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Fig.2 Stress-strain relations of different fibers
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Fig.4 Tension test of dry fiber sheets
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Fig.9 The working principle and practice for relating the prestress gradually towards FRP ends

L surface preparation & treatm ent
[ spreading primer ]

concrete structure

[ setting up the prestressing system |

[ placing PBO fiber sheets and separating layers |

FRP sheets

[ straightening PBO fiber sheets ]
insulating ﬁl/m spreading the adhesive over bonding surfaces
air pressure vacuum pump (structure and PBO fiber sheets)
= (6] [ tensioning PBO fiber sheets |
10 E §§§ B [ spreading the adhesive on the outer surface of PBO |
Fig.10 Air bag system for a perfect bonding | mounting the air bag system |
hardening and curing
FRP Q?Qﬁ)!f*j 50} \Pgéj] ;E J:| ﬁ jJ PBO 4 4k }:}‘ *j (or speed up the hardening process by heating)
HHIRE ) 9 K 4P e 1 b O SERE s T R R 1 . !

) mounting anchor bolts at the anchorage zone ]
B, TNLS PBO 4 5 B 55 B 5 LK S Y [ release & cutoff of pre-tensioned PBO sheets |
nEH L&A BEE 5], PBO 4 4 5 #1 i Bk [ remove the prestressing system |
WORLAR | 8 B 0 B 48 T6 B B A b S Bl 498 2 n Rk 3 ] .
PBO éq;gﬁ H.. *z. m] E ﬁﬂi E‘J ;ﬁ- ﬁ'lﬁf H ﬁﬁ- T)ﬁ@ j] Fig. 11 Flowchart of practical application

PBO £ 4k B4 09 1N [8 75 35 7€ H A< B 3H 256 5 HEAK



%9

REWE: PBO L4 F b BN 7 SR &5 n [ 48 A3 B R 23

.......

i i \ T
fixin, or

= | A

| load cell 5.

Bi12 EEGREANTMEOEE

Fig.12 Practical application apparatus for prestressing PBO fiber sheets

94 2
LA E————
v — PC girder (without retrofit)
- PC girder with 3 layers of PBO sheets (no prestress) |
<= PC girder with 3 layers of PBO sheets (33% prestress) ||
— PC girder with 3 layers of PBO sheets (45% prestress) |

0 20 40 60 80 100 120
deflection/mm

(2) T8 - PR R

crack width/mm

© r= = DRI 0 B B
chouwouwowo o

— PC girder (without retrofit) J ]

~PC girder with 3 layers of PBO sh p

= PC girder with 3 layers of PBO sheety (33% prestress)

— PC girder with 3 layers of PBO sheet$ (45% prestress) s
Z

(=]

100 200 300 400 500 600
load/kN

() BTN - XK

13 TR/ PBO FHFHHMERER (10 m BEMARPIRHBILER)
Fig.13 Strengthening effect of prestressed PBO fiber. sheets

RC #8 B LA B 5 1o 2 2 % v 22 1802 g 5% ) 2]
EHhH BT REMNM HZ##E (Nikke
Construction, 2003-03-28) Xt M 4T 7 H S i,
BURE 1 PBO £F 4 1 b4 hin & #4955 B vz A BF 55 473 7E i
1, UEHAERMRRSE.

6 ##®

FRP £F 4 b4 i [ 77 ¥ 3 % B 2 B fE H —Fb
ARSI EE MM ER, B, ¥ FRP
4 P SRS 45 0 [ 7 0 36 R BE % 4 R 1 FRP &
PR B . W, EEA B PBO 44
PORHR T — 25 5 s O N H i o, S
BREMMELRPERTHE—SRIE. HHERE
704 PR K 45 M TR 0 R N B o R o
3:

W R KR A5 %8 T AT, KT
Earthtech, % H k& A # K. K¥LH %A RAMILF
B

(3]

(4]

5% X ik

Triantafillou T C, Deskovic N, Deuring M.
Strengthening of concrete structures with prestressed
fiber reinforced plastic shee;ts [J]. ACI Structural
Journal, 1992, 89(3): 235~244

Wu Zhishen, Tanabe K, Matsuzaki T, et al. A
retrofitting method for concrete structures with
externally prestressed carbon fiber sheets[]J]. Journal
of Structural Engineering, 1998, 44A: 1299 ~ 1308
(in Japanese)

El-Hacha R, Wight R G, Green M F. Prestressed
fiber-reinforced polymer laminates for strengthening
structures[ ] ]. Progress in Structural Engineering and

Materials, 2001, 3(2): 111~121

Stocklin I, Meier U. Strengthening of concrete
structures with prestressed and gadually achored CFRP
srips [ A]. Proceedings of the Fifth International

Conference on Fiber-Reinforced Plastics for Reinforced
Concrete Structures ( FRPRCS-5) [C], Cambridge,
UK, 16~18 July, 2001. 291 ~296



24 P ETERE B8

[5] Wu Zhishen, Niu Hedong. Recent developments in the Japan Society for Composite Materials, 2002, 28
FRP strengthening techniques[ A]. The Third Middle (4): 146~155
East Symposium on Structural Composites for [8] 4#&K, REW. WS FRPA LML RE AR
Infrastructure Applications[ C], Aswan, Egypt, 17~ PR TIN5 (Al BoEL2EL AR
20 December, 2002. 255~269 A GBI A PR (FRP) BB AR E AR X R &
[6] Wu Zhishen, Iwashita K, Hayashi K, et al. X£(C], B#¥, 2002. 74~85
Strengthening  Prestressed-concrete  girders  with [9] NiuHedong, Wu Zhishen. Finite element analysis on
externally prestressed PBO fiber reinforced polymer anchorage treatment in concrete structures flexurally
sheets [ J ]. Journal of Reinforced Plastics and strengthened with prestressed FRP laminates [ A].
Composites, 2003, 22(14): 1269~ 1286 Proceedings of JCI International Symposium on Latest
[7] Wu Zhishen, Iwashita K, Hayashi K, et al. Achievement of Technology and Research on
Upgrading method of RC flexural structures with Retrofitting Concrete Structures [ C], Kyoto, July
externally prestressed PBO fiber sheets[J]. Journal of 2003. 69~76

Study on Strengthening Technique with Prestressed PBO Fiber Sheets

Wu Zhishen, Iwashita Kentaro, Niu Hedong
(Department of Urban & Civil Engineering, Ibaraki University, Hitachi 316-8511, Japan)

[Abstract] The application of externally bonded fiber reinforced polymer (FRP) Jaminates to the exposed faces
of concrete members provides an innovative and efficient rehabilitation method for strengthening and upgrading
structurally inadequate or functionally obsolete concrete structures. However, FRP laminates unlike the cold
worked steel exhibit elastic-rupture behavior and also the limited bond capacity of FRP-concrete interface often
fails the retrofitted system in an undesirable brittle manner, which leaves FRP material unused with more
reserves. Moreover, enhancements in cracking and yield load due to FRP bonding are not significant. To take
full advantage of FRP laminates, more gains can be achieved by prestressing the fibers prior to bonding them.
Traditional practice is to pretension fiber sheets impregnated with adhesive or FRP plate, which is time-
consuming, difficult to apply in the field and ensure a perfect bond at the interface. A newly-developed PBO
fiber possesses high modulus, high strength and higher energy absorption capability as compared to carbon and
aramid fibers, and PBO fiber sheet can be pretensioned to over 70% of its tensile strength without being
impregnated with adhesive. All these make such material suitable to be prestressed for strengthening concrete
structures. Based on the experiments and theoretical studies, a comprehensive strengthening method with
prestressed PBO sheet is established including concept, working principle and corresponding countermeasures,
whose strengthening effect is validated by both laboratory and field experiments.

[Key words] fiber reinforced polymers (FRP) ; PBO fiber sheet;retrofit/repair; bond; prestressing ; anchorage
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