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ABSTRACT

The standard approach to pipe suppori design is to
follaw well known, accepted, practices; the art of de-
signing support systems is tc 9o beyond these common
sragtices,

This paper uses specific examples to demonstrate that
the use of some common praciices can lead to real pro-
blems in some situations, Subport type based on verti-
cal thermal displacement, spring loads set to balance
the weight af hot condition, anchors at expansion
Joint dnstatlation, springs sized to minimize the ver-
£ical load at egquipments arg among the specific items
discussed. The potential of wtilizing friction farces
ta replace the expensive snubbers is alsa presented.

{NTRODUCT FOM

& basic design is normally created by following common
rules formylated from the pasit experiences of the
industry as a whole. The common rules are sssential
for the day to day design practice. However, the
rules passed from generalion to gengration are anly
thaose which are broad encugh and simple enough to
warrani a space {n the company standards or technical
buoks.  These rules are valid for most of the situa~
tions, but invalid for certain cases. The excepticns
ere often so incomspicupus that they can ve overlocked
even by experisnced engingers. 7o deal with these is
an ari which requires axceptions tg the rules,

An art is undoubtly abstreci. Therefore, instead of
presenting pringiples, this article will use song
specific examples fo demonstrate the ideas. For
instance, what can go wrong by (1} selecting the
suppart types based on vertical thermal expansion
dizplacement, (2} by waking the eguipment nozzle take
no direct weight load, {3} hy setting the spring 1o
balance the weight at hot condition or {4} by instali-
ing anchor liberally at expzrsion joint installations.

With the advance of the computer technique, almost all
the calculations today are done by computers. However,

the old maxim "garbage in garbage out"™ is still true.
In order to provide better data for the computer, a
couple of practices have been evolved. Firsi, ail

the support members and attachments are desigred to be
super stiff. Secondly, Friction forces are greatly
reduced by using teflon siiding plates or ball jointed
struts. With these painsfaking arrangements, analysts
can now boast of the validity of their analyses. How-
ever, few have realized that the brute force approach
has thrown away twe of the wajor ingredienis that have
helped preserve the structural intsgrity of the design.
These two Ingredients are fiexibility and friction, and
they should be once again put to work to ocur advantage,

SUPPORT TYPES

The types of supports are normally selected based on
the vertical thermal displacements expected at the
support lecations. Rigid supperts are used a2t places
where the expected thermal displacement s very small,
variable springs are used for medium displacements,
and constant effort supports are ussed when displace-
ments are great,  The practice is very logical, but
problems arise cccasionaliy., 0Oddly enough, the pse of
springs and constant supports create more problems
than the use of rigid supports. Although 1t 35 true
that a rigid support should not be used even at a place
having a small expected thermal displacement, the mis-
application of rigid supports will be detected as soon
as an analysis is performed. On the other hand, the
analysis on 2 spring or constant effort supporied
system cannot readily tell the mis-application of the
springs.

Figure 1 shows one situvation that might end up with a
probiem. A free thermal expansion analysis shows a
vartical dispiacement of 11 inches (Z80 sm) at the
middle of the span dug to arching effect. The dis-
placements at other support points are all greater
than 3 inches (76 mm). By using the free thermal
displacement as a guidance, constant effort supports
will be used for the entire system as shown in Figure
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1 {a). 3Some snubbers might alsc be added if the

system is to be designed for zarthguake. Aside from
the hardware cost, the arrangemeni appears ig have no
probliems. The computer analysis shows perfect results,
and the ipstallation will have no problem either. The
problem nevertheless occurs when the system is ready
for gperation and the travel stops ave removed. It
couldn't have come at a worse time,'hut that is the
nature of most the problems.

This system may collapse if the actual pipe, insula-
tion, and attachment weight is considarably hesvier
than the theeretical or assumed welght used in the
desigh. The system may welgh as much as 15 percent
more than the desiugn capacity of the supports and this
may wake the field adjustwents almost lmpossible. One
may argue that the weight should have been estimated
more conservatively, bui the point 1s that the system
desigred 15 vanble to absorb the uncertainty due to
manyfacturing tolerance. The system can also be under-
weight making the field adjustment equally impossible.
Even with a properly adjusted system, because of the
friction asseciated with the 1inkages a lot of banging
may be expected during the start-up and shut-down,

The movement tends to be stuck for a while then an
intermittent sudden release.

Figure 1 {b) shows a better design by placing rigid

supports &t the middle spans where the free thermal

dispiacements are the greatest. This system 1s much
more capable for absorbing the weigh variation dis-

regarded by the computer. It also costs a lot

Tess than the one shomw in 1 {a}.

HOT BALAMCE

In & high temperature system, in order to minimize the
creep, the spring is set in such a way that the spring
force and the system weight will balance out each other
under the hot operating condition. It is important
that the sustained stress be reduced to minimum at
cregp temperature. For a low temperature piping

where 1ittle creep 1s expected, it is still a good

igsa to do the same so the unbalanced Tead §s wini-
mized under the operating condition. Hot balance

is such a good practice that is considered as one of
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free Thermal Displacement

the basie principles ¢f piping engineering.

By adopting the hot balance approach, the springs
have to be locked in place during installation. The
lecks or stops are removed when the system is ready
for operation. The problem is that in many cases
severe twisting and Jerking oceur whem the stops are
removed, This is somewhat expected because the soring
forces at cold condition are different from thuse
reguired for balancing the welght. This calculated
prefeading is alright #f everything is as ideal as
calculated. As mentioned previously the pipe weight,
insulation weight, ¢lamp weight and so forth can vary
cansideranly from the theorectical values. Therefore
the actual loading applied tg¢ the system can be quite
different from the one calculated,

The deviations of the waight and the analytical model
are so difficult to predict that the hot balance
approach intended to minimize th hot Joad is in fact
applying unpredictable loads on both ¢old and hot
conditions. Aligrment problems have frequently
occurred on large rotating equipment, The theoretical
wintmus not Tead is actually only a paper promise, It
hits the target some of the times and s off the
target at other times, This kind of incertainiy is
simply too much of a risk to be taken on an expensive
gelicate machine which is often the heart of the en-
tive plant. Therefore, a more relizble approach is
needed. Contrary to the common practice, the relfable
approagh is the cold balance approach.

In the cold balance approach, the fit up of the piping
to a compressor or burbing is normally done with
springs unlecked. The construction engineer will then
try to adjust the spring Joad to bring the pipe con-
nection to the equipment nozzle with a minimum help

of outside force. In this way, it is sure that the
piping load at cold condition is almost zero, although
some Toad 1s expected under the operating condition,
However, this hot Toad caused by spring force variation
is highly predictaeble. The celd balance has becone
more and more popular lately. Designers who fail fo
understand the situation will make the field adjustment
very difficult and will alse create unnecessary argu-
mert with the construction engineers., The systewm



Fig. 2 Springs Sized By Releasing the Anchor

designed intentionally to balance the weight at coléd
cendition wiil make the field adjiustment much easier,
Witk this understanding, ihe designer can simply in-
struct the field to sed the spring ot caloulated hot
ipad instead of the shified cold load.

ZERG WEIGHT LGAD ON NOZZLE

It i& a common practice to adequately support a piping
system that ne weight is imposed on rotating sguip-
megnt. This can be done foirly easily by plecing
proper supports at proper locations, The only problem
associated with this prectice s the blind dependence
on the computers,

Some piping stress computer programs used in the in-
dustry today have an suiomatic spring selection capa-
bility. They also have the option of releasing the
vertical translationz] consiraint at certain anchors
during the spring selection process. This option wild
force the springs to carry 311 the weight leaving very
Tittle direct weight Yoad on an equipment nozzie,

This oaption is wseful if it is applied correctly,

For instance, many designers 00 not recognize that the
scheme reduces only the direct weight Joad but not
necessarily the weight moment, Yo have the scheme

go the Job right, springs have to be lpcated &l
suitable locations, Otherwise, the springs selectied
by this anchor release aption can make tha system
worse than the ones selected without the anchor re-
tease option,

Figure 2 shows a iypical pump discharge piping. In

Z ?a), since there is a spring directly over the valve
assembiy, the spring sefection process with the ancher
release option will forze the springs to carry the
entire weight Jeaving very Tittle load to the pump
nozzle. If the anchor release option is not used,
then most Tikely spring A and pump nozzle will each
carry about pne half of the assembly weight, This

of course happens only when the springs are selected
by computer nrocram

The situation will be different 1f the spring A 3s not
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available as shkown in Figure 2 {b). In this case, if
the spring is selacted with the anchor releass option,
the spring B will be forced to pick up the entire
weight including the whole valve assembly. This will
leave very 13itle vertical force on the nozzle but will
greate a huge bending moment on the pozzle, Unfortu-
nately, this huge moment may escape the attention of
the apalyst in some cases. Some computer programs, in
an atiempt to spesd up the process, give the weight
toad case results taken from the ones obtained with
anchor reteased, By doing s0, the high moment at the
nozzie will not show ap In the cutput report. The
only clue to this problem is the significant vertical
displacement shown at the anchor point. This vertical
displacement is not very obvious and is often over-
tooked or ignored, A properly designed computer pro-
gram will apply the spring force selected snd the
anchor fixed to recalculate the weight result. With
this type of proper analysis, the high moment will
appear at the nozzle together with an upward displace-
ment at the spring Tocation. With systems as shown in
Figure 2 (b}, 1t wil] be more favorable to select the
spring with the anchor fixed. In this way the anchor
will absorb some vertical weight force but not the
huge Sending moment,

EXPANSTOR JOINT ANCHOR

Une of the most important reguirements In designing bel-
Tow expansion joint system is to install sufficient
anchors for resisting pressure end forces. Figure 3
fa} shows the potential pipe movement when no proper
anchor 1s installed, Figure 3 {b) represents the
system stabilized by the ancher. The anchor normaily
reeds to be designed to absorh only the vectorial sum
of the two end forces, However, if the system is
expected Lo experience flow surges, the unequaiity

of the two end forces at any time instant aiso needs
to be considered, It 15 also possible that a valve
is located at cne side of the anchor as shown in
Figure 3 {(c). 1Is this case the anchor has to be de-
signed also for the cordition when the valve is

¢losed, If thﬁs valve shut-off gondition is rot de-
1 ned for anuhor can fail du? i {nad?guate da-
gn efpeéwa y whan the bend angle 1s smalli,



There are also cases when ancrors should not he used.
Figure 4 shows a tied expansion joint which is used

to absorb the lateral differential expansicn. By com-
paring with Figure 3 arrangement, it is tempting o
put an anchor ai the base support to resisi the bel-
low end force, This anchor appesrs 50 natural that
problems arg often overlooked even by an sxperienced
checker. Tne problem of the anchor can be explained
from the start up sequence. When the pipe 5 hsated
up; both 8 and € ends expand into the beilow lraving
slack at the tie-rods. As scon as the tig-rods get
lopse, the pressure end force pushing the turbine s
not balanced. This pressure force normally is suffi-
cient to push the furbine off aligmment causing severe
operationatl preblems. In a correct installaiion, this
anchor is not used. The pressure will push the base
support outward ensuring a balancing force on the tie-
rods to cancel the pressure end force acting on the
turbine.

THREE HIHGE SYSTEM

Symmetry and nalance are rormally considered two major
principles in a good design. However, thers are
preastons when symnetry can #lso mean handicap. The
“nree hinge systme frequently used in selving plane
axpansicn probliem is one of the examples.

{a)

in

Figure 5 shows & three hinge system to be instailed in
large diameter piping connected between two major
pieces of equipment, Figure & {a) is the perfect
symmetric layout favored by many  designers, includ-
ing experienced gres, The only problem with this lay-
put is that the three hinges are lined up in & perfect
straight Uine, Fer the hinge 2 to be active it has to
move when the system is heated up., However, thig is
aimest impossitle due to the perfect symmetry. For
instance, 1f a 1ine is drawn between hinges T and 3

to divide ihe space inte two half spaces I and 1L, it
is clear tkat any given point « in half space [ there
is a corresponding symmetric point xx in half space JI.
In other words, iF the hinge 2 can move to Xx. it can
certainty move to ®x too, Singe it cannot be &l two
different ‘ocations at the same time, the hinge will
e simply stuck without moving anywhere. This is an
example of pure symmetric case. In reality certain
unsymretrice]l effect will be built-in in the system o
aliow the hinge to move,

Figure & (b} shows the movement of hinge 2 which s
Iocated slightly off the symmetric line dug to con-
struction deviation., The hinge Z in this case will
move toward the kalf space T1, but the magnitude of the
rovement can be unexpectedly high, For inStance, with

the dimension and the temperature shown, the calculated
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Fig, 5 Symmetry Can Also Mean Problems

movement of hinge 2 is 65 inches (1851 mm), and the
angle of hinge rotation is 12 degrees. This movement
is tog much iop be accommodated by support system. The
friction on the sunport will also have very great
effect on the equipment loading.

The system can De greatly improved by iocating the
hinge 2 away from the Vine connecting the end hinges
1 and 3 a5 shown in Figure 5 (¢). With this alter-
native Tayout, the sxpected hin%e ? movement ic re-
duced to about 5 Tnches {327 mm) with @ hinge rota-
tion of only about one degree, This order of magni-

tude is well within the normal support system capacity.

FRICTION RESTRAINT

For systems which need to be designed for shock load-
ings the common approach i3 £0 ingtall snubbors,
either nydraulic or mechanical, af points where rigid
rastraints are not permitted due to thermal expansion
reguirement, It works fine except there are alse
difficuities, These snubbers are not oply expensive
but alsz require constant maintenance, The snubber
also nas & bullt-in play that allows the restraint
point to move a certain amount before being stopped.
Tnis slack makes the snubber a poor resiraint for
small amplitude, steady state vibrations. A fric-
tioral restraint may be more suitable for some cases.

Figure 6 shows a horizontal loop system whose vertical
motion cen be masily restrained with rigid supports,
The horizontal motion, however, is spmewhat complicat-
ed. tach leg of tne leop needs ap intzrmediate hori-
zontal restraint to resist the earthguake load. Howe
ever, because of the thermal expansion, a rigid hori-
2pnial restraint will create too much thermal expan-
sion stress,  In this case the straight forward ap-
proach s te install a snubber. The gquestion here is
if there is an alterrative approach. The main reason
the loop needs the horizontal vestrainis is becauss
the ynrestrained system will shake in the neighberhood
of the peak response spectra. Once the horizoatal
restraints are installed, the natural frequency will
shift upward to a more favorable spectra range.

&7

Therefore, it is interesting to noie that the horizon-
tal resiraint force required is only about 500 pounds
{222aN}. This magnitude of force is normally tolerable
to an 8 inch (219 mm gutside diameter) pipe. By

using frictional sway braces adiusted at 500 pounds
force, the braces will act as rigid stops during
earthquake event, while puiting Timited restraint
force agairst thermal expansiom movement, Table |
shows the stresses for different support scheme used.
The teble is constructed by assuming that the snubbers
impose no resistance to thermal expansion. In reality
because of the tight seal reguirement, the resistance
imnposed by a snubber can be significant.

Table 1, Pipe Stress Generated by Different Support
Schemes

Pipe Stressipsi}, 1 psi=6.789 KPA
Restraint Thermal Expansion tarthguake
Without Restraint 5450 5030
Rigid Restraints 38390 1380
Snubbers 89506 13840
Frictional brace 14400 1380

The above discussion demonstrates the use of fricticnal
nrace Lo siop a dynemic motion. The fricticnal
restraints can also be used to absorb the dynamic
moticn. For energy absorption, the support point

has to be allowed to move # small amount, The small
rovement coupted with a friction force can effectively
assork the vibration energy thus jncreases the damping
of the sysiem.

CORCLUSION

Piping support systems are gensraily designed by twe
major rules. The support iscations are determined by
the guidance of fhe maximum allowable spans, and the
support types asve salected hased on the expected verti-




cal thermal displacemenis.

There are also rules and

practices adepted to facilitate the design and fo
errors. However, as demonsirated in the
above discussions, there are always exceﬁtian

avoid common

of the rules.

these exceptions, if not

8!

0 each

andlad pro-
perty, can cause difficulties in instaliation and
¢create problems during operation,
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