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SEISMIC REINFORCEMENT SYSTEMS
FROM CINTEC
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Cintec's Reinforcement System  Wiiwiritits

The Cintec Reinforcement System & acknowledged by onal engineers throughout the word o ke a highly effectve
and versatile method of structural reinforcement. e umigue design features allow for adaptabons that meet the
specific strengthening and repair requirements individual 1o each project. h recent years, extensive research and
develop-ment have focused upon the confribution Cintec Reinforcement can and do provide n the fields of seizmic

upgrading and repair while still remaining sensitive to the onginal architecture,, AT

The Cintec reinforcement systemn comprizes a steel bar
enclosed n a mesh fabnc zleeve info which a specially
developed grout £ injected under low pressure. The grout
& a Porland cement based product containing graded
aggregates and other constituents which, when mised wath
water. produce a pumpable cementiious grout that exhibits

good strength without shonkage. Installabon & by precisely

drlled holes uwsing wet or dry diamond dnlling technology.
The flexible slesve of woven polyester restraing the grout

flow and expands up to twice i previous diameter moulding

itzelf into the shapes and spaces within the walls. This
provides a strong mechamcal bond along the entire
length of the reinforcement without the need for unsighily
extemal tile plates on the extenor of the structure. in brief
Cintec Reinforcement has the following advantages:

* Custom designed for each project

* Cementitious, Inorganic grout and therefore sym-
pathetic to original structure

Age tested for durability

Invisible when installed

Resistant to fire

Controlled grout flow and containment

Quickly installed

Approved by heritage organizations world-wide

MNon Percussve dismend drilling removes come kato
which g rednforcement will be instalfad.

Cintee System

drilled hele uzually
double
reinforcement bedy
size

main body available
o a square o
circular hollow
seetion, solid or
multi-bar profile
fbric containing —
reinforcement

T

grout injection meulds
reinforcement © te shape
spaces within the wallz

inner wall substrate

The size and type of steel, the strength of grout and the
diameter of the hole can al be vaned o provide the
required design parameters and o prowvide an appro-
priate stiffness compatibility with the masonny. The bond
strength between the grout and the masonny are usualby
derived from static pull out tests.

Both on-site and leboratary festing provide shear and tensils
loading copabilithes. Booklets of dabr ore availmble.



wiamangy Seismic Research & Development wamiiiash

h order to provide the comprehensive service Cintec has to offer, gdvanced computer modeling technigues heve been
deveoped which simulate masonry structures both with and without strengthening.

The Software

Simulating disconfinuous structures such a8 masonry F ig
through the use of continuum based numencal models __;
was not considened sufficient to provide the requined
lewel of accuracy and gener@lly dd not provide a practi-
cdl method of analysis for masonry.  Such techniques
fall I accurately predict the dynamic mechanisms
imvohvad when intially isclated parls react together.
Because of these inherent drawbacks Cintec employs a
discrete element technigue.
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The discrale slamanl Sofwand o i,

Working closely with consulting engineers, Cintec utilises an
adaptation of this advanced dynamic software which has been
adapted 0 represent differing masonry properties. These
range from Macre blocks with essentially no strength at

the joints - (commonly found n historical structures), Brittle
Matarial; (where blocks and joints have predominanthy similar

A modelied varsinforcsd siruciure durng selsmic Joodng. Varous strengths & & often the case for modem forms of construction)
combiaations af ranfarcemsnl paltarns are fasiad o :

astsbish heir parformance unaar loads 8nd iheir oplimum and Brittle Macro Blocks which uses the macmo block approach
Kosations.

bt with brittle materials that pemit block representation o fracture into further parts.

Cintec reinforcement systems ane represented explictly in the modeled masonry. They ane designed not inbe
defiberately stressed, butto attract load during a seismic event The modeled reinforcement permit recovery of bond
stresses, avial stresses and slippage along the length of the reinforement
a any time during loading. Various strengthening amangements

are simulated o achieve the optimum strength and dudilty for

an individual building. These @n be N horizontal, vertical and
diagonal arangements & well a n combined pattems.

Backed by this research, Cintec can offer a rapid evaluation of
structures and provide the level of strengthening most appro priate

for each building.

A [ppical modsl arrangamen! for an idealesd hikiing =

Computar animdiians veing ihe dscrafe slemenl Bohnigus wWivalse polenlial siresses
incurad dunng sesm iesdin
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iiiaawaed  Practical Seismic Testing  Maviiashisriasiiminy

erfication for simulated computer modeling derves from a
senes of actual tests camed out n both the field and the
Izboratony:.

h ajoint venture employing Cintec Reinforcement for
strengthening

masonry arch bndges, the discrete element technique & uzed o
calculate their collapse loads. The resuliz comelate very dosely
with the practical test to destruction of a real decommiszioned
brndoge and a full-scale model built at the Tranzport Resesarch
Laboratory n Great Brtain.

Full scale festing o desiuction.  Cintec reimoreement i revealed foliowing colspse o f

inner masanry fing 2t over hnce the urreinforeed maximun foading

Reaction wall testing 0 colaborafion with the Ewopean Commission at the Joint Physacal tesing amed specthcally at seismic
Research Centre (L] at ispra - Northern il kbading has tsken place n the reaction wal
lzboratory of the Jomnt Research Centre nkaly
Pseudo-dynamic and cychic tests were camied out
i & full-scale model of pan of he cloisters of the
Szo Vicente de FormMonastery, n Lishon -
Portugal. The ressarch was aimed 3t characienzing

ol 1

the nondinear behawior of stone block struc-tures
under earthguake loading and also at assessing the
effectiveness of retrofiting Cintec Reinforcemeant.
The retrofited model dem-onstrated that the
contimuous bond Cimtec Reinforcement performed
far better than pre-compresseon tes.
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evidence for the applicability and effectiveness of such a kind of refrofiting n terms of deformation capacity and

strength of the model.
EF_ .

B

The University of Southampton n Great Brtzin
haz aleo underdaken prachical testing. Shaking
table testz were performed to investigate the
behavior of masonny block work structures with
and without Cintec stitching reinforcement  The
concluzions revealed the shitching reinforcement
‘significantly increasad the parformance of

masarry structures under hornizontal dynamic

lpading.
Tried & The Shating Table Study cancentrated
Tested o cediwlar huidings with masonny A

Geades. Cinter Lateral Restrainis

increzsed the falure foad by 3 Golor
ofmore than wo
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wiwireelweadl  Following An Earthquake  bisswiismtmistwidimesiii

The structural damage caused by an earthquake n an urban area & often compounded by ensuing fires. Many
properties which have survived the initial shock may subsequently be destroyed. Destructive fire test frials conducted at
the Building Research Establishment (BRE) in Great Britain have compared the cementitious Cintec Reinforcement
against both mechanical expansion and resin systems of reinforcement. All were subjected o temperatures of 1200 Coht
these tests the resin ties failed on average after 12 hour heat exposure. Metal expanders were capable of longer

perods of resistance which could exosed 1 hour, but could fail prematurely if they wene not sufficiently torqued. The

best results were achieved by the Cintec Reinforcement anchors which were capable of at least 2 hours resistance.

This exira-ime may prove sufficient in maintaining the structural integrity of a building while a potentially devastating fire &
brought under control. | f RN

Trial by fire
Cintec reinforcements were installed int
200 year old Fullers Brewery inLondon (right). A fire however, subsequently
destroyed the interior of the building. Although subjected to extremely high
temperatures the reinforcements remain intact,

and pull out tests revealed that they still performed to their original

design specification. Hada resin alternative been specified, they may well

i i L . Pl ourt tesis mmveaied’ thar Cimse S
have mefted. Where Cintec reinforcements had been installed there were nocracks in o fieation aven b e

wolfs wors! ailfected

the structure. Their earlier performance ensured they were used 1o consolidate brick work delaminated by the
heat and allow internal repairs without the risk of collapse

Case History: Newport Heights Elementary School, Washington State.

Mewport Heights Elementary School, Washington, was built n the eary 1960's, well before modem S, seismic codes
werz in place. Although the one-storey bulldings have a well designed and well built roof system, the entine exterior
envelope was composed of concrete masonry (CMU) infill walls. These walls were neither anchored nor reinfonced o
the main structural frame for in-plane or out-of-plane forces. Furthermore, the hollow cells of the CMU were completely
ungrouted. Reinforcement was clearly necessary o avoid the risk of collapse duning a seismic event.

To maintain ficor space, steel plate "backer bars™ were chosen o reinforce the walls. These were anchored to the floor
slab and the roof structure with standanrd fasteners. The connection between the "backer bars” and the hollow ChU
required @ mome custom connection; an anchor that could be set through a small hole into & hollow cedl that could then
be filled with grout {while not filling the entine verdical cell) and finally, anchored o the "backer bars" with a head screw.
Cintec developed an anchor specifically tailored o the project's needs. A number of anchonng devices had

| previously been tested but only Cintec met the load
requirements. Their swift and smooth installation con-
vinced the school district and the general contractor that
Cintec reinforcements wene the right choice.

inMorth Cintec Balso invohed nseismic

projects for Pacific Gas & Eleciric and the Mission of San
Juzn Capistrano.




Wiy Case History: Christ Church Cathedral Wity

h 1989 a powerful miraplate earthquake occumred onky
1dkm (8.7 miles) below the surface of Newcastie n New
South Wales, Austraba. e effect on the provincial cathe-
dral was considered so extensive & was feared lange
sechons would need o be demnolished and rebuilt How-
ever, the conzulting engineer involved in iz refurbishment
became aware of the Cintec Mazonry Reinforcement
system previoushy unbnown in Australia.

Folowing extenzive tmal inctallations and testing both
engineers and architects aogreed that & was the onby
viable system for reinforcing the Cathedral.

The prime aim of the structural design was o tum the
build-ing into & ductile structure, lack of ductility being the
main cause of catastrophic collapse of buildings during
earthguakes. A two-dimenzional finiie element analysis
was camed out n order to generate a computer model
which would predict the behawiour of the structure during
pozzible future seismic acthity. Remforcement lengths,
diameters and locabions were alzo modelled n order o
achieve the most appropriate design. b total 3770 meires
{12 400f%) of reinforcement was installed n accordance with
the updated 1993 Australian desion code for earthguake

A twenhy metre fE#) verfical Reinforcemeant haing piaced by oana.
ThE projiect saw the installation of honzoms! mivorcementof upio
J2 metes

(T0.5%) i length, Cimecs iongest ip daie. Small woeo camaras and fhne
apics wereussd i vendy the infegmty of eachdnill hoke aimng s fulf
fengih




il Case History: The Mosque of al-Ghuri washisiassg

I & accepted that al numerical modefing of masonry structures will inevitably present a somewhat idealized
representation. I practice, a degree of pragmatism and engineering judgement & also required, especially where
localized repairs are involved. The reinforcement of d Ghurd Mosgue N Cairo, Egypt. & a case n point

I 1952 an earthguake of approximately 59 on the Richter scale
occurred 30km (185 mies) o the south-west of Caim. The epicenire
was near the surface and its refatively high freguency meant that
damage to low structures of up 1o five storeys was intensified. Buikt

in 150440 (9084H) the mosgue of Sultan al-Ghur was left in a wery
delicate state of equilibrium. Despite having sunived for 500 years,
earthguakes and neglect had brought the structure © the point of
collapse. Typical damage included separation of walls at right angles
resulting n vertical cracks, spreading of the arches and dropping of
voussoirs, settlement of the floors, failure of roof to wall connections
and a loss of integrity of the walls construction.

A fve metre (16'5") long vertical

refnforcemant being instalizd at

roof el
Working n conjunction with The High Council of Eg'_.rpnan Antiquities, Cintec
Feinforcement was extensively introduced 10 restore structural integrity and
provide additional ductility to the building. Anchors up to 12 metres (35ft) long

%t served to stifien individual walls which in general comprised two facing skins
A archway & computer modeled Devaliate filled with a core rubble.  Longitudinal tes in each of the stone facings n the
potential seismic koading. .
walls above arches serve o resist the thrusts naturally produced by the

i 2

chis gl

arch as well as serving o
assist the walls to resist

subsequent earthquakes. Inadditiong

|

transverse ties of length equal I‘J'ﬂ'ld':
thick-ness of the wall acled &8 |
consolidation anchors. Fur I
thermaore, Cintec reinforcement
connecting the roof struc- =

ture to the perimeter walls crea

diaphragm action.

i

An enginears drawing details typcal o
placaments for the anches. and gdewﬁlsﬁ




United States

Cintec America Inc.
200 International Circle, Suite 5100,
Hunt Valley, Maryland
21030, USA
Tel: 1410 761-0765
1 800 363-6066
Fax: 1800 461-1862
E-mail: solutions@cintec.com

Canada

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

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

CINTEC

REINFORCEMENT SYSTEMS
www.cintec.com



