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Figure 2. Appfmahan of wm}:raﬂse fabrics to the URM. wa-;! (Courtesy of
Structural Hﬁnab.rhrafmn Eﬂmmai‘mnj |

At the wll suﬁaﬁe msmmﬁd-mﬁmﬂ thin
layer of a two-part epoxy was amtm&lu ﬂlﬂfﬂl[.”ﬁi&ﬂhﬂ ;:

* glass, was pressed agains! the wet epoxy, as shown in Figure |

' degree directions, with a tensile strength of approximalely |
175 N/mm in each direction. The edges ﬂfﬂf&fahﬁm“ﬁem‘:

tive paint was also applmﬂutﬁswmw ?ﬁsihlmless;j
of the wall was increased by only 5 the .
retrofit. The project was completed on Hime and atfam%i«S} )
ings of 30% compared to the cumnnma}ﬁmmm using

shotcrete. This is the first reported field application of such

atechnique. The retrofitted wall at tﬁempl&tmn qulié«pr 5
ject s shuwn in Fagure {3} L7

flexure, a common solution is to attach a gridwork of steel
‘rebars to the face of the existing wall and use shoterete fo
‘increase the wall thickness from 150 to 200 mm. The addi-
tional weight increases the dynamic loads on the building,
~which in lumn often requires strengﬂmn‘ing of the foundation

to suppurt the heavier wall. In the case of this hdemg how-
ever, due to space limitations, this option was nat available,

AS a resul it was decided o retoft the wall by appjgﬁmi‘}
Z'Eﬂmﬂfﬂllﬂ‘lahl'lﬁs t‘ﬂ IJDTJ‘I faces, . e ;

which was 915 mm wide and constructed primarily of

(2). The fabric included equal amouns mmmmﬁsﬁndwgi

overlapped so as to provide continuous lmfﬁﬁté@mnﬂg_r.,_
wall. Atap coating of epoxy and a fayer of ullravialet
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Research

= FRP Gomposites for Repair of RC Structures

Beginning July 1, 1935, a project entitled: “Externaily
Bonded FRP Composites for Repair of RC Struciures,” was
undertaken at The Pennsylvania State Universily. The pro-
ject will have a duration of three years with funding from the
Mational Science Foundation. The abjective of this work is
fo provide fhe engineering science necessary for the imple-
mentaticn of externally bondsd FRP reinforcement for the
repair of concrete structures, except for the case of members
subjected lo compression where enhancement of strength
and ductility is the result of lateral confinement of concrete
[&.0., column wrapping). The material of interest consists of
highly flexible sheets made of dry fibres or prepregs, e
pre-impregnated fibres, that can be adhered 1o a concrele
surface after minimum surface preparation (e.g.,
cleaning/szaling/priming) by means of a polymeric resin,
The fibres are of the high-strength and high-modulus cate-
gory, such as carbon and aramid. The project consists of an
experimental and analytical study based primarily on tensile
RC specimens. Tests are conducted under quasi-static con-
ditions after mechanical conditioning by means of repeated
and sustained loading, and environmental canditioning by
means of thermal cycling and exposure to aggressive envi-
ronments to quantify the effects of externally bondsd FRP
reinforcement on cancrete resistance 1o cracking, and 1o
assess long-term sirengihening performance. An imporiant
part of the durability study is to determine whethar the pras-
ence of FRP reinforcement promotes/inhibits degradation of
sleel reinforcement in concrete.

The project will benefit greatly from the collaboration of the
manufaciuring and construction industry in the provision of
suitable materials and making available figld applications as
a test bed for laboratary findings and verification of model-
ling.

For further information please contact Or. &, Nanni at Penn Stale (Ta:
B14-863-2084, Fax: - 4789; E-Mail: AXNZZPSUVM PSULEDL).

© FRP for the Strengthening of Historic Masonry
Structures

Research carried out over the past two years at the
University of Patras, Greece, in ihe area of strengthening
with FRP materials has focused on rehabilitation of historic
masonry. The research efforts, led by Prof. Trizntafillou,
have aimed at developing and understanding two novel
technigues for masanry rehabilitation using composites. In
the first technigue, ald masanry buildings are strengthenad
using lightweight and corrosion resistant FRP tendons in
the form of strips anchared to the masonry only at their
ends. The strips, which may be applied in a reversible man-
ner, are circumierentially applied on the external face of the
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building, in a color malching that of the surface, and are
post-tensioned to  provide harizontal  confinement.
Analytical and finite element calculations show that this
method is very effective, especially when the ties are made
of CFRP. The study has led to the development of optimum
anchorages, and to the proposal of a design procedure with-
in the framewark of ultimate limit state design.

In the second fechnique, the facades of ald masonry build-
ings can be strengthened using CFRP laminates which are
apaxy-bonded to the surface of the masonry, the laminates
being parallel to the direction of the maximum principal ten-
sile stresses, and thus serving the role of tensile reinforce-
ment. The laminates are finally covered with a thin layer of
plaster. Greek engineers regard this technique as a desir-
able alternative to the commanly-used reinforced concrete
or shoterete jackets, which not only add considerable weight
to the structure and adversely affect the assthetics, but are
also inapplicable in the case of facades with arches. The
first application of the technique fo a 150-year old building
in the historic centre of Patras is in progress, with partial
funding from Hilti Carp. and the Swiss Federal Laboratories
for Materials Testing and Research (EMPA).

For further information, please contact Prof. T.C.
Triantafitiou, phone (+30 61) 997764, Fax (+30 61)
3877694, e-mail Hriant@upatras.or,

« Smart FRP Reinforcement for Concrete

Researchers at The Pennsylvania State University are
exploring the design, fabrication, and testing of smart, duc-
tile, reinforcement rods based an hybrid fibre reinforged
plastics. These smart rods are intended for usa as safe ten-
sile reinforcing elements (with or without pretension) for
concrete structural members. Development testing was car-
ried-out on smaoth, stand-alone, hybrid fibre rods manuiac-
tured in the Composites Manufacturing Technology Centre
al Penn State by a low-cost pultrusion technigue. A small
wvolume fraction of electrically conductive carbon fibras was
used to monitor the onsel of damage by electrical means
and 10 add stiffness to the rods. The type and placement of
carbon fibres in the rods were chosen such that these fibres
failed first, in & non-catastrophic manner, during tensile
loadings. The remainder of the cross-section of the rods
consisted of various combinations of higher ultimate strain
glass, aramid, and polyvinyl alcohol fibres, designed such
that one or mare distinct groups of fibres failed sequential-
Iy before the final failure event,

Electrical and stress-strain behaviours of six different hybrid
FRP rods have been evaluated to date. In all cases, the
ansel of progressive failure was effectively captured by elec-
trical resistance monitoring. In addition, two of the materi-
al systems showed significant load carrying capability after
failure of the carbon fibres. It was concluded that a small
volume fraction of carbon fibres in a primarily glass-rein-
forced composite was the best material design for the objec-
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tives of this study, although ongaing studies will determine
the appropriateness of polymer fibres as the primary load-
carrying ones.  Performance of the smart reinforcement
when subjected to long-term loadings and femperature
changes is still under investigation.

Industrial collaborators on this research project are Creative
Pultrusions, Hercules, and Kuraray. Preliminary results of
the investigation will be presented at the First International
Conference on Composites in Infrastructure, o be held in
Tucsan, AZ, USA, on Jan. 15-17, 1998, For more informa-
tion, please contact Prof. Charles E. Bakis, tel. 814-865-
3178, e-mail ceb5@psuvm.psuedy, add.: 227 Hammand
Bldg. or Prof. Antonio Manni, tel. 814-863-2084, e-mail
axn2@psuvm psu.edu, address: 104 Enginesring Unit A at
Penn State University, University Park, PA, 16802, USA.

»Rehabilitation of Clearwater Creek Bridge
Using CFRP Sheets

In Alberta, Canada about 2,500 precast concrefe bridges
built in the 1950% and 60's are in urgent need of repair or
strengthening. It will cost more than $150 million to repair
or replace (hese bridges, even before taking into account the
costs associated with interruptions fo traffic and public
inconvenience. A collaborative research project was devel-
oped last summer, the pariners being the University of
Albertz, Alberta Transportation and Utilities, Mitsubishi
Canada, and Lafarge Construction and Materials, to study
the construction and durability of using CFRP sheets to
strengthen an existing concrete bridge. A three-span “Type
G" girder bridge carrying almast 3,000 vehicles per day was
chosen for the study. The “Type G girders in the bridge had
only a marginal shear capacity, which was expected to wors-
en as traffic loads increase and time takes its toll. Al ten of
the simply supported, Type G girders in the south span low
beam were strengthened. The objeclive of this rehabilitation
is to examine how effective this method will be in the field
application of CFRP sheets, with the repaired bridge being
exposed (o real traffic loading and exiremes of weather, an
the program operating under realistic, limited budge con-
straints. The behaviour of the bridge and the CFRP shests
will be monitored visually and quantitatively for a projected
period of 4 years. The construction phase of this rebabilita-
tion project has been completed. An analysis of the initial
cost of rehabilitation is being performed to compare the
LFRP shest rehabilitation method with various other rehabil-
itation methads, such as the traditional external steel stirup
rginforcement.  This comparison, along with the perfor-
mance of the strengthened bridge under controlled truck
lnad tests and future accumulated durability data, will pro-
vide both a structural and financial measure of the efficiency
of this method,

For further informalion, please contact Dr. Roger Cheng,
University of Alberta, FAX: (403) 492-0249. Email:
rcheng@eivil.ualberta.ca.
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Applications
» Prestressed Concrete Panel by CFCC

A concrele panel prastressed with CFCC was adaptad for the
construction of a wall in the pier al Toyama-Fusiki harbor,
Japan, in April 1995, The pier consists of poles and panels
as the underwater structure, and deck as the superstructure,
CFCC reinforced panels were installed at the waterline
Between the piles. The size of a panel is 1000 x 2800 x 90
mm. The number of panels used is 66. The wall dissipates
the energy of the sea waves and is exposad to salt in the
splash zone, The pier serves for the safe mooring of the sail-
ing ship KAIDHMARL in the harbar, as shown in Figure (4),

=

; ; Figure 5. NM Ground Anchars, cifed in Toyama, Japan in 1994, Tendons
For more information, please contact Mr. Kawata, manager 8 x e T :
of Technical Division, Tokyo Rope Co,, Lig, Fax81-3-3242- € 17-9m. 14.5m and 11.0m in lengt and 30 tons each in foading
7584, capacily

For more information, please contact Mr. Kawata, manager
of Technical Division, Tokyo Rope Mfg. Co., Ltd., Fax 81-3-
3242-7584,

» Rehahilitation Following Earﬂtquakﬁ Disaster

Extensive repair work is demanded for reinforced concrele
(RC) structures damaged by the Southern Hyoga Prefecture
Earihquake on January 17, 1995 in Japan. Among the var-
ious methods of repair, seismic retrofiting using Carbon
Fibre (CF) stands superior to the others in time-saving effi-
ciency and ease of handling. In the earthquake affected

™

Figure 4. Cancrele Panel prestressed by CFCC used in the pier in
Toparma-Fusikl harboor Japan

= NM Ground Anchor with CFCC

Zenitaka-Gumi, Kowa, Sekisui Chemical and Tokyo Rope
jaintly developed & permanent ground anchor system with
CFCC in 1993, Since then, four commercial applicalions
have besn implemented. The fendon for the MM (New
Material) anchor is composed of CFCC multi cables, a stain-
less steel terminal sleeve, and parts for the guide and free
length spacing. A GFRP plate is used fo distribute the pres-
sure fo the soil. The plate is attached to the lendon with a
stainless stesl bearing plate and nut-as shown in Figure (5).

The system-is light weight, easy to handle, and corrasion
resistant, in addition to having the high loading capacity o
conventional stesl tendons.

Figure 6. Rehabilitation using CF Sfrangs.
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areas, GF-retrofitting has been used in approximately 50
cases, including buildings columns and beams, railways
and highways bridge piars, platiorms in railway stations, a
radio-communication tower, and tunnels.

There are bwo ways to apply CF on to-a concrele surface.
One is the winding of strands consisting of more than
10,000 CF filaments. Figure (6] shows a case of reinforcing
of a building column using such CF strands. - The ofher
method is to apply CF shests as shown in Figure (7) for a
railway bridge pier. The efficiency and the conslruction
technique af CF-seismic-retrofitting have been thoroughly

researchad in the last decade and it is expected that their uss Figure 8. ACM Deck, Gimli, Manitoba, Canada.
will be extended lo existing RC structures in Japan.

The deck is made using the same box shape beam and sim-
ilarly dowelled and glued into place. To provide optimum
fraction, the exposed surfaces of deck surface protection
were proviged with a painted finish.

The structure was evaluated for strength and stiffness befare
being used a3 a dock structure. The glued and dowelled
joints in the structure will be evaluated on site under the
action of the cyzlic movements from wave action,

For more information, please contacl Ken Church at Faroex
Limited, Tel: (204) 642-8897 and FAX: (204) 642 7542,

© Shank Castle Footbridge, Cumbria, United
Kingdom

Shank Castle Foolbridge crosses the Rae Burmn River at a
remote woodland location approximately 10 miles norih of
Carlisle, The bridge is a simply supported structure with a
span width of 12 m and a dack width of 0.76 m, as shown in
Figure (9). It iz one of a series of standard footbridges
designed by Maunsell Structural Plastics Tor Designer

... e Composites Technology.  The design used a limit state

Figure 7. Rehabilitation using CF Sheets. design method linked to a special manufacturing specifica-
tion for the pultruded glass reinforced plastic components.
All companents used in construction of the footbridge form

@ ACM Dock part of Maunsell Structural Plastics Advanced Composite
Construction  System  (ACCS) for  which  Designer

A 12 meter long and 1.3 meter wide ACM dock, shown in Composites Technology is the exclusive license holder,
Figure (8), was built by Faroex Lid., Gimli, Manitoba, Components are bonded together using an epoxy adhesive.

Canada to study the feasibility of using pultruded box shape
fibreglass composite seclions manufactured by Famex in
the construction of these types of structures and pedestrian
bridges.

The two supporting trusses are assembled by pultruded box
beams made of E glass and polyester. The fruss beams ars
formed fram an assembly of box beams that are dowellad
together at the connection points by 13mm fibreglass dowel
pins. Each joint is also connected by means of epoxy adhe-
sive. The combination of dowel pin and adhesive is used to
avercome the abrasion which commonly occurs in the
dowel pin areas under the cyclical loadings which are often

encountered in this type of struciure. Figure 9. Shank Castle Footbridge.




A qlass reinforcad plastic bridge was selected as an alierna-
tive: to timber in this case because of it durability, low weight,
color flaxibility and ease of construction. . The total weight of
the: bridge, including hand railing, is 660 kg (55 ko/m).

The beam was manufactured off site, incorporating & non-
skid deck surfacing. 1t was then deliverad by road as far as
was possible in such a remote location. - Specially made
trolleys were used to complete the delivery through the sur-
rounding woodland.

Ropes and winches were used to 1ift the beam on to the pur-
pose-built abutments. The bridge was completed by the
addition of glass reinforced plastic hand railing. The appli-
cation of the AGCS provides a Class 2 fire rasistance rating
and a reliable life to first maintenance of at least 30 years.
The long-term performance of the ACCS has been proven by
a research program undertaken at the University of Surrey.

For further information. please contact either Allan E. Churchman
or Peter B. Head, 0181-663-6565, Fax 0181-663-6723.

ACM Building

Thi world's first advanced composite multi-story building
constructed using the Maunsell Structural Plastics
Advanced Composite Construction System (ACCS) was
commissioned by the client as an alternative 1o convention-
al site accommodation for the Government's Agent team on
the Second Severn Crossing project,

The system consists of high quality interlocking pultruded
plass reinforced panels which are bonded together to form a
membrane structure in which walls, floors and roof provida
complete structural integrity without additional framewark,
as shown in Figure (10}

Figure 10, Advanced Composite Site Office Building.

The office provides space for eight slaif and a large meeting
room for 20 people on the first floor. Good thermal insula-
tion and fire-resistance are key features of the building
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design. Panels are insulated to a high standard and double-
glazed windows have been fitted. In critical areas, pansls
meet Class 0 fire requlation specifications, with a fire resis-
tance of at least 30 minutes when tested in accordance with
the relevant British Code.

The advanced Composite Construction System provides

p

rapid, cost-effective, high quality construction, even in loca-

tions where dccess is difficult.  Future applications of the
syslem are envisaged particularly for disaster relief, since he
flat-packed buildings can be rapidly erected and earthquake-
resistant multi-story buildings are ideal for seismic areas,

For further information, please contact either Allan E.
Churchman or Peter B, Head, 0181-663-6565, Fax 0181-
BB3-6723.

© FRP for the Strengthening of Concrete and
Masonry

structural Preservation Systems, Inc. (SPS), and Tonen
Corporation of Japan have teamed up to provide carbon
fibre shest strengthening technology for concrete and
masonry. This repair system offers ease of application, ver-
salility, durability, and economy 1o the repair market,

SPS5 and Tonen have made available FORCA Tow Sheel
materials, technology and installation services to solve
complex concrete and masonry repair problems in a cost-
ellective manner,

FORCA Tow Sheet has been shown to provide superior
excellent reinforcement/protection and cost advaniages
compared to canventional strengthening.  This strengthen-
ing syslem, consisting of continuous carbon fibre sheet and
impragnation resins affixed to the surface of concrete and
masanry structures, has found widespread use with hun-
dreds of field applications, including repairs on bridge
beams, retaining walls, utility poles, slabs, chimneys, tun-
nals and other structures requiring strengthening, stabiliza-
lion or seismic upgrade.

For more information,  please contact Jay Thomas, 410-
2471016, Fax 410-247-1138.

@ GFRP Reinforced for Concrete Poles

solutions for replacing the steel reinforcement of centrifu-
oally cast concrete poles (Hume process) are currently
being studied at EMPA Dubendorf together with SACAC
Lenzburg, an industrial partner, in Switzerland.

The major problem of galvanized steel lighining and power
transmission poles is the severe corrosion of the outer sur-
face, already present after only 12 years of service, which
leads to expensive maintenance activities. The reinforced
conconcrete peles employed today are resistant up to a
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Figure 11 Concrele filure at 700 MPa.
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point.  The poles are constructed with a 25-30 mm thick
concrete cover 1o the steel rebars and spiral shear reinforce-
ment. This results in excessive weight.

The replacement of steel by carbon. fibre reinforced plastic
reinforcements, which are not affected by corrosion, is
forseen 1o lead lo corrosion-resistant and lighter poles,
because of the saving of ihe thick concrete cover. The 25
times higher specific strength of CFRP will still further
increase this weight saving and increase structural efficiency,

Furthermore, the use of high strength concrete, with-a com-
pressive strength higher than 100 Mpa, could result in an
additional weight reduction of ihe poles.

The first part of this research program dealt with the ssarch
for and testing of an adequate shear reinforcament for
replacement of the steel wire spirals. This was found in fil-
ament wound CFRP grids and epoxy impregnated, loosely
braided, carbon fibre sleeves. Torsional testing of CFRP
qrid reinforced spun concrete pipes was performed in ardar
to study the shear
behaviour of the rein-
forcement.  Induced
campression  forces
were carried by the
high strength concrete
struts, while the per-
pendicular CFRP ties
carried the tension
stresses.  Torsional
failure of the pipes
©opcourred by lensile
failure of the CFRFP
ties in the principal
tensile stress direc-
tion at ¥7-954% of the
truss model calculat-
ad moment. The sud-
den failure is shown
in Figure (11).

For future information, please contact Giovanni Terrasi, at EMPA,
Fa: 0041-1-823-4010, e-mail: giovanni terrasi@empa.ch.
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Society News

JCI has just set up the new committes an FRP Reinforcement.
The chair i3 Prof. Kyuichi Maruyama (Magaoka University of
Technology) and the members are from JSCE and AL The
objectives are;

©e00000CCOOCEOOOOREEO

1) to establish design methods for FRP.

21 toinvestigate and study the application of FRP to repair and
strengthen existing concrefe structures; and,

3) to investigate the possibility of future applications of FRP.

The term of the commillee’s activity is 2 years. The committes
will be responsible for the third FRP International Conference.

2009008000080

ACMBS Network Technical
Mission to Francophone Europe

The ACMBS Metwork of Canada, with the support of Industry
Canada, sponsored a technical mission that visited France,
Switzerland and Belgium, from 23 April to 5 May 1995, The
Mission, headed by Dr. Pierre Labossigre from the Université de
Sherbrooke, visited research institutions and universities,
builders and contractors, field applications, and producers of
composite materials. The Mission coincided with the Journées
européennes de composites, the maost important commercial
exhibition in this field in Europe, held every year in Paris. In total,
fourteen companies ar institutions were visited, Most of the dis-
cussions held during the Mission dealt with the properlies of fhe
procducts and the opportunity to develop standards to guide the
design of practical applications by engineers. 1t was noteworthy
that repair and rehabilitation of existing structures with carbon
fire sheats is now commercially viable in Switzerland, and that in
Switzerland over 100 structures have been repaired, or are slated
for repair with these sheets. & bilingual, French and English,
report of the Mission has been published by the ACMBS Network
of Canadz; copies may be obtained upon request from Dr. Aflab
A Wuiti, Chair of the ACMBS Metwork of Canada, Fax; 802-422-
8380, e-mail: mufti@tuns.ca.
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Conferences

ACI 95 Fall Convention, Mondreal, Bonavanture Hilion & Radisson Gouverneurs, Dudbec, Canada, 5-10 Movember 1995,

Second Symposium on High Temperature and Environmental Effects on Polymeric Composites, sponsared by ASTM Commitize D-30, Norfolk, Vininea,
14-16 Nowember 1995, Contact Or, A Zureick, FAX: (404) 894-0211,

International Conference on Fibre Reinforced Structural Plastics in Civil Engineering. Indizn Institite of Technology, Madras, India, 18-20 Decamber
19495:

The 75th Annual Transportation Research Board Meeting, Washinaglon, OC, 7-171 January 1896, Contact Cliford MacDonald, FAX: (R12) 736-7T4395,

The First International Conference on Composites in Infrastructure (GG *96), Tucson, Arizora, USA, 15-17 January 1996, Conlact Prol. M. Ehsani,
Uiniversity of Arizona, FAX: (60) 621-1443; Dr, Saadaimanesh, FAX; (G02) 621-2148, Email: baltes@higdag anorarizonaadu,

SPIE’s 1996 Symposium on Smart Structures and Materials, Catemaran Resort Hotel, San Diego, California, 25-29 February 1996 Contact e International
Society for Optical Engineering, FAX: (360) 647-1445,

4th Annual Wilson Forum, Exisling and Polenfial Applications of Compasite Maierals in the Infrastructure, San Francisco, Califomia, 11-12 March 1985, EAX: (915)
489-1714.

ACI “96 Spring Convention, Hyatl Hepancy Oenver, 14-19 March 1896, Contact ACHin Defroit, FAX: (313) 538-0655,
International Conference on Marine Applications of Composite Materials, Mzlboume, Florida, 19-21 March 1996, FAX: (407) 051-0464,
41st International SAMPE Symposium and Exhibition, 25-28 March 1936, snaheim, Calilornia, Contact Doris Wagvar, FAX: (818) 232 25920,

JEC - Journées Européenes des Composites Conference and Exhibition, CHIT Centre. La Deferse, Paris. France, 24-26 April 1996, Cantact the Centre for
Promations of Composites, FAX: 33-1-40-59-85-46.

Tth European Conference on Composite Materials (EGCM-T), Brittania international Hotal, LK, 14-16 May 1998, Contact Cathy Pearcey, Tal: «dd {171}
F35-1397; FAG 4 (171) B23-1633

17th International SAMPE Europe Conference Exhibition, Messe Baszl and the Le Plara Hotel, 28-30 May 1396, Contact Prof. U, Meaier, EMPA, Tel: +41 (1)
B23-5511; FAK: +41 (1) 8215244

Composite Construction I, Irsee, Garmany, 9-14 June 1098, Confest Dale Buckner, Department of Civil Enginesring, Virginia Militry Institute, Lexington, Va, FAX:
(703} 464-7518,

2nd International Conference on the Use of Advanced Composite Materials for Bridges and Structures, Montrézl, Dughec, Canada, 11-14 August 1996
Contact: Or, 5 H. Rizkalla, Faculty of Enginearing, University of Manitoba, Winnipeg, MB R3T SWG, FAX: [204) 261-5455,

Third FRP International Symposium on Mon-Metallic (FRP) Reinforcement for Concrete Structures, Sapporo, Japan, 14-16 October 1557, Contact:
Secretariat FRPRCS-3, Japan Concrete Insfiute, TBR - 708, 5-7 Kojimachim Chivoda-ku, Tokyo 102, Japan
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