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EXTERNAL PAVING

New laser line sensor for 
high-speed pavement profiling

The traditional point triangulation sen-
sors provided reliable, high-speed 
measurement data every millimetre 

along the road at highway speed on a lot of 
typical road surfaces. 

As point triangulation sensors have a 
small laser spot at the pavement surface, 
they measure a lot of detail when profiling. 
This process works well on transversely-
tined pavement as the wavelengths of the 
transverse tines are much smaller than the 
roughness wavelengths that the users are 
interested in. 

However, when pavement is longitudi-
nally-tined or there are other longitudinal 
features (grooving, grinding, material drag), 
the small laser spot can creep up on a ridge 
or fall into a valley at any frequency depend-

ing on the drive path of the vehicle. This can 
create false roughness at longer wavelengths 
that cannot be separated from the ‘true’ 
roughness that the tyre (and ultimately, the 
vehicle) experiences. 

Studies commissioned by ACPA (American 
Concrete Pavement Association) and car-
ried out by UMTRI (University of Michigan 
Transportation Research Institute) deter-
mined that profiler performance with simple 
single point laser sensors needed improve-
ment on coarse textured concrete sur faces to 
be acceptable for use in construction quality 
control. Improvements were particularly 
needed for longitudinally tined pavement 
and on other coarse surfaces.

Inertial profilers are complex systems 
of many integrated elements (laser and 
other sensors, filters, analysis software, the 
mechanical platform and the operator), all 
of which must perform properly to obtain 
accurate results. Analysis showed that the 
profiler performance issues on coarse tex-
tured surfaces would best be addressed by 
making improvements to the laser sensor 
technology used.

The laser line sensor solution
To provide accurate data when profiling 
coarse textured pavements, a new type of 

laser line sensor was developed. Laser line 
sensing provides the ability to measure the 
surface at hundreds of points across the 
laser line. While line sensors had been used 
in other industries, the challenge for profiling 
was to develop a very high-speed sensor to 
operate at highway speed, provide accurate 
data from a wide variety of materials, and 
maintain accuracy in a broad range of envi-
ronments such as bright sunlight to dark 
shadows, be rugged to survive shock and 
vibration and provide easy integration for the 
profiler manufacturer.

The resulting sensor, known as the RoLine 
1130, is shown in Figure 1. It measures across 
a 100mm line, similar to a typical tyre width, 
taking thousands of line profiles per second. 
It is a ‘smart sensor’, with all measurement 
functions (triangulation calculations, lineari-
sation and conversion of data to engineering 
units) carried out inside the sensor head. 
This eliminates the need for profiler manu-
facturers to be concerned with any of these 
issues; they only need to connect the sensor 
output to their host computer. 

To provide flexibility for the profiler manu-
facturer, the sensor has two data output 
modes: either full profile data or the optional 
output using the internal bridging algorithm, 
which reduces the full profile to a single 
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A new family of high-speed laser line sensors has recently been developed and installed on 
high-speed and lightweight inertial profilers to improve surface measurement accuracy on 

coarse textured concrete pavement. While thousands of laser triangulation sensors have been 
used on profilers for over 30 years, the introduction of coarse textured pavements presented 

measurement challenges to these earlier generation measurement sensors. 

To provide accurate data 
when profiling coarse textured 
pavements, a new type of laser line 
sensor was developed. Laser line 
sensing provides ability to measure the 
surface at hundreds of points across the 
laser line.

‘
’ Figure 2: Profile of 

longitudinally tined surface.

Figure 1: Laser line sensor for profiling.
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point output representing the actual surface 
location. The full profile mode provides the 
profiler manufacturer with the ability to proc-
ess the information with their own proprietary 
analysis. The bridged value output is use-
ful when retro - fitting the sensor to older 
systems equipped with point measurement 
sensors.

To facilitate easy transfer of high-density 
sensor profile data to the profiler system, the 
sensors are provided with Gigabit ethernet 
output. Use of an industrial standard com-

munications protocol simplifies the task of 
the profiler manufacturer, eliminating the 
cost and risk of developing customised com-
munications interfaces. 

Sensor test results
To validate the laser line sensor perform-
ance, a series of tests were performed in a 
variety of conditions. The Transtec Group 
installed a laser line sensor on their RoboTex 
measurement system and tested operation 
on a variety of coarse textured surfaces. The 

tests were performed at low speed, showing 
the sensor's capability to provide very dense 
surface 3D data.

Figure 2 shows the 3D data from a longi-
tudinally tined sur face and Figure 3 is from a 
ground tined surface. These examples show 
that extremely detailed 3D information is 
obtained with the laser line sensor, provid-
ing surface detail that had not been seen 
previously.

ACPA sponsored testing of the new laser 
line sensors on a number of different profil-
ers, on a variety of coarse textured concrete 
pavements. The sensors demonstrated 
vastly improved repeatability and cross-cor-
relation on all the test pavements, including 
longitudinally tined and ground surfaces.

Conclusion
The implementation of laser line sensing 
technology has improved the repeatability 
and accuracy of profiling coarse textured con-
crete pavement surfaces of all types. Taking 
thousands of line profiles per second meets 
the need of high-speed profilers to oper-
ate at highway speed. The increased data 
density provides detailed 3D profiles of the 
pavement, improving the reliability of data 
on all surfaces when implemented on both 
lightweight and high-speed profilers. ■
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The proposed form of the viaduct was 

architecturally led. Figure 2 gives an 

artist’s impression of the viaduct at the 

conceptual design stage and much of this 

form has been retained in the final detailed 

design (see Figure 3).

The viaduct superstructures were typi-

cally formed from U-shaped cross-sections. 

The post-tensioned precast segmental deck 

segments were cast using either long-line or 

short-line moulds. 

The following superstructure forms, all 

of post-tensioned segmental construction, 

comprise the majority of the scheme:

•   One-span (single-span) decks – simply-

supported U-section decks constructed 

by the span-by-span method from an 

overhead gantry.

•   Two-span (twin-span) continuous decks 

– U-section decks constructed by the 

span-by-span method from an over-

head gantry and made continuous over 

internal supports by subsequent in-situ 

concrete stitching of adjacent decks.

•   Three-span continuous decks – com-

prising a combination of U-section and 

box-section decks, erected by crane us-

ing the balanced cantilever method.

•   Station spans – three- or four-span con-

tinuous U-section decks constructed 

by the span-by-span method from an 

overhead gantry, subsequently made 

continuous over internal supports by 

stitching adjacent spans together.

•   Single-track decks – simply-supported 

U-section decks constructed by the 

span-by-span method from an over-

head gantry (similar to one-span decks). 

These decks are used at depots and 

bifurcations of the main lines at the larg-

est stations.

The vast majority of the viaduct spans are 

supported on single circular reinforced-con-

crete columns with flared pier heads to sup-

port the decks, although a few portal struc-

tures are used in specific locations. Most 

single columns are supported on 2.2m- and 

2.4m-diameter bored monopiles for speed 

of construction and to minimise the footprint 

required for excavations in the congested 

urban environment

Pier heads for the single spans, twin 

spans and station spans were constructed 

using thin precast reinforced concrete shells, 

which were infilled with in-situ concrete and 

prestressed in stages once erected on-site. 

The pier heads for the single track and three-

span continuous internal piers are of in-situ 

reinforced-concrete construction. All piers 

and abutments are founded on large diam-

eter bored piles.

The use of large-diameter piles suited the 

interface with the circular piers. Typically 

diameters of 1.75m or 2m were used for the 

piers supported on bored piles. The connec-

tion detail between the pile and pier was con-

structed as for a pile cap; the pile was broken 

down and pier starter bars introduced, mak-

ing allowance for piling tolerances. 

The piles needed to be large enough to 

resist the significant moments that are gen-

erated from lateral seismic loading and from 

out-of-balance forces from the deck due to 

horizontal alignment curvature, wind load-

ing, eccentric train loads and other effects. 

These moments increase down the length 

of the pile towards a peak at the effective 

point of fixity and reinforcement was provid-

ed and curtailed to suit the specific force and 

moment envelopes generated from a range 

of load cases for each foundation.

Design basis

The design of the viaducts was based on BS 

5400-4(1) and associated British Standards, 

CONCRETE AND ARCHITECTURE

Design of the Dubai Metro light rail 

viaducts – substructure

The Dubai Metro Light Rail scheme is a flagship project in the UAE. It will be the longest fully automated 

rail system in the world when completed,and is currently one of the largest civil engineering projects 

under construction. The joint-venture consortium appointed Atkins as designer of the 

£1.5 billion, 52km Red Line in 2006.

David A Smith and Chris R Hendy, Atkins, Epsom, UK

Figure 1: The Red Line connecting 

Rashidiya to Jebel Ali port comprises 

42km of elevated viaduct with 23 over-

ground stations, 5.5km of tunnels with 

four underground stations, 2.5km of 

at-grade section and two depots.
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T he Opera Shaft, the first of seven simi-larly constructed shafts, is the latestcompletion on Portland, Oregon’sUS$426 million East Side tunnel combinedsewer overflow (CSO) project. The tunnel –also known as the East Side Big Pipe – isbeing built by a Kiewit–Bilfinger Berger jointventure.
The work is one of a number of projectsbeing carried out to reduce the sewage andstormwater that now overflows into theWillamette River when it rains. Work on theproject began in 1993 with general improve-ments to the sewer system. In 1999, the CSOprogramme got underway, diverting streamsthat once flowed into the sewer system backinto the Willamette River, upgrading pumpingstations and installing a CSO tunnel on thewestern side of the river from the MarquamBridge to the Swan Island pump station. Now in its 16th year, the project hasreached its final stage. The construction ofthe East Side CSO tunnel will mirror its west-ern counterpart, running from the intersec-tion of Southeast 17th Avenue andMcLoughlin Boulevard to the Swan Islandpump station. Completion in 2011 will slashthe combined sewer overflow volume to theriver by 94%. 

Doka’s Far West Branch provided Kiewit–Bilfinger Berger with wall formwork and engi-neering support for the shaft construction. Thecontractor decided that Doka offered the bestand most efficient solution, in combinationwith an overall cost that was cheaper than theproposals offered by other companies.Doka one-sided D22 climbers were usedwith Frami small-panel framed formwork.Kiewit–Bilfinger Berger general superintend-ent Mike Hanley says, “The forming systemworked very well for us. The crews could raiseand set them in five shifts”. Ease and speed

of use of both Frami formwork and D22climbers meant that it took just 90 days toform the final 1m-thick lining of the huge20m-diameter and 35m-deep shaft, whichstarted work in May 2007.East Side Big Pipe is a sewer tunnel with adiameter of 6.7m and a length of 6 miles. Itwill collect and intercept overflows from exist-ing combined sewer outfalls and the flowswill be pumped to a treatment plant. Sevenshafts along the alignment provide construc-tion access and they will also serve a varietyof functions during the system’s operation,including the provision of storm surge stor-age capacity.
The main project mining shaft, sited acrossfrom Portland Opera, is where the tunnel bor-ing machine begins its drives, first by headingnorth. It will then be returned to the OperaShaft to start the southern drive. The shaftalso provides the primary access for workersand equipment during tunnel construction,as well as an exit point for excavated materi-als. Shaft construction began in March 2006for completion in April 2007 ready for the firsttunnelling drive.

Frami’s modularity allowed for the simpleremoval of upper panels to accommodate dif-fering pour heights. The panels are light andso could be quickly assembled into gangs onthe ground, while minimising crane time. Use of the Doka D22 system allowedhigher pours than competitor systems, whichreduced the number of lifts to just four.Another advantage was a simple transitionfrom the A-frame starter block to the uppercantilevered brackets, as D22 consists of sim-ilar parts for both the first and subsequentlifts. A 200mm tolerance for the final liningallowed for a segmental approach to construction. 
The one-sided final concrete lining of the

TUNNELS AND TUNNELLING

Formwork 
solution is fit for

the Opera
The primary mining shaft for a major tunnelling system under way inPortland has been successfully completed using a combination of two Doka formwork products. 

Kimberly Kayler, Constructive Communication, Dublin, Ohio, USA

Use of the D22 system        pours…which reduced         
to just          
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Abu Dhabi is one of seven emirates 
situated on the Persian Gulf and the 
capital of the United Arab Emirates. 

The city itself has almost 1.5 million inhab-
itants and is located on an island. It has 
developed rapidly over the past few years 
into a very progressive metropolis, like the 
neighbouring Dubai. Three years ago, the 
Emirates Palace Hotel was opened, which 
is one of the largest and most luxurious 
hotels in the world and, as of 2009, the city 
will also host a Formula 1 Grand Prix race 
– examples which clearly show that Abu 
Dhabi ranks among the most modern cities 
worldwide.

The bridge construction
The 1455m-long, technically challenging 
Saadiyat Bridge has an impressive width of 
60m, making it one of the widest bridges in 
the world. It provides enough space on one 
level for ten car lanes as well as two railway 
tracks. This means that travelling time from 
the city centre will be reduced from more 
than one hour to just a few minutes.

Eight piers in the west and a total of eleven 

on Saadiyat itself support the three pre-
stressed concrete hollow boxes with spans 
ranging between 45 and 135m. The main 
bridge has a span of 200m with a clearance 
of 26m in the centre and is carried by two 
V-shaped, 20m-high sets of triple identical 
piers per section. The inclination of each of 
the 12 individual supports is 27.45°.

The consortium
The ambitious building project is being 
realised by a project consortium formed 
by Ed. Züblin and Saif Bin Darwish Civil 
Engineering Contractors. Within Ed. Züblin, 
project development is being handled by 
the company’s subsidiaries, Züblin Inter-
national (Stuttgart) and Dywidag Bau Bridge 
Construction (Nuremberg). The close co-
operation of all those involved together with 
PERI engineers from Nurem berg, Weissen-
horn and Dubai has proved to be extremely 
constructive both in the off er phase as well 
as the construction stage. This has meant 
that changes that are made during con-
struction, while presenting a challenge for 
everyone, are not insoluble.

The formwork and scaff olding
The PERI formwork and scaff olding solution 
for the inclined individual supports consists 
of two sets of VARIO GT 24 side formwork, a 
7.76m-wide, forward-inclined VARIO form-
work element with integrated working plat-
forms as well as a reverse-inclined raised 
formwork unit. This is based to a large extent 
on rentable standard material taken from the 
VARIO GT 24 girder wall formwork system and 
SLS heavy-duty spindles. Due to the large 
supporting angle, the high concreting loads 
are carried on the externally-positioned 
reverse-inclined formwork mounted on PERI 
UP shoring. Part of the steel girder framework 
installed by the contractors, which cantilev-
ers over the sea – steel profi les over 900mm 
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Inclined piers constructed 
with system formwork – 

Saadiyat Bridge, Abu Dhabi
Five hundred metres off  the coast of Abu Dhabi city is Saadiyat Island, which literally means the ‘Island 
of Happiness’. The island has been artifi cially extended through a comprehensive landfi ll programme 

which, on the one hand, provides additional space for further development of Abu Dhabi and, on the 
other, the creation over the next ten years of an idyllic holiday destination complete with 29 luxury hotels 

and 8000 villas. In addition, four museums and a performing arts centre are planned on Saadiyat as the 
main elements of a new international art and cultural centre. In order to form a connection between both 

islands, the Saadiyat Bridge is currently under construction.

CEI report

Figure 1: For the 60m-wide Saadiyat Bridge in Abu Dhabi, two sets of triple identical piers per 

section are being built with PERI formwork and scaff olding.

Figure 2: The fl exible UP scaff old system can 
be geometrically adapted at all heights and 
every loading case. Even in tightly spaced 

working areas, tidily arranged material 
storage using PERI pallets and transport 

containers ensures tidy working conditions 
and fast transport of materials.
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Figure 3: Profile of ground tined
surface.


