l’/

=

NEGERI
JAKARTA

Desuperheate

© Hak Cipta milik Politeknik Negeri Jakarta
Hak Cipta:

tanpa izin Politeknik Negeri Jakarta

JAKARTA

RAPAN

REKAYASA KONVERSI ENERGI

&TA

“s
=

4

JAR

ARJANA TE]

POLITEKNIK
oo

Vunita

JURUSAN TEKNIK MESIN

POLITEKNIK NEGERI

PROGRAM

1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :
a. Pengutipan hanya untuk kepentingan pendidikan, penelitian, penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta
2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun

JULI, 2024



eyeyer uabap Niuyaijod uizi edue)

>
o9
o
=
Q
=]
(=}
3
(1]
=]
Q
c
3
c
3
=
Q
=]
o
Q
=]
3
(]
3
-]
m
=
o
Q
=
<
Q
=
wn
m
o
o
Q
Q
=]
Q
-~
Q
<
wn
o
c
-
c
=
bl
o
-
<
o
-
<
=
El
o
o
Q
3
o
(1]
3
-~
c
=
Q
T
Q
T
c
=]

g
v
(1]
=}
Q
o
Fr
T
[
=
—
Q.
o
=
3
[}
-
[
Q
=
Q
=
==
[}
T
[}
=
=
=
Q
o
=
<
o
=
Q
g
L
[
-
v
o
-
(1)
==
2,
~
-
[
Q
[}
—
.
o
=
o
-
-
o

&
v
o
=
Q
=
=
T
o
=
=
Y
cl
<
1Y
=
=1
-
s
=
=
(1]
T
m
>
-
>
Q
Q
=
T
(]
=
=
2
~
1Y)
g
T
(]
=
=
=
o
=
T
(1]
>
=
=
Q
=1
=
Q
<
o
3
o
=
T
(]
>
=
=
Q
=
o
T
(=]
=
O
=
T
(]
>
=
w
Q
>
=
=3
3
~
1
-
i
<
=
=
I
<
o
=
%)
s
o
-
<
3
o
w
=
O
=

2y
m
2
0
T
-+
Y

o
Q
x
£
T
-+
o
§.
;
1
=
= POLITEKNIK
x

E.

r

<

1]
Q

(1)

=.

b

o

*

o

-

-+

o

NEGERI
JAKARTA

Badak LNG

Analisis Tegangan Crack piping di Medium Pressure Steam
Desuperheater (31E-83) berdasar ASME B31.3

LAPORAN SKRIPSI

Laparan ini disusun sebagai salah satu syarat untuk menyelesaikan pendidikan
Sarjana Terapan Program Studi Teknologi Rekayasa Konversi Energi, Jurusan
Teknik Mesin

Oleh:
Yunita Rante Lembang
NIM. 2002322015

-
<
o
=
o
=
Q
3
[}
=]
Q
c
-
T
w
(1)
o
o
b=
o
=
o
-
o
c
[’
o
c
=
c
-
~
o
-
<
)
-
=
3
=
=
o
=
T
o
3
(]
=
n
o
=
-
c
=
=~
o
=
Q.
o
=
=
[}
=
<
()
o
c
-
=
o
=
w
c
3
o
[}
-

PROGRAM STUDI SARJANA TERAPAN TEKNOLOGI
REKAYASA KONVERSI ENERGI

JURUSAN TEKNIK MESIN

POLITEKNIK NEGERI JAKARTA
JULLI, 2024



g (Amsal 23:1

1

sa dan almamate

o
1‘

id

Harar

POLITEKNIK
NEGERI
JAKARTA

a Depan sungg

Karena Ma

Hak Cipta:

1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :
\ a. Pengutipan hanya untuk kepentingan pendidikan, penelitian, penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta




eyeyer uabap Niuyaijod uizi edue)

\,\\\H((]{ 5/_
N

HALAMAN PERSETUJUAN

X
m
=
8
©
-+
Y

SE
m
T
0
T
-+
(Y
3,
=
v
-
-
®
i
3,
=
=
®
Q
®
=5
[
o
3
0
H
-
Y

Analisis Tegangan Crack Piping di Medium Pressure Steam Desuperheater
(31E-83) berdasar ASME B31.3

Oleh:
Yunita Rante Lembang
NIM. 2002322015
Program Studi Sarjana Terapan Tcknologi Rekayasa Konversi Energi

Laporan Skripsi telah disctujui olch pembimbing

=
e
(1]
=}
Q
c
=
T
o
=
=
Q.
o
=
=
[}
-
[
)
=
Q
=
~
[}
T
o
=
=l
=
Q
o
=
<
o
=
Q
3
Q
—.
o
-
el
o
=
(1)
=
=
~
4
(3
Q
[}
=X
S
-]
=
o
-
~~
o

-
o
o
>
Q
=
=
T
o
=
=
o
=
<
o
=
=
i
c
~
~
()
©
o
=
=
>
Q
)
S
T
o
=
o
=
~
)
E;
T
o
=
o
=
o
=
T
o
S
<
=
o
S
=
o
-
<
)
3
o
=
©
o
S
e
=
o
=
)
T
=}
=
o
=
T
o
=
=
=
o
S
~
=t
=
~
o
e
o
c
[=A
=
N
o
c
o
S
w
=
o
[
=
=
o
w
o
o
=7

Pembimbing | Pembimbing 2
Dr. Eng.Ir. Muslimin, ST., MT., IWE. Ir. Erlangga Yudha P S.T. MBA
NIP. 197707142008121005 NIP. 133016
Ketua Program Studi

Sarjana Terapan Teknplogi Rekayasa Konversi Energi

N =
=) =)
5 )
o o
=7 -
Q Q
3 3
n [}
~} =}
Qe Q
= =
3 o
< wn
; o
3 S
=] Q
- Q
9 2
2 o
3 s
o =
3 »
o o
3338
o c
- 5
< =
523
@ S
o c
o <
Q 3
g 3.
. 8
o =
< o
w 8
L 3
< o
<
c =
> S
=
5832
<
o 3
- -~
c )
= >
w o
= 2
3. =
o
> 23
o =
3 s
g' B
S
c Sy
= =
o "
o c
o, 23
£

o
3 -

v



eyieyer 1abap Niuyalijod uizi eduey

S
)
(1]
=
Q
=
—
T
Q
=]
e
Q.
o
=
=
o
o
o
)
~
Q
=
~
(1]
T
m
-
st
-
Q
o
=
<
o
-
Q
s
L
e
o
-
v
O’
-
m
=
=1
=
P4
(]
Q
m
=
e
)
=
o
-
=
o

N
Doy
o o
- [1"]
o =
=] Q
Q<&
355
- =
~
-
3 <
[ =t Q
3 c
B -
o c
= =
B
A
3 %%
3 =]
2 =
-
3388
T o5
= -]
o
s 53
2 =]
S 2 s
~
< B
o 2
or
s @B
Q 3
o o
3 =
'Q_D' ()
8 P7
< °
wn m
o -]
£ 3=
= o
=r 3
303
- -
< <
o )
= =
= =
= -
A =
3. °
o
s 2
o —
2,
5 &
o
z
o
~ >
5 T
s B
- -
€ =
= w
Q
=
~
-
=
~
o
-,
[+
[
o
=)
N
()
c
Y]
=
w
=
Y]
Cad
=
=
1)
w
-
Q
=

ac
m
=
0
©
-+
8

o
m
o
0
T
-+
Y
3,
=
o
O
=
o
=
S
=
=
o
Q
)
=
e
o
o
)
q
-+
Y

—
=
5
-
o
=
(=]
3
o
-
(e}
=
=,
e
w
o
[on
o
Q
Qo
-
Q
-~
'}
o]
w
3
=
-
=
- i
F 3
Q9
-
<
Q9
-~
£
=
5
—
Q9
=
T
Q9
3
M
-
n
o8
=
-~
c
3
~
Q9
=
o
1)
-
3
M
=
<
m
o
<
-~
)
Qo
=
w
| e
3
o
m
-

HALAMAN PEPENGESAHAN

Analisis Tegangan Crack Piping di Medium Pressure Steam Desuperheater

(31E-83) berdasar ASME B31.3

Oleh:

Yunita Rante Lembang
NIM. 2002322015
Program Studi Sarjana Terapan Tcknologi Rekayasa Konversi Energi

Telah berhasil di pertahankan dalam sidang sarjana terapan di hadapan Dewan
Penguji pada tanggal 20 Agustus 2024 dan diterima scbagai persyaratan untuk
memperoleh gelar Sarjana Terapan (Diploma IV) pada Program Studi Sarjana
Terapan Teknologi Rekayasa Konversi Energi Jurusan Teknik Mesin

DEWAN PENGUJIT
No Nama Posisi Tanda | Tanggal
Penguji | Tangan

I. | Dr, Eng.Ir. Muslimin, ST., MT., IWE. Ketua ﬂ‘_’s‘"— 20/08/24
NIP, 197707142008121005 o2l

2. | Budi Yuwono S.T. Anggota r,-QT 20/08/24
NIP. 196306191990031002

3. | Hasvienda Mohammad Ridlwan, S.T., Anggota % 20/08/24
M.T. i
NIP. 199012162018031001

4. | Ir. Erlangga Yudha P. ,S.T, MBA Anggota 20/08/24

NIP. 133016

Bontang, 20 Agustus 2024

Ketua Jurusan Teknij e

NIP. 197707142008}

Disahkan oleh;

113




eyieyer uabap Niuyaiijod uizi eduey

5
=
o
-
Q
=]
Q
3
(1]
=
Q
c
=
c
3
=
Q
=
Q.
Q
=
3
(]
3
T
(1]
-
o
o
=
<
o
=
w
(1)
o
o
=
Q
=
Q
~*
Q
<
w
1
c
-
c
=
~
o
-
<
o
-
E
T
5
Q.
ﬂ_l
Q
3
o
(1]
=
~*
S
=
o
T
Q
T
c
=

5
bl
(1]
=}
Q
c
-
T
Q
=
—
Q.
)
=
=
[}
-
<
=
=
Q
=
=
[}
T
o
=
=
=}
Q
o
S
<
Q
=}
Q
3
o
—
o
-
v
o
=
(1)
e
=
=
2
(3
Q
[}
=
e
)
==
o
-
-,
o

o
o
o
>
Q
=
=
T
o
=
=7
o
=
<
)
=
S
-
e
=
~
)
T
o
=
=
=
Q
o
3
T
o
>
=
S
=
)
=
T
o
=
e
H
o
S
T
o
S
=
=
o
S
=
)
-
<
)
3
o
5
T
o
=
=
=
o
=
o
T
=}
-
o
=
T
o
S
=
=
o
S
=
=
=
=
o
-
o
=
(=1
>
N—
o
c
o
S
w
c
o
g
=
S
o
w
o
o
=7

o
m
=
0
©
-+
Y

el
m
T
0
S
-+
Y
3,
=
2
S
-
®
-1
3,
2
P
®
Q
®
=5
—
o
o
3
q
-+
Y

LEMBAR PERNYATAAN ORISINALITAS

Saya yang bertanda tangan di bawah ini:

Nama : Yunita Rante Lembang

NIM : 2002322015

Program Studi : Sarjana Terapan Teknologi Rekayasa Konversi Energi
Menyatakan bahwa yang dituliskan di dalam Lporan Skripsi ini adalah hasil karya saya
sendiri bukan jiplakan karya orang lain baik Sebagian ataupun seluruhnya. Pendapat,
gagasan atau temuan orang lain yang terdapat di dalam Laporan Skripsi telah saya kutip
dan saya rujuk sesuai dengan etika ilmiah.

Demikian pernyataan ini saya buat dengan sebenar-benarnya.

Bontang, 30 Agustus 2024

.\%J‘ ‘‘‘‘‘‘‘‘‘‘ CA e v

2 mt )
i

18788773

Yﬁnita Rante Lembang
NIM. 2002322015

-
9
o
=
o
=
Q
=
[}
=
Q
c
=
T
w
(1)
o
o
=
o
=
o
-~
Q
c
w
o
c
-
(=
=
=
Q
-
<
o
-
=
=
=
-
o
>
T
o
3
[}
=
n
o
=
—-
c
=
=
o
=
Q.
o
=
=
[}
S
<
[}
o
c
~
=
o
=
w
(=
3
o
[}
-

vi



eyieyer uabap Niwjaijod uizi edue)

S
b
(]
=}
Q
<
fr
T
Q
=
—
Q.
o
=
3
[}
-
[
Q
=
Q
=
=
[}
T
o
=
=
=
Q
o
=
<
-
=
Q
g
o
N—
[
-
v
o
=
(1)
=
2,
==
4
[
Q
[}
Py
S
o
=
-
-
-
-

N
= - Y
o ]
s 8
S Q@
Qe s
255
2985
g 27
=]
3 <
c o
3 c
>3 2
y g
5 =
267
= ©
m
3 3
m :’-
-
2388
T o5
= °
o
553
S8 g
< B
® 8 3
.
I
Q =
99
3 =
8 o
Y 5
< -
w m
) 5
c 2 £
< =
c 2
el
38%
- -
< <
o O
= =
c 93
===
B
3. °
o
v 2
Q —
3 £
8 5
°
z 2
i
~ S
5 T
= B
° =]
c S
= @
i
-
~
)
=
-~
o
-+
i
=
o
3.
QO
=
Q8
-
w
F =
i)
—
—
3
'
w
o
Y
=

%
)
=
2]
T
-+
Q

=5
m
x
0
©
-+
9
§.
;
v
=i
;.
®
x
E.
x
2
®
Q
o
=.
e
o
x
3
q
-~
Y

=
=)
5
-
Qo
=
(=]
=
(]
=
Q
(=]
=
e
wn
]
o
o
Q
Q9
=
Q9
~
o
=
w
o
=
-
(=
-
~
Q9
-
<
Q
-,
£
=
5
-~
Q9
=
el
Q9
3
m
=
N
)
=
-,
(=
3
£
Q9
=
o
)
=
3
(]
=
<
m
o
=
~*
-~
9
=)
w
=
3
[on
]
-

ANALISIS TEGANGAN CRACK PIPING DI MEDIUM
PRESSURE DESUPERHEATER (31E-83) BERDASAR
ASME B31.3

Yunita Rante Lembang®;Erlangga Yudha P:2, Muslimin Y

D Program Studi Sarjana Teknologi Rekayasa Konversi Energi, Jurusan Teknik Mesin, Politeknik
Negeri Jakarta, Kampus Ul Depok, 16424
2 PT Badak NGL, JI. Raya Kutai Badak [:NG, Bontang Selatan 75324

Email: yunita.rantelembang.tm20@mhsw.pnj.ac.id

ABSTRAK

Steam pada boiler dibagi menjadi tiga yakni High Pressure Steam (HPS), Medium
Pressure Steam (MPS) dan Low Pressure Steam (LPS). Letdown station adalah salah
satu fasilitas utilities yang memproduksi steam MP-dan LP. Fasilitas utilities ini
digunakan untuk menjaga stabilitas tekanan steam header dan menurunkan tekanan
steam baik dari HP Steam ke MP Steam maupun dari MP steam ke LP.steam. Sumber
utama steam berasal dari bolier sehingga apabila tekanan header HP Steam berkurang
maka holier akan menambahkan produksi stea. Unit.ini beroperasi dalam kondisi
temperatur dan tekanan tinggi, serta bekerja secara terus menerus. Jalur pipa MP Steam
Desuperheater (31E-83) mengalami cracking. Hal ini mengakibatkan pipa mengalami
perubahan dimensi dan posisi. Indikasi utama terjadinya hal tersebut adalah stress
akibat thermal load pada jalur pipa. Oleh karena itu, perlu adanya analisa tegangan
yang dapat mengevaluasi kondisi pipa saat beroperasi. Metode yang digunakan dalam
penelitian ini dengan perhitungan manual (teoritis)«dan pendekatan software (aktual).
Hasil analisa tegangan sistem perpipaan yang telah dikaji pada skripsi ini sebagai
berikut: tegangan pipa akibat beban static (sustained, Thermal, Occational, hoop) dan
beban dinamik. Pipa rasio 0.65 mengalami stress akibat Exspansion load sebesar 0.89,
suistain load sebesar 1.52, hoop stress sebesar 0.62, occasional load sebesar 0.21.
Displacement pipa yang terjadi pada expansion load 3.036 inci pada node B1l.
Masalah yang terjadi pada penelitian ini disebabkan oleh thermal fatigue pada tee
dibawah flange sehingga.terjadi cracking. Setelah-modifikasi yang dilakukan dapat
menurunkan rasio expansion load menjadi-0.55-dengan-menambahkan schedule pada
pipa yang bermasalah B21 dan B22. Berdasarkan kurva S-N, material A106-B yang
digunakan dapat bertahan selama 11.3 tahun dengan beroperasi secara maksimum.

Kata kunci : Desuperheater, Stress, Sustained Load, Themal Load, Software
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ANALYSIS OF CRACK PIPING STRESS IN MEDIUM
PRESSURE DESUPERHEATER (31E-83) BASED ON ASME B31.3

Yunita Rante Lembang?, Erlangga-Yudha P.?, Muslimin ?
) Undergraduate Study Program in Energy.Conversion Engineering Technology, Department of
Mechanical Engineering, Jakarta State Polytechnic, Ul Depok Campus, 16424
2 PT Badak/NGL, JI. Raya Kutai Badak LNG, South Bontang. 75324

Email: yunita.rantelembang.tm20@mhsw.pnj.ac.id

Steam is divided into three, namely High Pressure Steam, Medium Pressure Steam.and
Low Pressure Steam. Letdown station is one of the utility facilities that produces MP
and LP'steam. This utility factlity is used to maintain the stability of steam header
pressure and reduce steam.pressure both.from HP Steam to MP.Steam and from MP
steam to LP steam. The main source of steam comes from the boiler so that if the HP
Steam header pressure decreases; the boiler will add steam production. This unit
operates in high temperature and pressure.conditions,and works continuously. The MP
Steam Desuperheater (31E-83) pipeline experienced cracking. This caused the pipe to
change dimensions and position. The main indication of this is stress due to Thermal
Load on the pipeline. Therefore, a stress analysis is needed that can evaluate the
condition of the pipe when operating. The method used in this study with manual
calculations (theoretical) and the software approach (actual). The results of the stress
analysis of the piping system:that have been studied in this thesis are as follows: pipe
stress due to static loads (sustained, Thermal, Occasional, hoop) and dynamic loads;
The pipe experiences a stress ratio due to Expansion load of 0.89, sustain load of 1.52,
hoop stress of 0.62, occasional load-of 0.21. Pipe displacement occurs at an expansion
load of 3.036 inches at node B11. The problem that occurs in this study is caused by
thermal fatigue on the tee under the flange .so that ‘cracking occurs. After the
modifications 'made, the expansion load ratio can be reduced to 0.55 by adding a
schedule to the problematic pipes B21 and B22. Based on the S-N curve, the A106-B
material used can'last for 11.3 years with maximum operation.

Keywords: Desuperheater, Stress;Sustained.L.oad, Themal-Load, Software
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Sustained load

Expansion Load

Occasional/load

Hoop.oad
Longitudinal stress
Circumferensial Stress

Displacement
Allowable stress

DAFTAR ISTILAH

Bebanyang disebabkan oleh gaya mekanis yang terjadi
selama operasi normal sistem.perpipaan. Beban ini
dapat ditimbulkan oleh berat pipa dan.berat fluida.
Beban yang disebabkan oleh gaya mekanis yang terjadi
selama operasi normal sistem perpipaan. Beban ini
dapat.ditimbulkan oleh berat pipa dan berat fluida.
Beban yang timbul akibat adanya perpindahan pada
struktur pipa (ekspansi termal) pada sistem perpipaan.
Tekanan yang disebabkan tekanan internal pipa
Tegangan yang searah panjang pipa

Tegangan yang arahnya tangensial terhadap area
potong pipa

Perubahan Posisi pipa

Tegangan maksimum Yyang. dapat diterapkan dengan
aman pada sebuah struktur
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PENDAHULUAN

1.1 Latar Belakang Penelitian

Steam pada boiler yang dihasilkan oleh boiler menghasilkan 3 steam yakni
High Pressure Steam.(HPS), Medium Pressure Steam (MPS) dan«Low Pressure
Steam (LPS). HPS.digunakan untuk steam turbine generator dengan name tag
31PG-2/3/4/5/6/8 (Modulal) dan 31PG-9/10/11/12/13/14 (Modul 1I). Letdown
Station'yang digunakan untuk menurunkan tekanan steam baik dari HPS ke MPS
maupun dari MPS ke LPS dan menjaga stabilitas tekanan steam header. Urgensi
Equipment Desuperheater Steam 31E-83 dalam memproduksi MP Steam di PT
Badak NGL. Steam ini digunakan-untuk menggerakkan support dalam mekanisme
operasional boiler (FD Fan Driver, Pump, lube-oil pump) dan Train (compressor
Turbin, Lube dan seal oil pump turbin, Gland seal steam condenser). Sumber utama
steam berasal dari bolier sehingga tekanan header HPS berkurang maka bolier akan

menambahkan produksi steam.

Evaluasi equipment 31E-83 didasari oleh down time yang sering terjadi
karena kegagalan berulang pada equipment ini sehingga perlu dilakukan penelitian
ini untuk memaksimalkan kinerja equipment. Berdasarkan data history dari 2009-
2015 mengalami kebocoran. Fault Tree Analisis (FTA) digunakan untuk menjawab
kegagalan tersebut. FTA ini menghasilkan failure terjadi pada equipment. ‘Selain
itu, reaktivasi .akan dilaksanakan pada tahun 2027. Persiapan mengaktifkan Kilang
beroperasi 20 tahun kedepan.telah dilakukan. Salah satu equipment support adalah

Desuperheater 31E-83 ini sehingga perlu.di-evaluasi(Oemiati et al., n.d.).



eyeyer uabap Niuyaijod uizi edue)

2
v
(1]
=}
Q
o
-7
T
o
=
—
Q.
o
=
3
[}
-
[
e
=
Q
=
=
[}
T
[}
=
o=
=
Q
o
=
<
-
=
Q
g
o
N—
[
-
v
oL
=
(1)
==
2,
=
-
[
Q
[}
—
e
o
=
o
-
-
o

N
o o
S o)
s 28
= @
Qe s
35S
2985
g7
=]
3 <
c Q
[ =
233
y g
5 =
~
a3
3 =%
3 5
m 2-
=
338¢
T es
= ©
o
553
S eg
~2 5
® 8 3
T
9 QP
Q =1
99 0
S =
8 o
Y 5
< °
w m
o 5
c 2 E
£ =
c 2
— el )
3873
- -
< <
o 8
= =
c 93
= x5
e
3. °
Q.
s 2
Q —
3 £
e =
s 3
z ¢
o
~ 3
5 T
5 B
° -
c S
3 w
Q
=
=
=
=
~
Q
&
[
o
3.
Q
=
Q
-
w
=
Q
Cad
=
3
o
w
o
Q
=

e
v
=
0
©
-+
8

ar
m
r
0
©
-+
Y
§.
;
1
o
=.
o
x
E.
x
2
o
Q
)
=.
L
o
x
)
q
-+
Y

-
9
o
-
o
=
Q
3
[}
=]
Q
c
-t
T
w
(1)
o
o
Q.
o
=
o
-
o
c
[’
o
c
=
c
=
=
o
-
<
)
-
(=
=
3,
=
o
=
T
o
3
(]
=
N0
o
=
~
c
=
==
o
=
[« B
o
=
3
[}
=
<
[}
T
c
-
=
o
=
(7))
c
3
o
[}
-

Studi yang pernah dilakukan oleh Ir. Elangga Yuhda P. S.T. MBA dengan
judul "“31E-83 Piping System Evaluation due to Support Disposition” " tahun
2016. Hasil dari penelitian ini rekomendasi-menutup celah antara penyangga shoe-
grout dan shoe-piperack menggunakan flat menggunakan.baja batang datar (A-36)
dengan memodifikasi penyangga pipa yang baru, Mengembalikan penyangga ke
posisi yang benar.dan'mengganti trunnion ke penyangga pegas untuk.menyerap
gaya dan momen gaya dapat dikurangi dengan menambahkan panjang potengan
baru (spool) dan buat panjang pipa seperti desain sebelumnya. Penelitian ini, erat
kaitannya dengan penelitian sebelumnya sebab adanya kesenjangan antara masalah
cracking dilapangan dengan. indikasi. stress yang terjadi didalam pipa. Oleh karena
itu, penelitian ini mengangkat judul “Analisis Tegangan Crack Piping di Medium
Pressure Steam Desuperheater (31E-83) berdasar -ASME B31.3” untuk

melanjutkan penelitian sebelumnya. secara-lebih mendalam.

1.2 Rumusan Masalah Penelitian

Rumusan penelitian skripsi sebagai berikut:

1. Ildentifikasi kegagalan pada sistem Perpipaan Desuperheater (31-E-83)

2. ldentifikasi pengaruh” ketebalan pipa _terhadap rasio sistem Perpipaan
Desuperheater (31-E-83)

3. ldentifikasi pengaruh rasio tegangan terhadap life time sistem perpipaan MP
Desuperheater Steam (31E-83)

4. Pemberian. ‘rekomendasi perbaikan berkaitan dengan material © untuk
meminimalisir “terjadinya kegagalan berulang (crack piping) pada MP
Desuperheater Steam (31E-83)



eyeyer uabap Niuyaijod uizi edue)

2
v
(1]
=}
Q
o
-7
T
o
=
—
Q.
o
=
3
[}
-
[
e
=
Q
=
=
[}
T
[}
=
o=
=
Q
o
=
<
-
=
Q
g
o
N—
[
-
v
oL
-~
(1)
==
2,
=
-
[
Q
[}
—
e
o
=
o
-
-
o

N
o o
S o)
s 28
= @
Qe s
35S
2985
g7
=]
3 <
c Q
c
233
y g
5 =
~
a3
3 =%
3 5
m 2
=
338¢
T es
= ©
o
553
S eg
~2 5
® 8 3
T
9 QP
Q =1
99 0
S =
8 o
Y 5
< °
w m
o 5
c 2 E
£ =
c 2
— el )
3873
- -
< <
o 8
= =
c 93
= x5
e
3. °
o
v 2
Q —
3 £
e =
s 3
z ¢
o
~ 3
5 T
5 B
° -
c S
3 w
o
=
=
=
=
~
o
-+
o
[
o
3.
Q
[
Q
-
w
=
i)
Cad
s
3
o
w
o
()
3

e
v
=
0
©
-+
8

ar
m
x
0
©
-+
Y
§.
;
1
o
=.
o
x
E.
x
2
o
Q
)
=.
L
o
x
)
q
-+
Y

-
o
o
=
o
=3
Q
3
(]
=
Q
c
=,
T
w
(]
o
o
Q
o
=
o
e
o
c
[’
o
c
=
c
=
=~
o
-
<
o
-
(=
=
S
-
o
3
T
o
3
[}
=3
n
o
=]
-
c
3
=~
o
=]
Q.
o
=S
3
(]
=i
<
o
o
c
-
=
o
>
(%)
c
3
o
(]
-

1.3 Pertanyaan Penelitian
Pertanyaan penelitian skripsi sebagai berikut :
1.

Apakah penyebab kegagalan sistem perpipaan Desuperheater Steam (31E-83)
?

Apakah pengaruh ketebalan pipa terhadap rasio tegangan sistem perpipaan
Desuperheater-Steam (31E-83) ?

Apakah pengaruh rasio_terhadap life time sistem perpipaan Desuperheater
Steam (31E-83) ?

Bagaimana rekomendasi perbaikan berkaitan dengan material guna
meminimalisir_terjadinya kegagalan berulang pada MP_Desuperheater Steam
(31E-83) ?

1.4 Tujuan Penelitian
Tujuan dalam penelitian ini sebagai berikut:
1.

Mengetahui penyebab kegagalan sistem perpipaan Desuperheater Steam (31E-
83)

Mengetahui pengaruh ketebalan pipa terhadap rasio tegangan sistem perpipaan
Desuperheater Steam;(31E-83)

Mengetahui pengaruh rasio terhadap life time sistem perpipaan Desuperheater
Steam (31E-83)

Memberikan rekomendasi perbaikan berkaitan dengan material’ pada MP
Desuperheater Steam (31E-83)

1.5 Batasan Masalah
Batasan masalah dalam penelitian ini sebagai berikut:
1.

Penelitian ini hanya membahas line piping MP desuperheater steam (31E-83)
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Parameter yang dianalisa dalam penelitian ini adalah stress akibat beban static,
discplacement, natural frekuensi, jumlah support dan jarak antar support.
Software digunakan dalam penelitian_ini

Faktor lingkungan luar seperti'gempa, angin, dan.koresi diabaikan.

Kecepatan fluida konstan sehingga diabaikan.

Stress yang dianalisa berada di node.penempatan titik support.

1.6 Manfaat Penelitian
Penelitian ini bermanfaat dalam menghitung life time dari sistem perpipaan
Desuperheater berdasarkan ASME B31.3:

1.7 Sistematika Penulisan SKripsi

Secara umum sistematika penulisan pada skripsi.ini-sebagai berikut:

BAB | PENDAHULUAN

BAB | merupakan bab yang berisikan latar belakang penelitian ini dilakukan,
mengenai rumusan masalah, tujuan penelitian“ini dilakukan, manfaat serta
sistimatika penulisan.

BAB Il TINJAUAN PUSTAKA

BAB Il membahas studi pustaka/literatur; memaparkan rangkuman kritis atas
pustaka yang menunjang pelaksanaan skripsi, meliputi pembahasan tentang
topik yang akan dikaji lebih lanjut dalam skripsi ini.

BAB Il METODELOGI PENGERJAAN SKRIPSI

BAB |1l menguraikan metode yang.digunakan-untuk menyelesaiakan skripsi
meliputi prosedur, teknik analisis data atau teknis perancangan dan manufaktur
sesuai bidang keilmuan. Diagram alir pekerjaan dibuat untuk memberikan

detail keseluruhan kegiatan penyelesaian skripsi.
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d) BAB IV HASIL DAN PEMBAHASAN
BAB IV ini menguraikan hasil penelitian yang diperoleh, temuan dilapangan

berkaitan dengan objek penelitian, data-penelitian serta hasil pengolahan data.
Pembahasan menguraikan_.ba F‘/\ is_ setiap varibel/peubah

di
i penyelesaian masala

n kepada pene

a
al

POLITEKNIK
NEGERI
JAKARTA
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BAB V
Hasil dan Pembahasan

5.1 Kesimpulan

Kesimpulan penelitian sebagai berikut:

1. Crack pada pipa.disebabkan oleh thermal fatigue.yang terjadi kerena

adanya tegangan yang berfluktuasi (cycle) yang.lebih kecil dari
tegangan Tarik (tensile) maupun tegangan luluh (yield) material yang
dibertkan secara konstan pada fluktuasi beban yang tinggi (26082 Psi)
dan temperature yang relatif kecil (343.4 °C).

Penambahan ketebalan pipa 18 inci STD material A106 dengan tebal
0.375 inch (9.525 mm) menjadi 18 inchi SCH 40 dengan tebal 0.562
inch (14.275 mm)-dapat menutunkan rasio tegangan expansion load
menjadi 0.55 sehingga menghasilkan nilai tegangan 15961 Psi.

Rasio 0.55 meningkatkan life time sistem perpipaan menjadi selama
22,6 tahun beroperasi selama 12 jam/hari-dan 11,3 tahun beroperasi
selama 24 jam/hari. Hal ini meningkatkan life time pipa sebesar 73.45
% beroperasi normal.dan 46.9.% beroperasi maksimum.

Material stainless steel dapat tahan terhadap thermal fatigue,
berdasarkan kurva S-N material A351 berada di bawah endurance time

ketika tegangan system perpipaan berada pada rasio 0.65 dan 0.55.
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TD_material A106-B menjadi

antian materia

perpipa

Peneliti selanjutnya perlu meninjau secara ekonomis rekomendasi
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5.2 Saran

Hak Cipta:

POLITEKNIK

NEGERI
JAKARTA

iz : 1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :

a. Pengutipan hanya untuk kepentingan pendidikan, penelitian

tanpa izin Politeknik Negeri Jakarta

r’

penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta
2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
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LAMPIRAN
Tabel Allowable Stresses in Tension for Metal

Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

107

Specified
+ Min. :
Class/ Min. . Min.
Type/ UNS Condition/ Temp.,w Temp.
Material Spec. No. Grade No. Temper Size, in. P-No. (5) Notes °F (6) Tensile Yield to 100 200 300
Carbon Steel
Pipes and Tubes (2)
A285 Gr. A Al34 L. Cel L L 1 (8b)(57) B 45 24 150 147 14.2
A2BS Gr. A AET2 A4S KO1700 i L. 1 (57)(59)67) B 45 24 150 147 14.2
Butt weld APl 5L A2ZS L P P 1 (8a) -20 45 25 150 15.0 14.7
Smils & ERW APISL A25 Cel Cs . 1 (57)(5%) B 45 25 150 150 147
A179 K01200 aes . 1 (57)(5%) =20 47 26 157 157 153
Type F AS3 A K02504 P P 1 (8a)(77) 20 48 30 160 16.0 16.0
.. A139 A 1 (8B)(77) A 48 30 160 160 160
AS87 K11500 1 (57)(5%) -20 48 30 160 16.0 16.0
A5 A KO2504 1 (57)(59) B 48 30 160 16.0 16.0
AlDE A Ko2501 1 (57) B 48 30 160 160 16.0
A135 A e 1 (57)(59) B 48 30 160 16.0 16.0
A369  FPA Ko2501 1 (57) B 48 30 160 160 16.0
APISL A 1 (57)(59)(77) B 48 30 160 16.0 16.0
A285 Gr. B Al34 . 1 (BB)(5M B 50 27 167 165 159
A2BS Gr. B AGT2  ASD K02200 1 (57)(59)(87) B 50 27 167 165 159
A28S Gr. C Al3s L. o 1 (Bb)(57) A 55 30 183 183 17.7
As24 I K02104 1 (57) -20 55 30 183 183 17.7
A333 1 K03008 1 (57)(59) -50 55 0 183 183 17.7
A A334 1 KO3008 1 (57)(59) -50 55 30 183 18.3 177
A285 Gr. C AET1  CASS K02801 1 (59)(67) A 55 0 183 183 17.7
A285 Gr. C AET2  ASS K02801 1 (57)(59)(67) A 55 30 183 18.3 177
AS16 Gr 55 ABT2 (55 KO1800 1 (57)(67) C 55 30 183 183 1.7
A516 Gr. 60 ABT1 CCe0 Ko2100 1 (57)(67) C al 33 W00 185 1859
A515 G 60 AG71 (B6O K02401 1 (57)(67) B &0 32 200 19.5 189
A515 Gr. 60 ABT2  B&D Ko2401 1 (57)(67) B al 33 W00 185 1859
AS516 Gr. 60 AB72  CEO K02100 1 (57)(67) C 1] 32 200 195 189
Al39 B KO3003 pa . 1 (8h) A &l 35 200 20,0 2000
Al135 B K03018 P - 1 (57)(59) B &l 35 200 20,0 2000
A28 | K02104 1 (s7) -20 1] 35 200 200 2000
AS3 B KO3005 1 (57)(59) B &l 35 200 20,0 2000
- AlDE B K03006 1 (57) B a0 35 200 200 200
A333 6 KO3006 1 (57) =50 &l 35 200 20,0 2000
A334 6 Ko3006 1 (57) -50 a0 35 200 200 200
A369  FPB KO3006 1 (57) -20 &l 35 200 20,0 2000
A381 Y35 1 ca A a0 35 200 200 200
APISL B 1 (57)(58)(77) B &0 15 200 200 20.0
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Table A-1 Basic Allowable Stresses in Tension for Metals® (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi (1), at Metal Temperature, °F

Type/
400 500 600 650 700 750 800 B50 900 950 1,000 1,050 1,100 Grade Spec. No.
Carbon Steel
Pipes and Tubes (2)
13.7 130 123 119 115 107 9.2 7.9 5.9 A134
13.7 13.0 123 11.9 11.5 107 9.2 79 5.9 4.0 2.5 1.6 1.0 A4s AGT2
14.2 A25 API 5L
14.2 A2s APl 5L
148 141 133 128 124 107 92 7.9 5.9 4.0 25 1.6 1.0 . A17S
16.0 A AS3
A A13%
16.0 16.0 153 14.6 12,5 107 5.2 7.9 ASBY
16.0 16.0 153 14.6 12,5 107 9.2 7.9 5.9 4.0 2.5 1.6 1.0 A AS3
16.0 16.0 153 14.6 12,5 107 5.2 7.5 5.9 4.0 2.5 1.6 1.0 A Al06
16.0 16.0 153 14.6 125 107 9.2 7.9 5.9 4.0 2.5 1.6 1.0 A A135
16.0 16.0 153 1é.6 12,5 107 9.2 7.9 5.9 4.0 2.5 1.6 1.0 FPA AZ6S
16.0 16.0 153 1é.6 12,5 107 9.2 7.9 5.9 4.0 2.5 1.6 1.0 A API 5L
15.4 147 138 133 125 107 92 7.9 5.9 A134
15.4 14.7 138 13.3 12,5 107 9.2 7.9 5.9 4.0 2.5 1.6 1.0 AS0 AGT2
17.1 16.3 153 14.8 143 130 108 8.7 5.9 - Al134
17.1 16.3 153 14.8 143 130 108 8.7 5.9 4.0 25 Cas L Il AS24
17.1 16.3 153 14.8 143 130 108 8.7 5.9 4.0 25 1.6 1.0 1 A333
171 163 153 148 143 130 108 &7 59 4.0 25 1.6 1.0 1 A334
171 163 153 148 143 130 108 &7 59 4.0 25 1.6 1.0 CASS AGT1
171 163 153 148 143 130 108 &7 59 4.0 25 1.6 1.0 AS55 AGT2
171 163 153 148 143 130 108 &7 59 4.0 25 1.6 1.0 17 AGT2
18.2 17.4 16.4 15.8 15.3 13.9 11.4 8.7 5.9 4.0 25 - e CCo0 ART1
18.2 17.4 16.4 15.8 15.3 13.9 11.4 8.7 5.9 4.0 25 1.6 1.0 CBald ART1
18.2 17.4 16.4 15.8 15.3 13.9 11.4 8.7 5.9 4.0 25 1.6 1.0 B&O ART2
18.2 17.4 16.4 15.8 15.3 13.9 11.4 8.7 5.9 4.0 25 1.6 1.0 Cao ART2
B A139
19.9 19.0 17.9 17.3 16.7 13.9 11.4 8.7 5.9 4.0 25 B Al135
19.9 19.0 17.9 17.3 16.7 13.9 11.4 8.7 5.9 4.0 25 | AS24
19.9 19.0 17.9 17.3 16.7 13.9 11.4 8.7 5.9 4.0 25 1.6 1.0 B AS3
19.9 19.0 179 173 16.7 139 114 8.7 5.9 4.0 25 1.6 1.0 B Al06
19.9 19.0 179 173 16.7 139 114 8.7 5.9 4.0 25 1.6 1.0 [ A333
19.9 19.0 179 173 16.7 139 114 8.7 5.9 4.0 25 1.6 1.0 [ A334
19.9 19.0 179 173 16.7 139 114 8.7 5.9 4.0 25 1.6 1.0 FPB A369
19.9 19.0 179 173 16.7 139 114 8.7 5.9 4.0 25 1.6 1.0 Y35 A381
19.9 19.0 17.9 17.3 16.7 13.9 11.4 8.7 5.9 4.0 25 1.6 1.0 B APl SL
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g & :U :vi A Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated
. —
T3 258 o §.
me @ a3 g = Class/ Min, Specified Min. .,
5-3 5- 23 = ~ Mominal Type/ UNS  Condition/ Size, Temp., _Strength, ksi. Temp.
o0 -a' .B o o Composition Spec. No. Grade No. Temper in. P-No. (5) Notes °F (6) Tensile Yield to 100 200
o3 9 53 (o)
=Q J @
s‘g (= g E‘ E Low and Intermediate Alloy Steel
= ﬂ.gi' o Pipes (2)
€ 29
%3 =~ :3 . LACe-14Mo A33s P2 K11547 3 =20 55 30 18.3 183
= 3 au. - LAC-Y5Mo AB91  LACR K12143 3 (11)(67) -20 55 33 18.3 183
Z5 » 29 = A387 Gr. 2 €L 1
23 z =@ ~ o
Q o —1
23‘@ §N 2 Mo A33s M1 K11522 3 (58) -20 55 30 18.3 183
=5 =T ) C-%Mo A369  FP1 K11522 3 (58) -20 55 30 183 183
;3 Q g,‘.”,. Q LACr-Y4Mo A369  FP2 K11547 3 -20 55 30 18.3 183
o ; "_."g ) 1Cr-Y5Mo AG91  1CR K11757 4 (11)(67) =20 55 33 18.3 183
o 3 A387 Gr. 12 Cl. 1
=3 P@an = -1zl
~-* -—
T T 20
mm (1] =’E = LaCr-"Mo A426 (P2 111547 3 (10) -20 60 30 18.4 17.7
3— ,?..'g-t Q 1%45i-Mo A335 P15 K11578 3 =20 60 30 18.8 182
9 sag. § 1%45i-Y5Mo A426  CP15  |11522 3 (10) -20 60 30 188 182
Q =
s g a3 - 1Cr-Y5Mo A426  CP12  [11562 4 (10) -20 60 30 188 183
o 53
< <))
$§ gm 50r-YMo-145i A426  (PSb ]51545 5B (10) -20 60 30 18.8 179
u-g - a 3Cr-Mo A426  CP21  |31545 sA (10) -20 60 30 188 181
o D =
Q = gﬁ' 3, Ce-YNi—Cu-Al A333 4 K11267 4 -150 40 35 200 191
§§-55' 20r-Y4Mo A369 FP3b  K21509 4 -20 60 30 200 185
8 ;gg 10r-Y4Mo A335 P12 K11562 & -20 &0 32 200 187
g o %% ) 1Cr-7;Mo A369 FP12  K11562 4 -20 &0 32 200 187
w = 09
o % g 3 1%Cr-Y5Mo A33S P11 K11597 4§ -20 &0 30 200 187
5 5 =0 1%Cr-1Mao A369 FP11  K11597 4 -20 60 30 2000 187
C xo3
= = :3 1%4Cr-4Mo A691  14CR K1178% 4§ (11)i(67) -20 60 35 20,0 200
5 o33 A3B7 Gr. 11 L 1
Q = 5Cr-14Mo Ae91  SCR K41545 5B (11)(67) -20 &0 30 0.0 181
< psS
5 = 93 A3BY Gr.5CL 1
-, e =X
gn*gg 5Cr-4Mo A335  PS K41545 5B -20 60 30 20,0 18.1
S mn_ 5Cr-1/,Mo-5i A335  Psb K51545 5B -0 &0 30 200 181
=t :‘.?m 5Cr-14Mo-Ti A335 PS5 K41245 5B -20 &0 30 20,0 181
— ni'g: 5Cr-14Mo A369  FPS Ka1545 5B -20 &0 30 20,0 181
Q. 33
0 = SCr-1Mo A335 P9 K90941 5B -20 &0 30 20,0 181
“a' 3,2 5Cr-1Mo A369  FP9 K90941 5B -20 &0 30 20,0 181
E) 9Cr-1Mo AE91  9CR K90941 5B -20 &0 30 20,0 181
o =T A3B7 Gr. 9 CL 1
Y
-~
=1 o 5 3Cr-1Mo A33S P21 K31545 5A -20 &0 30 200 187
= g 5 3Cr-1Mo A369  FP21  K31545 5A -20 &0 30 200 187
Q S wn
'g g < 3Cr-1Mo AB91 3R K31545 sA (11)(67) -20 &0 30 200 185
< z %— A387 Gr. 21 CL 1
c =
=M
= w =
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=
=
=
=
=
g
=
=
=
[
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=
w
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Table A-1 Basic Allowable Stresses in Tension for Metals! (Cont'd)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Specified Min.

Class/ Min. S B, fsi Min.
Product  Spec.  Type/ UNS  Condition/ P-No. Temp., & Temp.
Material Farm No.  Grade No. Temper  Size, in.  (5) Notes °F(6) Tensile Yield to 100 200 300 400
Stainless Steel (3)(4a) (Cont'd)
Bar
1BCr-8Ni . A4T9 304 530400 B (26)(28)(31) =425 75 30 200 200 200 188
18Cr-8Ni . A479 304K 530409 B (26)(31) =325 75 30 200 200 200 187
18Cr-8Ni A4T9 3040 S3040% 8 (31) =425 70025 167 167 16.7 158
160r-12Ni-2Mo . B4T9 316 531600 B (26)(28)(31) =325 75 30 200 200 200 193
160r-12Ni-2Mo . A479 316H 531609 8 (26)(31) =325 75 30 0 200 200 193
160r-12Ni-2Mo A&7 316L 531603 B (31) =425 7025 167 167 167 155
18Cr-10NMi-Ti . A479 31 53100 8 =325 75 30 200 200 200 200
1BCr-10Ni-T . A7 321 53100 B (28)(30) =325 75 30 200 200 200 200
18Cr-10Ki-Td . A479 32H 53309 8 =325 75 30 200 200 200 200
1BCr-10Ni-Ch . B4T9 347 534700 B i -425 75 30 200 200 200 200
18Cr-10Ni-Ch . ALT9 347 534700 8 (28)(300 =425 75 30 200 20 20 200
18Cr-10Ni-Ch cas B4T9  347H 534709 8 =325 75 30 200 200 200 200
220r-13Hi-5Mn . A479 EM-1% 0 520910 cee s 8 e =20 W00 55 333 331 314 304
Castings (2)
JENI-200-2Mo-3C0 ... A351 CNTM 195150 cee s &5 (9030 =325 62 25 167
35Ni-150r-Mo A351 HT30 NOB&03 45 (36)(39) =325 65 28 187 ... ... ...
25Cr-13Ni ‘e A351 (Ha 193400 B (9)(31) =325 65 28 187 187 185 180
25Cr-20Ni . A3s1  CKMO a4202 cee el B8 (S)127)(31)(35)13%) =325 65 28 187 147 185 180
15Cr-15Ni-2Mo~Ch A351  CFIOMC ... 8 (30) =325 700030 o0 ... ..o L.
1BCr-8Ni ‘s A351 CF3 192500 cee s B (%) =425 70 30 200 20.0 200 188
17Cr-10Ni-2Mo . A351 CFIM 52800 cee s 8 (%) =425 7030 20 200 20 192
1BCr-8Ni ‘s A351 (P8 192600 B (I(26)(27)(31) -425 70030 200 200 200 186
250r-13M1 ‘e A351  CH1O 193401 ci B (27)(31)(3%) =325 70030 200 200 200 200
350r-13Mi . A351  CH20 #3402 8 (SI2FI3TNES)35) =325 70030 0.0 200 200 200
20Cr-10MN-Ch s A351  CRBC 192710 8 (®27(30) =325 70030 0.0 200 200 200
1BCr-10M-2Mo . A351  CFEM 192900 ci B (S)(2€)(27)(30) -425 70030 200 200 200 186
I5Cr-20M . A351  HKAD 194204 B (35)(36)(39) =335 62 35 W7
I5Cr-20M . A351  HK30 154203 B (35)(35) =325 65 35 1.7
18Cr-8Ni A351 CF3A 192500 B (S)(56) =425 738 N3 B3 ny Ny
18Cr-8Ni A351  CR8A 192600 e B (9(26)(5€) -425 7735 133 133 nyng
25Cr-10Ni-N A351 CE2ON 92802 e B (35)3%) -325 B0 40 267 267 267 267
13Cr A7 CALS #1150 FEN & (38) =20 90 65 30.0 300 294 289
24 Cr=10N-Ma-N . A351 CEBMN ... FUEN 10H (%) =60 85 65 31T 316 293 282
25Cr-8Ni-3Mo-W-Cu-N. .. A351 CDam- ... PN 10H (9)(25) -60 100 65 333 332 314 303
WCuN
13Cr=4Mi ALBT  CAGNM 91540 A [ (5)(35) =20 110 80 367 367 359 353

110
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Perhitungan Manual Tegangan
e Tegangan Longitudinal

31HS304-12"-JF2H ( MANUAL)

111

Node pada Pipa | @ax (Psi) Mb (Lb-ft) ap, (Psi) ayy, (Psi) ay (Psi)
BO1 6593.939 27411 0.626 4168.269 10762.835
B02 6593.939 8034.141 2338.970 4168.269 13101.179
B03 6593.939 198.129 4.524 4168.269 10766.733
B0O4 6593.939 17120.984 390.934 4168.269 11153.143
B05 6593.939 3566.329 81.432 4168.269 10843 641
B06 6593.939 1585.035 36.192 4168.269 10798.401
BO7 6593.939 T0488.965 1609.519 4168.269 12371.728
BOR 6593.939 704460 16.085 4168.269 10778.294
B09 6593.939 1325.970 30.277 4168.269 10792.485
B10 6593.939 14362.128 327.940 4168.269 11090.148
Bll 6593.939 297.076 6.783 4168.269 10768.992
B12 6593.939 524.423 11.974 4168.269 10774.183
B13 6593.939 466.800 10.659 4168.269 10772.867
Bl4 6593.939 449 481 10.263 4168.269 10772.472
Bl5 6593.939 473.820 10.819 4168.269 10773.028
Bl6 6593.939 308.339 7.040 4168.269 10769.249
177089.377
«  31IMS305-18"SCH80-CB2D
Node pada Pipa Tax (Psi) Mb o (Psi) %p (Ps1) o (Psi)
B17 7076.790 11.229 0.097 4076.013 11152.900
B18§ 7076.790 74.252 0.640 4076.013 11153.443
B19 7076.790 59.193 0.510 4076.013 11153.313
B20 2081.409 149.856 1.292 2998.667 5081.368
B21 2081.409 11.229 0.097 2998.667 5080.172
B22 2081.409 15.463 0.133 2998.667 5080.209
B23 2081.409 77.830 0.671 2998.667 5080.747
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« 3IMS306-18"-CB2D

112

Node pada Pipa Oax (PSI) Mb ay (Psi) ayp (Psi) a;, (Psi)
B24 2081.409 1904782 16.421 2098.667 5096.497
B25 2081.409 100.634 0.868 2998.667 5080.943
B26 2081.409 724.374 6.245 2998.667 5086.320
B27 2081.409 73.335 0.632 2998.667 S5080.708
B28& 2081.409 36.671 0.316 2998.667 5080.392
B29 2081.409 46.100 0.397 2998.667 5080.473
B30 2081.409 56.607 0.488 2098.667 5080.564
B3l 2081.409 73.860 0.637 2998.667 5080.712
B32 2081.409 184.401 1.590 2098.667 5081.665
B33 2081.409 487.609 4.204 2998.667 5084.279
B34 2081.409 1340.250 11.554 2998.667 5091.630
B35 2081.409 701.509 6.048 2998.667 5086.123
B36 2081.409 1340.250 11.554 2998.667 5091.630
B37 2081.409 10069.545 86.811 2998.667 5166.886
B3R& 2081.409 100.634 0.868 2998.667 5080.943
B39 2081.409 51.219 0.442 2998.667 5080.517
B40 2081.409 140.819 1.214 2098.667 5081.290
B41 2081.409 51.219 0.442 2998.667 5080.517
B42 2081.409 100.634 0.868 2098.667 5080.943
B43 2081.409 509.460 4,392 2998.667 5084.468
B44 2081.409 197.071 1.699 2998.667 5081.775

e 3IMS306-6"-CB2D

Node pada Pipa| ax (Psi) Mb ay, (Psi) ayp (Psi) a, (Psi)
L0l 1140.594 42,438 4.545 958.478 2103.617
L02 1140.594 205.752 22.036 958.478 2121.109
L0O3 1140.594 1254.338 134.343 958.478 2233.415
LO4 1140.594 21.047 2.254 958.478 2101.326
L035 1140.594 108.132 11.581 958.478 2110.653
L06 1140.594 42.438 4.545 058.478 2103.617

o«  3IMS307-8"-CB2D

Node pada Pipa| &, (Psi) Mb @y, (Psi) oy, (Psi) ay, (Psi)
FOl 2350.843 72.310 7.745 958.478 3317.066
FO2 2350.843 5.443 0.583 958.478 3309.904
FO3 2350.843 23.214 2486 958.478 3311.808
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Node pada Pipa| ax (Psi) Mhb ay (Psi) oy (Psi) a;, (Psi)
GOl 2350.843 0.000 0.000 058.478 3309.321
G2 2350.843 0.000 0.000 958.478 3309.321
G03 2350.843 0.000 0.000 058.478 3309.321
« 31MS320-8"-CB2D
Node pada Pipa Tayx (Psi) Mhb @y, (Psi) gy, (Psi) ay (Psi)
HO1 2350.843458 | 72.3099722 | 7.744567771 | 958.47801 3317.066
H02 2350.843458 54427752 | 0.582934001 | 958.47801 3309.904
HO3 2350.843458 23.214105 | 2.486285141 | 958.47801 3311.808
« 31MS32]-8"-CB2D
Node pada Pipa| Gax (Psi) Mb oy (Psi) ayp (Psi) a;. (Psi)
101 2350.843 72.310 7.745 958.478 3317.066
102 2350.843 5.443 0.583 958.478 3309.904
103 2350.843 23.214 2.486 958.478 3311.808

Tegangan Circumferensial

3IHS304-12"-JF2H

Node pada
. P Do t ay (Manual) gy (Software)

Pipa

BO1 850 12.75 0.688 7876 8661
BO2 7876 8661
B03 7876 8661
B04 7876 8661
B05 7876 8661
Bo6 7876 8661
BO7 7876 8661
BOS 7876 8661
B09 7876 8661
B10 7876 8661
Bl11 7876 2661
B12 7876 8661
B13 7876 8661
Bl4 7876 8661
Bl15 7876 8661
Blo 7876 8661
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_\Jud&_: pada P Do t oy (Manual) ay (Software)
Pipa
B17 850 17.992 | 0.938 8152.026 8978
B18 8152.026 8978
B19 8152.026 8978
B2 250 17992 | 0.375 5857.333 6760
B21 5997.333 6760
22 5997.333 6760
B23 5857.333 6760
3IMS306-18"-CB2D
Ngdt_t pada P Do t gy (Manual) Ty (Software)
Pipa
B24 250 | 17.992 | 0.375 5857.333 6760
B25 5997.333 6760
B26 5997.333 6760
B27 5997.333 6760
B28& 5997.333 &760
B29 5997.333 6760
B30 5997.333 6760
B3l 5997.333 e760
B32 5997.333 6760
B33 5957.333 6760
B34 5997.333 6760
B35 5897.333 6760
B36 5997.333 6760
B37 5997.333 6760
B3§ 5997.333 6760
B3 5997.333 6760
B40 5997.333 6760
B4l 5997.333 6760
B42 5997.333 e760
B43 5997.333 6760
B44 5997.333 6760
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NUdt_: pada P Do t oy (Manual) | gy (Software)
Pipa
LO1 250 6.625 0.432 1916.956 2091
L02 1916.956 2091
L03 1916.956 2091
L04 1916.956 2091
LO5 1916.956 2091
L06 1916.956 2091
31IMS307-8"-CB2D
NUdt_" pada P Do t ay (Manual) | gy (Software)
Pipa
FO1 250 2.625 0.322 3348.214 3723
F02 3348.214 3723
F03 3348.214 3723
JIMS308-8"-CB2D
NUdE} pada P Do t oy (Manual) | gy (Software)
Pipa
GOl 250 2.625 0.322 3348.214 3723
G02 3348.214 3723
GO03 3348.214 3723
31MS320-8"-CB2D
Nﬂd&_: pada | o Do t oy (Manual) | gy (Software)
Pipa
HO1 250 8.625 0.322 3348.214 3723
HO2 3348.214 3723
HO3 3348.214 3723
31IMS321-8"-CB2D
NU‘;?PTdﬂ P Do t gy (Manual) | gy (Software)
101 250 8.625 0.322 3348.214 3723
102 3348.214 3723
103 3348.214 3723
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e Tegangan Puntir

s 31HS304-12"-JF2H ( MANUAL)

Nmk_: pada Mb Ro [ T (Manual ) T (Software )
Pipa
B01 27.4107465 0.626 5.179
B02 8034.141447 183.449 11.437
B(O3 198.129384 4.524 11.437
B4 17120.98357 390.934 8.027
B05 3566.328912 81.432 15.810
B06 1585.035072 36.192 53.200
B0O7 70488.96463 1609.519 53.200
B0S 704.460032 6375 | 279.1934 16.085 53.200
B9 1325.97 30.277 10.921
BI10 14362.12783 327.940 9.510
Bll 297.076212 6.783 9.510
Bl2 524.422772 11.974 10.738
BI13 466.800372 10.659 10.738
Bl4 449.480912 10.263 10.738
B15 473.819828 10.819 10.738
Bl6 308.338772 7.040 10.738

s  31MS305-18"SCHRO-CB2D

'\]Ud&.} pada Mb Ro I T (Manual | T (Software )
Pipa
B17 11.229477| 17.992 | 1043.486 0.194 2.873
BIR 74.252052 1.280 2.873
B19 59.19328125 1.021 3.924
B20 149.855757 2.584 3.508
B21 11.229477 0.194 2.256
B22 15.46333125 0.267 2.248
B23 77.829957 1.342 2.248

s 3IMS306-6"-CB2D

'\]Udt_! pada Mhb Ro | T (Manual ) T (Software )
Pipa
LO1 42.4381626 3.3125 | 30.92836 4.545 318.963
L02 205.7515194 22.036 39.899
L03 1254.337726 134.343 5.076
Lo4 21.0465 2.254 5.076
LO5 108.13224 11.581 5.076
L06 42.4381626 4.545 5.076
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'\Jgdt_: pada Mb Ro [ T (Manual ) T (Software )
Pipa
FO1 4.3125 | 70.55016 0 0
F02 0 0
F03 0 0
o 31MS308-8"-CB2D
Node pada
) P Mb Ro [ T (Manual ) T (Software )
Pipa
GOl 0 4.3125 | 70.55016 0 0
G02 0 0 0
GO03 0 0 0
o 31MS320-8"-CB2D
ad: T T
Node pada Mb Ro |
Pipa
HOI 0 4.3125 | 70.55016 0 0
HO02 0 0 0
HO3 0 0 0
o 31MS321-8"-CB2D
_\Judt_: pada Mb Ro I T T
Pipa
101 0 0
102 0 0.5 2.178 0 0
103 0
A.3 Perhitungan Manual Displacement
31MS305-18"-CB2D
Node pada L, AT CASE I AL (Manual) AL (Software)
Pipa
B17 0.000140279 0.98 200 0.027 2.443
B18 2.52 200 0.071 2.432
B19 2.25 200 0.063 2.272
B20 3.58 200 0.100 2.209
B2l 0.98 200 0.027 2.195
B22 115 200 0.032 2.179
B23 2.58 200 0.072 2.154
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Node pada 1] L, AT CASE I AL (Manual) AL (Software)
Pipa
B24 1.40279E-05 14.27 502 0.100 2.217
B25 3.28 502 0.023 2.124
B26 5.BR 502 0.063 1.805
B27 2.8 502 0.020 1.724
B2% 1.98 502 0.014 1.674
B29 2.22 502 0.016 1.627
B30 2.46 502 0.017 1.584
B3l 2.81 502 0.020 1.550
B32 4.44 502 0.031 1.529
B33 7.22 502 0.051 1.580
B34 11.57 502 0.084 1.786
B35 8.66 502 0.061 1.652
B36 11.57 502 0.084 1.118
B37 32.81 502 0.231 0.623
B3% 3.28 502 0.023 0.654
B39 2.34 502 0.016 0.679
B40 3.88 502 0.027 0.628
B41 2.34 502 0.016 0.627
B42 3.28 502 0.023 0.466
B43 7.38 502 0.052 0.334
B44 4.59 502 0.032 0.141

31IMS307-8"-CB2D

Node pada 14 L, AT CASE 1 AL (Manual) AL (Software)
Pipa
FO1 0.000140279 5.03 500 0.353 1.883
F02 1.38 500 0.097 1.931
FO3 2.85 500 0.200 2.036

WS308-8"-CB2D

Node pada 14 Ly AT CASET AL (Manual) AL (Software)
Pipa
Gl 0.000140279 5.03 500 0.353 1.792
G032 1.38 500 0.097 1.842
G03 2.85 500 0.200 1.951

W5320-8"-CB2D

Node pada a L, AT CASE 1 AL [Manual) AL (Software)
Pipa
HO1 0.000140279 5.03 500 0.353 1.752
HO02 1.38 500 0.097 1.802
HO3 2.85 500 0.200 1.912
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© Hak Cipta milik Politeknik Negeri Jakarta
Hak Cipta:

1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :
a. Pengutipan hanya untuk kepentingan pendidikan, penelitian, penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta
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CHECKED BY
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PIPTHG CODE : ASME B31.3
YEAR : 2004
VERTICAL AXIS HE 4
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31Ms306
07/23/2024 sIMl
10:51 BM

BENTLEY

RutoPIPE Advanced 2023 23.00.01.367 RESULT Page 9

<Description> Allowable
Combination Category Method Case/Combination Factor M/S K-Factor (psi ) D/R/B/C
GR + Max P Sustain Sum GR 1.00 Automatic Y N ¥ ¥
Max Long 1.00
Max Range Expansion Sum Temp. Range 1.00 Automatic Y N ¥ ¥
Amb to T1 Expansion Sum Tl 1.00 Automatic Y N ¥ ¥
Max P Hoop Sum Max Hoop 1.00 Automatic Y N ¥ ¥
**GR+P1+T1 Sustain Sum GR 1.00 Automatic N N N ¥
*Tdl 1.00
Tl 1.00
WIND LOAD Occasion Sum Max Long 1.00 1.330 Automatic N N ¥ ¥
Notes:
D/R/P/C: [D]efault/[A]Juto-Update/[P]rint options/[C]Consistent (Y=Yes, N=No)
Code combinations with print option = N are not evaluated
* indicates that the load case has not been analyzed
** indicates that the combinaticn includes unanalyzed locad case(s)
or combination(s) that include unanalyzed lcad case(s).
The auto update option for default code combinations is disabled
HON=-CODE COMBIMATIONS
<Description>
Combination Method Casgse/Combination Factor D/RSJPBSC
Gravity Sum GR 1.00 s S A A
Thermal Sum Tl 1.00 ¥ ¥ ¥ N
Wind 1 Sum Wl 1.00 Y ¥ ¥ N
Wind 2 Sum Wz 1.00 Y ¥ ¥ H
Wind 3 Sum W3 1.00 ¥ ¥ ¥ N
Pressure Sum EFl 1.00 ¥ ¥ ¥ N
GW1 Sum GR 1.00 ¥ ¥ ¥ X
Wl 1.00
G2 Sum GR 1.00 ¥ ¥ ¥ X
W2 1.00
GIW3 Sum GR 1.00 ¥ ¥ ¥ ¥
W3 1.00
GFl Sum GR 1.00 ¥ ¥ ¥ ¥
Fl 1.00
GPF1T1 Sum GR 1.00 ¥ ¥ ¥ ¥
Fl 1.00
Tl 1.00
GR+T1+F1 Sum GR 1.00 N HNNY
T41 1.00
Tl 1.00
Wl Sum GR 1.00 HHNY?Y
Motes:
D/a/BSC: [Dlefaultd [Aluto-Update/ ]Jrint cpticns/[C]Consistent (¥Y=Yes, HN=Ho)
- indicates that the leocad case has not been analyzed
#% jndicates that the combination includes unanalyzed load case(s)

that

or combinationi{s)

include unanalyzed load case (3).
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N ¥ = FPACLOL .ot cinicanroccssonssncnnnns 0.40
a’ Design Pressure Factor .......ccoeiuoa.- 1.00
s? Mipimum stress ratic used in reports... 0.00

Humber of stress points per Span . ..... a
Include corrosion in stress caleos. ... ¥
Include corrosion in Hoop stress calcs. ¥
M
M

Include torsion in code stress ........
Include axial force in code stress ...

epieser HaBN YiwysH|od wizi eduey
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Include sustain load margin ........... Only if allowable stress is excesded
Use minimum sustained margim........... ¥

Set sustained 5IF=1 no bends .......... )

SZet sustained/cccasional SIF =1 ...... M

Set sustained/occasional SIF = 0.751 .. H

Apply cold/hot modulus ratio .......... M

Disable auto code combinations ........ ¥

Disable auto non-code combinations .... N

Ho. of thermal ranges to report ....... a

Include Max Range combination ......... ¥

Total STIrESS . .ttt eieiasan s Octahedral
Direct shear .......ci.iiirinnannnnann tone
Longitudinal pressure calculation ..... ED/ 4t

Use code case 178 .. ... ...t iininnnnnnn )

Inc. Axial Str and Pcase in Sustained.. Pressure Extension is not added to Sustained
Use alternate occcasional allowable ... M
Apply circumferential weld WC factor .. M
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gu o (v ‘*' ASME B31.3 (2004) CODE COMPLIANCE
= = ;3 {Moments in ft-1b , Force in lbf ) (Stress in psi ]
ailnt (=11 la n- - ut= - orsi1an P - [ T-1 oae oae
s vFs 0 Poi Load axial In-Pl. Out-Pl. Torsi 8.1.F Load Code Cod
.gg =5 g‘ name combination Force Moment Moment Moment In Out no. type Stress Allow.
— n ------------------------------------------------------------------------------------
§e § s §
=2 ,%.'- 2 2 %% Segment B begin %
v
o
gg =5 3 A01 Max B {3a) HOOP 8661 14500
~c =+ DC GR + Max P 50 BE0S 1.00 1.00 (18) SUST 5323 14500
%3 o 2= TR:Amb to T1 3380 2945 1466 1.00 1.00 (17) DISP 758 28625
5c 9370 Bmb to T1 3380 2945 1466 1.00 1.00 (17) DISP 758 28625
=3 ; % WIND LOAD ] i} 1.00 1.00 (18) o©OCC 3338 19285
=~ o
%9 o o B0l M- Max B {3a) HOOP 8661 14500
Q2 g TQ GR + Max P 43 8857 1.00 1.00 (18) SUST 5330 14500
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FB g 8 WIND LOAD o 0 1.00 1.00 (18) ocCC 3938 19285
= o
o s 5 < BOLl N+ Max B {3a) HOOP 8661 14500
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- 2 TS Bmb to T1 2976 3346 1466 1.85 1.54 (17) DISP 1233 28625
o g §- WIND LOAD o 0 1.85 1.54 (l8) o0cCC 3938 19285
=
'ﬁ ) 5 B0l F- Max B {3a) HOOP 8661 14500
= 3 5 GR + Max P 4937 737 1.85 1.54 (18) SUST 5413 14500
w < 5 TR:Amb to T1 2948 1313 3193 1.85 1.54 (17) DISP 1065 28625
() g o Bmb to T1 2948 1313 3193 1.85 1.54 (17) DISP 1065 28625
g'u £ WIND LOAD ] i} 1.85 1.54 (18) o0CC 3338 19285
n —
3 5 s B0l F+ Max B {3a) HOOP 8661 14500
39§ 53 GR + Max P 4937 737 1.00 1.00 (18) SUST 4740 14500
= TR:Amb to T1 2948 1313 3193 1.00 1.00 (17} DISP 730 28625
5 ) Bmb to T1 2948 1313 3193 1.00 1.00 (17) DISP 730 28625
c S WIND LOAD o 0 1.00 1.00 (18) ocCC 3938 19285
©w o~
(L) BOZ - Max P (3a) HOOP 8661 14500
c § GR + Max P 13008 51 1.00 1.00 (18) SUST 6030 14500
c = TR:Amb to T1 403 1738 3193 1.00 1.00 (17) DISP 588 28625
= Bmb to T1 403 1738 3193 1.00 1.00 (17) DISP 588 28625
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2 S o ) GR + Max P 11368 2261 1.00 1.00 (18) SUST 5897 14500
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=7 o
SE X9 L05 F+ Max P (3a) HOOP 2081 16840
R'; 35¢° GR + Max P 84D 1486 1.00 1.00 (18) SUST 1796 16840
25 5 5 TR:Amb to T1 476 1598 6780 1.00 1.00 (17) DISP 6854 29210
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- as =5 WIND LOAD 0 0 1.00 1.00 (18) oCC 358 22337
=0 = s [ — —
2 3 no B10  Max P {3a) HOOP 2091 16840
23 532 GR + Max F 2294 2 1.60 1.80 (18) SUST 3084 16840
T2 =5¢ TR:AmE to T1 1633  ©548 6780 1.80 1.30 (17} DISF 9851 29210
=3 Paan imb to T1 1633 ©548 6780 1.80 1.30 (17} DISF 9851 29210
S.’g T 0 WIND LOAD o o 1.60 1.80 (18) ocC 358 22397
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25 = 3 Foint Load TRANSLATIONS (in )
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Q3 = name combination X ¥ z
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= el ittt T At Tttt TTTTo
u .
g g 3 “w% Zegment B begin vew
sQ
e = a0l Gravity 0.000 0.000 0.000
ST o Thermal 1 0.100 ©0.100 0.000
cwn - Wind 1 0.000 ©0.000 0.000
':_s'g =5 Wind 2 0.000 ©0.000 0.000
co =t Wind 3 0.000 ©0.000 0.000
;‘E. ~ Pressure 1 0.000 0.000 o.000
oS 2 GW1 0.000 ©0.00D 0.000
25 (1) GW2 0.000 ©.000 0.000
3 Q GW3 0.000 ©.000 0.000
Sc D GEL 0.000 ©0.000 0.000
8w = GE1T1 0.100 ©0.100 0.000
5 % — Wi 0.000 ©0.000 0.000
8= o
< A EOL N Gravity 0.000 0.000 0.000
s ) Thermal 1 0.100 ©0.124 0.0D0O
&3 - Wind 1 0.000 0.000 0.000
< ) Wind 2 0.000 0.000 0.0D0O
S9 Wind 3 0.000 0.000 0.000
o E Fressure 1 0.000 0.000 0.000
8= cWl 0.000 0.000 0.000
D2 G2 0.000 ©0.000 0.000
=3, k| 0.000 ©0.000 0.000
v cel 0.000 ©0.000 0.000
I3 GE1T1 0.100 ©0.124 0.000
e Wi 0.000 ©0.000 0.000
5
52 BOL F  Gravity -0.007 -0.011 0.001
&35 Thermal 1 -0.011 0.22% =-0.005
50 Wind 1 0.000 ©.000 0.00Z
53 ind 2 0.000 ©0.001  0.0D00
=g Wind 3 0.001 ©0.002 0.018
ﬁ 3 Pressure 1 =-0.001 0.001 0.000
=x GW1 -0.007 =-0.011 0.003
;g GW2 -0.006 =-0.011 0.001
22 GW3 -0.006 =-0.010 0.018
T9 GE1 -0.008 =-0.010 0.001
1 GE1T1 -0.019 0.218 =-0.004
33 Wi -0.007 =-0.011 0.001
£s
< BO2 -0.007 0.000 D.050
3& 1 -2.17 0.000 =-0.082
e 0.000 0.000 0.194
o= 0.000 0.000 =0.001
52 0.002 0.000 @ 1.111
2 s Bressure 1 -0.017 g.oo0 -=-0.001
T Ghl -0.007 0.000 0.244
53 Gh2 -0.006 0.000 O.048
S ch3 -0.005 0.000 1.161
i GE1 -0.024 0.000 0.049
S GEFIT1 -2.1%8 0.000 =-0.043
=X Wil -0.007 0.050
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ROTATIONS (deg
X ¥
0.000 0.0o00
0.000 0.0o00
0.000 0.o00
0.000 0.o00
0.000 0.o00
0.000 0.o00
0.000 0.o00
0.000 0.o00
0.000 0.o00
0.000 0.o00
0.000 0.o00
0.000 0.o00
0.000 0.000
=0.001 0.000
0.000 0.001
0.000 0.o00
0.000 0.005
0.000 0.oo0
0.000 0.001
0.000 0.oo0
0.000 0.005
0.000 0.0o00
-0.001 0.0o00
0.000 0.o00
0.001 0.0o03
=0.017 =0.011
0.004 0.011
0.000 0.o00
0.025 0.o87
0.000 0.o00
0.005 0.015
0.001 0.0o03
0.028 0.091
0.001 0.o03
=0.016 =0.008
0.001 0.o03
0.001 0.010
-0.08% =-0.008
0.001 0.047
=0.001 0.000
=0.025 0.189
=0.001 0.000
0.003 0.057
0.001 0.010
=0.023 0.18%9
0.001 0.010
-0.088 0.003
0.001 0.010
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.000

.0o2
.001
.000
.000
.00o
.00o
.002
002
001
002
002
002

.051
021
002
.004
.008
.000
.049
.047
.043
.051
071
.051

=0.031
0.043
0.004
0.004
0.021
0.000
-0.026
-0.02&
=0.00%
=0.030
0.012
-0.031
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Grawvity =0.007
Thermal 1 =2.422
Wind 1 0.000
Wind 2 0.000
Wind 3 o.ooz2
Bregsurs 1 -0.019
GW1 -0.006
GW2 =0.006
GW3 =-0.005
GF1 -0.026
GPFIT1 -2.447
Wl =0.007
Grawvity =0.007
Thermal 1 =-2.522
Wind 1 0.003
Wind 2 o.ooz2
Wind 3 0.015
Bressure 1 =0.019
GW1 -0.004
GW2 =-0.005
GW3 0.008
GF1 -0.026
GF1T1 =-2.549
Wl =0.007
Grawvity =0.001
Thermal 1 =2.511
Wind 1 0.013
Wind 2 0.004
Wind 3 0.06l
Bressure 1 =0.020
GWl 0.011
GW2 0.003
GW3 0.059
GF1 =0.021
GPIT1 =-2.532
Wl =0.001
Grawvity 0.005
Thermal 1 =-2.506
Wind 1 0.036
Wind 2 0.005
Wind 3 0.1l02
Bressurse 1 =0.020
GWl 0.041
GW2 0.010
GW3 0.107
GF1 =0.015
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Wl 0.005
Grawvity 0.024
Thermal 1 -2.432
Wind 1 0.223
Wind 2 0.004
Wind 3 0.150
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GW1 0.246
GW2 0.027
GW3 0.174
GP1 0.005
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Wl 0.024
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Gravity
Thermal 1
HWind 1
Wind 2
Wind 3
Fressure 1
GW1

G2

GW3

GP1

GPIT1

Wl

(=R = = R = = = K=

Gravity
Thermal 1
Wind 1
Wind 2
Wind 3
Pressure 1
GWl

GHW2

GHW3

GP1

GPIT1

Wl

COROoODODD0O 00 0MNMD

Grawvity
Thermal 1
Wind 1
Wind 2
Wind 3
Pressure 1
GHWl

GW2

GW3

GF1

GPIT1

Wl

Gravity
Thermal 1
Wind 1
Wind 2
Wind 3

(=] ===y

Bressure 1
GWl

GW2

GW 3

GF1

GFIT1

Wl

Grawvity
Thermal 1
Wind 1
Wind 2
Wind 3
Fressure 1
GW1l

GW2

GW3

GF1

GPLIT1

Wl

CDoOooooDoOoDoo0

022
313
.243
. 004
L.123
018
.285
.026
145

022

.022

33s
.022

022
.443
.243
. 004
L123

0.003
0.265
D.026
0.145
0.025
0.468
D.02z2

0.0D2
0.54%
0.257
0.004
0.034
0.o03
0.280
D.0D6
0.037
0.006
D.555
0.oD2

0.007
0.035
0.002
0.001
o.o08a
0.001
0.005
0.00e
0.001
o.oo08a
0.043
0.007

o.000
0.000
o.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
o.000
0.000

0.000
0.334
0.000
0.000
0.000

0.000
o.000

0.060 0.058 -0.014
1.250 =0.279 0.036
0.22% 0.000 0.059
=0.001 =0.001 0.o00
1.368 0.000 =-0.166
0.00%9 =0.003 o.o0a
0.289 0.058 0.045
0.060 0.057 =-0.014
1.42¢8 0.058 -0.180
0.06%9 0.055 -0.014
1.320 =0.223 0.023
0.060 0.058 =-0.014
0.072 0.0%0 =-0.019
1.224 =0.317 0.037
0.187 0.000 0.057
=0.001 =0.001 o.o00
1.488 0.000 =-0.200
0.00% -0.003 o.o00
0.260 0.030 0.038
0.072 0.ogs -0.019
1.570 p.ogs =-0.219
0.0B1 o.o87 =-0.018
1.305 =0.231 0.019
0.072 0.0%0 =-0.019
0.335 0.3%4 =-0.055
1.027 -0.687 o.o09
-0.153 0.001 0.046
=-0.005 -0.001 0.001
3.48B8 =-0.006 =-0.312
0.008 =0.007 o.o00
0.182 0.3%5 =0.009
0.330 0.3%3 =~-0.054
3.821 0.388 =-0.387
0.341 0.387 =-0.055
1l.368 =0.300 =-0.045
0.335 0.3%4 =-0.055
3156 0.411 -0.057
1.024 =0.707 0.006
=0.170 0.001 0.046
=0.003 =0.001 0.001
3.602 =0.006 =0.307
0.008 =0.007 0.000
0.186 0.412 =0.011
0.350 0.410 =-0.055
3.957 0.405 =0.364
0.362 0.403 =-0.056
1.385 =0.304 =0.050
0.356 0.411 =-0.057
0.375 0.428 =-0.087
1.133 =0.740 =0.017
-0.184 0.000 0.046
=0.006 =0.001 0.001
3.694 =0.012 =0.2g8
0.oa7v =0.008 0.oo0
0.1580 0.428 -0.021
0.369 0.427 =0.0865
4.068 0.416 =0.335
0.381 0.420 =0.087
1.515 -0.31% -0.0B4
0.375 0.428 =-0.087
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=0.005
=0.047
0.003
0.001
0.012
=-0.001
-0.002
=0.004
0.007
-0.00&
=0.053
=0.005

=0.01%9
=-0.051

0.002

0.001

0.010
-0.001
-0.017
=-0.018
=0.009
=0.020
=0.071
-0.01%

-0.005
0.260
0.000

-0.001

=0.015
0.002

=0.005
=0.006
=-0.020

-0.002
0.257

=-0.005

-0.017
0.284
0.000

=0.001

=0.016

0.003
=0.017
-0.018
=0.033
=0.014

0.270
=0.017

=0.01l&
0.320
0.002
=0.002
=0.012
0.003
-0.014
=0.017
=0.027
=-0.013
0.308
=0.01&
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N bl = > PP
. 0
Oos8¥x o GE1 0.200 ~-0.400 ~-0.267 0.018 -0.081  0.115
9 v oo A 3 GPIT1 1.721 =-0.400  2.445 -0.140 =-0.165 0.371
s 2 s 5 = Wl 0.187 ~-0.400 =-0.289 0.020 =-0.091  0.112
degag = .
€ 5 Y s=m Bl F Cravity 0.219 =-0.403 =-0.289 -0.034 =-0.100 0.120
= %"-g% s Thermal 1 1.560 -0.056 2.646 -0.061 -0.063 0.250
2555 g Wind 1 0.272  0.000 ~-0.177 -0.001 ©0.037 =-0.014
Q 3 e . Wind 2 -0.006 0.000 =-0.005 0.000 0.003 -0.004
5 E g E.. 5 Wind 3 -0.104 -0.005  3.85%9 -0.016 -0.1B1 -0.0&6
Z2 95T () Fressure 1 0.013  0.000 0.022 -0.001 =-0.001  0.002
3 Xe? 3 GW1 0.4%1 ~-0.403 ~-0.466 -0.034 -0.062 0.106
>3 2o = GW2 0.214 -0.403 -0.294 -0.033 -0.09%7 0.117
SR 58 ; GW3 0.115 =-0.408  3.570 -0.050 -0.281 0.054
as& =3 GE1 0.232 ~-0.403 -0.267 -0.034 =-0.101  0.122
9 =85 P4 GP1T1 1.7%2 ~-0.45% 2,380 -0.095 -D.164 0.373
; 539. 8 W1 0.213 -0.403 =-0.289 -0.034 =-0.100 0.120
5 295
5 g = Q El2 Gravity 0.247 =-0.414 -0.289 -0.040 =-0.101 ©0.125
ST 50 - Thermal 1 1.577 ~=0.070  2.550 -0.03% =-0.061 0.247
e b Wind 1 0.261 0.000 ~-0.177 -0.001 ©0.037 ~-0.016
o g'ga o Wind 2 -0.006 0.000 =-0.005 0.000 0.003 -0.004
8 3 35 3 Wind 3 -0.054 ~-0.00%  3_85%9 -0.013 =-0.178 =0.074
3 o )
S ax - Fressure 1 0.013 =-0.001  D.021 0.000 =-0.001  0.002
%3 =5 -+ GW1 0.509 =-0.414 -0.466 -0.041 -0.064 0.10%
w S g% v G2 0.241 -0.414 -0.294 -0.040 -0.09%% 0.121
3~ GW3 0.1%3 ~-0.423  3.570 -0.052 =-0.279%  0.051
o Q@ BE GP1 0.260 =-0.414 -0.268 -0.040 =-0.102 0.127
Q = 3 w GP1TL 1.837 -D.484 2.282 -0.07% -0.163 0.374
B =5 Wl 0.247 ~-0.414 =-0.289 -0.040 =-0.101 0.12%
S E e - — | R
] ElZ M Gravity 0.276 =-0.425 ~-0.289 -0.040 =-0.101 0.125
c g%% Thermal 1 1.5%4 -0.081  2.453 -0.038 -0.061 0.247
w w09 Wind 1 0.251 =-0.001 =-0.177 -0.001 0.037 ~-0.016
2223 Wind 2 -0.007 0.000 ~-0.005 0.000  0.003 -0.004
S50 Wind 3 -0.005 =-0.013  3.B59 -0.013 =-0.178 =-0.074
cE xo3 Pressure 1 0.013 =-0.001  0.021 0.000 =-0.001  0.002
S ;m GW1 0.527 =-0.426 =-0.4E6 -0.041 -0.084 D.10%
3‘3 el GH2 0.269 ~-0.425 ~-0.294 -0.040 =-0.0%% 0.121
< m<E GH3 0.271 -0.438  3.570 -0.052 -0.27% 0.051
s =93 GE1 0.289 =-0.426 =-0.268 -0.040 =-0.102 0.127
2558 GELTL 1.883 -D.506 Z.186 -0.07% -0.163 0.374
Fre3 Wl 0.276 =-0.425 =-0.289 -0.040 =-0.101 ©0.125
s
-—
S gvs BL3 Gravity 0.304 -0.436 -0.289 -0.040 -0.101 0.125
o 33 Thermal 1 1.611 =-0.091  2.356 -0.039 =-0.061 0.247
2 <c£a Wind 1 0.241 =-0.001 =-0.177 -0.001 ©0.037 ~-0.01l6
5 23 Wind 2 -0.008 0.000 =-0.005 0.000  0.003 -0.004
S50 Wind 3 0.045 =-0.016  3.859 -0.012 =-0.178 ~=-0.075
-3 5= Pressure 1 0.013 -0.001 0.021 0.000 -0.001 0.002
3 T A GW1 0.545 =0.437 =-0.466 -0.040 -0.064 D.10%
4 55 G2 0.296 ~-0.438 ~-0.294 -0.040 =-0.0%% 0.121
=~ 3 GW3 0.349 =-0.452  3.570 -0.052 =-0.278% 0.050
S
- -2 GEL 0.317 ~-0.437 ~-0.268 -0.040 =-0.102 0.127
o ®3 GELT1 1.328 -0.528  2.08%9 -0.079 -0.163 0.374
= co Wl 0.304 =-0.436 =-0.289 -0.040 =-0.101 ©0.125
=0
=] w
gz EL4 Gravity 0.360 =-0.453 =-0.289 -0.016 =-0.103 O.134
= Thermal 1 1.643 =-0.102 Z.166 -0.001 =-0.056 0.241
— 1T * =-u. =L L7/ s PR =u .
= Wind 1 0.220 -0.001 ~-0.177 0.000  0.038 -0.020
= Wind 2 -0.008 0.000 =-0.005 0.000  0.003 -0.004
o Wind 3 0.140 =-0.021  3.859 -0.002 -0.168 ~-0.091
& Pressure 1 0.014 =-0.001  0.020 0.000 =-0.001 0.002
= GH1 0.580 ~-0.454 ~-0.466 -0.016 =-0.065 0.114
5 GH2 0.351 -0.453 -0.294 -0.016 =-0.100 0.131
s GW3 0.500 =-0.474  3.570 -0.018 =-0.271 0.043
= GEL 0.374 ~-0.454 ~-0.269 -0.016 =-0.104 0.136
3 GFLT1 2.017 =-0.556 1.898 -0.017 =-0.160 O.378
2 Wl 0.360 ~-0.453 ~-0.289 -0.016 =-0.103 0.134
o
-
e
3
o
w
=
o
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Gravity 0.389 -0.458 -0.283 -0.016 -0.103
Thermal 1 1.65% -0.102  Z2.0639 -0.001 -0.056
Wind 1 0.209 -0.001 -0.177 0.000  0.038
Wind 2 -0.010  0.000 -0.005 0.000  0.003
Wind 3 0.187 =-0.021  3.85% -0.002 -0.168
Pressure 1 0.014 =-0.001  0.020 0.000 =0.001
GH1 0.588 =-0.45% =-0.466 -0.016 =0.065
G2 0.379 =-0.457 =-0.294 -0.016 =0.100
W3 0.577 =-0.47%  3.570 -0.018 =0.271
Pl 0.403 =-0.458 =-0.263 -0.016 =0.104
GPIT1 2.062 =-0.561 1.800 -0.017 =0.180
Wl 0.389 -0.458 -0.283 -0.016 =-0.103
Gravity 0.418 -0.462 -0.2B9 -0.016 ~-0.103
Thermal 1 1.675 =-0.102 1.871 -0.001 =-0.056
Wind 1 0.188 =-0.001 -0.177 0.000 0.038
Wind 2 -0.011  0.000 -0.005 0.000  0.003
Wind 3 0.235 -0.022  3.859 -0.002 -0.168
Fressure 1 0.014 =-0.001  0.020 0.000 =0.001
W1 0.617 =-0.463 =-0.466 -0.016 =0.0E5
G2 0.407 -0.462 -0.294 -0.015 =-0.100
W3 0.653 -0.484  3.570 -0.018 -0.271
GPl 0.432 -0.463 -0.269 -0.016 -0.104
GE1TL 2.107 =-0.565 1.702 -0.016 =0.160
Wl 0.418 -0.462 -0.2B9 -0.016 =-0.103
Gravity 0.465 ~-0.461 -0.2B9 0.022 -0.104
Thermal 1 1.699 =-0.087 1.814 0.025 =0.051
Wind 1 0.181 =-0.001 -0.177 0.000  0.039
Wind 2 -0.012  0.000 -0.005 0.000  0.003
Wind 3 0.308 -0.020  3.859 0.00% -0.155
Fressure 1 0.014 =-0.001  0.01% 0.000 =-0.001
Gl 0.647 =-0.462 -0.468 0.022 =-0.064
G2 0.453 ~-0.460 -0.294 0.022z -0.101
W3 0.774 -0.481  3.570 0.031 -0.259
GPl 0.480 -0.462 -0.270 0.022 -0.104
GE1TL 2.179 =-0.558  1.544 0.048 =0.156
Wl 0.465 -0.461 -0.289 0.022 -0.104
Gravity 0.487 ~-0.456 -0.289 0.031 -0.104
Thermal 1 1.710 =-0.081  1.743 0.031 =0.050
Wind 1 0.173 -0.001 -0.177 0.001  0.040
Wind z -0.013  0.000 -0.005 0.000  0.003
Wind 3 0.340 -0.018  3.859 0.011 -0.153
Fressure 1 0.014 =-0.001  0.018 0.000 =-0.001
Gl 0.660 =-0.457 =-0.468 0.031 =-0.064
G2 0.474 ~-0.455 -0.294 0.030 -0.101
TE 0.827 -0.474  3.570 0.042 -0.256
GFl 0.501 =-0.456 =0.271 0.031 =-0.104
GF1TL 2.211 -0.547 1.472 0.062 =-0.155
Wl 0.487 -0.456 -0.2B9 0.031 -0.104
Gravity 0.492 -0.454 -0.289 0.032 -0.104
Thermal 1 1.713 -0.08% 1.724 0.031 -0.050
Wind 1 0.171 =-0.001 =-0.177 0.001  0.040
Wind 2 -0.013  0.000 -0.005 0.000  0.003
Wind 3 0.349 -0.01B  3.85% 0.012 =-0.152
Pressure 1 0.014 =-0.001 0.018 0.000 -0.001
GW1 0.664 =0.455 =-0.466 0.033 -0.064
G2 0.480 =-0.453 -0.294 0.032 -0.101
W3 0.841 =-0.472  3.570 D.044 -0.256
Pl 0.507 -0.435 =-0.271 0.032 -0.104
GP1TL 2.219 -0.544  1.453 0.064 -0.155
Wl 0.492 -0.454 -0.289 0.032 -0.104

140

0.142

=0.024
=0.004
=0.105
0.o02
0.118
0.138
0.037
0.144
0.381
0.142

0.144
0.235
=0.025
=0.004
=0.109
0.o02
0.11%
0.140
0.035
0.1l48
0.381
0.144

0.144
0.235
=0.025
-0.004
-0.109
0.002
0.11%9
0.140
0.035
0.146
0.381
0.144
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Gravity 0.507
Thermal 1 1.696
Wind 1 0.161
Wind 2 =0.013
Wind 3 0.413
Pressure 1 0.014
GHWl 0.668
G2 0.494
GW3 0.920
GP1 0.521
GPIT1 2.218
Wl 0.507
Gravity 0.472
Thermzl 1 1.825
Wind 1 0.164
Wind 2 -0.012
Wind 3 0.470
Eregsure 1 0.014
GHWl 0.636
GHW2 0.45%9
GW3 0.941
GEl 0.485
GPIT1 2.110
Wl 0.472
Gravity 0.471
Thermal 1 1.625
Wind 1 0.164
Wind 2 =-0.012
Wind 3 0.470
Fressure 1 0.014
GHWl 0.636
G2 0.459
GW3 0.941
GE1 0.485
GPITL 2.110
Wl 0.471
Gravity 0.415
Thermal 1 1.538
Wind 1 0.175
Wind 2 =0.011
Wind 3 0.513
BPressure 1 0.013
GHW1l 0.589
GH2 0.404
G 3 0.928
GP1 0.428
GPITL 1.965
Wl 0.415
Gravity 0.358
Thermal 1 1.450
Wind 1 0.185
Wind 2 =0.009
Wind 3 0.556
Pressure 1 0.012
GHWl 0.543
GHW2 0.349
GW3 0.914
GE1 0.370
GPITL 1.821
Wl 0.358

-0.438
-0.028
=0.001

o.o00
=0.012

o.o00
=0.438
=0.437
=0.450
-0.438
-0.466
-0.438

-0.429
0.085
o.o00
o.o00

-0.009
o.o0l1

=0.430

-0.429

-0.438

-0.429

=0.334

=-0.429

=0.429

-0.429

-0.429
0.225
0.000
0.o00

=0.009
0.001

-0.430

-0.429

-0.438

-0.429

=0.204

-0.429

-0.429
D.355
0.000
o.o00

=0.009
0.001

=0.430

-0.429

=-0.438

-0.429

-0.074

-0.429

=0.177

=0.005
=0.459
=0.286
=0.264
=0.281
=0.261

1.5B3

=0.177

=-0.005

=0.437
=0.265
=0.243

=0.261

0.063

0.002
0.000
0.034
0.o01
0.064
0.0862
0.0%38
0.063
0.121
0.0863

0.063
0.058
0.002
0.000
0.034
0.001
0.0&64
0.062
0.098
0.063
0.121
0.0863

=0.
=0.

=-0.
=-0.
=0.
=0.
=0.
=0.
=0.
=0.

=0.
=0.

=-0.
=-0.
=0.
=0.
=0.
=0.
=-0.
=-0.

103

102

102

102

102
046
.04l
.0n3
L1389
.00l
.06l
099
241
102
.148
102
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0.147
D.038
0.153
D.38e
0.151
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Gravity 0.327 ~-0.42% =-0.201 0.063 =-0.102
Thermal 1 1.403 0.397 1.641 0.055 =-0.044
Wind 1 0.1%1 ~=0.001 =0.175 0.002 0.042
Wind 2 =0.008 0.000 =-0.003 0.000 0.003
Wind 3 0.579 ~-0.009 3.904 0.037 =-0.134
Pressure 1 0.012 0.001 0.0l8 0.000 -0.001
GWl 0.518 ~-0.430 =-0.37& 0.064 ~-0.080
GW2 0.319 ~-0.42% =-0.206 0.062 =-0.099
GW3 0.%07 ~=-0.438 3.703 0.100 =0.235
GF1 0.339 ~-0.428 =-0.183 0.063 =0.102
GF1TLl 1.742 =-0.031 1.458 0.118 -0.146
Wl 0.327 ~-0.429% =-0.201 0.062 =-0.102
Gravity 0.290 ~-0.430 =-0.18& 0.063 =0.102
Thermal 1 1.347 0.447 1.654 0.0535 =0.045
Wind 1 0.1%7 ~=0.001 =0.175 0.002 0.043
Wind 2 =0.007 0.000 -0.005 0.000 0.003
Wind 3 0.e08 ~-0.00%9 3.813 0.041 -0.126
Fressure 1 0.011 0.0o02 0.018 0.000 =-0.001
GW1 0.487 ~=0.430 =-0.360 0.065 =0.058
GW2 0.283 ~-0.429% =0.191 0.062 =0.099
GW3 0.8%8 ~-0.438 3.727 0.104 =-0.228
GF1l 0.301 ~-0.428 -0.168 0.062 =-0.102
GFITL l.648 0.01% 1.48B¢ 0.1l18 =-0.147
Wl 0.2%1 ~-0.430 -0.1B& 0.063 =-0.102
Gravity 0.205 =0.430 =0.152 0.063 =0.101
Thermal 1 1.223 0.558 1.683 0.054 -0.048
Wind 1 0.213 ~-0.001 =-0.173 0.002 0.046
Wind 2 =0.005 0.000 ~-0.008 0.000 0.002
Wind 3 0.672 ~-0.00% 3.837 0.048 =-0.110
Pressure 1 0.010 0.003 0.018 0.000 =0.001
GWl 0.418 ~=0.431 =0.325 0.065 =0.056
GW2 0.200 ~-0.430 =-0.157 0.062 -0.098
GW3 0.878 ~-0.439 3.786 0.110 =-0.212
GF1 0.216 =-0.427 =-0.134 0.063 =-0.102
GF1T1l 1.439 0.131 1.548% 0.117 =0.150
Wl 0.205 ~=0.430 =0.152 0.063 =0.101
Gravity =-0.226 =-0.432 0.00&6 0.062 =-0.100
Thermal 1 0.669 1.078 l.819 0.0535 =0.08l1
Wind 1 0.286 =-0.001 =-0.187 0.002 0.057
Wind 2 0.006 0.000 -0.006 0.000 0.003
Wind 3 0.976 =0.009 4.081 0.061 =-0.035
Pressure 1 0.005 0.008 0.01%9 0.000 =0.001
Gl 0.060 -0.4323 -0.181 0.065 -0.043
GW2 =0.21% =D.432 =0.001 0.062 =-0.097
GW3 0.751 -0D.441 4_08B7 0.123 =-0.135
GF1 =0.220 =-0.424 0.025 0.063 =0.101
GF1T1l 0.449 0.654 1l.843 0.117 =0.1gl
Wl =-0.226 =-0.432 0.00& 0.062 =-0.100
Gravity =-0.327 =0.53% =0.012 0.061 =-0.099
Thermal 1 0.478 1.0886 1.813 0.052 -0.076
Wind 1 0.295 0.008 =0.135 0.010 0.073
Wind 2 0.009 0.003 =-0.003 g.aoo0 o.o003
Wind 3 1.016 0.01% 4123 0.10%9 0.070
Fressure 1 0.004 0.00%9 0.01% 0.000 =0.001
GW1 =0.032 =0.534 =-0.147 0.071 =-0.026
G2 =0.318 =-0.538 =0.017 0.061 =-0.0%6
GW3 0.689% =-0.520 4.111 0.16% =0.029
GP1 =0.323 =0.531 o.o007 0.061 =-0.100
GFIT1 0.154 0.555 1.81%9 0.113 =0.176
Wl =0.327 =-0.53% =0.012 0.061 =-0.099
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- Q3 =l - 0.2% o 0.0%52 -=-0.076 -
Fe @ ca g — Wind 2 5 0.006 =-0.119 0.0l0 0.175
53 =253 . ~ Wind 3 0.00% 0.004 =-0.004 o aon 0.074 ~-0.004
od T oD Pressure 1 1.016 0.024 4.139 0.108 p.pos -0.00s
o3 9 33 po) Wl 0.oo32 0.008 0.015 - 0.074 =-0.022
=Q 5 -Q (=] o -0.032 -0.5 g.000 -0.001 O
~c ~ 0C —_— Gh2 0.580 -0.153 o - .00l
23 acs —3 GH3 -0.318 -0.582 -0.038 E'Gil -0.025  0.210
5257 o Pt 0.689 ~-0.562 4.105 E-‘Efl -0.09%6  0.20%9
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28‘0 5;- z B26 Gravity -do =-0.099 0.214
=3 =T Thermal 1 -0.327 ~-0.%312 -0.217 0.06
53 2358 o Wind 1 0.049 D0.731 1.643 pest o
o oo Q Wind 2 0.2895 0.010 0023 .056 =~-0.081 0.
5_3 Sas Q Wind 3 0.009 0.011 0.001 E'Gc'g o.o7s -0
20 T 20 - Pressure 1 1.018 0.049 4.308 -001 0.003 -0.
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ﬁ =TT Pressure 1 1.01€ 0.051 4.369 E-ggi 0.003 -0.
o g g o Gl =-0.002 0.00s 0.01s E-GDJ 0.110 =0.
c §EB GW2 =-0.032 =-0.953 =-0.204 0. ,.D -o.ool o 0.
s 370 e -0.318 -0.951 =-0.27 068 -0.018 0.
C X023 = o 0.272 0.060 -
53 2 GE1 0.689 ~-0.312  4.094 o 60 -0.035 0.
a- ) 5: GPITL =-0.329 =D.%58B =0.258 E'l.:‘-n b.olz 0.
Qs W1 -0.401 -0.322 1.3 -080 -0.100 0.
< o st S —0.327 - - 343 0.117 -0.182
s =93 .327 =0.%963 =0.275 0.05 - o.
-, o = A B28 Grawvity -059 -0.038 0.
E—. g— é.g Thermal 1 =0.327 ~-0.%78 ~-0.31& 0.0s
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7 2 Q
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b
N = L BB
+0 ool ﬁx!_ &" FOL M Gravity -0.395 -0.963 -0.204 0.059 =-0.0898 0.057
=T U= Thermal 1 -0.265 0.882 1.670 0.057 -0.082 0.181
2 Paos n 3 Wind 1 0.2%8 0.010 0.081 0.008 0.081 ~-0.004
98 335T = Wind 2 0.010 0.012 0.004 0.001 0.003 =-0.001
Ne@ce g = Wind 3 1.017 0.051  4.488 0.100 0.110 =-0.001
53 =253 . ~ Pressure 1 -0.004 0.006 0.017 0.000 =-0.001 0.001
oD T L0 - EW1 -0.097 -0.953 =-0.1323 0.068 =-0.018 0.053
o2 = 5@ (o) GW2 -0.386 -0.952 =-0.200 0.060 =-0.095 0.056
Fc aBdg — EW3 0.622 -0.912  4.284 0.160 0.012 0.056
=3 :LE.Ev s‘ GEl -0.389 -0.957 -0.187 0.060 -0.100 0.058
Sc % g5 = GELT1 -0.664 =-0.076 1.482 0.117 =-0.182 0.218
;; 558 5 W1 -0.395 -0.963 ~-0.204 0.059 =-0.098 0.057
ed
9 @S9 0
a3 g ®a A roz Gravity -0.403 -0.963 =-0.195 0.059 =-0.098 0.
2Sa §g =2 Thermal 1 -0.288 0.911 1.678 0.057 =-0.082 0.
=3 &R ) Wind 1 0.298 0.010 0O.082 0.008 0.081 -0.
o3 2 3 Q Wind 2 0.010 0.012 ©0.004 0.001 0.003 -0.
32 =5¢c [ Wind 3 1.018 0.051  4.503 0.100 ©0.110 ~-0.
=3 o= =, Pressure 1 -0.004 0.006 0.017 0.000 =-0.001 0.
23 5 52 = EW1 -0.105 =-0.953 =-0.113 0.068 =-0.018 @
-4 ,?,'g-:. () GW2 -0.394 -0.952 =-0.191 0.060 =-0.095 0
9 535 F3 G 3 0.614 =-0.912  4.307 0.160 0.012 0.
e sz ) GEl -0.407 -0.957 -0.178 0.060 =-0.100 O
%g %5 - GELT1 -0.695 -0.046 1.499 0.117 -0.182 0
w S BS o S N —
5 _~:,... W1 -0.403 -0.963 -0.195 0.059 -0.098 0.
o Q o £
Q = = w FOZ M Gravity -0.420 =-0.963 =-0.178 0.059 =-0.0%8 Q.
88 =5 Thermal 1 -0.336 0.973  1.895 0.057 -0.082 0.
= HEZ Wind 1 0.300 0.010 D0.085 0.009 0.081 -0.
5 338 Wind 2 0.010 0.012 0.004 0.001 ©0.003 -0.
c 3535 Wind 3 1.018 0.051  4.533 0.100 ©0.110 -0.
w ¥ 00 Pressure 1 -0.004 0.006 0.017 0.000 =-0.001 O
= E s el -0.121 =-0.953 =-0.083 0.068 =-0.018 0.
s 222 EW2 -0.411 =-0.952 =-0.174 0.060 =-0.085 0.
S®=oa o E 0.597 -0.912  4.355 0.160 ©0.012 Q.
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s =93
. o =X
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o c
o
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g9 oo O o a0l Gravity -0.292 -0.974 -0.300 0.053% -0.099 -0.033
55 v od A 3 Thermzl 1 -0.417 0.713 1.530 0.05% =-0.083 0.155
TS P 8s = Wind 1 0.29%6 0.010 0.151 0.008 0.083 -0.003
=5 g Q3 '2, — Wind 2 0.007 0.011  ©0.007 0.001 0.003 0.001
Ne = g@Q g *’- Wind 3 1.011 D0.049  4.570 0.096 0.118 0.005
353 2253 - Fressure 1 -0.005 0.005 0.01l6 0.000 =-0.001 0.001
gg T8B e po) GW1 0.005 =-0D.965 =-0.149 0.067 =-0.016 ~=0.036
=2 35 @ °_ G2 -0.284 -0.963 -0.293 0.05% -0.096 ~-0.032
sE 3L = GW3 0.719 =-0.925 4.270 0.154 0.020 ~-0.029
§2 &g-ﬁ’ o &Pl -0.297 ~-0.96% ~-0.2B4 0.058 =-0.100 =-0.032
=3 X cu o GEIT1 -0.714 -0.256 1.306 0.118 =-0.183 0.123
;5 % g% E. W1 -0.292 -0.974 -0.300 0.053% -0.099 -0.033
€9
@ :_ c ;‘E. o1 I Gravity -0.287 ~-0.974 -0.291 0.05% -0.099 =-0.033
299 g 2 Thermal 1 -0.43%  0.742 1.599 0.05% =-0.083 0.155
o= 5‘8 o (1) Wind 1 0.297 0.010 0.152 0.008 0.083 -0.003
‘*3 SE= o Q Wind 2 0.007 0.011  ©0.007 0.001 ©0.003 0.001
8% x5¢c (1) Wind 3 1.010 0.049  4.584 0.096 0.118 0.005
.'-‘.-.% % e 2 = Pressure 1 -0.006 0.005 0.01l6 0.000 =-0.001 0.001
95 o 3 = — GW1 0.010 =-0D.365 =-0.139 0.067 =-0.016 ~-0.036
ah =l ° z o GW2 -0.280 =-0.963 =-0.285 0.058 =-0.0%6 =-0.032
9 5 35 F3 k! 0.723 -0.825  4.292 0.154 0.020 ~-0.029
< 2 %r E" GE1 -0.292 -0.969 -0.275 0.05% =-0.100 =-0.032
% 3 ¥ ey GBIT1 -0.731 -0.227 1.323 0.118 =-0.183 0.123
s < o W1 -0.287 -0.974 -0.291 0.053% -0.099 ~-0.033
pRtE 2
S a oL a0z Gravity -0.282 -0.974 -0.283 0.05% -0.099 -0.033
Q s 5% Thermal 1 -0.461 D0.772 1.807 0.05% =-0.083 0.155
9 8 %5‘ Wind 1 0.297 0.010 0.154 0.008 0.083 -0.003
: L Wind 2 0.007 0.011  ©0.007 0.001 ©0.003 0.001
g o359 Wind 3 1.010 D.04%  4.588 0.096 0.118 0.005
c g%% Pressure 1 -0.006 0.005 0.01l6 0.000 =-0.001 0.001
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~n 23
9 g 82 -
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s =93
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N =TI T
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gg_ T 9. = Q) Foint Load TRAMSLATIONS (in ) ROTATIONS (deg )
s & o name combination % ¥ 7 * ¥ 2
59550 3 T OCTETETT T  T LTl T
?52e38 = W1 -0.065 =-0.717 -0.486 0.057 -0.100 -0.185
S8 2568 =
33 %"-'5'3 .. 102 M Gravity -0.007 -0.717 -0.4&9 0.057 =-0.100 =-0.185
o235 53 v Thermal 1 -0.B839  0.535 1.463 D.063 -0.083 0.138
=Q 3 sQ g Wind 1 0.285 0.005% 0.328 0.0o07 o.087 =0.001
gE =3¢ - Wind 2 0.002 0.005 0.013 0.001 ©0.003  0.004
;2 %ﬁi. (1) Wind 3 0.981 o0.0z8 4,861 0.083 0.133 0.01le
;3 ~ e 3 -~ Pregsurs 1 =-0.010 0.o03 0.014 0.001 =-0.001 0.001
zr 3 ?,u— b= GW1 0.287 =0.712 =0.141 0.064 =0.012 =0.135
mg 2 %tg ; GW2 =-0.005 =-0.712 -0.455 0.05%8 =-0.097 =0.1%91
'-g o [ Baisd GW3 0.983 -0.689 4.382 0.140 o.034 =0.178%
=9 E.%: z GF1 -0.018 -0.714 ~-0D.455 0.058 -0.101 ~-0.194
hs 5 (") D GEPITL -0.917 -0.17% 1.008 0.121 =-0.183 =-0.056
2335 3% ‘g W1 -0.007 =-0.717 =0.469 0.057 =-0.100 =-0.195
O x SC
.'-‘.-.% 388 = 103 Gravity 0.051 =0.717 =0.452 0.057 =-0.100 =0.135
- ®m O 3 c e Thermal 1 =0.940 0.596 1.482 0.063 =0.083 0.138
2383 v Wind 1 0.295 0.005 0.330 0.007 0.087 =-0.001
g = a:— 5 Wind 2 p.oD1 0.005 0.014 0.001 o.oo03 0.004
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w < DE o GWl 0.346 -0.712 -0.122 0.064 =-0.012 -0.195
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-
g 9> o
c g%% “6% Seqment I end  www
w o+ 0o - — —
% % ;; #%% Sogment L bagin %%
E *" 3 's‘ BZ21 Grawity 0.327 -0.42% =-0.201 0.063 =0.102 0.153
=+ 2 So Thermal 1 1.403 0.397 1.641 0.055 =0.0494 0.232
§ [ 53 Wind 1 0.1%1 =-0.001 =0.175 0.o02 0.042 -0.028
q "g Q c Wind 2 =0.008 g.o000 =0.003 0.000 o.o003 -=0.004
o = 23 Wind 3 0.57% -0.00% 3.504 0.037 -0.134 -0.11%
E‘ b-' 55 Pressure 1 0.012 0.o001 0.018 0.000 =0.001 a.o02
= X553 GWl 0.518 -0.430 =-0.376 0.064 -0.0&0 0.125
2. g ?ﬂ. GW2 0.31% -0.42% -0.208 0.062 =-0.099 0.14%
E. g'ug GW3 0.207 =0.438 3.703 0.100 =0.235 0.037
o gg GPl 0.33% -0.428 -0.18B3 0.063 =-0.102 0.155
9 o GPITL 1.742 =0.031 1.458 0.118 =0.146 0.387
5 5‘3 Wl 0.327 -0.42% -0.201 0.063 =-0.102 0.153
g- ':—,g- LO1L N Grawity 0.327 -0.475 =-0.230 0.062 =-0.103 0.158
= T s Thermal 1 1.343 0.328 1.636 =0.067 =0.006 0.z242
E -°‘ § Wind 1 0.181 0.007 =0.163 0.003 0o.041 =0.027
=~ g = Wind 2 =0.008 0.001 =0.003 0.000 o.003 =0.004
o :U (7] Wind 3 0.579 0.024 3.863 0.055 =-0.144 -0.113
.g Og Pregsure 1 a.o012 0.o001 0.018 =0.001 0.o000 a.o02
T E o GW1l 0.518 -0.467 =-0.394 0.065 =-0.082 0.131
g EQ GW2 0.31% =0.473 =0.235 0.062 =0.100 0.154
.. GW3 0.307 -0.450 3.833 0.118 =-0.247 0.045
; GP1 0.33% =0.474 =0.213 0.062 =0.103 0.160
= GPITL 1.682 =-0.146 1.423 =0.005 =-0.110 0.402
; Wl 0.327 =0.475 =0.230 0.062 =0.103 0.158
1Y
g L0l F Gravity 0.352 -D.500 -0.256 0.060 =-0.103 0.158
o Thermal 1 1.349 0.257 1.667 =0.250 0.058 0.243
3. HWind 1 0.187 0.012 =0.157 0.005 0.03% =0.025
2 Wind 2 =0.009 o.o02 -0.004 0.0o0 o.o003 -0.004
o Wind 3 0.563 o.o42 3.828 0.086 =0.183 =0.102
a Pregssure 1 g.o012 o.oo0 0.018 =-0.002 0.o000 0.o02
c GW1 0.539% -=0.488 =-0.414 0.065 =0.064 0.133
2 GW2 0.343 -0D.4%8 -0.260 0.060 =0.100 0.154
; GW3 0.915 -D.458 3.571 0.146 =-0.266 0.055
]
o
o
=7
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=y Q
w
N
-_—
» =F 3
GP1 0.364 -0.500 -0.2339 0.058 -0.103 0.160
gg 9'9’“9—;*' o GEIT1 1.713 -0.242 1.428 -0.192 -0.044 0.403
-gg P E; %\ 3 W1 0.352 =-0.500 =-0.256 0.060 -0.103 O.158
: L1
5;.3 = %3 & = 102N Gravity 0.456 -0.500 -0.295 0.054 -0.102 0.155
53 =253 . ~ Thermal 1 1.510 0.11% 1.861 -0.281 0.023 0.239
oh T o0 5] Wind 1 0.171  0.012 -0.161 0.006 0.037 -0.023
°2 533 o Wind 2 -0.012  0.002 -0.004 0.000 0.003 -0.004
Fc o+ DC — Wind 3 0.497  0.042 3767 0.088 -0.170 -0.094
23 o322 s‘ Pressure 1 0.013  0.000 0.019 -0.002 ©0.000 0.002
5E & NB = GW1 0.627 -0.488 -0._458 0.059 -0.066 0.132
=3 3 So 5 GWz2 0.445 -0.498 -0.293 0.053 -0.100 0.151
23 3 29 — GW3 0.954 -0.458 3_472 0.142 -0.273  0.061
&3 2 ®a ~ cEl 0.470 -0.500 -0.276 0.051 -0.102 0.157
02 g 39 > GE1TL 1.980 -0.381 1.5B6 -0.230 -0.07% 0.396
S E S H - o -
‘,’rz ; E’_.'fg" ‘g W1 0.456 ~-0.500 -0.295 0.054 -0.102 0.155%
o 5
gr-% % 2 = 102 F Gravity 0.464 -0.506 -0.302 0.033 -0.102 0.153
o83 — Thermal 1 1.548 0.113 1.929 -0.090 -0.005 0.227
T =B g ) Wind 1 0.173  0.011 ~-0.162 0.005 0.036 -0.021
3535 5 Wind 2 -0.012 0.002 -0.004 0.000 0.003 -0.004
<% 5= = Wind 3 0.456 0.031  3_755 0.054 -0.173 -0.087
A ;5 s- Pressurs 1 0.014 0.000 0.020 -0.001 ©0.000 0.002
w S 8§ GW1 0.637 ~-0.496 -0.464 0.038 -0.066 0.132
DSt a Gz 0.453 -0.504 =-0.306 0.033 -0.100 0.143
s @3TE cw3 0.921 -0.475  3._452 0.087 -0.275 0.066
Q = 2 w GP1 0.478 =-0.507 =-0.283 0.033 =-0.103 0.155
88 =5 GPITL 2.026 -0.3%4 1.648 -0.057 -0.107 0.382
= ;-E W1 0.464 =-0.506 =-0.302 0.033 -0.102 0.153
o~ 53
e %-},% 103 Gravity 0.239 -0.487 -0.303 -0.047 -0.0985 0.145
w ¥ 00 Thermzal 1 1.436 0.02% 2._398 0.04% -0.0%4 0.212
=reld Wind 1 0.251 0.004 =-0.162 0.001 ©0.034 -0.011
s 222 Wind 2 -0.006 0.002 -0.004 0.000  0.002 -0.003
S®=oa Wind 3 0.046 ~-0.005  3.754 -0.016 -0.187 -0.043
=~ Z =5 Pressurs 1 0.012 0.000 O0.021 0.000 -0.001 0.002
o Q ¥a GW1 0.430 -0.483 -0.464 -0.045 -0.060 0.134
E [ §§ Gz 0.233 -0.485 -0.306 -0.046 -0.082 0.141
o T=x GW3 0.285 ~-0.433  3_452 -0.062 -0.282 0.095
€530 GE1 0.251 ~-0.487 -0.281 -0.047 -0.0%6 0.146
= H gg_ GPITL 1.687 -0.458 2.117 0.002 -0.189 0.358
= a,%g W1 0.239 -0.487 -0.303 -0.047 -0.095 0.145
2 53 L03 M Gravity 0.224 ~-0.480 -0.303 -0.047 -0.085 0.145
s =2 Thermal 1 1.421 0.022 2.431 0.04% -0.094 0.212
3 v< Wind 1 0.257 0.004 -0.162 0.001 0.034 -0.011
- =8 Wind 2 -0.005 0.002 -0.004 0.000 0.002 -0.003
I ] Wind 3 0.017 ~-0.003 3,754 -0.016 -0.187 -0.04%
2 o= Pressure 1 0.012 0.000 0.021 0.000 =-0.001 0.002
e z9 Gl 0.481 =-0.476 =-0.464 -0.045 -0.060 0.134
:T ?a G2 0.218 -0.478 -0.306 -0.046 -0.092 0.141
T T©TEC GW3 0.241 -0.483  3_452 -0.062 -0.282 0.096
= 23 GE1 0.236 ~-0.480 -0.281 -0.047 -0.0%6 0.146
c -3 GPITL 1.657 =-0.453 2_149 0.002 -0.189 0.358
E = Wl 0.224 -0.480 -0.303 -0.047 -0.095 0.145
g = o -
) LO4 Gravity 0.208 -0.472 -0.303 -0.047 -0.085 0.145
= Thermzl 1 1.407 0.014 2.463 0.04% -0.094 0.212
5 Wind 1 0.262 0.003 -0.162 0.001 0.034 -0.011
g Wind 2 -0.005 0.002 -0.004 0.000 0.002 ~-0.003
c Wind 3 -0.012 -0.001  3.754 -0.016 -0.187 -0.048
z Pressure 1 0.012  0.000 0.021 0.000 -0.001 0.002
S GW1 0.471 ~-0.4869% -0.464 -0.045 -0.080 0.134
c G2 0.204 =-0.471 -0.308 -0.046 =-0.092 0.141
2 K 0.187 -0.473  3.452 -0.062 -0.282 0.096
@ GP1 0.221 ~-0.473 -0.281 -0.047 -0.096 0.146
] GPIT1 1.627 -0.45% 2_182 0.002 -0.189  0.358
=1 W1 0.208 =-0.472 -0.303 -0.047 -0.085 0.145
8
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NO1

Segment L

Segment M

Gravity
Thermal 1
Wind 1
Wind 2
Wind 3
Bressurs 1
GWl

GW2

GW 3

GF1

GPIT1

Wl

Gravity
Thermal 1
Wind 1
Wind 2
Wind 3
Bressurs 1
GW1l

GW2

GW3

GF1

GPIT1

Wl

Gravity
Thermal 1

Load
combination

Pressure 1
GW1

G2

GW 3

GF1

GFI1T1

Wl

end

Gravity
Thermzal 1
Wind 1
Wind 2
Wind 3
Pregssure 1
GWl

GW2

GW 3

GF1

GFI1T1

Wl

Gravity
Thermal 1
Wind 1
Wind 2
Wind 3
Pressurs 1

baegin #*ww«

0.158 ~=0.4532 =0.303
1.34%9 0.010 2.578
0.281 0.003 -0.162
=0.004 0.001 =-0.004
=0.117 0.011 3.754
0.011 0.000 0.021
0.43% -0.44% -0.464
0.154 ~-0.4530 =-0.306
0.041 ~=0.441 3.452
0.16% =0.452 =0.281
1.517 -0.442 2.297
0.158 ~=0.4532 =0.303
0.144 -0.434 -0.289
1.3l 0.064 2.631
0.287 0.002 -0.168
=0.003 0.001 =-0.004
=0.147 0.011 3.784
0.011 0.000 0.022
0.431 ~=-0.432 =0.457
0.140 =-0.433 =0.293
-0.003 -0.423 3.4985
0.155 =0.434 =0.267
1.516 =-0.369 2.364
0.144 -0.434 -0.289
0.144 -0.404 -0.265
1.421 0.140 2.662
TRANSLATICNS (in )
X b4 A
0.287 o.oo00 =-0.178
=0.003 0.000 =0.003
=0.147 0.003 3.842
0.011 0.001 o.0z2z2
0.431 ~-0.404 =0.443
0.140 ~=0.404 =0.270
-0.003 ~-0.400 3.578
0.155 ~-0.403 =-0.243
1.575 =-0.263 2.41%
0.144 ~-0.404 =0.265
0.559 ~-0.424 =0.296
1.755 =0.017 1.604
0.147 g.o000 =-0.178
=0.015 0.000 =0.003
0.420 ~=-0.008 3.857
0.015 0.000 0.017
0.706 ~-0.424 =-0.473
0.544 ~=0.423 =0.300
0.979% -0.431 3.561
0.574 ~-0.424 =-0.278
2.329 ~=0.441 1.326
0.559 ~=0.424 =0.296
0.59%5 =-0.400 =-0.296
1.772 0.000 1.483
0.133 g.o000 =-0.178
=0.016 0.000 =-0.003
0.470 0.000 3.857
0.015 0.000 0.017

=0.01% =0.091
=-0.043 =-0.114
0.001 0.035
0.000 0.002
-0.026 =-0.189
=0.001 =-0.001
=-0.018 =-0.056
-0.018 =-0.088
=0.044 =0.280
=0.01% =-0.0892
-0.062 -0.206
=0.01% =0.091
0.052 -0.0B4
=0.184 =0.119
=0.001 0.036
0.000 0.oDz2
=0.03% =-0.198
=0.002 =-0.001
0.051 =-0.047
0.052 =0.082
0.013 -0.282
0.030 =-0.085
-0.134 =-0.204
0.052 -0.0B4
0.0%6 -0.083
=0.267 =0.081
ROTATICNS (deg
X Y
=0.002 0.037
0.000 0.oD2
-0.045 =-0.207
=0.003 =-0.001
0.0%94 =-0.046
0.0%6 =-0.0B1
0.051 -0.290
0.0%3 ~-0.0B4
=0.175 =0.1865
0.0%6 -0.0B3
0.067 =0.103
0.050 =-0.047
0.001 0.041
=0.001 0.003
0.022 =0.143
0.000 -0.001
0.0&6% ~-0.062
0.067 =0.100
0.0%0 -0.246
0.068 ~-0.104
0.1l18 =0.151
0.067 =0.103
0.068 =-0.103
0.050 =0.047
0.001 0.041
=0.001 0.003
0.022 =-0.143
0.000 =0.001
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0.142

0.1486

0.235
=0.02&
=0.004
110
.o02
0.121
.142
036
.148
383
146

1
== ]

oo ooo

0.146
0.235
-0.026
=0.004
-0.110
0.002
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N “IEeN 3 .. - el e e e eaas I
gup'ﬂoﬁr' GW1 0.728 =-0.400 =-0.473 0.069 =-0.062 0.1Z21
g o5 G2 0.579 =-0.400 =-0.300 0.067 =-0.100 0.142

8y SN GW3 1.065 =-0.400 3.561 0.090 -0.246 0.036
EEERE
288 335T GF1 0.610 =-0.400 =-0.278 0.068 =-0.104 0.148
Na @ c@ 'Y GFITL 2.382 -0.400 1.205 0.11%8 -0.151 0.383
53 253 - Wl 0.595 =-0.400 =-0.296 0.068 =-0.103 0.148
oo T o0
°= “ == -l S N d oA
=n = :.n Egment en
~C &+ 0C
23 acs BLE M  Gravity 0.507 -0.438 -0.281 0.087 -0.103 0.148
~ o <5

erma - =U. N s =U. 5
3£ ,,z,,, Th 11 1.6%6 =-0.028 1.615 0.050 =-0D.047 0.235
’r;a 58 Wind 1 0.161 =-0.001 =0.177 0.001 0.041 -0.026
9 o in =0, . =0, =0, . =0.
5 o Wind 2z 0.013 0.000 =-0.005 0.001 ©0.003 =-0.004
Q> ¢ TQ Wind 3 0.413 =-0.012  3.86Z 0.022 =-0.143 =-0.110
gg-c_;.sn Pressure 1 0.014 0.000 ©.017 0.000 -0.001  0.002
oS w,: GW1 0.668 =-0.438 =-0.459 0.068 =-0.062 0.121
53 5 3 [ 0.4%4 -0.437 -0.288 0.067 -0.100 0.142
32 =5¢c GW3 0.%20 -0.450 3.580 0D.083 -0.246 0.036
-a_g.s.,. GF1 0.521 =-0.438 -0.264 0.068 =-0.104 0.148
iv'g > 2 GPFITL 2.218 =-0.466 1.351 0.117 =-0.151 0.383

3_3-85 Wl 0.507 =-0.438 =-0.281 0.067 =-0.103 0.146

9 5 3E
5.3 g_-; MO0 Gravity 0.559 =-0.424 -0.2896 0.067 =-0.103 0.148

s 3 2% Thermal 1 1.755 =-0.017  1.604 o. Q

re be Wind 1 0.147 0.000 =-0.178 0.

FI R Wind Z -0.015 0.000 =-0.005 -0.

g'g -g'f_-" Wind 3 0.420 =-0.008  3.857 .

Q s :ﬁ Fressure 1 0.015 0.000 0.017 0.
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