
'growing popularity of such units 
throughout Europe testifies to the 
cost savings offered over biiilt-up 
facilities.' 
.Only parts of a normal building 

iservices piped distribution — 
[heated and chilled water, sprinklers 

•-̂ can be prefabricated. The main 
liiiiitation is variation in the struc
ture's dimensions, and the second is 

;,variation in batch-made piped as-
rsemblies. Size is important also. 
.Large piped units are difficult to 
handle. 

The extent to which building di-
' mensions vary between key points 
(for example, between colurtins or 
from story to story) was recently 
studied by the U.K.'s Building Re-

1 search Establishment (BRE).^ Over 
i; 30,000 separate measurements were 
' taken on 200 building sites through

out the country. The configura
tions studied included verticality, 
squareness, levels, internal open
ings, and separation distances. 
Table 1 summarizes the error be
tween as measured and specified 
dimensions for columns and walls. 
The greatest variation occurs with 
limber panels and in-situ concrete 

•iwalls. Precast columns showed 
slightly less variation than in-situ 
ones. 
,. An interesfing result of the study 
is'that size of error is influenced 
.'only to a very limited extent by the 
absolute value of the distance in
volved; thus, error is not a propor
tional reladonship, as might be sup

's? 

posed. 
The survey also showed th"kt even 

if the designer called for a greater 
precision in the location of basic 
structural elements, the accuracy 
achieved in practice was not dis-
cernibly different. 

Errors in batch-prodiiced pipe as
semblies depend on the inifial accu
racy ofthe cut pipe length, variation 
in'the pipe/filling penetration dis
tance, the accuracy of any machine 
produced bends, and the reliability 
of equipment dimensions—particu
larly the geometry of the connec
tions. 

Where pipe lengths are measured 
with an ordinary steeltape and then 
cut by machine, errors of about 5 
mm can be expected from the 
specified length. A Building Ser
vices Research and Informafion As
sociation (BSRIA) study^ in 1970 
showed that the pipe was under
sized more frequently than over
sized. More sophisucated tooling, 
of course, reduces this error but 
does not eliminate it. 

Piping assembled with screwed 
fittings is likely to result in greater 
errors in the finished length than 
welded fittings, although adjustable 
powered screwing machines and 
taper-to-taper joints reduce errors. 
Also, errors tend to cancel out when 
the assembly is made up of a 
number of joints. 

Errors in pipework manipulated 
with a machine bendercan be re
duced with presetting devices or by 
working from a prototype bend. 

Dimensional variations of com
ponents, such as terminal equip
ment, plus the variation in screwed 

connections, can be considerable. 
In the BSRIA investigafion, mea
surements of pressed steel radiators 
(a form of healing surface used 
widely throughout Europe for hy-
dronic systems) revealed a possibil
ity of error of around ±9 mm in the 
overall length across the valve 
union tailpieces. The length tolerr 
ance in the radiator alone was 2.5 
mm; thus, the largest errors were 
produced by screwed connections. 

Prefabrication in practice 
Today, the trend is to use prefab

ricated piping modules with only a 
few fittings. In its simplest form, 
each module consists of the appro
priate length of straight pipe with 
one fitfing, valve, or other compo
nent on one end only. The modules 
are then used to build up the instal
lation without having to cut or 
screw piping at the site. 

All piped systems can be broken 
down into such straight pipe plus 
fitfing modules. 

Time savings, even with this rela
tively simple technique, are possi
ble. For example, on an installation 
ofhydronic heating for a multi-story 
office block, one man took six hours 
to part assemble all the material for 
one floor (27 radiators) and 500 ft 
(150 m) of pipe. A subsequent instal-
lafion took a further 25 hours with 
two men working.^ 

A well documented example is a 
study by BSRIA'' of an installafion 
of induction units for an office 
block. Prefabrication was broken 
down into four basic assemblies: 
flow and return risers (a length of 
straight pipe with fittings at one or 
both ends); a branch assembly con
taining an elbow, regulating valve, 
and union; a straight run-out sec-
fion, which could be used to make 
up any run-out configuration; and a 
final connection assembly. Installa-

Table 1 — The accuracy of bui ld ing work. Errors between as riieasured 
and specif ied dimensions for co lumns and walls. (Separation distances up to 23 ft.) 

Material 

Walls: 
Brickwork 
Blockv/ork 
In-situ concrete 
Precast concrete 
Timber panels 

Columns 
In-situ concrete 
Precast concrete 
Steel sections 

No. of 
sites 

14 • 
9 

16 
11 
7 

20 
14 
7 

Sm of 
sample 

373 
318 
460 
403 
219 

611 
406 
245 

in. 

0.08 
0.04 
0.09 
0.03 

-0.03 

-0.09 
0.02 

-0.04 

Mean standard deviation 

Floor level 
mm 

2.0 
0.9 
2.3 
0.7 

-0 .8 

-2 .3 
0.5 

-1 .3 

in. 

0.22 
0.30 
0.43 
0.27 
0.52 

0.30 
0.28 
0.22 

mm 

'5.7 
7.7 

11.0 
6.8 

13.2 

• 7.5 
7.1 
5.5 

Celling level 
in. 

0.05 
0.20 
0.13 
0.08 
0.10 

-0.04 
0.03 

-0.03 

mm 

1.2 
0.5 
3.3 
2.0 
2.5 

-0 .9 
0.8 

- 0 .8 

in. 

0.34 
0.41 
0.41 
0.31 
0.57 

0.38 
0.24 
0.19 

mm 

8.7 
10.3 
10.4 
7.8 

14.6 

9.6 
6.2 
4.8 

Table reproduced from BSE Nev^s, Summer 1976, courtesy ofthe Building Research Establishment. 

continued on page 132 
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lion time based on conventional 
methods was reduced 58 percent by 
prefabrication. 

In designing the prefabricated as
sembly, a disfinction can be made 
between dimensions that are struc
ture dependent and those that are 
not. Examples ofthe latter are pip
ing connections to equipment or be
tween equipment items where the 
building itself does not impose spe
cial constraints. Examples of struc

ture dependent dimensions are 
those limited by openings in walls 
or floors, floor-to-floor heights, 
column-to-column distances, etc. 

Errors within piped assemblies 
(for example, in matching flow and 
return connections to a piece of 
equipment) can be compensated for 
by the use of sile measured closer 
pieces or by the use of flexible con
nections. 

Critical structure, dependent di
mensions must be measured on-
site. In a study of prefabrication 
techniques for a 10 story office 

ALL-PRO TEAM 
FOR SALE 

Watsco has a complete team of "heavy weights" to protect your 
motors and compressors from damage due to low voltage, 
short cycling caused by thermostat or power failure, phase loss 
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Ask your wholesaler about the easy installation on all sizes and 
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block, BSRIA found that two-third 
ofthe 1500 prefabricated assemblie 
could be sized from the architect' 
drawings alone, and only one-thir. 
depended on site measurement.' 

When determining the cut pir. 
lengths to make up prefabricate 
assemblies, the designer alwaj 
works from centerline sketches 
Therefore, he must derive thi 
necessary straight pipe length. Thi 
depends on the type of fitting ani 
the amount of pipe absorbed by thi 
fitting. Welded and sweated joint' 
allow a fair amount of latitude, bir 
screwed joints are critical to withii 
a few millimeters. 

The calculation for screwet 
joints, however, has been simplifiet 
by' the so-called Z-dimensioi 
method developed by the Swiss fim 
of George Fisher. The Z-dimensioi 
is the distance from the center lim 
of the fitting to the end of the tubi 
after it has been screwed the correci 
distance into the fitting. The manii 
facturer lists the Z-dimensions a|v 
propriate to the range of fittings 
and from the center-to-center mea 
surements to be satisfied in the pre 
fabricated assembly the designei 
can work out the exact cut length ol 
pipe needed. 

In a survey of plant room installa 
tion procedures, the BSRIA coii' 
eluded that the potential for time 
savings and labor cost reductions 
through prefabrication was small.' 
Heavy equipment cannot be placet' 
with the degree of accuracy needed; 
actual dimensions ofthe plant ofter 
differ from stated sizes; and weldei 
pipework does not offer any greai 
economies through being prefabri
cated. The study concluded that the 
answer rests with specialist teams; 
more sophisticated detailing meth
ods, such as the use of models; ani! 
drawings wilh transparent overlays, 

Prefabrication routines 
The prefabrication approach 

necessarily generates more paper
work than conventional installa
tion. The designer must break down 
the system into prefabricated as
semblies and detail the work. He 
must prepare cutting schedules for 
the site workshop, assembly sheets 
for making up the units, and keyed 
sketches showing the location ofthe 
assemblies in the building. 

A distinct system of labelling, 
must be used to mark up the finished 

continued on page 134: 
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assemblies. Transport from the site 
workshop to the building is another 
initial design consideration. Large 
assemblies may simplify installa
tion, but the need for cranage, spe
cial forms of transport, and building 
access difficulties are minus points. 

With prefabrication techniques, 
the workers must be deployed dif
ferently. Workshop personnel en
gaged solely on batch production 
can be less skilled than those as

sembling the prefabricated modules 
on location. 

On some contracts, notably those 
where considerable repetition 
exists, for example, in large housing 
developments, assemblies can be 
made in a remote central workshop. 
Such base workshops are better or
ganized than those on-site, which 
have to make the best use of light
weight, temporary structures, and 
are usually difficult to get to, which 
makes delivery of materials a prob
lem. 

For installing 
furring or insulation 
securely... 
GEMCO or 
TUFF-WELD® 
Hangers 

fill 

GEMCO Meta l Hangers and 
Assor ted Sel f -Locking Washers 

Gemco metal insulation hangers install easily, 
quickly with positive adhesion to brick or metal. 
Tight-gripping self-locking washers, stamped 
from tempered tin plate, press over spindles to 
hold insulation. 

GEMCO Self-Adhesive Hangars 

Just peel of protective paper, press metal hangers 
to surface, and use Gemco self-locking washers 
to hold insulation in place. 

TUFF-WELD Nylon Hangers 

Two-piece hangers — metal spindles snap into 
tough, molded nylon bases. Ideal for smooth 
surfaces. Use with Gemco.self-locking washers 
to hold insulation securely. 

GEMCO Pronged Hangers 

Designed to hold any type of insulation from V J " 
to 6" thick. Metal prongs bend over to keep 
insulation firmly in position. 

For more in fo rmat ion on these hangers and on the companion 
line TUFF-BOND Construction Adhesives, please write or call us 
today. 

GOODLOE E.MOORE JNC. 
Dept. HP, 2811 N. Vermil ion Street 

Box 846 / Danville, Illinois 61832 / 217-446-7900 

Avoiding prefabrication 
Some of the most difficult pi 

configurations are at equipme 
connections, particularly witli 
suspended ceilings or in servii 
ducts. These situations are on 
partly amenable to prefabricati 
methods. 

Here-, armoured flexible hose 
more effective. Previously, ho 
was more expensive because il w 
produced to meet much higher tei 
peratures and pressures than r 
quired in building services, bul ne 
developments have made it eo 
nomically feasible. One type of tul 
made in France is composed of sy 
thetic rubber reinforced with ; 
oiJter cover of galvanized or stai 
less steel braiding. Diameters ran; 
from 0.4 to 1.6 in. ID (10 to 40 mm) 
lengths from 1 ft (0.3 m) upwards. 1 
addition to screwed orcompressii 
connectors, the flexibles'are al-
made with swivel ends. Workii 
pressures vary from 290 psi (20 bli 
at" 10 mm ID to 65 psi (4.5 bar) at -l 
mm ID. Continuous temperature ro 
ingisfrom4 to230F( - l5 to -l-li 
C). Installation limitations are: 
must not be subject to traction (f( 
example, expansion); it should iv 
be bent to a radius less than foi 
tithes the CD; and a straight of m 
less than twice the OD should b 
maintained at each end. 

Tests on samples of these flex 
bles were made in 1972/73 by th 
CSTB (the French building resear; 
laboratory) for endurance, resi 
tance to repeated flexion, failur 
pressures, and the value of insulii 
tion in preventing condensatioi 
when carrying chilled water. Durii;: 
prolonged trials at temperatures o 
230 F and pressures of 145 psi (1 lOi 
and 10 bar), there was an initial lo.v 
of- elasticity that subsequent! 
stabilized, retaining its value aftc: 
further thermal shocks with alter 
nating temperatures of 70 and 180! 
(20 and 80 C). No breakdown wa' 
observed following repeated bend 
ing (200,000 cycles) at 200 F (95 C) 
and burst pressures corresponded 
to a safety factor of at least five ovei 
the recommended working pres
sure. Condensation tests usinj 
chilled water at 40 F (5 C) showei; 
no vapor transfer when the tube wa' 
insulated with a 0.4 in. (10 mm, 
thick flexible sleeve. 

Soft coiled piping in steel, cop 
per, or plastics can be used for run-

continued on page 1S6 
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'iced for insulation to conserve heat is obvious. 
..•ver, rising fuel costs and the need to save energy 
ihe selection of insulation for mechanical systems 
milding more critical a choice than ever before, 
.'fore, it is very important to know as much as 
ble about the available types of insulation, the 
imical amounts to apply, and how best to apply 
Good insulation of mechanical systems within a 

,ing is certainly one of the important methods of 
erving energy. 
cresults ofa recent///'/4C survey indicate that, on 
verage, a 10 year old building wastes 40 percent of 
iiergy delivered to that building! Furthermore, the 
cy showed that over 50 percent of existing indus-
commercial, institutional, and public buildings are 
10 years old. This survey also revealed thai good-
improved insulation systems scored very high in 
.-lans for designing the heating, piping, and air con
ning systems for new buildings and for the energy 
'crvation methods to be applied in existing build-
Hence, it is for these reasons that this information 

leen assembled for your immediate use in the de-
of future systems and in improving existing ones. 

< iieat flows 
nee it is the purpose of insulating materials to con-
c energy by retarding heat flow,-it is important to 
.chow heat transfer occurs. When a temperature 
rence exists between the hot and cold surfaces of 
material, heat transfer takes place by means of 
iiiction, convection, and radiation, 
jnduct-ion is a molecular transmission of heat; the 
.'rial in question transmits the heat from particle to 
iciesof its own substance. This conductive heal 
ifef occurs only belween two sections ofthe mate-
iliat are at different temperatures; the heat will 
lysflow from the higher to the lower temperature. 
.:is required for conduction to take place, and the 
, of heal transfer varies with the'distance between 
•sections, the temperature difference, and the 
titter ofthe material. Poor conductors or insulators 
nil a very slow rate of heat flow, 
onvection is the transmission of heat by the circula-
ofa fluid or a gas over the surface of a hotter or 
'iTrbody. The molecules of the moving substance 
•<̂ into close contact with the hotter body and are 
«lly heated by conduction during the period of this 
'ttct; but immediately pass on, carrying what heat 
liiiave acquired along with them, and cooler 
(ftiiles succeed them. This circulation may be 
wd*by natural forces or may be produced by 
•tranical means. Heat transferred by convection de-
•iipn the velocity ofthe moving substance, on the 
ând dimensions oflhe body, and on the tempera-

•̂ ifference between the moving substance and the 

Mation always takes place in straight lines, obey-
iiiesanie laws as light: so its intensity or amounl per 
®r,surface varies inversely as the square of the 
•«!ce.from the source of radiation to the surface. 
jpntheat continues to travel in the same straight line 
kmtercepted or absorbed by some other body. 
ont heat is also similar to light in that il is reflected 
Tarious materials, and those substances possess-
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Insulation wrap-up 
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For all types of glass fiber duct, the first step in 
application is to staple the closure flap (top). Pressure 
sensitive tape is pressed down firmly to complete the 
job (courtesy of TiMA). 

ing a high power of radiation have a low reflecting 
power. The amount of heat emitted by a surface radiat
ing equally in all directions depends only on the nature 
oflhe surface, the difference in temperature between 
the surface and surroundings, and the absolute temper
ature. 

Mass insulations 
Thermal insulating materials ofthe mass type rely on 

the presence ofa large number of small pockets of still 
air lo limit the flow of heal through material. The heat 
transmission through the air pockets by natural convec
tion is small because of the low conductivity value of 
still air and the size of the air pockets. Therefore, it is 
important in the manufacture of insulation to have the 
air pockets neither too large nor too small. If the air 
pockets are too large, the convective heat flow within 
them will be too high; if the pockets are too small, the 
conduction through the solid parts containing the air 
pockets will offset the insulating value ofthe pockets 
themselves. Il is for these reasons that the specification 
of a thermal conductivity for a particular insulating 
material should include information about its density 

and the temperature range in which it is mosteffectin 
As shown in Fig. 1, the temperature of application 
the type of insulation material determine the condticlji 
i t y . • ' \ ! ^ 

Mass insulations are produced in many forms. Soi 
of these are; rigid boards, blocks, sheets, semi-ri| 
boards, flexible boards, blankets, baits, prefon 
shapes, tapes, and loose fill. 

Reflective insulations i'5"fc 
Reflective insulations restrict heat iransfer by radii 

tion since the surfaces have a high reflectivity andaloi 
emissivity. These insulations can be a single sheelO 
multiple layers of metal foil. In a single sheet of inct 
foil, most of the impinging radiant energy is reflec'lrf 
only a small amount passes through the reflectivelayi 
by conduciion to be emitted from the back, '-i' 

The ability lo reflect heat varies with the temperalii 
in accordance with the laws of radiation. The reflecliii 
capacity has, as its counterpart, the ability to emithsj 
slowly from the surface away from the heat source.Tl 
two together represent 100 percent; ifthe reflectiviiyt 
a material, such as bright aluminum foil, is 95 percttt 
then its emissivity is 5 percent. Thus, if foil is motrnlt 
on some nonreflective material that first receives ll* 
heat, its low emissivity is just as effective asjts 
reflectivity to heat approaching its exposed face.t 
radiation. '("^ 

Reflective insulations are not commonly usedasiS 
primary insulation for mechanical systems. Howê ll 
by applying bright coverings over insulation on bi '' 
surfaces, a low radiant loss will occur becauseofdi 
low emissivity of the surface. 

Insulation selection factors .m 
When considering the selection of an'insulation sjj ;̂  

tem', it is the cost of the completed system that js; , 
primary importance, not merely the cost ofthe insiili'. 
tion alone. Naturally," the first cost of any insulatio , 
system is important, but it should not be the iiiî  j. 

" I h, 
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or in the selection process. The life of the system 
Jihe benefits that will be derived from the insulation 
Hhe life of the system must be considered. In all 

$. the type of insulation to be used should be de-. 
I during the design or retrofitting stages, because 
thought insulation is invariably more expensive to 

S'limerous insulation materials are available, and the 
ccof one for a particular application is inevitably a 
promise dependent on cost and many other factors, 

Ich may include: 
I Conductivity of mass insulation, 

f ElTective temperature range. 
I Density. 
I Lise of application. 
iCost. 
Resistance to combustion. 
Resistance lo moisture. 
Resistance to damage and deterioration, 

li;Resistance lo distortion and shrinkage. 
.External finish. 
Corrosivity, odor, and health hazards diiring in
ation. 
Ability to support a surface finish. 

I Ability to prevent vapor condensation on surfaces 
ling a temperature below the dew point of the sur-
ding atmosphere. 

h insulation to use? 

Maximum temperatures that insulation materials can 
land serve as a common basis for determining the 
to use for various applications. Since temperature 
first element to consider in designing the mechan-

system insulation requirements, it is a practical and 
:al consideration. 

High temperature insulations may be applied where 
iperatures between 200 and 2300 F are to be experi-
d. High temperature insulation is used on heat 

ijl^ingers, boilers,, steam and process piping, high 
iperature water systems, and stacks. 
Low temperature insulations range from 200 F down 

low as -400 F. Naturally, some insulation mate-
will be applicable in both ranges, depending on 
composition. Since heat flow is inward in low 

iperature applications, condensation on the surface 
i(in the insulation is a major concern. If water is 

'<|f j i l t ed to condense in the insulation, it-will reduce 
-_-;. leinsulating value ofthe material. Therefore, itgener-

i ?8ypays to install thicker insulations for low tempcra-
, Sfits than for high ones. If water vapor cannot be pre-
jj loled from entering the insulation by its thickness, the 

-_— icWlation should have good moisture resistance, or a 
fiod vapor barrier should be applied. Resistance to 
|«por absorptivity in a low temperature insulation is 
llpressed as vapor permeability, which is measured in 
Irnnsof the amount of water vapor that passes through 

00 Hi lie inch thickness of the material. An insulation wilh 
~ acellent moisture resistance may not possess the high-

Sinsulating qualities; so selection must result in a 
iimpromise. 

First step in installing glass fiber pipe insulation is to 
slip it over the pipe (top). The closure flap is stapled 
down after the insulation is in place (courtesy of TIMA). 

High temperature Insulations 
Mineral wool insulation has a recommended temper

ature limit of 1200 F in the form of blankets and baits. 
Mineral wool consists of fibers formed from fused 
limestone or furnace slag. The fibers are bonded with an 
asphaltic compound and molded to specified shapes. 
Also, a flexible covering made of loose mineral wool 
may be used, or slabs may be secured to metal lath or 
wire netting with an outer casing. The recommended 
temperature limit for mineral wool preformed in blocks 
is about 1900 F. 

Rock wool insulation is formed from molten rock ofa 
siliceous nature into short fibers, which are bonded into 
slabs, pipe covering, and flexible blankets. Limiting 
temperatures are 450 F for nonbonded rigid rock wool 
material and 1400 F for loose fill. 

Glass fiber insulation has a maximum operating tem
perature of 850 F. It is produced by blowing steam 
through streams of molten glass. The composition of 
the material and the fiber diameters determine the type 
of service, temperature, and user specifications for 
which various types of glass fiber insulation can be 
recommended. Semi-rigid boards can be as thick as 8 in. 
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Insulation wrap-up 

Lightweight glass fiber duct sections are lifted into place 
and connected to other sections (courtesy of TII^A). 

Glass wool insulation is available for service to 1000 
F. The flexible type in rolls is easy to apply over ir
regularities. Moisture ab,sorption of these insulating 
glass wools is low. 

Cellular or foam glass is produced by grinding glass to 
a very fine powder that is passed through high tempera- • 
ture ovens to cause the cells to bond. A rigid, close-cell 
insulation permits cutting to flat or curved sections. The 
temperature limil for cellular glass is 1200 F. 

Low temperature insulations 

Polyurethane is a two-component synthetic resin ma
terial. The two componenl plastics may be mixed at the 
site or in the manufacturing plant. Carbon dioxide is 
used lo expand the plastic and the resins to produce a 
tough, cellular material of good insulation and mechan
ical properties. Limiting maximum temperature is 200 
F. while the minimum is -60 F. The use of this insula
tion on pipes, tanks, and vessels may present a fire 
hazaid unless coated with an approved thermal barrier,. 

Polystyrene is a transparent, hard, and relatively brit
tle material possessing good insulation properties 
and dimensional stability. Il is resistant to dilute acids 
and alkalis, but it is attacked by many solvents. It is 
manufactured by incorporating a suitable low boiling 
point substance in the polymer. Upon heating, the vol
atile substance boils, and the resultant vapor expands 
the softened polymer, giving a noncommunicating cell 
structure. The maximum application temperature is 175 
F. Both molded and expanded polystyrene will burn if 
ignited, but they are self-extinguishing when the flame 
is removed. Nonflammable types are available. 

The mineral fibers type of insulation and the glass 
fiber type are applicable in the low temperature range 
down to -60 F. Also, cellular glass, which is impervi
ous lo moisture, is a good low temperature insulation. 
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Where joints meet, however, a vapor barrier needsIdif 
be used. 'M^? 

Expanded silica is mainly used as a fill, or in moldeJ,; [&'' 
form, with a protective coating or jacket. "'M f i 

Aluminum foil has a low emissivity and rateofreflw [<!*'' 
lion of radiant heat. It is usually applied in suchawa| ;!!''' 
that an air space is enclosed between the foil and iheh'̂  
surface. Improved performance is obtained by'use.a r 
several layers of aluminum foil with an air space ̂  * 
tween each adjacent layer. ''•" 

Insulation for ducts 

Insulation of duct systems is not only necessary's 
conserve heat from heating ducts but to prevent'coa-
densalion on duct exterior surfaces in cooling systemvi-Bf. 
Insulations wilh vapor barriers are available to provit̂ l I': 
this needed thermal insulation and condensation pro-, (ad 
lection when applied to the exterior surface of.sliea rfih 
metal ducts. ' ' M kn 

As suggested in ASHRAE Standard 90-75,'ii| ê.\ 
air handling systems delivering conditioned air (bod nd 
supply and- return) and installed in noncondiliontf oni 
spaces ( -20 to 160F limits) shall be thermally insulale^ni] 
lo provide a minimum resistance of R-6 overall frosj||i4, 
exterior to interior surfaces. Required insulation thict Mi 
ness can be calculated, or thicknesses iti Standard 9(1̂  -jr)' 
may be used. "'j( B';I 

The rigid fire hazard'requirements ofthe Natiora he i 
Fire Protection Association Standard 90A for the instaf On 
lation of air conditioning and ventilation systems mtiS î c. 
be met for all duct insulations. Allhough adoptioncl |irc. 
NFPA Standard 90A is not universal, most buildiiij std. 
.codes require compliance with it. '•.^. Dn 

Ducts can be insulated with duct wrap, liner, oraBj Jhes 
of three types of self-insulating ducts—rectangtilafi lirL-i 
round, or flexible glass fiber ducts can be used. "^ onii 

Flexible glass fiber blankets (duct wrap) are usedii inci 
insulate the outside surfaces of sheet metal ducts. Dud Cln 
wrap with vapor barrier facings is supplied in VAwl 
2 in. thicknesses. Unfaced duct wrap is availablcii ^̂  
thicknesses ranging from I to 4 in. Duct wrap general!) îa( 
is designed for use at operating temperatures from40l( nsiii-
250 F. although some unfaced blankets can be usedi '̂̂ '̂ 
operating temperatures up to 350 F. A good vaporbs 
rier should be applied over the insulation, especiail] 
where the ducts carrying cooled air are installedit 
unconditioned spaces. Joints and laps in the vaporba _ ^ 
rier must be tightly sealed to prevent condensation froi ^ ^ 
collecting ih the insulation. '̂ Ŝ ieisv" 

Flat glass fiber duel board is used to fabricate reclaa '"'fei 
gular, nonmetallic duct systems. Boards are supplied! 
standard I and I '/i in. thicknesses in 4 by 8 ft and 4byl ~~ 
ft sizes. Duct boards are furnished with precut ormtilJ "iir 
ed male and female shiplap edges or with plain ed^ MI bl 
They are designed for low velocity applications ofjt "'""' 
lo 2400 fpm at 2 in. WG static pressure, and at tempen 
tures up to 250 F. ' -'I; .^y^^^, 

Rigid round glass fiber ducts are used for entirei tards. 
handling systems and as run-outs from main suppl ^̂  
ducts, return ducts, and from mixing boxes to diffusw 
Standard 6 ft lengths are manufactured in 4 to 36ii ^̂ ^̂  
(inside diameter) sheet metal sizes for use at velocitii iepn 
from 2000 to 5400 fpm at 2 to 8 in. WG. dependingon'tl ^̂  "̂  
product. Sections are factory finished with or withoi 
male and female shiplap ends for joining sections. Tl 
ducts are jacketed witb glass reinforced aluminumfe — 
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.^rbanriers and are designed for use at temperatures 
(l.to ISO F. Semiround ducts can also be fabricated 

I duct boai'd. 
.1 liner is used lo insulate the inside of sheet metal 
i during fabrication. The surface exposed lo air 
is designed to withstand erosion and minimize 

on loss. The glass fiber liner is designed for use at 
ratures up to 250 F and at velocities of 2000 to 

ifpm, and should not delaminale. Liner is supplied 
IcJiible rolls or as rigid boards in thicknesses from 
)3in. 
ost glass fiber air.handling insulation products also 

*ide sound attenuation by helping reduce noises 
Dciated wilh the operation of equipment and rushing 

IfVcinsuiated flexible ducts should also be consid-
d.These ducts have the insulation as an integral pari 

lljieduct and are used as connectors—usually where 
I bends and offsets preclude the use of rigid duct, 

jtibl.e ducts are manufactured with or without wire 
jVinyl air barrier cores and have exterior vapor 
tiers. Sections come in 7 and 25 ft lengths, the latter 
lipression packed. Flexible ducts are manufactured 
lib 18 in. (inside diameler) sheet metal sizes. 

iMethods and materials for applying duct insulations 
rfrom product to product. Therefore, manufaclur-

5'applicalion instructions always should be followed, 
tmost common methods are noted below. 

iDuct wrap is attached to sheet metal ducts with adhe-
pie, mechanical fasteners, outward clinch staples, 
e,ortape. Combinations of these materials also are 

ct liner is installed with mechanical fasteners and 
ives. It should be installed according to the re-
ments of the Sheet Metal and Air Conditioning 

tractors" National Association (SMACNA) Duct 
Ener Application Standard, second edition. 
'Closures are used in the fabrication of glass fiber 

1 — Representative types and character is t ics of 
lation for duct systems. The ranges of conduct iv i t ies, 

pnilies, and temperatures are broad and do not 
went any single product . 

illon types 

Temper
ature 

range, F 

Conductivity, 
Btu per tir per 
deg F per sq ft 

per in. 

Density, 
Ib per 
cu ft Application 

Up to 
250 F 0.23 to 0.36 

0.75 to 
6.0 

Ducts—tiot 
or cold 

flinnal and ac-
.̂CDustical duct 
•her blankets 
'Cd boards 

Up to 
250 F, 

4000 to 
6000 Imp 0.20 to 0.48 

1.5 to 
3.0 

Ducts—tiot 
or cold— 
and acous
tical treat
ment 

)B] liber 
iioiiii, 1 In. 

Up to Rectangular 
250 F, ducts hot 

2400 fpm, 1.5 to or cold 
2 in. WG 0.21 to 0.29 6.0 

l^. . , .and llex-
jitopreinsu-
•iMiuas 

Up to 
250 F, 

2400 to 
5400 fpm, 

1.5 to 4 
in. WG 0.23 to 0.26 5.0 Round ducts 

itaing/Piping/Air Cond i t ion ing , Apr i l 1976 

ducts and to install rigid round ducts and flexible ducts. 
Closures are the sealing devices that provide structural 
integrity in a duct system and also block air leakage at 
seams and joints. When used as part ofa UL 181 Class 1 
air handling system, closures must be tested as part of 
that system. The various closures are not always inter
changeable with the glass fiber air handling systems on 
the market. '' 

Four types of closure systems have passed UL 181 
testing with fiber glass products: ^•' 

• Pressure sensitive tape—the most commonly used 
closure system. 

• Glass fiber and joint mastic—closures formed by 
stapling glass fiber fabric along duct joints and applying 
mastic over the tape. 

• Thermally activated closures—closures that, when 
heated, melt into the pores ofthe duct facing, chemi
cally bonding lo it. 

• Mechanical extruded aluminum closures—closure 
strips with channels that slip over the edges of plain duct 
board and are used to form rectangular duct sections 
and to connect sections. 

Contact adhesives under the closure flaps also are 
used, as are combinations of systems. ' ' 

To minimize application problems associated with 
some pressure sensitive tapes. SM.ACNA recently de
veloped s tandards to upgrade tape systems— 
Performance Standard An\S-100-73 and Applicalion 
Standard AFTS-101-73. Both are included in the 1975 
edition of SMACNAs Fibrous Glass DiJct Constaic-
lion Standards. 

All manufacturers of nonmettillic duct board recom
mend that when the closure system is pressure sensitive 
tape., only tapes bearing the AFTS-100-73 designation 
be used. Other closures that arc part of a UL 181 listed 
systems and that meet the manufacturer's recom
mended fabrication practices are acceptable also. 

Reinforcement requirements for glass fiber ducts are 
also contained in the duct construction standards. 
Schedules for the size and placement of reinforce
ments, based on duct size, static pressure, and board 
type, are provided. Sheet metal channels or tce bars arc 
specified as reinforcements. : 

Forthe first time the use of tie-rod reinforcing with 12 
gauge or heavier wire and washers is permitted by the 
standard—but only for positive pressure systems. 

Trapeze hangers with 1 by 2 by I in."channels are 
recommended as supports for glass fiber ducts. Sup
porting straps should be 1 in. wide and shpuld be made 
from 22 gauge or heavier material. Rods 'A in. in diame
ler also can be used instead of strap hangers. Other 
supports, such as bar joists, ceiling joists, etc., may be 
used, provided they meet the hanger specifications 
listed in the duct construction standards. All support 
systems must be capable of withstanding a load three . 
times the anticipated load. 

Table 1 shows representative types and characteris
tics of insulation for several applications. The ranges of 
conductivities, densities, and temperatures are broad 
and do not represent any single product; they are shown 
here lo illustrate the varieties of products for various 
types of ducts. 

Insulation for equipment 

Insulation for boilers, tanks, chillers, heat exchang
ers, and breechings is normally in the form of flat or 
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Insulation wrap-up 

curved blocks, blankets, and sprayed-on types. The 
method of securing the insulation may include banding 
around the insulation on the equipment, the application 
ofa wire mesh over the insulation, and the application 
of the insulation to various types of welded studs and 
angle iron supports on the equipment. 

In selecting an insulation for equipment, the degree of 
flexibility ofthe blocks and.blankets and their shapes 
are of primary concern so as to minimize the need for 
cutting and fitting on the job. Availability of insulation 
in flexible materials is increasing to meet this need. As 
an example, the scoring of blocks increases the flexibil
ity of rigid insulations for easier application lo irregular 
shapes. 

Large flat and curved calcium silicate blocks are 
commonly used on large tanks and boilers. For above 
ambient temperature conditions, the insulation should 
have a finish covering with a wire rnesh tightly stretched 
and secured. A finish coating of hard cement is gener
ally used to fill the joints and to seal the wire mesh 
covering the blocks. Paint may be applied over the 
cement. 

Mineral wool or glass fiber blankets may be used on 
surfjiccs wilh odd shapes. A metal mesh or wire ties are 
cotrifdonly MV.;<I lo hold the hlsmkcts in place. A metal 
j;K.keiini/, rruiy nho be used to protect the blanket. 

Spraying of insulation is-one method that is used to 
cover large surfaces: Urelhane and polystyrene foams 
arc applied in this way. It i.s' most important that the 
temperature ofthe suriace onto which the foam is being 
spniycd will permit the foaming reaction to be com
pleted. A desirable wall surface temperature of 90 F will 
achieve this desired foaming reaction. If the tank or 
equipment is in service, the surface temperature may be 
controlled by varying the temperature ofthe contents to 
reach the 90 Foutside surface temperature. Obviously, 
it is essential that the spraying technique.be correct and 
that wind and moisture be at a minimum. A reinforcing 
wire mesh should be applied on the surface to serve as a 
bond for the sprayed-on foam. 

Closed cell insulat ion on chi l lers, tan(<s, and p ip ing also 
serves as vapor barrier to prevent condensat ion (photo 
courtesy of Armst rong Cork Co.). 
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Table 2 — Representat ive types and character ist ics o f ' ' •; 
insulat ion for equ ipment . The ranges of conductivit ies,, •:;, H'o' 
densit ies, and temperatures are broad and do not ,.:••' WF 
represent any single product . ' • ' j | ' '9 ' 

Conductivity, 
Temper- Btu per hr per Density, 

Insulation ature - deg F per sq ft Ib per 
type range, F per in. cu ft Application!' filioi 

Urethane 
foam 

-270 to • • 
225 0.11 to 0.14 2.0 

Tanks and i«al — 

Glass fiber 
blankets 

-270 to 
450 0.17 to 0.60 

0.60 to Chillers, tanks 
3 .0 ' and cold) i n , 

equipment i s 

Elastomeric 
stieets 

-40 to 
220 0.25 to 0.27 

4.5 to Tanks and ctillei — 
6.0 

Glass liber Ambient 0.23 to 0.36 
boards to 850 

1.6 to Boilers, Unks, I'P'" 
6.0 heat exctisii? — 

ibei 

Calcium-
silicate 
boards, 
blocks 

450 to 
1200 0.22 to 0.59 

lini 
ss 

6.0 to Boilers, breedi — 
10 and ctiimncy^m,,,! 

Mineral 
liber 
blocks 

to 
1900 0.36 to 0.90 13.0 Boilers an) tsk 

j ts 

'tel 
iet 

For temperatures below ambient, the insult 
should have a high resistance to moisture; thin 
require some sacrifice in thermal conductivity.'Cei 
glass blocks, plastic foams, and cellular rubber sii; 
are common materials used because of their moil 
resistance. If condensation may develop on the siUv 
of the insulation, a vapor barrier must be applied;L 
vapor barrier should provide the necessary degrtti 
vapor sealing lo avoid entry of moisture from'thc j 
rounding air. . • .,..fj 

Vapor barriers include sheets of aluminunij^-
forced plastic, metal foils, treated papers, or*t_ 
jacketing. Fastening may be accomplished byiiii 
bands, or by sealing the joints with tape. Coating ' 
asphaltic or resinous materials may also be used.Dj ',. 
age to the vapor barrier during application musll '' 
prevented. If a vapor barrier is punctured, its effccfi -
ness is lost, and therefore extreme care must bea » 
cised on the job. ;'..;-ii !' 

For dual temperature service where equipmea u 
alternately hot and cold, the insulation and the.viji -
barrier seal must be carefully selected for withstamfi »'i 
expansion and contraction and slill maintain thevtj ,'' 
s e a l . . • ' • . ^ ? ' ' 

Representative types and characteristics of ina 7 
tion for several applications are given in Table 2,1: 
ranges of conductivities, densities, and temperatiii '• 
are broad and do not represent any single product;ij ̂ t 
are shown here to illustrate the varieties of produclji 3 
various types of equipment. . . ' ._-

Insulation for piping systems '. " ,«i 

Proper selection of insulation for piping sysie ' 
within the building must take into account not only) 7 
thermal properties but the mechanical properties M 
well. Also, the chemical properties of the insulali •'•̂  
must be considered to be sure the piping materialsi _ 
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13—Representative types and character ist ics of p ipe 
talon. The ranges of conduct iv i t ies, densi t ies, 

llomperatures are broad and do not represent 
iiingle product. 

Conductivity, 
Temper- Btu per fir per Density, 

Ition ature deg F per sq ' Ib per 
!S range, F ft per In. cu ft Applications 

w 
w 
w 
w 
w 

-400 to 
300 

-350 to 
500 

-120 to 
550 

- 6 0 to 
450 

-150 to 
700 

0.11 to 0.14 

0.20 to 0.75 

0.15 to 0.54 

0.22 to 0.38 

0.21 to 0.38 

1.6 to 
3.0 

. 7.0 to 
9.5 

0.60 to 
3.0 

0.60 to 
3.0 

0.60 to 
3.0 

Hot and cold pipes 

Tanks and piping 

Piping and pipe fit
tings 

Hot and cold pipes 

Piping and pipe fit
tings 

ene 
brnied 
les - 4 0 to 4.5 to Piping and pipe 

220 0.25 to 0.27 6.0 fittings 

Refrigerant lines, 
Hwpor dual temperature 
i8t - 2 0 to 0.65 to lines, chilled wa-

150 0.20 to 0.31 2.0 ter lines, fuel oil 
piping 

filler 
Hout 
sr bar- to 1.5 to 

500 0.20 to 0.31 3.0 Hot piping 

and 70 to 7.0 to 
Is- 900 0.20 to 0.75 9.5 Hot piping 

sand 200 to 1.5 to 
S 300 0.11 to 0.14 4.0 Hot piping 

Jtivta 

:n l i 
.".ip 
lulin 
.'ap 

isuii 

.n 
tun 
thi 

tsf 

I pre
to 8.0 to 

1200 0.24 to 0.63 10.0 Hot piping 

Snifi'' 
W^n-

il;-' 
to 

1400 0.26 to 5.6 8.0 Hot piping 

iSier. -
Kap-

Jlack- 500 to 2.4 to 
fbrex- 800 0.21 to 0.55 6.0 Hot piping 

^ P ' " ' 8S0 <o 

^ w e ' . 1200 to 

0.36 to 0.90 

0.33 to 0.72 

11.0 to 
18.0 Hot piping 

10.0 to 
14.0 Hot piping 

be compatible with the insulation. Basically, insulation 
installed on steel piping should be neutral or slightly 
alkaline, and that installed on aluminum should be neu
tral or slightly acidic. However, these are very broad 
guides, since chemical attack may result if salts or other 
components leak out ofthe insulation. 

The types of insulation that are available for piping 
systent applications are glass fiber, cellular glass, 
calcium silicate, mineral wool, and rigid urethane 
foams. Representative types and characteristics of var
ious insulation materials are presented in Table 3. The 
ranges of conductivities, densities, and temperatures 
are broad and do not represent any single product; they 
are shown here to illustrate the varieties of products for 
various applications. 

Recommended thickriesses of thermal insulation for 
hot piping have been increased about 50 percent in the 
receritly released revision of the General Services Ad
ministration Guide Specification PBS 4-: 1516. The-
specification applies to insulation for piping within 
buildings built or maintained by GSA. These thick-' 
nesses generally conform to those determined by the 
ECON method developed by the Thermal Insulation 
Manufacturers Association (TIiMA). The accompany
ing Figures 2 and 3 for recommended pipe insulation 
thickness have been reproduced from PBS 4-1516. 
Copies oflhe specification may be obtained from GSA, 
Washington, DC 20415. 

The forms of insulation for piping applications con
sist of preformed sections, wrapping blankets, and in-
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Pipe size, 
in. 

Under IV? 

1 Vj lo 3 

i V t l o S 

6 to 10 

OverlO 

Insulation maicrial ^ ^ 

Mineral liber Cellular glass Flexible \ | 
jnicellulat I I 

Temperature class 1 

Above 
35 F 

35 F 
to OF 

Below OF 
t o - 3 0 F 

Above 
35 F 

35 F 
to OF 

Below OF 
to -30 F 

Above 1 
35 F 1 

Insulation tliickness. in. 1 

1 

Vh 

IVi 

2 

2V; 

\ ' h 

2 

2l'» 

3 

1» 

2 

2 

2Vi 

3 

2Vt 

3 

3Vj 

Vi 

Not to 
be used 

2 Recommended insulation thicl<ness for low temperature 
pipe insulation from the General Sendees Administration. 
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Y 
Pipe si:e. 

in. 

Under 2</t 

2.V! to 3 

31} and over 

KEY; , L 

•MP.Mediumpre 
• HP.Higlipress 

Insulation material ^ ^ ^ 

Mineral liber 

Up 10 450 F 

LP MP 

451 10 1000 F 

LP MP HP 

Calcium-silicate and 1 
Ihermal pipe covering 1 

LP MP HP 1 
Insulation thickness, in. | | 

I'/j 

2'/! 

3 

2 

3 

y.'t 

1V> 

2Vt 

3 

2 

3 

3V, 

3 

4 

4'.'! 

2'/! 

4 

4'4 

3 

4Vi 

iV, 

_ 4% 

5% 

7 

' . Low pressure steam is up to 15 psig. or temperatures to 250 F. 1 
ssure steam is Irom 16 to 75 psig al lemperatures from 251 lo 320 F. 1 
ore steam, is Irom 76 lo 200 psig al temperatures Irom 321 lo 400 F. | 

i 

3 Recommended insulation thickness for steam and hot 
water piping systems from the General Services Adm-inistration. 
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Insulation wrap-up 

Chiller equipment and piping. Pipe is covered wifh glass 
fiber insulation with canvas and metal jacketing. Urethane 
foam blanket insulation is used on tanks 
(courtesy of Johns-Manville). 

Insulating cement is troweled into place. In this instance, 
the insulation is being applied to a breeching in a utility 
shaft (courtesy of TI(\/1A). 

sulating tapes. Adhesives with bandingand/orjacketing 
are common methods of attaching the insulation. Be
fore applying the insulation to the piping sysiem, all 
connections should be inspected for leaks. Also, it is 
suggested that draining of the piping during installation 
should be avoided to eliminate the possibility of mois
ture entering the insulation. Lengths of pipe insulation 
are available to provide the most advantageous value 
for field application. This optimum length is generally 2 
to 3 ft, which eliminates the need for frequent cutting as 
the piping changes direction. Pipe fittings may now be 
insulated wilh preformed shapes that provide a snug fit; 
however, where odd shapes, such as valves, are to be 
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Insulation wrap-up 
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Typical equipment room systems scene shows hot and 
chilled water piping and hot and cool air ducts. Chilled 
water lines are covered with glass fiber pipe insulation 
anti all-purpose jacket; hot water pipe is covered with 
calcium sisicate with canvas covering. Air ducts are 
insulated with a glass fiber duct insulation 500 and 
800 F (courtesy of Johns-Manville). 

insulated, wrapping tapes may be used to achieve the 
desiied results. 

Pipe insulation should have true concentric cylindri
cal surfaces, and it should have the necessary sirength 
lo withstand considerable handling. Insulation mate
rials that have good tensile strength in all directions will 
nieet this requirement and are also more suitable for 
cutting and fitting into the desired finished shapes. Ifthe 
ends ofthe pipe insulation are not square and true, the 
gaps must be plugged wilh insulating cement or the end 
recut to fit. When the insulation is secured by bands or 
wires, the material must resist the tendency to crack 
along the wire or bands, because a strapping tool will 
exei;t a 600 to 800 Ib lensile pull on a sti^ap lo draw the 
joints up tight. 

Expansion and contraction of piping can cause seri
ous damage to thermal insulation of preformed shapes 
and the coverings. Mosl high lemperalure insulations 
shrink as the temperature rises, while the metal pipe 
expands. Therefore, some provision must be included 
lo allow for these dimensional changes. If cracks in the 
insulatiori occur with these temperature changes, the 
size of the crack is not important. The problem that 
must be prevented is that water or moisture may enter 
the crack and cause the insulation to lose its insulating 
value. Therefore, it is imperative that expansion joints 
in the insulation be provided under these conditions. 
- Insulations ofthe flexible type that are slit for ease of 
installation on piping should be sealed at the butt joints 
with an adhesive and/or a sealing tape. Pipe fittings and 
valves should be insulated with the same material in 
sheet form oflhe same thickness. The joints should be 
sealed with an adhesive in the same manner. 

Flexible blanket pipe insulation may be coveredj 
metal jacketing that locks along the longitudinal's 
when the jacket is drawn up tight. Other types of iiil 
tions that also rely on the jacketing for long-term fl 
lection ofthe insulation include scored blocks and'p 
formed shapes. 

Metal jacketing can be a part ofthe insulation a^ 
delivered from the manufacturer, or it can be appM 
the job. Corrosion resistance of melal jacketing iŝ ij 
portant if used in corrosive atmospheres. The:n* 
corrosive services may require stainless steel jackepl 
Another jacketing material commonly used is asp' 
saturated asbestos felt that is reinforced with.a"i 
threaded fabric. 

Plastic jacketing may be used in applications i 
ambient temperatures and olher environmental,^ 
tions will not affect the life of the material. 

Pipe elbows may be jacketed in metal or in pli 
Bands and tapes used y/ith adhesives permit IheX̂  
nection of the jacket to the insulation of the pipingj 
the prevention of heat loss and entry of waler'̂ W 

The insulated piping should be supported by haiiji 
and metal protection shields. For piping 2 in. and la: 
an insert consisting of apiece of mineral fiber, coil 
wood block should be placed belween the shield andi 
piping. The insert should be shaped to fit notlessj 
half the pipe circumference. Protection saddles prt 
ricaled lo include the insert material and a vapor ba 
may aKso be used. Flexible cellular types of insula! 
should be protected from compression at all pipe hat 
locations by using compression resistant insulatios; 
serts, of the type mentioned above, and protei 
metal shields. 

The article by Robert. Curt of York Research CS 
ration, which immediately follows this article, prow 
a comprehensive analysis of how to determine th^ 
insulation thickness for piping systems. 

The author wishes to thank the Thermal Insula! 
Manufacturers Association (TIMA) for their helpj 
cooperation in providing information for the ductjj 
lation section of this article. 
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Inner stainless 
steel jacket ' 

i i l l l l l l l l l 

Outer stainless 
steel jacket 

/
Cerav\/oolcerahfiic 

* fiber blanket 
Flange fitting with 
leak detectors 
pre-weldetd to it 

Leak detectors 

,.. 

New Temp-Fif from Johns-Manville. 
Cut fuel costs by insulating flanged pipe 
fittings-even where leakage is a problem! 

Rising fuel costs make It more 
important than ever to insulate every-
wtjiere heat-loss can occur. 

Until now, there's been a problem 
insulating pipe fittings such 
asjvalves and flanges in high-
temperature systems where hot 
oil or other flamnnabie liquids could 
leak and cause a fire hazard. 

ilohns-Manville has solved the 
problem with new Temp-Fit, the pipe 
fitting insulation system with a built-in 
leak detector. 

JTemp-Fit consists of ceramic fiber 
blanket adhered to a jacket of corru-
ga'ted stainless steel. It is field-
fabricated and fitted with the leak 
de'tector by J-M distributors and 
contractors. 

Temp-Fit is suitable for all appli
cations to 1600°F, and typically 
reduces heat-loss through a fitting by 
80% to 90%. Savings in fuel pay for 
most Temp-Fit installations—material 
and labor—in six months to one year; 
after that, it's all pure savings. 

It can be installed quickly and easily 
because the corrugated jacket can 
easily be wrapped around the fitting 
and sealed with mastic. The leak 
detector passes through the insu
lating blanket, and keeps any liquid 
that leaks from soaking into the insu
lation. It can'be hand-fitted 
using lock-nuts and washers, or pre-
welded to the inner jacket; fitting 
kits are available from your J-M 
distributor or contractor. 

circle 317 on Card^ see HPAC Inlo-dex, p, 205. 

Temp-Fit is re-usable, too. If, at some 
time, you need to remove the insula
tion, it can be reinstalled rapidly and 
effectively. 

For the full story on Temp-Fit, 
contact your J-M distributor or con
tractor. Or write Larry Hail, Industrial 
Products Division, JohnsrManville, 
P.O. Box 5108-IPD-B, Denver, 
Colorado 80217. Or call 
(303)979-1000. Ext. 2319. 

Industry's Insulation Experts 

Johns-Manville 
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Accotherm pipe insu la t ion 
from A r m s t r o n g . It m a k e s b reak ing t h e 
g lass habi t b o t h poss ib le and pract ical . 

Made from a un ique phenolic foam, it gives you a lot more 
than j u s t t h e n u m b e r s you need t o m e e t building codes . 

Produced by a patented process that utilizes specially formulated, essen
tially neutral phenolic foam, Accotherm is a rigid pipe insulation with a long list 
of properties that make it a lot more than just a substitute for fiber glass. 

Its rigidity helps insure a snug vapor-tight fit at joints—since butt strips 
can be pulled tight without puckering the jacket. 

Its vapor barrier is a lamination of aluminum foil and white kraft paper. 
Its longer 4-foot length reduces both the number of joints to "be sealed and 

the risk of failure caused by vapor leaks at those joints. 
It- has a "k" factor of 0.215 at 40 F mean temjDerature and 0.23 at 75 F. Its 

service range is -40 F to 250 F. 
What's more, Accotherm is remarkably lightweight, simple to install, 

and easily fabricated with conventional tools. Closely controlled dimensional 
tolerances result in a neat, trim fit—with minimal dimensional change due to 
temperature differentials. 

Available in V, Wz", and 2" wall thicknesses in a wide range of iron-pipe 
and copper-tubing sizes, Accotherm is ready to help you conserve energy by 
reducing heat loss or gain on HVAC or plumbing piping. Specify it pnce, and 
chances are you'll break the glass habit forever. To learn more, write Armstrong, 
2610 Sherman Street, Lancaster, Pa. 17604. 
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Only th€ people who developed foam 

can give you every kind of foam 

Whether you write the specs 
or meet them X-50® Pre-
Insulated Pipe gives you a 
wide range of carrier pipes, 
jhsuiation characteristics, 
outer jackets .. ..above'or 
below ground. 

X^50 is the only complete 
line because it Is the original 
line. You'd expect the fullest 
product range, the •best 
quality control, the most 
expertise, from those \A/ith 

the mbst expehenGe. And 
that's precisely what you can 
be sure of getting from the 
X-50. 

You can also count On a full 
line of fittings and joint treat
ment materials from the 
same reliable source. 

Simplify your life a bit. For 
pre-lnsulated pipe go straight 
to the first, the most, the best. 
Go X-50! 

For complete, engineering and 
technieai data, contact Sales 
Manager, {201} 329-2371. 

fk£^JS-Omc. 
TmNGLE-PSe^lNSULATION COMIPANY 
A ' S U B G ' I O L A R V CTF THiAfHGLe INDUffTRieS. IMC; 

B6)!,59. Stojts Lane 
MoriiTioiJth'juntticn; New Jefsey 06852 
Teleph ori'e( 20 i)'329-23 71 

MANUf^ACTURERS'OF'X-SO PRE-INSULAIED PIPE,AND Î ANELS / PLASTIC'EXTRUSIONS > CORPOSIOt-l eOATINGS AND SyST£MS 

CIrcts 340 on Card; eea HPAC Mit-iitx, p..C-4. 
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to lay out a thermal 
heating system 

Considerations in component selection and location, 
sidelines on piping configurations, and examples of 
;73phic analyses of system and pump characteristics 

ciif'AGNON, S. Agiion & Partners Ltd., Consulting Engineers, Haifa, Israel 
(r":if.-;. 

''n'.tASf month's article, we estab-
4jd a criterion, on which to base 
iiMlection of a thermal fluid sys-
si Iri this article, we shall discuss 
lious considerations involved in the 
sice, of equipment and layout of 
^ heating plant. Among these are 

-V construction of the liquid heater 
,'9l.lhe location of the circulating 
<'*np and expansion vessel in rela-
ai to the heater. 

, As! is well known, at higher tein-
Biiures all mineral oils have a 
akiicy toward thermal disintegra-
.ffl (cracking) as well as toward 
Jdation, especially in the presence 
l̂ir. This deterioration depends on 

.^mber.of factors, one of which is 
•heal concentration on the fire side 
ihe heater surfaces and another the 

ifmal resistance of the boundary 
iJd layer on the liquid side. Under. 
Arwise equal conditions,- the high-
1 the viscosity of the fluid, the 
jtxker is the boundary film and the 
iw'isthe heat flux per unit area. 
> flow velocity will akso be lower, 
ijRiming the same kind of centrifugal 
tittip is employed. And as shown iri 
•';?.• I of the February article, a low 
>!.rate means an even higher film 

I,distance, and consequently the 
ijiger of local overheating is more 
,'5onounced for slow moving liquids. 
n!US,,to keep the velocity as high as 
jiisjble, to contain as little thermal 
.̂ [d as possible, and also to provide 
imch heating surface as possible 
'<f unit volume, thermal liquid heat-
ia.are always designed with liquid 
'issages as narrow as practicable, 
"tee may be in the form of coiled 
f serpentine tubes, or in the form 
'ihin annular walls. And fo assure 

turbulent flow, velocities are usually 
kept between 4 and 10 fps." 

In this connection, the position and 
arrangement of the burner are also 
of importance. Ample combustion 
space must be provided, and care must 
be taken to avoid flame impingement 
on the heating surfaces. The combus
tion gases should be guided through 
Ihe flues countercurrent to the flow 
of liquid so that the greatest heat 
concentrations occur in the heater 
sections containing fluid at its lowest 
levels of viscosity, and vice versa. To 
no small degree, these factors dictate 
the design of a liquid healer. Fire 
linings, to the extent that they cannot 
be avoided, and insulating walls must 
be made from refractories with no 
or minimal heat storage capacity. 

The products resulting from the 
disintegration of thermal fluid are 
partly more volatile than the original 
fluid, partly more viscous. The latter 
tend to form cokelike deposits on the 
liquid side of the heater surfaces, 
which further increa.sc the wall re
sistance and reduce heat transfer. The 
former tend to form gas pockets at 
the high points of the heater, result
ing in uncooled heating surfaces; if 
not immediately removed, the gas 
pockets will interfere with the prop
er circulation of fluid. 

To guarantee safe operation, it is 

Next in this series: 
a generalized method 
for calculating 
viscous friction loss 

therefore necessary not only to assure 
constant circulation but also to elimi
nate air and other gases from the 
system as quickly, as possible and to 
keep heating rates within safe limits. 
Safe rales of heat flux across the 
heating surfaces usually rarige from 
3000 up to 9000 Btuh per Sq ft de
pending on the type of thermal fluid, 
the flow rate, and certain olher 
applicable factors. 

Even when the system is purged 
of air in the cold state and otherwise 
safe working conditions prevail, water 
originally contained in the thermal 
fluid, or condensed out in the expan
sion vessel during a periodic stop
page, or remaining from a hydraulic 
test of the piping system may evapo
rate and form steam pockets. These 
have the same detrimental effects as 
air or gas pockets and must be re
moved immediately. 

Removal of gas and air is effected 
in the expansion vessel, which is situ-

• ated at the highest point of the pip
ing system. The expansion vessel is 
always connected on the suction side 
of the pump (sec Fig. la) and should 
be able to accommodate at least twice 
the total increase in fluid volume 
when it is heated up. On the other 
hand, the vessel should present as 
small an area as possible for the -in
terface of liquid and outside atmos
phere so as to avoid oxidation of the 
thermal liquid. Floating covers and 
blankets of nitrogen gas have been 
employed to prevent air from contact
ing the fluid surface. Alternatively, 
special piping hookups can be exe-

Hting/Plping/AIr Conditioning, March 1974 

'Superscript numerals indicate references 
al end of article. 
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iCIrciiit .H',") CFD ,;• n , 

Drain and '^.Z; ,;.u'';v ' ' ' ' ' •'' 
(illing pump'(..i'SV;';^^f-
f'.'.'.-'Si. Sfor'age and-.' 
' '•'••"',.«..drain tank•• 

Mla-iSlmpliflWdlfidwrach.eme depicts- mixed single circuit.system^jwith;c 
l^jSupply. and-retu'rh^manifolds. It includes'"a-main circuit,.CircYiit'I;'< 
i;circuit'.with|,rio secondary pump,-.Circuit I I ; and a branch;circuit:\with a secondary'''''C^ 
^>'pump,;,Circi' ' t '" •-Sys''-e'"'a"d puf-'P c*'a'''ac*e'-'St'C 

•'4 1*^ V ? 

^f^'V^>^'\^ '' 

n * l 4 ' 4 / . - T M I Healing I f f l f Jkj 
V j £ V * ' ^ ^ ^ terminal iS^fe^ 

csa'-ea"a'yzed J " ^'gs 3a b 

pipe loop system with secondary circulating 

^:i 

Um 
fp Double pipe loop system i ^ ^ M ^ 

| * f ; ' ^*^<. 

JSimpllfiea.flow^scheme..depicts both single.pipe and double..pipe loop 
'systems/.with'.com'mbri;.,supply and return 1 manifolds.'; Note that two-pipe loop • ;'.->" 
?|is laid o.ut with flyingj^return. Branch circuits having.their ov,'n^.secondary pumps '.i 

M!can,be'>consideredt;,asV,s« separate loop systems.' 

Thermal liquid heating. 

cuted to keep the vessel coit 
shut off from the atmosphere asl 
as from heating up and endang 
the system. For example, liquid I 
may be arranged in the overt 
connection to provide a seal ap 
the outside atmosphere; and to| 
vent the vessel contents from hei 
up by gravity circulation, 
valves can be fitted in the 
sion line in the manner showij 
Fig. 2. Coefficients of expansion̂  
the calculation of volume inci 
vary from 0.035 up to approxin 
0.055 percent per deg F tempen 
rise for organic fluids in the hii 
temperature ranges, as compared! 
0.06 percent per deg F in thei 
of hot water at 300 F. 

Air pockets in the. heater body.i 
be vented by means of hand op 
air cocks; but if the circulating p 
is located at the heater outlet,'! 
venting process can proceed naU 
ly,- without mechanical meanj,i|j 
demonstrated in Fig. 2. This an 
ment is preferable in many resp 
it also enables the heater body t»1 
quickly drained in case of emer| 
without any special manipulation]! 
the event of a heater tube or,f 
wall failure, the entire system 
be emptied immediately; oihei 
the higiily flammable fluid mighlj 
ter the firebox, with disastrous I 
sequences. If vent valves are 
I hey must be opened to break*! 
vacuum—a task that under thestlf 
cial circumstances is a very; 
carious one to say the least. •?! 

Air and gases can be driven I 
the piping system itself by a 
circulation and vented by 
valves at the high points of Ihc^ 
tem. In smaller plants, this puip 
can be accomplished by means! 
deaerating vessel only, fitted inlOJ 
return line and vented into ihtg 
pansion tank. Under normal 
tions, once air and water vapors I 
been purged from a system, it sh 
operate without further atlentioej 
venting. As will be discussed 
subsequent article, the location ti'i 
circulating pump in relation lo*| 
thermal liquid healer also has 1 
effects on its performance chan 
istics because of the .difference I 
tween liquid temperatures at thei 
er inlet and outlet. 

Aside from the location o(5l 
main circulating pump, how 
there are two principal pipinĝ  
rangements for supplying the ho 
terminals with thermal fluid, 
first, shown in Fig. la, consisn'i| 
single circuits connected to a 

.mon supply and return maa' 
with or without secondary circuli 
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How to lay out a thermal liquid heating system 

System 
characteristic 

Modified pump 
performance 

3a System and pump characteristics are analyzed for mam circuit, Circuit I, in 
Fig. la . System curve, Gabcd, is plotted through operating point b, but pump 
curve (modified to reflect specific viscous fluid handled), ecf, intersects it 
at point c. Surplus head, SP, must be used up by means of throttling. Construction 
of "apparent pump performance curve," also illustrated, simplifies analysis of 
branch circuits, shown in Fig. 3b. 

Pressure drop in Circuits I + H = AP, + aPn 
Pressure drop in Circuits I + I I I = API -•-iPin 

-Operating conditions 
of Circuit m 

Compound pump 
characteristic 

series arrangement) 

Circuit H 

Apparent main pump 
performance curve 

V 

Fig 3b Analysis of branch circuits in Fig. la includes plots of system curves for 
Circuits II and III. Apparent main pump performance curve emh, from Fig. 3a, 
is regarded as pump curve for Circuit II, which has no secondary pump. Secondary 
pump curve ij is combined with apparent main pump performance curve to derive 
compound pump curve, kmh for Circuit III, which does have secondary pump.' 

62 

Oabcd in Fig. 3a. But to simplifjl 
analysis, it is advantageous io't 
combine the system characteristTc 
the main circuit with Ihe perta 
ance characteristic of its circuliS; 
pump. By subtracting the prea 
ioss values on the system curyeifa 
the operating head values' on j 
pump performance curve, one^l 
construct a new ."apparent pumpf 
forrnance curve." labeled eghip.S 
3a, which in the course of 'im 
analysis will be regarded as thtl| 
tual curve. 

Circuit II in Fig. la, the bn 
that has no pump aiid derives its 1 
culation from the main circuit,'-* 
now be thought of as containin'jf 
accelerator pump with the pertf 
ance curve labeled emh in Fig.l 
which is identical to curve'egb| 
Fig. 3a.'Circuit III in Fig. laisf 
branch having a small secoai 
pump, and its performance is ploj 
in Fig. 3b as curve ij. The comp 
characteristic of the two pun 
series is then obtained by adding'^ 
operating pressure heads, resuliii 
the broken curve kmh in Fig. 3,bl 

The system parabolas forj 
branch circuits can now be pto 
on the same chart, as described i 
Again, the intersections between'p'uj 
artd .system characteristics will pro 
bly not occur at the required-fl] 
conditions, and the respective suij 
pressure heads, SP, will have toi 
removed by throttling. No throiî  
however, is required-in the maint 
cuit in this care. 

In the event that a system'o( 
tains several liquid heaters operra 
simultaneously, each with' its-.-a f 
pumped main circuit, the procedi j 
is quite similar. The only extra! i-
is to first construct a compoo ]i 
characteristic for parallel operali jj-
from the several apparent perfw f;, 
ance curves of the main pumps t, 
adding their respective flow rates iti 
the usual manner. --s. \s. 

The next article in this series) l' 
present a new method for calculai îji 
viscous friction loss, applicable 1 iii,' 
only to thermal fluid systems but jic 
piping systems -conveying .visa j^ | \ 
fluids in general. •'•', \ I'l 
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