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ABSTRACT

Plate bonding technique has been widely used in strengthening of existing concrete structures, although it has often
a serious problem of premature failure such as interface separation and rip—off. However, this premature failure
problem has not been well explored yet especially in view of local failure mechanism around the interface of plate
ends. The purpose of the present study is, therefore, to identify the local failure of strengthened plates and to derive
a separation criterion at the interface of plates. To this end, a comprehensive experimental program has been set up.
The double lap pull-out tests considering pure shear force and half beam tests considering combined flexure-shear
force were performed. The main experimental parameters include plate thickness, adhesive thickness, and plate end
arrangement. The strains along the longitudinal direction of steel plates have been measured and the shear stress
were calculated from those measures strains. The effects of plate thickness, bonded length, and plate end treatment

have been also clarified from the present test results.

Nonlinear finite element analysis has been performed and

compared with test results. The interface properties are also modeled to present the separation failure behavior of
strengthened members. The cracking patterns as well as maximum failure loads agree well with test data. The
relation between maximum shear and normal stresses at the interface has been derived to propose a separation failure
criterion of strengthened members. The present study allows more realistic analysis and design of externally

strengthened flexural member with steel plates.

Keywords ¢ plate bonding, strengthening, concrete structure, premature failure, half beam test, double lap pull-out
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Table 1 Test parameters and specimen lassification

Bonded Plate |Adhesive| End
Specimen length | thickness |thickness| treat-
[mm] [mm] [mm] ment
D143 H143 100 4 3 -
D223 H223 200 2 3 -
D233, H233 200 3 3 -
D243 H243 200 4 3 -
D253,H253 200 5 3 -
D241, H241 200 4 1 -
D245,H245 200 4 5 -
D247 H247 200 4 7 -
D243B1,H243B1 200 4 3 1 bolt
D243B2,H243B2 200 4 3 2 bolts
D243T,H243T 200 4 3 ‘Tapering
Note : The prefix D and H represent double lap
Pull-out test and half beam test, respectively
50
/ || \~- Steel plate
_.)’ Adhesive
50 7 AE:%Z(;T bolt
Concrete

Fig. 3 Details of steel plate end treatment (unit: mm)
(a) 243B1 (b) 243B2 (c) 243T (d) anchor bolting

i ot =
=] LvDT | I Plate
| D TR
Adhesive
Concrete ‘

Sec A Sec B

Fig. 4 Location of LVDTs to measure relative
displacement
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