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 A
SUPPORT WORKS

- WELDED MESH Ø 5 10x10
in crown and sides

- SHOTCRETE as required
    Th > 5 cm

- SPOT BOLTING as required
   Ø 25, L= as required

SPOT BOLTING

WELDED
MESH

DRAIN

EXCAVATION
LINE

 B

EXCAVATION
LINE

WELDED
MESH

DRAINSPOT
 BOLTING

PATTERN
ROCK BOLTS

CONTACT
DRAIN

SHOTCRETE
thickness > 10 cm

DRAIN

 C

CONTACT
DRAIN

EXCAVATION
LINE

SPOT
 BOLTING

 D SUPPORT WORKS
- SHOTCRETE (1° Layer)

 Th > 5 cm
     with steel fiber

- SHOTCRETE (2° Layer)
Th > 20 cm

     with welded mesh Ø 5 10x10
     or steel fiber

- STEEL SET
     lattice girder @1m

The spacing can be varied
following the local geotechnical
conditions.

On front excavation (if necessary):
- SHOTCRETE

     Th> 5cm
- GFRP Ø 25, 1@ 4m²

SUPPORT WORKS
- SHOTCRETE (1° Layer)

 Th > 5 cm
 with steel fiber

- SHOTCRETE (2° Layer)
     Th > 15 cm
     with welded mesh Ø 5 10x10
     or steel fiber

- PATTERN ROCK BOLTS
Ø 25, L=6 m
n. 15 + 10 @1.5 m

- SPOT BOLTING as required
Ø 25, as required

SUPPORT WORKS
- SHOTCRETE

 Th > 10 cm (in two layers)
     with welded mesh Ø 5 10x10

or steel fiber
- PATTERN ROCK BOLTS

Ø 25, L=6 m
n.  10+6 @ 2.0 m

- SPOT BOLTING as required
Ø 25, L= as required

SHOTCRETE
thickness > 5 cm

CONTACT
DRAIN

NOTES

MATERIAL PROPERTIES

SHOTCRETE
- 30 MPa

- 45 MPa

Reinforced with welded mesh

WELDED MESH
- 450 MPa

ROCK BOLT
- 25 mm
- 295 KN
- 246 KN

STEEL SET
Type Lattice Girder 140-26
- 140 mm
- 4
- 26 mm
- 500 MPa

Cubic compressive strength,
for excavation in QZ_hrt or QZ_ph
Cubic Resistance,
for excavation in PHY_dam

Charact. yield strength

Diameter
Tensile Strength
Yield Strength

Lattice Girder High
Number of principal bars
Principal bar diameter
Principal bar yield  / tensile strength

1) SHOTCRETE SURFACE PREPARATION
Before applying shotcrete loose rock and dust
must be removed with air-water jet leaving a
damp surface

2) WELDED MESH (Type A)
The welded mesh is fixed by bolts. Lenght
and spacing of the bolts will be evaluated
according to the geological conditions on the
site.

3) DRAINAGE SYSTEM
The drainage system will consist of:
- DRAINS, Ø 60 mm, L=6m
- CONTACT DRAINS, Ø 50 mm PIPE spaced

2x2m, or Ø 50 mm hole drilled after
shotcrete placing.

          The number and spacing of drains depending
on local conditions.Where required
pre-drainage holes shall be installed.

   4)     UNITS OF MEASUREMENT
All lenghts in the drawing are reported in
meters and all angles in degrees.

NOTES

B-LINE

B-LINE

B-LINE

A-LINE

A-LINE

A-LINE

DRAINCONTACT
DRAIN

WELDED
MESHSTEEL

SETS

B - LINE

BENCHING

HEADING

SHOTCRETE 1° layer
thickness > 5 cm

SHOTCRETE
2° layer
thickness > 20 cm

SHOTCRETE 1° layer
thickness > 5 cm

SHOTCRETE
2° layer
thickness > 15 cm

A - LINE

ROCK TYPE
A  B C  D

61 ÷ 80

51 ÷ 60

35 ÷ 50

≥81

 E

fault zone

PHY_dam

QZ_hrt /
QZ_ ph

SUPPORT TYPE

 F

66 ÷ 85

51 ÷ 65

≥86

 fault zone

RMR 89 

41 ÷ 50

25 ÷ 40

 A

 B

 C

 D

X:\DORJILUNG hpp\B  - TENDER DESIGN 2025-26\760 - HRT & ADITS -  TPk 2\03 - DWG\760 HRT D SP 005-7 B - HRT Rock Supports Type A-F+ FINAL LINING 260422.dwg
 Apr 23, 2026 - 12:58pm

Drawing No.

Project:

Title:

Consultant:

CLIENT:

1098765321

D

C

B

A

87654321

E

D

C

B

A

4

consulting  engineers

studio pietrangeli

1:150 Drawing No.

Drawn

Designed

Scale

Reviewed

Date

00

LA

AP

SP

ALL

Reviewed

Rev.

Approved

HEAD RACE TUNNEL
 ROCK SUPPORT SECTION TYPE A-D

DHPP-CD-HRT-2026-005
760-HRT-D-SP-005-B

DORJILUNG HYDROELECTRIC POWER
PROJECT

MONGAR, BHUTAN

DORJILUNG HYDRO POWER LIMITED

10 Apr, 2026
Accepted

TENDER DRAWING
NOT FOR CONSTRUCTION

B-LINE
Thickness 10cm

A-LINE

WELDED MESH

SHOTCRETE

B-LINE
Thickness 10cm

SHOTCRETE
A-LINE

WELDED MESH

PATTERN ROCK BOLT

B-LINE
Thickness 10cm

SHOTCRETE

A-LINE

WELDED MESH

PATTERN ROCK BOLT

B-LINE
Thickness 10cm

A-LINE

SHOTCRETE

STEEL SETS

WELDED MESH

AutoCAD SHX Text
     TYPE A

AutoCAD SHX Text
     TYPE B

AutoCAD SHX Text
     TYPE C

AutoCAD SHX Text
     TYPE D

AutoCAD SHX Text
X:\DORJILUNG HPP_Bhutan OE\760 - HRT & ADITS\03 - DWG\760 HRT D SP 005-6 A - HRT Rock Supports Type A-F 260107.dwg ALL, sp - Roma 27/JAN/2026 14:27:31

AutoCAD SHX Text
THIS DRAWING IS PROPERTY OF SP AND MAY NOT BE REPRODUCED OR RELEASED TO THIRD PARTIES WITHOUT WRITTEN AUTHORIZATION

AutoCAD SHX Text
scale 1:150  ( A3 size )

AutoCAD SHX Text
0

AutoCAD SHX Text
5 m

AutoCAD SHX Text
4

AutoCAD SHX Text
3

AutoCAD SHX Text
2

AutoCAD SHX Text
1



on arch and side wall:
- SHOTCRETE (1°Layer)
  Th> 5cm
  with steel fiber
- STEEL SETS
  ISHB 200 @ 0.6m
  where required spacing can be varied following
  the local geotechnical conditions
- SHOTCRETE  (2°Layer)
  Th> 25cm
  with welded mesh Ø5 10x10
  or steel fiber

on invert:
- SHOTCRETE (1°Layer)
  Th> 5cm
  with steel fiber
- STEEL SETS
  ISHB 200 @ 0.6m
  where required spacing can be varied following
  the local geotechnical conditions
- SHOTCRETE  (2°Layer)
  Th> 25cm
  with welded mesh Ø5 10x10
  or steel fiber

on front excavation (if necessary):
- SHOTCRETE
  Th> 5 cm
- ROCK DOWELS Ø 25, 1@ 4m²

SUPPORT WORKS

on arch and side wall:
- SHOTCRETE (1°Layer)
  Th> 5cm
  with steel fiber
- STEEL SETS
  ISHB 200 @ 0.6m
  where required spacing can be varied following

the local geotechnical conditions
- SHOTCRETE  (2°Layer)
  Th> 25cm
  with welded mesh Ø5 10x10
  or steel fiber

on invert:
- SHOTCRETE (1°Layer)
  Th> 5cm
  with steel fiber
- STEEL SETS
  2 ISHB 200 @ 0.6m
  where required spacing can be varied following

the local geotechnical conditions
- SHOTCRETE  (2°Layer)
  Th> 25cm
  with welded mesh Ø5 10x10
  or steel fiber

advance support:
- forepoling n. 30/40, L=15/20 m
- pattern rock bolting (if necessary), GFRP type,
   f 25, 1@ 4m²
- shotcrete, th> 5cm (if necessary)

SUPPORT WORKS
 F B

Section AA

NOTES

1) SHOTCRETE SURFACE PREPARATION
Before applying shotcrete loose rock and dust must be
removed with air-water jet leaving a damp surface

2) DRAINAGE SYSTEM
The drainage system will consist of:
- DRAINS, Ø 60 mm, L=6m
- CONTACT DRAINS, Ø 50 mm PIPE spaced 2x2m, or Ø 50

mm hole drilled after shotcrete placing.
          The number and spacing of drains depending on local

conditions. Where required pre-drainage holes shall be
installed.

   3)     UNITS OF   MEASUREMENT
All lenghts in the drawing are reported in meters and all
angles in degrees.

MATERIAL PROPERTIES

SHOTCRETE
- 30 MPa

- 45 MPa

Reinforced with welded mesh or steel fiber

WELDED MESH
- 450 MPa

ROCK BOLT
- 25 mm
- 295 KN
- 246 KN

STEEL SET
Type ISHB200
- 200 mm
- 355/510 MPa

Cubic resistance,
for excavation in QZ_hrt or QZ_ph
Cubic resistance,
for excavation in PHY_dam

Charact. yield strenght

Diameter
Tensile Strenght
Yield Strenght

Height
Yield / tensile strength
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- SHOTCRETE as required

    Th > 5 cm
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MESH
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 B SUPPORT WORKS
- SHOTCRETE

 Th > 5 cm
      with steel fiber

- PATTERN ROCK BOLTS
Ø 25, L=4 m
n. 7 @ 2.0 m

- SPOT BOLTING as required
Ø 25, L= as required

 C

SUPPORT WORKS
- SHOTCRETE

 Th > 10 cm
     with welded mesh Ø 5 10x10

or steel fiber.
- PATTERN ROCK BOLTS

Ø 25, L=4 m
n. 8+6 @1.5 m

- SPOT BOLTING as required
Ø 25, as required

1) SHOTCRETE SURFACE PREPARATION
Before applying shotcrete loose rock and dust must be removed
with air-water jet leaving a damp surface

2) WELDED MESH
The welded mesh is fixed by bolts. Lenght and spacing of the bolts
will be evaluated according to the geological conditions on the site.

3) DRAINAGE SYSTEM
The drainage system will consist of:
- DRAINS, Ø 60 mm, L=6m
- CONTACT DRAINS, Ø 50 mm PIPE spaced 2x2m, or Ø 50 mm

hole drilled after shotcrete placing.
          The number and spacing of drains depending on local conditions.

Where required pre-drainage holes shall be installed.

   4)    UNITS OF MEASUREMENT
All lenghts in the drawing are reported in meters and all angles in
degrees.

5) INSTRUMENTATION
For Instrumentation details see Technical Specifications

NOTES

MATERIAL PROPERTIES

SHOTCRETE
- M 35/A10
Reinforced with welded mesh

WELDED MESH
- 450 MPa

ROCK BOLT
- 25 mm
- 295 KN
- 246 KN
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SUPPORT WORKS
- SHOTCRETE (1° Layer)

 Th > 5 cm
 with  steel fiber.

- SHOTCRETE (2° Layer)
 Th > 10 cm

     with welded mesh Ø 5 10x10
or steel fiber.

- PATTERN ROCK BOLTS
Ø 25, L=4 m
n. 8+6 @1.5 m

- SPOT BOLTING as required
Ø 25, as required

on front excavation (if necessary):
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  Th> 5 cm
- GFRP Ø 25, 1@ 3 m²
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 E
on arch and side wall:
- SHOTCRETE (1°Layer)
  Th> 5 cm
  with steel fiber
-SHOTCRETE (2°Layer)
  Th> 10 cm
  with steel fiber
- STEEL SETS
  2 x ISMB 100  @ 0.5m
  where required spacing can be varied following
  the local geotechnical conditions

- PATTERN ROCK BOLTS
Ø 25, L=4 m
n. 8+6 @1.5 m

- SPOT BOLTING as required
Ø 25, as required

on front excavation (if necessary):
- SHOTCRETE
  Th> 5 cm
- GFRP Ø 25, 1@ 3 m²

SUPPORT WORKS

NOTES

1) SHOTCRETE SURFACE PREPARATION
Before applying shotcrete loose rock and dust must be removed
with air-water jet leaving a damp surface

2) WELDED MESH
The welded mesh is fixed by bolts. Lenght and spacing of the
bolts will be evaluated according to the geological conditions on
the site.

3) LATTICE GIRDER
As alternative lattice girder might be considered by the Engineer

4) DRAINAGE SYSTEM
The drainage system will consist of:
- DRAINS, Ø 60 mm, L=6m
- CONTACT DRAINS, Ø 50 mm PIPE spaced 2x2m, or Ø 50

mm hole drilled after shotcrete placing.
          The number and spacing of drains depending on local conditions

(as required). Where required pre-drainage holes shall be
installed.

   5)    UNITS OF   MEASUREMENT
All lenghts in the drawing are reported in meters and all angles in
degrees.

   6)    INSTRUMENTATION
For Instrumentation details see Technical Specifications

MATERIAL PROPERTIES

SHOTCRETE
- M35/A10
Reinforced with welded mesh

WELDED MESH
- 450 MPa

ROCK BOLT
- 25 mm
- 295 KN
- 246 KN

STEEL SET
Type ISMB 100/ISMB 125
- 100 or 125 mm
- 355/510 MPa
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Charact. yield strenght
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- SHOTCRETE  (1°Layer)
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  2 x ISMB 125  @ 0.5m
  where required spacing can be varied following

the local geotechnical conditions
- SHOTCRETE  (2°Layer)
  Th> 15cm
  with welded mesh Ø5 10x10
  or steel fiber

on invert:
- SHOTCRETE (1°Layer)
  Th> 5 cm with steel fiber
- STEEL SETS
  2 x ISMB 125  @ 0.5m
  where required spacing can be varied following

the local geotechnical conditions
- SHOTCRETE  (2°Layer)
  Th> 15 cm
  with welded mesh Ø5 10x10
  or steel fiber

advance support:
- forepoling n. 30/40, L=15/20 m
- pattern rock dowel (if necessary), GFRP type,
   f 25, 1@ 3 m²
- shotcrete, th> 5cm (if necessary)

SUPPORT WORKS

Section B-B'
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MATERIAL PROPERTIES

   1)  UNITS OF MEASUREMENT
All lenghts in the drawing are reported in meters and all
angles in degrees.

   2)  ROCK SUPPORTS
See Drawing DHPP-CD-ADT-2026-005 and
DHPP-CD-ADT-2026-006.
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   1)  SURFACE EXCAVATION SUPPORTS
        See drawing DHPP-CD-ADT-2026-016 and
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   1)  SURFACE EXCAVATION SUPPORTS
        See drawing DHPP-CD-ADT-2026-016 and

DHPP-CD-DT-2025-017.
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   1)  SURFACE EXCAVATION SUPPORTS
        See drawing DHPP-CD-ADT-2026-016 and

DHPP-CD-DT-2025-017.
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TYPICAL ROCK ANCHORS

1 TYPICAL DRAINAGE3

TYPICAL BOLTS2

Type  A

TYPICAL BENCH LINING4

Type  B

UPPER EDGE DRAIN DITCH6

TYPICAL GABION WALLS7

Type A, h = 3m Type B, h = 2m

~

Type  C

~

1*

TYPICAL SHOTCRETE SUPPORT5

~

~

Type  A Type  B

Rock Anchors characteristics
(see TS Section B4)

Type L
(m)

Ø Anchor
(mm)

Ø Hole minimum
(mm)

a 12 32 62

b 9 32 62

c 8 32 62

d 6
32 62

25 55

e 4
32 62

25 55

f 3
32 62

25 55

Bolts characteristics
Type

Ø (mm)
Tension LOAD Ø Hole

(mm)500/550 MPa 950/1050 MPa

Ø25 150 KN 250 KN 55

Ø32 240 KN 450 KN 62

TYPICAL BOLTS2*
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