TRIAX — Triaxial Stress Analysis Model

TRIAX calculates limits for burst and collapse pressures
and equivalent stresses for the pipe body. Three pressure
limit models are evaluated by the program: (1) triaxial,

(2) biaxial, and (3) API. The program also performs triaxial
stress sensitivity analysis for the factors of internal and
external pressure, doglegs, and D/t (diameter/wall
thickness) ratios.

Axial loads from DDRAG and internal/external pressures
from HYDMOD can be input to this program to examine

equivalent stresses and pressure limits for a specific point in

the drill string or colled tubing.

NOTE: Computer screens within this PDF document may
appear slightly distorted. This is due to limitations in the
Adobe Acrobat Viewer when displaying graphics. To clearly

view details in the graphics, zoom in or print the document.
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“ Triax - [Project]
E File Imput Run  Analysis Ophkion  MWindow Help

D\ (d| & | v &5 ]2

Project

Fraoject File: C:AMEINTRlAEAHanel tr2
Syztem of Units: Englizh

Wwell Data
Caormpar: Giant Oil Compary ;—U|
Project Mame: F33-01 j_>
el Hawel 35
Field Locrition >
Location: Smarney Cournty
Drate: September 2005
Comments: Drrillztrifg Strezs Analyzis
Froject windaw [Initz: Englizh g8/31.42005 235 Fhd
TRIAX is an easy-to-use engineering model. The first input screen (the
Project page) stores project documentation.
Slide
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Tube Data Calculation Parameters

Fipe Class |f3«|uminum DOP j Axial Force [|bf]

Fipe 0. D [in] |5_|:||:||:| j Esternal Pressure [psi]

Fipe 1.0 [in) | 4 FE0 |nternal Prezsure [psi)

aung's Moduluz [pai] | 20000000 Dogleg [deg#100f)

*field Stress [psi)] | 55000 Satety Factor

General Dutput

b aw. Auial Stress [pa) | EIE2 Bending Stresz [pa) 454

Ay, Axial Stress [psi) | q0a Allowed Axial Stresz [pei) 45833

XVIdl

Min. &xial Stregzs [psi) | -AR4FR Allowed Axial Force [1bf) 151420

Burst and Collapse Operational Pressures
Triaxial Biaxial AP
b irirnarn b aximum b irirnarn b aximum

Burst Limit [psi] | 00 | 48634 | 0o | 38252 | 35232
Collapse Limit [psi] | 0.0 | h4b5.7 | 0o | 35603 | 2624

Tubulars windaw [Initz: Englizh g8/31.42005 235 Fhd

On the Tubulars page, tubular components of interest are specified in
detail. After operating conditions are entered, results are displayed on

the lower half of the window. Slide
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Tube Data

Calculation Parameters

Clazs

MHarminal
Size

[in]

Marminal
W eight
(k]

Adjusted
Wieight
(Ib]

Jpzet

- Clagz 2 4.50 16.60 1914 IELI
- Class 2 4.50 16.60 17.58 EU
- Class 2 4.50 16.60 19.03 [ELI
- Clazs 2 4.50 16.60 18.61 [ELI
- Clazs 2 4.50 16.60 19.59 I[EL
- Clazs 2 4.50 16.60 19.19 EU
- Clazs 2 4.50 16.60 18.73 EU
- Clazs 2 4.50 16.60 17.92 [EL

[l | A Cih A0 mn A0 .7 (It ]

]

Cancel |

XVIdl

IIIF-Z|

b irirnarn b aximum b irirnarn b aximum

Burst Limit [pzi] | 0o | oo | 0o | 0o | 0.0
0.0 | 0.0 | 0o | 0.0 | 0.0

Collapse Limit [pzi] |

Units: English B/31/2005 4:28 P

All MTI programs include an extensive database of tubulars that may
be edited/customized. This feature avoids the need to look up the
drillstring component's size, weight, 1D, etc. Slide
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. Triax - [Biaxial Graph]
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Input Data

Frezsure Biaxial and API Graph E sternal Frezsure [psi)
e | 1000.0

5 — — Internal Pressure [psi] | 2000.0
f’"—‘“\ ] Auial Farce [Ibf) 3000

Curzor Coordinates

Bial Strezs (psi) | 903
Preszure [psi] | 2230

Operational Preszure

XVIdl

Collapse Buarst Lirnit Callapse Limit
[ 7 Biawial ] [pei] [psi)
— AP

Awial Stress o
B0 48 3 24 42 0 12 24 36 4B RO [kpsi) Biawial | 4047 4 | 38171

Triaxial | 50231 | R72T.7

Tube Status [at cursor position]

piavial  GEEN AP BEEN  Tiasisl Bae AL 3Bz | 27678

Bi-&wial, Triztsial and AP Graph [Initz: Englizh g8/31.42005 2:34 Phd

Biaxial, APl and triaxial limit curves can be reviewed next. Move the
cursor within the graph area to explore the effects of changing
stresses and pressures. Burst pressure limits and collapse pressure Slide
limits are only affected by the axial stress. 5of 9




2 Triax - [Sensitivity Analysis]

:‘: File Imput Run  Analysis Ophkion  MWindow Help

D - & «|»| @] 2 7]
T B azeline Range Range
Senzitivity Parameters Data Wi M i
Internal Pressure [psi 1000.0 4000.0 Calculate
Esternal Pressure [psi) 1000.0
Internal and External Pressure [psi) 2000.0
Diogleqg [deg/1 00 5.00
D/t [diameterthick ness] B atio 2273
Auxial Force [[bf) 2000
Equivalent | Equivalent Auial Aial ere .
Sensitivity | Stress Shress Stress Stress SEHS“WIW Analysm —
Farameter | - bending | + bending | - bending | +bending | |
(psi] (psi) (psi (psi] il 0
1000.0 3546 7362 4546 B362 — ™
1150.0 4557 6793 4546 6362 ' S<
1300.0 R302 BG4 4546 6362
1450.0 7400 BI1E 4546 F3E2 “tressz[mst:]?m
1600.0 8375 7531 4546 532 |F H
1750.0 10593 542 AF4E 6352 10000
1300.0 12237 9712 4546 6362
2050.0 13898 11025 4545 6362 a ; ; ; =
2200.0 15570 12435 4545 6362 41000 200 3no _ 4000
23/0.0 17250 13914 454E B362| Internal Pressure (psi)
Senzitivity Analyzis [Initz: Englizh g8/31.42005 235 Fhd
The Sensitivity Analysis is an important output utility. It can be used
to test the impact of changes in any of several operational
parameters. This type of analysis can quickly demonstrate which Slide
operational parameter(s) must be optimized. 6 of 9



[tz M}'EUEtDI’I’I QK | EEIT'IEE-" | uﬂdD Al |
(aroup M arme Selection Format =
1 Dlimenzion Length [ft) - [ o
2 Diameter/ Thickness (ir] - [.##4d
3 Mozzle Size [1/32in] -
4 Choke Size [1/64in] - [
] Tranzportation Distance (rni] - O#
5 Area [Ft2] - [HHH
7 Crosz Sechon [In&) - [.#H
A Fluid *alume [alall] - [# —
9 Fuel Yolume (gal) - 04 A
10 Salid olume [1%]] - (.4 P
11 Curnulative Production [MSTE) - Of ><
12 Stroke Dizplacement [gal/ztk) - [.#H
13 G as Volume (PR 2 - Of
14 Speed Welocity [Ft/rrir) - [.#H
15 Trip Speed [ftArir) - -
Save Save Az Prirt English Metnc Other...

Units for input and output displays are easy to select and customize.

Choose between the default metric or English systems, or a custom
combination of units (for example, depth in meters, hole size in inches). Slide
Custom systems are saved and automatically recalled in future sessions.  7o0f9
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E] Background

E] Features of Triax

=] Quick Tour of TRIAX

5_1 Required Input Daka

+ @ Program Operation

—-\[]y Theoretical Basis

£] Tubing Stresses

E Triaxial Stress Equations
El Biaxial Stress Equations
El API Stress Equations

+ @ MTI Software

Tubing Stresses

An element of material subjected to stresses Ox, Oy, and Tz in three
perpendicular directions is said to be in & state of triaxial strezs. Tubes in
wellbores subjected to baoth axial load and pressure (external andfior ifternal
pressure] are under triaxial stress.

'l} Fo Amezl Lood

Extarnzl

2

0
S ;
i,
(=
I}| ¥
%
;]
[

S

\

F

T

Thicknaax

=

J-II Fo Axigl Lgod

The generally accepted relationship for the influence of axial stress on
collapze or burst is based on distortion energy theory. & clozed triaxial
design procedure was developed wsing Won Mizes' and Lame's eqguations.,
The current models included in TRIAX do not consider the impact of torsion.

A comprehensive On-Line Help System is also provided. Tips on
program operation, program structure, and basic theoretical background
are immediately available at the click of a button.
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Thanks for your interest in TRIAX

For more information on Maurer Software by Petris,
email:
sales@petris.com

or visit us on the web at
WWwWWw.petris.com

PETRIS

MAURER SOFTWARE is a mark of Maurer Technology Inc., used under license. 90of9



