
BRADSHAW
CONSTRUCTION CORPORATIONTUNNELING 

SPECIALISTS



ÁCǊƻƳ ŀ /ƻƴǘǊŀŎǘƻǊΩǎ tŜǊǎǇŜŎǘƛǾŜ

Á.ǊŀŘǎƘŀǿΩǎ 9ȄǇŜǊƛŜƴŎŜ
Á54 years as a tunneling contractor
Á26 years as a microtunneling contractor
Á25 years using conventional rock TBMs
Á13 years microtunneling rock



A continuation of my 2013 presentation of   
άaƛŎǊƻǘǳƴƴŜƭƛƴƎ in Rock: Fact or CƛŎǘƛƻƴέ 

άThe key then and now is to know 
when, where, and how to use 

microtunneling in these 
ŎƘŀƭƭŜƴƎƛƴƎ ƎǊƻǳƴŘ ŎƻƴŘƛǘƛƻƴǎΦέ



2013 to 2017  

ÁWhat have we done?

ÁWhat have we learned?

ÁWhere do we stand?  



What have we done?

Á10 projects in 6 states (FL to TX to PA)

Á15 rock microtunnel drives
Á11 Two pass steel casing

Á4 One pass Hobas pipe

ÁTotaling 7,000+ LF 



ÁUnderstand the geology

ÁUnderstand the limitations  
ÁMicrotunneling Equipment

ÁJacking Pipe Materials

ÁMicrotunneling Means & Methods



ÁStart with bid documents

ÁReview the Geotechnical Study

ÁYour goal is to understand the

behavior of the ground 



ÁType of rock by drive and within drive length

ÁLocation of any transition zones in each drive

ÁOrientation & spacing of rock fractures/bedding

ÁUnconfined Compressive Strength (UCS) with structural or 

non-structural failure notation for every test

Structural = 3,489 psi Non-Structural = 16,503 psi



ÁRQD (%) 

ÁRecovery (%) 

ÁCerchar Abrasivity Index

ÁBrazilian Tensile Strength

ÁPoint Load Test

ÁPunch Penetration Test

ÁThin Section Petrographic Analysis including  
description of any mineral suturing conditions

ÁTake note of unusual rock ςSutured or 
ά¢ƻǳƎƘέ  όŜΦƎΦ ŀƳǇƘƛōƻƭƛǘŜ or diabase)

ÁHistorical research into previous TBM tunnels 
in the area



ÁSedimentary Rock Formations  
ÁhŦǘŜƴ άƛŘŜŀƭέ ƳƛŎǊƻǘǳƴƴŜƭƛƴƎ ƎǊƻǳƴŘ

ÁExceptions:
ÁSandstone abrasivity - cutter wear

ÁLimestone solution channels - steering

ÁDecomposed layers - friction



ÁIgneous (Quartzite) Rock Formations
ÁwŀǊŜƭȅ άƛŘŜŀƭέ ƳƛŎǊƻǘǳƴƴŜƭƛƴƎ ƎǊƻǳƴŘ

ÁOften weathered in the tunnel profile

ÁOften mixed face & mixed reach drives

ÁCan be extremely hard (>20 ksiUCS)

ÁCan be massive (RQD>75%)

ÁCan be extremely abrasive (Cerchar>3.5)

ÁCan be sutured limiting disk cutter effectiveness



ÁCŀŎŜ ŀŎŎŜǎǎ ƻƴƭȅ ƛƴ a¢.aǎ Ҕрфέ h5

ÁDisk Cutters limitations
Á¢ȅǇƛŎŀƭƭȅ ммέ ŘƛŀƳŜǘŜǊ ƻǊ ǎƳŀƭƭŜǊ

Á[ƛƳƛǘŜŘ ǘƘǊǳǎǘ όммέ-мтΣлллІ Ǿǎ мтέ-70,000#) 

ÁDifficult to change in MTBM chamber

ÁDisk cutters can break & hardware can fall out

ÁSlurry Separation System Impacts
ÁSlurry lines can clog on rock chips

ÁHigh wear on slurry lines, pumps & shaker screens



MTBM slow compared to conventional TBM
ÁRevolution per minute (RPM) slower (2.5-7.5 vs 10-15)

ÁThrust is lower reducing penetration/revolution

ÁTorque capacity lower

ÁChecking/changing disk cutters slower

Formula for TBM Production/shift = 

RPM x Penetration/Revolution x % Mining Time/Shift

Typically 20% to 40% of Conventional TBM



Conventional TBM Microtunnel TBM



. . . while microtunneling. . .



ÁSteel casing preferred
ÁPermalok joint flexibility

ÁAvoid welded joints 

ÁAvoid unreinforced jacking pipe 
ÁClay

ÁPolycrete

ÁFiberglass

ÁAvoid irregularly shaped pipe
ÁOut of round or trapezoidal



Reason for avoiding unreinforced jacking pipe:
ÁDebris piles up in the annulus under the pipe with drive 

distance creating three edge bearing type failure 



ÁTwo pass preferred

ÁOvercut typically double
ÁAllow for gage cutter wear
ÁAllow for debris pile up in annulus invert

ÁMax drivelength less than soft ground 

ÁInterjackstations needed even with steel 
casing



ÁMixed Face & Mixed Reach Drives
ÁTypical ground conditions for gravity sewer profiles

ÁRock cutter wheel (RCW) required for entire drive

ÁRCW Smaller openings slows production in soft ground

ÁMust go slow in transitions to steer to design L&G

ÁRCW & crushing chamber clog in clayey ground

ÁOver excavation possible in transition zones

ÁUse bentonite slurry to minimize soft ground loss



ÁCam Locking 
ÁCauses pipe surges & shock loading of 

disk cutters

ÁUse telescopic tail can to isolate MTBM

ÁPipe Wedging
ÁRock will not yield to debris in 

annulus

ÁDebris comes from 
ÁSlurry cuttings

ÁTunnel arch fall out

ÁSeams in weathered rock

ÁBroken disk cutters and hardware



ÁFriction Control
ÁSet overcut to twice soft ground

ÁInspect cutting tools regularly 

ÁMaintain gage cutter

ÁMaintain MTBM scraper buckets & wear ring

ÁAccount for broken hardware & disk cutters

ÁUse bentonite in the slurry 

ÁUse polymer lubricate in the annulus



Allow the Contractor to determine 
overcut because:
ÁGage cutter wear dictates added overcut

ÁSettlement is not an issue in full face rock

ÁRecognize settlement may occur in mixed face & 
mixed reach drives



ÁRock microtunneling has become 
common place

ÁFace access MTBMs are critical to success

ÁKnow when, where, and howto use 
microtunneling in these often extremely 
challenging ground conditions


