Civil and Miner's Handbooks

t-f L #

B |

P I | B
4 :

o .

= -

iting - Injection Grouting

-3 --‘
e~

Ir.Gusti Era Setiawan

Yuliadi, ST., MT.

o F
— g =l
¥ s
oy "
@
- -
-
L . L]
—
— -
- =
1 =
= -
- oy
- -
.
. .
o i
4 -
P
. g S
e

Scanned by TapScanner



Sistem Penyanggaan Terowongan

Ditulis oleh:
Ir. Gusti Era Setiawan
Yuliadi, ST., MT

Layout Isi: Tim Unisba Press
Desain Cover: Tim Unisba Press

©2021 Ir. Gusti Era Setiawan, & Yuliadi, ST., MT.
Hak cipta dilindungi Undang-Undang.
Diterbitkan pertama kali oleh
UPT Publikasi lImiah UNISBA
JI. Tamansari No 20 Bandung
Email uptpublikasiunisba@gmail.com; Website: http://publikasi.unisba.ac.ig

ISBN: 978-602-5917-61-5

Sanksi Pelanggaran Pasal 72
Undang-Undang Nomor 19 Tahun 2002
tentang HAK CIPTA

Barangsiapa dengan sengaja melanggar dan tanpa hak melakukan perbuatan sebagaimana dimaksud dalam
Pasal 2 Ayat (1) atau Pasal 49 Ayat (1) dipidana dengan pidana penjara masing-masing paling singkat 1 (satu)
bulan dan/atau denda paling sedikit Rp1.000.000,00 (satu juta rupiah), atau pidana penjara paling lama 7
(tujuh) tahun dan/atau denda paling banyak Rp5.000.000.000,00 (lima miliar rupiah).

B'arangsiapa dengan sengaja menyiarkan, memamerkan, mengedarkan, atau menjual kepada umum suatu
cr.pl?aan atau baraqg hasil pelanggaran Hak Cipta atau hak terkait sebagaimana dimaksud dalam Ayat (1)
d!pldafna dengan pidana penjara paling lama 5 (lima) tahun dan/atau denda paling banyak Rp5.000.000,00
(lima juta rupiah rupiah).

Cetakan 1: September 2021

igl::ring r_nenguti.p:, memperbanyak, dan menerjemahkan sebagian atau keseluruhan
UKU Ini tanpa izin tertulis dari Penerbit, kecuali kutipan kecil dengan menyebutkan

sumbernya yang layak.

Scanned by TapScanner




paftar IS| o - *

Gistem PE@M—wun@ -
— o —
SHOTCRETE
 PENDAHULUAN o e S
2. MATERIAL TTR g Lo L1 oy i 4
1. Basic SAATRIIA] sssususommssents s o S a5t 4
£ PABIE st Ao s s st st 5
2. Semen d
B B Sty s S tons i 5
5 AGTINIXEUTE  eoseeersssarsesesssssessosss 5816 7
1. Superplasticizer/Water 2T 800 (5 AP —— 7
5> Retarder/Hydration CONtrolS wcmmmsemsssssnisssssssiessssnese 8
T Voo [ 1 1) S ——— R 8
A FIDET ooveeseesssssssssnesssssssssssssssssssssassssssssssassssssassssasssssssssssssssssssssssasssssassssssssss 9
3. Test Material PrOPerties .o 11
SR V=121 £ L ———— R 11
1. Finnes Modulus (FM) s 11
2. Specific Gravity (SG) and Absorption Test ..., 12
3. Specific for Concrete Aggregate Test ... 16
4. Bulk Density (unit weight) and void in aggregate ........ 17
5. Clay and Silk content in aggregate ... 20
6. Moisture content in aggregate ... 21
7. Density (unit weight) yield, and air content

(EraviMmeter) Of CONCIOLE w.nnororrrereesesesseeresesesssssssssssssssssssss 23

8. Making and Curing Concrete Test Speciment
N EhE FIEL vooovreeeeeeooeooeoeoeoeeeeeesssssssesssssesssssasrnnriieiiie 20

Lo SCIMEI couoeuuuuusssssssssssssessesessssnsssssssssessssssssssssssassmsessssssssssssssssssssssssses 25

<R} (o | o RO s 25
................................. A

3+ MIXING SHOTCRETE oot 27

1. Mix Design .o 27

2. :
Standard Pengoperasian dan Perawatan Batching Plant ...

Scanned by TapScanner




4. PELAKSANAAN SHOTCRETE .o 32
1. Dry Shotcrete dan Wetl SHOIEPBLE cisnususssmnsiiaiuatiyisassoiis 33

Y TeSt Pre-SHOLCTCLE .iviiercsssscacsssssasasssssssossansosssnsassesssnsssrssnssssusrsasaasasarasss 34

1. SIUMP TCST oooorcinsnissrissasisssssssssonsanssrossssssssnssassisssssssssssssssssnssssssassassssss 34

3. Pelaksanaan Penyemprolan . L i

1. Teknik dan Tahapan-Tahapan Penyemprotan ... 38

4, TeSt POSt-SRHOLCICLE ....ccccceseemsossssnsussrsessrsesrssssnsansesssassssavonsesassssasssssosssssassass 42

1. Early Strength - Penetration Needle Test s 42

2. Compressive SRl cemmmmnmsummminnicamsanunsmiminy 53

3. Flexural Tonghness of FIDeY cisassssusissmommmnmomns 40

5. MESIN SHOTCRETE oooooeeveeeesesssssssensssssssessssssssssnssssssssssssssssscssssssessssensenessssssssss 49
1. DrySHOICTEIE cunmminsanimmiinmmmnmmmmmiaapaiw 19
2. WL SNOLCTCLE aveeevrevesresssssssssesssssssssssasssasssssssssassesssssssssesesssssassssssansasass 50

2. RODOLIC .corcrermsancrssoneserssssossssssssssesoissssstssssssssossasssmmessnssssrassessassamassussssddbis 50

B REFEREREES cniimimaiaismimosims s i 52

ROCKBOLTING

3.  PENDRAHULUAN ssowisimimmmmmmiimsinsis s s 54

1.. Jenis Jenis ROCKBOINNE coimnusmnaiiisissmsmsiississimnia 67
1; Steel Matenals viwinnsssismiamssiviissannsamnuemes BY

1. Re-Bar/Threadbar .. vcecscseccsiscssscssiescsceees. 07

2. Mechanical Bolt ..onmmsmnnngns T, -

3. Hollow Rockbolting (Hollow Bar/SDA/
CaSINE SYSLCIM ) cvreereererereseresneessenseiesesesesssssessssssesssssssssssssnss 7.3

FrCHOn BORIME esummmmmmnniissisimmmems. i

Cable Bolting (Plain and Birdcage) ....evvvvvccens. 77

Oy A

7. Porepolling/Spilling .c.nnncrccccssssscssienne 84
e IADBES pinsisississncinvpaoaimas s s e oA R e v 87

1. FRP - Fibre Reinforced Polymer ..........cocooevvevvennnn, 89

Scanned by TapScanner




3. Design ROCKDOItING ovooccicenvnessisenssvesests
4. Prinsip Prinsip Rockbolting

llllllllllllllllll
LR
..............
lllll
L
LT
L T
L}
gy
L
#®

c. Perhitungan Rockbolting

llllllllllllll
llllllllllllllllllllllll
.......
......
******
"

4. The rules of thumb Ground SUpport..e

5 Pelaksanaan ROCKDOItING oo
1. Slope Protection/Stabilitas Lereng ...
2. Underground Ground Support .........

6. ROCKDOItiNG TeSt ...cccvrmreisecensrmssassascscesisseases
1. DeStructive TeSt e
2. Non Desctructive Test (NDT) ..ccvvvveenrvnrennnnee..

GROUTING ROCKBOLTING eoreeeersesssrs s i

1. Tipe GrOULINE ..cccccciisicsesssssnsonssassnisarsssnsnassnssassasssnssssanssnsans

2. Jenis Bahan GroUting ...cssssmimsmsisssmssmsonns —— |

1 (GUOUL COMOTITINE <o iviomomis oot st s oo 106

2. GrootChemiCal sosmsiannaunnismsesinssmimmmemess 00

I T T ——— 109
1. Jenis Mesin Grouting

N BRI PM wausinumunsssmmnisismmsmsmismmimmme, 109

2. Komponen Mesin Grouting GP 2000 .....ccocooveeeereeerreeneienee. 110

3. Keselamatan Kerja pada Operasional Mesin Grouting .... 115
4. Pelaksanaan GroUtiNg .........c.eoersesessessssesssssssssssssssssmsssssssssssns 122

Standar Kualita$ GrOULINE ........ooocoouueeerseresssessssssssssssssssessssssssssssssss 139
Ringkasan 141

mEEE
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

d.

PENYANGGAAN TAMBAHAN ..o 14D
R L T
2. GEOSYNENCHIC oo e 101
3. ATCH GIOUNA SUPPOIL oot 10

6.

Xii

REFERENCES 157

MILLLL
SR Gaaaaanann
||l----||--||"'lliillllii---liiiiqiu||‘|-|||ll|||lll-lilIlllll"""""""""-.'

Scanned by TapScanner'

|




INJECTION GROUTING
1. PENDAHULUAN ... ST - - I S 160

01 L6 1013 (N s 164

B R AT B LN o icmnveisssssisisvsnssssmssesissswsnssssiossnnss R AR s 1O
REEEPOSE INJECTION ..ovcornerenansisessmmessassssssssmsasssnsssosssssnsonssansanssossassssssassassaassissasss 1.4 0

KOMPONEN INJEKSI .......c.ccc..... TR T T, 171

B MAIETIA] INJECHION ..cvvnecnncinsncssssncssessasssssasssssssssssnssansssassnssssssssesassasssssssssns L 4 &

:; scement ... o T Ry R 172
B EHEMICA] . .o sscnessssossssssssssrsn e —

2. B i sevissusmesssssssmancisssbamsssssacssses N —— 173
L e e O —— N—— 173
}2 BEBIIY PUMID ooevoioecneneniconsaassmvessessssssmmsansssssssassons J— — 174
EEREOKEN MG SETIES ..oovinnesrsnsnessssssssmsssmmsssssssssssssssssssass 175
"*4 MAXIMATOR PUMD ..occererrrecrreannennnes D — s 176
T ﬂ, U E T JRE————.
o Aol Methodolngy s (] S R |/ -
y EEREEEED A EION - oeeeeesneoicsissvensivmnsassossssrmnsssossisssssssssonsessasiis PR i |
27y "; 2. Design INjection ... WS ER S BE— 179
3. Pembuatan Lubang BOr ... PP v 183
4. Pelaksanaan Injeksi Cementing dan Resin ............. SR, 184
g Pemeriksaan Hasil Injeksi / Quality Controls ........c.... 189

Scanned by TapScanner

e



