
63 

 

DAFTAR PUSTAKA 

 

Anggrahini, Wahyu Prasetya. 2014. Pengembangan Keselamatan Kapal Pelayaran 

Rakyat di Pelabuhan Paotere Makassar. Jakarta Pusat: Puslitbang 

Perhubungan Laut. 

Dionisius, Felix. 2018. Optimasi Desain Crashworthiness pada Tabung Persegi 

Berdinding Tipis Dengan Variasi Crush Initiator: Stripe-Paralleloram-

Trigon. Jurnal Teknologi Terapan Volume 4, Nomor 1, Maret 2018: 48-54 

Hayashi. 2005. Impact resistant structure for the helicopter and energy absorber 

used for the same. US Patent, US006959894B2. 

Hendrawan, Andi. 2018. PERAN SYAHBANDAR DALAM KESELAMATAN 

PELAYARAN. Jurnal Saintara Vol. 2 No. 2 Maret 2018: 33-39 

Hendrawan, Andi. 2019. ANALISA INDIKATOR KESELAMATAN PELAYARAN 

PADA KAPAL NIAGA. Jurnal Saintara Vol 3 No. 2 Maret 2019: 53-59 

Hidayatullah, dkk. 2013. Evaluasi Sistem Proteksi Aktif, Sistem Proteksi Pasif, dan 

Sistem Tanggap Darurat Kebakaran di Kapal Tanker X Tahun 2013. Jakarta: 

FKM-UI. 

Hou S. dkk. 2007. Design optimization of regular hexagonal thin-walled columns 

with crashworthiness criteria. Finite Elem Anal Des ;43:5 55–65. 

Jiang, Zhiyu. Dkk. 2010. Optimization of a fender structure for the crashworthiness 

design. Materials and Design 31: 1085–1095 



64 

 

Johnson, W., & Soden, P. 1977. Inextensional collapse of thin-walled tubes under 

axial compression. J. Strain, 12(4), 317–330. 

Katili, I. 2008. Metode Elemen Hingga untuk Skeletal. PT. RajaGrafindo Persada. 

Jakarta. 

Pei, Tan Sze. 2017. Oblique Impact on Crashworthiness: Review. Malaysia: 

Faculty of Engineering technology University Malaysia Pahang. 

Psaraftis, Harilaos N. 2002. Maritime safety: To be or not to be proactive. Yunani: 

National Technical University of Athens. 

Purba, Sadvent M. 2012. Analisa Perbandingan Perhitungan Elemen Hingga 

dengan Menggunakan Elemen Segitiga (Constant Strain Triangle) dan 

Elemen Segiempat (Bilinear Quadrilateral). Universitas Sumatera Utara. 

Medan. 

Putra, Agung. 2017. Peranan Fender Dalam Studi Kasus Tubrukan Landing Ship 

Tank Dengan Haluan Tugboat 2x800 HP Menggunakan Metode Elemen 

Hingga. Semarang: Universitas Diponegoro 

Ruszkiewicz, Brandt. 2017. An Investigation of Electroplastic Drilling of Mild 

Steel. At: Los Angeles, Carlifornia 

Santosa, T. Wierzbicki. 1999. The concept of double–walled sandwich columns for 

energy absorption. Int. J. Crashworthiness 4 (2) 175–198. 

Setiati, N. Retno. 2013. Pengaruh Beban-Impak kapal terhadap bangunan 

pengaman pilar jembatan fender. Bandung: Puslitbang jalan dan jembatan. 



65 

 

Simulia Corp. 2011. Providance. USA. 

Susatio, Yerri. 2004. Dasar-dasar Metode Elemen Hingga. ANDI. Yogyakarta. 

Dassault Systemes, Getting Started with ABAQUS: Interactive Edition 

version 6.12. 

Tarlochan, F. 2007. Design, fabrication and evaluation of composite sandwich 

panels for crashworthiness. Universiti Putra Malaysia, Malaysia. 

Velmurugan., dan Muralikanan. 2009. Energy Absorption Characteristics of 

Annealed Steel Tubes Of various Cross Sections in Static And Dynamic 

Loading. Latin American Journal Of Solids And Structutres. Volume. 6 : 385 

– 412. 

Wiryosumarto, H., Okumura, T. 1994. Teknik Pengelasan Logam. Jakarta. PT. 

Pradnya Paramita. 

Zhang Xiong, dkk, 2015. Collapse of Square Tube With Variable Thickness. 

Department of Mechanics, Huazhong University of Science and Technology 

  



66 

 

LAMPIRAN 

Lampiran 1. Tabel hasil uji tarik 

Reganagan Tegangan 

(N/mm2) 

0 0 

0,032 5,714 

0,192 11,429 

0,361 20,000 

0,537 34,286 

0,722 60,000 

0,906 97,143 

1,091 128,571 

1,275 162,857 

1,460 194,286 

1,628 220,000 

1,789 248,571 

1,941 277,143 

2,085 302,857 

2,230 328,571 

2,350 351,429 

2,478 365,714 

2,591 374,286 

2,695 380,000 

2,807 382,857 

2,911 385,714 

3,024 388,571 

3,128 391,429 

3,232 394,286 

3,345 394,286 

3,449 397,143 

3,545 400,000 
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3,649 402,857 

3,754 402,857 

3,850 405,714 

3,954 408,571 

4,050 408,571 

4,147 411,429 

4,251 411,429 

4,347 414,286 

4,443 414,286 

4,540 417,143 

4,636 420,000 

4,732 420,000 

4,828 422,857 

4,917 422,857 

5,005 425,714 

5,101 425,714 

5,189 425,714 

5,278 428,571 

5,374 428,571 

5,462 431,429 

5,550 431,429 

5,638 434,286 

5,727 434,286 

5,815 434,286 

5,895 437,143 

5,983 437,143 

6,072 437,143 

6,152 440,000 

6,240 440,000 

6,320 442,857 

6,400 442,857 
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6,489 442,857 

6,561 442,857 

6,641 445,714 

6,721 445,714 

6,801 445,714 

6,882 448,571 

6,962 448,571 

7,042 448,571 

7,122 451,429 

7,202 451,429 

7,283 451,429 

7,363 451,429 

7,443 454,286 

7,523 454,286 

7,603 454,286 

7,684 454,286 

7,764 457,143 

7,844 457,143 

7,916 457,143 

7,996 457,143 

8,077 457,143 

8,157 460,000 

8,237 460,000 

8,317 460,000 

8,397 460,000 

8,478 460,000 

8,550 462,857 

8,630 462,857 

8,710 462,857 

8,791 462,857 

8,871 462,857 
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8,951 462,857 

9,031 462,857 

9,103 465,714 

9,184 465,714 

9,264 465,714 

9,344 465,714 

9,416 465,714 

9,496 465,714 

9,577 465,714 

9,657 468,571 

9,737 468,571 

9,817 468,571 

9,897 468,571 

9,970 468,571 

10,050 468,571 

10,130 468,571 

10,210 468,571 

10,290 468,571 

10,371 468,571 

10,451 471,429 

10,531 471,429 

10,611 471,429 

10,691 471,429 

10,780 471,429 

10,860 471,429 

10,940 471,429 

11,020 471,429 

11,100 471,429 

11,181 471,429 

11,261 471,429 

11,341 468,571 
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11,429 468,571 

11,517 468,571 

11,598 468,571 

11,726 462,857 

11,822 42,857 

11,983 40,000 

12,199 42,857 

12,432 40,000 

12,697 42,857 

12,961 42,857 

13,234 42,857 

13,507 42,857 

13,779 42,857 

14,052 42,857 

14,325 40,000 

14,597 42,857 

14,870 42,857 

15,135 42,857 

15,407 42,857 

15,672 42,857 

15,937 42,857 

16,201 42,857 

 

Lampiran 2. Tabel waktu-displacement untuk semua variasi penampang 

waktu 

(s) 

Displacement (mm) 

V01 V02 V03 V04 V05 V06 V07 V08 

0 0 0 0 0 0 0 0 0 

0,0006 8,10315 8,17768 8,08345 8,06763 7,57602 7,58934 7,59383 7,56864 

0,0012 19,033 23,7271 17,2336 18,7055 13,8214 13,8297 13,8441 13,7542 

0,0018 27,1493 44,4744 23,788 31,7386 17,1404 16,75 16,8247 16,6406 

0,0024 33,2579 51,3807 28,2254 41,1728 17,6678 16,7307 16,772 16,6019 

0,003 38,1217 54,0527 30,3858 41,1825 17,4572 16,9314 16,9604 16,8439 
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0,0036 41,9164 53,2557 31,0748 40,9426 17,5415 17,1024 17,151 17,0318 

0,0042 44,6668 50,9474 30,6725 39,85 17,6075 17,2389 17,2987 17,1773 

0,0048 46,2504 49,5844 30,104 39,0904 17,6692 17,3555 17,4057 17,2838 

0,0054 46,7452 48,7048 29,7221 38,6276 17,7234 17,4347 17,5131 17,3724 

0,006 46,322 48,0992 29,3831 38,316 17,768 17,4999 17,5997 17,4422 

0,0066 44,9994 47,6708 29,0929 38,0948 17,7973 17,5407 17,6568 17,4638 

0,0072 43,2801 47,3634 28,8426 37,9388 17,8137 17,5644 17,7119 17,4908 

0,0078 41,3924 47,1483 28,6322 37,8313 17,8273 17,5857 17,7591 17,5118 

0,0084 39,0177 46,9963 28,3497 37,7548 17,8358 17,6021 17,791 17,5323 

0,009 36,5458 46,8897 28,2252 37,6981 17,8429 17,6237 17,8165 17,5398 

0,0096 33,8498 46,8151 28,1037 37,6572 17,8484 17,6356 17,8386 17,5457 

0,0102 30,905 46,7625 27,9894 37,6288 17,8514 17,6445 17,8527 17,5552 

0,0108 27,5175 46,7252 27,8985 37,607 17,8553 17,6492 17,8675 17,5558 

0,0114 24,6702 46,6986 27,8157 37,5891 17,8561 17,65 17,8791 17,5645 

0,012 22,882 46,6794 27,7187 37,5754 17,8589 17,6546 17,8867 17,5638 

0,0126 21,6683 46,6652 27,6506 37,5644 17,8598 17,6581 17,894 17,5707 

0,0132 20,8217 46,6557 27,5857 37,562 17,8618 17,6626 17,901 17,5723 

0,0138 20,2171 46,6476 27,53 37,5588 17,8611 17,6678 17,9052 17,5748 

0,0144 19,7876 46,6404 27,4789 37,5565 17,8614 17,6693 17,909 17,577 

0,015 19,4799 46,6339 27,4369 37,5537 17,8616 17,6702 17,9128 17,5788 

0,0156 19,2605 46,628 27,4003 37,552 17,8613 17,6719 17,9152 17,5799 

0,0162 19,1039 46,6231 27,3692 37,5504 17,8614 17,6723 17,9173 17,581 

0,0168 18,9929 46,6194 27,342 37,5488 17,8617 17,6722 17,9194 17,5816 

0,0174 18,9144 46,6162 27,3184 37,5473 17,862 17,6742 17,9207 17,5823 

0,018 18,8584 46,614 27,3037 37,5459 17,8622 17,6751 17,9219 17,582 

0,0186 18,8184 46,6125 27,2885 37,5452 17,862 17,6758 17,9232 17,5818 

0,0192 18,7893 46,611 27,282 37,5442 17,8621 17,6769 17,924 17,582 

0,0198 18,7674 46,6096 27,2772 37,5429 17,8622 17,6755 17,9248 17,5817 

0,0204 18,7508 46,608 27,2734 37,542 17,8623 17,6752 17,9256 17,5822 

0,021 18,7387 46,6066 27,2698 37,5413 17,8624 17,6752 17,9262 17,582 

0,0216 18,7292 46,6053 27,2656 37,5407 17,8624 17,6744 17,9267 17,5824 

0,0222 18,7212 46,6038 27,2624 37,5404 17,8624 17,6752 17,9273 17,5823 

0,0228 18,714 46,6023 27,2598 37,5403 17,8625 17,6757 17,9277 17,5826 

0,0234 18,7075 46,6008 27,257 37,5403 17,8625 17,6754 17,9282 17,5825 

0,024 18,7024 46,5994 27,2542 37,5403 17,8625 17,6759 17,9287 17,5828 

0,0246 18,6978 46,5986 27,2519 37,5403 17,8625 17,676 17,9291 17,5827 

0,0252 18,6935 46,5976 27,25 37,5403 17,8625 17,6753 17,9295 17,5829 

0,0258 18,6894 46,5966 27,2478 37,5403 17,8624 17,6755 17,93 17,5829 

0,0264 18,6853 46,596 27,2453 37,5403 17,8621 17,6757 17,9303 17,583 

0,027 18,6814 46,5954 27,2432 37,5403 17,8621 17,6754 17,9307 17,5831 

0,0276 18,6776 46,5947 27,2411 37,5403 17,8619 17,676 17,9312 17,5832 

0,0282 18,6737 46,5941 27,239 37,5403 17,8616 17,6761 17,9316 17,5834 
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0,0288 18,67 46,5935 27,2367 37,5403 17,8615 17,6757 17,932 17,5833 

0,0294 18,6659 46,5924 27,2345 37,5403 17,8615 17,676 17,9324 17,5836 

0,03 18,6619 46,5918 27,2328 37,5403 17,8611 17,6759 17,9328 17,5835 

0,0306 18,6582 46,5911 27,2313 37,5403 17,8609 17,6756 17,9333 17,5838 

0,0312 18,6545 46,5905 27,2296 37,5403 17,8606 17,6761 17,9337 17,5837 

0,0318 18,6509 46,59 27,2279 37,5403 17,8604 17,676 17,9341 17,584 

0,0324 18,6472 46,5897 27,2264 37,5403 17,8601 17,6759 17,9345 17,584 

0,033 18,6435 46,5891 27,2249 37,5403 17,86 17,6763 17,935 17,5841 

0,0336 18,6399 46,5887 27,2233 37,5403 17,8597 17,6762 17,9354 17,5842 

0,0342 18,6362 46,588 27,2216 37,5403 17,8597 17,676 17,9358 17,5843 

0,0348 18,6326 46,587 27,22 37,5403 17,8595 17,6763 17,9362 17,5845 

0,0354 18,6289 46,5863 27,2184 37,5403 17,8593 17,6762 17,9366 17,5845 

0,036 18,6253 46,5858 27,2168 37,5403 17,8591 17,6763 17,937 17,5842 

0,0366 18,6216 46,5853 27,215 37,5403 17,8589 17,6766 17,9375 17,585 

0,0372 18,6179 46,5849 27,2133 37,5403 17,8587 17,6765 17,9379 17,585 

0,0378 18,6143 46,5846 27,2115 37,5403 17,8585 17,6765 17,9384 17,5849 

0,0384 18,6106 46,5841 27,2097 37,5403 17,8583 17,677 17,9387 17,5854 

0,039 18,6069 46,5836 27,2077 37,5403 17,8582 17,6768 17,9392 17,5851 

0,0396 18,6036 46,5831 27,2059 37,5402 17,858 17,6764 17,9396 17,5855 

0,0402 18,6006 46,5827 27,1858 37,5397 17,8579 17,6767 17,9401 17,5856 

0,0408 18,5974 46,5823 27,1746 37,5393 17,8577 17,6766 17,9405 17,5857 

0,0414 18,5938 46,5818 27,1639 37,5388 17,8575 17,6768 17,9408 17,5859 

0,042 18,5901 46,581 27,153 37,5384 17,8574 17,6768 17,9412 17,586 

0,0426 18,5865 46,58 27,142 37,5382 17,8572 17,6769 17,9416 17,5862 

0,0432 18,5828 46,5794 27,1322 37,5382 17,857 17,677 17,942 17,5862 

0,0438 18,5792 46,579 27,124 37,5382 17,8568 17,677 17,9424 17,5864 

0,0444 18,5755 46,5786 27,1166 37,5381 17,8567 17,6769 17,9428 17,5865 

0,045 18,5718 46,5782 27,1096 37,5381 17,8565 17,677 17,9433 17,5866 

0,0456 18,5682 46,5777 27,1034 37,5381 17,8564 17,6771 17,9436 17,5868 

0,0462 18,5645 46,5773 27,0979 37,5381 17,8562 17,677 17,9441 17,5869 

0,0468 18,5609 46,577 27,0928 37,5381 17,856 17,6772 17,9445 17,587 

0,0474 18,5572 46,5765 27,0881 37,5381 17,8559 17,6772 17,9449 17,5871 

0,048 18,5536 46,576 27,0836 37,5381 17,8557 17,6771 17,9453 17,5873 

0,0486 18,5499 46,5756 27,0793 37,5381 17,8555 17,6773 17,9457 17,5874 

0,0492 18,5462 46,5751 27,0751 37,5381 17,8554 17,6774 17,9461 17,5875 

0,0498 18,5426 46,5744 27,0712 37,5381 17,8552 17,6773 17,9465 17,5876 

0,0504 18,5389 46,574 27,0675 37,5381 17,8551 17,6775 17,9468 17,5877 

0,051 18,5353 46,5735 27,0639 37,5381 17,8549 17,6775 17,9471 17,5878 

0,0516 18,5316 46,573 27,0604 37,5381 17,8548 17,6775 17,9475 17,5879 

0,0522 18,528 46,5725 27,0569 37,5381 17,8546 17,6767 17,9478 17,5881 

0,0528 18,5243 46,572 27,0536 37,5381 17,8544 17,6782 17,948 17,5883 

0,0534 18,5206 46,5715 27,0504 37,5381 17,8543 17,6776 17,9483 17,5883 
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0,054 18,517 46,571 27,0472 37,5381 17,8542 17,6777 17,9486 17,5884 

0,0546 18,5133 46,5705 27,0442 37,5381 17,854 17,6777 17,9488 17,5885 

0,0552 18,5097 46,5697 27,0411 37,5379 17,8538 17,6779 17,9491 17,5886 

0,0558 18,506 46,5693 27,038 37,5372 17,8537 17,6781 17,9494 17,5887 

0,0564 18,5023 46,5688 27,035 37,537 17,8535 17,6781 17,9496 17,5889 

0,057 18,4987 46,5683 27,0321 37,537 17,8534 17,6779 17,9499 17,5889 

0,0576 18,495 46,5678 27,0292 37,537 17,8532 17,678 17,9501 17,5891 

0,0582 18,4914 46,5673 27,0263 37,537 17,8531 17,678 17,9503 17,5893 

0,0588 18,4877 46,5668 27,0233 37,537 17,8529 17,6778 17,9506 17,5894 

0,0594 18,4841 46,5665 27,0204 37,537 17,8527 17,6779 17,9509 17,5895 

0,06 18,4804 46,566 27,0175 37,537 17,8526 17,678 17,9511 17,5896 
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