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ABSTRAK

Pada sekarang ini permasalahan yang dihadapi oleh dunia minyak dan gas
semakin kompleks dengan adanya kemajuan teknologi. Permasalahan tersebut
juga berpengaruh pada teknologi penyalur minyak dan gas yaitu pipa. Pipa
sekarang ini mengalami permasalahan berupa tingginya tekanan dan temperatur
yang terjadi pada kondisi start up dan shut down selama siklus operasinya. Kerana
adanya tekanan dan temperatur yang tinggi pada saat start up pipa akan
mengalami pemuaian ke arah lateral karena pada ujung pipa terdapat anchor
tetapi pada saat shut down pipa akan mengalami penyusutan menuju kebentuk
semula tetapi pada proses tersebut terdapat gaya gesek tanah yang menghambat
proses tersebut sampai siklus umur pipa, fenomena ini dinamakan pipeline
walking. Pada tugas akhir ini pipa yang dianalisa memiliki panjang 14 km dan
untuk mengetahui apakah pipa mengalami buckling akibat fenomena pipeline
walking. Selanjutanya dilakukan pemodelan dan analisa pipa untuk mengetahui
tegangan maksimum dan besar displacment yang terjadi. Pada analisa ini
perhitungan walking secara manual didapatkan nilai sebesar 0.0685 m setiap satu
siklus ( 1 tahun = 3 siklus). Maka pada kurun waktu satu tahun pipa akan
mengalami walking sebesar 0.21 m dan memiliki tegangan sebesar 171.36
N/mm?. Untuk pipa beroperasi selama 10 tahun, pipa mengalami walking sebesar
2.1 m dan tegangan yang terjadi sebesar 601.5 N/mm? . Pipa yang beroperasi
selama 1-8 tahun tidak mengalami kegagalan karena tegangan yang terjadi berada
dibawah allowable stress. Untuk pipa yang beroperasi pada tahun ke-9 pipa
terindikasi mengalami kegagalan. Kemudian untuk pipa yang beroperasi selama
10 tahun akan mengalami buckling karena nilai stress yang terjadi melebihi
allowable stress yang diijinkan dan defleksi yang terjadi juga melebihi dari yang
diijinkan. Maka dari itu perlu adanya penanggulangan dari kegagalan pipa yang
terjadi untuk tetap menstabilkan produksi minyak dan gas.

Kata kunci : pipeline walking, thermal stress, allowable stress, buckling
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ABSTRACT

The problems today faced by the world oil and gas increasingly complex with the
advancement of technology. These problems also affect the oil and gas channel
technology that pipeline. Pipeline currently experience problems such as high
pressures and temperatures that occur in the condition of start up and shut down
during the operation cycle. Because the high pressure and temperature at the time
of start-up pipeline will undergo expansion to the lateral direction because at the
end of the pipeline there is an anchor but by the time shut down the pipeline will
experience shrinkage heading into shape but in the process there is friction soil
that inhibit the process until the cycle life of the pipeline, this phenomenon is
called pipeline walking. In this final analysis pipeline has a length of 14 km and to
determine whether the pipeline experienced pipeline buckling due to the
phenomenon of walking. Further modeling of the pipeline using software to
determine maximum stress and great displacement. On this analysis calculations
manually walking obtained a value of 0.0685 m each one cycle (one year = 3
cycles). Then in the period of one year the pipeline will experience walking by
0.21 m and has a stress of 171.36 N/mm?. For the pipeline operation for 10 years,
experienced a walking pipeline of 2.1 m and stress that occurs at 601.5 N/mm?.
Pipeline operation for 1-8 years do not fail because of a voltage that occurs under
the allowable stress. For pipeline operating at 9 year indicated pipe failure. Then
to the pipeline which operated for 10 years will experience buckling stress that
occurs because the value exceeds the allowable allowable stress and deflection
that occurred well in excess of that permitted. Thus the need for mitigation of
pipeline failures that occur to keep stabilize oil and gas production.

Keyword : pipeline walking, thermal stress, allowable stress, buckling
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= Cross sectional area
= Tekanan internal

= Tekanan eksternal
= Diameter

= Diameter internal

= Diameter luar

= Modulus young

= Koefisien termal

(m?)
(N/m?)
(N/m?)
(m)
(m)
(m)
(Pa)

= Perubahan temperature = Tgesain - Tinstalasi (CO)

= Walking per cycle

= Gaya aksial efektif

= Tekanan internal

= Tegangan hoop

= Temperature internal

= Temperature eksternal

= Luas penampang internal

= Luas potongan melintang pipa
= Momen Bending Desain

= Gaya Aksial Efektif Desain

= Tahanan Momen Plastis

= Tahanan Aksial Plastis

= Tahanan bursting

= Submerged weight

= Kedalaman penimbunan

= Massa jenis tanah

= coefficient of lateral soil stress
= Virtual anchor length

= Cross sectional area of steel

= Frictional resistance

= Panjang pipa

(m)
(N)
(Mpa)
(Mpa)
(o)
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= Sudut kemiringan seabed

= Axial friction factor

= Strain due to internal pressure and temperature
= Strain due to end cap effect

= Strain due to poisson’s effect

= Strain due to temperature effect

= flow stress parameter

= faktor tekanan untuk combined loading criteria
= Material Resistance Factor

= Safety class Resistance Factor

= Batas leleh Baja

= Concrete stifnes factor

= Perubahan gaya axial pada daerah yang dibatasi oleh virtual

anchor di poin a dan poin b
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PENDAHULUAN

1.1 Latar Belakang Masalah

Salah satu cara untuk mengalirkan suatu hidrokarbon dalam dunia oil and gas
dengan menggunakan pipeline. Pipeline di bedakan menjadi 2 (dua) yaitu
Onshore dan Offshore. Pipeline Onshore biasanya dikubur didalam tanah
sedangkan Pipeline Offshore biasanya di gunakan untuk menyalurkan
hidrokarbon yang melewati perairan (laut dan sungai). Pipelines digunakan untuk
berbagai maksud dalam pengembangan sumber daya hidrokarbon di lepas pantai,
termasuk pipa transportasi untuk ekspor, pipa penyalur untuk mengangkut

produksi dari suatu platform ke pipa ekspor (Soegiono, 2007).
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Gambar 1.1 Subsea pipeline system (Pricilia, 2009)



Sekarang ini industri oil and gas semakin maju karena mengikuti perkembangan
teknologi yang semakin maju tidak terkecuali industri pipa lepas pantai. Industri
ini mengalami kemajuan yang sangat pesat sehingga menghadapi permasalahan
yang lebih kompleks. Tantangan yang dihadapi salah satunya adalah kondisi
lingkungan yang terdapat di laut dalam yang lebih ekstrim. Salah satunya yaitu
kejadian tekuk (Buckling), kejadian ini terjadi bermula dari adanya gaya aksial
yang berlebih yang terjadi pada pipa. Awal mula terjadi kejadian lateral buckling
diawali deengan adanya deformasi kearah lateral yang berlebih diakibatkan oleh
perbedaan suhu antara fluida yang ada didalam pipa. Ketika pipa beroprasi pipa
akan mengalami beberapa siklus (1 sikus = sturt up-shut down). Ketika pipa start
up pipa akan mengalami pemuaian namun karena diujung pipa terdapat anchor,
pipa tidak bisa mengalami tension kemudian mengakibatkan deformasi kearah
lateral, ketika pipa mengalami shut down pipa akan kembali keposisi semula
namun karena adanya gaya gesek tanah yang menahan maka pipa tidak bisa
kembali keposisi semula, dan kejadian tersebut terjadi sampai beberapa siklus
sehingga sampai mengakibatkan lateral buckling. Kejadian ini dinamakan pipeline

walking.

Peristiwa pipeline walking dapat terjadi pada beberapa kondisi yaitu:

1. Perbedaan suhu yang sangat signifikan antara kondisi start up dengan

kondisi shuting down.
2. Jenis tanah merupakan tanah lempung yang sangat lunak (very soft clay).
3. Profil dasar laut memiliki kemiringan yang tinggi.

Sehingga perlu diadakan analisa terhadap fenomena ini. Tugas akhir ini
difokuskan pada pipa yang mudah mengalami fenomena pipeline walking. Tujan
dari tugas akhir ini adalah menganalisa lebih lanjut mengenai fenomena pipeline

walking dan menganalisa pengaruhnya terhadap terjadinya lateral buckling.



1.2 Perumusan Masalah

Berapa gaya aksial yang teradi akibat ekspansi dan besar walking yang

terjadi?
Berapa besar tegangan dan displacment yang terjadi setiap siklusnya?

Apakah pada sistem pipeline mengalami lateral buckling?

1.3 Tujuan

1.

Menghitung besar gaya aksial yang bekerja pada pipa dan besar walking
yang terjadi.

Menghitung besar tegangan dan displacment setiap satu siklus.

Mengetahui apakah pipa mengalami lateral buckling.

1.4 Manfaat

Mengetahui besar gaya aksial yang terjadi akibat ekspansi dan besar

walking yang terjadi

Mengetahui besar tegangan dan displacment yang terjadi setiap satu

siklusnya
Memberi informasi apakah pipa mengalami buckling.

Memberi penjelasan mengenai fenomena pipeline walking

1.5 Batasan Masalah

1. Kondisi dari freespan diabaikan

2. Fatigue pada pipa diabaikan

3. Tension yang diakibatkan oleh catenary riser diabaikan



4. Pada ujung-ujung pipa diasumsikan di fix

5. Kontur disamping kiri dan kanan pipa dianggap sama dengan yang ada
dibawah pipa

6. Temperatur dari fluida dan lingkungan sudah ditentukan

~

Pipa hanya diletakkan biasa (digelar)
1.6 Sistematika penulisan
Sistematika penulisan dari tugas akhir ini yaitu:
BAB | PENDAHULUAN
Pada bab ini diuraikan beberapa hal antaralain :
1. Latar belakang
2. Perumusan masalah
3. Manfaat
4. Tujuan
5. Sistematika penulisan
6. Batasan masalah
BAB |1 TUJUAN DAN DASAR TEORI

Bab ini berisi tentang teori-teori yang digunakan didalam penyelesain tugas
akhir yang dikerjakan.

BAB Il METODOLOGI PENELITIAN

Bab ini berisi tentang penjelasan langkah-langkah penyelesaian tugas akhir

yang meliputi studi literatur, pengumpulan data, pengerjaan, dan pemodelan.



BAB VI ANALISA DAN PEMBAHASAN

Bab ini berisi mengenai pembahasan dan pengerjaan tugas akhir. Dilanjutkan

analisa melalui pemodelan pada software.
BAB V KESIMPULAN DAN SARAN

Bab ini berisi tentang kesimpulan dari pengerjaan tugas akhir dan saran yang

bermanfaat untuk penelitian selanjutnya.
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BAB 11
TINJAUAN PUSTAKA DAN DASAR TEORI

2.1 Tinjauan Pustaka

Dalam perancangan pipa offshore perlu adanya pengetahuan tentang pelaksanaan
teknis. Perancangan pipa harus memperhatikan aspek lingkungan yang berasal
dari perairan laut. Pengaruh lingkungan ini sangat menentukan kriteria dari desain
pipa yang akan dibuat. Dalam masa beroprasinya pipa akan mengalami expansi
yang diakibatkan oleh aliran fluida yang berada didalam pipa dan temperatur
lingkungan. Dalam kejadian ini jika terus dibiarkan pipa akan mengalami

Buckling.

Buckling dibedakan menjadi dua yaitu local buckling dan global buckling. Local
bucking yaitu deformasi plastis pada penampang pipa yang diakibatkan oleh
internal pressure dan eksternal pressure. Global buckling adalah defleksi berlebih
pada keseluruhan pipa, global buckloing dibedakan menjadi tiga yaitu, upheavel
buckling, lateral buckling, dan downroad pada freespan. Pada masa opersinya
pipa akan mengalami suatu siklus yaitu sturt up dan shuting down. Ketika start up
pipa akan mengalami ekspansi dan mengakibatkan pemuaian namun karena
diujung pipa dianchor maka pipa akan mengalami deformasi lateral namun ketika
shuting down pipa akan mengalami penyusutan namun karena adanya gaya friks
tanah yang menhan pipa maka pipa tidak bisa kembali kebentuk sempurna dan
kejadian ini berlangsung sampai beberapa siklus dan disebut pipeline walking.

Penelitian yang menyangkut tentang pipeline walking telah banyak dilakukan
sebelumnya. Camilla Tvermo (2013) “Pipeline Walking of High
Pressure/Temperature Flowlines”. Menjelaskan bahwa pipa akan mengalami
fenomena pipeline walking ketika terjadi proses start up dan shutting down. Serta
menj elaskan proses terjadinya pipeline walking sampai mengakibatkan kegagal an.



Fenomena pipeline walking terjadi pada pipa yang sedang beroprasi yang
disebabkan oleh aliran fluida yang terdapat didalam pipa. Aliran fluida tersebut
memiliki tekanan dan suhu sangat tinggi yang mengakibatkan ekspansi.

2.2 Dasar Teori

2.2.1 Hoop Stress

Untuk mendesain pipa perlu diperhatikan beberapa faktor yaitu pembebanan dan
kegagalan. Faktor tersebut sangat berpengaruh untuk menentukan dimensi pipa.
Pipa yang terletak pada seabed memiliki tekanan internal akibat aliran fluida
dalam pipa, tekanan eksternal akibat hidrostatik, beban temperatur, dan bending
(Tveramo,2013). Pipa memiliki tekanan internal yang mengakibatkan adanya
hoop stress yang berpengaruh terhadap dinding pipa. Berikut ini rumus
perhitungan hoop stress :

D
ch = (pi - pe) - <
2t
dengan,
pi = Tekananinternal  (N/m?)
pe = Tekanan eksterna (N/m?)
D = Diameter (m)
t = Tebal pipa (m)
—>‘ ay *';MX
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Gambar 2.1 Arah Hoop Stress (Airlangga, 2010)

Pipa akan mengalami kegagalan ketika tegangan pipa mencapai ultimate strength.
Hal ini dapat terjadi karena adanya tekanan internal yang terdapat pada pipa.
Kemudian pipa akan mengalami lokal buckling ketika tekanan eksternal terus
bertambah. Hal lain yang perlu dipertimbangkan ketika mendesai pipa yaitu
fenomena pipeline walking. Fenomena pipeline walking ini dapat menyebabkan



lateral buckling yang merusak pipa. Penyebab utama terjadinya pipeline walking
adal ah adanya perpindahan panas di sepanjang pipa.

2.2.2 Ekspans Pipeine

Pipa akan mengalami pemuaian atau ekspansi ketika pipa dialiri oleh fluida yang
memiliki suhu yang tinggi. Ketika kondisi operasi pipa akan mengalami ekspansi
menuju ujung akhir dari pipa yang disebabkan oleh temperatur dan tekanan pada
pipa. Hal ini mengakibatkan tahanan gesek yang disebabkan oleh tanah dasar laut
akan meningkat dan mengakibatkan gaya axial yang berlawanan dengan arah
ekspansi meningkat. Kemudian pipa mengalami gaya kompresif axial efektif.

Gaya efektif ini akan terus meningkat sampai mencapai keseimbangan.

K eseimbangan gaya antara gaya axial dan tahanan gesek dapat tercapai tergantung
dengan besar kecilnya tahanan gesek dari seabed. Dalam kasus ini keseimbangan
gaya akan terbentuk dan dinamakan virtual anchor point. Jika terdapat gesekan
yang tetap disepanjang pipa, maka virtual anchor point pada pipa pendek terdapat
pada tengah pipa. Kemudian jika terdapat tahanan gesek yang cukup maka dapat
menahan regangan akibat temperature dan tekanan pada pipa dan dinamakan pipa
panjang. Pada pipa panjang letak virtual anchor point terdapat pada ujung pipa.
Sehingga ketika pipa mengalami ekspansi thermal, pipa akan ditahan ol eh tahanan
gesek dari seabed.

2.2.3 Perhitungan Berat Terendam Pipa
Dalam mendesain berat terendam pipa harus memperhitungkan kondisi
lingkungan yang ada seperti gelombang, arus, gaya hidrodinamis dan faktor-
faktor yang lainnya. Sesuai dengan DNV RP F109 beban arus dan gelombang
harus dikombinasikan yaitu:

1. Kombinas 100 tahun gelombang dan 10 tahun arus.

2. Kombinasi 10 tahun gelombang dan 100 tahun arus.
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Gambar 2.2 Submerged Weight (Pricilia, 2009)

Pada tugas akhir ini pipa didesain pada perairan tertutup sehingga harus
menggunakan JONSWAP spectrum untuk mentransformasikan gelombang

permukaan ke arus. Rumus yang deberikan yaitu:

Son(w) = a.g’>.w>. exp (— 2 (ﬂ)_‘}) .yexp<_0_5(a;.-:;p)2> 2.2)

4 \wp
a=_ ."i‘j’g .(1-0.287.lny) 2.3)
J {O. 07 jikaw < w, (2.4)
0.09
5.0 9 <3.6
Yy = 1exp(5.75—-1.15¢) 3.6 < ¢ <5.0; (pz% (2.5
1.0 ®=5.0
Keterangan :
a = Generalised Philips constant
g = Percepatan gravitasi (m/s?)
w = Frekuensi gelombang (rad)
wp = Peak wave frequency (rad)
y = Peak enhancement factor

o = Spectral width parameter
T, = Peak Period ()

Hg = Tinggi gelombang Significant (m)
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Menurut DNV RP F109 untuk mentransformasikan kecepatan gelombang
permukaan ke kecepatan arus menggunakan rumus berikut:

Syv(w) = G* (@). Spn(w) (2.6)
Dengan G memiliki fungsi mengubah elevasi permukaan laut menjadi kecepatan

dari aliran gelombang induksi dasar laut, dan dirumuskan sebagai berikut:

G(w) = th;"—kd) (2.7)
“’5 = k.tanh(k. d) (2.8)
U, =2/M, (2.9)
Tk |=Rw Z—Z (2.10)
Lo — g (2.11)
Keterangan :

k = angka gelombang
Us; = kecepatan aliran tegak lurus pipa  (m/s)
T,, = mean zero upcrossing period (9

T,, = periode referensi (9

Kemudian setelah mentransformasikan gelombang permukaan menjadi arus

filanjutkan mencari kecepatan arus dan kecepatan gelombang yang tegak lurus

dengan pipa
il U e 1 0.5772
ky =5-=5 . (VZInT + 22) (212)
"B 1 0.5772
U =V, (VZInT + =2) (2.13)
_ T _ (ki—5.(k; —1).T,,/T,, forT,/T,<02
kr = i { & 1 1 -\ foorrTn/Tu>0.2 (2.14)
1.25,y=1.0
k., ={1.21,y =3.3 (2.15)
1.17,y = 5.0
Keterangan :

ky; = rasio antara desain osilasi dengan desain spektra
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U* = kecepatan akibat transformasi gelombang menjadi arus (m/s)

T = angka osilasi di desain spektra

k; = rasio antara periode desain osilasi dengan desain spektra

T* = periode untuk desain osilasi (s)
Menurut DNV RP F109, tanah yang diasumsikan berjenis clay. Kemudian jika
sudut datang arus tidak diketahui maka diasumsikan arus datang tegak lurus
dengan pipa. Sehingga kecepatan arus dapat dirumuskan dengan rumus berikut:

In(z+zo0)-Inzo .

Vz)= V(Zr)ln(zr+zo)—1nzo n 6 (2.16)
(1+%°).1n<zﬂ+1>—1
VA \sd (2. TR .sin 0 (2.17)
ln(—r+1>
Z0
V. =VE) Ve (2.18)
Keterangan :
z, = ketinggian pengukuran di atas seabed (m)
z = elevasi diatas seabed (m)
z, = bottom roughness parameter (m)
V* = kecepatan arus tegak lurus pipa (m/s)

Untuk gaya hidrodinamis, menurut DNV RP F109 dapat digolongkan sesuai arah
gaya. Dimana untuk mencari koefisien beban arah horizontal (Cy) dan vertika
(C2). Faktor yang berpengaruh adalah (M*) serta (K*), seperti dirumuskan :

M =V*/U* (2.19)
L U

K =¥ (2.20)

Keterangan :

M* = rasio kecepatan osilasi

K* = Keulegan-Carpenter Number
Kemudian setelah mendapatkan koefesien arah vertikal dan horizontal maka dapat
menghitung beban akibat gaya searah verttikal dan hirizontal dengan
memperhitungkan beban akibat penetrasi, berikut rumus yang diberikan:

F = Teory5-Pu-D-Cy. (U* +V*)? (2.21)

* 1 * * *
F; = Tiotz-5-Pw-D.C7. (U +V )& (2.22)
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Tioty = Tpeny = 1.0 - 1.4 .2 (2.23)

Ttots = Tpenz = 1.0 - 1.3 (2 1) (2.24)
Keterangan :
D =diameter terluar pipatermasuk coating (m)
Cy = koefisien beban arah horizontal
C; = koefisien beban arah vertikal
z, = kedalaman penetrasi (m)

Tpen,y = beban reduksi searah horizontal
Tpenz — beban reduksi searah vertikal
F; = beban searah vertikal
FE; = beban searah horizontal

Setelah didapatkan beban sesuai dengan kriteria maka didapatkan berat terendam
pipa (Submerged weight) berikut rumus yang diberikan:

_ ¥sc(Fy + uFz)—Fg
W necessary = G (2.25)

Keterangan :
Ysc = safety factor class

1 = koefisien gesekan jenis tanah

224 PipdineWalking

Pipeliline Walking adalah suatu fenomene dimana pipa ketika start up mengalami
pemuaian dan kemudian pada kondis shutting down pipa akan mengalami
penyusutan menuju ke posisi awa tetapi karena ada gaya gesek tanah yang
menahan, maka pipa tidak bisa kembali kebentuk semula. Pipa juga mengal ami
perubahan temperature yang disebabkan oleh perubahan siklus ketika kondisi
start up dan shutting down. Ketika pipa diletakkan di dasar laut dan dipanaskan
oleh fluida panas yang mengalir dalam pipa, pipa cenderung berkembang,
ekspansi tersebut ditentang oleh gaya gesekan yang dihasilkan dengan adanya
kontak dengan dasar laut (Alves et a, 2012). Pada kondisi shutting down, pipa

mengalami penurunan tekanan dan suhu sehingga pipa mengalami penyusutan,

13



dalam proses ini tahanan gesek akan meningkat dengan demikian menentang
gerakan penyusutan pipa (Tveramo, 2013).

Ketika kgjadian ini dibiarkan terus-menerus maka akan mengakibatkan kegagalan
terhadap pipa. Menurut Carr et a (2006) pipeline walking dapat mengakibatkan:
1. Tekanan yang berlebihan pada koneksi pipa seperti spool / jumper

2. Hilangnyatension dalam steel catenary riser
3. Menyebabkan lateral buckling

4. Menyebabkan peningkatan tegangan karena lateral buckling

P

i 777777777 7777777 7777777 27777777777 g -
AT ; , ;

Gambar 2.3 Pipeline walking

2.2.5 Regangan Poisson

Regangan poisson merupakan hasil dari tegangan melingkar disepanjang pipa
sehingga mengakibatkan pipa meluas. Persamaan dari regangan poisson sebagal
berikut:

= 200 ‘t;'; P (2.26)
dengan,

Pn = Pressureinternal (N/m?)

P, = Pressure eksternal (N/m?)

Di = Diameter interna (m)

Do = Diameter luar (m)

E = Modulus young (Pa)

t, = Wall thickness = thom - teorr (M)
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2.2.6 Regangan End Cap

Regangan ini diakibatkan oleh tekanan internal yang disebabkan oleh aliran fluida
dalam pipa. Regangan ini terjadi pada bagian akhir pipa yang tersambung dengan
bel okan. Persaman regangan yang terdapat pada pipa yaitu:

7 [ Pin Di®?~Po Do?]

EE= " = (2.27)
dengan,

Pn = Pressureinterna (N/m?)

P, = Pressureeksternal (N/m?)

Di = Diameter internal (m)

Do = Diameter luar (m)

E = Modulus young (Pa)

A = Cross sectional area (m?)

2.2.7 Regangan Temperature

Temperatur lingkungan yang terdapat pada dasar laut jauh lebih dingin dibanding
temperatur yang terdapat pada dalam pipa. Peningkatan temperatur dapat terjadi
jika pipa sudah dialiri oleh fluida yang temperaturnya jauh lebih panas dibanding
temperatur lingkungan. Hal ini dapat menimbulkan regangan yang menjadi dasar

dari ekspansi. Rumusnya yaitu:

eT=o AT (2.28)
dengan,

ot = Koefisien termal

AT = Perubahan temperature = Teesin - Tinsaas  (C°)

Regangan total yang terjadi pada pipa adalah:

Eiotal =€+ Ev T ET (2.29)
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2.2.8 Gaya Aksial

Pada kejadian buckling gaya yang menyebabkan adalah gaya aksial efektif yang
terdapat pada pipa Gaya aksia ini bekerja pada sumbu pipa sehinggga
mengakibatkan defleksi. Gaya aksial dipengaruhi oleh ekspansi termal. Berikut ini
gaya aksia efektif yang bekerja pada pipa:

Fax = -PiAi +von. As- Ea(T, — Tq). As (2.30)
dengan,

Fx = Gayaaksia efektif (N)

P = Tekanan internal (Mpa)

Oh = Tegangan hoop (Mpa)

E = Modulus Y oung (Mpa)

Ot = Koefesien ekspansi termal

T2 = Temperatureinterna (e

Tl = Temperature eksternal (oy)

Ai = Luas penampang internal

As = Luas potongan melintang pipa

2.2.9 Critical Buckling Load
Pada masa operasinya pipa akan mendapatkan berbagai macam beban. Salah
satunya adalah beban kritis. Maka dari itu beban kritis pada pipa harus dihitung.

Berikut ini rumus yang diberikan pada pipa:

_ (1+CSF)Cy 7% EI
= 5
e

(2.31)

cr

dengan,
CSF = Concrete stifnes factor
E =Modulusyoung
Le = Panjang efektif
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2.2.10 Internal Overpressure

Pipa ketika mengalami kombinasi pembebanan akibat mornen bending dan gaya

aksial pada saat operasi harus dicek untuk memenuhi syarat kekuatan. Pipa akan

mengalami Internal Overpressure saat tekanan internal pipa melebihi tekanan

eksternal maksimum yang terjadi pada luar pipa. Berdasarkan code DNV OS-

F101 pengecekan buckling dilakukan dengan menggunakan persamaan dibawah

ni:

|Mg|
YscVm oMy ()

dengan,
Md

Mp

Pb

Ym

Vsc

fy

N 2
Sd (Pi) Pi—Pe
) T ¥sc¥m (“csp (t2)> ) 2 <Clp (Pb (tz)ac)> = (2:32)

= Momen Bending Desain (Nm)

= ((Ws' +(fy +£))° Ly (2.33)
C

= Gaya Aksia Efektif Desain (N)

= Tahanan Momen Plastis (Nm)

= Tahanan Aksial Plastis (N)

= Tahanan bursting

= flow stress parameter

=(1-B)+B% (2.34)
= 60— D/t (2.35)
90

= faktor tekanan untuk combined loading criteria
= Material Resistance Factor

= Safety class Resistance Factor

= Batasleleh Bga

= Diameter Luar

= Nominal Wall thickness
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2.2.11 Tahanan Gesek

Tahanan yang terdapat pada pipa disebabkan oleh adanya tanah yang menahan
pipa akibat pipa mengalami ekspansi. Pipa offshore akan selaalu mendapat
tahanan gesek karena pipa langsung berhubungan dengan tanah yang berada
didasar laut. Berikut ini rumus dari tahanan gesek yang deberikan:

Fr=nlZ.pp.g.HpD; . (1 +K) + (W, ~ py.8. "2 (230)
dengan,

Ws  =Submerged weight

Hb = Kedalaman penimbunan

Pb = Massajenistanah

Ko = coefficient of lateral soil stress

Soil Resistance

Gambar 2.4 Gayafriksi (Pricilia, 2009)

2.2.12 Perhitungan Virtual Anchor Point

Pipa akan mengalami gesekan dengan tanah ketika pipa tersebut mengalami
ekspansi. Gesekan yang terjadi di pengaruhi oleh kekasaran dari tanah. Penentuan
dari anchor point dapat ditentukan dengan menggunakan persepsi penyamaan
gaya yang digunakan pada gaya gesekan permukaan. Jika gesekan tanah setara
dengan lgju pipa, maka gesekan tanah akan menahan lgju pipa (Bai,2005). Berikut
ini adalah rumus yang diberikan:

_btot . A

qE T (2.37)

18



dengan,

La = Virtual anchor length (m)

As = Cross sectional areaof steel (m?)

E = Young’s modulu of steel (Pa)

F = Frictional resistance (kg/m)

Etot = Strain due to internal pressure and temperature

€ot =&t evter (2.38)
dengan,

ee = Strain due to end cap effect
ey = Strain due to poisson’s effect

et = Strain due to temperature effect

2.2.13 Pengaruh Kemiringan Seabed
Kemiringan seabed sangat mempengaruhi laju ekspansi, pada tugas akhir ini
kemiringan seabed dapat dilambangkan dengan (o). Jika kemiringan semakin

curam maka laju walking semakin besar.

Inlet Outlet

(+) Angle

¢

Gambar. 2.5 Seabed Slope (Tveramo,2013)

Pada gambar diatas dijelaskan bahwa lambang seabed slope dengan (¢), tetapi
dalam tugas akhir ini kemiringan seabed dilambangkan dengan (o).

2.2.14 L aju Walking Setiap Satu Siklus

Walking setiap satu siklus merupakan nilai perpanjangan yang dimiliki oleh pipa
akibat ekspans dan gaya gesek tanah setiap satu siklusnya. Hal pertama untuk
mencari walking setiap satu siklus adalah dengan menentukan letak virtual anchor

19



point. Kemudian dilanjutkan dengan mencari nilai axial force dan axial strain.
Pada fenomena pipeline walking ini letak virtual anchor point terdapat pada dua
bagian yaitu pada bagian hot end dan cold end. Untuk menganalisa laju walking

antara dua bagian tersebut diberikan rumus dibawah ini:

_ Ltan o

Xab = (2.39)
ua
dengan,

L = Panjang pipa (m)

Os = Sudut kemiringan seabed

ua = Axia friction factor

g A ' ' B!

‘ —_— :-—H D
z 10 ) 8 )
b d 1 :
< 1 !
5 0.25 05 0.75 1
2 ¢

A v é B
Direction of Movement i, | (Sl — Cool-down

Length (x/L) - Full temperature

Gambar 2.6 llustrasi Pipeline walking ketika heat up dan cool down
(Tveramo,2013)

Pipa mengalami perubahan gaya axia pada bagian yang dibatasi oleh virtual
anchor point. Maka dari itu perlu dihitung perubahan gaya axial yang terdapat
pada bagian tersebut. Untuk mencari perubahan gaya axial tersebut diberikan

rumus,
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ASs=-WSsL (uacosa - |sin ¢ (2.40)
dengan,

Ws  =Berat pipa (kg/m)

u = Koefisien gesekan

Setelah didapatkan perubahan gaya axial di daerah yang dibatasi oleh virtual
anchor di poin a (hot end) dengan virtual anchir di poin b (cold end). Maka
selanjutnya perlu dicari perubahan gaya axia di sepanjang pipa dengan

menggunakan rumus dibawah ini:

AF = -(piz— pi1) Ai (1-2v) - EAck (T2-Ty) (2.41)
dengan,

pi = Tekanan internal (N/m?)

E = Modulus young (N/m?)

Ai = Cross sectional area pipadari internal diameter ~ (m?)

v = Poisson rasio

k = Koefisien ekspansi thermal (1/°C)

17 = Temperature operasi (1/°C)

Pipa akan mengalami perubahan regangan axial akibat adanya perubahan gaya
axial di sepanjang pipa. Maka dari itu perlu dihitung perubahan regangan yang
searah axial. Berikut ini rumus perubahan regangan searah axial:

ASs— AF
Ag =
E A

(2.42)

dengan,
ASs = Perubahan gaya axial pada daerah yang dibatasi oleh virtual
anchor di poin adan poin b
AF = Perubahan gaya axial disepanjang pipa
E = Modulus youeng (N/m?)
A = Cross sectional area (m?)
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Regangan pada pipa yang diakibatkan oleh temperatur fluida didalam pipa

mengakibatkan pipa mengembang. Kemudian pada saat kondisi shutting down

pipa akan mengalami penyusutan menuju ke posisi semula. Kemudian selama

proses penyusutan terjadi proses tersebut dihalangi oleh gaya gesek tanah

sehingga pipa tidak bisa kembali ke bentuk sempurna kejadian ini dinamakan

pipeline walking. Untuk mencari nilai dari walking setiap satu siklus yaitu dengan

rumus dibawah ini:

ASs— AP
Aoo= — ., Xab
EA

Sehingga,

[|[AP|+W L |sin a|-Ws L pa cos ] Ltan «

paEA
dengan,
Ao =Walking per cycle
AP = Perubahan gaya axial
Ws = Berat terendam pipa
L = Panjang pipa
E = Modulus young
= Cross sectional area of steel
Ols = Angel of seabed
U, = Friction factor
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BAB IlI1I
METODOLOGI PENELITIAN
3.1 Metode Penelitian

Pengerjaan tugas akhir ini dekerjakan dengan menggunakan metode yang banyak,
olen karena itu dibuatlah diagram alir untuk menjelaskan metode tersebut.

Gambar 3.1 adalah bentuk dari diagram alir yang digunakan untuk mengerjakan

A 4
Studi Literatur: jurnal, buku,
laporan penelitian

|

Pengumpulan Data:

tugas akhir ini:

1. Data Pipa
2. Data Fluida
3. Data Lingkungan

A\ 4

Perhitungan Hoop Stress

A\ 4
Perhitungan submerged
weight

\ 4

Perhitungan Gaya Aksial

\ 4

Perhitungan frictional
resistance

O

Gambar 3.1 Diagram alir pengerjaan tugas akhir
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O

A 4 A 4

Perhitungan critical Perhitungan virtual anchor
buckling load point
! !
Pengecekan internal Perhitungan Walking per
overpressure Cycle

v

Pemodelan Pipeline

A 4
Running model

No

Yes

Kesimpulan

A 4

Gambar 3.1 Diagram alir pengerjaan tugas akhir (lanjutan)

Berikut ini adalah penjelasan diagram alir pengerjaan tugas akhir pada Gambar

3.1, penjelasanya sebagai berikut:
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. Studi literatur

Pada tahap ini dilakukan pengumpulan literatur-literatur yang berkaitan
dengan pengerjaan tugas akhir ini. Hal ini perlu dilakukan agar kita dapat
memahami pengerjaan tugas akhir ini dan menambah wawasan tentang
permasalahan tersebut. Literatur yang digunakan bisa berupa code, jurnal,
buku teks dan media elektronik. Kemudian dilanjutkan dengan mempelajari
software pendukung pengerjaan tugas akhir ini.
. Pengumpulan data
Pengumpulan data ini sangat penting dilakukan karena merupakan hal
pokok dalam pengerjaan tugas akhir ini. Pengumpulan data ini dilakukan
melalui beberapa sumber. Berikut ini adalah data-data yang digunakan
untuk pengerjaan tugas akhir :
a. Data pipa berupa diameter pipa, panjang pipa, design operasi,
tekanan operasi, tempertur operasi dll.
b. Data lingkungan berupa tempertur lingkungan, kedalaman laut.
c. Data fluida berupa density fluida, kondukvitas thermal fluida,
viskositas fluida, laju massa aliran fluida, dll .
d. Data material pipa berupa tipe material, SMYS, tebal pipa,
modulus young, dll.
. Perhitungan Submerged weight
Perhitungan ini dilakukan untuk mengetahui berat terendam pipa sesuai
dengan kondisi lingkungan dimana pipa beroperasi. Pada perhitungan
submerged wiegt menggunakan code DNF RP F109.
. Perhitungan gaya aksial
Perhitungan ini dilakukan untuk mengetahui besar gaya secara aksial yang
bekerja pada pipa. Gaya aksial ini dipengaruhi oleh ekspansi yang
diakibatkan termal yang berasal dari fluida didalam pipa.
. Analisa buckling
Analisa ini dilakukan dengan menggunakan perhitungan critical buckling

load apakah melebihi dari nilai gaya friksi tanah. Kemudian dilakukan
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pengecekan apakah pipa mengalami buckling atau tidak dengan
menggunakan persamaan yang ada di code DNV OS-F101.

. Penentuan Virtual Anchor Point

Penentuan Virtual Anchor Point perlu dilakukan untuk mencari titik awal
mula pipeline mengalami walking. Penentuan ini dapat dicari dengan cara
mencari besar regangan yang terjadi di sepanjang pipa dan besar tahanan

gesek yang diakibatkan oleh tanah yang berada di dasar laut.

. Perhitungan walking setiap satu siklus

Perhitungan ini dilaku untuk mencari besar walking setiap satu siklus yang
digunakan untuk menganalisa buckling pada pipa

. Pemodelan dengan software

Pemodelan pada software ini bertujauan untuk menganalisa tegangan dan
menganalisa apakah pipa mengalami lateral buckling yang diakibatkan
olenh fenomena pipeline walking. Pemodelan ini dilakukan dengan
pengimputan data awal yang sudah didapatkan. Kemudian setelah analisa
selesai dilakukan maka perlu melakukan validasi terhadap tegangan dan
displacment serta validasi lateral buckling yang terjadi pada pipa.
Kesimpulan dan Saran

Pada bagian ini akan didapatkan kesimpulan yang berasl dari penelitian
yang diangkat daalam tugas akhir ini, serta akan didapatkan saran-saran

untuk melakukan penelitian yang lebih kompleks



BAB IV
ANALSIA DAN PEMBAHASAN

4.1 Data-Data

Pada penelitian ini pipa yang akan dianalisa terletak diwilayah laut jawa. Pipaini
merupakan pipa penyalur fluida dari sumur menuju platform. Karena kondisi
lingkungan dan masa operasi, pipa dapat mengalami ekspansi dan mengakibatkan
pipeline walking sampai akhirnya menjadi buckling. Ekspansi pipa dapat
diakibatkan oleh perbedaan suhu fluida yang ada didalam pipa. Pipa yang
dianalisa memiliki panjang 14 km dan terbagi menjadi 14 zona yang dinamakan
kilometer point. Pada tugas akhir ini pipa mengalami enam kali siklus (1 siklus =
1x start up — 1x shut down). Enam siklus yang terjadi menyatakan bahwa setiap
dua bulan dalam satu tahun pipa akan mendapatkan maintance. Berikut ini data-
data yang diberikan:

4.1.1 Data Properti Pipa
Data properti pipa yang digunakan dalam tugas akhir ini dapat dilihat pada Tabel
4.1 dibawah ini:

Tabel 4.1 Data properti pipa

Pipe Direction 0 90 deg
Outer Steel Diameter oD 0,3239 | m
Sed Thickness tsteal 0,0254 | m
Coating Thickness tcoat 0,004 |m
Concrete Thickness 1 oohcudh 004 |m
Diameter total D 0,4099 | m
Water Density Pwater 1025 | kg/m3
Sed Density Psted 7850 | kg/m3
Concrete Density Pconcrete 3044 | kg/m3
Content Density Peontent 385 | kg/m3
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Coating Density pcoating | 12815 | kg/m3
Gravitation g 981 | m/s2
Soecified Minimum Yield Stress

SMYS 360 | Mpa
(SMY9)
Soecified Minimum Tensile Srength

SMTS 460 | Mpa
(ST

4.1.2 Data Soil

Data tanah yang digukan dalam tugas akhir ini sesuai dengan data tanah pada
Tabel 4.2 dibawah ini:

Tabdl 4.2 Data soil

Soil Clay

Bottom Roughness Zo 5E-06 | silt and clay
Seabed Grain Sze ds0 0,0625 | mm
Reduction Factor, Permeable Seabed Tperm 1

Friction Coefficient 7 2,2

Dry Unit Soil Weight Y 4 1835,49 | N/m3
Undrained Shear Strength Su 10000 | N/m3

4.1.3 Data Lingkungan

Daam mendesain pipa data lingkungan sangat diperlukan karena data tersebut
sangat mempengaruhi kekuatan dari pipa tersebut. Tabel 4.3 dan 4.4 adalah data
lingkungan yang digunakan dalam penelitian tugas akhir:
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Tabel 4.3 Datalingkungan

Spectral Spreading Exponent S

Reference Current Height zr 1 m
Water Depth d 419 |m
Peak Enhancement Factor Ys

Sorm Duration Tstorm 3 hours

Tabel 4.4 Data arus gel ombang

Hs (m) 1,8 2,8 36
Ts(s) 6,3 7.1 7.8
Tp(s) 6,3 7.8 9

Uc 10% (m/s) 0,62 0,78 0,93

4.1.4 Data Operasional Pipa
Tabel 4.5 adalah data dari operasional pipa:

Tabel 4.5 data operasional pipa

Max. Operating Pressure P 6,55 MPa
Operating Temperature i 57 °c
Instalation Temperature Ti 21 °Cc
Thermal Coefecient 1, 178 1037 AR
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4.2 Perhitungan Hoop Stress

Pada saat pipa beroperasi, tegangan ini perlu diperhatikan ketika mendesain pipa.
Tegangan ini memiliki batas maksimal, jika ketika pipa beroperasi tegangan
melebihi tegangan hoop stress maka pipa akan mengalami kegagalan. Dengan
melihat persamaan (2.1) yang terdapat pada bab 11 maka nilainya sebesar 1,17 X
10° N/m?,

4.3 Per hitungan Submerged Weight
Dalam tugas akhir ini perhitungan berat terendam pipa memperhitungkan kondisi
lingkungan dimana pipa diinstall. Dalam perhitungan ini pertama-tama yaitu
mentransformasikan gelombang permukaan ke arus dengan menggunakan
JONSWAP spectrum. Berdasarkan rumus yang tersedia pada BAB Il maka
perhitungan ini menghasilkan:

» Menghitung spektra gelombang S(o)

Tabel 4.6 Data hasil perhitungan Snn(w)

1 007013 |007| 000 |100| 0,00 | 000 | 0,00 | 0,00
2 101/071]13|007| 000 |400| 0,00 | 0,00 | 0,00 | 0,00
3 102/07]13|007| 000 |200| 0,00 | 0,00 | 0,00 | 0,00
4 /03/070|13|007| 000 |400| 000 | 000 | 000 | 0,00
5 104/07|13|007| 000 |200| 000 | 0,00 | 0,00 | 0,00
6 /|05/070] 13007 024 |400| 097 | 049 | 0,24 | 0,06
/7 106/07013 007 1,19 | 200| 238 | 143 | 086 | 0,31
8 |07/070] 13009 204 |400| 817 | 572 | 400 | 1,9
9 /108/070|13 /009 141 | 200|282 | 225 | 1,80 | 1,15
10 /109,070 | 13 |009| 095 |400| 380 | 342 | 3,08 | 249
119 WV [fO¥0Y 2.3 WG90V /0,68 200 [¥81//0. WS 4381 3§ 1,31
12 |11/0,70| 1,3 |009| 045 |400| 1,79 | 1,96 | 2,16 | 2,61
13 /11,2/070| 13009 031 | 200|061 | 0,74 | 0,88 | 1,27
14 |13/070| 13 [009| 021 |[400] 086 | 1,11 | 144 | 244
15 |14/070| 13 |009| 0,15 | 200| 0,30 | 042 | 0,59 | 1,16
6 |15/070] 13009 011 | 400| 044 | 066 | 0,98 | 221
17 /16/070] 13 |009| 008 |200| 016 | 0,26 | 0,41 | 1,05
8 |[1,7/070]13]009| 006 |400| 024 | 041 | 0,69 | 2,00
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19 118|070 1,3 |009| 005 (200 0,09 | 0,16 | 0,29 | 0,95
20 119/0,70| 1,3 |009| 0,03 | 400 | 0,14 | 0,26 | 050 | 1,81
21 207 113|009| 003 [200]| 005 | 0,11 | 0,22 | 0,86
22 121/070| 13009 002 |400| 008 | 0,18 | 0,37 | 1,65
23 |22(070| 1,3 |/009| 002 |200| 003 | 007 | 0,16 | 0,79
24 123107013 |009| 001 |400| 005 | 0,12 | 0,29 | 1,52
25 |124/070| 131|009 001 |200| 002 | 005 | 013 | 0,73
26 (25,070 | 1,3 /009| 001 |400| 0,04 | 0,09 | 0,22 | 1,40
27 261070 13 |009| 001 |200| 001 | 0,04 | 0,0 | 0,67
28 12707013009 001 |400| 002 | 0,07 | 0,18 | 1,30
29 128/070| 13009 001 |200| 0,01 | 003 | 0,08 | 0,63
30 [29(070| 1,3 (009 000 |[400| 002 | 005 | 014 | 1,22
31 3/070|13|009| 000 |200| 001 | 0,02 | 0,06 | 058
> 2444 | 21,44 | 21,22 | 34,15
2,50
2,00 A
__ 1,50
2
£

1,00

0,50
0,00 moo}

0 02040608 1 12141618 2 222426238 3

w

Gambar 4.1 Grafik Snn(w)
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» Menghitung sepektratransformasi gelombang Suu(w)

Tabel 4.7 Data hasil perhitungan Suu(w)

0 1,3 | 0,0000 | 0,0000| 0,00 | 0,00 |1,00| 0,00 | 0,00 | 0,00 | 0,00

1
2 1011300263 ]|00007| 000 | 000 |[400| 0,00 | 0,00 0,00 |0,00
31021 13]0052 | 00028 000 | 0,00 |200]| 0,00 | 0,00 | 0,00 | 0,00
4 | 03 ]13]0,0788|00062| 000 | 0,00 |4,00]| 0,00 | 0,00 | 0,00 | 0,00
5104 13/01051|00110| 000 | 0,00 |200| 0,00 | 0,00 | 0,00 | 0,00
6 | 05 |13]01314|0,01/3| 024 | 0,00 |4,00| 0,02 | 0,01 | 0,00 | 0,00
7 |06 | 130157700249 | 1,19 | 0,03 |200| 0,06 | 0,04 | 0,02 | 0,01
8 1 07 |13]021839|0,0338| 204 | 0,07 [400]| 0,28 | 0,19 | 0,24 | 0,07
9 108 (130210200442 | 141 | 0,06 |200]| 0,12 | 0,20 | 0,08 | 0,05
10 09 [ 13]02365|0059| 09 | 005 [400| 021|019 | 017 |0,14
11 1 1,3 10,2628 | 0,0691| 065 | 0,05 |200]| 0,09 | 0,09 | 0,09 | 0,09
12 11 113]02891]00836| 045 | 004 [400| 015]| 0,16 | 0,18 | 0,22
13 12 ]13/03153|0,0994| 031 | 003 |200| 0,06 | 0,07 | 0,09 | 0,13
14| 13 |13 ]03416|0,1167| 021 | 002 | 400 0,10 | 0,13 | 0,27 | 0,28
15114 | 13/03679|0,1353| 0,15 | 0,02 |2,00| 0,04 | 0,06 | 0,08 | 0,16
16 | 15 |13 /0394201554 | 0,11 | 0,02 |4,00| 0,07 | 0,10 | 0,15 | 0,34
17 | 16 |13 /04204 0,1768| 0,08 | 0,01 |200| 0,03 | 0,05 | 0,07 | 0,19
18 | 1,7 | 1,3 044670199 | 0,06 | 001 |400| 005 | 0,08 | 0,14 | 0,40
19 | 18 | 1,3 /04730 0,2237| 0,05 | 0,01 |200| 0,02 | 0,04 | 0,07 | 0,21
20 | 19 |13 ]04993|0,2493| 0,03 | 0,01 |400| 0,03 | 007 | 0,13 | 0,45
21 p 130525 | 02762 0,03 | 0,01 |200| 0,01 | 0,03 | 0,06 | 0,24
22 | 21 113]05518|03045| 0,02 | 0,01 |400| 003|005 | 0,11 | 0,50
23| 22 1130578103342 | 0,02 | 0,01 |200| 0,01 | 0,02 | 0,05 |0,26
24 | 23 11306044 03653| 001 | 0,00 |400| 0,02 | 0,05 | 0,10 | 0,55
25| 24 13/06307|03977| 001 | 000 |200]| 0,01 | 0,02 | 0,05 |0,29
26 | 25 |13|0659)04316| 001 | 0,00 |400| 0,02 | 0,04 | 0,10 | 0,60
27 | 26 1130683204668 0,01 | 000 |200| 0,01 | 002|005 0,31
28 | 27 |13 /0,7095|05034| 001 | 000 |400| 001 | 0,03 | 0,09 | 0,65
29 | 28 113/0,7358|05414| 001 | 0,00 |200| 001 | 0,02 | 0,04 | 0,34
30 ] 29 |13 |0,7620|0,5807| 0,00 | 0,00 |4,00| 0,01 | 0,03 | 0,08 | 0,70
31 3 13 10,7883 ] 0,6215| 0,00 | 0,00 |200| 0,00 | 0,01 | 0,04 | 0,36
) 1,47 | 1,70 | 2,36 | 7,56
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Gambar 4.2 Grafik perhitungan Suu(w)

Setelah menghitung Snn(w) dan Suu(w) maka didapatkan mgy, m;, m, dan my
masing-masing bernilai sebagai berikut:

mo = 0,0481

m; = 0,0566

m, = 0,0786

m, = 0,2523
Kemudian dilanjutkan dengan mencari kecepatan aliran amplitudo dilanjutkan
dengan mencari periode osilasi airan dengan memasukkan nila m, pada
persamaan (2.9) dan memasukkan mgdan m, pada persamaan (2.10) yang terdapat
pada Bab Il. Berikut ini adalah hasil dari kecepatan aliran amplitudo Us dan
periode osilasi T,;:

2,/M, = 0,44 m/s

27[\/E =495s
M

Setelah mendapatkan hasil diatas, langkah selanjutnya yaitu mencari menghitung
asumsi teori gelombang linier T,. Berikut ini adalah hasil dari gelombang linier:

a
\/:22,75
g
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Kemudian dilanjutkan mencari rasio antara kecepatan desain osilasi dengan desain
spektra ky dan mencari periode rasio desain osilas dengan desain spektra k.
Untuk mengetahui nilai tersebut maka memasukkan nilai kecepatan amplitudo
dan nilai periode osilasi. Berikut ini adalah nilai yang didapatkan sesuai dengan

persamaan (2.12) dan persamaan (2.14) yang terdapat pada Bab II, maka

diperoleh nilai:
e 1 0.5772
N (\/2. Int+ Tlm) =211 m/s
T_* 4 {kt 0. (kt N 1)-Tn/Tu for T, /T,<0.2 Jhs
Ty 1 for Ty, /T, >0.2

K didapatkan dari perbandingan T, dengan T, yang memiliki nilai 1 s. Nilai ini
didapatkan karena perbandingan T, dan T, bernilai lebih besar dari 0,2.

Dilanjutkan menghitung kecepatan gelombang (V) sesuai dengan persamaan
(2.16) yang terdapat pada Bab Il yang memperhitungkan kekasaran seabed (zo).
Pada penelitian ini kekasaran seabad adalah very soft clay dengan nilai 5x10°.
Kemudian ditransferkan untuk mencari kecepatan arus (Vc) yang dicari dengan
menggunakan persamaan (2.17) juga terdapat pada Bab 11, maka diperoleh nilai
kecepatan gel ombang permukaan sebesar 1,02 m/s selanjutnya nilai ini digunakan

untuk mencari kecepatan arus dan nilai yang dihasilkan sebesar 0,873 m/s.

Kemudian dilanjutkan mencari beban puncak horizontal (Fy*) dan beban puncak
vertical (Fz*). Sesuai dengan persamaan (2.21) dan persamaan (2.22) pada Bab ||
maka didapatkan beban horizontal sebesar 1378,78 N/m dan beban puncak arah
vertikal sebesar 725,48 N/m.

Setelah semua nilai didapatkan selanjutnya menghitung berat terendam pipa

(Wap) sesuai dengan kondisi lingkungan dimana pipa beroperasi. Persamaan



untuk menghitung berat terendam pipa terdapat pada Bab |l persamaan (2.25)
makanilal dari berat terendam pipa adalah sebesar 19137,64 N/m.

4.4 Perhitungan Gaya Aksial

Gaya aksial ini merupakan gaya yang terjadi pada pipa yang memiliki arah sejgjar
dengan sumbu pipa horizontal memanjang. Gaya aksial banyak dipengaruhi oleh
beberapa faktor salah satunya adalah termal yang diakibatkan oleh fluida didalam
pipa. Pada pipa yang dianalisa gaya aksil yang terjadi sesuai persamaan (2.30)
yang terdapat pada Bab Il sebesar 4,5 x 10” N.

4.5 Per hitungan Critical Buckling Load

Perhitungan ini dilakukan untuk mengetahui seberapa besar nilai beban kritis yang
terdapat pada pipa. Jika beban ini melampaui nilai yang dimiliki oleh gaya gesek
tanah maka pipa akan terindikasi mengalami defleksi. Besar dari beban kritis yang
terdapat pada pipa yaitu sebesar 2,1 x 10’ N

4.6 Perhitungan Internal Overpressure

Salah satu faktor yang perlu diperhitungkan ketika pipa beroperas adalah
pengecekan pipa dengan internal overpressure dan external overpressure. Pada
penelitian ini yang digunakan untuk mengecek adalah internal overpressure
karena dipengaruhi oleh pressure internal, temperatur dan jenis fluida. Kriteriaini
merupakan syarat kekuatan pipa terhadap semua gaya yang bekerja pada pipeline
yang beroperasi. Maka dari itu didapatkan nilai momen bending desain sesuai
dengan rumus pada Bab 11 (2.33) sebesar 2,29 x 10’ Nm. Kemudian dilakukan
pengecekan untuk internal overpressure apakah pipa mengalami buckling atau
tidak.
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Tabel 4.8 Check Internal Overpressure

2 2
M| Sa(P) Pi-pe
<Ysc)’m (“cM—p(tz)> | $@i <“csp (t2)> ) [ <“p (Pb (tZ)aC)> J,

1,68 > 1

Terindikas Buckling

4.7 Perhitungan Regangan

Perhitungan ini digunakan untuk mencari letak virtual anchor point yang terdapat
pada pipa. Pada pipa terdapat gaya yang bergerak secara axsia karena di
pengaruhi oleh perbedaan temperatur da tekanan yang terdapat pada ujung pipa
dari hot end menuju cold end. Perhitungan regangan ini dicari dengan perhitungan
perbedaan tekanan, lalu menghitung regangan akibat perbedaan temperatur. Untuk
mengetahui regangan total yang terjadi dapat diperoleh dengan menjumlahkan
regangan akibat perbedaan tekanan dan regangan akibat perbedaan temperatur.
Berikut ini adalah nila dari regangan total yang diakibatkan oleh perbedaan
temperatur dan tekanan. Tabel 4.9 di bawah ini adalah nilai regangan yang terjadi
pada pipa.

Tabel 4.9 Hasll perhitungan regangan

(Hot End) 0,00076 0,00177 0,00246 0,00499

(Cold end) 0,00014 0,00177 0,00246 0,00437

Dari tabel diatas dapat diketahui bahwa besar regangan total pada hot end sebesar
0,00499 m dan pada cold end sebesar 0,00437 m.
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4.8 Perhitungan Tahanan Gesek

Gaya gesek ini terjadi ketika pipa mengalami proses peregangan, gaya ini
dipengaruhi oleh tanah dimana pipa itu meletak. Tahanan gesek ini terjadi tidak
haya pada pipa ketika walking tetapi ketika pipa menyusut juga terdapat tahanan
tersebut. Tahanan ini di pengaruhi oleh berat terendam pipa dan juga koefisien
gesekan tanah. Tahanan ini dapat menahan laju dari ekspansi pipa namun ketika
ekspansi pipa melebihi batas dari tahanan gesek maka pipa akan mengalami
deflaksi ke arah lateral. Dengan menggunakan persamaan pada bab 11 didapatkan
nilai tahanan gesek sebesar 18786,01 N/m.

4.9 Letak Virtual Anchor

Pada saat beroperasi pipa akan mengalami ekspansi namun ketika besar gaya
axsia sama dengan besar tahanan gesek pipa akan berhenti berekspansi. Dimana
titik tempat berhentinya pipa berekspansi dinamakan virtual anchor point. Hal
yang mempengaruhi untuk menghitung virtual anchor adalah besarnya nilai
regangan dan nilai tahanan gesek. Pada pipa yang panjang titik acuan yang
digunakan untuk menghitung virtual anchor yaitu titik hot end dan cold end.
Berikut ini adalah nilai dari VAP (virtual anchor point).

Tabel 4.10 Nilai VAP

(Hot End) 6695,92
(Cold end) 5867,97

Dari hasil diatas dapat diketahui nilai virtual anchor point pada titik hot end
sebesar 6695,92 m dan pada titik cold end sebesar 5867,97 m. Berikut ini gambar
letak virtual anchor point.
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669592 m 586797 m
Cold end Hotend

Gambar 4.3 Letak virtual anchor
Pada Gambar 4.3 diatas dijelaskan bahwa pipa mulai walking pada panjang
6695,92 m menuju hot end dan begitu sebaliknya walking pada panjang 5867,97

m menuju ccold end.

4.10 Perhitungan Walking Setiap Siklus

Perhitungan ini dilakukan untuk mengetahui besar walking setiap satu siklusnya
Hal ini perlu kita ketahui bahwa pipa akan mengalami perawatan setiap tahunnya
untuk mengetahui apakah pipa mengalami korosi, ketahanan pipa, maupun
pembersihan pipa. Setiap perusahaan memiliki perbedaan dalam melakukan
perawatan pipa. Pada penelitian ini perawatan pipa dilakukan 3 kali dalam satu
tahun sehinggga siklus yang terjadi yaitu tiga kali siklus. Pada proses penyusutan
pipa akan ditahan oleh gaya gesek tanah sehinggga pipa tidak bisa kembali ke

posisi semula.

Dalam menghitung walking setiap siklus perlu diketahui besar perubahan gaya
aksia di sepanjang pipa karena adanya perbedaan temperatur dan tekanan yang
sangat tinggi. Setelah itu perlu diketahui jarak antar virtual anchor yang sebesar
827,95 m dan berikut ini adalah nilai perhitungan walking setiap siklus.

Tabel 4.11 Walking setiap siklus

827,95 | 3753265216 | 2,07x 10 0,0685

Dari perhitungan diatas dapat diketahui bahwa besar dari niali walking setiap
siklusnya sebesar 0,0685 m, sehinggga untuk nilai walking dalam satu tahun
sebesar 0,21 m.
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4.11 Pemodelan Pipa

Pemodelan pipa dilakukan menggunakan bantuan software dengan memodelkan
pipa sepanjang 14 km dengan ujung pipa diasumsikan fixed. Pada pemodelan ini
riser dan PLEM (Pipeline and Manifold) tidak dimodelkan. Pada pemodelan ini
dilakukan dengan cara menginput data pipa, data tanah serta data fluida
Kemudian dilakukan peninjauan tegangan dan displasemen yang terjadi pada

sistem pipatersebut. Gambar 4.4 adalah pemodel an pipa menggunakan software.
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z
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Gambar 4.4 Pemodelan pipeline tampak atas
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Gambar 4.5 Pemodelan pipeline tampak samping

4.11.1 Tegangan dan Displasemen pada Pipa

4.11.1.1 Tegangan dan Displacment Akibat Walking 1 Siklus

Pada pemodelan ini tegangan dan displasemen yang terjadi pada pipa dilakukan
dengan pembebanan antara lain yaitu berat pipa, tekanan, temperatur dan juga
nilai dai walking. Gambar 4.5 adalah besar nilai tegangan yang terjadi pada pipa.
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Gambar 4.6 Tegangan pada pipa dalam 1 siklus

Tabel 4.12 Tegangan pada pipa akibat walking 1 siklus

A00 A0l 118,15 324,00
A0l A02 119,86 324,00
A02 AO03 120,76 324,00
A03 A04 128;56 324,00
A04 A05 110,16 324,00
A05 A06 102,79 324,00
A06 A07 90,68 324,00
A07 A08 87,92 324,00
A08 A09 70,77 324,00
A09 A10 60,00 324,00
A10 All 48,24 324,00
All Al12 35,56 324,00
Al12 A13 27,42 324,00
Al3 Al4 29,39 324,00
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Dari Tabel 4.12 diatas dapat diketahui bahwa pipa dalam kurun satu siklus tidak
terdapat member yang mengalami kegagalan karena nilai stress yang terjadi
berada dibawah nilai allowable stress atau tidak mengalami overstress. Gambar

4.7 adalah hasil analisa displasemen pipa selama satu siklus.
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Gambar 4.7 Displasemen pada pipa selama 1 siklus

Tabel 4.13 Displasemen pada pipa akibat walking 1 siklus

A00 | AO01 9,25 0 0 409,9
A01 | AO02 .59 0 0 409,9
A02 | AO3 6,02 1,02 -6,59 409,9
A03 | A04 10,06 3.1 -54,58 409,9
A04 | AO05 8,65 1,8 -25,51 409,9
A05 | AO06 -2,25 1,2 25,24 409,9
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AO6 | AO7 6,23 0 10,11 409,9
AO07 | AO08 -4,11 0,5 34,88 409,9
A08 | A09 -8,68 0,7 0 409,9
A09 | A10 -7,98 0,6 0 409,9
Al10 | A1l -10,44 0,7 0 409,9
All | Al2 -9129 0,8 0 409,9
Al2 | Al13 -Sed 04 0 409,9

Dari Tabel 4.13 diatas dapat diketahui bahwa segment pipa yang mengalami
displasemen paling besar yaitu pada segmen point A03-A04.

4.11.1.2 Tegangan dan Displacment Akibat Walking Pada Tahun Ke-1

Pada masa operasinya pipa mengalami perawatan setiap 4 bulan sekali setiap
tahun sehinggga terdapat 3 siklus yang terjadi pada pipa. Besar nilai walking
dalam satu tahun yaitu 0,21 m. Gambar 4.8 adalah hasil analisa tegangan pada
pipa.
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Gambar 4.8 Tegangan pada pipa tahun ke-1

Tabel 4.14 Tegangan pada pipa akibat walking pada tahun ke-1

A00 A01 162,05 324,00
A01 A02 171,00 324,00
A02 AO03 166,21 324,00
AO03 A04 171,36 324,00
A04 A05 155,73 324,00
A05 A06 148,38 324,00
A06 A07 134,64 324,00
AO07 A08 135,30 324,00
A08 A09 113,59 324,00
A09 A10 102,86 324,00
A10 All 91,18 324,00
All Al12 76,63 324,00
Al2 Al13 70,13 324,00
A13 Al4 72,11 324,00




Dari Tabel 4.14 diatas dapat diketahui bahwa pipa tidak mengalami kegagalan
karena nilai stress masih dibawah nilai dari allowable stress. Namun nilai stress
mengalami peningkatan karena adanya peningkatan siklus. Gambar 4.9 adalah
hasi| analisa displasemen yang terjadi pada pipatahun ke-1.
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Gambar 4.9 Displasemen pada pipa tahun ke-1

Tabel 4.15 Displasemen pada pipa akibat walking pada tahun ke-1

AO0 | AOL| 9,25 0 0 409,9
AOL | A2 | 755 0 0 409,9
A02 | AO3 | 6,08 1,02 -9,13 409,9
AO3 | AO4 | 1154 1,5 -77,37 409,9
A04 | AO5 | 10,33 1,8 -37,35 409,9
AO5 | AO6 | -054 1,3 36,99 409,9
A06 | AO7 | 5,72 0 15,08 409,9




A07 | AO8 | -313 0,7 55,45 409,9
A08 | A09 | -865 0,9 0 409,9
A09 | A10| -7,98 0,8 0 409,9
A10 | A1l | -1044 0,7 0 409,9
All | A12| -926 0,8 0 409,9
Al12 | A13| -522 0,4 0 409,9

4.11.1.3 Tegangan dan Displacment Akibat Walking Pada Tahun Ke-2

Pada masa operasinya pipa mengalami perawatan setiap 4 bulan sekali setiap
tahun sehinggga terdapat 6 siklus yang terjadi pada pipa ketika pipa beroperasi
pada tahun ke-2. Besar nilai walking pada tahun ke-2 yaitu 0,41 m. Gambar 4.10

adalah hasi| analisategangan pada pipa.
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Gambar 4.10 Tegangan pada pipa tahun ke-2
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Tabel 4.16 Tegangan pada pipa akibat walking pada tahun ke-2

A00 A01 169,05 324,00
A0l A02 179,00 324,00
A02 AO03 168,21 324,00
A03 A04 182,34 324,00
A04 A05 165,73 324,00
A05 A06 158,38 324,00
A06 AO07 144,64 324,00
AO07 A08 145,30 324,00
A08 A09 133,59 324,00
A09 A10 122,86 324,00
A10 All 98,18 324,00
All Al12 80,63 324,00
Al12 A13 77,13 324,00
A13 Al4 73,11 324,00

Dari Tabel 4.16 diatas dapat diketahui bahwa pipa tidak mengalami kegagalan
karena nilai stress masih dibawah nilai dari allowable stress. Namun nilai stress
mengalami peningkatan karena adanya peningkatan siklus. Gambar 4.11 adalah
hasi| analisa displasemen yang terjadi pada pipatahun ke-2.
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Gambar 4.11 Displasemen pada pipa tahun ke-2

Tabel 4.17 Displasemen pada pipa akibat walking pada tahun ke-2

ACO | AOL| 985 0 0 409,9
AOL | AO2 | 815 0 0 409,9
AO2 | AO3 | 6,68 1,09 -9,13 4099
A03 | AO4 | 1225 1,78 | -8822 409,9
AO4 | AOS | 1093 1,9 -37,35 409,9
AO5 | AOG | -0,64 138 | 3699 409,9
AO6 | AO7 | 592 0 15,08 409,9
AO7 | AO8 | -3,63 0,7 55,45 409,9
A08 | AD9 | -9,05 1,00 0 409,9
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A09 | A10| -848 0,84 0 409,9
A10 | A1l | -1244 | 072 0 409.9
All | Al2| -986 0,88 0 409,9
A12 | A13| 562 0,4 0 4099

4.11.1.4 Tegangan dan Displacment Akibat Walking PadaTahun Ke-3

Pada masa operasinya pipa mengalami perawatan setiap 4 bulan sekali setiap
tahun sehinggga terdapat 9 siklus yang terjadi pada pipa ketika pipa beroperasi
pada tahun ke-3. Besar nilai walking pada tahun ke-3 yaitu 0,62 m. Gambar 4.12
adalah hasi| analisa tegangan pada pipa.
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Gambar 4.12 Tegangan pada pipa tahun ke-3
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Tabel 4.18 Tegangan pada pipa akibat walking pada tahun ke-3

A00 A01 173,05 324,00
A0l A02 184,00 324,00
A02 AO03 145,21 324,00
A03 A04 192,82 324,00
A04 A05 178,73 324,00
A05 A06 169,58 324,00
A06 AO07 154,14 324,00
AO07 A08 152,61 324,00
A08 A09 143,47 324,00
A09 A10 131,26 324,00
A10 All 100,20 324,00
All Al12 95,38 324,00
Al12 A13 84,42 324,00
A13 Al4 79,19 324,00

Dari Tabel 4.18 diatas dapat diketahui bahwa pipa tidak mengalami kegagalan
karena nilai stress masih dibawah nilai dari allowable stress. Namun nilai stress
mengalami peningkatan karena adanya peningkatan siklus. Gambar 4.13 adalah
hasi| analisa displasemen yang terjadi pada pipa tahun ke-3.
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Gambar 4.13 Displasemen pada pipatahun ke-3

Tabel 4.19 Displasemen pada pipa akibat walking pada tahun ke-3

A0O | AOL| 11,35 0 9,9
AOL | AD2| 932 0 A
AO2 | AO3 | 754 14 | -1117 e
AO3 | AO4 | 1367 | 223 | -10092 3.9
AO4 | A0S | 1281 21 | -4085 foae
AO5 | AO6 | -0,93 186 | 4529 w9
AO6 | AO7 | 675 02 18,08 0
AO7 | A08 | -424 09 86,25 22
AO8 | AD9 | -1057 | 131 0 26,2
A09 | A10| -9,76 1,16 0 fva.0
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409,9
409,9
409,9

Al10 | A11 | -1418 0,92
A1l | A12 | -10,65 1,02
Al2 | Al3 -6,42 0,6

4.11.1.5 Tegangan dan Displacment Akibat Walking Pada Tahun Ke-4

Pada masa operasinya pipa mengalami perawatan setiap 4 bulan sekali setiap
tahun sehinggga terdapat 12 siklus yang terjadi pada pipa ketika pipa beroperasi
pada tahun ke-4. Besar nila walking pada tahun ke 4 yaitu 0,82 m. Gambar 4.14
adalah hasi| analisategangan pada pipa.
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Gambar 4.14 Tegangan pada pipa tahun ke-4
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Tabel 4.20 Tegangan pada pipa akibat walking pada tahun ke-4

A00 A01 181,32 324,00
A0l A02 187,41 324,00
A02 AO03 179,85 324,00
A03 A04 198,49 324,00
A04 A05 182,82 324,00
A05 A06 171,56 324,00
A06 AO07 159,24 324,00
AO07 A08 158,69 324,00
A08 A09 148,23 324,00
A09 A10 137,67 324,00
A10 All 108,92 324,00
All Al12 98,62 324,00
Al12 A13 87,73 324,00
A13 Al4 82,34 324,00

Dari Tabel 4.20 diatas dapat diketahui bahwa pipa tidak mengalami kegagalan
karena nilai stress masih dibawah nilai dari allowable stress. Namun nilai stress
mengalami peningkatan karena adanya peningkatan siklus. Gambar 4.15 adalah
hasi| analisa displasemen yang terjadi pada pipatahun ke-4.
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Gambar 4.15 Displasemen pada pipatahun ke-4

Tabel 4.21 Displasemen pada pipa akibat walking pada tahun ke-4

409,9
409,9
409,9
409,9
409,9
409,9
409,9
409,9
409,9

A00 | A0l 13,23 0 0
A0l | AO2 10,57 0 0
A02 | AO3 9,14 485 -15,67
AO03 | A04 21,37 4,64 -228,18
A04 | A0S 13,72 2,5 -57,21
A05 | AO6 12 A §/62
A06 | AO7 7,34 0,4 23,73
A07 | AO8 -5,54 i1 101,32
A08 | A09 | -12,14 1,45 0




A09 | A10 | -10,32 1,32 0 2
Al10 | A11 | -1552 1,01 0 -
All | A12 | -1187 41 0 (9))f
Al2 | Al3 -7,12 0,7 0 -4

4.11.1.6 Tegangan dan Displacment Akibat Walking Pada Tahun Ke-5

Pada masa operasinya pipa mengalami perawatan setiap 4 bulan sekali setiap
tahun sehinggga terdapat 15 siklus yang terjadi pada pipa ketika pipa beroperasi
pada tahun ke-5. Besar nilai walking pada tahun ke-5 yaitu 1,03 m. Gambar 4.16
adalah hasil analisa tegangan pada pipa.
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Gambar 4.16 Tegangan pada pipa tahun ke-5
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Tabel 4.22 Tegangan pada pipa akibat walking pada tahun ke-5

A00 A0l 193,65 324,00
A01 A02 201,46 324,00
A02 A03 198,34 324,00
A03 A04 204,27 324,00
A04 A05 187,54 324,00
A05 A06 180,21 324,00
A06 A07 165,66 324,00
AO07 A08 168,02 324,00
A08 A09 144,04 324,00
A09 A10 1333 324,00
A10 All 121,68 324,00
All Al12 109,21 324,00
Al12 A13 100,52 324,00
Al13 Al4 102,5 324,00

Dari Tabel 4.22 diatas dapat diketahui bahwa pipa tidak mengalami kegagalan
karena nilai stress masih dibawah nilai dari allowable stress. Namun nilai stress
mengalami peningkatan karena adanya peningkatan siklus. Gambar 4.17 adalah
hasil analisa displasemen yang terjadi pada pipatahun ke-5.
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Gambar 4.17 Displasemen pada pipa tahun ke-5

Tabel 4.23 Displasemen pada pipa akibat walking pada tahun ke-5

ACO | AOL| 1541 0 0 409.9
AOL | AO2| 1227 0 0 409,9
A02 | AO3| 1065 16 20,86 409,9
AO3 | A4 | 242 553 | -271,59 2099
AO4 | A05| 1558 | 375 | -8044 409.9
AO5 | AOB | -367 201 | 80,72 4999
AO6 | AO7 | 894 05 30,25 4099
AO7 | A8 | -678 1,76 | 141,62 409,9
A08 | A09 | -1326 | 1,9 0,25 A09:9
A09 |A10| -11,80 | 201 0,13 409.9
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4.11.1.7 Tegangan dan Displacment Akibat Walking Pada Tahun Ke-6

409,9

A10 | A11| -1614 | 161 011
All | A12 | -1212 127 0 409,9
A12 | A13| -824 08 0 409,9

Pada masa operasinya pipa mengalami perawatan setiap 4 bulan sekali dalam satu

tahun, sehinggga terdapat 18 siklus yang terjadi pada pipa ketika pipa beroperasi

pada tahun ke-6. Besar nilai walking pada tahun ke-6 yaitu 1,23 m. Gambar 4.18

adalah hasi| analisa tegangan pada pipa.
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Tabel 4.24 Tegangan pada pipa akibat walking pada tahun ke-6

A00 A0l 198,53 324,00
A01 A02 221,75 324,00
A02 A03 202,16 324,00
AO03 A04 243,13 324,00
A04 A05 195,85 324,00
A0S A06 191,34 324,00
A06 AO07 176,98 324,00
AO07 A08 175,67 324,00
A08 A09 158,96 324,00
A09 A10 142,78 324,00
A10 All 131,68 324,00
All Al12 118,85 324,00
A12 Al13 109,73 324,00
A13 Al4 106,65 324,00

Dari Tabel 4.24 diatas dapat diketahui bahwa pipa tidak mengalami kegagalan
karena nilai stress masih dibawah nilai dari allowable stress. Namun nilai stress
mengalami peningkatan karena adanya peningkatan siklus. Gambar 4.19 adalah
hasil analisa displasemen yang terjadi pada pipa tahun ke-6.

59



kel Seferominipbrt ARG et f e faly e TASRR Resitom el o A n 5 S o T n T /7 T—
S o R e N I T R R R L A o e T R N = N o et A 1 = = R A =

o[l ) [ [0 ]

46 Displacements L8 %
Paint A4
‘Lnad Thermal 111}
Displacements - mm
D: 2561
Dy 597
Dz -293.29
Total 29446

Rotalions - deg
Ay
Ry -0.02
Rz

" Tolal 0
o 5 Use PaDn, Pallp keys
to ol thiough loads
09 a0 11 1

CramE BerAdzAml Bobatzaml  BeVavommi 5 ™ '

Right click PAN-ZD0M.AOTATE, i sick & dran, double cik to ext m Cancel | M‘ W B W AT W DA
Gambar 4.19 Displasemen pada pi patahun ke-6

Tabel 4.25 Displasemen pada pipa akibat walking pada tahun ke-6

AO0 | AOL | 16,66 0 0 4099
AOL | AG2 | 1372 0 0 4099
A02 | AO3 | 11,85 1,82 -23,26 4099
AO3 | AG4 | 2561 597 | -293,29 4099
AG4 | AO5 | 1621 4,12 -85,31 409,9
AO5 | AOG | -4,82 3,62 85,62 4099
AO6 | AO7 | 939 08 32,15 4099
AO7 | AOS | 7,17 192 | 16585 4099
AO8 | AO9 | -14,86 2,74 0,35 4099
A09 | A0 | -12,52 2,63 0,23 4099
A10 | A1l | -17,34 1,92 0,16 4099
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4.11.1.8 Tegangan dan Displacment Akibat Walking Pada Tahun Ke-7

Pada masa operasinya pipa mengalami perawatan setiap 4 bulan sekali dalam satu
tahun, sehinggga terdapat 21 siklus yang terjadi pada pipa ketika pipa beroperasi
pada tahun ke-7. Besar nilai walking pada tahun ke-7 yaitu 1,44 m. Gambar 4.20

adalah hasil analisategangan pada pipa.
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Gambar 4.20 Tegangan pada pipa tahun ke-7




Tabel 4.26 Tegangan pada pipa akibat walking pada tahun ke-7

A00 A01 200,83 324,00
A0l A02 226,65 324,00
A02 AO03 204,46 324,00
AO03 A04 257,59 324,00
A04 A05 197,37 324,00
A0S A06 193,51 324,00
A06 AO07 182,34 324,00
AO07 A08 178,31 324,00
A08 A09 161,36 324,00
A09 A10 147,21 324,00
A10 All 136,35 324,00
All Al2 120,25 324,00
Al12 Al13 113,13 324,00
A13 Al4 109,81 324,00

Dari Tabel 4.26 diatas dapat diketahui bahwa pipa tidak mengalami kegagalan
karena nilai stress masih dibawah nilai dari allowable stress. Namun nilai stress
mengalami peningkatan karena adanya peningkatan siklus. Gambar 4.21 adalah
hasil analisa displasemen yang terjadi pada pipatahun ke-7.
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Gambar 4.21 Displasemen pada pipa tahun ke-7

Tabel 4.27 Displasemen pada pipa akibat walking pada tahun ke-7

ACO | AOL | 1812 0 0 409,9
AOL | AG2 | 1541 0 0 409,9
A02 | AO3 | 1315 216 | -2548 409,9
AO3 | AG4 | 27,03 6,41 | -314,99 409,9
AO4 | AO5 | 1811 474 | -9251 409,9
AO5 | A0 | -6,82 414 92,86 409,9
A06 | AO7 | 11,13 0,9 49,15 409,9
AO07 | AO8 | -917 201 | 207,49 409,9
AO8 | AO9 | -1606 | 294 0,75 409,9
A09 | A0 | -1427 | 303 0,53 409,9
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A10 | A11| -1914 212 0,36 409,9
All | A12 | -1562 101 017 409,9
A12 | A13| -11.21 09 0 409,9

4.11.1.9 Tegangan dan Displacment Akibat Walking Pada Tahun Ke-8

Pada masa operasinya pipa mengalami perawatan setiap 4 bulan sekali dalam satu

tahun, sehinggga terdapat 24 siklus yang terjadi pada pipa ketika pipa beroperasi
pada tahun ke-8. Besar nilai walking pada tahun ke-8 yaitu 1,63 m. Gambar 4.22

adalah hasi| analisa tegangan pada pipa.
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Gambar 4.22 Tegangan pada pipa tahun ke-8




Tabel 4.28 Tegangan pada pipa akibat walking pada tahun ke-8

A00 A01 241,23 324,00
A0l A02 256,45 324,00
A02 AO03 232,26 324,00
AO03 A04 308,09 324,00
A04 A05 202,41 324,00
A0S A06 200,79 324,00
A06 AO07 194,24 324,00
AO07 A08 195,53 324,00
A08 A09 195,58 324,00
A09 A10 177,31 324,00
A10 All 165,25 324,00
All Al2 142,69 324,00
Al12 Al13 132,23 324,00
A13 Al4 122,76 324,00

Dari Tabel 4.28 diatas dapat diketahui bahwa pipa tidak mengalami kegagalan
karena nilai stress masih dibawah nilai dari allowable stress. Namun nilai stress
mengalami peningkatan karena adanya peningkatan siklus. Gambar 4.23 adalah
hasil analisa displasemen yang terjadi pada pipatahun ke-8.
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Gambar 4.23 Displasemen pada pipa tahun ke-8

Tabel 4.29 Displasemen pada pipa akibat walking pada tahun ke-8

AO0 | AO1| 1924 0 0 409,9
AO1 | AO2 | 16,74 0 0 4099
A02 | AO3 | 1465 2,27 -27,52 4099
A03 | A04 | 2844 6,85 | -336,69 4099
AO4 | AO5 | 19,53 4,98 -95,11 4099
AO5 | AO6 | -7,63 4,35 95,57 4099
A06 | AO7 | 12,53 ! 51,36 4099
A07 | AO8 | -10,37 2,29 214,35 409,9
A08 | AD9 | -17,41 3,14 0,95 409,9
A09 | A10| -1527 3,27 0,78 409,9
A10 | A11| -20,16 2,36 0,52 4099
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All | A12 | -16,32 12 0,36 409,9

A12 | A13| -1242 1,14 0,14 409,9

4.11.1.10 Tegangan dan Displacment Akibat Walking Pada Tahun Ke-9

Pada masa operasinya pipa mengalami perawatan setiap 4 bulan sekali dalam satu
tahun, sehinggga terdapat 27 siklus yang terjadi pada pipa ketika pipa beroperasi
pada tahun ke-9. Besar nilai walking pada tahun ke-9 yaitu 1,85 m. Gambar 4.24
adalah hasil analisategangan pada pipa.
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Gambar 4.24 Tegangan pada pipa tahun ke-9
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Tabel 4.30 Tegangan pada pipa akibat walking pada tahun ke-9

A00 A01 308,38 324,00
A0l A02 310,74 324,00
A02 AO03 342,46 324,00
AO03 A04 488,51 324,00
A04 A05 39273 324,00
A0S A06 360,57 324,00
A06 AO07 352,53 324,00
AO07 A08 373,72 324,00
A08 A09 348,48 324,00
A09 A10 297,51 324,00
A10 All 283,78 324,00
All Al12 263,46 324,00
Al12 Al13 252,79 324,00
A13 Al4 192,54 324,00

Dari Tabel 4.20 diatas sudah terdapat indikasi bahwa pipa mengalami kegagalan
karenaadanila stress melebihi nilai allowable stress yaitu terdapat pada member
A02-A09. Gambar 4.25 adalah hasil analisa displasemen pada pipa tahun ke-9.
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Gambar 4.25 Displasemen pada pipa tahun ke-9

Tabel 4.31 Displasemen pada pipa akibat walking pada tahun ke-9

A0O | AOL | 21,43 0 0 4099
A0l | A02 | 18,84 0 0 4099
A02 | AO3 | 16,74 3,53 -50,82 4099
A03 | AO4 | 3056 752 | -369,24 409,9
AO4 | AD5 | 21,42 6,22 | -12351 4099
A05 | AOB | -9,83 5,60 123,83 4099
A06 | AO7 | 14,62 1,8 88,66 409,9
A07 | AO8 | -1247 3,49 264,45 4099
A08 | A09 | -19,61 4,48 1,95 4099
A09 | A10| -17,37 4,53 1,46 409,9
A10 | A11| -2246 3,27 0,92 4099
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4.11.1.11 Tegangan dan Displacment Akibat Walking Pada Tahun Ke-10

Pada masa operasinya pipa mengalami perawatan setiap 4 bulan sekali dalam satu

tahun sehinggga terdapat 30 siklus yang terjadi pada pipa ketika pipa beroperasi
pada tahun ke-10. Besar nilai walking pada tahun ke-10 sebesar 2,1 m. Gambar
4.26 adalah hasil analisa tegangan pada pipa.
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Gambar 4.26 Tegangan pada pipa tahun ke-10




Tabel 4.32 Tegangan pada pipatahun ke-10

A00 A0l 312,3 324,00
A0l A02 320,76 324,00
A02 AO03 520,23 324,00
A03 A04 601,5 324,00
A04 A05 565,86 324,00
A05 A06 558,73 324,00
A06 A07 543,08 324,00
AQ7 A08 558,15 324,00
A08 A09 401,62 324,00
A09 A10 317,51 324,00
A10 All 296,38 324,00
All Al12 283,61 324,00
Al12 Al13 262,25 324,00
A13 Al4 218,37 324,00

Dari Tabel 4.32 diatas sudah terdapat indikasi bahwa pipa mengalami kegagalan

karena adanila stress melebihi nilai allowable stress yaitu terdapat pada member

A02-A09. Gambar 4.27 adalah hasil analisa displasemen pada pipa tahun ke-10.
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ED\splacemEnB 2 % J
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Displacements - mm
Dx 351
Dy 07
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Total: 44670
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A0 01 0 j Ry 003
R 002
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Use PaDn, Pgllp keys
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v
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b
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Gambar 4.27 Displasemen pada pipa tahun ke-10

Tabel 4.33 Displasemen pada pipa akibat walking pada tahun ke-10

409,9

ACD | AOL| 2642 0 0

AOL | AO2 | 2352 0 0 409.9
A02 | AO3| 2134 | 503 | -8832 409,9
A0O3 | A04| 3551 | 907 | -44519 i
AO4 | AOS| 2664 | 772 | -14781 409,9
AO5 | AO6 | -1433 | 719 | 14823 409.9
A6 | AO7| 1962 | 212 | 10336 3032
AO7 | AO8| -1727 | 429 | 30745 409,9
A08 | A09 | 2484 | 523 3,95 4099




A09 | Al0| -2257 | 573 3,36 409.9
AL0 | A11| 2732 | 462 1,83 409,9
Al (10 |28 v I 145 409.9
Al2 | A13| -1931 | 194 1,03 2

Dari Tabel 4.33 diatas dapat diketahui bahwa pipa mengalami kegagalan atau
buckling pada member A03-A04 selama beroprasi 10 tahun, karena nilai stress
yang terjadi melebihi nilai dari allowable stress dan juga melebihi batas
displasement yang diijinkan yaitu sebesar 10 x OD = 409,9 mm.
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BAB V
PENUTUP

5.1 Kesimpulan

Dari analisa dan pembahasan pada Bab VI yang dilakukan dalam tugas akhir ini
didapatkan beberapa kesimpulan. Kesimpulan-kesimpulan yang diperoleh antara
lain yaitu:

1. Pada analisa yang telah dilakukan dengan menggunakan metode
perhitungan didapatkan gaya aksial sebesar 45313854,87 N. Serta
didapatkan nilai walking pada pipa setiap satu siklus sebesar 0,0685 m dan
pada tahun ke 1 sampai tahun ke 10 nilai walking sebesar 0,21 m —2,1 m.

2. Dari hasil nilai analisa diatas didapatkan tegangan terbesar dalam siklus
pertama sebesar 123,56 N/mm? dan displasemen dx = 10,06 mm; dy = 1,1
mm; dz = -54,58 mm. Maka untuk pipa yang beroprasi tahun ke 1-10
tegangan terbesar didapatkan 171,36 N/mm? — 601,5 N/mm? dan
didapatkan displasement sebesar dx = (11,54 mm) — (35,51 mm); dy = (1,5
mm) — (9,07 mm); dz = (-77,37 mm) — (-445,19 mm).

3. Pada sistem pipeline ini dapat disimpulkan bahwa pipa dalam masa
operasi tahun ke 1 sampai tahun ke 8 tidak terindikasi kegagalan, namun
pada masa operasi tahun ke 9 pipa mengalami indikasi kegagalan karena
nilai stress yang terjadi melebihi nilai allowable stress. Pada masa operasi
tahun ke-10 pipa akan mengalami buckling pada member A03-A04 karena
nilai displasemen yang terjadi melebihi batas yang diijinkan dan juga nilai

stress yang terjadi melebihi nilai allowable stress.

5.2 Saran
Saran-saran yang diberikan penulis untuk melanjutkan penelitian lebih lanjut
antara lain:

1. Perlu adanya penelitian tentang fatigue yang terjadi pada pipa akibat

adanya buckling untuk mengetahui umur dari desain pipa.
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2. Perlu adanya penelitian tentang mitigasi untuk penanggulangan adanya
kegagalan pipa ketika beroperasi.
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1. Menghitung S(w)

No ® wp Y s | Snn(@)| FS mq m, m, my
1 0 0,70 1,3 | 0,07 0,00 1,00 | 0,00 | 0,00 0,00 0,00
2 01| 070 | 1,3 | 007]| 0,00 | 400 | 000 | 000 0,00 | o000
2] 0,2 | 0,70 1,3 | 0,07 0,00 2,00 | 0,00 | 0,00 0,00 0,00
4 [o3| o070 1,3 | 007]| 000 | 400/ 000/ 000 o000 [ 0,00
5 0,4 | 0,70 1,3 {10,07 0,00 2,00 | 0,00 | 0,00 0,00 0,00
6 |05 070 13 |007| 024 | 400/ 097 | 0,49 | 0,24 | 0,06
7 0,6 | 0,70 1,3 | 0,07 1,19 2,00 2,38 | 1,43 0,86 0,31
8 |o07| 070]| 13 |009]| 204 | 400 | 817 | 572 | 400 | 1,9
9 0,8 | 0,70 1,3 | 0,09 1,41 2,00 2,82 | 2,25 1,80 1,15
10 |09 070 | 1,3 |009| 095 | 400 | 380 | 342 | 3,08 | 249
11 il 0,70 1,3 | 0,09 0,65 2,00 1,31 [\1,31 1,31 1,31
12 11| 070 | 1,3 | 009| 045 | 400 | 1,79 | 1,96 | 2,16 | 2,61
13 1,2 | 0,70 1,3 | 0,09 0,31 2,00 | 0,61 | 0,74 0,88 1,27
14 | 13| 070 | 13 | 009 | 021 | 400 | 086 | 1,01 | 1,44 | 2,44
15 1,4 | 0,70 1,3 | 0,09 0,15 2,00 | 0,30 | 0,42 0,59 1,16
16 | 15| 070 | 1,3 | 009 | 011 | 400 | 044 | 066 | 098 | 221
17 | 16| 070 | 1,3 | 009 | 008 | 200 | 0,16 | 0,26 | 041 | 1,05
18 1,7 | 0,70 1,3 | 0,09 0,06 4,00 | 0,24 | 0,41 0,69 2,00
19 | 18| 070 | 1,3 | 009| 005 | 200 | 009 | 0,16 | 0,29 | 0,95
20 1,9 | 0,70 1,31-0,09 0,03 4,00 | 0,14 | 0,26 0,50 1,81
21 2 [ o070]| 13 |009| 003 | 200 005 011 | 022 | 0,86
22 2,1 | 0,70 1,3 | 0,09 0,02 4,00 | 0,08 | 0,18 0,37 1,65
23 | 22| 070 | 1,3 | 009 | 002 | 2,00 | 003 | 007 | 016 | 0,79
24 2,3 | 0,70 1,3 0,09 0,01 4,00 0,05 0,12 0,29 1,62
25 2,41 0,70 18l 0,09 0,01 2,00 | 0,02 | 0,05 0,13 0,73
26 2,5| 0,70 1,3 0,09 0,01 4,00 0,04 | 0,09 0,22 1,40
27 2,6 | 0,70 1,81-].-.0,09 0,01 2,00 | 0,01 | 0,04 0,10 0,67
28 2,17 170,74 1,3 0,09 0,01 4,00 0,02 0,07 0,18 1,30
29 2,8 | 0,70 1,3 | 0,09 0,01 2,00 | 0,01 | 0,03 0,08 0,63
30 29| 0,70 1,3 0,09 0,00 4,00 0,02 0,05 0,14 1.2
31 3 0,70 1,3 | 0,09 0,00 2,00 | 0,01 | 0,02 0,06 0,58

24,44 21,44 21,22 34,15

No [} Y G(w)
1 0 1,3 0,0000
24 0,1 1.3 0,0263
3 0,2 1,3 0,0526
4 0,3 1,3 0,0788
5 0,4 1,3 0,1051
6 0,5 1,3 0,1314
7 0,6 1,3 0,1577
8 0,7 1,3 0,1839
9 0,8 1,3 0,2102

10 0,9 1,3 0,2365

11 1 143 0,2628

12 1,1 1,3 0,2891

13 1,2 1,3 0,3153

14 1,3 1,3 0,3416

15 1,4 1,3 0,3679

16 5 143 0,3942

1) 1,6 -3 0,4204

18 1,7 1,3 0,4467

19 1,8 1,3 0,4730

20 1,9 1,3 0,4993

21 2 1,3 0,5256

22 250 1,3 0,5518

23 2,2 +3 0,5781

24 2,3 1,3 0,6044

25 2,4 1,3 0,6307

26 2,5 1,3 0,6569

27 2,6 1,3 0,6832

28 2,7 113 0,7095

29 2,8 18 0,7358

30 2,9 1,3 0,7620

Bl 3 i[53 0,7883




2. Menghitung S,,(w)

(Gw)? | Snn(@) | Suu(w) FS mo m; m, m,
0,0000 0,00 0,00 1,00 0,00 0,00 0,00 0,00
0,0007 0,00 0,00 4,00 0,00 0,00 0,00 0,00
0,0028 0,00 0,00 2,00 0,00 0,00 0,00 0,00
0,0062 0,00 0,00 4,00 0,00 0,00 0,00 0,00
0,0110 0,00 0,00 2,00 0,00 0,00 0,00 0,00
0,0173 0,24 0,00 4,00 0,02 0,01 0,00 0,00
0,0249 1,19 0,03 2,00 0,06 0,04 0,02 0,01
0,0338 2,04 0,07 4,00 0,28 0,19 0,14 0,07
0,0442 1,41 0,06 2,00 0,12 0,10 0,08 0,05
0,0559 0,95 0,05 4,00 0,21 0,19 0,17 0,14
0,0691 0,65 0,05 2,00 0,09 0,09 0,09 0,09
0,0836 0,45 0,04 4,00 0,15 0,16 0,18 0,22
0,0994 0,31 0,03 2,00 0,06 0,07 0,09 0,13
0,1167 0,21 0,02 4,00 0,10 0,13 0,17 0,28
0,1353 0,15 0,02 2,00 0,04 0,06 0,08 0,16
0,1554 0,11 0,02 4,00 0,07 0,10 0,15 0,34
0,1768 0,08 0,01 2,00 0,03 0,05 0,07 0,19
0,1996 0,06 0,01 4,00 0,05 0,08 0,14 0,40
0,2237 0,05 0,01 2,00 0,02 0,04 0,07 0,21
0,2493 0,03 0,01 4,00 0,03 0,07 0,13 0,45
0,2762 0,03 0,01 2,00 0,01 0,03 0,06 0,24
0,3045 0,02 0,01 4,00 0,03 0,05 0,11 0,50
0,3342 0,02 0,01 2,00 0,01 0,02 0,05 0,26
0,3653 0,01 0,00 4,00 0,02 0,05 0,10 0,55
0,3977 0,01 0,00 2,00 0,01 0,02 0,05 0,29
0,4316 0,01 0,00 4,00 0,02 0,04 0,10 0,60
0,4668 0,01 0,00 2,00 0,01 0,02 0,05 0,31
0,5034 0,01 0,00 4,00 0,01 0,03 0,09 0,65
0,5414 0,01 0,00 2,00 0,01 0,02 0,04 0,34
0,5807 0,00 0,00 4,00 0,01 0,03 0,08 0,70
0,6215 0,00 0,00 2,00 0,00 0,01 0,04 0,36

1,47 1,70 2,36 7,56




Us
Tu
Tn

T

Tn/Tp

Tp

Tn/Tu
Sumber DNV halaman 12

3. Perhitungan Parameter

0,44 m/s mo
4,95 s m;
2,07 s m,
2180,58 my
0,23
4,385992 s
0,417273

0,048839
0,056564

0,0786
0,252037

0,10
0,09
0,08
0,07 I\
0,06 / \
0,05 / \
0,04 / \
0,03 [ \
0,02 / \
(a v\.._‘_‘_._’_‘
D00 Ei TGl T N T NN T T
0 0,2 0,4 0,6 0,8 1 1,2 1,4 1,6 1,8 2 2,2 2,4 2,6 2,8
2,50
2,00 ¢
1,50
B
[
c
w
1,00
0,50
0,00 ‘o4 o P
0F 0,2704 |Gj6) 0;8 / 1% tT,2| 1)49,6|11;8 " 2( 2,2| 244 2,6/ 2,8 3
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1. Menghitung kU

U R 05772
kpy=—==- f2-1nr+—]
u, 2 N2 InT
Uiy = 0,931597
kU 3 2,107734

2. Menghitung kT

k,—5-(k,~10)-T,/T, for T,/T,<02
1 for T,/T, >02

S
-y

Il

Il

kT = Tn/Tu  ; Tn/Tu>0.2 makakT=1
= 1,00
= il

T* = Tu
= 4,95

3. Menghitung K
Significant Keulegan-Carpenter number =U_ -T, /D .
Keulegan-Carpenter number for single design oscillation

K = 6,758549
K* = 14,24522

4. Menghitung kecepatan gelombang

¥(z)=V¥(z,)- Inz+2,)-Inz sin @,
In(z, +z,)-1Inz,
\" = 1,018066

5. Menghitung kecepatan arus

' 1+33°\f- L ':'—1
Vr =T{'{Zr)-1 : - "l =2 T I Eingc
[ lﬂl l+l]
I._\ \ Zn ¥,
Ve = 0,872234

5. Menghitung V*

V*

1,167194



5. Menghitung M*

M* = 1,252895

6. Menghitung total load reduction (y)
r total (y) e 1 Halaman 15

7. Menghitung total load reduction (z)
r total (z) = 0,7

8. Menghitung peak horizontal loads
FY* = 1378,784

9. Menghitung peak vertical loads
Fz* = 725,4811
10. Menghitung ws

U1 = 0,2
M* = 1,252895
kU = 2,107734
L = 128,646 (grafik di page 27)
P = 1025
D = 0,4099
Us = 0,44
ysc = 1,308
ws = 19137,64 N/m 1950,83 kg/m
b = 1326,229

12. Menghitung Stabilitas
ysc = 1,308
fy* = 1378,784
U1 = 0,2
fz* = 725,4811
ws = 19137,64



Perhitungan Regangan (Strain)
Pada Cold End

Diketahui :
D; = 02985 m
Do ses = 03239 m

D, Sl 3 0,4099 m
E = 207 Gpa [207x10° pa
t = 0,01905 m
v = 0,3
(0, = 1,17E-05

Cross Sectional Area of steel

As =g [Do? — Di?]

0,785 . [0,3299° - 0,2987]
0,01241003 m

As
As

a. Temperature Strain

&r = . AT
er = 1,17x10°°. (26.6 - 15)
= 0,0001431

b. End Cap Strain
T IKF)inDi2 AL PoDOZJ
& S
4 EA,

0,785 . [30809632 . 0,2985° - 3013500 . 0,3299°]

€

d = 41,9 m
Tampient | = 15 °’c
T instalasi - 27,23 UC
Bi.tin NS 655 bar = 65500000 Pa
Cross Sectional Area of Concrete
As= % .[Do? — Di?]
Ac = /4. (0,4059°- 0,2985%)
X 0,061948872 m
Po = Pwater - 9 - H
= 1025.9,8.40,9 Py =

207 x 10° . 0,020131
0,00177035

c. Poissons Strain

Pin Di—Po Do

E - —
s 2t2 E

= 30809632 . 0,2985 - 3013500 . 0,3299

2.0,0191 . 207 x 10°
0,00246237

Sehingg

420886 NIm’

Ciot

= & + £, + £

0,00437581

'Pd.+ Pront Q‘Md_ss}
950 x 10° + 824,928 . 9,8 . (40,9-0,244)

65515235,1 N/m?



FRICTIONAL RESISTANCE CALCULATION

i3 Dt 2
F=pl5 -pp. g-Hy Dot |We— pp.g.——|]

K eterangan:

pp= 18355 kg/m®

g= 9,8 m/s’

Hp= 0,1 m

D; = 0,4099 m

Wa= 19138

w2 = 1,57

= 11
F = 18(157.18355.9,8.0,1.0,4099) + (1937,64 - 1835,5.9,8. (3,14 . 0,4099° / 4))
F = 1915,64 kg/m

18786 N/m



Perhitungan Regangan (Strain)

Pada Hot End
Diketahui :
D; = 02985 m
Dosess | = 03239 m
Doconcrete | = 0,4099 m
= = 207  Gpa 2,07E+11 Pa
t = 0,01905 m
\% = 0,3
o = 1,17E-05

Cross Sectional Area of steel

m
As = .[Do® — Di*)

d = 41,9 m

Tstiche = 15 °c

T insaasi | = 80 °c
Pl = 655 bar =

65500000 Pa

Cross Sectional Area of Concrete

As — % .[Do? — Di?]

Ac = n/4.(0,4099°- 0,2985%)
As = 0,785.[0,3239%- 0,29857] = 0,061948872 m
As = 0,01241 m
a. Temperature Strain
&Er = ax. AT
e = 1,17x107°. (80- 15)
= 0,0007605
b. End Cap Strain
2 2
T [PinDi > F:’oDo ]
gE:_' Po = Pwater - 9 - H
4 EA, X 1025.9,8.419
e = 0,785.[30809632 . 0,2985" - 3013500 . 0,32997] = 420886 N/m?
207 x 10° . 0,015489
= 00017704

c. Poissons Strain

Pin Di—Po Do
2t2 E

Ep —

= 65515235,1. 0,2985 - 3013500 . 0,3239
2.0,0191. 207 x 109
0,0024624

Sehingga, Eior = Er + £ + Eg

= 0,00499322

'Pin_: Pd+ Pront g'\.d_ss}
- 655x 10°+824,9428 . 9,8 . (41,9-0,244)

65515235,1 N/m’



VIRTUAL ANCHOR POINT CALCULATION
Pada Hot End

L _ Etot - Ag .E

A E
Keterangan :
Etot = 0,0049932
As= 0,01241 m
E= 2,07E+11 Pa
F= 1915,64 kg/m
Ly = 6695,9213 m From Hot end

VIRTUAL ANCHOR POINT CALCULATION
Pada Cold End

Lﬂ= Etot - Ag-E

F
Keterangan :
€0t = 0,0043758
As= 0,01241 m
E= 2,07E+11 Pa
F= 1915,64 kg/m

Ly = 5867,9746 m From cold end

L ength between virtual anchor
827,947 m



WALKING PER CYCLE

a. Persamaan Perubahan Gaya Axial Sepanjang Pipa c. Walking per cycle

_ ASs — AP
piilo. F g8

AP= =(pis —pi) A1 =20) — Bd,x(0: —6y)

Aa .Xab

b. Persamaan Perubahan Gaya Axial Sepanjang Xab

ASs =- WL (pa cos a - [sin a|) (menunjukan slope)

1tahun = 0,21
5tahun ) 1,03
171%@ 817 5600 6 tahun = 21




éF’cr = (1+ CSF ) Cor’Epipa Ipipa / Leff?
Per = 21671773 N

FRICTIONAL RESISTANCE CALCULATION

T T Dt
F=pl5 .pp-g-Hy Do+ | Wem pp.g.—— 1

‘|'|
1}

1915,6400 kg/m
18786,01 N/m

Per>F = gaga|



F=-P4 +vo,-A —Eall,-T,)- A,

F = -45378468,85 N
45378468,85 N

F 2 Pcr memenuhi
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DI SPLACEMENTS

Poi nt Load TRANSLATIONS (mm ) ROTATI ONS (deg )
nanme conbi nation X Y Z X Y VA

*** Segment A begin ***

A0O G avity{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0.00
Pressure 1{1} 0.00 0.00 0.00 0. 00 0.00 0.00
GRTP1{ 1} 0.00 0. 00 0.00 0.00 0.00 0.00

+1 G avi ty{1} -0.04 -34.17 0. 00 0. 00 0.00 -0.05
Thernmal 1{1} 0.02 0. 00 0. 00 0. 00 0. 00 0.00
Pressure 1{1} 0.00 0.00 0.00 0. 00 0.00 0.00
GRTP1{ 1} -0.01 -34.17 0.00 0.00 0.00 -0.05

+2 G avity{1} -0.02 -26.78 0. 00 0. 00 0. 00 0. 02
Ther mal 1{1} 0. 05 0.00 0. 00 0.01 0. 00 0.00
Pressure 1{1} 0.00 0.00 0.00 0. 00 0. 00 0.00
GRTP1{ 1} 0.02 -26.78 0. 00 0.01 0. 00 0. 02

+3 G avi ty{1} -0.02 -27.98 0. 00 0.00 0.00 -0.01
Thermal 1{1} 0. 07 0.00 0.00 0.01 0.00 0.00
Pressure 1{1} 0. 00 0. 00 0. 00 0.00 0.00 0.00
GRTP1{ 1} 0.05 -27.98 0. 00 0.01 0.00 -0.01

+4 G avi ty{1} -0.02 -27.92 0.00 0.00 0.00 0.00
Thernmal 1{1} 0. 10 0. 00 0. 00 0. 02 0. 00 0.00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0.00 0.00
GRTP1{ 1} 0.08 -27.92 0.00 0.02 0. 00 0. 00

+5 G avity{1} -0.02 -27.87 0. 00 0. 00 0.00 0.00
Thermal 1{ 1} 0.13 0. 00 0. 00 0. 02 0. 00 0. 00
Pressure 1{1} 0. 00 0.00 0.00 0. 00 0.00 0.00
GRTP1{1} 0.11 -27.87 0.00 0.02 0.00 0.00

+6 G avity{1} -0.02 -27.90 0. 00 0.00 0.00 0.00
Thermal 1{1} 0. 16 0. 00 0. 00 0.03 0. 00 0.00
Pressure 1{1} 0.00 0.00 0.00 0.00 0.00 0.00
GRTP1{1} 0.14 -27.90 0.00 0. 03 0.00 0.00

+7 G avity{1} -0.01 -27.89 0. 00 0.00 0.00 0.00
Thermal 1{1} 0.19 0. 00 0. 00 0.03 0. 00 0.00
Pressure 1{1} 0. 00 0. 00 0. 00 0.00 0. 00 0.00
GRTP1{ 1} 0.17 -27.89 0. 00 0.03 0. 00 0.00

+8 G avi ty{1} -0.01 -27.89 0. 00 0. 00 0.00 0.00
Thermal 1{ 1} 0. 22 0. 00 0. 00 0. 03 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0.00 0. 00 0.00
GRTP1{ 1} 0.21 -27.89 0. 00 0. 03 0.00 0.00

+9 G avi ty{1} -0.01 -27.89 0. 00 0.00 0. 00 0.00
Thermal 1{ 1} 0.25 0. 00 0. 00 0. 04 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.24 -27.89 0. 00 0.04 0. 00 0. 00
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DI SPLACEMENTS

Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )
nane conbi nati on X Y Z X Y Z
+10 Gravity{1} -0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0.29 0. 00 0. 00 0. 04 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.28 -27.89 0. 00 0. 04 0. 00 0. 00
+11 G avi ty{1} -0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0.33 0. 00 0. 00 0. 05 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.32 -27.89 0. 00 0. 05 0. 00 0. 00
+12 G avi ty{1} -0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 0. 37 0. 00 0. 00 0.05 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.36 -27.89 0. 00 0. 05 0. 00 0. 00
+13 G avi ty{1} -0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 0.41 0. 00 0. 00 0. 06 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.41 -27.89 0. 00 0. 06 0. 00 0. 00
+14 Gavity{1} 0.00 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0. 46 0. 00 0. 00 0. 06 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.46 -27.89 0. 00 0. 06 0. 00 0. 00
+15 Gavity{1} 0.00 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0.51 0. 00 0. 00 0. 06 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.51 -27.89 0. 00 0. 06 0. 00 0. 00
+16 G avi ty{1} 0.00 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0.57 0. 00 0. 00 0. 07 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.57 -27.89 0. 00 0. 07 0. 00 0. 00
+17 G avity{1} 0.00 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0. 63 0. 00 0. 00 0. 07 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.63 -27.89 0. 00 0. 07 0. 00 0. 00
+18 G avi ty{1} 0.00 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0.70 0. 00 0. 00 0.08 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.70 -27.89 0. 00 0. 08 0. 00 0. 00
+19 Gavity{1} 0.00 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0.77 0. 00 0. 00 0. 08 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.77 -27.89 0. 00 0. 08 0. 00 0. 00
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Poi nt Load TRANSLATIONS (mm ) ROTATI ONS (deg )
nanme conbi nati on X Y Z X Y Z
+20 G avity{1} 0.00 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0. 86 0. 00 0. 00 0.09 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.86 -27.89 0. 00 0. 09 0. 00 0. 00
+21 G avity{1} 0.00 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 0.94 0. 00 0. 00 0.09 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.95 -27.89 0. 00 0. 09 0. 00 0. 00
+22 G avi ty{1} 0.00 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 1.04 0. 00 0. 00 0. 09 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 1.04 -27.89 0. 00 0.09 0. 00 0. 00
+23 Gavity{1} 0.00 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 1.15 0. 00 0. 00 0.10 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 1.15 -27.89 0. 00 0.10 0. 00 0. 00
+24 Gavity{1} 0.00 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 1.26 0. 00 0. 00 0.10 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 1.27 -27.89 0. 00 0.10 0. 00 0. 00
+25 Gavity{1} 0.00 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 1.39 0. 00 0. 00 0.11 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 1.39 -27.89 0. 00 0.11 0. 00 0. 00
+26 G avity{1} 0.00 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 1.53 0. 00 0. 00 0.11 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 1.53 -27.89 0. 00 0.11 0. 00 0. 00
+27 G avity{1} 0.00 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 1.68 0. 00 0. 00 0.12 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 1.69 -27.89 0. 00 0.12 0. 00 0. 00
+28 Gavity{1} 0.00 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 1.85 0.00 0. 00 0.12 0.00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0.00 0. 00
GRTP1{ 1} 1.86 -27.89 0. 00 0.12 0. 00 0. 00
+29 Gavity{1} 0.00 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 2.04 0. 00 0. 00 0.12 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.04 -27.89 0. 00 0.12 0. 00 0. 00
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Poi nt Load TRANSLATIONS (mm ) ROTATI ONS (deg )
nane conbi nati on X Y z X Y Z
+30 G avi ty{1} 0.00 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 2.24 -0.01 0. 00 0.13 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00

GRTPL{ 1} 2.24 -27.89  0.00 0.13  0.00  0.00



+31 Gavity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 2.46 0.01 0. 00 0.13 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.47 -27.88 0. 00 0.13 0. 00 0. 00

+32 Gavity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 2.71 -0.01 0. 00 0.14 0.00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.71 -27.90 0. 00 0.14 0. 00 0. 00

+33 Gravity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 2.98 -0.04 0. 00 0.14 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.98 -27.93 0. 00 0.14 0. 00 0. 00

+34 G avity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3. 27 0. 39 0. 00 0.15 0. 00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.28 -27.50 0. 00 0:-15 0. 00 -0.01

+35 G avity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 3.59 -2.23 0. 00 0. 15 0. 00 0. 02
Pressure 1{1} 0. 00 -0.01 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.60 -30.13 0. 00 0. 45 0. 00 0. 02

A0l G avity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 3.96 9.88 0. 00 0415 0. 00 0. 00
Pressure 1{1} 0. 00 0. 03 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.97 -17.97 0. 00 0. 15 0. 00 0. 00

+1 Gavity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 2.63 -2.23 0. 00 0.16 0. 00 -0.02
Pressure 1{1} 0. 00 -0.01 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.64 -30.13 0. 00 0. 16 0. 00 -0.02

+2 G avity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 1.35 0. 39 0. 00 0. 16 0. 00 0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 1.36 -27.50 0. 00 0. 16 0. 00 0.01

+3 G avity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0. 07 -0.03 0. 00 0.17 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.08 -27.92 0. 00 0.17 0. 00 0. 00
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Poi nt Load TRANSLATI ONS (nm ) ROTATI ONS (deg )

nanme conbi nati on X Y z X Y VA

+4 Gavity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -1.20 -0.01 0. 00 0.17 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -1.19 -27.90 0. 00 0. 17 0. 00 0. 00

+5 Gavity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -2.48 0.01 0. 00 0.18 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -2.47 -27.87 0. 00 0.18 0. 00 0. 00

+6 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00



Thermal 1{1} -3.79 0. 00 0. 00 0.18 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -3.78 -27.88 0. 00 0.18 0. 00 0. 00
+7 G avi ty{1} 0.01 -27.89 0. 00 0.00 0. 00 0. 00
Thermal 1{1} -5.13 0.01 0. 00 0.18 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -5.12 -27.88 0. 00 0.18 0. 00 0. 00
+8 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0.00
Ther mal 1{1} -6.51 0.01 0. 00 0.19 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{1} -6.50 -27.88 0. 00 0.19 0. 00 0. 00
+9 Gavity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} -7.95 0. 02 0. 00 0.19 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -7.95 -27.87 0. 00 0.19 0. 00 0. 00
+10 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -9.47 0.02 0. 00 0. 20 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -9.46 -27.87 0. 00 0.20 0. 00 0. 00
+11 G avity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -11. 07 0.02 0. 00 0. 20 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -11.06 -27.87 0. 00 0. 20 0. 00 0. 00
+12 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -12.76 0.03 0. 00 0.21 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0.00 0. 00
GRTP1{ 1} -12.75 -27.86 0. 00 0.21 0. 00 0. 00
+13 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} -14.57 0. 03 0. 00 0.21 0. 00 0. 00
Pressure 1{1} 0.00 0. 00 0. 00 0. 00 0. 00 0.00
GRTP1{1} -14.56 -27.86 0. 00 0.21 0. 00 0. 00
jaja op 10 th
07/ 28/ 2015 PI PA1 BENTLEY
12: 03 AM Aut oPlI PE Advanced 9.6.0. 15
RESULT PAGE 6
DI SPLACEMENTS
Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )
nanme conbi nati on X Y 4 X Y 4
+14 G avi ty{1} 0.01 -27.89 0. 00 0.00 0. 00 0. 00
Thermal 1{1} -16.51 0.03 0. 00 0.21 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -16.50 -27.85 0. 00 0.21 0. 00 0. 00
+15 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0.00
Ther mal 1{1} -18.59 0. 04 0. 00 0.22 0. 00 0. 00
Pressure 1{1} 0.00 0.00 0.00 0.00 0. 00 0.00
GRTP1{ 1} -18.58 -27.85 0. 00 0.22 0. 00 0. 00
+16 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} -20.84 0. 04 0. 00 0. 22 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -20.83 -27.85 0. 00 0.22 0. 00 0. 00
+17 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0.00
Thermal 1{1} -23.27 0. 05 0. 00 0. 23 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00



GRTP1{1} -23.27 -27.84 0. 00 0.23 0. 00 0. 00
+18 Gravity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -25.92 0. 05 0. 00 0. 23 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -25.91 -27.84 0. 00 0.23 0. 00 0. 00
+19 Gavity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -28.79 0. 06 0. 00 0.24 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -28.78 -27.83 0. 00 0. 24 0. 00 0. 00
+20 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0.00
Thermal 1{1} -31.91 0. 06 0. 00 0.24 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -31.90 -27.82 0. 00 0. 24 0. 00 0. 00
+21 G avi ty{1} 0.01 -27.89 0. 00 0.00 0. 00 0. 00
Thermal 1{1} -35.32 0.07 0. 00 0.24 0. 00 0.00
Pressure 1{1} 0.00 0.00 0.00 0. 00 0. 00 0. 00
GRTP1{ 1} -35.31 -27.82 0. 00 0.24 0. 00 0. 00
+22 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} -39.04 0. 08 0. 00 0.25 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{1} -39.03 -27.81 0. 00 0. 25 0. 00 0. 00
+23 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} -43.11 0.09 0. 00 0.25 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0.00 0. 00 0. 00
GRTP1{1} -43.10 -27.80 0. 00 0. 25 0. 00 0. 00
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Poi nt Load TRANSLATI ONS (nm ) ROTATI ONS (deg )
nane conbi nati on X Y z X Y z
+24 G avity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -47.57 0. 10 0. 00 0. 26 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -47.56 -27.79 0. 00 0.26 0. 00 0. 00
+25 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -52.44 0.10 0. 00 0.26 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -52.43 -27.78 0. 00 0.26 0. 00 0. 00
+26 Gavity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -57.78 0.12 0. 00 0. 27 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -57.77 -27.77 0. 00 0.27 0. 00 0. 00
+27 Gavity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} -63.63 0.13 0. 00 0.27 0.00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -63.62 -27.76 0. 00 0. 27 0. 00 0. 00
+28 G avity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} -70. 05 0.14 0. 00 0.27 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0.00 0. 00
GRTP1{ 1} -70.04 -27.75 0. 00 0. 28 0. 00 0. 00



+29 G avity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} -77.09 0.16 0. 00 0.28 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -77.07 -27.73 0. 00 0. 28 0. 00 0. 00

+30 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} -84.81 0.17 0. 00 0.28 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -84.80 -27.72 0. 00 0.28 0. 00 0. 00

+31 Gavity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -93.28 0. 19 0. 00 0.29 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -93.27 -27.69 0. 00 0.29 0. 00 0. 00

+32 G avity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -102. 58 0.19 0. 00 0.29 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -102.57 -27.69 0. 00 0.29 0. 00 0. 00

+33 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -112. 80 0.19 0. 00 0.30 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -112.79 -27.69 0. 00 0.30 0. 00 0. 00
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Poi nt Load TRANSLATI ONS (nm ) ROTATI ONS (deg )

nane conbi nati on X Y Z X Y Z

+34 Gravity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -124.01 0. 62 0. 00 0. 30 0. 00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -124.00 -27.26 0. 00 0.30 0. 00 -0.01

+35 Gavity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -136. 33 -1.85 0. 00 0.30 0. 00 0. 02
Pressure 1{1} 0.00 -0.01 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -136.32 -29.75 0. 00 0.31 0. 00 0. 02

A02 Gavity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} -149. 83 9.74 0. 00 0.31 0. 00 0. 00
Pressure 1{1} 0. 00 0.03 0. 00 0. 00 0.00 0. 00
GRTP1{ 1} -149.82 -18.12 0. 00 0.31 0. 00 0. 00

+1 G avity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -138. 22 -1.73 0. 00 0.31 0. 00 -0.02
Pressure 1{1} 0. 00 -0.01 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -138.21 -29.62 0. 00 0.31 0. 00 -0.02

+2 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -127.81 0.71 0. 00 0.32 0. 00 0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -127.80 -27.17 0. 00 0.32 0.00 0.01

+3 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0.00 0. 00
Ther mal 1{1} -118.53 0.29 0. 00 0.32 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -118.52 -27.60 0. 00 0.32 0. 00 0. 00

+4 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} -110. 31 0.28 0. 00 0.33 0. 00 0. 00



Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -110.30 -27.60 0. 00 0.33 0. 00 0. 00
+5 G avity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -103. 06 0.28 0. 00 0. 33 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -103.05 -27.60 0. 00 0.33 0. 00 0. 00
+6 G avity{1} 0.01 -27.89 0. 00 0.00 0. 00 0.00
Thermal 1{1} -96.73 0. 26 0. 00 0.33 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -96.72 -27.63 0. 00 0.34 0. 00 0. 00
+7 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0.00 0.00
Thermal 1{1} -91. 26 0. 25 0. 00 0. 34 0. 00 0.00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{1} -91.25 -27.64 0. 00 0.34 0. 00 0. 00
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DI SPLACEMENTS
Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )
nanme conbi nati on X Y z X Y z
+8 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} - 86. 60 0.23 0. 00 0.34 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -86.59 -27.66 0. 00 0.34 0. 00 0. 00
+9 G avity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -82.70 0.22 0. 00 0. 35 0. 00 0. 00
Pressure 1{1} 0. 00 0.00 0.00 0. 00 0. 00 0. 00
GRTP1{ 1} -82.69 -27.67 0. 00 0. 35 0. 00 0. 00
+10 G avity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} -79.54 0.21 0. 00 0.35 0. 00 0.00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0.00
GRTP1{1} -79.53 -27.67 0. 00 0.35 0. 00 0. 00
+11 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -77.09 0.21 0. 00 0. 36 0. 00 0.00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0.00
GRTP1{1} -77.08 -27.68 0. 00 0. 36 0. 00 0. 00
+12 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0.00 0. 00
Ther mal 1{1} -75.32 0. 20 0. 00 0. 36 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{1} -75.31 -27.69 0. 00 0. 36 0. 00 0. 00
+13 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -74.22 0. 20 0. 00 0. 36 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -74.20 -27.69 0. 00 0. 37 0. 00 0. 00
+14 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -73.77 0. 20 0. 00 0. 37 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0.00
GRTP1{ 1} -73.76 -27.69 0. 00 0. 37 0. 00 0. 00
+15 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0.00
Ther mal 1{ 1} -73.99 0.20 0. 00 0. 37 0.00 0. 00
Pressure 1{1} 0.00 0.00 0.00 0. 00 0. 00 0.00
GRTP1{1} -73.97 -27.69 0. 00 0.37 0. 00 0. 00



+16 Gavity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -74.85 0. 20 0. 00 0. 38 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -74.84 -27.69 0. 00 0. 38 0. 00 0. 00

+17 Gavity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} -76.39 0. 20 0. 00 0. 38 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -76.37 -27.68 0. 00 0. 38 0. 00 0. 00
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RESULT PAGE 10
DI SPLACEMENTS

Poi nt Load TRANSLATI ONS (nm ) ROTATI ONS (deg )

nane conbi nati on X Y A X Y Z

+18 G avity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -78.60 0.21 0. 00 0. 39 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -78.58 -27.68 0. 00 0. 39 0. 00 0. 00

+19 G avity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} -81.50 0.22 0. 00 0. 39 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -81.49 -27.67 0. 00 0. 39 0. 00 0. 00

+20 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -85.13 0.23 0. 00 0. 39 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -85.12 -27.66 0. 00 0. 40 0. 00 0. 00

+21 Gavity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -89.52 0.24 0. 00 0.40 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -89.51 -27.65 0. 00 0. 40 0. 00 0. 00

+22 Gavity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -94.70 0. 25 0. 00 0. 40 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -94.69 -27.63 0. 00 0.40 0. 00 0. 00

+23 Gavity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -100. 72 0.27 0. 00 0.41 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -100. 71 -27.62 0. 00 0.41 0. 00 0. 00

+24 Gavity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -107. 64 0.29 0. 00 0.41 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -107.62 -27.60 0. 00 0.41 0. 00 0. 00

+25 Gavity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -115. 51 0.31 0. 00 0.42 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -115.49 -27.58 0. 00 0.42 0. 00 0. 00

+26 Gavity{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -124. 40 0! 88 0. 00 0.42 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -124.39 -27.55 0. 00 0.42 0. 00 0. 00

+27 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00



Thermal 1{1} -134. 40 0. 36 0.00 0.42 0.00 0.00
Pressure 1{1} 0.00 0.00 0.00 0.00 0.00 0.00
GRTP1{ 1} -134.39 -27.53 0. 00 0. 43 0. 00 0.00
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DI SPLACEMENTS

Poi nt Load TRANSLATI ONS (nm ) ROTATI ONS (deg )
nane conbi nation X Y z X Y 4
+28 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0.00
Thermal 1{1} -145.59 0. 39 0. 00 0. 43 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -145.58 -27.50 0. 00 0.43 0. 00 0. 00
+29 G avi ty{1} 0.01 -27.89 0. 00 0.00 0. 00 0. 00
Thermal 1{1} -158. 08 0. 43 0. 00 0. 43 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -158.06 -27.46 0. 00 0.43 0. 00 0. 00
+30 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} -171. 96 0.45 -0.01 0.44 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -171.95 -27.43 -0.01 0. 44 0. 00 0.00
+31 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -187.37 0.52 0.04 0.44 0. 00 0. 00
Pressure 1{1} 0.00 0. 00 0. 00 0.00 0. 00 0. 00
GRTP1{ 1} -187.36 -27.37 0. 04 0. 44 0. 00 0.00
+32 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -204. 45 0.52 -0.19 0.45 -0.01 0. 00
Pressure 1{1} 0. 00 0. 00 0.00 0. 00 0.00 0.00
GRTP1{ 1} -204.43 -27.37 -0.19 0%45 | 71 40/ 01 0. 00
+33 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} -223.34 0.51 0. 87 0. 45 0.02 0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{1} -223.32 -27.37 0.87 0.45 0.02 0.01
+34 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0.00
Ther mal 1{1} -244.21 1.61 -3.69 0.45 -0.05 -0.02
Pressure 1{1} 0. 00 0. 00 -0.01 0. 00 0. 00 0. 00
GRTP1{1} -244.19 -26.28 -3.69 0.46 -0.05 -0.02
+35 G avi ty{1} 0.02 -27.89 0. 00 0.00 0. 00 0. 00
Thermal 1{1} -267.26 -4.65 14.90 0. 46 0. 09 0.04
Pressure 1{1} 0.00 -0.01 0.03 0. 00 0. 00 0. 00
GRTP1{ 1} -267.24 -32.55 14.93 0. 46 0.09 0. 04
AO3 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} -292.59 24.52 -57.84 0. 46 0. 00 0. 00
Pressure 1{1} 0.00 0/ 85 |(/-0)11 0.00 0. 00 0. 00
GRTP1{ 1} -292.57 -3.32 -57.96 0. 46 0. 00 0. 00
+1 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0.00
Ther mal 1{ 1} -266.90 -4.25 10.88 0.46 -0.09 -0.03
Pressure 1{1} 0.00 -0.01 0. 03 0. 00 0. 00 0. 00
GRTP1{ 1} -266.88 -32.14 10.91 0.47 -0.09 -0.03
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DI SPLACEMENTS

Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )
nane conbi nati on X Y Z X Y VA
+2 Gravity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -242. 43 1.87 -6.29 0. 47 0. 05 0.02
Pressure 1{1} 0. 00 0. 00 -0.01 0. 00 0. 00 0. 00
GRTP1{ 1} -242.41 -26.01 -6. 30 0. 47 0. 05 0.03
+3 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -220. 39 0.77 -1.76 0. 47 -0.02 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -220.37 -27.12 -1.76 0. 47 -0.02 0. 00
+4 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -200. 25 0.75 -2.52 0. 47 0. 00 0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -200.23 -27.14 -2.52 0. 47 0. 00 0.01
+5 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} -181. 90 0.72 -2.09 0. 47 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -181.88 -27.17 -2.09 0. 47 0. 00 0.01
+6 Gavity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -165. 16 0.63 -1.94 0. 47 0. 00 0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -165.13 -27.25 -1.94 0. 47 0. 00 0.01
+7 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -149. 88 0.58 -1.75 0. 47 0.00 0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -149.86 -27.31 -1.75 0. 47 0. 00 0.01
+8 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -135. 94 0.53 -1.59 0. 47 0.00 0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -135.91 -27.36 -1.59 0. 47 0. 00 0.01
+9 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} -123. 20 0. 48 -1.44 0. 47 0. 00 0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -123.18 -27.41 -1.44 0.48 0. 00 0.01
+10 Gravity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -111.55 0.43 -1.30 0.48 0. 00 0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -111.53 -27.46 -1.30 0.48 0. 00 0.01
+11 Gavity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -100. 90 0.39 -1.18 0.48 0. 00 0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -100.87 -27.50 -1.18 0.48 0. 00 0.01
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Poi nt Load TRANSLATIONS (mMm ) ROTATI ONS (deg )
name conbi nation X Y z X Y z
+12 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -91.14 0.85 |/F 14107, 0. 48 0. 00 0.01
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -91.11 -27.53 -1.07 0. 48 0.00 0.01
+13 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0.00
Ther mal 1{1} -82.19 0. 32 -0.96 0. 48 0. 00 0.01
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -82.16 -27.57 -0.96 0. 48 0. 00 0.01
+14 Gravity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0.00
Ther mal 1{1} -73.97 0. 28 -0. 86 0.48 0. 00 0.01
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -73.94 -27.60 -0.86 0.48 0. 00 0.01
+15 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -66. 40 0.26 -0.78 0. 48 0. 00 0.01
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -66.38 -27.63 -0.78 0. 48 0. 00 0.01
+16 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -59. 43 0.23 -0.69 0. 48 0. 00 0.01
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -59.40 -27.66 -0.69 0. 48 0. 00 0.01
+17 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -52.98 0.20 -0.62 0. 49 0. 00 0.01
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0.00
GRTP1{ 1} -52.95 -27.68 -0.62 0. 49 0. 00 0.01
+18 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} -47.00 0.18 -0.55 0. 49 0. 00 0.01
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -46.97 -27.70 -0.55 0. 49 0. 00 0.01
+19 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} -41. 44 0.16 -0.48 0. 49 0. 00 0.01
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -41.41 -27.73 -0.48 0. 49 0. 00 0.01
+20 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{ 1} -36.25 0.14 -0.42 0. 49 0.00 0.01
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -36.22 -27.75 -0.42 0.49 0. 00 0.01
+21 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0.00
Ther mal 1{ 1} -31.38 0.12 -0.37 0. 49 0. 00 0.01
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -31.35 -27.77 -0.37 0. 49 0. 00 0.01
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DI SPLACEMENTS
Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )
nane conbi nati on X Y A X Y z
+22 Gavity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -26.79 0.10 -0.31 0. 49 0. 00 0.01

Pressure 1{1} 0.01 0. 00 0.00 0. 00 0.00 0.00



o
D
O
=
o
S
o
o
=

GRTP1{1} - 26,75 £-27. 790, 5,031

+23 Gravity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -22.43 0. 09 -0.26 0. 49 0. 00 0.01
Pressure 1{1} 0. 02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -22.40 -27.80 -0.26 0. 49 0. 00 0.01

+24 Gravity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -18. 27 0. 07 -0.21 0. 49 0. 00 0.01
Pressure 1{1} 0. 02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -18.24 -27.82 -0.21 0. 49 0. 00 0. 01

+25 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -14.28 0. 06 -0.17 0.50 0. 00 0.01
Pressure 1{1} 0. 02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -14.24 -27.83 -0.17 0. 50 0. 00 0.01

+26 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -10.41 0. 04 -0.12 0. 50 0. 00 0.01
Pressure 1{1} 0. 02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -10.37 -27.85 -0.12 0.50 0. 00 0.01

+27 Gavity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -6. 64 0. 03 -0.08 0.50 0. 00 0.01
Pressure 1{1} 0. 02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -6.60 -27.86 -0.08 0. 50 0. 00 0.01

+28 Gravity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} -2.92 0.01 -0.03 0. 50 0. 00 0.01
Pressure 1{1} 0. 03 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -2.88 -27.88 -0.03 0.50 0. 00 0.01

+29 Gravity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0.77 0. 00 0. 02 0.50 0. 00 0.01
Pressure 1{1} 0. 03 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.81 -27.89 0. 02 0.50 0. 00 0.01

+30 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 4. 46 -0.02 -0.01 0.50 -0.01 0.01
Pressure 1{1} 0. 03 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.51 -27.91 -0.01 0. 50 -0.01 0.01

+31 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 8. 19 -0.02 0. 50 0. 50 0. 02 0.01
Pressure 1{1} 0. 03 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 8.25 -27.91 0.50 0.50 0.02 0.01
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Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )

nanme conbi nati on X Y z X Y A

+32 Gavity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 12.03 -0.05 -1.86 0.50 -0.07 0. 00
Pressure 1{1} 0. 04 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 12.09 -27.94 -1.87 0.50 -0. 07 0. 00

+33 Gavity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 15.81 -0.13 9.24 0.51 0.21 0.01
Pressure 1{1} 0.04 0. 00 0. 02 0. 00 0. 00 0. 00
GRTP1{ 1} 15.88 -28.02 9. 26 0.51 0.21 0.01



+34 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 20. 43 0.50 -38.24 0.50 -0.54 0. 00
Pressure 1{1} 0.04 0. 00 -0. 06 0. 00 0. 00 0. 00
GRTP1{ 1} 20.49 -27.39 -38.30 0.51 -0.54 0. 00

+35 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 22. 38 -3.07 156.01 0.51 1.02 0. 02
Pressure 1{1} 0. 05 -0.01 0. 26 0. 00 0. 00 0. 00
GRTP1{ 1} 22.45 -30.96 156.26 0.51 1.02 0.02

AO04 Gravi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 35.78 12. 35 -604. 87 0.51 -0.04 0.03
Pressure 1{1} 0.07 0.02 -1.00 0. 00 0. 00 0. 00
GRTP1{1} 35.87 -15.51 -605.87 0.51 -0.05 0.03

+1 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -50.03 -2.75 150.42 0.50 -1.02 0. 05
Pressure 1{1} -0.08 0. 00 0. 25 0. 00 0. 00 0. 00
GRTP1{ 1} -50.09 -30.65 150.68 0.50 -1.02 0. 05

+2 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0.00
Thermal 1{1} -24.50 0.67 -41.25 0. 50 0.54 0. 07
Pressure 1{1} -0.04 0.00 -0.07 0. 00 0. 00 0. 00
GRTP1{ 1} -24.52 -27.21 -41.31 0.51 0.54 0. 07

+3 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0.00
Thermal 1{1} -27.35 0. 06 5.70 0.50 -0.21 0. 06
Pressure 1{1} -0.04 0. 00 0.01 0. 00 0. 00 0. 00
GRTP1{ 1} -27.37 -27.83 5.71 0.50 -0.21 0. 06

+4 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -23. 66 0.09 -4.71 0. 50 0. 07 0. 06
Pressure 1{1} -0.04 0.00 -0.01 0. 00 0. 00 0. 00
GRTP1{ 1} -23.67 -27.79 -4.72 0. 50 0. 07 0. 06

+5 G avi ty{1} 0.02 -27.89 0. 00 0.00 0. 00 0. 00
Thermal 1{1} -21.70 0.11 -2.18 0.50 -0.02 0. 06
Pressure 1{1} -0.03 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{1} -21.72 -27.78 -2.18 0.50 -0.02 0. 06
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DI SPLACEMENTS

Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )

name conbi nati on X Y z X Y V4

+6 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -19.61 0.08 -2.38 0. 50 0. 00 0. 06
Pressure 1{1} -0.03 0.00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -19.62 -27.80 -2.38 0. 50 0. 00 0. 06

+7 G avi ty{1} 0.02 -27.89 0. 00 0.00 0. 00 0. 00
Thermal 1{1} -17.75 0.08 -2.07 0.50 0. 00 0. 06
Pressure 1{1} -0.03 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{1} -17.76 -27.81 -2.07 0.50 0. 00 0. 06

+8 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0.00
Ther mal 1{1} -16. 03 0.07 -1.90 0. 49 0. 00 0. 06
Pressure 1{1} -0.02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{1} -16.03 -27.81 -1.90 0.50 0. 00 0. 06

+9 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -14. 45 0.06 -1.69 0.49 0. 00 0. 06



Pressure 1{1} -0.02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -14.45 -27.83 -1.69 0. 49 0. 00 0. 06
+10 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -12.99 0. 06 -1.53 0. 49 0. 00 0. 06
Pressure 1{1} -0.02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -12.99 -27.83 -1.53 0. 49 0. 00 0. 06
+11 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} -11. 64 0.05 -1.38 0. 49 0. 00 0. 06
Pressure 1{1} -0.02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -11.63 -27.83 -1.38 0. 49 0. 00 0. 06
+12 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -10. 39 0. 04 -1.21 0. 49 0. 00 0. 06
Pressure 1{1} -0.02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -10.38 -27.84 -1.21 0. 49 0. 00 0. 06
+13 Gavity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} -9.22 0.04 -1.10 0. 49 0. 00 0. 06
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -9.22 -27.85 -1.10 0. 49 0. 00 0. 06
+14 Gavity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -8.14 0.04 -0.95 0. 49 0. 00 0. 06
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -8.13 -27.85 -0.95 0. 49 0. 00 0. 06
+15 Gavity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} -7.13 0.03 -0.84 0. 48 0. 00 0. 06
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -7.12 -27.86 -0.84 0. 49 0. 00 0. 06
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Poi nt Load TRANSLATI ONS (nm ) ROTATI ONS (deg )
nane conbi nati on X Y Z X Y Z
+16 Gavity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -6.17 0.03 -0.74 0.48 0. 00 0. 06
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -6.16 -27.86 -0.74 0. 48 0. 00 0. 06
+17 Gavity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -5.27 0. 02 -0. 60 0. 48 0. 00 0. 06
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -5.26 -27.87 -0. 60 0. 48 0. 00 0. 06
+18 Gavity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} -4.41 0. 02 -0.54 0. 48 0. 00 0. 06
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -4.40 -27.87 -0.53 0.48 0. 00 0. 06
+19 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} -3.60 0.01 -0.41 0. 48 0. 00 0. 06
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -3.58 -27.87 -0.41 0. 48 0. 00 0. 06
+20 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -2.81 0.01 -0.33 0. 48 0.00 0. 06
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -2.79 -27.88 -0.33 0. 48 0. 00 0. 06



+21 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -2.04 0.01 -0.25 0.48 0. 00 0. 06
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -2.03 -27.88 -0.25 0. 48 0. 00 0. 06

+22 Gavity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} -1.30 0. 00 -0.14 0. 48 0. 00 0. 06
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -1.28 -27.88 -0.13 0. 48 0. 00 0. 06

+23 Gravity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{ 1} -0.56 0. 00 -0.08 0. 47 0. 00 0. 06
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -0.54 -27.88 -0.08 0. 47 0. 00 0. 06

+24 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0.17 0. 00 0.03 0. 47 0. 00 0. 06
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.19 -27.89 0.04 0. 47 0. 00 0. 06

+25 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 0.90 0. 00 0.11 0. 47 0. 00 0. 06
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.92 -27.89 0.11 0. 47 0. 00 0. 06
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DI SPLACEMENTS

Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )

nane conbi nati on X Y Z X Y Z

+26 Gavity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 1.64 -0.01 0.18 0. 47 0. 00 0. 06
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0.00
GRTP1{ 1} 1.66 -27.89 0.18 0. 47 0. 00 0. 06

+27 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 2.39 -0.01 0.30 0. 47 0. 00 0. 06
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.42 -27.90 0.30 0. 47 0. 00 0. 06

+28 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3.17 -0.01 0.35 0. 47 0. 00 0.05
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.19 -27.90 0. 36 0. 47 0. 00 0. 06

+29 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3.97 -0.02 0. 49 0. 47 0. 00 0.05
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.99 -27.91 0. 49 0. 47 0. 00 0.05

+30 Gavity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 4. 80 -0.02 0.56 0. 46 0. 00 0.05
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0.00 0. 00
GRTP1{ 1} 4.83 -27.91 0.57 0. 46 0. 00 0.05

+31 Gavity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 5.68 -0.03 0. 63 0. 46 -0.01 0.05
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 5.71 -27.92 0.63 0. 46 -0.01 0.05

+32 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00



Thermal 1{1} 6.58 -0.01 0.99 0. 46 0.01 0. 05
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0.00 0. 00
GRTP1{ 1} 6.61 -27.90 0. 99 0. 46 0.01 0. 05
+33 G avi ty{1} 0.02 -27.89 0. 00 0.00 0. 00 0. 00
Thermal 1{1} 7.70 -0.06 -0.12 0.46 -0.04 0. 05
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 7.73 -27.95 -0.12 0. 46 -0.04 0. 05
+34 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0.00
Ther mal 1{1} 8. 09 -0.11 5.61 0. 46 0.11 0. 06
Pressure 1{1} 0.01 0. 00 0.01 0. 00 0. 00 0. 00
GRTP1{1} 8.12 -27.99 5.62 0. 46 0.11 0. 06
+35 Gravity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0.00
Ther mal 1{1} 12. 07 0.83 -18.52 0. 46 -0.28 0. 04
Pressure 1{1} 0.01 0.00 -0.03 0. 00 0. 00 0. 00
GRTP1{ 1} 12.11 -27.06 -18.55 0.46 -0.28 0. 04
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Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )
name conbi nation X Y Z X Y Z
+36 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 1.49 -5.07 81.40 0. 45 0.53 0. 09
Pressure 1{1} 0.00 -0.01 0.13 0. 00 0. 00 0. 00
GRTP1{ 1} 1.51 -32.97 81.54 0. 45 0.53 0.09
AO5 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 49. 12 22.21 -310.81 0. 45 0.01 0. 07
Pressure 1{1} 0. 07 0.04 -0.51 0. 00 0. 00 0. 00
GRTP1{1} 49.22 -5.64 -311.32 0.45 0.01 0. 07
+1 G avity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0.00
Ther mal 1{ 1} -17.86 -5.01 78.90 0.44 -0.54 0.04
Pressure 1{1} -0.04 -0.01 0.13 0. 00 0. 00 0. 00
GRTP1{ 1} -17.87 -32.90 79. 04 0. 44 -0.54 0. 04
+2 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0.00
Thermal 1{1} -0.23 0.90 -20.19 0.42 0.28 0.09
Pressure 1{1} -0.01 0.00 -0.03 0. 00 0. 00 0. 00
GRTP1{1} -0.22 -26.98 -20.22 0.42 0.28 0. 09
+3 G avi ty{1} 0.02 -27.89 0. 00 0.00 0. 00 0.00
Thermal 1{1} -3.98 -0.05 4.01 0.'41 ;7 5@, 14 0. 07
Pressure 1{1} -0.01 0. 00 0.01 0. 00 0. 00 0. 00
GRTP1{ 1} -3.97 -27.94 4.02 0.41 -0.11 0. 07
+4 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0.00
Ther mal 1{1} -2.63 -0.01 -1.47 0.40 0.03 0. 07
Pressure 1{1} -0.01 0. 00 0. 00 0.00 0. 00 0. 00
GRTP1{ 1} -2.61 -27.90 -1.47 0. 40 0.03 0.07
+5 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} -2.46 0.03 -0.22 0.39 -0.01 0. 07
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -2.44 -27.86 -0.22 0.39 -0.01 0. 07
+6 G avi ty{1} 0.02 -27.89 0. 00 0. 00 0.00 0. 00
Thermal 1{1} -2.06 0.00 -0.41 0. 38 0. 00 0.07
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
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GRTP1{1} -2.04 -27.88 -0.41

+7 Gravity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -1.74 0.01 -0. 27 0. 36 0. 00 0. 06
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -1.72 -27.88 -0.27 0. 37 0. 00 0. 06

+8 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -1.41 0.01 -0. 27 0. 35 0. 00 0. 06
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -1.39 -27.88 -0. 26 0. 35 0. 00 0. 06
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DI SPLACEMENTS

Poi nt Load TRANSLATI ONS (nm ) ROTATI ONS (deg )

nane conbi nati on X Y Z X Y 2

+9 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} -1.11 0. 00 -0.17 0. 34 0. 00 0. 06
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -1.09 -27.88 -0.17 0.34 0. 00 0. 06

+10 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -0.81 0.01 -0.16 0. 33 0. 00 0. 06
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -0.78 -27.88 -0.16 0.33 0. 00 0. 06

+11 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -0.52 0. 00 -0. 07 0. 32 0. 00 0. 05
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -0.50 -27.89 -0.07 0. 32 0. 00 0. 05

+12 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -0.23 0. 00 -0.04 0. 30 0. 00 0. 05
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -0.21 -27.89 -0.04 0. 30 0. 00 0. 05

115 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0. 06 0. 00 -0.01 0.29 0. 00 0. 05
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.08 -27.89 -0.01 0.29 0. 00 0. 05

+14 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0.33 -0.01 0. 08 0. 28 0. 00 0. 05
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.36 -27.89 0. 09 0.28 0. 00 0. 05

+15 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0. 63 0. 00 0. 08 0. 27 0. 00 0.05
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.65 -27.89 0. 08 0. 27 0. 00 0. 05

+16 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0.91 -0.01 0.18 0. 25 0. 00 0. 04
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.94 -27.90 0.19 0. 25 0. 00 0. 04

+17 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} .22 -0.01 0.20 0.24 0. 00 0. 04
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 1.25 -27.89 0.21 0.24 0. 00 0.04



+18 G avity{1} 0.03 -27.89 0.00 0.00 0. 00 0.00

Thermal 1{ 1} 1.53 -0.01 0.25 0.23 0. 00 0. 04
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 1.56 -27.90 0. 26 0.23 0. 00 0. 04
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DI SPLACEMENTS

Poi nt Load TRANSLATIONS (mm ) ROTATI ONS (deg )
nane conbi nati on X Y Z X Y Z
+19 Gravity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 1.85 -0.01 0.34 0.22 0. 00 0.04
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 1.88 -27.90 0.35 0.22 0. 00 0.04
+20 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 2.20 -0.01 0.35 0.21 0. 00 0.04
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.23 -27.90 0. 36 0.21 0. 00 0.04
+21 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 2.55 -0.02 0. 47 0.19 0. 00 0.03
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.58 -27.90 0. 47 0.19 0. 00 0.03
+22 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 2.94 -0.02 0.50 0.18 0. 00 0. 03
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.97 -27.90 0. 50 0.18 0. 00 0.03
+23 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3.35 -0.02 0.57 0.17 0. 00 0.03
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.38 -27.91 0.57 0.17 0. 00 0.03
+24 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3.78 -0.02 0. 67 0.16 0. 00 0.03
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.81 -27.91 0. 67 0.16 0. 00 0.03
+25 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 4.26 -0.02 0.71 0.14 0. 00 0.02
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.29 -27.91 0.72 0.14 0. 00 0.02
+26 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 4.75 -0.03 0. 85 0.13 0. 00 0. 02
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.78 -27.92 0. 86 0.13 0. 00 0.02
+27 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 5.31 -0.03 0.90 0.12 0. 00 0. 02
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 5.34 -27.91 0.91 0.12 0. 00 0. 02
+28 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 5.90 -0.03 1.00 0.11 0. 00 0. 02
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 5.93 -27.92 1.01 0.11 0. 00 0.02
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DI SPLACEMENTS

Poi nt Load TRANSLATI ONS (nmm ) ROTATI ONS (deg )
nane conbi nati on X Y z X Y Z
+29 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 6. 54 -0.04 1.16 0. 09 0. 00 0. 02
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 6.57 -27.93 1.16 0. 09 0. 00 0. 02
+30 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 7.25 -0.03 1.23 0. 08 0. 00 0.01
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 7.28 -27.92 1.23 0.08 0. 00 0.01
+31 Gravity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 8. 00 -0.05 1.43 0. 07 0. 00 0.01
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 8.04 -27.94 1.43 0. 07 0. 00 0.01
+32 Gravity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 8. 88 -0.03 1.33 0. 06 -0.01 0.01
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 8.91 -27.92 1.34 0. 06 -0.01 0.01
+33 Gravity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 9.58 -0.07 2. 67 0. 05 0.04 0.01
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 9.62 -27.96 2. 67 0. 05 0. 04 0.01
+34 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 11.53 -0.11 -2.67 0.03 -0.11 0.01
Pressure 1{1} 0. 01 0. 00 -0.01 0. 00 0. 00 0. 00
GRTP1{ 1} 11.57 -27.99 -2.67 0. 03 -0.11 0.01
+35 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 8.48 0.54 21. 48 0. 02 0. 28 -0.01
Pressure 1{1} 0.01 0. 00 0.03 0. 00 0. 00 0. 00
GRTP1{ 1} 8.51 -27.34 21.52 0. 02 0.28 -0.01
+36 Gavity{1} 0.03 -27.89 0.01 0. 00 0. 00 0. 00
Thermal 1{1} 26. 67 -3.60 -76.84 0. 00 -0.53 0.03
Pressure 1{1} 0. 03 -0.01 -0.13 0. 00 0. 00 0. 00
GRTP1{ 1} 26.73 -31.49 -76.96 0. 00 -0.53 0.03
A06 Gravity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0.00
Ther mal 1{1} -38.82 15.74 310.50 0. 00 0.01 0. 00
Pressure 1{1} -0. 07 0. 03 0.51 0. 00 0. 00 0. 00
GRTP1{ 1} -38.86 -12.12 311.02 0. 00 0.01 0. 00
+1 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 7.41 -3.48 -79.99 0. 00 0.53 -0.03
Pressure 1{1} 0. 00 -0.01 -0.13 0. 00 0. 00 0. 00
GRTP1{ 1} 7.44 -31.37 -80.12 0. 00 0. 53 -0.03
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DI SPLACEMENTS

Poi nt Load TRANSLATI ONS (nmm ) ROTATI ONS (deg )
name conbi nati on X Y A X Y A
+2 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -3.93 0. 60 19.40 -0.01 -0.28 0.01
Pressure 1{1} -0.02 0. 00 0. 03 0. 00 0. 00 0. 00
GRTP1{ 1} -3.92 -27.29 19. 44 -0.01 -0.28 0.01
+3 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -0.78 -0.03 -4.73 -0.01 0.11 -0.01
Pressure 1{1} -0.01 0. 00 -0.01 0. 00 0. 00 0. 00
GRTP1{ 1} -0.76 -27.92 -4.74 -0.01 0.11 -0.01
+4 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -1.13 -0.02 0. 88 -0.01 -0.04 0. 00
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -1.11 -27.91 0. 89 -0.01 -0.04 0. 00
+5 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -0.69 0.02 -0.28 -0.02 0.01 0. 00
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -0.67 -27.87 -0.28 -0.02 0.01 0. 00
+6 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -0.42 0. 00 -0.02 -0.02 0. 00 0. 00
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -0.40 -27.89 -0.02 -0.02 0. 00 0. 00
+7 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} -0.13 0. 00 -0.01 -0.02 0. 00 0. 00
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -0.11 -27.89 -0.01 -0.02 0. 00 0. 00
+8 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0. 15 0. 00 0.02 -0.02 0. 00 0. 00
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.17 -27.89 0.02 -0.02 0. 00 0. 00
+9 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0. 44 0. 00 0. 04 -0.03 0. 00 0. 00
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.46 -27.89 0. 04 -0.03 0. 00 0. 00
+10 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0.73 -0.01 0.11 -0.03 0. 00 0. 00
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.75 -27.89 0.11 -0.083 0. 00 0. 00
+11 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 1.03 0. 00 0.10 -0.03 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 1.05 -27.89 0.10 -0.03 0. 00 0. 00
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Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )
nanme conbi nati on X Y A X Y A
+12 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00

Thermal 1{1} 1.33 -0.01 0.17 -0.03 0. 00 0. 00



Pressure 1{1} 0. 00 0. 00 0. 00 0.00 00 0.00
GRTP1{ 1} 1.36 -27.90 0.17 -0.03 0.00 0.00
+13 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 1.65 -0.01 0.19 -0.04 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0.00 0.00 0. 00 0. 00
GRTP1{ 1} 1.68 -27.90 0. 20 -0.04 0. 00 0. 00
+14 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0.00
Thermal 1{ 1} 1.98 -0.01 0.23 -0.04 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0.00 0. 00 0. 00
GRTP1{ 1} 2.01 -27.90 0. 23 -0.04 0. 00 0. 00
+15 Gavity{1} 0.03 -27.89 0.00 0. 00 0.00 0.00
Thermal 1{1} 2.33 -0.02 0. 28 -0.04 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.36 -27.90 0. 28 -0.04 0. 00 0. 00
+16 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 2.70 -0.02 0. 32 -0.04 0.00 -0.01
Pressure 1{1} 0.00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.73 -27.91 0. 32 -0.04 0.00 -0.01
+17 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3.09 -0.01 0.35 -0.05 0.00 -0.01
Pressure 1{1} 0. 00 0. 00 0.00 0. 00 0. 00 0.00
GRTP1{ 1} 3.12 -27.90 0.35 -0.05 0.00 -0.01
+18 G avi ty{1} 0.03 -27.89 0. 00 0.00 0. 00 0. 00
Ther mal 1{1} 3.51 -0.02 0. 44 -0.05 0.00 -0.01
Pressure 1{1} 0.00 0. 00 0. 00 0. 00 0. 00 0.00
GRTP1{ 1} 3.53 -27.91 0. 44 -0.05 0.00 -0.01
+19 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thernal 1{ 1} 3.96 -0.02 0. 44 -0.05 0.00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.99 -27.91 0. 45 -0.05 0.00 -0.01
+20 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0.00
Thermal 1{1} 4.44 -0.03 0.54 -0.05 0.00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.46 -27.92 0. 54 -0.05 0.00 -0.01
+21 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 4.96 -0.03 0.58 -0.06 0.00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.98 -27.92 0. 58 -0.06 0.00 -0.01
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Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )
name combi nati on X Y Z X Y z
+22 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{ 1} 5.52 -0.03 0. 64 -0.06 0.00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 5.55 -27.92 0. 65 -0.06 0.00 -0.01
+23 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0.00
Ther mal 1{ 1} 6.12 -0.04 0.73 -0.06 0.00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 6.15 -27.93 0.73 -0.06 0.00 -0.01



+24 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 6.79 -0.04 0.78 -0.06 0. 00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 6.82 -27.93 0.79 -0.07 0. 00 -0.01

+25 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 7.50 -0.05 0.90 -0. 07 0. 00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 7.53 -27.93 0.91 -0.07 0. 00 -0.01

+26 Gravity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{ 1} 8.29 -0.05 0.97 -0.07 0. 00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 8.32 -27.94 0. 97 -0. 07 0. 00 -0.01

+27 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 9.14 -0.06 1.08 -0.07 0. 00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 9.17 -27.94 1.08 -0.07 0. 00 -0.01

+28 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 10. 07 -0.06 1.19 -0.08 0. 00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0.00 0. 00 0. 00
GRTP1{ 1} 10.10 -27.95 1.20 -0.08 0. 00 -0.01

+29 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 11. 09 -0.06 1.28 -0.08 0. 00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 11.12 -27.95 1.28 -0.08 0. 00 -0.01

+30 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 12. 19 -0.08 1.46 -0.08 0. 00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 12.22 -27.97 1.46 -0.08 0. 00 -0.01

+31 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 13.41 -0.08 1.59 -0.08 0. 00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 13.44 -27.97 1.59 -0.08 0. 00 -0.01
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DI SPLACEMENTS

Poi nt Load TRANSLATI ONS (nmm ) ROTATI ONS (deg )

nane conbi nati on X Y Z X Y Z

+32 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 14.75 -0.09 1.66 -0.09 0.00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 14.78 -27.98 1.66 -0.09 0. 00 -0.01

+33 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 16. 15 -0.09 2. 30 -0.09 0.02 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 16.18 -27.98 2.30 -0.09 0.02 -0.01

+34 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 18. 00 -0.11 0.23 -0.09 -0.04 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 18.04 -28.00 0.23 -0.09 -0.04 -0.01

+35 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00



Ther mal 1{ 1} 18.58 -0.10 10. 38 -0.09 0.12 -0.01
Pressure 1{1} 0. 00 0. 00 0.01 0. 00 0. 00 0. 00
GRTP1{ 1} 18.61 -27.99 10. 40 -0.09 0.12 -0.01
+36 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 25.32 -0.22 -30.43 -0.10 -0.22 -0.01
Pressure 1{1} 0.01 0. 00 -0.06 0. 00 0. 00 0. 00
GRTP1{ 1} 25.36 -28.10 -30.48 -0.10 -0.22 -0.01
A07 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0.00
Ther mal 1{1} 8. 40 0.22 131.24 -0.10 0. 00 -0.01
Pressure 1{1} -0.02 0. 00 0. 22 0. 00 0. 00 0. 00
GRTP1{ 1} 8.41 -27.67 131.46 -0.10 0.00 -0.01
+1 Gravity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 24. 85 -0.22 -31.09 -0.10 0. 22 -0.01
Pressure 1{1} 0. 00 0.00 -0.06 0. 00 0. 00 0. 00
GRTP1{ 1} 24.89 -28.11 -31.14 -0.10 0. 22 -0.01
+2 Gravity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 22.14 -0.11 10. 28 -0.10 -0.12 -0.01
Pressure 1{1} 0. 00 0. 00 0.01 0. 00 0. 00 0. 00
GRTP1{ 1} 22.17 -28.00 10. 30 -0.10 -0.12 -0.01
+3 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 24. 49 -0.15 0. 45 -0.11 0.05 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 24.52 -28.04 0. 45 -0.11 0. 05 -0.01
+4 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 25. 88 -0.16 2.85 -0.11 -0.01 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 25.91 -28.04 2. 86 -0.11 -0.01 -0.01
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DI SPLACEMENTS
Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )
nane conbi nati on X Y Z X Y 74
+5 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 27. 75 -0.16 2.56 -0.11 0.01 -0.01
Pressure 1{1} 0. 00 0.00 0. 00 0. 00 0. 00 0.00
GRTP1{ 1} 27.78 -28.05 2.56 -0.11 0.01 -0.01
+6 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 29. 80 -0.18 2.85 -0.11 0.00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 29.83 -28.07 2.85 -0.11 0.00 -0.01
+7 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 32.12 -0.19 3.03 -0.12 0.00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 32.15 -28.08 3.03 -0.12 0.00 -0.01
+8 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 34.70 -0.21 3.32 -0.12 0.00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 34.73 -28.10 3.32 -0.12 0.00 -0.01
+9 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0.00 0. 00
Thermal 1{1} 37.58 -0.23 3.57 -0.12 0.00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0.00



GRTP1{ 1} 37.61 -28.12 3.57 -0.12 0. 00 -0.01
+10 Gravity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 40. 78 -0.24 3.87 -0.12 0. 00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 40.81 -28.13 3.88 -0.12 0. 00 -0.01
+11 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 44,32 -0.27 4,22 -0.13 0. 00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 44,35 -28.16 4.23 -0.13 0. 00 -0.01
+12 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 48. 24 -0.29 4.58 -0.13 0. 00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 48.27 -28.18 4.58 -0.13 0. 00 -0.01
+13 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 52. 57 -0.31 4.98 -0.13 0. 00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 52.60 -28.20 4.98 -0.13 0. 00 -0.01
+14 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 57.34 -0.35 5. 47 -0.13 0. 00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 57.37 -28.24 5. 47 -0.13 0. 00 -0.01
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DI SPLACEMENTS

Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )
nane conbi nati on X Y A X Y 74
+15 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 62. 60 -0.37 5.94 -0.14 0. 00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 62.63 -28.26 5. 95 -0.14 0. 00 -0.01
+16 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 68. 39 -0.41 6. 50 -0.14 0. 00 -0.01
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 68.43 -28.30 6. 50 -0.14 0. 00 -0.01
+17 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 74.76 -0.45 7.11 -0.14 0. 00 -0.01
Pressure 1{1} 0.01 0. 00 0. 00 0.00 0. 00 0. 00
GRTP1{ 1} 74.80 -28.34 7.11 -0.14 0. 00 -0.01
+18 Gavity{1} 0.03 -27.89 0. 00 0. 00 0.00 0. 00
Thermal 1{1} 81. 76 -0.48 7.76 -0.14 0. 00 -0.01
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 81.80 -28.37 7.77 -0.15 0. 00 -0.01
+19 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 89. 46 -0.54 8.51 -0.15 0. 00 -0.01
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 89.50 -28.43 8.51 -0.15 0. 00 -0.01
+20 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 97.91 -0.59 9. 30 -0.15 0. 00 -0.01
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0.00 0. 00
GRTP1{ 1} 97.95 -28.47 9.31 -0.15 0. 00 -0.01



+21 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 107. 20 -0.64 10. 19 -0.15 0.00 -0.01
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 107.24 -28.53 10. 19 -0.15 0. 00 -0.01

+22 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 117. 39 -0.71 11. 15 -0.16 0. 00 -0.01
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0.00 0. 00
GRTP1{ 1} 117.43 -28.60 11.16 -0.16 0. 00 -0.01

+23 Gravity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 128. 58 -0.77 12. 22 -0.16 0. 00 -0.01
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 128.62 -28.66 12. 23 -0.16 0. 00 -0.01

+24 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 140. 86 -0.84 13. 36 -0.16 0. 00 -0.02
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 140.90 -28.73 13. 37 -0.16 0. 00 -0.02
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Poi nt Load TRANSLATI ONS (nm ) ROTATI ONS (deg )

nane conbi nation X Y A X Y z

+25 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 154. 33 -0.93 14. 70 -0.16 0. 00 -0.02
Pressure 1{1} 0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 154. 37 -28.82 14. 70 -0.16 0. 00 -0.02

+26 Gravity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 169. 11 -1.01 16. 05 -0.17 0. 00 -0.02
Pressure 1{1} 0. 02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 169. 16 -28.90 16. 06 -0.17 0. 00 -0.02

+27 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 185. 32 -1.11 17.61 -0.17 0. 00 -0.02
Pressure 1{1} 0.02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 185.37 -29.00 17. 62 -0.17 0. 00 -0.02

+28 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 203.11 -1.22 19. 30 -0.17 0. 00 -0.02
Pressure 1{1} 0. 02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 203.16 -29.11 19. 31 -0.17 0. 00 -0.02

+29 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 222.62 -1.33 21. 14 -0.17 0. 00 -0.02
Pressure 1{1} 0.02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 222.67 -29.22 21. 14 -0.17 0. 00 -0.02

+30 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 244.01 -1.47 23. 20 -0.18 0. 00 -0.02
Pressure 1{1} 0. 02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 244.06 -29.35 23.21 -0.18 0. 00 -0.02

+31 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 267. 47 -1.61 25. 45 -0.18 0.01 -0.02
Pressure 1{1} 0. 02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 267.52 -29.50 25. 45 -0.18 0.01 -0.02

+32 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 293. 22 -1.75 27. 64 -0.18 -0.01 -0.02



Pressure 1{1} 0. 03 0.00 0.00 0.00 0.00 0.00

GRTP1{ 1} 293:28 -29.64 27. 64 -0.18 -0.01 -0.02
+33 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 321. 30 -1.93 31.70 -0.18 0. 04 -0.02
Pressure 1{1} 0. 03 0. 00 0.01 0. 00 0. 00 0. 00
GRTP1{ 1} 321.36 -29.82 31.71 -0.18 0.04 -0.02
+34 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 352. 86 -2.14 28. 16 -0.19 -0.13 -0.02
Pressure 1{1} 0.03 0. 00 -0.01 0. 00 0. 00 0. 00
GRTP1{ 1} 352.92 -30.03 28. 15 -0.19 -0.13 -0.02
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+35 Gravity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 384.10 -2.04 59. 57 -0.19 0. 33 -0.02
Pressure 1{1} 0.03 0. 00 0. 06 0. 00 0. 00 0. 00
GRTP1{ 1} 384.16 -29.93 59. 64 -0.19 0. 33 -0.02
+36 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 432. 33 -4.09 -53.05 -0.20 -0. 64 -0.01
Pressure 1{1} 0. 06 0. 00 -0.23 0. 00 0. 00 0. 00
GRTP1{ 1} 432.42 -31.98 -53.27 -0.20 -0.64 -0.01
A08 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 429. 70 3.92 408.19 -0.19 0. 05 -0.01
Pressure 1{1} -0.04 0. 02 0.90 0. 00 0. 00 0. 00
GRTP1{ 1} 429.69 -23.95 409.10 -0.19 0.05 -0.01
+1 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 391. 09 -4.05 -105. 15 -0.19 0.67 -0.01
Pressure 1{1} -0.04 0. 00 -0.23 0. 00 0. 00 0. 00
GRTP1{ 1} 391.08 -31.94 -105.38 -0.19 0. 67 -0.01
+2 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 356. 02 -1.97 26.01 -0.20 -0.35 0.01
Pressure 1{1} -0.04 0. 00 0. 06 0. 00 0. 00 0. 00
GRTP1{ 1} 356.01 -29.86 26. 07 -0.20 -0.35 0.01
+3 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 324. 08 -2.10 -6.13 -0.19 0.14 0. 00
Pressure 1{1} -0.03 0. 00 -0.01 0. 00 0. 00 0. 00
GRTP1{ 1} 324.08 -29.98 -6.15 -0.19 0.14 0. 00
+4 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 295. 03 -1.88 1.36 -0.19 -0.05 0. 00
Pressure 1{1} -0.03 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 295.03 -29.77 1.36 -0.19 -0. 05 0. 00
+5 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 268. 60 -1.71 -0. 27 -0.19 0. 02 0. 00
Pressure 1{1} -0.03 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 268.60 -29.60 -0.28 -0.19 0.02 0. 00
+6 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 244.54 -1.55 0. 05 -0.19 0.00 0. 00
Pressure 1{1} -0.02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 244.55 -29.44 0. 05 -0.19 0. 00 0. 00



+7 G avi ty{1} 0.03 -27.89 0.00 0.00 0.00 0.00

Thermal 1{1} 222. 66 -1.42 0. 00 -0.19 0. 00 0. 00
Pressure 1{1} -0.02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 222.67 -29.31 0. 00 -0.19 0. 00 0. 00
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DI SPLACEMENTS

Poi nt Load TRANSLATIONS (mm ) ROTATI ONS (deg )
nane conbi nati on X Y Z X Y 2
+8 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 202. 76 -1.29 0. 00 -0.19 0. 00 0. 00
Pressure 1{1} -0.02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 202.77 -29.18 0. 00 -0.19 0. 00 0. 00
+9 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 184. 65 -1.17 0. 00 -0.19 0. 00 0. 00
Pressure 1{1} -0.02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 184.66 -29.06 0. 00 -0.19 0. 00 0. 00
+10 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 168. 18 -1.07 0. 00 -0.19 0. 00 0. 00
Pressure 1{1} -0.02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 168.20 -28.96 0. 00 -0.19 0. 00 0. 00
+11 Gavi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 153.21 -0.97 0. 00 -0.18 0. 00 0.00
Pressure 1{1} -0.02 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 153.23 -28.86 0. 00 -0.19 0. 00 0. 00
+12 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 139. 59 -0.89 0. 00 -0.18 0. 00 0. 00
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0.00
GRTP1{ 1} 139.61 -28.78 0. 00 -0.18 0. 00 0. 00
+13 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 127. 22 -0.81 0. 00 -0.18 0. 00 0. 00
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 127.24 -28.70 0. 00 -0.18 0. 00 0. 00
+14 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 115. 97 -0.74 0. 00 -0.18 0. 00 0. 00
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 115.99 -28.63 0. 00 -0.18 0. 00 0. 00
+15 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 105. 75 -0.67 0. 00 -0.18 0. 00 0. 00
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 105.77 -28.56 0. 00 -0.18 0. 00 0. 00
+16 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 96. 47 -0.62 0. 00 -0.18 0. 00 0. 00
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 96.49 -28.51 0. 00 -0.18 0. 00 0. 00
+17 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 88. 04 -0.56 0. 00 -0.18 0. 00 0. 00
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 88.07 -28.44 0. 00 -0.18 0.00 0. 00
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Poi nt Load TRANSLATI ONS (nm ) ROTATI ONS (deg )
nane conbi nati on X Y 4 X Y 4
+18 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0.00
Ther mal 1{1} 80. 40 -0.51 0. 00 -0.18 0. 00 0. 00
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 80.43 -28.40 0. 00 -0.18 0. 00 0. 00
+19 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 73.47  -0.47 0. 00 -0.18 0. 00 0. 00
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 73.50 -28.36 0. 00 -0.18 0. 00 0. 00
+20 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 67.19 -0.42 0. 00 -0.18 0.00 0. 00
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 67.22 -28.31 0. 00 -0.18 0. 00 0. 00
+21 G avi ty{ 1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 61.51 -0.39 0. 00 -0.18 0. 00 0. 00
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 61.54 -28.28 0. 00 -0.18 0. 00 0. 00
+22 G avity{1} 0.03 -27.89 0. 00 0.00 0. 00 0. 00
Ther mal 1{1} 56.38 -0.36 0. 00 -0.17 0. 00 0. 00
Pressure 1{1} -0.01 0. 00 0. 00 0. 00 0. 00 0.00
GRTP1{ 1} 56.40 -28.25 0. 00 -0.18 0. 00 0. 00
+23 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 51.74 -0.33 0. 00 -0.17 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0.00 0.00 0. 00 0. 00
GRTP1{ 1} 51.77 -28.22 0. 00 -0.17 0. 00 0. 00
+24 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0.00
Thermal 1{1} 47.57 -0.30 0. 00 -0.17 0.00 0. 00
Pressure 1{1} 0. 00 0. 00 0.00 0. 00 0.00 0. 00
GRTP1{ 1} 47.59 -28.19 0. 00 -0.17 0. 00 0. 00
+25 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 43.81 -0.28 0. 00 -0.17 0.00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0.00
GRTP1{ 1} 43.84 -28.17 0. 00 -0.17 0. 00 0. 00
+26 G avi ty{1} 0.03 -27.89 0. 00 0.00 0. 00 0. 00
Thermal 1{ 1} 40.45 -0.26 0. 00 -0.17 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0.00
GRTP1{ 1} 40.48 -28.14 0. 00 -0.17 0. 00 0. 00
+27 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 37.44 -0.24 0. 00 -0.17 0. 00 0.00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0.00
GRTP1{ 1} 37.47 -28.13 0. 00 -0.17 0.00 0. 00
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DI SPLACEMENTS

Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )
name conbi nati on X Y A X Y A
+28 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 34.77 -0.22 0. 00 -0.17 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 34.80 -28.11 0. 00 -0.17 0. 00 0. 00
+29 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 32.40 -0.21 0. 00 -0.17 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 32.43 -28.10 0. 00 -0.17 0. 00 0. 00
+30 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 30. 32 -0.20 0. 00 -0. 17 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 30.36 -28.08 0. 00 -0.17 0. 00 0. 00
+31 Gravity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Therrmal 1{1} 28.52 -0.17 0. 00 -0.17 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 28.55 -28.06 0. 00 -0.17 0. 00 0. 00
+32 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 26. 96 -0.18 0. 00 -0.17 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 26.99 -28.07 0. 00 -0.17 0. 00 0. 00
+33 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 25. 64 -0.18 0. 00 -0.16 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 25.68 -28.07 0. 00 -0.17 0. 00 0. 00
+34 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 24.56 0.10 0. 00 -0.16 0. 00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 24.59 -27.79 0. 00 -0.16 0. 00 -0.01
+35 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 23.68 -1.59 0. 00 -0.16 0. 00 0.01
Pressure 1{1} 0.00 -0.01 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 23.71 -29.49 0. 00 -0.16 0. 00 0.01
A09 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 23. 06 6. 26 0. 00 -0.16 0. 00 0. 00
Pressure 1{1} 0. 00 0.02 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 23.10 -21.60 0. 00 -0.16 0. 00 0. 00
+1 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 20. 99 -1.59 0. 00 -0.16 0. 00 -0.01
Pressure 1{1} 0. 00 -0.01 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 21.02 -29.48 0. 00 -0.16 0. 00 -0.01
jaja op 10 th
07/ 28/ 2015 PI PAL BENTLEY
12: 03 AM Aut oPlI PE Advanced 9.6.0. 15
RESULT PAGE 34
DI SPLACEMENTS
Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )
nanme conbi nati on X Y Z X Y VA



+2 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 19. 17 0.12 0. 00 -0.16 0. 00 0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 19.20 -27.77 0. 00 -0.16 0. 00 0.01

+3 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 17.50 -0.14 0. 00 -0.16 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 17.54 -28.03 0. 00 -0.16 0. 00 0. 00

+4 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 15. 99 -0.12 0. 00 -0.16 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 16.03 -28.01 0. 00 -0.16 0. 00 0. 00

+5 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 14. 63 -0.10 0. 00 -0.16 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 14.66 -27.99 0. 00 -0.16 0. 00 0. 00

+6 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 13. 39 -0.09 0. 00 -0.16 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 13.43 -27.98 0. 00 -0.16 0. 00 0. 00

+7 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0.00
Thermal 1{1} 12. 27 -0.09 0. 00 -0.16 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 12.31 -27.97 0. 00 -0.16 0. 00 0. 00

+8 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 11. 27 -0.08 0. 00 -0.15 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 11.30 -27.97 0. 00 -0.16 0. 00 0. 00

+9 Gravity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 10. 36 -0.07 0. 00 -0.15 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 10.39 -27.96 0. 00 -0.15 0. 00 0. 00

+10 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 9.54 -0. 07 0. 00 -0.15 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 9.57 -27.96 0. 00 -0.15 0. 00 0. 00

+11 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 8.81 -0.06 0. 00 -0.15 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 8.84 -27.95 0. 00 -0.15 0. 00 0. 00
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nane conbi nati on X Y Z X Y z

+12 Gravity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 8.16 -0.06 0. 00 -0.15 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 8.19 -27.94 0. 00 -0.15 0. 00 0. 00

+13 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0.00 0.00



Thermal 1{ 1} 7.57 -0.05 0. 00 -0.15 0. 00 0. 00
Pressure 1{1} 0. 00 0.00 0. 00 0. 00 0.00 0. 00
GRTP1{ 1} 7.61 -27.94 0. 00 -0.15 0. 00 0. 00
+14 Gavity{1} 0.03 -27.89 0. 00 0.00 0. 00 0. 00
Thermal 1{1} 7.06 -0.05 0. 00 -0.15 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0.00 0. 00 0. 00
GRTP1{ 1} 7.09 -27.94 0.00 -0.15 0.00 0. 00
+15 G avity{1} 0.03 -27.89 0.00 0. 00 0. 00 0.00
Ther mal 1{1} 6.61 -0.05 0. 00 -0.15 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0.00 0. 00 0. 00
GRTP1{ 1} 6.64 -27.93 0. 00 -0.15 0. 00 0. 00
+16 Gravity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 6.21 -0.04 0. 00 -0.15 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 6.25 -27.93 0. 00 -0.15 0. 00 0. 00
+17 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0.00
Thermal 1{1} 5.88 -0.04 0. 00 -0.15 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 5.91 -27.93 0. 00 -0.15 0. 00 0. 00
+18 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 5.59 -0.04 0. 00 -0.15 0. 00 0. 00
Pressure 1{1} 0. 00 0.00 0. 00 0. 00 0. 00 0.00
GRTP1{ 1} 5.63 -27.93 0. 00 -0.15 0. 00 0. 00
+19 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 5.36 -0.04 0. 00 -0.15 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 5.39 -27.93 0. 00 -0.15 0. 00 0. 00
+20 G avity{1} 0.04 -27.89 0. 00 0.00 0. 00 0. 00
Ther mal 1{1} 5.17 -0.03 0. 00 -0.14 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 5.20 -27.92 0. 00 -0.14 0. 00 0. 00
+21 G avity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 5.02 -0.04 0. 00 -0.14 0.00 0. 00
Pressure 1{1} 0. 00 0. 00 0.00 0.00 0. 00 0. 00
GRTP1{ 1} 5.06 -27.92 0. 00 -0.14 0. 00 0. 00
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RESULT PAGE 36
DI SPLACEMENTS
Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )
name conbi nati on X Y z X Y Z
+22 G avity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 4.93 -0.03 0. 00 -0.14 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.96 -27.92 0. 00 -0.14 0. 00 0. 00
+23 Gravity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 4.87 -0.03 0. 00 -0.14 0.00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.91 -27.92 0. 00 -0.14 0. 00 0. 00
+24 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 4.86 -0.03 0. 00 -0.14 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0.00 0. 00



GRTP1{ 1} 4.90 -27.92 0. 00 -0.14 0. 00 0. 00
+25 Gravity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 4. 89 -0.04 0. 00 -0.14 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4,93 -27.92 0. 00 -0.14 0. 00 0. 00
+26 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 4.97 -0.03 0. 00 -0.14 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 5.00 -27.92 0. 00 -0.14 0. 00 0. 00
+27 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 5.09 -0.04 0. 00 -0.14 0.00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 5.12 -27.93 0. 00 -0.14 0. 00 0. 00
+28 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 5.25 -0.04 0. 00 -0.14 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 5.29 -27.93 0. 00 -0.14 0. 00 0. 00
+29 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 5. 46 -0.03 0. 00 -0.14 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 5.50 -27.92 0. 00 -0.14 0. 00 0. 00
+30 Gravity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 5.72 -0.05 0. 00 -0.14 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 5.76 -27.93 0. 00 -0.14 0. 00 0. 00
+31 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 6.03 -0.03 0. 00 -0.13 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 6.07 -27.92 0. 00 -0.13 0. 00 0. 00
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RESULT PAGE 37

DI SPLACEMENTS

Poi nt Load TRANSLATI ONS (nm ) ROTATI ONS (deg )
nane conbi nati on X Y z X Y 7Z
+32 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 6. 40 -0.05 0. 00 -0.13 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0.00 0. 00 0. 00
GRTP1{ 1} 6.43 -27.94 0. 00 -0.13 0. 00 0. 00
+33 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 6.82 -0.07 0. 00 -0.13 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 6.85 -27.96 0. 00 -0.13 0. 00 0. 00
+34 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 7.30 0.22 0. 00 -0.13 0. 00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 7.34 -27.67 0. 00 -0.13 0.00 -0.01
+35 G avity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 7.83 -1.60 0. 00 -0.13 0. 00 0.01
Pressure 1{1} 0. 00 -0.01 0. 00 0. 00 0.00 0. 00
GRTP1{ 1} 7.87 -29.49 0. 00 -0.13 0. 00 0.01



A10 G avity{1} 0.04 -27.89 0. 00 0.00 0. 00 0. 00
Ther mal 1{ 1} 8.51 6. 80 0. 00 -0.13 0. 00 0. 00
Pressure 1{1} 0. 00 0.03 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 8.54 -21.06 0. 00 -0.13 0. 00 0. 00

+1 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 7.75 -1.60 0. 00 -0.13 0. 00 -0.01
Pressure 1{1} 0. 00 -0.01 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 7.79 -29.50 0. 00 -0.13 0. 00 -0.01

+2 Gravity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 7.14 0. 22 0. 00 -0.13 0. 00 0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 7.17 -27.67 0. 00 -0.13 0.00 0.01

+3 G avity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 6.57 -0.08 0. 00 -0.13 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 6.61 -27.96 0. 00 -0.13 0. 00 0. 00

+4 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 6. 07 -0.05 0. 00 -0.13 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 6.10 -27.94 0. 00 -0.13 0. 00 0. 00

+5 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 5.62 -0.04 0. 00 -0.13 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 5.65 -27.93 0. 00 -0.13 0. 00 0. 00
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RESULT PAGE 38
DI SPLACEMENTS

Poi nt Load TRANSLATI ONS (nmm ) ROTATI ONS (deg )

name conbi nati on X Y Z X Y Z

+6 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 5.21 -0.04 0. 00 -0.12 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 5.25 -27.93 0. 00 -0.12 0. 00 0. 00

+7 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 4.86 -0.04 0. 00 -0.12 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.90 -27.93 0. 00 -0.12 0. 00 0. 00

+8 G avity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 4.55 -0.04 0. 00 -0.12 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.59 -27.92 0. 00 -0.12 0. 00 0. 00

+9 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 4.28 -0.03 0. 00 -0.12 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.31 -27.92 0. 00 -0.12 0. 00 0. 00

+10 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 4.04 -0.04 0. 00 -0.12 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.08 -27.92 0. 00 -0.12 0. 00 0. 00

+11 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 3.85 -0.03 0. 00 -0.12 0. 00 0. 00



Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 00 0. 00
GRTP1{ 1} 3.88 -27.92 0. 00 -0.12 0.00 0. 00
+12 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3.68 -0.03 0. 00 -0.12 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.72 -27.91 0. 00 -0.12 0. 00 0. 00
+13 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 3.55 -0.03 0. 00 -0.12 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.59 -27.92 0. 00 -0.12 0. 00 0. 00
+14 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3.45 -0.02 0. 00 -0.12 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.49 -27.91 0. 00 -0.12 0. 00 0. 00
+15 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 3.38 -0.02 0. 00 -0.12 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.42 -27.91 0. 00 -0.12 0. 00 0. 00
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RESULT PAGE 39
DI SPLACEMENTS
Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )
nane conbi nati on X Y Z X Y Z
+16 G avity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 3.35 -0.03 0. 00 -0.12 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.38 -27.92 0. 00 -0.12 0. 00 0. 00
+17 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 3.34 -0.02 0. 00 -0.11 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.38 -27.91 0. 00 -0.11 0. 00 0. 00
+18 Gavity{1} 0.04 -27.89 0. 00 0.00 0. 00 0. 00
Thermal 1{1} 3.36 -0.03 0. 00 -0.11 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.40 -27.92 0. 00 -0.11 0. 00 0. 00
+19 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3.41 -0.02 0. 00 -0.11 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.45 -27.91 0. 00 -0.11 0. 00 0. 00
+20 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 3.49 -0.03 0. 00 -0.11 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.53 -27.91 0. 00 -0.11 0. 00 0. 00
+21 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 3.60 -0.03 0. 00 -0.11 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.64 -27.92 0. 00 -0.11 0. 00 0. 00
+22 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3.75 -0.03 0. 00 -0.11 0.00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.78 -27.92 0. 00 -0.11 0. 00 0. 00



+23 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3.92 -0.03 0. 00 -0.11 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.96 -27.92 0. 00 -0.11 0. 00 0. 00

+24 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 4. 13 -0.03 0. 00 -0.11 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.17 -27.92 0. 00 -0.11 0. 00 0. 00

+25 Gravity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{ 1} 4.38 -0.04 0. 00 -0.11 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.42 -27.92 0. 00 -0.11 0. 00 0. 00
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RESULT PAGE 40
DI SPLACEMENTS

Poi nt Load TRANSLATI ONS (nm ) ROTATI ONS (deg )

nane conbi nati on X Y z X Y Z

+26 G avity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 4. 67 -0.03 0. 00 -0.11 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.71 -27.92 0. 00 -0.11 0. 00 0. 00

+27 G avity{1} 0.04 -27.89 0. 00 0.00 0. 00 0. 00
Thermal 1{1} 5. 00 -0.04 0. 00 -0.11 0. 00 0.00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 5.04 -27.93 0. 00 -0.11 0. 00 0. 00

+28 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 5.37 -0.04 0. 00 -0.10 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 5.41 -27.93 0. 00 -0.10 0. 00 0. 00

+29 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 5.79 -0.04 0. 00 -0.10 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 5.83 -27.93 0. 00 -0.10 0. 00 0. 00

+30 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 6. 27 -0.05 0. 00 -0.10 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 6.31 -27.94 0. 00 -0.10 0. 00 0. 00

+31 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 6.79 -0.04 0. 00 -0.10 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 6.83 -27.93 0. 00 -0.10 0. 00 0. 00

+32 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 7.38 -0.07 0. 00 -0.10 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 7.42 -27.96 0. 00 -0.10 0. 00 0. 00

+33 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 8. 04 -0.10 0. 00 -0.10 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 8.08 -27.98 0. 00 -0.10 0.00 0. 00

+34 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00



Thermal 1{ 1} 8.76 0. 33 0. 00 -0.10 0.00 -0.01
Pressure 1{1} 0. 00 0.00 0.00 0. 00 0.00 0. 00
GRTP1{ 1} 8.80 -27.56 0. 00 -0.10 0. 00 -0.01
+35 G avi ty{1} 0.04 -27.89 0. 00 0.00 0. 00 0. 00
Thermal 1{1} 9.55 ' -2.33 0. 00 -0.10 0. 00 0.02
Pressure 1{1} 0. 00 -0.01 0. 00 0.00 0. 00 0. 00
GRTP1{ 1} 9.59 -30.23 0. 00 -0.10 0. 00 0.02
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RESULT PAGE 41
DI SPLACEMENTS
Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )
nanme conbi nati on X Y z X Y z
All G avi ty{1} 0.04 -27.89 0. 00 0.00 0. 00 0. 00
Thermal 1{1} 10. 53 9.95 0. 00 -0.10 0. 00 0. 00
Pressure 1{1} 0. 00 0.04 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 10.57 -17.90 0. 00 -0.10 0. 00 0. 00
1 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 9.54 -2.34 0. 00 -0.10 0.00 -0.02
Pressure 1{1} 0. 00 -0.01 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 9.58 -30.24 0. 00 -0.10 0.00 -0.02
+2 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thernal 1{ 1} 8. 77 0. 32 0.00 -0.10 0. 00 0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0.00 0. 00 0. 00
GRTP1{ 1} 8.81 -27.57 0. 00 -0.10 0. 00 0.01
+3 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0.00
Thermal 1{1} 8.04 -0.10 0. 00 -0.09 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0.00 0. 00 0.00 0. 00
GRTP1{ 1} 8.09 -27.99 0. 00 -0.09 0. 00 0. 00
+4 G avity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 7.40 -0.07 0. 00 -0.09 0. 00 0. 00
Pressure 1{1} 0. 00 0.00 0. 00 0. 00 0.00 0. 00
GRTP1{ 1} 7.44 -27.96 0. 00 -0.09 0. 00 0. 00
+5 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0.00
Thermal 1{1} 6.81 -0.05 0. 00 -0.09 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0.00 0.00 0.00
GRTP1{ 1} 6.86 -27.94 0. 00 -0.09 0.00 0. 00
+6 G avity{1} 0.04 -27.89 0. 00 0.00 0. 00 0. 00
Thermal 1{1} 6.29 -0.05 0. 00 -0.09 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0.00
GRTP1{ 1} 6.33 -27.94 0. 00 -0.09 0.00 0. 00
+7 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0.00
Ther mal 1{ 1} 5.83 -0.05 0. 00 -0.09 0. 00 0. 00
Pressure 1{1} 0.00 0. 00 0.00 0.00 0. 00 0. 00
GRTP1{ 1} 5.87 -27.94 0. 00 -0.09 0. 00 0.00
+8 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{ 1} 5.41 -0.05 0. 00 -0.09 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0.00 0. 00 0. 00 0. 00
GRTP1{ 1} 5.46 -27.94 0. 00 -0.09 0. 00 0. 00
+9 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 5.05 -0.04 0. 00 -0.09 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00



GRTP1{1} 5.09 -27.93 0.00 -0.09 0. 00 0. 00
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DI SPLACEMENTS

Poi nt Load TRANSLATIONS (mm ) ROTATI ONS (deg )
nanme conbi nati on X Y Z X Y VA
+10 G avity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 4.73 -0.04 0. 00 -0.09 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.77 -27.93 0. 00 -0.09 0. 00 0. 00
+11 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 4.45 -0.04 0. 00 -0.09 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.49 -27.93 0. 00 -0.09 0. 00 0. 00
+12 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 4.21 -0.03 0. 00 -0.09 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.25 -27.92 0. 00 -0.09 0. 00 0. 00
+13 G avity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 4.00 -0.04 0. 00 -0.09 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.05 -27.93 0. 00 -0.09 0. 00 0. 00
+14 G avity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3.84 -0.03 0. 00 -0.08 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.88 -27.92 0. 00 -0.08 0. 00 0. 00
+15 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 3.70 -0.03 0. 00 -0.08 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.75 -27.92 0. 00 -0.08 0. 00 0. 00
+16 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 3.60 -0.03 0. 00 -0.08 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.65 -27.92 0. 00 -0.08 0. 00 0. 00
+17 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3.54 -0.03 0. 00 -0.08 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.58 -27.92 0. 00 -0.08 0. 00 0. 00
+18 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3.50 -0.03 0. 00 -0.08 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.54 -27.92 0. 00 -0.08 0. 00 0. 00
+19 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3.49 -0.03 0. 00 -0.08 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0.00 0. 00
GRTP1{ 1} 3.54 -27.92 0. 00 -0.08 0. 00 0. 00
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DI SPLACEMENTS

Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )
name conbi nati on X Y A X Y A
+20 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3.52 -0.03 0. 00 -0.08 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.56 -27.92 0. 00 -0.08 0. 00 0. 00
+21 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3.57 -0.03 0. 00 -0.08 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.62 -27.92 0. 00 -0.08 0. 00 0. 00
+22 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3. 66 -0.03 0. 00 -0.08 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.71 -27.92 0. 00 -0.08 0. 00 0. 00
+23 Gravity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Therrmal 1{1} 3.78 -0.03 0. 00 -0.08 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.83 -27.92 0. 00 -0.08 0. 00 0. 00
+24 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 3.94 -0.04 0. 00 -0.08 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.98 -27.93 0. 00 -0.08 0. 00 0. 00
+25 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 4,13 -0.03 0. 00 -0.07 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.17 -27.92 0. 00 -0.07 0. 00 0. 00
+26 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 4. 35 -0.04 0. 00 -0. 07 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4,40 -27.93 0. 00 -0.07 0. 00 0. 00
+27 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 4.62 -0.04 0. 00 -0.07 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.66 -27.93 0. 00 -0.07 0. 00 0. 00
+28 Gavity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 4.92 -0.04 0. 00 -0.07 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4,97 -27.93 0. 00 -0.07 0. 00 0. 00
+29 Gavity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 5.27 -0.05 0. 00 -0.07 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 5.32 -27.94 0. 00 -0.07 0. 00 0. 00
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Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )
nanme conbi nati on X Y Z X Y Z



+30 Gavity{1} 0.05 -27.89 0. 00 0. 00 0.00 0.00
Thermal 1{1} 5.67 -0.05 0. 00 -0.07 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0.00 0. 00 0. 00 0.00
GRTP1{ 1} 5.71 -27.94 0. 00 -0.07 0. 00 0. 00

+31 G avi ty{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 6.11 -0.04 0. 00 -0.07 0.00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 6.16 -27.93 0. 00 -0.07 0. 00 0. 00

+32 G avi ty{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 6.61 -0.08 0. 00 -0.07 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0.00 0. 00
GRTP1{ 1} 6.66 -27.97 0. 00 -0.07 0. 00 0. 00

+33 G avity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 7.17 -0.12 0. 00 -0.07 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 7.22 -28.01 0. 00 -0.07 0.00 0. 00

+34 G avity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 7.80 0.57 0. 00 -0.07 0.00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 7.85 -27.32 0. 00 -0.07 0.00 -0.01

+35 G avity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0.00
Thermal 1{1} 8. 46 -3.68 0. 00 -0.07 0. 00 0.03
Pressure 1{1} 0.00 -0.01 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 8.50 -31.58 0. 00 -0.07 0. 00 0.03

Al12 Gavity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0.00
Thermal 1{1} 9.39 15.91 0. 00 -0.06 0. 00 0. 00
Pressure 1{1} 0. 00 0. 07 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 9.44 -11.91 0. 00 -0.07 0. 00 0. 00

+1 Gavity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0.00
Thermal 1{1} 8. 39 -3.69 0. 00 -0. 06 0.00 -0.03
Pressure 1{1} 0. 00 -0.01 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 8.44 -31.59 0. 00 -0.06 0.00 -0.03

+2 G avity{1} 0.05 -27.89 0. 00 0.00 0. 00 0. 00
Thermal 1{1} 7.71 0.55 0. 00 -0.06 0. 00 0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 7.76 -27.33 0. 00 -0.06 0.00 0.01

+3 Gavity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0.00
Ther mal 1{1} 7.05 -0.13 0. 00 -0.06 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 7.10 -28.02 0. 00 -0.06 0. 00 0. 00
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Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )

nane conbi nati on X Y 2 X Y z

+4 Gavity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 6. 46 -0.08 0. 00 -0.06 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 6.51 -27.97 0. 00 -0.06 0.00 0. 00

+5 G avi ty{1} 0.05 -27.89 0.00 0. 00 0. 00 0.00



Thermal 1{ 1} 5.92 -0.05 0. 00 -0.06 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0.00 0. 00
GRTP1{ 1} 5.97 -27.94 0. 00 -0.06 0. 00 0. 00
+6 Gavity{1} 0.05 -27.89 0.00 0. 00 0. 00 0. 00
Thermal 1{1} 5.44 -0.05 0. 00 -0.06 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0.00 0. 00 0. 00
GRTP1{ 1} 5.49 -27.94 0.00 -0.06 0.00 0. 00
+7 G avity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0.00
Ther mal 1{1} 5.01 -0.06 0. 00 -0. 06 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0.00 0. 00 0. 00
GRTP1{ 1} 5.06 -27.94 0. 00 -0. 06 0. 00 0. 00
+8 Gravity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 4.62 -0.05 0. 00 -0.06 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.67 -27.94 0. 00 -0.06 0. 00 0. 00
+9 Gavity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0.00
Thermal 1{1} 4.27 -0.04 0. 00 -0.06 0. 00 0. 00
Pressure 1{1} 0. 00 0.00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.32 -27.93 0. 00 -0.06 0. 00 0. 00
+10 G avity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3.96 -0.04 0. 00 -0. 06 0. 00 0. 00
Pressure 1{1} 0. 00 0.00 0. 00 0. 00 0. 00 0.00
GRTP1{ 1} 4.01 -27.93 0. 00 -0.06 0. 00 0. 00
+11 G avity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 3.68 -0.04 0. 00 -0.05 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.73 -27.92 0. 00 -0.06 0. 00 0. 00
+12 G avity{1} 0.05 -27.89 0. 00 0.00 0. 00 0. 00
Ther mal 1{1} 3.44 -0.03 0. 00 -0.05 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.49 -27.92 0. 00 -0.05 0. 00 0. 00
+13 G avity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 3.23 -0.04 0. 00 -0.05 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0.00 0.00 0. 00 0. 00
GRTP1{ 1} 3.28 -27.92 0. 00 -0.05 0. 00 0. 00
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Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )
name conbi nati on X Y z X Y Z
+14 G avity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0.00
Ther mal 1{ 1} 3.04 -0.03 0. 00 -0.05 0. 00 0. 00
Pressure 1{1} 0.00 0. 00 0. 00 0.00 0. 00 0.00
GRTP1{ 1} 3.09 -27.92 0. 00 -0.05 0. 00 0. 00
+15 Gravity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 2.89 -0.02 0. 00 -0.05 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.94 -27.91 0. 00 -0.05 0. 00 0. 00
+16 Gavity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 2.75 -0.04 0. 00 -0.05 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0.00



GRTP1{ 1} 2.80 -27.92 0. 00 -0.05 0. 00 0. 00
+17 Gravity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 2. 65 -0.02 0. 00 -0.05 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.70 -27.91 0. 00 -0.05 0. 00 0. 00
+18 Gavity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 2.56 -0.03 0. 00 -0.05 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.61 -27.92 0. 00 -0.05 0. 00 0. 00
+19 G avi ty{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 2.50 -0.03 0. 00 -0.05 0.00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.55 -27.91 0. 00 -0.05 0. 00 0. 00
+20 G avi ty{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 2. 46 -0.02 0. 00 -0.05 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.51 -27.91 0. 00 -0.05 0. 00 0. 00
+21 Gavity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 2.45 -0.03 0. 00 -0.05 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.50 -27.92 0. 00 -0.05 0. 00 0. 00
+22 Gravity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 2. 45 -0.02 0. 00 -0.05 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.50 -27.91 0. 00 -0.05 0. 00 0. 00
+23 Gavity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 2.48 -0.02 0. 00 -0.04 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.53 -27.91 0. 00 -0.04 0. 00 0. 00
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DI SPLACEMENTS

Poi nt Load TRANSLATI ONS (nm ) ROTATI ONS (deg )
nane conbi nati on X Y A X Y 7Z
+24 G avi ty{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 2.53 -0.03 0. 00 -0.04 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.58 -27.92 0. 00 -0.04 0. 00 0. 00
+25 Gavity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 2. 60 -0.03 0. 00 -0.04 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.65 -27.92 0. 00 -0.04 0. 00 0. 00
+26 Gavity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 2.70 -0.02 0. 00 -0.04 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.74 -27.91 0. 00 -0.04 0. 00 0. 00
+27 G avity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 2.81 -0.03 0. 00 -0.04 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0.00 0. 00
GRTP1{ 1} 2.86 -27.92 0. 00 -0.04 0. 00 0. 00



+28 G avity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 2.96 -0.03 0.00 -0.04 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.00 -27.92 0. 00 -0.04 0. 00 0. 00

+29 G avi ty{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 8 1.3 -0.03 0. 00 -0.04 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0.00 0. 00
GRTP1{ 1} 3.17 -27.91 0. 00 -0.04 0. 00 0. 00

+30 Gravi ty{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 3.32 -0.04 0. 00 -0.04 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0.00
GRTP1{ 1} 3.37 -27.93 0.00 -0.04 0.00 0.00

+31 G avity{1} 0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3.55 -0.03 0. 00 -0.04 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0.00 0. 00 0. 00
GRTP1{ 1} 3.60 -27.92 0. 00 -0.04 0. 00 0. 00

+32 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3.81 -0.05 0. 00 -0.04 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.85 -27.94 0. 00 -0.04 0. 00 0.00

+33 G avi ty{1} 0.04 -27.89 0.00 0. 00 0. 00 0. 00
Thermal 1{1} 4,10 -0.08 0. 00 -0.04 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.15 -27.97 0. 00 -0.04 0. 00 0. 00
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Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )

name conbi nati on X Y Z X Y Z

+34 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 4. 43 0.40 0. 00 -0.03 0.00 -0.01
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0.00 0.00
GRTP1{ 1} 4.48 -27.49 0. 00 -0.03 0.00 -0.01

+35 Gavity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 4. 77 -2.58 0. 00 -0.03 0.00 0.02
Pressure 1{1} 0. 00 -0.01 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.81 -30.48 0. 00 -0.03 0. 00 0.02

Al13 G avity{1} 0.04 -27.89 0. 00 0.00 0. 00 0. 00
Thermal 1{1} 5.32 11.19 0. 00 -0.03 0. 00 0. 00
Pressure 1{1} 0. 00 0. 05 0. 00 0. 00 0.00 0. 00
GRTP1{ 1} 5.37 -16.65 0. 00 -0.03 0. 00 0.00

+1 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 4.70 -2.58 0. 00 -0.03 0.00 -0.02
Pressure 1{1} 0. 00 -0.01 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.74 -30.48 0. 00 -0.03 0.00 -0.02

+2 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 4.31 0. 39 0. 00 -0.03 0. 00 0.01
Pressure 1{1} 0.00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 4.35 -27.50 0. 00 -0.03 0. 00 0.01

+3 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 3.91 -0.08 0. 00 -0.03 0. 00 0. 00



Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 00 0. 00
GRTP1{ 1} 3.95 -27.97 0. 00 -0.03 0.00 0. 00
+4 G avity{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 3.56 -0.05 0. 00 -0.03 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.60 -27.94 0. 00 -0.03 0. 00 0. 00
+5 G avi ty{1} 0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 3.24 -0.03 0. 00 -0.03 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 3.27 -27.92 0. 00 -0.03 0. 00 0. 00
+6 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 2.95 -0.04 0. 00 -0.03 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.98 -27.93 0. 00 -0.03 0. 00 0. 00
+7 Gavity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 2.68 -0.02 0. 00 -0.03 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.71 -27.91 0. 00 -0.03 0. 00 0. 00
jaja op 10 th
07/ 28/ 2015 PI PAL BENTLEY
12: 03 AM Aut oPlI PE Advanced 9.6.0. 15
RESULT PAGE 49
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Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )
nane conbi nati on X Y Z X Y Z
+8 G avity{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 2.44 -0.03 0. 00 -0.03 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.46 -27.92 0. 00 -0.03 0. 00 0. 00
+9 G avi ty{1} 0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 2.21 -0.03 0. 00 -0.02 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.24 -27.91 0. 00 -0.02 0. 00 0. 00
+10 Gavity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 2.01 -0.02 0. 00 -0.02 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 2.04 -27.91 0. 00 -0.02 0. 00 0. 00
+11 Gavity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 1.83 -0.03 0. 00 -0.02 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 1.85 -27.92 0. 00 -0.02 0. 00 0. 00
+12 Gavity{1} 0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 1.66 -0.02 0. 00 -0.02 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 1.68 -27.90 0. 00 -0.02 0. 00 0. 00
+13 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 1.51 -0.02 0. 00 -0.02 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 1.52 -27.91 0. 00 -0.02 0. 00 0. 00
+14 G avi ty{1} 0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 1.37 -0.02 0. 00 -0.02 0.00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 1.38 -27.90 0. 00 -0.02 0. 00 0. 00



+15 G avi ty{1} 0.00 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 1.24 -0.01 0. 00 -0.02 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 1.25 -27.90 0. 00 -0.02 0. 00 0. 00

+16 Gavity{1} 0.00 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 3 -0.02 0. 00 -0.02 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 1.13 -27.91 0. 00 -0.02 0. 00 0. 00

+17 Gravity{1} -0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{ 1} 1.02 -0.01 0. 00 -0.02 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 1.01 -27.90 0. 00 -0.02 0. 00 0. 00
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DI SPLACEMENTS

Poi nt Load TRANSLATI ONS (nm ) ROTATI ONS (deg )

nane conbi nati on X Y Z X Y Z

+18 G avity{1} -0.01 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0.92 -0.01 0. 00 -0.02 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.91 -27.90 0. 00 -0.02 0. 00 0. 00

+19 G avity{1} -0.02 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0.83 -0.01 0. 00 -0.02 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.81 -27.90 0. 00 -0.02 0. 00 0. 00

+20 Gavity{1} -0.03 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 0.75 0. 00 0. 00 -0.01 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0.00
GRTP1{ 1} 0.73 -27.89 0. 00 -0.01 0. 00 0. 00

+21 G avi ty{1} -0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Ther mal 1{ 1} 0.68 -0.01 0. 00 -0.01 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.64 -27.90 0. 00 -0.01 0. 00 0. 00

+22 G avi ty{1} -0.04 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0. 61 -0.01 0. 00 -0.01 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.56 -27.89 0. 00 -0.01 0. 00 0. 00

+23 G avi ty{1} -0.05 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0.55 -0.01 0. 00 -0.01 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.49 -27.89 0. 00 -0.01 0. 00 0. 00

+24 Gavity{1} -0.07 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0. 49 -0.01 0. 00 -0.01 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.42 -27.90 0. 00 -0.01 0. 00 0. 00

+25 Gavity{1} -0.08 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0. 43 0. 00 0. 00 -0.01 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.36 -27.89 0. 00 -0.01 0.00 0. 00

+26 G avi ty{1} -0.09 -27.89 0. 00 0. 00 0. 00 0. 00



Thermal 1{1} 0. 38 -0.01 0. 00 -0.01 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.29 -27.89 0. 00 -0.01 0. 00 0.00
+27 G avi ty{1} -0.11 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0.34 0. 00 0. 00 -0.01 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.23 -27.88 0. 00 -0.01 0.00 0. 00
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Poi nt Load TRANSLATI ONS (mm ) ROTATI ONS (deg )
nanme conbi nati on X Y Z X Y Z
+28 Gavity{1} -0.12 -27.89 0. 00 0. 00 0. 00 0. 00
Therrmal 1{1} 0.29 -0.01 0. 00 -0.01 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.17 -27.90 0. 00 -0.01 0. 00 0. 00
+29 Gavity{1} -0.14 -27.88 0. 00 0. 00 0. 00 0. 00
Ther mal 1{1} 0. 25 0. 00 0. 00 -0.01 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.11 -27.89 0. 00 -0.01 0. 00 0. 00
+30 G avity{1} -0.16 -27.89 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0.21 0. 00 0. 00 -0.01 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0.05 -27.89 0. 00 -0.01 0. 00 0. 00
+31 G avity{1} -0.18 -27.86 0. 00 0. 00 0. 00 0. 00
Thernmal 1{1} 0.17 0. 00 0. 00 0. 00 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -0.01 -27.87 0. 00 0. 00 0. 00 0. 00
+32 Gavity{1} -0.20 -27.92 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0.14 0.01 0. 00 0. 00 0. 00 0.00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -0.07 -27.91 0. 00 0. 00 0. 00 0. 00
+33 Gavity{1} -0.23 -27.98 0. 00 0. 00 0. 00 0.01
Thernmal 1{1} 0.10 -0.01 0. 00 0. 00 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -0.13 -27.99 0. 00 0. 00 0. 00 0.01
+34 Gavity{1} -0.24 -26.78 0. 00 0. 00 0. 00 -0.02
Thermal 1{1} 0. 07 0. 00 0. 00 0. 00 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -0.18 -26.78 0. 00 0. 00 0.00 -0.02
+35 G avi ty{1} -0.36 -34.16 0. 00 0. 00 0. 00 0. 05
Ther mal 1{1} 0. 04 0. 00 0. 00 0. 00 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} -0.32 -34.16 0. 00 0. 00 0. 00 0. 05
Al4 Gavity{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Thermal 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Pressure 1{1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
GRTP1{ 1} 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00

*x* Segnent A end  **¥
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Maxi mum X : 35.51 Poi nt : A07 Load Conb.: GRTP1{1}
Maxi mum 'Y : 9. 07 Point : A00 Load Conb.: GRTP1{1}
Maxi mum Z : -445.19 Poi nt : A04 Load Conb.: GRTP1{1}
Max. total: 449. 32 Poi nt : A04 Load Conb.: GRTP1{1}

Maxi mum r ot ati ons (deg)

Maxi mum X : 0.51 Poi nt : A03 Load Conb.: GRTP1{1}
Maxi mum 'Y : 1.02 Point : A04 Load Conb.: CRTP1{1}
Maxi mum Z : 0. 09 Point : A05 Load Conb.: CRTP1{1}
Max. total: 1.14 Poi nt : AO03 Load Conb.: GRTP1{1}
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RESULT SUMMARY

Maxi mum Hoop stress

Poi nt : AOO
Stress Nm2 : 121.7

Al l owable NNmm2 : 216.00
Rati o : 0.05
Load conbination : Max P{1}

Maxi mum Longi t udi nal stress

Poi nt : AOO
Stress Nm2 : 0.00

Al owable Nm2 : 0.00
Rati o : 0.00
Load conbi nation : Max P{1}

Maxi nrum Conbi ned stress

Poi nt . AO4
Stress Nm2 : 601.50
Al owable Nm2 : 324.00
Rati o : 1.86
Load conbi nation : GRTP1{1}
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RESULT SUMMARY

Maxi mum Hoop stress ratio

Poi nt : AOO
Stress Nm2 : 121.7

Al l owable Nm2 : 216.00
Rati o : 0.05
Load conbi nation : Max P{1}

Maxi mum Longi t udi nal stress ratio

Poi nt ;. A04
Stress Nm2 : -590.92
Al |l owable N m2 : 288.00
Rati o : 2.05

Load conbi nation : GRTP1{1}
Maxi mum Conbi ned stress ratio

Poi nt . AO4
Stress N m2 : 601.50
Al lowable NNm®2 : 324.00
Rati o : 1.86
Load conbi nation : GRTP1{1}

* * * The system does not satisfy B31.4 Offshore (2006) code requirenments * * *
* * * for the sel ected options * )5
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