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Safety. First.

SAFETY SHARE s sumamonron

SAFETY
CONDITIONS

TOGETHER! DEVELOPMENT
OF TRAINING
PROGRAM
SAFE AND
PROTECTED
WORKING
PLACE
AND RELIABLE AND SAFEVY,
TECHNOLOGY
CONTINUOUS
PRODUCT
AND PROCESS
IMPROVEMENT

Patrick Rennkamp
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The Full Spectrum Of Mechanized Mining Solutions

SHAFT LINING
TECHNOLOGIES

T A

}

-
-

. SHAFT DRILLING
N JUMRO (SDJ) SHAFT RORING

SHAFT BORING ROADHEADER (XBR)

EXTENSION MACHINE (SBE]

MINE LINING VEMICLE (MLV)

sERvicEs

TRACKED TRANSPORT

LINING LOWERING
SYSTEMS ILLE) VEMICLE (TTV)

BOXHOLE BACKREAMING
MACHING (BER)
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HERRENKNECHT SHAFT SINKING SYSTEMS

SBR 2 NP GEN SBC 2 NP GEN SBE

SDJ

Patrick Rennkamp
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SBR technology

GEOMETRICAL BOUNDARIES

VSM SBR SBC D&B

Shaft diameter considerations SBR / SBC om

500m

1500m
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GEOTECHNICAL BOUNDARIES

Igneous Rocks H igh

Coarse-grained granite

SDJ

Fine-grained granite
Volcanic scoria
Basalt

Tuff

Metamorphic Rocks
Slate

Gneiss

Quartzite

Sedimentary Rocks
Clay shale

Stability

Sandstone low
Siltstone and claystone

Conglomerate

low High
Rock Strength ]

Breccia
Limestone

Patrick Rennkamp
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VERTICAL SHAFT  SINKING MACHINE
(SLURRY )
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Mechanized Shaft Sinking

VSM MACHINE AND
EQUIPMENT OVERVIEW
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Mechanized Shaft Sinking

VSM SHAFT SINKING PROCESS
UNDER GROUNDWATER

1. Jobsite setup; 2. Excavation and shaft sinking 3. VSM recovery; 4. Dewatering of shaft;
VSM installation in launch section. in parallel; installation of bottom plug; construction of bottom plate.
VSM is working under ground water grouting of annulus,
level.

| S brn D
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Mechanized Shaft Sinking

VSM MACHINE RANGE
WITH FLEXIBLE DIAMETERS

| ] | | | | | | | |
t [ [ I [ 1 1 [ [ [ [ I [ [ 1

|
Shaft ID in m 4.5 10.0 12.0 15.0 18.0

; -
e

ﬁ All machines can be designed for
=t = shaft depths of up 250
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vs JOBSITE SETUP

@ VSM machinery €) Mobilecrane € VSM power supply @ Separation plant

i @ Segment stock @ control cont ( Jobsite container
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Mechanized Shaft Sinking

VSM REFERENCE PROJECTS

OVERVIEW

MORE THAN

111 SHAFTS

were built with VSM by 2024.
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OUTER DIAMETERS

<12.8M

were realized by 2024.
(Up to 20m OD are possible.)

HERRENKNECHT

DEPTHS

<115M

were realized by 2024.
(Up to 450 m depth are possible.)

T Ry
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VSM for Mining

SINKING OF PRE -SHAFTS

|. Pre -shaft sinking with VSM
under groundwater and in depths of up Il. Subsequent

VSM |
Drill & Blast

construction

Raise Boring

of deep mining
VSM |

HERRENKNECHT

shafts
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HERRENKNECHT SHAFT SINKING SYSTEMS

SBR 2 NP GEN SBC 2 NP GEN SBE

SDJ

Patrick Rennkamp
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Conventional D&B Shaft Sinking

HERRENKNECHT SHAFT SINKING. HISTORY

ol |t | ) P ﬁ_- Vent Pipe
Cross Head ‘—{7 —n a7 ‘<\ ]
Cob AN
Stage Rope — A L[ # Bucket Rope
Cryderman Rope <~ ol .
e CRYTA Deck No 1
Concrete Boot : E
Lil : i
{ i J
1 T 4 Tan Bucket ﬁ
Deck No 2
Steel Form Work
H 4 I - —
S 1P . -
5 1 i1t Elephant Trunk
s 3 Wy Concrete Hose
L] i Q\, - e e
r RS < ST P DeckNo 3
Manway ———————H-% | fi m
Steel Ladder If ’ !  rath
F ol 5 !
t gl | - Deck No 4
i l Lower drill  Drill
(i ¥ rig Load / Blast Muck
r' il g " Nz Curk Ring
> LN
DeckNo 5
Rope Ladder
4 Ton bucket
Cryderman Mucker
Blasted muck L&

Patrick Rennkamp
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MECHANICAL CUTTING VS.
CONVENTIONAL DRILL & BLAST

The basic rock cutting tools
for mechanical excavation
include:

> Drag Cutter

Picks

Mechanized Drill & Blast

Excavation Cutting Tools Explosives

Disc Cutters Mucking Pneumatic / Slurry Cactus Grab

)
>
> Roller Cutters
>

Button Cutters Advance Rate 3-4 meter/day 1-2 meter/day

A This tools are proven! Process Continuous Cyclic
Linin Shotcrete/Cast in Shotcrete/Cast in
g Place/Tubbing Place/Tubbing
Hoisting Bucket Bucket

Patrick Rennkamp
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CONVENTIONAL CHANGED TO MECHANIZED
G WITH BUILT -IN SAFETY

Location of workplaces and equipment on the SBR

= Work Decks

Control cabin

Permanent workplaces

Pneumatic Mucking System (PNM)
Position of sheaves

Personal and material logistic

b

Rock support area
> Shotcrete application and rock bolting unit

Excavation chamber

> Boom with cutting drum and muck intake hopper

> Access during maintenance time only

m : & | : . = ) 4
o i ¥ | st o S N
- N = ¥ - [ ~
T, 1 B o ‘
i o 12y .
-~ ! § { v

Patrick Rennkamp
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HERRENKNECHT

SBR SHAFT SINKING REFERENCES

AND CURRENT PROJECTS

Jansen Project | BHP | DMC Nezhinsky Mine | Slavkalyi | RD Woodsmith Mine | AA| RD

> Successful processing with high > High performance over the »  Major challenges to be mastered
customer satisfaction entire shaft sinking operation > Work in progress

> Shaft sinking finished 2018 > Our benchmark for performance

MI-003/4 MI-029/30 MI-035/36

r
| -
o v un
. "\ P w!

o . .

. LS

s B

A

BUTALSO IN TERMS OF SAFETY OF THE SHAFT STRUCTURE
WE SAW THAT IT IS THETECHNOLOGY OF THE FUTURE

Patrick Rennkamp
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Excavation and Mining Cycle

SHAFT BORING ROADHEADER - SBR

Starting position
of mining cycle

> Steps of Mining Cycle:

1. Cuttrench in 120klock

2. Move boom to center position
3. Slew a few degrees clockwise

4. Cut next trench

5. Repeat until in 120kelock position

6. Extension of the boom
7. Re-start of the cutting cycle

8.  When 1m of the bench is cut,

the SBR wil|l be | owered 1m and the Mining Cycle starts againe

Patrick Rennkamp
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Pneumatic Mucking System

SHAFT BORING ROADHEADER - SBR

> Air Flow per. Blower: 7800 m3/h
blower fan >  Number of Blowers: 1 -3
dust filter
»  Tank Capacity: 45 -7m?3
> Vertical Distance: 25m
suction tank
suction pipe
shaft kibble
cutting drum muck intake hopper 7,

Patrick Rennkamp
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Rock support in Blairmore formation

SBR REFERENCES

Lower Cretaceous Blairmore formation extends over the whole of
Southern Saskatchewan

> Innovative Blairmore Ring Erector technology allowed for a fully
mechanized
installation of 8,35 m ID rings with minimal open wall exposure.

» 16 pieces of tubbing weighing 2 tonne each forming one ring

> Doubled the expected performance for ring installation as planned

Patrick Rennkamp

HERRENKNECHT

GRIP 1ST SEGMENT USING
-H"( RELEASE RIGGING
CHAIN

INSTALL, ALIGN AND
* [EVEL 1SY SEGMENT TO
FOAM HING 7
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RD set up for the hoisting

SBR REFERENCES

Hoists and winches
» 2 single drum hoists per shaft - 2.4 /1.8 MW
> one for mucking, one for service

» 4 SBR winches per shaft 1 50 t rope pull each

Patrick Rennkamp

HERRENKNECHT
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HERRENKNECHT
RD set up for the hoisting

SBR REFERENCES ™ S S S 4 e
i dally pert 52 taily pert - 51 gepnt 52 degpe! Sl 610
> Daily performances up to 7 m .
50
> Best monthly advance 144,4 m .- S
- - - .E 580 "H"--r
> New benchmark in shaft sinking & 50 e
- ;20 i .__’_‘,.- :--::‘u-m, —
500 _, a- — Yo 4 po e £ b derd uc‘»
420 , A : ' 0 e A
im0k oS . A - . ' T
- oy EF< 11131 m/d E———
Shaft 1 /' Nezhinskij Mine / Belarus 4 ’ : ." o - | 4 :,:.“ g b | I 4 2
< > ) “ I 4 v -‘ v~' ‘, - = ™ . .A v ] ,

R D : Frof& touch down to 600 m
in only 32 month (2,6 years) i

Patrick Rennkamp
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MI -035/36 | WOODSMITH

Patrick Rennkamp
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VSM for Mining

WOODSMITH MINE

Shaft Sinking Machine VSM
> 29,000 mm
» Shaft depth: 115 m

VERTICAL SHAFT
SINKING MACHINE

PHot Shaft for Mineral Transpor Systam

i
LY

r;i!*' el T -

SHAFT BORING
ROADHEADER

Sarvice Shaft

SHAFT BORING SINGLE SHIELD
ROADHEADER TBM

w;
-

!,',

Production Shaft Mineral Transport Tunnel

i
|

Single Shield-TBM
? 2 5.940 mm

> Tunnel length:
35,600 m

Shaft Boring Roadheader
>y @7,500 mmi 12,000 mm
» Shaft depth: 1,600 m
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MI-035/036 | Project Overview

SR @ \WOODSMILH VI

Mine Development for world's largest
polyhalite deposit (fertiliser)
Two blind shafts with 1,600 m depth

and 7,5 m finis-hed iInner diameter

Challenging rock conditions:up to-180

Mpa and water aquifers

Scope of delivery by Herrenknecht
2 SBR
1 VSM
1 Single Shield TBM

Patrick Rennkamp
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Automation Concept

DRILLING
UNITS IN THE
EXCAVATION
CHAMBER

}

There are two kinematic Kinematic Arm  —
arms in the excavation
chamber

Each has got one drilling
unit for blast holes

. ) Excavation
The kinematic arms are Chamber
rotating with cutting B
boom 360°
Drilling Unit

l‘ I“ AT "lll l. ih; .é‘ ;i'.nf'.

W by AR
7

B '!‘

‘Illlil

Cutting Boom —

Cutting Drum —

P
.

HERRENKNECHT
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Introduction

KINEMATIK ARMS AND
MOVEMNETS OVER
DRILL PATTERN

> Carrying the anchor and the probe drilling units
> Extendable up to 6m
> Equipped with distance measuring cylinders

Drill pattern Drill pattern
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CONTROL ON SURFACE

SBR Surface Control Station

> On surface an equally to the SBR equipped control
console is located.

>  Full connected to the SBR PLC

> Here the drilling operator can be located

HERRENKNECHT
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SHAFTS

INNOVATIONS

COMBI SHAFT MACHINE

The COMBI shaft sinking machine combines the
two types of machine presented above (VSM and
SBR) and allows the shaft sinking process to be
started with one machine iwet excavation and
then mechanically sunk to the final depth.

Advantages are

A mechanical excavation and thus harming the
surrounding rock

A Adaptable expansion
A Highersafety

HERRENKNECHT

Wet Mode .

100

Dry mode

400
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Technology And Methodology

RIG SIZES

> Powered by highly efficient variable frequency drives.

RBR900OVF

> Full capacity drilling is possible due to high maximum

torque and thrust forces. RBR400VF

RBR300VF

RBR300S
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Herrenknecht Concept

SHAFT BORING EXTENSION MACHINE - SBE

> Geology Hard Rock (~200MPa)
> Shaft diameters / depth 757 9.5m/~3000 m

> Machine height / weight 18m / 350t

> Suspension Gripping System

> Mucking method Pilot Hole

> Rock Support/Lining Rock Bolts, Shotcrete

> Net excavation ~6-10 m/d

Patrick Rennkamp
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Herrenknecht Concept

SHAFT BORING EXTENSION MACHINE - SBE

Technology consists of 3 steps:
1. Directional drilling of pilot hole

2. Reaming the directional drilling by Raiseboring

3. Extension of the raisebored hole to the final diameter by means of the
shaftboring machine

Patrick Rennkamp
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Herrenknecht Concept

SHAFT BORING EXTENSION MACHINE - SBE

Shotcrete Application

Tubbing Erector

Manual or semi -automated

Jump Form Application
Rock Bolting + Shotcrete

Patrick Rennkamp
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Technology And Methodology

SHAFT DRILLING JUMBO | SDJ

Various machine designs for D&B shaft sinking

1. Standalone Unit - on the shaft bench and braced onto the shaft walls
2. Suspended from the shaft platforms with telescopic booms

(Further hybrid designs on demand)

Stand-alone unit

Suspended from the shaft platforms

(i
il <. 41,

HERRENKNECHT

T™H



EEEEEEEEEEEE

SBC

SHAFT BORING CUTTERHEAD



a7 17th February 2026 | Einstein telescope | Mechanised tunnelling and shaft sinking

Key figures on the wish list

HE ALL NEW
SHAFT BORING
CUTTERHEAD

> Geology Hard Rock (30 - 250 MPa)
> Shaft diameters / depth 9m /~1500 m

> Machine height / weight 45m / 450t

»  Suspension Self-gripping

> Mucking method pneumatic

> Rock Support/Lining Per. Requirement

> Net excavation target 6 - 8 m/day

Patrick Rennkamp
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BIG MACHINE

Material
Collection

Pneumatic Mucking

Patrick Rennkamp
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SBC development

EVOLUTION OF MUCKING SYSTEM

Water

Blower Fan
Dust Filter

Suction Tank

Muck Bucket

Suction Pipe

Cutter Head
Suction Box

SBR SBC SBC 2 NP GEN

Patrick Rennkamp
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Brainstorming

SELECTION OF CUTTER HEAD

Patrick Rennkamp
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CUTTING PRINCIPLE

Maximale
Materialhohe:
40mm

o

Penetration

Patrick Rennkamp
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SBC DEMONS

SBC Excavation Unit

_ PNM Blower
: ! =/ PNM Suction Tank
Hydraulic Power Unit PR 1 / PNM Filter Unit
: AaltNHTH R 3 |
. | / Th

\ Muck Container

Control Cabin

Concrete Test Body

Patrick Rennkamp
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Offers & Studies
HE SBC 2. O‘h"'
Al
Syt -
Thyssen Schachtbau
Project Mughaskas
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Patrick Rennkamp




153
A B

RS

L]
I
_I
=q
L]
>3
O
33
=
L]
M
<
L]




57

17th February 2026 | Einstein telescope | Mechanised tunnelling and shaft sinking

Herausforderungen im Tunnelbau

CHALLENGES
UNNELLING

- y
"
T oy vy "
\. L s — ? [
A ,’j g

17.63 m 11 bar
NG KONG ISTANBUL

w ’
3 : PRESSURE
P e T A Large diameter High pressures
| 3 q'! oy e

Long distance tunneling
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CONTINUOUS ADVANCE

Tunnetling Systems




CONTINUOUS ADVANCE

Tunnefling Systems




INTELLIGENT SYSTEMS -

CONTROL CENTER & DATA MANAGEMENT

SETTLEMENT MEASUREMENT
MUCK STORAGE AREA.
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SUPPLY LOGISTICS




HERRENKNECHT PRODUCT PORTFOLIO

TUNNELLING

EPB Shield Mixshield AVN Machine
wm 1®wm 42m
17m m m
L0 . O L O O L0, OO0

=

Pipe Express® HDD Rig SDD Rig
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Multi-mode TBM

RO 000
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Partial-face Excavation

Machine
2m
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Shaft Drilling Jumbo SDJ Raise Boring Rig RBR Boxhole Boring Machi Boxhole Back R
BBM BBM
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Single Shield TBM
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Auger Boring Machine

atm 14m
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Reef Boring Machine
RBM

= G e

Gripper TBM

125m
2m

LommO ., . O

Shaft Boring Roadheader
SBR

12m
im
L ONEO,

EXPLORATION

Terra Invader Slingshot Rig

3Ot i 70t

Double Shield TBM

12.0m
28m

AO_O.I_LI_‘ 0

e

Shaft Boring Machine
SBM

1m 12z2m
[N o) (o NI

Terra Invader Rack &
Pinion Rig

ot . 200t

HERRENKNECHT —)

LTS
Vertical Shaft Sinking Direct Pipe®
Machine VSM
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Shaft Boring Cutterhead Extension Shaft Boring
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Selection Criteria

CLASSIFICATION SCHEME ACCORDING TO DAUB

Tunnelling Boring ~~ Open TBM \> A, Single Shield TBM
Double Shield TBM Ma‘l?l?'l:“ . Cripper-TBM 0 face support
Widening TBM SM-V2, mechanical face
ETBM support
7~ Shielded TBM SM-V3, compressed air
L TBM-S /apﬁhcatron\
— Double Shield
DSM ~_ support
SM-V5, earth pressu?
Tunnelling Machines support >
TM e
Shield Machines SM-V5-OM _no face
Full Face Excav. '
support, screw transport
SM-V Ppo po!
In German: Download Shield Machines SM-T1, no support
flfom G”grmacm " Partial Face Exc.
unnelling Committee SM-T SM-T2, partial support
DAUB = s EPB
http://lwww.daub.ita.de/ SM-T3, compressed air
uploads/media/gtcrecl
4.pdf SM-T4, slurry support

Patrick Rennkamp
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Selection Criteria

GEOTECHNICS.
NFLUENCE OF GEOLOGY AND HYDROGEOLOGY.

Relevant parameters for the evaluation of machine type.

Geological longitudinal profile with vertical alignment of the A tunnel alignment, gradient

tunnel, groundwater table and possibly borehole locations A tunnel face support

Horizontal alignment of the tunnel with borehole locations Geology or A overburden, settlement & heave
o . hydrogeology :

Grain size distribution curves A de-watering works

Wet density g, Angle of internal friction j , Cohesion c, A water permeability

affect the way

- undrained cohesion cu, permeability k and extent of A soil conditioning
Groundwater conditions A support medium, increase of thrust forces
Atterberg Limits: plastic limit, liquid limit, natural water A handling of boulders
content (consistency and plasticity indexes) A soil bearing capacity, soil stabilization
Modulus of elasticity Ec, Earth pressure coefficient KO A soil disposal

Possible existence of boulders: rock type, expected

#:
a
‘ amount, expected sizes, UCS, quartz content, CAl
" Unconfined Compressive Strength (UCS)
Tensile Strength (BTS) Selection of machine and operation principle
Cerchar Index (CAIl, wear behavior)
Max. expected water inflows/ groundwater pressure

To o o o Bo o Do Do Do Do Do I

Success of project
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Selection Criteria

GEOTECHNICS.

/]

TBM = D&B
preferred = preferred
Design of Shield Structure Torque Calculation laneous Rocks
77300 Coarse-grained granite

D 32 gl 2 : :
55648 T v, -
PP S R S Ao {w B Fine-grained granite

_,_;A’*J’-‘-{ v .,II? .'-?,\‘4 “?}\f Volcanic scoria
<:| GEOTECHNICS |:> o
Ve o F = Yo
. o PO R Gneiss
4413 Quartzite
Sedimentary Rocks

Basalt
Tuff

Metamorphic Rocks
Slate

4413

Clay shale
Sandstone
Thrust Force Calculation Siltstone and claystone

Conglomerate

Breccia

Wear Prognosis

Limestone

[
0 70 MPa 140 MPa 210 MPa 280 MPa 350 MPa 420 MPa
]

EEsrEyan>

Patrick Rennkamp
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MULTI -MODE METHODS
Spectrum of Herrenknecht Multi-Mode TBMs

Earth Pressure
Balance TBM

b

Earth Pressure
Balance TBM

Mixshield
TBM

b

Mixshield TBM

Open shield
TBM

-

Open shield TBM

(Gripper TBM, Single
Shield or Double Shield)

HERRENKNECHT
















