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ABSTRAK 

Analisa beaya pada '['ul-J;ls Aldlir iui me111pakan aaab'sa beaya secara teknik 

untuk [ahn'kasi sub-struktur jacket y;wg didas:trKt'lll koJJsep Comp11tcr Integrated 

Manufacturing (GiM). Dcngarz ko11sep baru ini program perhitung;m direkay:.1sa 

dengan t1Jer1ggwmk.<w masukan hcntpll situasi dan geon1etri tiga dimensi member

memhernya. Schingga did;Jplif .kcluaran bempa report beaya, input Numerical Co11trof 

CurtiiJg (NCC), dan master project $'Chedull (penjEJdw;dlia proyck). Dengan demikia.n 

tercennin suatu relmya.r..·a pe.rencanaar1 pmduksi dimana penanganan perencanaan dan 

peng£1Wl1Sllll produksi _vnng dihdcuhm PPC (Pmduction Planning C'tmtrol) adalah 

responsi[ Dan terc~:rmitl bah wa seorang estimatol' dan planner (perenc/.1Illl bea ya dan 

pen..."'ncaw1 pmduks.i) di lllllS/t dcp.<m adNhtb o.nwg yang mcmasukJuw dJJ!JJ pnd11 

pe.r:mgkat lwwk prod11ksi yaug dibuluhkll.ll Ulltuk mcndukung ker}tt mesia-mesm 

produksi d;m robot mivllloya. 

Anah~'a tel'nik diilam Tugas Akhir ini dinlllksudk.an sebagai pencennirum tiga 

t;th.ap dal1111J pruduksi yaiJu prccun:.Yn,:nr (pellgadruw ba.lum), schedulling (penjadwalan 

produksl). dan fabnk11.si llaf itlJ sesuai konsep CIN! yang dimahudk.an. UJJtuk 

menmnajemeni selutub c'lktivitrss p1-oduksi Sed'lngka.a twalisa TugtlS rikhir ini pada 

aspck beliJ'Il lllemherilan siwp11lrw ht1lnva p6'1"SlliJWan yang nwng.rtunal.an unil-rate 

yang sel:wm im' dipt~ka; adai,<Jb konseiV:Jti[ 
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1.1. UlvHJ}vf 

BAB I 

PENDAHULUAN 

Fixed jacket platfom1 disingknt jacket, mempak:an tipo platform yang populer dan 

prospcktif dewasa ini. Platform ini adalah tipc yang paling sesuai dengan karakteristik 

industri fnbriknsi di Indonesia. 

Jacket dibangun d:ui hubungan member-member· tubular berdiameter 8 - 48 in 

hingga mornbenluk tmss tiga dimensi. Stmktur ini urmmmya memilik:i 4 - 8 l:aki. Kakj 

jacket scring dibuat miring atau memiliki batter guna kestabilannya. Melalui sisi dalmn 

kaki jacket dipancangkm1 pile. Jacket umumnya dipakai terbatas eli kedalarnan laut 500 -

600 fi. Tetapi dcsain baru memungkinkan sampai kedalarnan laut 1600 ft. 

Stmktur jacket dibcdakan berdasarkan pembuatannya : cast steel join~ composite 

join~ simple welded join~ dan complex welded joint Kedua katagori yang disebut awal 

monunjukbm leknik pombualmmya yang bcmpa produk luang atmJ komposit. Scdangkan 

pada katagori yang disebul tcrakhir adala.h yang sarnpai saat ini difabrikasi dan atnu 

diinst.all di Indonesia. PcrbcdaMnya pada ada tidaknya gusset, overlapping joint, grouting, 

dan stiffenCI (intemall extemaJ n'ng stiflenei). Gusset adalah komponen (plat) penguat 

yang dipasang mcngisi mMg antar tubular atau mcngikat dua tubular. Overlapping joint 

adnlah bcntuk: hubtmgml dua brace yang pcrpotongan di pcmmkaan chord. Stiffener adalah 

komponen pcngtJ.1t yang dipas1mg eli sisi dalam afJlU luar suaf.u member 

1 - 1 
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(B) 

r::::r 

0 ....... ' ' .... ---- .. - ..... --~ ... -.. ------- ... - . - --- ...... ( 

(C) (D) 

G11rnbu 1.2 Tubular joint. (A) adalah simple weld~d joint dengan gnp berharga 
positif, scdangkan (B), (C), (D) adalah complex welded joint (B
overlapping joint dengan gap berharga negatit~ C-intemal stiffener 
yang bempa doubler plat; D-e:rtemal stiffener yang bempa ring plat) 

Diatus stn1ktur jacket ditempatkan bangunan atas yang bisa terdiri atas 2 deck atau 

lebih. Jika bangunan atw dibuat modul terpisah dari struktur jacket maka pemasangannya 

melalui komponen penghubung yang disebut tra.nsition piece dan shim plate (crown). 

Transition piece merupakan ujung kaki ' deck Shim plate adalah komponen yang 

mempertemukan ujung atas kaki jacket dan transition piece. 

... . ;'"."\~" 

I 
"ll · ... ·~ :, 

0 • 

·~·.:~ ~:k' ;~~ /'\]10 
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CROWNOClA/1. 

Gambar 1.3. Detail transition piece dan crown 
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1.2. LATAR BELAKANG 

K(.~nyata~n bahwa j1m1 kcrja dan konsumabcl yang bcsar pada fabrikasi stmktur 

jacket schingga dipcrlukan manajcmen yang haik. Sejalan dcngan pcrkembrrngan jamlli1, 

konscp c:omputer !nte.~;rnted .A1twufllctwing (Cllvf) scmakin bm1ya.k ditcrapbm. Na.mun 

\:dum ada pcmngkat hma.k CIM untuk fabrikasi struktur jacket. 

1.3. POKOK MASALAH 

Selanla i.ni pcrhitungan bcaya konstmksi didasarkan unit-rate. Apabila obyek 

fabrikasi bervru-iasi atlm parameter pcrhihmgun bervariun rnaka unit-rate tersebut tidak 

absah. Lagipula sclama ini aktivitas-aktivitas produksi yang scbenarnya berkaitan hampir 

tidak: diintcgrasikan. 

Contohnya untuk assembly suatu scksi dari panel row A suatu jacket rnaka 

dcparicmen PPC (Production Planning tmd Control) pcrlu menghitung beaya fabrikasi 
' • 

untuk cost control dan manajcmcn beaya scdangkan departemen Production Engineering 

mcrckayasa fabrikasinya. Apabila aktivitas kcdua dcparlemon ini lak diinlcgmsikan makli 

akan timbui masalah dalam alokasi time-f1Jb/e dan pcngadaan konsurnabel misalnya untuk 

pcngclasan scam PPC menyediakan rod E61 T8K6 sedangkan Production Engineering 

menginginkan E71 T8K6, EA 1A2, dan E71 T6 masing-rnasing untuk root-pass, filler-pass, 

dan covcr-p<tss mcngingat seksi ini memerlukan pengezjaan khusus. Konsep CIM dipakai 

untuk mcngatasi masalah dcmikiun. 1\1gas Akhir ini rnerckayasa prosedur, pcrhitungan, 

dan perlli1gknt lunnk CIM untuk mcngestimasi beaya fabrikasi jacket. 
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lA. TUJUAN 

1. Inovasi dan gagasan bcmpa pcndckatru1, proscdur, & perhihmgan bcaya secara Cllv1. 

2. Mcmbandingkan antara hasil pcrhitungan penulis dan mmus unit-rate sehingga 

dipcrolch ambaug bawah beaya fabrikasi dan keabsahan rumus unit-rate. 

3. Aplikasi komput11si intcraktif (pcmngkat Junak) ClM dengan pcnekanan pada aspck 

bcaya. 

1.5. MA.NF AAT 

1. Didapatkan am bang bawah bcaya fabrikasi jacket. 

2. Diketahui kcabsahan mmus unit-rate. 

3. Dipcroleh kclwuan-keluaran berupa cost report, work-sheet input NCC (Numerical 

Control Cutting), master project schedull, cutting plan? dan gambar konstruksi lasan 

schingga mcnccrminkan CIM. 

1.6. BATASAN MASALAH 

I. Pcrhitungan hanya terhadap struktur jacket tanpa miscellaneous & aksesori (sepcrti 

mudmat, transition piece, crown, pad-eye, grouting, :mcx!e, temporary bracket) dan 

tcrl>.:1tas pada bcaya langsung. 

2. Analisa dilakukan tcrhadnp !!truktur jacket KRA untuk clevasi anta.ra + 21.75 ft dan 

- 4o.o n 

E.vt.i'rwt.vi llcxy11 .Fabnl:JLvi Jac£ct 
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1.7. SISTEMJ\TlKJ\ PENULISJ\N 

Bab I . Pcnda.huluan 

Diuraikan mcngcnai garnbaran umum obyck pcnelitian, pokok masalah, tujuan 

yang hcnda.k dicapai, scrta batasan masa.Jah. 

Rab 2. Dasar Tcori 

Diuraikan mcngcnai dasar tcori, pcndckatan, dan metode yang dipakai. 

Bab 3. Mctcxlologi Pcnclitilln 

Dill!aihm mcngena.i mctcxlc, aswnsi, pcndckut.an, dtm pcrsamaan-pcrsamaan yang _ 

dipaka.i dalnm pcrhihmgan. 

I3ab 4 . Analis.'l 

Diura.ikan mengcnai alur perhitungan yang digunak:an sesuai rnetode, asums1, 

pcndckatan, eLm pcrstun.aan-pcrsamaan yang clipaparkan Bab 2. Sclain itu disaji.kan 

pula hiL'>il pcrhitungan d1m pcrbandingannya dcngan pcrhitnngan unit-rntc. Dari 

pcrbandi.ngan tersebut diambi.J sirnpultu1 bcrupa ar.Jb.mg baw~i.h beaya fabrikasi 

jacket d:m kcabsahan unit-rate. Temkhir diurnikan mengcnai skenario proscdur 

fabrikasi ala CIM. 

Bnb 5. Simpulan dan Saran 

I3crisi simpulan dan saran pcngcmbangan pcnclilian. 

E.vLiinH.vi JJeayM Fabnht.vi J11c£d 
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2.1. TAKE OFF 

BAD 2 

DASAR TEORI 

Estimnsi bcnyn fabrik.osifkonstruk:si dibuat guna menentukan benya yang hams 

dipcrsinplcnn untuk konstruk:si suatu proyek. Estimasi terscbut dapat dibedakan atas 

cstimnsi npproksi.mnsi dan cstimnsi detail. Estullilsi npproksimasi dipnkai untuk tujuan 

pmktis scpcrti untuk mcmperhm.kan harga konstmksi agar klien mendapntk:an informasi 

prospek.i.if atns konstruk:si yang diingi.tlkannya, bcsamyn bond election dan pnjnk yang 

ha.nJs dibayar. Tctnpi untuk bidding, est.imasi npproksimasi tidak cukup. Karena unit-unit 

bcayn bcrvariasi dan harus disetel atas t.ingkat kunlitasnya masing-m.asing seperti kua.litas 

bahan, pekerja, lokasi, dan kesulitan ~onstruksi. Di sinilah esti.tnasi detail dipakni. 

Estimasi benya konstruksi disusun dari 3 hal yang snling berkaitan : take-off, 

pricing, dan sub-bid. Take-of adnlah est.imasi yang didasarkan pada survei lruantitas serta 

bcrpijnk padn gambar dan spesifikasi dari semua pekerjann dan material yang dipcrlukan. 

Prici.t1g dan sub-bid adnlah lnngknh lanjutan take-off sehingga bidding dapat dibuat. Yaitu 

bcrupa kebijaknn yang diambil dalnm penyusunan bidding. 

Ada 3 prosedur dasar dalam taking-off: 

1. Hitung scmua yang dispcsifikasika:n atau diperlihatkan gambar. 

2. Take-off sebaik mungkin. 

3. Kclompokknn scsuai klnsifikasVunit benyn-nya. 

2- 1 
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l'ndn dnsnrnyn unit bcnya dibcda.ktm, ntas bcaya la.ngsung drm bcaya talc ln.ngsung. 

Tem1asuk bcaya langsung aclalah bcaya bahan, pem!.~tan. dan pekerja. Scdangkan yang 

tcnnasuk benya tn.k ln.ngsung sepcrti bcaya pcngadaan bahan scmentara (sepcrti temporary 

bracket pada fabriblsi struktur jnd::ct), overhead, asuransi, paja.k:, lab.'l, danjam.inan. 

2.2. TREND SISTEM .MANUFAKTUR ERA 1990nn 

Tabel 2.1 mcmprcsentasiknn trend sistem manufa.k:tur pada delmde 1960nn, 

1970nn, 1980an, dan 1990an. Baris kedua di tabel tersebut ndalah daya samg yang 

menjadi modus operandi. Baris ketiga dan keernpat 'merupnkn.n stmtegi dan sistern 

manufa.k:tur yang mcngimplementasiknn daya sa.ing padn rekayasa produksi.1 

Scpcrti t.n.mpnk di Tabcl 2.1, dayn sa.ing sistem manufa.k:tur em 1990an adalah 

wa.k:tu. Karcnn bcaya produksi em 1990an sangat t.inggi sehingga kecepatan produksi 

diutamakru1 dan sistem didcsa.in lcbih hati-hati. Maka dikembangkan sistern rnanufaktur 

yru1g cliscbut CIM: (Computer Integrated Manufacturing), mengikuti situasi selllffill 100 

tnbun temkh.ir ini, seperti trunpak eli Oambar 2.1. Yaitu bahwa jumlah walctu kerja 

(numhours) per tonase baja terus ditekan. CIM: merupakan logika lanjutan DNC 

(Distributed Numerical Control), CAD (Computer Aided Design), dan CAM (Computer 

Aided Mmmfacturing). CW juga rnerupakan cvolusi l'vffi.P II (Manufacturing Resource 

Planning). Konsep CW adalah mcnjernbatani '~ulau-pulau" a.k:tivitas produksi, seperti 

ditunjliYJ::nn Gambar 2.2 . Sebngai pusat sct-a.k:tivitas adalal1 lv1RP U. Cl]v1 tidnk banya 

1 Sub-bab ini d.i.sarlhn daD : MiclWI D.Oli.lr (ed), Intenigmt M.nufactnrjfli. ProcediJw ICES, The Pim Intdligmt 
Conf"""cncr on Expo-! Systems (Menlo Parle., 11~e Benyamin/Cumminil Pub.Colnc, 19&1!) hh.31&-32S dan Einar 
Prd.ersen, Indwtri Pghpalan menuju High-ttch (J&Urla, Esab I.nfc>-PT Eubindo Prat.am.a. 1996) v7 no 1 hh.3-4 

EttimtU'l B~aya FabriktU'l Jaclut · 
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mcnduk-ung perc.cpatan produksi tctapi juga mcnjadi k-unci riset dan pengembangan plant 

floor . 

'. 

GLOBAL TRHJOS IN SII IPDUILCING THROUGHOUT THIS CENTURY 
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Gambar 2.1 Trend pada galangan kapal dalan1 100 talmo terakhir 

Dcngan dcmikian pcrsaingan teljadi di antara negara-ncgara (dimana gala.ngan-

galangan berdomisili) dengan upah pekcrja rendah yang mcna.namkan modalnya pada 

tingkat tcknologi rendah sampai mcnengah untuk meningkatlcan output dan negara-negara 

dengan upah pekelja tinggi yang mengandalkan teknologi canggih. Namun apabila pada 

ern ini yang dituntut para klien/konsumen adalah kecepatan produksi (waktu) maka 

industri dari negam yang mengandalkan upah pekelja rendah dapat dipastikan sudah tidak: 

lagi bisa bertahan. Apalagi jika industri itu bllnya mengandalkan berth/yard dan crane. 

Pengcnalan robotika pada industri perkapalan untuk mcmotong profil misalnya, 

kini scdang dalam momentum pema.ntapan setelah melewati masa-masa awal yang pcnuh 

kekcliruan. Kini telah mudah dipahami, bahwa robot itu sendiri hanyalah salah satu dari 

sckian ba.nyak pcralatan yang dibutuhkan untuk penggunaan Cllv1. Agar robot bekerja de-

EstimaRI Btaya FabriJctui Jacka 
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I_lillrl_2.,_l_Sj stem Man ufaktm 

I 19GO's 1 !.mrs 1!)1-;(J ' ,; 1990's 

C•H1l JWl1l ivr Cost Market quality Time 
Th r u s t 

,\lnnu fnctur 1n1; liq;h Volume runctionnl In· l'rc>ec•s. Control N~w Product lntrnduct:nr. 
s~ r ; l t • ·,; y Co•t Minirnizntion t"~:rntion )l!nt.,nnl \ ' c•lc>CI t~· H"•pon•lvonPot 

St.~biliu 

Product rocull 

~ l:l n ufactunn~; PICS 
S~· s lt~ rn s NC 

PICS = Production ci Inventory Control Systun 
NC c Numerical Control 
MRP" Matuial Requin:ments Planning 
MRP ll = Manuaetl.U'ing RuourC(: Pluming 
MPS,. M&Jw Production Schedulling 

Clos.>d Loop \\'or I d C~as• ~If~: . ~~ n nu fnctu ri n~; ~~~:ncs 
Ovorhc•ad Cost New Or~:nnuation f,)rrr. ~ 

~IHP ~I[(P 11 Cl~l 
MPS JIT Supervisory Syst~ms 
F'FC OPT Scenario c~nerntinn 
CNC DNC Selective lntervontinn 

Sl'C. TQC Decentrnli zntion 
CAD. CA~I Sirnpliricnllon 

CNC =Computer Nurnuical Control 
SFC ., Shcp FloOC' Control 
nT = Jwt In Tinu: 
DNO= Dl.tributed Nurnuical Control 
SPC = Stati.tical Ptoceu Control 

OPT" Optirn.iud Ptoductioo ,Technology 
TQC ::: Tota.l Quality Control 
CAD = Computer Aided Desig,1 
CAM = Computer Aided Manufucturing 
CIM = Computer Inu,SfaU,d Manufacturing 

INTEGRATING ISLANDS OF INFORMATION 

Gambar 2.2 Konsep CIM 

Estimasi B~aya FabriJcasi JacJcd 
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ngan lancar, ab1msi uk'Uian dari potongan pckcrjaan yang akan dilas dengan robot hams 

bcn.ar-bcua.r tcpat. Oleh karena itu penggunaan robotika sccara ckstcnsif pada fabrikasi 

baja mcmbutuhkan modal yang cul.'Up bcsar dalam proses persiapan plat, profll, dan 

pcmbuat.an sub-asembly. 

Tcrscdianya pcmngkat lu.na.k komputcr bagi off-line programming robot dan 

pcnyatuan antara pcrangkat lunak robot dcngan CAD pabrikannya serta sistem pcrenc~-

an Illilterial merupakan bagian-bagian pcnting dalam Cllvf seperti terlihn.t pada Gambar 2.3 

yang bisa dilihat scmuanya Sa.tllil pcntingnya. 

-----·--- -······· ·-- ... ··-....... ····-·- ···!-. . .. _., ___ ... .. -........ _. 
iMIIi El' 1l4'1 

·:..iJ~ ~ ~ 
.,. .. ~ ~ .a..l.llrr::lu .... ._ , __ ,_ 

I I : ~=~:::::.~ =.-:;-..:. -···-
---- -- - .... --.. --~ .. -~ 

--------------·-~-: ~~~-.. -- ---- :::=.::-~=--

6,.. ... - .. ,.,_ 
~ 

--- - ·-

~--- .. --- .... J 

Gam bar 2.3 CIM yang dipakai pada fabrikasi baja di dalam galangan "high-tech" 

Bagaimanapun, harus dipahami dahulu bahwa teknologi yang berbeda yang akan 

tcrscdia bisa menjadi mubazir, kccuali jika bisa diterapkan dan diopcrasikan dengan benar. 

Kunci mcnuju al'U.rasi ukumn, yang mempaka.11 tulang punggung indusi.1-i baja yang 

efisien, terletak pada pengetahuan praliis yang terinci seputar aplikasi teknologi. 

Kadnngkala dcngan memasang jalur produksi "high-tech" yang baru dan belum teruji 

Estimasi Btaya Fabri.kasi Jackd . 
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mcrupaka.n satu-satunya solusi pml.i.is, jika. yang meDjadi bahan pertimbangan adalah 

ukumn dan rutlllg lingl-up pemotongan pekcljaan. Sementara pengenalan .tek"llologi bam 

aka.n memJ)<)ngaruhl seluruh bagian organisasi perusahaan seperti pada bagian 

pcrcncanaan, pcnlllcangan detail, dan persia pan pekeljaan .. Misalnya saja yang teljadi 

pada pra fabrikasi stmk.iur yang bcrlokasi pada areal produksi dalam ruangan, lihat 

Gambar 2.4 

Gambar 24 Bagian asembly dan pengelasan seksi-scksi pada galangan .. high-tech" 

Pada banyak kasus, perancang detail adalah orllllg yang memasukkan data produksi 

yang dibutuhkan untuk mendukung kelja robot dan mesin-mesin produksi lainnya ke 

d.alam sistem komputer. Sement.ara di masa depan seorang perancang harus mengenal 

dengao balk kemampuan peralatan produksi sehingga desain produksinya menjadi lebih 

scdcrluma. 

Pemakaian tel...'"Ilologi jalur produksi pada pra fabrikasi baja seperti tampak eli 

Gambar 2.5 mcmbuat waktu pemrosesan menjacli lebih mudah diperhitungkan. Lagi pula, 

Estimasi Bt!aya FtJbrlJcasl JtJclcd · 
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pcmakn.inn stimulasi wtU..iu nyata bisa mcmpcrkimkn.n dongnn lcbih ter~t h.ambatan yang 

bisa muncul dari skcnArio produksi yang telah disusun. Sch.ingga bisa langsung dilakukan 

tindakan koreksi. 

Pant~lline with ASP ~nd nO · r~CklnQ (ALT 5) ... . ·· - ···- ··· . . ... . - ·- ------ -·--------

Gam bar 2.5 AlinUl ba.luUl yang tercncana dalam bagian pra fabrilcasi yang modem 

Bngi fabrikan yang satu dengm lainnya, penerapan perubah.an teknologi ke arab 

"high-tech" bisa sulit. Pasalnyo. sumber daya internal yang tidak terpakai pada setiap 

fabrikan biasanya ~urang mencuiLJpi dan kllmilgnya pengetahuan lUAs yang memadai. 

Sementam pemasok peralatan biasa tidak bisa diharapka.n mampu menyodorkan solusi 

bagi semua masalah dan kesulitan yang muncul dalam sebuah pabrik. 

Karaktcristik galangan yang berclaya saing internasional eli masa depo..n disarankan 

memili.ki : 

• Stmtcgi bisnis dan produk yang tcrencana dengan ba~·~ 
...... ......... --

• Mll.lliljcmcn profesional. 

• 1brough 0ut tingg,i (80.000- 120.000 ton baja per tahun). 

Estimaai B~aya Fabri.lcaal JacJut 



• Tiga jalur produksi a tau galangan khusus volunie rendah. 

• Tingkat mekanisme dan otonu'ltisasi tinggi. 

• 90 % pek:crjnrumyn di dalnm ruangan. 

• Penggunan.n komputer dan Cllv1 yang ekstcnsif. 

• Memiliki bngian pemncangan sendiri. 

t Stn.f eLm tcnagn. kcrjayang terlatih dan bermotivasi kerjn yang tinggi. 

• Mencrnpkan konsep Total Quality. 

Srunpai saat ini Cllv1 tidak sepenulmya ditempkan karena : 

1. Technology life cycles bukan target utama produksi 

2. Teknisi dan peneliti gngnl menentukan titilc kritis problem Irul.Ilufnktur. 

, 

OE.1701, 2-6 

3. Pcncmpnnnyn tidnk didukung olch top-management, karena kesangsi.nnnya pndn konsep 

baru ini. 

4. Pertimbangnn scperti : nkibntnyn personal PPC perlu mempelajari sistem baru ini dan 

hnrus bisn mengidentifiknsi titik kritisnya, yang memerlukan keahlian tcrsendiri. 

2.3. PROSEDUR FADRIKASI 

Fabrikasi struktur jacket diawali preparasi material. Prosesnya berupa pembersihan 

pcrmuk:aan, straightening dan priming. Pcrnbersihan permukaan material dilakukan secara 

mekanik (dengan silent baja), iliermik (dengan gas-bakar), kirniawi (dengan asam sulfat) 

dan-atau blasting. Blasting adalah pembersihan permukaan material melalui penyemprotan 

pasir-silika (sandblasting) atau grit (shotblasting). Straightening adalah penggilasan plat 

guna pelurusan plat dan eliminasi residual stres. Priming adalah pengecatan primer. 
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Sclanjutnya dilak.-ukan proscdur pra-fabrikasi yang berupa prcparast sisi dan 

rolling. Prcparasi sisi adalah pcmotongan pcnampang material guna pembuatan bevel. 

Rolling adalah pcngerolan plat menjadi tubular dengan menggunakan mesin bending 

roller. Produknya kcmudian dilas scpanjang groove seam longitudinal hingga terbentuk 

silinder sempt,lffia. Us.o.i pcngclnsan, terkadang dilal'Ukan pengerolan ulang guna 

menghilangkan kcovalan yang t.imbul akibat defonna.si pengelasan. 

Kcmudian dilanjutkan proscdur assembly. Awalnya berupa assembly clemen

clemcn strubur hingga terbentuk segmcn/blok. Pekerjaan yang dilakukan adalah 

pcngclasan short/long pipe dan miscellaneous (seperti scafolding, pad-eye, stairway, 

anode, dan sebagainya). Pengelasan short/long pipe adalah penyambungan antar tubular 

hi.ngga tcrbentuk tubular sepanjnng tcrtentu, misalnya 40 feet. 

Proses lanjutan yaitu assembly scgmen-segmen konstruksi hingga terbcntuk panel 

(dalam hal ini adalah tubular joint). Dalam prosedur assembly terdapllt proses fit-up, 

erection, dan roll-up. Fit-up adalah setting kedudukan base-metal, yang diperkokoh 

dengan pengelasllll ikat (tack-weld). Erection aclalllb proges yllllg meliput.i lifting, rigging, 

dan pcnggabungan/pcngclasan antar pllllel. Roll-up adalah rotasi row jacket bertumpu 

pacla skid-beam dan support-base. 

Prosedur akhi.r adalab prosedur finishing, yang bcrupa pemasangan miscellaneousc, 

sbotblasting, dan coating. 

Tipc las yang dipakai pacL1 fabrikasi struktur jacket umumnya SMA W (Shielded 

Metal Arc Welding), GTAW (Gas Tungsten Arc Welding), GMA W (Gas Metal Arc 

Welding), FCAW (Flux Cored Arc Welding), atau SAW (Submerged Arc Welding), atau 

Estimasl Beaya Fabrikaai Jacket 
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~ombiMsi dinntam tipe las tcrscbut. Aclap\ill Oxy-fuel flame dipakni \illtuk preheating, 

postheating, at'lu interpass treatment. 

Sehingga bcaya yang dihitung Tugas Akhir ini : 

Beaya fabrikasi = beaya konsnmabel +jam mesin +jam orang 

Dimn.na pada Tuga.s Akhir ini, konsumabcl berupa plat, grit, pruner, coating, 

thinner, gas-bakar, rod dan t1uks. Sedangkan jam mesin dan jam orang yang dihitung 

acWab jam kerja efekt.if dari pekerjaan yang dilal.'Uk.an tanpa mengikutsertakan kegiatan 

fit-up, rework, inspeksi yang dila.kukan oleh QA dan QC (Quality Assurance dan Quality 

· Control). . 

GRmbar 2.6 roengilustrasi.kan proscdur fabrikasi seperti yang diuraikan di atas . 

Gudnng Material 
• 1'111.1 & Tubular 

hthkifii'ijl 

• !rvrt.Mh1c. 
' Final P n..int 
• Final lngpt!Ct 14Jilwl!ol 

• Lond·out & 
Tie-down 

Bengkel Prepl\l'Mi 
• SurfllCe Prepunu:ioo 

Q)'~"~' '==== ~ 

Fabrication Yard 
• A~bly Segmen!Panel 

Gam bar 2.6 Prosedur Fabrikasi2 

Ben&kel Pmfabrilca.'!i 
• Cutting 

•Rolling ~ 
• Welding g;)1 
( ) 3 

B. A:sembly Elemen 
• Short/Long Pipe 
• Install Mi.scellaneoua 

ttl ro , [) 

, A ., , A, 
; llilttlltllltl~ 

1 Nippon Kolk.an KK., A_gprorrUte Production Technolo!ZY for Ships and Offshore Stmctnre (Tok)lo: NKKK, Auaust 
19&$) h . .S·l.S. Dmaa.n P"'DY~ 

Estimasi Jkaya Fabrikasi Jack~t 
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METODOLOGI PENELITIAN 

3.1 METODE ITJUDTUNGAN 

Gambnr 3.1 mornprc.scntasikan contoh take-off. Pada gambar itu tubular joint 

dianalogknn sebagai struktur jacket. Di PT M.c Dermott Irulonesia, perhitungan konsumabel 

dikorjnkan olch Unit MTO sodangknn pcrhitungnnjam orang dikorjnkan oloh Uwl Estimating. 

Tako-off di Gambar 3.1 memakai unit-rate per satuan ruassa. Selain itu take-off juga bisa 

didnsatican rokord historis. Bagan di Gamhar 3.1 diaplikasiknn dari strulctur ocganisnni PT Me 

Dermott Indoncsin, scdangk.an persarnaan take-off dari PT Gurumusa UlarrUl Fabricators.
1 

Cc.n=bles : 
-I.Sttel ruuc:ture : 16,10 x @Rp 1.922.751,0 "'Rp 30.956.291,0 
-2.DIM.rt ci.I'alnl . 

ArsJ.. 'fide Guard : 16, I 0 X 4.2~ Utnct X @Rp II . 7111,8 • Rp 801 .&58,9 
Am.Cleanet (no12) : 16,10 x 0,41 IJtoa "@Rp 3..437.5 t: Rp 22.690,9 
Silica aand : 16,10 x 221,271QVton x @Rp II 0,0'" Rp 391 .1l69,2 

-3.0u cl. Liquld : 
Acetylene : 16,10 x 0,82 cylluJn x @Rp 45.000,0,. Rp 594.090,0 
0xy p)U.: 16,10 lt 2,28 cylluJn X @Rp 12.600,0 >= Rp 462.520,8 

-4 .Welding rod : 
Ok.4S04 (B70l R) : 16,10 X li,O.S 1cp)t.on X @Rp 3.750,0 "'Rp 667.143,8 
Ok.l2.!0 (ELI2): 16,10 x 0,17 lqv'ton x@Rp 4.1CX>,O c: Rp 11.221,7 
Ok.l 0. 70 (F74-m.12) : 16,10 X 0,76 kp/ton X @Rp 3. 750 = Rp 4S.&Il5,0 

l..!.anpcJWN 
-S.DU£laet dizect : 16,10 x 236.9 hdt.on x @Rp 2.293,0:: Rp ll. 745.70!!,-1 
~ B~l Ove.hud · 16,10 x 236,9 helton x@Rp 610,7 = Rp 2 )29.264,S 

Sul'lllm3J}' lluti.rnate Budget 
Cotuu.nu&bl~ =Rp 39.9.S7 .B6.S,S .110').{. =Rp 43.953 6.S2,0.S 
u~npowu .. R.p 11.074.973,2 

OIUJlbar 3.1 Contoh luke-<>ff 

1 PT MdHrn\Otllndoll6Sia, EllimAWI~~LGlw.t~~Wn fllbrir.!!t.iop Yard OJ~..lilim wJ Feswn3il>Oitics datt PT 
O\UWJII$t ULAmJ Fabrleator, XM.ll.Qt!£flli~lll.i.LC>.llil'llti~.~d. (~<m; PT our, 199-4). 

3-1 
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Scdangknn Gnmbar 3.2 rncmprescntasikan rolcayasn CIM dnlam mcmanajemcni 

soluruh aktivitas produbi mcnurut ponulis. Pada gambnr itu tampnlc bahwa ngnr diluu;ilkan 

koluamn work-shoot, masukan program dirolruyasa. Pada 'l'ugas Akhir ini prosodur CIM yang 

soharusnya bon1pa technology life cycles atas semua aktivitas produksi yl.\Ilg bcrintilcan 

program sistem paknr, tidak dilakukan. Yaitu hanya dirupalcan program intcralctif. Dcmikian 

pula keluamn program, dibatasi pada cost estimate report, maRlor project schcdull, dan input 

NCC. 

' '" 1 i .o~ ,.; , \ o•·-:r.,, ,.0&1...., '#" 

-c-u o-ot• ... 

----=-:::~ .::,~~;.-. --·--·------· 

(J4-:Y...,) (X..;Y..) :o;. thida! 
).(1 (0.83;0) ( -20 . .SO; 4&. 20) 2.33 0.12 
M2 (0;0) (-0. 96~.42) 3.00 0.12 
l..O (0;0) ( ...... 0) 3.00 0.12 
lJ-1 (0;0) (7 .66;-C . .C3) ) .00 0.12 
lJ.S (0.0) (4 .33;0) 3.00 0.12 

---·-·:J-NCC input Cot btaoe copina M4 
.Del:Cfiption c. SlllllL Joint Cut 
..;s,. U\Ch pipe innu dia '- 33.?. s .. 
-lb.in pipe ~ dia • 36. 
- e oC int.eneroon = 39,0" 

Oamlw- 3.2 Rekaynsa CIM untuk fabrikasijadet 
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3.2 SKOP ANALISA 

Gn.mbar 3.3 memprcsent.asikan suatu tubular joint connection yang mencalcup chord, 

brace, k-onis lramisi, aimple welded joint, complex welded joint yang bcrupa overlapping joint, 

stiffener, doubler plat, gusset. Pada tugas akh.ir ini, analisis hanya dilalcukan tcrhadap struktur 

utama jacket yang horupa member tubular tanpa miscollanoous dru1 aksosori (stiffener, doubler 

plat, gusset). 

Konis tnmsisi mempakan lcomponen pcnghuboog (atau reducei) rmtam dua tubular 

yang bcrbcda diameter. Komponcn ini urnumnya dipnkai pada bruce hori7..ont.al. Doubler plat 

acWn.h plat yang dipasang di ujoog bmce agnr punching sheo.r stress terlce11dali. Pa.da gambar 

itu m3 mcmpaknn joiut can. Ynilu tubular pondek yang dipcrtcbal dan dipasang tepat pnda 

"c011ncct.ion FIIt:n "joint untulc mcncogah stn~~>s lolcal bcrlcbilum dan menambah kclcuatan 

Spcsiflkas.i : 
m 1, m2, .. .tna = member Ire n 

ml, m3 = chord 
m3 = joint CAll 

m6 = konis transisi 
m2, m~. m5, m7, mS = brace 

Gambar 3.3 Joint KT & T dan aksesori 

m9 = doubler plat 
mlO "" gussel 
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3.3 PERUITIJNOAN llEA YA 

3.3.1 BEAYA JlLAT 

Material dasar stmklur jacket bcmpa plat dan ·alau tube. Satuan massa yang umum 

dipakai adalah short-ton (= 2000 lb). Pcrhitungan massa umumnya didasarkan panjang 

member sesuai jacket drawing. Tctapi massa slrulctur tidak ekivalcn dengan massa material. 

Bits prernis tcmkhir diilcuti mah infom1asi lcuantilas . plat atau tubular dipcrlukan, yang 

didapat melalni konfinnasi situasi member yang dilinjau sesuai segmentasi pasca prepa.rasi 

sisi (tanpa dJ~·cll!rl piece) dan kode scbagairruma dibcrikan 'Gambar 3.4.<2> Metode terakhir 

ynng diil.'Uti 1'ugali Akhir ini. Discard piece dianggap scbesar 2 inY> Material dianggnp berupa 

plat baja API-2Il-50 dan API-51 Gr-B, berdimcnsi 20 x 6 ft dan harga per ton adalah Rp 

1.922.751. Massa-jcnis baja dianggap sebcsar 487,024lb/ft. 

DJ• oc 12 in min 

-Extendetl p!IJit the oow(le edge of the 
bnJcing a minimum of 1/4 D or 12 in 

-No girth weld locaied closcr then 3 in 

GsmhM 3.4 Bat.assm untuk segmentasi member 

1 Unocallndooesi.t C'.ompauy, lli!l.t....rtL~if_.::•_li<2H..fo.r_Qlllif•r J>t..tfon•• Sln.&iw:lll Pab!lc.liog !!!!l..~_n.__S~no V!: 
M·FSD:QIUi (Jahru.: UuQC{), Juni 199 .. ) h.U. Thid. h.3.9. . 

IlatiDJJUli llCJJy•l-'Mbri.l:ui J•c1t.>t 



OIU70t. 3-5 

Knpnsitns fusilit.as rolling diunggap 20 produk/hari tcrmnsulc lumdlingtimo, 

workingtime, idlctimo, dan postponetirnc. Hnndlingtirno ndalah waktu prn workingtimc 

(lllisalnya untuk lifling dan transport material dari bufferslore ke incoming rollcrtable). 

\Vorkingtimc adalah waklu cfcktif kcrja mcsin. Jdletime adalah hcntian antar workingtimc 

untuk fccdi11g balum baku. Postponetimc adalnh hontian insidootil. Jumlah operatomya 

dia.nggap 6 onmg. (5
) 

ORin bar 3.5 Bending roller dan proscdur rolling 

BMyn yn.ng clihitung bcmpa jumlnh plat, jrun-mcsin dan jrun omns operosi mesin 

bending roller. Pcrhitungnnnyn bcrikut : 

= 29,22 np .tp [ST] (3.3.1.1) 

JMroll = 0,7 np fjnm] (3.3.1.2) 

---------
• DUn&i"P scsuro hpa.Utll3 m~ di Mitmi Corp. [Milrui F.nameuina: .!: Shipbuildina. Outline of Shi@w1dina in Tanano 
Shi~dina Ftcl.Qo:. (Tokyo: Mitsui E & S, 1977) vl, h.320]. Dia.naaap sdari k.esja- 7 jam laja rfrlbf. 

1 Setl..p mKin di.opa-uiLus 3 C1nni [D.O.Mnnaf, ~!sipbuil<lina T~!osty I. (Surah.ya: rrs, [Lth]) h.Ul]. 

f O:nw:csi pl.at - 20 x 6 fi r S~hin~ rrusu m.alesUJ (m.usa-jeni.r b.ja .. 4K7,024 lb/l\1): 
Jtzmab clan k&b&lan plat - np & tJ! • 4 87,024 .20 .6 np .tp [tb] - SKU2,U np .tp [tb] - 29,22 np .tp [ST] 

7 ~p uparo lapuitas rnesin di Mitsui Corp. [Mit.rui 1.7.n&ineerina &. Shipbw1Jina. w.dt. h.319]. Kap.uitas DY""..in PT 
M.c:I)c,nno41lnl~u 6 pW abu B luLul.ar pee jam [A~ulil Suprl..di, Pe-!teriun rud. Stmklur, Wddina dan Quality Control 
l'alril:ul ~tmltur Offihory (Stu-ab&yc I..aporan Kerja J>nldd:.rrs, 1994) h.23]. Ilene h.mdlinatime. wottinatimt-, !ian 
repa.ir1ime bi.aunya ± 10%, 70"..<. elm 20% d.ui sdmuhjam mja (di r.ini id1etime disatuhn denps lwullinatime, sedana)uw 
poriponrtime diutuhn cknaao ~). Pad• shopprimina. idktime iuiP dimabudbn unbl1 dryinatlme (s..lam• 3 • S 
m=it) [D.O.Mun.U; ~ hh.S.S·1] 

1 Menuuk p&da jum1&h ~~j. di PT Clunanuu Ulama Pabricato.- tanpa operator mesin bendina roller [Nanana JTi!u.ndol:o, 
Proto~_lnd.ul£i Pal>n'\ui Khu.,tu Uan,aunllll l!'JW P,anl•i Tice JacM! Fix.M S.ted J>!!ill>!!!! (Silnlb.ya: ITS, 1990) h.34). 
Aulomali.s.ui f.w1iLu ini mc:tnun~an knnlrol operui tlitanvni salu orana [n.O.MnnAl: m.m lLS.S]. 

----------------------------------



OE.1701. 3-6 

JOroll = 6 JMroll [jam] (3.3.1.3) 

Dimann : MS = mruJsa IDlltcrial plat JMroll == jam mosin peugerollan 

np = jumlah plat JOroll = jam omng~pcngorollan 

tp = kotohalnn plat 

3.3.2 DEA Y A PTIRLATCUAN PERMUKAAN 

Pckcrjaan pcrlakuru1 JXlmlukrum mcliputi pcmbersilian porumkaan, straightening dru1 

shoppri.ming . . Dismggnp pombcrsihan pormukaan material ,dilakukan dongan shotblasting 

bcscrta sistem recovery, tunpa strn.ightening, dan mosin shotblasting dihubWlgkun langsung 

dcuga.n mosin shoppriming (dalam satu unit atan bengkel, lihat Garnbar 3.6) sehingga 

pcrhitungannya dapat me1uakai kritcria oven/ rnasuk-koluar material dari pla.ut Kapasitasnya 

dinnggap 60 prodnlc/hari tennasuk hancilingtime, working-time, iclletimo, dan postponotime.7 

Jumlah operator dianggap 9 orn.u.g.<B) 

Oambu.r 3.6 Shotblasting dan primering unit 
l-bu1Tcrstorc 2-incoming rollertable 3-shotblasting plant 
4-connecting rollert.ablc 5-sprnyplant 6-<mtgoing rollers 

Fasilitas itu dianggap tipe 4 shotblllSiin.g-apptmJtus yang konsumsi grit sebesar 192,90 

lb/mcnit.<9
) Dan sistcm recovery mcmberilmn efesicnsi sebesar 65%. Scdangkan konsumsi cat 

primer dihittmg bcrdasarkan kelebalan kering yru1g dianggap sotcbal 0,8 mils(= 0,0008 in).<tO) 

; HMga paro dari 2j- ljO K&fmeni! [B.O.}.f.un&( nn.cit. h.3.3]. 10 Thid. h.~.7. 
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Primer bompa Molirex Shopprimcr dcnga.n prosentase thinner sebosar 10%, thinner no.707, 

dan theo.n'ticllf covCfllgasobcRar62,98 fl2/lb.<11 > 

Pengecat.annya scca.m airless-spray. Yaitu sistem pcngecatan dimana cat dipompa pada 

tokanan tinggi (50 - 200 bar) sehingga semprotan cat ketika keluar dari nor.z.le bcrupa kabut 

~-a 3 

f tl ;&Gtf.l .~Uyt f .• JI 

(A) 

4 

3 

(C) 

Gam bar 3. 7 Bla~ting horizontal dan akscsori: (A) Wltuk plat. (B) \mtuk plat dru1 profll 
(C) 1-clJamOOJ' 2-s.hothhJsting apjJJlnltns 3-p.l3t 4--Juea bla.sting · 

neaya yang dihitung aclalah bcaya konsumsi grit, cat primer, thinner, jam-mcsin dan 

Jam ornng clalarn opomsi fasilit.as porlakuan pormukaan. Perhitungannya mengacu pada 

h1antitas material (plat atau tubular) yang ditreRtmcnt Treatment dianggap hanya sekali, yaitu 

dilakuknn scbelurn material diprcparasi sisi. Pcrhilungannya berikut : 

= <172,7 np 

-- 3,8 np 

[lb] 

[lb] 

(3.3.2.1) 

(3.3.2.2) 

11 Koninkliju Brink!M.olyn DV, Documt-n!alje nnlldin (Oroot-Ammen: BrirMMolyo DV, [UhD. PT Ounanuu Utama 
Falxicator lnCUgawl&lan Carbozinc 11 dan Carbollnc: 11unner 26 denpo vcs-baradina-n ('!.'Olwnc:) 1 : O,lS u.utul DM & 
KNA J~ [lYJ' Chmarntu Utanu Fabncalor, !2l!.ci!] 
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Mt 

JMbp =0,117 .np 

JObp = 9 JMbp 

Diman.a : Mg = massa grit Mt = massa thinner 

[lb] 

Uam] 

[jam] 

(3.3.2.3) 

(3.3.2.4) 

(3.3.2.5) 

Me = mas sa primer JMbp & JObp = jam-mesin & jam-orang blasting-primering 

3.3.3 DEA Y A PEMOTONGAN DAN PENGELASAN 

Pcrhit~gan bcByn pcngclnsan dikait.bm dengan bcnya, pcmotongan karon.a kcnyntaan 

bahwn scrnua groove pengelasan mcrupak:un produlc pcmotongan. Mcsin potong dianggap 

bcrupa mcsin gas-culling. Parameter pcrnotongan dirunbil untu1c pemotongan plat sotebal 2,5 

in mengingat IDI\tcrial tortebal pada obyek analisis adalah 2.375 in. Pada kondisi tersebut 

konsurusi gn.s oksigcn adalah 55.018 lb.tP/jam, sedangkan konsl1Ill3i gas ncetylen diambil 

bcnlasll.fktm msio konsurusi gas acctylcn tcrhadap konsl1Ill3i gas oksigen yang scbcsar 0,41 

scrta nptiruuu spaedpcrnotongan adnlah 73,326 fl:/jam.<t-4) Parumetcr ini dianggap sarna untnk 

mcsin manual maupun automatik dau kecepatan pemotongan itu mencakup handlingtime, 

working-time, idlctin1c, dan postponotimo. Diant.a.ra handlingtime adalah waktu pendinginan 

dan langkab pemotongnn guna meminimalkan distorsi, sebagaimatllt ditunjukknn Gambar 3.8 

.. Jmnlah operator sot.iap mosin 2 omng.<Is) 

11 Keccp.a!MJ Ll..sting • 60 p!.ztllwi .. &,:57 pl..tJam 
Koruunui ari1 • 192,90 lblllll!ilit • 11 SH IIJ0am 

II ~2e - 62,9& al/lb 

._ Sehin~ lonsumsi grit : r •11S74 np /11,~7. 3~% [lb] .. <472,7 np [Ib] 

r• ~hin~ konsumsi primec : 
•2.20.6np/62,98•3,8np (lh] 

u Thkl. h. 7.29, .1JU'rupal:.&tJ baJP,.n dari d.at. Ta.bd 7.2 r-J~rensi inL 
11 D.O.M.IIliAf, ~h. 7.~6, \Ill~ 1%16in a.u-cuttina autorruotil.. Uotuk IJU'sin m.uwa~ dianaaap saou. 
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part &ftt't' iJ 1'-'5 coolbd 

~--·-·-·-~ 
............ cut this only after /" 

the pate hM cooW 

. ..... .. -----

Gambar 3.8 Langkah pc.motongan 

Pcmotongan cope umumnya · dilaknkan dengan mcsin cutting automatik (NCC). 

Dumtarn input prognurmya adalah diamcter-dalrun brace bukan diamcter-luar (lihat Gambar 

3.9). Hal itu bcrhubungan dcngan fleksibilitas setting torch stand-off. Parameter input NCC 

yrUlg bcrupa diamctcr-dalam itu juga sebagai penunjulc obyek yru1g dipotong. Torch stand-off 

adalah jarak antam nozzle-tip dan base-metal, biasnnya sebesar kerf. Pada 1\Jgas Akhir ini 

kcluamn program yang berupa input NCC diclasarkan Gambar 3.9. 

no ne 

SL.nt Eru.l CuJ N ~ .-u.ary U.. t.. : Off Cc-nld T-Joinl Cut 

~ / 
• r,;~ uttl<Ot" ili.. 
• "·"l(k or inlcncctiou 

Ncx:~s uy 1hl" : 
• lx-111><:!, rVI~ inncr tliA 
- m.un pi~ olll« tb 
• a.nl\k of inlcncd;on 

N~~.ary d.ala : 
- bnuv-_b p(pc inne£ diA 
• nuin pipe ou~r ~ .. 

- olliri ~~U>C~ 

~----------------·----------------t-------------------------------------1 

T-~~ 
N~NJAry d.al.l ·:· , 

• br Ulc.h pi pc in ncr di a 

• m..Un M"t outer ili.a 

OfT Center SlAnt Joint Cut Ne-c~.uy d.da : 
bo:nch ~ im~ di.a, 
ma.in pi~ ookt dU, ofJ
~d, a.ngk of intc;,l-<::tion E:tfj 

--------~--------~·-=·· ~==·=--------------------·--~ 

G1Uilbar 3.9 Input NCC 
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Scdangk.an pcngelasnn dianggap memakai SAW dan FCA W dengan parameter seperli 

di Gambar 3.10.<16
) Baris nomor 1 dan 2 di Gambar 3.10 adalah parameter back-gouging. dan 

back-weld sedangkan setiap tiga baris berikutnya bcrturut-turut adalah parameter pcngclasan 

seam (1 G flat), short-long pipe (1 G down wnrd-fl~t), girth (6G up/down ward-vcrtikal), dan 

fillet (60 up/down wnrd-vcrtikal). 

Ketiga parameter dari sctiap jcnis pcngelasnn ters.ebut maRi.ng-masing untuk root-pn~s, 

filler-pass, dan c.over-pass. Parameter itu dimnbil dari baris-haris pert.ama dari tipe pass yang 

bcrsnngkutan dn.n diaplikaRikan pada scmua weld bead. 

Scmua pcngelasan dianggap bcn1pa pengcla!)an satu sisi tanpa back;iog strip. Back-

weld dan back-gouging dipakai \mtnk las seam longitudinal tube berdinmcter Jebih dari 24 

in. (t 7
) Pcrlakuan bcrupa preheating, posilieating, interpass temperatur, peening dianggap tidak 

diaplikasilam. 

Back-weld adalah pengelasan pada sisi lain dari sisi pengelasan yang telah dilakukan, 

untuk menyempurn.akan pcnctrasi. Back-gouging aclalah proscdur pembnangan sebaginn 

lasan clan base-metal di akar las. l3acking strip adalah bahan (scpcrti dari kcramik, fiberglas, 

bnja) yang ditcmpntkan di bnwah aknr las untuk mendukung lasan. Preheating adalah 

pcmanasan base-metal scbelum pcngclasan dilakukan. Postheating adalah pemanasan base; 

metal sctclah pcngelasan diakhiri. Intcrpass temperature adalah pcmanasan antar lasan pada 

pcngelasan multipass. Peening adalah aktivitas mekanik (dengan pukulan palu) pada lasan. 

u Oamhat 3.10 b&rls 1 d&ri 'The Lmcoln Ukctric Co, n~e l>rocedure I-r.ndbook of Arc Welding (Clcvdand: The Lincoln 
ElCo, 1973) h.12 . .S.2-3. Baris 2 • S dsri PQRI'T Me DennoU Indouesia DO 622/lS-1-19811. Baris 6- 8 dsri PQR PT Me 
DermoU Indooem DO 816/2-11-1989. naris !) - 14 d.ui PQR PT Me Dcnnott IndDnesa no 601.12-11-1989. PQR 
(Prosedurc Qualification Rccon.l) ad&lah relord tnt penad.uao yang dilalmhn sesuai WPS, yana dapll dipaiW sebaa,ai 
acuan penad.uiUl. WPS (Wdd.ina Procedure Spesir.catioo) .a.Iah set instruhl yq buhaun deag.n penaelasan yang 
al:.ua w."W.:u.l:.-"1 s~pcrti pros~s, tclnik, c.kltnx.k, a.rw li.slti1:, pre}x:a~ posfheat dan seb.tepinyL 

17 
llra.ml.eUe Me Cl.d1.and, ed, t>l..annirw. and ~ian of l'ix.ed pffshore Platform (New Y or\:.: Van Nostrand R Co, 1986) h.S68 

I!Jitinu11i l11!6p F1wri'k11J1i JMakt:l 
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Ho PbSS ProseG Rc•d CZ•Rod Speed 

1 Back Gou in , SeEim CGAW OH.R23 .50 0.031 45 .5 
2 Bad·. Weld, Seam FCAW E71T8K6 0 .007 17 .0 
3 Root Pas a, Serun FCAW E71T8K6 0.007 17.0 
4 Filler Pass, Seam SAW EA1.1l,.2 0 .013 32 .0 

5 Cover Pass, Seam FCAW E71T6 0 .007 18 .5 
6 Root Pass, S/L Pi e FCAW E71T8K6 0.007 17.0 

7 Filler Pass, S/L Pi e FCP.W EM12K 0 .008 30.0 
8 FCAW EM12K 0 .008 32.0 . r-~·--; 9 Root Pass, Girth FCAW E61T8K6 0.007 18.5 

10 Filler Pass, Girth FCAW E61T8K6 0.007 19.0 

~~~ l 1 Cover Pass, Girth FCAW E61T6 0.007 17.75 
12 Root Pass, Fillet FCAW E61T8K6 0.007 18.5 ~~~~ 13 Filler Pass, Fillet FCAW E61T8K6 0 .007 19.0 
14 Cover Pass, Fillet FCAW E61T6 0.007 17.75 1 • .,. 'l _j· : • ....!..~ ...... 

I ' 

(A) (B) 

0 

\(' 
. ..;.-? - . . 

.............. , 
\ ' 

~·.:~ '? / '-'.: .... ·/.. . '.. -----
r ·' ;-~'x ... /~ ~ ··r'"'/ /.>>J_ f.·: <"'- l ~- 1,' 

l_. ~ ~_,;· ~?""'~) / "): . .Y/ .... ' 

. / ·, ~--/ 

(C) (D) 

Ga.rnhar 3.10 Panunc:tcr pengclasan : (A)-data, (B)-de til 1 G flat, (C}<Ietil 1 G down ward-flat, 
(D)-dc:til 6G up/down wnrd-vcrtikal. Parn.mc:tcryang dipalclli dit.andai arsirnn. 

Mcsin las dianggap bekerja pada ope.rot.i.11g JEclur scbesar 0,60 untuk mesin SAW dan 

0,40 untuk FCAW. 18 Harga tersebut dianggap sudah termasuk duty-cyclenya. Deposition mte 

s~mua lasan dianggap membcrikun kontribusi cross sectional area (CSA) sebcsar 0.0144 in2 

(= 0.00012 fi2
). nnsio konsumsi fluks tcrhadap konsmmi elektrode SAW sebcsar 1,4.<19

) 

Operator mesin (ynitu welder dru1 belpemya) dianggap 3 orang<20
) 

-- - ·- -------
u l1•e tmcoln Eleclrlc Co, Ute Procedvre lbndbook of At> Weldina (Clt-vdand: 11~ Lincoln ElCo, 1973) h. 12.1.3. 
"LArry Jill us, Wf1ctu~.d.1Umli£!l~ (New Yon: Ddnw PuL.Inc, 1994) h.6&& 
10 Nanana Prihandokn, !W.£i!. h.-46. 
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Operating factor adalt1h rasio antam workingtimo dan totaltime. Duty-cycle adalah 

msio nntara waktu mesin bisa bekerja normal (tanpa overheating) terhadap waktu refercn.qi. 

Cross sectional area adalah luasan pon.ampang deposit lasan yang mongisi ruang groove. 

Fluks adalah mineral fusible (bcrbentuk gmnular atau mooyatu dengan filler las) ynng 

dilelehkan pada busur las gun.a monstabilkan busur las, melindungi terhndap kont.nminasi, 

scrtn mengikat atau tidal~ mongikat gas pelinchmg. 

Eloklrodo las di Gnmbar 3.10 sosuai base-metal yang bempa ASTM A36, ASTM 

A633.C'rr.C, API-5L-Gr.D, API-5L-X52, dan API-2H-50 <21 > moskipun di tuga~J akhir ini base-

metal dianggap hn.nya bcmpa API-5H-50 dan API-2L-Gr.B. PemililUl.Il elektrode juga 

didasarknn komnmpnan n111!Hple-pnss (schinggn pnrnmeter di Gambar 3.9 juga dapat 

dianggap berkcmampuan multiple-layer), segala posisi pengelasan, dan tanpa gas pelindung 

ekstcmal. 

Sctiap pass pcngelasan dianggap membcrikan kontribusi berupa weld-bead selebar 

makRimum 2,5 kali diameter rod baik manipulnsi gerakan dilakukan sccnra weave ataupun 

stn'ag.<
22

) Weave ad.alah gomkan clektrode yang bcrupa osilasi yang dilakukan pada waktu 

pcngclasnn. Gcmkan osilasi itu tidak dilakukan dalam string motion. 

Panjang pcng(}]asan (LW) dihitung soporli berikut: 

:::::> Untuk pongelasan scam longitudinal, L W = sepanjang rollod tube (pm prepnrasi sisi girth 

atJm scbehun pomotongnn discard piece) 

::::> Untuk pengelasan shortllong pipe, LW =IT .0 

:::::> Untuk pcngelasan girth, LW = I1 .0max, dirnana 0rn.ax ==diameter tubular terbcsar 

11 
Iacl.rl 0. awing. 4-Pile Pmdt ... -tion P1•1fonn "Kra" J11det :Drawing Intkx and Oent'.TIIl Notes 

:.~ LAtty Jcffiu, ~ h.GB. . 
IJ 
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=> Untuk pcngela.san cope, LW = I1 .0 .(1 + 1 I sin(~1~)) I 2 (UEG,vl part A h.29) 

Bcrkaitan dcngan paragraf pcrtruna sub-bub ini maka panjang pcmotongru1 dihitung sruna 

dcngan panjang pengelasan kocuali untuk bagian girth yaitu scbesar keliling tubular(= n .0). 

Beaya yang dihitung adalah bcaya konsurnsi gas-bakar, cloktrodo, fluks, jam-mosin 

dan jam-ornng pada pckcrjrum pcmotongan & pengelasan. Perhitungannya berikut : 

02 =OC .LC/CS 

Ac = 0,41 .02 

JMcut =LC /CS 

JOcut = 2 .JMcut 

Rod = CSA .LW .487,024 /DE 

JMwcld = LW I (I'S .OF) 

JOwcld = 3 .JMweld 

Diman11 : 02 = jumlah oksigen 

OC = kon.'lum'li okBigcn 

LC = panj ang pcmotongan 

CS = kecepatan pcmotongan 

Ac = jumlah acctylcn 

JMcut := jam mosin pcmotongllll 

JOcut = jam orang pcmotongan 

Rod ~" jumlah elektrode 

[lb.nJ] (3.3.3.1) 

[1b.re1 (3.3.3.2) 

[jam] (3.3.3.3) 

[jam] (3.3.3.4) 

[lb] (3.3.3.5) 

[jam] (3.3.3.6) 

[jam] (3.3.3.7) 

CSA = luasan penampang laBan 

DE = effesienRi deposit 

TS = kccepatan langkah pengelasnn 

LW = panjang pcngelasan 

OF = fuktor opornsi 

JOweld =jam orang pengelasan 

JMweld = jam mesin ~n~lasan 

. 

• 



Oli. 17 01. 3 - 14 

1 F 1FR 1FR 1G 1GR• 

2F CI:D . :) 2G 

(TI 0 . 
l 

SG [D8iF 
~w 
~ 45" 

SF 4G SF 

GarnbAr 3.11 StJmdard posisi pcngelasru1 

UJTII)' ~ ~ 
CIRCULAR Uf'$li)[ 001,\'N V 

T 

_g:[r[p ~) ~ 
SQUARE FIGURE 8 

c 

~ ~ \J\NW 
v 

J ZIGZAG 

GamiW" 3.12 Patron weave 
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Dctil pcngelasnn dilmat berda.sarkan tipe pengelasan. Gambar 3.3 menunjuk:lam skop 

pcngclasan dalrun fabrilmsi struktur jacket (diberikan dengnn inisial CSA), ylll1g bisa 

dibcdn.kan ntn.s tipe pcngclasan butt dan cope. Yang termasuk pengelasan butt adalah 

pongeln.san seam longitudinnl (yaitu CSA 7) dan girth (ynitn CSA 1, CSA 4, dan CSA 6). 

Scdangkan inisial yang lain (yaitu CSA 2, CSA 3, dan CSA 5) termnsuk pcngelasan cope. 

Pcngehumn cope adalab. pcngclasan bruce pada pcrmukaan chord. PongelaBan butt adala.h 

pcngelasan base-metal bangun datar dimana penempatan kedua base-metal sebidang datar 

dcngan sudut oricntasi antara kcduanya scbcsar 135 - 180°. Pada jangkauan orientasi terscbut 

konfigurasi dasar sudut groove, root face, dan root opening dapat dipakai. (A WS, op.cit h.9) 

Gam bar 3. 13 mcmprcsentasiknn tipika1 detil pcngclasnn butt dan cope. Detil A, B, C, 

D di gan1bar itu untuk pengelasan cope, sedangkan yang lain untuk pengelasan butt (di 

gam bar itu dibcdakan alas transition dan butt join~. Detil "G'' dan "I" di Gambar 3.13 tidak 

dianalisa 1'ugas akhir ini. Karena detil "G" jarang diaplikasikan lagipula tidak diaplikasikan 

pad~t fabrika~i struktur Jacket KRA. Sednngknn eksopai tcrhadap detil "r' karena pcmakaian 

backing strip. 

Gam bar 3.14 merupakan desnin detil-dctil di Gambar 3.13 sccara geomctri. Gam bar 

3.14 (A) dan (B) adaln.h desain untuk pongelasan cope (detil "A", "B", "C", "D''), scdangkan 

Garnbar 3.14 (C) adalah desain untuk pengelasan butt (detil "E","F" ... "K"). Kctiganya 

(Gambar 3.14 (A), (B), dan (C)) dipresentasikan sebagai Gambar 3.14 (D). Formulasi 

bcrclasarkan Gambar 3.14 (D) yang ditcrnpklll1 dalam pemprograman. 

Tampa.k bahwa perbedaan antara desain pengelasan butt dan cope banya pada profil 

lasan. Yaitu profU cckung pada pengelasan cope dan cembung pada butt.23 Hanya yang perlu 

-------------------------------------- ------------
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dicem111ti dari detil "A" ynitu profil cekung yang ditunjukkan sebagai inisial R mcrupakan 

rcduksi yang dinplikasikan. Soonngkan delil "D" dipcrkcnankan lanpa bevelling karcna kctc-

DETAIL "A" 

(I)•''•• I tO ••l•t-cl 
}lVI t rtt •"' U 

.._"' J ..,11(0 11 •tdO 

DETAIL 'E' 

c.·~" .... . ,..,., , .... . 
lt•t IW 

.J~~ 

DETAIL'\' 

DETAIL' B' 

•coo• '''' o••••oc w ...,l 
~··o-....... 

DETAIL" C' _QETAIL' 0' 

WELD DETAILS FOR COMPLETE JOINT PENETRATION 

DETAIL "F" 

• t ~l ( oo.t•<.l t'Jool.l 

1...:00.• O• 0•<. ' 1 

TRt.NSITIONS 

., .. r •' o• •• , ... 
• t ~til.- I •1 0 .... •1 I 

•-•.- o- vi •'•t(l<loo 

•o• o • 1•" 

.... u ... -~·~· 
••-•r !•CWR 

DETAIL "J" 

BUTT W(LDS 
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Oambar 3.H Tipi.kal dctil pcngclasnn butt dan cope 

~· "ws, OP .. \:i! ~.~0 cJ...o h.l7.S. Amcric~ Pel.rokum In.,tifule {API), Bccornmended Pf!c!iq; (or Plannini+ J?es.iwini an.f! 
~ta.l<;twa F!!.W.Qffil!Q~6 (Nocthwest: API, 1991) hh.73-4. . · 

Eatinu.si BI!MJ?l FllbriJ::Jv;i JJJccct 
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balan base-metal kccil utau pcmakniun l~1cking strip. Torhadap pemyat.aan torakhir, dianggap 

prcmis bcn1pn pcmakaian backing strip sehingga bcrlawanan dengan asumsi yang dipakai 

Tugas Akhir ini (11 3-1 0) . 

y 

'· 

·· -·-·-·-·- ·- ·-·-·- ·-· --·-·-· -·-·-·- ·-
(D) 

· - ·-· ~ ·- ·-·- · - · -· -·- · -· -

(D) 

G~tmh.:tr 3.14 Desrun pcngelasan butt dan cope 

Dcsain di Gambar · 3.14 (D) mcmttkai sistem koordinat ruang dua dengan origin di 

perpotongan antam pusat lconscntris bruce dJUl perrnuklUUl chord untuk pcngclasa.n cope, at.au 

nntam pusat konscntris tubular dan pertengahan root-opening untulc pengclasan butt. 

Pada dcsain pcngclasnn butt dipaka.i refcrensi yang berupa mdius-dalam terbesar 

diantarn kcdua basc·mctal. Mclalui refcrensi itu ukuran root·facc diaplikasikn.n. Root-opening, 
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root-face, dnn reinforcement diambil schcsar 1 Is in (yaitu harga maksimum t.anpa tolemnsi fit-

upi4 Sudut groove sebcsnr 60°. Groove width dihitung selebar cover pass (= groove widili + 

1 Is in, scpcrti dilunjukkan Gambar 3.15 (B)). Proflinya dianggap parabola. 

t.ev t I one~ 
groove &ce-

~=-· 
(A) (B) 

GamlUtr 3.15 Konstrulcsi buttjoint 

Scdangkn.n unluk pcngelasnn cope dipnkai root-face scbcsnr 114 in.<25
) Besnr sudut 

groove ndnln.h separo sudut dihedral lokn1.26 Bc.sar root--opening clirunbil dari interpolasi ntns 

hru-ga maksimum (t.crhadap sudut groove) yang cliberilmn API.27 Yaitu : 1
/ 4 - a.e lt 6 I 90}. 

Scdangknn kecekungannyn dlhitung BCCilrn trigonometri. Profilnyn dianggap busur lingkamn. 

Konstmksi pcngclnsru1 cope dibcdaknn atas ncute dan obtuse. Pada acute. hubungan bnse-

metal membc.ntuk sudut lnncip. Sehnliknyn ndala.h obtuse. 

Fonnulnsi desain lasan tersebul bcrikul : 

G,. = 0, Gy = R/2, tt = th - (rr- ri) I untuk butt joint 

G,. = riu I sin(w) + R ctg(w), Gy = R, tt = th I untrue acute 

G,. =rib I sin(\V)- R ctg(\V), Gy = R, tt = th I untuk obtuse 

lA A WS, QP~£.!!. h.ll dan h.-40 15 ~an J>ctrolcwn Imtitut.: (API), QIL.c4 l7 Ibid 

--------------- - --------



OE.1701, 3 .:..!2_. 

I l,, =- G" + f, Hy =-= Gy, lx = H" + Itt I sin(~.t') - f] .sin(~.tJ) .cos((J.) I sin { I \jl- et.l) 

ly :- By+ [tt I Rin(~.t')- f) .sin('l') .sin( a) I siu{ I \j/- a I), Jx =(rib+ tl) I sin(\j/), 

Dirnana : R == root opening n = mdinH dnlam 

J =- 0 y 

f = root face '4' ;-...; sudut intorseksi atau dihfXlmllokal 

th ·- kctcbalan base-metal a. = sudut bcvol 

rr -- rofcrcnsi 

Adapun perhitungan luasan penarnpang lnsan didasarkan atas properti bangun-bangun 

pcnyusuonyn scpcrti tarnpak pada Gambar 3.16. Gambar 3.16 (A) dipakai untuk pengelasan 

butt scdaugkan GamllM 3.16 (B) untuk: pengelasan cope. Bangun 3 (segitiga) pada Gambar 

3.16 (A) dipakai khusus llntuk desnin girth yang radius luar kedua tublllamya berbeda. 

T 

(A} (ll) 

GRmlw 3.16 Segmentasi komiruksi las 

3.3A BEAYA FINISHING 

I - .,,g; empat 

2 - tnpc 'ium 
3- s:.egil~ 

4 - lens1cunR 

Deaya finishing yang dihitung lumya benya s.hotblasting dan coating. Kedua ak:tivitas 

itu dianggnp dilakukan sebn1as sp!JJsiJ zone. 
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Shotb!Jtsting dianp,gap dilakuk1m secara manual dongan kecepaum blasting 62,5 

ft 2/jnrn.<2&J Konsumsi grit dianggap sebosar 48,225 lb/menit.<29
) Recovery mernbcrikan 

efcsicnsi scbcsar 65%. Jurnlah operator setiap mesin shotblastir1g dianggap 3 omng.<JO) 

Scdnngkan coating dianggap dilakukan dengan kon.figurasi scperti ditunjukkan Tabcl 

3.1.<31
) Kccepal.lm pcngecatan dianggap 7,5 fl2/men.it (=- 450 fi.2/jam).<32

) Jumlah operator 

uctiap mcsin coating dianggnp 3 ornng.<JJ) 

Konfignmsi eli Tabcl 3.1 scsuai Lipikal coating untuk lmngunan ]epas panl.11i yang 

mcnp,indallkan iahihiLive prime!' concept. Dornikian juga ketcbalunnya. 3 ~ Inhibitive primer 

conttpt adaiah konscp penccgallfm korosi yang lebih men~kankan perru1kaian bahan-bahan 

yang mcmang anti knrosi (bukan logam) schingga mang antam basemctal dan primer maupnn 

anlllr conting mompakan 11011 connding st;Jfe. 

Tabcl 3.1 Data coating 

------- - --- - ··--- ---
Type Dry thickn Coverage %.thinner Sprintyl 

Finim ---
24,4 fi1iib MolifiL~l Primer 7 5-R-06 1,6 mils 30 (No.707) Sprintyl AF 

Compact TC 5,0 mils 17,9 fi211b 5 (No.222) V Spriutyl SG 

Sprintyl Sc.illcr Grey 0,8 mils 59,5 fl.1/1b 5 (No.995) V CompRciTC 

Sprintyl Anti Fouling 68-F-02 3,5 mils 15,6 fl?llb 10 (No.995) Molifast P 
" llue-mel.al 

[_§.prin!Yl_B_nisl_t ___ 2,0 mils 2_b9. fl.2/1b !.Q_ @'_o.995 

--· ------·--
11 Clcu1c~~mentina UJ, Frt'C Ckmc;,Q_(:atalo~ and SC1'Vice : Sandblaster~ Tt~~_M~ual Shor-71 (San l'ranchC'.o : 

Clt·•nco-Ckrnentina Ul, M.arcl1 1960) h.2-4 
1
' B.CJ.Mtu1~, pp.:.£!!. h.S.3 

lO Clffi\Co-Ckuw-.ntiru I...W, QP .. r.it 
11 KI>oinHijlz BrinlA.-folyn HV ptJxiL JYJ' Cluruumu Ut.ama FalxicatOI' l'llellP,Illlnabn Carboline 1H, Cart.10line 190 HB, 

Carhol.Uw:nu,mer 33, C.uboline 'I1wu1er 1!2, Alner Coat 1 .. &dc Ou.ard 17, dJW An1ct' Coal Cle.ancr 12 d.t-.ua-n perbandi.ngan 

(vohune) 1 : 1 : 0,27 : 0,27 : •• 7S : 0,.6 unM BM &. KNA Jaclet (PT GUF, Yard Operation Close Out Project Coolr~ 

BM &: J<NA Ja.:-ht, (Cilcaon: PT GUY, 1994)]. 
11 Clemco-Clernentin.a l.ul, l'rre drmco Cat.tlous and Service : Preservation of Ship in Service (San Francisco : C.lemc~ 

Ckmenlina Lt.!, [Ul1]) h.36). Yaitu h.arwa paro d.ui yang dihenx.an refererui ini (S. 10 fl1/menit) 
ll Ibid 
1.1 Y ~~~ b&han lU!, inlcnncdUte, dan lLlJl coat d.a.ri vi11A darinJJIDd rvbhi:r- dan qxuy. Std.anp .finWl coat dari vinyl11Ct]'h'c, 

pcll)'umlluuul, dJ.n clmin.aW ruLI>et'. ~cLal..n tot.a.l co.atina: 9. 13 mils, yang tes-diri alas 6't! co-/(1 • 2 uu1s), iniNm«<.ii!f.a 
Cl~l ( 4 • 6 ~nits). IJJp w.sl ( 4 • ti uu!J). dan rwlsJJ CI"W (2 mlls). [Dra.cnlett.e Me Cldl.and, op,cll 1.11.133·40 Oi sW top coat 
bcrnpa S[W'intyl Sealer Grey da.n Sprintyl Anti-Foulina 68-F-02 
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I3caya yang dihitung adalah bcaya konsumsi grit, coating, thinner, jam mcsin dan jam 

ornng dalarn opcrani rncsin blasting & painting. Perhitungannya beril'"ut : 

Mg(3S) = 16,2 Au. [lb] (3.3.4.1) 

Mc0 6) ·- A,z.IC [lb) (3.3.4.2) 

Mt - Pt .Me [I b) (3.3.4.3) 

JMb Au/ 62,5 [jam] (3.3.4.4) 

JOb - 3 JMb [jam] (3.3.4.5) 

JMc - Au. I 450 [jam] (3.3.4.6) 

JOe - 3 JMc [jam] (3.3.4.7) 

Dim1ma : Mg = rnassa grit JMb =jam rnesin bla.sting 

Me = massa coating JOb =jam orang blasting 

Mt = masRa thiuncr Au = area coverage 

c = eovcmgc JMc =jam mcsin coating 

Pt = msio coating - tJ1inncr JOe =jam orang coating 

J..i LOGIKA PEMPROGRAMAN 

Kctikn menu R1m diklik makn dilnkukun loading input dan parameter proses ke 

mcmori, mclalui mlin fosdmbr. Input program bompa sub-member yaitu scgmcn dnri member 

tubular joiut yang dibcntuk akibat aclanya node pada member y1mg bcrsangktitim. Parameter 

pro.qcs bcmp.1 pammctcr pcrhittmgan dan penjndwnlan, option running, & prcfcrensi material. 

l} K~lan bl..ast.ing ""62,5 W/jam r· 
Koruunui grit - -411,225 lbi~N"rul- 21193,5 l~am _ 

SWin~J& k.owuaw grit : 
- 2893,5 .A.) 62,S . 3S%- 16,2 A., [lb] 

u Coveraac • C --------------. s~ komtl!JUi co•tina : 
-A..IC [lb] 

F..vtillUISi B12p F•hnc..ai Jsc/;et 
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Kcmudian sub-sub member tcnwbut diinisialisasi menjadi member-member sorta 

dirujukknn spcsifiknsi mRterialnyn (dmi prefercnsi material). Lalu dilakukan proses-proses 

scsuni option miming. Yaitu apakah curnil dilakuka.n pcrhitungan beaya, pembualan work

sheet, ainu JXlmbuntan master projcc schcdull. Atauknh ketiga-tiganya oilnkukan. Hcrikut ini 

jikn hanya option pcrhitungnn bcaya dipilih. 

Pcrlama diidontiflicasi ujung-ujung member (pada jointnya), mclalui mtin scllrchmbr. 

Yaitu apakal1 ujnng member dimaksud bempa girth atau tidak. Jika berupa girth maka dicari 

mcn1hcr oposnnnya, lalu dicari sudut oricntasi dan refcrensi butt joint, melalui rutin hcfllrlfilld 

Kcmudian dihitung bcaya pcngelasan butt jointnya, molalui mtin buttJ: Ji,ka ujung member 

dimabud bubm girth makll dilihnt apnhah member ilu horupa chord, through, niRu ovcrlnp. 

Jika bcmpa chord dinnggap tidak ada pcngclasan atasnya. Jika bcrupa through maka dicmi 

chordnyu, mclalui rutin clwrdiind Setclah itu diltitung bcaya pengelnsan copcnya. Sedangknn 

jika bcrupa overlap malm dicari chord (rnelalui mtin chordfind) dan through (melalui rutin 

th.roJJg}lfind). I ,l:l]n dihiltmg bcaya pcugclasn.n copenya. Inisialisasi throngh dan overlap ini 

mcn111kai mtin (}cO, tjcnotO, dan ljcnotOsure. Di sini tubular joint connection dianggap : 

=-> Unluk tipc ovcrlnpping lougitudinal : offset through dru1 overlapping brace besarnya nol. 

=> Untuk tipo overlapping tranRversal : clcvasi through dan overlapping bmcc adalah sama. 

::::> Tidak aknn tcrjacli ovcrlappiug longitudinal dan tnmsvcrsal bcmda atau bcrpolongan di 

sntu node. 

Dcngan dikclahuinya situasi ujung-ujung member tersebut dan dengan mcmperhatikan 

ncxle-ncxle yang ada pada member la lu pada mtin tubei dibuat fllbe ammgement dan materittl 
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cutting plan scrta dihitung bcaya material plat Qika material dasar bempa plat), coating, & 

pcngclasan. Perhitunglll pcngelasannya menggunakllll mtin butti. 

AkJtimya dilakukan rokord atns bCJ1ya-beaya yang ada pada setiap member dan 

dihitung bcilya fnbriknsi seltm1lmya. 

Jika option work-sheet dipilih maka kctika proses nnming dilakukn.n pemhuatan kodc-

kodc data input NCC dan file imi1gc. Sednngkan bila option master project schcdull dipilih 

rnaka p:Hla akhir proses miming dilakukan ponmutan dan pengkoloksian membcr-rncmbcr 

yang tomlii~>Uk dnlam aktivitns tnsk. Kom1J(lian ITlllfling-mnsing akumulnRi nt.as jumlah jam-

Jllesill st:li»p aktivili1s tnsk torsebut dibagi dengan unit jam-mos1n yang tolah ditcntukan 

schingga dipcrolch durasi dari task dimakRud. 

Dalam progrnm penulis setiap t11.sk di.anggap disusun dari tiga stib-task : preparation, 

usscmhfy-ercction, dan finishing. Kctiganya mempnkan alokllsi dnri aklivit.as bcrikut : 

Tahcl 3.2 Alokasi aHivitas padn sub-task ponjadwalan 

No Aktivitns 
Sub-task 
·· - ·-- - ··--

PreparnHon Ass-Erc.ct 
-- ·- ·---·--- ··- - - - - - --- - ·-- ·--- - - ···· 

Blasting pRda pcrlaktum pcrmukaan X 

2 Primcring prula pcrlakniUl pcrmublllll X 

3 Rolling pRda pc.rlakunn pcnnulcnan X 

<1 Pcngclasan scam longitudinal X 

5 Pcmotongnn material X 

6 Pcngclasan shortllong pipe X 

7 l'cngclasan girth X 

H Pcngclasan cope X 

9 Blasting pad a finishing X 

10 l'rimcring pada finishing X 

11 Coating pRda finishing X 

·- ·------
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Mctodc m1mctik yang dipnkai dalam rutin konstmksi pengclasan aclalah Inclodc 

bir;cction (bagi dua) dong~tn pcrtimbangm1 bnhwa rnetode ini adalnh rnctode paling scdcrhana 

dan rx>pulcr. 

Scdanp,kan pcnjndwalnn rnaRtcr projcd schcdull mcnggunakan prinRip hcrikut: 

0 Waktu awal sub-tm;k prcpamtion adalah waktu awa.laktivitns (scsuaj yang ditentukan). 

0 \V aliu nwnl sub-task assembly-erection adalnh sehmi sctelah waktu awal sub-task 

prcpamtion. 

0 \Vaktu awal sub-task finishing aclalah sehnri scbclum jadwal sub-task assembly-erection 

dillkhi.ri . 

E..vlirrvLYi llCJJys J'BhnlM!ii Jac.h1. 





BAB 4 

ANALISA 

-i.l MASUKAN DAN KELUARAN PROGRAM 

-i . 1.1 MASUKAN PRCXil~AM 

Bcrikut ini a.dalah nlur pcrhitungru1 ya11g dilakukan prognun. Scbagai smnpcl 

ana.lisa clipakai rnasukan nomor 12, 13, 62, 63, dan 64. Propcrti kelima masukan tcrscbut 

hc.rik-ut : 

[21,191~-"'()) [17.5,19. 1~--40) [14, 19. 1~ -«J) 

- - - -,--- ---.-----..-- ,-·- · r- ·-
No XI Yl Zl Xu Yu Zu 01 0u Bl Eu Du Pu PM 

12 0 0 -40 17 . .5 19.198 -40 1.167 1.167 T 0 0 4 .5 
... - -
13 17 . .5 19.19& -40 3.5 0 -40 1.167 1.167 T 0 T 4 .5 

62 14 19. 198 -40 16.2.5 19.198 -40 1.167 1.167 c 0 c 0 1 
- -
63 17.5 19.198 -40 16.25 19.198 -40 1.167 1.167 c 0 c 0 1 

-- -- ---
64 21 19.198 -40 17 . .5 19.19!{ -t10 1.167 1.167 c 0 c 4 1 

L--- - - -- - -----'----- -- ...____ '---

Gamuar 4.1 Situasi sampcl 
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Kctika IllCIIII B,un diklik kcliiJJil masuklm tcnwbut diidcutifika~ i Nclmgai mcmlx:r 

nomor 10, 11, dan 48 dcngan set sepcrt1 ditunjuklCJm Tabcl 4.1 yang bcrurli member nomor 

10 tcrdiri alas sub-member 12 (a tau masuJmn nomor 12), member nomor 11 terdiri alas 

sub-member 13 (atau masukan nornor 13), dan member nomor 48 tenliri atas sub-member 

62, 63, clan 6tl (at.n.u masuklln nomor 62, 63, 64). Pada Tabc1 4.1, inisia1 Mb(ij) adalah set 

array yang dipakai. 

Tabd 4 . 1 Set inisial member sampcl 

--.----..---,--·-
MV(i;1) Mb(i.5) Mb(i.G) Mbr no PM Mat no 

0 0 12 12 0 10 
- - ----l------ +----1 

0 0 13 13 

61 65 62 63 64 

Koordiruitujung-ujung dan hahan member-member itu adalah : 

=-) Member 10 : [0~ 0; -40] - [ 17.5; 19, 198; -40], bahan API-5L-Gr-B 20 x 6 x 0 .52 

::.) Member 11 : [17,5; 19,198; -40) -[35; 0; -tiO), bahan API-5L-Or-D 20 x 6 x 0.52 

:::::> Member 4 o : [ 14; 19, 198; -40) - [21; 19, 198; -40), bahan API-5L-Gr-B 20 x 6 x 0.52 

Identifikasi bah.an member tersebut dipcrolch hcrdnsarkan prcfcrcnsi yang 

ditnnjukka11 kolom tcmkhir dnri label di Gnmhar 4.1 yang bcrscsuaian clcngnn nomor bar1s 

menu prefcrcnsi ffilltcrial. Kctiga member di atas mcmbcntuk tubular joint pacln koordirwt 

[ 17,5; 19, 198; -40) bcmpa overlap. Prcfcrensi lmbungan didasarkan kesamaan inisial "Pu" 

ym1g bcmpa iuisial : "4". Kon.figumsi tubular joint itu bcmpa: 

:> Chord : member nomor 48 

=-.:> Bruce : member nomor 10 (scb~gai owrlap brace) dan 11 (scbagai through brace) 

J?.vti11ul!ii BCJtyM Fabnl:ssi Jacld 
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-1.1.2 KELUAR/\N PROGRAM 

Bcrilwt i11i adsdnh keluarnn untuk member 10 dnn <18 klmsus untuk bcayn . 

Member 10 

-:.::> .J um lnh plat 

:::»> Dim1ma situasi pada koordiru1t [0; 0; -40] bcrupH cope dan pada koordinJ1t [17,5; 

19,198; -<10] bcmpn cope. 

_ _, Panja11g member nominal= ((Xu- XI)2 + (Yu- Yl) 2 + (Zu- Zl)2) 0·5 

= ((0 - 17,5/ + (0 - 19,198/ + (--10- -<10/)0·5 = 25,977 fi 

~ Panjang longitudinal cope J>:tda koordinat [0; 0; -40) : 

::l)• Dimllnn member 10 rncmhcutuk tubulm joint dcngtu1 tnclllbcr 108 pada koordin11t 

[0 ; 0; -40). Member I OH tcrcliri alas sub-member 148 dan ltl7. Sudut dihcdml 

lokal C~i') aniJU<l member 10 chill 108 : 

a== panjang sub-member 12 = 25.977 fi 

b == p:tnjang sub-member 147:::: ((Xu- Xl)2 ·I· (Yu- Yl) 2 + (Zu- Zl)2) 0·5 

=· ((0- 0)
2 

-1- (0- 0,871) 2 + (--10- -31 ,293)2) O . .S = 8,750 fi 

c :c: co 7,5- o/ + (19, 198- o,871) 2 + c-t~o- --10/) o . .s = 26,794 n 

(~c ~= diameter chord, c~ :- diameter brncc, off: offset brace 

~, J>anjang longitudinal cope pada koordinnt [0; 0; --10] : 

' 0c I (2 .sin(\j!)) - (( l - (0 12 + otTi I (0c I 2/) .( C2:lc I (2 sin(\ll))/)0 5 = 0,007 

··• Panjang longitudiwtl cope pacla koordiwtf [17,5~ 19,198; -t10J: 

---------------------------------------------------------------------l!.vlimJL'fi !Jcay11 FitlmlJL9i JMi:l-cl 
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::l~ Dimm111 member 10 rnemlxmtuk tubular joint connection dcngan member 48 pada 

koorclinnt 117,5; 19, I 98; -.10) . Sudut dihcdrnlloknl ('J') antarn member 10 dan 48 

cliltilung mclal11i propcrti sub-member 12 dnn 64 : 

11 == l)J111j11ng sub-member 12 """"'25.977 fl 

b = pnnjanp_ sub-member 64 =((Xu- X1)2 + (Yu- Yl) 7 ·I (Zu- Z1)2) 0 ~ 

=· ((21-17,5)2
-1 (19,19S-19,198)?.+(-40--40i) 05 : .~ 3,50ft 

c = ((21 - 0)2 
·I (19, 198- 0) 2 + (-40- -31,293)2

) 
05 =: 28,453 fl 

::n. pRI1jiU1g longituclinlll cope pndn koorcli.nat r 17,5; 19, I 98; -40) : 

~ Panj.'l.ng member eksak (Lc) '= 25,977 + 0,007 + 0,757 = 26,834 ft 

Jt1mlnh tllbo nominal= Abs(Jnt..,-Lc I ltube)) == Alm(lnt(-26)04 I 5,666)) = 5 

:::1:<· Din11ma !tube= Iebar plat I)llSC.a prcpamsi sisi :--; 6-2 .0,167 = 5,666 

::ll> Cck m<x1ulo (dirnana modulo batns = 3 in atau 0,25 fl) -• Lc mod !tube :; l,S34 

... 2,352 > 0,25 -• jwnlnl1 tube'- jumla.h tube nominal, scpcrli gambar hcrikut : 

I IWihl ·12 

~~~~ 10. lo;~- 26.a342 lt. 5 tul.ou. tcoilt - 0 It 
"An<n HF 

Gunhur 4 . 2 SegmentJu;i tube untuk member 10 

~· Dl.rnana lp!C~tdp = p:mjnng plat- discard piece= /0- 0,1(,7 '" l9,R33 

~, JIJmlah prod11k nesting :-: Ab.)(Pit(-lplntdp I (ll .Cil ·I 0, 1(>7))) .-::: 5 l.>llnl1, sepcrti 
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:')}> Jurnlnh kcbutuhan plat== Ab.s(In~-jumlah tubo I jurnlah produk nesting))== 11cmbar 

Ne~lir"ii pl<>l u/ rui.H HI. di .. • 2(1 a G x . 0!•2 fl. 5 Juo•lucl 
<P Arwn llf 

GambAr <1. 3 Nestjng pint untuk mcrnhcr 10 

:."") Panjang pcmotongnu 

:n· Jumlah tubulnr :-:: 5 bunh, situnsi pacla koordinat ro; 0; -~OJ hempa cope dan pada 

koordinnt [17,5; 19,198; --10) bcmpn cope . 

.. , PcmotongJUl 5 nesting pint= 5 . 6 .2 =GO fl. 

~ Pcmotongnn perpendicular end cut 5 tubular minus 2 cope = 2 .(5 -1) . I1 _(/j == 29,32 fl. 

-• Pc.motongnn cope koordinat [0; 0; -40) = I1 .0 (1 + 1/ sin(85,78)) /2 = 3,67 fl. 

~ Pcmolongan rope ~oordinat [17,5; 19,198; -40) == 11.0 (J+ II siu(l32,35}) 12 = 4,31 

-• Plilljang pcmotongnn total= 60 + 29,32 + 3,67 + 4,31 = 97.30 fl. 

:..:::> Pnnjnng pcugc1asnn 

:::ti• Pcngelllsan scrun longitudirutl : 

..... Adu 5 tubulnr ~ panjang pengc!EL.<;an 0-W) =- 5 .6 := 30 fi, clcngnn dctil sepcrti Gambnr 

4.4 (root pnss = 1 wb, filler pass = 6 wb, cover pass = ~ wb) 
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(hun hllf "·". Konstruksi pcngclasan scam longitudinnl untuk mcml.x-.r 10 

:::n~ Pcngelasan short/long pipe : . 

.... Ada 5 tube -• plliljnng pcngelasnn (LW) = (5 - . 1) .n .0 =-= 14,665 fi, dengan dctil 

scpcrti Gnmbar -1.5 (root pass = 1 wh, filler pass = 13 wh, cover pass :.:. 4 wh) 

_,...-.,_,..,,.,l __ ,a .. I 

GIUnh.u -1.5. Konstn1ksi pcngcl/lSnn short/long pipe untuk member 10 

~>, Pcngclusnn cope koordinat [0; 0; --10) : 

.... Pnujung pcngclnsLul (LV/)= 3,G7 fi, dengnn deli! scpcrli Gtunbnr -1 .6 (root puss ==- 4 

wb, filler pnss == II wb, cover pass= 6 wb) 
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Gllrnhilr <1.G. Konslmksi pcngclasru1 cope:untuk member 10 padn koordin:ll[O; 0; -~01 

::lT· Pc11gclnsan cope koorclin11t [17,5; 19,198; -~0) : . 

.... P ~u1jn.ng pcngclnsan (LW) = ~,31 n. dellg_tU1 dctil pengc:IHHJII1 sc:pcrti (lambm •1.7 

(root pass::~ wb, filler pn.ss = 21 wb, cover pass==· 1G wb) 

r•.c \N~ . ..0 10.1ohotd 5-• . eoubt•b 121 

Gllrnb.H <1.7. Konstmksi pcngclnsun cope untuk member 10 kcxmlinnl [ 17,5; 19, 19R; --10] 

=~, ;\rcn conting 

Knrcna clcvasi member m1 eli bnwah elevnsi C()ating yang rlitcntukan mnka arcn 

CZ).I ting ndalalt nol. 
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:.-::> Jumlnh plat 

OE. 1701,4- R 

::fi> Dima.na situasi pada koordinat [ 14; 19, 198; -40] bcrupa girth d!lll pada koordinat [21; 

19, 198~ -40) bcrupa girth. 

;:)S> Panjang member eksak (Lc) = ((Xu - Xli + (Yu - Yl) 2 + (Zu - Zli) o.s 

= ((1<1- 21)2 + (19,198- 19,198)2 + (-·10- -40i)05 = 7ft 

Derhul.Hmg jumlah sub-member > 1 maka untuk mendapatktill jumlah tube dilakuktm 

pcmnutcm bcrikut : 

- Start (S) padJ1 koordinnt [ 14; 19, 198; -I1 OJ 

- Finish (F) padn koordinat [21; 19, 198; -40] 

~· Step (S 1 & S2) pada koordinat [ 16,25; 19, 198; -40) dan [ 17,5; 19, 198; -40) 

.... I .angkah 1 : 

-~ Jamk S- S1 = ((14- 16,25)2 + (19,198- 19,198)2 + (-40- -40)2
)

0
·
5 = 2,25 ft 

-• Panj:mg orthogonal cope member 51 (sub-member 69) : 

a = panjn.ng sub-member 63 = 1,25 ft 

b = panjung sub-member 69 = ((Xu -XI/ + (Yu - Yl) 2 + (Zu - ZI/) 0·
5 

::-: ((16,25- 16,25)2 
· I (19,198- <14,198) 2 + (-40- -<10)2

)
05 = 25 fl 

c = ((16,25- 14)2 + (4t1,19X- 19,198) 2 + (-40- -40)2
)

05 = 25,101 fl 

'i' =-~ tg-1 
( -(c2

- a2
- b2

) I (2 .a .b)= 90° 

Panjang orthogonal cope= 0 I sin(~.V) = 1.167 fi .... ortho I 2 = 0.584 

:::»• Scgmcntasi hams di Juar batas jarak [2,25 - 0.584 + 0,25] dan [2,25 - 0.584 -

I) (bcra.rt1 pacla jangkauan jarak < 0,666 fl dn.ri S a1.11u jarak > 2,216 fl dn.ri S) 
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--· I ,<mgkah 2 : 

~· Dirnan:1 : ··• situnsi S2 bcnJpa overlap dcngan eccentricity= 0,616 

_, Jamk S- S2 = 3,5 f1 

_, \¥ (sudul dihcdralloklll antara sub-member 12 dan 64) = 132,35° 

- • \}II (suclul dihedral lokal an tara sub-mcmher 1 3 dan 6<1) :-..: 4 7 ,65" 

~ll· Scgmcnlmli hams di hmr ujung - ujung orthogonal cope: 

G. = 0 
Gy ~ · 0c / (2 ~ill I.Jioc) 
llx '""G,- t'.CC sin lJ10 , , 

lly , Gy · ecc cos tVoc 

I. "' II. • 0c I {2 sin tjJ1c) co~ {tj101 -90) 
Iy ,... Il-v • 0c I (2 sin l.j.l1c) sin {tVot -90) 

-• lx ' - ccc . sin(~1)- 0c I (2 .sin('Vl)) .cos(t.jll- \I'- 90) 

·• ly ·'· - 0c I (2 .sin(t11))- ccc .cos( \.I')- 0c I (2 . sin(~1t)) .sin( \}it- \jJ- 90) 

··• dlxly = (Ix2 + Iy) 0·5 == 1,207 fi 

-~ Jamk minimal segrnent..Hsi tcrhadap orthogonal cope : 

--• Tcrlwdap t11rough bmcc : I f1, scdangknn overlap bruce : 0,25 fl 

··• Balas I == S2 + 01 I (2 .sin(IJ!l))-! 1,207 I 2 + I = 5, 19~ 

... Hatrts2 = S2 - ({J I (2 .sin(tJI)) + I ,207 I 2 ·- 0,2.'i = I ,R6 

:J}> Dcngan dcrnikian scgmcntasi hams dilnar j<mgkatm (1 ,X(> n > X > 5, I 93 fl) dan ( 

2,216 fl < x < 0,666 fl), scpcri.i dituqjuk.k:an Gambnr 4 .8 

-------------------------------------------------------------~-------l!.vlitml..<:i llCJJft Fshrihuu· Jscl'CI 
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.__I ___ ,_ .. L.,_G1_L_~k: __ ,ll_mh_.ti'_i ...~-1 __ 1 ~-r::mlu li·i 
I.Cbr 4ll. lo<s • 7 ft. Z luhe_ lcunl - 0 II 

G11rnhnr t1.R Scgmcntnsi t11be untuk mcmhcr •1R 

:n• Dimn.n;s lplatdp'"" p:mjang plat -discard piece= 20- 0,1 (l7 " 1 Sl,SD 

::-n> Jt1mla.h produk nesting = Ab.~(Fi.r(-1platclp I (fl .0 + 0, 167))) == 5 buah, scpcrtj 

litmf>.:lk pacla grunbar -1 .9. 

':i"v Jtunla..h kcbutuhlm plat=--= Ahs(/nl(-jumla.h tube I jmnlah produk·ncsting)) ~"' I lcrnhar 

u_:-;:;_;;-...;-:;:;_-=-.=::....:.-...::.l..L..:;:::....:.--=-- - - - - - - - - - - - - - -=:~;J.....;:-::....:.-...;:-::;._;;-...;-:;;;:..;-:....=l--~ 

Ur..tirou ,.t,.l ol ... t., 40. rli••- 2U • r. x .ru;J II. !i prculucl Cl Arwn 11.-

G11rnhxr -1.9 Nesting pint untuk tnctnlx:r •1H 

::.> Panjnng pcmolongnn : 

:::l.P Jumlah tubular :.:: 2lmah, situasi pada ktx>rdinat [14; 19,19E, .. ;1()j bempa girth dan 

pada koordinat [21; 19, 198; --10] l.-.cmpa girth . 

-• Pemotongnn 2 nesting pluto= 2 . 6 .2 '-~ 24 n 

... Pcmotong~m pcrpcnciicular cud 2 tubulur minus 2 girth :-== 2 (2 -I) .ri .(.1 '"' 7,33 f1 

-..# Pcmotongan girth koordinHt I I'/ ,5; 19, 198; -40) ::-: n .0 ~ - 3,67 n 

-· Pcmotongan girtl1 koordinat [21; 19, 19S; -40) :.... rl .0 ,."" 3,67 fi 

-~ PAnjrmg pcmotongnn totlll = 24 + 7)3 + 3,67 + 3,67 :: 38,67 n 
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:::) Pnnjang pcngclasnn : 

::3:.' Pcngclnsan sc:un longitudinal : 

·-> Ada 2 tubul!u ·-> pa.nj Rng pcngelasan (L W) =-~ 2 .6 :::: 12 f1, dcngm1 deli! scpcrt i 

(]m11bnr 4.6 (root p;tss =~ 1 wb, filler pass ~= 11 wb, cover pass=-· 8 wb) 

Gllmi)Jir '1.1 0. Konstruksi pcngclstSilll se.run longitudinal untuk member 'IH 

::ll> Pengclasan shortflong pipe : 

.. J\dn 2 tubnlnr .... panjnng pcngclnsan (LW) '"' (2 - 1) .n .0 = :1,57 0, dcngan dctil 

scpcrti Gnmbar 4.11 (root pass= 1 wb, tlllcr pass== 1 H wb, C.(WCr pass= 8 wb) 

lA....._._ _ __ ..,~o ... f 

Gamhu ~.II. Konstmksi pcngclaSlln short/long pipe untuk member 48 
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,w Pcngclas:_tll girth koordi11at 12 I; II), 198; -40] : 

·• Panjang pwPclasan (LW) ···' 3,67 n, dcngan detjl sepcrti Gambar 4.]2 (root pass ::= 

I wb, filler pa~s - 8 wh, c~wcr pass '"' 4 wb) 

Gamtmr 4 .12. Konstruksi pcngclasa.n gir1h lmtuk member tiR pada koordiJiat [21 ; 19,1 98; -40] 

»-- l'cngchsan girth koordinat t ] ,1; J9,19S; -40] 

Dihitung pada JX!rhitungan Jlleml>cr 47 

!-':;~rena clcvasi rncrnlx:r uu eli bawah c:lcvasj coating yang ditentukuJ maka area 

coat ing ndalah nol. 

Dctil pcrhilllngan bca:va untnk member 10, II , dan ·1X diberikan pada Larnpinm T. 

SunHuary alas pcrhitung:lll bcay:t nnlttk member-member yang difabrikasi dari stn1ktur 

jacket ya ng dwnaliH Tngas 1\khir inj dianggap scbagai harga cstimasj yang dicari, yaitu 

sdx:sar l<p 2 0,19 861 687.5, ~ (Lihnt Lnmpimn I). Mcngingat pcrhilnngan ostimn.si tcnmbut 
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ha nya terdiri atas beaya kons tl!lJablc, jam-mesin, dan Jalll-omng llanya unluk beaya 

langsung scrta umpa beaya pemhelia.n perkakas (tools) maka harga eslirnasi illl dapal 

dianggap sebagai ambang bawah dari budget fabrikasi. 

4.2 ASPEK TEKNLK DALAM PERHITUNGAN BEA YA 

13c.ril-ut beberapa aspck tck.11ik dalam perhitungan beaya : 

l . Kollsumabel 

Material baja : 

(t1 . l) 

Pada perhilungan lake-oiT, rnassa material baja dihittmg mclah1i massa 

struktur dengan allowance 10 %. Jika hnl ini dilaknk:tn rnaka didapat : 

massa stml..iur = 704875, 4 lb = 352,4 ST (lihat LalllpimJI 1) 

___.budget = 352,4 . 110% = 357,94 ST 

Sedangkan massa material aktual adalah 119,11 o:>,'t lb a tau 597,08 ST (lihat 

Lampiran 1). Akibatnya budget akan minus sebcsar 239,1 .t1 ST. 

Selisih sebcsar itu tidak akan te~jadi apabila kuanlitas material dalam jurnlah 

lcmbar plat atau biji tubular diketahui. Guna menghindRri selisih sebesar itu (dinuuw 

kuanlit.as spcsif1k material tidak diket.ahui) maka palokan berupa panjang struktur 

banyak dipakai. Misal.nya jika gnlangan perlu mcrakit member sepanjang 26 n maka 

pada mate1ial list dimi.ntakan (kepada pihak pcmilik proyek alau pergudangan) 

tubular sepanjang 30 fi (yaitu dengan allowance lO% dari 26ft) . 

Hstimasi IJCJtys Fshribsi Jsc!d 
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J(od : 

Pada pcrhitungan tnkl· -on~ Tllas.:;a rod dihit1mg alas 11nit rate bempa Lna :-:; sn 

slrukltJr. I'v1Ji·mlltya untuk pt:rhitungan rod EA 1A 2 (untuk pengelasan seam 

longitudinal dt:ngan mcsin S/\ W) unluk mossa strnktur schcs;:~r 352,-1 Si.' ada! :ill : 

-• budget " 352,'1 . 16 Ktt/ST. (i.L~l~p 1700 = Rp 9 5X5 280,-

Seda.ng.kan hasil running program adalah Rp 9 760 510,- (lihat L<unpi.rall 1). 

Sclisih kcdua pcrhitungan itu tidak perlu dipcrsoa]kan . Yang perlu diperhal.ikan 

ad:tlah pcn;mganan n)(l scperti proscdur pengoven~ (untuk tipe-tipe rod tertcntu 

hams dioven dulu sehdum dipakai) atau selmbung(ln dengm1 tangga] kadaluarsa. 

Dt:ngan dcmikian kcbj_ja.kan pcmbclian rod secara pcnuh atau tidak bcrhubungan 

dcngan pcnjadwalan proyek y:mg dilak.-ukan. M:isalnya karena temy:-1ta sepercmpai 

rot itu dipakai dalam I 0 ~lr~ \vaktu fhbrikasi pada awal fabrikasi scdangkan 

ti~~:qx.:rcntpat11ya t~t,yat ; t dipa.Lai kctika waklu fah1ika sj beija]an 80 % rnak<r 

pcmklia11 n.'J sc.::am p<:Jillll p:uh a\val proyck dikcljak:m tidak dil:tkukmL 

Berikut ap<i y:utg te1 jadi di lapaugan selama i.ni. Di::mggap bahwa dcpart.cJncn 

l·.-;tjjllati''g pada suain gal~'''i~:u, mciakuk;1u pcrh1tunga.n Tnanpovvcr scpcrti bcrikut : 

nata p<~ rhitung:m : 

- h ;t irnate wci~ht 

- Unii Manhours 

- 352,4 ST 

-=- 235 manhours/ST • 

- l !nit rlinx:i rnattbou rs ci\<:1 = Hp 10000 n1anhoun:/ST 

Estim./J.si llcay11. Fafml:asi )JI.ckd 
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l'v1;dw burlget dired manhours cu .~t = 352,4 0 23:5 0 10000 = Rp 828 140 000,-

Disini jam-or~mg (total direct manhours) terhitung sebcsar 82814 jam tmtuk 

kesdumhan aklivilas pnlyek D;n-i jmnlah itu, bagaimanakah alokasi jam-orang al.as 

tiap-tinp hlok-nsS('Tllbl::mya ?0 .lurnlah jam-orang tot.al i1u t1dak dapat dipartisi rlari 

alas ttlaSo·;a 1iap-tiap blok-asscJnl>lyllyao 

Dcngan demtkinn bcba!l terberat dari pe:rencana produks1 adalah dalam 

llJcllt!-·tlokasikan ja1t1-jam oran~ agar iota] ja111-onmg lidak melebil1i jurnlah yang 

tela!, d!lentuk:UJ dcngan nlengi11dahkan metode bbrikasi y;mg terbai.ko Pad;)hal 

kcduclukan pcreucawt produbi lllllU1Jlll)'a lidak bcrada di bawa!J satn paytm1• d~~nga!l 

Jep;tr1c!ncJI estirn:lfing (sepe11 i di 11T Me I )cnnott lndonc-•;ia · dcpartemen E<.·timuLins 

l ~rada di bawah divisi S/Jj.lt.'f"l'i,·inp, EngineeJing-b'stiuwtinp, sedaugkan deparkme11 

11/;mninp, ,( Schcrh!llinR heradn di bawah divi si Fabrication Pmjecl)o 

l\~rbcdaan pcrhitungan di alas dengan perh.itungau program penulis adalah 

pcrlti tungan diatas didasarkan c;;timasi aproksimasi sedangkan perhjtungan program 

pcnulis didasarkan cstimasi delil. Yaitu bahwa beaya jam-orang dari nmning 

prngrmn yang sehesar l<.p 70(J OXS 606,- (Lihat Lampiran 1) 11daJah akumulasi oari 

l.oeaya jam-orang lllCinbcr-IIIL'lllber yang difabrikasi. Sehingga peren(;ill1a produksi 

(hp:1t nwnggunakan detii-ddil jam-orang ini gnna pc1~iadwahm prodnksi st>1x:rti 

l1alnya lo)!.ib pcnjadwalw1 dala11J program pcuuliso 

Tcrhadap pcrl,i1un!!m' r<'l(l dan manpower lerscbul dapat diauggap bahvm 

n11it-raLe ya11g dipakai adalal1 absah nlcngingal perh:itungan program penulis hanya 

didnsarkan harga l>crsih konslmksi (scpert-i tidak memperhitungkan rework dan tit-

Evtimasi /JCJiya Fahnl:asi Jacb:t 
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updalaJIJ pe11gclasa11) sehingga ada :se lisilt . MeugiugalUIItl-ral.e lerselmt Jidapat dari 

evaluasi <.:mpirik lagipnla mcmp:lknn cstimasi aprobimasi maka tidak akan dapa1 

scpc11uhllya ditcrapkan p<llla obyek labrikasi yang beuar-benar berbeda dari obyek -

obyck y;mg Ielah fabrikasi (sepcr1i : 1mit-rate terscbut didapat dari pcngalaman 

Illclllli•hrikasi jacket lipc sederliana berkaki 4 - S maka jika jacket yar1g hendak 

difabrikasi bcrkaki 16 apakah unit rate tersebut dapat dipakai ?). Di sisi lain, mclodc 

pcndapat.an unit-rate yang dari cvaluasi empirik itu malah menut11p pcnerapan 

inovasi bam. (-1 .2) 

4_3 SKENJ\RIO PRODUKSI ALA ClM 

SeJ;, ma ini lll<'ll1el ske11arid procluks1 clalam we111falJ11kasi jacket dilahtkall bcgi.11i. 

l}ntuk pcn)-ladaan lllalcrial lllaka dcp:trlc1ncn }vfTO & J.Jstimati11g menghilung beaya 

bal~tuJ-bahan kou'iuJllabcl, pcrkakas, dan IC'uaga kcrja untuk kcpcrluan hmigct. Scmentard 

itu .lep:llit:Ill(·fl P!.'JtWins & Scl~t:·duJlin.£1 mcnentukan penjadwalan produksi dan 

m engalokasikau tenaga ke.rja dau jarn-omng alas tiav-tiap blok konstrnksi y<lllg clibuat. 

Scdau~kan (kparlt.'men Production HngJ/1ecJing melakukan perhitungan mekanika struktm 

dari blol--blok konslruksi ilu . Di sin i liga lim dari tiga divisi yang terlibat Jalam 

percnca11a:ul prodtl.ksi. 

:) edait~kall pada kow;cp C:Uvl , ~ctelah up~rator memasu.kkan data-data prodnk::; i 

padn pera11gka t luJJaK <hn program dieksckusi maka diperoleh berbag,ai keluaran 

seoagaituillla )'<lilt! dikc1:jakan ketiga li11t lerschut (bcmpa Jimws.ial reporti11g & invenl01y 

s trlltH sebagai lllalla lwsil pcrhitungaJt departemcn AfTO & E«fJ!rwti11g, skedul pruyek 
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l>c:-.ella alokasi lcnaga kt:Jjanya sepclii ya11g dibuat departemen t\,f"J() & Jc:..;·tinwtinp,, dau 

perhilllllp,n n-perhitlll!gan mek:lllikn stmklnr scbngaimana hasil kcrja dcparlf'mcn 

/'ioduction l :npiiCc'ring). J)i si11i lla11yil satu li111 yaug terlibat dalwH pcrencauaa.u prcxiuksi. 

:-;t:IJlltt-:ga jtka Lolbtp Cltd bcnar-t!l'll.tr d1teJapkan dengan tujwm untuk di~lap: t1 cfckiivitas 

d:111 l'll·siens i pwduksi maLt reslrukturisasi orgauisasi pemsahaan galaugan merupakau 

.-;:dah \a tu pl·Jsyclesniannya. 

Rstimasi 1/eaya Fabrikasi Jacle1 
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SIMPULAN DAN SARAN PENGEMBANGAN 

5.1 SIMPill.AN 

1. Harga bcaya fabrikasi dari stn1ktnr jacket yang dianalia Tugas Akhir ini adalah 

sebesar Rp 2 049 861 687.5,- Barga estimasi ini merupakan ambang bawah dari 

budgei fahrikasi. 

2. Unit-rate yang dipakai dalmu ruengestimasi beaya fabrikasi jacket yang dipa.kai 

selama ini adalah absah untuk obyek fabrikasi yang sama. Untuk obyek fabrikasi 

y•mg bcrlaina11 sa1wt sckaJi (l;trj obyck yang tclah difab1:ikasi maka prugram 

pcrhitungan pcnulis dapat dipakai mengingat program perhitungan itu didasark:.m 

de til gco111ei.J i. 

~ . Pcnernp<m CIM dal<nn produksi akan mendukung efeklivitas dan cfe~iensi produksi 

5.2 SARAN PENGEMBANGAN 

Bcrikut bcbcrapa pcngernbangan yang dapat dilakukan dari Thgas Akhir ini : 

1. Pemprogramatl 

Program penulis bcmpa "on-line" program. M.engingat aplikasi CIM yang 

luas yaitn pada aspck !irJtWSiill reporting, intt·entory status, sales and market 

pfllmling, rmwufctur enginccriag, O<Ul quality control maka metode pemprograman 

"otT-line" programming lcbih efck1if. Off-line programm1ng adalah metode link 
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dala.m pemprograman dimana link dilakukan ketika masing-rnasing program-

program ym1g dilink ben1da pada status on. 

Program penulis mcmpakan program inleraktifyang didasarkan konsep CIM. 

Jib dilakHkH.n pcngembangan kc arah pernprograrnan CIM yang sesungguhnya 

seharusnya dipakai Jogika sislen1 pakar. Apabila hd itu dilakukan maka diperlukan 

bank d.<1ta (datnbnsc) panullelcr-pararneter semua perhitungan ya.ug dilaknkan. 

Scdangkan dalam hubnngannya dcngau pemakaian mesin kontrol numerik dan robot 

maka clalam pcmprograman diperlukan apa yang disebut pengontrol sel. 1 

Pengontrol sel itu scndiri tidak menghasilkan apa-apa, tapi meruaga sctiap 

aksi tetap pada jalumya bagi di dalam maupun di sekitar sel robot. Setlap pengontroJ 

robut diiHJI>uugkan deugan pengontrol sel melalui LAN, yang juga berlmbungan 

denga11 kantor CAD. Operator akan mengidentiflkasikan setiap blok yang akan dilas 

bcserta posisinya, misalnya. Berdasarkan informasi ini pengontrol sel se<:ara 

otomatis menangani scmna k01mmikasi yang dibutuhk:an untnk menggcrakkan robot, 

tcnuasuk down-load data NC. 

Selama eksckusi pcngontrol sel secara terus-menems akan menginformasikan 

pada operator kernajnan aklual yang berhubungan dengan kemajuan yang telah 

direnca.nakan dan kualitas pckcrjaan yang telah jadi. Jika operator menemukan 

sesuatn yang kurang rnemuaskan, dja kan men~Jist.J.ibusik.an kembali ams pekerjaan 

di an1JtrFI para robot mclalui pengontrol sel. Sementara itu pengawas bcngkel dengan 

PC di kanlornya secara tcratur memperoleh intormasi tentang kemajuan stasjun 

1 Illllt~ Clui!lt.i~~.tt l...w :~cu. Plo~!!!L!i.I~o~~';! _ _L._as_ll_tl_q~.J!4!tlttll!! ~-Mo':km (JIIk.Itrlt~, Ellb Info-PT l~s~tbimlo J~aiMitll, 
1996) v7 no 1 hh 8-9 

H.vtimasi Bup 1-Bhnl:ui JBclct 
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rooot. Sedangkan bagian perawatan di bengkel mereka bisa ri1en1peroleh inforrnasi 

tentang setiap kcsalahan pada st.asiun robot beserta pcnycbabnya. Status kcrnnjuan 

olch pengontrol sel diinformasikan kembali ke dalam sistem rencana bengkel untuk 

wcnjamin kclanc.aran arus material socara optimal dari dan kc scl robot. 

2. Mesin las 

Gamba.r 5.1 Model di.Ul metode untuk mncang bangun di.Ul 
pencrapan sist.cm kontrol sd pada industri bcrat 

Pada program pcnulis, rutin verifikasi weld-bead diproscs samp;n pass 

lcrakhir untuk pcngelasan scam longitudinal dan short/long-pipe sedangkan untuk 

pcngclas1m cope adalah scbatas filler-pass dan untnk peugelasan girth adalah 

seootas landas reinforcement. Penghentian proses itu dimaksudkan untuk 

memperccpat waktu nmning disamping dengan pertimh:w.gan bahwa sarnpai sat ini 

mcsinlas numerik masih dalam taham penelitian dan pengembangan. 

Apabila pcngembangan tugas akh.ir ini diarahkan pada pcngcmbangan mesin 

las numcrik yang didasarkan infonnasi yang berupa situasi dan gcometri weldbead 

RstiriJJlsi Rt.:.Yy:t Fabnl:Jtsi Jscket 
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maka mliir program itu pcrlu dipcrkaya tidak.saja pada proses verifikasi konstruksi 

wcldlX!acl tetapi juga dalam komlmksi kontrol profil karcn11 lasan cleugan kontrol 

profillebih bcrmutu daripaJa yang lidak memakai konlrol prolil (l,ihat Garnbar 5.2) 

d;m juga pcrlu adanya koruuniknsi DBMS tcrhadap aksi mcsin las (Gam bar 5. )) . 

! --;---. ··-- -
; I 

I I I ,,/· .. _ . .., .... 
I cf\Z 
I // -~-'1 I /- ' I . . 

f/' '._\ \'. 
·~ --- · -- -~~--L -- - --- - • !_ 

"' I , , . _, · " .r:: 

I - : 
--:.- ----- ~---------·· 

GllmhHr 5.2 Mutulasnn (A) Iebih buik daripada (B) karcna dcngan 
koutrol profil 

IRllcmAT 

Partners: Results for OSS: 

Gamt:vtr 5.3 Pengembangm1 tool khusus untuk nplilulsi padn 
pengelasan pipa mcngguuakitJI robot 

Hstimasi l1t!11J'11 Fsbnl-asi Jach:t 
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KRA."rfL 

[ToW Cost ofC:\DOCS\ANAS\PRG\KRA.JCI at 8/17/96 6:35:54 AMJ 
Total weight of steel stmcturc = 70t1875.3<196lb 
Total weight of steel material= 1194163.3669 lb 

Consumablcs 

-API-21-I-50 20 [L) x 6 [W) x .063 [th] =@ $ 3250000.x 22 [sheet]=$ 71500000 
-API-5L-Gr-D 20 [L) X 6 [W) x .063 [th) =@ $ 3250000 X 48 [sheet) ~-=$ 156000000 
-API-2I-I-50 20 [L] x 6 [W) x .125 [th] =@ $ 6t100000 x 8 [shed]=$ 51200000 
-AP1-2H-50 20 (LJ X 6 (WJ X .115 [th) =@ $ 5875000 X 16 [sheetj == $ 9tl000000 
-API-5L-Gr-B 20 [L] x 6 (W] x .052 [lh] =-:@ $2675000 x 5[s1Hxt] '--~ $ 13375000 
-APl-2H-50 20 fLJ X 6 [W) x .104 [th) =@ $ 5325000 X 23 [sheet)=$ 122475000 
-API-2H-50 20 [L) x 6 [W) x .031 [th) =@ $ 1600000 x 3 [sheet)=$ 4ROOOOO 
-API-5L-Gr-D 20 [L) x 6 [W) x .125 [th) =@ $ 6400000 x 1 [shr,ct] = $ 6400000 
- API-21 I-50 20 [L] x 6 [W] x .Cl73 [th] ==@ $ 3800000 x 24 [sheet]=$ CJ1200000 
-API-2H-50 20 [LJ X G [W) x .052 [th) =@ $2675000 X 25 [sheet) = $ 66875000 
--API-2H-50 20 [L) x 6 [W) x .056 [th] ==@ $ 2875000 x 1 [sheet]=$ 2875000 
- -API-2!-I-50 20 [L] x 6 fWJ x .094 jth) = @ $ 4SOOOOO x 2 !sheet] == $ 9600000 
-API-2lf-50 20 [L) x 6 [W) X .083 [tli) =@ S 4250000 X 9 (sheet]=- $ 38250000 
-API-2H-50 20 [L) x G [W] x .0112[th] =@ $2175000 x 11 [sheet]==$ 23925000 
- API-5L-Gr-D 20 [L) x 6 [W) X .042 fth) =@ $2175000 x 20 [sheet)=$ tB500000 
-APJ-5L-Gr-B 20 [L] x (, [W) x .188 [th] =@ $9600000 x 2 [shed):--: $ 19200000 
- API-2li-50 20 [L) x 6 [W] x .188 [tJ1) =@ $9600000 x 17 [sheet] o: $ 163200000 
- API-2H-50 20 fl,) x 6 [W) x .135 [thJ :: @ $6900000 x 2 [sheet) '' $ 13800000 
-API-:21-I-SO :20 [Ll x 6 [W] x .198 [th] =-= @ $ 10100000 x 5 [sheet]=$ 50500000 
-API-2H-50 20 [L) x 6 [WJ x .052 [lh) =@ $ 2675000 x I [sheet]=:$ 2675000 
-API-5L-Gr-n 20 [L] x 6 [W] x .Ot12 [th] =@ $2175000 x 2 [sheet) '--- $t1.150000 
-Mesh 16-30-Prcparation = $ 230482.1156 
-Molircx Shopprimer-Prcpru-ation = $ 3727354.7131 
-707-Prcparation == $213664.0182 
--Mesh 16-30-Finishing == $38019.0517 
-.Molifast P 75-R-06 = $308583.8152 

..... 

--707 = $ 68229.0839 
- Compact TC = $ 703205 .2669 
- 222 ::_ $ 21680.6827 
-Sprintyl SCJllcr G = $ 412566.424 
- 995 = $6717.5832 
-Sprintyl Af 68-f-02 = $ 1935328. Jtl82 
-995 = $ 25621.5507 
-Sprintyl finish= S 1104885.1116 
-995 = s 34907.9643 
--oxy-giL~ = $ 3709264 .7021 
--acctylcn = $ 13780275.7875 
-E7JT8K6 = S 175258.5098 
-OHR23.50 = $ 418453.(>'174 
-E71T8K6 =-= $299847.0425 
- EA1A2 = $ 9760510.322() 
-E7 l 16 = $ 2533498.8469 
--E7l T8K6 ~ S 266590.5303 
-EMJ2K = $ 11881894.4339 
-EM12K = $2688885.4116 
-E61 TSK6 = S 53660.7593 
-E61T8K6=$1437699.75J 



-E61TG = S 412858.5,182 
-E61T8K6 = $ 134312.2843 
·-E61T8K6 =.c $ 1274166.0519 
-E61 T() = $ 8·1152S.3715 

M.achinchours 
-Blasting Preparation :-:· $ 572no 
--Priming Prcparatiou :...: $ 572n\O 
-Rolling Prcp.'lration = · S 1769030 
-Hlastjng Finishing =· ~ 39 I 139 
-Coalingl = S 54327 
---Collting2 = S 54~27 
-Coating3 = $ 54327 
-Coating4 = $ 54327 
-CoatingS = $ 54327 
-Cutting=$ 2349136 
-f3/W Scam Weld=$ 2594125 
-BIG Scam Weld=$ 969221 
-Scam Weld rootps =-= $4438251 
-Scrun Weld fillerps = $28059375 
-Scam Weld covcrps " $ 22972965 
-S/L Pipe Weld roolps =-. S 3945990 
-SIL Pipe Weld fillerps = $ 91087744 
-SIL Pipe Weld covcrps '""' $ 1932tl927 
-Girth Weld rootps = $ 729867 
-Girth Weld fillcrps = $ 19040311 
-Girtlt Weld coverps : . S 5852789 
-Cope Weld rootps =-= S 1826851\ 
-Cope Weld fillcrps = $ 168745tl2 
--Cope Weld covcrps = $ 11929673 

M.anhours 
-Blasting Prcpar111ion == S 2577510 
-Prirning Preparatjon = $ 2577 510 
-Holling Preparation ::. $ 5:107090 
-13lasting Finishing= $ 117~1\17 
-Coa.t.ing1 = S 162981 
- Cooting2 = S 162981 
-Coating3 = $ 162981 
-Coat.ing4 =-- $ 1629R 1 
-Coat.ing5 = $ 162981 
-Cutting= S 469~\272 
-DN/ Scam Weld = $ 7782.175 
-H/G Scam Weld = $ 2907663 
-Scam Weld r00tps = $ 13314753 
-Seam Weld fillerps = S 84 I 78125 
-Scam Weld coverps ~= $68918895 
-S/L Pipe Weld roolps = $ 11837970 
- SII. l'ipc Wc:ld !illc:rps = $ 273263232 
-S!L Pirx: Weld covcrps ;; $ 57974781 
-Girth Weld r00lps = $2189601 
-Girth Weld fillcrps = $ 57120933 



-Girtl1 Weld covcrps ::.= $ 17558367 
-Cope Weld rootps = $ 5t180562 
-Cope Weld fillerps = $ 50623626 
-Cope Weld covcrps"" $35789019 

-.Summary 
-Steel Stmcturc = $ 1049700000 
--Other Consumahlcs = $ sg4999,17.5301 
-.Nlachinchour Costs= S 235573134 
-Man hour Costs= $ 706088606 
-----Tot.:t! Estimate Cost""$ 2049861687.5301 

KRA.TXT 

FAb.EI«"Vation Row A 
2 --~paratioo 39d 
3 -A.ssemhly-F.rection 
4 --Finislung 6d 
5 F&b.Elev&bon Row U 
6 -Pn-p&ratioo 5Sid 
7 -Assernbly-F.f!'Ction 
8 --F inishiH& 6d 
9 F.~t.b.Ekvatioo Row I 
10 - Pn-p&ra lion 12d 
11 -Assembly-Erection 
12 --Finllhing OJ 
13 l'&b.Hor.Praming d-40 
14 -Pn:-pMatlon 39J 
1~ --Asseutl>ly-Ereclion 
16 --Fini..Uti:n& Od 
17 Fah.Hor.Fuming ('121.75 
18 -Prcpwation 31d 
19 - A<.sHnbly-P.N>Ction 
20 -l:'inulting Od 

lO.DTL 

Mbr 10 ((0, 0, -40)-(1 U, 1il.198, -40)] 
Smbr [12] 
Weight of su-d stroctufl' =o 2304.4658 lb 
Weiibt of slttl mA!eru.l = 3039.029& lb 

Cort5umAbl..-s : 

8~d 12n8/97 3!22/9& 
1 2n 8/97 2/5/98 1191h 
78d 12129/97 3/17/98 
3/16/98 3122/98 20h 
109J 12128/97 4116/98 
1212 8/9 7 212 519 8 1720h 
103d 12129/97 4/11198 
4110/98 4116/98 3311 
12d 4110198 4/22/9S 
4/ I 0/98 4/22/9& 202h 
12d 4/11/98 4/23/0!i 
4/22/98 4/22/98 Oh 
38d 12128197 214/98 
1212 &/97 2/5/98 10-i9h 
43d 12!29197 211 019& 
214198 214/98 Oh 
30d 2/4/98 3/6/91! 
2/.1/9!> 3n/98 775!. 
'27d ).15/98 3/4/98 
3/6/98 3/6/98 Olt 

5166b S21749H16-51660941-1 ~490<·961 
$211370962.-11914392-35667314 
3955h S4740324.-39549!U3-118649499 
S1383030.-196716-590148 
6936h S321514689. -6935770J-20796494 7 
$313353896.-17198566-51487536 
5183h S5827152.-51 !i272 16-15548164!: 
$2333640.-3:11921-995763 
55511 $31 &14212.-5545696-l661!JJ89 
S..114650.U-2016843-6032830 
353!. S3~9169-1528!:53-105~6559 
S0-0-0 
2997h S1~0910569-29971658-~9752K27 

$1-iR9W409-10490720-11:110013 
194S!. $1960 160-19•1 S09JS-5S442S 14 
S0-0-0 
187~h ~116~33479-1874624R-~6092704 

$1154 12060-77~'2117-23 110311 
10Wh .\1121419-109941 J 1 -32YIU31>3 
$0-0-0 

-API-5L-Or-D 20 [L] x6 (WJ x .052 (tlt] = @S 2675000 x 1 [sheet]= S 2675000 
-Mt:sb 16-30-prquration ~ @S 50 xI [1hed]x 2 x 20 (L] x 6 fW]/12 .86 [cov] = S 9:33.126 
- Molirn Shoppnnwr-prep.otrail<m =@SHOO x 1 [slW'f'l] x 2 x 20 [L] x 6 [WJ /62 .98 [cov] x 90% '- S 15090.5049 
-707-pr~pu.tioo ~ @S 2270 x 1 [sheet) X 2 X 20 fL) X 6 (W) I 62 .98 [cov) x 10% ~- $ 86~ . 0365 
-oxy-gM = @ S 700 x 97.3147 [11] x 22.~57 [li>.IY'31ht) I 55.018 (Mtr)"' $27928.8411 
-acr-ty\1,-a • @S 1000 x 97.3147 [fi) x S8.661 [1b.fi"3/hr] I S5.018 [11/hr] c -~ 1037S8.33S7 

-E61TSJ\6-rooi~·Copt Wtld al [0, 0, ··10] ,.., @.S 1700 x 4 [wb] x .0001 [fl''2] x 3.6712 [!1J x 487.024 ~, S 1459 
-E61TI>K6-fillerps-Co~ Wdd at (0, 0, -40)"'@$ 1700x 11 (wb) x.0001 (fY'2) x 3.6712 (.fl) x 4&7.02-i=S 1012 
--E61Tk.ovt>rvs-C~ Weld at [0, 0, -40) ""@S 1700 X 6 (wb) x .0001 [fi"2) x 3.6712 (tl) x 487.024 ~ \ 21!i& 
-E61 T8K6-rootps-Co~ Weld at [17.5, 1 9.19!>,-40]-@$ 1700 x -1 [wb] x .0001 x 4.3135 [fl] x 487.024-S 1714 
-E61HK6-fiU.-rps-Copto w~I.J a1 (17.~.19.19&,-40] = @S 1700 X. 21 [wb];;. .0001 X 4.3135 [fl) X 487.024 = $9000 
-E61T6-covups·Co~ Weld a1 (1 7.5, 19.198,-40)"'@$ 1700 x 17 (wb) x .0001 x 4.3135 (I\) x 487.024-S 7286 
-E71T8K6-rootps-S".vn W11ld :-: @\ 1700 x 1 [wb] x .0001 [fl"'l] x. 30 [ft] x 4&7.024-= S 29!!0.~869 



·· E/Il.-\ 2 -fill,·rps -Scarn \\'d.-! -· @ S 1~:60 '- 6 fwb) x .0002 [fi"2) .x JO !fiJ x •187.02·1 · S ]2611.127 

-E 71TIH~owq.s-St·IUII W..Jd .o (~ .'~ 1700 .~ 4jwhj;.; .0001 jfl ' 'lj :t J() (Jlj X •1!\ '/.024 ' .) 11921 .. 1-175 
--E71T!IK6-roo1Jb-SIL Pip<· w .. ld ~ @S 1700 X I Jwb] X .0001 jfl"2] X 1~.6651ftl X 41>7 .024 •. s 1-1~7 . 00~ ~; 
--EMI:!K-fiii£'IJJS ·S/L Pip<· Wt·l.l ~ ({N H 60 x 1:1 [wb] .~ .00(11 [ft'':!] x 11 .M>5 [f1) x 1R7.02-I - li 207~:1 . 76.1:\ 
--l·:MJ 2K-,- ,,....,fJlS·SIL Pipt· \hid ·' l~i! ~ IS()(J x .j jwbj x .OO<Jl jft" lJ x I4.61J5jltj x 4!>7.021 ''· S 6Jlt> .. H2•1 

M.-..:him·houn : 

--lllAs litl)( pn·pMaUon o: @ S 1000<1 X I [sl ... t'l) X 2 X 20 [1 ,) X() [W] I 1035 rw ·.~tluJ ... \ 2:11() 

--Primmn~t - (cpS I 0000 x I jshe.-tJ x 1 x 20 [LJ x 6 ·' [ W ) / I 03 5 jll " lll1rj " S 2J 19 
--Hofling = @ S l 0000 x ~ [tulx•] x 3 . H x 1.167 [ di.•J I 20 == -~ 916<; 
--Cuuing ~ @ S 10000 x 97.3147 [11] I 55.01& = S 1768& 

--Copt> Wl'ld-roolpl< at [0, 0, -40) :-. S J(l()()() x -4 [wh] x 3.6712 [ftJ I (I!U x .4) ~-. S 19&4~ 
--Cope Wcld.fillerps at (0, 0, -40) ~ S I 0000 x II [wh) x 3.6712 (fl] I (19 x ..i) " S 531:\6 
--Cope Wel.d - ,:owq~ Ill ro. 0, -·10) =.: s 10000 X 6 [ wh) X :1 .6712 {11] I (17. 7 5 X ..1) .. s J I 02-1 
--Cope Weld-rootps at [ 17.5, 19. 198, -40J ~ S 10000 x 4 (wbj x 4.J 1:15 I II] ttl !U x A) ,. S .U .H 6 

--Corw- W~>ld-fini'tJlS At ( 17 .. \ l 9.19R, -40) ·-= S I()()()() x '21 (wh) x 4 . 313~ [fl] f ( J ()X .4) '" $ .1.19190 
· · Cope WdJ-co~t>rps at ( 17.5, 19. 198, -40] ~ S 10000 x I7 [ wb] x 4.3135 [fl) I ( 17.75 x .4) ·~ S I 032&2 
--St':IUII w .. td-rootps -= s 10000 X I [whf X JO [flj I (17 X .4) ,, .. ~ 441 J!) 
-·Seam Wdd-tiUerps- S 10000 x 6 [wh) x 30 [fi) I (32 x .6) - $ 937SO 

--SrAm \V<'Id- c-owrp:! =' ~ J()(){)() :-. 4 [wJ,] x :lO [ft) I (I!U x .6) ~· S 103108 
-SIL Pi~ Wdd-rootps = S 10000 xI fwb) x 14.665 [ft] I (17 x .4) ~-. S 2156<) 
--SIL Pipe W!'ld-fi11.Prps"' S 10000 x l3 [wi>J x 14 .6M [ft) I(:~O x .4) ,. S I ~!::870 
· -S/L P ipe W!'1d-cove'T"' •· S 10000 :-t ~ fwl-] x H .66:'i [il) ( (3 2 " .1) ~ S ·15S:?S 

M.anhours: 

--I31As ting Jff('l'>~ntion "'@S 10000 x 4..~ [m~<n] x 1 [5h<'<'t] x 2 x 20 [1.] x 6 (W] I 103~ [fi " 2/l•r) · S 101J5 . ~ 
--Primering ~ @S IOOOO x 4. 5 [rru111) x 1 [sheet) x 2 x 20 [I .] 6 [WJ I 103~ [ft' ·2,br) •· S 10435.5 
- - Rollin~ =-·@ ~ I 0000 x J [ tnM] x 5 (tui)(>J x 3. 11 x 1.167 [di11j I 20 == S lW.>!! 
--Cutting = @S IOOOO x 2jmll.ll] :-t97.3147 [fi] I 55.0Il! = S 35376 

--Cope We1d-rootys at [0, 0, -40) = S 10000 x 3 [nun] x 4 [wb] x 3.6712!11] / (1S .5 x .-1) ~- · S 59532 
-Cope Wdd-fill.erps at [0, 0, -40J - S 10000 x 3lnum] x II [wb] x 3 .6712IHJ I ( 19 x .4) •• S 159408 
--C OJV' W .. ld-<' o'VI'rJ>f' "' [0, 0, -40] :c S IOOOOx 3 [m.~tn] x 6 fwh] x 3.6712 [H]/ (17 .75 x .4) ' $03072 
··COp<' Wcld-roo!Jb al [17.5, 19. 19&, -40) ~ S 10000 x 3 [man) x -1 (wb J x 4.3 l35 [11] I (I 8.5 .'<A) - $ 6994S 
- Copt• v .. ·.,w-tlll.erps al ( 17.5, 19.19&, -401 ~ .s 10000 X 3 fnuuj X 21 (wl>l X 4.3 )J) [HI I ( 19 X .4 ) ·= $ .IS 7) 70 

--\:ope Wdd-co~ at [17 .5, 19. 198, -40) ~ S 10000 x 3 jm11n] x I7 fwb] x 4.3135 [It) I (17 .75 Jl A) ~ S 309816 
--Sr.un W<'1d-motps =- S 10000 x 3 [011111] x 1 [wb] x 30 jft] I (I7 x .4) "' $ t:l::!:l:'i-1 
· -Seam Wdd-fillt':J'ps = S 10000 .x .l [m>~.ll).x 6 [wh] x 30 [11] I (32 x .6) " S lSJ:l50 
--S•·"m Wcld ... -,w('f'JI!I = $ 10000 x 3 fm.~uJ x 4 (whJ x ~0 [Jl) I (J !U x .6) ,. . . S :12·0'2·1 
-- S/1 . Pipe W..!d-motp~ ~ S ]()(){)I) ll3 [nun] x 1 fwb] x H66~ (H) I (17 x .1) ~ S ('1698 

-- S/L Pipt> Wl'ld-fill. ·q .:; -. ~ IOOO(J x ~ frn~<~•] x 13 fwl>] x 14 .66.5 [fl] I (:W x .·1) ' -~ cl76(>!0 

--S/L Pipe Wcld-wverps •. s I 0000 X 3 (rrum I X 4 r wbJ X 14 .665 [HI I (32 X .4) '" s 13 74K·i 

I l.DTL 

Mlir 11((1 7.5, 19. 19S, -40)-(j5, 0, -40) J 
Srnbt- [1 3) 
\VI'ight of~IM>I .<ln K IIIJ'(• c' 230-1..16:<;& lb 
\\'eig.hl of stt·elnutnvJ ·~ J O:J9.029 S 1b 

Con~unahl <-5 : 

-- .'\PI-5L-U,.TJ 20 [l.] x 6 f\V];. .05 2 [tl•) "- @S 2675000 x 1 [sllt'(·tJ ' S :'6 7~()(JO 
--Mesh IC>-30-pn·p.mtion @ 5 50 x I fshel't) x .2 x 20 fL) x 6 [W) ," 1..!. !>6 [co' I ... ~ 9JJ. I..!6 

- - ld olir<> .~ S l>opprimt>t -pt"J'"'"tinn ,- @~ HOO ~ J {5lu..-tJ x 2 :~ '20 (J.j :< (, [ Wj / l;'l'Jl:: Jc•wJ x 1)0 ~1, . '= t I ~O(){) )04 1) 

--707 -pr<j>~ralion •· @~ '2:no xI [~h<'<'t]" '2 " '20 p .]" 6 fW] / 6?.9!\ [•· ov J" )0°·~ · S S6S . D:16 .~ 
.. ,,xy-g..._, "' @~ 7(l( J X V3. 6 ·13) [ftJ X 1.1. . 557 jib. fi' •J,1tr I ' i 5.0 J f: I ft,1trj :· 'j. 2<>ii /:U I'/ 

-- KC" t>tyl"n ~ ((~S 1000 li 93 .6-135ltilx .58 .661 [lb.flA) fhrj / 55 .01& [fVhrj -- .~ 9•)!iH .0 2 K2 

· -1 ~6 1HK6-rootps - C ,,,,.. \V,•Jd ~~ [17 . ~ , 19 . 19!1,-~0J · ·@.S 1700 .~ ~ fwhJ ~ .0001 ~ Lll :~~ fi1J' 11:7 .0-.! ·t .. 't 171·1 

•• EG l H l-\ (;- fill t·rp:;-Cop(' Wdd ftl Jl7 . ~, 1 Y. l ')S ,- -10 I ·· ((~ ~ 1700 x :.! 1 I wb J x ,()(){)! ,\ LIIJ .~ Jill x ·I li7.(JL.I \ \I(J\)0 

•• !l. t,J 'f't>-\'ovc-rp<;- Copl' w •. Jd HI 117 .. ~ . 19 . 1 9!< ,-40 1 -~(a) S I '100 X 17 lw!t I ~ ,()()()I X 4 . . II :i 5 In I X ·1!-!7 .0".'4 : .. \ 'U!\1• 
--P. 7 JTEK6-roolp,;-Seam Wdal ~ @ S 1700 x l [wt.)" .0001 [1\"l j x :~0 [fl) .x -iR7 .0! ·1 ·~ S 29l!O.:SU•1J 
.. leA I .. \2-flfi,.,1., .. s •. ~~~~ w,·Jd '· @.s 1 sr.n x c; [ '""1 x .0002 1 n "2 1 ... 30 [flJ }1. 4&7.0~4 - .s :n(ill 1n 
-- E7 1T6- c ovc-rp> ·~ ; .-~lll Wl'ld -· (fli ~ 17(}() x -1 [wb] x .0001 [11''2) x .iO jJ\] x 1S 7. ll24 '" \ 11922. :1175 

--E 71TRK6 .. rootp~-S /L Pipi• W··ld " @ S 1700 ~ I [wt.) )( .0001 lfl"2] X l-1(.(,.' [ftl ~ t X7 (1} 4 ' ~ I4<7 . 00~R 
--EM1 2K-fulcrp:;-S/L Pip<: Wt·ld , @S 1860 x IJ [wb) x .0001 f!\ "2) x 1-Ui65ffl] x -IS 7. 024 S :!0723 .76-U 
--P. M 1'2 1-\-<.'o\ll'flJ'.; -SIL Pip•· Wtki =- ti4-~ 1!; 110 x 4lwol x .<)()OJ [fr 'l l x l4 .(>65lfll x 4~7 . 0'2 4 ' -~ 1.:176.)42 9 



Machinehoun : 
-!31ASting prcparatinn = @S 10000 x 1 (shed]~ 2 x 20 [lJ] x 6 [W] 1103~ [W'21hr] '""' S 2'319 
--1'11m~nng"' @S 10000 x 1 [shed) x '1. x 20 (L] x 6 x [W) I 1035 (fi"2tllf) = S 2319 
-Rolling"' @S I 0000 x 5 [tube] x3.14 x 1.167 ( diA) I 20 =- S 9166 
--CultinK'" @S 10000 X 93.6435 [fi] I 55.018 = s 17021 
-Cope Weld-f()otps at ( 17.5, 19.198, -40) = S 10000 x 4 [wb] x 4.3135 [fi) I (18.5 x A)'"' S 23316 
-Cope Wcld-iillerps at [17.5, 19.198, -~OJ= S 10000 x 21 [wb) x 0135 [fl]l (19 x .4) ~ S 119190 
--Co!)'" Wt'ld-co\'efj)S at (17.5, 19.198, -40] = S 10000 x 17 [wb) x 0135 (fl] I (17.75 X .4) = $ 103282 
-Seam Wdd-rootps- S 10000 xI [wb] x 30 [fl.] I (17 x .4) ~ S 44118 
-Sum Wdd-fillcrps = S 10000 x 6 [wb] X 30 [11) I (32 X .6) == S 93750 -
·-Seam We1d-covcrps = S 10000 x • [ wb] x 30 (11] I (18.5 x .6) = S 108108 
-SILl~ WeiJ-rootps "" S 10000 x 1 [wb] x 14.665 [fi] I (17 x .4) ~., S 21566 
--SIL Pipe Wdd-GI\.c-rps o S 10000 x 13 (wb] x 14.665 [fl] I (30 x .4) ~ S 158870 
-Sil, Piflf' Wrld-c(JV{"fps = S 10000 x 4 (wb] x 14.665 (fl] I (32 x .4) = S 4582R 

1'-.bnhour.s: 
-HLuting prc-pu•tion ~ @S 10000 x 4.5 [man] x 1 [~he<-t] x 2 x 20 [L] x 6[\V] 11035 [ll-"'2tltr] = S 10135.~ 
-Primt.flng = @S 10000 xU [ma.u] x 1 [sheet] x 2 x 20 [L] 6 [W] 11035 [f\"2/hr] = S 1043~.5 
-RoUinp. ~ @S 10000 x 3 (man) X 5 (tube) X 3.14 X 1.167 [diJ&) 120"' S 27-198 
-Cutting= @S 10000 x 2 [nun] x 93.6435 (fl) I 55.018 = S 34042 
--Cope Wdd-roo~ at [17.5, 19.198, -40]'"' S 10000 x 3 [m.!Ul] x <I [wb] x -1.3135 (fl] I (18.5 x .4) ~ S 699,1& 
-Cope Weld-filleq:>s at [17.5, 19.198, -40] = S 10000 x 3 [man] x 21 [wb] x U135[ftj I (19 x .4) = S 357570 
-Cope Weld-coverps at [17.5, 19.19&, -40] = S 10000 x 3 [man] x 17 [wb] x 0135 [fl)/ (17. 75 x .4) = S 309846 
--S~am w~ld-rootps = s 10000 X 3 (man) X 1 [wb] X 30 (fl] I (17 X. .4) = s 132354 
-Seam Weld-fill.erps E S 10000 x 3 (nllUI] x 6 (wb] x 30 [fl) I (32 x. .6) ~· S 281"250 
--Seam \lldd-covervs"' S 10000 x 3 (man] x 4 [wb] x 30 [fl) I (18.5 x .6) = ~ 324324 
--SIL Pipe Weld-rootp• ~ S 10000 x 3 [mAn) x l [wb) x 14.665[£l) I (11 x A)~ S 6469& 
-S/L Pipe Weld-Gll<.-q.s = S 10000 x 3 (mAn] x 13 [wb] x 14.665 [fl] I (30 x A)= S 476610 
-St1. Pipe: Wdd-covcrps ~ S 10000 x 3 (man] x 4 [wbj x 14.665 (11] I (32 x A)" S 137-1!14 

-i8.DTL 

M1>r 48 [(14, 19.1\.1&, -40)-(21, 19.198, -40)] 

Smbr (62, 61, 65] 
Wnght ofsu~l ~tru.:lun = 744.9171 Ih 
Wei*), I of ,k-e) matc:fl.&l ~ 3681.9014 lb 

Consumab~: 
-API-211-50 20 [1.] x 6 [W] x .063 [th] = @S 3250000 x.1 [sbrtt] = S 32~0000 
--~h 16-30-prt>paration ~ @S 50 x 1 [sheet] x 2 x 20 [L] x 6 [WJI12.!16 [cov] ~ S 933.126 
-1'-.lolirn: Sh<)pprimer-]Kt>pAratwu = @S 4400 x 1 (shNltj x 2x 20 [L] x (i [W) 16:1.98 l,'ov] :o~ 90% ~~ ~ 15090.5041) 
--707-prc:pantion ~ @S 2270 x I [sh~] x 2 x 20 [L] x 6 [W] /6'2.98 [wv] x I 0% ~ S 865.0365 
-oxy-gAS = @S 700 X 38.665 [fl] X 22.557 [1b.fl"'3!11f] I 55.0H: [Mil"]= s 11096.6552 
--acetyl.m ~ @S 1000 x 38.66S [fl] x 58.661 (lb.fl"3/lu] 155.018 [f\/hr] ~ S 41225.1433 
-F.61 T&K6-rootps-Gir1:h Weld at (35,63.396,-40]=@$ 1700 x 1 [wb] x .c...-.. --.; [ft"2] x 3.6662 [ft] x -187.024 ""' S 364 
--E61T8K6-fi.llcrp5-Girth Weld al (35,63.396,-40]=@$ 1700 x 8 (wb] x .0001 x 3.6662[£\) x 487.0:!4-"S 2914 
-E61 T6-coverps-Girth Weld &1 IJ5,63.396,-40J~@S 1700 x. 3 (wb] x .0001 (W'2]x.3.6662 [ft] x 487.024 = S 1092 
-E71T8K6-rootps-Seam Weld = @S 1700 x I [wb] x .0001 (0"2] x. 12 (fl] x 487.024 ·~ $ 1192.2348 
--EA1A2-£ill~-Se.o.m Weld n @S 1860 X 11 [wb] X. .0002 (f1"2] X. 12 [fi] X 487.024 c.·. S 23914.8265 
-E71T6-cowrps-Seam Weld= @S 1700 x 8 (wb) x .0001 [fi"'l) x 12 [fi] x 4&7.024 = S 9537.8n 
-E71T8K6-rootps-St1, Pipe Weld= @S 1700 xI (wb] x .0001 (fi-"'2] x 3.&">62 (ll] x 487.024 = S 364.2~1·t 
--EM12K-fillctvs-SIL Pipe Weld'" @S 1860 x 18 [wb] x .0001 [fl"2] x. 3.6662 [11] x 487.02-1 ~, S 7173.6107 
--EM12K-co~rps-SILPipc Wdd = @S 1860x. 8 (wb]x .0001 (f1"2)x 3.6662 [fi] x.4&7.024 = S 3188.2714 

Mac.hinehour.; : 
--Dwting preparation= @S 10000 x 1 (sheet] x 2 x 20 [L] x 6 [W] 11035 [fi"2/hr) = S 2319 
-Pnmffing "'@$ 10000 X 1 (shMt) X 2 x 20 (L) X 6 X (W) I 1035 (fi"2tl1t) = S 2319 
-Rolling"" @S 10000 x. 2 (tube] x 3.1-i x 1.167 [ilia] I 20 '-' S 3666 
--Cutting=- @S 10000 x 38.665 [fl] I SS.01 8 = S 702S 
--Girth Wel.d-rootps at [35, 63.396, -40] uS 10000 x 1 [wb] x 3.6662 [fl] I (18.5 x .4) ~ S .f954 
-Girth WM-fJW..rp.s 10! (35, 63.396, -40) = S lOOOOx. 8 [wt•] x3.6662 [11] I (19 x .4) = S 3&592 
--Olrth \Veld-co-.~J:V! at (35, 63.396, --tO] ~ S 10000 x 3 [wb) x 3.6662 [ !l] I ( 17.75 x .4) • S 1 ~491 



--.St·r.m Wt·IJ-roolps- S 10000,, I (wi•J :t I:! [ft) I (17 x .1) ~ $ 17(>-17 
-·Sr.un WdJ.filkiJ>S ,, S I 0000 x I J (wb J x I 2 (II] I (32 x .6) ~- S 6~7.50 
.. s .... rn Wt•ld-··•lWr-p~; '- s 1 ()()()() -~ !: r whj X I 2 I ft] I f l!U X .6 '1 ,--- \ 1:64 !>li 
.. Sfl . p;p•· W .. ld -ro,,lps - $ 10000 _, I (whj ~ :\_(.(.(>:> (fl] I ( 17 x .•1) · t ~ ~ 1'1 ".' 
--.S/1. hp•· w,·ld-lill.-rps -" 5 10000 x 11\ jwt.] x :u>6t;2 (II] I (JO x .4) "· .) .'i·IYv4 
··Sil. l'ipt> WelJ-coverps "" S IOO<XI x f: (wbj x 3.6662(1'1( I (32 x A) '" $ 21~> 11 

!\.bnk>tu--; : 

·-1\l~ts ting fiTt'(lliii<t.iorr ,., @S 10\>00 X •U (mMJ xI ( s h~·t] x 2 x 20 ILl x <• [W)/ I OJ) (fi ''2/ltr) :.- .S 10-135.:) 
· -1'.--irn.-.--ing ~ (rflS 10000 -~ 4 . 5(rn~nl xI fslu-.,rj x 2 x 20 p.j (i (Wj I 10]5 [li''2florj ,_. S 10-iYU 

--Rolli11g -- (~S 10000 x J {uu111] .x 2 [llal><·] .~ J.H x 1.1<•7 [di11] I 20-' S IO'JYI: 
··Cutt.ina- (igS 10000 x 2(rrunj x JS.665jh]/ 55.018- S l-1056 

--(ii-rth Wt·ld-motp~ "' [:15, 6J.:a•>n, -40] "' -~ 10000 x 3 (m1u1j x 1 (wh] x 3.6662 (fiJ f {1 :u .x A) = \ I4R62 
··Outh \\'dJ-Iillc:Il'-' at[3.5. 63 .396, --10) -' S 10000 x 3(rnanj x g {wb] .x :1.666~ f11j / (I~> x .1) ·' -~ 11.5776 

--Girtla Wt'ld-,·owrp.; 11lj35, oJ.J%, -40] ~ .\ 10000 X J fuumj :< J fwl>] :< J.C>NJ2 fll[! ( J'/.7~ -~ .4) - .\ 4(•·17J 
··Sr-am Wt·l<l-rN>~ = S IOOOOx :l(rn•nJx l{wh]x 12 ftl]/(17x.4) ~-~ 529-il 

--St·~m Wt·IJ-fillt-q)s ,._ .~ 10000 X :lfnonn] x I I [whJ x 12{fl] I (3:.! x .6) -~ -~ 2062~0 
··Seam Wdd-cuvervs •• ~ 10000 x J {rniiii) x 8 [wbJ x 11 [ft) I (I !;.5 x .6) , .• i 25~14SS 
-S/1. l'ipt• w .. (d-rootpg =-\I{)()()() X 3 frmutJ X I fwh) X 3.6M2 [ft) I f17 ~ . .f) = .s 16171> 

·-S/1. Pipe: \\'d<f . Jillcrp, ~ S 10<)()() x :l(m"n) x IS fwb] x 3.666::? {JI] / (:10 -~A) •• S 161~>8:0 
--S/1. l'ipt• w,.J,j_,.,w.·q~ =~ -~ 10()()() X 3 fuuuoj X s fwh] "3.(>(>(12 [h] / (;i~" .-1) '-~ <iS74.' 

<18.NCC 

NCC input for Mbr 48 [(17 .5, 19.198, -40)-{35, 0, -40)) 
Smbr [62, 61, 65) 
Perpendicular End Cut-Girth Weld at [35, 63.396, -40) 
-Groove angle = 60 deg 
-Bevel angle= 30 dcg 
-Direction angle = 90 dcg 
-Distance tip 1-2 mbr 48 = .0182 11 
Perpendicular End Cut-Girtl1 Weld at [35, 63.396, -40) for rnbr 49 
-Groove angle = 60 dcg 
-Beve.IIUlgle 30 deg 
-Direction angle = 90 dcg 
-Distance tip 1-2 mbr49 = .0182 n 
Perpendicular End Cut-Seam Weld 
-Groove angle = 60 dcg 
-Bevel angle = 30 dcg 
-Direction angle = 90 dcg 
-Distance tip 1-2 mbr 48 = .0304 n 
Perpendicular End Cut-SIL Pipe Weld 
-Groove angle = 60 dcg 
-Bevel angle= 30 deg 
-Direction angle= 90 dcg 
-Distance tip 1-2 mbr 48 = .0304 11 



10.NCC 

NCC input for Mbr 10 [(98.375, 63.396, -40)-{92.63092, 58.80088, 5.911502)] 
Smbr [12] 
Slant Joint Cut-Cope Weld at [0, 0, -40) 
-Branch pipe inner dia = 1.115 
-M.ain outer pipe dia = 5.125 
-Angle of intersection= 85.7814 
Slant Joint Cut-Cope Weld at (17 .5, 19.198, -40) 
-Branch pipe inner dia = 1.115 
-M.ain outer pipe dia = 1.167 
-Angle: of intersection= 47.6492 
Perpendicular End Cut-Scam Weld 
-Groove angle = 60 deg 
-Bevel angle = 30 deg 
-Direction angle = 90 deg 
-Distance tip 1-2 mbr 10 = .024 ft 
Perpendicular End Cut-SIL Pipe Weld 
-Groove angle = 60 deg 
-Bevel angle = 30 deg 
-Direction angle = 90 dcg 
-Dist.ru1ce tip 1-2 mbr l 0 = .024 t1 

ll.NCC 

NCC input for Mbr 11 [(0, 0, -40)-{17.5, 19.198, -40)] 
Smbr [13) 
Slant Joint Cut-Cope Weld at [17.5, 19.198, -40) 
-Branch pipe inner dia = 1.115 
-M.ain outer pipe dia = 1.167 
-Angle of intersection= 47.6492 
Slant Joint Cut-Cope Weld at [35, 0, -40) 
-Branch pipe inner dia = 1.115 
-M.ain outer pipe dia = 3.667 
-Angle of intersection= 47.6492 
Perpendicular End Cut-Scam Weld 
-Groove angle = 60 dcg 
-Bevel angle= 30 deg 
-Direction angle = 90 dcg 
-Distance tip 1-2 mbr 11 = .024 ft 
Perpendicular End Cut-SIL Pipe Weld 
-Groove angle = 60 deg 
-Bevel angle= 30 deg 
-Direction angle = 90 dcg 
-Distance tip 1-2 mbr 11 = .024 ft 
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WELCOME TO JC .25 

File README ini bcrisi infom~'lsi pcnting SCCllm singkllt tcntang JC .25 

DAFTAR. rsr 

I . Nama program dan programmer 
2. Dislaipsi program 
3. Cara kcrja JC 
4. Dailar file 

5. P crsyara tan ll1lfd ware 

6. Prosedur Pcngopcmsian. program 

1. NAMA PROGRAM DAN PROGRAMMER 

----------------------------------------------------------
Program JC v0.25 (Jacket Cost Version .25) 
Progmrruucr : An.u H~dy F 

T cl:nik Ls u tan 
fal'Ultas Teknologi KclauttlD 
ITS 

2. DISKRIPSI PROGIV\i\1 

---------------------------------
JC mcrupa.kan singkatan dari Jacket Cost yaitu program untuk mcngcsti.masi 
bc<lya konstruksi fixed offsl10rc structure type jacket kl1usus substruktur. 
Pcri1itungan didasnrlcan konscp yang populer discbut Computer lrltcgrotcd 
t--1Ju1ufacturing (CIM). CI.M memec.ahkan problcn1 utalll1l pcrcncan!l1l11 produksi, 
ya.itu kclemahan kcndali Illllruljcmcn (PPC) pada shop floor k.a.rcna jumLili 
clcmcn konstruksi ynng tcrl..a.lu ba.nyak dan kompleks. JC mcrupakan apli..bsi..nya. 
Progmm ini tidak di..maksudkan scbagni riset fmal, namw1 sebaga.i feature CIM. 

Output utarn.a bcnJpa cost estimating report (yang mcrupaknn kombinasi linear 
dari cstinu'lsi dctil). Output yang dibuat bcrka.it11n dengan CIM (yaitu gamlxu 
konstruksi lasllll, gambru- cutting pia~ input NCC, dan file export ke 
MS-Projcct b..anya sebagai follow-up. 

Program JC ditulis cL1.lam bahasa I3asic, memakai Microsoft Visual I3asic 3.0. 

3. CARA KEfUA JC 

Input utnrnn progmm bcrupn propcrti sub-member tubulnr joint :lD dari tubular 
.ic"~int jflcket ybs (koordinflt 30, diameter, offset, eccentricity, prcferemi joint dan 



OE 1701, Lampinm I - I I 

prefcrcnsi material). Input ini diisi mcl.a.lui menu !File !Open I at.a.u menu !File 
fNew /. Input-input yang berupa data sub-member ini pada proses running 
disatuk.a.n menjadi member-member. Berd.asrukan inisi.a.l yang did.apat ket.ika 
proses tcrsebut tl11l.k.a. dihitung dct.a.il cost sesu..1.i goomclri obyd:nya. Sekalian 
pad.'!. proses ini kode-kode m.a.nufa1.rtur dibu.a.t (pad.a program ini di.anggap berupa 
data input NCC, cutting pl.a.n., gambar konstrubi lasan., dan master skedul) 

Input la..in : 

- Fokus preferensi material input, diisi pad.a. menu !Options llvfaterial I 
-Parameter fabrik.asi (untuk pcdal'Ua.ll permukaan, cutting, welding, coating), 
~ pada menu !Options /Fabrications / 

- Setting running, pad.a menu !Options /Run / 
-Parameter skcdul dan inisi.al sub-member wactivity", diisi pad.a rnmu 

!Options /Schcdulll 

Pakail.a.h Menu /View lin/ untlli: konfinn.a.si input yang dipahi. 
Output dipcroleh setc.lRh menu /Run/ d.i.alctiflcan. Dan merupak.a.n "open file" 
Pak.ai.lah ?vicnu /View !Out I untuk m.clihat output program. 

4. DAFTAR FILE 

----------------------
Resource File 
-----------------
README - File ini 
README COM - File viewer untuk file README 
COMDLG DL - File dyn.a.link Ms-VB3 
GSW DL - File dyrutlink ~1s-VB3 
SETIJPKIT DL - File dynali.nk Ms-VB3 
VBRUN300 DL_ - File dynn.link Ms-VB3 
VER DL - File dynalink Ms-VB3 
GSW EX - File program GSW 
JC EX - File program JC 
SETUP! EX - File program SETUP I 
SETIJP EX.E - File progrnm SE1lJP, untuk instal.a.si 
SETIJP LST - File list progfam SE11JP 
CMDIALOG VB - File custom control Ms-VB3 
GRAPH VI3 - File custom control Ms-VB3 
GRID 
JC 

VB 
reo 

- File custom control Ms-VB3 
- File icon prog.mm JC 

File input d11n prunmetcr 

KRA 
KRA 
KRA 
KRA 

JCI 
JCM 
JCF 
JCR 

- File input (sub-member) untuk jacket KRA 
· File spcsifiknsi material w1tuk ftle KRA.JCI 
- File prumnctc.r fabrikasi untuk file KRA..JCI 
- File sctt.ing running untuk file KRA.JCI 



KRA JCS - File parameter skcdul dan inisial sub-member al.iivitas 

Source File 
----------
JC FRM - File source program JC 
JC MAK - File project program JC 
JC reo - File icon untuk JC 

5. PERSYARATAN HARDWARE 
--------------------------------------------

Untuk dapat rncnjalankan JC scca.ra optimal diperlukan pcrsyaratan 
.minirrul seba.gai bcril:ut 
p Program WINDOws 3.xx 
p Memory 4 Mb R.Nvf 

p CPU processor yang rnendul1.1ng pcmakaian WINDOWS 3.xx 
J:> Mouse adanya mouse akan mempcrmudah pcngoperasian program 
J:> Monitor sesuai konfigurasi Windows ybs 

J:> Disk mang disk yang harus disiapkan tcrgantung jumlah member 
scbagai gambaran untuk 50 member (dari bcrapapun sub member) 
dibutubkan Gik.a semua option running dipakai) : 
50 x 6 x 100 KB untuk file i.rn..:'lge welding (* .BMP) 
50 x 1 x 100 KB untuk file iiDJ1ge tcbe arrangement (* .DMP) 
50 x 1 x 100 KB untuk ftlc image nesting plat (* .DMP) 

1 X 75 KB untuk file image coating armngement c· .D:MP) 
50 x 1 x 5 KB untuk file dctil cost (* .DTL) 
50 x I x I KI3 untuk file input NCC (* .NCC) 
50 x 1 x l KB untuk file set view drawing(* .DR W) 

l x 5 KB untuk file data jam mcsin (* .I-IR) 
1 X 5 KI3 untuk file data jam mcsin cost c· .MCH) 
1 X 5 KI3 untuk: file data jam orang cost c· . .MHR) 
1 x 5 KB untuk file data konsumable cost (* .CNS) 
1 X 1 KJ3 untuk file data konfigurasi member c· .MER) 
1 x 5 KJ3 untul: file resume cost (*.TTL) 
1 x 1 KB untuk file c>.:pori ke MS-Project (*.TXT) 

-------------------------
40-147 Kl3 = 40,5 ~{R 

6. PROSEDUR PENGOPERASIAN PROGRAM 

-------------------------------------------------------------
A. INSTALL JC 

DARl \VlNOOWS (\Vindows 3.xx) 
Mclnlui Program PROGRA.M MANAGER 

Pada menu !File IRun I kctik : 



A:\Setup 

Lalu COPY -l::an JC.ICO l::e dircliory program JC 

B. 1v1ENJALANKAN JC 
DAR! WINDOWS 

KlikdobcliCON-JC 

C. PENGOPERASIAN MENU 

A.ru:ia pasti sudah terbi.asa rncnja..l.ankrui Windows schingga tidak aJcan menemui 
l::esulitan eli dal.am mcngopcrasik.an JC. 

Menu ut.ama dari JC tcrdiri atas 4 ba.giM, yaitu: 
p File : pcngopcrasian file [NEW, OPEN, SAVE, SAVE AS, EXIT) 
p View :viewer input-output [IN & OUT) 
p Run :running [RUN) 

p Options: parameter [MATERIAL, FABRICATION, RUN, SCHEDULL) 
p Help : pcsan [ADOUT, I-fEUJ) 

Com.rn.a.nd menu dipilib mclalui : 
a. Pcmakn..ian tombol Alt dan hotkcys, scsuai huruf yang bcrgaris bawah 

Misalnya command Run dialiif1can mclalui pcnck.nnan Alt dan R. 
b. Pcmahiao mouse. Command dapat dinktiikan mclalui ~ik mouse ketika 

pointer mouse diposisikan pada command pilihan. 

----------------------------------
ANAS HUMAIDY F 

Wonocolo V- 48, Scpanjang 
kodcpos 61257 tclp 7875142 

-----------------------------------
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TAMPILAN PROGRAM 

Tampilan kctika loading Menu awal Menu File 

}...fcnu HeiQ Menu HelP:HciQ 

Menu HeiP:About 

Programmed IJy A.nas Humaldy F 

Procedure uGage thl& program: 

1. Use New or Open menu for lnputlng dais 
Ut>e View menu for confirm your d11t11 

2. u~e OpUon~ menu for lnputlno p arametcr 
3. Use Run me:J:.! !<H runn!ng pr .. :;ra;n 
4. U•e Vlc\IJ menu for viewing output 

- TI1it progrllml> to ea~>y. i~;n ' t it?---
nb: t\JI unlti using Brltlsh Unit (pound-{lbj. leet-{1~. 
h o u r-[hrlJ 

l - -- ~o~c . 1 

Menu dialo2 File-Open 

~ 
f:4.~~ 

:v:c:=_=.=J ~ .... ~ I t5'¥iEf"'! __.,.__,_.....,G 

JH.ict Cotil is Gllrnplc appliution illu&.lrlltcG 
the Mure feeturct available UUQc Ct~ 
[Computer fntcgr11lcd U!1nuf11c1uring] of 

Structur11l Jacl::ct F11brl~tlon [on cnstlno. 

,l .. oJ f4 
I I I 

I U 
L - --- -

r~,--;:;-~ iict1{Hf3 
Ia.-. II 
j •-· II 

I 
a.... I I 0 .,_....,. 

I I -
I_ - _ __ ___ ii 

sctlcdulllng. work: nhcct shop . ... ] 
Anyway. tl1c CIM undo 1111yihiug ... . 

ond much, much. more I 



Menu editing input 

~~ . • • fT;o>", , i1(S\ J i..)U I I : 'i':< .. 
[llf 1[1.,..., [lun Qptionv !:f~lp 

.....:;:...___:~. . 

lo""" X...t..tuiu ; ll!Jl j fSp/.uh z,...., ll""ocl l_!~ 
. ' 

~~ -~ 0 ~E.- (; 0 -(0 

~ 
----G (J ~~~- 2'6 . 5 0 ~0 

~· 21l.s-f-.--
:XJ _5___ 0 ~-~- u ~0 

~ :10 .5 0 --10 J'.i 0 --10 

~ :rj 0 ·40 :n ~ 0 ~0 

u. ... i"..l :i.':ii'M. Q~IW •;;n;_.. 
' 

; 
: I I.L .' , I 41\ 

lbU 

l~d 

IU 
1GB 

Ill 

Menu Options-MRteri.qJ 

ii<l [ ~ - .. . , ~ 

Jl:L~ 

2. s r-?.5 __ 
2.5 ]_5 

2:5- .J.GG7 
1 .GG7 J .GG7 
1.G£i7 H!"?_ 

:~· 

\ 

' '. 
\ 

\ 

\ I Y.i 
1~ \ 1~ 

\ 
\ 

Menu View 

1 
H<'C '~ul 
(Xt .. Cnl 
c.u Oc't'•,,... •• l t-.4~"" 1:.:<-<J .... 

i\·!enu Options 
" .. . 

ffi-'1 r [11~ '{lew f'lun I :IlEl 
',I" r:< lllrlllnl 

tf~b&a 
)ict.c4ull 

l•l< y-.... 01-ii..•• Uc¥ u..u: 
( ....... oJ ........ ~ 

C?l:.Ydl~-~~L;.;;;;,r 
~~_.A_.. 

C•J s,d.o..lo.C_ torS4'>.0..t ;,.,..t I• fXTI 



Menu Options-Scbedull 

Menu View-Out-Cost Resume 

fl.U e,..,, J C.IJ:OQV.US\I'(lC\UJ.JO J t~ lllllC f\1] 

1 ~ ~ • ~ -· • l't«fUU:J; b c-.-..u.. 
1 --.m .~ .c;, lf It) r I f"1 • JO ~: 9 I !l511Jlo ::JI,;ooil: 111~ 
l .~ .q '''.,. ~~~~ r-1 1 en tlol· ~ t ~·. 11 ~. t 1',t~D_WO 
~f'I.]'V-1/'IflJr' l\o1 I .11'i,..... • Ill~-- 1 l(dwo# •I ~1;ow,n 

1-U\ .JH<;I I'IJl}dt'-1• IIS~·I? IYIHS,t'l....it•l S<.XXW 
1--ut ·}t~'l;, It} rl l\o1o .r~HW: tl I~ • ~ 1~1: I W>V'"illl 
1-.IJ'I ·:?H '.1 1'1 jlj d 1'-1• J'A>~~ ·til i i!.">'H • II~ •I :'{ t'>CD 
, ~.b;-~ ,, Rl I' f'ol• .f'll!UI. "I }l;r.,(K I lltltoCJ. I Xl'liOll 
1.-Lf'l .!l._ '· ~ :'ljlJ I' f'ol• &4} ~1.\. ~I ]I~'} f.0..-1· I (J;.uQ 

I
~ I~XH~ : I ll)jQII\l 
~ • .._.;..."'-"""•1 l.'77U ;'1): 
· "1.' Pwo.<t•• ·I n:r;u :110 

I . 4j ... It ~f~ ·I ,..,s 1!11 

1 . ~--4(,, r /'i' tC •I )~ ~~~ _,t'. t ~;1.!lll! 
1 . ~->d IC • I ~i''IH 
1··10:: • llH:ll<;t.,17 
I - ~-.-..Jh .. .-.... b•,41/'J4&l1• 
1 · -~ •IO.'Ii.)d.ll 
r-1-U 1:1F4;•tlmO.IUl 
l -::t>. I ;:~..,..._,'JA/ 

. · l...,.,..,r-~ ·II II•W'>lllt 
' :'.b • I >C'~' '-C 
: .,.., •" • l llrl ~• JTD 
; .............. ' 1)('1!1..;1l'l', 

1
-{nJIJ.I.It.O....._. .,_.. 
-{]OR/].,.. Ill tc"ll Iol l i 
I-' ll III.J • I :'T.617 l!:"J 
-{~ I.A] : 131\tStl :t'lii 

~ fcpu \'icw-Out -~ bstcr Scbcdull 

Menu View-Out-NCC sheet 

wee ;,.put 101 ~tx 10 ((38.375. &J .~. -•oH92. 
s.t. 1121 
SL.tnl Joinl u.t-C.nc.., W«~ld &I (0. 0.-401 
l-1l11v~h pi~ {1nnr If~ c 1.115 
/_._,.,in oular pf><J did • 5.125 
-ArvjtJ ol inlouociion • 85.7814 
!Okvll Joint W-<:o~ \vctd 41(17.5. 1:1.198. _.OJ 
-{lr....-..;h pi~ inn..- dk\ = 1.115 

I ~"in out.,.. pipe di.-. = l.IGl . 
1-A.r.ole ol ill(ertection = 47.~92 

·11 r~ndcuLa• End Cut -S e...,. \1/eld 
--Groove anole -GO deo 
-- Ocvcl angle - JO de9 

1--Dirccti«< an~- 90 de(J 
I -n iddncc tic~ 1-2 awl o • . 024 1t 
1 POtpondi<;Wr End Cut -Sil Pipe \1/uld 
-61oova .lf't(J~- W dog 
-8IJVOI .1no'o - 30 doo 
-oirftd>oo ~- ~ l~-tu 
-{)iU«~nc:e t~ 1·2 atx 10 • .(124 It 

Menu Vicw-Out-DcL:1il Cost ·----------
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Menu View-Out-Drawing Sheet 

Kctika iiTlRQe tube arr. diklik-dobcl 

View .Qptions Help f1ac~ 

Dobledick imRt!e seam weld 
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STRUCTUnAL FADniCATION HISTORY 

JACI<ETS ----' . 

1 'ln1 . 1 ~':lJ ----- -fcT;u' ---1 . .• . . 1 .... ' :: . 
:;~r.r:·· 

.. . •... I .. ' ' . . • 
:11 n~ 

:; 1 ::<::" 
:; ! G ~ ~ 
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l~; • . I l;!;:c 1.220 l;.J ,WU 10.4 
7(;!t.L t•;) 2.237 17.J::>G • 7.7 

C t.i u() ALI n:JG ·U 2.57<1 t~.-1·12 7 .C. 

Cv~lOCO 0:-'i'-A 2.571 21,213 0 .3 

·~· t li:;.'C·· I 7,375 17,0:>3 23 I\'_, I 

t.'.'·XUS \'.'t;..'Uill P 740 O.OC.:J 10 0 

/ .. CT Vi:21·1 <1,022 10,1 G-1 2. 1 I 

~ .. _,,';"".,,\ ••-~or-,, v..;: 2.577 12.51G 4 .9 ! 

;::::-r.lt SCL I\ C(ii,\P 2.SSG G.900 2 .7 

E ~·.~' s::L "Pnoo 3.<161) 0,971 26 

":1 
Ul,ll 

HJ/,.: 

I :·.0.0 

173.4 
I OJ, I 

<13,!.1 

OJ . 'I 

107.2 
IOJ ,-1 
I r,~. C 

r.IIIJ l/ 

IS ' " ti/1' 

)() 4':i n 
I;> GI .O;> 
10 G7 .·1 
I') 24.0 
12 50 .7 
~5 17.4 

.17 41 G 
I] 40 .<1 

~·G tiG . I 

fl~l . Ml til/ 

' J:usi <I~ · 
2,707 1.2 
4,'1;'2 1.0 

0,140 3 .2 

3.523 0.5 
7,3 7 (I !! Q 

0 0 .0 

7,1.51 2.9 
0,307 3 .3 
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v -'· ~· 
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=•: r.·: t-..r,:t 

:<: 7C': 
:1. !sr,n 

I':~" 
1
t.om 

;~ ~ 5 ~· '? 

I;; I Gl ~ 
IUC,If'\ . 
:'\:(jt9 
:'ll(,l!_; 

:'\:GH' 

C':\"3 ,. 

E08L 
~.\/, xus 
1.'./I.XUS 

" ·'•XU$ 

1 
~.·. r.xus 

I.'./I.XU5 
t.nl( 

,·,nn 

NOTE5 

v;;'' 
\':i'3 

\'.'1 '2 

n: -~A 
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\'.'F;:> 
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\'IIDUnt A 

!:!7.ZA 
I.U.I CO.',\P 

75G 12,610 1G. 7 

773 10,307 13 .3 
7GO 11,709 15 .<1 
<116 7,175 17 .2 
417 6,503 15.0 
932 0,120 0 .7 

720 7,1197 10.3 

272 1,465 5.'1 
272 1,031 G.7 
272 2,107 00 

272 2,045 7.5 
272 2,13g 7.g 

. 3Q7 2,0!30 7.5 

211 1,(>'10 7.0 

1 f,1 • LOAOOUT. ilt:OOWN, SCAFFOLDINGS, AND WEIGHING 

"2 113 • STnUCTUnfiL \'.'OI~K 

3 . /\9 • PAINTING 
•. MATERIAL HANDLING IS NOT INCLUDED. 

!JC.,G 

50,2 
52.1 
='G.O 
35,4 
!j!J;I 

51,1 

16,1 
I 5,!) 

15,G 
I 5,7 
1!:>,0 
21 ,0 

9,4 

J7 

~9 
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19 
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[JI 

?.5 
<16 
C·G 
34 
GO 
•IS 

:13 
17 
·~ 
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65.0 
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05 . 1 
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70.?.. 
59.4 
50.7 
57 .5 
57.9 
55 .3 
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44 .G 

2. I !)4 2.9 

2,003 2.6 
2.GOO 3.4 
2.700 G.!:> 
2,477 5.9 
6,527 7.0 
5,001 6.9 
2,233 . 0.2 
2,507 9.2 
2,G3f 9.7 
2,43G 9 .0 
2,211 0. 1 
2,682 6.8 

2,132 10. 1 

1 01At:J(t.t1HII/SI( Hf\Jl ~ LCGS 
- - -- - - .. - ·-·- .. . - .. -. - .. :;:= 
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203,7(-vl 27 .G 1990 8 

~·9.353 7!1 3 19"0 0 

93 .679 19.5 19!39 0 
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110,770 46.5 191)9 0 
I 79.G27 51 .0 19!39 8 
48.317 70.4 1W3 4 

71,<191 94 .G 199?. 4 

62,539 ·8o.9 1992 4 

G6,5GO OG.7 1992 .I 

11!:.,932 110.4 1991 , 
44,527 106.0 1991 4 

74,136 79.5 1991 4 

63.623 07 .4 1g91 4 

19,844 73 .0 1990 4 

20,29-1 74.G 19?0 4 

20,452 75.2 1£>90 4 

20.241 74 .4 1990 4 

19,395 71.3 1900 4 

26.703 67.3 1990 4 

13,189 62 5 1909 4 
~ 

J.. 
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I 
~ 



KRA.JCI 

No X1 Yl ZJ Xu Yu Zu Dl Du om Ecd D1 Pl Offu F..ccu Bu Pu MP 

1 0 0 -~0 6 0 -40 2.5 2.5 0 0 T 0 0 0 T 0 1 
....--

2 6 0 -40 2U 0 -.40 2.5 2.5 0 0 T 0 0 0 T 0 2 

3 2U 0 -.40 30.5 0 -40 2.5 3.667 0 0 T 0 0 0 T 0 2 

4 30.5 0 -40 35 0 -40 3.667 3.667 0 0 T 0 0 0 c 1 3 
r-

5 35 0 -~0 39.5 0 -40 3.667 3.667 0 0 c 0 0 0 T 0 3 

6 39.5 0 -40 ~1.5 0 -40 3.667 2.5 0 0 T 0 0 0 T 0 2 

7 41.5 0 -40 76.333 0 -40 2.5 2.5 0 0 T 0 0 0 T 0 2 

8 76.333 0 -~ 79.997 0 -40 2.5 2.5 0 0 T 0 0 0 c 0 3 

9 79.997 0 -40 &3.113 0 -40 2.5 2.5 0 0 T 0 0 0 T 0 3 

10 nu 0 -40 98.375 0 -40 2.5 2.5 0 0 T 0 0 0 T 0 4 

11 0 0 -40 0 17.19& ~ 2 2 0 0 T 0 0 0 T 0 1 

12 0 0 -40 17.5 19.1911 -40 1.167 1.167 0 0 T 0 0 0 () 4 .s 
13 17.5 19.198 -~ 35 0 -~ 1.167 1.161 0 0 T 0 0 0 T 4 .s 
14 35 0 -40 35 4 -40 2 2 0 0 T 1 0 0 T 0 6 

1S 35 4 -~ 35 17.198 -40 2 2 0 0 T 0 0 0 T 0 1 

16 35 0 -40 62.1!1!5 27.8&9 -40 1.833 1.833 0 0 0 1 0 0 T 0 7 

17 62.185 27.1!89 ~ 63.945 28.95 ~ 1.&33 2.5 0 0 T 0 0 0 T 0 8 

18 63.945 28 .95 -40 66.688 31.698 -40 2.5 2.5 0 0 T 0 0 0 c 0 3 

19 66.6l!i 31.69& -40 67.269 30.315 -40 2.5 2.5 0 0 T 0 0 0 c 0 4 
~ 

20 68.43 27.549 -40 67.269 30.315 -40 2.5 2.5 0 0 c 0 0 0 T 0 4 

21 68.43 27.549 -4/) 79.997 0 -40 2.5 2.5 0 0 T 0 0 0 T 0 6 

22 66.974 31.293 -~ 70.523 27.948 -40 1.667 1.667 0 0 T 0 0 0 c 0 9 -23 70.523 27.948 -40 73 .327 24.91 g -40 1.667 1.667 0 0 c 0 0 0 T 0 9 

24 73 .327 24 .91& -40 93.417 4.941 -40 1.667 1.667 0 0 T 0 0 0 T 0 10 

25 93.417 4.941 -40 98.37~ 0 -40 1.667 1.667 0 0 T 0 0 0 T 0 11 

26 70.523 27.948 -40 7U 27.948 -40 1.333 1.333 0 0 T 0 0 0 T 0 2 

27 7U 27.948 -40 90 27.948 -~ 1.333 1.333 0 0 c 0 0 0 T 0 2 

28 90 27.948 -40 98.375 27.948 -40 1.333 1.333 0 0 c 0 0 0 T 0 2 -
29 91! .3 75 0 -40 98.375 27.948 -40 2 2 0 0.5 T 0 0 0 T 0 12 

30 98.375 27.948 -~ 98.375 30.948 -40 2 2 0 0.5 c 0 0 0 T 0 12 

31 98.375 30.948 -40 98.375 63.396 -40 2 2 0 0.5 T 0 0 0 T 0 13 

32 0 17.198 -40 0 19.198 -40 ... 2 (J 0 T c :; 0 c 0 9 .. ___,.. 

33 0 21.198 -40 0 19.19& -40 2 2 0 0 T 0 0 0 c 0 9 ---
3.4 0 21.191! -40 0 42.198 -40 2 2 0 0 T 0 0 0 T 0 1 

35 0 42.198 -~ 0 44.198 -40 2 2 0 0 T 0 0 0 c 0 9 - ~ f--
36 0 44.198 ~ 0 46.198 -40 2 2 0 0 c 0 0 0 T 0 9 

37 0 46.198 -~ 0 63.396 -40 2 2 0 0 T 0 0 0 T 0 1 
~ 1-

38 17 . .5 U .19K -40 0 63.396 ·40 1. 167 1.167 0 0 T 0 0 0 T 0 s - - - ---- .,..._....... 
39 17.5 H.l98 -40 35 63 .396 -~ 1.167 1.167 0 0 T 0 0 0 T 0 5 - - -
40 0 63.396 -40 6 63.396 -40 2.5 2.5 0 0 T 0 0 0 T 0 1 

' 
41 28 .75 63.396 -40 6 63 .396 •. 4Q 2.5 2.5 0 0 T 0 0 0 T 0 2 

~ 

.2 2&.75 63 .396 -40 30.75 63.396 -40 2.5 3.667 0 0 T 0 0 0 T 0 9 ..._ 



----- - ----~ 

43 35 63 .396 -.40 30.75 63 .396 -.tO 3.667 3.667 0 0 c 0 0 0 T 0 3 

4.4 35 63 .396 -.40 39.75 63.396 -40 3.667 3.667 0 0 c 0 0 0 T 0 3 

45 39.75 63.396 -40 .(1. 75 63.396 -40 3.667 2.5 0 0 T 0 0 0 T 0 9 

46 92.&75 63.396 -40 .(1.75 63.396 -40 2.5 2.5 0 0 T 0 0 0 T 0 9 

47 92.875 63.396 -40 98.375 63.396 -40 2.5 2.5 0 0 T 0 0 0 T 0 6 

48 35 63.396 -40 66.688 31.698 -40 2 2 0 0 T 0 0 0 T 0 9 

49 68.119.( 33.904 -40 66.6&& 31.698 • .(Q 2.5 2.5 0 0 c 0 0 0 c 0 3 

50 68.894 33.904 -40 69.955 3.( .965 -40 2.5 2 0 0 T 0 0 0 T 0 13 .... -
51 114 -'9.1&11 -40 69.955 34.965 -40 2 2 0 0 c 0 0 0 T 0 13 

~2 93 . .(26 58.4.45 -40 9&.375 63 .396 -40 2 2 0 0 T 0 0 0 T 0 6 

53 35 63 .396 -40 35 59.396 -40 2 2 0 0 T 0 0 0 T 0 6 

~ 35 H.198 -40 35 59.396 -40 2 2 0 0 T 0 0 0 T 0 1 
~ 

55 35 44.198 -40 35 47.198 -40 2 2 0 0 c 0 0 0 T 0 9 -
56 35 44.198 -40 35 41.198 -40 2 2 0 0 c 0 0 0 T 0 9 

57 35 21.198 -40 35 41.1911 --40 2 2 0 0 T 0 0 0 T 0 1 

58 35 21.198 -40 35 19.198 -40 2 2 0 0 T 0 0 0 c 0 9 

59 35 17.198 -40 35 19.19K -.40 2 2 0 0 T 0 0 0 c 0 9 

60 0 19. 1911 -.40 8.75 19.1911 -40 1.167 Ll67 0 0 T 0 0 0 c 0 14 

61 14 19.198 -40 8.75 19. 19& -40 1.167 1.167 0 <.> c 0 0 0 c 0 14 

6.2 14 19.19S -.40 16.25 19.19& -40 1.167 1.167 0 0 c 0 0 0 c 0 1 

63 17.5 19. 1911 -40 16.25 19.198 -40 1.167 1.167 0 0 c 0 0 0 c 0 1 

&4 21 19.198 -40 11.5 19.198 --40 1.167 1.167 0 0 c 0 0 0 c 4 1 
1-

65 21 19.198 -40 23.75 19. 191! -40 1.167 1.167 0 0 c 0 0 0 c 0 14 

66 31.25 19.198 -.40 23 .75 19.198 -40 1.167 1.167 0 0 c 0 0 0 c 0 14 

67 31.25 19.198 -.40 35 19.198 -40 1.167 1.167 0 0 c 0 0 0 T 0 14 

68 us 19.198 -40 8.75 44.19& -40 1.167 l.l67 0 0 T 0 0 0 T 0 14 

69 16.25 19.198 -.40 16.25 44. 19& -40 1.167 1.167 0 0 T 0 0 0 T 0 14 
f-

70 23.75 19.198 -.40 23 .75 44.198 -40 1.167 1.167 0 0 T 0 0 0 T 0 14 

71 31.25 19.198 -40 31.25 4·U98 -40 1.167 1.167 0 0 T 0 0 0 T 0 14 

72 0 44.198 -40 8.75 H.198 -40 1.167 1.167 0 0 T 0 0 0 c 0 14 

13 H 44.191! -.40 K.75 44.191! ...(0 1.167 1.167 0 0 c 0 0 0 c 0 14 

74 H 44.191! -.40 16.25 «.198 -40 1.167 1.167 0 0 c 0 0 0 c 0 1 

75 17.5 44.198 -40 16.25 4.4.19& -40 1.167 1.167 0 0 c 0 0 0 c 0 1 

76 21 « . 198 -40 17.5 4.4.19& -40 1.167 1.167 0 0 c 0 0 0 c 0 1 

77 21 44.191! -40 23.75 44.19K -40 1.167 1.167 0 0 c 0 0 0 c 0 14 

78 31.25 44.198 -40 23.75 «.198 -40 1.167 1.167 0 0 c 0 0 0 c 0 14 

79 31.25 44. 191! -40 35 4-4 .191! -40 1.167 1.167 0 0 c 0 0 0 T 0 14 

80 90 27.9.(8 -40 90 55.01 g --40 1.333 1.333 0 0 T 0 0 0 T 0 2 

81 u 27.9.(8 -.40 u 49. 1&8 -40 2 2 0 0 T 0 0 0 T 0 2 

82 90 SS .018 -.40 93.426 511.445 -40 2 2 0 0 T 0 0 0 T 0 2 

83 90 55.011 -40 l!4 49.Ui -40 2 2 0 0 c 0 0 0 T 0 2 

S4 0 6.175 21.75 32 6.175 21.75 1.5 1.5 0 0.5 T 0 0 0 T 0 15 

85 32 6.175 21.75 35 6. 115 21.75 1.5 u 0 0 T 0 0 0.5 T 2 10 

86 35 .";r;;i1r·;;;, ···"' 21.75 u 1.5 
0 ~~5 [jj 2 ! · 0 . Q T Hi+,j 1 87 1 40.5 6.175 21.75 so 6.175 21.75 1.5 1.5 0 0 0 T 0 0 T 3 = . -':". ----:-. -· - --



88 63 .656 6.175 :!1.75 so 6.175 21.75 u u 0 0 T 0 0 0 T 0 9 
-

89 63 .656 6.175 21.75 U.156 6.175 21.75 1.5 u 0 0 T 0 0 0 T 0 9 

90 U .156 6.175 21.75 90.656 6.175 21.75 1.5 1.5 0 0 T 0 0 0 T 0 15 

91 0 6.175 21.75 0 16.701 21.75 2 2 0 0 T 0 0 0 T 0 10 
t--· 

92 0 6.175 21.75 17.5 19.201 21.75 1.167 1.167 0 0 T 0 0 0 T 0 1 

93 35 6.175 21.75 17.5 19.201 21.75 1.167 1.167 0 0 0 2 0 0 T 0 1 

94 35 6.175 21.75 35 16.701 21.75 2 2 0 0 T 2 0 0 T 0 13 

95 35 6.175 21.75 ~0.1!95 11.5&3 21.75 1.5 1.5 0 0 T 2 0 0 T 0 14 

96 ~0 . 1!95 11.583 21.75 62.&28 31.701 21.75 1.5 1.5 0 0 T 0 0 0 T 0 15 

97 62.&21! 31.701 21.75 1!0.1!14 ~1!.199 21.75 1.5 1.5 0 0 T 0 0 0 T 0 21 

98 80.814 ~8 . 199 21.75 82.656 49.839 21.75 1.5 1.5 0 0 c 0 0 0 T 0 5 
~ 

99 85.972 52.931 21.75 82.656 49.839 21.75 1.5 1.5 0 0 T 0 0 0 T 0 5 

100 85.972 52.931 21.75 90.656 57.227 21.75 1.5 1.5 0 0 T 0 0 0 T 0 15 

101 &2.656 13.513 21.75 90.656 6.175 21.75 1.5 1.5 0 0 T 0 0 0 T 0 10 

102 62 .818 31.701 21.75 35 57.227 21.75 1.5 u 0 0 c 0 0 0 0 3 10 

103 82.656 13.513 21.75 &2.656 ~9.&39 21.75 1.5 1.5 0 0 T 0 0 0 T 0 15 

1().4 &2 .656 13.513 21.75 62 .&28 31.701 21.75 1.5 u 0 0 c 0 0 0 c 0 15 

105 90.656 6.175 21.75 90.656 16.175 21.75 1.5 1.5 0 0 T 0 0 0 T 0 9 

106 90.656 H.227 21.75 90.656 16.175 21.75 u u 0 0 T 0 0 0 T 0 14 

107 90.656 ~7.227 21.75 90.656 57.227 21.75 1.5 1.5 0 0 T 0 0 0 T 0 9 

108 35 16.701 21.75 35 19.201 21.75 2 2 0 0 T 0 0 0 T 0 1 . 

109 35 19.201 21.75 35 24.201 21.75 2 2 0 0 c 0 0 0 T 0 1 

110 35 39.201 21.75 35 23.701 21.75 2 2 0 0 T 0 0 0 T 0 10 

111 35 39.201 21.75 35 ·44.201 21.75 2 2 0 0 T 0 0 0 c 0 1 

112 35 ~6. 701 21.75 35 44.201 21.75 2 2 0 0 T 0 0 0 c 0 1 

113 35 s1.n1 21.75 35 46.701 21.75 2 2 0 0 T 3 0 0 T 0 13 

114 0 16.701 21.75 0 19.201 21.75 2 2 0 0 T 0 0 0 c 0 1 
~ 

115 0 19.201 21.75 0 25.951 . 21.75 2 2 0 0 c 0 0 0 T 0 1 

116 0 25.951 21.75 0 37.~51 21.75 2 2 0 0 T 0 0 0 T 0 10 -117 0 37.451 21.75 0 « .201 21.75 2 2 0 0 T 0 0 0 c 0 1 
-.-

118 0 44.201 21.75 0 46.701 21.75 2 2 0 0 c 0 0 0 T 0 1 

119 0 46.701 21.75 0 57.227 21.75 2 2 0 0 T 0 0 0 T 0 10 
----,-..-. 

120 0 19.201 21.75 8.75 19.201 21.75 2 2 0 0 T 0 0 0 c 0 10 
--.,--

121 0 •·U01 21.75 1!.15 44.201 21.75 2 2 0 Q 0 T 0 0 0 c 0 10 

122 8.75 19.201 21.75 14 19.201 21.75 2 2 0 0 c 0 0 0 T 0 10 

123 us 44.201 21.75 H ·44.201 21.75 2 2 0 0 c 0 0 0 T 0 10 
~ 

124 16.25 44.201 21.75 14 44.201 21.75 2 2 0 0 c 0 0 0 T 0 9 

125 16.25 19.201 21.75 14 19.201 21.75 2 2 0 0 c 0 0 0 T 0 9 

126 16.25 44.201 21.75 17.5 44.201 21.75 2 2 0 0 c 0 0 0 c 0 9 -
127 16.25 19.201 21.75 17.5 19.201 21.75 2 2 0 0 c 0 0 0 c 0 9 

128 21 44.201 21.7S 17.5 44 .201 21.7!5 2 2 0 0 T 0 0 0 c 0 9 

1Z9 :21 19.201 :21.7~ 17. ~ 19.201 21.75 2 2 0 0 T 0 0 0 c 0 9 

130 21 44.201 21.7S 23 .7S 44.201 21.75 2 2 0 0 T 0 0 0 c 0 10 

131 21 19.201 21.75 23.75 19.201 21.75 2 2 0 0 T 0 0 0 c 0 10 

132 23 .75 H.201 21.75 31.25 •U.201 21.75 2 2 0 0 c 0 0 0 c 0 10 



133 23 .75 19.201 21.75 31.25 19.201 21.75 2 2 0 0 c 0 0 0 c 0 10 

1~ 3 1.2~ 44.201 21.75 35 44 .201 21.7~ 2 2 0 0 c 0 0 0 T 0 10 

135 31.25 19.201 21.7~ 35 19.20i 21.75 2 2 0 0 c 0 0 0 T 0 10 

·-------136 0 ~7.227 21.75 17.5 44.201 21.75 1.167 1.167 0 0 T 0 0 0 T 0 1 
~ 

137 17.5 44.201 21.75 35 57.227 21.75 1.167 1.167 0 0 T 0 0 0 0 3 1 

138 0 57.227 21.75 32 57.227 21.75 1.5 1.5 0 -0.5 T 0 0 0 T 0 IS 
t----·-. -----"' 

139 35 57.227 21.75 32 57.227 21.75 1.5 1.5 0 -0.5 T 0 0 0 T 0 10 -140 35 57.227 21.7~ 40 57.227 21.75 1.5 u 0 -0 . ~ T 0 0 0 T 0 20 -141 40 57.227 21.75 14.156 57.227 21.75 1.5 1.5 0 -0.5 T 0 0 0 T 0 9 

142 90.656 57.227 21.75 84.156 57.227 21.75 l.5 1.5 0 0 T 0 0 0 T 0 13 

143 K.75 19.201 21.75 u.s 4-4 .201 21.75 l.5 l.5 0 0 T 0 0 0 T 0 15 

144 16.25 19.201 21.75 16.25 «.201 21.75 l.5 l.5 0 0 T 0 0 0 T 0 15 

145 23.75 19.201 21.75 23.75 44.201 21.75 l.5 l.5 0 0 T 0 0 0 T 0 15 

146 31.2~ 19.201 21.75 31.25 44.201 21.75 1.5 1.5 0 0 T 0 0 0 T 0 1~ 

147 0 0 -40 0 0.871 -31.3 5.125 5.125 0 0 c 0 0 0 T 0 16 

148 0 5.903 19.02 0 0.871 -31.3 4 . 87~ 4 . 87~ 0 0 T 0 0 0 T 0 2 

149 0 6.175 21.75 0 ~ . 903 19.02 4.875 U75 0 0 c 0 0 0 T 0 2 

150 0 6.175 21.75 0 6.4677 24 .68 4.875 4.875 0 0 c 0 0 0 T 0 2 

151 0 0 . .({) 35 5.3292 13.29 2.5 2.5 0 0 T 0 0 0 T 0 4 

152 35 6.17~ 21.7~ 35 5.3292 13.29 3 3 0 0 c 2 0 0 T 0 18 

153 35 5.3292 13.29 35 4.5829 5.829 3 3 0 0 c 0 0 0 T 0 10 

154 35 4.5829 ~.1~29 35 0 -40 3 3 -~ .. . 0 T 0 0 0 T 0 10 

155 35 5.3292 13.29 91!.375 0 -40 2.333 2.333 0 0 T 0 0 0 T 0 6 

156 90.6.56 6.175 21.75 90.375 6.4 24 5.146 5.146 0 0 c 0 0 0 T 0 19 

157 91.609 5.412 14.12 90.656 6.175 21.75 5.146 5.146 0 0 T 0 0 0 c 0 19 

158 97.511 0.691 -33.09 91.609 5.412 14.12 4.875 4.875 0 0 T 0 0 0 T 0 2 -159 9075 0 -40 97.511 0.691 -33.1 5.125 5.125 0 0 c 0 0 0 T 0 17 

160 0 63 .396 -40 35 57.918 14.78 2.5 2.5 0 0 T 0 0 0 T 0 4 

161 0 63.396 -.W 0 62.73 -33 5.125 5.125 0 0 c 0 0 0 T 0 17 

162 0 62.73 -33 .03 0 58 .159 14.78 4.875 4.875 0 0 T 0 0 0 T 0 2 

163 0 58.159 14.78 0 57.493 21.75 5.125 5.125 0 0 c 0 0 0 c 0 17 

1&4 0 57.493 21.75 0 57.303 23 .74 5.125 5.125 0 0 T 0 0 0 c 0 17 
~ -165 35 57.227 21.75 35 57.91 g 14.7& 3 3 0 0 c 0 0 . 0 c 3 18 

166 35 57.918 14.78 35 58.7H 6.824 3 3 0 0 c 0 0 0 c 0 10 

167 35 58.714 6.824 35 63.396 -40 3 3 0 0 T 0 0 0 T 0 10 
~- f-· ------- --

168 3~ 57.918 14.78 98 .375 63.396 -40 2.333 2.333 0 0 T 0 0 0 T 0 6 - ~ t---· 
169 90.656 57.221 21.75 90.2&6 56.925 24.71 5.146 5.146 0 0 c 0 0 0 T 0 19 

~ 1---· .~ ·-170 90.656 57.221 21.75 91.705 58.06 13.36 5.146 5. J.l6 0 0 c 0 0 0 T 0 19 
-.--- --. -~ 

171 91.7052 51.06 13.36 92.631 58.801 5.912 4.875 4.875 0 0 T 0 0 0 T 0 2 
,--, - - r---

172 98.375 63 .396 -40 92.631 SUO! 5.912 5.125 5.125 0 0 c 0 0 0 T 0 17 

173 '>i.375 0 -40 99.362 -0.7&97 -47.9 5.125 5.125 0 0 T 0 0 0 T 0 17 

174 0 63_396 -40 0 64.157 -48 5.125 5.125 0 0 T 0 0 0 T 0 17 . ~ t---. 
175 10 -10 [EBFJ] 



OE l '/0 1. l.IUilflii<HI I 2.1 
KRA.JCF 

1 M~h 16-30 12.86 . 50 1035 4.5 10000 10000 
2 Molirex ShorPnmer 0.0008 62.98 4400 707 10 2270 1035 4.5 10000 10000 

3 20 3 10000 10000 
4 55 .018 oxy-g.a.s 700 22.557 ncetylen 1000 58.661 2 10000 10000 

5 E71T8K6 0.007 0.00012 0.4 IT 1700 3 10000 10000 
6 OHR23.50 0.007 135.5 0.4 45.5 1700 3 10000 10000 

,....-. 

7 E71T8K6 0.007 0.00012 0.4 17 1700 3 10000 10000 
8 EA1A2 0.013 0.0002 0.6 32 1860 3 10000 10000 
9 E71T6 0.007 0.00012 0.6 18.5 1700 3 lOOOO 10000 ,..... 
10 E71T8K6 0.007 0.00012 0.4 17 1700 3 10000 10000 r- ----11 EM12K 0.008 0.00012 0.4 30 1860 3 10000 10000 
12 EM12K 0.008 0.00012 0.4 32 1860 3 10000 10000 
13 E61T8K6 0.007 0.00012 0.4 18.5 1700 3 10000 10000 

~ 

14 E61T8K6 0.007 0.00012 0.4 19 1700 3 10000 10000 
15 E61T6 0.007 0.00012 0.4 17.75 1700 3 10000 10000 
16 E61T8K6 0.007 0.00012 0.4 18.5 1700 3 10000 10000 

10000 
~ 

17 E61T8K6 0.007 0.00012 0.4 19 1700 3 10000 
18 E61T6 0.007 0.00012 0.4 17.75 1700 3 10000 10000 
19 Mom I6-3o 3.215 50 62.5 3 10000 10000 
20 Mo!ifilgt P 75-R-06 0.0016 24.4 

,...... 
4400 707 30 2270 450 3 10000 10000 

21 CompactTC 0.005 17.9 5420 222 5 3175 450 3 10000 10000 
,-----

22 Sprinty1 Saler G 0.0008 59.5 10570 995 5 3270 450 3 10000 10000 
23 Spri.ntyl AF 68-F-02 0.0035 15.6 13000 995 5 3270 450 3 10000 10000 
14 S £rintY I Finish 0.002 22.9 11500 995 10 3270 450 3 10000 10000 
25 . [EBFJ] 

KRA.JCM 

No Ma.t spec Ma.t type Len~ W or dia nuckne.ss Ma.t Price 
1 API-2H-50 pl.crte 20 6 0.063 3250000 
2 API-5L-Gr-B plate 20 6 0.063 3250000 
3 API-2H-50 plate 20 6 0.125 6400000 
4 AP1-2H-50 plate 20 6 0.115 5875000 
5 API-5L-Gr-B plate 20 6 0.052 2675000 
6 API-2H-50 plate 20 6 0.104 5325000 
1 API-21-l-50 pl.ate 20 6 0.031 1600000 
8 API-5L-Gr·B ,rlate 20 6 0.125 6400000 
9 API-2H-50 pl.crte 20 6 0.073 3800000 
10 API-2H-50 plnte 20 6 0.052 2675000 
11 API-2H-50 plllte 20 6 0.056 2875000 
12 API-2H-50 plate 20 6 0.094 4800000 
13 API-2H-50 pl.ate 20 6 0.083 4250000 
14 API-2H-50 plate 20 6 0.042 2175000 
15 API-5 L-Gr-B ~ 20 6 0.042 2175000 
16 API-5L-Gr-B pllrte 20 6 0.188 9600000 
17 API-2H·50 plAte 10 6 0.188 9600000 
18 API·2H·50 pllllc 20 () 0.135 6900000 
19 API-2H-50 plate 20 6 0.198 10100000 

> I • ._.. ~· , f 

20 API-2H-50 plate 20 6 0.052 2675000 
21 API·SL--Gr-B plate 20 6 0.042 2175000 

[E~F!.) 



KRA.JCR 

Gutter nestin Work-sheet Cost Schedull 

0.1667 1 1 

[EBFJ] 

KRA.JCS 

5 5 7 2 18 16 
1 Fab.Elevarion Row A 7 7 21 21 7 7 7 7 7 7 7 14 7 
2 Fab.Eievation Row B 7 7 21 21 7 7 7 7 7 7 7 14 7 
2 Fab.Eievation Row 1 7 7 21 21 7 7 7 7 7 7 7 14 7 
3 Fab.Hor.Framing el-40 7 7 21 21 7 7 7 7 1 7 7 14 1 
3 Fab.Hor.Framing el21.7 5 7 7 21 21 7 7 . 7 7 7 7 7 14 7 

1/6/97 
I[EBFJ] 

[ 
I I I I I I I I I I I I I I 

J 
21 56 56 21 56 56 21 56 56 21 56 56 165 172 18 
21 56 56 21 56 56 21 56 56 21 56 56 14 7 153 158 
21 56 56 i1 56 56 21 56 56 21 56 56 11 92 
21 56 56 21 56 56 21 56 56 21 56 56 15 31 16 
21 56 56 21 56 56 21 56 56 21 56 56 105 95 96 

I I I I I I I I I I I I I I 

I~ ' ' ' . ' ' . ' ' ' ' ' 

-I 
168 47 
151 155 90 1 

12 25 29 83 81 50 62 74 69 70 7l 72 39 40 13 
101 103 102 121 139 142 143 144 145 93 94 136 137 
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4-PILE 

®' Marathon 
Oil Company 

PLATFORM "KRA" 
DEVELOPMENT 

PRODUCTION 
KAKAP FIELD 

JACKET 

DRAWING INDEX GENERAL ·NOTE 
QP/C ... .tJC 110. 

KP;.-A- n -s-oo' 1 

KRJ.-A- u -s-elO 1 

rP;.-A-1• -s-e:o2 

K~).-A-11-S-!!Ol 

K'.A-A.-1 1 .:S-IlC4 

r.P.4-.t..-1 .1-~-e!o~· 
K•A-A.-1 '-S-tlCS 

r.?.'-A-t t -s-e!o7 
-.=.'-A-n -s-eJ~a 

,.._ ~ ..... _,.._' 1 -s-e=~' 

.,:_:. __ ,. __ t1-S-I!!:o 

"·=:. -J.- ~ ·; -S-!Jtt 

..,,L-4.-14-S-!:ll~ 

,-.;.,.;. -.1.- ~ ': -S-~! U 

K=.:.-A-!l-S-!320 

.,::} -1--.-1 ~ -S-!!.~1 

I". ~..L-4.-11-S-!!~J 

r.:~.;.-1..-!, -S.-!EO~ 

Y.P.J.-,t.-1 ~ -S-!~06 

r.~t.-/.-11-~-ec.oJ 

K?;..-1.,- t-: -s-e~oll 
r.? . .:.-A-1~ -S-!:!t\l . 

Y.PA- ~- --; 1 -S-!511 

r.~.L-A-1'-s-e~u 

Ki'.).-~-11-S-!615 

K?~-A-11-~-5617 

KF.A-A-11 -5-e.S(.~ 

KP.). -.o.-11-S-e&H 

K'-<-A-1; -S-!625 

r.P.A-J..-1 t -$-!630 

~PA-.0.-11-S-!531 

K?A-A-~ 1-S-!532 

KFA-A-11-S-!535 

1':~..&-A-11-S-!5<0 

KP;. -A-11-S-e6<1 

K;:A~A-1 ~-S-!6-45 
r.F.)..-A-11-S-!5<7 

v:_t.-A-1 t-5-~~4t. 

JlZ.!-l-'"1-S-!549 

K"' -A-11-S-~550 

Y.~J. -/.,- l 1-S-eG~ I 

K::A-,0.-' 1-S-eG~~ 

~ 
ORJ.\\~H~ INC~ ~<0 C(N(/W. NOTES 

J.t.CKtl (ltv AnON ROW "~· 

JACK(! [L[VA 11011 RCVI • rl 
JACK(O (LtvATIO:< ~c·~ "1• 

J.lCKr:- (l!:"IATlON RCW ·r 
JACK(O [L."VAT-ION RO'H • S' 

MC~I<O><TAL rR.>MifiC Pt.A."I AT (l. (+) 11'-t• 

HCP.IZCNTAL rpp,u!'IC PLJJ4 AT EL. (-) <0'-a' 
MC?.IZCIHA~ r!'.).lolltiC PI.A.'I .o.r''tL (-) 120'-rt' 

H~ .~ : z:,IT>L FP.A,m;c PWI AT EL (-) 10~' -rt' 

~<l.':-.:·;( r?.."":'c p;_;_,, ~~ EL. (-) zn·-o· 
J.LCI<S WAU<WJ..Y rp;.v.:uc. CRJ..TlNC & t-'J.UOP.J.Il ~YOlJi' 

gCAIJ~tCUtC PU.."lS & (L('i'ATION SH([l 1 

!OAT\..tNOI~IC PLANS l:. ELEVA';1QN SHffi 

:;.:...=.C( BUU?t;:t P\.J.~ lc (L('VAT!Otl 

P:L.£ 1/l..V.(-UP b. 0[7Ai l~ 

....C.C~tCI..'CTOR t,o.Y.(.-UF' & CCTA!LS 

TY?:CA!,. Wt:!..Oit~C O(':'AilS 

J,I,C<(1 JO, IT Ot!AILS 

JACKEl Wf,l¥.'1/A.Y O(lAIL~ ~11((1 I 

J.t.CY.£1 V/Al.'J(:WA.Y O(:J.JLS SH[[f 2 

CCr<OUCTOR CUIC( O!:TAILS SH((l 1 

CC'IOUCTC~ CUIO( O!:T.O.:LS SH((l 2 

J.t.CKE'T ANO PIL( COIUI(CnOH C['TAJ,S 

I.<UO"AT 0!;1.0.:LS 

RIS~R CU.I.<P O<:TAILS 

• J • T\JOE & DGAILS 

PUMP CASif;C 0(1AJLS SH£(1 

PUlA? CASI !'I~ 0(1}1lS SH(<:T 

SU ... P CAJSSOII OLTAJLS 

SU"'P CAJSSOH IIOZ2lL 0(1AJLS SHE(! 1 

SU"'? CAISSON HOZZLL 0(1JoJLS SH!(1 _2 

A.'IOOE LOCAO.ONS A.'<O Dt!AILS 

BCAT\A:IOitlr. Dr.TAILS 511((1 1 

BOAT\A.'IDU<C 0(1 AILS SHEtl 2 

eA1\CE ·BUIJ.F£1\ SECnOIIS l< 0(1JoJLS 

Tt:II.PLAT"E SO•S CM:~ Of:r,lJLS SHECT 

T(MPU.TE SOA!! CV£R Ot!AILS SHEtl 2 

7EilPL.ATE cu::n: CET.!!L'S 

s::r urm;G PA:JF.'ITS 

UPWO!~IC L!~ 1111(; ~A~tllS 

JACKEl l(C I LOOOitiC & CIIUU11Ntl Or.t.~LS Sll(£1 

cuvw. 
1. IIJ. c,M I~ .. \ ~ ft!': .t,'.::) ,..,._,....J \. .... 1!': '::0 'r.'o'!'-"\~ 

\If~ 

I. '-1, w.ft"'.t.:.S I~ W .._.-... a -! t ~~-
r.tn. N1l. ,.....,.~\ ' 1•1 1 t.l¢ ..... :~ -:• f 

f('t ~:: :-. '" "'(\.1,".". 1:~ .. :~ ) =-'""~r..-: ' 

'1 f'U\. "''t9'od ',!..:•1! ......... ~,;:;:.,";:1 
"~ ..r.-:<~ - ~l . .... :"-•:~. .. : .. :o.o ···-no •= : ·!• ~ t1 

J .u mn .... ":'~, ~-: :.01: :v.1 • 
~ rc .,... . ;ot-:-l . ..:; ... •C! '•' : ; • ot : -~.-·:~ 
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FLOWCHART PROGRAM PERlHTlJN(iAN DEAYA 

T 
[~ 

---- -• [}:or T --· 1 to rJ 
l 
[~ 

For .T ' ~ 1 to 2 

T 
T 

Girth kah ? tidak 

ya -l 
... 

--~.~-] 

Keterangan : 
,\ : data i!lPIJl, bompa sub-sub member 
B : mtin gathmbr, untuk meyatukan sub-sub 

member ke daJam tiap membernya 
n = jumlah semua member yang ada 

C : rulit• scardunbr, 1111luk identifikasi 
rncy:Jtllk<m sub-s11b member kc dalmn 
liap mcmbcntya 

I) : periksa stH IIJS njung member apakah 
bempa ginll alau eope. 

]~ : rutin butti, untuk proses pengelasan butt 
F : n1tin t1Ueli, untuk proses pengelasan 

cope 
G : rut in tubei, untul-- proses nesting p]at, 

scgmcntasi member, dan pengelasan 
scam-longitudinal & short/long pipe 



Sub nmninr: 0 
1 111111111111111111 

' RUTIN R.UNNINQ 
1 111111111111111111 

/.D:I.di 'mc:load file: iaput 
uthmbr 'dapatka mbr-mbr 
Fori = 1 To mlmo 

OE. 1701, LarJrpinn U- 1 : 

LISTING PROGRAM 

th = mat(mbr(mb(l, 4),17), S): s.«vclmrhri, mb(a.1), mb(a. 2). mb(a. 3). mb(a. 4) 
For inat = 1 To 2 · 
bulb(mcxt) = 0: J,finat = 11ben mfcs = mb(t. 4): mfcsopo = mb(t. 2): state= •-do•: :di = xl: yli'= . 

yf: zJi = zJ: d& = cl . . . . . . ·.· . 
lfincxt = 2 Then mfcs = mb(t. mb(I. 1) + 3): mfcsopo = mb(a. 3): state=·-~·: xli =xu: yti = yu: 

zti = zu: dli = du 

1 111111111111111 

If mfcsopo <> 0 Then 
sbulb(mcxt) = 0: sgweld = 0: For j = 1 To mbno 
If j <> i A.nd ((mfcsopo = u$(j, 4) A.nd mfcs = mb(j, 2)) Or (mfcsopo = mb(j. mb(j, 1) + 3) And .. 

mfcs = mb(j, 3))) Then 
Ifj< i Then 
sgwc:ld = 1: lcut =pi • dli,: Exit For 

Esc 
,.---------~--------

mbopo = j : Exit For 
End If 

I:nd If 
Nextj 

' Jika m.fcsopo <> 0 berarti tUth, jib mfcsopo = 0 bcruti fiUc:t 
'1 1 .11111 X 1_1·1 I 1.1 Ill X,X * .*XX. I X· X X I X 11,11 J I) X IIIII IX IX (.1.1 X I XXII_* 

If sgwcld = 0 Then 

f<'.l U~\ H" h-' USI AKA AN 

IN STITUT TEKNOLOGI 

SEPULUH - NOPEMBER 

thopo = mat(mbf(mfcsopo, 17), 5): bgtMfiDdmfcs, mfcsopo, th. thopo 'idcutitu butt joint · 
lcut =pi • dli: lwc:ld =pi • diama:x: IHl1Jj ~ mbopo, mfcs, mfcsopo, dt. thopo, ri _, ri _, ri, yaw_, 

yaw_,13 
End If 

Else 
Ifxli = mbr(mfcs, 1) And yfi = mbr(mfcs, 2) And z!i = mbr(mfcs, 3) And Lcft(mbr(mfcs, 11), 1) 

<> "C" Then 
liJ1Il1i i. mb(t. 2), mb(r. 3), mfcs, mb(t. 5), mb(i, mb(I. 1) + 2), xli. yfi. zti.. mbr(mfcs, 4), 

mbr(mfcs, 5). mbr(mfcs, 6), dli. mbr(mfcs, 12), incxt. th 
Elsclfxli = mbr(mfcs, 4) And yfi = mbr(mfcs, 5) And zii = mbr(mfcs, 6) And Lcft(mbr(mfcs, 15), 

1) <> "C" Then 
filleti ~ mb(r. 2), mb(l.. 3), mfcs, mb(i. 5), mb(i, mb(i. 1) + 2), rli. yt.i. ztj. rnbr(mfcs, 1), 

mbr(mfcs, 2). mbr(mfcs, 3), dli; mbr(mfcs, 16), inext. t.h 
Flsc 
bulb(wcxt) = 0: sbulb(incxt) = 0: 

Fnd If 
End If 

Next incxt 



' D-,attan tube uran~cmcot 
111XIIIIIIIIXIIIIIIXIIIIIII 

l!!!!!;i i, xl. yl. zJ. xu. yu, zu. dl. du. th 
Ncxti 

End Sub 

Sub loadi (finp) 
1 1111111111111111111111111111111111 

' LOADING FILE INPUT XE MEMORY 
1 1111111111111111111111111111111111 

Open finp For Input As f 
Do Until i = 1000 
For j = 1 To 17 
Input #f, mbr(i, J) 
If mbl(1, 3) = "[EBFJ]" Then Exit Do 
Ncxtj 
mbmo = i: i = i + 1: Loop 

Close f 
End Sub 

Sub ~athmbr 0 
'xxxxxxxxaxxxxxxxxxxxxxaxaxaxxxxxxxxxxxxxxaaxxaxcaxxaaxxxx 

oE. 1101. Lampina n- 2 

' RUTIN UNTUX: IDENTIFilCASI MBJl DAIU SEMF.STA SUB-MB1t 
1 mbrO acblah array sab-mbr (yaitu input prouam). mbO adalu uny mbr 
'Kodifitui mbO bcnJPa: mi. m2. ml. m4 •.. mo 
1 dimma ml acblah ideati.tu jumlah mlt-mbr 

m2 adalah oposm 1114 
mJ adalah oposm DID 

m4 ... mn acblah sub-mbr dui mbr (ujua~ adalah m4 4au mn) 
' oO adalah idcntitu •puscs• 
'XIIXIIIIIIIIIIIIIIIIIIIII 

mbno = 0: yi = l: o(yt) = 0: 
Fori= 1 To mbmo 'Scrcenin~ I 

For j = 1 To yi 
If o(J) = i Then Go To 161 
Nextj 

mbno = mbno + 1: yc = 1: mb(mbno, 1) = 1: mb(mbno, 2) = 0: mb(mbno, 3) = 0: mb(mbno, 4) = i: 
xl = mbr(t. 1) 

yl = mbr(1, 2): zJ = mbr(1, 3): dl = mbr(t. 7): xu= mbr(t. 4): yu = mbr(1, 5): zn = mbr(1, 6): du = 
mbr(1. 8) 

160 Fork= l To mbmo 'Scrccoin~ D 
For j = 2 To ye + 3 
If mb(mbno. j) = k Then Go To 162 

Nextj 
a= Sqr((xl · xu) " 2 + (yl- yu) "2 + (z1 • zn) 1\ 2) 
If (xl = mbr(k. 1) And yt = mbr(k. 2) And z1 = mbr(k. 3)) Then 
b = Sqr((mbr(k. 1) · mbr(k. 4)) "2 + (mbr(k. 2) . mbr(k. 5)) 1\ 2 + (mbr(k. 3) · mbr(k. 6)) "2) 



OE. 1701. Lampiraa D- 3 

Ifb <> 0 Then a_ b =a I b: c = Sqr((:ru - (mbr(k. 1) + a_ b • (mbr(k. 4) - mbr(k. 1)))) "2 + (yu
(rnbr(k, 2) + a_b • (rnbr(k. 5) - mbr(k. 2)))) "2 + (zu- (mbr(k, J) + a_b • (mbr(k. 6) -
mbr(k. 3)))) 1\ 2) 

If Abs( c - 2 • a) <= .1 Then 'T olcrmce 5 deg 
If d1 = du And mbr(k, 8) = mbr(k. 7) And du = mbr(k. 8) And mbr(i, I7) = mbr(k. I7) Then 
yi = yi + 1: o(yi) = k: yc = yc + 1: mb(mbno. I)= ye: II= mbr(k, 4): yl = mbr(k. 5): zJ = mbr(k. 

6) 
For j = 1 To ye: mb(mbno, 5 + ye - j) = mb(mbno, 4 + ye - j): Next j 
mb(mbno, 4) = k: OoTo 160 "Feedback (Screcnint DI) 

Else 
mb(mbno. 2) = k 

Fndlf 
Fndlf 
Flsclf (xl = mbr(k. 4) And yl = mbr(k. 5) And zJ = mbr(k. 6)) Then 
b = Sqr((mbr(k. 1) - mbr(k. 4)) "2 + (mbr(k. 2) - mbr(k. 5)) "2 + (mbr(k. 3) - mbr(k. 6)) "2) 
Ifb <> 0 Then a_b =a I b: c = Sqr((xu- (mbr(k, 4) + a_b • (mbr(k. 1) - mbr(k. 4)))) "2 + (yu

(mbr(k. 5) + a_b • (mbr(k, 2) - mbr(k. 5)))) "2 + (zu- (mbr(k. 6) + a_b • (mbr(k. 3) -
mbr(k. 6)))) "2) 

If Abs(c- 2 • a)<= .1 Then 
If d1 = du And mbr(k. 8) = mbr(k, 7) And du = mbr(k. 8) And mbr(i, 17) = mbr(k. 17) Then 
yi = yi + 1: o(yi) = k: ye = ye + 1: mb(mbno. 1) = ye: xi = mbr(k. 1): yl = mbr(k. 2): zJ = mbr(k. 

J) 
For j = 1 To ye: mb(mbno. 5 + ye - J) = mb(mbno, 4 + ye - J): Next j 
mb(mbno. 4) = k: Go To 160 

Else 
mb(mbno. 2) = k 

End If 
Fndlf 

Elself (xu= mbr(k. 4) And yu = mbr(k. 5) And zu = mbr(k. 6)) Then 
b = Sqr((mbr(k. 1)- mbr(k. 4)) "2 + (mbr(k. 2)- mbr(k. 5)) "2 + (mbr(k. 3)- mbr(k. 6)),.. 2) 
Ifb <> 0 Then a_b =a I b: c = Sqr((xl- (mbr(k. 4) + a_b • (mbr(k. 1)- mbr(k. 4)))) "2 + (yl

(mbr(k. 5) + a_b • (mbr(k. 2) - mbr(k. 5)))) "2 + (zJ - (mbr(k, 6) + a_b • (mbr(k. 3) -
mbr(k. 6)))) 1\ 2) 

If Abs(c- 2 • a)<= .1 Then 
If dJ = du And mbr(k. 8) = mbr(k. 7) And du = mbr(k. 8) And mbr(1, 17) = mbr(k. 17) Then 
yi = yi + 1: o(yt) = k: ye = yc + 1: mb(mbno. 1) = ye: xu = mbr(k. 1): yu = mbr(k. 2): zu = mbr(k. 

3) 
mb(mbno, ye + 3) = k: Go To 160 

Else 
mb(mbno, 3) = k 
Fndlf 
Fndlf 

Elself (xu= mbr(k. 1) And yu = mbr(k, 2) And m = mbr(k, 3)) Then 
b = Sqr((mbr(k. 1) - mbr(k. 4)) 1\ 2 + (mbr(k. 2) - mbr(k. 5)) ,.. 2 + (mbr(k, 3) - mbr(k, 6)),.. 2) 
Ifb <> 0 Then a_b =a I b: c = Sqr((xl- (mbr(k.l) + a_b • (mbr(k. 4)- mbr(k. I)))),.. 2 + (yl

(mbr(k. 2) + a_b • (mbr(k. 5) - mbr(k, 2)))) ,.. 2 + (zJ - (mbr(k, 3) + a_b • (mbr(k, 6) -
mbr(k, 3)))) "2) 

If Abs(c- 2 • a)<= .1 Then 
If dl = du And mbr(k. 8) = mbr(k. 7) And du = mbr(k. 8) And mbr(i. 17) = mbr(k. I7) Then 
yi = yi + I: o(yi) = k: yc = yc + I: mb(mbno. 1) = ye: xu = mbr(k. 4): yu = mbr(k. 5): Zll = mbr(k. 

6) 
mb(mbno. yc + 3) = k: Go To I60 



Else 
mb(mbno, J) = k 

Fndlf 
End If 

End If 
162 Next k 

OE. 1701. Lampirm n- 4 

Ifmb(mbno,1) = 1 Then mb(mbno, 5) = mb(mbno, 4) 'Case no submbr 
161 Next i 
End Sub 

Sub "archmbr (i. mi. m2. mJ. m4) 
'XIIIIIIIIIIXIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

'RUTIN UNTUK DAPATKAN SITUASI MBR 
1 1111111111111111111111111111111111111111111 

Ifml = 1 Then 
xl = mbr(m4, I): xu= mbr(m4, 4): yl = mbr(m4, 2): yu = mbr(m4, 5): zJ = mbr(m4, 3): m = 

mbr(m4, 6): dl = mbr(m4, 7): du = mbr(m4, 8) 
Elself mi = 2 Then 
dl = mbr(m4, 7): du = dl 
Ifmbr(m4, I)= mbr(mb(i, 5), I) And mbr(m4, 2) = mbr(mb(t, 5), 2) And mbr(m4, 3) = mbr(mb(i. 

5), 3) Then xl = mbr(m4, 4): yl = mbr(m4, 5): zJ = mbr(m4, 6): xu = mbr(mb(1, 5), 4): yu = 
mbr(mb(i, 5), 5): zu = mbr(mb(t, 5), 6) 

Ifmbr(m4, 4) = mbr(mb(t. 5), I) And mbr(m4, 5) = mbr(mb(I. 5), 2) And mbr(m4, 6) = mbr(mb(t, 
5), 3) Then xl = mbr(m4, I): yl = mbr(m4, 2): zJ = mbr(m4, 3): xu = mbr(mb(i, 5), 4): yu = 
mbr(mb(i, 5), 5): m = mbr(mb(i, 5), 6) 

Ifmbr(m4, I)= mbr(mb(i. 5), 4) And mbr(m4, 2) = mbr(mb(i, 5), 5) And mbr(m4, 3) = mbr(mb(1, 
5), 6) Then xl = mbr(m4, 4): yl = mbr(rn4, 5): zl = mbr(rn4, 6): xu= mbr(mb(t. 5), I): yu = 
mbr(mb(i, 5), 2): zu = mbr(mb(t, 5), 3) 

Ifmbr(m4, 4) = mbr(mb(t, 5), 4) And mbr(m4, 5) = mbr(mb(i, 5), 5) And mbr(m4, 6) = mbr(mb(i, 
5), 6) Then xl = mbr(m4, I): yl = mbr(m4, 2): zJ = mbr(m4, 3): xu= mbr(mb(i, 5), I): yu = 
mbr(mb(i. 5), 2): zu = mbr(mb(i, 5), 3) 

Else 
dl = mbr(m4, 7): du = dl 
If m2 <> 0 Then 
If (mbr(m2, 1) = mbr(m4, I) And mbr(m2, 2) = mbr(m4, 2) And mbr(m2, 3) = mbr(m4, 3)) Or 

(mbr(rn2, 4) = mbr(m4, I) And mbr(rn2, 5) = mbr(m4, 2) And mbr(m2, 6) = mbr(m4, 3)) 
Then xl = mbr(m4, 1): yl = mbr(m4, 2): zJ = mbr(m4, 3) 

If (mbr(m2, I)= mbr(m4, 4) And mbr(m2, 2) = mbr(m4, 5) And mbr(m2, 3) = mbr(m4, 6)) Or 
(mbr(rn2, 4) = mbr(m4, 4) And mbr(m2, 5) = mbr(m4, 5) And mbr(rn2, 6) = mbr(m4, 6)) 
Then x1 = mbr(m4, 4): yl = mbr(m4, 5): zl = mbr(m4, 6) 

Else 
If (mbr(mb(i. 5), 1) = mbr(m4, 1) And mbr(mb(i, 5), 2) = mbr(m4, 2) And mbr(mb(i, 5), 3) = 

mbr(m4, 3)) Or (mbr(mb(i, 5), 4) = mbr(m4, 1) And mbr(mb(i, 5). 5) = mbr(m4, 2) And 
mbr(mb(i. 5), 6) = mbr(m4, 3)) Then x1 = mbr(m4, 4): yl = mbr(m4, 5): zl = mbr(m4, 6) 

If (mbr(mb(i. 5), I) = mbr(m4, 4) And mbr(mb(t, 5), 2) = mbr(m4, 5) And mbr(mb(i, 5), 3) = 
mbr(m4, 6)) Or (mbr(mb(i, 5), 4) = mbr(m4, 4) And mbr(mb(i. 5), 5) = mbr(m4, 5) And 
mbr(mb(i. 5), 6) = mbr(m4, 6)) Then xl = mbr(m4, 1): yl = mbr(m4, 2): zJ = mbr(m4, 3) 

End If 
If m3 <> 0 Then 
If(mbr(rn3,1) = mbr(mb(i, ml + 3), I) And mbr(m3, 2) = mbr(mb(t, ml + 3), 2) And mbr(m3, 3) 

= mbr(mb(i, mi + 3), 3)) Or (mbr(m3, 4) = mbr(mb(i, mi + 3), 1) And mbr(m3, 5) = 



OK 1701, Lampinn ll- S 

mbr(mb(i, m1 + 3), 2) And mbr(mJ, 6) = mbr(mb(i. m1 + 3), 3)) Then xu= mbr(mb(a. m1 + 
3), 1): yu = mbr(mb(i. mi + 3), 2): zu = mbr(mb(t. ml + 3}, 3} 

If(mbr(mJ. I)= mbr(mb(i, m1 + 3), 4} And mbr(rnJ, 2) = mbr(mb(i, m1 + 3}, 5) And mbr(mJ, 3) 
= mbr(mb(i. ml + 3), 6)) Or (mbr(rnJ, 4) = mbr(mb(i, ml + J), 4) And mbr(mJ, 5) = 
mbr(mb(i, ml + 3), 5) And mbr(mJ, 6) = mbr(mb(i, ml + 3), 6)) Then xu== mbr(mb(i, ml + 
3}, 4): yu == mbr(mb(i, mi + 3), 5): zu = mbr(mb(i, ml + 3), 6) 

Flse 
If (mbr(mb(i, m1 + 2}, 1} = mbr(mb(i. mi + 3}, 1) And mbr(mb(i, ml + 2), 2} = mbr(mb(i, ml + 

3}, 2} And mbr(mb(i, m1 + 2), 3) == mbr(mb(i, mi + 3), 3)) Or (mbr(mb(i, ml + 2), 4) == 
mbr(mb(i, mi + 3), I} And mbr(mb(i, ml + 2), 5} == mbr(mb(i, ml + 3), 2) And mbr(mb(i, 
m1 + 2), 6) == mbr(mb(i, m1 + 3), J)) Then :xu == mbr(mb(i, m1 + 3}, 4}: yu == mbr(mb(t. mi 
+ 3}, 5): zu = mbr(mb(i, m1 + 3), 6) 

If(mbr(mb(i, m1 + 2), 1) = mbr(mb(i, mi + 3), 4) And mbr(mb(i, m1 + 2), 2) = mbr(mb(t. m1 + 
3), 5) And mbr(mb(i, ml + 2), 3) = mbr(mb(i, ml + 3), 6)} Or (mbr(mb(i, ml + 2), 4) == 
mbr(mb(i, m1 + 3), 4) And mbr(mb(i, m1 + 2), 5) = mbr(mb(i, m1 + 3), 5) And mbr(mb(i, 
m1 + 2), 6) == mbr(mb(t. ml + 3}, 6)) Then :xu = mbr(mb(i, m1 + J), 1): yu = mbr(mb(i, ml 
+ 3), 2): zu = mbr(mb(i, m1 + 3), 3) 

End If 
End If 

End Sub 

Sub bctanfind (mfcs. mfcsopo, th, thopo) 
'xxxxxxxxxxxxxxxxxxxxxxxxxxrxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
• RUTIN UNTU.K DAPATXAN SUDUT ORIE.NT.ASI k ORIGIN BUTT JOINT 
1
111111111111111111111111111111111111111111111111111111111111111111111111 

ai = Sqr((mbr(mfcs, 1)- mbr(mfcs, 4)) "2 + (mbr(mfcs, 2)- mbr(mfc!l, 5))" 2 + (mbr(mfcs, 3) -
mbr(mfcs, 6)) "2) 

aiopo = Sqr((mbr(mfcsopo, I)- mbr(mfcsopo, 4)) "2 + (mbr(mfcsopo, 2) - mbr(mfcsopo, 5)) 1\2 + 
(mbr(mfcsopo, 3) - mbr(mfcsopo, 6)) 1\ 2) 

If mbr(mfcs, 1) == mbr(mfcsopo, I) And mbr(mfcs, 2) = mbr(mfcsopo, 2) And mbr(mfcs, 3) = 
mbr(mfcsopo, 3) Then dia_ = mbr(mfcsopo, 7): ri_ = dia_l2- thopo: dia_ = mbr(mfcs, 
7): ri_ = dia_ I 2 - th: beta_ == Atn((mbr(mfcsopo, 8) - dia_) I (2 • aiopo)): beta_ = 
Atn((mbr(mfcs, 8)- diaJ I (2 • ai)) 

If mbr(mfcs, 4) = mbr(mfcsopo, 1) And mbr(mfcs, 5) = mbr(mfcsopo, 2) And mbr(mfcs, 6) = 
mbr(mfcsopo, 3) Then dia_ = mbr(mfcsopo, 7): ri_ = dia_l2- thopo: dia_ = mbr(mfcs, 
8): ri_ == dia_ I 2 - th: beta_ = Atn((mbr(mfcsopo, 8) - dia_) I (2 • aiopo)): beta_ = 
Atn((mbr(mfcs, 7)- diaj I (2 • m)) 

If mbr(mfcs, 1) = mbr(mfcsopo, 4) And mbr(mfcs, 2) = mbr(mfcsopo, 5) And mbr(mfcs, 3) = 
mbr(mfcsopo, 6) Then dia_ = mbr(mfcsopo, 8): ri_ = dia_l2- thopo: dia_ = mbr(mfcs, 
7): ri_ == dia_ I 2 - th: beta_ == Atn((mbr(mfcsopo, 7) - dia_) I (2 • aiopo)): beta_ == 
Atn((mbr(mfcs, 8)- diaj I (2 • ai)) 

If mbr(mfcs, 4) == mbr(mfcsopo, 4) And mbr(mfcs, 5) = mbr(mfcsopo, 5) And mbr(mfcs, 6) = 
mbr(mfcsopo, 6) Then dia _ = mbr(mfcsopo, 8): ri _ == dia _ I 2 - thopo: dia _ = mbr(mfcs, 
8): ri_ = dia_ I 2 - th: beta_ == Atn((mbr(mfcsopo, 7) - dia_) I (2 • aiopo)): beta_ = 
Atn((mbr(mfcs, 7)- diaJ I (2 • m)) 

Ifri > ri Then ri = ri 
If ri- <= n Then ri = ri 
If dia > dia Then diamax = dia 
If dia- <= dia Then diamax = dia 
yaw_== pi 12 -beta_: yaw_= pi 12- beta_ 

End Sub 
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Sub IJutti (i. mbopo. mfcs. mfcsopo. th. thopo. ri _. ri _. ri. yaw_. yaw_. sw) 
1 111111111111111111111111111111111111111 

'KONSTRUKSI BUTT-WELD (AWS h..40) 
' xyv() adalah uny untuk koostrubi wcldbead sedan~ xymQ oatok base-metal 
1XIIIXIIIIIIIIIIIIIIIIIIIXIIIXIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

wbeadi = 0: root_o = .01042: root_f= root_o: groovc_a =pi I 3: alpha= groove_al2: xyv(J, 2) = 0: 
xyv(J, 1) =root o 12 

xyv(2. 2) =root_ f. xyv(2, 1) = xyv(J, 1): xyv(4, I)= -xyv(J. I): :xyv(4. 2) = xyv(J, 2): xyv(5, I)= • 
xyv(2. I): :xyv(5. 2) = xyv(2. 2) 

xyv(I. 2) = xyv(2. 2) + ((th - (ri - rij) I Sin(yawj - root_f) • Sin(yawj • Cos(alpba) I 
Sin(Abs(yaw _ - alpha)) 

xyv(1. I) = xyv(2. I) + ((th - (ri - rij) I Sin(yawj - root_f) • Sin(yawj • Sin(alpha) I 
Sin(Abs(yaw _ - alpha)) 

xyv(6, 2) = xyv(2, 2) + ((thopo - (ri - ri_)) I Sin(yaw_) - root_f) • Sin(yaw_) • Cos(alpba) I 
Sin(Abs(yaw _ · alpha)) 

xyv(6, I)= -(xyv(2, I)+ ((thopo- (ri- ri_)) I Sin(yaw_) - root_f) • Sin(yaw_) • Sin(alpha) I 
Sin(Abs(yaw_- alpha))) 

For j = I To 6: xyv(j, I)= xyv(j, I) - xyv(6, I): Next j 
For j =I To 2 
Ifj = I Then k =I: Iy = xyv(I, I): Ix = xyv(I, 2): Iiy = th 14 • Cos(pi 12- yaw_): lix = th 14 • 

Sin(pi /2 - yaw J: Iiiy = th • Tan(pi 12 - yaw J : Iiix = -th • Tao(pi I 2 - yaw J: Oy = xyv(J. 
I): Ox= xyv(J. 2): rii = ri- ri 

If j = 2 Then k = 6: Iy = xyv(6. I): Ix = xyv(6, 2): Iiy = -thopo I 4 • Cos(pi /2 -yaw_): Iix = 
thopo I 4 • Sin(pi 12 ·yaw_): Iiiy = -thopo • Tao(pi 12 - yaw_): Iiix = -thopo • Tan(pi I 2 
-yaw_): Oy = xyv(4,I): Ox = xyv(4, 2): rii = ri- ri_ 

xym(k. I)= Iy: xym(k. 2) = Ix: xym(k + I, I)= Iy + Iiy: xym(k +I. 2) = Ix + lix 
xym(k + 3, I)= Oy: xym(k + 3, 2) =Ox- rii: xym(k + 4. I)= Oy: xym(k + 4, 2) =Ox 
xym(k + 2, I)= xym(k + I, I): xym(k + 2, 2) = xym(k + J, 2) + (xym(k + I. 2) - xym(k. 2)) I 

(xym(k + I. I) • xym(k. I)) • (xym(k + 2, 1)- xym(k + 3, 1)) 
Ncxtj 

' a_ acblah panjm~ landu cover -pus 
' b _ adalah tinw cover-pass (tertantun~ kctcbalan buc-mctal) 
111XIIIIIII11111111XIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIXIIIIIII 

a_= Sqr((xyv(6, 2)- xyv(1. 2)) " 2 + (xyv(6,1) + xyv(1, 1))" 2) 
If th >= thopo Then thi = thopo 
If th < thopo Then thi = th 
Ifthi <= .03125 Then b = .0078 
Ifthi > .03125 And thi <= .0625 Then b = .0104 
Ifthi > .0625 Then b = .0156 

' Konstruksi reinforcement 
'IXIXXIIXIIIXIIJIIIIIXIII 

x = a_ /500: csin = (xym(l. 2)- xym(6. 2)) /a_: ccos = (xym(I. I)- xym(6. I)) I a_ 
For j = 0 To 250: XX= X • j: yy = b_ • Sqr(xx I (a_/2)): xyv(j + 8, 1) = xym(6, I)+ XX • ccos: 

xyv(j + 8, 2) = xym(6, 2) + xx • csin + yy: xyv(508- j, I)= xym(1, I) - xx • ccos: xyv(5~ • 
j, 2) = xym(I, 2)- xx • csin + yy: Ne:rtj 

For j = 247 To 269: xyv(j, 2) = xyv(247, 2) + (xyv(j. I). xyv(247. I)) • (xyv(269, 2). xyv(247, 2)) 
I (xyv(269,1) • xyv(247,1)): Nextj 

For j = I To 200 
miJx = xyv(j + 8, I) • xyv(8, I) 
If mia = .0052 Then miry= xyv(j + 8, 2): miiy _ = xyv(508 . j . 2): smir = j + I: Exit For 
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Ifmirx > .0052 Then x = .0052 --(xyv(j + 8, 1) • xyv(8, 1)): miry = xyv(j + 7, 2) + (xyv(j + 8, 2)
xyv(j + 7, 2)) I (xyv(j + 8, 1) • xyv(j + 7, 1)) • r. miry_= xyv(509 · j, 2) + (xyv(508 - j, 2) -
xyv(509 · j, 2)) I (xyv(508- j, 1)- xyv(509. j, 1)) • x: smir = j + 1: Exit For 

Nextj 
Y = xym(6, 2)- .0052 • (xym(7, 2) · xym(6, 2)) I (xym(7, 1) · xym(6, 1)) 
y_ = xym(l, 2) + .0052 • (xym(2. 2) • xym(l. 2)) I (xym(2, 1) · xym(l, 1)) 
IfY <miry Then xyv(7, I)= xym(6, I)- .0052: xyv(7. 2) = Y: a_= a_+ .0052: For j =I To smir: 

xyv(j + 7, 2) = xyv(7, 2) + (xyv(smir + 7, 2) · Y) I (xyv(smir + 7, I) - xyv(7, I)) • (xyv(j + 
7, I)- xyv(7, I)): Next j 

IfY >=miry Then xyv(7, I)= xym(6,I): xyv(7, 2) = xym(6, 2) 
If xyv(7, 2) >= xyv(6, 2) Then a678 = Abs((xyv(8, I) - xyv(7, I)) • (xyv(8, 2) · xyv(6, 2)) 12) 
Ifxyv(7, 2) < xyv(6, 2) Then a678 = Abs((xyv(8, I)· xyv(7, I)) • (xyv(8, 2)- xyv(7, 2)) /2) 
Ify_ <miry_ Then xyv(509,I) = xym(l, I)+ .0052: xyv(509, 2) = y_: a_= a_+ .0052: For j =I 

To smir: xyv(509 - j, 2) = xyv(509, 2) + (xyv(509 - smir, 2) - yJ I (xyv(509 - smir, 1) -
xyv(509, I)) • (xyv(509 · j, I)- xyv(509, I)): Next j 

Ify _>=miry_ Then xyv(509, I)= xym(l, 1): xyv(509, 2) = xym(I, 2) 
Ifxyv(509, 2) >= xyv(l. 2) Then a508910 = Abs((xyv(509, 1)- xyv(I. 1)) • (xyv(508, 2) - xyv(1, 

2)) 12) 
Ifxyv(509, 2) < xyv(I, 2) Then a508910 = Abs((xyv(509, I) . xyv(l, 1)) • (xyv(508, 2)- xyv(509, 

2)) 12) 
xyv(510, 1) = xym(l, 1): xyv(510, 2) = xym(l, 2) 

alpha! = Atn((xyv(l, 2) · xyv(2, 2)) I (xyv(1, 1) · xyv(2, I))): alpha2 = Aln((xyv(6, 2) · xyv(5, 2)) I 
(xyv(6, I) · xyv(5, 1))) 

Ifxyv(6, 2) = xyv(I, 2) Then sytop = 0: ybreak = xyv(l, 2): ytop = xyv(l, 2): xbreak = xyv(l, 1): 
xbreak _ = xyv(6, 1): ywmaxi = 247: Iy = 7: iy _ = 509: iyO = 7: ywrnax = xyv(247. 2) 

If xyv(6, 2) < xyv(1. 2) Then sytop = 1: ybreak = xyv(6, 2): ytop = xyv(l, 2): xtop = xyv(1, 1): 
alpha4 = Atn((xyv(1, 2) • xyv(6, 2)) I (xyv(1 , 1) . xyv(6, 1))): alphaJ = alpha!: xbreak_ = 
xyv(6, 1): xbreak = xyv(2, 1) + (ybreak. xyv(5, 2)) I Tan(alphal): Iy = 7: iyO = 7 

Ifxyv(6, 2) > xyv(l, 2) Then sytop = -1: ybreak = xyv(l, 2): ytop = xyv(6, 2): xtop = xyv(6, 1): 
alphaJ = Atn((xyv(6, 2) - xyv(l, 2)) I (xyv(6, 1) . xyv(l, 1))): alpha4 = alpha2: xbreak = 
xyv(1, 1): xbreak_ = xyv(5, 1) + (ybreak. xyv(5 , 2)) I Tan(alpha2): Iy = 509: iyO = 509 

If root_ o "' root_[<= fabr(sw, 3) Then csaused(O) =root_ o "' root_f special! = 1 
Ifroot_o "'root_[> fabr(sw, 3) Then csaused(O) = fabr(sw, 3): special!= 0 
csafille = (ytop - ybreak) • (xbreak - xbreak J I 2: csafitler = csatille + (xbreak · xbreak _ + root_ o) • 

(ybreak · xyv(2, 2)) I 2 
If csafiller <= fabr(sw + 1. 3) Then csaused(l) = csafiller: special2 = 1 
If csafiller > fabr(sw + 1, 3) Then csaused(1) = fabr(sw + 1, 3): special2 = 0 
simpsoni= 0: For j = 8 To 506 Step 2: simpsoni= simpsoni+ xyv(j, 2) + 4 • xyv(j + 1, 2) + xyv(j + 

2, 2) · 6 • ybreak: Next j 
incr = xyv(9, 1) - xyv(8, 1): csacover = simpsoni • incr I 3 + a678 + a508910 - (ytop - ybreak) • 

(xyv(1, 1) . xyv(6, 1)) 12 
If csacover <= fabr(sw + 2, 3) Then csaused(2) = csacover: speciatl = 1 
If csacover > fabr(sw + 2, 3) Then csaused(2) = fabr(sw + 2, 3): speciatl = 0 
iyini = 0: swi = 0: swii = 0: layno = 0: ylayO = xyv(J, 2): ylay = xyv(J, 2): ylay_ = xyv(J, 2): sp = 0: 

weldment=O 
xlmitO = xyv(J, 1): xlmitO _ = xyv(3, 1): wbead(O) = 0: wbead(1) = 0: wbead(2) = 0: special= special! 

' liwi adalah indikui root-pass. fiJicr-pus. dan cover-pan 
'ylay. ylay(). Dmit. dan Dmit_ adalah batu atu. b.wah, kanm ~ kiri layer 
' ybrcak ct. ytop adalah clcvui top uotuk fiBer pus & cover pus 
' rytop adalah status butt joint (yaitu pada level basc-mctaloya) 



'D.y & al.y adalah panjan~ line dan area l.ycrin~ 
' sput adalah status putisi l.yerin~ 
'11111111111111111111111111111111 

Do Until sp = 3 
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IfylayO = xyv(J, 2) And special!<> 0 Then ylay = xyv(2, 2): special = 1: Go To 1234 
Ifyl:l}(l = xyv(2, 2) And special2 <> 0 Then ylay = ytop: special= 1: Go To 1234 
incre =root f 110: sincre = 0 

111 ylay = ytiy + incrc 
Ifylay > ytop Then Go To 121 

1234 IfylayO < xyv(2, 2) And ylay <= xyv(2, 2) Then 
spart = 1: swi = 0: xhnit = xyv(2, 1): xbnit_ = xyv(5,1): alay = (ylay- ylayO) • root_o: Day= xhnit 

- :rlmit 
ElselfylayO >= xyv(2, 2) And ylayO < ytop Then 
swi= 1 
IfylayO >= xyv(2. 2) And ylay <= ybreak Then 
spart = 2: xbnit = xyv(2, 1) + (ylay - xyv(2, 2)) I Tan(alpbal) 
xlmit_ = xyv(5, 1) + (ylay- xyv(5, 2)) I Tan(alpha2): Day= xlmit- xlmit_ 
alay = (:rlmitO - xlmitO- + xhnit - xlmitj • (ylay - ylayO) /2 

ElselfylayO >= ybreak And ylay <= ytop Then 
If sytop = -1 Then 
xlmit = xbreak + (ylay- ybreak) I Tan(alpha3): xlmit_ = xbrcak_ + (ylay- ybreak) I Tan(alpha4): 

Day = xhnit - xlmit _ + xlmitO - xhnit 
If xlmit >= xlmitO _ Then spart = 311 
Ifxbnit< :rlmitO_ Then spart = 312: ylmit1_ = ybreak + (:rlmitO_- xbreak) • Tan(alphaJ): yfmit2 

= ybreak + (xlmit - xbreak J • Tan(alpha4)': alay = (IlmitO - xlmitO J • (ybnitl_ - ylayO) I 2 
+ (xlmit- xlmitj • (ylay - ybnit2) I 2 + (xhnitO _- xhnit) • (ylay + ylmit1_ - 2 • ylayO) I 2 -
(xlmitO _ - xhnit) • (ylmit2 - ylayO) I 2 

alay = (xhnit + xlmitO - 2 • xbnit J • (ylay - ylayO) I 2 . (xJmitO _ - xlmit_) • (ylay - ylayO) I 2 
Elsclf sytop = 1 Then 
xhnit_ = xbrcak_ + (ylay · ybrcak) I Tan(alpha4): xlmit = xbrcak + (ylay · ybreak) I Tan(alpbaJ): 

Day= xlmit - xhnit_ + xhnit_ - xhnitO _ 
IfxlmitO >= xhnit_ Then spart = 321 
If:xlmitO < xhnit_ Then spart = 322: ylmitl = ybreak + (xlmit_- xbrcak) • Tan(alpbaJ): ylmit2_ = 

ybreak + (xlmitO - xbreak _) • Tan(alpha4) 
alay = (2 • xlmit- xhnit_- xlmitO _) • (ylay- ylayO) I 2 - (xlmit- xlmitO) • (ylay- ylayO) 12 

End If 
Flselfylay > ybreak And ylay<= ytop And ylayO >= xyv(2, 2) And ylayO < ybreak Then 
If sytop = -1 Then 
xlmit = xbreak + (ylay- ybreak) I Tan(alphaJ): xhnit_ = xbreak_ + (ylay · ybreak) I Tan(alpha4): 

Day = xbnit - xlmit + xbreak - xhnit 
Ifxhnit >= xbreak_ Then spart = 411 
Ifxlmit< xbreak_ Then spart = 412: ylmitl_ =ybreak + (xbreak_- xbreak) • Tan(alpbaJ): yhnit2 

= ybreak + (xlmit - xbrcak J • Tan(alpha4) 
alay = (:xlmit + xbrcak - 2 • xhnit_) • (ylay - ybrcak) /2 . (xbrcak _ - xhnit J • (ylay - ybrcak) /2 

Elself sytop = 1 Then 
xlmit_ = xbrcak_ + (ylay- ybreak) I Tan(alpha4): xhnit = xbrcak + (ylay- ybreak) I Tan(alphaJ): 

Day = xlmit - xlmit + xlmit - xbreak 
IfXbrcak >= xlmit_ Then spart-; 421 -
Ifxbreak < xlmit_ Then spart = 422: ylmitl = ybrcak + (xlmit_- xbreak) • Tao(alphaJ): ybnit2_ 

= ybrcak + (xbrcak- xbrcakj • Tan(alpha4) 
alay = (2 • xlmit - xhnit _ - xbrcak J • (ylay - ybrcak) I 2 - (xJmit - xbrcak) • (ylay - ybreak) I 2 

End If 
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alay = alay + (xhnitO • xhnitO _ + xbreak - xbrcak J • (ybreak - ylayO) /2 
End If 

Else 
121 IfylayO < ytop Then 

IfylayO < xyv(2, 2) Then 
ylay = xyv(2, 2): special= 1: GoTo 1234 

Else 
ylay = ytop: special= 1: GoTo 1234 
End If 

Else 
sp=l:swi=2 
If sytop = 0 Then 

126 Iy = Iy + 1: iy_ = iy_ • 1 
Ifly <= ywma:xi Then 
Ifiyini = 0 Then xlmitO_ = xyv(JY(),1): xlmitO = xyv(509,1): ylayO = xyv(JY(), 2): iyini = 1 

1236 ylay = xyv(Iy, 2): Day= xlmitO - xlmitO _: x1mit = xyv(ty _. 1): :rlmit_ = xyv(Iy, 1) 
If iyO = 7 Then 
spart =51 
Ifly=8 Then 
alay = a678 + a508910 + (ylay. ylayO). (xlmit- xhnitj 

Else 
If(Iy- 8) Mod 2 = 0 Then 
simpsoni= 0: For j = 8 To ly- 2 Step 2: simpsoni= simpsoni+ xyv(j, 2) + 4 • xyv(j + 1. 2) + 
xyv(j + 2, 2) - 6 • xyv(6, 2): Next j 

alay = 2 • (simpsoni • incr /3) + a678 + a508910 + (ylay • xyv(6, 2)) • (xhoit • xlmitj 
Else 
simpsoni= o: For j = 9 To Iy- 2 Step 2: simpsoni= simpsoni+ xyv(j, 2) + 4 • :xyv(j + 1, 2) + 
xyv(j + 2, 2) - 6 • xyv(6, 2): Next j 
alay = 2 • (simpsoni • incr /3 + ((xyv(9, 2) + :xyv(8, 2) - 2 • xyv(6, 2)) • incr) /2) + a678 + 
a508910 + (ylay - xyv(6, 2)) • (xlmit - xfmitj 

End If 
End If 

Else 
spart =52 
If (Iy • iyO) = 1 Then 
alay = ((xyv(Iy, 2) + xyv(JY(), 2)- 2 • ylayO) • incr) /2 + (ylay- ylayO) • (xlmit · xlmitj 

Flse 
If(Iy • iyO) Mod 2 =0 Then 
simpsoni= 0: For j = iyO To Iy- 2 Step 2: simpsoni= simpsoni+ xyv(j, 2) + 4 • xyv(j + 1, 2) 
+ xyv(j + 2, 2) - 6 • ylayO: Next j 

alay = 2 • (simpsoni • incr /3) + (ylay - ylayO) • (xhnit - xhnitj 
Else 
sin1psoni = 0: For j = iyO + 1 To Iy - 2 Step 2: simpsoni = simpsoni + xyv(j, 2) + 4 • xyv(j + 
1, 2) + xyv(j + 2, 2) - 6 • ylayO: Next j 
alay = 2 • (simpsoni • incr /3 + ((:xyv(JY() + 1, 2) + xyv(iyO, 2) • 2 • ylayO) • incr) /2) + 

(ylay. ylayO). (xlmit • xlmitj 
End If 

End If 
End If 

Else 
special= 1: sp = 2: Iy = ywma:xi: Go To 1236 

End If 



Flsc 
Exit Do 

End If 
End If 

End If 
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' wbcadi adalah jumlah wcldbcaduya l.ycr. wbcadO adalah jumlah wcldbcaduya pus 
'tXIIIIIIIIXIIIIIIIIIIXIIIIIIIIIIIIIIXIXIXfiXIIIXIIIIXXIXIIXIIIIIXIIIIIIIIIIII 

diarod == fabr(sw + swi, 2): wbcadi == Abs(lnt(-(llay) I (2.5 • diarod))): asublay = alay I wbeadi 
If special<> 0 Then special== 0: Go To 123 
drod == csaused(swi) 
If asublay I drod < .9985 Then 
Ifylay • ylayO >== 2 • Sqr(drod) Then sincre == 0: Go To 123 
If sin ere == 0 And sp = 0 Then GoT o 111 
If sincre == 1 And sp = 0 Then ylay == ylay _ • incre: incre == . 5 • incre: sincrc == 0: Go To 111 
If sp <> 0 And sytop == 0 Then sincre = 0: Go To 126 

Elseif asublay I drod > 1.0015 Then 
If sp == 0 Then ylay _ = ylay: ylay = ytay • incre: in ere = . 5 • incre: sin ere = 1: Go To 111 
If sp <> 0 And sytop = 0 Then sincre = 0: Go To 123 
Elseif asublay I drod >== .9985 And asublay I drod <= 1.0015 Then 
Ifxyv(2. 2) • ylay < Sqr(csaused(swi)) 13 And xyv(2, 2) >ylay Then ylay = xyv(2, 2): special== 1: 

GoTo 1234 
Ifytop • ylay < Sqr(csaused(swi)) I 3 And ytop > ylay Then ylay = ytop: special== 1: Go To 1234 

123 If sp == 2 Then sp = 3 
wbead(swi) = wbead(swi) + wbeadi: Jayno = Jayno + 1 
If wbeadi == 1 Then 
weldment == weldment + 1 
Ifylay > ybreak And ylay <= ytop Then 
If sytop <. 1 Then xhniti == xlmit 
If sytop == 1 Then xhniti == xlmitO _ 

End If 
Else 
If sp:ut = 1 Or sp:ut = 2 Then xbderO = xlmit ybderO = ylay: ybderO _ == ylay: xbder = xbderO: 

xbder = xbderO 
If sp:ut == -::111 Or sp:ut == 312 Then xbderO == xlmitO: ybdet-o = ylayO: ybderO _ = ylayO: :xbder == 

xbderO: xbder = xbderO 
If spart = 321 Or spart = 322 Then xbderO = :xlmit ybderO = ylay: ybderO _ == ylay: xbder = :xbderO: 

:xbder = xbderO 
If spart = 411 Or sp:ut == 412 Then xbderO = xbreak: ybdeiO == ybreak: ybderO _ = ybreak: xbder = 

xbdeiO: xbder = :xbdet-o 
If spart = 421 Or spart == 422 Then xbdeiO = :xlmit ybdeiO == ylay: ybderO _ == ylay: xbder == xbdcrO: 

xbdcr = xbdcrO 
If spart = 51 Or spart == 52 Then 

If sp <-~ 3 Then xbdeiO == xlmitO: ybdeiO = ylayO: ybdeiO _ == ylayO: xbder = xbderO: xbder _ = 
xbderO: iyOiO = 509 • (ryO • 7): iyOi == iyOiO: iyy = iyOiO: iy2 = Iy: iy1 = 509 • (ly • 7) 

If sp = J Or sp = 2 Then xbderO = xlmitO: ybdeiO = ylayO: ybderO _ = ylayO: :xbder = xbdeiO: 
xbder_ = xbdeiO: iyOiO = 509. (ryO- 7): iyOi = iyOiO: iyy == iyOiO: iy2 = 247_:_ iy1 == 269: :xlmit_ 
= xyv(247, 1): xbnit =: xyv(269, 1) 

Fndlf 
wbeadii = wcldrnent + wbeadi: wbcadiii = wbcadii: swbeadiii = 0: If layno Mod 2 == 1 Then mi = 

wddmcnt + 1: mi == wbcadii - 1: mi = 1 
Iflayno Mod 2 = o Then mi_ == wcldrnent + 2: mi == wbeadii: mi_ = -1 



Form= mi To mi_ Step mi_ 
Ifsp = 0 Then 
in ere_ = -Sqr( asublay): sin ere_ = 0 

222 xbdcr = xbdcr + incre 
If spart = 1 Then 
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ybdcr = ylayO: ybdcr _ = ylay: asubsublay = (xbdert> • xbdcr) • (ybdcr _ • ybdcr) 
Elseif spart = 2 Then 

ybdcr _ = ylay: If xbdcr >= xlmitO Then ybder = ylayO + (.xbdcr • IlmitO) • Tan(alphal): 
asubsublay = (xbderO- xbder) • (2 • ybder_ • ybder • ybderO) 12 

If xbdcr < xhnitO And xbder >= xbnitO _ And xbdert> <= xhnitO Then ybder = ylayO: asubsublay 
= (xbderO • xbder) • (ybder _ - ybder) 

If xbderO <= :xlmito _ Then ybdcr = ylayO + (xbder - Ifmito _) • Tan(alpha2): asubsublay = 
(xbderO • xbder) • (2 • ybder _ • ybder - ybderO) 12 

If xbder < xhnitO And xbder >= xlmito _ And xbderO > xlmitO Then ybder = ylayO: asubsublay = 
(xlmito • xbder) • (ybder_- ybder) + (xbderO. xhnito) • (2 • ybder_ • ybder • ybderO) 12 

If xbder < xbnitO _ And xbdeiO > xhnitO _ And xbdcrO <= xhnitO Then ybder = ylayO + (xbder • 
xlmito _) • Tan(alpha2): asubsublay = (xhnito _ - xbder) • (2 • ybder _ - ybder • ybderO) I 2 + 
(xbdcrO • :xlmito _) • (ybder _ • ybderO) 

If xbder < xlmito _ And xbderO > xlmito Then ybder = ylayO + (xbder • Ilmito _) • Tan(alpha2): 
asubsublay = (xlmito _ • xbder) • (2 • ybder _ • ybder • ylayO) I 2 + (xhnito - xhnitO J • 
(ybder _ • ylayO) + (xbdeiO • xlmito) • (2 • ybder _ - ylayO • ybdeiO) 12 

Elself spart = 311 Then 
If xbder >= xlmit Then ybder = ylayO: ybdcr _ = ylayO + (xbdcr • xlmito) • Tan(alpbaJ): 
asubsublay = (xbdciO • xbdcr) • (ybder _ + ybdeiO _ . 2 • ybdcr) I 2 

Ifxbdcr < xlmit And xbder >= xhnito _ And xbderO <= xlmit Then ybder = ylayO: ybder _ = ylay: 
asubsublay = (xbdeiO • xbder) • (ybder _ . ybder) 

If xbderO <= xlmito _ Then ybder = ylayO + (xbder • xhnito _) • Tan(alpha4): ybdcr _ = ylay: 
asubsublay = (xbdcl() • xbdcr) • (2 • ybder _ - ybder • ybdel()) /2 

If xbdcr < xlmit And xbder >= xhnito _ And xbdeiO > xlmit Then ybder = ylayO: ybdcr _ = ylay: 
asubsublay = (xlmit - xbdcr) • (ybder _ • ybder) + (xbdeiO • xlmit) • (ybder _ + ybderO _ • 2 • 
ybdeiO) 12 

If xbder < xbnito _ And xbdcrO > xhnitO _ And xbdcrO <= xlmit Then ybder = ylayO + (xbder • 
xlmito _) • Tan(alpha4): ybdcr _ = ylay: asubsublay = (xhnito _ • xbder) • (2 • ybdcr _ • ybdcr • 
ybdeiO) /2 + (xbdcrO • xlmitO J • (ybder _ • ybderO) 

If xbdcr < xlmito _ And xbderO > xlmit Then ybder = ylayO + (xbder • Ilmito _) • Tan(alpba4): 
ybder _ = ylay: asubsublay = (xlmito _ . xbder) • (2 • ybder _ • ybdcr · ybdcrO) /2 + (xhnit • 
xlmito _) • (ybder _ - ybdcrO) + (xbderO • xlmit) • (ybder _ + ybderO _ • 2 • ybderO) /2 

Elself spart = 312 Then 
If xbder >= xlmiiO _ Then ybder = ylayO: ybder _ = ylayO + (xbdcr • xlmito) • Tan(alphaJ): 

asubsublay = (xbderO • xbdcr) • (ybdcr _ + ybdcrO _ . 2 • ybdcrO) 12 
If xbdcr < xlmito _ And xbder >= xlmit And xbderO <= xlmito _ Then ybder = ylayO + (xbder • 

xbnito_) • Tan(alpha4): ybder_ = ylayO + (xbder . xtmito) • Tan(alphaJ): asubsublay = 
(xbdeiO • xbder) • (ybdel() _ + ybdcr _ • 2 • ybderO) /2 • (xbderO • xbder) • (ybder • ybderO) I 
2 

If xbderO <= xlmit Then ybder = ylayO + (xbder • xlmito _) • Tan(alpha4): ybder _ = ylay: 
asubsublay = (xbderO • xbder) • (2 • ybder _ - ybder . ybdcrO) 12 

If xbder < xlmito _ And xbdcr >= xlmit And xbderO > xlmito _ Then ybder = ylayO + (xbder • 
-XImitO _) • Tan(alpha4): ybdcr _ = ylayO + (xbder • xlmitO) • Tan(alphaJ): asubsublay = 
(xlmito _ • xbder) • (ybder _ + ylmitl_ • 2 • ybderO) /2 • (xlmito _ • xbder) • (ybder • ybderO) 
12 + (xbdeiO - xlmitO _) • (yhnitl_ + ybdcrO _ • 2 • ybdcrO) /2 

If xbder < xlmit And xbdel() > xlmit And xbderO <= xlmito _ Then ybdcr = ylayO + (xbdcr • 
xbnito_) • Tan(alpha4): ybdcr_ = ylay: asubsublay = (xbnit. xbder) • (2 • ybder_ • ybder • 
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ybnit2) I 2 + (xbdert> - xlmit) • (ybdcrt> _ + ybder _ - 2 • ybdert>) I 2 • (xbdert> - xlmit) • 
(ylmit2 • ybdert>) 12 

If xbder < xlmit And xbdeaO > :xlmitO _ Then ybder = ylayO + (xbder - xlmitO J • Tan(alpba4): 
ybder _ = ylay: asubsublay = (xlmit - xbder) • (2 • ybder _ - ybder - ylmit2) I 2 + (xhnitO _ -
xlmit) • (ybder _ + ylmitl_ - 2 • ybdert>) I 2 • (:rlmitO _ - xlmit) • (ybnit2 • ybdert>) I 2 + 
(xbdcrt> - xlmitO J • (ybnitl_ + ybdert> _ - 2 • ybdert>) 12 

Elself spart = 321 Then 
If xbdcr >= xlmitO Then ybder_ = ylay: ybder = ylayO + (xbder - xhnitO) • Tan(alphaJ): 
asubsublay = (xbdert>- xbdcr) • (2 • ybder_ • ybder- ybdcrt>) 12 

If :xbder < :xlmitO And :xbdcr >= xlmit_ And xbdcrt> <= xhnitO Then ybdcr _ = ylay: ybdcr = ylayO: 
asubsublay = (xbdcrt> - xbder) • (ybder _ - ybdcr) 

If xbdcrt> <= xlmit_ Then ybdcr _ = ylayO + (xbder - xhnitO J • Tan(alpha4): ybdcr = ylayO: 
asubsublay = (xbdert> • xbder) • (ybdcrt> _ + ybder _ - 2 • ybdcr) 12 

If xbdc:r < xlmitO And xbdc:r >= xhnit _ And xbdc:rt> > xlmitO Then ybdcr _ = ylay: ybder = ylayO: 
asubsublay = (xlmitO • xbder) • (ybdc:r _ - ybder) + (xbdcrt> - xlmitO) • (2 • ybdcr _ • ybdcr • 
ybdert>) 12 

If xbder < xlmit And xbderO > xtmit And xbdcrO <= xbnitO Then ybdcr = ylll}<) + (xbder • 
xhnitO J • Tan(alpha4): ybder = ylayo: asubsublay = (xhnit _ - xbder) • {YbdcrO _ + ybder _ - 2 
• ybder) 12 + (xbderO- xlmitj • (ybderO _- ybdcrO) 

If xbder < xlmit_ And :xbderO > xlmitO Then ybdcr _ = ylayO + (xbdcr - :xlmitO J • Tan(alpha4): 
ybder = ylayO: asubsublay = (xlmit_ - xbdcr) • (ybderO _ + ybder _ - 2 • ybder) I 2 + (xlmitO • 
xlmitj • (ybderO _- ybder) + (xbderO - xlmitO) • (2 • ybdcrt> _- ybderO - ybder) 12 

Elseif spart = 322 Then 
If xbdcr >= xlmit_ Then ybder_ = ylay: ybder = ylay() + (xbder - xlmitO) • Tan(alphaJ): 
asubsublay = (xbderO- xbder) • (2 • ybder_- ybder- ybderO) 12 

If xbder < xlmit And xbder >= xlmitO And :xbdc:rO <= xlmit Then ybder = ylayO + (xbder -
xlmitO) • Tai1(alpha3): ybder_ = ylayO + (xbder - xlmitOJ • Tan(alpha4): a5J1Jbsublay = 
(xbdcrO - :xbdcr) • (ybdcrO _ + ybdcr _ - 2 • ybdcr) /2 - (xbdcrO - xbdcr) • (ybdert> - ybder) I 
2 

If xbderO <= xlmitO Then ybder_ = ylayO + (xbder- xhnitOJ • Tan(alpha4): ybder = ylayO: 
asubsublay = (xbderO - xbder) • (ybderO _ + ybder _ - 2 • ybder) 12 

If xbder < xlmit_ And xbder >= xlmitO And :xbdcrO > xlmit _ Then ybder _ = ylayO + (xbdcr -
xbnitO J • Tan(alpha4): ybder = ylayO + (xbder- xlmitO) • Tan(alphaJ): asubsublay = (xlmit_ 
- xbdcr) • (ybder _ + ybdcrO _ - 2 • ybder) I 2 - (xbnit_ - xbdc:r) • (ylmitl - ybdcr) I 2 + 
(xbderO - xlmitj • (2 • ybderO _- ylmitl - ybderO) I 2 

If xbder < xlmitO And :xbderO > xlmitO And xbdcrO <= xhnit_ Then ybder _ = ylayO + (xbder -
xlmitO J • Tan( alpha4): ybdcr = ylayO: asubsublay = (xlmitO - xbder) • (ylmit2 _ + ybdcr _ • 2 
• ybder) 12 + (xbderO- xlmitO) • (ylmit2_ + ybderO_- 2 • ybder) I 2- (xbderO- xhnitO) • 
(ybderO - ybder) I 2 

If xbder < :xtrnitO And xbderO > xlmit_ Then ybder _ = ylayO + (xbder - xlmitO J • Tan(alpha4): 
ybder = ylayO: asubsublay = (xlmitO - xbder) • (ylmit2 _ + ybder _ - 2 • ybder) I 2 + (xlmit_ • 
xlmitO) • (yhnit2 _ + ybdcrO _ - 2 • ybder) I 2 - (xlmit_ - xlmitO) * (ylmitl - ybd~r) I 2 + 
(xbderO - xlmitj • (2 • ybderO _ - ylmitl - ybderO) I 2 

Elscif spart = 411 Or spart = 412 Or spart = 421 Or spart = 422 Or spart = 611 Or spart = 612 
Or spart = 621 Or spart = 622 Then 

If spart = 411 Then 
Ifxbder >= xlmit Then ybder_ = ybreak + (xbder- xbreak) • Tan(alphaJ): ybdeaO _ = ybreak + 

(xbdcrO - xbreak) • Tan(alpha3): asubsublay = (xbdeaO - xbdcr) • (ybder _ + ybdcrO _ - 2 • 
ybreak) /2 

If xbder < ximit And xbder >= xbrcak _ And xbdcrO <= xlmit Then ybder _ = ylay: asubsublay = 
(xbderO - xbder) • (Ybder _ - ybrcak) 
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Ifxbdcrt> <= xbrcak_ Then ybdcr = ybrcak + (xbdcr - xbrcak J • Tan(alpba4): ybdcrt> = ybrcak 
+ (xbdcrt> - xbrcakj • Tan(alpba4): ybdcr_ = ylay: asubsublay = (xbdert> · xbdcr) • (2 • 
ybdcr _ - ybdcr - ybdCJO) 12 

If xbdcr < xhnit And xbdcr >= xbrcak _ And xbdcrt> > xhnit Then ybdcr _ = ylay: ybdcrt> _ = 
ybrcak + (xbdcrt> • xbrcak) • Tan(alpbaJ): asubsublay = (xlmit- xbdcr) • (ybdcr_ • ybrcak) + 
(xbdcrt> - xlmit) • (ybdcr _ + ybdert> _ • 2 • ybreak) I 2 

If xbder < xbrcak _ And xbdcrt> > xbreak _ And xbdert> <= xlmit Then ybder = ybrcak + (xbdcr • 
xbrcakj • Tan(alpha4): ybdcr_ = ylay: asubsublay = (xbreak_- xbder) • (2 • ybdcr_ • ybdcr 
• ybreak) 12 + (xbdCJO - xbreak J • (ybder _ • ybreak) 

Ifxbdcr< xbreak_ And xbdm> > xbnit Then ybdcr = ybrcak + (xbdcr- xbrcakj • Tan(alpha4): 
ybder _ = ylay: ybdcrt> _ = ybreak + (xbdert> - xbrcak) • Tan(alphaJ): asubsublay = (xbreak_ • 
xbder) • (2 • ybdcr _ - ybder - ybrcak) 12 + (Ihnit - xbrcakj • (ybder _ - ybrcak) + (xbden> -
xlmit) • (ybdcr _ + ybdert> _ - 2 • ybreak) 12 

Elsclfspart = 412 Then 
Ifxbdcr >= xbreak_ Then ybdcr_ = ybrcak + (xbder- xbrcak) • Tan(alphaJ): ybdCJO_ = ybreak 

+ (xbdcrt> - xbrcak) • Tan(alpbaJ): asubsublay = (xbdcrt> - xbdcr) • (ybder _ + ybdCIO _ - 2 • 
ybrcak) 12 

If xbder < xbreak _ And xbdcr >= xbnit And xbdcrt> <= xbrcak _ Then ybdcr = ybreak + (.xbder -
xbreak J • Tan(alpha4): ybdert> = ybrcak + (xbdcrt> - xbrcak J • Tan(alpba4): ybder _ = 
ybrcak + (xbdcr • xbreak) • Tan(alphaJ): ybdcrt> _ = ybreak + (xbdcrt> • xbreak) • 
Tan(alphaJ): asubsublay = (xbdcrt> - xbder) "' (ybdert> _ + ybdcr _ - 2 "' ybdert>) 12 • (xbdCJO • 
xbder) • (ybder - ybdert>) 12 

IfxbderO <= .xlmit Then ybder = ybreak + (xbdcr • .xbreakj • Tan(alpha4): ybdcrt> = ybrcak + 
(xbdm> - xbreakj • Tan(alpha4): ybder_ = ylay: asubsublay = (xbdcrt> - .xbder) • (2 • 
ybder _ • ybder · ybdert>) 12 

If xbdcr < xbreak _ And xbdcr >= x1mit And xbdCIQ > xbrcak _ Then ybder = ybrcak + (xbder -
xbrcakj • Tan(alpha4): ybder_ = ybreak + (xbder - xbreak) • Tan(alphaJ): ybdCIO_ = 
ybrcak + (xbdcrt> - xbrcak) • Tan(alphaJ): asubsublay = (xbrcak _ - xbder) • (ybdcr _ + 
ylmitl_ • 2 • ybreak) 12 • (xbreak_- xbdcr) • (ybder- ybrcak) /2 + (xbdert> - xbrcakJ • 
(ylmitl_ + ybderO _ - 2 • ybrcak) I 2 

If xbdcr < xlmit And xbdcrO > xlmit And xbde.rt> <= xbreak _ Then ybder = ybrcak + (xbdcr • 
xbrcakj • Tan(alpha4): ybdcr_ = ylay: ybdcrt> = ybreak + (xbdert>- xbrcakj • Tan(alpha4): 
ybde.rt> _ = ybrcak + (xbderO - xbrcak) • Tan(alphaJ): asubsublay = (xlmit - xbdcr) • (2 • 
ybder _ • ybdcr - ylmit2) I 2 + (xbdcrt> • xbnit) • (ybdcrt> _ + ybdcr _ • 2 • ybdc.rt>) I 2 • 
(xbdc.rt> - .xlmit) • (ylmit2 - ybdcrt>) 12 

Ifxbdcr< :xhnit And xbdcrO > xbreak_ Then ybdcr = ybrcak + (xbdcr- xbrcakj • Tan(alpba4): 
ybdcr _ = ylay: ybdc.rt> _ = ybreak + (xbderO - xbrcak) • Tan(alphaJ): asubsublay = (xlmit • 
xbder) • (2 • ybdcr_ - ybder- ylmit2) I 2 + (xbrcak_ - :xhnit) • (ybdcr_ + yhnit1_ - 2 • 
ybreak) I 2 • (xbrcak_ - xlmit) • (ylmit2 • ybrcak) I 2 + (xbdc.rt> - xbrcak J • (ylmitl_ + 
ybdc.rt> _ • 2 • ybrcak) I 2 

Elscif spart = 421 Then 
If xbdcr >= xbrcak Then ybdcr _ = ylay: ybdcr = ybrcak + (xbder - xbrcak) • Tan(alphaJ): 
ybderO = ybreak + (xbdert> - xbreak) • Tan(alphaJ): asubsublay = (xbde.rt> - .xbdcr) • (2 • 
ybdcr _ - ybdcr - ybdc.rt>) I 2 

If xbder < .xbreak And xbdcr >= xlmit_ And xbdcrO <= xbrcak Then ybdcr _ = ylay: ybdcr = 
ybreak: asubsublay = (xbdCJO • xbder) • (ybdcr _ - ybder) 

If xbde.rt> <= .xlmit_ Then ybdcr _ = ybrcak + (xbder - xbrcak J • Tan(alpha4): ybdcrO _ = ybrcak 
+ (xbderO · xbreak J • Tan(alpha4): ybder = ybreak: asubsublay = (xbderO - xbdcr) • 
(ybdc.rt> _ + ybder _ - 2 • ybder) 12 

If xbdcr < xbrcak And xbdcr >= xlmit _ And xbdcrO > xbreak Then ybdcr _ = ylay: ybdcr = 
ybrcak: ybdcrO == ybrcak + (xbdcrt> - xbreak) • Tan(alphaJ): asubsublay = (xbrcak • xbder) • 
(ybdcr_ • ybder) + (xbdert>- xbrcak) • (2 • ybder_ - ybdcr- ybdcrQ) I 2 
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Ifxbder< rlmit_ And xbdert> > rlmit_ And xbde~ <= xbreak Then ybder_ = ybreak + (xbder
xbreak J • Tan(alpha4): ybder = ybreak: asubsublay = (xlmit_ - xbdcr) • (yfay + ybdcr _ - 2 • 
ybder) I 2 + (xbdert> - xhnitj • (ylay - ybder) 
If xbder < xlmit_ And xbdert> > xbreak Then ybder _ = ybreak + (xbder - xbreak J • 

Tan(alpha4): ybder = ybreak: ybde~ = ybreak + (xbdert> - xbreak) • Tan(alphaJ): asubsublay 
= (xlmit _ - xbdcr) • (ylay + ybder _ - 2 • ybder) I 2 + (xbrcak - xlmitj • (ytay - ybdcr) + 
(xbdcrt> - xbreak) • (2 • ylay - ybdc~ - ybrcak) 12 

Flself spart = 422 Then 
If xbdcr >= xhnit_ Then ybder_ = ylay: ybdcr = ybreak + (xbdcr- xbreak) • Tan(alphaJ): 
ybdciO = ybreak + (xbdert> - xbrcak) • Tan(alphaJ): asubsublay = (xbdcrt> - xbder) • (2 • 
ybder _ - ybder - ybdert>) 12 

If xbder < xhnit_ And xbder >= xbrcak And xbdert> <= xhnit _ Then ybder = ybrcak + (xbder -
xbrcak) • Tan(alphaJ): ybder _ = ybrcak + (xbder - xbreak J • Tan(alpha4): ybdert> = ybreak 
+ (xbdcrt> - xbreak) • Tan(alphaJ): ybdcrt> _ = ybreak + (xbdert> - xbrcak J • Tan(alpba4): 
asubsublay = (xbdert> - xbder) • (ybdert> _ + ybder _ - 2 • ybdcr) I 2 - (xbdcrt> - xbder) • 
(ybderO - ybder) I 2 · 
If xbdert> <= xbreak Then ybdcr _ = ybrcak + (xbdcr - xbrcak J • Tan(alpha4): ybdert> _ = 
ybrcak + (xbde~- xbreak_) • Tan(alpha4): ybdcr = ybrcak: asubsublay = (xbdcrt>- xbdcr) • 
(ybdeiO _ + ybdcr _ - 2 • ybder) 12 

If xbder < xhnit_ And xbdcr >= xbreak And xbde~ > xlmit _ Then ybder _ = ybrcak + (xbder -
xbrcakj • Tan(alpha4): ybder = ybreak + (xbdcr- xbrcak) • Tan(alphaJ): ybdert> = ybrcak + 
(xbdeJO- xbreak) • Tan(alphaJ): asubsublay = (xhnit_- xbder) • (ybder_ + ylay- 2 • ybdcr) 
12 - (:rlmit_ - xbdcr) • (yhnitl - ybdcr) 12 + (xbdc~ - xlmit_) • (2 • ylay - ylmitl - ybde~) I 
2 

If xbdcr < xbrcak And xbdcrt> > xbrcak And xbdc~ <= xhnit_ Then ybdcr _ = ybrcak + (xbder -
xbreak J • Tan(alpha4): ybdcr = ybreak: ybde~ = ybreak + (xbdcrt> - xbreak) • Tan(alphaJ): 
ybderO _ = ybreak + (xbdert> - xbreak J • Tan(alpha4): asubsublay = (xbrcak - xbder) • 
(ylmit2 _ + ybder _ - 2 • ybder) 12 + (xbdciO - xbrcak) • (yhnit2 _ + ybdc~ _ - 2 • ybdcr) I 2 -
(xbderO - xbreak) • (ybdert> - ybdcr) 12 
If xbder < xbrcak And xbde~ > :rlmit _ Then ybder _ = ybreak + (xbder - xbreak J • 

Tan(alpha4): ybdcr = ybreak: ybde~ = ybreak + (xbdert> - xbrcak) • Tan(alphaJ): asubsublay 
= (xbrcak - xbdcr) • (yhnit2 _ + ybdcr _ - 2 • ybder) I 2 + (xhnit _ - xbreak) • (yhnit2 _ + ylay -
2 • ybdcr) I 2 - (xlmit_ - xbreak) • (ylmitl - ybder) I 2 + (xbdeiO - xlmitj • (2 • ylay -
ylmitl - ybdcrt>) 12 

End If 
If spart = 411 Or spart = 412 Or spart = 421 Or spart = 422 Then ylaO = ylayO 
Ifxbder >= xlmitO Then ybder = ylaO + (xbder- xhnitO) • Tan(alphal): ybdc~ = ylaO + (xbdcrO 

- xhnitO) • Tan(alphal): asubsublay = asubsublay + (xbderO - xbder) • (2 • ybrcak - ybder -
ybde~) 12 

If xbder < xhnitO And xbder >= xhnitO _ And xbdc~ <= xhnitO Then ybder = ylaO: asubsublay = 
asubsublay + (xbdcrO - xbder) • (ybreak - ybder) 

If xbde~ <= xhnitO _ Then ybder = ylaO + (xbder - xlmitO J • Tan(alpha2): ybderO = ylaO + 
(xbderO - rlmitO J • Tan(alpha2): asubsublay = asubsublay + (xbderO - xbdcr) • (2 • ybreak -
ybder- ybderO) /2 

If:x:bder < xlmitO And xbder >= rlmitO _ And xbderO > :x:lmitO Then ybdcr = ylaO: ybde~ = ylaO + 
(xbderO - xlmitO) • Tan(alphal): asubsublay = asubsublay + (:x:lmitO - xbder) • (ybreak -
ybder) + (:x:bde~ _- xhnitO) • (2 • ybreak- ybder- ybde~) 12 

If xbder < xlmitO _ And xbderO > xlmitO _ And xbderO <= xlmitO Then ybder = ylaO + (xbdcr -
xlmitO J • Tan(alpha2): asubsublay = asubsublay + (xhnitO _ - xbder) • (2 • ybreak - ybder -
ylaO) I 2 + (xbderO - xhnitO J • (ybreak • ylaO) 

If xbder < xlmitO _ And xbderO > xlmitO Then ybdcr = ylaO + (xbder · xlmitO J • Tan(alpha2): 
ybde~ = ylaO + (xbderO - xlmitO) • Tan(alphal ): asubsublay = asubsublay + (xhnitO _ · xbdcr) 
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• (2 • ybreak • ybder- ylaO) /2 + (IImitO • xlmitO J • (ybreak- ylaO) + (xbdeiO • xlmitO) • (2 
• ybreak • ylaO - ybdeiO) I 2 

End If 
Flse 

127 Ifspart = 51 Or spart = 52 Then 
ybdcr = ylayO: iyy = iyy- 1: xbder = xyv(iyy, 1) 
If :xbder >= xlmit Then 
ybder _ = xyv(tyy, 2) 
If spart = 51 Then 
If iyOi = 509 Then 
If iyy = 508 Then 
asubsublay = a508910 

Flself iyy = 507 Then 
asubsublay = a508910 + (xyv(tyy, 2) + xyv(tyy + 1, 2) • 2 • ylayO) • incr /2 

Else 
If (tyOi • iyy) Mod 2 <> 0 Then 
simpsoni= 0: For j = iyy To iyOi. 3 Step 2: simpsoni= simpsoni+ :xyv(j, 2) + 4 • xyv(j + 1, 
2) + :xyv(j + 2, 2) - 6 • ylayO: Next j 
asubsublay =simpsoni • incr /3 + a508910 

Flse 
simpsoni= 0: For j = iyy To (ryOi - 2) - 2 Step 2: simpsoni= simpsoni+ :xyv(j, 2) + 4 • :xyv(j 
+ 1, 2) + :xyv(j + 2, 2) · 6 • ylayO: Nextj 
asubsublay = simpsoni • incr /3 + a508910 + (xyv(ryOi - 1, 2) + xyv(ryOi - 2, 2) - 2 • ylayO) 
• incr I 2 

End If 
End If 

Else 
GoTo 128 

End If 
Else 

128 IfiyOi • iyy = 1 Then 
asubsublay = (xyv(tyy, 2) + xyv(ryOi, 2)- 2 • ylayO) • incr /2 

Flse 
If (tyOi - iyy) Mod 2 = 0 Then 
simpsoni= 0: For j = iyy To i}(>i- 2 Step 2: simpsoni= simpsoni+ :xyv(j, 2) + 4 • xyv(j + 1, 
2) + xyv(j + 2, 2) - 6 • ylayO: Next j 
asubsublay = simpsoni • incr /3 

Else 
simpsoni= 0: For j = iyy To i}(>i. 3 Step 2: simpsoni= simpsoni+ :xyv(j. 2) + 4 • xyv(j + 1. 
2) + xyv(j + 2, 2) • 6 • ylayO: Next j 
asubsublay =simpsoni • incr /3 + (:xyv(iyOi. 2) + :xyv(ryOi- 1, 2) - 2 • ylayO) • incr /2 

End If 
End If 

End If 
Elself:xbder < :xlmit And :xbder >= xlmit And xbdcrO <= :xlmit Then 
ybder _ = ylay: asubsublay = (:xbdeiO - Xbder) • (ybder _ • ybder) 
Elself :xbdeiO <= :xhnit Then 
ybder_ = :xyv(tyy, 2) -
If spart = 51 Then 
If iyOi = 8 Then 
asubsublay = a678 

Flse 

--------------------- --- -- --- - -



If iyy <> 7 Then 
GoTo 224 

Flse 
If iyOi • iyy = 2 Then 
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asubsublay = a678 + (xyv(9, 2) + xyv(8, 2) • 2 • ylayO) • incr 12 
Flse 
If (l}'Oi - iyy) Mod 2 <> 0 Then 
simpsoni= 0: For j = iyy + 1 To iyOi. 2 Step 2: simpsoni= simpsoni+ xyv(j, 2) + 4 • xyv(j 

+ 1, 2) + xyv(j + 2, 2) • 6 • ylayO: Next j 
asubsublay = simpsoni • incr /3 + a678 

Flse 
simpsoni= 0: For j = iyy + 2 To iyOi. 2 Step 2: simpsoni= simpsoni+ xyv(j, 2) + 4 • xyv(j 

+ 1, 2) + xyv(j + 2, 2) • 6 • ylayO: Next j 
asubsublay = simpsoni • incr I 3 + 3678 + (xyv(9, 2) + xyv(S, 2) • 2 • ylayO) • incr 12 

End If 
End If 

End If 
End If 
Flse 

224 If iyOi • iyy = 1 Then 
asubsublay = (xyv(iyy, 2) + xyv(iyOi. 2). 2 • ylayO) • incr /2 

Else 
If (tyOi • iyy) Mod 2 = 0 Then 
simpsoni= 0: For j = iyy To iyOi- 2 Step 2: simpsoni= simpsoni+ xyv(j, 2) + 4 • xyv(j + I. 
2) + xyvG + 2, 2) • 6 • ylayO: Next j 
asubsublay = simpsoni • incr I 3 

Flse 
simpsoni= 0: For j = iyy To iyOi- 3 Step 2: simpsoni= simpsoni+ xyvG, 2) + 4 • xyv(j + 1, 
2) + xyv(j + 2, 2) · 6 • ylayO: Next j 
asubsublay =simpsoni • incr /3 + (xyv(iyOi, 2) + :xyv(iyOi. 1, 2) - 2 • ylayO) • incr 12 

End If 
End If 
Fndlf 

Flself xbder < xlmit And xbder >= xlmit And xbderO > xlmit Then 
ybder _ = ylay: asubsubla = (xlrnit - xbder) • (ybder _ - ybder) 
If spart = 51 Then 
If iyOi = 509 Then 
If iyOi - iyl = 1 Then 
asubsublay = asubsubla + a508910 

Elseif iyOi - iy 1 = 2 Then 
asubsublay = asubsubla + a508910 + (xyv(JY1, 2) + xyv(JY1 + 1, 2)- 2 • ylayO) • incr /2 

Else 
If (iyOi - iyl) Mod 2 <> 0 Then 
simpsoni= 0: For j = iyl To iyOi- 3 Step 2: simpsoni= simpsoni+ :xyv(j. 2) + 4 • :xyv(j + 1, 
2) + xyv(j + 2, 2) - 6 • ylayO: Next j 
asubsublay = asubsubla + Abs(simpsoni • incr I 3) + a508910 

Flse _ 
simpsoni= 0: For j = iy1 To iyOi. 4 Step 2: simpsoni= simpsoni+ xyv(j. 2) + 4 • xyv(j + 1, 
2) + xyv(j + 2, 2) • 6 • ylayO: Nextj 
asubsublay = asubsubla + Abs(simpsoni • incr 13) + a508910 + (xyv(tyOi • 2, 2) + xyv(Jy()i • 
1, 2) • 2 • ylayO) • incr /2 

Fndif 



End If 
Else 
GoTo 129 

End If 
Else 

129 If iyOi - iy1 = 1 Then 
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asubsublay = asubsubla + (xyv(ry1, 2) + xyv(ryOi, 2)- 2 • yl~) • incr /2 
Else 
If (iyOi- iyl) Mod 2 = 0 Then 
simpsoni= 0: For j = iyl To iyOi- 2 Step 2: simpsoni= simpsoni+ xyv(j, 2) + 4 • xyv(j + 1, 
2) + xyv(j + 2, 2) - 6 • ylayO: Next j 
asubsublay = asubsubla + simpsoni • incr /3 

Else 
simpsoni= 0: For j = iyl To iyOi- 3 Step 2: simpsoni= simpsoni+ xyv(j, 2) + 4 • xyv(j + 1. 
2) + xyv(j + 2, 2) - 6 • ylayO: Next j 

asubsublay = asubsubla + simpsoni • incr /3 + (xyv(ryOi, 2) + xyv(ryOi- 1, 2) - 2 • yl~) • 
incr /2 

End If 
End If 
Fndlf 

.Elseif xbder < xlmit And .xbderO > xlmit And xbderO <= xlmit Then 
ybder_ = xyv(ryy, i): asubsubla = (xbderl>- xhnitJ • (ylay- ybder) 
If spart = 51 Then 
If iyy = 7 Then 
If iy2 = 8 Then 
asubsublay = asubsubla + 3678 

Flseif iy2 = 9 Then 
asubsublay = asubsubla + 3678 + (xyv(9, 2) + xyv(8, 2)- 2 • ylayO) • incr /2 

Else 
If (iy2 · iyy) Mod 2 <> 0 Then 
simpsoni= 0: For j = iyy + 1 To iy2- 2 Step 2: simpsoni= simpsoni+ xyv(j, 2) + 4 • xyv(j + 
1, 2) + xyv(j + 2, 2)- 6 • yl~: Next j 
asubsublay = asubsubla + simpsoni • incr /3 + a678 

Flse 
simpsoni= 0: For j = iyy + 2 To iy2- 2 Step 2: simpsoni= simpsoni+ xyv(j, 2) + 4 • xyv(j + 
1, 2) + xyv(j + 2, 2)- 6 • yl~: Next j 
asubsublay = asubsubla + simpsoni • incr /3 + a678 + (xyv(9, 2) + xyv(8, 2) - 2 • yl~) • 
incr /2 
End If 

End If 
Else 
GoTo 225 

End If 
.Else 

225 If iy2 - iyy = 1 Then 
asubsublay = asubsubla + (xyv(ry2, 2) + xyv(iyy, 2)- 2 • ylayO) • incr /2 

Else 
If (iy2 - iyy) Mod 2 = 0 Then 
simpsoni= 0: For j = iyy To iy2 - 2 Step 2: simpsoni= simpsoni+ xyv(j, 2) + 4 • xyv(j + 1. 
2) + xyv(j + 2, 2) - 6 • ylayO: Next j 
asubsublay = asubsubla + simpsoni • incr /3 

Else 
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simpsoni= 0: For j = iyy + 1 To iy2- 2 Step 2: simpsoni= simpsoni+ xyv(j, 2) + 4 • xyvG + 
1, 2) + xyv(j + 2, 2) - 6 • yl~: Next j 
asubsublay = asubsubla + simpsoni • incr /3 + (xyv(iyy. 2) + xyv(iyy + 1, 2) · 2 • ylayO) • 
incr I 2 

Fndlf 
End If 
Fndlf 

Flself xbder < xlrnit And xbderO > :xlmit Then 
ybder _ = xyv(iyy, i): asubsubl = (xhnit • xlmitj • (ylay · yl~) 
If spart =51 Then 
If iyy = 7 Then 
If iy2 = 8 Then 
asubsubla = asubsubl + a678 

Elseif iy2 = 9 Then 
asubsubla = asubsubl + a678 + (xyv(9, 2) + xyv(8, 2). 2 • ylayO) • incr /2 

Else 
If (iy2 - iyy) Mod 2 <> 0 Then 
simpsoni= 0: For j = iyy + 1 To iy2 • 2 Step 2: simpsoni= simpsoni+ xyvG. 2) + 4 • xyvG + 
1, 2) + xyv(j + 2, 2)- 6 • ylayO: Nextj 
asubsubla = asubsubl + simpsoni • incr I 3 + a678 

Else 
simpsoni= 0: For j = iyy + 2 To iy2- 2 Step 2: simpsoni= simpsoni+ xyvG. 2) + 4 • xyvG + 
I, 2) + xyvG + 2, 2)- 6 • ylayo: Next j 
asubsubla = asubsubl + simpsoni • incr /3 + a678 + (xyv(9, 2) + :xyv(8, 2) - 2 • ylayO) • incr 
12 
End If 

End If 
Else 
GoTo 230 

Fndlf 
Else 

230 If iy2 - iyy = 1 Then 
asubsubla = asubsubl + (xyv(iy2, 2) + xyv(Iyy, 2) - 2 • ylayO) • incr /2 

Else 
If (iy2 · iyy) Mod 2 = 0 Then 
simpsoni = 0: For j = iyy To iy2 - 2 Step 2: simpsoni= simpsoni+ xyvG. 2) + 4 • xyvG + 1, 
2) + xyvG + 2, 2) · 6 • ylayO: Next j 
asubsubla = asubsubl + simpsoni • incr I 3 

Else 
simpsoni= 0: For j = iyy + 1 To iy2- 2 Step 2: simpsoni= simpsoni+ :xyvG. 2) + 4 • xyvG + 
1, 2) + xyvG + 2, 2)- 6 • ylayO: Nextj 

asubsubla = asubsubl +simpsoni • incr I 3 + (xyv(iyy. 2) + xyv(iyy + 1, 2) - 2 • ylayO) • incr 
/2 

End If 
Fnd If 

End If 
If spart = 51 Then 
If iyOi = 509 Then 
Ifiy1 = 508 Then 
asubsublay = asubsubla + a508910 

Elself iy1 = 507 Then 
asubsublay = asubsubla + a508910 + (xyv(JYl, 2) + xyv(JYl + 1, 2) • 2 • ylayO) • incr /2 
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Else 
If(ryOi • iy1) Mod 2 <> 0 Then 
simpsoni= 0: For j = iy1 To iyOi. 3 Step 2: simpsoni= simpsoni+ xyv(j. 2) + 4 • xyv(j + 1. 
2) + xyv(j + 2, 2) • 6 • ylayO: Next j 
asubsublay = asubsubla + simpsoni • incr 13 + 8508910 

Else 
simpsoni= 0: For j = iy1 To (iyOi- 2) • 2 Step 2: simpsoni= simpsoni+ xyv(j, 2) + 4 • xyv(j 
+ 1. 2) + xyv(j + 2, 2) · 6 • ylayO: Next j 
asubsublay = asubsubla +simpsoni • incr 13 + a508910 + (xyv(ry()i • 1, 2) + xyv(iyOi • 2, 2) 
- 2 • ylayO) • incr 12 

End If 
End If 

Else 
GoTo 131 

End If 
Else 

131 IfiyOi • iy1 = 1 Then 
asubsublay = asubsubla + (xyv(ry1. 2) + xyv(ryOi, 2) - 2 • ylayO) • incr 12 

Else 
If (fYOi · iy1) Mod 2 = 0 Then 
simpsoni= 0: For j = iy1 To iyOi- 2 Step 2: simpsoni= simpsoni+ xyv(j, 2) + 4 • xyv(j + 1, 
2) + xyv(j + 2, 2) • 6 • ylayO: Next j 
asubsublay = asubsubla + simpsoni • incr 13 

Else 
simpsoni= 0: For j = iy1 To iyOi- 3 Step 2: simpsoni= simpsoni+ xyv(j, 2) + 4 • xyv(j + 1, 
2) + xyv(j + 2, 2) - 6 • ylayO: Next j 
asubsublay = asubsubla + simpsoni • iocr 13 + (xyv(ry()i, 2) + xyv(iyOi • 1, 2) - 2 • ylayO) • 
incr 12 

End If 
End If 
Fndlf 

End If 
End If 

End If 
If special= 1 Then special= 0: Go To 132 
If asubsublay I asublay < .999 Then 
If sin ere_ = 0 And sp = 0 Then Go To 222 
If sin ere_ = 1 And sp = 0 Then xbdcr = xbder _ - incre _: incre _ = . 5 • in ere_: sincrc _ = 0: Go To 

222 
Ifsp <> 0 And sytop = 0 Then sincrc_ = 0: GoTo 127 

Flsclf asubsublay I asublay > 1.001 Then 
If sp = 0 Then xbdcr = xbder: xbder = xbdcr. iocre : incre = .5 • iocre : sincre = 1: Go To 

222 - - - - -

Ifsp <> 0 And sytop = 0 Then siocre_ = 0: iyy = iyy + 1: special= 1: Go To 127 
Elself asubsublay I asublay >= .999 And asubsublay I asublay <= 1.001 Then 

132 If ylay <= ybreak Then weldment = weldmcnt + wbeadi 
xbdcrO = xbder: xbder _ = xbder: ybderO = ybdcr: ybderO _ = ybdcr _: If sp <> 0 Then iyOiO = iyy: 

iyOi=iyy 
End If 
Nextm 

End If 
ylayO = ylay: ylay _ = ylay: xtmitO = xlmit xlmitO _ = xlmit _: If sp = 1 Or 5p = 2 Then iyO = Iy 



End If 
Loop: back = 0 

' back adalah status back~ou~e &: backwcld 
Ifsw = 7 Then 
If dl >= du Then diamax = dl 
If dl < du Then diamax = du 
If diamax >= 2 Then back = 1 

End If 
If sytop <> 0 Then 
wbcad(2) = Abs(Int(-(csacovcr) I fabr(sw + 2, 3))) 

Fndlf 
End Sub 
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Sub fiDcti (i.mb2.mbJ.mfcs. mfcs_.mfcs_.m. yli. zli. mi. yui. zui. dli. mbpref. ine:rt. th) 
1111111111111111111111111111111 

' KONSTRUJCSI m.LET WELD 
1 111111111111111111111111111111 

' Dapatkan chord 
1 111111111111111 

c.hardfiodmb2, mbJ, mfcs, mfcs_. mfcs_. xli, yli, zli, xui. yui, zui. mbpref 

' yawco adalah local dihedral an~e mtara brace a: chord 
' sbulbO adalah status cope. bulbO adalah pmjm~ 
1 1111111111111111111111111111111111111111111111111 

If yawco > pi I 2 Then yawco = pi - yawco 
If pi 12 · yawco < .005 Then 
sbulb(mext) = 1: bulb(mext) =die 12- Sqr((dlc I 2) r. 2- (dli 12) r. 2) 

.Else 
sbulb(mext) = 2: bulb(mext) = d1i I (2 • Sin(yawco)) 

Fndlf 

' .ryv0 adalah array untuk wcldbcad. sedan~an xym0 untuk base-metal 
' r adalah radius curvatur (convexity). ybrcak adalah clevasi topnya filler pass 
111111XIIIIIIIIIIIIIIIIIIIIIIXXIIIIXIIIXIIIIIIIIXXIIXIIIIIIIIIIIIIII 

For n = 1 To 2 
Ifn = 1 Then yaw= yawco: spi = 0: wbcad(O) = 0: wbead(1) = 0: wbead(2) = 0 
If n = 2 Then yaw = pi • yawco 
wbeadi = 0: alpha= yaw 12: root_ o = .0208 . alpha • (.01 I pi): root_f = .0208 
xyv(J, 2) = 0: xyv(J, 1) =root_ o: xyv(2. 2) = root_f: xyv(2, 1) = xyv(J, 1) 
xyv(1, 2) = xyv(2, 2) + (th I Sin(yaw). root_ f) • Sin(yaw) • Cos(alpha) I Sin(Abs(yaw ·alpha)) 
xyv(1, 1) = xyv(2, 1) + (th I Sin(yaw). root f) • Sin(yaw) • Sin( alpha) I Sin(Abs(yaw • alpha)) 
xyv(4, 1) = O: xyv(4, 2) = 0: xyv(5, I)= 0: Xyv(5, 2) = xyv(1, 2) ~ xyv(l, 1) • Tan(pi I 2 ·yaw)+ 

xyv(l, 1) I Cos(pi I 2 • yaw) 
xyv(47. I)= xyv(l, 1): xyv(47, 2) = xyv(l. 2): thi = mat(mbr(chord, 17), 5) 
r_ = xyv(1, 1) I Cos(pi I 2. yaw) • Tan(yaw I 2): a_= xyv(1, 1) I 41: ybrcak = xyv(l, 2): xbrcak = 

xyv(1, 1) 
alpha1 = Atn((xyv(I, 2) • xyv(2, 2)) I (xyv(l, 1)- xyv(2, 1))) 
For j = 1 To 41 
xyv(5 + j, 1) =a_ • j: xyv(5 + j. 2) = xyv(5, 2). Sqr(r_ r. 2 • (xyv(5 + j, 1) • rj r. 2) 

--------------- --- - ----- ----- - - - - - -
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Ifybreak > xyv(5 + j, 2) Then ybreak = xyv(5 + j, 2): :xbreak = xyv(2. 1) + (ybreak - xyv(2, 2)) I 
Tan(aJphal): acover = acover + (xyv(1, 2)- ybreak) • (xyv(1. 1) + xbreak) 12 

Nextj 
xym(1, 1) = xyv(4, 1): xym(l. 2) = xyv(4, 2): xym(2, 1) = xym(l, 1): xym(2. 2) = xym(l. 2)- thi 14 
xym(J. 1) = -thi: xym(J. 2) = xym(2. 2): xym(4. 1) = xym(J. 1): xym(4, 2) = :xyv(5, 2) + tbi 14 
xym(5, 1) = xym(l, 1): xym(5, 2) = xym(4. 2): xym(6,1) = xyv(5, 1): xym(6, 2) = xyv(5, 2) 
:xym(7,1) = :xyv(1, 1): xym(7, 2) = :xyv(l, 2): xym(8,1) = xym(7,1) + th 14 • Cos(pi 12- yaw) 
xym(8, 2) = xym(7, 2) + th /4 • Sin(pi /2 -yaw): xym(lO, 1) = xyv(J, 1): xym(10, 2) = xyv(J, 2) 
xym(9, 1) = xym(8, I): xym(9, 2) = :xym(IO, 2) + (xym(8, 2) • :xym(7, 2)) I (xym(8, 1) • xym(7, I)) 

• (xym(9, 1) · xym(lO, I)) 
swi = 0: swii = 0: layno = 0: ylayO = xyv(3, 2): ylay = xyv(J, 2): ylay_ = :xyv(J. 2): sp = 0: weldment 

=0: xhnitO=xyv(J,1): xhnitO_ =xyv(4,1) 
Ifn = 1 Then 
yyOroot_ f = xyv(2, 2): yy()ybreak = ybreak • xyv(2, 2): weldacutcno = 0 
If root_ o • root_f <= fabr(l6, 3) Then csaused(O) =root_ o • root_ f: speciall =I 
Ifroot_o • root_f> fabr(16, 3) Then csaused(O) = fabr(I6, 3): spcciall = 0 
csatiller = (:xbreak +root_ o) • (ybreak - xyv(2, 2)) 12 
If csafiller <= fabr(l7, 3) Then csaused(1) = csafillcr: special2 = 1 
If csafiller > fabr(l7, 3) Then csaused(I) = fabr(l7, 3): spccial2 = 0 
End If 

' swi adalah indikasi root-pus. fiBer-pus. dm cover-pass 
'ylay. ylayO. Ilmit. dan :rlmit adalah batas atas. bawah. kanm k kiri layer 
' ybrcak k ytop adalah clcvasl top untuk filler pass 4l cover pus 
' sytop adalah status butt joint (yaitu pada level basc-mctalnya) 
' Day k alay adalab pmjm~ line dan area Jaycrin~ 
' spart adalab status putisi laycrin~ 
'XXXIIIIIIIIIIIXIIIIIIIXIIIIIIIII 

special = special!: Do Until sp = 1 
Ifn = 1 And ylayO = xyv(J, 2) And special!<> 0 Then ylay = xyv(2, 2): special= 1: GoTo 1235 
Ifn = 1 And ylayO = xyv(2, 2) And special2 <> 0 Then ylay = ybreak: special= 1: GoTo 1235 
If n = 1 Then in ere = root f /10: sin ere = 0 

112 Ifn = 1 Then -
ylay = ylay + incre 
Ifylay > ybreak Then Go To 122 

Else 
spi = spi + 1: wbeadi = weldacute(spi. 3): If weldacute(spi. 1) = 1 Then ylay = weldacute(spi, 2) • 

xyv(2, 2) I yyOroot_f 
Ifwcldacutc(spi, 1) = 2 Then ylay = xyv(2, 2) + (wcldacutc(spi. 2) - yyOroot_t) • (ybrcak - xyv(2, 

2)) I yyOybreak 
wbead(weldacute(spi, 1) • I)= wbead(weldacute(spi. I) - I)+ wbeadi 

End If 
1235 IfylayO < xyv(2, 2) And ylay <= xyv(2, 2) Then 

spart = 1: swi = 0: :xlmit = xyv(2,1): llay = xlmit- xhnit_: alay = (ylay- yJayO) • root_o 
ElselfylayO >= xyv(2, 2) And ylayO <= ybrcak Then 
spart = 2: swi = 1: :xlmit = xyv(2,1) + (ylay- xyv(2, 2)) I Tan(alphal): llay = xlmit- xlmit_ 
alay = (xlmitO . xlmitO- + xlmit. xlmit_). (ylay. yl~) /2 

Else 
122 If yl~ < ybreak Then 

IfylayO < xyv(2, 2) Then 
ylay = xyv(2, 2): special= 1: GoTo 1235 
Else 



ylay = ybreak: special= 1: GoTo 1235 
End If 

FJse 
Exit Do 

End If 
End If 
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• wbcadi aduah jumlah wcldbcadnya layer. wbeadO aduah jumlah wcldbcadnya pass 
1 11111111111111111111111111111111111111111111111111111111111111111111111111111 

Ifn = 1 Then 
diarod = fabr(16 + swi, 2): wbeadi = Abs(Int(-Qlay) I (2.5 • diarod))): asublay = alay I wbeadi 
If special<> 0 Then special= 0: Go To 113 
drod = csauscd(swi) 

FJsc 
asublay = alay I wbeadi: Go To 113 

End If 
If asublay I drod < .9985 Then 
Ifylay- ylayO >= 2 • Sqr(drod) Then sincrc = 0: Go To 113 
If sincrc = 0 And sp = 0 Then Go To 112 
If sincre = 1 And sp = 0 Then ylay = ylay _- incre: incre = .5 • incre: sincre = 0: Go To 112 

FJseifasublay I drod > 1.0015 Then 
ylay _ = ylay: ylay = ylay - incre: incre = .5 • in ere: sincrc = 1: Go To 112 
FJseif asublay I drod >= .9985 And asublay I drod <= 1.0015 Then 
Ifxyv(2, 2)- ylay < Sqr(csauscd(swi)) /3 And xyv(2, 2) > ylay Then ylay = xyv(2, 2): special= 

1: GoTo 1235 
Ifybreak- ylay < Sqr(csaused(swi)) /3 And ybreak > ylay Then ylay = ybreak: special= 1: Go To 

1235 
113 layno = layno + 1 

If n = 1 Then weldacuteno = weldacuteno + 1: weldacute(weldacuteno, I) = spart: 
weldacute(weldacuteno. 2) = ylay: weldacutc(weldacuteno, 3) = wbeadi 

If wbeadi = 1 Then 
weldmcnt = weldment + 1 

FJse 
xbderO = xlmit: ybderO = ylay: ybdcrO _ = ylay: xbder = xbderO: xbdcr _ = xbdcrO 
wbeadii = wcldment + wbcadi: wbeadiii = wbeadii: swbcadiii = 0: If layno Mod 2 = 1 Then mi = 

wddment + 1: mi = wbeadii - 1: mi = 1 
If layno Mod 2 = 0 Then mi _ = wcldment + 2: mi = wbeadii: mi _ = -1 
Form= mi To mi_ Step mi_ 
in ere_ = -Sqr( asublay): sin ere_ = 0 

223 xbdcr = xbder + incre 
If spart = 1 Then 
ybdcr = ylayO: ybder _ = ylay: asubsublay = (xbderO - xbder) • (ybder _ - ybdcr) 
FJseif spart = 2 Then 

ybder_ = ylay: If xbder >= xlmitO Then ybder = ylayO + (xbder - xlmitO) • Tan(alpha1): 
asubsublay = (xbderO- xbder) "'(2 "'ybder_- ybder- ybderO) 12 

If xbdcrO <= xlmitO Then ybdcr = ylayO: asubsublay = (xbderO - xbder) • (ybder _ - ybder) 
If xbder < xlmitO And xbderO > xlmitO Then ybder = ylayO: asubsublay = (xbderO - xhnitO) • (2 

"'ybder_- ybder- ybderO) /2 + (xlmitO- xbder) "'(ybder_- ybder) 
End If 
If special = 1 Then special= 0: Go To 133 
If asubsublay I asublay < .999 Then 
If sincrc = 0 Then Go To 223 
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If sincre == 1 Then xbdcr = xbdcr - incre : incrc == .5 • incre : sincrc == 0: GoTo 223 
Elseif asuhsublay I asublay > 1. 00 l Then -
xbdcr == xbdcr: xbder == xbder- incre : incre == .5 • incre : sincrc == 1: GoTo 223 

FJsci(asubsublay I asublay >== .999 Aiid asubsublay I asublay <== 1~1 Then 
133 weldment == weldment + wbeadi 

xbdcrt) == xbdcr: xbder _ == xbdcr: ybdcrt'> == ybdcr: ybdcrt'> _ == ybder _ 
End If 
Nextm 
Fndif 
:rlmitO == xbnit ylayO = ylay: ylay- == ylay 
Fndif 
If n == 2 And spi == weldacuteno Then Exit Do 

Loop 
Ifn == 2 Then 
simpsoni== 0: For j == 5 To 45 Step 2: simpsoni= simpsoni+ :xyvG. 2) + 4 • xyvG + 1, 2) + xyvG + 

2, 2) - 6 • ylay: Next j 
csacover ==simpsoni • (xyv(6, I)- xyv(5, 1)) I 3 + (xyv(1, 2) - ylay) • (xlmit + xyv(1, 1)) I 2 
If csacover <== fabr(18, 3) Then wbead(2) == 1: pcslr == CStr(wbead(O) + wbead(1) + 1) 

If csacover > fabr(18, 3) Then wbead(2) == Abs(Int(-(csacover) I fabr(18, 3))): pcslr == 
CStr(wbead(O) + wbead(1) + 1) + "- "+ CS1r(wbead(2) + wbead(O) + wbead(1)) 

End If 
Next n 

lcut ==pi • dli"' (1 + 1 I Sin(yawco)) I 2: lweld = lcut 
End Sub 

Sub tjcO (xlo, ylo, zlo, :ruo. yuo. zuo. dlo. otTo. lsubmbri, mi. yui. zui) 
•xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
' RUTIN UNTUK JOINT THROUGH 
1 111111111111XIIIIIIIIJIIIIIIIXXXXJ 

bi = Sqr((xlo- xuo) 1\2 + (ylo- yuo) 1\2 + (zlo- zuo) 1\ 2) 
If bi <> 0 Then a_ b == lsubmbri I bi: ci == Sqr((xui - (xlo + a_ b • (xuo - xlo))) 1\ 2 + (yui - (ylo + a_ b • 

(yuo- ylo))) 1\ 2 + (zui- (zlo + a_b • (zuo- zlo))) 1\ 2): cosyaw = -(ci 1\2- 2 •tsubmbri 1\ 2) I 
(2 • lsubmbri r. 2): yawco = Atn(-cosyaw I Sqr(-cosyaw • cosyaw + 1)) + 2 • Atn(1) 

IfSin(yawco) = 0 Then orthbraceli = 0: orthbrace2i = 0: Exit Sub 
orthbraceli = -dlo I (2 • Sin(yawco)): orthbrace2i = dlo I (2 • Sin(yawco)) 

End Sub 

Sub tjcnotO (xlo. ylo. zlo. :ruo. yuo, zuo, dlo, otTo. ecc, lsubmbri. ll. ill. i. mi. yui. 
zui, die, mbpref. j) 

1 11XIIIIIIXIIIIIIIIXIXIIIIIXIIXXIIIIXXXIIIIIIIII 

'RUTIN UNTUK PERUNUTAN JOINT OVERLAP 
1 11111111111111111(11111111111111111111111111111 

bi = Sqr((xlo - xuo) 1\ 2 + (ylo - yuo) 1\ 2 + (zlo - zuo) 1\ 2) 
Ifbi <> 0 Then a_b = lsubmbri I bi: ci == Sqr((xui- (xlo + a_b • (roo- xlo))) 1\2 + (yui- (yJo + a_b • 

(yuo - ylo))) 1\ 2 -t: (zui- (zlo + a b • (zuo- zJo))) 1\ 2): cosyaw = -(ci 1\2 - 2 •tsubmbri 1\ 2) I 
(2 "'lsubmbri 1\ 2): yawco = Atn[-cosyaw I Sqr(-cosyaw • cosyaw + 1)) + 2 • Atn(1) 

orthbrace1i = 0: orthbracc2i = 0: IfSin(yawco) = 0 Then Exit Sub 
For ii = 1 To mbmo 
If jj <> j And jj <> kk And jj <> kkk And jj <> mb(i. 2) And jj <> mb(i. 3) And xlo = mbr(ij, I) 

And ylo = mbr(ij, 2) And zJo = mbr(ij, 3) And (Lcft(mbr(.ij, 11), 1) = "T" Or Lcft(mbr(ij, 
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11), 1) = "t") And mbr(ij, 12) = mbprcf Then tjcnotOsw-c mbr(ij, 1), mbr(ij, 2), mbr(ij, J), 
mbr(ij, 4), mbr(ij, 5), mbr(ij, 6), mbr(ij, 7), mbr(ij, 9), ccc, lsubmbri, yawco, xui, yui, zui, 
die, dlo 

If jj <> j And jj <> kk And jj <-~ kkk And jj <> mb(i, 2) And jj <> mb(i, 3) And xlo = mbr(jj, 4) 
And ylo = mbr(ij, 5) And zJo = mbr(ij, 6) And (Lcft(mbr(ij, 15), 1) = "T" Or uft(mbr(ij, 
15), 1) = "t") And mbr(ij, 16) = mbprcf Then tjcnotOsurc mbr(ij, 4), mbr(ij, 5), mbr(ij, 6), 
mbr(ij, 1), mbr(ij, 2), mbr(ij, 3), mbr(ij, 8), mbr(ij, 13), ccc, lsubmbri, yawco, xui, yui, zui, 
die, dlo 

Next jj 
Fnd Sub 

Sub tjcnotOsurc (:rlt. ylt. zit. :rut. yut. zut. dlt. om. ccc. lsubmbri, yawco. :rui. yui. zui, 
dlc:, dlo) 

1 11111111111111111111111111111111111111111111111 

' RUTIN UNTUI( PENENTUAN TYPE OVERLAP 
11XIIIIIIIJIIIIIIIXIIIIIIIIIIIIIIIXIIIIIIIIIIIII 

bi = Sqr((xlt - nrt)" 2 + (ylt- yut) r. 2 + (zJt- zut) "2) 
If bi <> 0 Then a_ b = lsubmbri I bi: ci = Sqr((xui - (xlt + a_ b • (:rut - xlt))) " 2 + (yui - (ylt + a_ b • 

(yut- ylt))) r. 2 + (zui- (zJt + a_b • (zut- zJt))) "2): cosyaw = -(ci "2- 2 •tsubmbri" 2) I (2 
•tsubmbri" 2): yawtc = Atn(-cosyaw I Sqr(-cosyaw • cosyaw + 1)) + 2 • Atn(1) 

If Sin(yawtc) = 0 Then orthbracc1i = 0: orthbracc2i = 0: Exit Sub 
If Abs(yawtc- yawco) <= .17 Then 'Tolerance 10 deg 
If dlo I (2 • Sin(yawco)) <= dlt I (2 • Sin(yawtc)) Then orthbracc1i = -dlt I (2 • Sin(yawtc)): 

orthbracc2i = dlt I (2 • Sin(yawtc)) 
If dlo I (2 • Sin(yawco)) > dlt I (2 • Sin(yawtc)) Then orthbraccli = -dlo I (2 • Sin(yawco)): 

orthbrace2i = dlo I (2 • Sin(yawco)) 
Else 
Ix = -ccc • Sin(yawco) - die I (2 • Sin(yawtc)) • Cos(Abs(yawtc - yawco) -pi 12) 
Iy =-die I (2 • Sin(yawco)) - ccc • Cos(yawco) - dlc I (2 • Sin(yawtc)) • Sin(Abs(yawtc - yawco) -

pi 12) 
dlxly = Sqr(Ix " 2 + Iy r. 2) 
Ifyawco <= yawtc Then orthbrace1i = -dlo I (2 • Sin(yawco)) - dixly 12: orthbrace2i = dlt I (2 • 

Sin(yawtc)) + dlxly /2 
Ifyawco > yawtc Then orthbraccli = -dlt I (2 "' Sin(yawtc)) - dlxly I 2: orthbracc2i = dlo I (2 "' 

Sin(yawco)) + dlxly /2 
End If 

End Sub 

Sub tubci (i. :d. yl. zl. xu. yo. zu. dl. do. th) 
1 11111111111111111111111111111111111111111111111111111 

'RUTIN UNTUI( DAPATICAN IUMLAH TUBE&: PLAT 
'rxxxxxxxxxxxxxxxxxxxrxxxxrxxxxxxxxxxxxxxxxxxaxrxxxxxx 

Jmbr = Sqr((xl - xu)" 2 + (yl- yu) r. 2 + (zJ - zu) "2) 
xyv(1, 1) = -bulb(l): xyv(2, 1) = xyv(l,l): xyv(J,-1) = lmbr + bulb(2): xyv(4, 1) = xyv(J, 1) 
xyv(1, 2) = dl I 2: xyv(4, 2) = du 12: xyv(2, 2) = -xyv(1, 2): xyv(J, 2) = -xyv(4, 2) 
'xyv(l. ). xyv(2. ). xyv(J. ). dan xyv(4. ) masin~-masin~ adalah batas kiri atas. kiri 

bawah. kanan bawah. dan kmm atas tube an 
'DAPATKANSEGMENTASIMBR 
1 111111111111111111111111111111111 
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If.Left(mat(mbr(mb(i, 4), 17), 2). 1) = "P" Or Lcft(mat(mbr(mb(i, 4). 17), 2). 1) = "p" Then ltube = 
mat(mbr(mb(i, 4), 17), 4)- 2 • nm(l) 

IfLeft(mat(mbr(mb(i, 4), 17), 2), 1) = "T" Or Lcft(mat(mbr(mb(i. 4). 17), 2), 1) = "t" Then ltube = 
mat(mbr(mb(i, 4). 17), J)- 2 • nm(I) 

If sbulb(l) = 1 Then 'run(I) adalah ~tter 
x = xyv(l. 2) 125: x0 = 0: yO= xyv(l. 2): For j = 0 To 25: XX= x • j: yy =bulb(!) • Sqr(xx I xyv(l. 

2)): xO = yy: yO = xyv(l, 2) - xx: Next j 
Flself sbulb(l) = 2 Then 
x_ = xyv(I. 2)- xyv(2. 2): x = x_l50: xO = 0: yO= xyv(l. 2): For j = 0 To 50: xx = x • j: yy = 2 • 

bulb(l) "' Sqr(xx I x _): xO = yy: yO = xyv(l. 2) • xx: Next j 
Fndlf 
If sbulb(2) = 1 Then 
x = xyv(4, 2) 125: xO = 0: yO =·xyv(4. 2): For j = 0 To 25: xx =X • j: yy = bulb(2) • Sqr(:u I xyv(4, 

2)): xO = yy: yO= xyv(4. 2) - xx: Next j · 
Flself sbt~(2) = 2 Then 
x_ = xyv(4. 2) • xyv(3. 2): x = x_l50: xO = 0: yO= xyv(4. 2): For j = 0 To 50: xx = x • j: yy = 2 • 

bulb(2) • Sqr(xx I x_): xO =yy: yO= xyv(4, 2)- :rr. Nextj 
Fndlf 

Ifmb(i, 1) = 1 Then 
ntube = Abs(Int(-(xyv(J. I)- xyv(l, I)) /}tube)) 
If ntube = 2 Then 
If sbulb(l) <> 0 And sbulb(2) = 0 Then 
psubmbr = xyv(l. 1): psubmbrO = xyv(3, I) 

Else 
psubmbrO = xyv(l, 1): psubmbr = xyv(J. 1) 

End If 
Flself ntube > 2 Then 
psubmbrO = (ntube- 2) •ttube + xyv(l. I): psubmbr = xyv(3, 1) 

End If 
Else 
If mb(i, 2) = 0 Then 
redutubei = .25 

Else 
Ifmbr(mb(i, 4), I)= mbr(mb(i, 2), I) And mbr(mb(i, 4). 2) = mbr(mb(i, 2). 2) And mbr(mb(~ 4), 

J) = mbr(mb(i, 2). 3) Or mbr(mb(i, 4). 4) = mbr(mb(i, 2), 1) And mbr(mb(t, 4), 5) = 
mbr(mb(i, 2), 2) And mbr(mb(i, 4), 6) = mbr(mb(i. 2), 3) Then dlo = mbr(mb(i, 2), 7) 

Ifmbr(mb(i, 4), I)= mbr(mb(i, 2), 4) And mbr(mb(i, 4), 2) = mbr(mb(i, 2), 5) And mbr(mb(L 4), 
3) = mbr(mb(i, 2), 6) Or mbr(mb(i, 4). 4) = mbr(mb(i, 2), 4) And mbr(mb(i, 4), 5) = 
mbr(mb(i, 2), 5) And mbr(mb(i, 4), 6) = mbr(mb(i, 2), 6) Then dlo = mbr(mb(i, 2), 8) 

If dl <> dlo Or th <> mat(mbr(mb(i, 2), I7), 5) Then 
If dl/ 4 >= 1 Then redutubel = 1 
If dl/ 4 < I Then redutubei = dl I 4 

Else 
redutubcl = .25 

End If 
End If 
If mb(i, 3) = 0 Then 
redutube2 = .25 

Else 
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Ifmbr(mb(i. mb(i. 1) + 3). 1) = mbr(mh(i. 3). 1) And mbr(mb(i. mb(i, 1) + 3). 2) = mbr(mb(i. 3), 
2) And mbr(mb(i, mb(i. 1) + 3), 3) = mbr(mb(l, 3), 3) Or mbr(mh(I. mb(I. 1) + 3), 4) = 
mbr(mb(i. 3). 1) And mbr(mb(i, mb(i. 1) + 3). S) = mbr(mb(i, 3), 2) And mbr(mb(I. mb(1. 1) 
+ 3), 6) = mbr(mb(i. 3). 3) Then dlo = mbr(mb(I. 3), 7) 

Ifmbr(mb(i. mb(I. 1) + 3). 1) = mbr(mb(t. 3). 4) And mbr(mb(I. mb(I. 1) + 3), 2) = mbr(mh(I. 3), 
5) And mbr(mb(I. mb(i, 1) + 3), 3) = mbr(mb(I. 3). 6) Or mbr(mb(i. mb(i, 1) + 3). 4) = 
mbr(mb(i, 3), 4) And mbr(mb(i, mb(i, 1) + 3), 5) = mbr(mb(i. 3), 5) And mbr(mb(i, mb(i, 1) 
+ 3), 6) = mbr(mb(i, 3), 6) Then dlo = mbr(mb(I. 3), 8) 

If d1 <> dlo Or th <> mat(mbr(mb(i. 3). 17), 5) Then 
If dl/ 4 >= 1 Then redutube2 = 1 
If dl/ 4 < 1 Then redutubc2 = dl/ 4 

FJse 
rcdutubc2 = .25 

End If 
End If 

ntube = 0: psubmbrO = xyv(1, 1): psubmbr = 0: Fork= 4 To mb(i, 1) + 3 
lsubmbri = Sqr((mbr(mb(i, k), 1) • mbr(mb(i, k), 4)) r. 2 + (mbr(mb(i, k), 2) • mbr(mh(I. k), 5)) r. 2 

+ (mbr(mb(i, k), 3) • mbr(mb(i, k), 6)) r. 2) 
psubmbr = psubmbr + lsubmbri 

Ifk <> mb(i, 1) + 3 Then 
Ifk = 4 Then redutube = rcdutube1 
Ifk <> 4 Then redutube = .25 
kk = mb(i, k): kkk = mb(i, k + 1) 
Ifmbr(kk, 1) = mbr(kkk, 1) And mbr(kk, 2) = mbr(kkk, 2) And mbr(kk. 3) = mbr(kkk. 3) Then .xui 

= mbr(kk, 4): yui = mbr(kk, 5): zui = mbr(kk. 6): xli = mbr(kk. 1): yli = mbr(kk. 2): zJi = 
mbr(kk, 3): mbprefl = mbr(kk.-12): mbprel2 = mbr(kkk. 12) 

If mbr(kk. 1) = mbr(kkk, 4) And mbr(kk, 2) = mbr(kkk, 5) And mbr(kk. 3) = mbr(kkk. 6) Then :mi 
= mbr(kk, 4): yui = mbr(kk, 5): zui = mbr(kk. 6): xli = mbr(kk, 1): yti = mbr(kk. 2): zJi = 
mbr(kk. 3): mbprcfl = mbr(kk. 12): mbpre12 =mbr(kkk, 16) 

If mbr(kk, 4) = mbr(kkk, 1) And mbr(kk, 5) = mbr(kkk. 2) And mbr(kk. 6) = mbr(kkk. 3) Then mi 
= mbr(kk, 1): yui = mbr(kk, 2): zui = mbr(kk. 3): .xli = mbr(kk, 4): yli = mbr(kk. 5): zJi = 
mbr(kk. 6): mbprefl = mbr(kk. 16): mbprel2 = mbr(kkk. 12) 

If mbr(kk, 4) = mbr(kkk, 4) And mbr(kk. 5) = mbr(kkk. 5) And mbr(kk. 6) = mbr(kkk. 6) Then :mi 
= mhr(kk. 1): yui = mbr(kk. 2): zui = mbr(kk. 3): xti = mbr(kk. 4): yti = mbr(kk. 5): zJi = 
mbr(kk, 6): mbprefl = mbr(kk. 16): mbprel2 = mbr(kkk. 16) 

orthbrace1 = 0: orthbrace2 = 0: orthbraceli = 0: orthbrace2i = 0 
Form=1 To2 
If m = 1 Then mbpref = mbprefl 
If m = 2 Then mbpref = mbpre12 
If mbpref = 0 Then 
For j = 1 To mbmo 
If j <> kk And j <> kkk And j <> mb(i, 2) And j <>mb(l, 3) And xti = mbr(j. 1) And yi = mbr(j, 

2) And zJi = mhr(j. 3) And (Left(mbr(j, 11), 1) = "T" Or Left(mbr(j, 11). 1) = "t") And 
mbr(j.12) = mbprefTben tjcO mbr(j,1), mbr(j. 2). mbr(j. 3). mbr(j, 4), mbr(j, 5}, mbr(j, 6). 
mbr(j, 7), mbr(j, 9),lsubmbri. mi. yui. zui 

If j <> kk And j <> kkk And j <> mb(i. 2) And j <> mb(t, 3) And xli = mbr(j, 4) And~ = mbr(j, 
5) And zJi = mbr(j, 6) And (Left(mbr(j, 15), 1) = "T" Or Left(mbr(j, 15), 1) = "t") And 
mbr(j.16) = mbprefTben tjcO mbr(j, 4), mbr(j, 5), mbr(j, 6). mbr(j, 1), mbr(j, 2), mbr(}. 3), 
mbr(j, 8), mbr(j. 13), lsubmbri. mi. yui, zui 

If orthbracel > orthbraceli Then orthbracel = orthbnceli 



If orthbrace2 < orthbrace2i Then orthbrace2 = orthbrace2i 
Ncxtj 
Flse 
Forj=l Tombmo 
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If j <> kk And j <> kkk And j <> mb(i, 2) And j <> mb(l. 3) And xli = mbr(j, 1) And yli = mbr(j, 
2) And zii = mbr(j, 3) And (Left(mbr(j, 11). 1) = "0" Or Lcft(mbr(j, 11). 1) = "o") And 
mbr(j. 12) = mbpref Then tjcnotO mbr(j, 1). mbr(j, 2), mbr(j. 3), mbr(j. 4). mbr(j, 5), mbr(j. 
6), mbr(j, 7), mbr(j. 9). mbr(j, IO), lsubmbri. kk. kkk. i. xui. yui. zui. die, mbprcf. j 

If j <..'> kk And j <> kkk And j <> mb(1. 2) And j <> mb(l. 3) And xli = mbr(j, 4) And yli = mbr(j, 
5) And zii = mbr(j, 6) And (Left(mbr(j. 15). 1) = "0" Or Lcft(mbr(j, 15). 1) = "o") And 
mbr(j. 16) = mbprcf Then tjenotO mbr(j, 4). mbr(j, 5), mbr(i. 6), mbr(j, 1). mbr(j. 2), mbr(j, 
3). mbr(j, 8), mbr(j, 13), mbr(j, 14),lsubmbri. kk. kkk. i, xui, yui, zui. die, mbpref, j 

If orthbraccl > orthbraceli Then orthbraee1 = orthbraceli 
If orthbraee2 < orthbraee2i Then orthbraee2 = orthbraec2i 

Nextj 
End If 

Nextm 
psubmbr1 = psubmbr + orthbraeel - rcdutube: psubmbr2 = psubmbr + orthbraee2 + redutube 

Else 
psubmbrl = xyv(J, I) 

End If 

ntubei = Abs(Int(-(psubmbrl - psubmbiO) /ltube)) 
If ntubei > 2 Then 
Ifk <> mb(1, 1) + 3 Then 
psubmbiO = (ntubei- I) *ltube + psubmbiO: ntube = ntube + ntubei- 1: GoTo 4I6 

Else 
psubmbiO = (ntubei- 2) *ltube + psubmbiO: ntube = ntube + ntubei- 2: GoTo 417 

End If 
Flself ntubei = 2 Then 

4I7 Ifk <> mb(1, I)+ 3 Then 
If psubmbr2 <= psubmbiO + ltube Then 
psubmbiO = psubmbiO + ltube 
ntube = ntube + I: Go To 4I6 

Flself psubmbrO + ltube >= psubmbri And psubmbrO + ltube < psubmba Then 
psubmbrO = psubmbrl 
ntube = ntube +I: Go To 4I6 

FJself psubmbrl > psubmbrO + ltube Then 
psubmbrO = psubmbrO + ltube 
ntube = ntube +I: GoTo 4I6 
End If 

Flse 
ntube = ntube + 2 

End If 
Else 

4I6 Ifk <> mb(1, I)+ 3 Then 
If psubmbrO + ltube >= psubmbri And psubmbiO + ltube < psubmbi2 Then 
psubmbiO = psubmbrl: ntube = ntubc + 1 
Flseif psubmbri > psubmbiO + )tube Then 
psubmbiO = psubmbiO + ltube: ntube = ntube + 1 

End If 
Flse 



ntube = ntube + I 
End If 
EndH 
Nextk 

End If 'ntubc adalah jumlah tube (sc~cntual 

' PERHITUNGAN FINISHING (Blastint k Coatint) 
'XXIIIIIIIIIIIIIXXIXXIXIIIIIIIIIIIIIIIIIXIIIIIII 
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nlaycoat = fabmo- 19: Ifmbr(mbmo + 1, 1) <= mbr(mbnio + 1, 2) Then maxcoat = mbr(mbmo + 
1, 2): mincoat = mbr(mbmo + 1. I) 

If mbr(mbmo + 1. 1) > mbr(mbmo + 1, 2) Then maxcoat = mbr(mbmo + 1. 1): mincoat = 
mbr(mbmo + 1, 2) 

If maxcoat - min coat<> 0 And nlaycoat > 0 Then 'maxcoat dan minco at adalah coating range 
mini= zJ: maxi= zn 'mini dan maxi (yaitu zl & ZJJ) adalah ordinat z (atas & bawah) member 
If mini <= maxi Then smax = 0: max = maxi: min = mini 
If mini >maxi Then smax = 1: max= mini: min= maxi 
xyv(5, 1) = 0: xyv(6, 1) = 0 
If max<= maxcoat And min >= mincoat Then 
xyv(5, 1) == xyv(I. 1): xyv(6. 1) = xyv(J. I) 

Flsclf max > maxcoat And min< minco at Then 
ratmin = (mincoat - min) I (max - min): ratmax = (max - maxcoat) I (max - min) 
If smax = 0 Then 
xlcoat = xl + (xu - xl) • ratmin: ylcoat == yl + (yu -yl) • ratmin: zlcoat == zJ + (zu • z1) • ratmin 
xucoat = xu + (:xl • xu) • ratmax: yucoat = yu + (yl- yu) • ratmax: zncoat = zn + (zl - zn) • ratmax 
xyv(5, 1) == Sqr((xl - xlcoat) 1\2 + (yl- ylcoat) 1\2 + (zl - zlcoat) 1\ 2) 
xyv(6, 1) == Sqr((xl- xucoat) 1\2 + (yl- yucoat) 1\2 + (zl- zucoat) 1\ 2) 

Else 
:rlcoat == xu + (xl - xu) • ratmin: ylcoat = yu + (yl - yu) • ratmin: zlcoat = zn + (zl - zn) • ratmin 
xucoat == xl + (xu - xl) • ratmax: yucoat = yl + (yu - yl) • ratmax: zncoat = zl + (zn - z1) • ratmax 
xyv(5. 1) == Sqr((:ru- xlcoat) 1\2 + (yu- ylcoat) r, 2 + (zu- zlcoat) 1\ 2) 
xyv(6, 1) = Sqr((:ru- :mcoat) 1\ 2 + (yu- yucoat) 1\2 + (Zll - zucoat) 1\ 2) 

End If 
Elself max<= max coat And max > min coat And min< minco at Then 
ratmin = (mincoat - min) I (max - min) 
If smax = 0 Then 
xlcoat = xl + (xu - xl) • ratmin: ylcoat = yl + (yu - yl) • ratmin: zlcoat = zJ + (Zll - zJ) • ratmin 
xyv(5, 1) = Sqr((xl- ~coat) 1\2 + (yl- ylcoat) 1\2 + (zl- zlcoat) 1\ 2): xyv(6. I)= xyv(J, 1) 

Flse 
xlcoat = xu + (:rl - :ru) • ratmin: ylcoat = yu + (yl - yu) • ratmin: zlcoat = zn + (zl • zn) • ratmin 
xyv(6, 1) = Sqr((xu- xlcoat) 1\ 2 + (yu- ylcoat) 1\2 + (zn- zlcoat) 1\ 2): xyv(6. I)= xyv(5. 1) 

End If 
Flsc:If max > maxcoat And min >= mincoat And min< maxcoat Then 
ratmax = (max - maxcoat) I (max - min) 
If smax = 0 Then 
xucoat = xu + (xl - xu) • ratmax: yucoat = yu + (yl- yu) • ratmax: zncoat = zu + (zl - zn) • ratmax 
xyv(6. 1) = Sqr((xl - xucoat) 1\ 2 + (yl- yucoat) 1\2 + (zl- zncoat) 1\ 2): xyv(S. 1) = xyv(I. 1). 

Else 
xucoat = xl + (m - xl) • ratmax: yucoat = yl + (yu - yl) • ratmax: zncoat = zl + (zn - zl) • ratmax 
xyv(5, 1) == Sqr((xu - xucoat) 1\ 2 + (yu - yucoat) 1\ 2 + (zu - zucoat) " 2): xyv(6, 1) == xyv(J, 1) 

End If 
End If 
lcoat = xyv(6, 1)- xyv(5, 1) 1co:at :ad:alah p:anjang coating line eli min' 



-. 
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Iflcoat <> 0 Then 
If dl = du Then sacoat =pi • dl • lcoat 'sacoat adalah surface area coatin~ di mhr 
If dl <> du Then sacoat =pi • ((dl/2) "'2 + (do /2) "'2 + (dl + du) •Icoat /2) 

End If 
End If 

' JlXA MBll DffiUAT DAJU :ROLLED-PLAT ---->NESTING PLAT k SEAM WELD 
'*********1***11*****************1*****************************1****'********** 
IfLeft(mat(mbr(mb(J.. 4), 17), 2), 1) = "P" Or Left(mat(mbr(mb(J.. 4), 17), 2), 1) = "p" Then 

' NESTING PLAT 
'wplat dan lplat adalah dimcnsi Iebar k panjang plat. spacing adalah totter potontu 
1 XIIIXIIIIIIXIIXIIIXIIIIIIIIIIII(XXIXIIXIIIIIIIIIIIIXIIXIXIIIIIXIIIIIIIIIIIII 

wplat = mat(mbr(mb(i, 4), 17), 4): lplat = mat(mbr(mb(i, 4), 17), 3): spacing= nm(1) 
xyv(1, 1) = 0: xyv(2, 1) = 0: xyv(J, 1) = lplat xyv(4, 1) = xyv(J, 1) 
xyv(1, 2) = wplat xyv(2, 2) = 0: xyv(4, 2) = xyv(1, 2): xyv(J, 2) = 0 
If du = dl Then 
pidl =pi • dl: nplati = Abs(Fix(-(lplat- spacing) I (pidl +spacing))) 

Flse 
nplati = 1 

End If 'nplati adalah jumlah prodnk. nesting. nplat adalah jumlah plat yang di'hutuhkan 
nplat = Abs(Int(-ntube I nplab)) 

'SEAM WELD 
'xxrxxxcxxaxxx 

buttii, i, mfcs, mfcs, th, th, 0, 0, 0, pi /2, pi /2, 7 
End If 

' JlXA MBR. TER.SEGMEN ATAS BEBER.AP A TUBE ----> SIL PIPE WELD 
'xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxaxxxxxxxxxxxxxxxxxxxxxxxxxxxxaxxxxxxxx 
Ifntube > 1 Then buttii. i, mfcs, mfcs, th, th, 0, 0, 0, pi /2, pi /2, 10 

End Sub 




