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LAMPIRAN

Lampiran A Data Gambar Investigasi di Lokasi

g
S 20000
o
i
] |
0 10 20 30 40
Energy (kev)
MName Class Date Time Duration
economizer2 Alloy_LE_FP 26411/2018 10:36:38 15.55
Element Fe% S% Mg% Al% Si % Mn% Ti% Co% Ni% Zn%
37.23 2201 9.07 €.30 4.40 0.51 0.27 0.1 0.07 0.03
(A)
20000
)
1=
=
(=]
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8] 10 20 30 40
Energy (keV)
Name Class Date Time Duration
economizer 7 Alloy _LE_FP 26/11/2018 11:26:45 10.55
Element Fe % S% Mg% Al% Si % Mn% Ti% Ni %
65.94 12,55 1012 743 3.22 0.48 0.21 0.04
(B)

A.1 Gambar Hasil pengujian X-Ray Fluorescence (XRF) Spectrometric, (A)

economizer tubes baris ke 2 dan (B) economizer tubes baris ke 7.
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A.2  Gambar pengukuran dimensi economizer tube, (A) economizer tubes baris ke

7 dan (B) economizer tubes baris ke 10.

©) (D)
A.3 Gambar hasil pengujian struktur mikro in-situ metallography/replica dengan
Equivalent Operating Hours (EOH) £ 24.500 hours, (A) Gambar aktual

economizer tubes-row 17, (B) In-situ metallography economizer tubes-row
17 dengan pembesaran 200x, (C) Gambar aktual economizer tubes-row 50,
(D) In-situ metallography economizer tubes-row 50 dengan pembesaran

200x.
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(A) (B)
A.4 Gambar Hasil pengujian struktur mikro in-situ metallography/replica dengan
Equivalent Operating Hours (EOH) £ 49.000 hours, (A) Gambar aktual

economizer header, (B) In-situ metallography economizer header dengan

pembesaran 200x.
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Lampiran B Tabel Data Investigasi di Lokasi

B.1 Tabel mechanical properties economizer tubes berdasarkan Manufacturing

Data Report (MDR).
) Nomin Tensile Yield Hardness Elongation
Outside al Strength Strength (HRB) %)
Diameter  Thickn (MPa) (MPa)
(mm) ess Min. Maks. Min. Mak Min. Maks. Min. Mak
(mm) S. S.
31,8 4,0 420 465 200 354 73 76,5 60 51

B.2 Tabel komposisi kimia (weight, %) economizer tubes berdasarkan

Manufacturing Data Report (MDR).

C Si Mn P S Mo Cr
0,13 0,22 0,77 0,14 0,09 - -

B.3 Tabel data dimensi aktual economizer tubes di lokasi, nilai minimum dan

rata-rata.
Ketebalan aktual /tact (mm) Outside
No. Deskripsi 0° 90° 270° Selected Diameter/Op  Kriteria
(mm)

1 Row 1 430 431 4,31 4,30 31,90 Minimum
) 436 438 4,39 4,38 31,93 Average
) Row 4 4,25 4,19 4,13 4,13 31,90 Minimum
) 434 425 428 4,29 31,93 Average
3 Row 7 431 438 4736 4,31 31,90 Minimum
) 440 441 446 4,42 32,0 Average
4 Row 10 4,23 419 43 4,19 31,80 Minimum
) 428 427 4736 4,30 31,93 Average
5 Row 15 427 431 429 4,27 31,90 Minimum
) 430 433 438 4,34 31,97 Average
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B.4 Tabel data pengujian nilai kekerasan (hardness test) dengan skala Hardness

Brinell pada economizer tubes, nilai minimum dan rata-rata.

Nilai Kekerasan (HBN)

No. Deskripsi 0-590 590-1200 1200-1900 Kriteria
Selected

mm mm mm
L Row 1 123 119 122 119 Minimum
134 131 132 132 Average
5 Row 4 113 83 113 83 Minimum
139 113 123 125 Average
3. Row 7 126 97 127 97 Minimum
132 116 133 127 Average
111 96 104 96 Minimum
4 Rowl0 126 111 127 121  Average
126 128 92 92 Minimum
- Rowls 133 133 125 131 Average
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Lampiran C Hasil Analisa Data Gambar Investigasi di Lokasi

T 1 Tk 17 g s 1

...AM}J. et el e e LT

R, FIR
O R SIS I e
e R g
4 3 S . el =
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C.1 Visualisasi In-situ metallography pada economizer tubes-row 17 dari

Gambar (4.4 (B)) di titik 2 (P2)

H nistance = a ¥ | I eco TUBE 17 2018 pg [Vatue G d] 110 [Ge [m}
n Ax [um] Ay [um]  [deg] R[um] Az [rm]

& Number lines Ten AR ||_|;| =

o = F 0 || -

C.2 Gambar rongga (microvoid) pada batas butir ferrite dengan dimensi arah
memanjang sebesar 2,34 um hasil visualisasi ditampilkan dalam Gambar
Lampiran D.1.
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Lampiran D Hasil Analisa Data Perhitungan Investigasi di Lokasi

D.1 Tabel hasil analisa data nilai skala kekerasan Vickers, kekuatan tarik (Ts),

kekuatan luluh (Ys) dan nilai tegangan maksimum yang diizinkan (S) pada

fungsi temperatur pada economizer tubes.

Deskripsi K‘zllfle\r,aNs)a“ Ts (MPa) Ys (MPa) S (MPa)
Min. Ave. Min. Ave. Min. Ave. Min. Ave.
Row 1 125 139 413 448 272 310 110,23 119,34
Row 4 87 131 318 429 169 289 85,11 114,39
Row 7 102 134 355 434 209 295 94,78 115,64
Row 10 101 128 353 419 206 279 94,18 111,88
Row 15 97 137 342 444 194 306 91,31 118,31
Ave. 133,85 Ave. 435  Ave. 296 Ave. 11591
Dev. 4,56 Dev. 11,41 Dev. 12,49 Dev. 3,01

D.2 Tabel hasil analisa data nilai ketebalan minimum yang diizinkan (tmin),

tekanan kerja maksimum yang diizinkan (MAWP) pada economizer tubes.

. . tact (mm) Op (mm) tmin (Mmm) MAWP (MPa)
Deskripsi Min. Ave. Min. Ave. Min. Ave. Min. Ave.
Row 1 430 438 3190 31,93 203 1,89 32,88 36,32
Row 4 4,13 429 3190 3193 254 196 24,20 33,99
Row 7 431 442 3190 32,00 231 195 2835 35,55
Row 10 419 430 31,80 3193 232 200 27,34 33,37
Row 15 427 434 3190 31,97 239 191 27,01 35,56
Ave. 435 Ave. 3195 Ave. 194  Ave. 34,96
Dev. 0,05 Dev. 0,03 Dev. 004 Dev. 1,23
D.3 Tabel data perhitungan radius luar (r,), radius dalam (r;), radius pada lokasi

tertentu (r) serta kriteria silinder berdinding tebal atau tipis pada economizer

tubes.
Des- ro (mm) ri (mm) r (mm) rasio (ri/ry) Kriteria
kripsi . . . . .

P Min. Ave. Min. Ave. Min. Ave. Min. Ave. Min. Ave.
Row 1 15,95 15,965 11,65 11,585 13,800 13,775 0,730 0,726 r/t<10 r/t<10
Row 4 15,95 15,965 11,82 11,675 13,885 13,820 0,741 0,731 r/t<10 1t<10
Row 7 15,95 16,000 11,64 11,580 13,795 13,790 0,730 0,724 r/t<10 1/t<10
Row 10 1590 15,965 11,71 11,665 13,805 13,815 0,736 0,731 r/t<10 r/t<10
Rowl5 1595 15985 11,68 11,645 13,815 13,815 0,732 0,728 r/t<10 r/t<10

Ave. 15,976 Ave. 11,630 Ave. 13,803 Ave. 0,728
Dev. 0,02 Dev. 0,04 Dev. 0,02 Dev. 0,003
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D.4 Tabel hasil analisa data  perhitungan  tegangan elastis
tangensial/circumferential/hoop stress (ote), tegangan elastis
aksial/longitudinal (oz.), tegangan elastis radial (oz.) dan tegangan equivalen

elastis (0rqe) pada economizer tubes.

Des- ote (N/mm?) 6ze (N/mm?) ore (N/mm?) OEqe (N/mm?)
kripsi  Min. Ave. Min. Ave. Min.  Ave. Min. Ave.
Row I 36,597 35,7705 15,667 15,238 -5262 -5230 36,251 35451
Row4 38,711 36,765 16,689 15,748 -5,333 -5,268 38,143 36,402
Row7 36,478 35,358 15,610 15,070 -5,258 -5,217 36,144 35,139

Row 10 37,780 36,645 16,239 15,691 -5303 -5264 37,311 36,294

Row 15 36,958 36,235 15,842 15,493 -5)275 -5,249 36,574 35,926
Ave. 36,142  Ave. 15,448  Ave. -5246  Ave. 35,843
Dev. 0,60 Dev. 0,29 Dev. 0,02 Dev. 0,54

D.5 Tabel hasil analisa data perhitungan regangan elastis tangensial (eme),
regangan elastis aksial/longitudinal (ez), regangan elastis radial (gz.) dan

regangan equivalen (ezq.) elastis pada economizer tubes.

EHe &Ze ERe EEqe

Min. Ave. Min. Ave. Min. Ave. Min. Ave.

1,89E-04 1,85E-04 3,54E-05 3,44E-05 -1,18E-04 -1,16E-04 1,77E-04 1,74E-04

1,99E-04 1,90E-04 3,77E-05 3,56E-05 -1,24E-04 -1,19E-04 1,87E-04 1,78E-04

1,89E-04 1,83E-04 3,53E-05 3,41E-05 -1,18E-04 -1,15E-04 1,77E-04 1,72E-04

1,95E-04 1,89E-04 3,67E-05 3,55E-05 -1,22E-04 -1,18E-04 1,83E-04 1,78E-04

1,91E-04 1,87E-04 3,58E-05 3,50E-05 -1,19E-04 -1,17E-04 1,79E-04 1,76E-04

Ave. 1,87E-04 Ave. 3,49E-05 Ave. -1,17E-04  Ave. 1,76E-04

Dev. 295E-06  Dev. 6,57E-07  Dev. 1,64E-06 Dev. 2,65E-06
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D.6 Tabel Hasil analisa data perhitungan tegangan plastis
tangensial/circumferential/hoop  stress (oHp), tegangan  plastis
aksial/longitudinal (¢7,), tegangan plastis radial (or,) dan tegangan equivalen

plastis (0r4») pada economizer tubes.

Des- oup (N/mm?) o6zp (N/mm?) orp (N/mm?) OEgp (N/mm?)

Kripsi Min. Ave. Min. Ave. Min. Ave. Min. Ave.

Row 1 37295 36,418 15490 15,057 -6,314 -5230 37,767 36,072

Row4 39379 37,461 16,520 15,572 -5333 -5,268 38,725 37,008

Row7 37,178 36,076 15,432 14,888 -5,258 -5,217 36,754 35,765

Row 10 38,461 37,343 16,066 15,514 -5303 -5264 37,904 36,902

Row 15 37,651 36,939 15,666 15314 -5275 -5249 37,178 36,540

Ave. 36,847 Ave. 15,269 Ave. -5,246 Ave. 36,457

Dev. 0,594 Dev. 0,293 Dev. 0,022 Dev. 0,533

D.7 Tabel hasil analisa data perhitungan regangan plastis tangensial (emp),
regangan plastis aksial/longitudinal (ez,), regangan plastis radial (er,) dan

regangan equivalen (exqp) plastis pada economizer tubes.

EHp &zp ERp EEqp

Min. Ave. Min. Ave. Min. Ave. Min. Ave.

1,95E-04 1,89E-04 3,50E-05 3,22E-05 -1,25E-04 -1,17E-04 1,85E-04 1,77E-04

2,04E-04 1,94E-04 3,56E-05 3,34E-05 -1,25E-04 -1,20E-04 1,90E-04 1,81E-04

1,93E-04 1,87E-04 3,31E-05 3,18E-05 -1,19E-04 -1,16E-04 1,80E-04 1,75E-04

1,99E-04 1,94E-04 3,46E-05 3,33E-05 -1,22E-04 -1,19E-04 1,86E-04 1,81E-04

1,95E-04 1,92E-04 3,36E-05 3,28E-05 -1,20E-04 -1,18E-04 1,82E-04 1,79E-04

Ave. 1,91E-04 Ave. 3,27E-05 Ave. -1,18E-04 Ave. 1,79E-04

Dev. 2,89E-06 Dev. 6,87E-07 Dev. 1,63E-06 Dev. 2,61E-06
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D.8 Tabel

hasil

analisa

tangensial/circumferential/hoop

termal (og4:) pada economizer tubes.

data

perhitungan

stress

(O-Hf)a

tegangan

tegangan

termal
termal

aksial/longitudinal (oz), tegangan termal radial (or/) dan tegangan equivalen

Des-  ou: (NVmm?) oz (N/mm?) or: (N/mm?) oEq (N/mm?)
kripsi Min.  Ave. Min. Ave. Min. Ave. Min.  Ave.
Row 1 32,057 32,704 -16,236 -16,573 -48,293 -49,277 70,057 71,480
Row 4 30,617 31,938 -15,489 -16,174 -46,106 -48,112 66,894 69,795
Row 7 32,142 32,964 -16,280 -16,708 -48,423 -49,671 70,245 72,050

Row 10 31,235 32,023 -15,809 -16,218 -47,045 -48,241 68,252 69,982
Row 15 31,802 32317 -16,103 -16,371 -47,906 -48,688 69,497 70,628
Ave. 32,389 Ave. -16409 Ave. -48,798 Ave. 70,787
Dev. 0,439 Dev. 0,229 Dev. 0,668 Dev. 0,966

D.9 Tabel hasil analisa data perhitungan regangan termal tangensial (em),

regangan equivalen (ez4) termal pada economizer tubes.

regangan termal aksial/longitudinal (¢z), regangan termal radial (er;) dan

EHt

&zt

ERt

EEqt

Min.

Ave.

Min.

Ave.

Min.

Ave.

Min.

Ave.

0,005265

0,005273

0,004910

0,004911

0,004674

0,004671

0,000343

0,000350

0,005246

0,005263

0,004907

0,004910

0,004682

0,004675

0,000328

0,000342

0,005266

0,005276

0,004910

0,004912

0,004674

0,004670

0,000344

0,000353

0,005254

0,005264

0,004908

0,004910

0,004679

0,004675

0,000334

0,000343

0,005261

0,005268

0,004909

0,004910

0,004676

0,004673

0,000340

0,000346

Ave.

0,005269

Ave.

0,004911

Ave.

0,004673

Ave.

0,000347

Dev.

5,74E-06

Dev.

8,37E-07

Dev.

2,39E-06

Dev.

4,73E-06
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D.10 Tabel hasil analisa data perhitungan tegangan  steady-state
tangensial/circumferential/lhoop  stress (ouss), tegangan steady-state
aksial/longitudinal (ozs), tegangan steady-state radial (orss) dan tegangan

equivalen steady-state (okyss) pada economizer tubes.

Des- oHss (N/mm?) 67ss (N/mm?) oRrss (N/mm?) OEqss (N/mm?)

kripsi  Min.  Ave. Min. Ave. Min. Ave. Min. Ave.

Rowl 37279 36,401 15,561 15,130 -6,157 -6,142 37,617 36,844

Row4 39,364 37,445 16,588 15,643 -6,188 -6,159 39,449 37,762

Row7 37,162 36,059 15,504 14,961 -6,155 -6,137 37,513 36,543

Row 10 38,446 37,327 16,136 15,585 -6,175 -6,157 38,642 37,659

Row 15 37,635 36,923 15,736 15,386 -6,162 -6,151 37,930 37,303

Ave. 36,831 Ave. 15,341 Ave.  -6,149 Ave. 37,222

Dev. 0,594 Dev. 0,292 Dev. 0,010 Dev. 0,523

D.11 Tabel hasil analisa data perhitungan regangan steady-state tangensial (erss),
regangan steady-state aksial/longitudinal (ez), regangan steady-state radial

(erss) dan regangan equivalen (ggyss) steady-state pada economizer tubes.

EHss &Zss ERss EEqgss
Min. Ave. Min. Ave. Min. Ave. Min. Ave.
0,000195 0,000190 0,0000352 0,0000342 -0,0001243 -0,0001220  0,000184 0,000180
0,000205 0,000195 0,0000375 0,0000354 -0,0001298 -0,0001248 0,000193 0,000185
0,000194 0,000189 0,0000350 0,0000338 -0,0001240 -0,0001211 0,000184 0,000179
0,000200 0,000195 0,0000365 0,0000352 -0,0001274 -0,0001245 0,000189 0,000184
0,000196 0,000193 0,0000356 0,0000348 -0,0001253 -0,0001234  0,000186 0,000183
Ave. 0,000193 Ave. 0,0000347 Ave. -0,000123 Ave. 0,000182
Dev. 2,88E-06 Dev. 6,60E-07 Dev. 1,56E-06 Dev. 2,56E-06
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D.12 Tabel hasil analisa data perhitungan regangan steady-state Arrhenius pada

economizer tubes.

.. T oEqe (N/mm?) EssArh
Deskripsi (K) Min. Ave. Min. Ave.

Row 1 636,1 36,251 35,451 3,133E-27 2,732E-27
Row 4 635,7 38,143 36,402 4,288E-27 3,214E-27
Row 7 636,1 36,144 35,139 3,077E-27 2,587E-27
Row 10 635,8 37,311 36,294 3,742E-27 3,156E-27
Row 15 636,0 36,574 35,926 3,309E-27 2,965E-27

Ave. 35,843 Ave. 2,931E-27

Dev. 0,541 Dev. 2,693E-28

D.13 Tabel Hasil analisa data perhitungan penilaian umur (Life Assessment) untuk

nilai C minimum sebesar 15,6 pada economizer tubes.

Deskripsi ];,néf ’ (Nj:zq;z ;) PILM Tlmilgoo f:;l)’ ture
Row 1 363,07 36,251 15941,7 2.901.962.563,7
Row 4 362,66 38,143 15865,7 2.288.227.032,8
Row 7 363,10 36,144 15946,1 2.941.693.270.4
Row 10 362,84 37,311 15898,8 2.538.508.850,4
Row 15 363,00 36,574 15928.5 2.785.275.301,5

D.14 Tabel hasil analisa data perhitungan penilaian umur (Life Assessment) untuk

nilai C average sebesar 15,15 pada economizer tubes.

Temp. OEqe Time to Rupture

Deskripsi ©°C) (N/mm?) PLM (Hours)
Row 1 363,07 36,251 15941,7  8.178.841.756,7
Row 4 362,66 38,143 15865,7  6.449.100.012,1
Row 7 363,10 36,144  15946,1  8.290.818.102,2

Row 10 362,84 37,311 15898,8  7.154.490.014,7
Row 15 363,00 36,574  15928,5  7.849.972.368,5
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D.15 Tabel hasil analisa data perhitungan penilaian sisa umur (Remaining-Life
Assessment) dengan safety factor untuk nilai C minimum sebesar 15,6 pada

economizer tubes.

Temp. OEqe Time to Rupture
( °C5) (N/mqmz) PLM (Hoursﬁ)
Row 1 363,07 36,251 15941,7  1.934.609.042,5
Row 4 362,66 38,143 15865,7 1.525.452.021,9
Row 7 363,10 36,144 15946,1 1.961.096.180,2

Row 10 362,84 37,311 15898,8 1.692.306.566,9

Row 15 363,00 36,574 15928,5 1.856.817.534,3

Deskripsi

D.16 Tabel Hasil analisa data perhitungan penilaian sisa umur (Remaining-Life
Assessment) dengan safety factor untuk nilai C average sebesar 15,15 pada

economizer tubes.

Temp. OEqe Time to Rupture
(°C) (N/mm?) PLM (Hours)
Row 1 363,07 36,251 15941,7 5.452.528.504,46

Row 4 362,66 38,143 15865,7 4.299.367.341,40
Row 7 363,10 36,144 15946,1 5.527.179.401,48
Row 10 362,84 37,311 15898,8 4.769.627.343,14
Row 15 363,00 36,574 15928,5 5.233.282.245,69

Deskripsi

D.17 Tabel dimensi ukuran butir arah memanjang (horizontal) pada economizer

tube-row 17.

.. Ukuran Butir
Deskripsi (um)
Point 1 9,74
Point 2 5,60
Point 3 6,27
Point 4 4,03
Point 5 5,60
Point 6 4,48
Point 7 4,59
Minimum 4,03
Average 5,759
Deviate 1,846
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Lampiran E Data Gambar Penelitian di Laboratorium

(A) (B)
E.1. Gambar hasil mikrostruktur spesimen 4C raw material dengan pembesaran
500x, (A) Mikrostruktur spesimen 4C width side, (B) Mikrostruktur spesimen
4C thick side.

(A) (B)
E.2 Gambar hasil mikrostruktur spesimen 2D, temperatur uji creep 538 °C,

tegangan (o), 154,29 MPa dengan pembesaran 500x, (A) Mikrostruktur
spesimen 2D width side, (B) Mikrostruktur spesimen 2D thick side.
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(A) (B)
E.3 Gambar hasil mikrostruktur spesimen 2F, temperatur uji creep 538 °C,
tegangan (o), 155,70 MPa dengan pembesaran 500x, (A) Mikrostruktur
spesimen 2F width side, (B) Mikrostruktur spesimen 2F thick side.

(A) (B)
E.4 Gambar hasil mikrostruktur spesimen 3C, temperatur uji creep 538 °C,

tegangan (o), 110,14 MPa dengan pembesaran 500x, (A) Mikrostruktur
spesimen 3C width side, (B) Mikrostruktur spesimen 3C thick side.
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(A) (B)
E.5 Gambar hasil mikrostruktur spesimen 3D, temperatur uji creep 538 °C,
tegangan (o), 97,59 MPa dengan pembesaran 500x, (A) Mikrostruktur
spesimen 3D width side, (B) Mikrostruktur spesimen 3D thick side.

(A) (B)
E.6 Gambar hasil mikrostruktur spesimen 4D, temperatur uji creep 627 °C,

tegangan (o), 79,22 MPa dengan pembesaran 500x, (A) Mikrostruktur
spesimen 4D width side, (B) Mikrostruktur spesimen 4D thick side.
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(A) (B)
E.7 Gambar patahan pada spesimen uji, (A) Transgranular, spesimen 2D dengan
pembesaran 1000x, (B) Intergranular, spesimen 3D dengan pembesaran

500x.

(A) (B)
E.8 Gambar Patahan pada spesimen uji 4D dengan pembesaran 500x, (A)

Intergranular, awal patahan (initial crack), (B) Transgranular.
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Lampiran F Tabel Data Penelitian di Laboratorium

F.1 Tabel data hasil pengukuran dimensi spesimen uji tarik.

Outside Inside Actual Actual Initial

Deskripsi Diameter, Diameter, Thickness, Width, Area, Ao
OD (mm) D (mm) tact (mm) Wact (mm) (mm)

60,30 55,80 2,25 12,45 28,0125

60,30 55,80 2,25 12,45 28,0125

Tube trom, 2 mm 60,30 55,82 2,24 12,45 27,888
60,30 55,82 2,24 12,45 27,888

60,30 55,80 2,25 12,3 27,675
Minimum 60,30 55,80 2,24 12,30 27,68
Average 60,30 55,81 2,25 12,42 27,90
Deviate 0,0 0,011 0,005 0,067 0,138
60,30 53,96 3,17 12,3 38,991

60,30 54,12 3,09 12,35 38,1615

Tube tnom, 3 mm 60,30 54,18 3,06 12,45 38,097
60,30 54,18 3,06 12,7 38,862

60,30 54,16 3,07 12,75 39,1425
Minimum 60,30 53,96 3,06 12,30 38,10
Average 60,30 54,12 3,09 12,51 38,65
Deviate 0,0 0,093 0,046 0,204 0,487
60,30 52,00 4,15 12,5 51,875

60,30 52,02 4,14 12,55 51,957

Tube taom, 4 mm 60,30 52,04 4,13 12,6 52,038

60,30 52,04 4,13 12,55 51,8315

60,30 51,98 4,16 12,45 51,792
Minimum 60,30 51,98 4,13 12,45 51,79
Average 60,30 52,02 4,14 12,53 51,90
Deviate 0,0 0,026 0,013 0,057 0,099
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F.2 Tabel data hasil pengujian tarik di laboratorium.

Tensile Yield Elongation Reduction
Deskripsi Strength, Ts  Strength, Ys e/ (%) ’ Area, RA
(MPa) (MPa) 4 (%)
Tube tnom, 2 mm 540 345 24,80 43,81
Tube tnom, 3 mm 515 320 23,20 58,06
Tube tnom, 4 mm 515 395 26,90 64,56
Minimum 515,0 320,0 232 438
Average 523,33 353,33 24,97 55,48
Deviate 14,434 38,188 1,856 10,615

F.3 Tabel data sertifikat material (mill certificate) dari pabrik pembuat.

Tensile Yield Elongation
Deskripsi Strength, Strength, e (%) ’ HRB
Ts (MPa) Ys (MPa)

Tube SA-210 Al 475 365 34,5 76

(60,3 x 4,0 mm); 472 342 34,3 77

Certificate No. 472 351 33,0 77

1601994010, 472 341 35,0 77

Date, 02/11/2016 472 356 34,8 77
Minimum 472,0 341,0 33,0 76,0
Average 472,60 351,00 34,32 76,80
Deviate 1,342 10,025 0,785 0,447
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F.4 Tabel data hasil pengujian di

menggunakan skala Rockwell.

laboratorium, nilai kekerasan dengan

Deskripsi Hardness
HBW HRB
140,00 76,50
Tube twom, 2 mm 141,30 77,10
139,80 76,40
Minimum 139,80 76,40
Average 140,37 76,67
Dev. 0,814 0,379
143,40 77,80
Tube tnom, 3 mm 149,10 79,70
147,60 79,20
Minimum 143,40 77,80
Average 146,70 78,90
Dev. 2,955 0,985
141,00 77,00
Tube tnom, 4 mm 147,90 79,30
142,20 77,40
Minimum 141,00 77,00
Average 143,70 77,90
Dev. 3,686 1,229

F.5 Tabel data hasil pengujian komposisi kimia (chemical composition)

berdasarkan sertifikat material (mill certificate) SA-210 Al.

Deskripsi Komposisi Kimia (Chemical Composition)
Fe C Si Mn S Mo Ni
7;‘:;’ s/%z OAl —gal 043 024 078 0,001 002 0,06
(C o ”]’\’]”)' Al _Co Cu__Nb v Pb__ Sn
erijreate VO 70 025 N/A 0,09 0,0001 0 N/A_ 0,005
1601994010; S o— 7 . S
Date, 02/11/2016 a r n S
0,002 N/A N/A _N/A NA NA NA
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F.6 Tabel data hasil pengujian komposisi kimia (chemical composition) di

laboratorium menggunakan Optical Emission Spectroscopy.

Deskripsi Komposisi Kimia (Chemical Composition)

Fe C Si Mn P S Cr Mo Ni

T”befm”g. 98,40 0,117 0,237 0,797 0,004 0,001 0,134 0,024 0,061

;Q’ZI’Z’ t‘ef AL Co cu M Ti v w Pb_ Sn

27°C (Rary 00219 0.0053 0,064 0,005 0,015 0,025 0.038 0.005 00024
Material) B Ca Zr Zn Bi As Se Sb
0,0004 0,0066 0,0016 0,0139 0,0146 0,001 0,0129 0,036

Fe C Si Mn P S Cr Mo Ni

T”be""om" 98,40 0,114 0246 0,803 0,0048 0,001 0,135 0,0248 0,0626

2 ”;’;’m ;D ’ Al Co Cu Nb Ti v w Pb Sn

Croep-Tost, —002340.0062 0,066 00005 0,005 00028 0,0378 00058 0,0025
538 °C B Ca Zr Zn Bi As Se Sb
0,0004 0,0065 0,0018 0,0135 0,0143 0,001 0,0131 0,004

Fe C Si Mn P S Cr Mo Ni

T”be.’"om’, 98,40 0,113 00248 0,788 0,0043 0,001 0,137 0,0237 0,0581

2 ’;Z’m ;F ’ Al Co Cu Nb Ti v w Pb Sn

Croep-Tost, 00234 0.0054 0,064 0,005 0,0012 00025 0,0318 0,0055 0,004
538 °C B Ca Zr Zn Bi As Se Sb
0,0004 0,0051 0,0015 0,0135 0,0141 0,001 0,118 0,003

Fe C Si Mn p S Cr Mo Ni

T”be""om’. 98,40 0,115 00246 0,806 0,0049 0,001 0,136 0,024 0,0601

3 ’;’e"m ; > Al Co Cu Nb Ti v W Pb Sn

Croep-Tost, 00219 0.0079 0,068 00005 0,0012 00026 0,0454 00054 0,0029
538 °C B Ca Zr Zn Bi As Se Sb
0,0004 0,0034 0,0008 0,0148 0,0141 0,001 00116 0,003

Fe C Si Mn p S Cr Mo Ni

T”be""om’_ 9840 0,12 0259 0,78 0,0046 0,001 0,137 0,0264 0,0637

3 ’;;”m ;D’ Al Co Cu Nb Ti v W Pb Sn

Croep-Toss, 00238 0.0033 00716 00005 0,0019 00032 0,0509 0.007 0,009
538 °C B Ca Zr Zn Bi As Se Sb
0,0004 0,008 00018 002 0,0139 0,001 00125 0,003

' Fe C Si Mn P S Cr Mo Ni

Z”an’f%; 9720 00759 0307 0875 00033 0001 0.5 0023 0.062

Temp. Al Co Cu Nb Ti \Y \%% Pb Sn

Creep-Tes;, 00283 0.0065 0,062 00005 0.0022 00032 00491 00072 0.0024
627 oC B Ca Zr Zn Bi As Se Sb
0,0004 0,008 0,0008 002 00119 0,001 0,0092 0,003
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F.7 Tabel data pengukuran dimensi untuk spesimen uji creep-rupture

Outside

Initial

Width,

Deskripsi/Kriteria Diameter, Length, w TZ';C;"Z;:)S’
Op (mm) L;(mm) (mm)
Tube tpom, 2 mm 2D 60,3 50 12,5 1,9
Tube tpom, 2 mm  2F 60,3 50 12,35 2,18
Tube tnom, 3 mm  3C 60,3 50 12,5 2,94
Tube tpom, 3 mm 3D 60,3 50 12,55 3,25
Tube twom, 4 mm 4D 60,3 50 12,6 4,18
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Lampiran G Hasil Analisa Data Gambar Penelitian di Laboratorium

B vistence - 0 X
n Mx{m]  Aylm]  @[deg] R[um]  Az[nm]

1 177 49 -154 183 1098

2 70 74 -153 20 ms

] 132 £l 153 137 -302

4 139 38 -158 143 34

5 120 12 -150 124 706

b 166 47 -159 172 588

1 187 50 -150 193 -38.8

[ Numberlines ] E

(A) (B)
G.1 Gambar mikrostruktur spesimen uji 2D, (A) Mikrostruktur sisi lebar/width

side, (B) Hasil pengukuran arah memanjang butir ferrite (width side).

’ l Distance - 0O X
n Ax{um]  Ay[im]  @[deg]  Rlpm]  Az[nm]

1 210 00 00 20 -627

2 0.7 00 00 207 13

3 5.2 00 00 252 -176.5

4 16.8 00 00 16.8 2471

5 206 00 00 206 1255

b 18.5 00 00 18.5 -2548

7 30 00 00 380 66.7

A Number lines ﬂ E

(A) (B)

G.2 Gambar mikrostruktur spesimen uji 2D, (A) Mikrostruktur sisi ketebalan
(thick side), (B) Hasil pengukuran arah memanjang butir ferrite thick side.
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[ pistence - 0O X
n Axfpm]  Ay[um]  @[deg]  Rlum]  Az[nm]
1 200 00 0.0 200 41
2 273 00 00 273 1255
3 205 00 00 205 8.3
4 242 00 00 242 4.2
5 264 00 00 264 -39
] 232 -0 03 232 -38
7 177 00 0.0 177 2157
E Number lines ;': TAR
(A) (B)

G.3 Gambar mikrostruktur spesimen uji 4D, (A) Mikrostruktur sisi lebar/width

side, (B) Hasil pengukuran arah memanjang butir ferrite (width side).

H vistance - 0 X
n o Axfum]  Ay[um]  p[deg]  R[um]  Az[nm]

1 7 0.0 00 a7 273

2 08 0.0 00 308 -784

3 264 0.0 00 264 -1284

4 13 0.0 00 13 627

5 323 0.0 00 323 -784

] 216 0.0 0.0 216 1020

7 M5 0.0 00 5 431

[7] Number fines Mmw O E

(A) (B)

G.4 Gambar mikrostruktur spesimen uji 4D, (A) Mikrostruktur sisi ketebalan

(thick side), (B) Hasil pengukuran arah memanjang butir ferrite thick side.
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Lampiran H Hasil Analisa Data Perhitungan Penelitian di Laboratorium

H.1 Tabel hasil analisa data perhitungan berdasarkan pengujian laboratorium
(pengujian tarik), nilai tegangan maksimum yang diizinkan (S) pada fungsi
temperatur spesimen uji.

Ts Temp. Tsr R S
(MPa) (°C) (MPa) ’ (MPa)
Tube tuom, 2mm___ 2D 540,0 355,89 538,699 1,0323421000 148,56
Tube tyom, 2 mm___ 2F 540,0 351,82 538,699 1,0499772555 151,10
Tube tyom, 3mm __ 3C 515,0 351,03 513,759 1,0534410578 144,58
Tube tuom, 3mm__ 3D 515,0 350,69 513,759 1,0548811057 144,78
Tube tuom, 4 mm 4D 515,0 349,68 513,759 1,0592998423 145,39
Min.  515,0 349,68 513,76  1,0323421000 144,58
Ave. 525,0 351,82 523,735 1,0499882722 146,88

Dey. 93,750 2,880 93,299  0,0000542443  4,0733

Deskripsi

H.2 Tabel hasil analisa data perhitungan berdasarkan pengujian laboratorium
(pengujian tarik), nilai ketebalan minimum yang diizinkan (tmin), tekanan

kerja maksimum yang diizinkan (MAWP) pada spesimen uji.

t Op MAWP P tmin
(mm) (mm) (MPa) (MPa) (mm)
Tube tyom, 2mm 2D 1,90 60,30 8,09 13,70 2,96
Tube twom, 2mm  2F 2,18 60,30 9,72 13,70 2,92
Tube tiom, 3mm  3C 294 6030 13,23 13,70 3,03
Tube tiom, 3mm 3D 325 60,30 14,89 13,70 3,03
Tube tiom, 4 mm 4D 4,18 60,30 19,99 13,70 3,01

Deskripsi

H.3 Tabel hasil analisa data perhitungan berdasarkan sertifikat material, nilai
tegangan maksimum yang diizinkan (S) pada fungsi temperatur spesimen uji.

Ts Temp. Tsr R S
(MPa) (°C) (MPa) ’ (MPa)
Tube tyom, 2 mm 2D 472,60 355,89 471,46 1,0323421000 130,02
Tube tiom, 2 mm 2F 472,60 351,82 471,46 1,0499772555 132,24
Tube tiom, 3 mm 3C 472,60 351,03 471,46 1,0534410578 132,68
Tube tyom, 3 mm 3D 472,60 350,69 471,46 1,0548811057 132,86
Tube tyom, 4 mm 4D 472,60 349,68 471,46 1,0592998423 133,42
Min. 472,60 349,68 471,46 1,0323421000 130,02
Ave. 472,60 351,82 471,46 1,0499882722 132,24
Dev. 0,0 2,8797 0,0 0,0000542443  0,8605
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H.4 Tabel hasil analisa data perhitungan berdasarkan sertifikat material, nilai

ketebalan minimum yang diizinkan (tmin), tekanan kerja maksimum yang

diizinkan (MAWP) pada spesimen uji.

Deskripsi t Op MAWP P tmin
(mm) (mm) (MPa) (MPa) (mm)

Tube twom, 2 mm 2D 1,90 60,30 7,08 13,70 3,32
Tube tuom, 2 mm 2F 2,18 60,30 8,50 13,70 3,27
Tube twom, 3 mm 3C 294 6030 12,14 13,70 3,26
Tube tiom, 3 mm 3D 325 6030 13,66 13,70 3,26
Tube tyom, 4 mm 4D 4,18 60,30 18,34 13,70 3,25

H.5 Tabel hasil analisa data perhitungan nilai skala kekerasan Vickers, kekuatan

tarik (Ts), kekuatan luluh (Ys) dan nilai tegangan maksimum yang diizinkan

(S) pada fungsi temperatur spesimen uji.

Desk Kekerasan Ts Temp. Tsr Ry S

" HBN HVN (MPa) (°C) (MPa) (MPa)
2D 139,80 147,16 467,89 355,89  466,8 1,0323421000 128,73
2F 139,80 147,16 467,89 351,82  466,8 1,0499772555 130,93
3C 143,40 150,95 477,37 351,03 476,2 1,0534410578 134,02
3D 143,40 150,95 477,37 350,69 476,2 1,0548811057 134,20
4D 141,00 148,42 471,05 34968 4699 1,0592998423 132,98
Min. 139,80 147,16 467,89 349,68 466,77 1,0323421000 128,73
Ave. 141,48 148,93 472,32 351,82 471,178 1,0499882722 132,17
Dev. 1,656 1,835 11,468 2,880 11,413 0,0000542443 2,6994

H.6 Tabel hasil analisa data perhitungan berdasarkan nilai kekerasan, nilai

ketebalan minimum yang diizinkan (tmin), tekanan kerja maksimum yang

diizinkan (MAWP) pada spesimen uji.

Deskripsi t Op MAWP P tmin
(mm) (mm) (MPa) (MPa) (mm)

Tube twiom, 2mm 2D 1,90 60,30 7,01 13,70 3,35
Tube tiom, 2mm  2F 2,18 60,30 8,42 13,70 3,30
Tube twiom, 3mm  3C 294 60,30 12,26 13,70 3,23
Tube toom, 3mm 3D 3,25 60,30 13,80 13,70 3,23
Tube tyom, 4 mm 4D 4,18 60,30 18,28 13,70 3,26
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H.7 Tabel data perhitungan radius luar (r,), radius dalam (r;), radius pada lokasi

tertentu (r) serta kriteria silinder berdinding tebal atau tipis pada spesimen uji.

Yo ¥i r rasio

Deskripsi (mm)  (mm) (mm) (1) Kriteria

Tube twom, 2mm__ 2D 30,15 2825 2920 0937 rt>10

Tube twom, 2mm__ 2F 30,15 2797 29,06 0,928 r/t>10

Tube twom, 3mm__ 3C 30,15 2721 28,68 0,902 1/t <10

Tube twom, 3mm__ 3D 30,15 26,90 2853 0,892 r/t<I10

Tube tiom, 4 mm 4D 30,15 2597 28,06 0,861 r/t<10
H.8 Tabel hasil analisa data perhitungan tegangan elastis
tangensial/circumferential/hoop stress (oHe), tegangan elastis

aksial/longitudinal (oz.), tegangan elastis radial (oz.) dan tegangan equivalen

elastis (0£4e) pada spesimen uji.

Deskripsi Ce Gz O Oy
(N/mm?) (N/mm?) (N/mm?) (N/mm?)
Tube thom, 2mm 2D 203,586 98,535 0,0 176,341
Tube toom, 2 mm 2F 175,646 84,591 0,0 152,149
Tube twom, 3 mm 3C 126,620 60,148 -6,324 115,133
Tube twom, 3mm 3D 113,199 53,467 -6,265 103,459
Tube tuom, 4 mm 4D 84,863 39,389 -6,086 78,764

H.9 Tabel hasil analisa data perhitungan regangan elastis tangensial (&),
regangan elastis aksial/longitudinal (ez), regangan elastis radial (eze) dan

regangan equivalen (egqe) elastis pada spesimen uji.

EHe &ze ERe EEqe
0,0009832  0,0002116 -0,0005121 0,0008634
0,0008490 0,0001802 -0,0004411 0,0007450
0,0006241  0,0001359 -0,0003523 0,0005637
0,0005595 0,0001208 -0,0003179  0,0005066
0,0004230 0,0000890 -0,0002450 0,0003857
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H.10 Tabel Hasil analisa data perhitungan tegangan plastis

tangensial/circumferential/hoop  stress (oHp), tegangan  plastis

aksial/longitudinal (¢7,), tegangan plastis radial (or,) dan tegangan equivalen

plastis (0£4p) pada spesimen uji.

. . 0, 0. v} v}
Deskripsi (N/mm?) (Nmm®)  (Nmw®) (N/mmt?)
Tube twm. 2mm 2D 203735 98498 00 176471
Tube tom, 2mm  2F 175818 84548 00  152.300
Tube tom, 3mm  3C 126.853 60090  -6324 115335
Tube twm, 3mm 3D 113459 53402 -6.265 103,684
Tube toom, 4 mm 4D 85202 39304  -6,086 79,058

H.11 Tabel hasil analisa data perhitungan regangan plastis tangensial (emp),
regangan plastis aksial/longitudinal (ez,), regangan plastis radial (er,) dan

regangan equivalen (egqp) plastis pada spesimen uji.

EHp &zZp ERp EEqp
0,0009841 0,0002112 -0,0005123 0,0008641
0,0008500 0,0001797 -0,0004413 0,0007457
0,0006256 0,0001352 -0,0003526 0,0005647
0,0005611 0,0001200 -0,0003182 0,0005077
0,0004251 0,0000880 -0,0002454 0,0003871
H.12 Tabel hasil analisa data perhitungan tegangan termal
tangensial/circumferential/hoop stress (om), tegangan termal

aksial/longitudinal (oz), tegangan termal radial (or/) dan tegangan equivalen

termal (og4) pada spesimen uji.

Deskripsi oH oz Ok CEqt
(Nmm?)  (N/mm?) (N/mm?)  (N/mm?)
Tube twom, 2 mm 2D 6,680 -3,342 0,0 8,838
Tube toom, 2 mm  2F 7,611 -3,808 0,0 10,070
Tube toom, 3mm  3C 10,367 -5,191 -15,558 22,601
Tube twom, 3mm 3D 11,506 -5,763 -17,269 25,086
Tube tyom, 4 mm 4D 14,974 -7,509 -22,483 32,655
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H.13 Tabel hasil analisa data perhitungan regangan termal tangensial (em),
regangan termal aksial/longitudinal (ez), regangan termal radial (er;) dan

regangan equivalen (eg4) termal pada spesimen uji.

EHt &7t ERt EEqt
0,0049191 0,0048455 0,0048700 0,0000433
0,0048694 0,0047856 0,0048135 0,0000493
0,0049028 0,0047885 0,0047124 0,0001107
0,0049086 0,0047817 0,0046972 0,0001228
0,0049260 0,0047609 0,0046509 0,0001599
H.14 Tabel hasil analisa data perhitungan tegangan steady-state
tangensial/circumferential/lhoop  stress (owss), tegangan steady-state

aksial/longitudinal (ozs), tegangan steady-state radial (orss) dan tegangan

equivalen steady-state (ok4ss) pada spesimen uji.

Deskripsi G Hss OZss ORss GEqyss
(N/mm?) (N/mm?) (N/mm?) (N/mm?)
Tube thom, 2mm 2D 203,731 98,513 0,0 176,468
Tube thom, 2mm 2F 175,814 84,565 0,0 152,296
Tube thom, 3mm 3C 126,848 60,113 -6,623 115,589
Tube thom, 3mm 3D 113,453 53,428 -6,597 103,967
Tube tiom, 4 mm 4D 85,195 39,338 -6,519 79,427

H.15 Tabel hasil analisa data perhitungan regangan steady-state tangensial (exss),
regangan steady-state aksial/longitudinal (ezs), regangan steady-state radial

(erss) dan regangan equivalen (ggyss) steady-state pada spesimen uji.

EHss £7ss ERss EEgss

0,0009841 0,0002113 -0,0005123 0,0008641
0,0008500 0,0001798 -0,0004413 0,0007457
0,0006260 0,0001358 -0,0003543 0,0005660
0,0005616 0,0001207 -0,0003201 0,0005091
0,0004257 0,0000889 -0,0002479 0,0003889
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H.16 Tabel hasil analisa data perhitungan tegangan equivalen elastis (ogqe),

tegangan equivalen plastis (oggp), tegangan equivalen termal (ogy) dan

tegangan equivalen steady-state (okyss) pada spesimen uji.

.. OEge OE OFEqt OEgss
Deskripsi (N/mqu) (N/mq:nz) (N/mqmz) (N/mm?)
Tube trom, 2 mm 2D 176341 176471 8,838 176,468
Tube tyom, 2 mm__ 2F 152,149 152,300 10,070 152,296
Tube tuom, 3mm__ 3C 115,133 115335 22,601 115,589
Tube tyom, 3 mm 3D 103,459 103,684 25,086 103,967
Tube tuom, 4mm 4D 78,764 79,058 32,655 79,427

H.17 Tabel hasil analisa data perhitungan regangan equivalen elastis (eggpe),

regangan equivalen plastis (eggp), regangan equivalen termal (ezy) dan

regangan equivalen steady-state (eg45) pada spesimen uji.

EEqe EEqp EEqt EEgss
0,0008634 0,0008641  0,0000433  0,0008641
0,0007450 0,0007457  0,0000493  0,0007457
0,0005637 0,0005647  0,0001107  0,0005660
0,0005066 0,0005077  0,0001228  0,0005091
0,0003857 0,0003871  0,0001599  0,0003889

H.18 Tabel hasil analisa data perhitungan penilaian umur (Life Assessment),

tegangan equivalen elastis (or4e), waktu prediksi putus/pecah dan waktu

putus/pecah aktual pada spesimen uji.

. . tact OEqe Temp. Time to Rupture (Hours)
Deskripst (mm) (Nmm’)  (°C) Pru Min. Ave.  Actual
2D 1,9 154,29 538 13261,6 5,65 15,93 8,002
2F 2,18 155,70 538 13241,2 533 15,03 14,368
3C 2,94 110,14 538 13986,5 44,26 124,73 119,78
3D 3,25 97,60 538 14230,7 88,54 249,55 246,45
4D 4,18 79,22 627 146334 4,56 12,86 4,76
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H.19 Tabel parameter pendukung dan hasil pengujian creep-rupture pada spesimen

uji.

RA I

(%) (mm)

Csr
(h)

E

(N/mm?)

G
(N/mm?)

O'qu/G

Criteria

39,39 60,5

0,0229

1,40E+05

5,40E+04

0,00286

0,0001 <0/G <0,01

64,8 67,2

0,0124

1,40E+05

5,40E+04

0,00288

0,000 <o/G <0,01

58,47 71,3

0,0024

1,40E+05

5,40E+04

0,00204

0,000 <o/G <0,01

49,25 72,85

0,0011

1,40E+05

5,40E+04

0,00181

0,0001 <o/G<0,01

66,27 93,4

0,0930

1,15E+05

4,44E+04

0,00178

0,0001 <0/G <0,01

H.20 Tabel data hasil pengukuran butir ferrite arah horizontal/memanjang untuk

sisi lebar/width side dan sisi ketebalan/thick side.

Spesimen 4C

Spesimen 2D

Spesimen 3D

Spesimen 4D

grain size (um) grain size (um) grain size (um) grain size (um)

Deskripsi
width  thick width thick width thick width thick
side side side side side side side side
Point 1 16,70 14,20 1830 27,00 20,30 29,80 20,00 27,70
Point 2 1820 22,40 28,00 20,70 2240 3230 27,30 30,80
Point 3 15,00 1840 13,70 2520 16,10 48,00 20,50 26,90
Point 4 1590 17,40 14,50 16,80 15,00 3690 2420 11,30
Point 5 1840 11,40 1240 20,60 2230 28,70 26,90 32,30
Point 6 12,20 1890 17,20 18,50 32,80 18,50 2320 21,60
Point 7 9,50 20,30 19,30 39,00 2380 27,60 17,70 44,50
Minimum 9,50 11,40 12,40 16,80 1500 18,50 17,70 11,30
Average 15,139 17,571 17,629 23971 21,814 31,686 22829 27871
Deviate 5290 6,891 13,630 28331 17,216 41,396 6,526 51,635
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H.21 Tabel data hasil pengujian creep-rupture spesimen uji 2D.

Material/Specimen SA-210 A1 -- 2D
Machine GCTM (BM)
Mass/test load 130 kgs
Temperature Set 538 °C
Time 12.00 WITA
Start to Temperature Date 09/08/2021
Expansion 1,956 mm
Finish at Time 13.53 WITA
Temperature Date 09/08/2021
Duration 1 Hour 53 Min
Duration (Heating Homogen) 1 Hour 57 Min
Time 15.56 WITA
Start loading Date 09/08/2021
Expansion 2,055 mm
Instanteneous Deformation (ID) 4,695 mm
Time 23.49 WITA
Date 09/08/2021
Duration (Predict. Fracture) | 5,65 Hrs -- 15,93Hrs
Duration (actual Fracture) 8 Hour 0,1 Min
(8,002 Hours)
Break/Fracture Length at Fracture (Dial) 66,66 mm
Final Length (Ambient) 60,50 mm
Area Fracture (W x t) 9,25x 1,55 mm
Reduction in Area (RA) 39,39 %
Creep Strain Rate 2,29E-02 h™
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)

S lemee e SO 1 . SO ENE—— S
H
D
L
MATERIAL : SA-210 A1 SPECIMEN 2D
Applied For
A B C D F H L Hardness/H
Width/W (mm Thickness/t (mm
mm) | mmy | Gmm) | mm | Gmm) | mmy | ) (rmm) (rmm) BHN | 7ost mm 9
Wi:| 12,50 ti:| 2,04 tia:| 2,10 tis:| 2,10 tiave:]l 2,08 Hi:] 123 25,5000
Wa2:| 12,70 t2:] 2,09 ta:| 2,15 ts: 2,10 toave:l 2,11 H2: 137 26,5430
Ws:| 12,70 t3:| 2,02 t3a:] 2,05 tss:| 2,05 taave:|l 2,04 H3:] 104 25,6540
wa:l 1255 te:| 204 | taa:| 210 | ] 205 | teave:| 210 Ha:| 105 25,6020
75 40 85 13 50 50 2345
’ Ws:| 12,65 ts:)| 1,93 | tsa:| 2,05 tse:[ 2,10 tsave:] 2,03 Hs:] 98 24,4145
We:| 12,45 te:| 1,84 tea:| 1,94 te:| 1,92 teave:l 1,90 He:] 114 22,9080
WAVE : 12,59 tMlN: 1,84 tMlNZ 1,94 tMlNZ 1,92 tA VEtot * 2,04 Huave 113,50 Anmin.
WMIN : 12,45 Selected N/A tuv:] 1,90 Hmiv 98 22,9080
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CREEP-RUPTURE DATA

MATERIAL SA-210 A1 |SPECIMEN 2D THICKNESS |[Minimum (mm) 1,90
TEMPERATURE 538 °C  |[LOAD/MASS 130 kgs Average (mm) 2,04
Time Duration | Length /| Time Duration | Length /|
No. Date Hour | Min. | Sec. | (hour) | I(mm) No. Date Hour | Min. | Sec. (hour) | I (mm)
1 09/08/2021 12 00 | 00 0,0 0,0 58
2 Start Temp. 12 15 00 0,25 0,010 | 59
3 -- 12 30 | 00 0,25 0,252 | 60
4 -- 12 45 00 0,25 0,845 | 61
5 - 13 00 | 00 0,25 1,335 | 62
6 - 13 15 00 0,25 1,538 | 63
7 -- 13 30 | 00 0,25 1,752 | 64
8 -- 13 45 00 0,25 1,900 | 65
9 |Finish Temp 13 53 19 0,1386 1,956 | 66
10 -- 14 08 | 20 0,25 1,982 | 67
11 -- 14 23 | 20 0,25 1,999 | 68
12 -- 14 38 | 20 0,25 2,007 | 69
13 -- 14 53 20 0,25 2,008 | 70
14 -- 15 08 | 20 0,25 2,012 | 71
15 -- 15 23 | 20 0,25 2,015 | 72
16 -- 15 38 | 20 0,25 2,021 73
17 | Finish Heat. 15 50 | 50 0,2083 2,055 | 74
18 Start Load 15 56 12 0,0015 | 4,695 | 75
19 -- 16 11 12 0,25 5382 | 76
20 -- 16 26 12 0,25 5742 | 77
21 -- 16 41 12 0,25 6,046 | 78
22 -- 16 56 12 0,25 6,338 | 79
23 -- 17 11 12 0,25 6,615 | 80
24 -- 17 26 12 0,25 6,884 | 81
25 -- 17 41 12 0,25 7,168 | 82
26 -- 17 56 12 0,25 7,430 | 83
27 -- 18 11 12 0,25 7,672 | 84
28 -- 18 26 12 0,25 7915 | 85
29 -- 18 41 12 0,25 8,188 | 86
30 -- 18 56 12 0,25 8,460 | 87
31 -- 19 11 12 0,25 8,718 | 88
32 -- 19 26 12 0,25 8978 | 89
33 -- 19 41 12 0,25 9,248 | 90
34 -- 19 56 12 0,25 9,534 | 91
35 -- 20 11 12 0,25 9,812 | 92
36 -- 20 26 12 0,25 10,112 | 93
37 -- 20 41 12 0,25 10,405 | 94
38 -- 20 56 12 0,25 10,781 | 95
39 -- 21 11 12 0,25 11,051 96
40 -- 21 26 12 0,25 11,385 | 97
41 - 21 41 12 0,25 11,722 | 98
42 21 56 12 0,25 12,072 | 99
43 - 22 11 12 0,25 12,450 | 100
44 -- 22 26 12 0,25 12,825 | 101
45 -- 22 41 12 0,25 13,280 | 102
46 - 22 56 12 0,25 13,721 ] 103
47 - 23 11 12 0,25 14,235 | 104
48 -- 23 26 12 0,25 14,838 | 105
49 -- 23 41 12 0,25 15,578 | 106
50 Fracture 23 49 | 35 0,25 16,660 | 107
51 - 108
52 -- 109
53 -- 110
54 - 111
55 - 112
56 - 113
57 -- 114
TOTAL DURATION CREEP & LENGTH | 8,0015 | 16,660 | TOTAL DURATION CREEP & LENGTH - -
TOTAL TIME CREEP-RUPTURE (HOURS) 11,8484
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DATA ACTUAL ANALYSIS TABLE

Length Diff. . Length Diff. .
No. (Dia(gl,)/l L ergth lLength/ Strain Elon;gatmn No. (Diaél’) Yan; enfgth Length/| Strain Elon:)gatton
(mm) (mm) f(mm) (%) (mm) (mm) Ly (mm) (%)

1 0,0 0,0 50,0 0,0 0,0 58
2 0,010 0,010 50,0 | 0,0002 0,020 59
3 0,252 0,242 | 50,252 | 0,0050 0,504 60
4 0,845 0,593 | 50,845 | 0,0169 1,690 61
5 1,335 0,490 | 51,335 | 0,0267 2,670 62
6 1,538 0,203 | 51,538 | 0,0308 3,076 63
7 1,752 0,214 | 51,752 | 0,0350 3,504 64
8 1,900 0,148 | 51,900 | 0,0380 3,800 65
9 1,956 0,056 | 51,956 | 0,0391 3,912 66
10 1,982 0,026 | 51,982 | 0,0396 3,964 67
11 1,999 0,017 | 51,999 | 0,0400 3,998 68
12 2,007 0,008 | 52,007 | 0,0401 4,014 69
13 2,008 0,001 | 52,008 | 0,0402 4,016 70
14 2,012 0,004 | 52,012 | 0,0402 4,024 71
15 2,015 0,003 | 52,015 | 0,0403 4,030 72
16 2,021 0,006 | 52,021 | 0,0404 4,042 73
17 2,055 0,034 | 52,055 | 0,0411 4,110 74
18 4,695 2,640 | 54,695 | 0,0939 9,390 75
19 5,382 0,687 | 55,382 | 0,1076 10,764 76
20 5,742 0,360 | 55,742 | 0,1148 11,484 77
21 6,046 0,304 | 56,046 | 0,1209 12,092 78
22 6,338 0,292 | 56,338 | 0,1268 12,676 79
23 6,615 0,277 | 56,615 | 0,1323 13,230 80
24 6,884 0,269 | 56,884 | 0,1377 13,768 81
25 7,168 0,284 | 57,168 | 0,1434 14,336 82
26 7,430 0,262 | 57,430 | 0,1486 14,860 83
27 7,672 0,242 | 57,672 | 0,1534 15,344 84
28 7915 0,243 | 57,915 | 0,1583 15,830 85
29 8,188 0,273 | 58,188 | 0,1638 16,376 86
30 8,460 0,272 | 58,460 | 0,1692 16,920 87
31 8,718 0,258 | 58,718 | 0,1744 17,436 88
32 8,978 0,260 | 58,978 | 0,1796 17,956 89
33 9,248 0,270 | 59,248 | 0,1850 18,496 90
34 9,534 0,286 | 59,534 | 0,1907 19,068 91
35 9,812 0,278 | 59,812 | 0,1962 19,624 92
36 10,112 | 0,300 | 60,112 | 0,2022 20,224 93
37 10,405 | 0,293 | 60,405 | 0,2081 20,810 94
38 10,781 0,376 | 60,781 | 0,2156 21,562 95
39 11,051 0,270 | 61,051 | 0,2210 22,102 96
40 11,385 | 0,334 | 61,385 | 0,2277 22,770 97
41 11,722 | 0,337 | 61,722 | 0,2344 23,444 98
42 12,072 | 0,350 | 62,072 | 0,2414 24,144 99
43 12,450 | 0,378 | 62,450 | 0,2490 24,900 100
44 12,825 | 0,375 | 62,825 | 0,2565 25,650 101
45 13,280 | 0,455 | 63,280 | 0,2656 26,560 102
46 13,721 | 0,441 | 63,721 | 0,2744 27,442 103
47 14,235 | 0,514 | 64,235 | 0,2847 28,470 104
48 14,838 | 0,603 | 64,838 | 0,2968 29,676 105
49 15,578 | 0,740 | 65,578 | 0,3116 31,156 106
50 16,660 | 1,082 | 66,660 | 0,3332 33,320 107
51 108
52 109
53 110
54 111
55 112
56 113
57 114
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DATA CALCULATION ANALYSIS TABLE

Length | Diff: Length | Diff-
No. (Dia% /1 Le;;gth lLength/ Strain Eloz1§atlon No. (Diaﬁ /1 Lergth Length/ Strain Elonngatwn
(mm) (mm) £ (mm) (%) (mm) (mm) Ly (mm) (%)
1 0,0 0,0 50,0 0,0 0,0 58
2 2,640 | 2,640 52,6 0,0528 5,280 59
3 3,327 | 0,687 | 53,327 | 0,0665 6,654 60
4 3,687 | 0,360 | 53,687 | 0,0737 7,374 61
5 3,991 0,304 | 53,991 | 0,0798 7,982 62
6 4,283 | 0,292 | 54,283 | 0,0857 8,566 63
7 4,560 | 0,277 | 54,560 | 0,0912 9,120 64
8 4,829 | 0,269 | 54,829 | 0,0966 9,658 65
9 5,113 | 0,284 | 55,113 | 0,1023 10,226 66
10 5375 | 0,262 | 55375 0,1075 10,750 67
11 5,617 | 0,242 | 55,617 | 0,1123 11,234 68
12 5,860 | 0,243 | 55,860 | 0,1172 11,720 69
13 6,133 | 0,273 | 56,133 | 0,1227 12,266 70
14 6,405 | 0,272 | 56,405 | 0,1281 12,810 71
15 6,063 | 0,258 | 56,663 | 0,1333 13,326 72
16 6,923 | 0,260 | 56,923 | 0,1385 13,846 73
17 7,193 | 0,270 | 57,193 | 0,1439 14,386 74
18 7,479 | 0,286 | 57,479 | 0,1496 14,958 75
19 7,757 | 0,278 | 57,757 | 0,1551 15,514 76
20 8,057 | 0,300 | 58,057 | 0,1611 16,114 77
21 8,350 | 0,293 | 58,350 | 0,1670 16,700 78
22 8,726 | 0,376 | 58,726 | 0,1745 17,452 79
23 8,996 | 0,270 | 58,996 | 0,1799 17,992 80
24 9,330 | 0,334 | 59,330 | 0,1866 18,660 81
25 9,667 | 0,337 | 59,667 | 0,1933 19,334 82
26 10,017 | 0,350 | 60,017 | 0,2003 20,034 83
27 10,395 | 0,378 | 60,395 | 0,2079 20,790 84
28 10,770 | 0,375 | 60,770 | 0,2154 21,540 85
29 11,225 | 0,455 | 61,225 | 0,2245 22,450 86
30 11,666 | 0,441 | 61,666 | 0,2333 23,332 87
31 12,180 | 0,514 | 62,180 | 0,2436 24,360 88
32 12,783 | 0,603 | 62,783 | 0,2557 25,566 89
33 13,523 | 0,740 | 63,523 | 0,2705 27,046 90
34 14,605 | 1,082 | 64,605 | 0,2921 29,210 91
35 92
36 93
37 94
38 95
39 96
40 97
41 98
42 99
43 100
44 101
45 102
46 103
47 104
48 105
49 106
50 107
51 108
52 109
53 110
54 111
55 112
56 113
57 114
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CALCULATION DATA GRAPH

o =154,29 MPa; 538 °C

No. (;;'Zfs ) Strain | No. (;;'Zfs ) Strain | No. (15:::2 ) Strain
1 0,0 0,0 58 115
2 | 0,0015 | 0,0528 | 59 116
3 1 02515 | 0,0665| 60 117
4 10,5015 | 0,0737 | 61 118
5 | 0,7515 | 0,0798 | 62 119
6 | 1,0015 | 0,0857 | 63 120
7 | 1,2515 ] 0,0912 | 64 121
8 | 1,5015 | 0,0966 | 65 122
9 1,7515 | 0,1023 | 66 123
10 | 2,0015 | 0,1075| 67 124
11 ] 2,2515 | 0,1123 | 68 125
12 | 2,5015 | 0,1172 | 69 126
13 | 2,7515 | 0,1227 | 70 127
14 | 3,0015 | 0,1281 | 71 128
15 ] 3,2515 | 0,1333 | 72 129
16 | 3,5015 | 0,1385| 73 130
17 | 3,7515 | 0,1439 | 74 131
18 | 4,0015 | 0,1496 | 75 132
19 | 4,2515 | 0,1551 | 76 133
20 | 4,5015 | 0,1611 | 77 134
21| 4,7515 | 0,1670 | 78 135
22 | 5,0015 | 0,1745| 79 136
23| 52515 | 0,1799 | 80 137
24 | 5,5015 | 0,1866 | 81 138
25| 5,7515 | 0,1933 | 82 139
26 | 6,0015 | 0,2003 | 83 140
27 | 6,2515 | 0,2079 | 84 141
28 | 6,5015 | 0,2154 | 85 142
29 | 6,7515 | 0,2245| 86 143
30 | 7,0015 | 0,2333 | 87 144
31| 7,2515 | 0,2436 | 88 145
32 | 7,5015 | 0,2557 | 89 146
33 | 7,7515 | 0,2705 | 90 147
34 | 8,0015 | 0,2921 | 91 148
35 92 149
36 93 150
37 94 151
38 95 152
39 96 153
40 97 154
41 98 155
42 99 156
43 100 157
44 101 158
45 102 159
46 103 160
47 104 161
48 105 162
49 106 163
50 107 164
51 108 165
52 109 166
53 110 167
54 111 168
55 112 169
56 113 170
57 114 171
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H.22 Tabel data hasil pengujian creep-rupture spesimen uji 2F.

Material/Specimen SA-210 A1 -- 2F
Machine BCTM
Mass/test load 115,93 kgs
Temperature Set 538 °C
Time 09.20 WITA
Start to Temperature Dare 02/09/2021
Expansion 1,898 mm
Time 11.05 WITA
Finish at Temperature Date 02/09/2021
Duration 1 Hour 45 Min
Duration (Heating Homogen) 3 Hours
Time 13.57 WITA
Start loading Date 02/09/2021
Expansion 2,141 mm
Instanteneous Deformation (ID) 4,720 mm
Time 04.12 WITA
Date 03/09/2021

Break/Fracture

Duration (Predict. Fracture)

5,33 Hrs -- 15,03 Hrs

Duration (actual Fracture) 14 Hour 22 Min
(14,37 Hours)
Length at Fracture (Dial) 72,31 mm
Final Length (Ambient) 67,2 mm
Area Fracture (W x t) 7,6 x 1,25 mm
Reduction in Area (RA) 64,77 %
Creep Strain Rate 1,24E-02 h™
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MATERIAL : SA-210 A1 SPECIMEN : 2F
A B c D F H L , , Hardness/H | Applied For
(mm) | mm) | (mm) | amm) | ammy | mm) | mmy Width/W (mm) Thickness/t (mm) (BHN) Test (mm ?)
Wi:| 12,55 ti:| 2,26 tia:] 2,25 tis:| 2,25 tiave:] 2,25 Hi: ] 123 28,3630

W2:| 12,35 t2:| 2,22 ta:] 2,20 ts:| 2,15 tave:] 2,19 H2:] 137 27,4170
Wis:| 12,35 t3:f 2,20 ta:] 2,15 tss:| 2,20 t3ave:] 2,18 Hs:] 104 27,1700
Wa:| 12,35 ta:| 2,21 tan:| 2,20 tag:| 2,30 taave:| 2,24 Ha4:] 105 27,2935
Ws:| 12,45 ts:| 2,34 tsa:| 2,45 tss:| 2,40 tsave:] 2,40 Hs:] 98 29,1330

75 40 85 13 50 50 2345

Wes:| 12,70 te:| 2,41 tea:| 2,45 teB:| 2,45 teave:] 2,44 He:| 114 30,6070
Wave: | 12,46 taav: | 2,20 | tawv:| 2,15 tumiv:| 2,15 tavewe:] 2,28 Have | 113,50 Amin.
WMmiNn: | 12,35 Selected N/A tmv:] 2,18 Hmiv 98 27,1700
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CREEP-RUPTURE DATA

MATERIAL SA-210 Al SPECIMEN 2F THICKNESS | Minimum (mm) 2,18
TEMPERATURE 538 °C LOAD/MASS 115,93 kgs Average (mm) 2,28
Time Duration | Length / Time Duration | Length /1

No. Date Hour | Min.| Sec. (hour) | I (mm) No. Date Hour| Min. | Sec. (hour) (mm)
1 02/09/2021 09 19 36 0,0 0,0 58 - 23 57 24 0,25 10,612
2 Start Temp. 09 44 36 0,25 0,560 59 03/09/2021 | 00 12 24 0,25 10,885
3 - 0 | 09 | 36 0,25 1258 | 60 ~ 00 27 24 0,25 11,172
4 - 10 34 36 0,25 1,664 61 -- 00 42 24 0,25 11,481
5 -- 10 59 36 0,25 1,862 62 -- 00 57 24 0,25 11,801
6  |Finish Temp.| 11 05 20 0,0955 1,898 63 - 01 12 24 0,25 12,128
7 - 11 20 20 0,25 1,972 64 -- 01 27 24 0,25 12,486
8 - | 35 | 20 0,25 2008 | 65 - 01 ) 24 0,25 12,855
9 -- 11 50 20 0,25 2,028 66 -- 01 57 24 0,25 13,244
10 - 12 05 20 0,25 2,045 67 - 02 12 24 0,25 13,651
11 -- 12 20 20 0,25 2,058 68 -- 02 27 24 0,25 14,114
12 - 12 35 20 0,25 2,068 69 - 02 42 24 0,25 14,595
13 -- 12 50 20 0,25 2,084 70 -- 02 57 24 0,25 15,138
14 - 13 05 20 0,25 2,099 71 - 03 12 24 0,25 15,746
15 -- 13 20 20 0,25 2,111 72 -- 03 27 24 0,25 16,440
16 - 13 35 20 0,25 2,126 73 - 03 42 24 0,25 17,305
17 Finish Heat. 13 50 20 0,25 2,141 74 - 03 57 24 0,25 18,474
18 Start Load 13 57 24 0,1177 4,720 75 Fracture 04 12 13 0,25 22,310
19 - 14 12 24 0,25 4,935 76

20 -- 14 27 24 0,25 5,019 77

21 - 14 42 24 0,25 5,072 78

22 -- 14 57 24 0,25 5,132 79

23 - 15 12 24 0,25 5,192 80

24 -- 15 27 24 0,25 5,255 81

25 ~ 15 | 42 | 24 0,25 5317 | 82

26 - 15 57 24 0,25 5,392 83

27 -- 16 12 24 0,25 5,464 84

28 - 16 27 24 0,25 5,527 85

29 -- 16 42 24 0,25 5,605 86

30 -- 16 57 24 0,25 5,680 87

31 -- 17 12 24 0,25 5,767 88

32 - 17 27 24 0,25 5,868 89

33 -- 17 42 24 0,25 5,968 90

34 - 17 57 24 0,25 6,074 91

35 -- 18 12 24 0,25 6,185 92

36 - 18 27 24 0,25 6,302 93

37 - 18 42 24 0,25 6,425 94

38 -- 18 57 24 0,25 6,565 95

39 = 9 | 12 | 24 0,25 6,698 | 96

40 -- 19 27 24 0,25 6,842 97

41 - 19 | 42 | 24 0,25 6,998 | 98

42 19 57 24 0,25 7,156 99

43 - 20 12 24 0,25 7,325 100

44 -- 20 27 24 0,25 7,498 101

45 - 20 42 24 0,25 7,674 102

46 -- 20 57 24 0,25 7,868 103

47 - 21 12 24 0,25 8,051 104

43 - 21 | 27 | 24 0,25 8255 | 105

49 -- 21 42 24 0,25 8,458 106

50 - 21 57 24 0,25 8,664 107

51 -- 22 12 24 0,25 8,888 108

52 - 22 27 24 0,25 9,108 109

53 -- 22 42 24 0,25 9,345 110

54 - 22 57 24 0,25 9,574 111

55 -- 23 12 24 0,25 9,820 112

56 - 23 27 24 0,25 10,070 113

57 - 23 42 24 0,25 10,329 | 114

TOTAL DURATION CREEP & LENGTH 9,8677 10,329 TOTAL DURATION CREEP & LENGTH 14,3677 22,310

TOTAL TIME CREEP-RUPTURE (HOURS) 18,2132
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DATA ACTUAL ANALYSIS TABLE

Length Diff: Length Diff:

No. (Di§l) /1 Lénfgth Length/ [ ¢ Strain Elongation No. (Diil) /1 Le.fzfgth Length/ [ ¢ Strain Elongation
1 0,0 0,0 50,0 0,0 0,0 58 10,612 | 0,283 60,612 | 0,2122 21,224
2 0,560 0,560 50,6 0,0112 1,120 59 10,885 0,273 60,885 | 0,2177 21,770
3 1,258 0,698 51,3 0,0252 2,516 60 11,172 | 0,287 61,172 | 0,2234 22,344
4 1,664 0,406 51,7 0,0333 3,328 61 11,481 0,309 61,481 | 0,2296 22,962
5 1,862 0,198 51,9 0,0372 3,724 62 11,801 0,320 61,801 | 0,2360 23,602
6 1,898 0,036 51,9 0,0380 3,796 63 12,128 | 0,327 62,128 | 0,2426 24,256
7 1,972 0,074 52,0 0,0394 3,944 64 12,486 | 0,358 62,486 | 0,2497 24,972
8 2,008 0,036 52,0 0,0402 4,016 65 12,855 0,369 62,855 | 0,2571 25,710
9 2,028 0,020 52,0 0,0406 4,056 66 13,244 | 0,389 63,244 | 0,2649 26,488
10 2,045 0,017 52,0 0,0409 4,090 67 13,651 0,407 63,651 | 0,2730 27,302
11 2,058 0,013 52,1 0,0412 4,116 68 14,114 | 0463 64,114 | 0,2823 28,228
12 2,068 0,010 52,1 0,0414 4,136 69 14,595 0,481 64,595 | 0,2919 29,190
13 2,084 0,016 52,1 0,0417 4,168 70 15,138 | 0,543 65,138 | 0,3028 30,276
14 2,099 0,015 52,1 0,0420 4,198 71 15,746 | 0,608 65,746 | 0,3149 31,492
15 2,111 0,012 52,1 0,0422 4,222 72 16,440 | 0,694 66,440 | 0,3288 32,880
16 2,126 0,015 52,1 0,0425 4,252 73 17,305 0,865 67,305 | 0,3461 34,610
17 2,141 0,015 52,1 0,0428 4,282 74 18,474 1,169 68,474 | 0,3695 36,948
18 4,720 2,579 54,7 0,0944 9,440 75 22,310 | 3,836 72,310 | 0,4462 44,620
19 4,935 0,215 54,9 0,0987 9,870 76
20 5,019 0,084 55,0 0,1004 10,038 77
21 5,072 0,053 55,1 0,1014 10,144 78
22 5,132 0,060 55,1 0,1026 10,264 79
23 5,192 0,060 55,2 0,1038 10,384 80
24 5,255 0,063 55,3 0,1051 10,510 81
25 5,317 0,062 55,3 0,1063 10,634 82
26 5,392 0,075 554 0,1078 10,784 83
27 5,464 0,072 55,5 0,1093 10,928 84
28 5,527 0,063 55,5 0,1105 11,054 85
29 5,605 0,078 55,6 0,1121 11,210 86
30 5,680 0,075 55,7 0,1136 11,360 87
31 5,767 0,087 55,8 0,1153 11,534 88
32 5,868 0,101 55,9 0,1174 11,736 89
33 5,968 0,100 56,0 0,1194 11,936 90
34 6,074 0,106 56,1 0,1215 12,148 91
35 6,185 0,111 56,2 0,1237 12,370 92
36 6,302 0,117 56,3 0,1260 12,604 93
37 6,425 0,123 56,4 0,1285 12,850 94
38 6,565 0,140 56,6 0,1313 13,130 95
39 6,098 0,133 56,7 0,1340 13,396 96
40 6,842 0,144 56,8 0,1368 13,684 97
41 6,998 0,156 57,0 0,1400 13,996 98
42 7,156 0,158 57,2 0,1431 14,312 99
43 7,325 0,169 57,3 0,1465 14,650 100
44 7,498 0,173 57,5 0,1500 14,996 101
45 7,674 0,176 57,7 0,1535 15,348 102
46 7,868 0,194 57,9 0,1574 15,736 103
47 8,051 0,183 58,1 0,1610 16,102 104
48 8,255 0,204 58,3 0,1651 16,510 105
49 8,458 0,203 58,5 0,1692 16,916 106
50 8,664 0,206 58,7 0,1733 17,328 107
51 8,888 0,224 58,9 0,1778 17,776 108
52 9,108 0,220 59,1 0,1822 18,216 109
53 9,345 0,237 59,3 0,1869 18,690 110
54 9,574 0,229 59,6 0,1915 19,148 111
55 9,820 0,246 59,8 0,1964 19,640 112
56 10,070 | 0,250 60,1 0,2014 | 20,140 113
57 10,329 | 0,259 60,3 0,2066 | 20,658 114
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DATA CALCULATION ANALYSIS TABLE

Length | Diff. Length | Diff.
No. (Dial% /1 Le.rlz(gt Length/ 1 Strain Elongation No. (Diag/ / Lé}{gt Length/ 1 ¢ Strain Elongation
(mm) (mm) (mm) (%) (mm) (mm) (mm) (%)
1 0,0 0,0 50,0 0,0 0,0 58 16,333 | 1,169 66,333 0,3267| 32,666
2 2,579 2,579 52,6 0,0516 5,158 59 20,169 | 3,836 70,169 0,4034| 40,338
3 2,794 0,215 52,8 0,0559 5,588 60
4 2,878 0,084 52,9 0,0576 5,756 61
5 2,931 0,053 52,9 0,0586 5,862 62
6 2,991 0,060 53,0 0,0598 5,982 63
7 3,051 0,060 53,1 0,0610 6,102 64
8 3,114 0,063 53,1 0,0623 6,228 65
9 3,176 0,062 53,2 0,0635 6,352 66
10 3,251 0,075 53,3 0,0650 6,502 67
11 3,323 0,072 53,3 0,0665 6,646 68
12 3,386 0,063 53,4 0,0677 6,772 69
13 3,464 0,078 53,5 0,0693 6,928 70
14 3,539 0,075 53,5 0,0708 7,078 71
15 3,626 0,087 53,6 0,0725 7,252 72
16 3,727 0,101 53,7 0,0745 7,454 73
17 3,827 0,100 53,8 0,0765 7,654 74
18 3,933 0,106 53,9 0,0787 7,866 75
19 4,044 0,111 54,0 0,0809 8,088 76
20 4,161 0,117 54,2 0,0832 8,322 77
21 4,284 0,123 54,3 0,0857 8,568 78
22 4,424 0,140 54,4 0,0885 8,848 79
23 4,557 0,133 54,6 0,0911 9,114 80
24 4,701 0,144 54,7 0,0940 9,402 81
25 4,857 0,156 54,9 0,0971 9,714 82
26 5,015 0,158 55,0 0,1003 10,030 83
27 5,184 0,169 55,2 0,1037 10,368 84
28 5,357 0,173 554 0,1071 10,714 85
29 5,533 0,176 55,5 0,1107 11,066 86
30 5,727 0,194 55,7 0,1145 11,454 87
31 5,910 0,183 55,9 0,1182 11,820 88
32 6,114 0,204 56,1 0,1223 12,228 89
33 6,317 0,203 56,3 0,1263 12,634 90
34 6,523 0,206 56,5 0,1305 13,046 91
35 6,747 0,224 56,7 0,1349 13,494 92
36 6,967 0,220 57,0 0,1393 13,934 93
37 7,204 0,237 57,2 0,1441 14,408 94
38 7,433 0,229 57,4 0,1487 14,866 95
39 7,679 0,246 57,7 0,1536 15,358 96
40 7,929 0,250 57,9 0,1586 15,858 97
41 8,188 0,259 58,2 0,1638 16,376 98
42 8,471 0,283 58,471 0,1694 16,942 99
43 8,744 0,273 58,744 0,1749 17,488 100
44 9,031 0,287 59,031 0,1806 18,062 101
45 9,340 0,309 59,340 0,1868 18,680 102
46 9,660 0,320 59,660 0,1932 19,320 103
47 9,987 0,327 59,987 0,1997 19,974 104
48 10,345 | 0,358 60,345 0,2069 20,690 105
49 10,714 | 0,369 60,714 0,2143 21,428 106
50 11,103 | 0,389 61,103 0,2221 22,206 107
51 11,510 | 0,407 61,510 0,2302 23,020 108
52 11,973 | 0,463 61,973 0,2395 23,946 109
53 12,454 | 0,481 62,454 0,2491 24,908 110
54 12,997 | 0,543 62,997 0,2599 25,994 111
55 13,605 | 0,608 63,605 0,2721 27,210 112
56 14,299 | 0,694 64,299 0,2860 28,598 113
57 15,164 | 0,865 65,164 0,3033 30,328 114
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CALCULATION DATA GRAPH

o =155,70 MPa; Temp. 538 ° C

No. (;‘:Z; ) Strain | No. (;‘:Z; ) Strain | No. (5;'::2 ) Strain
1 0,0 0,0 58 | 14,118 | 0,327 | 115
2 0,118 | 0,052 | 59 | 14,368 | 0,403 | 116
3 0,368 | 0,056 | 60 117
4 0,618 | 0,058 | 61 118
5 0,868 | 0,059 | 62 119
6 1,118 | 0,060 | 63 120
7 1,368 | 0,061 | 64 121
8 1,618 | 0,062 | 65 122
9 1,868 | 0,064 | 66 123
10 | 2,118 | 0,065 | 67 124
11| 2,368 | 0,066 | 68 125
12 | 2,618 | 0,068 | 69 126
13 ] 2,868 | 0,069 | 70 127
14| 3,118 | 0,071 | 71 128
15] 3,368 | 0,073 | 72 129
16 | 3,618 | 0,075 | 73 130
17 | 3,868 | 0,077 | 74 131
18 | 4,118 | 0,079 | 75 132
19 | 4,368 | 0,081 | 76 133
20 | 4,618 | 0,083 | 77 134
21| 4,868 | 0,086 | 78 135
22| 5,118 | 0,088 | 79 136
23 | 5,368 | 0,091 | 80 137
24 | 5,618 | 0,094 | 81 138
25| 5,868 | 0,097 | 82 139
26 | 6,118 | 0,100 | 83 140
27| 6,368 | 0,104 | 84 141

28 | 6,618 | 0,107 | 85 142
29 | 6,868 | 0,111 | 86 143
30| 7,118 | 0,115 | 87 144
31| 7,368 | 0,118 | 88 145
32| 7,618 | 0,122 | 89 146
33| 7,868 | 0,126 | 90 147
34| 8,118 | 0,130 | 91 148
35| 8368 | 0,135 | 92 149
36 | 8,618 | 0,139 | 93 150
37| 8,868 | 0,144 | 94 151
38| 9,118 | 0,149 | 95 152
39 | 9,368 | 0,154 | 96 153
40 | 9,618 | 0,159 | 97 154
41 | 9,868 | 0,164 | 98 155
421 10,118 | 0,169 | 99 156
43 | 10,368 | 0,175 | 100 157
441 10,618 | 0,181 | 101 158
45| 10,868 | 0,187 | 102 159
46 | 11,118 | 0,193 | 103 160
47 | 11,368 | 0,200 | 104 161
48 | 11,618 | 0,207 | 105 162
49 | 11,868 | 0,214 | 106 163
50 | 12,118 | 0,222 | 107 164
51| 12,368 | 0,230 | 108 165
52| 12,618 | 0,239 | 109 166
53| 12,868 | 0,249 | 110 167
54| 13,118 | 0,260 | 111 168
551 13,368 | 0,272 | 112 169
56 | 13,618 | 0,286 | 113 170
57 | 13,868 | 0,303 | 114 171
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H.23 Tabel data hasil pengujian creep-rupture spesimen uji 3C.

Material/Specimen SA-210 A1 -- 3C
Machine BCTM
Mass/test load 108,26 kgs
Temperature Set 538 °C
Start fo Time 18.35 WITA
Temperature Date 06/09/2021
Expansion 1,916 mm
Finish at Time 20.15 WITA
Temperature Date 06/09/2021
Duration 1 Hour 40 Min
Duration (Heating Homogen) 3 Hours
Time 23.19 WITA
Start loading Date 06/09/2021
Expansion 2,035 mm
Instanteneous Deformation (ID) 4,334 mm
Time 23.02 WITA
Date 11/09/2021
Duration (Predict. Fracture) | 44,26 Hrs - 124,73
Hrs
Duration (actual Fracture) 119 Hour 47 Min
Break/Fracture - (112,78 Hours)
Length at Fracture (Dial) 78,06 mm
Final Length (Ambient) 71,30 mm
Area Fracture (W x t) 8,25x 1,85 mm
Reduction in Area (RA) 58,47 %
Creep Strain Rate 2,45E-03 h™
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MATERIAL : SA-210 A1 SPECIMEN : 3C
Applied For
A B C D F H L Hardness/H
Width/W (mm Thickness/t (mm
mm) | mm | Gum) | mm | Gmm) | mmy | ) (rmm) (rmm) BHN | Lot (mm ?)
Wi:| 12,50 ti:] 3,05 tia:f 3,05 tis:| 3,05 tiave:] 3,05 Hi:] 116 38,1250
W2:| 12,45 t2:] 3,09 t2a:|l 3,10 ts:| 3,10 toave:] 3,10 Ha2:] 128 38,4705
W3:| 12,45 t3:] 3,06 t3a:] 3,10 t3B:| 3,00 t3ave:] 3,05 H3:| 131 38,0970
Wa:| 12,50 ta:| 2,82 taa:] 3,05 tsB:| 2,95 taave:| 2,94 Ha:| 98 35,2500
75 40 85 13 50 50 | 2345
Ws:| 12,50 ts:| 2,90 tsa:| 3,10 tse:| 3,05 tsave:] 3,02 Hs:] 102 36,2500
We:| 12,70 te:| 3,03 | tea:| 3,05 tes:| 3,05 toave:| 3,04 He:| 138 38,4810
Wave: | 12,52 tav: | 2,82 |taav:| 3,05 tmv:| 2,95 tavewe:] 3,03 | Have | 118,83 Amin.
WwmiN: | 12,45 Selected N/A tuiv:| 2,94 Hmiv 98 35,2500
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CREEP-RUPTURE DATA

MATERIAL SA-210 A1 |SPECIMEN 3C Minimum (mm) 2,94
TEMPERATURE 538 °C LOAD/MASS 108,26 kgs THICKNESS Average (mm) 3,03
Time Duration | Length/ Time Duration | Length /
No. Date Hour | Min. | Sec. (hour) L(mm) | Ne- Date Hour | Min. | Sec. (hour) I (mm)
1 06/09/2021 18 35 27 0 0,0 58 - 02 19 54 1 9,614
2 | StartTemp. [79 135 [ 27 1 1428 | 39 — 03 | 19 | 54 1 9,715
3 Finish Temp. | 20 15 10 0,662 1,916 60 - 04 19 54 1 9,842
4 - 21 15 10 1 2,001 61 - 05 19 54 1 9,962
5 -- 22 15 10 1 2,019 62 - 06 19 54 1 10,072
6 Fnish Heat. 23 15 10 1 2,035 63 - 07 19 54 1 10,188
7 Start Load 23 19 54 0,0791 4,334 64 - 08 19 54 1 10,339
8 07/09/2021 00 19 54 1 4,559 65 - 09 19 54 1 10,478
9 - 01 19 54 1 4,645 66 - 10 19 54 1 10,611
10 - 02 19 54 1 4,727 67 - 11 19 54 1 10,712
11 - 03 19 54 1 4812 68 - 12 19 54 1 10,850
12 - 04 19 54 1 4,874 69 - 13 19 54 1 10,960
13 - 05 19 54 1 4,945 70 - 14 19 54 1 11,095
14 - 06 19 54 1 5,012 71 - 15 19 54 1 11,228
15 - 07 19 54 1 5,096 72 - 16 19 54 1 11,374
16 - 08 19 54 1 5,189 73 - 17 19 54 1 11,494
17 - 09 19 54 1 5,285 74 - 18 19 54 1 11,654
18 - 10 19 54 1 5,374 75 - 19 19 54 1 11,810
19 - 11 19 54 1 5,478 76 - 20 19 54 1 11,955
20 - 12 19 54 1 5,564 77 - 21 19 54 1 12,095
21 - 13 19 54 1 5,646 78 - 22 19 54 1 12,235
22 - 14 19 54 1 5,752 79 - 23 19 54 1 12,415
23 - 15 19 54 1 5,844 80 10/09/2021 00 19 54 1 12,547
24 - 16 19 54 1 5,958 81 - 01 19 54 1 12,698
25 - 17 19 54 1 6,070 82 - 02 19 54 1 12,861
26 - 18 19 54 1 6,154 83 - 03 19 54 1 13,020
27 - 19 19 54 1 6,255 84 - 04 19 54 1 13,165
28 - 20 19 54 1 6,352 85 - 05 19 54 1 13,324
29 - 21 19 54 1 6,450 86 - 06 19 54 1 13,481
30 - 22 19 54 1 6,549 87 - 07 19 54 1 13,645
31 - 23 19 54 1 6,650 88 - 08 19 54 1 13,814
32 08/09/2021 00 19 54 1 6,755 89 - 09 19 54 1 13,988
33 - 01 19 54 1 6,858 90 - 10 19 54 1 14,168
34 - 02 19 54 1 6,958 91 - 11 19 54 1 14,338
35 - 03 19 54 1 7,062 92 - 12 19 54 1 14,510
36 - 04 19 54 1 7,172 93 - 13 19 54 1 14,699
37 - 05 19 54 1 7,284 94 - 14 19 54 1 14,878
38 - 06 19 54 1 7,389 95 - 15 19 54 1 15,058
39 - 07 19 54 1 7,485 96 - 16 19 54 1 15,266
40 - 08 19 54 1 7,600 97 - 17 19 54 1 15,460
41 - 09 19 54 1 7,720 98 18 19 54 1 15,662
42 - 10 19 54 1 7,814 99 - 19 19 54 1 15,878
43 - 11 19 54 1 7,915 100 - 20 19 54 1 16,104
44 - 12 19 54 1 8,029 101 - 21 19 54 1 16,328
45 - 13 19 54 1 8,118 102 - 22 19 54 1 16,544
46 - 14 19 54 1 8,242 103 - 23 19 54 1 16,778
47 - 15 19 54 1 8,355 104 11/09/2021 00 19 54 1 17,014
48 - 16 19 54 1 8,458 105 - 01 19 54 1 17,240
49 - 17 19 54 1 8,562 106 - 02 19 54 1 17,481
50 - 18 19 54 1 8,694 107 - 03 19 54 1 17,715
51 - 19 19 54 1 8,802 108 - 04 19 54 1 17,962
52 - 20 19 54 1 8,920 109 - 05 19 54 1 18,211
53 - 21 19 54 1 9,025 110 - 06 19 54 1 18,472
54 - 22 19 54 1 9,142 111 - 07 19 54 1 18,729
55 - 23 19 54 1 9,254 112 - 08 19 54 1 19,001
56 09/09/2021 00 19 54 1 9,367 113 - 09 19 54 1 19,315
57 - 01 19 54 1 9,482 114 - 10 19 54 1 19,612
TOTAL DURATION CREEP & LENGTH | 50,0791 | 9,482 | TOTAL DURATION CREEP & LENGTH | 107,0791 | 19,612
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CREEP-RUPTURE DATA

MATERIAL SA-210 Al |SPECIMEN 3C Minimum (mm) 2,94
TEMPERATURE 538 °C |LOAD/MASS 108,26 kgs THICKNESS Average (mm) 3,03
Time Duration | Length / Time Duration | Length /
No. Date Hour | Min. | Sec. | (hour) | I(mm) No. Date Hour | Min. | Sec. (hour) | I (mm)
115 11/09/2021 11 19 54 1 19,948 | 172
116 -- 12 19 54 1 20,278 | 173
117 -- 13 19 54 1 20,648 | 174
118 -- 14 19 54 1 21,032 | 175
119 -- 15 19 54 1 21,451 176
120 -- 16 19 54 1 21,881 | 177
121 -- 17 19 54 1 22,388 | 178
122 -- 18 19 54 1 22,908 | 179
123 -- 19 19 54 1 23,498 | 180
124 -- 20 19 54 1 24,145 | 181
125 -- 21 19 54 1 25,010 | 182
126 -- 22 19 54 1 26,111 ] 183
127 Fracture 23 01 58 0,701 28,060 | 184
128 185
129 186
130 187
131 188
132 189
133 190
134 191
135 192
136 193
137 194
138 195
139 196
140 197
141 198
142 199
143 200
144 201
145 202
146 203
147 204
148 205
149 206
150 207
151 208
152 209
153 210
154 211
155 212
156 213
157 214
158 215
159 216
160 217
161 218
162 219
163 220
164 221
165 222
166 223
167 224
168 225
169 226
170 227
171 228
TOTAL DURATION CREEP & LENGTH | 119,7801| 28,060 | TOTAL DURATION CREEP & LENGTH - -
TOTAL TIME CREEP-RUPTURE (HOURS) 124,4421
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DATA ACTUAL ANALYSIS TABLE

Length Diff. Length Diff.
No. (Di a% /1| Le )gth lLength/ Strain Elon§atmn (Di a'lg) /1| Le rgth Length/ Strain Elon§atmn
(mm) (mm) £ (mm) (%) No. (mm) (mm) 1 r(mm) (%)

1 0,0 0,0 50,0 0,0 0,0 58 9,614 0,132 59,614 | 0,1923 19,228
2 1,428 1428 | 51,428 | 0,0286 2,856 59 9,715 0,101 | 59,715 | 0,1943 19,430
3 1,916 0,488 | 51,916 | 0,0383 3,832 60 9,842 0,127 | 59,842 | 0,1968 19,684
4 2,001 0,085 | 52,001 | 0,0400 4,002 61 9,962 0,120 | 59,962 | 0,1992 19,924
5 2,019 0,018 52,019 0,0404 4,038 62 10,072 0,110 60,072 | 0,2014 20,144
6 2,035 0,016 52,035 0,0407 4,070 63 10,188 0,116 60,188 | 0,2038 20,376
7 4,334 2,299 54,334 0,0867 8,668 64 10,339 0,151 60,339 | 0,2068 20,678
8 4,559 0,225 54,559 0,0912 9,118 65 10,478 0,139 60,478 | 0,2096 20,956
9 4,645 0,086 54,645 0,0929 9,290 66 10,611 0,133 60,611 | 0,2122 21,222
10 4,727 0,082 54,727 0,0945 9,454 67 10,712 0,101 60,712 | 0,2142 21,424
11 4,812 0,085 54,812 0,0962 9,624 68 10,850 0,138 60,850 | 0,2170 21,700
12 4,874 0,062 54,874 0,0975 9,748 69 10,960 0,110 60,960 | 0,2192 21,920
13 4,945 0,071 54,945 0,0989 9,890 70 11,095 0,135 61,095 | 0,2219 22,190
14 5,012 0,067 55,012 0,1002 10,024 71 11,228 0,133 61,228 | 0,2246 22,456
15 5,096 0,084 55,096 0,1019 10,192 72 11,374 0,146 61,374 | 0,2275 22,748
16 5,189 0,093 55,189 0,1038 10,378 73 11,494 0,120 61,494 | 0,2299 22,988
17 5,285 0,096 55,285 0,1057 10,570 74 11,654 0,160 61,654 | 0,2331 23,308
18 5,374 0,089 55,374 0,1075 10,748 75 11,810 0,156 61,810 | 0,2362 23,620
19 5,478 0,104 55,478 0,1096 10,956 76 11,955 0,145 61,955 | 0,2391 23,910
20 5,564 0,086 55,564 0,1113 11,128 77 12,095 0,140 62,095 | 0,2419 24,190
21 5,646 0,082 55,646 0,1129 11,292 78 12,235 0,140 62,235 | 0,2447 24,470
22 5,752 0,106 55,752 0,1150 11,504 79 12,415 0,180 62,415 | 0,2483 24,830
23 5,844 0,092 55,844 0,1169 11,688 80 12,547 0,132 62,547 | 0,2509 25,094
24 5,958 0,114 55,958 0,1192 11,916 81 12,698 0,151 62,698 | 0,2540 25,396
25 6,070 0,112 56,070 0,1214 12,140 82 12,861 0,163 62,861 0,2572 25,722
26 6,154 0,084 56,154 0,1231 12,308 83 13,020 0,159 63,020 | 0,2604 26,040
27 6,255 0,101 56,255 0,1251 12,510 84 13,165 0,145 63,165 | 0,2633 26,330
28 6,352 0,097 56,352 0,1270 12,704 85 13,324 0,159 63,324 | 0,2665 26,648
29 6,450 0,098 56,450 0,1290 12,900 86 13,481 0,157 63,481 0,2696 26,962
30 6,549 0,099 56,549 0,1310 13,098 87 13,645 0,164 63,645 | 0,2729 27,290
31 6,650 0,101 56,650 0,1330 13,300 88 13,814 0,169 63,814 | 0,2763 27,628
32 6,755 0,105 56,755 0,1351 13,510 89 13,988 0,174 63,988 | 0,2798 27,976
33 6,858 0,103 56,858 0,1372 13,716 90 14,168 0,180 64,168 | 0,2834 28,336
34 6,958 0,100 56,958 0,1392 13,916 91 14,338 0,170 64,338 | 0,2868 28,676
35 7,062 0,104 57,062 0,1412 14,124 92 14,510 0,172 64,510 | 0,2902 29,020
36 7,172 0,110 57,172 0,1434 14,344 93 14,699 0,189 64,699 | 0,2940 29,398
37 7,284 0,112 57,284 0,1457 14,568 94 14,878 0,179 64,878 | 0,2976 29,756
38 7,389 0,105 57,389 0,1478 14,778 95 15,058 0,180 65,058 | 0,3012 30,116
39 7,485 0,096 57,485 0,1497 14,970 96 15,266 0,208 65,266 | 0,3053 30,532
40 7,60 0,115 57,600 0,1520 15,200 97 15,460 0,194 65,460 | 0,3092 30,920
41 7,720 0,120 57,720 0,1544 15,440 98 15,662 0,202 65,662 | 0,3132 31,324
42 7,814 0,094 57,814 0,1563 15,628 99 15,878 0,216 65,878 | 0,3176 31,756
43 7,915 0,101 57,915 0,1583 15,830 100 16,104 0,226 66,104 | 0,3221 32,208
44 8,029 0,114 58,029 0,1606 16,058 101 16,328 0,224 66,328 | 0,3266 32,656
45 8,118 0,089 58,118 0,1624 16,236 102 16,544 0,216 66,544 | 0,3309 33,088
46 8,242 0,124 58,242 0,1648 16,484 103 16,778 0,234 66,778 | 0,3356 33,556
47 8,355 0,113 58,355 0,1671 16,710 104 17,014 0,236 67,014 | 0,3403 34,028
48 8,458 0,103 58,458 0,1692 16,916 105 17,240 0,226 67,240 | 0,3448 34,480
49 8,562 0,104 58,562 0,1712 17,124 106 17,481 0,241 67,481 0,3496 34,962
50 8,694 0,132 58,694 0,1739 17,388 107 17,715 0,234 67,715 | 0,3543 35,430
51 8,802 0,108 58,802 0,1760 17,604 108 17,962 0,247 67,962 | 0,3592 35,924
52 8,920 0,118 58,920 0,1784 17,840 109 18,211 0,249 68,211 0,3642 36,422
53 9,025 0,105 59,025 0,1805 18,050 110 18,472 0,261 68,472 | 0,3694 36,944
54 9,142 0,117 59,142 0,1828 18,284 111 18,729 0,257 68,729 | 0,3746 37,458
55 9,254 0,112 59,254 0,1851 18,508 112 19,001 0,272 69,001 0,3800 38,002
56 9,367 0,113 59,367 0,1873 18,734 113 19,315 0,314 69,315 | 0,3863 38,630
57 9,482 0,115 59,482 0,1896 18,964 114 19,612 0,297 69,612 | 0,3922 39,224
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DATA ACTUAL ANALYSIS TABLE

Length Diff. . Length Diff. .
No. (Dial)/1 | Length Length/ Strain Elongation (Dial)/ | Length Length/ Strain Elongation
(mm) (mm) 1 y(mm) (%) No. (mm) (mm) 1 r(mm) (%)
115 19,948 0,336 | 69,948 | 0,3990 39,896 172
116 20,278 0,330 | 70,278 | 0,4056 40,556 173
117 20,648 0,370 | 70,648 | 0,4130 41,296 174
118 21,032 0,384 | 71,032 | 0,4206 42,064 175
119 21,451 0,419 | 71,451 | 0,4290 42,902 176
120 21,881 0,430 | 71,881 | 04376 43,762 177
121 22,388 0,507 | 72,388 | 0,4478 44,776 178
122 22,908 0,520 | 72,908 | 0,4582 45,816 179
123 23,498 0,590 | 73,498 | 0,4700 46,996 180
124 24,145 0,647 | 74,145 | 0,4829 48,290 181
125 25,010 0,865 | 75,010 | 0,5002 50,020 182
126 26,111 1,101 | 76,111 [ 0,5222 52,222 183
127 28,060 1,949 [ 78,060 | 0,5612 56,120 184
128 185
129 186
130 187
131 188
132 189
133 190
134 191
135 192
136 193
137 194
138 195
139 196
140 197
141 198
142 199
143 200
144 201
145 202
146 203
147 204
148 205
149 206
150 207
151 208
152 209
153 210
154 211
155 212
156 213
157 214
158 215
159 216
160 217
161 218
162 219
163 220
164 221
165 222
166 223
167 224
168 225
169 226
170 227
171 228
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DATA CALCULATION ANALYSIS TABLE
Length | Diff. Length | Diff
No. (Dia%/l Leﬁgth lLength/ Strain Elonogation (Dia?)/l Lergth Length/ Strain Elon§ation
(mm) (mm) 7 (mm) (%) No. (mm) (mm) 1 r(mm) (%)

1 0,0 0,0 50,0 0,0 0,0 58 8,153 0,116 58,153 | 0,1631 16,306
2 2,299 2,299 52,299 | 0,0460 4,598 59 8,304 0,151 58,304 | 0,1661 16,608
3 2,524 | 0225 | 52,524 | 0,0505 5,048 60 8,443 | 0,139 | 58,443 | 0,1689 16,886
4 2,610 | 0,086 | 52,610 | 0,0522 5,220 61 8,576 | 0,133 | 58,576 | 0,1715 17,152
5 2,692 0,082 52,692 | 0,0538 5,384 62 8,677 0,101 58,677 | 0,1735 17,354
6 2,777 | 0,085 | 52,777 | 0,0555 5,554 63 8,815 | 0,138 | 58,815 | 0,1763 17,630
7 2,839 | 0,062 | 52,839 | 0,0568 5,678 64 8,925 | 0,110 | 58,925 | 0,1785 17,850
8 2,910 0,071 52,910 | 0,0582 5,820 65 9,060 0,135 59,060 | 0,1812 18,120
9 2,977 0,067 52,977 | 0,0595 5,954 66 9,193 0,133 59,193 | 0,1839 18,386
10 3,061 0,084 53,061 0,0612 6,122 67 9,339 0,146 59,339 | 0,1868 18,678
11 3,154 0,093 53,154 | 0,0631 6,308 68 9,459 0,120 59,459 | 0,1892 18,918
12 3,250 0,096 53,250 | 0,0650 6,500 69 9,619 0,160 59,619 | 0,1924 19,238
13 3,339 0,089 53,339 | 0,0668 6,678 70 9,775 0,156 59,775 | 0,1955 19,550
14 3,443 0,104 53,443 | 0,0689 6,886 71 9,920 0,145 59,920 | 0,1984 19,840
15 3,529 0,086 53,529 | 0,0706 7,058 72 10,060 0,140 60,060 | 0,2012 20,120
16 3,611 0,082 53,611 0,0722 7,222 73 10,200 0,140 60,200 | 0,2040 20,400
17 3,717 0,106 53,717 | 0,0743 7,434 74 10,380 0,180 60,380 | 0,2076 20,760
18 3,809 0,092 53,809 | 0,0762 7,618 75 10,512 0,132 60,512 | 0,2102 21,024
19 3,923 0,114 53,923 | 0,0785 7,846 76 10,663 0,151 60,663 | 0,2133 21,326
20 4,035 0,112 54,035 | 0,0807 8,070 77 10,826 0,163 60,826 | 0,2165 21,652
21 4,119 0,084 54,119 | 0,0824 8,238 78 10,985 0,159 60,985 | 0,2197 21,970
22 4,220 0,101 54,220 | 0,0844 8,440 79 11,130 0,145 61,130 | 0,2226 22,260
23 4,317 0,097 54,317 | 0,0863 8,634 80 11,289 0,159 61,289 | 0,2258 22,578
24 4,415 0,098 54,415 | 0,0883 8,830 81 11,446 0,157 61,446 | 0,2289 22,892
25 4,514 0,099 54,514 | 0,0903 9,028 82 11,610 0,164 61,610 | 0,2322 23,220
26 4,615 0,101 54,615 | 0,0923 9,230 83 11,779 0,169 61,779 | 0,2356 23,558
27 4,720 0,105 54,720 | 0,0944 9,440 84 11,953 0,174 61,953 | 0,2391 23,906
28 4,823 0,103 54,823 | 0,0965 9,646 85 12,133 0,180 62,133 | 0,2427 24,266
29 4,923 0,100 54,923 | 0,0985 9,846 86 12,303 0,170 62,303 | 0,2461 24,606
30 5,027 0,104 55,027 | 0,1005 10,054 87 12,475 0,172 62,475 | 0,2495 24,950
31 5,137 0,110 55,137 | 0,1027 10,274 88 12,664 0,189 62,664 | 0,2533 25,328
32 5,249 0,112 55,249 | 0,1050 10,498 89 12,843 0,179 62,843 | 0,2569 25,686
33 5,354 0,105 55,354 | 0,1071 10,708 90 13,023 0,180 63,023 | 0,2605 26,046
34 5,450 0,096 55,450 | 0,1090 10,900 91 13,231 0,208 63,231 0,2646 26,462
35 5,565 0,115 55,565 | 0,1113 11,130 92 13,425 0,194 63,425 | 0,2685 26,850
36 5,685 0,120 55,685 | 0,1137 11,370 93 13,627 0,202 63,627 | 0,2725 27,254
37 5,779 0,094 55,779 | 0,1156 11,558 94 13,843 0,216 63,843 | 0,2769 27,686
38 5,880 0,101 55,880 | 0,1176 11,760 95 14,069 0,226 64,0609 | 0,2814 28,138
39 5,994 0,114 55,994 | 0,1199 11,988 96 14,293 0,224 64,293 | 0,2859 28,586
40 6,083 0,089 56,083 | 0,1217 12,166 97 14,509 0,216 64,509 | 0,2902 29,018
41 6,207 0,124 56,207 | 0,1241 12,414 98 14,743 0,234 64,743 | 0,2949 29,486
42 6,320 0,113 56,320 | 0,1264 12,640 99 14,979 0,236 64,979 | 0,2996 29,958
43 6,423 0,103 56,423 | 0,1285 12,846 100 15,205 0,226 65,205 | 0,3041 30,410
44 6,527 0,104 56,527 | 0,1305 13,054 101 15,446 0,241 65,446 | 0,3089 30,892
45 6,659 0,132 56,659 | 0,1332 13,318 102 15,680 0,234 65,680 | 0,3136 31,360
46 6,767 0,108 56,767 | 0,1353 13,534 103 15,927 0,247 65,927 | 0,3185 31,854
47 6,885 0,118 56,885 | 0,1377 13,770 104 16,176 0,249 66,176 | 0,3235 32,352
48 6,990 0,105 56,990 | 0,1398 13,980 105 16,437 0,261 66,437 | 0,3287 32,874
49 7,107 0,117 57,107 | 0,1421 14,214 106 16,694 0,257 66,694 | 0,3339 33,388
50 7,219 0,112 57,219 | 0,1444 14,438 107 16,966 0,272 66,966 | 0,3393 33,932
51 7,332 0,113 57,332 | 0,1466 14,664 108 17,280 0,314 67,280 | 0,3456 34,560
52 7,447 0,115 57,447 | 0,1489 14,894 109 17,577 0,297 67,577 | 0,3515 35,154
53 7,579 0,132 57,579 | 0,1516 15,158 110 17,913 0,336 67,913 | 0,3583 35,826
54 7,680 0,101 57,680 | 0,1536 15,360 111 18,243 0,330 68,243 | 0,3649 36,486
55 7,807 0,127 57,807 | 0,1561 15,614 112 18,613 0,370 68,613 | 0,3723 37,226
56 7,927 0,120 57,927 | 0,1585 15,854 113 18,997 0,384 68,997 | 0,3799 37,994
57 8,037 0,110 58,037 | 0,1607 16,074 114 19,416 0,419 69,416 | 0,3883 38,832
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DATA CALCULATION ANALYSIS TABLE

Length | Diff: . Length | Diff. .
No. (Dial)/ 1| Length Length/ Strain Elongation (Dial)/ | Length Length/ Strain Elongation
(mm) (mm) 1 f(mm) (%) No. (mm) (mm) 1 r(mm) (%)
115 19,846 [ 0,430 | 69,846 [ 0,3969 39,692 172
116 20,353 | 0,507 | 70,353 | 0,4071 40,706 173
117 20,873 | 0,520 | 70,873 [ 0,4175 41,746 174
118 21,463 | 0,590 | 71,463 | 0,4293 42,926 175
119 22,110 | 0,647 | 72,110 | 0,4422 44,220 176
120 22,975 | 0,865 | 72,975 0,4595 45,950 177
121 24,076 | 1,101 | 74,076 | 0,4815 48,152 178
122 26,025 | 1,949 | 76,025 | 0,5205 52,050 179
123 180
124 181
125 182
126 183
127 184
128 185
129 186
130 187
131 188
132 189
133 190
134 191
135 192
136 193
137 194
138 195
139 196
140 197
141 198
142 199
143 200
144 201
145 202
146 203
147 204
148 205
149 206
150 207
151 208
152 209
153 210
154 211
155 212
156 213
157 214
158 215
159 216
160 217
161 218
162 219
163 220
164 221
165 222
166 223
167 224
168 225
169 226
170 227
171 228
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H.24 Tabel data hasil pengujian creep-rupture spesimen uji 3D.

Break/Fracture

Material/Specimen SA-210 41 - 3D
Machine BCTM
Mass/test load 106,6 kgs
Temperature Set 538 °C
Time 16.40 WITA
Start to Temperature Dare 19/08/2021
Expansion 2,478 mm
Time 18.35 WITA
Finish at Temperature Dare 19/08/2021
Duration 1 Hour 40 Min
Duration (Heating Homogen) 3 Hours
Time 22.09 WITA
Start loading Date 19/08/2021
Expansion 2,666 mm
Instanteneous Deformation (ID) 4,585 mm
Time 11.31 WITA
Date 30/08/2021

Duration (Predict. Fracture)

88,54 Hrs -- 249,55 Hrs

Duration (actual Fracture) 246 Hour 27 Min
(246,45 Hours)
Length at Fracture (Dial) 78,85 mm
Final Length (Ambient) 72,85 mm
Area Fracture (W x t) 9,2x 2,25 mm
Reduction in Area (RA) 49,25 %
Creep Strain Rate 1,08E-03 h™
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MATERIAL : SA-210 A1 SPECIMEN 3D
A B C D F H L , , Hardness/H Applied For
mm) | mm) | mm) | ommy | mmy | mmy | mmy Width/W (mm) Thickness/t (mm) (BHN) Test (mm ?)
Wi:| 12,55 ti:] 3,25 tia:] 3,25 tis:| 3,30 tiave:] 3,27 Hi:] 152 40,7875
Wa:| 12,55 t2:f 3,25 ta:l 3,25 ts:| 3,25 toave:] 3,25 Ha: 119 40,7875
Wi 12,55 t3:f 3,25 ta:l 3,20 ts:| 3,30 t3ave:] 3,25 H3: ] 113 40,7875
Wa:| 12,55 ta:| 3,25 taa:l 3,25 ta:| 3,35 taave:| 3,28 Ha:] 113 40,7875
75 40 85 13 50 50 234.5
Ws:| 12,60 ts: 3,30 tsa: 3,25 tsB : 3,30 t5AVE : 3,28 Hs: 114 41,5800
Wes:| 12,70 te:] 3,25 tea:| 3,30 tes:| 3,25 teave:| 3,27 He:] 130 41,2750
WAVE : 12,58 | tmuwv: 3,25 tyin 3,20 tviv:| 3,25 toveo:| 3,27 H.e 123,50 Apine
WMIN : 12,55 Selected N/A tMIN :| 3,25 Hyun tuiv : 40,7875
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CREEP-RUPTURE DATA

MATERIAL SA-210 A1 |SPECIMEN 3D THICKNESS |Minimum (mm) 3,25
TEMPERATURE 538 °C LOAD/MASS 106,6 kgs Average (mm) 3,27
Time Duration |Length /| Time Duration |Length /|
No. Date Hour | Min. | Sec. (hour) I(mm) | No Date Hour | Min. | Sec. (hour) I (mm)
1 19/08/2021 16 40 00 0 0,0 54 22/08/2021 04 38 01 1 6,282
2 Start Temp. 17 40 00 1 1,686 55 -- 05 38 01 1 6,320
3 Finish Temp. 18 35 33 0,9283 2,478 56 -- 06 38 01 1 6,372
4 -- 19 35 33 1 2,636 57 -- 07 38 01 1 6,424
5 -- 20 35 33 1 2,655 58 -- 08 38 01 1 6,456
6 Fnish Heat. 21 35 33 1 2,666 59 -- 09 38 01 1 6,488
7 Start Load 22 09 08 0,5597 4,585 60 -- 10 38 01 1 6,532
8 -- 23 09 08 1 4,764 61 -- 11 38 01 1 6,572
9 20/09/2021 00 09 08 1 4,806 62 -- 12 38 01 1 6,615
10 -- 01 09 08 1 4,831 63 -- 13 38 01 1 6,662
11 - 02 09 08 1 4,852 64 -- 14 38 01 1 6,715
12 -- 03 09 08 1 4,874 65 -- 15 38 01 1 6,755
13 -- 04 09 08 1 4,898 66 -- 16 38 01 1 6,800
14 -- 05 09 08 1 4,918 67 -- 17 38 01 1 6,850
15 -- 06 09 08 1 4,938 68 -- 18 38 01 1 6,888
16 -- 07 09 08 1 4,958 69 -- 19 38 01 1 6,941
17 -- 08 09 08 1 4,985 70 -- 20 38 01 1 6,988
18 -- 09 09 08 1 5,022 71 -- 21 38 01 1 7,035
19 -- 10 09 08 1 5,044 72 -- 22 38 01 1 7,072
20 -- 11 09 08 1 5,077 73 -- 23 38 01 1 7,124
21 -- 12 09 08 1 5,082 74 23/08/2021 00 38 01 1 7,170
22 -- 13 09 08 1 5,101 75 -- 01 38 01 1 7,220
23 -- 14 09 08 1 5,131 76 -- 02 38 01 1 7,270
24 -- 15 09 08 1 5,149 77 -- 03 38 01 1 7,315
25 -- 16 09 08 1 5,179 78 -- 04 38 01 1 7,355
26 -- 17 09 08 1 5,210 79 -- 05 38 01 1 7,405
27 -- 18 09 08 1 5,225 30 -- 06 38 01 1 7,445
28 -- 19 09 08 1 5,250 81 -- 07 38 01 1 7,485
29 -- 20 09 08 1 5,280 82 -- 08 38 01 1 7,535
Interupted 21 09 08 83 -- 09 38 01 1 7,584
30 | Power Outage 21 22 08 1 5,320 84 - 10 38 01 1 7,624
Continue 22 49 28 85 -- 11 38 01 1 7,668
31 - 23 49 28 1 5,372 86 -- 12 38 01 1 7,715
32 21/08/2021 00 49 28 1 5,399 87 -- 13 38 01 1 7,760
33 -- 01 49 28 1 5,430 88 -- 14 38 01 1 7,815
34 -- 02 49 28 1 5,460 89 -- 15 38 01 1 7,869
35 -- 03 49 28 1 5,490 90 -- 16 38 01 1 7,919
36 -- 04 49 28 1 5,525 91 -- 17 38 01 1 7,970
37 -- 05 49 28 1 5,558 92 -- 18 38 01 1 8,004
Interupted 06 49 28 93 -- 19 38 01 1 8,072
38 | Power Outage | 06 53 07 1 5,594 94 -- 20 38 01 1 8,120
Continue 12 38 01 95 -- 21 38 01 1 8,170
39 -- 13 38 01 1 5,654 96 -- 22 38 01 1 8,224
40 -- 14 38 01 1 5,716 97 -- 23 38 01 1 8,268
41 -- 15 38 01 1 5,750 98 24/08/2021 00 38 01 1 8,312
42 - 16 38 01 1 5,800 99 -- 01 38 01 1 8,360
43 -- 17 38 01 1 5,825 100 -- 02 38 01 1 8,419
44 - 18 38 01 1 5,862 101 -- 03 38 01 1 8,469
45 -- 19 38 01 1 5,899 102 -- 04 38 01 1 8,520
46 -- 20 38 01 1 5,949 103 -- 05 38 01 1 8,566
47 -- 21 38 01 1 6,028 104 -- 06 38 01 1 8,652
48 -- 22 38 01 1 6,055 105 -- 07 38 01 1 8,702
49 -- 23 38 01 1 6,085 106 -- 08 38 01 1 8,754
50 22/08/2021 00 38 01 1 6,125 107 -- 09 38 01 1 8,810
51 -- 01 38 01 1 6,150 108 -- 10 38 01 1 8,859
52 -- 02 38 01 1 6,205 109 -- 11 38 01 1 8,909
53 - 03 38 01 1 6,241 110 -- 12 38 01 1 8,945
TOTAL DURATION CREEP & STRAIN 46,5597 | 6,241 TOTAL DURATION CREEP & STRAIN | 103,5597 | 8,945
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CREEP-RUPTURE DATA

MATERIAL SA-210 Al |SPECIMEN 3D Minimum (mm) 3,25
TEMPERATURE 538 °C LOAD/MASS 106,6 kgs THICKNESS Average (mm) 3,27
Time Duration |Length / Time Duration |Length /|

No. Date Hour | Min. | Sec. (hour) I (mm) | No- Date Hour | Min. | Sec. (hour) I (mm)
111 24/08/2021 13 38 01 1 9,000 | 168 - 22 38 01 1 12,548
112 - 14 38 01 1 9,052 | 169 - 23 38 01 1 12,626
113 - 15 38 01 1 9,115 170 27/08/2021 00 38 01 1 12,702
114 -- 16 38 01 1 9,170 | 171 - 01 38 01 1 12,778
115 - 17 38 01 1 9,225 172 - 02 38 01 1 12,855
116 - 18 38 01 1 9,269 | 173 -- 03 38 01 1 12,940
117 - 19 38 01 1 9,315 174 - 04 38 01 1 13,021
118 - 20 38 01 1 9,380 | 175 -~ 05 38 01 1 13,106
119 -- 21 38 01 1 9,430 | 176 -- 06 38 01 1 13,176
120 -- 22 38 01 1 9,484 | 177 -- 07 38 01 1 13,258
121 -- 23 38 01 1 9,538 | 178 -- 08 38 01 1 13,349
122 25/08/2021 00 38 01 1 9,584 | 179 -~ 09 38 01 1 13,458
123 - 01 38 01 1 9,648 | 180 -~ 10 38 01 1 13,540
124 - 02 38 01 1 9,702 181 - 11 38 01 1 13,622
125 -- 03 38 01 1 9,760 | 182 -- 12 38 01 1 13,709
126 -- 04 38 01 1 9,814 | 183 -- 13 38 01 1 13,790
127 - 05 38 01 1 9,870 | 184 -~ 14 38 01 1 13,892
128 - 06 38 01 1 9,919 | 185 -~ 15 38 01 1 13,969
129 -- 07 38 01 1 9,985 186 -- 16 38 01 1 14,069
130 -- 08 38 01 1 10,050 | 187 -- 17 38 01 1 14,161
131 - 09 38 01 1 10,105 | 188 -~ 18 38 01 1 14,259
132 - 10 38 01 1 10,158 | 189 -~ 19 38 01 1 14,356
133 - 11 38 01 1 10,218 | 190 -~ 20 38 01 1 14,448
134 - 12 38 01 1 10,274 | 191 - 21 38 01 1 14,542
135 - 13 38 01 1 10,340 | 192 - 22 38 01 1 14,640
136 - 14 38 01 1 10,415 | 193 -- 23 38 01 1 14,739
137 - 15 38 01 1 10,482 | 194 28/08/2021 00 38 01 1 14,840
138 - 16 38 01 1 10,542 | 195 -- 01 38 01 1 14,940
139 -- 17 38 01 1 10,598 | 196 -- 02 38 01 1 15,040
140 -- 18 38 01 1 10,652 | 197 -- 03 38 01 1 15,141
141 - 19 38 01 1 10,718 | 198 -- 04 38 01 1 15,240
142 - 20 38 01 1 10,772 | 199 -- 05 38 01 1 15,350
143 -- 21 38 01 1 10,839 | 200 -- 06 38 01 1 15,469
144 -- 22 38 01 1 10,899 | 201 -- 07 38 01 1 15,569
145 -- 23 38 01 1 10,961 | 202 -- 08 38 01 1 15,681
146 26/08/2021 00 38 01 1 11,025 | 203 -- 09 38 01 1 15,785
147 - 01 38 01 1 11,090 | 204 -- 10 38 01 1 15,910
148 - 02 38 01 1 11,151 205 - 11 38 01 1 16,025
149 -- 03 38 01 1 11,218 | 206 -- 12 38 01 1 16,138
150 -- 04 38 01 1 11,278 | 207 -- 13 38 01 1 16,270
151 - 05 38 01 1 11,340 | 208 -- 14 38 01 1 16,384
152 - 06 38 01 1 11,414 | 209 -- 15 38 01 1 16,488
153 -- 07 38 01 1 11,470 | 210 -- 16 38 01 1 16,590
154 - 08 38 01 1 11,549 | 211 - 17 38 01 1 16,745
155 - 09 38 01 1 11,618 | 212 -- 18 38 01 1 16,888
156 - 10 38 01 1 11,690 | 213 -- 19 38 01 1 16,955
157 - 11 38 01 1 11,760 | 214 -- 20 38 01 1 17,138
158 - 12 38 01 1 11,816 | 215 - 21 38 01 1 17,280
159 - 13 38 01 1 11,881 216 - 22 38 01 1 17,424
160 - 14 38 01 1 11,958 | 217 -- 23 38 01 1 17,560
161 - 15 38 01 1 12,035 | 218 28/08/2021 00 38 01 1 17,720
162 - 16 38 01 1 12,106 | 219 -- 01 38 01 1 17,861
163 -- 17 38 01 1 12,180 | 220 -- 02 38 01 1 18,010
164 - 18 38 01 1 12,250 | 221 - 03 38 01 1 18,160
165 - 19 38 01 1 12,322 | 222 -- 04 38 01 1 18,300
166 - 20 38 01 1 12,400 | 223 -- 05 38 01 1 18,470
167 - 21 38 01 1 12,481 224 - 06 38 01 1 18,635

TOTAL DURATION CREEP & STRAIN 160,5597 | 12,481 TOTAL DURATION CREEP & STRAIN 217,5597 | 18,635
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CREEP-RUPTURE DATA

MATERIAL SA-210 A1 |SPECIMEN 3D Minimum (mm) 3,25

TEMPERATURE 538 °C LOAD/MASS 106,6 kgs THICKNESS Average (mm) 3,27

Time Duration |Length / Time Duration |Length

No. Date Hour | Min. | Sec. (hour) L(mm) | N Date Hour | Min. | Sec. (hour) [ (mm)
225 29/08/2021 07 38 01 1 18,799 | 282
226 - 08 38 01 1 18,979 | 283
227 - 09 38 01 1 19,150 | 284
228 - 10 38 01 1 19,339 | 285
229 - 11 38 01 1 19,516 | 286
230 - 12 38 01 1 19,714 | 287
231 - 13 38 01 1 19,919 | 288
232 - 14 38 01 1 20,079 | 289
233 -- 15 38 01 1 20,315 | 290
234 -- 16 38 01 1 20,552 | 291
235 - 17 38 01 1 20,779 | 292
236 - 18 38 01 1 21,016 | 293
237 - 19 38 01 1 21,279 | 294
238 -- 20 38 01 1 21,525 | 295
239 -- 21 38 01 1 21,795 | 296
240 - 22 38 01 1 22,059 | 297
241 - 23 38 01 1 22,351 | 298
242 30/08/2021 00 38 01 1 22,649 | 299
243 -- 01 38 01 1 22,960 | 300
244 -- 02 38 01 1 23,285 | 301
245 - 03 38 01 1 23,645 | 302
246 - 04 38 01 1 24,020 | 303
247 -- 05 38 01 1 24,434 | 304
248 -- 06 38 01 1 24,880 | 305
249 -- 07 38 01 1 25,389 | 306
250 - 08 38 01 1 25,938 | 307
251 - 09 38 01 1 26,628 | 308
252 -- 10 38 01 1 27,494 | 309
253 Fracture 11 31 41 0,8944 | 28,850 | 310
254 311
255 312
256 313
257 314
258 315
259 316
260 317
261 318
262 319
263 320
264 321
265 322
266 323
267 324
268 325
269 326
270 327
271 328
272 329
273 330
274 331
275 332
276 333
277 334
278 335
279 336
280 337
281 338

TOTAL DURATION CREEP & LENGTH

246,4541 | 28,850

TOTAL DURATION CREEP & LENGTH - -

TOTAL TIME CREEP-RUPTURE (HOURS)

251,3824
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DATA ACTUAL ANALYSIS TABLE

Length Diff. Length Diff:
No. (Di§l /1 Lé{{ oth Length/ [ ¢ Strain Elonng)tion No. (Diil) /1 Lé}r({gth Length/ 1 Strain Elongation
(mm) (mm) (imm) (%) (mm) (mm) (mm) %)

1 0,0 0,0 50,0 0,0 0,0 54 6,282 0,041 56,282 | 0,1256 | 12,564
2 1,686 1,686 51,686 0,0337 3,372 55 6,320 0,038 56,320 0,1264 12,640
3 2,478 0,792 52,478 0,0496 4,956 56 6,372 0,052 56,372 0,1274 12,744
4 2,636 0,158 52,636 0,0527 5,272 57 6,424 0,052 56,424 0,1285 12,848
5 2,655 0,019 52,655 | 0,0531| 5310 58 6,456 | 0,032 56,456 | 0,1291| 12,912
6 2666 | 0,011 52,666 | 0,0533| 5332 59 6,488 0,032 56,488 | 0,1298 | 12,976
7 4,585 1,919 54,585 0,0917 9,170 60 6,532 0,044 56,532 0,1306 13,064
8 4,764 0,179 54,764 0,0953 9,528 61 6,572 0,040 56,572 0,1314 13,144
9 4,806 0,042 54,806 0,0961 9,612 62 6,615 0,043 56,615 0,1323 13,230
10 4,831 0,025 54,831 0,0966 9,662 63 6,662 0,047 56,662 0,1332 13,324
11 4,852 0,021 54,852 0,0970 9,704 64 6,715 0,053 56,715 0,1343 13,430
12 4,874 0,022 54,874 0,0975 9,748 65 6,755 0,040 56,755 0,1351 13,510
13 4,898 0,024 54,898 0,0980 9,796 66 6,800 0,045 56,800 0,1360 13,600
14 4,918 0,020 54,918 0,0984 9,836 67 6,850 0,050 56,850 0,1370 13,700
15 4,938 0,020 54,938 0,0988 9,876 68 6,888 0,038 56,888 0,1378 13,776
16 4,958 0,020 54,958 0,0992 9,916 69 6,941 0,053 56,941 0,1388 13,882
17 4,985 0,027 54,985 0,0997 9,970 70 6,988 0,047 56,988 0,1398 13,976
18 5,022 0,037 55,022 0,1004 10,044 71 7,035 0,047 57,035 0,1407 14,070
19 5,044 0,022 55,044 0,1009 10,088 72 7,072 0,037 57,072 0,1414 14,144
20 5,077 0,033 55,077 0,1015 10,154 73 7,124 0,052 57,124 0,1425 14,248
21 5,082 0,005 55,082 0,1016 10,164 74 7,170 0,046 57,170 0,1434 14,340
22 5,101 0,019 55,101 0,1020 10,202 75 7,220 0,050 57,220 0,1444 14,440
23 5,131 0,030 55,131 0,1026 10,262 76 7,270 0,050 57,270 0,1454 14,540
24 5,149 0,018 55,149 0,1030 10,298 77 7,315 0,045 57,315 0,1463 14,630
25 5,179 0,030 55,179 0,1036 10,358 78 7,355 0,040 57,355 0,1471 14,710
26 5,210 0,031 55,210 0,1042 10,420 79 7,405 0,050 57,405 0,1481 14,810
27 5,225 0,015 55,225 0,1045 10,450 80 7,445 0,040 57,445 0,1489 14,890
28 5,250 0,025 55,250 0,1050 10,500 81 7,485 0,040 57,485 0,1497 14,970
29 5,280 0,030 55,280 0,1056 10,560 82 7,535 0,050 57,535 0,1507 15,070
83 7,584 0,049 57,584 0,1517 15,168
30 5,320 0,040 55,320 0,1064 10,640 84 7,624 0,040 57,624 0,1525 15,248
85 7,668 0,044 57,668 0,1534 15,336
31 5,372 0,052 55,372 0,1074 10,744 86 7,715 0,047 57,715 0,1543 15,430
32 5,399 0,027 55,399 0,1080 10,798 87 7,760 0,045 57,760 0,1552 15,520
33 5,430 0,031 55,430 0,1086 10,860 88 7,815 0,055 57,815 0,1563 15,630
34 5,460 0,030 55,460 0,1092 10,920 89 7,869 0,054 57,869 0,1574 15,738
35 5,490 0,030 55,490 0,1098 10,980 90 7,919 0,050 57,919 0,1584 15,838
36 5,525 0,035 55,525 0,1105 11,050 91 7,970 0,051 57,970 0,1594 15,940
37 5,558 0,033 55,558 0,1112 11,116 92 8,004 0,034 58,004 0,1601 16,008
93 8,072 0,068 58,072 0,1614 16,144
38 5,594 0,036 55,594 0,1119 11,188 94 8,120 0,048 58,120 0,1624 16,240
95 8,170 0,050 58,170 0,1634 16,340
39 5,654 0,060 55,654 0,1131 11,308 96 8,224 0,054 58,224 0,1645 16,448
40 5,716 0,062 55,716 0,1143 11,432 97 8,268 0,044 58,268 0,1654 16,536
41 5,750 0,034 55,750 0,1150 11,500 98 8,312 0,044 58,312 0,1662 16,624
2 5800 | 0,050 55,800 | 0,1160| 11,600 99 8360 | 0,048 58360 | 0,1672| 16,720
3 5,825 0,025 55825 | 0,1165| 11,650 100 8419 | 0,059 58419 | 0,1684| 16,838
44 5,862 0,037 55,862 0,1172 11,724 101 8,469 0,050 58,469 0,1694 16,938
45 5,899 0,037 55,899 0,1180 11,798 102 8,520 0,051 58,520 0,1704 17,040
46 5949 | 0,050 55049 | 0,1190| 11,898 103 8,566 | 0,046 58,566 | 0,1713 | 17,132
47 6,028 | 0,079 56,028 | 0,1206| 12,056 104 8,652 | 0,086 58,652 | 0,1730| 17,304
43 6,055 0,027 56,055 | 01211 12,110 105 8,702 | 0,050 58,702 | 0,1740 | 17,404
49 6,085 0,030 56,085 0,1217 12,170 106 8,754 0,052 58,754 0,1751 17,508
50 6,125 0,040 56,125 0,1225 12,250 107 8,810 0,056 58,810 0,1762 17,620
51 6,150 | 0,025 56,150 | 0,1230| 12,300 108 8,859 | 0,049 58,859 | 0,1772| 17,718
52 6,205 0,055 56,205 | 0,1241| 12,410 109 8,909 | 0,050 58,909 | 0,1782| 17,818
53 6,241 0,036 56,241 | 0,1248| 12,482 110 8,045 0,036 58,045 | 0,1789 | 17,890
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DATA ACTUAL ANALYSIS TABLE

Length Diff. Length Diff.
No. (Dia%) /1 Lehgth Length/ [ Strain Eloz1§atlon No. (Dia%) /1 Lergth Length/ Strain Elonngatwn
(mm) (mm) | (mm) (%) (mm) (mm) | (mm) (%)
111 9,000 | 0,055 | 59,000 | 0,1800 18,000 168 12,548 | 0,067 | 62,548 | 02510 | 25,096
112 9,052 | 0,052 | 59,052 | 0,1810 18,104 169 12,626 | 0,078 | 62,626 | 02525 25,52
113 9,115 0,063 59,115 0,1823 18,230 170 12,702 0,076 62,702 0,2540 25,404
114 9,170 0,055 59,170 0,1834 18,340 171 12,778 0,076 62,778 0,2556 25,556
115 9,225 0,055 | 59,225 | 0,1845 18,450 172 12,855 | 0,077 | 62,855 | 02571 25,710
116 9269 | 0,044 | 59269 | 0,1854 18,538 173 12,040 | 0,085 | 62,940 | 0,2588 | 25,880
117 9315 | 0,046 | 59315 | 0,1863 18,630 174 13,021 | 0,081 | 63,021 | 02604 | 26,042
118 9,380 0,065 59,380 0,1876 18,760 175 13,106 0,085 63,106 0,2621 26,212
119 9,430 0,050 59,430 0,1886 18,860 176 13,176 0,070 63,176 0,2635 26,352
120 9,484 0,054 59,484 0,1897 18,968 177 13,258 0,082 63,258 0,2652 26,516
121 9,538 0,054 59,538 0,1908 19,076 178 13,349 0,091 63,349 0,2670 26,698
122 9,584 0,046 59,584 0,1917 19,168 179 13,458 0,109 63,458 0,2692 26,916
123 9,648 0,064 59,648 0,1930 19,296 180 13,540 0,082 63,540 0,2708 27,080
124 9,702 0,054 59,702 0,1940 19,404 181 13,622 0,082 63,622 0,2724 27,244
125 9,760 0,058 59,760 0,1952 19,520 182 13,709 0,087 63,709 0,2742 27,418
126 9,814 0,054 59,814 0,1963 19,628 183 13,790 0,081 63,790 0,2758 27,580
127 9,870 0,056 59,870 0,1974 19,740 184 13,892 0,102 63,892 0,2778 27,784
128 9,919 0,049 59,919 0,1984 19,838 185 13,969 0,077 63,969 0,2794 27,938
129 9,985 0,066 59,985 0,1997 19,970 186 14,069 0,100 64,069 0,2814 28,138
130 10,050 0,065 60,050 0,2010 20,100 187 14,161 0,092 64,161 0,2832 28,322
131 10,105 0,055 60,105 0,2021 20,210 188 14,259 0,098 64,259 0,2852 28,518
132 10,158 0,053 60,158 0,2032 20,316 189 14,356 0,097 64,356 0,2871 28,712
133 10,218 0,060 60,218 0,2044 20,436 190 14,448 0,092 64,448 0,2890 28,896
134 10,274 0,056 60,274 0,2055 20,548 191 14,542 0,094 64,542 0,2908 29,084
135 10,340 0,066 60,340 0,2068 20,680 192 14,640 0,098 64,640 0,2928 29,280
136 10,415 0,075 60,415 0,2083 20,830 193 14,739 0,099 64,739 0,2948 29,478
137 10,482 0,067 60,482 0,2096 20,964 194 14,840 0,101 64,840 0,2968 29,680
138 10,542 0,060 60,542 0,2108 21,084 195 14,940 0,100 64,940 0,2988 29,880
139 10,598 0,056 60,598 0,2120 21,196 196 15,040 0,100 65,040 0,3008 30,080
140 10,652 0,054 60,652 0,2130 21,304 197 15,141 0,101 65,141 0,3028 30,282
141 10,718 0,066 60,718 0,2144 21,436 198 15,240 0,099 65,240 0,3048 30,480
142 10,772 0,054 60,772 0,2154 21,544 199 15,350 0,110 65,350 0,3070 30,700
143 10,839 0,067 60,839 0,2168 21,678 200 15,469 0,119 65,469 0,3094 30,938
144 10,899 0,060 60,899 0,2180 21,798 201 15,569 0,100 65,569 0,3114 31,138
145 10,961 0,062 60,961 0,2192 21,922 202 15,681 0,112 65,681 0,3136 31,362
146 11,025 0,064 61,025 0,2205 22,050 203 15,785 0,104 65,785 0,3157 31,570
147 11,090 0,065 61,090 0,2218 22,180 204 15,910 0,125 65,910 0,3182 31,820
148 11,151 0,061 61,151 0,2230 22,302 205 16,025 0,115 66,025 0,3205 32,050
149 11,218 0,067 61,218 0,2244 22,436 206 16,138 0,113 66,138 0,3228 32,276
150 11,278 0,060 61,278 0,2256 22,556 207 16,270 0,132 66,270 0,3254 32,540
151 11,340 0,062 61,340 0,2268 22,680 208 16,384 0,114 66,384 0,3277 32,768
152 11,414 0,074 61,414 0,2283 22,828 209 16,488 0,104 66,488 0,3298 32,976
153 11,470 0,056 61,470 0,2294 22,940 210 16,590 0,102 66,590 0,3318 33,180
154 11,549 0,079 61,549 0,2310 23,098 211 16,745 0,155 66,745 0,3349 33,490
155 11,618 0,069 61,618 0,2324 23,236 212 16,888 0,143 66,888 0,3378 33,776
156 11,690 0,072 61,690 0,2338 23,380 213 16,955 0,067 66,955 0,3391 33,910
157 11,760 0,070 61,760 0,2352 23,520 214 17,138 0,183 67,138 0,3428 34,276
158 11,816 0,056 61,816 0,2363 23,632 215 17,280 0,142 67,280 0,3456 34,560
159 11,881 0,065 61,881 0,2376 23,762 216 17,424 0,144 67,424 0,3485 34,848
160 11,958 0,077 61,958 0,2392 23,916 217 17,560 0,136 67,560 0,3512 35,120
161 12,035 0,077 62,035 0,2407 24,070 218 17,720 0,160 67,720 0,3544 35,440
162 12,106 0,071 62,106 0,2421 24,212 219 17,861 0,141 67,861 0,3572 35,722
163 12,180 0,074 62,180 0,2436 24,360 220 18,010 0,149 68,010 0,3602 36,020
164 12,250 0,070 62,250 0,2450 24,500 221 18,160 0,150 68,160 0,3632 36,320
165 12,322 0,072 62,322 0,2464 24,644 222 18,300 0,140 68,300 0,3660 36,600
166 12,400 0,078 62,400 0,2480 24,800 223 18,470 0,170 68,470 0,3694 36,940
167 12,481 0,081 62,481 0,2496 24,962 224 18,635 0,165 68,635 0,3727 37,270
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DATA ACTUAL ANALYSIS TABLE

Length Diff: Length Diff:
No. (legl) /1 Léf;th Length/ 1 ¢ Strain Elongation No. (Diil) /1 Lé}r({gth Length/ 1 Strain Elongation
(mm) (mm) (mm) %) (mm) (mm) (mm) (%)
225 | 18,799 | 0,164 68,799 | 03760] 37,598 282
226 | 18979 | 0,180 68,979 | 03796| 37,958 283
227 19,150 0,171 69,150 0,3830| 38,300 284
228 19,339 0,189 69,339 0,3868 | 38,678 285
229 19,516 0,177 69,516 0,3903 | 39,032 286
230 19,714 0,198 69,714 0,3943 | 39,428 287
231 19,919 0,205 69,919 0,3984| 39,838 288
232 | 20,079 | 0,160 70,079 | 04016| 40,158 289
233 20,315 0,236 70,315 0,4063 | 40,630 290
234 20,552 0,237 70,552 0,4110 41,104 291
235 20,779 0,227 70,779 04156 41,558 292
236 21,016 0,237 71,016 0,4203 | 42,032 293
237 21,279 0,263 71,279 0,4256 | 42,558 294
238 21,525 0,246 71,525 0,4305| 43,050 295
239 21,795 0,270 71,795 0,4359 | 43,590 296
240 22,059 0,264 72,059 04412 44,118 297
241 22,351 0,292 72,351 0,4470 44,702 298
242 22,649 0,298 72,649 0,4530 | 45,298 299
243 22,960 0,311 72,960 0,4592| 45,920 300
244 23,285 0,325 73,285 0,4657| 46,570 301
245 23,645 0,360 73,645 0,4729| 47,290 302
246 24,020 0,375 74,020 0,4804 | 48,040 303
247 24,434 0,414 74,434 0,4887| 48,868 304
248 24,880 0,446 74,880 0,4976 | 49,760 305
249 25,389 0,509 75,389 0,5078 | 50,778 306
250 25,938 0,549 75,938 0,5188| 51,876 307
251 26,628 0,690 76,628 0,5326| 53,256 308
252 27,494 0,366 77,494 0,5499 | 54,988 309
253 28,850 1,356 78,850 0,5770| 57,700 310
254 311
255 312
256 313
257 314
258 315
259 316
260 317
261 318
262 319
263 320
264 321
265 322
266 323
267 324
268 325
269 326
270 327
271 328
272 329
273 330
274 331
275 332
276 333
277 334
278 335
279 336
280 337
281 338
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DATA CALCULATION ANALYSIS TABLE
Length | Diff: Length| Diff.
No. (Dl'a}g; /1 Lé/:jz(gth lLength/ Strain Elongtf)twn No. (Diaﬁ /1 Le.fzfgth Length/ Strain Elong(inon
(mm) (mm) £ (mm) (%) (mm) | (mm) 1y (mm) (%)
1 0,0 0,0 50,0 0,0 0,0 54 3,822 | 0,032 | 53,822| 0,0764 7,644
2 1,919 1,919 51,919] 0,0384 3,838 55 3,866 | 0,044 | 53,866| 0,0773 7,732
3 2,098 0,179 52,098| 0,0420 4,196 56 3,906 | 0,040 | 53,906| 0,0781 7,812
4 2,140 0,042 52,140| 0,0428 4,280 57 3,949 | 0,043 | 53,949 0,0790 7,898
5 2,165 0,025 52,165| 0,0433 4,330 58 3,996 | 0,047 | 53,996| 0,0799 7,992
6 2,186 0,021 52,186| 0,0437 4,372 59 4,049 | 0,053 | 54,049 0,0810 8,098
7 2,208 0,022 52,208| 0,0442 4,416 60 4,089 | 0,040 [ 54,089 0,0818 8,178
8 2,232 0,024 52,232| 0,0446 4,464 61 4,134 | 0,045 | 54,134| 0,0827 8,268
9 2,252 0,02 52,252| 0,0450 4,504 62 4,184 | 0,050 | 54,184| 0,0837 8,368
10 2,272 0,02 52,272| 0,0454 4,544 63 4,222 | 0,038 | 54,222| 0,0844 8,444
11 2,292 0,02 52,292| 0,0458 4,584 64 4,275 | 0,053 | 54275| 0,0855 8,550
12 2,319 0,027 52,319 0,0464 4,638 65 4,322 | 0,047 | 54,322| 0,0864 8,044
13 2,356 0,037 52,356 0,0471 4,712 66 4,369 | 0,047 | 54,369| 0,0874 8,738
14 2,378 0,022 52,378 0,0476 4,756 67 4,406 | 0,037 [ 54,406| 0,0881 8,812
15 2,411 0,033 52411| 0,0482 4,822 68 4,458 | 0,052 | 54458| 0,0892 8916
16 2,416 0,005 52,416] 0,0483 4,832 69 4,504 | 0,046 | 54,504| 0,0901 9,008
17 2,435 0,019 52,435| 0,0487 4,870 70 4,554 | 0,050 [ 54,554| 0,0911 9,108
18 2,465 0,030 52,465| 0,0493 4,930 71 4,604 | 0,050 [ 54,604| 0,0921 9,208
19 2,483 0,018 52,483| 0,0497 4,966 72 4,649 | 0,045 | 54,649 0,0930 9,298
20 2,513 0,030 52,513 0,0503 5,026 73 4,689 | 0,040 | 54,689 0,0938 9,378
21 2,544 0,031 52,544| 0,0509 5,088 74 4,739 | 0,050 | 54,739| 0,0948 9,478
22 2,559 0,015 52,559| 0,0512 5,118 75 4,779 | 0,040 | 54,779| 0,0956 9,558
23 2,584 0,025 52,584| 0,0517 5,168 76 4,819 | 0,040 [ 54,819| 0,0964 9,638
24 2,614 0,030 52,614| 0,0523 5,228 77 4,869 | 0,050 | 54,869| 0,0974 9,738
78 4,918 | 0,049 | 54918| 0,0984 9,836
25 2,654 0,040 52,654| 0,0531 5,308 79 4,958 | 0,040 | 54,958| 0,0992 9,916
80 5,002 | 0,044 | 55,002| 0,1000| 10,004
26 2,706 0,052 52,706| 0,0541 5,412 81 5,049 | 0,047 | 55,049| 0,1010] 10,098
27 2,733 0,027 52,733| 0,0547 5,466 82 5,094 | 0,045 | 55,094| 0,1019| 10,188
28 2,764 0,031 52,764| 0,0553 5,528 83 5,149 | 0,055 | 55,149| 0,1030| 10,298
29 2,794 0,030 52,794| 0,0559 5,588 84 5,203 | 0,054 | 55,203| 0,1041 10,406
30 2,824 0,030 52,824| 0,0565 5,648 85 5,253 | 0,050 | 55,253| 0,1051 10,506
31 2,859 0,035 52,859| 0,0572 5,718 86 5,304 | 0,051 55,304| 0,1061 10,608
32 2,892 0,033 52,892| 0,0578 5,784 87 5,338 | 0,034 | 55,338| 0,1068| 10,676
88 5,406 | 0,068 | 55,406| 0,1081 10,812
33 2,928 0,036 52,928| 0,0586 5,856 89 5,454 | 0,048 | 55,454| 0,1091 10,908
90 5,504 | 0,050 | 55,504| 0,1101 11,008
34 2,988 0,060 52,988| 0,0598 5,976 91 5,558 | 0,054 | 55,558| 0,1112| 11,116
35 3,050 0,062 53,050 0,0610 6,100 92 5,602 | 0,044 | 55,602| 0,1120] 11,204
36 3,084 0,034 53,084| 0,0617 6,168 93 5,646 | 0,044 | 55,646| 0,1129| 11,292
37 3,134 0,050 53,134 0,0627 6,268 94 5,694 | 0,048 | 55,694| 0,1139| 11,388
38 3,159 0,025 53,159| 0,0632 6,318 95 5,753 | 0,059 | 55,753| 0,1151 11,506
39 3,196 0,037 53,196] 0,0639 6,392 96 5,803 | 0,050 | 55,803| 0,116l 11,606
40 3,233 0,037 53,233| 0,0647 6,466 97 5,854 | 0,051 55,854| 0,1171 11,708
41 3,283 0,050 53,283| 0,0657 6,566 98 5,900 | 0,046 | 55,900/ 0,1180| 11,800
42 3,362 0,079 53,362 0,0672 6,724 99 5,986 | 0,086 | 55986| 0,1197| 11,972
43 3,389 0,027 53,389| 0,0678 6,778 100 6,036 | 0,050 | 56,036| 0,1207| 12,072
44 3,419 0,030 53,419 0,0684 6,838 101 6,088 | 0,052 | 56,088| 0,1218| 12,176
45 3,459 0,040 53,459| 0,0692 6,918 102 6,144 | 0,056 | 56,144| 0,1229| 12,288
46 3,484 0,025 53,484| 0,0697 6,968 103 6,193 | 0,049 | 56,193| 0,1239| 12,386
47 3,539 0,055 53,539 0,0708 7,078 104 6,243 | 0,050 | 56,243| 0,1249| 12,486
48 3,575 0,036 53,575| 0,0715 7,150 105 6,279 | 0,036 | 56,279| 0,1256| 12,558
49 3,616 0,041 53,616 0,0723 7,232 106 6,334 | 0,055 | 56,334| 0,1267| 12,668
50 3,654 0,038 53,654| 0,0731 7,308 107 6,386 | 0,052 | 56,386| 0,1277| 12,772
51 3,706 0,052 53,706| 0,0741 7,412 108 6,449 | 0,063 | 56,449| 0,1290| 12,898
52 3,758 0,052 53,758 0,0752 7,516 109 6,504 | 0,055 | 56,504| 0,1301 13,008
53 3,790 0,032 53,790| 0,0758 7,580 110 6,559 | 0,055 | 56,559| 0,1312| 13,118
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DATA CALCULATION ANALYSIS TABLE
Length | Diff. Length | Diff:
No. (Di a‘z /1 LZI ath Length/ Strain Elongation No. (Di a‘?; /1 qu ath Length/ Strain Elongation
(mm) (mm) Ly (mm) (%) (mm) | (mm) Ly (mm) (%)

111 6,603 0,044 56,603 | 0,1321 | 13,206 168 10,274 0,085 60,274 | 0,2055 |20,548
112 6,649 | 0,046 56,649 | 0,1330 | 13,298 169 10,355 |0,081 60,355 | 0,2071 |20,710
113 6,714 0,065 56,714 | 0,1343 [13,428 170 10,440 |0,085 60,440 | 0,2088 |20,880
114 6,764 0,050 56,764 | 0,1353 [13,528 171 10,510 10,070 60,510 | 0,2102 |21,020
115 6,818 0,054 56,818 | 0,1364 | 13,636 172 10,592 |0,082 | 60,592 | 0,2118 |21,184
116 6,872 0,054 56,872 | 0,1374 | 13,744 173 10,683 |0,091 60,683 | 0,2137 |21,366
117 6,918 0,046 56,018 | 0,1384 | 13,836 174 10,792 |0,109 | 60,792 | 0,2158 |21,584
118 6,982 0,064 56,982 | 0,1396 |[13,964 175 10,874 0,082 60,874 | 0,2175 |21,748
119 7,036 0,054 57,036 | 0,1407 |[14,072 176 10,956 0,082 60,956 | 0,2191 |21,912
120 7,094 0,058 57,094 | 0,1419 |[14,188 177 11,043 10,087 61,043 | 0,2209 |22,086
121 7,148 0,054 57,148 | 0,1430 |14,296 178 11,124 [0,081 61,124 | 0,2225 [22,248
122 7204 0,056 57,204 | 0,1441 {14,408 179 11,226 [0,102 61,226 | 0,2245 |22,452
123 7,253 0,049 57,253 | 0,1451 |14,506 180 11,303 0,077 61,303 | 0,2261 |22,606
124 7,319 0,066 57,319 | 0,1464 |[14,638 181 11,403 0,100 61,403 | 0,2281 |22,806
125 7,384 0,065 57,384 | 0,1477 |14,768 182 11,495 10,092 61,495 | 0,2299 {22,990
126 7,439 0,055 57,439 | 0,1488 |14,878 183 11,593 10,098 61,593 | 0,2319 |23,186
127 7,492 0,053 57,492 | 0,1498 |14,984 184 11,690 0,097 61,690 | 0,2338 |23,380
128 7,552 0,060 57,552 | 0,1510 |[15,104 185 11,782 10,092 61,782 | 0,2356 |23,564
129 7,608 0,056 57,608 | 0,1522 [15,216 186 11,876 0,094 61,876 | 0,2375 |23,752
130 7,674 0,066 57,674 | 0,1535 |[15,348 187 11,974 10,098 61,974 | 0,2395 |23,948
131 7,749 0,075 57,749 | 0,1550 |15,498 188 12,073 10,099 62,073 | 0,2415 |24,146
132 7,816 0,067 57,816 | 0,1563 |[15,632 189 12,174 10,101 62,174 | 0,2435 |24,348
133 7,876 0,060 57,876 | 0,1575 |[15,752 190 12,274 10,100 62,274 | 0,2455 |24,548
134 7,932 0,056 57,932 | 0,1586 |[15,864 191 12,374 10,100 62,374 | 0,2475 |24,748
135 7,986 0,054 57,986 | 0,1597 [15,972 192 12,475 10,101 62,475 | 0,2495 |24,950
136 8,052 0,066 58,052 | 0,1610 [16,104 193 12,574 10,099 62,574 | 0,2515 |25,148
137 8,106 0,054 58,106 | 0,1621 [16,212 194 12,684 10,110 62,684 | 0,2537 |25,368
138 8,173 0,067 58,173 | 0,1635 [16,346 195 12,803 0,119 62,803 | 0,2561 |25,606
139 8,233 0,060 58,233 | 0,1647 [16,466 196 12,903 10,100 62,903 | 0,2581 |25,806
140 8,295 0,062 58,295 | 0,1659 |[16,590 197 13,015 10,112 63,015 | 0,2603 {26,030
141 8,359 0,064 58,359 | 0,1672 [16,718 198 13,119 10,104 63,119 | 0,2624 {26,238
142 8,424 0,065 58,424 | 0,1685 [16,848 199 13,244 10,125 63,244 | 0,2649 |26,488
143 8,485 0,061 58,485 | 0,1697 [16,970 200 13,359 0,115 63,359 | 0,2672 |26,718
144 8,552 0,067 58,552 | 0,1710 [17,104 201 13,472 10,113 63,472 | 0,2694 |26,944
145 8,612 0,060 58,612 | 0,1722 [17,224 202 13,604 0,132 63,604 | 0,2721 {27,208
146 8,674 0,062 58,674 | 0,1735 [17,348 203 13,718 10,114 63,718 | 0,2744 |27,436
147 8,748 0,074 58,748 | 0,1750 |[17,496 204 13,822 10,104 63,822 | 0,2764 |27,644
148 8,804 0,056 58,804 | 0,1761 |[17,608 205 13,924 10,102 63,924 | 0,2785 |27,848
149 8,883 0,079 58,883 | 0,1777 [17,766 206 14,079 0,155 64,079 | 0,2816 |28,158
150 8,952 0,069 58,952 | 0,1790 |17,904 207 14,222 10,143 64,222 | 0,2844 |28,444
151 9,024 0,072 59,024 | 0,1805 |[18,048 208 14,289 10,067 64,289 | 0,2858 |28,578
152 9,094 0,070 59,094 | 0,1819 |[18,188 209 14,472 10,183 64,472 | 0,2894 |28,944
153 9,150 0,056 59,150 | 0,1830 |18,300 210 14,614 0,142 64,614 | 0,2923 |29,228
154 9,215 0,065 59,215 | 0,1843 |[18,430 211 14,758 10,144 64,758 | 0,2952 |29,516
155 9,292 0,077 59,292 | 0,1858 |[18,584 212 14,894 10,136 64,894 | 0,2979 |29,788
156 9,369 0,077 59,369 | 0,1874 |[18,738 213 15,054 10,160 65,054 | 0,3011 {30,108
157 9,440 0,071 59,440 | 0,1888 |[18,880 214 15,195 0,141 65,195 | 0,3039 {30,390
158 9,514 0,074 59,514 | 0,1903 |[19,028 215 15,344 10,149 65,344 | 0,3069 |30,688
159 9,584 0,070 59,584 | 0,1917 [19,168 216 15,494 10,150 65,494 | 0,3099 {30,988
160 9,656 0,072 59,656 | 0,1931 [19,312 217 15,634 10,140 65,634 | 0,3127 |31,268
161 9,734 0,078 59,734 | 0,1947 [19,468 218 15,804 10,170 65,804 | 0,3161 |31,608
162 9,815 0,081 59,815 | 0,1963 |[19,630 219 15,969 10,165 65,969 | 0,3194 |31,938
163 9,882 0,067 59,882 | 0,1976 [19,764 220 16,133 10,164 66,133 | 0,3227 {32,266
164 9,960 0,078 59,960 | 0,1992 [19,920 221 16,313 10,180 66,313 | 0,3263 |32,626
165 10,036 (0,076 60,036 | 0,2007 |20,072 222 16,484 10,171 66,484 | 0,3297 |32,968
166 10,112 {0,076 60,112 | 0,2022 |20,224 223 16,673 10,189 66,673 | 0,3335 |33,346
167 10,189 {0,077 60,189 | 0,2038 |20,378 224 16,850 10,177 66,850 | 0,3370 {33,700
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DATA CALCULATION ANALYSIS TABLE

Length Diff: Length | Diff.
No. (Di a‘z /1| L ergth lLength/ Strain Elon§ation No. (Di a‘?; /11 L ehgth Length/ Strain Elonngation
(mm) (mm) 1 (mm) (%) (mm) | (mm) Ly (mm) (%)
225 17,048 | 0,198 | 67,048 | 0,3410 34,096 282
226 17,253 | 0,205 | 67,253 | 0,3451 34,506 283
227 17,413 | 0,160 | 67,413 | 0,3483 34,826 284
228 17,649 | 0,236 | 67,649 | 0,3530 35,298 285
229 17,886 | 0,237 | 67,886 | 0,3577 35,772 286
230 18,113 | 0,227 | 68,113 | 0,3623 36,226 287
231 18,350 | 0,237 | 68,350 | 0,3670 36,700 288
232 18,613 | 0,263 | 68,613 | 0,3723 37,226 289
233 18,859 | 0,246 | 68,859 | 0,3772 37,718 290
234 19,129 | 0,270 | 69,129 | 0,3826 38,258 291
235 19,393 | 0,264 | 69,393 | 0,3879 38,786 292
236 19,685 | 0,292 | 69,685 | 0,3937 39,370 293
237 19,983 | 0,298 | 69,983 | 0,3997 39,966 294
238 20,294 | 0,311 | 70,294 | 0,4059 40,588 295
239 20,619 | 0,325 | 70,619 | 0,4124 41,238 296
240 20,979 | 0,360 | 70,979 | 0,4196 41,958 297
241 21,354 | 0,375 | 71,354 | 04271 42,708 298
242 21,768 | 0414 | 71,768 | 0,4354 43,536 299
243 22,214 | 0446 | 72,214 | 04443 44,428 300
244 22,723 | 0,509 | 72,723 | 0,4545 45,446 301
245 23,272 | 0,549 | 73,272 | 0,4654 46,544 302
246 23962 | 0,690 | 73,962 | 04792 47,924 303
247 24,828 | 0,866 | 74,828 | 0,4966 49,656 304
248 26,184 | 1,356 | 76,184 | 0,5237 52,368 305
249 306
250 307
251 308
252 309
253 310
254 311
255 312
256 313
257 314
258 315
259 316
260 317
261 318
262 319
263 320
264 321
265 322
266 323
267 324
268 325
269 326
270 327
271 328
272 329
273 330
274 331
275 332
276 333
277 334
278 335
279 336
280 337
281 338
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CALCULATION DATA GRAPH

6=97,59 MPa; 538 °C

No. (}z’:; ) Strain | No. (IZ’?Z; ) Strain | No. (I;‘:)'Z:; ) Strain
1 0,0 0,0 58 | 56,560 0,080 | 115 ] 113,560 | 0,136
2 0,560 0,038 59 | 57,560 0,081 116 | 114,560 | 0,137
3 1,560 0,042 60 | 58,560 0,082 | 117 | 115,560 | 0,138
4 2,560 0,043 61 | 59,560 0,083 | 118 | 116,560 | 0,140
5 3,560 0,043 62 | 60,560 0,084 | 119 | 117,560 | 0,141
6 4,560 0,044 63 | 61,560 0,084 | 120 | 118,560 | 0,142
7 5,560 0,044 64 | 62,560 0,086 | 121 | 119,560 | 0,143
8 6,560 0,045 65 | 63,560 0,086 | 122 | 120,560 | 0,144
9 7,560 0,045 66 | 64,560 0,087 | 123 | 121,560 | 0,145
10 8,560 0,045 67 | 65,560 0,088 | 124 | 122,560 | 0,146
11 9,560 0,046 68 | 66,560 0,089 | 125 123,560 | 0,148
12 | 10,560 0,046 69 | 67,560 0,090 | 126 | 124,560 | 0,149
13 | 11,560 0,047 70 | 68,560 0,091 127 | 125,560 | 0,150
14 | 12,560 0,048 71 | 69,560 0,092 | 128 | 126,560 | 0,151
15 | 13,560 0,048 72 | 70,560 0,093 | 129 | 127,560 | 0,152
16 | 14,560 0,048 73 | 71,560 0,094 | 130 | 128,560 | 0,153
17 | 15,560 0,049 74 | 72,560 0,095 | 131 | 129,560 | 0,155
18 | 16,560 0,049 75 | 73,560 0,096 | 132 | 130,560 | 0,156
19 | 17,560 0,050 76 | 74,560 0,096 | 133 | 131,560 | 0,158
20 | 18,560 0,050 77 | 75,560 0,097 | 134 | 132,560 | 0,159
21 19,560 0,051 78 | 76,560 0,098 | 135 | 133,560 | 0,160
22 | 20,560 0,051 79 | 77,560 0,099 | 136 | 134,560 | 0,161
23 | 21,560 0,052 80 | 78,560 0,100 | 137 | 135,560 | 0,162
24 | 22,560 0,052 81 | 79,560 0,101 138 | 136,560 | 0,163
25 | 23,560 0,053 82 | 80,560 0,102 | 139 | 137,560 | 0,165
26 | 24,560 0,054 83 | 81,560 0,103 140 | 138,560 | 0,166
27 | 25,560 0,055 84 | 82,560 0,104 | 141 | 139,560 | 0,167
28 | 26,560 0,055 85 | 83,560 0,105 | 142 | 140,560 | 0,168
29 | 27,560 0,056 86 | 84,560 0,106 | 143 | 141,560 | 0,170
30 | 28,560 0,056 87 | 85,560 0,107 | 144 | 142,560 | 0,171
31 | 29,560 0,057 88 | 86,560 0,108 | 145 | 143,560 | 0,172
32 | 30,560 0,058 89 | 87,560 0,109 | 146 | 144,560 | 0,173
33 | 31,560 0,059 90 | 88,560 0,110 | 147 | 145,560 | 0,175
34 | 32,560 0,060 91 | 89,560 0,111 148 | 146,560 | 0,176
35 | 33,560 0,061 92 | 90,560 0,112 | 149 | 147,560 | 0,178
36 | 34,560 0,062 93 | 91,560 0,113 150 | 148,560 | 0,179
37 | 35,560 0,063 94 | 92,560 0,114 | 151 | 149,560 | 0,180
38 | 36,560 0,063 95 | 93,560 0,115 | 152 | 150,560 | 0,182
39 | 37,560 0,064 96 | 94,560 0,116 | 153 | 151,560 | 0,183
40 | 38,560 0,065 97 | 95,560 0,117 | 154 | 152,560 | 0,184
41 | 39,560 0,066 98 | 96,560 0,118 | 155 | 153,560 | 0,186
42 | 40,560 0,067 99 | 97,560 0,120 | 156 | 154,560 | 0,187
43 | 41,560 0,068 | 100 | 98,560 0,121 157 | 155,560 | 0,189
44 | 42,560 0,068 | 101 | 99,560 0,122 | 158 | 156,560 | 0,190
45 | 43,560 0,069 | 102 | 100,560 | 0,123 159 | 157,560 | 0,192
46 | 44,560 0,070 | 103 ]| 101,560 | 0,124 | 160 | 158,560 | 0,193
47 | 45,560 0,071 104 | 102,560 | 0,125 | 161 | 159,560 | 0,195
48 | 46,560 0,072 | 105 ] 103,560 | 0,126 | 162 | 160,560 | 0,196
49 | 47,560 0,072 | 106 | 104,560 | 0,127 | 163 | 161,560 | 0,198
50 | 48,560 0,073 | 107 | 105,560 | 0,128 | 164 | 162,560 | 0,199
51 | 49,560 0,074 | 108 | 106,560 | 0,129 | 165 | 163,560 | 0,201
52 | 50,560 0,075 | 109 | 107,560 | 0,130 | 166 | 164,560 | 0,202
53 | 51,560 0,076 | 110 | 108,560 | 0,131 167 | 165,560 | 0,204
54 | 52,560 0,076 | 111 ] 109,560 | 0,132 | 168 | 166,560 | 0,205
55 | 53,560 0,077 | 112 ] 110,560 | 0,133 169 | 167,560 | 0,207
56 | 54,560 0,078 | 113 | 111,560 | 0,134 | 170 | 168,560 | 0,209
57 | 55,560 0,079 | 114 | 112,560 | 0,135 | 171 | 169,560 | 0,210
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CALCULATION DATA GRAPH

6 =97,59 MPa; 538 °C

No (;:Z:s ) Strain | No. (;ZZ:)S ) Strain | No. (ggl’::s ) Strain
172 170,560 | 0,212 | 229 227,560 | 0,358 | 286
1731 171,560 | 0,214 | 230 | 228,560 | 0,362 | 287
1741 172,560 | 0,216 | 231 229,560 | 0,367 | 288
1751 173,560 | 0,217 | 232 230,560 | 0,372 | 289
1761 174,560 | 0,219 | 233 231,560 | 0,377 | 290
177 175,560 | 0,221 | 234 232,560 | 0,383 | 291
178 | 176,560 | 0,222 | 235 233,560 | 0,388 | 292
179 | 177,560 | 0,225 | 236 | 234,560 | 0,394 | 293
180 | 178,560 | 0,226 | 237 | 235,560 | 0,400 | 294
181 179,560 | 0,228 | 238 | 236,560 | 0,406 | 295
182 | 180,560 | 0,230 | 239 237,560 | 0,412 | 296
183 | 181,560 | 0,232 | 240 | 238,560 | 0,420 | 297
184 | 182,560 | 0,234 | 241 | 239,560 | 0,427 | 298
185 183,560 | 0,236 | 242 | 240,560 | 0,435 | 299
186 | 184,560 | 0,238 | 243 | 241,560 | 0,444 | 300
187 | 185,560 | 0,239 | 244 | 242,560 | 0,454 | 301
188 | 186,560 | 0,241 | 245 243,560 | 0,465 | 302
189 | 187,560 | 0,243 | 246 | 244,560 | 0,479 | 303
190 | 188,560 | 0,245 | 247 | 245,560 | 0,497 | 304
191 | 189,560 | 0,247 | 248 | 246,454 | 0,524 | 305
192 | 190,560 | 0,250 | 249 306
193 | 191,560 | 0,251 | 250 307
1941 192,560 | 0,254 | 251 308
195 193,560 | 0,256 | 252 309
196 | 194,560 | 0,258 | 253 310
197 | 195,560 | 0,260 | 254 311
198 | 196,560 | 0,262 | 255 312
199 | 197,560 | 0,265 | 256 313
200 | 198,560 | 0,267 | 257 314
201 | 199,560 | 0,269 | 258 315
202 | 200,560 | 0,272 | 259 316
203 | 201,560 | 0,274 | 260 317
204 | 202,560 | 0,276 | 261 318
205 | 203,560 | 0,278 | 262 319
206 | 204,560 | 0,282 | 263 320
207 | 205,560 | 0,284 | 264 321
208 | 206,560 | 0,286 | 265 322
209 | 207,560 | 0,289 | 266 323
210 208,560 | 0,292 | 267 324
211 209,560 | 0,295 | 268 325
212 210,560 | 0,298 | 269 326
213 | 211,560 | 0,301 | 270 327
2141 212,560 | 0,304 | 271 328
2151 213,560 | 0,307 | 272 329
216 | 214,560 | 0,310 | 273 330
217 215,560 | 0,313 | 274 331
218 216,560 | 0,316 | 275 332
219 217,560 | 0,319 | 276 333
220 218,560 | 0,323 | 277 334
2211 219,560 | 0,326 | 278 335
222 220,560 | 0,330 | 279 336
223 221,560 | 0,333 | 280 337
2241 222,560 | 0,337 | 281 338
2251 223,560 | 0,341 | 282 339
226 | 224,560 | 0,345 | 283 340
227 225,560 | 0,348 | 284 341
228 226,560 | 0,353 | 285 342
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H.25 Tabel data hasil pengujian creep-rupture spesimen uji 4D.

Break/Fracture

Material/Specimen SA-210 A1 - 4D
Machine GCTM
Mass/test load 113,806 kgs
Temperature Set 627 °C
Time 18.35 WITA
Start to Temperature Dare 06/09/2021
Expansion 2,719 mm
Time 21.15 WITA
Finish at Temperature Dare 06/09/2021
Duration 2 Hour 40 Min
Duration (Heating Homogen) 3 Hour
Time 00.15 WITA
Start loading Date 07/09/2021
Expansion 2,802 mm
Instanteneous Deformation (ID) 5,414 mm
Time 23.49 WITA
Date 07/09/2021

Duration (Predict. Fracture)

4,69 Hrs -- 13,22 Hrs

Duration (actual Fracture) 4 Hour 45 Min
(4,76 Hours)
Length at Fracture (Dial) 101,91 mm
Final Length (Ambient) 93,40 mm
Area Fracture (W x t) 7,1 x 2,5 mm
Reduction in Area (RA) 66,27 %
Creep Strain Rate 9,30E-02 h™
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MATERIAL : SA-210 A1 SPECIMEN 4D
A B C D F H L . . Hardness/H Applied For
Width/W (mm Thickness/t (mm
omm) | mmy | Gumy | Gumy | Gmmy | mmy | imm) () (1) (BHN) Test (mm ?)
Wi 12,60 tr:| 4,32 tia:| 4,15 tis:| 420 tiave:] 4,22 Hi:| 117 54,4320
W2:| 12,55 t2: 4,33 toA: 4,20 tB: 425 t2AVE : 4,26 H2: 102 54,3415
Ws:| 12,60 t3: 4,28 t3A: 4,15 t3B: 4,10 t3AVE : 4,18 Hs: 130 53,9280
Wa:| 12,60 ta:| 4,29 taa:| 4,15 ta:| 4,15 taave:| 4,20 Ha:] 107 54,0540
62,6 27 83,9 13 50 50 210,8
Ws:| 12,65 ts:| 4,32 tsa:| 4,25 tse:| 4,30 tsave:] 4,29 Hs:| 104 54,6480
We:| 12,65 te:] 4,36 toa:| 4,25 te:| 4,30 teave:] 4,30 He : 89 55,1540
Wave:| 12,61 | tamn: 4,28 tymin 4,15 tuv:| 4,10 taveoe:| 4,24 Have | 108,17 Aine
W :| 12,55 Selected N/A tuv:| 418 | Huw | 89 53,9280
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CREEP-RUPTURE DATA

MATERIAL SA-210 Al SPECIMEN 4D THICKNESS Minimum (mm) 4,18
TEMPERATURE 627 °C LOAD/MASS 113,806 kgs Average (mm) 4,24
Time Duration | Length / Time Duration | Length /
No. Date Hour | Min. Sec. (hour) l(r(im) No. Date Hour | Min. Sec. (hour) l(rim)
1 06/09/2021 18 35 38 0,0 0,0 58
2 Start Temp. 18 50 38 0,25 0,0 59
3 -- 19 05 38 0,25 0,650 60
4 -- 19 20 38 0,25 1,190 61
5 -- 19 35 38 0,25 1,562 62
6 -- 19 50 38 0,25 1,831 63
7 -- 20 05 38 0,25 2,061 64
8 -- 20 20 38 0,25 2,266 65
9 - 20 35 38 0,25 2,430 66
10 -- 20 50 38 0,25 2,576 67
11 -- 21 05 38 0,25 2,668 68
12 | Finish Temp.| 21 15 36 0,1661 2,719 69
13 -- 21 30 36 0,25 2,761 70
14 -- 21 45 36 0,25 2,775 71
15 -- 22 00 36 0,25 2,781 72
16 -- 22 15 36 0,25 2,785 73
17 -- 22 30 36 0,25 2,789 74
18 -- 22 45 36 0,25 2,794 75
19 -- 23 00 36 0,25 2,795 76
20 -- 23 15 36 0,25 2,795 77
21 -- 23 30 36 0,25 2,796 78
22 - 23 45 36 0,25 2,798 79
23 07/09/2021 00 00 36 0,25 2,799 80
24 Finish Heat. 00 13 27 0,2142 2,802 81
25 Start Load 00 14 48 0,25 5,414 82
26 -- 00 29 48 0,25 6,608 83
27 -- 00 44 48 0,25 7,285 84
28 -- 00 59 48 0,25 7,936 85
29 - 01 14 48 0,25 8,630 86
30 -- 01 29 48 0,25 9,398 87
31 - 01 44 48 0,25 10,188 88
32 -- 01 59 48 0,25 11,050 89
33 -- 02 14 48 0,25 11,984 90
34 -- 02 29 48 0,25 13,020 91
35 -- 02 44 48 0,25 14,180 92
36 -- 02 59 48 0,25 15,438 93
37 -- 03 14 48 0,25 16,864 94
38 -- 03 29 48 0,25 18,474 95
39 -- 03 44 48 0,25 20,351 96
40 -- 03 59 48 0,25 22,571 97
41 -- 04 14 48 0,25 25,361 98
42 -- 04 29 48 0,25 29,010 99
43 -- 04 44 48 0,25 34,510 100
44 Aground 04 58 34 0,0038 46,300 101
45 Split 12 01 30 0,0 47,590 102
46 Fracture 12 01 58 0,0078 51,910 103
47 104
48 105
49 106
50 107
51 108
52 109
53 110
54 111
55 112
56 113
57 114
TOTAL DURATION CREEP & LENGTH 4,7616 51,910 TOTAL DURATION CREEP & LENGTH

TOTAL TIME CREEP-RUPTURE (HOURS)

10,392

230




DATA ACTUAL ANALYSIS TABLE

Length Diff. . Length Diff. .
No. (Dial)/1 | Length Length/ Strain Elongation No. (Dial)/1 | Length Length/ Strain Elongation
(mm) (mm) Ly (mm) %) (mm) (mm) Ly (mm) )

1 0,0 0,0 50,0 0,0 0,0 58
2 0,650 0,650 | 50,650 | 0,0130 1,300 59
3 1,190 0,540 | 51,190 | 0,0238 2,380 60
4 1,562 0,372 | 51,562 | 0,0312 3,124 61
5 1,831 0,269 | 51,831 | 0,0366 3,662 62
6 2,061 0,230 | 52,061 | 0,0412 4,122 63
7 2,266 0,205 | 52,266 | 0,0453 4,532 64
8 2,430 0,164 | 52,430 | 0,0486 4,860 65
9 2,576 0,146 | 52,576 | 0,0515 5,152 66
10 2,668 0,092 | 52,668 | 0,0534 5,336 67
11 2,719 0,051 52,719 | 0,0544 5,438 68
12 2,761 0,042 | 52,761 | 0,0552 5,522 69
13 2,775 0,014 | 52,775 | 0,0555 5,550 70
14 2,781 0,006 | 52,781 | 0,0556 5,562 71
15 2,785 0,004 | 52,785 | 0,0557 5,570 72
16 2,789 0,004 | 52,789 | 0,0558 5,578 73
17 2,794 0,005 | 52,794 | 0,0559 5,588 74
18 2,795 0,001 | 52,795 | 0,0559 5,590 75
19 2,795 0,000 | 52,795 | 0,0559 5,590 76
20 2,796 0,001 52,796 [ 0,0559 5,592 77
21 2,798 0,002 | 52,798 | 0,0560 5,596 78
22 2,799 0,001 52,799 [ 0,0560 5,598 79
23 2,802 0,003 | 52,802 | 0,0560 5,604 80
24 5,414 2,612 | 55414 [ 0,1083 10,828 81
25 6,608 1,194 | 56,608 | 0,1322 13,216 82
26 7,285 0,677 | 57,285 | 0,1457 14,570 83
27 7,936 0,651 | 57,936 | 0,1587 15,872 84
28 8,630 0,694 | 58,630 | 0,1726 17,260 85
29 9,398 0,768 | 59,398 | 0,1880 18,796 86
30 10,188 0,790 | 60,1838 | 0,2038 20,376 87
31 11,050 0,862 | 61,050 | 0,2210 22,100 88
32 11,984 0,934 | 61,984 | 0,2397 23,968 89
33 13,020 1,036 | 63,020 | 0,2604 26,040 90
34 14,180 1,160 | 64,180 | 0,2836 28,360 91
35 15,438 1,258 | 65,438 | 0,3088 30,876 92
36 16,864 1,426 | 66,864 | 0,3373 33,728 93
37 18,474 1,610 | 68,474 | 0,3695 36,948 94
38 20,351 1,877 | 70,351 | 0,4070 40,702 95
39 22,571 2,220 | 72,571 | 04514 45,142 96
40 25,361 2,790 | 75,361 [ 0,5072 50,722 97
41 29,010 3,649 | 79,010 | 0,5802 58,020 98
42 34,510 5,500 | 84,510 | 0,6902 69,020 99
43 46,800 12,290 | 96,800 [ 0,9360 93,600 100
44 47,590 0,790 | 97,590 | 0,9518 95,180 101
45 51,910 4,320 | 101,910 [ 1,0382 103,820 102
46 103
47 104
48 105
49 106
50 107
51 108
52 109
53 110
54 111
55 112
56 113
57 114
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DATA CALCULATION ANALYSIS TABLE

Length Diff. . Length Diff. .
No. (Dial)/1 | Length Length/ Strain Elongation No. (Dial)/1 | Length Length/ Strain Elongation
(mm) (mm) | Lr(mm) (%) (mm) (mm) | Lr(mm) (%)
1 0,0 0,0 50,0 0,0 0,0 58
2 3,806 3,806 | 53,806 | 0,0761 7,612 59
3 4,483 0,677 | 54,483 | 0,0897 8,966 60
4 5,134 0,651 55,134 [ 0,1027 10,268 61
5 5,828 0,694 | 55,828 | 0,1166 11,656 62
6 6,596 0,768 | 56,596 | 0,1319 13,192 63
7 7,386 0,790 | 57,386 | 0,1477 14,772 64
8 8,248 0,862 | 58248 | 0,1650 16,496 65
9 9,182 0,934 | 59,182 | 0,1836 18,364 66
10 10,218 | 1,036 | 60,218 | 0,2044 20,436 67
11 11,378 | 1,160 | 61,378 | 0,2276 22,756 68
12 12,636 | 1,258 | 62,636 | 02527 25,272 69
13 14,062 | 1,426 | 64,062 | 02812 28,124 70
14 15,672 | 1,610 | 65,672 | 03134 31,344 71
15 17,549 | 1,877 | 67,549 | 0,3510 35,098 72
16 19,769 | 2,220 | 69,769 | 0,3954 39,538 73
17 22,559 | 2,790 | 72,559 | 04512 45,118 74
18 26,208 | 3,649 | 76,208 | 0,5242 52,416 75
19 31,708 | 5,500 | 81,708 | 0,6342 63,416 76
20 43,998 | 12,290 | 93,998 | 0,8800 87,996 77
21 44,788 | 0,790 | 94,788 | 0,8958 89,576 78
22 49,108 | 4,320 | 99,108 | 0,9822 98,216 79
23 80
24 81
25 82
26 83
27 84
28 85
29 86
30 87
31 88
32 89
33 90
34 91
35 92
36 93
37 94
38 95
39 96
40 97
41 98
42 99
43 100
44 101
45 102
46 103
47 104
48 105
49 106
50 107
51 108
52 109
53 110
54 111
55 112
56 113
57 114
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CALCULATION DATA GRAPH

0 =79,22 MPa; 627 °C

No. (Izl;l; ) Strain | No. (;‘;'Z; ) Strain | No. (}z'::ic ) Strain
1 0,0 0,0 58 115
2 0,25 0,0761 | 59 116
3 0,50 0,0897 | 60 117
4 0,75 0,1027 | 61 118
5 1,00 0,1166 | 62 119
6 1,25 0,1319 | 63 120
7 1,50 0,1477 | o4 121
8 1,75 0,1650 | 65 122
9 2,00 0,1836 | 66 123
10 2,25 0,2044 | 67 124
11 2,50 0,2276 | 68 125
12 2,75 0,2527 | 69 126
13 3,00 0,2812 | 70 127
14 3,25 0,3134 | 71 128
15 3,50 0,3510 | 72 129
16 3,75 0,3954 | 73 130
17 4,00 04512 | 74 131
18 4,25 0,5242 | 75 132
19 4,50 0,6342 | 76 133
20 4,75 0,8800 | 77 134
21 4,75 0,8958 | 78 135
22 4,76 0,9822 | 79 136
23 80 137
24 81 138
25 82 139
26 83 140
27 84 141
28 85 142
29 86 143
30 87 144
31 88 145
32 89 146
33 90 147
34 91 148
35 92 149
36 93 150
37 94 151
38 95 152
39 96 153
40 97 154
41 98 155
42 99 156
43 100 157
44 101 158
45 102 159
46 103 160
47 104 161
48 105 162
49 106 163
50 107 164
51 108 165
52 109 166
53 110 167
54 111 168
55 112 169
56 113 170
57 114 171
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H.26 Hasil pengujian kekuatan tarik spesimen uji ketebalan nominal 2 mm.

SA 210 Al
SamplelD S4 210 A1 TestDate 23/12/2021
Operator Tvpe Flat
Size (mm) 12, 4242, 24 Aolmm?) 27.82
Lo (mn) 50 Lufmm)
A(%) / tuimn?)
Z0%) / Fm (1) 15. 05
Em (MFa) 540 FeH (kN) /
UYS(MFa) / Fel (kN) /
LY3(MPa) / Fp (kN) 9. 65
Rp(MPa) 345 Ft (kN /
Rt (MPa) / E{GFa) £.69
Load (k) Lead-Extension Curve

16, 00 B

14, 40

12, B0

11. 20

. GO0

g, 000

£, 400

4. BOD

3. 200

1. BOD-

0 T
-0.020 298 24.0  27.0 30,0
Extension(mm)
SA 210 Al

SamplelD S4 210 A1 TestDate 23/12/2021
Operator Tvpe Flat
Size(mnn) 12, 42%2, 24 Aofmm?) 27.82
Lo (mm) 50 Luimm)
40 o Lsufmn?)

Z0%) / Fm (k) 15. 05
Em(MPa) 540 FeH (k) /
UY2(MFa) / FeL (k) /
LYS(MFa) / Fp (k) 9. 65
Rp(MPa) 345 Ft (k) &
Rt (MPa) / E(GPa) £. 63

Stress (MPa) Stress—Strain Curve

21580

16420

17260

15100

12840

10750

BA30

£472

4315 -

2158 - -

0 T T T T T T
0 23.9 48. 0 72.0 96, 0 120
Strain(%)
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A 210 Al

SA

SamplelD SA 210 A1 TestDate 23/12/2021
Operator Type Flat
Size{mm) 12, 4242, 24 hoilmn?) 27.82
Lo(nn) 50 Lu{mn)
A0%) / Aulmn?)
(%) / Fm (kN) 15. 05
Em(MFa) 540 FeH (k) i
UYS (NPa) / Fel (kN) !
LY3(NPa) / Fp (kW) 5. 65
Ep(MFa) 345 Ft (kW) {
Rt (MPa) ! E{CPa) .69
Load (k) Load-Time Curve

16. 00

14. 40

12. B0

11. 204

9, AO0H

&, 0004

f. 4004

4. 8OO

3. 200

1. BOOH

0
0 1.60 3.20 4.80 A.40 B.00  S.A0 11 12,8 14.4  18.0
Time(s)

SamplelD Sh 210 Al TestDate 23/12/2021
Operator Tyvpe Flat
Size(mn) 12, 4242, 24 Ao (mm?) 27.82

Lo (mm) a0 Lu(mm}

& (%) i Aulmm=)

Z%) / Fn (kW) 15. 05

En (MFPa) 540 FeH (kN) !

U735 (MPa) / Fel (LN} /
LYS(MFa) / Fp (kW) 9. B5

Ep (MPa) 345 Ft (L) /

Rt (MPa) / E(GPa) .69

Lead (k) Load-Displacement Curve

16. 00

14. 40

12, B0

11. 20

9. 600+

8. 000~

f. 400+

4. 8O0

3. 200

1. 600

0
0 .00 600 .00 12,0 150 18.0 21, 24.0  27.0  30.0

Displacenent (nn)
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SamplelD Sk 210 41 TestDate 23/12/2021
Operator Type Flat
Size(mm) 12, 42%2, 24 Lolmn2) 27.82
Lofnmn) 50 Luimm)
A% 7 Aulmm?y
(%) / Fm (kW) 15. 05
Em (NPa) 540 FeH (k) /
UYs (MPa) Z Fel (kN) A
LY5(MPa) / Fp (ki) 9. 85
Rp(MPa) 345 Ft (k) /
Bt (MPa) / E{CPa) £. 69
Extensionimm} Extension-Time Curve

30. 00

27. 00+

24. 004

20. 954

17. 99

14. 994

11. 99+

8. 986

5. 984

2, 98241

-0.02

o 1.60 5.20 4.8) £.40 8.00 G.A0  11. 12,8 14.4  18.0
Time(s)
SA 210 Al

SanplelD Sh 210 A1 TestDate 23/12/2021
Operator Tvpe Flat
Sizel{mn) 12, 42432, 24 Lolnn2) 27.82
Lo (mm) 50 Lufimm)
A0%) / Aulmn?)

%) i Fm (kN) 15. 05
Em (MFa) 540 FeH (k) !
UYS (MPa) / Fel. (ki) /
LY2(MPa) / Fp (ki) 9. 55
Ep (MPa) 345 Ft (k) £
Et (MFa) i E(GFa) B. 69

Stress (MPa) Stress-Tine Curve

B00. 0 . . : . . A . .

G40, 0 ; ERTELE . : . : ; ;

480, 0 T deeneoeans e

420, 0 :

360,04 g :

300, Of--mmn-

240, Of-nmnen -

180, 0—----+

120, O-f---f- : |

80. 00+ -E e : :

0 T T T T T T T T

12.8 14.4 16.0
Timels)
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H.27 Hasil pengujian kekuatan tarik spesimen uji ketebalan nominal 3 mm.

SA 210 A1 T3

SanplelD S4 210 A1 T3 TestDate 23/12/2021
Operator Type Flat
Sizelnn) 12, 51%3. 06 Aoinm?) 38. 28
Lo {mm) 50 Lufnm)
BO%D & Aulmmi)
(%) / Fm (k) 18.70
Rm (MFa) 515 FeH (kW) 16. 00
U5 (MFa) 420 Fel (k) 15. 90
LYS{MPa) 415 Fpo (k) 12,25
Rp (MPa) 320 Ft (k) o4
Rt (MPa) / E{GFa) 7,51

Load(kN) Load—Ex%Fnsion Curve

m

20. 00
18. 00+
16, 00-f---
14. 00
12, 00+-
10, 00
8. 000-f---
f. 000~
4, 000--

2. 000-¢-4-

0
-0.020 2. 24.0  27.0  30.0
Extension(mn)
SA 210 Al T3
SamplelD S4 210 A1 T3 TestDate 23/12/2021
Operator Type Flat
Size(mn) 12, G1%3. 06 Aoinm2) 38. 28
Lo {mm) 50 Lufnm)
4 (%Y 7 Aulmm=)
) / Fm (kH) 19,70
Rn (MFa) 515 FeH (kW) 16. 00
Y5 (MPa) 420 Fel. (k) 15. 90
LY (MPa) 415 Fp (ki) 12,28
Rp(MFa) 320 Ft (kl) /
Rt (MPa) / E(GFa) 7.31
Stress (MPa) Stress—Strain Curve
15680 . .
L -En..

12550+
10930
9411

T842Z ~
B274
4705 -
3137 -
1568 -

96. 0 120

Strain(%)
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10 A1 T3

<
jo s

s
(]

SanplelD S4 210 A1 T3 TestDate 23/12/2021
Operator Type Flat
Size(mm) 12, 51%3. 06 hol(nm?) 38.28
Lo (mm) 50 Lu{mm)
A% i Aulmm)
Z 0% / Fn (kN) 18,70
En (MPa) 515 FeH (LI 16. 00
U¥s (MPa) 420 Fel (kN) 15. 90
LY5(NPa) 415 Fp (kN) 12,480
Rp (MFa) 320 Ft (kN) L
Rt (MFa) / E(GFa) 7.31
Load(kN) Load-Time Curve

20. 00

18. 00

16, 00—

14, 00—

12. 00

10, 00+

8. 000~

6. 000

4, 000+

2. 000+

0
0 18.0  20.0
Tine(s)

SanplelD S 210 41 T3 TestDate 23/12/2021
Operator Type Flat
Size(nn) 12. 513, 06 holmm2) 38,28
Lo{mn) 50 Lu{mm)

%) 7] dulmm=)

Z%) i Fn (L) 18, 70
EmiMPa) 515 FeH (kN) 16. 00

UYS (MFa) 420 Fel (kN) 15, 90
LYS(MPa) 415 Fp (kW) 12,125
Rp(NMPa) 320 Ft(kN) £/

Rt (MPa) / E(GPa) valc |

Load (k) Load—DisplFacement Curve
n

20. 00

18. 007

16. 00+

14, 00+

12. 004

10. 004

8. 000+

£, 000

4, 000+

2. 000

0
0 3.00  6.00 9,00 12,0 150 18.0 21.0 240 27.0 30.0

Displacement (mm)
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SA 210 A1 T3

SamplelD Sh 210 41 T3 TestDate 23f12/2021
Operator Type Flat
Size(mm) 12, 51%3. 06 holmm2) 38. 28
Lo (mm) 50 Lu(mm)}
BT%) s sulmm)

Z{%) i Fn (kN) 18,70
Em (MPa) 515 FeH (LI) 16. 00
UTs (NPa) 420 FeL (ki) 15, 80
LY5(NFa) 415 Fp (kN) 12,25
Rp(MPa) 320 Ft (LN} i

Rt (NFPa) S E(CPa) Tt

Extension(mm) Extension-Timne Curve

30,00

27. 00+

24. 00+

20, 99

17. 99+

14. 99+

11. 99+

8. 98R-

5. 984

2. 9821~

=0, 02

0 2,00 400 GO0 B.00 10.0 120 140 1.0 1B.0 20.0
Tine(s)
SA 210 A1 T3
SamplelD Sh 210 A1 T3 TestDate 23f1z/2021
(Operator Type Flat
Sizeimm) 12. 51%3. 06 Ao (mmz ) 3R. 28
Lo (mm) 50 Lu{mm}
A% i Auimm2 )
%) i Fn (k) 19.70
En (MFa) 515 FeH (LN} 16. 00
UY3 (MPa) 420 Fel (ki) 15. 90
LY3(MPa) 415 Fp (kN) 12385
Rp (MFa) 320 Ft (k) f
Rt (MPa) I E{GFa) 7,31
Stress (MPa) Stress-Tine Curve

£00. 0

5400, (-

480, 0---

420, O---

260, 0-f--

200, 0---

240, 0-f--

180, 0---

120, 0---

A0, D0

0

16.0 18.0 20.0
Time(s)

239



H.28 Hasil pengujian kekuatan tarik spesimen uji ketebalan nominal 4 mm.

SA 210 A1 T4

SamplelD S4 210 A1 Td TestDate 23/12/2021
Operator Type Flat
Size(mn) 12, 534,13 hoflmm?) 51575
Lo (mm) a0 Lu{mm}
A% / Lulmm?)
%) / Fn (k) 26. 55
Em (MPa) 515 FeH (i) 20. 00
Y5 (MFa) 385 FeL (kN) 19.85
LY5(MFa) 385 Fp (kN) 20. 35
Bp (MPa) 305 Ft (L) /
Rt (MPa) / E(CFa) .79
Lead (k) Load-Extension Curve

30,00

27. D=+

24, D0

21. 00

18. D0

15, D0

12. 00+

9. 000

f. 000

3. 000 : : g

0 T T T T T T T T
-0.020 2,98 &893 B.9% 120 150 180 21. 24.0  27.0  30.0
Extensionimm)
SA 210 Al T4

SanplelD S4 210 A1 T4 TestDate 23/12/2021
Operator Type Flat
Size{mm) 12, 534,13 Aoimn2) 517
Lo {mm} 50 Lulmm)
A% / dulmn?)
Z(%) £ B (k) 26. 55
En (MFPa) 515 Fel (k) 20. 00
UY5 (MPa) 385 Fel (k) 19.85
LYE (MPa) 385 Fp (ki) 20. 35
Ep(MFa) 305 Ft (k) {
Rt (MPa) / E{CFa) £.79

Stress (MPa)

Stress—5Strain Curve

11610
10440
9284 ~
3124 ~
6963
5803 ~
4642
3482
2321 —--

1161 —FtA--

I (5 W

96. 0 120
Strain(h)
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SA 210 A1 T4

SanplelD S4 210 Al T4 TestDate 23/12/2021
Operator Type Flat
Sizelnm) 12,5344, 13 holmm2) 51595
Lo {mm) 50 Lufnn)
A1) / Lulmn2)

%) / Fn (k) 26. 55
En (MPa) 515 FeH (kW) 20,00
7S (MPa) 385 Fel (klf) 19. 85
LY5(MPa) 385 Fp (ki) 20. 35
Ep(MFa) 395 Ft (ki) /
Rt (MFa) / E{GPa) £.79

Load (k) Load-Time Curve
30, 00

27. 004
24, 00+

0 3.00 o0 9,00 12,0 15.0 180 21, 24,0  27.0 30,0
Time(s)

SA 210 Al T4

SamplelD S4 210 A1 T4 TestDate 23/12/2021

Operator Tvpe Flat

Sizelnm) 12, 53+4.13 Aomm?) 51575

Lo (mn) 50 Lu{mm)

A1) / Lulmn?)

Z0%) / Fm (1) 26. 55

Em(MFa) 515 FeH (kN) 20. 00

U¥2(MFa) 385 Fel (kN) 19.85

LY3(MFa) 385 Fp (kN) 20. 35

Ep(MPa) 395 Ft(kN) f

Rt (MPa) / E{GPa) £.79

Load (k) Lead-Displacenent Curve

Fm

T T
24.0 27.0 30.0
Displacement {mm)
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SA 210 A1 T4

SamplelD S4 210 41 T4 TestDate 23/12/2021
Operator Type Flat
Size(mn) 12, 5344, 13 hofmm?) 51. 75
Lo{mn) 50 Lufmm)
A£1%) / Aufmm?)

Z0%) / Fn (k) 26. 55
Em (MPa) 515 FeH (ki) 20, 00
U¥s(MFa) 385 Fel (kN) 19. 85
L¥3(MFa) 385 Fp (L) 20. 35
Rp(MPa) 395 Ft (k) i
Rt (MPa) / E{CFa) .79

Extension(mm) Extension-Time Curve

30. 00

27. 00

24. 00

20. 99

17. 99

14. 99

11. 99

8. 986 -

5. 984-f-

2. 982

-0, 02

0 .00 A.00 %00 120 150  1B.0 21, 24.0  27.0 30,0
Tine(s)
SA 210 A1 T4

SamplelD S4 210 A1 T4 TestDate 23/12/2021
Operator Type Flat
Size(mm) 12, 53%4.13 bolmmi) 51. 75
Lofnmn) 50 Lufmn)
&%) / sulmmi)
Z0%) / Fm (k) 26. 55
Em (MFa) 515 FeH (k) 20, 00
Y3 (MPa) 385 Fel. (k) 19. 85
LY5(NPa) 385 Fp (i) 20. 35
Ep(MFa) 395 Ft (k) £
Et (MPa) / E(CPa) £.79

Stress (MFa)
GO0,

Stress—Tine Curve

G40,
480,
420,

360,
300,
240,
180,
120.

G0,

0
0

00+

0---
0_ -
0 --

0
0

T
27.0 30,0
Tine(s)
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H.29 Hasil pengujian kekerasan spesimen uji skala Rockwell.

LABORATORIUM METALURGI FISIK
KEMENTRIAN RISET,DAN TEKNOLOGI

FAKULTAS TEENIK UNIVERSITAS HASANUDDIN
lalan Poros Maling KM, 6 Bontomarannu Gowa, 32171, Sulawes: Selatan

— —e
Sampel :  Pipa Boiler Gowa, 20 Desember 2021
Nama v Miswar
PENGLINIAMN KEKERASAN
Alat Uj : HRS 1500 Mitech
Metode :  Rookwell Hardnees
Skala : HRB (Indentor : 1.588, Beban 100 Kgf)
Perlakuan Spec | Pengukuran Rookowell Konversi
1 76.50 HRB 140,00 HEW
Pipa 2 mm 2 77.10 HRB 141.30 HBW
3 T6.40 HRB 139.80 HBW
1 77.80 HRB 143,40 HEW
Fipa 3 mm 2 7970 HRB 149,10 HEW
3 79.20 HRB 147.60 HBW
1 17.00 HRB 141.00 HBW
Pipa 4 mm 2 7930 HAB 147.90 HBW
3 17140 HAB 142.20 HBW

?&Kﬁaia Laboratorium :
5 h}ntalurgu%r;'
{25

Dv. Lukmanul Hakim, 5T., MT
Nip. 197404 151999031001
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H.30 Sertifikat material (mill certificate) spesimen uji ketebalan nominal 4 mm.

Rohrwerk Maxhiitte GmbH

92237 Sulzbach-Rosenberg

Abnahmepriifzsugnis | Inspaction certificate | Certificatl de réception DIM EN 10204 :08.1995 - 3.1C / :01.2005-3.2

Post: G2EST Slrbach-Fosenbem
Thlsforr DEGET B14 151

Horformitit zur Druckgerdterichtlinis 2014/68/EU Anhang | Abs. 4.3 u. 7.6 ist sichergesielit | Conformity ko the Pressure Equipment Directive 2014/88/EU appendix | exp. 4,3 and 7,5 is guaranteod

Formblattir.: QSIRW-06-003 Rew 3 vom 18.12.07

Erpsgrinlonmi ProducyProduit LB P A L i80e TIRC R WD raaeition | Tarsm of defeny
. nabdloas Rtshlrohre) kakgeferagl ardicr offcial reguistens ! CondiBens de i sbiou pres ciiions
PT. Indoboller semmioas sbeal tubes el finished eficmbes:
JI, Puri Dagin Raya Blok i-3 No. § Tubos on acier sans soudure produil i Treid ASTM AZTNAZTOM : 2012 ASTM A45S0MA450M ; 2015
Hel.Jatimelati, Kec Pondok Melati WerkatoiLisferzustand QuaityCondilon of Gelrarny ASME SA-210/5A-210M ASME SA-450SA-A50M ASME Sact |l Part A 2015
17113 Kota Bokasi I/ Jawas Barat Indonesien CuabidElal de Svrniscn
ASTHM A 210 GR A-1
Dede Rukanda
Liefaranzeiperdelivery notecdiconcemement I awsd'mamhun Nr.Ma GWADGT Hestall-NeOrder No Mo, de commande: 1B-214-2016
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Lampiran I Data Pendukung Penelitian

I.1  Berita Acara pengambilan data.

KEMENTERIAN PENDIDIKAN DAN KEBUDAYAAN
UNIVERSITAS HASANUDDIN
DEPARTEMEN MESIN FARKULTAS TEKNIK
Jalan Poros Malino Km. 6 Bontomarannu Gowa, 90245, Sulawesi Selatan
(0411586015, 586262 Fax (0411) 586015

hitp'eng unhas acad,  E-malticknmiki@unhas.acad
— e ———————— e —m——— . — —

BERITA ACARA PENGAY

Pada hari in selasa, tangeal dua puluh tujeh bulan oktober tabun dua ribu dua pulub
{27-10-2020), yang bertanda fangan dibawah imi

. Mama TWAHYU HARI PURNOMO, 5.7, MM,

NPP 10167RB426

Jabatan CCFPP Manager PT. ANTAM, Tok UBPN Sulawesi Tengpara.
2. Nama P MISWAR,

Wim : DO2ZTETO04

Jabatan : Mahasiswa Program Pendidikan S2 {Magister)

Teknik Mesin Universitas Hasanuddin
Bahwa Mahasiswa tersebut di atas telah sclesai melakukan penpambilan dats penelitian dalam
rangka penulisan jurnal dan‘atau tesis pada objek penclitian ecomomizer fube  dengan
spesifikasi boiler,
Tipe Cirewlating Fludized Bed (CFB),
Mo, SeriMo. Unit S VVDOCO100-L12 / Uit 2,
Tihun Pembuatan - 2014,
Tekanan Kerja Maks. @ 137 MPa (MAWP),
PemilikPemakai PT. ANTAM, Thk LUBPN Sulawes: Tenggam
Adapun data terlampir,

Demikian berita acara ini dibuat dan untuk dipergunakan sebagaimana mestinya

Mengeinhu
PT. ‘-\I'-J."JI'AM, 'i'bk Yang mﬁgﬂ_mhll daia,
LIBPN Sulawesi Tenggara -
5 _..p-""
WAHYL HARI PURNOMO, 5.T., MLM. MISWAR

CFPP Manager
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1.2

Hasil pengukuran dimensi ketebalan aktual dan diameter luar economizer
tubes di lokasi PLTU.
Page: 1
INSPECTION RECORD
(Wall Thickness Check)
1. Mama Perusahaan ¢ PT. ANTAM | Thi UBPN Sulawesi Terggar
2. Objek/peralatan *  Economizer Tubes Baller; Type CFB, SW: VVDCO100-U2 (Unit 2}
3. Material/bahan SA-210 Gr. AL} Temperatur operas (Inlet); 214 ° C
4. Lokasi ¢ Area PLTU, PT. ANTAM, Tbk UBPN Sulawesi Tenggara
5. Tanogal Pemertksaan  : 26 November 2018
No. Nama/Posisi 0" | 90" | 180° | 270" | Diameter | Keterangan
(S S (mm) | (mm) | (mm) | (mm) OD(mm)|
1. | Economizer Tube, 4.30 4,32 NA 4.39 319 0 - 5890 mm
| Row 1 ESe, |
Economizer Tube, r 4.42 452 LT 4.46 9 590-1.200 mem
L
Economizer Tube, Tq.f BEED mfA 4.31 320 1200-1900 mm
Row ;1
2. | Economizer Tube, |45 | 419 | NA | 413 119 1 - 590 mm
| |Row:d
Economizer Tube, 4.9 4,34 A 4.33 20 £540. 1200 mim |
Rowi : 4 |
| Economizer Tube, a4 | 423 WA 337 319 1200-1900 mm
Row . 4 |
3. | Economeer Tube, 446 | 444 WA 458 | 320 0-590mm |
Row @ 7
Economezer Tube, 431 4.40 NFA 4.38 321 540-1200 mim
Row ; 7 |
Economizer Tube, | 442 | 438 | NA | 4%2 | 319 1200-1900 mm |
: R:rft +7 | |
4, | Econcerazer Tube, | 432 425 | WA 430 320 0 - 540 mm |
Row : 10 {
Economizer Tube, | 4.3 4,38 MiA 4.35 ILe 5%0-1200 mm
Row : 10 , |
Econamizer Tube, [ 4z | 419 | WA 444 320 1200-1500 mm
Row ; 10 , | -
5. | Fronomizer Tube, | 43 | a: HiA .29 309 0 - 580 mm
| Row: 15 - !
Econormizer Tube, | 47 | 437 | WA | 438 | 30 500-1200 mm |
! Rowe : 15 | |
TEconomizer Tube, 478 | 431 NA 3.98 320 1200-1800 mm
Row : 15 |
Catatan ; Pengamibiian sampel dari arak kirl boiter {left bodler). bagian atas (baris pertama) .
Mengetati,
PT. ANTAM, Thk Pemeriksa/ fnspector
UEPN Sulawesi Tenggara =
CFPP Manager
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I.3  Hasil pengukuran nilai kekerasan economizer tubes di lokasi PLTU.

- 2
INSPECTION RECORD PrDE
(Hargness Tast]
1. Mama Perusahaan i PT. ANTAM, Thik UEFN Sulawes Tenggara
2. Objek/peralatan :  Economizer Tubes Boiler ; Type CFB, SNV : WVVDEGIOO-U2 (Linit 2)
3. Maberial/Bahan 1 SA-210 Gr. Al Temperatur operass (Inlet); 214 = C,
3. Lokasi o Area PLTU, FT. ANTAM, Tok UBPMN Sulawes: Tenggara
4. Tanggal Pemerksaan  : 26 November 2018
| No. Nama/Posisi | HARDNESS (I) | HARDNESS (II) | HARDNESS (III) = HARDNESS (AV.) Ket. |
_____ s HBE HV HRB | HB | HV [HRB | HB | HY HRB HB | HV | HRB .
1. |Economizer Tube, 148 | 150 | B0.6 | 123 | 124 | 70.2 | 130 | 131 | 734 1337 [ 1350 | 747 0 - 590 mm |
Rt 1 | | |
Ecanarmirer Tube, 135 136 | 75.6 134 139 | 767 | 119 | 120 | 68.7 | 1307 | 131.7 | 73.7 5001200 mm |
| Row:1 | (O | o] O it Wil I v
Eronormizer Tube, 122 | 123 89.5 127 | 128 [ 723 147 | 145 Fo4 | 1320 | 132.0 | 739 | 1200- 1900 mm
Row @ 1 | |
2. Econormizer Tulbs, 146 148 i B 157 159 B3.1 113 114 653.1 138.7 | 1403 | 760 0 - 590 mm
Rowi®: . .. . . | { | |
Economizer Tube, 138 139 767 119 120 | 68.4 23 B3 41.1 1133 | 1140 | &2.1 560-1200 mm
Row - 4 |
| Economizer Tube, 13 119 | 651 | 142 | 143 | 782 | 113 | 114 l’Ts.: 122.7 ﬁs.'?"aﬂ-:fl 1200-1900 mm |
Row © 4
3. | Economizer Tube, 135 137 | 759 | 135 136 | 756 | 126 127 | 72 | 1220 [ 1333 | 7a5 0 - 590 mm
Roww ; 7 |
| Economizer Tube, 141 143 | 779 | 97 47 54.7 | 109 108 | 624 | 1157 | 116.0 | 65.0 500-1200 ram
Rowr © 7 i
Economizer Tube, 127 | 128 | 723 | 139 | 140 | 772 | 133 | 134 | M8 | 1330 [ 1340 | 748 | 1200-1900 mm
Row : 7 |
4, | Economizer Tube, | 132 133 [ 742 | 135 | 137 | 7548 T ui1 | 111 | €38 | i%60 |10 | 713 | 0-580mm
Row : 10 |
Econamizer Tube, | 14F | 18 | 79.9 OF ) 53.9 91 g1 49,4 | 1113 | 111.7 | 611 | 590-1200 mm
Hoaw @ 10
| 3 1 ] | |
| Economizer Tube, 135 [ 137 75.9 104 | 104 59.6 141 143 | 77.9 | 126.7 [ 128.0 | L1 | 1200-1900 mm
Row @ 10 - | (- i - | l B . ) .j
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Nama,/ Posisi _HARDMESS (I) HARDNESS (I1I) | HARDNESS (I1I) | HARDNESS (AV.) | Ket.
HB | HV HRB HB | HV |[HRB | HB | HV |HRB | HB | HV | HRB |
Econcmizer Tube, 135 | 136 | 756 | 126 | 127 | 720 | 139 | 140 l 77.2 | 133.3 | 1343 | 749 0 - 590 mm
Rowi ;15 | e I AT Y I [
Economizer Tube, | 128 129 7d.B 136 | 138 a1 136 135 76.1 133.3 | 135.0 | 750 | 590-1200 mm
Row : 15 = WL /| o1 PP e o N [ o ;
Economizer Tube, 146 | 150 | 804 | 92 | 93 | 50.7 [ 135 137 | 758 | 1250 | 1267 | 680 | 1200-1900 mm
Rﬂ"ﬂ' } ﬂ \ 1 !
Mengetahu
i :r?Tm, 'Il:'hk Pemeriksa fnspector

—
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UNIT 2 BOILER

DATE= 27/08/2018 CHECKED 2% DY
DAILY LOGGING SHEET 1 }T\ ]
DoMFEAZ | JOHFBZE ey Te-1ACEO | Z0HACLY | 20HACIG | 2oHACLD | BOLABSD | 2OLARGS 11 AoHAD11 POUEAZS | PMBAIS | DOLBALS | HABRPD THLAH L0 | BOHAH T
mroeaxa} = cveaneg | crosueg | crasan | criing | eFiiaen | cpaimn | crasing criasa crozan | oF tuawn | crazaw | oFieane, crodix | CTesinn | Crosion | CTozLG| CToILNG | CTe21ws | CrosMe
- 58 54 = - 5l ¥ 54 50 52 - ET L4 5z 54 54 - 54 54 54 54
DESH
el bt bt R ) i Il ) el I e N ] B e e B I el iy g ey g
scaie | scalE | meuT (FRONT) | (REam] | FRESS GE PRESS | PRESS FLOW mener | pLow | pREss | O
h ah [ degt | dexc | oeac | mros | wum wra | mare wh dea | wh | s = dogt | donc | dmc | dewt | denc | sepc | dear
DT B5L s nna rase | 2vem | sea | w0se | sooes | o1eae s pET sp.e | 1omPe | aogw om 4335 | aems 8450 w001 anso ata,1 5282
o100 B L5 apa Jiaga | 27ESE | 2rses = I 3852 L% LR 3z sisam | ioeay WS LLES 4323 303 50 ga.d 4ETA 4855 E!?.i-
-0 B23 513 oo uw 278,36 zn.;_“ o000 BESH 15,80 w7 I 236 Sehae | oiokaT | 2%49 1L4n aLs o5 L Has s TF-'.J- L
o300 787 i T8y =] un;z B g de | araer ao.p0 EER S 18,52 10,63 i 1 SEAT R -90.3‘1 13,04 LnE2 dany ma A45.0 T ﬁET ﬂu;l-l 1 ;I;
e _qn =17 ] a0 zazmyr | svmas | avsay | soma ELEL 1543 e s 2057 | w33d | aoos AT 43105 ania amn £ arne | anma SI06
ﬁjn- 821 B3 6,50 z3ass | avess | msar _m_ﬁ; | -qs,sa 1:5.u 10,58 2212 m;"-u moa. I e s | as1s .u.s.; EE TS eLry LTF sH.8
B D0 LETS LER 0,00 sa2a | zem | amss | e Lo 1544 wee | 236 sz1ar | maaam | 1mos 10,75 azms )BE:G_ axxn e ﬂ.l“ 45:!'.;- _E-M-.:l i
070 &2 B12 000 21LTS 7R3 arszr m.uq_ I LT ) 16,45 10,67 -1.15 s 16241 oS 10,49 4DEY =R aay T 4E7 .5 4669 | LR
O8O0 837 i 817 [ 12,24 :7;_:7 ] _zn,ﬂ:l 10,85 6,0 1647 10,68 ] 236 o ;;.n | _10\-__1;_ _rl,ns_ -_1;.42 Tﬂ.:l AL Aa%0 LLLE T3 4565 5.4
LB RIS B16 000 .:u.u P -X F areal 10,87 FTES 16,40 1 2.5 ) 532,72 104.3E o7 i 16,36 A5 ma 4450 ;&s 5T weno 7 52!._1
10w F B u.; a4 | 17033 | 3ve7e | ames ;n 1636 18,55 EE D) 5136 | wsao | oo _mu arsa agas | aase | oasoa 683 T S26.3
_:n;n_ LX) B 0,08 rinre | meoga | aveaEn ;qr: 1-5-.,_51 1 _q.q_.zq w070 23 sraes | 1o7es | anea 1,7 EEIY 4111 EEEE] apsg | wsan | s2ez
120 LEL] LEL] 20 : 34,15 weTa | 1viER 1,56 5L p Ll vinal 189 j 52230 | 1087 . 1BAF 4355 3831 &a1a LD AT S 5254 ;
- uu‘n m BIT 00 714,23 ivaa Irana 10,80 RS 16,29 10,73 Loe LIRS w05 1340 4354 tLEA] L 4567 ATLS 4TLT 266 :
100 BAL BAD -1 -] 21476 | avmer | avsTa 10,90 955 16,36 3 o S24,83 IDN i ::_::rn_ adie LA SA58 :;l.: arza i arLs 278
500 niw LFL] a0e zaaes | avwar | avsma | anas 8,07 14,32 inrt u—:- 573,73 | omos -m.u (FE LY 4353 ELTE] -u,‘s =03 omg | ams see |
FTEY ai7 a%6 (1 i 21433 | 79z e I T T e 200 s2006 | womoa | 1608 (PR sy | sEsa a0 | ecos armn | eens | sies il
170 830 B30 | 0 i 21408 | avsor | ressa | weae 0004 w3 | wm 0o sanen | w07s7 | acod (T 33,7 mss | w80 w005 wrs | a6z 515:._ ==
100 LE-2 3 B55 a00 21728 ELENE] Ita.a a8 0550 1608 | 0L am SrAST 11886 1,04 12,53 aEsR 90,0 _l'ls.ﬂ ! bt 124 47,3 =LY
J.M;u LE: ] LEL] o 21&51_. ;u m,ﬂ 13 oesn | o1sm 1085 250 sansa | mral | oose 128 o7 0,4 :M.B 3 a0E,1 ez 4748 s i
2000 CEL 231 o0 21899 | 28477 | zE1ga | 1166 | semso | as 10,63 200 :.:;:u" asmdo | 1007 inTs -_;;5._5 350:.? -H—;N__ 048 e e
100 a8 ase woa 21750 | amara | mosa | posa | soess | oasaor m,‘u 200 saou1 | 11472 | sons 12,38 LEENS £ a5, aen | amsa | avma 532,1
00 - L4 o,00 sy | smomr | zaga | soss | warr | asae . 199 sa7s1 | 1uusa | 10pe 11,80 LEFR] w1 445.0 I ;m arap | 4720 530,58
2900 nAs BAR s,00 | 23082 | 2erve | zeess | 1ose | wosa | aear w7a L8 514,59 ; -_-u.oa 1112 ule :‘_ _;.‘:u so1p | amer | asse | osant
Minmum 787 77 8,00 210,73 176,72 Imae? FLE Y 53,14 Ly As 10,65 88 518,17 L FLE-H] 10,06 4245 383,1 4411 3962 ace, v L 5206
M@ p ) 231 D.nn I zuuﬂ /ATT | zEL A 110 16930 TESE 19,85 1 2.-33 530,37 118,85 ELAE] 1347 aara !9-1.5- aang AnE armn LLERS 5382 il [T
An-n_'- _m i B44 ) oon i z1eas | Ty | Iress 108 L0 LEIE 10.7% 1= 83400 | 16973 1gE 1167 : l:u 380,2 aaay Aanna 405 0.5 5T g |

249



DATE  27/08/2018 UNIT 2 BOILER EHECRED BY APPROVED BY
DAILY LOGGING SHEET 2 3%3_'
amcan | 2o0ucis | 2oouece | zoqucs) 200 EUITREREY - THTE Y 1 BoCARALL 2noust | seguess | aquen
crazana cooLixa o coaien o oI a ELRErT copLLen,
u7 T ETd 57 57 57 58 57 58 7 Lo 3% 5T k-] £ ]
PR O | O O c'::::‘ S LT EOO i Tl:{ ECOL | ooy | EOUL ::'" _:;..r: oRUM ’:‘:: | s
e fcomomel o f e e || | | e | S s el Kl il I et e
P o COND = TIATY
mSm w5m pH TR msSm H 1 HEL - il mifm ] [T 'r_|5.fm upi HElL
Do 0% L] #a1 019 0,145 884 Loz 50,32 9.8 F% ] [ELS T oaso | osoz0 209
[EE- -] L5 ] 0301 AT a0z 0,245 g9.449 123 S0 -:.ur_ LE i Ll e _W 54,21 i 238
B 02:00 0,306 03w 541 943 [ .53 544 1.04 ok e R L] T na u‘.usu” [ !41.-!1 LE S —)
-nu:w w.a-m EFa A1 a5.2 2,261 LI 1. S, BT r.lane BIE ra g h.n_ AT
o4:00 308 LEEL LE}Y . e ) 243 299 s0.33 :5 ] 1804 s : FEA X F] 5033 L i
05:00 506 0321 241 6.4 2,262 5.43 Loa 50,73 10,06 zam ars 26,7 e.nsu_ 50,22 a3s
| ceo 0,308 o3z 541 sq,s. o | saa | iee | se ®51 nacs B74 o | oose | soa a2t
o7:00 o, R X ana 0,271 245 LET 0,33 3,52 zaes | ars 3 n_m ELRT) LEE]
00 504 [FEES .42 _sq,s 3270 545 103 S0,23 3,59 PR F Wy e &, 058 50,38 a8, i
09200 0,302 LEFL) EE ] sz ‘m262 s un : w.é] -9.l|1 #5840 73 273 “amse | swam 906
000 e.m" EI._JZF I -M! -“,F L. Fobd Led S0,71 BB el i B 26,8 om0 50,19 am
11:00 ©,259 LER] LE T LEL] CF LT 1,00 w20 805 - asws f1: EL o081 018 (5} Bl
12:00 0,255 [LERH] 548 LET 0,754 1.‘;. L4l 56,19 5,53 z,sm i we aoss | sear a6 —
13:00 ' e2ee 0330 LR E asa 0,263 -:.u_ L1im 50,18 513 B we Coesa | sear o5 i
1400 I 259 LEL ) 543 Lo o261 LI Liom 20,15 e l nE34 FLE) ogs3 | seas [ED T T | |
15:00 - Ta-e_ _u.zzn_ _-FJIJ [ Ib:l EX.E X 105 5,0 B 1.6&0- !i! 0as: SN 5,3
1800 LR [REE] 043 a7 264 %46 10 50,20 s | :,s': i mE agsy | seaw n0o -
L7:00 0259 n3e 943 &5 0,263 45 Low S0.20 5,29 e (LR ol S L 5,08 | g
18:00 0,205 ] 3319 e B 0261 =85 Loz 50,21 nan 2750 T ncs0 5020 e T
1500 0,300 0307 544 03 0,250 5,66 L .21 LRl EEL] - o 0,048 S20 ag7 .
00 qaw om0 s e 5,245 08 L 50,22 951 278 w2 1 0047 w71 LEL]
Z1:00 o | oo L) #75 LE2T] L] 0,59 -_50_2? 855 X tF.-l___ = Tnu_ M;;]._ nus i
i n:.w_ | am-_ [ g,‘cs. -r.-,a 0,248 2,47 059 50,23 asn 2766 F o047 sa1 Baa
ik nenu__ -‘13!30_‘ 0_.-3”- i !.«‘5 -ﬁ]r‘ 0,255 w47 osT 5022 5.4 2,785 B 0,044 5030 S
Lt 2258 @399 LR L) e Ll o, Shim LR 1372 LE] 6 0047 so.a7 L
ttnaiemum | 0808 510 245 s 0,371 nar i 5023 | oo 1.m_- T BEL | we 0,05 50,12 847 T
AR Q303 o317 243 EHE u258 395 P 50,‘21 B.ﬁ-l_ 4.5HL B B Y &,050 50,03 LR

250



DATE: 27/08/2018 UNIT 2 BOILER CHECKID &Y AFFRDYED BY
DAILY LOGGING SHEET 2 g
amrnoan | 2ovenao | 2omo1s | soman moeiaia | dovmars | amaane | | SSHLALL | 20kiARS sovana | aommspy | AL | Z0HBKLL | 2obannn | 2omBkal | 2onekL | 2ok | 2ouskez | soHex1z | oims | 2oneais | pekeka | 30rmei)
crnanng | ereaika | crasixa | ceaaion sevelcrisavpeierisarac| T U | eriaana] eriaina cemm | ermag |ETROERA cooann, | croazen | cvazand | crasaxd | evoamen | craseag | cresing | cresang i | cPas g
51 54 51 51 s Y 1 51 80 s¢ 54 54 54 ] 54 54 e 54 £ 51 51
e [P zelsnean D | i | e sl Ol | o | ow | T | 0 | e rumunr| v | o corvoms | sorvcnal ormoss {aciTsom | scrrom | scrroes et rumescelrumnce) "L rumace [ mumnac
mwe | raae | OR | O Lunnow| cnoe | STEAR | FLOW [CORRECT| CORECT! | oy, | ppegs | QUTUET s Lo i et b i ey g B DT LA SV Tony[Peess v peess o
dwc | seec | wea [P [TV (SR P TR Fe—m—" . e g T wa | dugc degc drgr deps dege - gT degt degl gt gt T kb
00 A FiTe } 15,31 BT anAn L5t i LR imia els .79 w0 B 539 aag a1 B 2an B3 g5 &L nix . ELS 0,03 0.0
i D00 2ES 15,00 LA Sasy o ey A LERS] AR e FLEL] e 6An wag ) =1 aas B4 853 i 837 Bis an BIL e sz R 0,05
] K‘?_.J 2153 I 14,88 531 | 3431 ; 434 75 i B4z e :!ﬁ_ 55: | B350 B3 wAL LE=] L5 Aaar i [:EE] B43 1= 815 &ta aan 005 -n_m_
o | oaess | awm | wen | ss2 | sum | am | vz | e mar | sap | woa | ses 6 | sar | mes | war | woa | e | ees | es | me | ms | ws | e | wes | s
0400 zoss | 1m0 : 14,82 L1 | saas any LX: a5 1,58 | ;7,5 LELY 545 ] 55T Az ass am e A WA = | nos ) w2r 1= o o_m_
500 R aEa 13,00 ave || M e x a0 1 =l = a1 anm LX) a3 B35 s | ss0 Bds EiE 3 aic min wpa an noa :ns_
600 3075 ura 14,81 53 5411 #a3 Y] 450 1119 LT 70 o4t 553 578 way ney nxz - Bad B3a | ear B13 B33 16 815 _.u_ug_ 8,08
oron W75 nra 14,73 578 sa7a e 724 451 sre 965 MLAT sas ems | ma | mes w2 sy sis | man | s we | ms | ar a17 b4 B85
0 T 08,7 ne2 14,81 595 LT a9 Lo 451 aTA (LEH 545 583 Bay BT a2 ass s | wa | ses 817 e |15 B3 008 s
a-tol:l -nn-:_o a.x-t.-? i :Iﬂ;i _6.;; 5439 _-t.srs_ -?.ﬁ-o- 4_,\: | m_ l-ﬂh) ano LX) By m2 | e 231 B3 = aay (EE) FEE) niy nn 08 e
10000 EITE] 2198 15,01 662 | ;1 4.; 750 a5t 1Z.08 E EEES 1e.66 552 LT nat L1 | LT w51 L E26 243 B19 e a1 LT 0,04 g
1100 2134 20 15,41 595 S6.94 517 7ae 450 12,38 mar 1028 10,43 :.ﬂ- 73 L3t nin -] ass BaL _las =] s | aos Wi nin 08 m:r-x_
1200 L oz 15,33 T 5643 =1z 7 250 1247 1041 frra) 10,87 S50 576 a3 B (=] [C] B35 a3s I as3 05 ans a2 16 0,00 oA
troa a7 153 5ok F.ol . S5.08 Fad 50 dda 1344 R0AD aLe iers L1 5 [ B4z i =7 us_ e85 &9 B LE m L) Baa 1 _a.is =01 003
1400 73 1rem 15,20 153 5583 5,08 150 As5i 15,14 ELoa 1@,z 16,0 a0 LRL] B3 =20 B25 53 g1 A s‘:‘o | _11_1 H1l w7 L.~ €609 0.0%
1500 = e 15,08 TA5 5531 5 I &43 13 L0aa ;2.5 1,4 540 LR Lol LEL L] 55 333 BEE B47 ; B B i UL =ne e 205
10 2073 | ez | 15,19 | coe | sems 508 750 250 13,37 113 1086 10,36 54,9 6 1 sa (1] s mi saz B B4z a3 ma | s ik T a0
1700 D000 aren 18,07 TN s508 5,04 #40 asn 13,2 (i r] 102, 18,37 =0 653 B3 | sas uxs Bia wan Han (2T a1s ) . a2 -] .a,n.4_
1800 n07 | nes 18,01 LBt S@E 540 250 w50 158 b 1108 W ;u_ -s.;“ B35 241 a5 8317 aas Hi? RIR a11 B 756 a1 -2 0,03
1%:00 LR BT ] 18,50 nas &180 563 LT Lan 148y Wz 84,1 5oa an =28 B33 e |31 T K19 EE 30 a4 A4 082 '_:,m
zen00 Fmas | 2201 1656 EEE] S11 564 750 &a9 | u-.'.u 1 | L.t.E; 7 540 LT min [t niz m. s | ms | s 785 5 a1 w15 41_;;1 1 2m
t100 a1z | mma 16,06 B7S S8BE 5,04 750 L50 18,19 LEGT 55,2 6.4 w2 -E an BN |27 m LE0] B0 £0 as a1s T 00
00 @120 | 27 13,79 L5t LLET) LET T8 %43 1355 11,8% 1074 .84 55,0 _EAT_ 34 as; nxi win Bm LET] _m 80 B a5 813 003 0,00
3R e | nme | 10 nar ETE L 5,13 rs0 un__;-_w-? 1685 1033 :-n,lsu 54,8 ﬁ_ﬂ =40 a41 e B0 ey "k a1 B12 =2 ara 817 ooe | o |
[ 205.8 TLe0 1431 55 5183 4T LT san 1095 BAT W40 .04 54,8 B 30 LT LH] s az4 31 28 W s o A13 0,06 .06
mimimum | 2186 220 1856 545 6L11 564 754 451 181 1572 1143 1332 5.2 E.lﬁ_ T nS w? a6 a5 i 841 a7 am 3] ai7 Wi <001 c.Tﬁ
Avernge w52 1nr2 1%28 EATY =511 510 TAL 4,50 1262 1052 w24 | 1058 m““ 65T ] B3 CHE] [oh [TT) = 348 81 ﬁ.:l. a1 B8 ] ]

251



DATE :  27/0B/2018 UNIT 2 BOILER HIEL N LN AP ENCEE B
DAILY LOGGING SHEET 4 _5?,
—
Crocann | croasme | crosinc| crasmua | ryaiac| st evivan| crosena | croamw| Erosawe | crosewa | 2rmec | 2Wms sovmmas  aonmmae | s | sovmcae s | v | 2 | S | | | erosana | evosuea crona
54 54 54 54 = 51 51 £ - 54 se - 54 54 E=3 34 54 E ) 54
e e [FUaE] rumn | comsac | commac| s | asws 30N | SR | sk | sk oot | ot | e | e stmamar | sppamar | 5| S| 2w | asun | econn | aani | o | soson
Lo || it | | o | e | v evura urrise| G | O | some | s | e | G oo | e | 0T (R ‘Gl | s |ramatejransss s s ot e e i
Ay L} a1 Lt T | TEMP urror | Mioor | ueR op | D DR THRaE Ry | TERAR (L)
gt g degt gt kPa P (= gt [ degl degt e deq ea | wen | b L) e | degt degt gl desl drwr gl el m;:
[ BIS o] =3 RDA 002 o6 B ey [ TR TEY s s 003 15,84 1% 535 Rl TH a4 BES 30 A109 nE (15 % 1549
OL:00 &15 g9 E08 BD4 0098 -0, 00 -u..;z_ __.-u S 759 Tar Tea Tan 0oL 1663 -c'.us" 428 ral 790 BES a0 4101 ELE A T 1583 !5&.5_
oz:00 R0y mia FE Lo R T T ET o TEI e T a T8 LI -1860 8,08 331 L e - L 513 4114 _-“:3_ i LE7E 1—'-'-9_
om:00 e moa =l B -0.0%5 5% i .55 b Tra e L1 a 09 neo -thAR E- 307 Y mar &an 5313 2109 nyL? i1 1!9-_1
i 24:-00 796 8O0 B340 [+ 0,099 05T _AJJ!- mnz Ll Tan 60 i 714 LT -¥BE3 -D08 A2m TEE Lo s98 ] 541 £13.% £ L) sTa 1538
%00 803 BOS. E16 B2 0,100 58 048 o 783 185 66 EES] T2 o aaﬁs‘ 008 &% 3 BIE cor | sa a1 area e 1852
D00 s nos LR} 0,307 nsa 059 a5 T84 TEO rar 3 e 01 S LT oY o8 -1, 3,13 3,19 773 B0 “ sS4y 4153 363 1585 1558
AT T (1 H (31 0,055 D55 =l 053 ez kL) r:hl T5a 711 _71; = e 16485 87 :;.w 3,15 318 ™ Lt &40 541 4147 ELLE ] sy
i [ ] 213 :17 | ElR 0, 10E 05T o; a8 T T3 73 i Lt ] Tar 03 1655 aea -16,33 : Az nr ] a7 543 a1s,2 !lb-l. 1504 16T
| o300 _u;- _ni =a 6,190 -nSa L6 Ta3 799 PEF TEE o T o0 15,73 10 -18.55 hE3 -4, Tae . =] a5 Al 4159 LLERS 1Ly 578
1000 e L i L] i 0,0 5D AED TE3 a7 LEE ] FEO Ti3 36 .02 -2 F3 I 1d ~1E 40 -Lar = _m 73 L) v 4175 3138 1835 [l
1300 wi1 wiy L] Ak oosa | asa 0,67 BOS rad 50 775 31 3% 083 amer | ois | asas 3a7 345 2 sos L] 536 AE2 EFES 1855 1m0
I M _II;-I_ ﬁ-]:f- BiE a3z 5,10 4 5% wag e Tus I TIE 731 008 _unl 17 -16,42 338 3,84 L] a4 Ted LI ] 4053 | 3135 1853 HLERY
1300 ana_ '_BD? LEE) a3l 00 s 082 BOS TS 783 63 raa fam “0E5 ; :-1-5.54. -q.r-! -¥GAN0 EEH 24 s L FE] ou ¥ Lo LE] LRT A 1843 1578
1400 =2 s s w1l _-q)m. i TS) B 0,61 a1 T2 ™G 7 T T4 ET] L6 56 0,08 SLEL] -a.52 -3,25 TED e OB L3k] R iR 17,7 1530 1561
1500 - w1 (T8 wr 0,307 EiT ] &L BODS e kLol ma Tre 719 002 -Ennl -0ur 16,15 1,10 3.11— 73 =13 o 533 | 4117 31£,8 1582 I§ 1551
1E-00 e an (55 & 0,085 s ] @52 EEC] o raa ™ T EER) 002 LT ] ] -16,18 a4 328 i T8 L) LD 515 ll-b-l 1176 1sp4 1550
1700 w7 &30 a14 B11 -o.usr BT 081 e A P '.m_s 714 T4 -d.di_ ?ﬂ o | -16.28 EF LT T 591 EES Il.l.l- zmu—-_ ASES 1548
1800 = =36 L5 IR <108 T ] 0E 214 TEA a7 5T el ao7 | 3650 TJ'? 1680 358 L] 86 701 sn—a. ] 13,1 7 ELER (LK ]
1300 : E=1 :3'1 g e -0.208 B ) Tn,tx 810 8L 7o T3z a9 kL 511 1702 -n,an_ -0, -1 A4.73 509 n]‘? '.;12 553 apds L] :ﬂ'-! 150
00 min T L] HIE qoe | mTe nsm | ms and : ™ E s 11 i -1 wan | o1& AT a7 796 B3 .v: s59 Lrots 3302 1635 I 6L i
__:;4} a_:! 7 wr | wm as00 | 73 0,75 1% 00 nant TRy ran 0 0 -18.52 9 16,36 AST 3,60 L L an 557 28,0 I n;,':_ 1624 | 16T
| 2200 | ;_ | e | s axa a1 | oee -0 nm v LT ot 73g 4T ons | -a6es | o | as3s 347 -3.87 750 ns = 556 212 ):-_';.-1 u_z,o 160
m_ ale B2 Az BED amer | oez ET T T80 v | 778 7-.15 rag 0,00 g7 | o3 . 1633 -3,33 A TaT 07 655 549 4184 IzLs w07 158K
Mlbmam T 50 son B w07 | en 1,82 83 T k) S T Yoo 031 arna | weo | ciear | o-are -3 TET L] BES sin Ans T 156,1 ELER
[TOEE BIE a0 as | YT 05F 55 £13 B2 s 7 58 63 noo E L] a8 56,06 -297 307 a0 =28 LFE 9 TS am0,2 Ts:s --“1;..5-
Average 814 Bi7 -1 P --q,ia E 1Y =a o s ke 715 36 o 673 s 16,33 EE EEL] H s Aum sS40 4155 :us.n- . 160,3 1575




DATE:  27/08/2018 UNIT 2 BOILER CHECKED DY
DAILY LOGGING SHEET 5 }ﬁ
mHBKAE ToHs 20 FHEKET 2oMMELD | Bowi s | BEMNELD | B0HNEDD | S0HNERD | 20eiNERD | 20HNELS | a0 BOHTIZD | POHOALE| 20 DAY
P33 | CFL3300 | CF133K0 | CPI3300 | oP13aMa | oP1S1Ng X CORE3Ca CEOICA AFDOURAL | ARG L
51 L 51 51 £ 80 5T 57 56 uT 57 L 57 L 57 7 Bl o 1 w1
ML | seyL | EconL | s | BSF L | BaGFR i PR GRS e as |V RS g g | TLUE SRS s::‘( [Smav0 T mmm i b
THME FUUE GAS | FLUE GAS | FLUE Gas P casfrusces] oy w::"L ::" xﬁ "":zm uo’f:!o L01 AT ":::b o AT u:;m o ROTAFD| GAT :ux m
PRESS PRESS PRESS FRESS PRESS FRESS DENS W ™o A N OF 4 ol;!':.cru SR CTR :"ID TR TR
(5] a () kPa wa ks Wl mr.i\'—'l. L] Wi rna_.':-r: mgTim3 -_;'h:-: ;p-m-.l em Ll E - - £
Do00 -1.00 X -132 1,953 3371 84 oA 0 arn TEa (5] FEEA ] 3LE B a4 oe 120 0.8 o
0100 -ns6 a8 A | -1ese i a.d'_r:u FEL) L] 12 LFE BlL 5B5 e 23Le vy :,T (7] 19,0 i B 10 ang
a0 a4 a0 B -1an -:.u:l. --e.;; Lne 08 = -1.; a3a ELE] a:-.s FEER) Frot) 11 ] L 0 L] [T
e L 2,83 Frey EETY TCECS T 248 T [ 11 azr bEs ELT 2812 28,1 11 23 L2 .o w0 LE
G0 0,53 -2, e t,02 120 1,832 3,262 291 T s 12 aas hA Wy IETA 2E3E L8 m i as T 180 | _&.ﬂ o

T o500 T :u_ .80 103 | asm 5;94 :_w o 14 EELY 517 LN Fech 232,2 13 HLE u.o. I m-; -_.-m-n- n.w;'

-_m ELE] ama EE-T] “1an .96 202 o 14 | a3z 512 aze FEe 2828 18 ({20 L2 1,0 &0 L] L 11
aToe .u,su- ;u 0,99 1_:7_ a1 2,37 - s 11 -4,:5 555 ww | 1 EEeR ] 18 EE4,1 [ .0 &0 1] [
00 053 0,8 102 320 || -umse | -3zae 257 o0 1 -:_ az s ano 760 1; _-1.'-'_ 20,7 i L] w0 L] ﬂ.';
arvoa L am 169 -l —'I.-llﬂ_ i -1.1ﬂ_'- Ex Ll L] -U-'l__ 4,33 35 413 ) _173-_8 2E5 15 Iom3 L oo e _ﬁﬂ ]

_m.m_ -qgr 299 108 s | aesz | maae 292 e ar 2,39 1 == 430 2830 1 EEEEY 13 a1 o .o Y] L)
10:00 BT o | am asz | tave | -assy 248 a0 10 am i ; LEH W53 2395 1.8 EER oo 0,0 L] e =

i 1200 1,00 582 s | 1,33 | Lsss -s?a: 287 oo ‘02 . _-l.:l.& 53 w28 EER a1 21 g L] A L] L1
RS R -a.98 .57 1,10 ] -;.‘13‘.‘17 3450 s L] _-O.T_ 1,18 s L8 FLEN _21_-'_u 1.4 2150 a0 wa s =
14:00 -1.00 ] aai age | asas | oasie s L] o 4.1_0 715 sas | 85,7 237.9 22 1141 i a0 LT 140 _lzz
ueon_-l 08 a8 e 137 | -usoz .;'n 2 e 02 4,17 G50 s: . mos | 23m2 18 1240 (-1 LT oo LT3
pr e\sa 7 4,40 .1,1; a7 2518 2 0 LE] | Tere | 4o | zeme | asas (LY oo LT ] as |
are0 B as; -u.ss_ _m 17 Ls0T _;,475 86 w0 LT} 22 06,8 a0 ] S F ] 23%4 &0 o &0 [ ] —
an-oa -128 i ast | -zass | -amar 2am o5 463_ Ao 58,0 E X1 EL-R &0 an aﬂ_ (1] o
19:00 S 160 2903 | w0 256 y o8 14 538 anzs :s;.a 1 17 EE R | -o.n_ _u,; _c,::- [ 1] |
20:00 1,26 -1.37 a6y | zeoz | ane 7,40 e -”T_ 2,20 7BE 13 95,1 2402 12 ;sq,u“ i -D_n T LT a0 a 1
21:00 -1,18 227 -3,50 2,236 _:3-22 .95 a5 15 427 o1 ¥E6 1985 43,5 15 wea on ae &0 0]
u:ﬂn 110 -J.ltr .1:-1 2116 BEGS Zﬁ- -cm 1.7- 4.30 "5_90- s a4 | 112 Lt ; anra Lt ] I an CE]

28:00 L0 1.490 -1 -L,SSZ_ _).51: 251 e BE 1% 428 kL (=04 e R ELERS a0 1878 - oo i EI.D_ _‘:\D oo
SHnlmum | o808 137 a4y | -na0r | aoae FE o EE] 416 a6k £ =12 | 1oa 28 LITRY oo LT an =13
““-1; -85 094 -1:11 .a...;;; -3,07% EE &7 u- -;.zﬂ E;. £8a 228 I.!.h‘._.l_ i 15 3837 oo L] Lo w0
Average =501 I 1:.1 131 1,956 _i.-aus 789 i ] 3 o7 475 Gar Ay A 6 R L a0 LE] 44 43

253



L5 Sertifikat Bahan (mill certificate) Economizer Tubes.

® RECORD OF MATERIAL |_ ~ QCF-017,
BHPI | TRACEABILITY/MARKING | Srisisones zmrc gol
EEE'E{;T : SHI-AP WORK Mo, * 01 24162610 TITLE : ECOMOMIZER COIL
DRAWING No. | Partto. | gy | PLATEHEATT | CODED | ORIGINALIBENTFICATION | page
PH2-003-062 1 B2 130403167 - SA210 Gr A1, ©31.8x41 1=f
z 184 | 0130403167 - SAZ10 Gr.A1, @31 Bxdi 16
3 184 013040316T - SAZ0 Gr.A1, 2318241 1-5
4 o | : SAZ10 GrAl, @384t | 1-6
5 164§ T’ - SA210 GrA1, @31.8x4t | 1-6
6 184 | 013040017 . SAZ10 GrA1, 331.8x41 1-8
7 184 | 013040017 2 SA210 Gr.A1, ©31.8xdt 1-6
& 184 013040317 - SAZ10 Gr.At, ©31.8x41 16
@ 1684 ﬂ'IEEH_-II]‘IT - SAZ10 Gr.A1, ©31.8x4L 1=-6
10 62 013040317 = SAZ10 Gr.A1, @31.8x4t 16
11 184 | 013040317 . SAZ10 Gr.A1, @31, Bxdt 16
12 184 013040317 - SA0 GrAt, 231.8x4 1-6
13 184 013040317 - SAZ10 GrAd, @31.8x4 1-6
14 184 | 013040317 : SAZ10 Gr.A1, ©31.8x4t 1-6
15 184 013040317 - CBAZT0 Gr.AT, B3 8uxdl 1-6
16 164 3040317 - SA210 Gr.A1, ©31.8=4t 1-6
17 164 03040317 - SAZ10 GroAt, 31,841 1=6
18 184 013040317 - SA210 Gr.Ad, B31.8x40 1=B
19 184 | 013040247 . SAZ10 Gr.A1, @31.8x4t 1-6
20 1 013040317 - SAZ10 Gr.A1, 831 8xdl 1~6
21 o1 013040317 ‘ 8A210 Gr.A1, @31, Bxdt 1-6
¥ 22 a1 013040317 - SA210 GroAd, 231,808 1-6
{PHZ-D03-062) 23 1 013040317 - SAZI0 Gr.oAd, @31, Bxdt 1=-6
API-12101C 19 736 304100 A SA36 BUe 7
API12101C 20 276 509646 N1 SA276 TP304, @12x10 8
ViDh 12613 5G TASARREGLO o726 fn
«—CIC ENGINEER QC 5V [ GC MANAGER
REFRESENTAT
(ASHECODE'S
L

FORM REV, & DATED M8 1463012
Dae Mo,/ Page Na.: 3.0~

254



ArTe2e

PROJECT NAME: SHI-API BOILER 2
ITEM MAME: ECOMOMIZER COIL
DRAWING NO:APE-12101C(PH2-003-062 )

EERANGRTTRES PART MO 1-23

CHANGHAD

& SPECTAL STEEL TRl OO. .

RECORD MNO.: SHI-APKBOILER 2y-MTR-C-O

b,
7= & B R GE W\ B - it
INSPECTION CERTIFICATE Tiancza canuA ziauie

LD TEL: OF19 FRE: BN
D05 0SSy AP 1 CBITW 12 5T co o1 veaos;zooe . 1) L L
FRDGOCT | AR NS R COMDITION OF BTLLETE 4 3 mnmer STNra00ed-Sehal s
IR WERN -
FARAR  lsTow o Docsems. LTE, AS“E e R Y s “R"-I..l SoR0IICTGET-38
= CUDE S Lt Ll
| i |AS® EA-EIN-20iceDesiien ( et e S w61
] oy 1 LT3
seecTrFreATIon | — STAur oF MAL TesPECTTON TR IE-2008
mw;_l! t e ST A DELITENT CONDTTION 4 wr ﬁ b
[T SEFREL-(%) E=]
|FE EaEaede e m‘“
e RO TEMP R R
o |, | Toenr TESTL)  |mEmess| ST (o - LATER Eov- | FIE- | Wi
o |MEAT HO. [mesy por Preery = BLED | (E5 m
o T =) @, T |5 AP
T8 TE L e i - OOT-~ | vy
4 S T T b |
bt i st BRLLL EE- E) -— T w| — ] = =] — A =
EBCIFICATION -
EEOUINEMENTS  fmey  — | =] N E" 36 —_—] - -} =
. m::{ml '.,_,:," s | a7 [sne | we | —] — LA 2z |n ] -] =f ] = i ) R (P
Er] 20 #.0 ¥ P e |76 " way | - B -—
£ | D1304001 [ 13068y b bl £l i Rt ey L e el -2~ — S s 3355y o Ay
L AR | 454 519 |see | e EYERED " - =]
5| 0130403 | 1205208 A6E 28] e | .0 — - LY x| k] el Bl IR = - — OS] oo e
7 o s a4 |ene | T30 Pi FAE] * =] =] F] =
» 01304081 | C1aCSETL Ak ey ED. @ TE. D . LA 2= |74 z i — - - i 5 —_—
L 2 485 a4 [sLe | e ™ Y ED [ -] = !
E& R EEEE
W ASTE 30T P (5T P2} . W :
EBDY GUEREMT TEST MTRSRIC TEST | memone Tesy| PRATTERHG TeET, B | BT YIEML & BOCRSIOK ™ L e
P T s s3t] w [ e oon Josi aw
Ly oy = = ok | ox | ex | o | ox oy | 3T || e
1. 35 0 FRERE (GAGE LENCTH. OF FULL SECTION) 360, Bwm 5
2. RIS S B (DATA. OF MEATTREATMENT) & JE.X ELISCCHORMAL TTATION TEMPERATURD -0 T, KL GHOLODNG TIME) s L s
[z
REWLFES
3, 46 IR 5 07 (MOLTSIE OF CREMTCAL COMPOEITION); LAshriESrd [LADLE MMALYSIE), PA: Mol ST (PROCOST ASALYSTH) . e i
NPPRNER

- SpANAEG R TR

T A SRR AR, E 3
w.wmmmmmam'mmmmsmmm TESTED, AND IESPECTED wITH BATISFACTORY RERVLTS IN ACCURDWRCE WITH THE REDUIRENENTE OF THE ABOVE MATERTAL STANQARD AHD SPECIFICATION.

255



PROJECT NAME; SHI-AP| BOILER 2

ITEM NAME: ECONOMIZER COIL

DRAWING NO.API-12101C{PH2-003-062)
Jrcas PART NO.: 1-23

AHATEANATARAN -
CHANGIHOU CRANUBAD PRECISION & SFECIAL STEEL TURE CQ.,

LT

RECORD NO. "-?PI{BOILER 2)-MTR-C-0

=& R OB E M B
INSPECTION CERTIFICATE

AEPR SR M S S M 210008
58 TARLINGIONG ROAD CHANAZBOG

CHINA 13018

peli i)
TEL20519

FAR: 0518

D05 025 PICERITIIZOEA00!  1oands 20058 1) Page 2 /8
bl 343 |SEAKI PSS WFDTUM-CAKBOR STEFL BOTLER AMD SUPESNRATER TOBES s UOT BOLLED
PRODUCT. |3 WM AP s B R COMDTYION 4F NILLETS B D008 F-3A20| 20600
ir/ameds WERY “ZHOMCTIAN TROW & STEEL
. 50201303006 138
custoe | SMITORO HEAVY DMMTSTRIES, LTD ASME CGDE Hev SUPPLIER OF BILLETS R
ﬁﬁ:” ATME SA-210M-2010E0420114D S m:_: ::-,?:uum YYDCOT45-BEPF-FTH-01 2013-8-3
13 I s
| seectricavion | STAWP OF WL TmSPECTION bia e
ME I | T COLD DRAMN TEALESS [ W [ smoen | TR I W L 1] 1
_RAXING METHOB wieEe STEEL CRADE - _PELIVERY CORDITION LERSTE
MiEie MECHANTCAL PROFERTY RS TR CAL COMPUST
I Lt B ey L . | ]
= FoOM TENPERATURS | (M Naim aww | BR | popmenzes |(mm | mm| 2
WS IWPACT TEST c i r 5 ¥a Cr | Cn L4 WL [ -] v L] [ ] Al T 2 — - MICRD
jmat e || | vena o) | mes - o ) e -
x o | RS GERR] PR | scrwo | . 5 | X aram |STEC[ A TR | g
] X:§ j:-—’ 1T1: ;l} I b s ] By T e [ R e e e ) e e e R A A TUEE | v e TOTAL
e B | oo =™
Emen s 415 155 Ll — — Tl ===~ =] —|—}—]—}L—~} =} =] —} —] —} =] ~—|] —]— o b e G0
SPEGIFICATION - -
REGUIREMENTS  foer] — = - Ee - | =lsnlmin]l =] =] =| =F== 1 =r=T7| - | i) (e
3 | 01304031 [a130szy G4 s |eeo | TRO - =] — iz lzo fra fis o | —] —| —| =] — ..._r_ —_ =B i T W
¥ 13 s nr |er.o | ™0 Ml Iar e e [ 5 | o= =] wm] imf o] =] w] el wel g = F=T -
- é- o180403 | ALaosnsg | = |- 455 |- 22— LER0-| —TRAO—— | — |- = -1 20— T - S g — | || i ] arC —r] Faset= = = ——air—] = e —rp—a— ‘-—l—
7 T A58 | 324 (a0 | .m0 rafas 22 v Jas [0 | =] =] —] — - —-|
T6. _ —] — " * A — —_— —_— —_— — - - - — —_— -— — — - _ —_ p—
o| 01308031 | arsosaon 454 T o taf3s (20 |74 15 | 4 - 2 || am
L 3in 450 158 |s1.o| s palrs f2e (e faa |9 | =] =] —| =} =] —] —| —| —| —§ = s=d -
| 01304031 | B1305138 e | 23 |60 | TE | —| —| — wafoz |20 [ Jas |5 | =] —] — } = | =t = i D I s S T s
7 o4 . "
45 | ;3 |s0.0 | THD val13 |22 v Jae 9 | —| —| —| — m:! -4 -1 S o
En PRERY | BAENR :
M ASTH E309) B (ASTH E213) L] ro WE L EER SHRARAS 4 it ]
EDDY CURRENT TEST ULTRASONIC TEST | BEXDING TEST m?trr’gm |PLartaG TEST|  coATINe W"c "m"!ﬁ'““' 1o MACHD | VISUAL & DIMEMSION i LA et
an P . = Py . = smiozlceionjsal am E i
ok (oK) (o0 oK) oK o | ox |ov o] k| (oY [ cromLy # [
1. 48 4F d0 WHURTE (GALE LEWGTH OF FLOL SECTION) =50, Eae
2. 2RI B (DATA DF MEATTREATHENT) » TEAJELEE (NORUALIZATION TEMPERATURE) 290530 O. SEHE DI TIE) ?  mlaa el "
W
REMARKS
2. LR B (ANALYSIS OF CRENTCAL COMPOSITION) » LA:2eiE24F (LADLE ANALYSIS), PA:i S5 (PRODUCT ANALYSIS) . EORAA —
APPEOVER

ELTEW AFEHTTILL, SRR EN:

B, 3

B

AW MR oo 9 s gy
¥E HEREBY CCRTIFY THAT THE WATCRIAL DESCRIBED HEWEIR: MAS BEEN MANUFACTUREN, TESTED, AND [RSPECTED WITH SATISFACTORY RESULTS UK ACCORONNCE WLTH THE REQUIRENENTS 0P TIME ABOVE MATERTAL STANDARD AKU SPECIFICATION

256



RECORD NO.: SHI-/ BOILER 2)-MTR-C-0
FROJECT NAME: SHI-API BOILER 2 _)
ITEM NAME: ECONOMIZER COIL
rce DRAWING NO.:API-12101C({PHZ-003-082) = = : CETMWERENGS MM2130y
AMTENERTTRLEMPART NO.: 1-23 F: [#T=] ‘E = ﬁE Bﬂ :ﬂ B8 TANLINODDSG ROAD CHAMCZHOU
= ko ¥ & SPHGLAL: STIEL TmE L - INSPECTION CERTIFICATE—7Tivtx JANKI OHTML #1300
?W’m'&[hﬂﬁWIWSQDDI {24 10204:3008-3. 1) £ TRt Page 3/
F<SET  |SEAMPSS MPDTUM-CARBON STEEL BOTLER AMD SUPERHBATER TUEES R wot Tfn’ - v ST w1
PROGUCT  |FoAerh iR T s B A COMDITION OF BILLETS o “eekg of WOEER. F02A13000631-33201300030
TR 3 wERH R0 TRAM
Cusyoazs [POMETONO NEAYY DROUSTRIES, LTD. e SUPPLIER OF BILLETS MiamER | DEREtonal
k| sa-noe-sorcmezorie AY ——— / Emmm g
I3 = I G VAT
SPRCIFICATION Stuw 8L o — LICEHSE b B
R B THLD DRANK SEAMLESS e p ERRE ® W (=) '—! 217
MAXING WETHOD HE T STEEL cRADE i S0 er Al | per pviny eosorrien | Ed I seciFicATION () | ¥ - * > ol | LERCTR D "
NMIMER  NECHIANICAL PROPERTT RTRE (%) CEMICA, COWPOSTTION (8 =
= 0 i et s
Ay 25
E ﬂafz ull:w!T m’g m et | lc|ea|m|r|s|m|e|alvfmiw|oe|lofalofnfe|l - i f&‘ urcRo nml.?';tmx ;.', g .::m
Ho TR [RERE| O] ssrim .1 |X o e Em T E T ||
8.1 Tl . ..l_%: il | e | e | wie® | e | cwnet | osed® | own® | wad® | e | s | o] steet | e | wut | osens® | e | s | soe? Timz | IN- foor- TOTAL
R 2 415 | 285 | S0 - - tt—|w| | =] =] —| | === ==l ===l == =l=]=] =] = =1 =] =
SPECIFICATION
REQUIREMENTS  |wad — - —_ 79 - 2| —[(sm|s|s| —| = = =~ —pri ==Yy - —_ =] =] -~
o |orsosn [mizosass| | w5 | s Jeso | 7ee | —f —f — —[ual1a 20 J7equs |4 | —] —] —| —f — = i = s I I i I
T o as0 220 |4m.o | TR0 raliz [z |mr Jua o | —| =] =| =k =] =T =1 =1 = s —t
| orsowm {maosesst |-445— |- 321 1480 L TOE_ L o e LA LIS 2O T4 16 |t || ) e e e T
L - 448 a3zs (48,0 | TR0 erij1z |22 17 Jaa |0 | —| —] —] — — —
5 | 1304031 | BAJ0S25S s 323 (w80 | TLO —} =1 —| —|aj2s |20 |7& f25 | 4 —_— =] =] — —_f =] - -] = ] = ] — S T ™ -
7 bt 45 | 320 |40 | VRS ez e [ s |0 | =] =] | -] =] =] =] =} — o - i
o |maoiest | msosass w7 | me jdeo | 72O | - —| —|—=jia13 |20 |74 |25 f4 | —| —] —] — . . I I B iy B R AP0 AP TY
? o 450 ne |amo0 | TE.0 ezl | =] =] =] - ad = e
R WA BAEHR
P (ASTH E309) PP LASTE R213) bl o ¥o L Lgiict HEH far ol
EDOY CORRENT TEST ULTRASONIC TEST meoyss rest| PATIONE kg Test|  coatine | FTPSSEATIC | ITBROSTATIC WicRo g SUAL & ; St L o e
e e = = e e = _  z=|enlcalonlma] a6 & s e )
oKy oKy 12:3) o0 '3 o | ox | oc | ox| o oy oy (roTAL)
1. SR M AERE (GAGE LENGTH ©F FULL SECTIOND :60. Ema
STFERALTRS B (DATA OF FEATTREATMERT) » IEAGLAC OMOLTZATION TEMPSRATURE) B90—~530 T, [FEEN (MOLDING TIME) ¥ min. Lm.* RS
EW
3. (LS RS ANILYSTS OF CHENTCAL COMPOSITION) e LA-NrMES) I (LADLE AMALYSTS), PAsERASF (FRODUCT AMALYSIS) . MECTRIA, 5
APPROVER

EER AR R, DEERFEANREMEI M. AR, ) :
WE HEREEY CERTIPY THAT THE MATERIAL DESCRIBED HEREIN LIS BEEN MANUPACTURED, TESTED, AND IKSPECTED.FLITIE SATISFACTDRY RESILYS [N ACCORDASCE FITH THE MEQUIREMENYS OF THE ABOVE MATERIAL STANDARD AMD SPECIFICATION.

257



RECORD NO.: SHI- '%OILER 2)-MTR-C-0
PROJECT NAME: SHI-API BOILER 2 j i
ITEM NAME: ECONOMIZER COIL
arreae DRAWING NO.:API-12101C(PH2-003-082) fo] - J EERAWER RS s
xARERENETREN PART NO.: 1-23 : T mE R E BB B SSY TANLINGDONG ROKD CRARGZEOD
b v e el s INSPECTION CERTIFICATE. S ap s T e sosscss prx.ceis sososess
00F-02E-SHIAPC BITWIZ0SIO0| ; pringeb i< o MY T
~EER MEDITM-CAXEON STEEL BOILER AND SUPERERATER TrOts WIS - 5
PRODOCT | MR RN N COMDITION OF BILLETS ~-ﬁ NBER SRARE NN RI01 M 1
TR WIERT THOWGTLAN TWOW § STEEL ;
AR AL |omavouo seavy pousTRIEs, Lo, I o BT = . : SOTO13030051-38
i LA kRD - M. T : :
aan  |ASE 'sa-2)0e-701 0eDezon 14D QN Ol ot e VYDCOT45-BEPL-FiN-01 EiT T S en g 201363
mE ¥ v g T
sreciFrearion | I STAMP OF MILL INSPECTICN FERTHRN-SE
CoLD AN GEAMLESS L3 E= 55 N W00
MAKING METHOD R E. I -SYESL. CRADE 1 SAZID Or. A1 _BELIYERY conbITION I Ex 4 iw 1]
e MECBANICAL PROPERTT . HREEE (v CEMICAL COMPOSITION F=)
lia P A
) -
Eﬁ:if:m; o e |amm | anor e zlelm|=]|r|s|e|c|a|r|m|m|e]s{n|n]n|zx]-]~ _‘g_‘!nsn iRraNnI m..!;r;-m:}u:rr
Y o, £ T (K| eacrion vz, T :_ ;}“,‘; STROC W[ H [ e
|61 &8 %F——I%E P IS R I RO V) T T (VP A IS AR RV (VL VR Y N e e e TUIRE | XM= 00T~ yory
Q) | | o0 | cmm) | e
e il a1 | 265 | 30 - — ool TS [e5eS) IS (s MY W) S SN U D (RN () O SN [BUUN RN) M| (Rt o DN RLS N) | N N [
SMECTFICATION
REQDIREMENTE  fued = — -— —_ kL] —_ | —~m|ss|w]| —| —| — = i = —} — = o] ] ]
\ |oraoamr Bt:::%ﬂl 3 n6 (0o | T5.0 | =] ==| =lTA{13 |20 [¥s |15 | & — | ] | - e — -_— — - -— P o)
447 e RO T80 PA| 13 2 |7 14 L ] - -— -— =] - — — —_— — — -l —
P oxzac;:n_u su::‘m‘ = —aas— —“;'— E6-0-|--FF:0 LAt 13-fon-bre-His- g — — | —— — 8- S T SR R R ; = _:-_;z._
4 | ato [sep | T80 pafis |o2 |or s |0 | =] =] =] ¢ -] — —| -] —
o |orzosoas sn:gzsl Rl 314 ""_" LU e e Mt B b 00 L G Bl L e M Wi B e R B B o Tt o W B e e LTI T] T s || vese
451 | se |sno | s mslalnls]es ] [ —1TTH =] =1-=] 1= —
e 51 | a0 |sm.o| 785 | —| —| —| —[wa[13 [e0 [7s [us —| -] — - = =] ~-] =1 =
w B :u nz |sao | 760 pajas [zz o7 | e : Py e m:{%‘ = i o ! B
T : BAERN | BAESE e
FRAUSTE E309) S (ASTH E213) g Ll W BNk B HMERY | 4 5t
EDOY CUXRENT TEST FLTRASONIC TEST sowms test| PATEINC o e rest|  cosTING bt ki MIcRD MACRO | VISUAL & DIMENSION | 4 L Bl B
A® o8 ~ | o= % &% 2 — |m|emiomioasien| gu am B Vil srate
ond £or) ) 00 e ox | o | ox] ox | o w0 | P tromaLy :
1. MW I W IETE (GAGE LENGTH OF FULL SECTION 154 fise
2 SR AL PP (DATA OF TEATTREATMENT) ) IEACKLEC (HORMALIZATLON TEMPERATURE) 0430 Y, RN M LD TINE) ?  mlme - B
T
RS
5. L2 R 7 (WALYSTS OF CUBMICAL COKPOSITION)s LA:WAEEHITCLADLE ARALYSIS), PA:RRIS-UFCPROCICT AALTETS). SITRA o

SRR SRR S, e e AR O e, T BR. ]
WE ITEEDY CERTIFY TIAT THE WATERIAL DESCMIBSD HENEIN JUS DEEN MAKUFACTURED, TESTED, AND IMSPECTED WITH BATISFACTORY RESULTS IN ACCORDANCE WITH THE REGUINEMERTS OF THE ABOVE MATERTAL STANDAND AND EPECIFICATION.

258



RECORD NO.: £ QS’I{BOlLER 1»-MTR-C-0
PROJECT NAME: SHI-API BOILER 2 ') g
ITEM NAME: ECONOMLZER COIL
Jyrezs DRAWING NO.:API-12101C(PH2-003-062) fae = s ’ LR MATAC N ESES 213008
RUAXSIARWENRLA PART NO.: 123 jt j=fa | ﬁ p1 I 'LE m BEF TARLINCDORG ROAD CHANCTROU
AT et RO & STELAL ST R G INSPECTION CERTIFICATE Jrem ot s et
P0Ss- s - SHIAPCRMIWIZ0S900] (EW yoeoe:2008-3. 1) %:;;. _Page 5 /8
ial T3 SEMCOESS MEDIDM-CAREON GTEEL BOTLER AMD SUPEESEATER TUMES WERS g R S
FROOCT | EWTEMSPOASTNT COMDITION OF BILLETS L ICATION e
R el TRONGTIAN IX0N & TEAR
tustoury (UK RKAVY. INPURIRLLE, LN, SUPPLIER OF AILLETS L] A4 - Wnmen
snrﬁm ASUE Sik-210M-Z010ED420T 14D m‘l m“’ mm !m VYDCoTl  f~FIE-01 LAPT) T 7 mm;- Ifm.
i R TT RRWR \ 3 - VAR
SPRCOFICATION STAMP OF MILL INSTECTION B SR LICEMSE No.
N fa 2 g = 2 ™ rad
COLD DRANN SEAMLESS W RS N N
wAX Iwg xETWOD | AREE STEEL GRADE I BRALG AN I DELITERY CONDITION ' Ek ‘ o Ly o :
T MECARTCAL PROPERTY ARG (%) CHEMICAL COWMPOSTTION (%)
" f ok (LT S
newn am
E ng;t; %“mqr mm Sewit | vacr rmsT sl ||| oo ]m]|ofefr]|m]|m]| e |u]afm|af—|—) ‘gf waceo
! w, | [HEREESEE[NR e | o, 1 | X ceramy | STRXC
L& "’: 0 ‘. : wenat | | gl | e | e ] Gt | e § et |l |t | wt | med | et [l | et | mae® | e | et | et TURE
A e R L IS8 0 _ _— T] =] 20| =} =] =] —] =] =] =] =] =] o] =] =] =) =] =] =] =] — == e
SPECIFICATION
PERUIREMENTS  [Ged — - | - L] - n|—|sm|xw|sm| —| =] =] =| FI = = - == - | -
 |or3040m | sas0szns 421 o [pro| 26 | —| = =] =|wafis j20 [va s & | =] =] =] =] ]| — — =] - =
T oF azo 290 |sno | T30 minlzlrnlnls] =] =l =] =l ¥l =T =] =T=1=TF —
3| pr3nacar| Bizasans ot 420— | 3EP— 540 - T 00— | —]. LA] 43 20474~ LiB- |-d — b —— - - — A ——t- e 1-"—- i
4zs 292 |&2.0 72.8 Phly (22 (7 (14 |9 — | =] — = - -] — % —_] —
e | = =] —=f = FE Mg [ R O S s [gusy IR 3 1y e gy ey [ (TR [RRR (NS (g R
a[01904031 | e1308308 azs 1 |ere 1 |20 |7 fus | & — G [ p—
4z0 95 |soo | O Pujry |2z for e | =] =] =] =] ] =] =] =] =] —| }~ d —
e " w6 | 307 [sgo | He0 | =] =] =] —=|ufia [zofec |1 |4 | =] =] =| = . < : =) —| =] —-| -] =
Il F = wE
T oL 8 | 0 |s40 | 7LS Paf1s 22 [m7 [sa [0 | =] =] =] =] ¥ = ! -
R (ST E309) O GasTH £113), “m = o e TAEMNR | EKEMA LS 3 iElow . HIaRt 4 it
EDDY CURREST TEST ULTRASOSIC TEST seorpe vest| FATISNN lpypping wosy|  corpee | FTORCTATICY | NTDROSTATIC wrcwe MACED | WISUAL & DIMENSTOM ‘s ¥y e
% o - o & i - —- B CRIDR[SR| o o8 A ar |1eea| er.em
oKy o ({79 ) I o2 of | ox [ox|ox| ex cox)y oy CTOTALY a
1. 4O S M N (GAGE LENGTH OF FULL SECTLOM) :60. Bee
AT P (DATA OF MEATTREATMENT): IESILAC (MORMALTZATTON TEMPESATURE) BSO~930 T, RN (IOLNING TINE) o sin. ;.:.g"m B
HEW
HEMANK S . " .
3. EF @A SAT(WALYSLS OF CHEMICAL CONPOSITION)y LA:HHRSFIN (LADLE ANALYSISL, PA:RESHT(PRODVCT AMALYSIS). EORIA -
ApFRovEs.

A BT e - S RARLE MR IR, SFITE R, .
W& KEKEYY CERTIFY THAT THE MATERIAL DESCRIBED RERELN MAS BERN MANUFACTURED, TESTED, AKD INSPECTED WITH SATISFACTURY WESULTE [N ACCORDANCE WITH JHE REQUIREMENTS OF TRE ABOVE MATERIAL STARPARD AND SPECLFICATION.

259



PROJECT NAME: SHI-API BOILER 2

ITEM NAME: ECONOMIZER COIL
JyTC=E DRAWING NO,.API-12101C(PH2-003-062)

ZATSENGRETRESN PART NO.: 1-23

CAANGZHOU CUANCEAD PRECISTON & SPECIAL STEEL TOBE CO.,
LD

5

INSPECTION CERTIFICATE

RECORD NO.: Sk %BOILER 2)-MTR-C-0

= &R B E | B

EERHONEREMISET Wi 213018
658 TANLINGDONG ROAD CHANGZROU

JUANCED CHIMA 213018
TEL: 0619 BSG00E3E FAX:-OS1§ S8S0¥EML

D0s-02-sSHAPICBITWR O DDy (¥ _18301:2008-3. 1) Pags & /%
LW |SPAMPES MEDITM-CAYEON STERL BOILPR AMD ELFPRMPATYR TURES: i
rRODUCT EA M R T COMDETION OF BTLLETS SUT01ITI05L-FETOII00AI0
T e At ; TERY TRONCTIAN - TROS
i er.  |snariee EPAYY DEWSTRIES, LR R e S 2 £02013030081-28
e 1} rEnm. -Fl}{ e :
S [ASEE Sa-2108-2010€04201340 ASHE CODE .S i it YVDCOTAE-BEPT 2 2013-6-3
®u =
|_SPECIFICATION | — STANT OF MTLL IXSPECTION TEITIONZE~2015
W COLD DWARS ESAMLESS C) RS W Exom |
MAKING IETTOD I AT —I STEEL GRADE el DELITENY COMDITION I b | LERGTHOD »
new NETMANICAL PROPERTY LD (1) CIICAL TOMPOSITION () =M
Ly b 1t i 1]
el ROCM TEMPERATURE R Lyl TecANSNIZED | | S| WE
: w,?, nn[;' ILE TESTRY powend INPACT TEST sle|s|e|r|s|%e||ea|r]m LaTER - | FTE- ngﬂ
i .8 '@l‘rx RER| vy uu‘.u.o{ g_ e i
T £ (s oa) = 00T
; gasnsd I[%IE : vart | e | seaw] serit | wver | seow [ st | s | s | e TOTAL
R i A1E 25% 30 -~— — T| =j10]| =] =] a=| =] =] =] —} — o T
SPECIFICATION
REQUIREMENTS [Wae| — — — % — 2| —|w3|las| | —] —| —| — | e
1 | 01304031 | c130s108 s 324 o|s4.0 [ TR0 - =] =] =|ealiz |20 Jre |15 |8 | =] =] =] —=|}— S B i i
! 18 148 i [sso | 7.0 ealas |2z |77 fw | | =] —]| =] = FT =1 =1 =1 = —=— T
Tlorsoioat|canvszent 45w -| 3530 Taso—|—|-—[ |-t afa3] 20~ fre-fuse - <3 | e s i s e
¥ e 481 asr |emo | 4.0 ; eaf13 |2z |77 faq | | =] —] =] — fm ]
4 |o3304031 | ca30s268 40 353 |45.0 | TA.O ] | ]l u_ 13 2o [ve Jas |6 { —] —] =] — ] el ) iRl el —] -] =l =b =l =1 CaVai
7 ar de2 a6 |se.0 | 7.0 pafas loz o |o | =] =] | =[|-] =1 ~] =] = = BE
N, (SIS [ P U N N N f . S R ey sy ey
o |on304091 | Cr30sETs 454 31 |53.0 | TR0 LAJ13 |20 |74 |16 | 4 ] asd omm
T 13 st | s |eno | s ealta fz2 Jrr [t ] | =] =] =] — uz — -
REGASTH E309) | . N (aSTW E213) - =R ¥a M SRENE | WKENA AN AR 4 .
EDOT CURRENT TEST VLTRASOHIC TEST EEMDING TEST mﬂ;?nm FLAXIRG TEST| COATTHG WIOROSTATIC “m!ﬁﬂ“" ) MACRD., | YISUAL & DIMENSION s 5-| 160 | 820
& i & W il FEIEIEEIES 35 o
(o> o s oK) oKy ('3 = = ox | oc | ox| ok | o oKy (233 {t:n‘:a oT | MR .V
1. S 3t 0 SR (GACE LENCTH OF FULL SECTION) 150, Bma
2. ST R (DATA, D7 FEATTREATMENT) s iE /LI (HORMALTIATION TEMPERATURE) 90930 T, ST EOLDING TIE 5 mia. i s
TEw
REMARES
3, FLRE R 8 5 U (ANALYSTE OF CHEWICAL OOMPOSTTTON): LA:MebiiSHT(LADLE AMALYSTS), Pi:SH7 (PRODUCT AMALYSTE). WARMA o
i APPROTER

EEG RN~ L, B

R

¥E HEREBYT CEWTIFY THAT THE MATERIAL DESCRIBED MERETK HAS BEEN MAMUFACTURED, TESTED, AND IMSPECTED WETH SATISERCTORY BESULTS TX ACCORDANCE WITH THE REDUIREMENTS OF THE ABOVE MATERIAL STANDARD AND SPECIFICATION.

260



1.6  Surat Permintaan Izin Penelitian.

KEMENTERIAN PENDIMKAN DAN KEBUDAYAAN
UNIVERSITAS HASANUDDIN

N FAKLULTAS TEKNIK
L PROGRAM MAGISTER TEKNIK MESIN
{-\"';f Jalan Poras Maline Km, & Bontomaramnu Gowa, 90245, Sulawesi Selatan

o W (0411) 586015, 586262  Fax (0411} 586015

hitp://eng . unhas.ac id,  E-mail:teknik@unhas.ac.id
Momor AAB6UNG T B8/PT.01.04/2020 0% Apnl 2020
Lamp -
Hial Permohonan Izin Penelitian’ Pengambilan Data
KepadaYth

(encral Manager FT. ANTAM, Thk
LIPBN Solawes) Tenggra

Dengan hormat, dengan mi kami sampaikan bahwa mahasiswa vang namanys lercanium
dibsrweiih

Mama . Miswar
Stambuk : D022 81004
Program Pendidikan : S2 (Magister)
Program Smudi Teknik Mesin
Konsentrasi : Konstruksi Mesin

Bermaksud melakukan penelitian’ pengambilan data dalam rangka penulisan sesis dengan
judul | “Kajian Degradasi Material Komponen Economizer Tube 84-210 Gr. A7 Pada
Circulating Fluidized Bed Boiler™,

Pembimbing - [or. Hairul Arsyad, ST, MT
- Dr. Eng. Lukmanu! Hakim Arma, ST, MT

Atas Perhatian dan kerjasama yang bk, kami ucapkan tenmas kasil,

Ternbuasun.

Ciuhemur Sulowes] Tenggara di Kendari:

Ka [hnes Tramsnaker Prov. Sulnwesi Tenggarn di Kendari
Arsp;

b ok =
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1.7 Surat Balasan Izin Penelitian.

Lampiran

Yang Terhormat,

Di
Tempat

—
idir Said, 5T
PP. 1004796773

BT, ANTARL, Tk
Machisd Miriig Buginess Lind
Southens] Sulrwesi
Sn Jund, Ahmad Yani Ho. 8

Pomalas, Kolaks 33582
Southoast Supwesl, indonesis

T 22-808 2340 171
F E2-305 2310 833

E mis_nigkglSamam wom

|t i om.

Momor  :419/603/PUN/2020

Perihal  : Penelitian / Pengambilan Data

Ketua Program Studi Magister Teknik Mesin
Fakultas Teknik, Universitas Hasanuddin

GeneralManager (SVP),

Southegst Sulawesi Nickel Mining Business Unit

Pomalaa, 28 Agustus 2020

Menindaklanjuti Surat Ketua Program Studi Magister Teknik Mesin, Fakultas Teknik
Universitas Hasanuddin, No. 4486/UN.7.8/PT.01.04/2020 Perihal Permohonan |zin Penelitian
/ Pengambilan Data, maka dengan ini kami sampaikan bahwa pada dasarnya PT. ANTAM
UBPN Sulawesi Tenggara bersedia untuk memfasilitasi mahasiswa yang bersangkutan sesuai
dengan bidang atau tempat untuk melakukan penelitian dengan tetap memperhatikan
protokol kesehatan yang berlaku. Selanjutnya untuk waktu pelaksanaan penelitian tersebut
akan disampaikan kepada Mahasiswa yang bersangkutan.

Demikian kami sampaikan, atas perhatian dan kerjasamanya diucapkan terimakasih.

J[\ .

ﬂw?ﬁ antam ©
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I.8 Foto dokumentasi pengambilan data penelitian di lokasi PLTU PT. ANTAM,
Tbk UBPN Sulawesi Tenggara.
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.9 Foto dokumentasi pengambilan data penelitian di laboratorium.
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