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Polymer Cement Mortar (PCM) possess higher flexural and ductility, impermeability and higher ad-
hesion with substrate concrete compared with normal cement mostars. Therefore PCM has been used
widely in all kinds of anticorrosive projects and as repairing materials for concrete structures and pave-
ment. In the PCM applications, the bond between the PCM and concrete usually presents a weak link
in the repaired structure. Debonding can start from any discontinuity (boundary, joints or crack cutting
the overlay), often with a lifting of the edges of the debonded area. This induces new cracks which
accelerate the damage process, and new repair work is needed. On the other hand, no reliable design
method is currently available for the practitioner. There are only recommendations relying on experi-
ence and very crude design proposals. There is therefore a demand for further study on bond failure
behavior.

The research comprises experimental, analytical and numerical investigations of PCM-concrete bond
properties subjected to static loading and fatigue loading. Various types of concrete substrates with dif-
ferent compressive strength were prepared to simulate the actual bonding situation in real retrofitting
fields. The concrete substrates surfaces were treated by water jet (WJ) method and the roughness
was quantified with arithmetic mean value of roughness (Ra). Meanwhile, PCM overlay strength-
ened beams with different cross-section aréa of the strengthening bar were tested under monotonic
flexure loading. The nonlinear FE analysis was carried out to simulate the debonding failure of PCM-
strengthened beam and the debonding failure mechanism was further investigated. The background
and objectives of this research are presented in Chapter 1. The major achievements through this re-
search are summarized as follows:

1)In Chapter 2, the origin of the influence of interface roughness and substrate concrete strength on
the bond strength was deeply investigated. The condition of fracture surface has important effect on
the interface bond strength. For a given kind of PCM, the interface bond strength decreases with
an increase in the difference between the compressive strength of PCM and substrate concrete. The
interface roughness has a more profound effect on the aggregate interlock and friction than on the
joint adhesion. An optimized value of roughness and surface treatment depth for practical application
regarding the bond strength and repair cost were proposed.

2)In Chapter 3, the energy based failure mechanism was confirmed to be able to well explain the
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interface failure observations. Three point bending test method on composite beam was applied to

evaluate the interfacial Mode I fracture behavior of PCM-concrete interface. The interface tension

stress- crack opening relation taking into account effects of substrate concrete and interface roughness

was presented based on the experimentat results with modified J-integral method.

3)The interface fatigue properties are discussed in Chapter 4. A simple and easy handling fatigue anal-

ySis method of PCM-concrete composite beam under fatigue flexure has been developed by z{pplying
the concept of bridging effect degradation and fictitious crack based on theory of energy conservation.

The PCM-concrete interface tensile bridging degradation relation was derived. It can be found that the

PCM-concrete interface has higher dégradation rate than normal concrete so that more attention should
be paid to the PCM-concrete interface during the design of PCM-retrofitted structures under fatigue
loading. The S-N relationship of PCM-concrete interface for different failure modes under bending

and shear fatigue are derived based on experimental results.

4)Chapter 5 presents the experimental study on strengthened RC beams made using the PCM overlay
method. The stress transfer mechanism at the PCM-concrete interface and the debonding strength
is investigated. The yielding of reinforcement was found near the support rather than the maximum
moment region. This is due to the lower strengthening bars in PCM layer have no contribution to the
cross section stiffness after debonding.

5)Chapter 6 presents the joint element representing the PCM-concrete interface which was developed
and implemented into 3D FE analysis tool named as CAMUI. The constitutive law of joint element
is determined based on experimental and analytical studies of PCM-concrete composite materials.

The interface shear stress-slip relation was derived with back analysis based on comparison between
results of FEM analytical simulation and experiments. The debonding procedure, stress and strain

distribution from the FEM analytical results-were compared with experimental result. In view of
the good correlation between two sources of data, the FE model of joint element developed in this

dissertation can satisfactorily evaluate the debonding failure characteristics of the PCM strengthened

beam

Based on the above experimental, analytical and numerical investigations, several design implications

are suggested in Chapter 7 as follows:

a)case the compressive strength of substrate concrete is equal or higher than that of PCM, whichthe

failure is most likely occurring at joint adhesion layer, the interface should be roughened enough to

ensure the fracture surface has enough aggregate interlock. v
b)The economical and efficient option is to choose the PCM that has similar compressive strength as

that of substrate concrete. The optimized value of Ra regarding the bond strength and repair cost is

around 1.0 mm.

c)In order to achieve a PCM-concrete interface with better fatigue resistance, the porosity and initial

drying or shrinkage cracks of adhesion layer should be controlled, or the failure mode of fracturing at
concrete cohesion layer should be guaranteed. The first target could be realized by applying the appro-

priate curing method or adding shrinkage reducing admixtures. The latter target could be implemented
by increasing the interface roughness or the adhesion of PCM.

Keywords: Polymer Cement Mortar (PCM), concrete, interface, bond strength, roughness, Mode I
fracture, Mode II fracture, fracture energy, FEM, debonding
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TREILELDTHS. 4P, BEME L LTR, ERICEGEHENTVWERYv—E2 AV MEL
)V (PCM) ZRV TV 3.

B 1ETE, FARXOER L HNERX TN 3.

B2ETIIPCM LEIRE a7V — F L OBERE COHIBEEZERWCHELTVWS. av
2V —FORE L REMEZ/NT A—2 L UBRARIC KD, 5I5RABEERE & AN ES
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TW3. §Tixbb, /v FAEiE Do 3 FiTHBRICK D PCM-2V 7Y — MREKE LU TEIN
KEHL, RER BT IVF—OREEERA LT, 53RN L CURNIBL OBEGBEHLNCLT
W5, CTHhICEDWT, FEEE BRSOV 7Y — FNEEOFERER L, 5RG-0UEINIE
DERAIEERELTVS. .
4EBTRPCM V7Y — MAROEFNEFEEERNCHALS ML TVB PCM-a 7Y —

N RE 2 ER LU EREREKICRRE UHEEZEA SR, IR N RETOUUTENEOS L 5,
3RS0 CEINBEDORZ R EENICHIE T 3 - OEEAFEEF I ICRRL NS, i, |l
EENEGEL S, BHEETO5 RS-0 UTENEOEKAZEXE LIERLTWS. KHXT
R U BEARBRFHER, AEZERT 2MRICKE LRV E L IBELUOWBTETH S S
THICHBERADATHETH 5. RE TR, T oI, BRUFADEFIHRIC KD, BEFREOITHE
L RAWFRED S-N R (EHRE-Famiff) ZHS ML TWS.

5ETIXPCM IC X D IEERHEE L7230 OXFHFERNVCHLMILTWVA. BFRRICKDEDS
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