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Abstract

Tangent outlet fittings are a key componant of many pipelines. These fittings are typlcally used In water-works
applications where comphete drainsge of a pipeling i3 dedired or at pumping stations where neceisary for the
eliminathen of air that is roublesome to pumping eguipment. Tangent cutlets, because the branch pipe centeriing
is asymimetric with the main pipe centerling, are more comples geometrically than conventional nozeles and tees
that are symmetrically arlented. The reinforcement of openings and strews analysis of tanpent outlets has not been
the topic of many texts, Also, welding details thatr are critical to the success of any stesl fabrication are aften
Ignored. Some design guidance can be obtained from several sources Inciuding the American Soclety of
Mechanical Engineers (ASME] Boiler and Pressure Viessel Code (RPVC], Section VI, Division 1 and the Amencan
Water Works Association (AWWA) Manual M11, Steel Warer Pipe: A Guide for Design and Instaliation,
howewer the anabtysis and design details of tangent cutlet fittings for water-works applications could use some
imiprovements for use in the design affice

This paper will address the fundamentals of design and fabrication of tangent outlet fittings for welded steel plpe
and will explore the geometry and mathematics of typical fttings. The paper will alio present welding code
concepts snd formulas that govern design. In addition, suggested welding detalls for ease of fabrication will be
presented. The goal of thiz paper is to provide a useful tool to pipsline designers who may have struggled in the
past with design issues related to tangent outlet fittings. An example problem |s included.

Figure 1 indicates a typlcal Tangent outlet fitting fabricated from weld stesl pipe.
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Geometry

Understanding of the geometry of welded steal tangent castlets is essential to sccurate design snd fabrication for
dependable service. However, somawhat rigorous calculations are necesiary to accurately desgn and detal
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components of tangent outlets, Analytic geometry and vector algebra pday a significent rele in determining
templates for cutting and bending the stesl plates and for developing groove welding details, The author has
priviously presemed the egustions and an example problem (llustrating the geametry of intersecting oyfinders in

another ASCE Pipelines publication Fobrication of Wefded Steel Wye Sronches,

This paper focuses on tools for determining joint geometry of tangent outlets, Figures 2, 3 and 4 are useful tools in
deterrnining the geometry of mersecting pipes, specific 1o tangent outlets, Figure 3 5 vied to determine welding
detalls, where angles between planes angent to the branch and main pipes called “local dibedral angle” ax
indicated in AWS D1.1/1. IM:2010, Structural Welding Code-Steel, Annex P, Locol Dibedral Angle are calculated,
Mote that Annes P is imdted to outlets that sgre located on the same st a5 the main pipe thas Annax P cannot be
used for tangent cutlets.

Further definition of "Local Dikedral Angle” Is found in AWS D1.1, Annex K, Terms and Definitions,

locol dihedral angle, W (fubuwlor structures). The ongle, measured jn o plone perpendicwlar fo the
line of the weld, between tangents to the outside surfoces of the tubes being joined ot the weld,
The exterior dihedral angle, where one looks ot o locolized section of the connection, such that
the intersecting surfoces may be treoted os plones,

Flgure 2 indicates the relationship between branch end rotation angle, "Rhe” (o} and local dihedral
angle "Psi” ['¥). Once a branch rotation angle, "Rho” has been selected, Figure 3 can be used to
determing the dihedral angle "Ps™ for any value of “Beta”, a series of curves, where Betasr/R, "r" is
equal to the radius of the outlet, and "RB* is equal to the radius of the main pipe. As an aid to the reader,
Figure 4 is a tabular presentation of the graph in Figure 3.

Figure 2

Figure 3
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Figure 4
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The ASME BPY Code provides the following gusdance for 1angent outlets per paragraph UG-36[b)[1),

{1} Progenly reinforced openings in cyivndricol ond Eorical shells are not [fmited o3 to sine except with the
Jolicwing provisios fov design. The rules in LG-36 through UG-43 apply to apeningd not excerding the following:
for vessels &0 in, (1 500 mm) inside diometer ond less, one-holf the wesse! diomedar, but por fo exceed 20

in. {500 mm);

for veisels over 60 in, (1 500 mm) inside diometer, one-third the versel digmeter, but nof fo eeceed

4 i, (1 000 mm). (For comloal shells, phe inside shell diomerer as wied above & the cone digmeter al the center of
Ihe opening. |

For openings geceedimg these Wmits, supplemental rutes of 1-F shall be sotisfed i odoition to the rules of this
porograph. Allernslively, openings in oylindricol or conicol shells exceeding these limits maoy be desipned for
intermnl presswee using the rales af 1-10, [Ses UG- 36{c){2)(d). ]

For most water works applications, simple calculations for tangent outlets can be performed according
to ASME rules in paragraphs UG-36 through UG-43 as illustrated in the example problem to follow.

Welding Details

Welding design i critical to the success of tangential outiets. Welds for tangent outhets must provide adequate
strength to meet the design lpads, yet permit easy welder access to achieve complete joint penetration and
promote good weld quality. Suggested weld design is reflected in the welding detaits shown in Figure 5.

Constructabdlity is best if plpe shalis are groove welded as (ndscated in Figure 5. The plpe shells that are in tenslon
under internal pressure, apply a through-thickness loading. Thes loading places added emphasls on the z-axis stesl
properties that become an important design consideration for thick steels, Collar reinforcement an tangent outiets
it difficult to install because of unfavorable geometry, however, for most water works spplications, the author
believes that adeguate reinforcement of the main and outfet pipes |s possible without need for extra
resnforcement by a collar, The example problem to follow (Bustrates tangent outlet einforcement without a collar,

Wielding procedure specifications [WFSs) should be gualified per ASME B Code Section X for sorch tough
welding and Supplementary Essential Varlables, Procedure gualification recorgs should document heat input Fmits
and Charpy tests should be conducted in both heat affected rone (HAZ} and weld metal. Charpy scceptonce thould
be the same &3 base metad; for full-sied 10 millimeter {mm) coupons, acceptance b often 25 fi-fbs eneqgy at & test
temperature of 30°F as recommended in AWWA 00, Steel Water Pipe-& In, [150 mm) ond Larger.

For mam pipe diameters larger then 30°, welder access s assumed (o be primarify fram inside the main pipe for
application of single bevel groove welds. Exterior fillet welds are applied to balance weld metal shrinkage and
control distortion, Howeyer fillet welds are Emited by tangent outled geometry where the local dibedral angle is
iess than approximately 120 degreed a8 Indscate in Figwre 5. The local dihedral angle & constantly changing around
the welded jaint, however the groove angle should remain constant to avold welding difficulties. For example, a
groove angle that becomes too narrow may result in inability of the welder to adequately clean weld passes, thus
trapping slag. Too wide & groove angle resulis in excessive weld metal, greater weld shrinkage and dstorton,
Gegmelry regulres that weld bevels must vary if groove angles are constant and local dihedrad angle varies,
Welding symbols alone are not sufficient 1o describe welding details indicated In Figure 5; The author befieves that
a typical tangent outlet design should include several full scale joint webding detalls similar o that shown in
addition o beveling diagrams [not shown| to convey detailed design information tothe shop fabricators and
wialders.

Figure & and 7 ilusirate the developed views of the branch and madn pipes that are components of 3 tangent
outlet,

Figure 5
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Figure 6
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Outlet Pattern (developed view) Dy, = 88m
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Summary

Design and labrication of 8 tangent outlet requires a high degree of skill to make it functon reflably as a safe,
integral part of 8 conveyence system as intended by the designer. Competent tangent cutlet design can only ooour
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by employing skills that require undersianding of engineering and fabricatian, The todis presentad in this paper are
intended to make Bath the designer and fabricator’s job easier for praper tangent outlet component sizing,
geometry, welding, and testing,
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|mu Dy = 65 mainpepe die. D, = Jgn  outlet dua fi= Podeg  Intersechon angle of

outler
ASME B Code Section VIII. Div, 1, W17 rules: follow example L-T.7

B =20k ASTM AS1S, Grode 70, allowable siress for moin pipe per ASME SEC TT, Part b

arm ASTM AS), erode 8, Type E or Sor ASTM A106, Grode B. gr. 7O, allowable srress for outher
Sl per ASME SEC IT, Part ©

mnfrq-dmntm.wmhﬂfmmh%mfﬂ:rn L= 0855 [yw QX85
Dy,
P §25.pai  irternal pressure Row— Ro= fim
E=jd assumed joint efficiency; no welds infersect Tee connectian
] u

R, - — By =Sm t= f00m thickness of main ¢ = 208l m"'mm“”fm' L

FR : collar or wroppes
I',m L= i req' shel| thickness 1, = 0 i

s, 'd mezzhe thickness

-l = 0 Jid
Na 5 E - &P ‘m . ™
ignore weld size &3 reinforcement becouse it doed not cortribute
mwch
o) check limets of menforcement parallel o weasel wall (in PA directon) F=_ 38 lorger
of chord length Theu norzie ciroumferenmally or norrhe diometer longriudinalhy -'l.-rlb
R-D |' <
n'%_l-.ﬂl, * | = 25034 deg .u‘__v.."g...f-“.{iﬂ d = 3708%m chord length Thru opening
3 N ") e ; . taclby

Ly = Roanw 34 £35- &ft lengih thru opening crcumferentally

% i nozzle diameter nally
q-— =y *- -m w
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Set ¢ = d_for PA direction.[d = 32652

Amd P F|l- fﬂl

area mvatloble from shell is karger of

Ajp = dEr=Fo] = I {Ee=Fr b/ = )

A= i QHES-Fi) - 2 (Ee- Pyl - 44]]

A 4TI Pty
ares caiichle from shell i larger of-
A= 4 (B 1= ) - I (B Fy) (- )

A= 2[lt= QB =Py = B fBa=Fy 1= y]]

lemit of meinforcement normal 1o vessel wall: smaller of 7 51 = > Smor 13y vt = 25T i

A= S38%in"

Agy = 23 567m" or

Apy= J4sm’

Ay = Ay Ay > Ap e Sl plcis greater
Ajgp othereyis 1 4
1mwmhfmmnhhhﬂiru+
Aot = 5~ B Ay-ivse’ e
Ay = Sty =ty a s Ay = 3866w
Ay LAy ¥ Ay <Ay , .
Ay= 174" picis lesser
Ay e ?
||,|.I + Ayw 7 3i8n] This area avaikabie i greater than that req'd (A = 9 245 .'.]
thus openng it odagquately reinforced m PA direction
b oheck hoop derechion | o= .!'.Imdl_:-ﬁ d= Jéin
A= P0Rdin"

-'t“- LE TS or

Agy= L 34"
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Ao A A=Ay !
Ay ow P ey
Nea i 4Jim picks greater
ared ovaibabie from noTzie 5 sealer ofs
Aa~ Ht = tml G2t Agy=itsm’ e
An Hu -ttty Ay = 4868 m
- | Ay o < A &
Ao n ¥ Au<dn E B pichs lesser
.in.:: albherase =
Ay o+ Ay= 10851 thiv orea evoiloble o greater than that req'd A = 2 084n] thaus
opening in adequately reinforced in hoop dinection
.ﬂ.t'r.‘tl:ll A= f
Conclusion  Make moin & nozzle 1* thickness : P ilipm
(he"x SCH 100
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