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A frequently occurring and difficult to solve problem in civil engincering and
water resources analysis is the analysis of hydraulic phenomena in storm flow pipe
systems. [n the design of storm drain flood control systems, the analysis of energy
losses in pipeflow junction structures is of key interest. The general practice is lo
use 4 pressurc-plus-momentum balance analysis in order to estimate the change in
waler surface (or hydraulic gradc line) elevations through the pipe structure, from
which an energy loss is subsequently estimated.

A computer program is presented for the evaluation of pressore forces within a
pipe junction structure. The water profile or HGL is assumed to be a straight line
between endpoint condilions. The program provides estimates of force for both a
complcte mathematical formulation as well as & populur estimate of the complete
formula. The program cuan be substituted for other estimates in the analysis of

storm drain systems,

INTRODUCTION

A frequently occurring and difficult to solve problem in
civil engineering and water resources analysts 18 the
analysis of hydraulic phenomena in storm flow pipe
systems. In the design of storm drain flood control
systems, the analysis of energy losses in pipeflow
junction structures is of key interest. The general
practice is to usc a pressure-plus-momentum balance
analysis' in order to estimate the change in water surface
(or hydraulic grade line) elevations through the pipe
structure, from which an energy loss is subsequcntly
estimated.

To estimate the junction energy loss, the total
pressure force acting upon the floodflow in the
structure needs to be determined. It is this step of the
analysis that has proved to be the most difficult to solve
for civil engingers. Tn this paper, a computer program is
developed that integrates the pressure force of the pipe
junction, for both unsealed or sealed flow conditions,
and the flow-directional component (the ‘x” direction) is
subsequently computed. This force component in the
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direction of flow, noted as £,, is then available for use in
balancing forces to change the momentum in the x-
direction. The forces in the perpendicular directions are
assumed balanced by supports (such as anchor blocks),
and are not evaluated in the computation of forces in the
x-direction.

MATHEMATICAL MODEL DEVELOPMENT

The mathematical mode! development 1s presented in
detail in Ref, 2, but is reviewed in the following for the
reader’s convenicnce.

In order to develop the x direction of force in the pipc
junction structure, it is assumed that water pressures are
equal to hydrostatic pressures, and that the water
surface or pressure profile gradients are constant in the
structure, (i.e. the profiles are straight lines through the
structure).

The geometry of the junction control volume (or pipe
structure) is as indicated in Fig. 1. In (x, y, ) space the
plane x =0 cuts the structure outlet pipe at ils
downstream end, and this section of the pipe structure
is a circle of radius r; with center at the point {0, 0, r{).
When viewed from above, the central axis of the
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Fig. 3. Hydrogtalic pressure in the plane x = .
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To find the x-component of the force 4t a point on the
bottom half of the stracture, due to the pressure, the x-
component of the outward pointing upit normal is
wexled. From equ (3),
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from which the component of the normal derivative in
the x-direction i
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where the sign has been chosen 1o give a positive sign for
a force acting towards the onigin.
The element of sarface area, dS. in terms of dxdy, 18
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whete
fo [=} 2(z = ex{x}) | {12]

Cosubining (5), {7}, (8), {9}, {10}, {}1), and {12), the
xcomponent of the force on the botiom half of the

structure is
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We now analyse the pressure on the top half of the
structure. The pressire at the wetted point {¢, ¥, 27} on
the solftr oF the struciure, where

21 V) = o3l + (€] ~ (3 — )2 (18
is given by the specific weight of water ~y times
ple) -~ 28t ) (19}

Define &,{#) so that in the plane x=1¢ the y-
coordinates of the wetted points ar che zight half of
the top half of the structure are the potats

ba(1) Sy = r(0)

As indicated in Fig. 3,
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Simiarly define &y, sa that in the plane x =1 the »-
cootdinates of the wetted points on the vight half of the
top half of the structure ase the points

GorSyShadb Sy Sen

as indicated in Fig. 3.
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COMPUTER PROGRAM
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pregram pipg

real  aree,detz,Fx,F12.p01,p2,r1,r, tamet . temea | tempd
priat «, "Frogrem Pipe”

print #, "downstream ptée radius = P
TEAY R, T

print =, "upstream pipe radius = 7?7

réag », rZ

ctint *,"d0Wns{ream eragaura #eiBMe (from DOLLTM of el = 0
read *, &1

pARL R "URELTEAM prassure neidgnt (From bottom of proe! s
read *, pZ

print *,"tilt hatght delz of upstream end of pipe = 27
r2ad *, Ttz

témp | =Fx{dely pi1,p2.rl1,r2)

print ¥, “The Fr tarce = 7, teémpl

tampRsFI1E(el g2, r1,r2)

print *. “Thg F12 force = * tampd

peint, ®, “The e of thir forces 95 7, wempi+Cemped
tempi=(p2+delz-pii*iareaipt, r1)+araf{pd, r2)3/2

prine %, "The appro<imate fgrmula gives ', cempj

if tabsitemoy+tempd ). 4t.ad] than

print * “reglative error 100(Force-approx ) Force = 7,

& 100 Lewp | vLemne-temp T/ i Temp T reempk TR

grdrf

Fota 10

end

reat function Faldeiz. Bl ope.Ty ez

Robert Whitfey, Dept of Math, ontv of CA, Ireine, o4 5177

T. ¥. Mromadka I1I, williamson and Sshmid, 17782 Sky Park BTeg,
Irving, Ch 32714

oompdtes UhE Yorte Om the ax-tireclion a3 pipe gxsrts T OAPOSE LNE
nresgure Jue Lo waker in the pipg.

The geametry of the pipe 5 as fallows: In {z.y,z) &page, fThe
clane x=0 Utz whe giog g+ (tg doswistredam und., and thiz section of
the Z1pe ig g cirele of ragius r1 with canter n che plang =0,
The glare $TL culis the Ripe At 10E upstraam end, and this sagtion
of pmipe 15 4 cirsle of Fadius r2 with centar in tra plane y=o.
Furthermare the bottom of the pips, consigsting of the 1ing Jalning
the lowest soink on the dosnstreah 2irele Lo the iowsst Doint on
Fra grskrnam siprcloa. 15 rpgken bo be at hoight 2 og1 vFQ and ag
height dede’ At w=L. The body of the pips id che migome! Burfage
sparning ThHe Juwnstream circle and the ugstream cirels, e.0. 3F
gaizsd 3an? both circles nave the samg radius. it 5 a righbt
sirgular Zyl:ader,

It haphans that the fiaz)
taken oo 1 tn thw Drogram.

Arassyre A81gNEs p1 and 22 dre givep at «w0 and xs1=l, Bach
rigxsLEed Foom the DOETDm of tee Sipe, IF the Bibe s fuiloak
er ead. tn@ prassura hgighl cAn be highes Tham the <on of Une

tn assumerion made 5 thak The preesure haight corresponding
Enom ROATT o belwmen ©oane 4 t8 & Vinear ateruciation af o the
neights ploand pd; e.g. i¥ *he end prassure Meaghts dra Each Lelow
tha corrgsutnding top oFf the piea, the water surface 1s modelad
as a straight 1ine, . .

The propram toked the pressUre ar ad¥ A0INt on the eurface of
iRS pipE Ok 0 Lhe prejsure neignt Above that boint. and
multiciies bhat by an element of surfage area di=zec(gammaidxdy Lo
gntain tha farce at that point and shen multisltes that forea by
Lhe s-comporent of thae narmsl fo fhe surfdce at ur@ poiRt o gely
Lhe x-cempongpt &f the foreoe. This forge ih tha x-drrection is
then inTERTated ovef the wetled surface of the pipe %0 g3t tha
forcs Fx. The integral is taken 10 two Parts; ong cover the wetted
surface 2¢ he bottom hatif of the Srpe, giving Fxb. and the other
ovar the waettes surfact of the Lop of the pipe, giving Fri. Then
FusFab+Frt,

Tne net furce Fiz
both angs of phe pipe 7 alao gomputed
direction iz FxefF1Z.

resUlE 1% Tngependent oF L whaon o as

In the % firacticn an the wargs surfaces at
The total force in the =

reat delz,fb, ft,Fxb.Fxt pl,p2,rk,r2, simoson, tdelz tri. tri, to1.tp
CoTMRG AT s A LOe 2 T TR, T L 2

sxternal fh,fi
tdelz=dalz

te1=pd

trg=rs

*pizpl

TpZsn
Fap=-2.0%&1mpsoa 0. 0,10
nrint * "Fub=" _Exo
Fep=-f.0%= 1mpsani{ (.0, 1.0, 1E-4, Ft)
nranL %, FRbs" It

FuzFxb+Fxt

return

and
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raal funetion Folx)
regl A.¢,Csubk,D, T reubs, coed 2, TR, D2 SEfn S .
i tri.tr2 ol tp2.u
commas s toaresftdele LRY  LAZ, A0 L LT
rEpriexmbra-er1}
reyoxsLri-tel
crtrires(tra-tri+tdeis]
seulxstri-tristdaiz
prtoisexibpiocnistdaelz
if {p.la,(S=r]) then
a@=0,0
endif
if ((p.gt.(o-rf) @nd.fp@. fv.c s bren
areartiesr-ip-oi¥lp-cil

angif

17 ip.ge.t) Then
B=r

andif

tamplz cciybue oo\ TR T 1A
temp2s—CEUBREl rEr S8 )P rgubakrFin-c
LEmb2 T LeMIEEas 1INl 8/
tenoiz-csubydaxsqre(ang rer-azal iy
Th=templ+tgmp2+tempd

raturn

and
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Taal b, T, THULE, B, T, TEUbA, LAE1 2, EemD , tempd, bENoS . bEmnG , Y.
&

£ri, tr2 ol . tp2,
Comon/tparmsStdalz epl T2, bl kP2
piz3.14153z76
repprther e
Frnatriotrt
cefrisaklbri-tri+ipaiz:
Ceybx=trE-triridelz
prfpidnel to2-fpichaglz]
iF {p.le.c) Then
R=r
Bht1f
TR @t cloamd. (o, TES ot b EREn
b=gart(rer-ip-c*io-gi}
#hdif
T {peaw. Ty then
p=d.0
2naif
Lempizlecaub=*| p—c|-rEuav®er \nir-ny
LT R R S R I DL ]
tarpiLemmfasini i)
temp3scsibx¥besart (absirsr-b¥b )] sE
LaMPAs (A F2 1% (p-c | arorsugs—1 rars 2 I xGaubxg
Frotomot +bemba +Lamns+ tamnd
return
e

Seml FHACTION Simiscrnia.b snall, €1
extarpal f

real a.b. r.small n,oddatm, evangwm, sum, 11, 1¥ sunt
“htegar r

n=4

hEie-mifE. 0
svENEUM=gumt [ 2+3h. Zxh, n-2,7 )
cOdsum=Ssum* [ a+h, 280, A-1 T
abmzOJdELm+ay @nstin

I2=fns3 % Fla)+Ikavensairrd ®aodsymrfio |
Ti=52

nEZEn
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1FliaesiTy-Tiy. @ smatliand. e, e, 1RG0
SIMESon=1z

reLarr

an1

ren) Functyon sumfic, h,m. sl

zumf 18 3 Lthe zam of Flosien], 20,7 L g

=xtarnai f
aal o, b rhem. ey
integer m.1

taumsd.
LAFgFG
g 1 ytam
TEY Sume ¥l taral
targ=targ+h
continue
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el fureraonn FLIvey g ool

camoutes the fores ') om pbe dowhstlream dater Tace ana the #Farce
PR on tne upgtream Tace, and retdrns F1+F2

rtaal FF.F2.G,pl,p2,r1.r2
Fr=—Gipl,r?}

print x, "FY = 7 F)
k2=ploz.rzl

print *#,"F2 &, FE
Fiz=F1+F2

Feturn

Bl

raal funcoilon Glp, ")
camputes the forcy on The wetiod arwa 4L 22 EneT piby end
real pLot.r
Lis3.1415926
if (p .9e. (2.0wr:) then
G=fpeoriEpiKeer
wlsg if {p. la. 0.41 than
Gl T
Bl=2
Gel(2, 072, 0ikeant (2,070 1% luqibwr—ypn %10 e 0y
Gab+in-r leckekaginin-ri/el
GeC4ip-p ¥ (p-r 1#5Artlrkr=ipor 1% (p-r)}
BBt lpor e renT)2 00
endif
reture
=nrl

~gah Tuntlidm areaip.r}
returne Lhe grea of the Sipcle Afk+iy-rosly-rlscar calaw the e
yED

real pLes.Y
Tz, 1415926

i¥ fp.12.¢] chen
area =0_3

endif
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