Studi Penerapan Lead Rubber Bearing pada Jembatan PCI Girder untuk Optimasi Substruktur
Berdasarkan
Nonlinear Time History Analysis

UNlVESlTAS Au'sha?c Fathiq Hasyim, Prof. .Ir. Bambgng Suhendrol, M.Sc., Ph..D., IPU.
GADJAH MADA Universitas Gadjah Mada, 2026 | Dlundquzr\E%PKeﬁg.rlegcisnory.ugm.ac.ld/
HALAMAN PERSETUJUAN ..ottt nnne e snn e e annae e I
HALAMAN PENGESAHAN ..ottt ii
HALAMAN PERNYATAAN ..ottt bbbt sttt 1\
KATA PENGANTAR . ..ottt sttt et e e be e e s e e e naae e e nnaeeensaeeanneeas v
Y I G ) PSPPI vi
DAFTAR TABEL ...ttt e e ae e e e s ansrae s IX
DAFTAR GAMBAR ..ottt bbbttt bbb b b xii
INTISARI ...ttt b bbbt bbb et e b et e naesbesbenbenne e XVi
= NS 1 2 3 PSR XVii
BAB 1 PENDAHULUAN ...ttt e e e e s e nbaa e e s nnnreeeeann 1
1.1 Latar BElaKan( ........ocveiuiiie ettt ne 1
1.2 RUMUSAN MESAIAN ..ot e 2
1.3 TUJUAN PENEIITIAN ..ot 2
1.4 Batasan Masalah ..........cccooiiiiiiieiec e s 3
1.5 Manfaat PENEIITIAN .......cooiiiiieee et 3
1.5.1 Manfaat aKAOEMIS .......cceiviiiiiiieieieie et 3
1.5.2 Manfaat PrakiiS.........ccooiiiiiiiiiieieiee s 4
1.5.3 Manfaat bagi PraktiSi...........cooviiiiiiiiiie e 4
BAB 2 TINJAUAN PUSTAKA ..ottt sttt sttt 5
2.1 SEUAT TEIdANUIU......c.veiiiiciecieeee et 5
2.2 Keaslian Penelitian...........ccooo oo 6
BAB 3 LANDASAN TEORI ...ttt e e nnae e e e anee e 8
3.1 Analisis DINAMIK STIUKLUL .....ovoiviiiiiiieieieiee e 8
3.2 TIMe HiStOry ANAIYSIS .......cieevieieieiecie et sra s 10
3.3 Lead Rubber Bearing (LRB) .......cccuiiiiiiiiiiiie e 11
3.4 Respon Spektrum KOMPOSIT ........couiiiiiiiiieie e 15
3.5 Spectral MatChinNg .......ccuiiiiiiie e 17
3.6 Evaluasi Kapasitas PIEr ...........cccviiiiiiiiiie ettt 19
3.6.1 Interaksi aksial dan MOMEN.........ccccveiiiiiii e 19
3.6.2 KapPaSItAS GESEI PIET ....eeueiieiiitisteiii ettt sttt 21
3.7 Evaluasi Kapasitas FONUASI........c.cccveiiiiiiieiie e 23
3.7.1 Distribusi gaya pada kelompok bore pile..........cccooivviiiiiiiiici e, 23



Studi Penerapan Lead Rubber Bearing pada Jembatan PCI Girder untuk Optimasi Substruktur
Berdasarkan

Nonlinear Time History Analysis

Aushaf Fathin Hasyim, Prof. Ir. Bambang Suhendro, M.Sc., Ph.D., IPU.

RO TS TS 0 2028 | DTt o O L) s 24
BAB 4 METODE PENELITIAN .....ooi ettt 25
4.1 LOKAST PENEIITIAN.....ueiiiiieiiie e 25
4.2 ProSedur PENEITIAN ......ccueiiiiiiiieiiieseeeie et 26
4.2.1 Diagram alir PENEITIAN. ........ccocveiiiiii s 26
4.2.2 Perangkat [unak penelitian ... 27
4.3 Data PENEIITIAN .. .oviiviiiiciieee bbb 28
4.3.1 Data teknis Jembatan ...........ccooeiiieiiiiiiiece e 28

4.4 PemOdelan SIUKLUT ..........oiieeee e e 31
4.4.1 1dealiSasi SITUKLUN ........c.oiiiiiiie et 31
4.4.2 Pembebanan StIUKLUT .........ccoiiiiiiiieiee e 33
4.4.3 Pemodelan elastomeric bearing..........cccoccvveieiieiieic s 37
4.4.4 Pemodelan lead rubber Dearing...........ccocooviiiiiiiiiiic e 37

4.5 PeMOUEIAN GEIMPA ....evieiieiieieitesie sttt bbbt sb bbb 44
4.5.1 Pemodelan ground MOLION .........ccciviiieiiiiece e 44
4.5.2 Pemodelan analisiS gemMPa .........ccciviiieiieiieie e 55

4.6 Model Elastomeric Bearing (EB) ........cccoeouiiiiiiiniiinesieeeee e 56
4.7 Model Lead Rubber Bearing (LRB) .........cooiiiiiiiiiiiirieieeee e 56
4.7.1 Pembuatan model LRB-Keff ......courirriiieieiiiisiesieieieesese e 56
4.7.2 Pembuatan model LRB-K1......cciiiiiiieiescseseee s 57
4.7.3 Evaluasi reSpons StIUKLUL ..........oviiiiiiiieiis s 58

4.8 Model Calibrated Lead Rubber Bearing (LRB)........cccovriiiiiiieiencne e, 58
4.8.1 Penentuan parameter model calibrated LRB............cccccoovviiiiiiiiciicc e, 58
4.8.2 Pembuatan model calibrated LRB-Keff..........ccceovririiiniiiiiiiineescsciee 59
4.8.3 Pembuatan model calibrated LRB-K1 ........ccccooiiiiiiiiiiicieieec e 60
4.8.4 Evaluasi reSpons StIUKLUL ..........oveiiiiiiieieic s 60

4.9 Evaluasi Kapasitas SUDSTIUKLUN..........c.cuoiiiiiii e 61
4.9.1 Evaluasi KapasitasS PIEF .......ccueiiuieiiieeiie ittt e 61
4.9.2 Evaluasi kapasitas fONdasi .........ccccvevveiiiiiiieiiicie e 61
4.9.3 Optimasi konfigurasi fondasi pada model calibrated LRB ...............cccoo....... 62
BAB 5 HASIL PENELITIAN DAN PEMBAHASAN ......ccccoii e 63
5.1 Hasil Spectral Matching Rekaman Gempa.........cccceevveiieiiiesie e 63
5.1.1 Spectral matching terhadap spektrum target 1,2xXMCER ............cccccovvviieennnnns 63

5.1.2 Time history hasil spectral matching terhadap spektrum target 1,2xMCER .. 64

vii



Studi Penerapan Lead Rubber Bearing pada Jembatan PCI Girder untuk Optimasi Substruktur
Berdasarkan
Nonlinear Time History Analysis

’ Aushaf Fathin Hasyim, Prof. Ir. Bambang Suhendro, M.Sc., Ph.D., IPU.
RO g e S ataing ovhadan Shekiran oot £ BXNCER KompOSi....... 66
pectral matching terhadap sp get 1, p
5.1.4 Time history hasil spectral matching terhadap spektrum target 1,2xMCER
SPEKLIUM KOMPOSIT.......eeiiiieiicieee et ens 68
5.2 Model EIaStomeriC BEAriNg .........cocviveieeiieiie e 70
5.2.1 KaraKteristik dinamik..........ccooooiiiiiiiiiie i 70
5.2.2 Respons struktur terhadap gempa .........cccooereriiinininceee e 72
I I Y L[V T I T SR 74
5.2.4 Evaluasi Kapasitas FONUASH .........cecrverieiiieiiee e 76
5.3 Model Lead RUDDEN BEAIING .......coveiviiiiiiiiiieieec et 76
5.3.1 KaraKteristik dinamik..........cccccoiiiiiiiiiie i 77
5.3.2 Respons struktur terhadap gempPa ........ccevveeeiieieiiie e 80
5.3.3 Perilaku NISTEretiK........coviveiiiiiiiicieeee s 81
5.3.4 EVAlUBST PIET ..ot 90
5.3.5 EValUAST TONUASE ....eeivierieiiieiiieie et 92
5.3.6 Optimasi pier dan Kalibrasi Keff .......cccocerereiiniiiiniinineiesese s 93
5.4 Model Calibrated Lead Rubber Bearing ...........ccceovvveveeieiie e 94
5.4.1 Karakteristik dinamik model calibrated LRB ...........ccccocveviiiiiiiiice e 95
5.4.2 RESPONS SIUKLUN ..ot 98
5.4.3 Perilaku NISTEretiK.........coeiveiiiiiiiicieeese e 99
5.4.4 EVAlUASE PIBE...ccviiiieiiieie ettt aa e be e nne s 101
5.4.5 EValUaSi TONUASH .....ocvveiiiieiieie et 105
5.5 Perbandingan Respons dan Kapasitas...........coereiiriiiiinieiese e 108
5.5.1 Perbandingan karakteristik dinamik seluruh model..............ccccoevevveiiinnnen, 108
5.5.2 Perbandingan respons StIUKLU .........cccccvveiieiieic i 110
5.5.3 Kapasitas pier seluruh model ...........ccoooieiiiiicie i 112
5.5.4 Kapasitas pile kritis seluruh model ..., 113
BAB 6 KESIMPULAN DAN SARAN ...ttt 115
6.1 KESIMPUIAN ... e et e e e sae e s be e raeeree e 115
5.2 SAIAN ...ttt bbbt e e b e e b e e b e e he e b e nrr e nne e 115
DAFTAR PUSTAKA ettt ettt e e s et e e e sae e e e nate e eaeeeaneeeanes 117
I Y 1 N N PSSR 120

viii



	DAFTAR ISI

