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Abstract

The Gautrain rapid rail link project is currentlyfdca’s largest infrastructure project connectingph
Africa’s major airport (or Tambo), Johannesburg aRcetoria. Phase 1 is planned for completion ingim
for the 2010 FIFA Soccer World Cup and involvek80of track and 15 km of underground tunnels. The
key blasting issues revolve around maximising adeasnd improving blasting cycles to meet the tight
deadlines as well as environmental control in turislasting which, in some cases takes place onlyn15
below the city infrastructure.

To achieve success, DetNet South Africa suppliehge of electronic detonator systems to catertffier
different blasting applications involved (tunngdsytals, shafts and viaduct foundations). One sudduct,
QuickShot, was used for the first time in a majoil engineering project and has been used for gvennel
blast to date since.

The QuickShot system combines pre-programmed @héctdetonators with special on-face components
that enable the user to quickly and easily dedmgnfiring sequence solely by using the order oheations.
This precludes the user from having to deal in &liecdelay times. The connecting system enables fiac
be hooked-up speedily by multiple users who hdferidig levels of experience.

This paper provides details of how, after 26 months system has been embraced by the projectiibygai
in maximised advances, improved cycle times andimgebe required environmental constraints.

1 I ntroduction

The Gautrain rapid rail link project started in fepber 2006. The Bombela Concession Company is a
consortia of companies tasked to carry out the wAfkcan Explosives Limited (AEL) was awarded the
contract to supply the explosives. The strict reguents in terms of this project were that an atign
system that was safe, reliable, user friendly, &bl@inimise air blast and vibrations should bedugeter a
lengthy analysis process where all the variousfaatere taken into account, it was decided thatgioject
would make use of electronic detonator initiatiygtems supplied by DetNet South Africa, a jointtuea
between AEL and Dyno Nobel.

Based on the construction schedule for the projdwt, consumption of the electronic detonators is
between 15,000 to 20,000 detonators per month. Mdipg on the size of the tunnel a typical end takes
anything between 100 and 150 detonators in oné Wiasther it's a 3.5 m or 5.8 m advance. One paletic
tunnel has regularly achieved a clean advance&imb5per round over a 2 km section with dimensiohs o
11 m wide and 7 m high.

Tunnelling is taking place through complex deforngedlogy. This geology is made up of granite, veaitih
degrees of weathering from soft to sound rock doimg some intrusions of diabase (diorite) and
heterogeneous ground composed alternatively oftzjter siltstone and shales in various degrees of
weathering, with water circulation.

The planned 15 kms of underground tunnels are rgakse of drill and blast techniques, except for8&ken
stretch of tunnel which is using a tunnel boringchine (TBM) to excavate soil in an area where ther@
very shallow water table requiring work to be dimextremely wet conditions most of the time. Thare a
total of seven emergency shafts with diametersingrirom 10-12 m and depths between 35-60 m deep.
These are being constructed by means of drill d&st Bhaft sinking techniques. Two train statioreanely
Sandton North and South, are also being construesény drill and blast shaft sinking techniqueshwit
dimensions; 60 x 20 x 45 m deep and 20 x 18 x 4eap respectively.



Figure 1 illustrates the tunnelling lengths andvimich direction they are being constructed usintj and
blast methods, as well as the section where the T8bking used. There are a total of seven emeygenc
shafts (E1-E7) which are being sunk. The entirdi@eof tunnels as seen above from Park Station to
Sandton Station will accommodate a single for thsspge of one train at a time. Single track tunnel
dimensions are 7 x 8m.
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Figurel Singletrack tunnelling lengths

Figure 2 illustrates the tunnelling lengths andwhich direction the double track tunnels are being
constructed. The double track tunnels will accomatediwo trains at the same time. This is being
constructed from Sandton Station through to a poeed Marlboro where the train will surface. Aadt
called Mushroom Shaft (dimensions 11 x 22 m anth3fep) was sunk to lower equipment and personnel
to allow for drill and blast operations in the ditien of the Sandton Station and Marlboro Portaluble
track tunnel dimensions are 11 x 7m.
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Figure2 Doubletrack tunnelling lengths

2 Tunnelling

The products used in the tunnelling applicationude an AEL pumpable underground bulk explosive,
R100G, cartridge emulsion explosives and the Quiok8lectronic detonator initiating system.

2.1.1 QuickShot electronic detonator initiating system

The QuickShot system is a pre-programmed electrimtiation plug and shoot system with centralised
blasting capability. The system offers a daisy ehgpe of hook up. Each detonator has two plug#,c
male and female plug where the male plug mates thvdmext detonators female plug. In its simplestnf
users merely connect QuickShot detonators in tderan which they want the round to fire. A fly tea
provides the means to connect the detonators todhtol equipment. The first detonator connectethe

fly lead will be the first to initiate. QuickShoae be used as a stand-alone system or as padeoiti@lised
blasting network. The system allows for continutesting of the installation using inherently safatcol
equipment.



Figure3 The QuickShot detonator
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Figure4 The QuickShot detonator daisy chain connection with areturn plug connected which
informsthe system that it isthelast detonator in the chain
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Figure5 The QuickShot accessoriesfrom left to right: QuickShot splitter; QuickShot pause
marker; and QuickShot delay marker




The QuickShot detonators are all pre-programmedh witfactory default delay of 125 ms. The system
contains a number of accessories that allow foresimter-hole delay flexibility when required. These
accessories are known as splitters, pause and delegers. The QuickShot splitter is a hardware cevi
which allows the signal to be split from one intwot The QuickShot pause marker is a non explosive
hardware device. When placed in series with a (@lick detonator it delays the signal from the pravio
detonator to the next in line by a delay which tiser can define using a handheld device. The QhimkS
delay marker is also a non explosive hardware deWhen placed in series with a QuickShot detonétor
will change the factory default timing of 125 mshe defined timing delay as determined by the.user

2.1.2 Tunne designs

Major factors influencing the tunnel design are= thquired wall finish; type of roof support; typtlining
material; rock types encountered; drilling; chaggilbading equipment; ventilation; skills and expece of
labour; and other local constraints such as prayiofistructures or the presence of excessive grouater.

The equations found in this section of the paperb@sed on Tose (2003) AEL’s tunnel blasting haokibo
which are used as a reference for the Gautrairegofhe grid size is initially estimated from tti@meter

of the blastholes, explosives type and rock haslnElse amount of emulsion varies between 300-1600 k
per blast. Normally equal hole spacing in both ieattand horizontal directions is assumed, and the
following equation is used as a rough guide:

G= M
K (1)

where:
G = grid spacing (m).
Mc = mass per metre run of explosives (kg/m).
K =nominal grid powder factor.
K varies from 3.0 kg/rhfor hard rock to 1.2 kg/frfor weak rock.

One of the most important blast design parameterstife project is to control vibration and airblast
generated by blasting activities due to the prowirof homes, offices and other crucial city infrasture.

This is done by adopting the following guidelinesed on the recommendations published by the affice
surface mining (formerly the US Bureau of Mines BMj), to determine the potential risk to structures
(equation for vibration control in absence of monitg equipment):

D
—2=31 (2)
vE
where:
D =distance from blast (m).

E = mass of explosives per delay (kg).



Tablel Vibration limits

Recommended
Blasting Situation Maximum Level (mm/s)
Heavily reinforced concrete structures 120
Property owned by the concern performing blastipgrations 84
where minor plaster cracks are acceptable
Private property in reasonable repair where pudgimern is 50
not an important consideration
Private property if public concern is to be taketoiaccount 10
or if blasting is conducted on a regular and freqlasis
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Figure6 USBM damage criteria, based on frequency. Peak particle velocity (PPV) (mm/s) limits =
frequency (f) (Hz); logarithmic scale

Tose (2007) states that for frequencies higher BtaHz recommendations are made which are baséteon
USBM limits as shown in Table 1. For lower frequescthese limits are reduced as shown in the graph
Figure 6. In order to determine the mass of expéssiper delay at this limit, for the initial blasésign,
Equation 2 is used. The control that is requireddtermined by the mass of explosives detonating in
measured time interval. This is called a delay.

The magnitude of the ground vibration motion degeorl the following:
* The maximum mass of explosives detonated withiartiqular time interval (E).
» The distance between the blast and the monitocicgtion (D).
» The direction of direct energy propagation.
» The geological structure of the rock mass.
* The blasthole pattern, timing and sequence.

The maximum upper vibration limit tolerated for f@ject is 25 mm/s but an average of 12 mm/s kas b
achieved for the past 26 months.



The tunnels for this project use the smooth blgstathnique, where decoupled perimeter holes ateddr
on a closer pattern than the fully charged holdses€ are initiated last to maximise relief of bardad
thereby reduce over break. The perimeter holesalaetimed to not initiate instantaneously and an26
delay is commonly used between holes in the peemén conditions where there is weak or fractured
geology, the charge is reduced in the perimetegrdaales. At the start of the project AEL Energexrél
charges were used in the perimeter holes. Aftdiainirials using R100G emulsion and decoupling the
explosives with the aid of plastic sleeving, whisliowed excellent results, it was decided to onky us
emulsion in the entire tunnel round.

The optimal burden and spacing for the perimetérshis determined from trials using the equations:

BxS= Mh (3
k
and
Dc=L x Me (4)
Mh
where:

B, S =burden and spacing of holes (m).

Mc = mass of explosive per metre charge lengthnikg/

Mh = effective mass of explosive per metre lendthale (kg/m).
Dc = centre to centre distance between cartridgés (

L = cartridge length (m).

K = powder factor (kg/m3) 0.50-0.75 kg/m3 for tuting.

The holes are mechanically drilled with extremeusacy and the hole diameters used are either 45 or
48 mm in size. The ream holes are drilled to 127 imucfiameter. Drilling is closely monitored and Hzeen
identified as one of the critical factors to detemnwhether a blast has been successful in aclgjatia
required results. In the initial phases of the @ctj conservative drilling rounds were used butenlater
optimised through trial and error to allow for fewoles to be drilled without compromising the rock
breaking performance; this was largely due to theilility and accuracy which the electronic dettuma
allowed in timing the rounds.

Blasting cycles would vary depending on the geolajythe rock, equipment breakdowns and other
unforseen problems, but an average cycle of 15shisucurrently being achieved. The breakdown of the
cycle time is as follows:

» Five hours for mucking the face.
* One hour for scaling.
* One hour to profile and map the round.
* Five hours to drill the round and all tunnel sugpor
* One and a half hours to charge the round.
* One hour to connect and time the round.
* A half an hour waiting period after the blast.
Progress is steady and an average advance of &b sixpday week is being achieved.

A typical twin track tunnel design is shown in Figw/. Starting at the initiating point, a 125 mgeirhole
delay increment is used until the sequence reattteedirst delay marker where the inter-hole delay i
changed to 60 ms. At the splitter (red triangle) finng signal is split. On the right hand sidetloé blast a
30 ms pause marker is placed to ensure singlefinolg between detonators, firing continues untibther



delay marker is reached at the perimeter holeseviier inter-hole delay is changed to 26 ms to enthat
the perimeter holes are fired faster than the prioln holes whilst the easers are fired last. Thsra
2000 ms pause marker on the left hand side ofldst to allow the right hand side perimeter andehbsles
to fire first to minimise vibration and airblasvs.
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Figure7 A twin track tunnel design and connection method using the QuickShot system

Conclusions

The project was completed in 26 months and the KJliot initiation system was proven to be successful
with features such as inter-hole flexibility; pria$t testing of all detonators; immunity to eleatagnetic
radiation and stray currents; and improved blastesydue to better advance, fragmentation and iclgan
cycles. Civil engineering tunnels are of no valméluhey are completed, so a rapid rate of advamas a
major goal. The success of the project is due torabination of knowledge, application and the uka o
product that was robust for the conditions. Elautrdiming delivers control and hence predictapilitf
blasting results.
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