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Pipe Stress Analysis with PASS/START-PROF Software

Piping Stress analysis involves examining the flexibility of a STARTI [ASME B31,3-2018] - PASS/Start-Prof 2020 v.04.84 RS - [STARTI]

stress critical piping system under different loading e Databases Analysis [ Output | Window  Help

conditions. S 1 Operstonmode’ | © PPiping Stress b1

Piping stress analysis determines the B o 3 Gy @ g g O  Insulation Stress

- Stresses in Pipes and Fittings Q| Seismic Stress (Aboveground) —

- Stresses in Insulation G| Flaw Stress —
A | MDMT, Impact Test

- Stresses in Flaws

- Displacements

- Forces, and Moments at Restraints and Equipment
- Longitudinal Buckling Check

- Buckling Check under External Pressure

Matural Frequencies and Periods
Load and Displacement in Restraints

Restraint Loads

& &

Mozzle and Equipment Loads

- Flange Leakage Check fl Q'SPIEC_EmE”_ts _
. k . HllE | Expansion Joint Deformations

- Expansmn Joint Deformations _ 58 Iternal Forces & Moments

- Spring Hangers a_nd Supports Selection - [p——

- Natural FrequenCIeS L | Selected Constant Effort Springs
- Buckling Check of Pipe Wall

And it suggests necessary modifications for satisfying the " Flange Leakage Check

ASME Code requirements for limits of sustained, . Output 3D View Ctrl+H
;)

displacement & occasional load allowable stresses. Error & Warning Messages
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Pipe Stress Analysis with PASS/START-PROF Software

Loads on Piping System

» Primary Loads: Internal Pressure, Weight of Pipe, Piping component, Insulation, Fluid, etc.

» Secondary Loads: Pipe expansion and contraction

» Occasional Loads: Wind, Snow, Ice, Seismic, Discharge Reaction Loads (Relief valve, PSV, etc.), Slug Flow Loads,
Water Hammer Loads, etc.

PIPING AND EQUIPMENT
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Pipe Stress Analysis with PASS/START-PROF Software

When do pipe stress analysis required?

There are rules for when pipe stress analysis is required. Different industries or
companies use own guidelines. Here are the most common rules

* If the operating temperature exceeds 150F and the pipe size is 4" or above

* If the system temperature exceeds 300F need to analyze lines smaller than 4" also
» If any line size is above 8"

* If the line >2 ¥2” is connected to rotating equipment

* If the line >6" is connected to pressure vessels

* If the piping is cryogenic

* If the piping system carries hazardous chemicals

* If the piping system is located in a high seismic zone

* etc.

When not required?
 If the exactly the same piping has been previously analyzed
* If there is no thermal growth in the piping system and the line is small

PAsS

PIPING AND EQUIPMENT
AMNALYSIS & SIZING SUITE

319.4 Flexibility Analysis

319.4.1 Formal Analysis Not Required. No formal
analysis of adequate flexibility is required for a piping
system that

(a) duplicates, or replaces without significant change, a
system operating with a successful service record

(b) canreadily be judged adequate by comparison with
previously analyzed systems

(c) is of uniform size, has no more than two points of
fixation, no intermediate restraints, and falls within the
limitations of empirical eq. (16)°

Dy
o

(18]

where
D = outside diameter of pipe, mm (in.)

E; = reference modulus of elasticity at 21°C (70°F),
MPa (ksi)
K, = 208 000 S54/E,, (mm,/m)>

30 S4/Ee, (in./ft)°

© WARNING: No general proof can be offered that this equation will
yield accurate or consistently conservative results. It is not applicable
to systems used under severe cyclic conditions. It should be used with
caution in configurations such as unequal leg U-bends or near-straight
“sawtooth” runs, or for large thin-wall pipe (i = 5), or where extraneous
displacements (not in the direction connecting anchor points) constitute
alarge part of the total displacement. There is no assurance that terminal
reactions will be acceptably low, even if a piping system falls within the
limitations of eq. (16).
L = developed length of piping between anchors, m
(1)
S4 = allowable displacement stress range in accor-
dance with eq. (1a), MPa (ksi)
U = anchor distance, straightline between anchors, m
()
v = resultant of total displacement strains, mm (in.),
to be absorbed by the piping system



Wall Thickness Calculation using PASS/START-PROF

ASME B31.1:
t>t, = PDo +C /(1 —mt%)
==\ 20w, + Py) AS
P.(D, — 2t)
0 " <0098
2t - y
ASME B31.3:
Low Pressure
t>t, = PDo +C /(1 - mt%)
= tn =\ 35EW, + pyy T ¢ )/ T mt%
P.(D, — 2¢t)
0 T <10
2t < 105y

High Pressure (Chapter IX)
D, —P
t=>ty = (70 [1 —exp (—)] + C) /(1 — mt%)

3
Pk 1.0S
m(p2z)
"\p, -2t
ASME B31.9:
t>t —(PD"+C) (1 t%)
= m_( 2SE ) /A =mt%
P,(D, — 2t
e 22 <098
2t - y
ASME B31.5:
t>t, = PDo +C /(1 —mt%)
== \265+ Py) /(= mt%

Test pressure is not checked

PIFING AMD EQUISMENT
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Project tree...

rox

Data 13-06-2019

Object Number
Code
ASME B31.3-2013 Process Piping (USA)

[=-4 Pipe. Above ground
- @ Wall thickness analysis.: 1
& Bend

t — Nominal wall thickness
t,, — Design wall thickness
mt% — Mill tolerance

C — Corrosion allowance
D, — Outside Diameter
S — Allowable stress from database
E — Longitudinal weld joint
efficiency factor. Specified by user
in pipe properties. For ASME B31.1
and B31.5 used E=1, because it is
already added to database values.
Sy — Yield stress

W, — Longitudinal weld strength
reduction factor. Specified by user
in pipe properties

P — Design Pressure

Pt — Test Pressure

Outer Diameter, D
Operating Temperature
Mill Tolerance

Comosion Allowance

Longitudinal Weld Strength
Reduction Factor, W1

Factor "

Factor E'

[] High Pressure

Material

() Operating Pressure
(® Wall Thickness. S

2131
150
125
1

1

05

1

AD6 A

pon

778

mm
T
%

mm

L]

mm




ASME B31.4:
If D,/t = 20 then
Pipeline:

t=>t PDo +C /(1 —mt%)
=m = \2E-0.728, / ’
Riser and Platform for Inland Waterways:

> =|— — 0,
t=>ty <2E 0.65, +C>/(1 mt%)
Test:
tDo
— <09
20 = 0%
If D,/t < 20 then
Pipeline:
P(Do _t)
> = = 7 — 0
t=>ty, = <2E_0.725y+c>/(1 mt%)

Riser and Platform for Inland Waterways:
t>t, = (M+C>/(1—mt‘y)
=m~\2E-06S, ’
Test:
Pt(Do - t)

<09
2c = 0%

PIFING AMD EQUISMENT
ANALYEIE & SIZING BUITE

ASME B31.4 Chapter IX (Offshore pipelines):

If D,/t = 20 then
Pipeline:

t>t, = PDo +C /(1 —mt%)
m = \2-0.72s, / ’
Riser and Platform piping:
PD,
> = — 9
t=>ty (2 065, +C>/(1 mt%)
Test:

tDo
—<09
2c = %%
If D,/t < 20 then
Pipeline:
P(Do - t)
> = —- - 0,
t=>ty (2 [0.725, + C) /(1 — mt%)
Riser and Platform piping:
t>t, = M+C /(1—mt°/)
=m=\2-06S, ’
Test
Pt(Do - t)
——FF— <09
2c = 0%

ASME B31.4 Chapter Xl (Slurry Pipes):
If D,/t = 20 then

t=>ty, +C)/(1—mt%)

N (2 0. 8ES
Test:

2t
If D,/t < 20 then

(0_) o
t=>t, = (2 0.8ES, +C)/(1—mtA))

Test:
Py(D, — t
% <09s,
ASME B31.8:
t=>ty, = (ZEFS + C)/(l — mt%)
P;Lt)" <FS,

Offshore: F=0.72 for Pipeline and F=0.5 for platform
piping and risers

Onshore: F — specified by user

If option “Use alternative formula 841.1.1 (b)”
activated and D, /t < 30, then

> Y e _ 0
t =ty <2EFSy+P C)/(l mt%)



Project tree... ? % | Ouiside Diameter, D 2191 |,
B31.4, B31.8, B31.5: o . Berd ks, R W o
Bends are not checked. S ;T::mw'e —_F
Bend wall thickness should not be less than pipe wall thickness. =5 N —
B319 ASME B31,3-2018 Process Piping (USA) o Logtudns! Vield Syenh = D
PD, . [ e
tbend - (ZS_Ek + C) /(1 —mt /0) = ' B;ngipe Bend. Wall thickness analysis.: 1| | Factor.y 05
L. g Miter bend (dosely spaced). Wall thic| EenE 1
B31.1, B31.3:
B PD, .
tyy = m+c /(1—mtﬁ))
ASME B31.1: E=1
GBT 20801: W=1 . P
Centerline:
] _ 1 () Operating Pressure 60 kgf/sg.cm
®) Wall Thickness, S 957 _—
Intrados:
4(R/D,) — 1
4(R/Do) -2 Fig. 102.4.5 Nomenclature for Pipe Bends
Extrados:
= w End of band
~ 4(R/D,) +2 pg
EN 13480:
For D,/(D, — 2t) < 1.7
PD, R/D, — 0.25 S
L= (Z(fE ¥ 05P) R/D, —05 C> /(1 =mt%) ‘
For DO/(DO — Zt) > 1.7 Extrados

D, ’fE—P R/D, — 0.25
> — — — 9
L= 2 ! fE+P | R/D,—0.5 +CJ/Q = mi%%)

PIFING AMD EQUISMENT
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ASME B31.4,B31.5, B31.8:

Miter bends are not checked.

Bend wall thickness should not be less than pipe wall thickness.
ASME B31.1:

If & > 22.5° or B < 6t,, then allowable pressure is 0.07 MPa.

If & < 22.5° and B > 6t,, then allowable pressure is 0.7 MPa.
Wall thickness should be not less than

te>t, = PDo ¢ (1 — mt%)
sZtm =\ gew 4 pyy T¢)/ (L mt%

_ 2—1/R 1 .
ts = (tmm+c>/( —mt/o)
Do_ts
r =

2

ASME B31.3, B31.9, EN 13480:
For ASME B31.9, EN 13480: W=1
Allowable pressure for miter bends with 6 < 22.5° (minimum of 2 equations):
P S-E-W-tc?
™ ry[tc 4+ 0.643tan(9)rytc]
S-E-W-tc[Ry — 1]

N

= [
m T2 [R1 - 0.57’2] ‘iT—.
tc= (T —C) (1 —mt%) ' |
D,—-T T - |
Ty = 5 | —
Error message if 6 > 22.5°

T — Miter bend wall thickness, A
C — Corrosion allowance

PIFING AND EGQUEPMENT
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This presentation will be available to download at passuite.com

@ passutecom - Piping and Equip- X 4 - & X
« = C @ I passuite.com/start#resources-tab I i O
“’PASS iﬁrg;:g ;IQZLI‘:% Overviey Products ~ Resources ™ fUsers Contacts | Ask Us | Free TRIAL

Smart Simulation & Sizing Tools for Every Piping and Equipment Engine: FASSIHYDROSYSIEN oHEDO
PASS/START-PROF

PASS/EQUIP

Overview  Codes  Integration  START-Elements  Configurations  Download [EEEGIIEE]

PASS/integration
PASS/INDUSTRY

PASS/ACADEMIC

Supporting Materials

l:é PASS START-PROF Capabilities for District Heating Industry

Y

PASS START-PROF Capabilities for District Heating Industry (Spanish)

. 8

3

PASS START-PROF Capabilities for Oil & Gas Gathering, Upstream and Midstream Pipelines
PASS START-PROF Capabilities for Oil & Gas Gathering, Upstream and Midstream Pipelines (Spanish)

PASS START-PROF Capabilities for Pipe Stress Analysis of Power and Process Piping Systems

- & 0 &

3

PASS START-PROF Capabilities for Pipe Stress Analysis of Power and Process Piping Systems (Spanish)

PASS START-PROF Datasheet 2020

PASS START-PROF Overview 4.84 version (Italian)

PASS START-PROF What's New in 4.84 version

PASS START-PROF What's New in 4.84 version (Spanish)

0 B b B §

START-PROF Trainina A o,
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PASS/Start-Prof | Resources

Subscribe to YouTube channel,
you will find a lot of PASS/START-
PROF training videos

HOME VIDEDS PLAYLISTS

Uploads  PLAY ALL

PASS/EQUIP Overview
Webinar: Comprehensive...

124 views - 4 days g0

www.youtube.com/passuite

334 views + 2 months ago

PASS/START-PROF Overview
Webinar: Your software for...

SUBSCRIBED 0

CHANNELS DISCUSSION ABOUT Q
= SORTBY
PALEGUIN hed i SN Ameme Fipe Swest Aniys Soltwone AR HEROR TR
el ot Do
e 15 bpt Piing e vorm
CADWorm START-PROF
e 1, iy 1T
s
PASS/Equip Nozzle-FEM How to Import piping model How to Import piping model PASS/HYDROSYSTEM
Overview Webinar. Powerful..  from CADWorx 1o START-.. from CADWorx to START-. Qverview Webinar,

135 views « 2 months ago

&
-

193 views « 2 manths ago

119 views = 2 months ago 239 views + 3 montha ago

PASS/START-PROF was used Beijing Universal PROF Overview New START-PROF option: 18 How 1o calculate the 17 How to calculate the gas
for 2022 Winter Olympic... Park Buried Hot Water Pipin_.. ‘Wehinar: Your software for... Import from Autodesk Revit "slurry’ flow in Hydrosystem Tiquid liquid flow in...
162 views + 4 months ago 261 viaws + 4 months ago 196 views + 5 months ago 370 views + & months ago 111 views « 9 months ago 134 views + 9 months ago

How 1o impart PCF file to How to run PASS/START Pipe Stress Analysis From Creating a Simple Piping CAESAR Il Convesgence Big Piping Model Analysis
START PROF PROF Trial Water Hammer Loads Model Tutosial in START-... Issue (2019 training) Piping... Tutorial with PASS/START-_
365 views + 1 year ago 1.3K views - 1 yeal ago 22K views « 1 year aga 1K views - 1 year ago SH views + 1 year g0 1.4K views « 1 year ago
; —w—— W S 0L Wrid by it
Firan o = - i PASS Shar-Prof
>
; _1\
e ".‘ o e
PIPING AND EQUIPMENT ; [3:25] ) . . -
l Ass AMNALYSIS & SIZING SUITE L) L) bt nd e2y)
GRP | GRE | FRP Piping HDPE Piping Stress Analysis  HDPE Piping Stress Analysis  Two-way integration between 16 Interface between Buried Piping/Pipelines
Stress Analysis Tutorial usl... Tutorial With .. With T-PROF... F Prof Pipe Stress... Hydrosystem and START-... Stress Analysis with_



http://www.youtube.com/passuite

Sustained Stress

ASME B31.1, ASME B31.9, DLT 5366 (input: i)
For nonstandard tee, non-standard bend, joint and ASME B31J:

S P(D, — 2t,)? N 0.75 - max(i;, iy, iy) - /Mlz + M2 + M}
L

TDZ (D, — 262 Z
For pipes and other fittings:

P, — 26,2 (075121 Jm
SL_ o n +

" D2 — (D, —2ty)? Z
ASME B31.5 (input: i;,i,)
F — Axial force without pressure thrust, ¢c — corrosion allowance

o ”(Do - Z(tn - C))z ”(Do - Ztn)z ”(Do - Z(tn - C))z
F=F+4+P [ 2 — 2 ] - P 2

F with pressure thrust

F=F +P [T[(Do —2(t, — ))? B (D, — Ztn)z]

4 4
For pipes and fittings:
P(Do - Z(tn - C))z i + \/(iiMi)Z + (ioMo)Z
Di—(Dy—2(t, —c))? Ay~ A
For nonstandard tee, non-standard bend, joint and ASME B31J:
P(Do —2(ta —€))*  iaF  (iMp)? + (ioMo)?
DZ — (D, — 2(t,, — c))? Ay, — Z

SL=

SLZ

PIFING AMD EQUISMENT
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ASME B31.3 (input: i;,i,)
F — Axial force without pressure thrust, ¢ — corrosion allowance
For pipes, bends, reducers, tees:

S, =S4l +5%)2 + (25,)?

Sg=—
a 11\44p
-t
St =39y
S J((0.75i; = 1)M;)? + ((0.75i, = 1)M,)?
b =

A
For nonstandard tee, non-standard bend, joint and ASME B31J:

S, =S4l + Sp)2 + (25,)2
_ (0.75i, = 1F

S
a Ap
_ (0.75i, = 1)M,
L 27
S J((0.75i; = 1)M;)? + ((0.75i, = 1)M,)?
b =
A



Allowable Sustained Stress

ASME B31.1
S, < Sy W./E

ASME B31.3

SL < Sh ) VVC
ASME B31.5

S, < Sp/E
ASME B31.9

S, < Sy

EN 13480

o1 < fr = min(f(T); fer)

If for =0 Then oy < f; = f(T)
If R, = 0 and t<720 then R, = R
in Degrees Celsius
Ry, Rm, Sgre — From database at operating (hot)
temperature

Not austenitic steel and austenitic with

A <35%

~ Ry R
Fn = mm<15 24>

Austenitic steel A > 35%
If R, = 0 then

720 t

mTa09 L~ t€Mperature

T—&
f( )_E
IfR,, >0

=

_ min (B2 Em
f(T)-mm(l. , 3>

Creep allowable:
fcr N Sfcr

If temp lower creep limit then f,,. = 0.
Srre — from database for specified lifetime (hours).

SRTt

PIFING AMD EQUISMENT
ANALYEIE & SIZING BUITE

If “With surveillance of creep exhaustion”=0ff (in

Project Settings) then
Sfcr = 15
If at specified t Sgr; # 0.01 then

Else if at specified t Sgr: = 0.01 then use Szt =

SRTZOOOOOh
If lifetime> 100°000h then
If SRT200000

SRT100000

5.3.2-1”

If “With surveillance of creep exhaustion”=0n then

If at specified t Sgr; # 0.01 then
Use SRTti Sfcr = 125

Else if at specified t Sgr = 0.01 then
If Srr200000n # 0.01 US€ Sgpre = Srr200000n: Sfer = 1.25
|f SRTZOOOOO}I = 0.01 use SRTI,'! fOl' t=150000 SfCT = 135,

for t=100000 S, = 1.5

o1 < fr = min(f(T); fcr)

If R, = 0 and t<720 then R, = R
temperature in Degrees Celsius

Ry, R, Sgre — From database at operating (hot)

temperature
Not austenitic steel and austenitic with
A < 35%
R
()= mm<
Austenitic steel A > 35%
If R, = 0 then
T Ry
f(r) = 1s

< 0.781 then error message show
“SRT20000/SRT1000 is lower than 0.781 see Table

™M 1400

1.5'2.4

If Ry >0
. Ry Rm
f) =min| 15,2
Creep allowable:

f =
cr Sfcr

Sgrt — from database for specified lifetime (hours).

SRTt

If “With surveillance of creep exhaustion"=Off (in Project
Settings) then

Sfcr = 15

If at specified t Spr¢ # 0.01 then

Use Spre

Else if at specified t Sgr¢ = 0.01 then use Sgre = Srr200000n
If lifetime> 100’000h then

S
|f 2BT200000 ~ (), 781 then error message show
SRT100000

“SRT20000/SRT1000 is lower than 0.781 see Table 5.3.2-1"
If “With surveillance of creep exhaustion”=0n then

If at specified t Sgr: # 0.01 then

Use Sgres Sper = 1.25

Else if at specified t Sy = 0.01 then

If Srr200000n # 0.01 US€ Sgre = Srr200000n: Sfer = 1.25

If Srr200000n = 0.01 US€ Sgry, for t=150000 Sy, = 1.35, for
t=100000 Sf. = 1.5



Allowable Occasional Stress

ASME B31.1
S, <k-Sy/E
k=1.15,1.2
ASME B31.9
S, <k-Sp
k =1.15,1.2
ASME B31.5
S, <k-Sy/E
k =133
ASME B31.3
If T < 426.667°C (800°F) then
S, <k-Sp

Else
S, < min(k - Sp; 0.9W,S),)
For Low Pressure piping k = 1.33
For High Pressure piping k = 1.2
EN 13480
S, < kfy
k=1.15,12,13,1.8

Allowable Test Stress

ASME B31.1, ASME B31.9

S, <098,
ASME B31.3
S, < 1.0S,
ASME B31.5
Not calculated
EN 13480

gy < 0.95R,



Expansion Stress

Option “Add axial force and torsion stress” in Project Settings turned ON

S = (Sal + 5p)% + (252 EN 13480
_LaF I,F P
“ A, Sa = Ay "2
5, = 1M If "Use iifio"=false (input: i)
27 I,=1,1,=075i>1,1; =0.75{ > 1,1, = 0.75i > 1
6 VM) + (1,M,,)? If "Use ii/io"=true (input: i, i,)
b= Z I,=1,1,=1,1; =0.75; > 1,1, = 0.75i, > 1
ASME B31.1, ASME B31.9 For Non-standard TEE, Non-standard BEND, Joint, ASME
I,=1,1,=075i>1,1; =075i > 1,1, = 0.75{ > 1 B31J:
For ASME B31J: I, = 0.75i, > 1,1, = 0.75i, > 1, I; = 0.75{; = 1, I, = 0.75i, > 1

I, =1, I, = 0.75max(i;, i,, i) = 1, I; = 0.75max(i;, iy, i;) =1,

I, = 0.75max(i;, i,,i;) =1

For Non-standard TEE, Non-standard BEND, Joint:

I, =0.75i, =2 1,1, =0.75i, > 1, ; = 0.75{; = 1,1, = 0.75i, = 1
ASME B31.5

I,=1,1L=1,1=1i,1,=1,

For Non-standard TEE, Non-standard BEND, Joint, ASME B31J:
Ia == ia, It == it! IL' == ii! IO = iO

PIFING AMD EQUISMENT
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ASME B31.1, ASME B31.9
For nonstandard tee, non-standard
bend, joint and ASME B31J:

/ML-2+M§ + M}

Z
< S,

Sg = max(i;, i,,i;)

For other fittings:

/ME + M2 + M}
Z

SEzl <SA

ASME B31.5
For other fittings
Sg =~/(Sp)? + (25)2 < S,
t
Sp=—
T2z

'i i .o 0
sz,/(LM)2+(1M)2

For nonstandard tee,Znon-standard
bend, joint and ASME B31J:
Sp =+ (Sp)2+(25)2 < S,
_ itM,
St —_ 7
vV (iiMi)z + (ioMo)z

Z

sz

PIFING AMD EQUISMENT
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/PAss

Expansion Stress

ASME B31.3 (input: i;, i,)

e, EN 13480
orbends: If “Liberal Stress
Sg = (ISal + 5b)2F+ (252 <8, Allowable” =True
_ D, — 2t,)? 1
Sa=3 o, =P —2(_" _”) S+ o |+ S5+ ST
¥ Dg — (Do — 2tp)* 2
S, = _t If “Liberal Stress
272 Allowable” =False
VGM)* + (i,M,)? 0 = SEXP
Sb = 3 b
Z Creep Check

For other fittings:
Se = (ISal +Sp)? + (25)2 < S,

D, — 2t,)? 1
A S P
DZ — (D, — 2t,)% ' 2

lo
= exp
“ A, +85,70
S, = M, Sp* — From sustained forces (load case L1)
2z $.*P - From expansion range forces (load
g _V ((iM)? + (ioM,)? case L9)
L =

If "Use ii/io"=false (input: i)
For nonstandard tee, non-standard bend,
joints and ASME B31J:

Z
For nonstandard tee, non-standard
bend, joint and ASME B31J:

Sg =Sl +Sp)?+ (25,)%2 < §,
£ =Sl +5) + (2507 < S (0.75max(iy, i) = 1) |M? + MZ + M2

2
a sus _

= — S —
a A b 7

»
itM
==t max(iy, i) |M? + M2 + M2
27 §exP _
vV (iiMi)Z + (ioMo)Z b A
Sp = 7 For other fittings:

(0.75i = 1) |[M? + M2 + M}
Sus _

i /Miz + M2 + M}
Sexp —
b z

If "Use ii/io"=true (input: i;, i,)

For nonstandard tee, non-standard bend,
jointand ASME B31J:
Sgus

((0.75i; = 1)M,)? + ((0.75i, = 1)M,)?
+((0.75i, = 1)M,)?

Z
Sexp _ \/(iiMi)z + (iol‘/lo)2 + (itMt)Z
=
Z
For other fittings:
Sgus
((0.75i; = 1)M;)? + ((0.75i, = 1)M,)?
+(M)?
a z
Sexp _ \/(iiMi)Z + (ioMo)Z + (Mt)z
Yy =
Z



ASME B31.1

Sc <138 MPa

Sp < 138 MPa
If S, = Sy, then

Sa = f(1.25S8./E + 0.25S,/E)
If S, < S, and liberal allowable=true then
Sq = f(1.258,/E + 1.255,/E — S1)
015<f<10
f — 6/N0.2

ASME B31.9

Sc <138 MPa

Sp < 138 MPa
If S, = Sy, then

Sa = f(1.25S5, + 0.2553)
If S, < S, and liberal allowable=true then
Sa = f(1.258, + 1.255, — S)
015<f<1.0
f — 6/N0.2

ASME B31.3

S. <138 MPa

Sp < 138 MPa

For Low Pressure piping
If S, = Sy, or liberal allowable=false then
Sa = f(1.25S5, + 0.2553)
If S, < S, and liberal allowable=true then
Sa = f(1.255, + 1.255, — maxS;)
For High Pressure piping (Chapter 1X)

Sa = 1255, + 0.25S5,
maxS; — Maximum S, stress calculated from all sustained load cases (L1
and L2) from all available operating modes!

f — 6/N0.2
If temperature T < 371°C AND material (option in database) “Maximum
f=1.2"=True then
015<f<12Else015<f<1.0

PIFING AMD EQUISMENT
ANALYEIE & SIZING BUITE

Allowable Expansion Stress

ASME B31.5
S.=0
S, =0
If S, = Sy, then
S,y = f(1.255,/E + 0.25S,/E)
If S, < Sy, and liberal allowable=true then

Sy = f(1.255,/E + 1.255,/E — S;.)

05<5f<10
f — 6/NO.Z
EN 13480
If “Liberal Stress Allowable”=True
Oy < f}f + SA

ff = min(f (T); fcr)
If fcr = 0 then f; = f(T)
If “Liberal Stress Allowable” =False
03 <5,
Creep Check
Osg < fcr

f.=0
faz0
Ep
Sy =U(.25f, + 0.25fh)E—
c
fo = min(fe; £(T); fer)
If fer = 0 then fi, = min(f;; f(T))
05<U<1.0
U=6/N"2
_ (Rm
o = min (2 £20)
R,, R,, — From database at cold temperature
Ry, Ry, Sgre — From database hot temperature



Importance of Expansion Stress Check (Cow Cycle Fatigue Failure)
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Importance of Buckling Check

] Trubodetal2 &
Project tree...

Data 13-06-2019

Object Number
Code
SNiP 2.05.06-85 Gas & oil ransmission piping s

@B Pipe. Above ground
&8 Pipe. Buried
& Wall thickness analysis.: 0
bility
-+ Pipe elongation: 0
#% Long-radius bend stability: 0
-4 Pipe strength against surface load: 0
-4 Pipe. Bried pipe in embankment
&8 wall thickness analysis.: 0
Bend
iy Tee
B Reducer
- Cap
=\, L+, Z-, U-shaped pipe loops. Above-grour
=%, L+, Z-, U-shaped pipe loops. Above-grour
% L-, Z-, U-shaped pipe loops. Buried

Pipe Outside Diameter, D

Extemal Casing Diameter (0
 absert), Dc

Fipe Wall Thickness, 5
Operating Temperature
Pipe Weight

Fluid Weight

Insulation Weight

Pipeline Category

Pressure safety factor (SNiP
table 13)
Material

Backfil Soil Code

Friction Factor

@® A force
O Depth. Z

mm
mm

mm

kef/m
kgf/m
kgf/m

F— — -.
e o)
B L oL SO SR L S Lt

e R R AN R S TN A



Importance of Checking of Pipeline Upheaval Buckling




Importance of Checking of Local Buckling from External Pressure




- E Trubodetal2 &

Importance of Checking of Local Buckling from External Pressure

Project tree...

Data 13-06-2019

Object Number
Code
GOST 32388-2013 Process piping (Russia) -

Pipe. Above ground
@@ Wall thickness analysis.: 0

lysis of vacuum element|

Analysis of allowable load capacity fo

<=+ Stability analysis.: 0
gy Span length analysis.: 0
-4 Pipe. Buried
-4 Bend
-y Tee
B Reducer

i Flange
-0 Cap
--=k Expansion joint
=%, L-, Z-, U-shaped pipe loops. Above-grour
=% L-, Z-, U-shaped pipe loops, Above-grour’
¥4 |-, Z-, U-shaped pipe loops. Buried

Qutside Diameter, D

0

mm
Operating Temperature 0 °C
Fipe Blectric-welded it
‘Weld Quality Factor for Pressure 1 l:‘
Mill Tolerance 0 mm
Comosion Allowance 0 mm
[ Availability of stiffening ribs
Stabilty Safety Factor 24
Material -
[ Pressure
Extemal Operating Pressure (vacuum) 0 kaf/sq.cm
Test Pressure 2 kaf/sq cm
Pipe Wall Thickness, 5 0

mm




Importance of Checking of Piping Displacements




Importance if Checking of Supports and Equipment loads

SV \ 1 BV EE—
BN, . =T L-
2 | : W

Option 1. The equipment manufacturer provides allowable loads. It is necessary that the calculated
loads from START-PROF be less than those allowed by the manufacturer.

Option 2. Loads are determined using START-PROF are transferred to equipment manufacturers or
steel structure engineers for the subsequent evaluation of the strength of the structure or equipment

Option 3. The loads are determined with the START-PROF and then checked by a special methods API
610, AP1 617, NEMA SM 23, API 650, Nozzle-FEM, etc.



Importance of Checking of Allowable Deformations of Expansion Joints




PASS/Start-Prof | Broad Applicability

« Developed since 1965
e 3000+ Active users (companies). Licenses 8000+

e User interface and documentation languages: English, Chinese,
Russian

e Piping codes: 32

e Wind, Seismic, Snow, Ice codes: 18

PIPING AND EQUIPMENT
AMNALYSIS & SIZING SUITE

PAsS




nsert | Tools

PASS/START-PROF Object-Oriented Piping Model

IIARTT [AIVIE B3I 1,320 18] - FA3Y STAM-Fror 2uew

Service

Databases

Analysic  Output  Window

T TaIBEZI

Insert Cap...

Insert Valve...

Insert Flange Pair...
Insert Joint...

Insert Ballasting...
Insert Snubber...
Insert Sway Brace...
Insert Element...
Insert Equipmen
Insert Bend

Insert Tee

Insert Reducer
Insert Restraint
Insert Expansion Joint
Insert Displacement

Insert Flaw

ation mode’

&3 Insert Pipe... F7
== |nsert Rigid Element...

@ Cylindrical Shell...

/PAss

PIFING AMD

AMALYEIS & B

ert | Tools

Service

Databases

TEAHRZ =7

Insert Cap...

Insert Valve...

Insert Flange Pair...
Insert Joint...

Insert Ballasting...
Insert Snubber...
Insert Sway Brace...
Insert Element...
Insert Equipment
Insert Bend

Insert Tee

Insert Reducer
Insert Restraint
Insert Expansion Joint
Insert Displacement

Insert Flaw

Analysis

Output  Window  Help

gtion mode"

EheddE=@EEEIa

Vessel Mozzle WRC107/537/207/FEM...

Tank Mozzle API 630...

Pump Mozzle API 610/150 13708...

Pump Mozzle S0 9905...

Pump Nozzle ISC 5199...

In-Line Pump Mozzle AP1 610/150 13708...
Other Pump Mozzle...

Turbine Nozzle NEMA SM 23/API 611/API 612...
Compressor Nozzle AP| 617/AP1 619/150 10439..,
Air Cooler Mozzle AP 661/150 13706...

Fired Heater API 560,150 13705...

Insert | Tools Service Databases  Analysis  Output  Window  Help
B | Insert Cap... ation mode’
B Insert Valve... 1 o ote A [ .
* Insert Flange Pair...
HE | |nsert Joint...
B Insert Ballasting...
= Insert Snubber...
| Insert Sway Brace..,
Insert Element... L4
Insert Equipment 4
Insert Bend * | & | Forged Elbow...
Insert Tee aF = Pipe Bend...
Insert Reducer Y| @ Miter Bend (Closely Spaced)...
Insert Restraint Y| @ Welding Elbow...
Insert Expansion Joint * | == Long Radius Pipe Bend...
Insert Displacement Y| &% Prestressed Pipe Bend...
Insert Flaw Y| @  Miter Joint (Widely Spaced)...
A Mon-standard Bend...




Insert | Teols Service Databases  Analysis  Output

TEBEI -

Insert Cap...

Inzert Valve...

Insert Flange Pair...
Insert Joint...

Insert Ballasting...
Insert Snubber...
Insert Sway Brace...
Insert Element...
Insert Equipment
Insert Bend

Insert '_I'eeh

Insert Reducer
Insert Restraint
Insert Expansion Joint
Insert Displacement

Insert Flaw

PASS/START-PROF Object-Oriented Piping Model

Window Help

gtion mode”

F b Al 2’ £ B -

41

ert [ Tools Service

Databazes

Analysis  Qutput

& -bBRFER

Welding Tee...

Fabricated (Reinforced/Unreinforced)...
Stub-in...

Extruded Outlet...

Weldolet (Branch Welded-on Fitting)...
Sweepolet (Welded-in Contour Insert)...
Plastic Tee...

Nen-standard Tee..,

TIREKI =7

Insert Cap...

Insert Valve...

Insert Elange Pair...
Insert Joint...

Insert Ballasting...
Insert Snubber...
Insert Sway Brace...
Insert Element...
Insert Equipment
Insert Bend

Insert Tee

Insert Redul:sr
Insert Restraint
Insert Expansion Joint
Insert Displacement

Insert Flaw

ation mode”

H b Al ol L

Window

I

Insert | Tools  Service

Databases

B Concentric Reducer..,

By | Eccentric Reducer...

B | Insert Cap..

Bl | |nsert Valve...

* Insert Flange Pair...

HE | |nsert Joint...

Bl Insert Ballasting...

= Insert Snubber...

e Insert Sway Brace..,
Insert Element...
Insert Equipment
Insert Bend
Insert Tee
Insert Reducer
Insert Restraint
Insert Expansion Joint
Insert Displacement

Insert Flaw

L

Analysis  Output

ation mode”

@ dh ole £ e

ol Al X

- b I

Anchor...

Hinged Ancheor...

Resting Support..

Spring Hanger...

Spring Hanger...

Guide (Single-Direction)...
Guide (Double-Direction)...
Rigid Hanger/stand...
Constant Support...
Constant Hanger...
Mon-standard Restraint...

Marker...

Window  Hel}




PASS/START-PROF Object-Oriented Piping Model

/PAss

Insert | Tools Service Databases Analysis  Output  Window Help
;| B | Insert Cap... ation mode”
;H Insert Valve... G b oe £ |G ok P -
E* Insert Flange Pair...
< EE  Insert Joint...
Bl | Insert Ballasting...
= Insert Snubber...
{0 Insert Sway Brace...
Insert Element... 4
Insert Equipment 4
Insert Bend 4
Insert Tee 4
Insert Reducer 4
Insert Restraint 4
|HSEI'JEEXP3”5iﬁE??J0i”t * |8 Axial Single Use Compensataor...
Insert Displacement v | s Axial Expansion Bellows...
Insert Flaw * | @ Axial Slip Joint...
* Axial Lens Expansion Joint...
E Angular Gimbal...
HE | Angular Torsion...
2 Ball Joint...
8 | Lateral..
§if | Untied..
W | Mon-standard...

Tools Service Databases Analysis  Output  Window Help
Insert Cap... ation mode’
I| Insert Valve... G e A |RFPOF R K- L

Insert Flange Pair...
Insert Joint...

Insert Ballasting...
Insert Snubber...
Insert Sway Brace...
Insert Element...
Insert Equipment
Insert Bend

Insert Tee

Insert Reducer
Insert Restraint

Insert Expansion Joint

Insert Qis&lacam ent
Insert Fla

13

ert | Tools Service

Databases

Analysis  Output

Celd Spring (Precompression)...

Cold Spring (Prestretch)...

2 Move and Rotate Restraint...

& | Relative Linear Displacement in Node...

Seismic Anchor Movement...

Relative Rotational Displacement in Node...

TIAREZ =7

Insert Cap...

Insert Valve...

Insert Elange Pair...
Insert Joint...

Insert Ballasting...
Insert Snubber...
Insert Sway Brace...
Insert Element...
Insert Equipment
Inzert Bend

Insert Tee

Insert Reducer
Insert Restraint
Insert Expansien Joint
Insert Displacement

Insert Flaw

M

Lﬁon mode’

Winc

E=  Plane Flaw

Loy

== | Volumetric Flaw




Databases

Mew Project Settings

Materials Library... =y
Variable Springs...
Constant Springs...
Soils...
Insulation...
Expansion Joints...
Pipes...

Bends...

Tees...

Reducers...
Elanges...

Gazket...

Wiﬂﬁﬂlﬂﬂﬁlﬂﬁiﬁﬁﬁlg

Insulation Jacket...
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Occasional allowable calculation for elevated temperature fluid service
302.3.6 (2) ASME B31.3-2018 appendix V.

@ Material: A106 A Class: Carbon or Low Alloy Steel

9" Database can only be edited f database fies are open for ediing and f stress
units are set as MPa for ASME - ksi)

x

[]

lud like material, weld metal. ition, and
welding process under equivalent, or more severe,
sustained operating conditions.

302.3.6 Limits of Calculated Stresses Due to Occa-

PIFING AMD EQUISMENT
ANALYEIE & SIZING BUITE

/PAss

Data source ASME B31.3-2018 Carbon(C slonal Loads
Density 783341303 Maximum f=1.2 {a) Operation. Stresses due to occasional loads may be
Larson-Miler constant € 20 calculated using the equations for stress due to sustained
Fact § loads in para. 320.2.
Creep Factors Carbon, Sibn Seeel (1) Subject to the limits of para. 302.2.4, the sum of
the stresses due to sustained loads, such as pressure and
‘weight, 5p, and of the stresses produced by occasional
Temperature 's\t”WEg]e & V\al(ds ] N:E‘E:”‘: E"ga':;m Poisson's loads, such as wind and earthquake, may be as much
F 'e:: g 'ai; s °k: us ?.'F' Ratio (v) as 1,33 times the basic allowable stress provided in
Table 4-1 or Table A-1M at the metal temperature for
el ® ® 31400 550006 |0292 the occasional condition being considered. Wind and
-200 i 0 30600 |5.79e006 |0.292 earthquake forces need not be considered as acting
-150 16 30 30300 58e-006 0202 concurrently.
-30 16 EN 25091 62e006 0292 (2) For Elevated Temperature Fluid Service (see
™ 18 ) 29400 6de-006 | 0292 efinitionin para. 3‘5"’-2-2’“;2 mrg%duﬁﬁr
Vior, as an alternative use . times 1C
1o L X 222 |647e 005|029 allowable stress provided in Table A-1 or Table A-1M, the
200 16 27.500 28800 6.7e-006 10292 for o 1o ad: tduration, e.g,
3 extreme wind, or uake, be taken as the
save || OK || Concel |[ Hep | ug‘:ta[tbefnmdf earthys oy
L Input Stress [
Operating Mode Show Equations Stres
1.1 oce1.1 - Creep Stress
Object Start Primary Loads Motes
End Stress, (ksi)
nede 7oAy | *Sh | %
Above ground pipe 14 5.012 | 5960 | 84.1
29,2 Flange
Forged Elbow 29,2 Flange Sh, 4.684 ksi
Above ground pipe 26,2 Flange Sy, 18.616 ksi
15 1i=5000 hour
Above ground pipe 14 c=20
16 Te, 481.384305068139 °C
Weldolet (branch welded-on fitting) 16 502, 5.960 ksi A smart Operation Mode Editor
Above ground pipe 16 min(45h,0.8*0.95y,502), 5.960 ksi

(-2} the weld strength reduction factor times 90%
of the yield strength atthe metal temperature for the occa-
sional condition being considered

(-b) four timesthe basicallowable stress provided
in Appendix A

(-c) foroccasional loads that exceed 10 h over the
life of the piping system, the stress resulting in a 20%

usage factor in accordance with Appendix v

For [-a), the yield strength shall be as listed m ASME
BPVC, Section II, Part D, Table Y-1 or determined in accor-
dance with para. 302.3.2. The strength reduction factor
represents the reduction in yield strength with long-
term exposure of the material to elevated temperatures
and, in the absence of more-applicable data, shall be taken
as 1.0 for austenitic stainless steel and 0.8 for other mate-
rials.
For (-b), the basic allowable stress for castings shall
also be multiplied by the casting quality factor, E. Where
the allowable stress value exceeds two-thirds of yield
strength at temperature, the allowable stress value
must be reduced as specified in para. 302.3.2(g].

(D) Test. Stresses due to test conditions are not subject
to the limitations in para. 302.3. It is not necessary to
consider other occasional loads, e.g, wind and earthquake,
as occurring concurrently with test loads.

2 |# Name

1(00 OPE
1.1(0) occld - -

3(1)  Test mode

N R E—

I O O S

|Hanger Sizing |High temperature ‘Cold State |Se\smic |Wind |Snowf|ce |Fr\ct\un Multiplier |Weight Multiplier |'ﬁmE Duration, hour |ModeTypE ‘Stress Range Between |He|p |
1.00

0.00 sUS
OCC 5td




Automatic creep-rupture usage factor calculation according to ASME B31.3-
2018 Appendix V (V303.1-V303.3).

V303.2 Determine Creep-Rupture Usage Factor

The usage factor, u,is the summation of individual usage
factors, t; /t; for all service conditions considered in

para. V303.1. See eq. (V4].
= Y ) ’ vy V303.3 Evaluation

The calculated value of 1 indicates the nominal amount

where of creep-rupture life expended during the service life of
i = asasubscript, 1 forthe prevalent operatingcondi- the piping system. If u < 1.0, the usage factor is acceptable
tion; i = 2, 3, etc,, for each of the other service including excursions. If u > 1.0, the designer shall either
conditions considered increase the design conditions (selecting piping system

t; = total duration, h, associated with any service componentsofahigher allowable working pressure if nec-
condition, i, at pressure, P; and temperature, T; essary) or reduce the number and/or severity of excur-

tw = as defined in para. V303.1.4 sions until the usage factor is acceptable.
@ material: 4106 & Class: Carbon or Low Alloy Steel - X
™ Database can only be edited if database files are open for editing and f stress l:l
units are set as MPa for ASME - ksi)

Data source ASME B31.3-2018 Carbon(C<gad}
Density 7833.41303 Maximum f=1.2

Larson-Miller constant C 20

Creep Factors Carbon, SiMn Steel M I:I
empertue | Sevele ] Ve B Esmen | poois -
F = E | E yp | Ratie®
-325 16 30 31400 556006 0292 (10
-200 16 30 30800 579006 0292 1.0
-150 16 30 30300 59e-006 0292 |10
-50 16 E 23391 62e-006 0292 10
0 16 e 20400 64006 0202 |10
100 16 20 20062 |647e-006 0202 |10
200 16 27.500 (28300 (67e-006 (0202 [10 v | Espot..

T
[N
=

Save H OK || Cancel |
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Minimum Design Metal Temperature (MDMT) calculation according to
323.2.2 (a), (b), (d), (e), (f), (9), (h), (i), (j) of ASME B31.3-2018. Added into material
database. START-PROF calculates the MDMT according to figure 323.2.2A
and figure 323.2.2B depending on the calculated stress ratio if user select
appropriate option in project settings, taking into account the code
requirements 323.2.2 (9), (h), (i).

Material: 4105 Class: Carbon or Low Alloy Steel - >
o" Database can only be edited f database files ars open for edting and  stress l:l
units are set as MPa for ASME - ksi)
Data source ASME B31.3-2018 CarboniC<0.3)
Densty 7833.41303 kg/m3 Maximum f=1.2
Larson-Miller constant C 20
Mo Terperstee 29

Creep Factors Carban, Sibin Steel R -

[

Temperature
*C

Delete

Figure 323.2.24 Minimim Temperatures Without Inspact Testing for Carbon Steel Materials Flyere 23228 Rebuctien '&""‘T oD oy ""‘M“:";m‘ﬂ‘“‘" Withaut Impact Testing
able 323.2
(See Table A-1 or Table A-1M for Designated Curve for a Listed Material; see Table 1232 2A for Tabular Valwes)
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‘Axial force

.

Greatest Stress Range

START-PROF

L2 _

L4

L6

-

START-PROF calculates the cold state after cooling down
from the hot state. It allows to get more realistic
expansion stress range.

a)

il
1]
o

!

Installation State at Ambient Temperature

#
7 Sliding Support
v
5 F=0 d
W Moving direction
4 Operation State at Design Temperature * f
¥ ===
4 | __i—=»
b =
/ F=p*W
W Residual Strain
; Cold State at Ambient Temperature after Cooling Down * ‘,/ fMDwng direction
* L]
5 Tig-
4
1 F=p*W



ASME B31.3 319.2.3 (a) code requires to analyze self- - Can consider creep stress relaxation effect in hot state according to
springing after creep relaxation, but doesn't give a EN 13480 code like CAESAR II.

detailed analysis method for this. CAESAR Il can
consider creep stress relaxation effect in hot state
according to EN 13480 code, but can’t consider self-
springing in cold state.

Can consider creep stress relaxation and creep self-springing effect
in the cold state using Russian RD 10-249-98 code method. It is
available for ASME B31.3, B31.1 and some other codes.

319.2.3 Displacement Stress Range

(a) In contrastwith stresses from sustained loads, such Creep lead to piping self cold-spring in cold condition

asinternal pressure or weight, displacement stresses may 08“955 Stress

be permitted to attain sufficient magnitude to cause local A. ma A5 Stress at first heating
yielding in various portions of a piping system. When the nae| Stressat first heating
system is initially operated at the condition of greatest
displacement (highest or lowest temperature, or greatest

A\l .
Stress after relaxation

imposed movement) from its installed condition, any AL )I
yielding or creep brings about a reduction or relaxation
of stress. When the system is later returned to its original Temperature

Stress after relaxation

condition (or a condition of opposite displacement). a
reversal and redistribution of stresses occurs that is
referred to as self-springing. It is similar to cold springing
in its effects.

Stressin cold condition (after relaxation)
-8

Hay

PIPING AMD EQUIPMENT
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Seismic wave propagation analysis for underground pipelines. START-PROF calculates stress
and strain in buried pipeline caused by seismic wave propagation, and checks the stress and
strain limits according to ASCE 2001 Guidelines for the Design of Buried Steel Pipe (American

Lifelines Alliance).

Initial Soil and Pipeline Condition

O
e e e e e e e e e e e e
Soil and Pipeline Deformed Shape During P-Wave Passing
max = 3-8cm D, = 3.8cm Pipe Pipeline-Sail Friction
= o 1 4111 o
S .1 L O 7 7 A /11140 W Lowe Wave
- <+ ' !_—b_ > sl ?i:s__ a_ceﬂ'n_m_eqts : :
— 0 — ' — I :
P Dy = 3.8cm Pipeline Strain Rayleigh Wave
o Comp_rgssmn Compression - REE TR ROy T
Tension Tension Tension . = F11 =
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Landslide, Soil subsidence, frost heaving, Permanent ground deformation (seismic fault crossing) can also be
modeled. The pipeline strain check is made according to ASCE 2001 (ALA) and GB 50470.

Y Soil drop, A
7
backfill soil weight . P
— // < > 7 _‘_:_::3“%% e FAULT
NN S
Ly : Loy : e
ERE] 2 : : 2 : : '

t Y
GROUND SURFACE
TR IR /AN \____/

(A) ACTUAL GEOMETRY

O N W

‘ HEAVE FORCES

UPLIFT RESISTANCE

P§ i

PIPELINE

FRULT
LN

SPECIFIED DISPLACEMENTS




Insulation Joint (Insulation Kit) stress analysis. The axial stress and stress
from torsion moment is checked automatically.

' Node Object Properties X

Flange Pair

[ Name l:‘

Length 5475 cm
Weight ns
Flange Leakage Check Yes

Leakage Check Method Insulation Joint 72%

OK || Canced || Hep
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Automatic snow and ice load generation
according to national codes.

Ice Loads
Code
D
SP 20.13330.2016 (Russia)
(3B 50135-2008 (China)
ASCE 7-16 (USA)
IBC 2012 (International)
Wind Loads
Code Don't Apply Wind

PIFING AND EGQUEPMENT
ANALYEIE & SIZING BUITE

=
5P 20.13330.2016 (Russia)
(5B 50009-2012 {China)
ASCE 7-16 (USA)
MBC 2010 (Canada)
EM 1991-1-4 2005+A1-2010
UBC 1997 (International)
IEC 2012 (International)
15.875.3. 1987 (India)
ASMZS 1170, 2:2011 (Mew Zeland)
MER 06123-1988 {Brazi)
BS £399-2 (Britain)
CMS (Taiwan)
EM 1991-1-4 2009 (Belarus)
Wind Pressure vs Elevation
Wind Velodty vs Elevation
MSR-10 (Colombia)
KEC 2016 (Korea)
CFE 2008 {Mexica)

%' Pipe Properties X
i
= 117118 [] Pipe is Buried
Name
m Additional - Wind, Snow, lce
Insulation Outer Diameter 300) mm
Blevation of Stat Node 4 m
Bevation of End Node 4 m
Snow Shape Factor [
Themal Coefficient 1
Snow (and Rain) Load 0.084 kgf/m
lce Shape Factor 06
lce Load 745763830 kgf/m
Cormelation Factor 1
Autocale factors
Wind Direction Number Wind N1 -
Wind Load 470342237 |gi/m
X0 kgf/m
Y. 0 kaf/m
Z 0 kgf/m
ok | | canced | | el

iy Project Settings... - AntiSymmetricl.ctp

General rAdditionaI F‘ieismVW"lIl Snow, Ice | Other Dynamic ]

Snow Loads
Code [ASCE 7-16 (USA) =

Don't Apply Snow

Ground Snow Load|sp 27.13330. 2016 (Russia)
GB 50009-2012 (China
Exposure factor,
MNBC 2010 {Canada)
Importance factorEN 1991-1-3-2003+41-2015
IBC 2012 (International)

Load
Type

Ice Loads EN 1991-1-3 2009 (Belarus)

KBEC 2016
Code (l?;r_vea’)

Importance factor, Is 1
Hill Shape Mo Hill Z

Basic ice thickness, t 7 mm

Load

Type 5US

Wind Exposure B

Wind Loads
Code CFE 2008 (Mexico)

Wind Direction +X 2

Parameter |

Basic Wind Speed, V0, m/s
Outdoor Temperature, s, °C

Surface Roughness, hr, mm

Total Structure Height, Zt, m

0
0
Altitude, hm, m 0
0
0
1

Tarrain (" atannn:

Load
Type
5Us

Cancel Help




Automatic selection of constant effort hangers and supports.

¢ Eile  View Service MNew Project Settings  Language Help

‘O E L L | @ Materials Library.. b @ - |9 o |
Variable 5prings...

Constant Springs...
Sails...
Insulation...

Expansion Joints...

Pipes...
Bends...
Tees...

Reducers...

Elanges...

Gasket...
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Constant Hangers and Supports

Standards  [WITZENMANN = Restraint Type | Hanger
NBT 47038-2013 CH size -
Nomimlt.aé::;ﬂapmm" 7o o Jw[n ][] 7]w]w]> group
Pipe Supports Lid Maximum required load, kgf
= SEONGHWA
60 39 |78 154 310 |540 (930 1540 2280 3770
70 33 |67 132 |266 (463 797 (1320 1960 3230 4430 6100
80 29 (59 116 233 405 688 1150 1710 2820 3880 5880
%0 26 |52 103 |207 |360 1030 1520 2510 |3450 5230 7330 | 10500
100 23 |47 92 186 324 558 (924 1370 2260 3100 4700 6600 9410 14000
110 71 |43 84 [169 205 507 (840 1250 2050 2820 4280 6000 8550 |12800
120 20 (39 77 [155 270 465 |770 114D 1880 2500 3920 5500 7840 | 11700 | 15400
130 18 (36 71 |143 [249 (420|710 1050 1740 (2390 3620 |S080 7240 | 10800 14200
140 17 (33 66 |133 |231 (399 (660 978 1610 (2220 3360 4710 6720 10000 13200 | 20000
150 16 |31 62 124 |216 |372 (616 913 1510 2070 3140 4400 6270 9350 12300 18700 26100 =
160 15 (29 (58 [116 (203 |349 |57 (856 1410 1940 2940 4120 [5880 8770 | 11600 | 17500 24600
170 14 (28 (54 [100 [191 (328 [543 (806 1330 1830 2770 3880 (5530 8250 |10800 16500 23200 33000
180 13 (26 |51 103 180 |310 |513 (761 1260 1720 2610 3670 (5230 |7790 10300 15600 21900 31200 43500
190 12 (25 49 |98 [171 [294 (486 721 1190 1630 |2480 3470 4950 |7380 9740 14700 20700 29500 41400
200 12 (23 46 |93 162 |279 462 685 1130 1550 2350 3300 4700 |7010 9250 14000 19700 28100 39400
225 1021 41 (83 144 (248 (410 609 1000 1380 2090 2930 4180 |6230 8220 |12400 17500 24800 35000
250 9 [19 37 |74 (130 |223 (369 (548 904 1240 1880 2640 3760 |S610 7400 |11200 15700 22400 31500 43500
275 9 (17 34 |68 [118 203 (336 (498 821 1130 1710 2400 3420 5100 6730 10200 14300 20400 28600 40800
300 % [16 31 |62 [108 136 (308 |457 753 1030 1570 2200 3140 4680 6170 (934D 13100 18700 26200 37400
325 172 284 (421 695 988 1450 2030 2890 4320 (5690 8620 12100 17300 24200 34500
350 150 (264 (391 645 887 1340 1800 2690 4010 (5200 8000 11200 16000 22500 32100
375 365 602 1250 1760 2510 (3740 4930 7470 10500 15000 21000 29900 80
400 565 (776 1180 1650 2350 3510 4630 7000 9840 14000 19700 28100
425 322 532|730 1110 |1550 2210 3300 4350 |6590 9260 13200 18500 26400
450 304 502 (GO0 1050 1470 2080 3120 4110 (6220 8750 12500 17500 24900
475 283 476 653 (990 1390 1980 2050 (3900 5000 8290 11200 16600 23600
500 2714 42 G0 oM 1320 1880 2810 3700 5600 7a7T0 11200 15700 22400
Load group LGV 12 B 20 24 30 (368 42 48 (56 64




Integration with Autodesk Revit is supported.
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Legends
Schedules/Quantities (sce)
Sheets (mce]
Families
Annotstion Symbals
Cable Trays
Ceslings
Calumns
Conduits.
Curtain Panels
Curtain Systems.
Curtain Wall Mullions
Detail tarms
Division Profiles
Doers
Duct Systems
Ducts.
Flex Duets
Flex Pipes
Floors
Pattern
Pipe Accessories
@ NP Valve
FPipe Fittings.
NTP_Cap
NTP_Conical reducer
INTP_Elbew
NTP_Flange
NTP_Flange pair
NTP_Support
NTP_Tee
Pipes
i3 Fipe Types

NTP_Pipe

Mo yuonuanm
Piping Systems
Profiles
Radings
Ramps
Roofs
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w

100 EIG G kGMEE S 0 mﬁ_ﬂ‘tl‘i <

.

'B’ § Main Model

>

582

Input Type Projections
B Projections/angles 0091 m, 2598 m, 0 m
[ Dismeter x Thickne: 108 mm X4 mm

Pipe Material

Ml Todersnce, mm 0 mm

Corresion Allowanc 0 mm

Pressure, MPa OMPa

Test Pressure, MPa 0 MPa

Temperature, "C 0°C

B Additional
B Additional Loads, N O N/m, 0 M/, 0 Nim,

B Uniform Weight, N No, § N/m, 0 Nrem, 0N

| Error and waming messages.

b3
+ | [ Pipes fist ) Error and warning messages
| 11




Two-way integration with AVEVA PDMS, AVEVA E3D
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ANALYEIE & SIZING BUITE

Code
ASME B31.1 Power piping USA

ASME B31.3+Ch IX USA Process piping

ASME B31.4 + Ch IX&X| USA Fluid Pipelines

ASME B31.5 USA Refrigeration Piping and Heat Transfer

ASME B31.8 + Ch VIII USA Gas Pipelines

ASME B31.9 Building Services Piping

ASME B31.12-2014 Hydrogen piping and pipelines

ASME B31J-2017 New SIF

EN 13480 Europe Industrial Piping

EN 13941 Europe District heating

CSA Z662 Canada 2015

BS PD 8010-1 (2016) Pipeline systems. Steel pipelines on land, UK

BS PD 8010-2 (2016) Pipeline systems. Subsea pipelines, UK

ISO 14692 International, FRP

Plastic piping

DLT 5366-2006 Power piping China

GB 20801-2006 Process Piping China

GB 50316-2008 Process Piping China

GB 50251-2015 Gas Pipeline China

GB 50253-2014 Oil Pipeline China

CJJ/T 81-2013 District heating China

11 Russian codes for all industries

START-PROF
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START-PROF

Feature
Wind load codes

SP 20.13330.2011, Russia
IASCE 7, USA

GB 50009, China

\Wind pressure vs elevation
\Wind velocity vs elevation
IBC 2012 International

NBC 2010, Canada

EN 1991-1-4 2005, Europe
NBR 6123-1998, Brazil

IS 875.3.1987, India

As/Nz 1170:2002, New Zeland
BS 6399-2, UK

UBC 1997, International
CNS, Taiwan

NSR-10, Colombia

KBC 2016, Korea
CFE 2008 Mexico

Snow load codes

CIM 20.13330.2011
IASCE 7, USA
IBC 2012 International
GB 50009, China

NBC 2010, Canada

EN 1991-1-3 2003, Europe
KBC 2016, Korea

Ice load codes _
CI1 20.13330.2011
IASCE 7, USA

IBC 2012 International
GB 50135-2006, China




START-PROF

Feature
Equipment Connection

Insulation Joint (Insulation Kit) stress analysis

WRC 297 Nozzle Flexibility

PD 5500 Nozzle Flexibility

ASME NB-3630 Tee Flexibility

API| 610 Centrifugal Pump load check / 1SO 13709

API 617 Centrifugal Compressor load check / API 619 /1SO 10440 / 1ISO 10439

AP| 650 Tank Nozzle Flexibility

AP| 650 Tank Nozzle Allowable Loads Check

NEMA SM 23 Steam Turbine Allowable Loads/API 611/API 612/ISO 10437

WRC 107/537

API| 560 Allowable loads fired heaters

API| 661 Allowable loads

ISO 5199 Centrifugal Pump load check

ISO 9905 Centrifugal Pump load check

Flange check

NC 3658.3 Method

Equivalent pressure method / Kellogg
PVP / Code Case 2901

DNV

PIFING AMD EQUISMENT
ANALYEIE & SIZING BUITE



Stress Analysis Features START-PROF
Load Case Editor / Operation Mode Editor (Many Pressures, Temperatures, Loads, etc.)
Seismic Analysis (Static method)
Seismic Anchor Movements
Pipe and Bend Wall Thickness Check
Translation Bourdon Effect
Rotational Bourdon Effect for Bends
Friction, Gap, One-way, Rotation Rod Restraints Nonlinear Analysis
Thermal Bowing (Stratification)
Insulation Weight Calculation by Diameter and Density
MDMT Minimum Design Temperature, Impact Test
MDMT Minimum Design Temperature, Impact Test with Reduction Depending on Stress Ratio
Built-in Calculator in Fields
SIF Scratchpad
Creep Rupture Factor Calculation ASME B31.3 app. V
Friction at Cold State (Follow up load case)
Automatic Water Hammer Loads Analysis
Expansion Joint Deformation Check
Tee and Reducer Wall Thickness Check
Pipe, Bend, Reducer, Tee Wall Thickness Calculation

C{PASS PG AN EqUENE
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Feature
CAD Interfaces

Import and Export to Own Neutral Format

Export/Import Displacements Using File (.csv)

Export to TXT

PCF

Hydrosystem Import Dynamic Forces

Caesar Il (.CIl) Import/Export

AUtoCAD Export

Autopipe Import and Export

AutoPlant Import

CADISON

CadWorx

|-Sketch

Marine Import and Export

Microstation Export

ModelStudioCS

OpenPlant

PDMS Import and Export

Plant3D Import

Plant4D

PlantSpace

Revit

Smart3D

SmartPlant3D

START-PROF
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. Affordable price ~ $6'000 - $7'800

Permanent License, $2'400 - $3120
Annual License

- Technical support for the 1st year is

provided for free (!)

- Different configurations based on

customer needs are available



Nozzle Displacements

. Dnopa
Ll BB a8

Ax = Lx-o¢ AT = 600MM- 1.2- 107 - (250° — (—20°) ) = 1.94MMm
Ay = Ly-oc- AT = 150MM- 1.2 107° - (250° — (—20°)) = 0.49Mm
Az = Lz-0¢- AT = 2600mMM- 1.2- 1073 - (250° — (—20°)) = 8.42MM




Nozzle Object

' Node Object Properties x

Vessel Mozzle WRC107/537/297/FEM
[ Node
[ Auto calculation of nozzle temperature movements
Material A335 P31 o
Manufacturing Technology Electric-welded @
Temperature of Vessel 150 T
Remove Restraints for Hanger Selection:

Dont Remave =

x
Inside Diameter of Vessel, Di 1000 mim 8
z

Vessel Axis z <

Nozzle Flexibility Allowable Loads # Stresses

By WRC 257 - [ -] x

1

lrad 93218005 mmkgt  Frad 500 kaf
: Fei — 2
Lcir 0 mm.kgf <r | 200 kgf
Long 0 mmigt  Feng 5pp ket
Rrad o “kgfbm  Mad g kafm 3
Reir  0.00014612  “/kgfm Meir gp kaf-m
Rleng 0.00054708 “/kgfm  Meng 15 kgfm

OK || Cancel || Heb

(‘/I-MSS e Eoumven



Nozzle Flexibility Using WRC 297, PD 5500

' Node Object Properties x

Vessel Mozzle WRC107/537/237/FEM
[ Node =
[ Auto calculation of nozzle temperature movements
Material A335 P31 2
Manufacturing Technology Electric-welded @
Temperature of Vessel L |[150 T
Remove Restraints for Hanger Selection:

Dont Remave =
Inside Diameter of Vessel, Di 1000 mim
Vessel Axis z <

MNozzle Fexibility Allowable Loads # Stresses

By WRC 257 -]
Lrad 9.3218005  mm./kgf Frad 500 kaf

Ler |0 mmAgt  Fer 200 kef

Long 0 mmAgt  Feng 5pp kaf

Rrad o “kgfbm  Mad g kafm

Reir  0.00014612  “/kgfm Mer  gn kaf-m

Rlong |0.00054708  “kgfm  Mong (15 kafm

OK Cancel Help

C.{pAss o

O BB @QABR PIIETIDD © © Q¢ ] 375

= | |< 10> Equivalent membrane

MMa
I 715
636
556

477

39.7

238

15.9

NOZZLE-FEM
S




Local and Global Nozzle Flexibility

C{PASS ARALTES & Siiing BT

7
/

Local Flexibility
Vessel Shell Deformations

SN

‘\\

Global Flexibility
(Entire vessel Deformations)




160

30

+ 4+ J_ ]

A
N y150 PO
300
ol @ T
N ]| 8
o~
AL T £ Rl g
i — = {
S) oy10 Pré,0
~F
258
£
= Oy20 Py6.3
f_ _—
"1
i A4

700

845

[

il

AY = a - AT - Ly = 1.22-1075 - (150+20) - 273 = 0.57 MM
AZ =a-AT-Ly; =1.22-1075 - (150+20) - 300 = 0.62 MM



APl 610

Table 4 — Nozzle loadings

S| units
Nominal size of flange (DN)
= 50 | 80 | 100 f 166 i 200 I 250 | 300 I 350 | 400
Forces (N)
Each top nozzle I~ &
Fy 710 1070 1420 2 490 3780 5 340 6670 7120 8 450 :
Fy 580 880 1 180 2 050 3110 4 450 5 340 5 780 6 670 i
Fz as0 1330 1780 3 110 4 890 & 870 8 000 8 80D 10230 :
Fa 1280 1930 2 560 4 480 S 820 8630 11700 12 780 14 850 i
Each side nozzle !
Fy 710 1070 1 420 2 480 3 780 5 340 6670 7120 8 450
Fy 880 1330 1780 3 110 4 890 6 670 8 000 B 800 10 230
Fz 580 8a0 1 180 2 050 3 110 4 450 5 340 5 780 6 670
Fg 1280 1830 2 560 4 480 6 820 @ 630 11700 12 780 14 850
Each end nozzle
Fy 8890 1330 1780 3110 4 890 & 670 & 000 8 200 10 230
Fy 710 1070 1420 2490 3780 5 340 66870 7120 B 450
Iz 580 B90 1160 2 050 3110 4 450 5 340 5 780 6 670
Fr 1280 1930 2 560 4 480 6 820 9630 11 700 12 780 14 850
Moments {N m)
Each nozzie
Ay, 460 @50 1330 2 300 3 530 5 020 6 100 6 370 7 320
Ay 230 470 680 1180 1760 2 440 2980 3120 3 660
Mz 350 728 1 000 1 760 2 580 2 BDO 4610 4 750 5420
Mg 820 1280 1 800 3130 4710 8 750 8210 8 540 9 820

QPASS e



API 610

F.1 Horizontal pumps

F.11  Acceptable piping configurations should not cause excessive misalignment between the pump and driver.
Piping configurations that produce component nozzle loads lying within the ranges speciied in Table 5 limit
casing distorfon to one-half the pump vendor's design criterion (see 6.3.3) and ensure pump shaft displacement
of less than 250 pm (0,010 in).

"7

F.12 Fiping configurations that produce loads outside the ranges specified in Table 5 are also acceptable
without consultation with the pump vendor if the conditions spedified in F.1.2 a) through F.1.2 c) as follows are
satisfied. Satisfying these conditions ensures that any pump casing distortion is within the vendor's design criteria
(see 6.3.3) and that the displacement of the pump shaft is less than 380 pm (0,015 in).

a) The individual forces and ts acting on each pump nozze flange shall not exceed the
range spedfied in Table 5 (T4) by a factor of more than 2.

= ode Ohjer Properies

b} The resultant applied force (Fpgs, Frpas) and the resultant applied moment (Mgs,s, Mgpa) acting on each x-mtmm'l?m
pump-nozzle flange shall satisfy the appropriate interaction equations as given in Equations (F.1)and (F.2). '..__‘R_ At
[Firsal(1,5 = Frara)] + [Mrsal(1,5 = Mrstall < 2 F.1) Largartirn of Firm L"s;('_ T
Manctactire Sawace Mtz 1
[Froalll,5 % Frotall = [Mpoal(1,5 % Maprall <2 F.2)

Tabda tozde Lasding Fact

c) The applied compenent forces and moments acting on each pump nozzle flange shall be translated to the
centre of the pump. The magnitude of the resultant applied force, Fi;q,, the resultant applied moment, Mpea,
and the applied moment shall be limited by Equations(F.3) to (F.5). (The sign comvention shown in
Figures 21 through 25 and e right-hand rule should be used in evaluating these equations )

Frea < 1.5(Frsta + Frota) F.3)

I My | < 2,0(Mysrq + Mypra) F.4)

Mpca = 1,5(Mpsta + Mrora) F.5)
whene

Firoa= [Fxeal® + (FyeaP + (FzeaPP®

when

Fxca=Fxsn* Fxon

Frea = Frsa + Froa
where

Fzen= Fzan + Fzoa

My = [[MycaP + (Mycal? + (Maca FIPS

Myca = Mysa + Mypa = [(Fyaal(=5) + (Fron)=0) - (Fzsa) (#5) = (Fzoa) DIV 1 000
Myca= Mysa + Myoa + [[Frsall=5)+ (Fxoal=D) - (FzsalxS) - (Fzoa (<01 000
Mz = Mzgpa + Mzpa = [Fraa)v8) + (Frpa)00) = (FysalleS) - (Fypa)i<D))1 000

In USC units, the constant 1000 shall be changed to 12. This constant is the conversion factor to change
millimetres to metres or inches to feet.

F.1.3 Piping configurations that produce loads greater than those allowed in F.1.2 shall be approved by the
purchaser and the vendor.

NOTE In order to evaluate the actual machine distortion (at ambient conditions), the piping alignment checks required in
AP| RP 686, Chapter &, should ba paformed. AP1 RP 686 allows only a small fracfion of the parmitted distortion resulting from
usa of the values from this annex.

PIFING AMD EQUISMENT
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Compressor APIl 617

% Node Object Properties
Compressor APl 6177150 10435
] Name

Material of Compressor
Manufacturing Technology
Temperature of Compressor
Factor for Allowable Loads
Shaft Axis X

DX 0 mm DY 500
Dont Remove =

Suction Nozzle
1 + [ Set Manual Loads

Discharge Node
3 + [ Set Manual Loads

Additional MNozzle 1
0 + [ Set Manual Loads

Additional Nozzle 2
0 + [ Set Manual Loads

20

Seamless

Center of Compressor Coordinate from Node

DZ 0

mm

Remove Restraints for Hanger Selection

*

-]

mm

|| Cancel ||

Hep |

/PAss
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In Sl units:
In S units: F +1.64M_ < 404D, (F.5a)
F,+109M=541D, (F.1a)
In USC units:
In U.S. customary (USC) units:
2F, +M_=462D, (F.50)
3F,+M, =921D, (F.1b) e
F,  isthe resultant force, Newtons (Ib) (see Figure F.1)
F.  isthe combined resultant of inlet, sidestream, and discharpe forces, Newtons (Ib);
F=JF +F +F 2 M, is the combined resuftant of iniet, and and
Newton-meters A H % g
M, resultant moment, in (R-i) from Figure F.1 riesina e ; b):
D, is the diameter [mm (in.}] of one circular opening equal to the total areas of the inlet,
(F3) sidestream, and discharge i If the nazzle di is greater than
For sizes greater than 200 mm (8 in.), use the follow \ 230 mm (9 in.}, use a value of D, equal 1o the foliowing.
In 51 units: In Sl units:
p {460+ Equivalent Dimoeter) (Fsa)
D, = % (mem) (Fda) #
In USC units:
In USC units:
(16+D,_) p (8- Equwent Domeleh) () F50)
D, =—= () (F.4b)
The absolute value of the individual components (Figure F.1) of these resultants should not exceed the
In Si units: :
In S1 units:
F +1.64M_ <404D, F 5a)
¥ * * ! F=161D, A, =246D,
In USC units: F,=405D, M,=123D,
2F, + M, <462D, (F.50) F,=324D, M, =123D,
L] Input / Equipment (3 |
Operating Mode: Load Case Show Equations
1 'PaBouwit pesma’ () v Operating W+P+T <
Object Start Type DM, mm | Frad, N | Fcir, N | FlongM | FR, N | Mrad, M-m | Mcir, N-m | Mleng, M-m | MR, N-m | Sum | Notes
End
node
Compressor API 617/AP1 619/150 10439 | Nede (1) Suction, Top 200 -15918 | 12907 | -23209 | 30962 -2577.83 | 11010.28 8677.81 14253.98
Mode (3) Discharge, Top |~ 200 | 1440505 -173 0 1440505 0 22.89 2239 --
ext]
ext2
Summary Loads | 250.91 1424833 | -2577.83 _ 273%.16 -




(. fav ) (M, [F)

0.1 0r
|- Ve : [1.0-0.75 X, [(R1)°*]).
whichever is grealer

R ]
< *GHR’ ; 1 WRE > ! '
W 9.8 x ]U‘ GHR |1 t’_u._c“h {Bf ) £ | 'Il » : H :
Er L H.l ! : H
1 ' '
13 ' [
10 98x10°GHR" _[1 . . t____‘.( -] : i
Ll fanFaFl 8 = -—Mu—x -I—f_}—ﬂl' [cos(PL) + sin(PL)] ; Y TL ' J
Dior
[1.0- 078X, /{R1)™],
whicherver Is greater

Figure P.3Ja—Construction of Nomogram for by, b3, ¢4, ¢; Boundary
(A faYe)(Mc/Fo)

10 |-
— wRafffd
[w o?sxaf(a'r]"‘l. 1

Ll a/2v)iRdR)
10

Figure P.3b—Construction of N for by, 1 B v

G is the design specific gravity of the liquid;
H is the maximum allowable tank filling height, in mm (in.};
L is the vertical distance from the nozzle center line to the tank bottem, in mm (in.);

R is the nominal tank radius, in mm (in.}); I o I

t is the shell thickness at the opening connection, in mm {in.); |:| e, e

B is the characteristic parameter, 1.285/(R*t)~0.5 (1/mm) (1/in.}; A7 NN\ e N 777 NN\ 7 N 777 NN\ 7 NN 7570 NS
E is the modulus of elasticity, in MPa (Ibf/in.2); ~ 7| -:

AT is the normal design temperature minus installation temperature, in °C (°F);
o is the thermal expansion coefficient of the shell material, in mm/[mm-°C] (in./[in.-°F]}

PIPING AMD EQUIPMENT
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Fired Heater Modelling

O  Allowable loads calculated according to API 560
U Method 1: Use an anchor at the point where the piping goes inside the heater. The heater vendor must provide the allowable loads
for this anchor point. Or API 560 code may be used

Table 6—Allowable Forces and Moments for Tubes

*y Force Moment
f " B'r'j‘(’NSFF;} Fy Fy F, My M, My

S5 ) Mo | @ | N | @ | N | g | Nm | @A | Nm | @D | Nm | fbD
Tube centerline Lo 50(2) 445 | (100) | 830 | (200) | 890 | (200) | 475 | (350) | 238 | (250) | 339 | (250
75 (3) B67 | (150) | 1334 | (300) | 1334 | (300) | 610 | (450) | 475 | (350) | 475 | (350)
- - x 100(4) | 690 | (200) | 1779 | (400) | 1779 | (400) | 613 | (500) | 610 | (450) | &10 | (450)
s : 125(5) | 1001 | (225) | 2002 | (450) | 2002 | (450) | es5 | (660) | 678 | (500) | &78 | (500
4z i 150 (6) 1112 {250) 24 (500} 2224 (500 990 (7300 745 (550) T46 (550)
' 200(8) | 133 | (300) | 2669 | (600) | 2669 | (600) | 1166 | (860) | ©81 | (650) | 881 | (650)
i 250(10) | 1557 | (350) | 2891 | (650) | 2891 | (850) | 1261 | (930) | 948 | (700} | 948 | (7oo)
o) Horizontal Tubss 300(12) | 1779 | (400) | 3114 | ooy | 3ma | ooy | 1386 | 1000y | 1017 | (7sey | 1017 | @sm)

*y Table 8—Allowable Forces and Moments for Manifolds
F Moment
j M, Manifold oree °
- : DN (UPS) T il fx A M Me
Manifold centedine . N (I6f) N (Ibf) N (Ibf) | Mm | (ftlof) | Mm | (ftlbf) | Mm | (16
150(6) | 2224 | (S00) | 4448 | (1000) | 4448 | (1000) | 1980 | (1480) | 1432 | (1100) | 1432 | (1100)
- +x

200(8) | 2688 | (800) | 5338 | (1200) | 5338 | (1200) | 2332 | (1720 | 17e2 | (13000 | 17e2 | (1300)

250(10) | 3114 | (Fo0) | 5782 | (1300) | s7ez | (1300) | 2522 | (1880) | 1898 | (1400) | 1838 | (1400)

00(12) | 3558 | (800) | 6228 | (1400) | B228 | (1400) | 2712 | (2000) | 2034 | (1500) | 2034 | (1500)

350 (14) | 4004 | (900) | 6672 | (1500) | 6672 | (1500) | 2902 | (2140) [ 2170 | (1800) | 2170 | (1600)

400 (18) 4448 | (1000) | 7117 | (1800) | 70117 | (1600) | 3092 | (2280) | 2305 | (1700) | 2305 | (1700)

430 (18) 4893 | (1M00) | 7s62 | (1700) | 7562 | (1700) | 3282 | (2420) | 2441 | (1800) | 2441 | (1800)

a) Horzontal Manifold b) Vertical Manifold
500 (20) 5338 | (1200) | ©006 | (1300) | BOOG | (1800) | 3471 | (25B0) | 2576 | (1900) | 2576 | (1900)

600 (24) S782 | (1200) | 8431 | (1900) | 8431 | (1900) | 3661 | (2700) | 2712 | (2000) | 2712 | (2000)




Fired Heater Modelling

O  Allowable loads calculated according to API 560

O Method 1: Use an anchor at the point where the piping goes inside the heater. The heater vendor must provide the allowable loads
for this anchor point. Or API 560 code may be used

[ﬁ' Mode Object Properties

Fired Heater AP| 560150 13705
[ Name

Dont Remove <

Type

Thermal Movement by X
Themal Movement by '
Themal Movement by £

Allowable Loads
By API 560/150 13705 -

Remove Restraints for Hanger Selection

Tubes

[L]o
[L]o
L]0

mm

mm

mm

OK

| | Cancel

PIFING AMD EQUISMENT
ANALYEIE & SIZING BUITE

/PAss

a} Horizonlal Tubas

splayed. In the second row the allowable values are displayed.

LInput ./Equipment Q]

b} Verlica | Tubes

Operating Mode
1 'main mode' (0}

Load Case

= Operating W+P+T

[] Show Equations

allowable

LR

11660

2810

Object Start Type DN, mm | Frad, kgf | Fcir, kgf | Flong kgf | FR, kgf | Mrad, kgf-cm | Mcir, kgf-cm | Mlong, kgf-cm | MR, kgf-cm | Sum
End
node
Fired Heater API 560/150 13705 | Node (1) | calculated 219

Notes




U Method 2: Model whole or part of the furnace coil that is inside the heater. Vendor should provide allowable displacements at the
point where the pipe goes inside the heater (+dx, -dx, +dy, -dy, +dz, -dz). Usually it's the gap values between the pipe and heater

shell
Table 7—Allowable Movements for Tubes
Dimensions in milimeters {inches)
Allowable Movement
Terminals Horizontal Tubes Vertical Tubes
Ax Ay A A 4y 4
Radiant a a | 5 (+1) 25 1) a a 25 1) 25 | (1)
‘Convection a a +13 +0.5) 13 (0.5) — — — — — —
NOTE  Except where noted. the above movements are allowable in both directions (£).
3 Tobe specified by heater vendor.

Table 9—Allowable Movements for Manifolds
Dimensions in millimeters (inches)

Allowable Movement
Terminals Horizontal Manifolds Vertical Manifolds
A A A Ay Ay A,
Radiant 13 (0.5) 0 o) a a 1] 0 13 | (0.5) 2 3
Convection 13 | (05) 0 o a a — — — — — —

MOTE  The above movements are allowable in both directions (£).

3 Az isto be specified by heater vendor.

PIFING AMD EQUISMENT
ANALYEIE & SIZING BUITE

/PAss




Effect of Friction in Operating and Cold State

Axial force N

a L2 OPE
ok A
4 ; .
wl 3 L1: W+P SUS
I 2 L2: W+P+T OPE
/<o '3'" 5 Time L3: L2-T COLD (follow up L2)
> L4: L2-L1 EXP
L5: L2-L3 EXP
L3coLD\__ ¥
a) _ _
A |nstallation State at Ambient Temperature
#]
R=0 Z Sliding Support
7 F=0
b) W Moving direction
5 Operation State at Design Temperature * f
N -
y
2 F=u*W =
c) W Residual Strain
4 Cold State at Ambient Temperature after Cooling Down ¢ / Moving direction
R=-F ~ '
7 =
4  m—|
7 F=u*W

a) Installation State at Ambient Temperature

R=0

—>

F=0

b) Operation State at

R>O'

Design Temperature

W

C) Cold State at Ambi
R<0
h

|
— F=p*W

]

]
_.’ F=M*W

ent Temperature after Cooling Down



The Pipe and Soil Interaction Model

VRN SNZZZ S SYVZZERN SNVZRNNNW/7ERN N/ 72N\ \NIE 77N\ /2NN

7 /Vertlcal soil flexibility z
: “§ “§ N H H
, “*Longltudlnal soil flexibility Friction
Horizontal soil flexibility
Horizontal soil P-A Vertical soil P-A Longitudinal soil P-A diagram (friction)
diagram diagram
PR P LR, th
? anlr.l.nlr.l.f
‘E‘Y... - :-.}_S
Py /|
w st R,

PIFING AMD
AMALYEIE & BIZ



PASS/Start-Prof | Soil Model

Each soil support stiffness consist of vertical, horizontal and longitudinal nonlinear springs
* Horizontal spring consist of 3 springs K1, K2, K3.
» Vertical Spring consist of 2 (or 3) springs K1, K4 (and K2).

* Longitudinal spring K5

Insulation and Cushions

Insulation Type Polyurethane foam

MM 0.67

Cushion Presence No -

_”.’d T
Yes / Ful
p— J ---
OK Cancel Help x; /\ .y
H e
ad / i ™




Restrained and Unrestrained Zones

Unrestrained Zone
Partially Restrained Zone \

La

! !
: . * S
! ! ! S, =058, | 4___100D 100D u_,_‘_._._ﬁ._:
I Axial Stress Diagram ' I S 4 s SR s
| | JHE I
[ | L I
: : 11 | . aATEA + (0.5 —v)5,A 5 | EA
| I 1 =
i i1 ! “ q ‘s,|| mDC
| I
| Sq = —aATE +vS,” 1 i
| AL = aATL, + (0.5 S Ly _qla” :
: _la a + ( . V) h E 2EA %
| 1 AN
([ . . I o -
| Axial Displacement Diagram : 1-.—1-”rlrlI'IT”]””]"”””||” '

Sh is the ring stress, q is the friction force, E is the modulus of elasticity, A is the area, DT is the

temperature dlfference a is the linear expansion coefficient, n is the Poisson coefficient




Q&A
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PASS/Start-Prof | Resources

Subscribe to our Social Media to Learn More!

 Web site;: www.passuite.com

* YouTube Channel: www.youtube.com/passuite

e LinkedIn: www.linkedin.com/company/passuite/

 Facebook: www.facebook.com/PASSuite

o Twitter: twitter.com/passuitecom

* More than 50 articles about pipe stress analysis and PASS/START-PROF features
https://whatispiping.com/category/start-prof

PAsS

PIPING AND EQUIPMENT
AMNALYSIS & SIZING SUITE
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PASS/Start-Prof | Resources

* Online Help: https://www.passuite.com/kbase/doc/start//WebHelp_en/index.htm
veass  Start-Prof 4.84R1 User's Guide

Valve

1
e PASS start-PrROE

Read about START-PROF pipe stress analysis software
Pipe Elements
fends Pump API 610 / ISO 13709
Tees and Stub-Ins
Reducers
Expansion Joints

Restraints
Equipment
Pressure Vessels, Columns WRC 107/5
Storage Tank AP) 650 stz Topia |
I Pump AP 10 This element allows to model the pumps and check the loads according to APL 610 / 150 13709 standards. One "Pump” object can be connected to one or two nodes. Allowable loads are checked for each individual nozzle

and for whole pump. Analysis resuits can be found in Loads on Nozzles and Equipment Tablz. See also "Heow to Reduce the Nozzle Loads in START-PROF”
Fump IS0 5305 There can be two options of using pump element:

Pump IS0 5199 1. Put Pump nozzles into the pipe end nodes, In this case, the pump nozzles are automatically modeled as an anchors. Pump temperature

p i are aut tically as anchor 5,

Other Pump -
o-line Pump AP 610 < - "::I'::;"‘;;' =
Compressor AP| 617/API 619 o D=
Turbine NEMA S 23WAPI 6110AF1 612 g of Prsegs £
Fired Heater API 550 Terestim o e Lis €
Air Covled Heat Exchanger API 651 ':J:“::::_""

Loags St e I
Nodal Deformations {Cold Spring) S D e - - r
Restraint Movement and Raotation o o (] .
Seismic Anchor Mavement ‘ F:"w a—-’:«»: m’: L a

Flaw :L‘*x
Plane Flaw il S =[] 5w Laate
Volumetric Flaw

Analysis Results
Stress in Piping D‘s“’ :m:.. = [ 50 loni
Siress in Insulation ‘

Stress in Flaw



https://www.passuite.com/kbase/doc/start/WebHelp_en/index.htm
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