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ABSTRACT

Title of Thesis: On Analysis of Small Bore Piping Vibrations
Nitinkumar Shroff, Master of Science in Mechanical Engrg., 1984

Thesis directed by: Dr. Benedict C. Sun

This thesis investigates the natural frequency and vibration
induced stress of small bore power plant piping. Straight piping and
piping with concentrated load, such as a valve, located anywhere along
the span are studied. Four different boundary conditions of fixed-free,
simple-fixed, fixed-fixed and simple-simple are investigated, as any
single span piping may be approximated by one of these boundary
conditions.

The results otained for frequency and stress coefficients in the
case of straight piping are plotted. Plots of frequency factor and
stress ratio for the piping with concentrated load are also presented.

The results obtained for the natural frequencies are compared with
the available literature, and it is observed that they are in good
agreement. In the case of single span piping with concentrated load, the
natural frequency asymptotically approaches that of uniform piping as

the concentrated load approaches zero.
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CHAPTER T

INTRODUCTION

Vibrations in Piping Systems are cause for concern in many ways.
The foremost among them are resonance and the possibility of fatigue
fracture due to vibration induced stresses. Some of the other
undesirable effects are:
i)  flow pulsations
ii) higher heat transfer rates due to increased flow turbulence
iii) damage or leakage at critical joints due to fatigue.

The vibration design of piping can be handled with two aspects:
i) fundamental frequency of the system
ii) wvibration induced stress.

The fundamental frequency is very significant because it concerns
the phenomenon of resonance. A state of resonance is imminent when a
mechanical system is excited with a frequency that is very close to the
fundamental frequency of the system. In absence of damping or in cases
of light damping, the system responds to excitation even by the smallest
impulse, with large amplitude of vibration accompanied by large
fluctuating stresses that are likely to cause substantial fatigue damage
and eventually catastrophic failure.

The piping vibrations may be of two types, free vibrations and
forced vibrations. Free vibrations are caused by an impulse which
persists for a very short time. Forced vibrations of the harmonic type
can be caused by inadequately balanced rotary equipment (e.g. pumps).

The vibration induced stress is directly proportional to the



amplitude of vibration. The ratio betwegn the induced amplitude due to a
harmonic forcing input and the static deflection is the 'Dynamic Loading
Factor' or 'Dynamic Magnification Factor' [1]*. The vibration induced
stress can be evaluated if this factor is known. Evaluation of the
fatigue life ( in number of cycles to fatigue failure ) follows the
determination of the vibration induced stress.

The piping system is usually a three dimensional configuration.
However, by applying various boundary conditions to single span piping
the whole piping system can be simulated with good approximation.

The four boundary conditions considered here are:

1) Fixed-Free

2)  Simple-Fixed
3) TFixed-Fixed
4)  Simple-Simple

In addition to uniform span analysis, a single span with
concentrated load, such as a valve, located anywhere along the span is
also studied. The eigen value formulation of the latter is done by the
method prescribed by Prof. Yu Chen [2]. The numerical values to the
equations obtained by analysis are determined making use of
computer-based Numerical Techniques.

In industrial practice, complex vibration problems are analyzed
using available software. However, vibration analysis for small bore

piping (4 inches and under) is frequently done by hand calculationmns.

*
— [ ] denotes references at the end of this thesis



In this thesis an attempt is made to simplify the vibration
analysis of such small bore piping by the use of graphs to immediately
evaluate to an acceptable degree of accuracy the fundamental frequency

and the fluctuating stress. Interactive FORTRAN programs are also

presented.



CHAPTER II

GENERAL EQUATION AND SOLUTION

The equation of motion for a pipe is developed based on the
equation of motion for flexural vibrations of a beam [1}. It is based on
the assumption that plane cross-sections of a pipe remain plane during
the vibrations. Moreover, it is assumed that the materials used in
piping are homogenous and isotropic, the piping spans are of constant
cross—section, and the effects of rotary inertia and shear deformation
are negligible even in cases of spans having a concentrated load. Only

free undamped vibrations are considered.

(0]
,JL“--—/.
x dx

P K

M(/ \‘ M+5M dx
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ot*

Fig., 1 Free body diagram of pipe element and coordinate axes

Consider an element of length 'dx' bounded by the plane faces
perpendicular to the axis and located at 'x' from the left hand support.
For equilibrium, the two conditions that must be satisfied are
i) The summation of shear forces in 'y' direction should be zero
ii) The summation of moments about any point should be zero.

From condition (i),



ZF = O evee 1
y 2 (1)

-8 - Qadxd- + (S + (38Rx)dx) = O,
or 3S/ex = Ra(dy, ) veeo(2)

From condition (ii),

ZM = 0 (about center line of element) eees(3)
S(dx/2) + M +[S + (88/ex)dx] (dx/2) - [M + ( M/ x)dx)] =0
aM . .
or S = =% by neglecting higher order products eess(4)
®
Since’ M = —EI—'—"%_'— oo-o(5)
Ox
Equations (2) and (4) yield:
2 2
25 _ ENQI- =%0\éy2 ,
D= ox 21
52 :'dn Bzyn
then —~— (-fEIsz = %arg-{z—,
nyn Py
P 4] o
and Ebe“' + %ab’t} = 0,
or EI(yn)XXXX +°’a(yn>tt = 0 eeeo(6)

In order to solve the above equation for natural frequency, we assume

harmonic motion, i.e.

yo(xt) = Y (x)sin & coes(7)

4 2
d’yY Row

thus, 411 _ n Y = 0 ceea(8)
dx EI o




or ) SR L S ceei(9)

where the differentiation is with respect to x and

4 Qauﬁ

)n = =1 «e o (10)

.. -1 .
where %1 is in inch = units

2 EX
or w o Ta

2
1 A ET
and f = —, =2 {-——— cps
n 2T 144 Sa P
where ln is in ft—'1 units

2 ET
or £ = 0.0753 . Xn . /—w— cps ee..(10a)

where W is in 1b/ft.

]

|

The general solution to equation (9) is:

Yn(x) = Bl’nsin)hx + Bz’ncos)hx + BB’ncosh)hx + B4,nsinh}hx
eeeo(11)
thus,
] _ _ . .
Yn(x) = )h(Bl,ncos)hx BZ,nSln)hx + B3’n51nh)hx + B4’ncosh)hx)
eeea(12)
thus,
2
1" — _ . _ .
Yn(x) = )h( Bl,nSInAnX Bz,ncos)nx + BB’ncosh)hx + Ba,ns1nh)hx)
ees(13)
Evaluation of B2,n’ B3,n’ B4,n in terms of Bl,n using appropriate

boundary conditions leads to the eigen value equation. On calculating
the eigen value the deflection can be expressed as

Yn(x) = Bl’ﬁYh(x) eeeo(14)



and,

Y;(x) = Bl n}hYg(x) = Bl,n n¢7(x) veeo(15)
where ?n(x), Tr"l(x) and a;‘l(x) are all functions of )‘n and x only, and
() = 0

Equation (14) yields:

(Y_69) By o (a0, v (16)

max

Also, from equation (5),

- " -
M M-D_ -E-Y"(x)-D

T(x) = —= —% = —— eee (17)

7 o1 2

thus,
BB, Xa(x)D
G(X) = l,n nn X (=} psi
n (2) (144)
-EB ¥ (G - (x))

(G, = D max %o o cear(18)

(2) (144)
Equations (18) and (16) yield:
(G, (%)) 4 -E >~ (6, (x))pax D4

= «ee.(19)
(L ) g (2)(148) (T (=)

For the first mode of vibration (fundamental mode), the characteristic
shape can be assumed to be the static deflection shape. Thus,

(Yl(x))max can be assumed to be a multiple of the maximum static



deflection, the multiplier being the Dynamic Loading Factor (DLF).

Thus,

(Y,(x)) = A = (DLF) - (MAX. STATIC DEFLECTION) ....(20)

The stress corresponding to this amplitude 'Al' can be calculated as

“E- A D, -0 (T (x))
(GG, = ! ! 1 max .eo(21)
(2)(144) - ()

11’(Y¢£mmax , and Gi(“))mai are determined numerically by making use
of FORTRAN programs.
For spans with concentrated load the equation of motion (6) gets

modified as [2]:

Ely, . +[Sa + mS(x-xl)]ytt = 0 veea(22)
1N
where jS(x—xl)dx =1 eeae(23)
o
Again, assuming yn(x,t) = Yn(x) sinuht oo ()
v 4+ 2
Yn - xgn - (muﬁ/EI)-(S(x—xl)) = 0 eeea(24)
2
where Xi = Sawn
EX

Equation (24) can be solved by Laplace Transforms, applying appropriate
boundary conditions to obtain the eigen value equation. Also,
expressions for Yn(x), Y&(x) and Y;(x) can be obtained once the eigen

value is obtained.



CHAPTER IIT

SOLUTION FOR DIFFERENT BOUNDARY CONDITIONS

The equations derived in Chapter II are now applied to different
boundary conditions. The four boundary conditions considered here are:
1) Fixed-Free
2) Simple-Fixed
3) Fixed-Fixed

4) Simple~-Simple

Case # 1: Fixed-Free

AN,

*4

S

Fig. 2 TFixed—-free piping with concentrated load

The boundary conditions for this case are:

Yn(O) = Y;(O) = Y;(L) = Y:(L) =0

Uniform span

The eigen value equatiom is [1,3,4,5]:

thus,
Yn(x) = Bl,n ((sin}hx - sinh)hx) - Kl,n(COS}hX - cosh?hx))
eees(14.1)
where K =

1.0 (sinknL + sinh)hL)/(cos}hL + cosh}hL)
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i.e. Yn(x) = Bl,nTﬁ(X)

and Y;(x) = Bl,n); ((-sin)hx - sinh)hx) + Kl’n(cosjhx + cosh?hx))
eeao(15.1)

. " _ 2, =

i.e. Yn(x) = Bl’nlh(ca(x))

Now, using equation (21), the maximum stress in the fundamental mode

—
-E A.D (6, (x))
is (G.l(x))max = 1 0)1 —1 X max PSi
2)(144) (T, (0)_

Span with Concentrated Load (Valve)

The transformed equation of motion is [2,6]:

R o 1 mw%Yh(x1) tats
_ " rHr .
Yo = TOZ—F + LO=——F + —¢3 st
eea(24.1.1)

On using partial fractions and taking Laplace inverse [6], we obtain:

Y_(x) (1/(21’;)) £ Y"(0) - (coshd x - cosX x)

+ (1/(2%))« 7"(0) - (sinhd x - sin x)

et (1) U(x-x,) (simh} (x-x.) (x-%,))
+ X—X sinh)l (x-x — sin) (x—x
2EI)a 1 n 1 n 1

eeea(24,1.2)
where U(x—xl) represents the unit step function at X4

such that,
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Constants YK(O) and Y;’I‘(O) can be determined from the two remaining

boundary conditions, i.e. Y;(L) = Y;;'(L) =0

Thus,
2
-mw-Y (x,) K
n 4
Y"(O) = n ].,Il
. 2 EL ND_ eern(24.1.3)
and,
2
-mwy ¥, (x4) K
Y\\\(O) - n 2’n
n 2 EIL D_ cees(24.1.4)
where Kl,n = sinh)\nxzcoshlnL + sinknxzcosh)\nL + sinh )LnxzcoslnL
+ sin’)\nxzcos lnL - coshknxzsinhlnL - cos)hxzsinh)\ﬁL
- coshX xzsinknL - cosknxzsianL
n veeo(24.1.5)
and Kz,n = cosh)«nxzcosh)\nL + coanxzcosh)\nL + cosh lnxzcosknL
+ cosknxzcoslzL - sinhlnxzsinhknL - sin)hxzsinh}\nL
+ sinhlnxzsinlnL + sin?«nxzsinlnL
veee(24,1.6)
and Dn = 1+ cosh)«nLcos)\nL eeeo(24.1.7)
Letting X=Xy in 24.1.2 results in the eigen value equation:
4o o . C1,n)‘n + C2,n')‘n -0
Ra D
n
e -1 .
where )\n is in inch ~ units,
or,
P\{C. A +C, X
- ) lon  2,nn ) veea(24.1.8)
W Dn

where )«n is in ft"1 units,

and, Cl,n = Kl,n (t:osh%.nx1 - cos)\nxl) veea(24.1.9)



and C2,n = K2,n (sinh).nx1 - sin)hxl)

Now, from 24.1.2, 24.1.3, and 24.1.4,
Yn(X) = HnYn(X> ’

mw% Y, (%)
where Hn = ——

4ET 23
n
and Y (x) =
+ 2 U(X—Xl) (sinh)h(x—xl) - sin)h(x—xl))
and, Y;(x) = Hn); E;(x), where
7 -

+ 2 U(x—xl) (sinh)n(x—xl) + sinlh(x—xl))

12

.s..(24.1.10)

eeeo(24.1.11)

ees(24.1.12)

(1/Dn)(—K1’n(cosh)hx + cos)hx) - Kz’n(sinhﬁ%x - sin)hx))

eee(24.1.13)
0000(2401014)

(1/Dn)(—Kl,n(cosh)hx + cos)hx) - Kz,n(sinhﬁkx + sinknx))

eees(24.1.15)

Now, using equation (21), the maximum stress in the fundamental mode

_ 2=
E AD A (<r1(x))%}£

(2)(164) (T,

is (07

Case # 2: Simple-Fixed

Fio, 3 Simple-fixed piping with comncentrated load
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The boundary conditions for this case are:

Y (0) = YI(0) = Y (L) = Y!(L) = 0

Uniform span

The eigen value equation is [1,3,4,5]:

sinA LecoshA L. = sinhX LcosA L = 0 ve.(9.2)
o n n o}

thus,

Yn(x) = Bl,n (sin)hx - Kl,nsinh)hx) eeea(14.2)
where K1 = cosX L/cosh} L

,0 n n
i.e. Yn(x) = Bl,nYn(X)
" _ 2_. _ .

and Yn(x) = Bl,nxn( 31n)hx Kl,n51nh)hx) eeee(15.2)
. " _ Y-
i.e. Yn(x) = Bl,n)h(ch(x))

Again equation(Zi)can be used to determine the maximum stress in the
fundamental mode.

Span with Concentrated Load (Valve)

The transformed equation of motion is [2,6]:

2

A s ) 1 mwdY, (x,) e
= ' ! .
WS = ROSTE WO Y T .
-0-0(2402.1)

On using partial fractions and taking Laplace inverse (61, we obtain:

¥ (x)

(1/(21n))- YA(O)- (sin)hx + sinhkhx)
+ (1/(2)1)) 11(0) (sinh’x - sind %)

mu%Yn(x1)
+ ——_:QEE;ET—— U(x—xl) (sinhkn(x—xl) - sinln(x—xl))
n
veea(24.2.2)



Constants Y;(O) and Y;TO) can be determin

boundary conditions, i.e. Yn(L) = Y;(L)

Thus,
2
mwy, Y, (%) K
YI(0) = A 1,n
2 ET )nD
n
and )
Y’II(O) = mwn Yn(X1) Kzgn
. 2 EI D
n
where K = -—sinh} x,coshl L + sinh?\
1,n n 2 n h
- sinA x.cosA L + coshd x
n 2 n n
~ cosA x,sinhA L + cosA x
n 2 n n
and K2,n = -cosh)hxzsin)hL + cos)hx2
+ cos)hxzsinh?éL + sinhlh
+ sinh)hxzcosh)hL - sin'a\h
and D = sin)\ Lcoshl L - sinh) Lco
n h n n

Letting X=X, in

-

Cl,n

C2,n

equation 24.2.2 results in

IS ) o

Kl,n (sin)hxl + sinh)hxl)

P A

l,n}n + CZ,n n

D
n

W

where,

and

K2,n (sinh)hx1 - sin)hxl)

Again, using constant Hn as defined earlie

Yn(x) = HﬂYn(x)’

14

ed from the two remaining

0

ee..(24.2.3)

eeee(24.2.4)

xzcosl L + sin) x,cosh2 L

n n"2 n
sinhA L. — coshA x,sinA L
2 n h2 n

2Sin1nL
L) .l(24.2.5>

sind\ L — cosh) x,sinhX L

n n 2 n
x,cos AL - sinh x,cosh L
2 n n"2 n

xzcosh)hL
'...(2’4.2.6)

SlnL ..l‘<24.2‘7)

the eigen value equation:

.o .‘(24-2'8)

eeee(24.2.9)
«e..(24.,2.10)

Ty

eese(24,2.11)
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where,
T.(x) = (I/D)(F; (sindx + sinhkx) + K, (sinh}x - sindx)
+ 2 U(x=x;) (sinh) (x-x;) - sin} (x-x,)) 6,212
and, Y'(x) = Hnlfl G (x), where veen(24.2.13)
aa(x) = (l/Dn)(Kl’n(—sin?hx + sinhﬁhx) - Kz,n(sinhﬂhx + sin)hx))

+ 2 U(x=x.) (sinh A (x-x,) + sinA (x-x.))
1 nt ol el cee (26.2.14)

Using equation (21), the maximum stress in the fundamental mode can now
be determined.

Case # 3: Fixed-Fixed

Fig. 4 Fixed-fixed piping with concentrated load

The boundary conditions for this case are:

Yn(O) = YQ(O) = Yn(L) = Y;(L) =0

Uniform span

The eigen value equation is [1,3,4,5]:
cos)thosh)hL -1=0 ees+(9.3)
thus,
Yn(x) = Bl,n ((sin7ﬁx - sinh}hx) + Kl,n(COS:ix - cosh)hx))
l.l.(14.3)
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where Kl,n = (cos)hL - cosh)hL)/(sin)hL + sinhAhL)

i.e. Yn(x) = Bl,n n(x)

and  Y'(x) = Bl’nxfl ((-sin)x - siah} %) - K, (cos}x + cosh’x))
veea(15.3)

te. Y'(x) = Bl’nx;(a-n(x))

Equation (21) can now be used to determine the maximum stress in the

fundamental mode.

Span with Concentrated Load (Valve)

The transformed equation of motion is [2,61:

2 —-X,S
3 = Y'(0 -———-———s Y"(0) ! + mep¥y (%) e !
n(S) = n )54_ _ _>\4_ + n J 54__ ,)\4_ ET 54_ >\4-

eee.(24.3.1)

On using partial fractions and taking Laplace inverse 6 , we obtain:

Y (x) = (1/(2‘%)) - ¥"(0)- (coshhx - cos x)
+ (1/(2);)) ~Y;YO)- (sinh?hx - sinknx)

mmﬁYh(x1) . ‘
e U(x—xl) (51nh2h(x—x1) - 51nah(x—x1))
2EI Ay,
eees(24.3.2)

Constants Y;(O) and Yn(O) can be determined from the two remaining

boundary conditions, i.e. Yn(L) = YA(L) =0

Thus, 2
-mwy Y, (x4) K1
1] n
0= 2 EIAD ’ 4
D veee(24.3.3)
-mw? Y (x,) K
and o) = th Vv 2

2 EI Dn ceea(24.3.4)
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where Kl,n = sinh)hxzcosh)hL - sin)hxzcoshlnL - sinh)hxzcos?hL
+ sin)hxzcos)hL - coshlnxzsinh)hL + cos)hxzsinh7hL
+ cosh?hxzsinlnL - coslnxzsinl L
o vero(24.3.5)
and K2,n = cosh%hxzcosh)hL - cos)hxzcosh3hL - cosh)hxzcos)hL
+ cos)hxzcos)2L - sinh)hxzsinh)hL + sin)hxzsinh)hL
— sinh A x,sinA L 4 sin) x.sin) L
n727 e vea(24.3.6)
and D = 1 - cosh) LecosA L veeo(24.3.7)
n n n

Letting X=X in 24.3.2 results in the eigen value equation:

P C., A +C,
4 +( ><1’n“+ 2*““>= 0 .o (24.3.8)
W D

n
vwhere, Cl,n = Kl,n (COSh)\nXl - Cos)nxl) ....(24.3.9)
and 2,n Ky o (sinh) x) - sindx) ee..(24.3.10)

Again, using constant Hn as defined earlier,

Y (x) = HnYn(x), cee.(24.3.11)
where,
Yn(x) = (l/Dn)(—Kl,n(cosh)hx - cos)hx) - Kz,n(sinh)hx - sin)hx))
+ 2 U(x=x,) (sinh) (x-x,) - sinA (x-x,))
1 n ol ne ol oee (24.3.12)
and, Y'(x) = H X &(x), where vern(24.3.13)
E;(x) = (1/Dn)(—K1,n(cosh%hx + cos)hx) - Kz’n(sinh}nx + sin}hx))

+ 2 U(x-x,) (sinhA (x-x,) + sind (x-x,))
1 el n oo (26.3.14)
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Equation (21) can now be used to determine the maximum stress in the

fundamental mode.

Case # 4: Simple-Simple

X1 i Xz

Fig. 5 Simple-simple piping with concentrated load

The boundary conditions for this case are:

Yn(O) = Y;(O) = Yn(L) = Y;(L) =0

Uniform span

The eigen value equation is [1,3,4,5]:

sin)nL =0
thus,

Yn(x) = Bl,n sin)hx
i.e. Yn(x) = Bl,nYn(x)

2
and Yg(x) = Bl,n)h (-sin nx)
ie.  Y'(x) = B, (T ()
o n l,nn'n

veee(9.4)

eeea(14.4)

eeee(15.4)

Again equation (21) can be used to determine the maximum stress in

the fundamental mode.

Span with Concentrated Load (Valve)

The transformed equation of motion is [2,6]:
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2 2 %S
L (s) = T(O——— + Y0 ke AR
s = + + .
n Db ok n( Tk ET S W
aoo'(24.4a1)

On using partial fractions and taking Laplace inverse {61, we obtain:
= t . . .
Yn(x) = (1/(2)\n)) . Yn(O) (81n7\nx + 31nh)\nx)
3 e .
+ (1/(2 }\n)) Yn(O) (sinhlnx - sn.n?\nx)
minn(x1)
+ ——————— U(x-x,) (sinh) (x-x,) - sin} (x-x.))
ORI 7‘% 1 n 1 n 1
ceea(24.4,2)

Constants YI'I(O) and YI';'(O) can be determined from the two remaining

boundary conditions, i.e. Yn(L) = Y;;(L) =0

Thus,
~nwX Y (x,) LS
Y;I(O) = 7 .
2 EI X, D_ veeo(26.4.3)
2
mw, ¥, (x,) K
and Y'(0) = n 2,8
n 2 EI D_ oo (26.4.04)
where K = sinh)\ x,sin)\ L - sin} x.sinh X L eeee(24.4.5)
1,n n 2 n n 2 n
and K = sinhX x,sinX} L + sin}\ x.sinh) L eee(24.4.6)
2,n n 2 n n 2 n
and ])n = sin)aninhlnL veee(24.4.7)

Letting X=X, in 24.4.2 results in the eigen value equation:

1

sinh)gnL sin)\nL eeee(24.4.8)

Again, using constant Hn as defined earlier,

, +( P ) sinh>\hx7_sinh')\ﬂx1 _ Sin)\hxlsin)\nx

W

Y (x) = Hn?n(x), eee.(24.4.9)
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<
ey
]
g
1]

(1/Dn)(—K1,n(sinh)hx + sin}hx) - Kz’n(sinh?hx - sin)hx))

+ 2 U(x_xl) (sinh?h(x—xl) - Sin)ﬁ(x"xl)) veee(24.4.10)

]
=
o
4

=2

N
o

j—
]

2—-—
Hn}h 6;(X), where eeeo(24.4.11)

ne

—~
M

~
i

(1/Dn)(—K1’n(sinh)hx - sin)hx) - Kz’n(s1nh)hx + 51n}hx))
+ 2 U(x~x,) (sinh\ (x-x,) + sin) (x-x.))
1 el R oo (26.4.12)
Equation (21) can now be used to determine the maximum stress in the
fundamental mode.

Modifications in equations for the purpose of plotting graphs

The equations obtained are modified to suit the plotting of graphs.
For uniform spans, graphs are plotted for unit values of I, wWand DO
Thus, the user of the graphs only has to scale the graph readings
appropriately during calculations. Three graphs are presented for the
uniform spans, viz. fundamental frequency, maximum static deflection and
maximum bending stress. The amplitude used in obtaining the graphs for
maximum bending stress is the amplitude obtained from the maximum static
deflection graph (which is by assuming DLF=1). However, it is known that
DLF could be theoretically as large as 2.0 for a suddenly applied load.

For spans with a concentrated load, a non-dimensional frequency

factor bn is defined as follows:

bn = )h L eeee(25)

and this non-dimensional frequency factor is used in all equations in
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place of the frequency factor, )h. Thus, the eigen value equation,
the equation for the characteristic shape and the equation for

characteristic stress are all obtained in terms of bn' Graphs are

then presented with R as the abcissa and bn and the ratio

1=
G (Ea(x))max

= as the ordinate respectively.
)
1 max

Determination of the Maximum Static Deflection

The Amplitude to be used in determining the stresses is given by
equation (20) as:

A1 = (DLF) - (MAXIMUM STATIC DEFLECTION) «s++(20)
Thus, it is necessary to determine the maximum static deflection in

order to determine the stresses. The formulas for maximum static

deflection are obtained from Ref. 7 and are tabulated in Appendix - F.



CHAPTER IV

DESCRIPTION OF THE COMPUTER PROGRAMS

Two different programs are presented for analysis, one for uniform
spans and one for spans with a concentrated load. FORTRAN-IV has been
used for the programs. In both cases the method followed in the
development of the program is the same and is as follows:

1) Main program reads the input. The input is interactive and
format-free. Following this, the main program calculates the maximum
static deflection for the case chosen. Subroutines LAMDA, MAXY, and
MAXSIG are then called and the fundamental frequency and vibration
induced stress determined according to the chosen Dynamic Loading
Factor. The main program then prints out the results.

2)  Subroutine LAMDA uses the bisection algorithm to determine the
fundamental frequency function, )1. The number of iterations, 'N'
required for convergence of the algorithm is calculated as follows [81:

103l°(b—03 - lag ()
o3>

, where

'a' — lower limit, 'b" - upper limit and 'e' is the allowable tolerance.

For instance, consider a = 0.00015, b = 0.00015 + 0.005 and € = 0.00001,
then N > 9O iterations. Since the fundamental frequency is desired, 'a'
has to be very close to zero. However, when 'a' is very small, the
algorithm sometimes converges to the trivial solution (zero). This is
due to truncation errors. In such cases, 'a' has to be incremented by a
very small value.

3) Subroutine MAXY and MAXSIG calculate the maximum deflection

22
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function and the maximum stress function respectively. This calculation
is done by first dividing the entire span into small divisions and then
making a numerical comparison between the value of the function at, for
instance, 'x' and 'x + delta'. This comparison is begun from the left
hand support, and is continued until a value is reached which is higher
than its preceeding value.

The equations used for calculating the maximum static deflection
are mentioned in Appendix — F. The symbols and variable names used in
the programs are listed in Appendix - G. A sample run of the programs is
presented in Appendix - B and Appendix - D.

The programs used for generating the data for graphs are similar to
the above programs, with slight modifications. In the case of uniform
spans, the program is run repetitively for different lengths so as to
cover a practical range of length (2' - 14'). The input data to this
program is unit quantities for W, I and Do‘ The Modulus of Elasticity is
chosen as 30:«106 psi. For spans with a concentrated load, the
equations are first modified as suggested earlier (p.20 ) and the
program is run repetitively to cover a practical range of values of R1
and il. These programs are developed separately for each different
boundary condition. The only difference in these programs is the value
of constants like Kl,l’ K2,1’ Cl,l’ 02’1, the eigen value equation, and
the formulas for Yl and 31. Two such programs are presented in
Appendix - E. A sample of the output is also presented along with the

programs.,



CHAPTER V

GRAPHS

Results obtained by repeated application of the computer programs
are presented in graphical form. For uniform spans, three graphs are
presented for each case:

i) Natural frequency for unit values of I and W, (¥
ii) Maximum Static Deflection for unit values of I and W, (A)
iii) Maximum Bending Stress for unit values of I, W and D, )
The graphs are plotted for the range of length from 2 to 14 ft.

For the spans with concentrated load, two graphs are presented for
each case:

i) Natural frequency factor, b1

ii) Maximum Stress ratio, G;
The ranges for the values are:
Rlz 0.1 to 10 (logarithmic)

Elz covering entire span at intervals of L/10

24
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CHAPTER VI

COMPUTATION AND DISCUSSION OF RESULTS

Computation of Results using Graphs

1)

2)

The procedure for using the graphs is as follows:

Uniform Spans: All graphs based upon E = 30 x 106, psi

a)

b)

)

= ’ I
Frequency: f1 =F W cps

where F is frequency coefficient read from the graphs

£
For cases with different 'El', multiply by ’—E%y where

El is the new Modulus of Elasticity

—- -5
Maximum Static Deflection: AO = Ax<¥ )x 10 inches

where A is the deflection coefficient read from the graphs,

For cases with different 'El’, multiply by “g—y where
1

E1 is the new Modulus of Elasticity.

Amplitude: Al= (DLF) - z&o, inches

Maximum Bending Stress: (G})max = S« (‘g&i)bLF), psi

-

where S is the stress coefficient read from the graphs.

1
E1 is the new Modulus of Elasticity.

For cases with different 'E.', multiply by —%%y where

Span with Concentrated Load

a)

Frequency:
First determine: R1 and il

then, from the appropriate graph (depending upon the end
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conditions) determine corresponding by

2
b
thus, £ = 0.0753x<l_‘> -3 SR

W

b) Maximum Static Deflection: Use equations for A and A2’

as listed in Appendix - F.
c) Amplitude: A1 = (DLF) - (Al + Az), inches
d) Maximum Bending Stress:

Find G;, from appropriate graph (p.37 - p.44),

corresponding to the ratios R1 and"i1

EA{D by Y,
= 1se 1 1« G, i
then, (Glme = “zae " ( ‘-) rooPes

Illustrative Examples

1) Uniform Spans:
Consider a pipe span having the following:
Nominal pipe diameter: 1",
Schedule Number: 40,
Pipe Length: 4.9',
End Conditions: Simple-Fixed (Case # 2),
Dynamic Loading Factor: 1,
Now, using Ref. 9 , we obtain the following:
Outside diameter: 1.315"
Moment of Inertia, I : 0.0874 in”
Wt. per unit length of empty pipe, W : 1.68 1b/ft.
Now, using Fig. 9, the frequency coefficient, F, corresponding to a

length of 4.9' is F = 264

I |0.0874 _
thus, fl =F w = 264 1.8 = 60.2 cps.



same

2)

and, the deflection coefficient, A, (using Fig. 10, length = 4.9"),

is A =2
thus, A = A A 10—3 inches,
0 I
1.8 -3
= e = 0. i
2 0.0874 10 0038 inches

thus, A, = DLF A

1 = (1) (0.0038) = 0.0038 inches

0

Finally, the stress coefficient, S, (using Fig. 11, length = 4.9'),

is § = 10.125

= (W
thus, (G‘)max = S (T) D, DLF
1.e8 .
= 10.125 (c»osq;)‘l'sls = 255.9 psi

47

For purposes of comparison, the interactive program is run with the

data, and the results are as follows:

Quantity Graph result Program result
Frequency 60.2, cps 60.4, cps
Amplitude 0.0038, in 0.0035, in
Maximum bending 255.9, psi 266.5, psi
stress

Span with Concentrated Load

Consider the same pipe span with the following modificatiomns:

Weight of valve, P: 20 1bs (standard flanged bonnet gate valve,

ref. 9, p. 178)

Valve location, x, : 1.5',



End Conditions: Simple-Simple (Case # 4)

P 20
N R, = = = .
S R T T
- >4 1.5
and, X = L = 29 = 0.306

Now, using Fig. 24, the frequency factor, bl’ is found as

b, = 2.17; and thus,

1

2
b f E1
frequency, f1 = 0.0753 ( C ‘> w s CPS

2 -
. _ 2.1% 30x10°x0.0874 _
ie. £, =0.0753 (4.9 )\/ v = 18.45 cps

Also, using Appendix - F, the maximum static deflection is
calculated as:
3 2 2% 3 2459
A = (12) By (& -x{) _  (12yx20x15 (4.9%-1.5%)

1 9J% EIL 9/F -50x10°x4.920.0874
0.0262F inches

T o - [#152
and, x . = L — = 4.9 = = 2.21 §t.

W Xmax 3

ndy by = g

i

3
- 2Lx7"-nax + *‘:’WE x(12) = 0.0082 inches.

Thus, A = (DLF) (Al + AZ), inches
i.e. A. = 0.03447 inches

Finally, using Fig.25, the maximum stress ratio, G is G, = 2.48

2
EA{ Do . < b( ) . G-Y Ps{
max 288 L

(&)



50x10"x0.0544-h1.315_ 2.1% 2. 2.48
288 4.9

i.e. (6'1) 2296.5 psi

max

Again, the results from the interactive program and the graphs are

compared as follows:

Quantity Graph result Program result
Frequency 18.45 cps 18.23 cps
Amplitude 0.0345 in 0.0345 in
Maximum bending 2296.5 psi 2275.5 psi
stress

Verification of Results:

The results for fundamental frequencies for uniform spans are
compared with those given in Ref. 10, p. 262. For purposes of
comparison, let L = 3.0 ft., E = 30 10° psi, I = 0.0874 in” and

W= 1.68 1b/ft. (Nominal pipe: 1", Sch. 40, empty pipe).

Fundamental frequency comparison, (cps)

Case Calculated result Result from Kellogg [10]
Cantilever 36.85 36.78
Simple-Fixed 160.5 161.0
Fixed-Fixed 231.5 234.5

Simple-Simple 102.6 103.1
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Thus, it can be seen that the results for frequency of uniform
spans are very close to that of the quoted reference.

The results for the fundamental frequencies for spans with
concentrated load can be compared with those given in Ref. 11. However,
Ref. 11 provides values for particular cases only (Simple-Simple and
Fixed-Fixed, il = 0.5). On comparison, it can be observed that the
results agree very closely. Another check for the results is the
asymptotic value of bl’ i.e. the value when Rl = 0 . These
values are obtained from equations for uniform spans. Also, since the
method applied is an exact method, the results are authentic.

The calculation of maximum bending stress is very much dependent
upon the calculation of the eigen value, The eigen value is used in
determining the characteristic shape and then the characteristic stress,
Since the eigen values are verified, the characteristic shape and
characteristic stress are also verified. However, the algorithm used to
determine the maxima of the characteristic shape and the characteristic
stress function is found to calculate only one maxima even in the cases
where more than one may be present. For instance, in the case of the
Simple-Fixed end conditions, the maximum bending stress is calculated
based upon the first maxima obtained while numerically comparing the
characteristic stress function from the left hand support. It can be
observed that this maxima happens to be the stress corresponding to the
maximum positive bending moment, whereas there is a possibility of the
negative bending moment at the fixed support being numerically greater
than this positive bending moment. Thus, in this case only maximum

stress in the pipe is found, excluding the stress at the fixed support.



CHAPTER VII

CONCLUSION

The graphs and computer programs presented in this thesis can be
used as good vibration analysis tools. The natural frequencies estimated
can be used as a guide to avoid resonance and subsequent fatigue damage.
The maximum calculated alternating stress intensity due to repetitive
vibrations should be limited for ASME Class 1 piping systems as follows:

Cy Kz-(_;,) < 0.8'8,
in which C2 and K2 are the secondary and local stress indices,
respectively, as specified in the ASME Boiler and Pressure Vessel Code,
Section IIT, M is the maximum dynamic moment due to vibration only or in
combination with other loads as required by the system design
specification, and Sel is the endurance limit of the material, In
this thesis, the maximum stress due to vibrations has been determined.
Thus (2%) in this equation can be replaced by (G]%agr a combination of
(G]znqxand the other stresses as appropriate, and the system can be

checked for the maximum altermating stress criterion.
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CHAPTER VIIT

APPENDIX - A

LISTING OF FORTRAN PROGRAM FOR UNIFORM SPANS
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INTERACTIVE PROGRAM FOR ANALYSIS OF
FROGRAM # 1 — UNIFORM SFANS

COMMON K
DIMENSTON M3 (209
DATA IN/1/s X027

WRITE (1022
FORMAT (EX» "ENTER THE DATAT Dl.D2,D3
WRITE (1039

FORMAT (10X 701 — NOMINAL PIPE DIAME

%/v10Xy ‘12 - SCHEDULE NO. ‘s
K/v10Xy ‘03 - OUTSIDE OIAMETER, INCHE
%/910Xy ‘D4~ LENGTH OF THE PIFE, FEE

WRTTE (T0»4)

FORMAT (LOXy /15~ MOMENT OF INERTIA»
%7y 10X ‘TE - YOUNG'S MODULUSs (LES/S
%/e LOXy P17 = WETGHT PER UNIT LENGTHy
%Ay LO%e ‘DE - DYNAMIC LOADING FACTOR,

READCIMe N PNy NSy 0Dy Xy X1y Ev F

WRITE (L0463
FORMAT (/83X "ENTER THE CASE NUMBER’

FORMAT (10X "CANTILEVER ENTER 174/
ALOXy " SIMPLE~FIXEDy ENTER 279/
ALOXy FIXED-FIXED s ENTER 374/
ALOXy 7 SIMPLY SUPFORTEDy ENTER 47¢/)

READ (INsXIR

GOOTD (8100125140 K
GO TO B8

WRITE (I0:93

FIFING VIBRATIONS

s N4y NS NGy N7y DR 9 /)
TERy INCHES

"
H7 9

Ty

CINCHES %47y

QUARE THNCHES) <
(LBEAFT ) s
(MON-DIMENSTONALY 7 5 /)

y [

v /)

FORMAT CEXy 70k UNIFORM CANTILEVER dokdk’ /)

GO TO 16

WRITE (1011
FORMAT (6Xy X%k UNIFORM SIMPLE-FIXED

GO TO 14

WRITE (10s13)
FORMAT (6Xy *¥kk UNIFORM FIXED-FIXED

GO TO 146

KXy /)

KAy /)

53



WRITE

(1015

FORMAT CAXy %k UNIFORM SIMPLY SUFPORTED %%%’ /)

WRITE
FORMAT
LLEy /)
WHITE
FORMAT
WRITE

(L0170 PNy N
CEXy 7 NOMINAL
CIO»18 DF

CAHXy "TYHNAMIT
(1018

8

FIFE DIAMETER =/yFé&,395Xy 7 SCHEDULE

FAUTOQR:= o FS, 29 /)

FORMATOPX y T LENGTH » 85Xy " FREQUENTY 7 v 4%y “AMPLITULE “ v 4%

AIHMAXIM
WEITE

UM BTRESES
(TQ»207

54

N, =7

FORMAT (X 7 (FEETY 2 v 76y 7 (CPE) o 7% C CINCHES ) 7 o 8Xo  (FEL)Y 9 /)

G0OOTO

(21222239249

v I

Ao DIFR21 S QR RXLAkA /(BT

G0 TO

sy
-

et

Ao TFRD  QOHARFRXL kG2 OddE/ (EXX T

GO TO

ey
Keoad

A OFRP AL R AR 2. OB/ (384 OREXKT)

GooTO

ey
25

A= DFRD L ON L2 kR kXL Ak a /(384 OkEXXT)

Call LAamMDe CXly XLAMIA)Y

GO TO

(26927928 29)

v K

AR = (GINCKLAMDARKL)Y 4+ STNHIXLAMDAXKL)Y )/ (DS (XL AMDARYL)

ACOSHX
GO oTO

LAMOARKL) )

&0

AR = COS XL AMDAXXL)Y Z/COSH (XL AMDARXL )

GO TO

X0

AR = (COSXLAMDARKL)Y ~COSHOXLAMIARXLY Y /(S IN XL AMDARXL).

Z CXLLAMD
GO TO

AR = 0

EE S AN
30

.
« 0

CALL MAXY CXLAMDOA » XL v ARy YMAX v XMAXD
CaALL MAXSTIG(XLAMDIA XLy AR STOEMAX » XEMAX)

FROo= O OV SERALAMDAREDREQRT (EXX T/

STRESS

= (HRERODEXL

AMDAKK2RETEMAX Y /144, 02 OXYMAX)

+

SIMH

¢



X7

WRITE (102310 XLy FRe Ay STRESS
FORMAT(EXyF10. 454Xy FLO Gy d4XsFB Sy 7XeF 9,30 /)
WRITE (10»32) XMAX

55

FORMAT(EXy "AMPLITUDE (MAXIMUM DEFLECTIONY AT X="»F3.2¢1Xe FT .7

WRITE (I0s33) XGMAX
FORMAT (&6Xy “MAXIMUM STRESS AT X=/yFS5.2y1Xs "FTe " s//)

WRITECIOY34)
FORMAT (&Xy "REFEAT CALCULATIONYy YES=1ly NO=0"y//)

READN (IR M

IFMEQR.Q) GO TO 58

WRITE (I0»35)

FORMAT (/96X SAME DATA WITH DIFFERENT CASETs YES =1y NO=0s/)

REAL (INs A M4

IFMa . NELO) GO TO 35

WRITE (103647

FORMATC/ » 6Xy FFRESH DATA OR MODIFICATION?y ENTER 1 OR 079/

REAT (LM% Ml
ITF(HML oNEOY GO TO L

WRITE ¢10»37)
FORMAT(6Xy 7LTST OF DATA WITH SERIAL NUMBERSE y»//

e 8Xy )L — NOMINAL DIAMETER N # 2 - SCHEDULE ND. s/

e @Xe 3 - OUTSHSIDE DIAMETER N # 4 -~ FIFE LENGTH v/
AvEXy A D - MOM. OF INERTIA N 4 & - YOURNG"S MO, s/
e H 7 - WT o« /LENGTH N B - DYNAMIC FACTOR  y /)
WRITE (10,38)

FORMAT (&Xy “ENTER NUMBER OF CHANGES DESIRED s/

READ (TMNyk) M2
TFAM2.LE.0) GO TD &

WRITE (1039
FORMAT CAXy "ENTER DaTa NUMRER(S) WHICH ARE 70 BE CHANGED s/

READ (LN xd (M3(T1)y Tl=1yM20

K1o=1

M&G = M3I(K1)



41

42
43

44
45

44
47

GO TO
Ki = Kl + 1
TFORL.OGT. M2
GO TO 40

GO TO 5

WRITE (105430
FORMAT (/9 &Xy TENTER
REAT (INeX) FN

GO TO 41

WRITE (IQy45)
FORMAT (/9 6Xy TENTER
REAT (TNeX) NG

GO TO 41

WRITE (1047
FORMAT (/X y TENTER
FEa (IMeXy 0D

GO TO 41

WRITE (I0»49%)
FORMAT (A v 6Ky TENTER
READ (InNe#%) XL

GO TO 41

WRITE (T0»%12
FORMAT (/» &Xy TENTER
FEaln (T X1T

GO TO 41

WRITE (IT0:%93)
FORMAT (/» &6Xy TENTER
READ (TNs#) L

GO TO 41

WRITE (I0y35)
FORMAT (/# &6Xy TENTER
REATN (TMsxs F

GO 1D 41

WRITE (I0s57)

(4294454534850 529y8499560

NE W

HEW

NEW

NEW

NEW

NEW

NEW

56

Mo

NOMINAL PIFE DIAMETER /)

SUHEDULE ND«7 v /)

ODUTSTOE DIAMETER' » /2

FLIRE LENGTH « /2

MOM. OF INERTIA¢/)

MOTIULUS v /)

YOUNG"S

WY FER UNIT LENGTH? »/3

FORMAT (/» &Xy “ENTERNEW DYNAMIC FACTOR v/

REAL CINs¥) IF
GO TO 41

STOF
END
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JI1ILLIIIIIIIII I TIL LTI LTI EIELITIT I I IITL TIPS IIIII 7777

jan i e

SUBRROUTINE LAMDACXL » XLAMDADY

SUBROUTINE FOR FINDING ROOT OF EQATION BY BISECTION ALGORITHM

IO 0

—
3

EFG = 0.,00001
f( L OO0LO
1 B=pt 00058
ITFOFUNCAy XLIRFUNCR XL L LT 0.0 GO TO 2
SE
GO TO 1

2 00 4 I=1s1%
Fft (B-A) /2.0
IF (FUNCF L) GEQL 00 OR« (B-A) L LT.EFS) GO TO &
IF COFUNCAY XLYRFUNCEY XL ) W BT.0.0) GO TO 3
Raap
GO TO 4
3 fr=F
4 CONTINUE

G XLAMDA=P
FE T U
N
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e LELIIIILIITIFIIPT I TSI PP IS AT TSI IS L I I TII I LIPS FP77 S
SUBRDUTINE MAXY (XLAMOA XL ARy YMAX X0
C SUBROUTINE TO CaALCULATE MAXTHMUM DEFLECTION FUNCTION

A=0.0
DELTA=XL./7100.0

PO 1 T=1s100
AKNEW=X + DELTA
ITFOX.GT.XL) GO TO 3
Y2=Y (XL AMDA y XNEW» AKD
Yi=Y (XLAMDAy X AKD
TFCCY2-YL.LT.0.0) GO TO 2
X=X NEW
1 COMTINLE

Y M K=Y L
RETLRMN
END

[ES RN o6



[ S o i o}

g
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JITIIETILIILIIIIS PP IIIIIIIIT I IS I IITIIL IS IPII 077077777
SURROUTINE MAXSIG (XLAMDA» XLy AKy BIGMAX y XD
SURROUTINE TO CALCULATE MaxXIMUM STRESS FUNCTION

X=040
DELTA=XL/100.0

DO 1 T=1y100
XNEW=X + NELTA
TFOXLGT XL GO TO 3
SIG2=8T06MA CXLAMIA » XNEW s AKD
SLGL=810MA CXLAMDA Xy AKD
IFCCBTE2-8T640) . LT.0.0) GO TO 2
X=X NEW
CONTEHUE

SIoMaX=510G1
i T U R
EEMT
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£ A e S N S E S RN

FUNCTION FUN(XyXL)
COMMON K

GO TO (1293043 4K

1 FUN = COS CORXLYXGOSH (XORXLY + 1.0
GO TD 5

2 FUN =  STNOXEXL )Y RC0GH CORXL)
% STNHOOKXL Y RCOS (RN
GO OTO 5

3 FUN = COSCXHALIKRCOSH CXEXL) ~ 1.0
GOTO H

bl FETURRM
END



g
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N S S SR RERN

FUNCTION Y (XLAMDOA Y Xy AR)

COMMON K

GO TO (1+2+354) K

Y =akS(  SINXLAMDAXX) - SINHIXLAMDAXX) — AKX (COS(XLAMDAXX)

A COSHOXLAMDAXXY) D)
GO TO 5

¥ = ARS(SINCXLAMDARX) —~ AR (ETHHXLAMDAXX) ) )
GO TO H

Y o= ARG O SINCXLAMDAXX) — SINHOXLAMDAXX) + AKX (COS (XLAMIAXX)
e COSHOXLAMIAKRXY )

GO TO 5

Y o= ARBS( SINCXLAMDAKXY 4+ AK )

RETURMN
D



G

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\R\\\\\\&\\\\\\X%

FUNCTTON SIGMACXLAMDA Y Xy AR
COMMON K

GO T (1s2+344) K

SIGMA = ARS(  ~BINCLAMDAEX) - SINHOXLAMDAXX) +
Ank ok (COSOXLAMIAXXY + COBHOXLAMDAXX ) )

GO TO B

SIEMA = ARS(-SINCXLAMDARX) — AKX (SINHXLAMDAXX)))
GO TO 3

SIGMA = ABRSC ~SINCXLAMDAaXXY — SINHIXLAMDAXRXY -
Ak (COSOXLAMIDAXX) + COSHOXLAMDAXNY DY)

GO TO &

STGHA = ARS( BINCXLAMDANXX) + AK )
RETURN

T
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CHAPTER IX

APPENDIX - B

SAMPLE RUN OF FORTRAN PROGRAM FOR UNIFORM SPANS
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XEFASTFOR

@y

ENTER THE

i
na
LI
L4
0%
I1é
0z
ng

{CONVERSATITONAL

VER 102%x%

DATAZ DLsD2y 03 D4 D506 D7+ 1S

NOMINAL PIPE DIAME

SUHETULE NO.

OuY
LENGTH OF THE

STOE DIAMETER

MOMENT OF INERTIA»

YOUNG*S MODULUS

BIRE

TER

NG

INCHES

» FE

HE S

CINCHES Y X% 4

WETGHT PER UNIT LENGTH»
DYNAMIC LOADNING FaA

CTOR

{1

(LES/SQUARE TNCHES)

BE/FT.)

(MOM-DIMENS TONALD

K1e0s4051.315+4.950.0874+30006s1.68¢1.0

*1

*1

ENTER THE CASE NUMBER

CANTILEVER: ENTER 1

TXED ERN

FIXED-FIXEDy ENTER
SIMPLY &

¥xk UNTFORM

NOMINAL

FIFE

UPFPORTETL EQTER

CANTILEVER Xk

DIAMETER = 1.0

DYNAMIC FACTOR= 1.00

LENGTH
(FEET?

4.9000

FREQUENCY
(CFSH

4

o1y

AL L TUTE

SOHETIULE NO. = 40

MAXTMUM STRESS

CINCHES? (F&I

Q.07978

AMFLITUDE (MAXIMUM DEFLECTION) AT

MAXIMUM STRESS AT X= .00 F

REFEAT CALCULATIONT, YES=1,

Te

NO=0

Vo

L&22.73%

4,90 FT.
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SAME DATA WITH DIFFERENT CABE®T,

YES
*1

ENTER THE CASE NUMBRER
CANTILE ENTER 1
SIMPLE~-FIXEDy ENTER
FIXED-FIXEXDs ENTER
SIMPLY SURFORTET

2
3
EENTEF

4

¥k UNTFORM SIMPLE-FIXED ok

NOMINAL FIFE DIAMETER = 1,000

G
DYHAMIC FACTOR= 1,00

LENGTH
(FEET)

FREQUENTY
)

WD

AMFL I TUDE
CINCHES S

44,9000 H0. 408005 000345

AMPLTTUDE (MAXTIMUM DREFLECTIONY AT X=

MAXTMUM STRESS AT X= 1.86 FT.

REFEAT CALCULATIONTy YES=1ly NO=0

*1
SAME DATA WITH DIFFERENT CASEY, YES

X1
ENTER THE

CASE NUMBER

CANTILEVERy ENTER
SIMPLE-FIXED, ENTER

1

bt

FIXEN-FIXETy ENTER 2

SIMPLY SUPFORTEDR, ENTER 4

*3

65

mly NO=O

CHEDULE NO. = 40

MAXIMUM STRESS
(FS1)

266,597

2.086 FT.

=1y NO=0



*1

X1

%4

*1

¥k* UNIFORM F

NOMINAL FIFE

IXED~FIXED

DTAMETER =

DYNAMIC FACTOR= 1.00

LENGTH
(FEET)

4.9000

FREQUENCY
CCP&E)

87.65927

K

1.000

AMPL I TUD
(INCHES

0.00168

AMPLITULE (MAXTMUM DEFLECTIONY AT X=

MAXIHMUM STRESS AT X=

REFEAT Cal.CUL

0.00 FT.

ATIONT» YES=1ly NO=0

SAME DATA WITH DIFFERENT CASET. YES

ENTER THE CASE

CANTILEVE
STMPLE~FI

NUMEE R

Ry ENTER 1

XEDy ENTER 2

FIXED-FIXEDy ENTER

SIMFLY SUPFORTED

3
ENTER 4

Rk UNIFORM SITMPLY SUPFORTED %ok

NOMINAL PIFE

DTAMETER =

DYNAMIC FACTOR= 1.0C

LENGTH
(FEET)

4.9000

FREQUENTY
(CFS)

8. 66884

1.000

AMPLITUD

MAXIMUM STRESS AT X= 2.45 FT.

REFEAT CALCULATIONTy

YES:=1y NO=0

SCHETIULE

i MAXI
)

245 FT.

=1y NO=O

E MAXT

2.45 FT.

NO. = 40

MUM STRESS
(P51

267,184

N e = 40

MUM STRESS
(P51

467953
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k0

0

¥1

%4

¥4.6

¥1

X1

SAME

FRESH IiATA OR

LIST OF

1
3
o]

ENTER

ENTER

ENTER

ENTER

DATA WITH DIFFERENT CASET» YES =1y

MORIFICATIONTy ENTER L OR

naTa WITH SERIAL NUMRBRERS?

NOMIMAL DIAMETER N\
QUTSTOE DIAMETER N\
MOM. OF THERTIA X\
WT e ZLENGTH N

2 - SCHEDUL
# 4 -~ PIFE LE
# 6 ~ YOUNG'S
# 8 - DYHAMIC

NUMEER OF CHANGES DESIRED

NO=0

0

E N0
NGTH
MO .
FACTOR

DATA NUMBER(S) WHICH ARE TO BE CHAMGED

NEW FIFE LEMGTH

THE

CASE NUMRBER

CANTILEVERy ENTER 1
STMPLE-FIXEDs ENTER 2
FIXED-FIXED, ENTER 3

SIMFLY SUFFORTEL,

k% UNIFORM CANTILEVER dEX

ENTER

4

NOMINAL FIFE DIAMETER = 1.000 GUHED

DYNAMIC FACTOR= 1.00

LENGTH FREQUENECY
(FEET) (CFS)

4,46000 15.63136

AMFLITUDE
(ENCHES)

0.06197

ULE NO. = 40

MAXTHUM STRESS
(FSI)

1430, 133

AMPLITUDE (MAXIMUM DEFLECTIONY AT X= 4.460 FT.

MAXTMUM

STRESS AT X= 0,00 F

REFEAT CALCULATIONTy YES=1ly

T,

NO=0
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SAME DATA WITH DIFFERENT CASET» YES =1y NO=0O

ENTER THE CASE NUMBER

CANTILEVERy ENTER 1
SIMPLE-FIXEDs ENTER 2
FIXED-FIXEDy ENTER 3
SIMPLY SURFORTEDy ENTER 4

fdok UNTFORM FIXED-FIXED ¥k
NOMINAL FPIPE DIAMETER = 1.000 SCHEDULE NGO, = 40
DYNAMIC FACTOR= 1.00

LENGTH FREQUENTY AMPL T TUDE MAaXIMUM STRESS
(FEET) (CFED CINCHES) RGED

46000 G 46T1Y 0.00129 REG A48T
AMPLTTUDE (MAXTHUM DEFLECTION) AT X= 2.30 FT.

MAXIMUM STRESS AT X= 0.00 FT.

REFEAT CALCULATIONTy YES=1ly NO=O

%1

X0

SHME DATA WITH OIFFERENT CASET» YES =1y NO=0

FRESH DATA OR MODIFICATIONT. ENTER L OR O

LIST OF

s s s o
N AL =

DATA WITH SERIAL NUMRBERS

NOMTNAL DEAMETER N & 2 - SCHEDULE NO.
QUTSINE DIAMETER N~ # 4 -~ FLIFE LENGTH
MOM. OF INMERTIA N # & ~ YOUNG"S MO.
WT+ ZLENGTH S8~ DYNAMIC FACTOR

ENTER NUMBER OF CHANGES DESTRED



ENTER DATH NUMRBERSY WHICH ARE TO RBE CHANGED
by 8
ENTER NEW YOUNG"S MODULUS
KC’? +Se0b
ENTERNEW DYNAMIT FACTOR
fl.1
ENTER THE CAaSE NUMRBER
CANTILEVERy ENTER 1
SIMPFLE~-FIXEDy ENTER 2
FIXED-FIXEDy ENTER 3
SIMPLY SUPPFORTED ENTER 4

%3
¥kk UNIFORM FIXED-FIXED 3ok

NOMINAL FIFE DIAMETER = 1.000 SCHETIULE NO. =

DYNAMIC FACTOR= 1,10

40

LENGTH FREQUENCY AMPL T TUDE MAaXIMUM BTRESS

(FEET) (CPE) CINCHES (P51

4.6000 879984 0.00144 29013

AMPLITUDE (MAXIMUM DEFLECTIONY AT X= 2,30 FT.

MAXIHMUM STRESS AT X= Q.00 FT.

REFEAT CALCULATIONTy YES=1y NO=0

X0

33b .
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CHAPTER X

APPENDIX - C

LISTING OF FORTRAN PROGRAM FOR SPANS WITH A CONCENTRATED LOAD (VALVE)
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&

C

INTERAUTIVE FROGRAM FOR ANALYSIS OF PIFING UIBRHTIﬁNS
FROGRAM & 2 - SFANS WITH VALVE AT ANY LOCATION

COMMON K

DIMENSTION M3 (20)

Dava INAL/7y 10727

WRITE (TO»2)

FORMAT (X TENTER THE DATAT DLeDZyRE D405 D& 07508 DF e DL 7

WRITE (I0y3)

FORMAT CLOX e "I~ NOMINAL FPIFE DIAMETERs INCHES
A9 10Xy N2 - SOHEDULE NO. 7y

79 10Xy N3 - QUTSINE DIAMETERy INCHES

A7y 10Xy T - LENGTH OF THE FIFEy FEETZ O
WRITEC(TO»4)

FORMAT CLOXy “IS ~ MOMENT OF INERTIAy (INCHES Y X4y
A7 10Xy TG - YOUNG"S MODULUS, (LBS/SOUARE INCHES)Y 7y

A/ LOXy N7 - WETGHT PER UNMIT LENGTHy (LRBS/FTe) s

Al LOXy 18~ DYNAMIC LOADIMNG FACTOR: (NON-DIMENSTONALY )
WRITE (105)

FORMATCLOXy "119 — WETGHT OF UALVE, (LRE.) s/

Zy 10Xy 7100 -~ LOCATION OF VALVE (FROM LeH. &) (FTW )79/

READCINy ) FMy NE» 0Dy XLy XI» Ey Py DFy Wy X1

TFOALLETCXLY GO T 67
Foo= X1/X¥L

X2 o= XL-X1

Al o= WP

WRITE (102

FORMAT (/s SXy ENTER THE CASE NUMEBER»/)
WRITE (IO 8

FORMATCLOXy “CAONTILEVERy ENTER 17y/
ALOKy "HEIMPLE-FIXEDy EMTER 279/

ZLOXKy "FIXED~FIXED y ENTER v/
ALOX e PGIMPLY SUPFDRTEDy ENTER 475/

READ (INy%IK

GO TO (9y11y13s15) K
GO TO &7

WRETE (L0»10)
FORMAT C&Xy 7dk¥ CANTILEVER WITH VALVE XXk s/)
GO TO 17

WRITE (IT0»12)
FORMAT C&X e 280k STMPLE-FIXED WITH VALVE ¥k v/

71
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GooTo 17

13 WRITE (I0r14)
14 FORMATCOEX » "3k FIXED - FIXED WETH VALVE X%/ y/)
GO TO 17

15 WRITE (10»14)
16 FORMAT(AXy 78k STMPLY SUPPORTED WITH VALVE sk’ »/)

17 WRITECIO» 18 WeXl
18 FORMAOT COX e "WT . OF VALVE= s FE. 291Xy "LEBE 794Xy
AOVALVE LOCATION=  vFE. 21Xy "FT, v/
WRITE (TQe19) PNy NE
1% FORMAT(SXy 7 NOMINAL FPIFE DIAMETER =/»F6é6.3s53Xy 7 SCHEDULE NO. =7y
AlZe
WRITE (I0.20) IF
20 FORMAT CAXy “OYNAMIC FACTOR=yFH.2y//)
WRITE (IT0e213
21 FORMAT O3 TLENGTH » 4Xy " FREQUENDTY “ v 4Xy 7 AMPLITUDE s 4%
AMAXIMUM STRESSE D
WRITE (I0:220
23 FORMATO?Xy 7 CFEET Y v Xy 2 (CPEY o 77Xy " CINCHES Y o 88Xy P (FEID v /D

GOOTO (23:24,29934) 5K

23 GOV = CWARXLHREIK (R, OXXL = XL DKL2 0% E) /(& OXERXT)
G2 = (206 OXPRXL kA /(XKL
A= DFRCEDL 4+ 802
GOTD 3E

24 IFCR~0.414)) 25246427
i XMUM = ARE 0 WRXLROXLRRD ~ XLk Hk3% 12, 0%k3 )
DEMOM = ARG  F. OKERXTHII . 0%ALA0kD2 ~ XIRKZrkxd )
B = XNUM/DEMOM
K s Lo O EX LA 0 /03 OO - XLk 2)
G2 = ARSC P ok (F, 0RXLECXMAX I HRE ~ 2. 0% CMAXI ¥4 ~
A KL AREE CKXMAX ) IXRL2, OXXI/ (48, OXKERXT ) )
Go T 28

2b GL1 = Q. 009BKWAXLRKXZXLZ ONXI/ (EXXT)
Y¥MAX = FoEX)
I = ARSC P % (F.0RLERCXMAXYRES ~ 2, 0K IXMAX) X4 -~
A AL ORI R CAMAX D INL2 L O%KZ /(48 OXEXXT ) )
GO TO 28

27 GOL = ARG C WRLR ORI LAY 2REZKREART (X L/ (2 ORXLAXL) )/ (b KEXXTY)
AMAX = XLAGQRT (L~ (2 0K/ (3, 0%XL~XE0 )2
Sh2 = ARG P ok (3, 0RXLK (XMAXIHKE ~ 2, 0% (XMAX)Y XX4 -
Ao XLAKIR CAMAX ) PHL2, ONRE/ (48, OkEXXT) )



28

:
29

30

o

32

342

38

39

%

ns
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TFCCR-QEY ) R0e 3132
R DA Nk G B 3
AMAX = Xl - 02Ol
S = ARG O PaMAKk
(24, 0%ERXTY 3

GO TD 33

Lo BNk L2 QAR B O3 ORERL TR CXL A2 QK 2ok )
EX R ANPE 4 B SEINAY SO
SR CE DXL MAK ~ MLOERD - MMAXRED2 S

UL = AREC WXL kSRR, QXA (L2, O%ERET Y )

U2 = ARG 0 PRXLACkAN 2, OkkE L (ER4ORERHTY
GOTO AR

SoL = AREC 20Nk EAONR2H L2 OM R CE OB Dl XL A2 s LWk 20
XM = 2 OO XL /A OXL A2 0L D

G2 = ARG FPRMAXARm2¥ (2 0L AMAY ~ XLoERR - RKMaXdk2) s

(24, O%ERXTY

A o= DFEXCEDL 4+ 025
GOTO 36

TEFCOCR-Q 52 R4l e X410 342

SO = WL o Gl (O gk -k 2 okl S50/ 09 Okl 7320 0H5CHKE ST
XKMAX = Wl o~ SORT OO -T2y /73,00

G2 = ARG PRXMAKE OS2 O KLk X0 Y R X MAX I Y L2 o Qa3

Ao AC24, 0%ENXT Y )

Ho L2 ORERRKT

GO TO 343
SOL = W2 Qe 2k OO LA -2 ok 8 AR O ZE205 LR DD
XMax = Xl - SORTCOXLERD-X2HK2 073,00
SU2 = ARS O PoRXMAXK COXLAKED ~ (25 ORNLAKMAX K2 Y XM ) 4L 2 Dk i
Yo
Ao OFRCEDL 4+ &I

Gl LAMOa CXl e My X1 o X2 XLAMOAy CONET Ly DONSTZ CONEGT I
Gl M&aXY COONET Ly CONST2y COMNSETE ¢ XLAMIA » Xl o X1 o YMAX » XYHAKD
Call MAXSTGOOONST Ly CONST2y CONETR o XLAMDAy XLy X0 ¢ STEMAX » XEMAK)

FRos 0. 075300 AMIAKKZRSORT CERXT/F)

STRESS = (ARERDDKXLAMDAKKS IAX) /(144 O%2 L OXTYMAY)
WRITE (I0e36) XLy FRy Ay & ;

FORMAT CSX s F10.4p AX 0 F9 5y 4Xs
WRITE (TD»37) XYMAX

FORMAT CA6X s AMPLITUNE (MAXTMUM DEFLECTIONY AT X/ pFS, 201X (FTo v /)
WRITE CLOs38) XEMAX

FORMAT (6X s “MAXTHUM STRESS AT Xs oFH.2vIX0 FT, 7y //)

WRITE (10 39) .

FORMAT (X (REFEAT COLCULATIONTy YES=1s NO=O’y//)

READ (Tiyk) M

IFCHGEROY GO TO &7

3 vt
Qoo 7hvlFP3e/)



40

G

41
[

47
48

G

WRITE (I0»40)

74

FORMAT (/2 6Xy “ SOME DATA WITH DIFFERENT CASETy YES =1y NO=Q‘»/)

REALL (TN«%)Y M4
ITF(MA4NE.CY GO TO 6

WRITE (I0-41)

FORMAT L/ v 6Xy "FRESH DATA OR MOOIFICATIONT ENTER 1 OR 079/

READ (INgX) M1
ITFIMLIWNE.OY GO TO 1

WRITE (T0»43)

FORMATCHXy 7LITST OF DATA WITH SERLAL NUMBERS: »//
ZeBXy A 1 - NOMINAL DIAMETER N # 2 - SCHEDULE ND. v/
ZeB¥s 4 3 - QUTEIDE DIAMETER N % 4 - PIFE LENGTH ¢/
e8RS -~ MOM. OF INERTIA N & & ~ YOUNG'S MO ¢/
AeBFy 7 - WT L ALERGTH N B - DYNAMIC FACTOR? »/
AeBXe % - WETGHT OF VALVE N # 10 ~ VALVE LOCATION /)

WRITE (10«43)

FORMGT C&Xy FENTER NUMEBER OF CHANGES DESIRED» /)

READ (IMs %) M2
IFOM2LE.GY GO TO &

WRITE (I0y 445

FORMAT (A&Xy PENTER TIATA NUMBER(S) WHICH ARE TO BE CHANGEID' »./)

READ CINy%) (MECTL) s Tl=lsp3)

K =1
MG = MIOKL)

GO TO (4794951 v B3y G 875906163765 )y MI

Kl = Kb 4+ 1

TFORLLGT M2 GO TO 6

GO YO 4%

WRITE (10»48)

FORMAT (/v &6X e “ENTER NEW NOMINAL FIFE DIAMETER? »/)

REALL (INyX) FN
GO TO 464



4%
50

a3

g4

555
56

WRITE (1050
FORMAT (/v &%y "ENTER
REATL (INs¥) NS

GO TO 46

WRITE (I0.%52)
FORMAT (/v 63X “ENTER
READ (INeX)> QD

GO TO 48

WRITE (I0y354)
FORMAT O/ s &5y TENTER
READT (TNyX)Y XL

GO TO 44

WRITE (I0s+%56)
FORMAT (/v Xy FENTER
READ (IMyky I

GO TO 44

WRITE (IT0.58)
FORMAT (/v 6Xy TENTER
REATY (Ins#k) E
G0 TO 44

WRITE (X0y&0)
FORMAT (/v &Xy "TENTER
REALL (IMsd P

GO TO 44

WRITE (I0+62)
FORMAT (/26X TENTER
READ (IMe%) DF

GO TO 44

WRITE (T0+64)
FORMAT (/v 64y TENTER
REAT (INek) W

GO TO a6

WRITE (I0»é640
FORMAT (/s 6X v TENTER
READ (IMs®) X1

GO TD 46

STOF
END

NEW

NEW

MNE W

NEW

MEW

NEW

NEW

NE W

NEW

75

SCHEDULE NO. /)

DUTSIDE DIAMETER’ +/)

FIFE LENGTH » /)

MOM. OF ITHERTIA ¢/

YOUNG'S MODULUS? » /)

WT. FER UNIT LENGTH? /)

DYNAMIC FACTOR’ /)

VALVE WEIGHT » /)

VALVE LOCATION /)
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/.//////'/’.//.///.//x"///////////f///,f/./f///////////////'//////."f.!'/

SUBROUTINE LAMDACKL yAMy X1 o X2 v XLAMDAy ARLXL y AK2XL » DXL

SURROUTIME FOR FINDING ROOT OF EQUATION RY RISECTION ALGORITHM

EFG = 0,00001

F=. 00009

B0, 000

Call, FUNXLy X1 X2vAvAMyFaAyARLAyARZAY DA
CaLl, FUNCXL X1y X2y Ry AMy FRyARLRy ARZEy IR
ITFCOFARFER) LT 0.0 GO TO 2

a4

GO TO 1

0o 4 I=1e15
Framgyd (R0 /2 0
Call, FUNXLy XLy X2 Py AMy FFyARLIF s ARZP v TIFD
TFOFPEQ. 0.0 0R (B-A) LT.EFEY GO TO &
IFCCFARFPY LGT 0.0 GO TO 3
e
GO TO 4
Ayl
CONTEHUE

XL AMDE =
CALL FUN XLy X1 9 X2 s XLAMDA s My FXL v AKL XLy AK2XL. » IIXL)

RETLIRM
EMD
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PI8ETTLLT SIS II SIS FA LSS PSP 7Pl 77 777777
SUBROUTINE FUNCXLy XL X2y XILAMDAyAMy F ey ARLy AKZ 9 1)

COMMON K

GO YO (1293943 HK

0= Lo O+ COSH CXLAMDAX XL XCOS (XL.AMDANXL.)

AR = STNHOXLAMDAXXZ) XCOSH (XL AMDAXXIL.)

+ GINCXLAMIARXZ2 ) HCOSH (XL AMDAXXL Y FSTNH (XL AMDARAZ Y ¥
COSOXLAMOARXL ) +S TN XL AMDAXXZ Y RCOE (XL AMDANX AL ) ~COSH (AL AMIANK
K2IRSTNHOXLAMOARXL ) -COS (XL AMDARX 2 RETNH (XLaMDAakXL ) -
COSHOXLAMDARR2 Y XS TN (XL AMDAKKL ) ~COS (XL AMDAKX2 ) %
SINCXLAMDAXKLD

AR = COSHCALAMIAaE) XCOSH (XL AMDARXL ) +

COS L AMIARXZ2 Y R C0EH CALAMIAXAL FCOBH XL AMDAY X2 ) X
COSOXLAMDARXL Y HC0E (XL AMUASC Y XCOS O AMDAXXL ) -~

STNH KL AMDARX 2 RS THNHOXLAMIAXRKL Y -G TN XL AMIARXE ) %
STMH XL AMIARKL D B TNH O AMIARKR2 P REITN XL AMDAXXL) +
SIMOKLAMDEEX2 Y RETNOXLAMIERXL)

=N N

BN

=

Clo= all&COBH (XL AMIAXKL Y -CO8 (CXLAMDAKXL Y )
G2 = AR CSTNHOXLARDARXL ) ~S TN CXLAMDAXXTL )

From 40 4 AN CCOLXXLAMDATC2EXLAMDAY /T
GO TO 3

o= SINOXLAMDARXL Y X COSH (XL AMTEXAL D
4 STNHOALAMIOANXXL Y XCOS (XL.AMDAXXL.)

AL = -STNH XL AMDAA2 D RC0EH CXLAMDANXLY +STINH OXLAMDAKXE )X

COGCALAMDARXL) +ETNCXLAMDAYXZY XCOEH CALAMIAKRXL )Y — SINCXLAMDAXXI )X
COSCXLAMDAKXL ) HCOSHOAAMDMAKX2) XGTITNH (XLaMlaxXl ) ~CO8H (XL AMDANKE T *
SINCXLAMINAR XL ) ~CO8 (CALAMDAR X2 RS TNH CXLAMDARXLL) +C0E (XL AMIAR I YK

S

>

A GTNOXLAGMUAXAL )

AKZ = ~COBH (XLAMIARLZ) RS TN CXLAMIOARXL Y 4005 (XL AMDANX2 I ¥
SINCXLAMDAXXL ) —COSHOXLAMIAXXZ) kG INH (XL AMDAXXL Y +C0S (XLAMDAKXE)Y X
SINHCXLAMDAREXL)Y HSINMOXLAMDAKX2 ) X006 (XLAMDANXKL Y ~STINOXLAMDARXZ) ¥
COS(XLAMDAKXL Y+ STNHOXLAMDAYXK2) XCOEH CXLAMOAKXL Y ~STINCXLAMDAXND) ¥
COSH XL AMOARKL.

NN

Dl o= ARLX(SINCXLAMIARXLY + STNHCALAMDANXXL))
C2o= AR CSINH OLAMDARXL Y~ SIN(XLAMDAXXT) )

Foom AMKXLAMDAR CCCLEC2Y /) 4.0
GO TO &
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0= 1.0 = COSHOXLAMIAKXL I RGOS (XLAMIAXXL)

ARL = SINHOXLAMDAXXZIRCOSH (XLAMDAXXL)Y -
A SINCGAAMDARCDY RCOEH (XLAMDAXXL) ~ SINHXLAMDAXX2YXCOS (LAaMDAKXL)
4+ SINCXLAMDARXZ I RCOS (XL aMDAXXL) ~ COSHOXLAMDAXX2)Y XS THH (XL AMIak L.
Z b COSCXLAMDARNZ ) REINH (XLAMDAXXL) 4 COSH(XLAMDAXX2YRSIN (XL AMDARXL.)
Ao COS CALAMDAXXZ2) RS TN (AL ARMD A%

ARG = COBHOXLAMDAXX) XCOSH CXLAMDAXXLY -
4 COSHOXLAMDARXZ ) RCOS (XL AMDARKL) ~ COSOXLAMDAKX2 I RCOSH (Xl.amDakxl)
Z 0 COSCXLAMDMX2YXC08 CXLAMDANRKLY ~ STNHIXLAMDARXZ Y RSTMH CXLAaMDARXL
A0h BINCELAMDARX2 I HEINH CALAMDARXL Y ~ SITNHOALAMDAR) REITN AL AaMDARKL.
b BTN CKLAMDAR ) BTN CXLaMIdkXL)

C1 = ARDRCOSHXLAMDARKL) ~ COSXLAMDAXKL))
G2 o= ARZE(STMHOXLAMDARXL)Y ~ SINCXLAMDAKRXL) )

Fo= 4.0 + AMECCDLEXLAMDA + CREXLAMDAY /(X0
GO OTO %

Oom SINHOKLAMDARXLI AGIN CXLAMDAXXL)

el = BINHCELAMDARC) RB TN CLAMDARXL)
Ao STHNCHLAMDARE ) B TNH CXLAMDAXXL)

AR = STHHCELAMIARXZ2 Y RETN OXLAMDA%RXL)
Aob BINCKLAMDAR2 YRS TNH L AMDA%XL )

From 2.0 4 AMEXLAMDA X COSTNH(XLAMDAKX ) S TNH (XL AMDARX L) /
A STHHOXLAMDAXXL Y)Y ~ (SINCXLAMDARKZ I AS TN CXLAMDAXKL)Y /
4 BTN AMIAXXL) )

RETURN
BN

st
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LILETSI PSS LSS PSS LI EL TIPS PSPPI PP PSP i i ridri s
SURBROUTINE MAXY (AKL y AR2 s De XLAMDIA» Xy X1y YMAX y XYMAX)
SUBRDUTINE TO CALCULATE MAXIMUM DEFLECTION FUNCTION

X0 0
DELTA=XL100.0

o 1 I=1y10G0
XNEW=Y 4+ THELTA
IFOX.GT XL 6D TOo 3
CAll DNITOANEWy X1 UY2)
Y2=Y (AR y AR Dy XLAMIA » XNEW X1y UY2)
Caldl. UNITOX»X1yUYLD
Yia=Y (AR Ly ARZy Dy XLAMDA» Xy XL o UY L)
TFOOY2-Y1) LT.0.0) GO TD 2
e XNEW
CONTIMNUE

YMaX = Y
KXY MAK=X

RETURM
ENT
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SUBROUTINE MAXSIGOARLyARZ» Dy XLAMDA» XL s X1y STEMAX ¢ XEMAX)
SUBROUTINE TO CALCULATE MAXIMUM STRESS FUNUTION

X=0. 0
DELTA=XLA100.0

DO 4 I=1100
XHEW=% 4 DELTH
ITFOXLGT XLy GO TO 3
Call, UNITOXNEW: X1y US2)
SLE2=810MACARL »ARZ2y Dy XLAMDA y XNEW» X1 2 UE2)
CALL UNMIT(X»X1US10
STGEL=8T0MOCARLy ARZy T XL AMIA» Xy XL s UG1)
IFCBIE2-8T010) LT.0.00 GO TO 2
R NE L)

CONT LNUE

AGHe = X

RETURMN
EWD
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PIPIIILILILIIIILIIIILLIII IS IIII ST FEI I TIPS 7P 7777777
SUKROUT INE UNITCARGUy X1y L)

SUKROUTINE TO CALCULATE UNIT FUNCTION

IF (ARGU-X1 . GE. 0.0 GO TO 1

U=0.,0

GO TO 2
s, 0

FETURN
END
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FUNCTION YOARKL s AR2y Dy XLAMIA» Xy X1 s U
COMMON K
GO TO (1Ly2+354) yK

Y o= ARSCL.O/(00%

A G-I CCOSH CALAMDAXX ) ~C06 (XLAMIAYX) )~ AKD®
A CSINHOXLAMDAXXY ~ SINCXLAMDAXX) )

A b UXE. 0% CETHHOXLAMDAK X=X 1) )-8 TH (XLAMDAX

A (X=X1200 1)

GO TO H

o= ABSC (AKL/ZINDH(STNCXLAMDARK ) +STNH (XLAMDARX)Y ) +
o CARKZ/ZD A CSINH CXLAMDAKXO) -BIN (XLAMDARX) ) +

A 2 ORI IS TNH CXLAMDAK C-XL) - 8TNOXLAMDAX(X-X1))) )
GO TO 5§

Y o= ABEC (~ARLE(COSH(XLAMDARO) ~COS (XLAMDAXX ) ) ~ ARDX
A CBTNH XL AMDMKX Y -~ SENCXLAMDARX Y)Y/ (D

Zooot 2 0RUHCEINH KL AMDAR (X-XL)Y) -

o SINCXLAMDAX (X-X13)) )

GO TO E

Vo= AREC (~ARKIXCSINH(XLAMDAXX ) +8 TN (XL AMDAXX)Y ) ~ ARKD2X
Z (SINHOXLAMIAXX) ~STNOXLAMIAKX)Y ) ) /7 (1)

b 2.0%WE (STNHCXLAMDAK (X-X1))

Ao SINCXLAMDAK(X~-X1)))

RETURN
ENT
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FUNCTION SIGMACARL»ARZ Dy XLAMDOA Xy X1y
COMMON K
GO TO (1e2v3rvd) oK

1 gIGMA = ARS(L.0/D
A X C-ARLRCCOSH CXLAMDAKO HC0E (ALAMIAXXS ) ~ AKZ%
%o CHSTNH OXLAMDAIO -+ STNCXLAMIAYX ) )
Aot 2. 03U (S THNHOXLAMDAX (X-X1) ) +8INCXLAMDAX (X-X1) 200D
Go TO 5

& SIGMA = ARSC (ARL/D X (~SIN(XLAMIAKK) 4 STNHIXLAMDAXX ) +
A AR/ RCBINHOXLAMIMEX) 4+ STNIXLAMDAXAD )
Aob 2 0RURCGINHOALAMIAX(X-X1) 0 4+ SINCXLAMDAKR(X-X1)) )
GO TO G

3 GIGMA = ARS(C (-ARDXCCOEH CXLAMDAK +008 (XLAMDAXX )Y — AKZX
A CEINHOXLAMDAR BTN CELAMDAKY I ) ) /(I
Boooh 20% U CETNHOXLAMDAR (XK1 ) +
AOBITNOXLAMDAK(X-X1)2)
GOTO B

4 STGEMA = ARSC  (-ARTRCSTNH (XL AMDAXX ) -8 TN CXLAMDARXD )
A - AR2¥ CHINHOALAMDAXO FETN(XLAMIAXX) ) )/ (I
A4 20U CSTNH CXLAMDAX (X-X1 )
Aot BINCXLAMDAXIX-X1)0) )

¥ RETURN
BN
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SAMPLE RUN OF FORTRAN PROGRAM FOR SPANS WITH A CONCENTRATED LOAD (VALVE)
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Eru

XXFASTFOR (CONVERSATIONAL VER 1040k

ENTER THE DaTAD DLyD2e N304y NSy N& D7 L8NG 010

01 - NOMINGL PIPE DIAMETER: INCHES
2 - SCHEIHUHLE NO.

N3 - QUTSTOE DIAMETER, INCHES

L4 - LENGTH OF THE FIPE, FEET
0%~ MOMENT OF INERTIAs (INCHES)Y k%4

Dé — YOUNG'"S MODULUS. (LEBS/SQUARE TNCHES)

D7~ WEIGHT FER UNIT LENGTHy (LES/FT.)

08 — DYNAMIC LOADING FACTORs (NON-DIMENSTONALD
DY - WEIGHT OF WALVEy (LBS.)

Lo - LOCATION OF VALVE (FROM L H.8» (FT.)

¥14094001.3155,4.920.0874y30006+1.68y1.0:2091.5

X1

L &1

ENTER THE CASE NUMRER

CANTILEVERy ENTER 1
SIMPLE-FIXED, ENTER 2
FIXED-FIXED, ENTER 32
SIMFLY SUPFORTED, ENTER 4

ok CANTILEVER WITH VALVE dook
WT. OF VALVE=20.00 LES. VALVE LOCATION= 1.50 FT.
NOMINAL FIPE DIAMETER = 1.000 SCHEDULE NO. = 40
DYNAMIC FACTOR= 1.00
LENGTH FREQUENCY AMPL T TURE MAXTHMUM STRESE
(FEET? (OFS) (INCHES S (FS1D

4,9000 12.851432 014350 24467 .984
AMFLITUDE (MAXTMUM DEFLECTION) AT X= 4,90 F7T,

MAXIMUM STRESS AT X= 0.00 FT.

REFEAT CALCULATIONTy YES=1, NO=0



SAME DATA WITH DIFFERENT CASETy YES =1, N{=0
k1
ENTER THE CASE NUMEBER
CANTTLEVERy ENTER 1
SIMPLE TTHRETy ENTER 2

FIXED ENTER 3
SIMPLY SUPFORTED, ENTER 4

¥k GIMPLE~-FIXED WITH VallVE *%
WT. OF VALVE=20,00 LRSS, VALVE LOCATION= 1.50 FT.
NOMINAL PIFE DIAMETER = 1.000 SCHETULE MO« = 40
DYNAMIC FACTOR= 1,00
LEMGTH FREQUENCY AMFL T TULNE MaxXIMUM STRESS
(FEET (CE) CINOCHES) (P51
4.9000 24.81645 0.0174 17464.598
AMPLITUDE (MAXIMUM DEFLECTIONY AT X= 1.8& FT.

HAXIMUM STRESS AT X= 1.%2 FT.

REFEAT CALCULATIONTy YES=1ly NO=Q

X1
SAME DATA WITH DIFFERENT CASETy YES =1, NO=0
%1
ENTER THE CASE NUMBER
CANTILEVER» ENTER 1
SIMPLE~FIXEDly ENTER 2
FIXED-FIXED, ENTER 3
SIMFLY SUFFORTED, ENTER 4
X3

86
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*1

*4

87

¥k FIXED - FIXED WITH VALVE ¥k
WT. OF VALVE=20,00 LES. VALVE LOCATION= 1,350 FT.
NOMINAL FIFE DIAMETER = 1.000C SCHEDULE NO. = 40

DYNAMIC FACTOR= 1,00

LENGTH FREQUENDY AMPL T TUDE MAXTHMUM BTRESS
(FEET) (CRGD CINCHES) (ST

4,9000 4031512 0.0057 13242.854
AMPLITUDE (MAXTMUM DEFLECTIONY AT X= 2.11 FT.

MAXTMUM STRESS AT X= 0.00 FT.

REFEAT CALCULATIONT, YES=1, NO=QO

SAME DATA WITH DIFFERENT CABETy YES =1, MNO=0

ENTER THE CASE NUMRER

CANTILEVER, ENTER 1
SIMPLE-FIXED, ENTER 2
FIXERQ-FIXEDy ENTER 3
SIMPLY SUFPORTEDy ENTER 4




%1

X0

*0

x2

¥4910

*¥3.5

Rk

WTe OF VALVE=Z20,00 LIS,

NOMINAL FIPE DIAMETER =

DYNAMIL FACTOR= 1.00

FREQUENCY
(PG

LENGTH
CFERET

4.9000 1823372
AMPL ITURE CMax Tl
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¥¥ FIXED - FIXED WITH VALVE X%
WT. OF VALVE=20.00 LERS. VALVE LOUCATION= 2,00 FT.
NOMINAL FIFE DIAMETER = 1.000 SCHEDULE NO. = 40
DYNAMIC FACTOR= 1.00
LEMNGTH FREQUENTY AMPL T TUDIE MAXTHMUM STRESS
(FEET) (LS (INCHES) (FGIH
3.5000 56 .,37585 0.0028 L84 767
AMPLITUDRE (MAXTMUM DEFLECTION) AT X= 1.835 FT,.

MAXIMUM STRESS AT X= 0.00 FT.

REFEAT CALCULATION?y YES=1ly NO=O0

SAME DATA WITH DIFFEREMT CABET, YEG =1, NO=Q

.....

ENTER THE CABE NUMBER

CANTILEVERy ENTER 1
SIMPLE-FIXETy ENTER 2
FIXED-FIXEDy ENTER 3
SIMPLY SUFPORTEDy ENTER 4



%0

49

92

*kk SIMFLY SUFFORTED WITH UVALVE s*okk
WT. OF VALVE=20.00 LBS. VALVE LOCATION= 2.00 FT.
NOMINAL FIFE DIAMETER = 1,000 SCOHEDULE NO. = 40
DYNAMIC FACTOR= 1.00
LENGTH FREQUENCY AMPLYTUDE MAXIMUM STRESS
(FEET) (CFE&) {INCHES) CFRS1)
3.5000 27.,48547 0.0134 1787 .732
AMPLITUDE (MAXIMUM DEFLECTIONY AT X= 1.82 FT.

MAXIMUM STRESE AT X= 1.99 FT.

REFEAT CALCULATIONTy YES=1, NO=O



CHAPTER XTI

APPENDIX - E

LISTING AND SAMPLE RUN OF FORTRAN PROGRAMS USED TO GENERATE DATA FOR

PLOTTING GRAPHS
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CHAPTER XIII

APPENDIX - F

TABLE FOR MAXIMUM STATIC DEFLECTION FORMULAE
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TABLE FOR MAXTMUM STATIC DEFLECTION E':r']

1

END CONDITIONS af X ax A
Ly 2 4
P x5 (3L-x,) WL
; 1 1 L
iﬂ\ 6ET 8EI
l L }
x; < (0.414) L
22,3
P x; (L°=x7) L)
3E1(3L7x0)? 212
’ Nl x; = (0.414) L
¥ 3 w
_ .0098PL
M O-00FFL 1 (0.414) L G -2t L%
EL 48EI max
L x; > (0.414) L
Px x2 x X
1¥2 [ %1 L 1
6ET 2Lx 2Lax

* — Multiply by (12)3 to obtain deflections in inches
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TABLE FOR MAXIMUM STATIC DEFLECTION [¥]

* *
END CONDITIONS A x A,
x; < (0.5) L
2 3
i.(_"_. 1 %2 ) Lo
3\ B1) | (Le2x,)? (Li2x,)
K
}.1.,._2., x; = (0.5) L
3 Wx
g\X——/E e (0.5) L 22X (oLx - L2 - xiax)
192EI 24E1
l L ;
X > (0.5) L
3.2
E) P )( Xy x5 ) 2x1L
3 (EI (L+2x1)2 (L42x))
x, & (0.5) L
2__2.1.5 2 2
x - P x, (L%=x7) . Lox]
[ g 93 EIL 3 "
w max 3 P 3
577 x; > (0.5) L - (L~ - Ax ot Xoax
l‘-——————' 2 .
L Px, (L —xg)1 3 Lz—xg
L -
93 EIL 3

¥ — Multiply by (12)3 to obtain deflections in inches
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CHAPTER XIV

APPENDIX - G

SYMBOLS USED IN COMPUTER PROGRAMS

The following symbols are used in the computer programs presented
in this thesis for the various arbitrary constants and variables

appearing in the theory.

Symbol/Name used in Variable/Constant
Computer Program appearing in the theory

AKX KX (Uniform span)
1,1

AK1 Kl,l

AK2 Kz,l

AM Ratio (m/qa) or (P/W)

Cl Cl,l

C2 C2,1

D D1

DF DLF

E E

FR fl

NS Schedule Number

0D D
o)

P W

PN Nominal pipe dia.

R R1

R1 il

108
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Symbol/Name used in Variable/Constant
Computer Program appearing in the theory

R2 X,

Sbl 41

Sh2 Ay

SIGMA 31

SIGMAX (G‘l)maX

STRESS GO

U U

W P

X X

X1 X,

X2 X,

XI I

XL L

XLAMDA %1

MAX *max

XSMAX location of (G‘l)max

XYMAX location of (Yl)max

Y Y

1

YMAX (Yl)max



(1

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)
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