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Rock Support Design of Bakun Tunnelling Project in Sarawak, Malaysia

Wang-Ruel Jee and In-Hang Yoo

ABSTRACT Ongoing huge Bakun Hydropower project is including the construction of a 210 m height
hydroelectric rockfill dam with an installed capacity of 2,520 MW and a power transmission system
connecting to the existing networks between Sarawak and peninsula Malaysia. In order to allow the
main dam construction during the dry season, the Ballui river will have to be detoured through 3
concrete lined diversion tunnels with an internal diameter of 12 m and a length of 1,400 m each. The
geology of Bakun site belongs to the several thousand meters thick Belaga formation deposited from the
late Cretaceous to the early Tertiary in the Northwest Borneo geosyncline. The orientation of the
bedding plane, strike at N55°E to N70°E and dip at 50°SE to 70°SE, is developed uniformly in Bakun
sedimentary rocks. Rock mechanical characteristics of Bakun site have been classified into 4 rock mass
types(RMT) depending on the degree of weathering and the occurrence of rock jointing with RMR.
Graywacke(Sandstone) as well as Shale can take place together in the same rock mass type if their rock
mass properties are similar. It was summarized the rock support type and support system design of
underground diversion tunnels in view of rock mechanics.

Key words : diversion tunnel, rock classification system, rock support design
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Fig. 1. Major Structures of Bakun Hydro Electric Project
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Table 1. Rock Mass Type(RMT) in the Project Area Bakun.
RMT Description
Thickly to very thickly bedded fresh greywacke. The greywacke is massive or only slightly
RMT 1 jointed. Joints are generally closed and show rough surfaces. They are mostly free of clay
Verv Good Rock fillings and show a low degree of separation. The spacing of the joints is greater than
rl\ilyass (GW) 1.50 m. The strength of the rock mass is high and the deformability low. This rock mass
type is not sensitive to water and only little overbreak is expected during the tunnelling
work.
a) Fresh greywacke. The greywacke is medium to closely jointed with a moderate degree
of separation.

RMT 11 Massive, slightly jointed shale/mudstone with bedded greywacke intercalations. The
Good Rock Mass rock mass might be occasionally slightly weathered and might contain some clay
(GW & GW/SH) b) fillings or slickensides. The rock mass strength will be moderate to high and the

deformability moderate to low. The rock mass is not sensitive to water only on
fillings a minor influence of water might be possible.
Predominantly shale/mudstone with thinly bedded shale/greywacke.

a) | The shale/greywacke interbeddings which are medium to very closely jointed, loosened
or contain a moderate number of shear zones and slickensides.

RMT III
Fair Rock Mass Closely jointed greywacke which is moderately to highly weathered.

(SH) The joints are smooth, of a high degree of separation and filled with clay. The rock
b) | mass strength will be moderate to low and the deformability moderate to high. In
weathered zones the influence of water is moderate to high. Also a moderate to high
overbreak is expected.
a) Very closely jointed greywacke.
RMT IV Shale/mudstone with very thin greywacke intercalations and very closely to
Poor Rock Mass extremely closely joints. In both rock mass types the discontinuities show a nearly
(SH) b) | complete degree of separation with clay fillings, mylonitised faulted zones or
frequent slickensides. The strength is low and the deformability high. This rock
mass type is very sensitive to water. A high overbreak can be expected.
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Table 2. Parameters and Safety Factors for the River Diversion Works.

Rock M e(RMT)
Parameter Unit ass Typ Safety
I 04 111 v Factor
Rock
Density ton/m® 2.60 2.60 2.60 2.60 1.0
Uniaxial Compressive Strength (UCSg,,) | MPa 200 100 60 35 1.0
Tensile Strength (TCg,.) MPa 10.0 5.0 3.0 1.8 1.0
Poisson's Ratio (vg,) - 0.20 0.2 0.25 0.30 1.0
Rock Mass
Rating RMR - 80 65 50 35 -
Deformation Mod(E,) MPa 12000 8000 6000 2500 1.0
In-Situ Stresses(k,) - 0.3 0.3 0.3 0.5 -
Peak Cohesion MPa 8.0 3.5 2.0 0.7 1.5, 2.0
Residual Cohesion MPa 2.67 1.2 0.35 0.1 1.5, 2.0
Peak Friction Angle ° 45 40 35 25 1.3, 1.1
Residual Friction Angle ° 40 40 35 25 13,11
3l o))t thF kel thale] EA L, Bdd Table 3. Dip Directions and Dip (DD/D) for Stability
o £F 5 54 zeslo] Table 13} o] o 4 5 Coloulations.
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Table 4. Spacing of Discontinuities as a Function of

Rock Mass Types.

Rock Mass| Spacing of Discontinuities [meter]
Type J1 J23) J2(id) J3
I 1.00~5.0 1.0~50 1.0~5.0 1.00~5.0
11 0.50~2.0 0.1~1.0 0.1~1.0 0.50~2.0
111 0.05~0.5 1.0~5.0 1.0~5.0 0.05~0.5
v spacing negligible
Table 5. Spacing of Discontinuities as applied in

Wedge Stability Analysis.

Rock Spacing of Discontinuities [meter]
Mass
Type J1 J2() J2(i) J3
1 1,25 1,25 1,2 5 1,2, 5
I 05,12 02,05 102 05 1 05,12
Il 01,0205 1,25 1,25 01,02 05
v no spacing
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Table 6. Peak Shear Parameters on Discontinuities.

Rock Mass Safety Factor J1(Bedding) J2 J3
Type Mhan s n. o (%) ¢ (MPa) o (") ¢ (MPa) 0 (°) ¢ (MPa)

1 1.0 1.0 40 0.60 43 0.55 40 0.60
II 1.0 1.0 35 0.40 38 0.36 35 0.40
I 1.0 1.0 30 0.25 32 0.22 30 0.25
v 1.0 1.0 20 0.05 20 0.05 20 0.05
I 1.3 1.5 32.8 0.40 35.7 0.37 32.8 0.40
I 1.3 1.5 28.3 0.27 31.0 0.24 28.3 0.27
111 1.3 1.5 23.9 0.17 257 0.15 23.9 0.17
v 1.3 15 15.6 0.03 15.6 0.03 15.6 0.03
1 1.1 2.0 37.3 0.30 40.3 0.28 37.3 0.30
11 1.1 2.0 32.5 0.20 35.4 0.18 32.5 0.20
III 1.1 2.0 27.7 0.13 29.6 0.11 27.7 0.13
v 1.1 2.0 18.3 0.02 18.3 0.02 18.3 0.02

Table 7. Residual Shear Parameters on Discontinuities.

Rock Mass Safety Factor J1(Bedding) J2 J3

Type N tane M. o(") ¢ (MPa) o(%) c (MPa) o(%) c (MPa)

1 1.0 1.0 35 0.20 38 0.18 35 0.20
II 1.0 1.0 35 0.13 38 0.11 35 0.13
I 1.0 1.0 30 0.05 32 0.04 30 0.05
v 1.0 1.0 20 0.00 20 0.00 20 0.00
I 1.3 1.5 28.3 0.13 31.0 0.12 28.3 0.13
II 1.3 1.5 28.3 0.09 31.0 0.07 28.3 0.09
III 1.3 1.5 23.9 0.03 25.7 0.03 23.9 0.03
v 1.3 1.5 15.6 0.00 15.6 0.00 15.6 0.00
I 1.1 2.0 38.3 0.10 354 0.09 38.3 0.10
11 1.1 2.0 32.5 0.07 35.4 0.06 32.5 0.07
111 1.1 2.0 32.5 0.03 29.6 0.02 32.5 0.03
v 1.1 2.0 27.7 0.00 18.3 0.00 27.7 0.00
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Table 8. Vertical and Horizontal Stress-State for dif-
ferent K, Values.

Oy oy [MPal oy [MPal oy [MPa]

MPa] (K=0.2) (K;=0.3) (K.=0.5)
200 5.20 1.04 1.56 2.60
100 2.60 0.52 0.78 1.30

Table 9. Test results of possible content swelling
clay mineral of Bakun shale.

Samples

Marked S-1 S-2 S-3
Illite 21% 17% 22%
Chlorite 21% 22% 17%
Plagioclase 18% 13% 14%
Quartz 24% 31% 30%
Siderite 16% 16% 15%
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Table 10. Required Bond Length for fully grouted Rock Bolts.

Rock Mass Rock Bolt

Borehole Bond Length

Rock Mass . . Bolt Diameter . Chosen
Type [-] Cohesion, Capacity, du [m] Diameter, ls;  las 1, [m]
Crur [MPal] Fre [MN] Ra dpy [m] [m] [m] B
I 4.00 0.15 0.028 0.0635 1.89 0.19 2.00
11 1.75 0.15 0.028 0.0635 1.89 0.43 2.00
I 1.00 0.15 0.028 0.0635 1.89 0.75 2.00
v 0.35 0.15 0.028 0.0635 1.89 2.14 2.00
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4.1.2. Swellex Rock Bolts
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Fig. 6. Mechanism of Shear Strength Activation by in-
creasing the Swellex Bolt Diameter
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mm ¢! Standard EXL Swellex o|c}. @3l Bal=]A
< 32 mm~39 mm o|r] 7]EHQl B2 gl A
AZkol HA wlk27] wfjifol] ¥ FANA = HdH 2
EEE 4] o] Hele| ALl ZES ARt

150 kN(158) w4l 100 kN(10E)9] 22 2| A= 9
EEZ Afgozy Ale FAle FEEFHS =
o 2H st

1 0[01’1
15!0“

Ay =Ays D

G714, At A 10E3 158 2E9] 7t wizo]
o 9 Ag ol g3l S2EZS AF FUA ¥ 5
et

4.2 £=32|E (Shotcrete)

Guksea8] E(SC), gfolojulld] Bl E(RS) 4
A4 B 7} o8 E(SFRS)7F ALS-%|glom £52|E
9] ZF2& Table 113} 7t}

sfolojmis]= £ E FA7} 10 cmé} 15 em Ao
AT 17, 20 cmoll tidliA= 27 o2 Ax|slm, 20
em £AYEE 7 HoZ o] BT E 12 mm
9] HuEA =7t Ag=9ct. =& SFRSe] H 84
£ #elsl7] Y3led Fig 73 22 AHE Azl &
e A Ag R g 3 ARMAEE T
t}. SRS 9sle] x4 600X 600X 120 mmo|
saeg| Byl B3 Algate] ARs]%l on 58 Al|
£ 58 BAR R Hrtsgich A =21Et B
A BEE 7 v FABUE AsiAe X 600X
100X 100 mmE 713 A|PRE 7] Ev} R A
o2 He AebA AL AlY HrhHere
ASTM3} X HrlHo] glom, ASTM C 10182 3
A= FHZ Fgol Yoluha vjAdE AgEAFo] A%
& #9 2ol whE W3] S (el 71 A
IZ A osl, YEI|F2 ZA 5 Wge] AfE7ol9
1/150 Q1 5ol 7123 S7RIZAE .5 A= A

Table 11. Shotcrete Classes for the Bakun Project.
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Fig. 7. Specimen Dimensions for Slab Tests and Flex-
ural Strength Tests

olH-& Zrh Ay Brh= RS} SFRSel| ohgth ol%-
XA} AUA-HA FHog FoiRH, 34 ANt
oAA 53 FAHAE 9elial= ASTM o] SFRS
ollA] 2 Fge] Xl uigt FA|, H & Fde o]
& Aoy} EslA e ¥, Hx Fedg de
7 319 Ao FAe] o]l FA| Fol o o]
ol ulsle] YHH7IH-L B 7le] 600 mme] 1/150 91 4
mme] WH¥-& ZA4sl7] wjFoll e} f-lslt.
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BHdg Algslr] Aol AR, 25aEE e}
of AAse Al A g AlFFel ARlsE AlEL- A
Ho] =¥ (axial forces)#} E]du] ¥9]E £ eld9)
FAAE AIEE & 9k ol S8 ol s
Sz Bdel A Aol 483 ALl o sk
2 7}7} Fig. 83} Fig. 99} Z+o o, FLAC 2D(ver. 3.3)
< ol &slo] et MAtsl A A= Fig. 108} et

g, Al ERTIREl AR gl vt Ex-
tensometer, Convergencemeter % load cell®] $]X%]
2 vhRolzke AAlsiglon] ool i3t H#HS Table
120]] AAJshedeh. Fig. 10014 B uksh o] Aol
oJ 3} W 9l eho] ALl Aoll 2| gt i gi ol vl 2H-2 7k
& Holni, o] A4 AA] A|uke] o]A (anisotopy),
B4 A (heterogeneity)S 53] 12{d 4 ¢l 3t

Alol] oJ2 polol},

Maximum Grain

Minimum Crushing

Class of . Cement Content Thickness of
Size 3 Strength [MPa]
Shotcrete [-] [mm] [kg/m”] 8 hours 28 days Shotcrete Layer [em]
1 16 350 4.0 285 up to 5
2 12 380 4.0 28.56 5 to 10
3 8 400 4.0 28.5 over 10
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ROCK NASS TWOE | ROCK NASS TVE 1 ROCK MASS TVPE If
SAIEMATC ROCK BOLTING SISIEMATC SOCK AGLTHG
ROOK BOLTS , TYPE & ROOX BALTS , TYPE SN ROCC BOLTY , TWPE SN
NIk LOAD CAPATITY : 180 W U, LOAD CAPATITY - 130 W M. LDAD CAPACITY : 180 N
ROUF AREA 120", QRD ; 400 m ROOF ANEA 120°, GRID : 306 m ROOP ANEA 120°, GO : 228 m
LENGTH = 4.0C m LENGTH = 4.00 m LENGTH = 400 m (ot
LENGTH = €00 m LENGTH = €00 m LENGTH = 100 m
SHOTCRETE | M. €SS = 15 om SIOTORETE . N, S = 13 an SHOTCRETE , MN. - 20 em
1 LAYER OF WELDED FABRIC MATS 1 LAYER OF WELOED FABRIC MATS 2 LAYERS OF WELOFD FABNIC MATS
WIIGHT APPROMATE 3.0 wg/m VEIGHT APPROBIATE 30 WOTHT APPRONNATE 6.0 kg
AREA 87" TO 9. 829 m 0 TO 13, QWD : 400 m AMEA 00° TO 133°, GRID : 228 m
- ™ LENGTH = 4.00 m LENGTH =
73 ESS = 10 am LEINGT™H = 00 m {1 LENGTH = 200 m {2
1 LAYER OF' WELOED FABRIC NATS SHOTCRETE , AN, 55 = 10 on £ L M S = 13 cm
WEIGHT APPRONIMAT 1 LAYER OF WELDED FABRIC WATS | LAYER OF WELDED FABRIC NATS
WEIDHT APPROMUMATE 10 bg/m WEIGHT APPROMMATE 3.0 ke/n

BOCK SUPPORY TYPE D BOCK SUPPQRT TYPE £
ROGK WASS TYPE it ROCK MASS TYPE IV ROCK LASS TYRE IV

Fig. 8. (a) Rock Support Types (Rock Mass Type A, B, C), (b) Rock Support Types (Rock Mass Type D, E, F)

OF DIVERSION TUNNEL § OF DIVERSION TUNNEL R
o =3
REINFORCED OR k
UNREINFORCED REINFORCED
CONCRETE CONCRETE
LNING B 35 LINING B 35 8
070
—_—t 2
w
A
|
BLINDING LAYER — BLINDING LAYER @

5.35 115 119

TYPICAL CROSS SECTION TYPICAL CROSS SECTION

IN_ PROFILE TYPE 1 IN PROFILE TYPE 2
SCALE 1:200 SCALE 1:200

Fig. 9. Typical Crossion Section of Diversion Tunnel
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Table 12. Results of convergence measurement of rock type B of diversion tunnels.

. . Displacement(mm)

Tunnel Direction Rock Type Station BE o B

Adit to Outlet B2 1+086 3.03 2.46 3.71

T2 Adit to Inlet B1 04633 0.93 1.26 1.20

Inlet to Adit B1 0+026 0.10 0.08 0.09

Adit to Outlet B2 1+054 2.24 2.97 2.22

T3 Inlet to Adit B2 0+046 5.53 5.15 5.38

Adit to Inlet B2 0+533 1.77 1.96 1.92
: _ MHAEE 79ol ojslAE RAFolok St Ynbde.

B-F -£—-A-B
T b AF % tace(m) 2 SEEE Ak Qo] 23T o] 2Eelne 4%
i —_FDM shE-2E o) oF 80%5 Siefale] HE4te] B Ao
™ stk SRES] ¥abdelt S DINIM
oM. 180 —
7 o £ Aoll w} AAEEIglon AEH AztzRe] RMT I3
e w3} IIe] $Aoli HEe} Bke] H%ulol olsie] AAH
- 1000 120

;" =% 3 RMT IV Sash ehae] g3ie) wet 4ebis
L/ e 19 5 dlsinh vl ok Aol 49 o
— “% EF Swellex 2ES Hgaiglon Aol Fe
- LA RES ASdu) sE BAE 250 wdd) g

000 0
o 5 10 15 20 a5

Cumulative time (days)

Fig. 10. Results of Convergence Measurement of
Rock Type B2(inlet to Adit) and the Results
of F.D.M. Analysis
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o) Alo} Algletel A% 7L <F 4,100 mm
o} Al A]FFQ WA YL 4,500 mm FEo|n] 2
22 87| 5steko] Fol 47 BARAE YA Fo|h
ol &t AR Holl A 7HulrZ Bl d o] ARAHAE
s AAHQ AFdE FEHA BAF A5 A
ZHAe Bl FEAHQ 4Foll wet 35RE
k. wdk o]2jdh AFE UIF o FHA LS
Ao vl 9 EAg mesle] chA] 9] bad
(rock mass type)o & BEFslgon wd 283y
EAQS m#ste] AHhA swelling FE2] EAE &9
slgict. ol2jdt Gde) AL Bl > zAEE 7hil
T2 AA Aubol] Ax A B P Holell HEH
o2 HE5qict.

AR Aol glo] FFAR A9 FEES] oA
Q) AxhA g B AAH velztol(Eq. 4) Q1A%
E9] of 57% ot} o] g2 Zgho] HEZo FHB}HA

el e ABsle] FEES) ke AT Ry HAY
T gick
AlZ7Azket A4 At wheh 2 A} X7
, T 5 T2 E gl ARA e 24}
Hom ool gt 7EL Al AIFARE ol &3 Hell
AE ARjste] ARt 5AE sfeldt &, Al A

AAste] H Ao A BAE-g At

1. DongAh Construction Industrial Co. Ltd, 1995,
Privatization of the Bakun Hydroelectric Pro-
ject. Principle Design Criteria. Bakun Manage-
ment SDN. BHD., Kuching.

2. DongAh Construction Industrial Co. Ltd, 1995,
Privatization of the Bakun Hydroelectric Pro-
ject. Technical Specification. Bakun Manage-
ment SDN. BHD., Kuching.

3. Hoek, E., Brown, E.T., 1980, Underground Ex-
cavations in Rock. Institution of mining and
metallurgy, London.

4. Hoek, E., 1995, Strength of Rock and Rock
Mass, ISRM News Journal Vol. 2, No 2.

5. Maidl, B., 1988, Handbuch des Tunnel-und
Stollenbau Band II. Verlag Gliackauf GmbH,
Essen.



