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Abstract 

Half-joint beams (also called dapped-end beams) have been the subject of various 

studies point of view , primarily focussing on the design optimisation of new 

reinforced concrete beams and bridge decks. Existing half-joint structures, however, 

often show signs of deterioration and can exhibit improper reinforcement detailing. In 

order to gain a better insight into the impact of local corrosion, anchorage cracking, 

limited amounts of provided shear reinforcement, and improper reinforcement 

detailing, a test program was designed. Full-scale tests on nine half-joint beams were 

performed. The results of the study show that even though the impact of an individual 

shortcoming on the load carrying capacity of reinforced concrete half-joint beams. 

When multiple deterioration processes are noted and/or the impact on the load 

carrying capacity of the beam might be larger than the linear combination of the 

individual effects.   

Keywords: Assessment, Dapped-end beam, Half-joint, Strut-and-tie, Load-bearing 

capacity ,Corrosion, Anchorage, Cracking, Re-entrant corner. 

 

1.0 Introduction 

The design of bridges incorporating half-joints (also known as dapped-end-beams) is 

characterised by local reductions in the overall depth of the beam at the supports as 

shown in Fig. 1. Half joints were particularly popular in the India in the 1960s and 

1970s, leading to over 400 concrete bridges with this type of joint being built on the 
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existing  Highways network [1,2]. The main reason for their popularity was that the 

structural form was suitable for pre-cast bridge construction [3]. In addition, an 

overall reduced construction depth was achieved with a level running surface along 

the bridge deck and the support spans. However, the design configuration of half-

joints has certain disadvantages. One of the most commonly reported issues is linked 

to the water tightness of the joint itself [4,5]. In most bridges that are inspected, the 

water tightness is not fully achieved leading to seepage of chloride-rich water on to 

the nibs of the half-joint. Due to the half-joint layout, this water can stagnate on the 

lower nib of the joint creating a beneficial environment for corrosion. Nicholas [6] 

reported the inspection details for two reinforced concrete half-joint bridges in 

Australia. In both bridges, severe signs of deterioration were noted. In the first bridge, 

a lack of water tightness in the small movement joints (and hence seepage onto the 

steel bearings and spreader plates) led to severe corrosion of the bearings and 

surrounding concrete. In the second bridge, cracks were noted in the concrete on both 

the upper and lower half-joint nibs. These cracks were partly attributed to the 

improper placement of the bearings and partly to reinforcement corrosion. In both 

cases, extensive interventions were required to repair the bridges. Similar problems 

were reported by Santhanam [7] in a bridge inspected in New South Wales where all 

the half-joint beams located on the outside of the bridge showed visible signs of 

cracking and water ingress. The corrosion of the nib reinforcement can sometimes be 

severe as shown by Smith [8]. Some of the contributing factors were the misalignment 

of certain reinforcing bars, improper repair methods and crack initiation due to 

deterioration along the top reinforcing bars. Given the vulnerability of half-joints to 

deterioration, the development of maintenance strategies for half-joints is further 

hampered by the difficulty in inspecting half-joints due to limited access [7,11]. Due 

to a reduction in ductility, these bars should also not be considered effective in plastic 

analyses. In addition, BA38 [15] points out that a reduction in fatigue life can be 

expected in reinforcing bars with deep pits caused by corrosion. General corrosion 

often leads to only minor reductions in the bar cross-sectional area. In BA51 [14] it is 

advised, in cases where significant reductions are noticed, to account for general 

corrosion in a manner similar to local corrosion. However, the main effect of general 

corrosion tends to be the loss of bond strength due to the appearance of cracks along 

the bars. In this case, it is advised to reduce the bond strength of reinforcing bars 

associated with longitudinal cracks by 30%. In cases where spalling or delamination 

has occurred, the bond with the bars in the plane of delamination should be ignored. A 

reduction in fatigue life is less of a concern for general corrosion cases [15]. BA39 

[16] specifically addresses the assessment of reinforced concrete half-joints. The 

effect of the omission of specific rebars was the subject of a previous study by the 

authors [18], while anchorage defects are of particular interest in current work. In 

order to identify the impact that anchorage conditions can have on the behaviour of 

half-joint beams, bars where hooked ends are present or not, as well as prematurely 

curtailed longitudinal bars, were considered. Over time the expansive nature of the 

corrosion process also leads to cracking and potentially spalling of the concrete [13]. 

Temperature loading on the other hand, especially in cases with frostthaw cycles 

combined with the use of de-icing salts, may result in micro-cracking of the concrete 
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and hence concrete strength reductions [19]. Rather than trying to recreate and 

accelerate the deterioration processes themselves, in the current work, the approach 

was to look at deterioration outcomes and hence to incorporate reinforcing bars with 

reduced sections or surrounded by cracked concrete. After identifying the impact of 

these commonly found individual shortcomings, the next stage is then to look at the 

combination of deterioration and detailing deficiencies and start to provide the basis 

for guidance to assessors.  

 

2.0 .Methodology 
A total of nine full-scale reinforced concrete half-joint specimens were tested to 

failure to determine their load-carrying capacity and detailed behaviour. The results of 

the program are discussed in this paper.  

 

2.1. Specimen geometry and reinforcement layout  
In order to limit size effects, full-scale specimens were tested. The beams had a full 

height of 700 mm and width of 400 mm. At the nib, the height was reduced to 325 

mm as can be seen in Fig. 2. The specimens were designed as beams with two 

different half-joint ends, resulting in two test scenarios for each beam. 
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2.1.1. Reference specimens 
The reinforcement in the reference beam was designed according to the strut-and-tie 

approach, and consisted of U-shaped bars, shear stirrups, diagonal bars, longitudinal 

steel reinforcement and 3-legged vertical shear links in the full-depth section of the 

beam (B-region), as can be seen in Fig. 2. Two specimens with a standard 

reinforcement layout were cast, one with a normal strength concrete (NS-REF) and 

one with a substandard low concrete compressive strength (LS-REF). In addition to 

the properly detailed beams NS-REF and LS-REF, seven more specimens were tested 

which incorporated different deterioration defects and reinforcement detailing. Five 

specimens cast with normal strength concrete were designed to focus primarily on 

individual shortcomings, whereas an additional two beams made with lower strength 

concrete combined different defects to enable the synergistic effects to be 

investigated. An overview of the different test scenarios is given in Fig. 3.  

 

 
 

2.1.2. Reinforcement layout and detailing  

To evaluate the influence of the reinforcement detailing, a specimen with a reduced 

number of shear links (NS-RS) and a specimen where the diagonal bars were not 

properly anchored (NS-AD) were cast. In the NS-AD specimen, the diagonal bars 

were curtailed resulting in straight bars without bends. In the case of NS-RS, the 

second and fourth shear link away from the nib were removed (see Fig. 3).  
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2.1.3. Deterioration 

As mentioned previously, the inner nib region of reinforced concrete half-joints is 

susceptible to the local corrosion of the reinforcing bars due to stagnating chloride-

rich water seeping through the bridge joint. As none of the reinforcing bars in the 

inner nib region of the specimen under investigation are anchored in the inner nib 

zone itself  (see Fig. 2), the biggest effect on the load bearing capacity is expected to 

be due to a reduction in the bar diameters. Hence, in specimen NS-LR, the reinforcing 

bars at the nib were locally milled down to 50% of their original diameters (this is 

consistent with reductions noted in  India during inspections, which can be as high as 

30–50%). A second, commonly detected, deterioration problem, is the corrosion of 

the bottom longitudinal tensile reinforcement along its length, primarily in the end 

zones of the beam. Over time, the corrosion process leads to concrete cracking that 

might manifest itself as spalling of the concrete cover layer over the full width of the 

beam, or more localisedspalling at the corners resulting in anchorage problems. The 

method of introducingplastic sheets to create weak planes has been successfully 

usedby other researchers [20] (see Fig. 4). A carefully designed formwork system and 

casting sequence shown schematically in Fig. 4allowed for the placement of a thin 

polyethylene sheet over thefinal 400 mm of the bars and the full width of the 

beam.Sevendays after casting, the cylinders were subjected to two phases ofsplit 

tensile tests to create cracks in the concrete along the reinforcing bar at 90-degree 

angles (see Fig. 5a & b). The force neededto create these cracks was a constant value 

of 17.5 kN.After the pre-cracking phases, the bars were installed in theformwork 

before casting the full-scale beams (14 days after castingthe cylinders). Previous 

research [21] had proven that a ring ofintact concrete around a pre-cracked cylinder 

can provide significant confinement and reduce the impact of the cracking, hencein 

the full-scale experiments, a 1.5 mm thick metal sheet wasintroduced below the 

concrete cylinders (Fig. 5c) to mitigate thegeneration of hoop stresses.The number of 

longitudinal bars in the anchorage zones varied inthe different specimens as shown in 

Fig. 6.  
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2.1.4. Synergistic effects  

In order to study the synergistic effects of a combination of detailing shortcomings 

and deterioration mechanisms, two additional specimens were cast. Specimen LS-

PS&AD&AL combined a reduced anchorage length of the diagonal bar with the 

improper anchorage of the longitudinal reinforcement due to cracking (by means of a 

plastic sheet). In specimen LS-PS&AD&RS&AL, the specimen was further weakened 

by also reducing the amount of shear reinforcement.  

 

2.2. Materials  

Two types of concrete were used: a low strength (LS) C12/15 mix and a normal 

strength (NS) C30/37 according to Indian strength classes [22]. The concrete was 

mixed on site in a volumetric truck. The desired workability class for the normal 

strength concrete was achieved by adding a polycarboxylate ether (PCE) 

superplasticiser. The mix compositions can be found in Table 1. All the beams were 

cured while hardening, demoulded after 72 h and stored in standard lab conditions at 

21 ± 2 degrees Celsius and a relative humidity of 70 ± 10%. Compressive strength 

tests were performed on control cubes with sides of 100 mm (fc,cub). In addition to 

the compressive strength, the flexural (fct,fl) and split tensile strength (fct,sp), as well 

as the modulus of elasticity (Ec) were measured. The results can be found in Table 2. 

Four types of ribbed reinforcing bars were used. The smaller reinforcing bars (10 mm 

or 12 mm) were cold deformed, while the larger bars were hot rolled. The properties 

of the reinforcing bars, as measured in the laboratory in accordance with ISO 15630-1 

[24], can be found in Table 3. For specimen NS-LR, the diagonal bars, the U-bars, 

and the stirrup closest to the re-entrant corner were locally milled down to half of 

their cross-sectional area. The reduced zone was 100 mm long, extending 50 mm in 

both directions from the location where the U-bars, diagonal bars, and first stirrup 

cross. A tapered zone with a length of 10–15 mm was provided allowing for a smooth 

transition between the full bar cross-section and the reduced section.  
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Table 1:Concrete mix composition. 

Materials Types 
Amount(kg/m3) 

NS LS 

Cement  CEM I [23] 320 220 

Coarse aggregate  4/10 mm uncrushed gravel 1058 1068 

Fine aggregate  0/4 mm 829 864 

Admixture 

Superplasticiser 
Superplasticiser 1.6 0.0 

Water - 170 198 

 

Table 2:Mean and standard deviation (in brackets) of 28-day concrete properties 

for the different beams. 

 

Properties 
NS-

REFNS-LR 

NS-RSNS-

AD 

NS-

CC&ALNS-

PS&AL 

LS-REF 

LS PS&AD& 

ALLSPS&AD 

&RS&AL 

fc,cub(MPa 
50.8 

(1.0) 

35.8 

(1.1) 

41.0 

(1.0) 

15.4 

(3.0) 

18.3 

(0.3) 

fct,sp(MPa 
3.83 

(0.25) 

3.45 

(0.27) 

3.49 

(0.23) 

2.23 

(0.19) 

2.28 

(0.14) 

fct,ft(MPa) 
4.84 

(0.11) 

4.63 

(0.57) 

5.08 

(0.14) 

2.61 

(0.12) 

3.54 

(0.11) 

Ec(GPa) 
34300 

(3850) 
- 

32500 

(600) 

28500 

(3300) 

24400 

(1400) 

 

Table 3:Mechanical and geometric characteristics of the reinforcing bars. 

ϕ (mm) fy(MPa) fu(MPa) hr(mm) 

10 539 596 0.75 

12 529 559 0.99 

25 578 674 1.59 
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2.3. Test  

A 3-point bending test was performed on all the specimens, applying a load in the 

centre of the specimen (in contrast to [26]). As recommended by Clark and 

Thorogood [25] steel roller bearings were used. They had a diameter of 90 mm and 

were supported in 450×140×30 mm steel plates (Fig. 7). 

 All specimens were loaded in two phases (Fig. 8). In the first phase, the load on the 

specimens was increased stepwise until failure in one of the two nibs occurred. The 

applied load increments were 50 kN until first cracking after which the step size was 

decreased to 25 kN. As soon as one end of the specimen had reached its failure load, 

the specimen was unloaded. The support on the failed end was moved inwards 

supporting the full depth section of the beam. If necessary, additional strengthening of 

the failed end was provided. During the second testing phase, the load was once again 

applied stepwise in steps of 50 kN until the earlier applied load was reached after 

which the step size was decreased to 25 kN. 
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3. Results  

3.1. Overall behavior  

All the beams were tested until failure. The failure loads (defined as the maximum 

load applied on a half-joint) . The reference specimen NS-REF reached a failure load 

of 402.3 kN, whereas the reference specimen with a lower compressive strength 

reached a failure load of 400.0 kN. This indicates that for the studied geometry and 

reinforcement layout, a reduction of the concrete strength by 15 MPa had little to no 

effect on the ultimate load carrying capacity. Both specimens failed due to the 

yielding of the reinforcing bars (diagonal bars, U-bars, and first stirrup) at the nib, 

leading to the rupture of these bars at failure. Reducing the anchorage capacity of the 

diagonal bar turned out to have a negligible effect on the load carrying capacity for 

the studied geometry and reinforcement layout. With a failure load of 394.6 kN, the 

capacity of NS-AD can be considered similar to that of NS-REF and LS-REF. 

However, the failure mode of the half-joint changed from a nib failure to a full depth 

failure. The predominant crack appeared to be a shear crack that originated at the 

location where the diagonal bars and the longitudinal tensile reinforcement meet and 

then extended upwards at an angle of roughly  45o. 

3.2. Crack formation 

As mentioned previously, with the exception of specimens NSREF, NS-LR, and LS-

REF which failed in the nib, the specimens failed due to an anchorage failure along 

the bottom reinforcement bars.  shows the crack patterns where the dominant cracks at 
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the moment of failure are indicated in bold. Hatched areas are locations where the 

concrete cover spalled off either during testing or at the moment of failure.The 

dominant crack initiated at the inner nib for specimens NSREF, NS-LR, and LS-REF 

and occurred at an angle of 45 degrees with the beam axis. Specimen NS-RS failed in 

shear, with the dominant shear crack running from the lower outer corner of the 

fulldepth section and crossing the remaining shear links at an angle of 45o. 

3.3. Stress distribution 

Based on the strain gauge measurements and the measured Young’s moduli, the steel 

stresses at each load step can be calculated. In the reference beams, all the reinforcing 

bars at the inner nib are yielding before the failure of the beam. The stresses in all the 

bars increased simultaneously and the bars yielded shortly before rupture indicating 

that none of the reinforcing bars reached their capacity prematurely. 

3.4. Synergistic effects  

For the studied half-joint geometry, in a number of cases, the impact of individual 

shortcomings such as improper detailing and deterioration turned out to be relatively 

small. Reducing the concrete strength did not result in a significant load carrying 

capacity drop, and the improper anchorage of the diagonal bars or insertion of cracks 

along the bottom bars resulted in a maximum strength reduction of 10%. Reducing the 

amount of shear reinforcement close to the nib reduced the capacity from 402.3 kN 

(NS-REF) to 358.3 kN (NS-RS). However, when several defects are combined, more 

significant reductions are noted indicating that the effect of defects is larger than their 

cumulative individual contributions. 

 

3.5. Implications for the assessment of half-joint structures  

The assessment of existing reinforced concrete structures, and half-joints in particular, 

is a challenge. One visible outcome that can be observed during inspections is 

cracking that has extended to accessible external surfaces. The results of the current 

work suggest that, during inspections, special attention should be paid to the concrete 

condition and the existence and location of cracks in the nib area (inner nib), shear 

cracks close to the nib in the full-depth section and/or longitudinal cracks along the 

bottom reinforcement in the full-depth section. These cracks can be indicators of 

potential issues such as inadequate reinforcement and/or detailing, an overloaded 

structure, deterioration e.g. freeze-thaw damage, reinforcement corrosion, or can be 

signs of the existence of additional mechanical actions (support settlements, impact 

loads). In some cases, one defect in an experimental beam led to a relatively minor 

reduction in the failure load. However, this outcome relied on having adequate 

concrete capacity and a significant number of effective reinforcing bars in the nib and 

full-depth section, such that alternative load paths could develop over time. When 

more than one defect was present in an experimental beam, in some cases, the 
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reduction in the load carrying capacity was found to be greater than the summation of 

the individual defect reductions in isolation. This was a consequence of an absence of 

alternative load paths leading to a significant capacity reduction. Assessors and 

practising engineers are therefore advised to reflect on possible load paths. If there is 

an absence of alternative load paths, even a single defect could be much more critical 

than it was for the given reinforcement layout, concrete properties, beam geometry 

and deterioration outcomes investigated in the experimental beams presented here.  

 

4.0 Conclusions 

Most studies performed on half-joint beams have focussed on the design optimisation 

of new reinforced concrete beams and bridge decks. However, existing half-joint 

structures are vulnerable to deterioration processes and can exhibit improper 

reinforcement detailing. In order to gain a better insight into the impact of local 

corrosion at the inner nib, different degrees of cracking around the longitudinal tensile 

reinforcement, limited shear reinforcement, and improper reinforcement detailing, a 

test program studying these aspects was designed. Full-scale tests on 700 mm height, 

400 mm wide half-joint beams led to the following observations: – For the specimen 

geometry and reinforcement layout studied in the current work, the impact of the 

concrete strength on the load carrying capacity was negligible. – A local reduction of 

50% of the cross-sectional area of the diagonal, U and vertical reinforcing bars at the 

inner nib of the halfjoint resulted in a 35% reduction in failure load compared to the 

reference specimen. – Two methods for mimicking corrosion cracking of concrete 

around the longitudinal steel were implemented. Both methods; insertion of a plastic 

sheet at the level of the reinforcing bars and the inclusion of pre-cracked concrete 

cylinders, resulted in the failure of the full-scale half-joint specimens due to the 

debonding of the longitudinal reinforcement. – The individual impacts of improper 

anchorage of the diagonal bar, a reduction in the provided shear reinforcement and 

cracks around the bottom longitudinal reinforcement each resulted in strength losses 

of approximately 10%. – Whereas in isolation certain individual deficiencies had little 

or no effect, when combined, synergistic effects were noted. For example, the 

simultaneous occurrence of cracks along the longitudinal reinforcement and improper 

anchorage of the diagonal reinforcement led to a reduction in the overall capacity of 

the beam of 40%. For a beam where there was improper anchorage of the diagonal 

bars, cracking along the longitudinal steel, and only a limited amount of shear 

reinforcement, an additional decrease of 20% in the failure load was measured, 

resulting in a total capacity reduction of 60%. The results of the study show that even 

though the impact of an individual shortcoming on the load carrying capacity of 

reinforced concrete half-joint beams might not be substantial, inspectors and assessors 

should pay particular attention to load paths and the possibility of combined effects.  
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