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IS aried between the
substrates to be secured.

Secondly, the designed
Cintec anchor is placed
in the correct position.

Finally, the anchor is inflated
like a balloon to provide a
permanent cementitious
anchoring solution using one
of Cintec’s range of
sympathetic grouts.

Presstec grout pumped /

under pressure through the
anchor body into the fabric
sock.
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cannot comprehensively cover all possible ¢
Additional information and training is availat
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The requirements of the Health and Safety /
attention of trainee installers, particularly wit
of the grout and equipment.

The use of diamond core and rotary percust
presented. More detailed instructions are git
about diamond core drills in hand held appli

Grout and grout mixing are presented. This
important in the application of the Cintec An
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equipment and according to specified proce
grouting can be routine.Site and equipment
fundamental to safety and successful install

—

Cintec reinforcement Systems



¢ significant
he capacity of

et U UL P R U A s redment.

The full report is available on request.

Copyright © Cintec reinforcement Systems






Copyright ©

Please do not participate or encourage piracy of copyrighted material in violation of Cintec’s
rights.

PATENTS

Since 1965 Cintec has strived to become the world leader in the design and manufacture of
project specific designed cementitious anchoring and reinforcement systems. PATENTS have
been obtained worldwide and additional patents have been applied for and are pending. A
partial list of Patents / Patents pending includes, but is not limited to: 2245121, 2764006,
0090895, 5216857, 116188, 1210495, DE19609914, 3608775, DE2315859.
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CAS E H ISTO RY Cintec's first project in North America

Marco Island Sea Wall - Florida, USA

March 1983- Following a move from Germany to a new home on a Florida island, Civil Engineer Paul Pella was faced
with a structural problem common to the region — subsidence and dislocation of the protective sea walls surrounding the
homes built upon the island.

Fortunately for Mr. Pella, his engineering experiences back in Europe provided him with an innovative new technology
ideally suited for stabilizing these concrete structures — Cintec Anchors. The ground behind the walls consists essentially of
sand, not considered an ideal medium for any form of anchorage. However the adaptability and unique features of the
Cintec system overcame any potential difficulties associated with this soil type.

Consisting of a steel rod enclosed in a mesh fabric
sleeve, the principle of the system is to inject a specially
developed cementitios grout into the restraining sleeve
of the anchor and so inflate it along its entire length. As
well as providing an extremely strong mechanical bond,
some liquid or ‘grout milk’ passes through the material
membrane and bonds with the original substraight
beyond.

In the case of Marco Island, an additional wide
section of expandable sleeve, or sock as it is often called,
was attached to the far end of the anchor. When the
grout was injected, the additional section expanded to a
diameter greater than the rest of the anchor. This
created a bulb deep within the soil and ensured a truly
secure point of anchorage.

As can be seen in the images (right) the individual
boreholes were produced by diamond core drilling, in this case
with a core diameter of 65mm (2 %”) and to the length of the
anchor : 3.2 meters (15ft) — Fig 1. The anchors were then
installed with a plastic half pipe to facilitate their intsertion —
Fig 2. Finally the anchors were injected with ‘presstec’
cementitous grout expanding them from their far end to the
front. Although not essential, a flange — plate was laso
screwed to the exposed anchor end for additional securement
- Fig 3.
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CASE HISTORY

Bridge Trials Verify Increased Bridge
Serviceability With Archtec Strengthening

Extensive verification has long since been established for both
the method of strengthening masonry arch bridges known

as Archtec as well as for the use of ELFEN Finite/Discrete
Element analysis as a basis for assessment and design.

This has included several fullscale tests.

Consistent with other contemporary work on masonry arches and current assessment/design methods, the verification and
testing which forms the current design basis for Archtec has focused primarily on predictions and comparison of ultimate
strength. However, unlike other methods of arch assessment/design, Finite/Discrete Element analysis also allows the
consideration of arch behaviour in the elastic range under service loads and some analytical work has been undertaken to
investigate this although it has not been possible to fully verify this in the absence of the suitable test data.

In the course of discussions with the Bridge Owners Forum (BOF) Masonry Arch Subgroup, regarding the more widespread
adoption of Archtec, the benefit of a Supplementary Load Test to investigate the behaviour of unstrengthened and strengthened
arches under service loads was identified. At meetings between the BOF, Gifford & Partners and Cintec, a bridge already ear-
marked for Archtec strengthening and was selected for testing under service loads. The load tests, were carried out in two
stages, before and after strengthening, and were undertaken using the guiding philosophy laid down in BA 54/94 Load Testing for
Bridge Assessment. The second of the two tests was completed on 1 March 2004.

The Bridge

Pop Bottle Bridge in South Lincolnshire is a skewed twospan brick masonry arch bridge. Each span is approximately 5.0m
measured in the skew direction and rise at their crowns 2.3m. The barrel is built from three rings of brick with bricks laid to the
English or Helicoidal Method and has a skew angle of 25°. The overall barrel thickness is 355mm. The central pier is 800mm
wide and approximately 2.1m high. Using modified MEXE and mechanism analysis the live load rating of the bridge

was originally calculated to be 13 tonnes. The construction and previous use of Pop Bottle Bridge make it an ideal representative
of British arch bridge stock and the disused and dismantled railway permitted easy access for test instrumentation.

Objectives: The primary objective of the Supplementary Load test was to demonstrate the efficacy of the
Archtec strengthening system under service loads, namely:
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m 10 validate the use of the ELFEN Finite/Discrete Element analytical method to predict serviceability behaviour in unstrengthened
and strengthened arches.

To demonstrate that the retrofitted anchors contribute to the structural behaviour under service loads and that the
effects are beneficial and measurable.

The bridge was loaded before and after strengthening using two 18 tonne lorries in 28 different positions and instrumented to

record intrados strains, vertical displacements and strengthened bridge anchor strains.

Conclusions:

The following general conclusions can be drawn from the results of the two load tests, on the bridge in its unstrengthened
condition and after being Archtec strengthened, and from predictions of their behaviour using numerical simulations:

i. Based on strain measurements, the Archtec anchors used to strengthen the bridge are stressed under working
loads and are contributing to the bridge’s stiffness.

ii. Archtec strengthening reduces tensile intrados macro strains and, therefore, reduces the likelihood of loosening
masonry under cyclic live loads.

iii. Direct instrumentation of cracks and intrados macro strain measurements have demonstrated that Archtec anchors
positioned across transverse cracks reduce cyclic opening and closing under repeated live loads. The main benefit of this
behaviour would be the reduction in load cycle derived hysteretic damage; opening and closing of cracks under traversing
traffic. Reducing this type of damage will almost certainly be beneficial to the bridge service life.

Predictions of strain and displacement made with DE numerical simulations agree well with measured values, both

masonry and anchors. Results are conservative because of skew behaviour, transverse load distribution and spandrel wall
stiffening.

It has been demonstrated that Archtec strengthening can be designed not only for the ultimate limit state(4) (strength) but
also for the serviceability limit state (deflections, strains and stress ranges).

In summary, the two principal objectives of the tests have been acheived;

The validation of the use of the ELFEN DE analytical method to predict serviceability behaviour in unstrengthened and
strengthened arches, and,

®#The demonstration that the retrofitted anchors contribute to the structural behaviour under service loads and that these
effects are beneficial and measurable.
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CASE HISTORY AMERICAN BRIDGES

Wisconsin Ave Bridge Washington D.C.

Strengthening from Within
by Christy Darden and Thomas J. Scott

Seamlessly integrating new and old materials helped strengthen a historic bridge in Washington, DC.

The Chesapeake & Ohio Canal flows under the stone masonry arch of
the Wisconsin Avenue Bridge in the busy Georgetown area of
Washington, DC. The towpath beside the canal serves as a footpath
and recreation resource. The original wrought-iron railing dates back
to 1831.

The twin demands of accommodating heawy traffic and ensuring the preservation of the oldest bridge in
the Nation's capital proved to be manageable challenges on a recent restoration project in the historic
Georgetown area of Washington, DC. When structural analyses showed that the Wisconsin Avenue
Bridge over the Chesapeake and Ohio Canal National Historical Park could not adequately support
current vehicle loads, transportation officials from the District Department of Transportation (DDOT) and
the Eastern Federal Lands Highway Division (EFLHD) of the Federal Highway Administration (FHWA),
began exploring alternatives to strengthen the structure.

Adding to the complexity of the project, the National Park Senice (NPS) owns the bridge and DDOT is
responsible for the maintenance and control of the road through an interagency agreement, so
collaboration and cooperation became essential early on--and remained so throughout the project--to
ensure that both transportation and historic preservation goals were met.
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Wisconsin Ave Bridge Washington D.C.

Mules on the towpath pull tour boats
operated by the National Park Service
up and down the canal.

"The strengthening project was necessary because DDOT needed to have a reliable and increased load
rating for the structure," says Darcel Collins, the FHWA project engineer, "and much of the masonry and
iron railing was in very poor condition and needed restoration."

An innovative reinforcing system embedded entirely within the structure offered a solution that helped the
team strengthen the stone arch bridge without visibly altering the appearance of the historic structure.
Careful planning kept the heaw city traffic flowing on this key thoroughfare throughout construction. An
equally significant accomplishment: multiple agencies with widely diverse missions cooperated to make

the project a success. Finally, public coordination and communication were critical to the project and
helped immensely, even though construction caused some disruptions to the community.

A Historic Bridge Needs Help

Built in 1831, the High Street Bridge—now called the Wisconsin Avenue Bridge—-lies in the heart of
Georgetown, a National Historic Landmark District, just minutes from the White House. When the district
was established in 1967, the bridge was identified as a contributing element. Resting in the midst of the
restored historic district, office buildings, and modern condominiums, the bridge supports a busy city
street used by residents, office workers, tourists, and trucks delivering seafood, vegetables, and meats to
stock fashionable Georgetown restaurants.

The single-span arch bridge extends across approximately 16.5 meters (54 feet) over the canal and
adjacent towpath. It is constructed of local gneiss (a foliated metamorphic rock, compositionally related to
granite), most likely a byproduct of material extracted when the canal was dug, and Aquia sandstone, a
building material quarried along the Potomac River during the colonial period. Aquia sandstone was used
in numerous historic structures in the DC area such as the U.S. Capitol Building and White House. The
original wrought iron picket railing is anchored in large capstones that adorn the top of the spandrel walls
and stone wing walls. Large stone end posts topped with ornamental cast-iron spheres stand at each
corner of the bridge and at the ends of the railings above the wing walls.

The canal and adjacent towpath historically served as the transportation corridor that carried coal-laden
boats, with the aid of mules, into Washington, DC. Today, the towpath under the bridge is a popular
resource for pedestrians traversing through the busy office and commercial district and lures recreational
hiking, jogging, and bicycling enthusiasts as well. In addition, NPS uses the path to educate new
generations through tour boat rides that offer a glimpse into the past, when it was a common sight to see
mules towing boats along the canal. Therefore, keeping the path safely open for foot and diverse
recreational traffic was an important consideration during the project planning.



Copyright ©

CASE HISTORY AMERICAN BRIDGES

Wisconsin Ave Bridge Washington D.C.

Source: Cintec.

This cutaway model of the
Archtec process illustrates
how a stainless steel
reinforcing rod fits into a
slightly permeable fabric sock
that is then filled with
cementitious grout under
pressure.

The bridge was originally designed to carry horse-and-cart trade across the canal. Today the structure
carries the heaw loads of a modern urban bridge—9,400 vehicles per day on average. Although the
bridge was not "overtly" structurally deficient, its load rating could not be determined accurately.
Therefore, in the mid-1990s, the help of a consulting engineering firm was sought to assess the situation.

After an inspection and load rating analysis, the engineering firm determined that the bridge could not
support current vehicle loads at the minimum live load of HS20 recommended by the American
Association of State Highway and Transportation Officials (AASHTO), which is 32.7 metric tons (36 tons).
DDOT asked the engineering firm to investigate alternatives for strengthening the bridge. In 1999, the
department sought assistance from FHWA to complete the project, along with several others in the area,
and EFLHD entered into a memorandum of agreement with DDOT.

High Expectations

At the beginning, one of the first challenges was to agree on the scope and purpose of the project. Each
stakeholder had a different mission, and dozens of meetings were required to work out the compromises
and concessions that eventually satisfied the participants.

As owner, NPS initially was reluctant to allow work to be done on the historic structure, and the agency
wanted reasonable assurance that the strengthening project was not overdesigning a solution that might
compromise the historic integrity of the oldest bridge in Washington, DC. "Our mission is to preserve
historic structures as nearly as possible to the original state," says Mike Seibert, exhibits specialist
(restoration) and preservation project manager with NPS.

The National Historic Preservation Act of 1966 defines the National Park Senice's stewardship of cultural
resources within the national parks. The essence of the mandate is to retain the most historic fabric
possible and not implement treatments that could damage or adversely affect historic materials. "This
includes not using modern materials with old materials without adequate research as to the effect on the
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cultural resource," Seibert adds. "As preservation professionals, we would seek other alternatives, such
as rerouting traffic, before altering the bridge." The capability to carry heawy truckloads on this bridge
would turn out to be a big challenge for designers to accommodate.

As the design team—including DDOT, EFLHD, NPS, and their contractors—began to prepare for the
project, it also solicited feedback on traffic control choices from the community. Through meetings with
Georgetown's various community groups, hotels, restaurants, and other businesses in the corridor, the
team learned that the major concerns centered on minimizing the impacts on traffic in the small, already
congested area.

A Solution Presents Itself

In April 2001, EFLHD, DDOT, and NPS began exploring possible methods for strengthening and
presenving the bridge. Because masonry arch bridges were commonly removed and replaced with
modern concrete or steel structures, relatively few stone masonry arch bridges remain in the United
States, and very few comparable bridge strengthening projects exist. One method for strengthening
would be to build a new, load-bearing bridge over the top of the original bridge, a method called saddling.
Neither demolition nor saddling was appropriate given the physical and spatial constraints of the site and
the desire to preserve and protect the existing historic structure.

While researching alternative solutions, the team learned about a stone masonry strengthening process
that preserves the original structure. The company that developed the process, based in Great Britain,
had been involved in a project to restore a multispan bridge in Aldie, VA.

The process, called Archtec™, involves installing a reinforcing system entirely within the fabric of the
structure, leaving no visible change to the outward appearance. According to the British company that
owns the process, the concept was originally developed in Germany and has ewlved to meet the diverse
requirements of the civil engineering industry in the fields of strengthening and preservation. In fact, some
70 bridges have been upgraded using this strengthening system in the United States, Australia, and
Europe. In addition, the technology has been used in Windsor Castle, Buckingham Palace, the Blair
House (part of the White House complex in Washington, DC), and other buildings.

The masonry grout is strained to
remove lumps before itis fed into the
fabric sleeve.

The system combines simulation software and a reinforcing process. Full-scale arch mockups of a bridge
are created and load-tested to failure in the software. To dewelop a specific treatment, a designer then
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creates a three-dimensional model of a bridge using a computer-aided design (CAD) program. Live loads
are then simulated as the bridge model is progressively strengthened. When the simulated reinforcement
is in line with the live loading required for the project, the software generates the final design specification.

A representative from the manufacturer describes the reinforcing process as follows. First, holes are
drilled into the arch barrel through the road surface using diamond core drills. The drill rod is left in the
hole and a stainless steel reinforcement bar, surrounded by a woven polyester sleeve, is then inserted
inside the rod. The drill rod is then removed and grout is pumped under low pressure into the sleeve. The
sleeve inflates from the bottom up to prevent trapping air bubbles and expands into the profile of the hole,
forming a chemical and mechanical bond between the reinforcing bar and the substrate. The sleewe is
permeable enough to allow some of the grout milk to seep through to form the mechanical bond, but not
so permeable that the grout escapes into cavities in the infill, which potentially could damage the arch.
When the process is complete, the only visible evidence of the drilling is a small amount of grout on the
surface, which later will be covered during repaving. In other words, the system works by grouting a
deformed stainless steel reinforcing rod into holes drilled into the arch. This adds internal reinforcement to
the arch bridge so that it acts as a reinforced cohesive unit.

One of the factors that influenced the selection of the strengthening method was that U.S. design
specifications did not provide extensive guidance on load rating masonry arch bridges. Howevwer, the
United Kingdom Highways Agency has developed comprehensive standards for assessing live load
capacity on masonry bridges. The standards are incorporated into the agency's Design Manual for Roads
and Bridges: Volume 3, Section 4, Part 3, BD 21/01, "The Assessment of Highway Bridges and
Structures." (For more information, see www.official-

documents.co.uk/document/deps/ha/dmrb/vol 3/section4.htm.)

The company that owns the strengthening process helped dewelop the U.K. standards that are now
widely accepted throughout the world as the most comprehensive code for assessing masonry arches.
With its proprietary software, the company completed a finite element analysis of the structure to
approximate the bridge's live load capacity rating and create models to determine the point of failure.
Another benefit of using this system is that the entire drilling, coring, and installation operation can take
place on the existing roadway surface, without requiring excavation. Utilities do not need to be relocated
or otherwise affected during construction.

In addition, the strengthening system takes substantially less time than traditional methods like saddling,
and its effect on traffic is minimal. According to the manufacturer, the installed reinforcing rods have been
independently age-tested in the United States and Europe, with a predicted long-term durability of at least
120 years.

Design and Construction

A detailed survey of the bridge focused on the road and arch barrel surfaces, and control points were
established for setting up the drilling rig during operations. Engineers visually inspected the arch intrados
(interior curve of the arch), spandrel and wing walls, and the railings to assess the general condition of
the bridge, and took core samples.

Then the designers modeled the properties of the materials and the behavior of the material contacts, and
applied loading in accordance with the British standard. Next, they loaded the survwey data into the
program to generate a three-dimensional CAD model including the road and arch barrel surfaces, the
position and length of the reinforcing rods, the angles of insertion, and utilities.

After establishing the optimum design, construction began in September 2004. Workers drilled holes 6.5
centimeters (2.56 inches) in diameter parallel to the roadway and at an angle along the arch. The holes

were drilled to the precise angles specified in the design with a small core drill, which operated at a slow
enough speed to preclude any potential damage to the structure due to vibration. The drill rig was bolted
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to the road through the paving surface to prevent movement during drilling. After a hole was drilled, the
reinforcing rod and fabric sleeve were inserted into the hole, and the drilling rig was then moved to begin
the next hole. In all, 26 reinforcing rods (13 on each side of the arch crown) were then inserted into the
arch barrel. With two drilling rigs, workers were able to drill two holes a day.

"We had not seen the technology before," says Karyn LeBlanc, communications specialist with DDOT.
"This was really an interesting engineering feat. We took other engineers out to view the process as it
was going on because it was so innovative."

In the end, workers were able to strengthen the Wisconsin Avenue Bridge in less than 3 weeks—2 days
ahead of schedule. The strengthening process cost about $350,000 (construction) plus design.
Replacement, which was out of the question because of the historic value of the bridge, would have cost
many times that, with greater disruption to the local community and traffic.

Additional improvements planned for 2005 include a new concrete slab over the arch to function as a
riding surface, and the restoration of the iron railings, stone work, and sidewalks, further enhancing the
safety and beauty of the bridge.

A Smooth Operation

The experiences on the Wisconsin Avenue Bridge project yielded several significant lessons for future
projects. First, the innovative strengthening process could be a viable option for dealing with other historic
structures and can be considered when addressing the requirements of historic preservation, while also
satisfying modern engineering, safety, and environmental requirements. Before the strengthening project,
the weight restriction on the bridge was posted at 22.7 metric tons (25 tons), according to an inspection
report from February 1997. After the renovation, the rating is HS25, or 40.8 metric tons (45 tons) under
AASHTO guidelines.

The project not only improved the safety of the 174-year-old structure but also extended its senvice life.
Traffic continued to utilize the bridge throughout the duration of construction with minimal disruption.

Northbound traffic continued to use one lane throughout the process, while southbound traffic was
rerouted to a street one block away.

Workers bolt the drilling rig to the pavement on the
bridge in preparation for driiling the 26 holes needed
for the strengthening project.
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Workers insert the fabric sleeve and stainless steel
reinforcing rod into the drilling pipe, which is later
removed. In the background, traffic continues to
move across the bridge during the work.

Cooperation and communication among multiple stakeholders during the planning and design stages
through project completion helped resolve issues before they became problems. Meetings were the
preferred method to identify and work through concerns, and FHWA coordinated the meetings to ensure
that appropriate decisionmakers were present. Tony Fusco of KCI Technologies, design consultant on the
project, describes the process: "We basically began by laying out the design criteria and the level to
which we would strengthen the bridge, presenting the pros and cons of each alternative. This established
the surface features of the bridge as an extremely important priority to the National Park Senice and
helped us identify acceptable rehabilitation treatments that would not compromise the structure's purpose
or historic character but would minimize or eliminate the cause for the exhibited failure mode."

Once all the concerns were identified, rehabilitation designs could be deweloped to address each concern
and element of the bridge. Each agency played a role in the review during the design phase to ensure
that their concerns were being addressed adequately. "If additional concerns were identified during any
phase of the design, we would address them and incorporate the solutions into the design for all to
consider at the next review stage," Fusco says. "If there were critical elements of the design that could
derail or delay the design process, we would make specific interim submissions addressing the concern
to the respective agency to gain feedback and agreement before proceeding with the next project review
submission. Conducting meetings face to face enabled us to present engineering construction documents
and data to nonengineers reviewing the information and provided them the opportunity to question us, so
they had a full understanding of the project, details, materials, and intended outcome."
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Historic meets modern. Today, the old Wisconsin
Avenue Bridge, shown here looking north up busy
Wisconsin Avenue, continues to support a variety of
traffic ranging from pedestrians and bicyclists to cars
and heavy trucks.

According to DDOT's LeBlanc, involving personnel from all relevant government agencies as well as
citizen groups and businesses was key. "Communicate, communicate, communicate," she says. "We
sought [community] input, and we worked to come up with a solution acceptable to all the parties
involved—the businesses, the taxpayers, and the citizens."

The iterative meetings and frequent communication were well worth the lengthy upfront planning. "It made
the actual construction go smoothly and quickly," Fusco adds. "We encountered no surprises, and all
participants felt satisfied that their particular requirements were being met. The extensive planning

prevented work interruption by clarifying concerns and negotiating concessions to achieve win-win
solutions."

In the end, what began as a potentially contentious aspect of the project—addressing the diverse
concerns of multiple stakeholders—turned into one of the most rewarding, according to Mike Seibert of
NPS. "We came together skeptical of the other participants' intentions, but before the project concluded,
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we were working together as a team, with respect for each other's needs," he says. "Really, we will miss
working together."

Christy Darden is a project manger for EFLHD in Sterling, VA. She leads a team of engineers and
specialists who provide transportation engineering senvices to Federal land managing agencies on
projects that improve highway safety, incorporate new technology, and meet restrictions in sensitive
environments. She earned a bachelor of civil engineering degree from Georgia Institute of Technology,
and she is working on her master of public administration degree.

Thomas J. Scott is a construction operations engineer for EFLHD in Sterling, VA. He owersees a staff of
engineers and technicians on seweral construction projects for DDOT, NPS, and the U.S. Fish and
Wildlife Service. Previously, Scott was a project engineer on EFLHD construction projects on the

Baltimore-Washington Parkway. He earned a bachelor of science degree in civil engineering from North
Carolina State University and is a registered professional engineer in Virginia.

For more information, contact Thomas J. Scott at 703—404—-6270.
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Red Bridge- Campbell Town, Tasmania, Australia

View from the west

Centre Span

Damage to wingfall — note coloured cement

render from 1930’s and salt deposition caused by
it
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The “Red Bridge” across the Elizabeth River at Campbell Town in
Tasmania is the oldest surviving brick arch bridge in Australia. It
consists of three segmental arch spans of 7.6 meters (25 feet) and
was built by convict labor between 1936 and 1838 using red clay
bricks made on site (hence its name). It rests on a basalt stone
substructure and uses sandstone for the piers, abutments and
capping.

The bridge was originally built wide enough to take two modern
traffic lanes, plus footways, and lies on the main highway between
the Tasmanian capital of Hobart and the principle northern city of
Launceston. There is presently no convenient alternative route, nor
is one planned in the near future. The Tasmanian Department of
infrastructure, Energy and Resources, which control the bridge,
required a contractor to take responsibility for the design and
construction of rehabilitation and strengthening works to restore
the original structure integrity of the bridge and strengthen it to
take modern heavy vehicles, which are presently up to 62.5 tones
on 9 axles in the “B-Double” configuration. Part of the “wish list”
also required strengthening to the new SM1600 loading which
allows for future increases and has loads in excess of 36 tones on a 3
axle group. An alliance was formed by Cintec Australasia with Van Ek
Contracting of Tasmania, a firm known for its expertise in
conservation of old bridges and buildings of new ones. When
expressions of interest were called from all over Australia for a
design and construct contract, only the Cintec alliance using the
Archtec process was able to satisfy the Department and a contract
was negotiated without further tendering.

Analysis by the Archtec consultants, Gifford and partners of
England, showed that the bridge could be strengthened to the
required SM1600 Loading. The project required 54-30mm diam. X
5m long anchors which were installed in late April to early May,2000

Expertise from within the world wide Cintec organization was
also utilized in conserving the masonry which required cleaning,
reappointing and grouting. Bill Jordan, who heads Cintec Australia,
advised on the masonry conservation in his capacity as a consulting
Structural Engineer specializing in conservation, with the help of
peter Sobek,the Cintec grout expert from Germany. Specially
formulated lime grouts and mortars were used to ensure that the
bridge meets the requirements of 100 years future life without
major repairs.
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CASE H ISTORY ARCH BRIDGE FROM THE FLOODS
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CASE H ISTORY ARCH BRIDGE FROM THE FLOODS
Pont Telpyn Bridge

Pont Telpyn bridge links the A525 at Rh
with the B5429 and crosses the river Cly
In 2008 during strengthening works
bridge suffered severe flood damage
was very near complete collapse, the ¢
saving grace was that Cintec Arct
anchors were in the process of be
installed , the installed anchors prever
the complete collapse of the bridge.
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PONT TELPYN 1 BRIDGE
ARCH STABILISATION
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HOW CINTEC SAVED A MASONRY

SECTION A-A

(anchom 112, 213 & 312 shown)

C imternabonsl Limaed (UK)
House. 11 Goliops
WD AP

X3 200814

Gifford

ARCH BRIDGE FROM THE FLOODS
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Clifton Suspension Bridge

The Clifton Suspension Bridge is a grade 1 listed structure. It was designed by Isambard Kingdom Brunel and spans
214m (234 yards) from tower to tower across the Avon Gorge. Opened in 1864 it remains a testament to 19" Century
engineering. Previously thought to be solid, in 2002, an electronic survey of the sandstone abutment supporting the
26m (28.5 yards) high tower provided evidence of 12 vaulted chambers. Arranged in two tiers- they are interlinked by
narrow tunnels and shafts just 0.6m in diameter. The purpose of the chambers in unclear. However, with each
chamber measuring on average 11m (12 yards) high by 15m (16.4 yards) long- they would have offered a considerable
saving in material. In order to gain a discreet access to these chambers and after engineering surveys confirmed that
the abutment was structurally safe, work began on forming a permanent door for maintenance access.

An exploratory core found the walls to be solid with an overall thickness of 1,800mm (70”). It comprises two
sandstone skins with lime mortar in between.

In spring 2003, work commenced to form a doorway 12m (13 yards) below the level of the footway, approximately
half way down the abutment where the wall returns to tie into the side of the gorge. The work began with the stitch
drilling of 70 holes to a length of 1,800 mm (70”) each with a diameter of 102mm (4”) in order to create an opening
approximately 2,000mm (79”) high by 830mm (33”) wide.
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Following this, 20 CINTEC stainless steel rebar anchors were used to pin together the external and
internal sandstone blocks cut through by the opening. These 16mm (5/8”) diameter solid circular section
anchors, measuring 1,500mm (59”) long, were installed at an angle and at 300mm centers around the
doorway. The anchors were inserted in 40mm (1 %”) diameter predrilled holes, oversized to
accommodate expansion of the anchor sleeve with grout. In order to maintain the aesthetics of the bridge
the anchors were in set by 200mm (8”) to ensure they would not be visible on the external sandstone
face, achieving a sympathetic invisible bond around the new opening in the listed structure. Falcon
Structural Repairs of Portishead — UK, undertook the stitch drilling and anchoring to create the new
doorway, it required eight days to cut the opening and just two days to install the CINJTEC anchors. The
work was approved by English Heritage as well as the local planning authorities.
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Outwood Viaduct Radcliffe, UK

Following its closure in 1966, Outwood Viaduct had fallen into
dereliction, however its proposed demolition by British Rail
was forestalled due to public objection led by the Railway
Heritage Trust and it was eventually given Grade !! listed
status.

It spans the river Irwell at the western edge of Radcliffe,
Greater Manchester, the spans were fabricated and erected in
1881 and have an overall length of 336 Ft. Each span comprises
of six cast iron open spandrel arch ribs with lateral bracing.

British Rail previously attempted to strengthen the four
tapering brickwork pillars by adding new masonry to the
original single archway piercing located in each pier. This new
work had however began to detach from the original structure
and extensive cracking was visible between the new and old
(see right).

Cintec supplied 108 stud and rebar stitching anchor ranging
from 2.5ft to 30ft in length. These were installed through the
cracks to re-connect the inner reinforcement brickwork to the
original structure as indicated in the design proposal below.

After renovation, Outwood Viaduct was formally opened as a
footpath, bridleway and cycle way in 1999 by Sir William
McAlpine, President of the Railway Heritage Trust.
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Killiecrankie Viaduct Tayside, Perthshire Scotland, U.K.

In 1298 Killiecrankie Viaduct was both repaired
and strengthened. The work was Intended to
increase maximum track speed and
accommaodate Intercity frains traveling up to 125
mph. These improvements were part of an
exbtensive program covering the entire length of
the Highlands Railway from Ferth to Invemess in
Scotland.

Following the contours of Glen Garry. the
curvature of the multi-arch structure added to the
engineering challenge: Engineering consultants
Scott Wilson of Glasgow assessed that
strengthening would be required in order that the
viaduct withstand the increased lateral forces
being exerted by high speead trains.

The solution was provided in the form of 1.2" Cinlec
deformed rebar anchors in lengths between 3ft and
151t Installed horizontally under the full width of the
viaduct, the anchors passed from the masonry
spangre| wall through the springing vee joints to the
opposing spandrel wall. Only the anchor sections
located within the spandre| walls were socked and
inflated with grout (see above). To increase tension
values the anchors were installed in stepped bore
heles allowing the sock to expand beyond the diameter
of the inner bore hole. Other anchors were installed
through the voussoir stones into the masonry arch
bamels. In total 230 Cintec anchors were installed by
the experienced drilling company Ritchies of Kilsyth.
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Gumley Road Bridge, Leicester, UK.

The Structure

Gumley Road Bridge is listed red brick structure with a single
span of 6.7 meters and a width of 4.9 meters between its
parapet walls. It was built to carry road traffic over the Grand
Union canal without impediment to boat traffic below. It had a
weight restriction of 17 ton.

The problem

Working in  conjunction with British Waterways,
Leicestershire City Council required the bridge to be
strengthened to carry the 40/44 ton Assessment Live Loading.
With both the bridge and waterway in continual use, it was Checking for sub-surface services during
imperative to keep disruption to a minimum. bridge survey

The solution

In total, twenty six stainless steel 25 mm diameter CINTEC
anchors were installed from the road surface. All were between
2.9 and 3.1 meters in length. For the duration of the project
regular vehicular traffic was diverted over another bridge,
however it remained open to emergency vehicles, cycles and
horses. Boat traffic below remained completely unaffected.
Possession of the bridge was originally given over to Archtec for
three weeks, significantly, Cintec’s drilling and installation
contractors APB of Stoke, actually completes the work in only 10
days and so brought back into full service far ahead of the time
the council had allocated

Temporary below arch protection
during the installation process
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SYDNEY , AUSTRALIA

to analyse the structure and produce strengthening
- a full concrete lining would restrict the flow and lead to
Council required that flood levels could not be raised by
n of an independent concrete structure capable of taking
which acted compositely with the existing brick structure
mly system capable of transferring the high shear forces
composite structural action.
ainless steel reinforcement bar were installed in 80 mm
ed by the need to distribute the large shear forces into the
1 the anchor body and hole size independently to optimise

standard concrete reinforcement for the “shotcrete” lining,
o enhance the flow capacity.
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dian Railway were sure of the carrying capacity of the brid
it if found weak.

rith Gifford simulated the bridge by using ELFEN softv

the bridge is safe for carrying the current loading: |
inchors for stitching of minor crack, redial anchors wer
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Telford Magdalen Bridge, Oxford, U.K.

On May1st of each year Magdalen Bridge becomes the
focal point for Oxford’s May-Day celebrations. Choristers
traditionally sing from the tower of Magdalen Collage
located at the Oxford end of the bridge, attracting both
students and tourists to listen and enjoy the atmosphere.
For some, these festivities can even include jumping from
the parapets into the river Cherwell below.

A test on the strength of the parapets had been
originally undertaking in 1998. There were concerns about
the pressures being imposed upon the parapets by the
people standing on top of them and also by the large
crowds that may push against them.

This test revealed that the 6m length of parapet was
unable to withstand a load of 2.0kN/m. This result
revealed considerably less strength than had been
anticipated and therefore some form of remedial work
was considered necessary. In February 2002 another
section of parapet was tested on the South West Side over
the first span heading towards Oxford.

The section had been reinforced with Cintec anchors
over a 5.66m length. It was conducted in compliance with
the requirements of The Home office Guide to Safety at
sports grounds Fourth Edition and used specially designed
barrier load testing rigs (see figure 1). Deflections were
monitored with dial gauges having a resolution of 10
microns.

A load level of 5kn/m was requested by the client. The
parapet was initially loaded up to a bedding load 4kn/m to
remove any slack from the components of the parapet. It
was then loaded to 5.0kn/m to observe the level of
deflection. The parapet was found capable of accepting
the load and the maximum deflection measured was
0.57mm at approximately midway between two die blocks
located either side of the test length (see Test Certificate
below). Because of the successful trails, the parapet walls
for the entire lengths of Magdalen bridge will be
strengthened with Cintec anchors. Vertical M20 anchors of

2m are located within the die blocks and M25 anchors of Figure 2 shows the holes drilled horizontally through the
4.5m are installed through the pilasters. The horizontal parapet. Figure 3 shows a horizontal Cintec anchor prior to
anchors are M16 and between 7m and 10m in length. installation
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1
LOAD TESTING OF MAGDALEN ROAD BRIDGE PARAPET OXFORD 1515 ACCORD JOB REFERENCE Moo 14/803/03 :
BEDDING CYCLE BARRIER DETAILS 1
Deflaction=frmrm . | :
Prassuraips |Load/Bamd] &1 =2 =3 Length 4K m Factond 1/Helg it (.44 |
Ml ] 44.4R  Bh 42 64 Height 125 m Mo of rarms . ] :
280 0.80 4436 41.57 43.33 Spacing nfa m Total des. sarvica losd | 1002 kM|
Lyl 1.59 4414 4113 47.93 Gradient néa © hitak | caddita gk edding) .98 kil :
740 238 4371 40 42 4730 Hedding Inad 4 00 kMM Tofal prooitestinad 2400 kh |
1043 3.149 43,18 349.67 46,56 Leglgn oad 3.00 KM A ST L 4.98 kM |
1300 348 4142 3538 45 A0 TEST ARRANGEMENT i
I 0.00 44.13 41.37 4317 Fillasters
M A=l L A EMa Lo m 2,08 348 1.04
I axifnLm FefmEnant .35 0.49 0.37 . dua blocks
Creflactiondmim (M@= 2mm) \
Facoveny™ (Mir=73%:) a3 85.9 7.8
t $ = |
PROOF CYCLE a L :
Frassurafps|  Loaddi =1 =2 =5 I
344 1.00 43.36 40.79 47 .51 |
EE2 1.89 4340 4001 4503 :
981 2.58 42,33 38917 46,18 Cilore Town centre 1
1300 3498 4222 3822 45133 Oate Tested E’l"ﬂ:‘;"ﬂ?:
1618 4.8 L 36 47 43 84 OBSERVATIONS PRIOR TO TESTS 1
L CoiLo bR T A RED FOR FIVE MIITES Test conducted on saclion strangthened with Cintec anchors', on South Wast sida IJf
bridge, on span nearsst Headington end.  Locstions 1 -3 tested inl 998, I
fizsing coping stone and harzontal reinforcernznt bar, 1o gkt of test | |
; I
Test lergth shariered to 5 EEm, @way fram missing coping stons, I
1620 4,98 40,49 3618 43 81 _ | 1
1 .00 4363 4080 4787 DBSERVATIONS DURING & AFTER TESTS :
fanmum deflacionfmm 4.64 3.19 4.55 Cracks appearad in mortar joirts undaer tansion during loading, 1.8, at rear face of l:l:lring
Wazirumm Permanent 050 0.57 0.50 mid-span, at front face of coping near end of span, and joint between ballusters andl
Ciflectioni i ballustrade plirth.
Facovany™ (MIn95%) 6.4 aa.0 aa.0 Cracks visibla under load closed on release of load,
Cine cycle of bedding load and ane cycle of full load 2pplied as instructed by engma}ar‘e
ih site, |
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London Underground, U.K.

Post-Tensioning Cintec anchor in test panel..

London Underground has a great many brick walls and parapets
supported on elevated structures. As it is the world’s oldest
underground system, many of the walls are between 100 and 150
years old and are consequently suffering from a degradation of the

mortar which is invariably lime based.

An insitu load test was carried out in order to demonstrate the

applicability of Cintec anchors for

both stabilizing and for

strengthening them against dynamic air pressure loading. The test
was also used to confirm that the performance of the strengthening
wall had been correctly calculated and thus provide assurance of the

methodology.

Two 16mm diameter 2 stage anchors were installed Py
vertically, the anchorage length within the supporting |
structure was then inflated and left to fully harden. Ao
The anchor was then tensioned and the second sock _"
occupying the remaining space in the masonry wall = .22
was inflated.

Once the anchors were cured, an applied wind
loading was simulated by the application of a lateral

point load on a horizontal spreader beam positioned at

the walls centre. An incremental lateral load up to
3.5kn/m was applied by a hydraulic jack which

demonstrated a linear elastic response.

The predicted response, calculated beforehand
and based on assumed values for the material
properties, was within 30% of the measured
values. Bearing in mind the wide range of
uncertainties in relation to the wall stiffness and
strength, this demonstrates an adequately high
level of accuracy. On completion of the test, no
cracking or spalling was observed. It was concluded
that the scheme presented both “an economic and
aesthetic solution to the refurbishment of
understregth and unstable masonry parapets”.
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Parapet Wall Strengthening Inclined Plane Bridge — Coalport U.K.
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Upper Kilmacud Bridge Dublin- Ireland

Parapet Wall Strengthening

The parapet walls of Upper Kilmacud Bridge were allocated for strengthened as part of the Dublin Light Railway
Project. The single span brick structure carries a two-way carriageway approximately 5.5m wide and two footpaths
of 1 and 1.5m in width. The parapets themselves are of granite block masonry some 0.4m in thickness and varying
between 1 and 1.5m in height.

The bridge has a 30 mph (48kph) speed imposed limit, however in order to ensure greater safety, and following a
collision in which a section of the wall was damaged, a vehicle containment level of P6 was requested. Such a high
containment rating required extensive engineering to not only strengthen the parapet walls, but also to upgrade the
barrel of the masonry arch in order that it absorb the forces of an impact without causing major structural damage.
Drilling and anchor installation was undertaken by TST Ltd during the summer of 2003. The project involved a total
of No.98 Cintec anchors all made of ribbed bar high-grade stainless steel. Using stone of similar type and
appearance, each wall was heightened to a uniform 1.5 metres and then strengthened horizontally with No.5 13m
long anchors 16mm in diameter and installed into 50mm

diameter core drilled holes (fig 7). These anchors ran the

entire length of the parapet walls. In turn, the horizontal Ao, axtnt il £ smnaning 1.5 m

anchors were supplemented with vertical anchors of 32mm
diameter reinforcement bars installed from the top of the
parapet walls and down into the barrel of the arch. Their
lengths varied from 5.1m to 2.7m according to location (Fig 2).
Finally, No.8 transverse anchors were installed through the fill
and No.15 9.4m long transverse anchors installed through the
entire width of the barrel and so unifying the various structural
elements of which the bridge is comprised (Fig 3).

Bond to ba ensured betwean

r\a/_rvan!cal anchor and coping stone
l dinal anchors . Vertical anch -
\ G |
® ' 1
1 1 L itudinal
® & B BT T N N AN R EER EE E E E NP N S S S S P e N ongitudina
Flg 1. anchors
@ Paved Surface
[Z A4 A A4 2R ] O A
% //&f = fL- _..._.... : $T\ alalale]a
= J. A== 1_ =
Vertical / /( \ So $\ - i
anchors Ry E a5 5. BN Utility services
Eng 1 I anchors { |, > Transverse anchors & >
Plate ¥ l through fill through barrel 3 Fig 2.
End Plate South Elevation
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HEMSLEY BUILDING 230 PARK AVENUE, NY, NY U.S.A.:

The Property

This “recognized iconic asset” to the New York City Skyline is located in midtown
Manhattan and was built as a Beaux-arts style building in 1929. The property strategically
straddles Park Avenue at 46t Street and offers a direct connection to Grand Central Station.
[t was acquired (2007) for One Billion One Hundred and Fifty Million USD.

The Problem:

By 2009, the building had begun to show its age. At the top of the building some of the
twenty-six east and south facing Terra-Cotta columns [ with the base starting at the 26t
floor and extending past the 34t floor] had begun to show cracking and in some areas had
began to shed large pieces of stone. The building owners/management had inquired as to
replacement cost of these Terra-cotta Brackets and had been quoted prices exceeding 16
Million dollars. By employing the Cintec method of repair, the owner was able to save
more than 15 million Dollars effecting by repairs for just over 1million dollars.

The Solution:
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Cintec in North America was contacted by Thornton Tomasetti Engineering Corporation to find a
solution to this issue, working together Cintec North America and Tomasetti Engineering
Corporation formulated a plan. Through exploratory probes and use of a borescope it was assessed
that the structure behind the columns (staked brick) was sound, given this assessment it was
decided that all that would be needed would be to attach the Cintec Anchoring System to the
backup and tie it to front face of stone that was sound in order not only to strengthen the
attachment to face but to create additional points of contact in the stone face brackets that were
sound. This was achieved by drilling oversized holes through the face of the stone and recessing
the anchor 1” from face of stone to accommodate a finish patch, thus creating an invisible repair.
The ability to tie the face of the original Terra-cotta panels to the back up wall saved the integrity of
the landmark building.

Savings:

By affecting, this repair method as opposed to fiberglass replacement and demolishing landmark
terracotta brackets and columns, the owner was able to save more than 15 Million dollars and
effect repairs in less than a quarter of the time needed to replace brackets. The General
Contractor on this project was United Restoration Corp who worked closely with Cintec North
America, Thornton Tommasetti (Engineer of Record) and Arteco Design Corp (Driller/Installer) to
complete this project with minimal issues and maximum savings.

General Contractor Engineer of Record Specialist Masonry Contractor
United Restoration Services of
NY Thornton Tomasetti Arteco Design & Restoration
295 Greenwich St, Ste 341 24 Commerce Street, 8" FI 8 Bogart Place
New York, NY Newark, NJ Yonkers, NY
10007 07102 10708
Tel: 212-431-1261 Tel: 877-993-9737 Tel: 914-793-9424
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High Rise Building Restoration

TEST ORS & ULT,

COMPANY ADDRESS SITE ADDRESS

LZA TECHNOLOGY Date: 16/12/94 EMPIRE STATE BUILDING

641 AVENUE OF THE AMERICAS 5™ AVENUE

NEW YORK NEW YORK
| NY 10011

TEST TEST NO INSTALL TYPE OF LOAD LOAD BASE STOCK STOCK PULLOUT

REQUIRED TIME ANCHOR | REQUIRED | ACHEIVED | MATERIAL |IMBEDMENT | DIAMETER TIME
1) To Test 1 20 mm %' Solid Bar 10001bs 32001bs STONE 2%" 17 10 MINS
Brick Facade 2 20 mm %" Solid Bar 1000bs | 28001bs STONE 2% 1" 10 MINS
2) To Secure 3 20 mm % SolidBar | 1000lbs | 3200lbs STONE 5 1 15 MINS
Brick Pacade 4 20 mm %" Solid Bar 1000lbs | 3150lbs BRICK 6" 1" 10 MINS
on fith Floor 5 20 mm # SolidBar | 1000lbs | 3000lbs BRICK 6" i 10 MINS

PERSONS PRESENT ON TEST / DEMONSTRATION

PRINT NAME COMPANY POSITION PHONE NUMBER

MR ROBERT WAGNER LZATECHNOLOGY SENIOR PROJECT DIRECTOR 212 741 1300

COMMENTS

1t should be noted that at the achieved loads no failure of the anchors was observed, in addition there was no visible damage to the areas
surrounding the test anchors.

ﬁt‘f Uu; { CLS CINTEC CANADA LTD,

SIGNED = . ¥ . SIGNED,
FOR & ON BEHALF OF CAVITY LOCK 5YSTEMS LID 38 Auriga Drive, Suite 200 FOR & ONBI F LZA TECHNOLOGY
POSITION:- CLS NORTH AMERICA Nepean, Ont. K2E BAS POSITION:- SENIOR PROJECT DIRECTOR . _ .

613-225-3381
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Essex County Court House continued

One of the best things about this system
is that the material is cementitious, not
epoxy-based," explains Westfield,New
Jersey, architect Michael Zemsky. The
most interesting part is that the nylon
sock expands to fill the cavity until it is
completely wedged in, the exterior is
then patched. The wall is then better able
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Combi-Tec Ground Anchoring

Combi-Tec is a unique system which H d h Id
provides a totally concealed top termination for its Duckbill ground anchors. an e

It enables structures to be effectively and sympathetically stabilised without
any visible disturbance to the fabric or the need for unsightly external
pattress plates, making it ideal for historic and listed structures.

1. Remove
After coring oul or removing a complete brick or stone. stone or
the Duckbill anchor is installed and brick or
tensioned to its proof load. |
The Combi-Tec, consisting core drill
of a stainless steet tube, clearance
circular front plate and hole

special polycster sock
developed in conjunclion
with Cintec, is inserted
over the anchor bar 2. Position

with the plate sunk \———== 1 , anchor for
- K . - 5

below the surface of

the masonry. installation
Cementitious grout is [
injected into the sock
under pressure until it has
filled all the voids and,
having cured. it forms a
chemical/mechanical bond
within the wall. The anchor = z
is then re-tensioned o its 3. Drive in
working load and secured anchor to
against the recessed plate required
before the fascia core, depth
brick or stone is replaced
and made good to fully
conceal the anchor.
4. Insert
Combi-Tec
Duckbill anchors are over
designed to be driven into Duckbili
the ground using hydraulic anchor
or pneumatic equipment,
with little or no disruption
to the structure or
surrounding area. 5. inflate
sock by
injecting
cementitious
grout and
leave to
cure
Once the anchor has
been driven to the 6. Tension
required depth the drive anchor to
rod is removed. working load
and secure
il T racessen
front plate
with load nut
7.Crop
excess bar,
mortar
- Atensile load Is applied to around
- - the attached tie bur or Combi-Tec
tendon. This rotates the
anchor into the locked
position for maximum load
holding capacity. 8. Replace
The anchor is then proof cored
tested to the designed l material
il loading requirements before | = " and make
By | the top termination is fitted, &5 ood
Ky as specified by the civil or “ f g
\ '] structural engineer. . [
= -1_—-"-‘.'-»-'I -
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Marco Island Sea Wall - Florida USA

(An early example of Cintec ground anchoring)

March 1983 - Following a move from Germany to a new home on a Florida island, Civil
Engineer Paul Pella was faced with a structural problem common to the region - subsidence
and dislocation of the protective sea walls surrounding the homes built upon the island.

Fortunately for Mr Pella, his engineering experiences back in Europe provided him with an
innovative new technology ideally suited for stabilising these concrete structures - Cintec
Anchors. The ground behind the walls consists essentially of sand, not considered an ideal
medium for any form of anchorage. However the adaptability and unique features of the
Cintec system overcame any potential

difficulties associated with this soil type.

Consisting of a steel rod enclosed in a
mesh fabric sleeve, the principle of the
system is to inject a specially developed
cementitious grout into the restraining
sleeve of the anchor and so inflate it along
its entire length. As well as providing an
extremely strong mechanical bond, some
liquid or 'grout milk' passes through the
material membrane and bonds with the
original substraight beyond.

In the case of Marco Island, an additional
wide section of expandable sleeve, or sock
as it is often called, was attached to the far
end of the anchor. When the grout was
injected, the additional section expanded
to a diameter greater than the rest of the
anchor. This created a bulb deep within
the soil and ensured a truly secure point
of anchorage.

As can be seen in the images (right) the
individual boreholes were produced by
diamond core drilling, in this case with a
core diameter of 65mm (2 %2") and to the
length of the anchor; 3.2 metres (15ft) - Fig 1.
The anchors were then installed with a
plastic half pipe to facilitate their insertion -
Fig 2. Finally the anchors were injected
with 'Presstec' cementitious grout
expanding them from their far end to the
front. Although not essential, a flange-plate
was also screwed to the exposed anchor
end for additional securement - Fig 3.
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Department of Intercity Railways, British Rail
Railway Bridge 325 Abington/Carlisle Railway

Ground Anchor Stabilization
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Cintec Ground Anchor Installation at bridge 325 Abington

INTRODUCTION:

Cintec International Ltd has developed a system of ground anchors incorporating the patented grout
techniques utilised in the Cinteg System of anchor fixings. The bridge section of the Civil Engineering
Department of Intercity Railways, British Rail, permitted the installation of trajl ground anchors through the
abutments of bridge number 325 on the Edinburgh / Carlisle Railway line for testing.

GENERAL DESCRIPTION:

In general terms the anchors have the following features:

a) A high tensile steel bar (ribbed type 2) forming the central element and load transferral
mechanism to the abutment wall.
b) The reinforcement bar has been first layer of corrosion
resistance in accordance with chors BS8081: 1989.
c) The corrugated sleeve of UPY inst moisture and therefore
corrosion resistance. The cori srmit the transfer of forces from
d) sock which expands to contain
of the cored or drilled hole.
of the corrugation relative to the
e) I bar and the grout interface.
anchor applications, it is
ve strength capabilities of
wdditives premixed with the
kaline protective environment
sture in the unstressed areas.
Jch that the remote end (that
of the near sack (that which is
3nd was tested in order to
vinflated to form the bond with
Q) Relatively low steel stresses were involved in the anchor testing to eliminate unnecessary
elastic extension and subsequential relaxation losses may be neglected.
h) The outer sock forms a secure bond with the abutment structure thus avoiding the need for
unsightly anchor heads visible on the outside.
)} Each stage of the inflation process is monitored by a ‘check sock', that is a small sock that
inflates at the external end of the anchor indicating that the remote or unseen sock is fully
inflated.

The anchor component parts and design with regard to corrosion resistance comply with the
requirements of BS8081: 1989 the British Standard for Ground Anchorage for Permanent Anchars.

INSTALLATION:

>re the hole through the abutment
lined at 20° to the horizontal

/all locations. The anchors were
"sock inflated. The grout is
mm?). The outer sock was not

: test loaded.

Sufficient time was permitted for the cementitious grout to cure before any load testing operations
were carried out.

GROUND CONDITIONS:

The abutments are located either side of a vehicular access route through the railway embankment.
The embankment was built approximately 100 years ago from nearby materials and consisted of

Cintec Reinforcement Systems
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TESTING:

The testing was carried out using a hydraulic jack with a calibrated dia gauge measuring the tensile
load applied in tonnes. Each of the anchors was tested with the resulting loads tabulated in the
following tables. The loads were applied in 4 tonne increments with a minimum of 10 minutes
betwssn each rise in the load. Several of the anchors were left for extended periods at the higher
loads which coincided with the limit of the testing equipment. One anchor number 2 with the load
applied overnight to see if any slippage had occurred. A small relaxation was apparent, although it
could not be established if this was due to anchor creep or the testing apparatus deflecting.

The location of anchors is indicated in drawing C2162/Sk 1.

As the sock is inflated under pressure with grout, it expands to fill the shape of the hole, thus filling
any irregularities in shape and size. A combination of different factors is anticipated to develop the

load capacities obtained as follows.

1) Forming an irregular wedge by the shape of the hole and sock inflation, thus creating the need to

shear the soil in order for the anchor to fail.

2) The grout ‘milk’ exirudes through the sock and partially bonds to the surrounding granular
material, thus enlarging the effective diameter of the anchor.
3) Localised compaction of the surrounding material due to the pressurised grout inflation.

The installation and testing was witnessed by:

Mr Kader of British Rail | niercity Civil Engineering Dept,

Mr Barnet of British Rail Intercity Civil Engineering Dept

Mr Dimmick of Cavity Lock Systems (now Cintec International).
Mr Parry of Cavity Lock Systems (now Cintec International).

Mr Woodhouse of Fordham: Johns Partnership.

The anchors were installed in the period February — May 1992 and tested between June 1992 and

December 1992.

DESIGN OF ANCHORS:

The following outlines the basic principals involved in assessing the design parameters and
considerations in relation to the capacity of the ground anchors,

STEEL TENDON
The steel tendon in the anchors tested comprised of a high tensile steel bar, (epoxy coated for
protection).
. . Load
The bar area was established by the formula: Area required = -
y
Where:-  load = working load multiplied by an appropriate factor of safety (200Kn)
Fy = characteristic strength of the steel (460 N/mmg).
200x10°
For the test anchors, the area required = j0 - 434.8 mm?
Bar diameter 40mm provides area of 1256 mm?  F.O.S. =288
Bar diameter 32mm provides area of 804 mm?, F.0.8.=185
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The steel stresses in this case were maintained at the low levels shown in order to avoid significant
elastic extensions and therefore potential relaxation losses.

The steel bar utilised in the tests was a high yield ribbed bar (type 2) which has raised ribs on the
surface for increased bond capability.

The bond between the grout and the bar can be established from the equation:-

Fbu = B,/ fcu where fbu = the design ultimate anchorage bond stress.
Fbu =0.74/40 B = coefficient dependent on type (0.5 x 1.4 = 0.7)
= 4,43 N/mm? fcu = compressive strength of grout (40 N/mma)

DESIGN OF FIXED ANCHOR LENGTH:

The pull out capacity of the test anchors can be shown as:- Tf =z DLS

Where S = the shear, bond and skin friction at Substrate/rock
interface (Kn/mmg?)

D = diameter of fixed anchor (m)
L = Length of fixed anchor (m)
Tf = pull out capacity in (Kn)

The values of S varied between 81.3 to 219.7 Kn/m2. For design purposes the lowest vailue should be
used and a factor of safety of 4 utilised to limit ground creep in permanent anchors.

For design of anchors at specific locations the nature and behaviour of the substrate must be established
by testing. Full-scale load tests are recommended to confirm laboratory results.

FIXED ANCHOR DESIGN IN ROCK

Tf = s DL Tult

= Where Tult = the ultimate bond or skin friction at sock / rock interface.
Factor of Safety

The value of Tult will vary dependant on rock type, condition and discontinuities. A minimum fixed anchor
length of 3m is recommended to account for local variations and a factor of safety of 3 to 4 be applied
dependent upon the circumstances of usage.

FIXED ANCHOR DESIGN IN COHESIONLESS SOILS

The substrate at the testing location falls into this category although clay and silts were present.

xDLS

Tf =
Factor of Safety

The value of S must be found by testing. A factor of safety of 4 should be used and a minimum length of
4m is recommendad.

FIXED ANCHOR DESIGN IN COHESIVE SOILS

_ nDLaCu

= Where « = adhesion factor 0.3 — 0.45 verified b festing.
Factorof Safety /

Cu = average undrained shear strength of substrate.

The value ¢ and Cu must be found by laboratory tests or full-scale tests. The factor of safety should be
of the order of 3 to 4 and a minimum length of 3m is recommended dependent upon consistency.

ANCHOR BOND TO STRUCTURE

Should the anchor be required to bond to the structure (as opposed to an anchor head arrangement) the
following equation may be used:-

z#DLB Where Ts = ultimate bond to the structure material (Kn)

Ts= Factorof Safety B = bond between sock and structure (Kn/m )

The value of B will vary dependent upon material, values of 600Kn/m2 are reasonable (subject to testing)
for solid concrete or masonry.
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DISCUSSION

The general conditions at each location will dictate the design stresses to be used in assessing the
ultimate capacity of an individual anchor. Where laboratory tests are not available, full-scale insitu tests
are required to establish the lower bounds of the substrate capacity.

A minimum fixed anchor length of three metres is recommended to account for lacal variables in
substrate conditions.

In order to reduce the possibillty of long term ground creep, factors of safety should be applied. These
factors should be of the order of 3 to 4 dependent on soil consistency, life expectancy and their
importance to the structure.

The fixed anchor length must be located beyond the critical zone, such as the wedge failure, slip circle,
rock discontinuities in order to be effective. The free anchor length will depend upon the geometry of the
location.

The anchors can act as a restraint, only accepting load if movement occurs, or they can be pre-siressed
to a set load to provide an active force.

A feature of the Cintec System is that a cholce of connections can be achieved with regard to fixing to
structure. Traditional anchor head details may be used where periodic re-stressing or monitoring is
required. Where the structure is suitable, the anchor may be bonded to the material as a permanent
fixing, without the requirement for surface apparatus.

GENERAL DESIGN CONSIDERATIONS

Where ground anchors are being utilised, careful consideration should be given by the designer to the
following points:-

a) ih soil characteristics.

b) edictions.

c) ng-term creep.

d) 1, failure planes.

€) paced.

f) 3

Q) 1 the grout by use of smooth tubes forming

us avoiding stressing ground close to
h) The factor of safety to be applied.
i) Reference should be applied to the British Standard BS.8081 : 1989 or other appropriate
document for advice on usage and design.

CONCLUSION

The testing of the ground anchors showed that the Cintec System could be successfully used in even the
most difficult of ground conditions and achieve resuits in excess of expectations.

Careful appraisal of all factors must be given by the designer, to the points raised in the design
considerations section, in order to fully realize the potential of the system.

S. WOODHOUSE B. Eng (Hons) C.Eng M.L.Struct.E.
23" APRIL 1993
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Date:  Aprii 1993 Scale:  / Drawing No: C2162/Sk 1
Drawn: J.8. Design S.W. Project: BRIDGE 325, ABINGDON

Drawing Title: GROUND ANCHOR DETAIL TO ABUTMENTS

Bearing
S — —_ 0 — — - _
9 1 2 3 4 5
not tested [6] [7] /[10] [8]
not tested

ELEVATION OF NORTH & SOUTH ABUTMENT SHOWING GROUND ANCHORS
SOUTHERN ANCHORS 1 ~5
NORTHERN ANCHORS 6- 8

ANCHOR ANGLE OF TOTAL FIXED ANCHOR HOLE TEST LOAD
NUMBER INCLINATION LENGTH (M) LENGTH OR DIAMETER [T]
LENGTH OF (MM)
EMBEDMENT (M)
1 20° 5.45 4.1 124 15
2 20° 3.95 2.6 124 18
3 20° 3.45 2.1 124 18
4 20° 3.95 2.6 124 19
5 30° 5.45 4.1 124 13
6 20° 4.45 3.1 124 18
7 20° 4.45 3.1 124 17
8 20° 4.95 3.6 124 20
Date: Aprll 1993 Scale: / Drawing No: C2162/Sk 3
Drawn: J.S. Design S.W. Profect: BRIDGE 325, ABINGDON

Drawing Title: GROUND ANCHOR TEST RESULTS

Anchor Angle of  Total Fixed Hole Soil Test Test Shear Shear
number inclination Length  anchor diameter anchor Load Load stress stress
(m) length or ( mm) Interface (T) (KN) Soil/ soil
length of (mm2) anchor anchor
embedment Interface interface
(m) { N/mm?) { KN/m3)
1 20° 5.45 4.1 124 1.599x10° 15 150 0.0938 93.8
2 20° 3.95 2.6 124 1.014 x10° 18 180 0.1775 177.5
3 20° 3.45 2.1 124 0.819 x10° 18 180 0.2197 219.7
4 20° 3.95 2.6 124 1.014x10° 19 190 0.1873 187.3
5 30° 5.45 4.1 124 1599x10° 13 130 0.0813 81.3
6 20° 4.45 3.1 124 1.209x10° 18 180 0.1488 148.8
7 20° 4.45 3.1 124 1.209x10° 17 170 0.1406 140.6
8 20° 4,95 3.6 124 1.404 x10° 20 200 0.1424 142.4
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Date: April 1993 Scale: / Drawing No: C2162/Sk 2
Drawn: J.S, Design S.W, Project: BRIDGE 325, ABINGDON

Drawing Title: GROUND ANCHOR DETAILS
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Installation of Ground Anchors

" Through Railway Bridge Abutment
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Proposed CINTEC stitching anchors during restoration 1995

Obj. Wialzburg
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CINTEC tools, stitching anchor installation & injection
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Corner, drilling for small stitching anchors, Grout mix
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CASE HISTORY

Blaise Castle Estate, U.K

Ground Anchoring

The Blaise Castle Estate is 650 acres of parkland consisting of a
deep wooded lime stone gorge, dramatic scenery and a number of
historical monuments including a folly castle (above) built in 1766
as a summer house within the perimeter of an Iron Age hill fort.
The park also boasts an extensive range of scenic pathways

offering views of natural and historical intrest. SAETE IO ATCOUTOR T |1/ =
In the autumn of 2004 and under the project management of g o THCOESS T 3
Mann Williams (Bath), remedial work was undertaken along one AN oy

such stretch of pathway, the requirement being to strengthen and /_/‘/"‘_ =T \
stabilize the supporting retaining wall below. The diamond core /N/—/‘/ /
srilling and anchor installation was contracted to Falcon Structural K/
Repairs of Portishead (Bristol). In total No 232, 16mm diameter x
4500mm long 304 stainless steel rebar anchors were installed into =,
65mm diameter drill holes. Each anchor was fitted with a 150mm SECTION / -
wide front plate and recessed partially into the wall and

subsequently No200, 10mm diameter x 600mm long RAC anchors

were also installed to consolidate the structural stonework of the

retaining wall itself.

BARS
BEHIND FACE OF STONEWCAK AND REPORTED USHG MORTAR | |
MIXAS SPECIFICATION. '\
fe
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Goodrington Sea Wall, Devon, U.K.

dXoges
The Sea wall at Goodrington Beach, in Devon, UK, Wy
was constructed of local stone and founded upon a _E.
concrete footing. The whole wall was gradually
moving towards the sea by sliding off the concrete e ’JI
foundation Typical Section f1 w0
|
T 1my‘ T+ [ F f b :Oa::)"( To overcome the problem, Torbay Borough
/’:_?:_;‘;_“fi; _/4_’ _'J:__,,:f_ 7(_“4 3"‘_‘;7"3"‘ . Council proposed a design u:c)ing Cintec anchors to pin
YR A AR 7 A & the wall to the foundation. The anchors were
L ¥f pf s 2 f g w0 // T TR inserted at an angle to mobilize the full length of the
A S R S B R R B A wall,
tlevation (fort)ndicaling broposect Wnchor loyout (1o

MW Anee socks o be
Jrocledusing heastes’

mgh'rt\@‘f\ Crrd

’E

rd A

. 2 Additionally Cintec consolidation anchors
& \ were inserted on a regular grid to ensure the
N .

integrity of the wall and the action of the
ground anchors on the wall.

Welsll sechion Mo AL (=0
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Malmesbury Church Street Rotation, U.K

AS can be seen from above photograph this retaining wall has seriously rotated towards the next property.
Understandably the neighbors were becoming extremely concerned about its safety. The wall retained the garden
and some imposed load from the house foundations.

Engineers Mann Williams devised a scheme to save
the situation by installing Cintec ground anchors
through the wall at one-third height together with
vertical Cintec anchors to reinforce & mobilize the full
height of the wall to resist the rotational effect.
Anchors were located as shown by dotted red lines.
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Lock Gates Clarendon Docks, Belfast, U.K.

Clarendon Docks
Cintec anchors have been used to fix two 20 ton lock gates, as part of the 750 million pounds sterling, regeneration of
Belfast’s Laganside Development.

Clarendon Docks, where shipbuilding in Belfast first commenced, was severely affected by the river’s tidal range.
Construction of a temporary dam across the existing dock basin, and installation of a lock between the basin and the river,
has created an aesthetically pleasing non- tidal water feature capable of facilitating small craft.

Although the dock basin was pumped dry for the refurbishment of the waterfront site, it was vital that the fixing method
selected was suitable for use underwater.

Each gate is supported by two hinges bolted into the 600mm concrete wall of the lock. One of the key reasons for
selecting the Cintec system, was that although the top hinge for each gate is well above the water level, the lower hinge
falls within the tidal zone, “explained Brian Campbell. Design engineer for the installers.

During the installation, sea-water poured through at one of the anchor locations. We were concerned that alternative
fixing methods would not be as successful in such wet conditions.”

Following extensive testing, 48 Cintec anchors were embedded into the wall to support the two lock gates. Each lower
hinge required 12 fixing anchors, 450mm in length and 102mm in diameter at 200 and 220 centers.

The installation of the anchor bolts at the lock gates has been undertaken by ACE Fixings, the approved installers of
Cintec anchoring system for Ireland.
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Hay’s Dock Lerwick (Shetland Islands) - Scotland
Tyl ' -

!l‘

Panorama of Hay’s Dock with the Heritage Centre under construction in the background (right), the restoration of the
old sail house on the quay (centre right) and Cintec stablisation work (end of the quay left of sail house).

Lerwick is the capital of the Sheltland Islands and in the early 1830’s became a thriving centre for the herring industry.
The foundation for this commercial success lay with the construction of Hay’s Dock and a complex of warehouses and
curing yards together with all the facilities for building and rigging sailing vessels. The fortunes of the herring industry
fluctuated considerably during the 19™ century and as vessels became larger and steam power became the norm, a new
larger facility was required and subsequently built by the Lerwick Harbor Trust in 1906. The original dock continued to
play an important commercial role adapting primarily to the timber trade.

Today Hay’s Dock stands as a monument to the town’s industrial heritage and with the assistance of the Shetland
Amenity Trust, Historic Scotland and a contribution of lottery funding, the dock area is being rejuvenated with the
construction of the new Shetland Museum and Archives building as well as the refurbishment of the old docks itself.

When originally constructed, technology for building underwater was limited. Consequently the foundations of the
furthest and hence deepest part of the quay consist of large stone blocks resting upon a layer of relatively unstable sand
and gravel. Inevitably, over the last two centuries, the structure has suffered from significant subsidence.
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Consulting Engineers Elliott & Company proposed a solution for installing Cintec anchors to both secure the individual
blocks of stone masonry and also to underpin the whole structure to the bedrock below. 18 Cintec Multibar anchors were
installed by the drilling contractor Holequest Ltd, each anchor being five meters long and consisting of four strands of
16mm diameter 316 high grade stainless steel rebar in square formation. A drill rig was used to diamond bore each
150mm diameter hole prior to the installation of the mulibar anchors. The two man cycle of drilling and installation
proceeded at a rate of one anchor extremely variable weather even in the month of June.

High grade stainless steel was chosen to improve the long term
resistance to the corrosive effects of the salt water. Before installation,
the polyester sock of each anchor was completely saturated in fresh
water, not only to facilitate the injection and inflation of the anchor,
but also to provide a temporary barrier between the reinforcing bars
and the external sea water. The low pressure injection of the
cementitous grout expanded the anchors from the far bedrock end
upwards and so displaced any sea water within the drilled holes and
locking the anchors were installed, the original surface edge stones and
inner cobbles were placed back into position, concealing the
stablisation work beneath.

A mobile rig was employed firstly to core drill the
anchor holes, then to temporarily install a metal tube
hole lining, following by the lifting and lowering of the
Cintec anchor (above) and finally the removal of the
temporary core lining prior to anchor injection
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The Roman Ruins of Bet She’an-Scythopolis — Isreal (2002)
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Located below the Old City of modern-day Jerusalem, Wilson’s arch extended high above
the street in the time of Jesus. It is buttressed up against the Walling Wall of the temple
Mount and supported a bridge across the Tyropean Valley from the Upper City on the
Western Hill. Named after the explorer who discovered it in the nineteenth century,
Wilson’s extended 75 feet above the valley floor below, and covered a span of 45 feet. In
these photographs, the floor on which the people are praying is on the debris from the
Roman destruction of the city in 70 AD and later construction. The arch is now only 20 feet
above the pavement. Its majestic size and the enormous stones testify to the grandeur of
King Herod’s aspirations. Today the area beneath the arch functions as a prayer area for
religious Jews. Following its excavation in the 1860’s, the structure has suffered cracking
from regular seismic activity, most recently in the early 1990’s and also from more recent
nearby excavations of King Solomon’s Stables. The strengthening was carried out by Cintec’s
representation for Israel — Oganim Anchoring Solutions Ltd. With the use of diamond core
drilling to within just 200mm of the Western Wall No. 8 Cintec M12 Stainless Steel anchors
of between 2.36m and 2.75m long were installed under the supervision of the Authority of
Antiquity of Israel. The retaining sleeves of each Cintec anchor preventing the escape of
grout into the surrounding voids. The arch pier now stabilized against future seismic

activity.
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FIRST LUTHERAN CHURCH OF THE REFORMATION:

The First Lutheran Church of the
Reformation building which currently
houses the congregation, was built from
1903-1906. Its architect was W.H. Cadwell
and the contract for construction was given
to Murphy Brothers of Norwich. The
exterior is “native marble” from Ashley Falls,
MA. The interior was renovated in 1923.
Two spires which originally graced the north
and south towers were removed after
lightning struck the south tower in 1925.

The Senior Pastor Rev. Elisabeth A.
Aurand stated that the congregation
decided at the end of 2008 to remain in its
1906 building at 77 Franklin Square and to
solve the problems of the physical plant,
particularly two structurally faulty towers. It
adopted the Cintec System for tower
stabilization, an installation of stainless steel
anchors made by Cintec America, which will
allow completion of the work at half the
cost of traditional masonry methods. In
addition, the church has gained a listing on
the Connecticut State Register of Historic
Places and has submitted an application for
placement on the National Register
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Contractor Joseph Gnazzo in conjunction with Engineer Joseph Picarro of AJP
Engineering, LLC implemented the tower stabilization process shown below.

Type A was the approach used to stabilize the deteriorated areas of the faces
between the corners with a M12 %” dia S/S Anchor set into 1 %" diameter hole.

Type B was the approach used to stabilize the displacement of the external
pilasters of the tower with Cintec M16 5/8” dia S/S Anchors set into a %4” diameter

hole.

Type C was the approach used to cross stitch the pilasters with Cintec M12 %2”dia
S/S Anchor and set into a 1 %4” diameter hole.

Type D was the approach used to support the beams on galvanized wall brackets
attached with Cintec M20 %”dia S/S bracket anchors and set into a 2” diameter

hole.

Type E Involved installing on row of Cintec M16 5/8” dia S/S anchor and set into a

1 %” diameter hole.

General Contractor
Joseph Gnazzo Company

Bruce Panico
1053 Buckley Highway
Connecticut, Union
06076
860-684-2334

Copyright ©
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Engineer Of Record
AJP Engineering LLC

Joseph Porarco
Connecticut, Berlin
22 Robbins Rd
06037
860-539-5318
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Engineer
Anrep & Associates

John G Cook & Associates
1750 Courtwood Crescent, Suite 101
Ottawa, On K2C 2B5
(613)226-8718

Masonry Contractor
Lariviere Construction Ltee
640 Auguste Mondoux

Gatineau, QC J9J 3K3
(819)770-9703
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St. Alphonsus Church
Baltimore, MD

Project Engineer: Keast and Hood Company,
Washington, DC

General Contractor: Structural Preservation Systems,
Elkridge MD

Owner: Baltimore Archdiocese
Date: 2007

St. Alphonsus Church was built in the 1840s in downtown

Baltimore, Maryland. Dubbed the German cathedral because it

served the local German community, this striking example of neo-Gothic architecture is constructed of
brick with a slate roof and sandstone column capitals. In 1917, the Roman Catholic Church bought the
church and it was designated an Archdiocesan Shrine in 1994.

The original design by architect Robert Cary Long Jr. called for spires on all the columns. When
rehabilitative work was required on the capstones, the Archdiocese decided to also add the spires to
match the architect’s original vision.

Why Cintec anchors?

The inspection found that the deterioration of the sandstone capstones was caused by years of
weathering and freeze-thaw cycles, as well as maintenance neglect.

Cintec anchors were specified not only because they could stabilize

the capstones, but also because they could handle the wind load

requirements for the spires, they were compatible with the masonry,

and they could anchor the base plate for the spires.

Cintec made 20 four-foot (1219 mm) stainless steel anchors
designed to a 50 psf (2.39 kPa) wind load, wind shear of 600 Ibs.
(272 kg) per anchor and an uplift of 400 Ibs. (181 kg) per anchor.
The anchors are expected to
provide a rust-free holding
capability for at least 100 years,
satisfying the client’s desire for a long-term solution.

The work

First the general contractor repaired and stabilized the capstones for

the spire installation. Working on site from aerial lifts, the general
contractor drilled a 1.5-inch (38 mm) hole in the
centre of each column for inserting the anchor
wrapped in the patented Cintec sock. The sock
was injected with Cintec’s non-shrink
cementitious grout to hold the anchor in place.
Six inches (150 mm) of thread was left exposed
above the base of the column for attaching the
stainless steel base plate. The base plate then
held the spire in place.

The architect’s vision

This historic structure now realizes the
architect’s original vision and is solidly anchored
for safety and posterity.

Photo courtesy of Chauncy Primm.
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Wylfia Power Station, Anglesey, North Wales UK

A brick concrete structure near to the central core of Wylfa Power Station

was deemed to be at potential risk of collapse in the unlikely event of strong
seismic activity. The walls consist of an inner and outer leaf of brick and concrete
and the connections tying the two together were considered unsatisfactory. Heav
duty high tensile ferrous 12mm diameter wall ties were installed to secure the
stucture in the event of an earthquake. A number of Cintec Stud Anchors were als
installed to provide anchorage for electrical equippment (fuse boxes, cable ducts,
pipes etc) which were subseauentlv attached to the inner leaf.

s - -
/’;‘;«} 4x2RSEC |: Em
!zmi@ / 0
,'/,,-"j | k \\
/ || - B
_% - = :T* Cintec Anchorage for electrical
g mpsang  SONGFONT equippment

& Tensie Femous with
Threaded End
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Eglise Aizenay, France
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In order to repair damage caused by centuries of seismic activity, This French project involved the
installation of 11 meter vertical anchors through the flying buttresses together with 260 RAC
consolidating anchors comprised of 40 No. 1500mm 10mm CHS RAC’s plus 110No. 1300mm and
110No. 700mm of the same type
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CURRENT PROJECT:

Egypt's oldest pyramid at risk and a British
company has been called in to stop its collapse

By Daily Mail Reporter Last updated at 3:39 PM on 5th January 2011
A British engineering firm have won a lucrative contract to help save the oldest pyramid in Egypt.
The 4,600-year-old pyramid of Djoser almost collapsed in 1992 after being hit by an earthquake.

But in a bid to preserve the ancient structure, a firm from South Wales has been called in to keep the pyramid
standing.

To find out more on this project and many others by visiting our
FaceBook page or by following the links below:

http://www.dailymail.co.uk/news/article-1344204/British-firm-called-save-Egypts-oldest-pyramid.html#ixzz1Ae
94ApUd
http://www.theworld.org/2011/01/
07 /restoring-a-pyramid/

http://www.bbc.co.uk/news/uk-wales-so
uth-east-wales-12131830

http://www.pasthorizons.com/index.php/ar
chives/01/2011/21st-century-welsh-techn
ology-to-save-egyptian-pyramid

http://www.talkingpyramids.com/

http://ca.search.yahoo.com/search?e
i=utf-8&fr=slv8-tyc8&p=djoser%20%
2b%?20Cintec&type=

http://allaboutegypt.org/2011/01/saving-th
e-step-pyramid-of-djoser/

http://www.ukti.gov.uk/export/unit
edkingdom/wales/item/123314.html

Rescue operation: A Welsh engineering firm has been called in to save the Pyramid of Djoser in Egypt. A
team from Cintec in Newport has been contracted by the High Council of Egyptian Antiques to rescue
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Rescue operation: A Welsh engineering firm has been called in to save the Pyramid of Djoser in Egypt. A
team from Cintec in Newport has been contracted by the High Council of Egyptian Antiques to rescue the
landmark, which is also known as the Step Pyramid. The firm worked on Windsor Castle after the fire of 1992
and was also called upon by the Indian government to strengthen a major Delhi bridge ahead of last year's
Commonwealth Games.

Landmark: The 200ft pyramid was built in around 2650BC

And after building a reputation for preserving landmark
structures, Cintec has won an £1.8million contract to save the
Pyramid of Djoser.

The engineers will use self-inflating water-filled bags to bolster
against the collapse of a damaged ceiling inside the pyramid.
Stainless steel structural reinforcement anchors will also be
implemented in a bid to secure the strength of the building's
central chamber.

Peter James, managing director of Cintec, said: 'We are

extremely pleased to have been appointed for this project and

are always looking for new methods to support and maintain
historical landmarks across the globe. We recognize the importance of both historical and religious structures to
their cultures and hope to continue to develop advanced reinforcement systems that will preserve archeological
structures for future generations.

"The Step Pyramid project is of particular importance to us as the entire structure could be destroyed at any point
due to the damage on the ceiling and roof caused by the earthquake. 'We aim to work as efficiently as possible
on this project without comprising the design or strength of the structure." Built in around 2650BC as a burial
place for Pharaoh Djoser, the Step Pyramid can be found in Saqqara, around 19 miles south of Cairo.
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In some locations, following removal of the timber flooring, it was found that the brick floor was
much shallower than originally measured, and too thin to drill safely. The anchors were able to
be placed in channels sawn in the floor, still managing to achieve the required bond with the
brickwork and yield the composite action required. Yet another instance of the versatility of the
Cintec anchoring system was demonstrated.

Cintec Reinforcement Systems
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CASE HISTORY

PRINCES’ GATE

TORONTO ONTARIO CANADA

The eastern entrance to Exhibition Place is marked by the Princes' Gates, a beautiful structure named for Edward Prince
of Wales (later Edward VIIl), and his brother Prince George (later The Duke of Kent). Often mistakenly called the
"Princess Gates," the monumental Princes' Gates were built to celebrate Canada's 60th anniversary of Confederation
(1927). The gates are made of a mix of stone and concrete. There are nine pillars to either
side of the main arch, representing the nine Canadian provinces in existence at the time of
construction. Flanking the central arch are various figures representing progress, industry,
agriculture, arts and science. The gates were designed by Chapman & Oxley in Beaus Arts
style and in 1987 the gates officially became a listed building under the Ontario Heritage Act. - _-f =

Cintec had already provided anchoring solutions for other historic buildings within the vast _
Exhibition Place complex. Naturally, when R. O. (Rick) Coombs of Nexus Architects and Tony o
Serafico of Clifford Restoration Limited were tasked with the seismic issues relating to the ol T
columns, they turned to Cintec. [ | B

Each column consists of several, tapering, annular rings stacked to a height of 27 feet and sit | ; ey
on a concrete pile cap some 7 feet thick. The project required an anchor that would extend =z } =l Jr | Them
the full depth of the column and pile cap, mechanically and adhesively tie all components L) r:—[ 1

together and allow post tensioning load of 25,000 pounds per column.

T -
SECTION

The annular rings had a 3 inch centre hole precast and the centre of the pile cap was precision
cored 4 inch diameter by Davis Structural with a PCD type bit to give a %" X %" groove for
improved attachment. Two stage anchors, 35 feet long were fabricated by Cintec, each comprising
#9 carpenter stainless steel, 4” diameter polyester Cintec sock for the 7 foot first stage and 3”
diameter sock for the second stage.

The anchors were carefully lowered into place by crane and the first stage inflated using Cintec
Presstec® grout. After 7 days, tension load of 25,00 Ibs.was applied, bearing plate secured and
the second (27 foot) stage was inflated.

CONTRACTOR
CLIFFORD RESTORATION LIMITED
86 Mack Avenue
Scarborough, Ontario, Canada
1416 691 2341

ARCHITECT
NEXUS ARCHITECTS
214 Merton St, Suite 208

Toronto, Ontario, Canada
1 41R OR? ’RNA7
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Every day Applications including Fire Damaged Buildings ,Readaptive
use of Buildings & structures, Monument & Chimney Repairs,
Historical Restoration ,Stud and Nelson Stud applications ,

Cost Saving applications & Unusual applications
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CAS E H I STO RY Readaptive use of structures

Marriott Hotel. Liverpnool Airport

The Marriott Hotel was once the old control

tower and terminal building for Liverpool

Airport. With increased demand two new

wings have been added in the same Art

Deco style.

However in order for pedestrians to access

the new development the two existing

circular staircases needed to be extended

through approx 140° and also rise by approx

750 mm (30 inches). Insertion of Cintec anchor section of ‘I beam into
The Architect did not wish for the brickwork
cantilevered 'I' beams to be bolted to the

brick wall with conventional end plates as

they would remain visible and so the

contracted engineers and Cintec produced a

design of casting them in.

A 200 mm (8 inch) diameter, 450mm (18

inch) deep hole was hand cored by diamond

drilling into the brickwork. All the 100 x 100

(4x4) "I" beams were fixed to supporting ‘I beam following anchor grout injection
scaffold after insertion and leveled by

surveyors.

The work was carried out in 2000 by the

Liverpool branch of Terminix. Formerly Peter

Cox.

All installed ‘I' beams leveled and supported as grout
Hardens
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Readaptive use of structures

COBWEB BRIDGE - Sheffield UK

Situated in the city of Sheffield, the cobweb bridge was con-
structed to extend a riverside walkway known as the Five Weirs
Walk, down the River Don to below the Wicker Arches Viaduct.
The ‘Wicker Arches’ is a Victorian railway viaduct in the center
of the city. The space below each arch is used by workshops of
various sorts, all apart from the one spanning the River Don.

In order to extend the walkway, the Five Weirs Walk Trust '

requested that a footbridge be suspended under the arch spanning ~ View of the supporting cabies under he arc afe
the River Don, its construction would avoid a one-mile detour. igeiidag fr°p°m”9 scaffold.

The City Council consulting engineers Sheffield Design & Prop- -
erty, were engaged to design and supervise the construction.

Completed mid 2002, the footbridge is suspended from cables
fixed into the arch stone work with over 120 Cintec Stud anchors
with heavy duty eye-nut attachments, the design of the anchor
was determined after extensive testing, and the drilling was car-
ried out to match the angle of the cable to avoid bending moment.
The cobweb Bridge is so named not only because of the web-like Upper Fixing Detail - Cintec Stud Anchor with Eye
mass of cables from which it suspends but also because the istal- LB e

lation of two lighting rigs, suspended from the arch crown by
Cintec anchors, are shaped like giant spiders.

The anchors were installed by JHM (Drilling & Grouting) of
Doncaster sub-contractors to the main contractor - Thyssen.

The Wicker arches are an English Heritage listed structure

designed by Sir William Fowler, the designer of the famous Forth o,
Rail Bridge. Lower fixing detail with turn buckles.

Copyright © Cintec Reinforcement Systems




Chimney & Monuments Restoration
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deteriorate, the lightning protection system was anchors which had sufficient moment and shear
vandalized and lightning strikes shattered capacity to effect the force transfer. The frame
brickwork at the top. was designed to form its own scaffolding as it

Cintec’s Australian representative, Bill Jordan, rose, so saving the very large costs involved.

was engaged to provide conservation advice

CINTEC ANCHORS TO FILL

and structural analysis for the chimney. AP BETMER WALL & A detail from the
WASHERS EACH SIDE

In the first phase of work the lightning protection TN S \ structural drawings

was repaired and upgraded and the lightning [ b

damaged brickwork at the top of the chimney II N

was stitched together using Cintec CHS10 l

anchors up to 2.2 m long. The chimney was fully (T e Sk

scaffolded for this operation and the opportunity i:;::;iuu S[ S

was taken of testing the brickwork to provide ’ E <1

data for the subsequent strengthening. e N ] 2 HIS/RATE BOLTS AT JOWTS

Analysis showed that the intact chimney was [ | | & =it

ey DRSO e I e S R DI PRI

Copyright © Cintec Reinforcement Systems



CASE HISTORY Chimney & Monuments Restoration

Guisborough Hall Hotel, Chimney

Guisborough Hall is being renovated tp provide high-class apartments: Balast Construction is carrying out the
renovation with some care, as it is a listed building.

Glyn Robinson Associates were retained to provide structural design elements and their main problem was the
wind loading on the 2.6 & 3.1 Mt. high chimneys. Only seven of these 18" century octagonal chimneys out of the
total of 44 would be used. Cintec proposed a specially designed anchor to create a teinforced concrete column
inside the chimney, bonded to the pot liner (where there was one ). This anchor consisted of 4 — 12mm stainless
stell rebar anchors in a 250 mm dia sock for the 300 mm flues.
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CASE HISTORY Chimney & Monuments Restoration

Partially missing ceramic liner ->

Chimney’s capped with a stainless plate. ->
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CASE HISTORY

Old Parliament House, Canberra Australia

T

-

b

Old Parliament House in Canberra served as the “temporary” seat of Australia’s federal Government
from it’s opening by the Duke of York (later King George VI) in 1927 until the opening of the new building on
the hill behind it in 1988.

The building was built of brick, cement rendered internally and externally, with some of the render being
up to 30 mm thick and in up to three layers. During the buildings conservation for it’'s new use as a
parliamentary museum, it was found that much of this render had lost adhesion and was “drummy” yet it
was worthy preserving as a record of techniques used in it’s application and the history of painting
contained on its surface. The project managers were particularly concerned to ensure that the render could
not fall on users of the building.

Standard techniques using various proprietary adhesive injection techniques were tried on a test panel
from which the render was then cut to reveal that none were adequate. Two problems were apparent.

e The adhesive resins were absorbed into the bricks or the render, but often did not bridge the gap:
e The loss od adhesion in the render was a different layer boundaries which meant that a large area
of “drummy” render did not have one large void but separate voids at different levels.

Eventually CINTEC came up with the option of pinning the render in place with the use of a grid of 75 mm
long CINTEC RAC anchors. The anchors were inserted through the render into the underlying brickwork, but
left protruding at the surface so that the sock-encapsulated grout bound the full depth of the render layers:
the CINTEC “pins” were trimmed after hardening and the hole repaired.

Work is continuing as the building is conserved.
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CASE HISTORY

The Canadian Parliament

The Centre Block of the parliament buildings accommodates the House of Commons and the Senate. All
Canadian law originates here. The original building was constructed between 1860 and 1865. After the fire of
February 1916, which totally destroyed the building except for the library, the building was rebuilt of Nepean
Sandstone.

The West Block, also constructed in 1860, was added to in 1878 and has also seen a major fire which in 1897
damaged the top stories. Today the building contains the offices of the members of Parliament and staff,
together with the Confederation room which is used for some state occasions. Major repair and restoration work
has been carried out to ensure that these historic buildings continue to serve Canadians for many years to come.
CINTEC was involved in major repair to both these buildings. Walls of the Senate Tower were stabilized above
the roof level using 5 metre-long fully socked 12mm and 16mm dia. threaded rod anchors. Gargoyles on the
four corners were stabilized with anchors drilled from the inside of the tower into the back side of this prominent
architectural element.

Pavilion walls on the south side of the building were secured to the floor diaphragms using 4 metres long
anchors installed through three steel floor beams, and pairs of diagonal anchors. The anchors were modified
on site to suit the condition of the floor structure. Chimneys on the south side of the Centre Block roof are
being secured to the roof structure using long anchors through the chimney. The anchors either end in attic
walls or expand around steel roof beams.
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CASE HISTORY

PRINCES’ GATE

TORONTO ONTARIO CANADA

The eastern entrance to Exhibition Place is marked by the Princes' Gates, a beautiful structure named for Edward Prince
of Wales (later Edward VIIl), and his brother Prince George (later The Duke of Kent). Often mistakenly called the
"Princess Gates," the monumental Princes' Gates were built to celebrate Canada's 60th anniversary of Confederation
(1927). The gates are made of a mix of stone and concrete. There are nine pillars to either
side of the main arch, representing the nine Canadian provinces in existence at the time of
construction. Flanking the central arch are various figures representing progress, industry,
agriculture, arts and science. The gates were designed by Chapman & Oxley in Beaus Arts
style and in 1987 the gates officially became a listed building under the Ontario Heritage Act. - _-f =

Cintec had already provided anchoring solutions for other historic buildings within the vast _
Exhibition Place complex. Naturally, when R. O. (Rick) Coombs of Nexus Architects and Tony o
Serafico of Clifford Restoration Limited were tasked with the seismic issues relating to the ol T
columns, they turned to Cintec. [ | B

Each column consists of several, tapering, annular rings stacked to a height of 27 feet and sit | ; ey
on a concrete pile cap some 7 feet thick. The project required an anchor that would extend =z } =l Jr | Them
the full depth of the column and pile cap, mechanically and adhesively tie all components L) r:—[ 1

together and allow post tensioning load of 25,000 pounds per column.

T -
SECTION

The annular rings had a 3 inch centre hole precast and the centre of the pile cap was precision
cored 4 inch diameter by Davis Structural with a PCD type bit to give a %" X %" groove for
improved attachment. Two stage anchors, 35 feet long were fabricated by Cintec, each comprising
#9 carpenter stainless steel, 4” diameter polyester Cintec sock for the 7 foot first stage and 3”
diameter sock for the second stage.

The anchors were carefully lowered into place by crane and the first stage inflated using Cintec
Presstec® grout. After 7 days, tension load of 25,00 Ibs.was applied, bearing plate secured and
the second (27 foot) stage was inflated.

CONTRACTOR
CLIFFORD RESTORATION LIMITED
86 Mack Avenue
Scarborough, Ontario, Canada
1416 691 2341

ARCHITECT
NEXUS ARCHITECTS
214 Merton St, Suite 208

Toronto, Ontario, Canada
1 41R OR? ’RNA7
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CASE HISTORY

AURTHERS COTTAGE:
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CASE HISTORY

The Jealous Wall Folly , So

Now owned by Westmeath
County Council and due to
Be part of a new Visitors’
Centre, this remarkable folly
was builtin 1760 and
originally constructed to
look as though it was a 200
year old ruin.

Some 55m long and up to
20mm high, it was erected b
Lord Belvedere to block the
View of his estate his
Neighbor and brother,
George Rochfort, whom
Accused of having an affair
With Lady Belvedere

Problem

Despite appearing seriously unstable, with an erratic and |
line of pinnacles listing off plumb and various openings loc
to collapse,

the bulk of the structure was in fairly good condition. Hoy
spreading

ivy had shifted large sections of stonework and weatherin
greatly affected much of the original lime mortar, to the p
failure in some areas.

Full structural integrity had to be sympathetically restorec
disruption to the original fabric.

Solution

A programme of concealed repairs was devised by the structural
engineer. Initially all ivy and other vegetation was remove:
jet washed before temporary repairs were carried out.

Precision diamond core drilling was undertaken horizontall
at various angles to allow the installation of Cintec grouted
anchors up to 14m long. The accuracy of this drilling was c
several instances two 65mm diameter core holes, which hz
minimum 50mm from the wall face, were drilled through t/
wall while allowing a horizontal anchor to pass unhindered

All voids were then grouted, pinning stones refixed and ext
mortar repointing carried out to fully restore and secure th
while retaining its original ‘unstable’ form.
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Stud-welded Masonry Retrofit Anchor System

The Prudential Building Chicago The Chicago Jewelry Exchange

Stud-welded Masonry Retrofit Anchor System

Designed to restore lateral tieback to the supporting steel frame, the nelson® stud-welded masonry
retrofit anchor has been successfully installed in repair applications to restore structural integrity to
damaged or deteriorating masonry systems. Combining two diverse material technologies. CINTEC's
R&D department working with Boyd Associates, Inc. developed a masonry retrofit anchoring system
which combines welded steel studs with the CINTEC® retrofit masonry anchor system.

The system is installed by first drilling small holes through the masonry to the surface of the structural
steel member. A separate bit is then used to lightly mill away any surface rust or buildup on the surface of
the steel member. A threaded stud is then fusion welded onto the steel member using a special adapter
mounted on the standard stud gun. Following stud installation, a standard CINTEC® masonry anchor with
a special adapter is threaded onto the stud and completed in the standard manner.

This anchoring system has been used to restore ties to brick and terra cotta in situations which would
have otherwise led to mare extensive and costly removal. Current applications have included both short
term and permanent repair of masonry in which the original tie materials were either missing or severely
deteriorated. In situations where eventual removal may take place in the future, the threaded studs can
remain as the permanent structural tie for the new masonry.

Engineers for the Chicago Jewellery
Exchange

Jon M. Boyd Consulting

Structural Engineer

Engineers for the Alternative Repair
System

to the Prudential Building

Simpson Gumpertz & Heger Inc.
Consulting Engineers
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Gas Explosion Protection
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CASE HISTORY

Cintec in North America was contacted by Thornton Tomasetti Engineering Corporation to find a
solution to this issue, working together Cintec North America and Tomasetti Engineering
Corporation formulated a plan. Through exploratory probes and use of a borescope it was assessed
that the structure behind the columns (staked brick) was sound, given this assessment it was
decided that all that would be needed would be to attach the Cintec Anchoring System to the
backup and tie it to front face of stone that was sound in order not only to strengthen the
attachment to face but to create additional points of contact in the stone face brackets that were
sound. This was achieved by drilling oversized holes through the face of the stone and recessing
the anchor 1” from face of stone to accommodate a finish patch, thus creating an invisible repair.
The ability to tie the face of the original Terra-cotta panels to the back up wall saved the integrity of
the landmark building.

Savings:

By affecting, this repair method as opposed to fiberglass replacement and demolishing landmark
terracotta brackets and columns, the owner was able to save more than 15 Million dollars and
effect repairs in less than a quarter of the time needed to replace brackets. The General
Contractor on this project was United Restoration Corp who worked closely with Cintec North
America, Thornton Tommasetti (Engineer of Record) and Arteco Design Corp (Driller/Installer) to
complete this project with minimal issues and maximum savings.

General Contractor Engineer of Record Specialist Masonry Contractor
United Restoration Services of
NY Thornton Tomasetti Arteco Design & Restoration
295 Greenwich St, Ste 341 24 Commerce Street, 8" FI 8 Bogart Place
New York, NY Newark, NJ Yonkers, NY
10007 07102 10708

Tel: 212-431-1261 Tel: 877-993-9737 Tel: 914-793-9424
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Unusual, Cost Saving & Every day Applications
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REINFORCEMENT SYSTEMS

United States

Cintec America Inc.
200 International Circle, Suite 5100,
Hunt Valley, Maryland
21030, USA
Tel: 1410761-0765
1 800 363-6066
Fax: 1800461-1862
E-mail: solutions@cintec.com

United Kingdom

Cintec International Ltd.
Cintec House

11 Gold Tops

South Wales, UK

Newport NP204PH

Tel: +44 (0) 1633 246614
Fax: +44 (0) 1633 246110
E-mail: hqcintec@cintec.co.uk
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Cintec Reinforcement Systems
38 Auriga Drive, Suite 200
Nepean, Ontario, Canada

K2E 8A5

Tel: (1) 613 225-3381

Fax: (1) 613 224-9042

E-mail: solutions@cintec.com

Visit our website for up-to-date
information and test data together
with information on the various
projects caried out worldwide.

www.cintec.com



