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ABSTRACT. Objectives of thistudyare to determine the rock mass quality and support
estimate for a single lane railway tunnel by usingkr mass classification systenmkat 137.1
Tenom, SabahThe sudy area is underlainby the Late Eocené& Early MioceneCrocker
Formation. Rock Structure Rating (RSR), Rock Mass Rating (RMRR@sidMassQuality

(Q) systems are selected rock mass classification for this skidid study includes
geological mapping red discontinuity surveylLaboratory analysis are petgvaphic study
and point load test Data analysis are kinematic analysis and RSR, RMR and Q systems
parameter values evaluation and calculatidrhe result shows that rock mass quality of
RSR, RMR and ®ystems ar@0, 77 (good)and2.12 (pooy, respectively. Support estimate
for RSRis 25mmdiameter spot rock bat RMRare 20mm diameter3m length and2.5m
spadng systematicrock bols with occasional wire meshnd mm shotcrete on crown.
Installation of steel setare unnecessarySupport estimatéor Q systemare 1.5 space of
systematic ack bols with 5cm shotcrete andl.6-2m spacewithout shotcreteon crown and
wall, respectivelyThus support estimate based on rock mass classificatiothéotunrel in
study area are 20mm diameteé3m length and2m spacing of rock badt 50mmthick
shotcreteon crownandweep holen westernsection

KEYWORDS. Rock Mass Rating (RMR), Rock Structure Rating (RSR$ystem Crocker
Formation Tenom.

INTRODUCTION

The gudy area is locateat km 1371 Tenom gilway tunnel ands underlainby Late Eocene
Early Miocene Crocker formation (Figure 1).i§tCrocker formation is divided into thick
amalgamated sandstone unit and interbedded sandstone and shale unit YPhbtok 1
sandstone are classified mgdium grairithic wacke Microphotol), lessthan3m thick and
slightly weatheredo fresh The thickness of interbedded sandstone and shale wabbig
10-50cm. The sandstone is fine grain lithic wadkiicfophoto2) and slightly weathered.

Landslide or major rock fall occurrencegsere never been reported sindée
construction of 42.69m length, 4.4m width dan 4.6m height railway tumel896
Nevertheless, the presence of moderately open discontinuity plargs gPland seepage on
the wall and rail track (Photo 3 dan 4yvbBdecomeaturning pointto conducthis study.

The objective of this study are to determine the rock mass qualitytaedtimate the
support for this tunnel by using rock mass clasdificasystems i.e. Rock Structure Rating
RSR (Wickhamet al., 1972) Rock Mass RatingRMR (Bieniawski, 1989)and Q system
(Bartonet al.,1974).
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Figure 1. Location and geological map of the studyNote: C - right side wall; D - left
side wall of the tunnel.
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Microphoto 2. Fine grain lithic wacke. XPL.
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Photo 3. Seepagectivities on the wall (white circle) (left) and on railway track (right).

METHODOLOGY

The methodology consists of desk study, field stlatyoratoryand datanalysisDesk study
includespreparation of base mamd discontinuity data sheets well asaerial photograph
study. Fiéd study involve geological mapping andiscontinuity survey(ISRM, 1987).
Laboratory analysisvere petrographic study armbint load tes{ISRM, 20(¥), while daa
analysisconsistof kinematic analysis (Markland, 1972), evaluation and calculafdRSR,
RMR andQ systemgparameters

Three (3) parametergeredeterminedn RSR system i.e. general geologfythe area
geometry (effect of discontinuityagiern) am groundwater and discontinuity condition. Six
(6) parameters for RMR systeimclude uniaxial compressive strength (UCS), Rock Quality
Designation (RQD), discontinuity spacing, discontinuity condjtigroundwater condition
and discontinuity orientation.

In RMR, UCS isreferredto intact rock strength forock forming material which
calculaed from intact rock strength for rock teaal by point load test antithological Unit
Thicknesg(LUT) approach(lsmail Abd Rahimet al.,2009). RQDwerecalculated bysing
Deereet al.(1967)procedureDiscontinuity spacing wadetermined by weighted average of
discontinuity set spacing approach (Ismail Abd Rahim, 20B&d discontinuity condition
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and water flow using weighted averageethod (Ismail Abd Rahim, 2011 Bieniawski
(1976) procedurevas used to analysis discontinuity orientation

The main parameters in Q system are block @4@D/J,), inter block shear strength
(J/J5) and active stres§J,/SRF) whereJ, - the joint set number; - the joint rougimess
number J, - the joint alteration numbegd,, - the joint water reduction factoandSRF- the
stress reduction factor

Support estimatdor rock mass classification systemas determined by using
existingschemean Rock Structure Rating, RSR (Wickheet al.,1972), Rock Mass Rating,
RMR (Bieniawski, 1989) and Q (Bartaet al., 1974) systemsFor Q system, support for
crown is usingactualQ value but the wall need to multiple with 2.5 (Palmstaitral., 2002).

Finally, the support estimates fronlhése three rock mass classification systems has
been evaluatetb propose support estimate for thhenel instudy area.

RESULT AND DISCUSSIONS

There arefive (5) discontinuityset along this tunne{Figure 2, 3 and 4. Markland test
(Markland, 1972)shows that potential mode of failure are wedge failyietersection of
joint 2 and 4) and planar failurgjoint 2) in left and right sided of the tunn@Figure 4).
Intersection of threer more set of discontinuities in the tunnel crown will theoriticall
potential for rock fall or complex wedgeck block failure as shown by the intersection of
joint 2, joint 3 and joint 4 (J2J3J4), joint 2, joint 3, joint 4 and bedding B (J2J3J4B), joint 1,
joint 2, joint 3 and joint 4 (J1J2J3J4) and joint 1, jointag 3 and bedding B (J1J2J3B) in
Figure 4.

DETAILED SKETCH OF JOINT SET IN PT-93 TUNNEL
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TUNNEL DIMENSION: Length = 42.7m; Width = 4.4m; Height = 4.6m

Figure 2. Sketch, joint sets in three dimension and plan view of the tunnel
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Figure 3. Sketch and joint sets in left and right wall of the tunnel
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C
Section Type of failures Discontinuities
Left wall Planar J2
Right wall Wedge J2J4
Crown rock fall or complex wedg¢ J2J3J4; J2J3B; J1J2J3J4; J1J2J3B
block

Note: J1joint 1; J2J3Bintersection of joint 2, joint 3 and beddiiB.

Figure 4. Markland test, type of failure and related discontinuities A-left wall section;
B-right wall section;Ci crown section of the tunnel.

Thevalue ofrock mass quality for RSR, RMR dan Q in the study area were calculated as 80,
77 (good) an@.12 (pooy, respectively (Table 1).

Based on RSR value (80), the study area is underlain by the sedimentary rock, strong
rock materigl moderately folded and faulted, more thanm discontinuity spacing, dip
direction of dominan discontinuity are paeito tunnel exis and dipping, without water flow
(dry) and moeérate discontinuity condition.

The rock mass quality for RMR is good (Class IlI) with high uniaxial compressive
strength (UCS) value, moderate block size and very wide discontinuity spacing.
Discontinuity condition is represented by rough surface, high persistency, closely separated
and unweathered wall. No water flow in and on discontinuity planes as well as fair
discontinuityorientaion.

Poor quality 2.12 of the Q system shows that theck mass in study area is
moderate block size (Palmstoret al., 2002) with very good quality of RQD (98%) and
more than four (4) discontinuity sets. Inter block shear strength is high due to rough and
unweathered discontinuity surface. Joint water redodd,) factor is 1 due to absent of
water. 7TKH pILQH 3%es® @duction factor (SRF) (Palmstorm & Broch, 2006) of the
tunnel is 2.5 because it was constructedampetent rock mass with low stress condition,
near surface and open jaifithen, theactive stresexperienced byhe tunneis 0.4
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