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Concrete is the most widely used construction material in the world. When 

constructing large concrete structures, concrete may have to be placed in multiple lifts. In 

these cases, fresh concrete is placed on hardened concrete. The interface that is formed 

between these two lifts of concrete is known as a construction joint. Construction joints 

are common in reinforced concrete systems. However, little is known on how construction 

practices, specifically the preparation and curing of these joints, affects their strength and 

durability. 

State Highway Agencies (SHAs) require special treatment of these construction 

joints. The Washington State Department of Transportation (WSDOT) requires that 

construction joints be water cured for 7 to 10 days prior to placing the next lift of concrete 

and that the construction joints be saturated for a minimum of 4 hours before placing the 



fresh concrete. WSDOT also requires that water from the curing and wetting of the 

construction joints be collected, tested, and treated before release. This often requires the 

construction of a complex drainage and water treatment system, which is expensive. These 

requirements were implemented with the objective of ensuring that the joint achieves 

sufficient strength and will resist deterioration throughout the life of the structure. 

However, very little research has been performed to assess whether these requirements 

lead to higher joint strength and better joint durability. Hence, the factors that influence 

these construction joints need to be identified and quantified through research. 

An experimental investigation was performed to evaluate concrete construction 

joints prepared with various surface characteristics and curing conditions. Three curing 

conditions (no cure, water cure, and compound cure) and three surface conditions (as-

finished, intentionally roughened, and sand blasted) were evaluated. Forty-five slant shear 

specimens and twenty-seven durability specimens were designed, constructed, and tested 

to evaluate the bond strength and durability of construction joints, respectively. Durability 

is defined here as the rate of chloride penetration through the construction joint. 
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1. INTRODUCTION 

1.1. EXECUTIVE SUMMARY 

Concrete is the most widely used construction material in the world. When 

constructing large concrete structures, concrete may have to be placed in multiple lifts. In 

these cases, fresh concrete is placed on hardened concrete. The interface that is formed 

between these two lifts of concrete is known as a construction joint. Construction joints 

are common in reinforced concrete systems. However, little is known on how construction 

practices, specifically the preparation and curing of these joints, affects their strength and 

durability. 

State Highway Agencies (SHAs) require special treatment of these construction 

joints. The Washington State Department of Transportation (WSDOT) requires that 

construction joints be water cured for 7 to 10 days prior to placing the next lift of concrete 

and that the construction joints be saturated for a minimum of 4 hours before placing the 

fresh concrete. WSDOT also requires that water from the curing and wetting of the 

construction joints be collected, tested, and treated before release. This often requires the 

construction of a complex drainage and water treatment system, which is expensive. These 

requirements were implemented with the objective of ensuring that the joint achieves 

sufficient strength and will resist deterioration throughout the life of the structure. 

However, very little research has been performed to assess whether these requirements 

lead to higher joint strength and better joint durability. Hence, the factors that influence 

these construction joints need to be identified and quantified through research. 
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An experimental investigation was performed to evaluate concrete construction 

joints prepared with various surface characteristics and curing conditions. Three curing 

conditions (no cure, water cure, and compound cure) and three surface conditions (as-

finished, intentionally roughened, and sand blasted) were evaluated. Forty-five slant shear 

specimens and twenty-seven durability specimens were designed, constructed, and tested 

to evaluate the bond strength and durability of construction joints, respectively. Durability 

is defined here as the rate of chloride penetration through the construction joint. 
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2. LITERATURE REVIEW 

2.1. INTRODUCTION 

A construction joint is formed when fresh concrete is placed against hardened 

concrete. This plane of separation, that is the interface between the fresh and hardened 

concrete, is referred to as a construction joint. There are several types of joints in concrete 

construction: construction joints, contraction joints, isolation joints, and expansion joints. 

Construction joints are different from contraction joints, isolation joints, and expansion 

joints. According to the American Concrete Institute (ACI), contraction joints are 

weakened planes in a concrete structure to regulate the location of cracking resulting from 

dimensional changes. An isolation joint or expansion joint is a separation between 

adjacent sections of a concrete structure to allow for relative movement between the 

sections. A construction joint is the interface between concrete placements intentionally 

created to facilitate construction processes. Isolation joints and expansion joints are 

designed, planned, and approved by a design engineer, which makes these a design 

parameter. Contractors are responsible for preparation and construction of contraction and 

construction joints, which makes these a construction parameter and contractor 

responsibility. The construction practices adopted by contractors could influence the 

strength and durability of construction joints. 

Figure 1 shows a typical horizontal construction joint. The bottom part (darker area) 

is the older, hardened concrete and the top part (lighter area) is the fresh, new concrete. 

Reinforcement is typically placed in both concrete layers and passes through the interface.  
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Figure 1—Elevation view showing construction joint interface. 

Construction joints could introduce a weak slip plane in an otherwise monolithic 

concrete member. This potential slip plane could reduce the performance or capacity of 

the members containing the construction joints. It is generally believed that construction 

joints reduce a member’s shear strength. In addition to strength concerns, these joints 

could introduce durability challenges. 

 The long-term performance of a construction joint is dependent on the exposure 

conditions (water and salts) and how these compounds can be transported through the 

joint. Although concrete is generally very resistant to chloride and water transport, very 

little research has been performed to assess how joint preparation and construction 

practices influences these transport rates in construction joints. Water and salts penetrating 

through construction joints could cause early corrosion of reinforcing bar and potentially 

reduce the service life of the structure.  

Many SHAs provide specifications for preparation of construction joints but very little 

research has been performed to assess how these specifications influence the performance 
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of these construction joints. This is important because the cost of preparing, curing these 

joints, collecting the water, and treating it is significant.  

Currently, ACI and the American Association of State Highway and Transport 

Officials (AASHTO) are two major governing bodies that provide design codes and 

requirements for construction joints. ACI 318 R26.5.6.2, Building Code Requirements for 

Structural Concrete, requires that “construction joints in floors and roof systems shall be 

located within the middle third of spans of slab, beams, and girders.” The document also 

states that “joints must be located at least two beam widths away from beam-girder 

intersections.” These documents provide some guidance but placing the construction 

joints at a specific location is the responsibility of a contractor. 

The ACI 318 document provides a design equation to predict the nominal shear 

strength across the interface. AASHTO also provides a shear equation to quantify 

horizontal shear strength, but is different from the ACI equation. These design equations 

are discussed in later chapters. These design requirements provide factors for the surface 

roughness of the hardened concrete, but the design codes do not specify any method to 

quantify the surface roughness nor do they provide recommendations for curing. The 

objective of this paper is to investigate the factors that could influence the shear strength 

and durability of a construction joint. 
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2.2. MECHANISM OF SHEAR FRICTION 

The shear-carrying mechanism present when shear is transferred across an interface 

between two members that can slip relative to one another is known as interface shear 

transfer (i.e., the load that can be transferred across a construction joint). The interface on 

which the shear acts is referred to as shear plane. Harries et al. (2013) reported that shear 

friction is influenced by the aggregate and cement matrix properties (both design and 

construction parameter), interaction between the concrete and the reinforcement crossing 

the interface (design parameter), dowel action of the reinforcement crossing the interface 

(design parameter), and interface surface roughness (construction parameter). In addition, 

the clamping force that is generated by the interface reinforcement is directly proportional 

to the interface shear resistance.  

A shear friction model can be described by a combination of different load carrying 

mechanisms. These are i) concrete-to-concrete bonding (also referred to as cohesion), 

which is the contribution due to the longitudinal relative slip between concrete layers; ii) 

aggregate interlocking (also referred to as resistance due to shear-friction), which consists 

of interactions between old and new concrete established by a combination of mechanical 

interlocking of the particles; and iii) dowel action, which is a result of the flexural 

resistance of the reinforcement bars crossing the concrete interface. 

The first mechanism, concrete-to-concrete bond, is the chemical bond formed between 

particles of the old and new concrete. Concrete-to-concrete bond is influenced by the 

interface surface roughness and concrete strength (Júlio et al. 2004). The bond between 
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concrete interfaces mainly carries the shear load transferred across the interface as long as 

the bond between the concrete interfaces is not broken. A more detailed discussion is 

provided later. 

The second mechanism, aggregate interlocking, is the transfer of forces between the 

newer and older concrete surfaces after cracking initiates. Because the aggregate from the 

older concrete typically extends from the older concrete surface, the resistance caused by 

this is referred to as aggregate interlock. Aggregate interlocking depends on the strength 

of aggregate and the clamping force provided by either the reinforcing bars or the external 

load applied perpendicular to the plane of interface.  

The third mechanism, dowel action, governs after the concrete-to-concrete bond has 

broken at the interface and after the aggregate interlock has been engaged or exhausted. 

Dowel action only becomes significant after the concrete-to-concrete bonding and 

aggregate interlock have failed. Hence, dowel action is not explicitly considered in most 

design expressions to predict shear friction. 

Shear friction theory has a long history and was first proposed by Birkeland and 

Birkeland (1966). The authors used this theory to predict the shear strength of construction 

joints. Figure 2 shows the analogy used by Birkeland and Birkeland (1966) to explain 

shear friction behavior. The shear resistance, V, is related to the force, N, that is normal to 

the interface b-b. The normal force, which is shown as a clamping force, P, acts across the 

interface b-b. The shear resistance is equal to the coefficient of friction, µ, multiplied by 
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the clamping force, P. This concept includes shear by friction (aggregate interlock) only 

and does not account for the concrete-to-concrete bonding. 

 
Figure 2—Shear friction hypothesis (adapted from Birkeland and Birkeland 1966). 

 
Figure 3 shows the reinforcement bars placed normal to the interface b-b. When the 

interface b-b is subjected to lateral load, it will cause a separation of distance, δ, due to the 

interaction between the two adjacent surfaces. Due to this displacement, a tension, T, is 

developed in the reinforcement. If this reinforcement is assumed to be well anchored on 

both sides of the interface, the roughness of interface b-b can be simplified as a saw tooth 

surface, with an angle, ϕ. 

 
Figure 3—Shear friction model with reinforcement (adapted from Birkeland and 

Birkeland 1966). 
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An expression was first proposed by Birkeland and Birkeland (1966) and used to 

evaluate the shear strength (aggregate interlocking only) of concrete interfaces, as follows: 

 tanu s yA fv φ=   (Eq. 1) 

where vu is the ultimate shear capacity or shear resistance at the interface, As is the total 

cross-sectional area of reinforcing across interface, fy is the yield strength of the 

reinforcement, and ϕ is the internal friction angle. This expression was developed for 

smooth concrete surfaces, artificially roughened concrete surfaces, and concrete-to-steel 

interfaces. The term tanϕ increases with increased roughness of the interface and has been 

reported to be 1.7 for monolithic concrete, 1.4 for artificially roughened construction 

joints, and 0.8 to 1.0 for both ordinary construction joints and for concrete-to-steel 

interfaces (Birkeland and Birkeland 1966). The authors did not provide details on how to 

quantify these conditions but did specify that this expression is applicable when the 

interface concrete strength is greater than 4000 psi (27.6 MPa). The equation is applicable 

when the reinforcing steel bar size is #6 (19 mm) and smaller or for headed studs that are 

0.5 in. (12.7 mm) in diameter.  

Mast (1968) also performed a series of push-off tests to predict the shear strength of 

the concrete-to-concrete interface. The author used a similar equation to that formulated 

by Birkeland and Birkeland (1966), but recommended different values for tanϕ. The 

author reported that the tanϕ for rough surfaces should be 1.4 to 1.7 and for smooth 

surfaces 0.7 to 1.0. The author provided some limitations in using this equation to predict 

the shear strength of an interface. Here, the reinforcing bar size is limited to #6 (19 mm) 
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or less and the concrete should be normal weight concrete. In this case, the angle of 

internal friction, ϕ, is assumed to be independent of concrete strength and shear stress. 

Later equations developed for shear capacity began including other shear transfer 

mechanisms and these will be reviewed in the later sections. 

Birkeland and Birkeland (1966) and Mast (1968) provided basic equations to predict 

the shear capacity across construction joints. Based on more research performed over last 

two decades, it was found that these two equations are very conservative and more 

efficient equations can be used for designing shear capacity. Also, the design equations 

proposed by Birkeland and Birkeland (1966) and Mast (1968) do not explicitly include 

shear transfer across the interfaces due to concrete-to-concrete bonding and dowel action. 

Researchers have shown that concrete-to-concrete bonding plays a significant role in shear 

transfer mechanism and should be incorporated in the design equations to more accurately 

predict the shear capacity. Concrete bonding and dowel action are presented in the 

following sections. 

2.3. CONCRETE-TO-CONCRETE BOND 

Concrete-to-concrete bonding plays an important role in the contribution of shear 

transfer in construction joints. Before cracking, the majority of the shear load is transferred 

across the concrete-to-concrete interface, as a result of bonding. The contribution of shear 

transfer by concrete bonding is largest when there is little or no cracks and when there is 

negligible interface displacement.  
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Evans and Parker (1955) performed an investigation to assess the concrete-to-concrete 

bond strength. The test consisted of pre-cast cast in place (CIP) concrete. Researchers 

evaluated the concrete bond as a function of concrete surface roughness. The surface 

roughness was characterized into three groups: smooth, intermediate (roughened by hand), 

and rough. Quantitative information was not provided on interface shearing stress at 

failure and the surface roughness of the interface preparations were not quantified, but the 

authors concluded that good concrete bond could be obtained by roughening the interface 

surface, and the beam would then act monolithically. 

Hanson (1960) conducted an experiment to study the horizontal shear transfer at the 

interface between precast girder and CIP concrete. Sixty-two push-offs specimens were 

designed and constructed to study the transfer of shear stress across a construction joint. 

The parameters studied in this experiment were concrete-to-concrete bond, concrete 

interface surface roughness, inclusion of shear keys, and stirrups. From test results, the 

author concluded that for specimens that had direct concrete-to-concrete contact, the bond 

developed high shear stress at low shear-slip. The author noted that concrete-to-concrete 

interface is more rigid when compared to un-bonded joints. In structures where a shear 

key was used and for a shear key to act, the concrete-to-concrete bond had to be destroyed 

first, meaning shear stress is first transferred through concrete bonding until the bond 

between concrete layers is broken. The author also concluded through testing, that a shear 

slip value of 0.005 in. (0.127 mm) is a critical value at which the maximum contribution 

of shear stress through concrete bonding occurs and beyond which the composite nature 

of the structure begins to decay. 
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Mattock and Hawkins (1972) were the first researchers to include concrete-to-concrete 

bonding and dowel action (discussed in later section) for the prediction of shear capacity 

equation. The author assumed that concrete bonding and dowel action is constant and 

equal to 200 psi (1.38 MPa) and the equations are provided later. 

Randl (1997) was the first to incorporate all three shear mechanisms: concrete-to-

concrete bonding, aggregate interlocking, and dowel action in the same design equation. 

This is discussed later in section 2.6. 

Júlio et al. (2004) performed an experimental investigation to evaluate the bond 

strength between two concrete layers. Twenty-five slant shear specimens were prepared 

to evaluate the bond strength in shear. The surface of the substrate concrete was prepared 

by wire-brushing, sand-blasting, chipping with a light jackhammer, and as-cast. After 3 

months, new concrete was added on top of the substrate concrete. The geometry of the 

specimens was 7.9 in. × 7.9 in. × 15.75 in. (0.2 m × 0.2 m × 0.4 m) with an interface 

angle of 30° to the vertical. The authors found that the substrate concrete surface prepared 

with sand-blasting resulted in the highest bond strengths between the concrete layers when 

compared to the other adopted surface preparations. The authors also concluded that 

concrete-to-concrete bond strength increases with increasing compressive strength of 

concrete.  

Research indicates that interface bonding in un-cracked concrete systems can resist 

significant loads. However, after cracking this resistance is minimized and other 
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mechanisms resist the shear load. These mechanisms, aggregate interlock and dowel 

action, are discussed in the following sections. 

2.4. AGGREGATE INTERLOCKING 

The mechanical behavior of aggregate interlock action can be studied by 

understanding the concrete as a composite material containing two distinct phases as 

shown in Figure 4 and Figure 5. Phase I consists of coarse aggregate particles that have 

high strength and stiffness and phase II consists of the matrix consisting of hardened 

cement paste with fine sand, which typically have lower strengths and stiffness values. A 

crack path can be generated at the interface between the aggregate and cement matrix. 

This crack passes in the transition zone (interface between coarse aggregate and cement 

paste) or in the cement and sand matrix (phase II) and does not typically pass though the 

coarse aggregate (phase I). This results in a “rough” crack as shown in Figure 4 and this 

is generally observed in normal strength concrete. However, there are other instances 

where the bond between the aggregate particles and the cement matrix is sufficiently 

strong such that it can cause cracking through the aggregate. This results in a “smoother” 

crack as shown in Figure 5 and is commonly observed in light-weight and high-strength 

concrete. 
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Figure 4—Aggregate interlock - rough crack. 

 
Figure 5—Aggregate interlock - smooth crack. 

When cracks are developed in the concrete interface, the majority of the aggregate 

particles remain embedded in the cement/sand matrix. When this crack forms along a 

continuous plane, a relative shear displacement along the interface is possible. The 

particles from one face of the crack can come in contact with the matrix on the other face. 

Further displacement is then restricted by the friction between the aggregate particles at 

the cracked surfaces and this friction minimizes or prevents the cracks from developing 

relative movement. This is known as aggregate interlock action. The relative shear 

displacement generates normal stresses and activates the reinforcement that crosses 

through the cracked interface. At lower stresses, this normal stress prevents the surfaces 

from separating, thus engaging the aggregate to interlock and resist the shear load. The 

contribution of shear transfer with aggregate interlock decreases as the crack width 
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widens. Aggregate interlock is usually dependent on the strength of the aggregate and the 

clamping forces (which can resist crack opening).   

Mattock et al. (1976) performed an experimental program to investigate the influence 

of aggregate type in shear transfer strength. A series of push-off specimens were designed 

and tested. The variables included the type of aggregate, the concrete strength, 

reinforcement parameter (referred to as clamping force, ρfy), and whether or not a crack 

existed in the shear plane before the shear transfer test. Results indicated that the shear 

transfer is not significantly affected by aggregate shape (rounded or crushed). The authors 

also reported that the existence of cracks in the shear plane reduces the shear transfer 

strength. 

Hamadi and Regan (1980) performed push-off experiments to study the influence of 

aggregate type on shear transfer between concrete interfaces. The tests performed included 

specimens with either normal weight or light-weight concrete. From the experimental 

results, the authors concluded that ultimate shear resistance was dependent on the amount 

of normal stress and the type of aggregate but found that crack width to be less significant 

(which is contradicting to other published papers). However, the stiffness of aggregate 

was dependent on the crack width but not significantly dependent on the normal stress. 

A more recent investigation by Kim et al. (2010) assessed data from 48 push-off tests. 

The authors investigated the influence of aggregate and paste volumes of self-

consolidating concrete (SCC) and conventional concrete (CC) on the shear capacity. 

Twelve SCC mixtures were evaluated in which variables included two coarse aggregate 
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types (river gravel and limestone), three mixture proportions, and two concrete strengths. 

The dimensions of the push-off test specimens were 6 in. × 15.75 in. × 26 in. (152 mm × 

400 mm × 660 mm). The authors concluded that the concrete shear strength is highly 

related to the amount of aggregate fracture at small crack widths when the crack slip 

initiates. The volume of aggregate and the aggregate type had a significant influence on 

aggregate interlocking. Concrete mixtures containing river gravel exhibited higher 

aggregate interlock compared to concrete mixtures containing crushed limestone 

aggregate. The river gravel was thought to be stronger than the limestone aggregate. 

Unlike concrete bonding, aggregate interlock is due to the contribution of mechanical 

interlocking of particles and is initiated when cracks in the shear interface start to develop. 

This mechanical interaction resists the shear load. In addition to concrete-to-concrete 

bonding and aggregate interlocking, dowel action also contributes to the shear resistance 

in construction joints. 

2.5. DOWEL ACTION 

 Dowel action is a resultant of the interaction between the reinforcing bars and 

surrounding concrete after large displacements in the crack plane of the concrete. Dowel 

action occurs after the bonding between the new and old concrete have failed and after 

aggregate interlock has been engaged or exhausted. 

Hofbeck et al. (1969) performed an experimental investigation with 38 push-off 

specimens to quantify parameters that influence the shear strength of concrete-to-concrete 
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interfaces. Some specimens tested had pre-existing cracks along the shear plane while 

others were un-cracked. Parameters evaluated included i) integrity of the shear plane 

(cracked or un-cracked); ii) strength, size, and arrangement of reinforcement; and iii) 

concrete strength. The authors reported that the pre-existing cracks along the shear plane 

resulted in a decrease in shear strength and an increase in slip between the concrete layers. 

The authors hypothesized that changing the strength, size, and spacing of the 

reinforcement crossing the interface would affect the clamping stresses and shear capacity. 

The shear strength of specimens with pre-existing cracks was computed using the design 

expression proposed by Birkeland and Birkeland (1966). A coefficient of friction of 1.4 

was assumed. According to Hofbeck et al. (1969), predicting the shear strength using the 

design expression proposed by Birkeland and Birkeland (1966) gives a conservative 

estimate of the shear strength of the concrete-to-concrete interface for specimens with a 

pre-existing cracks along the shear plane. The authors reported that the dowel action was 

significant only for concrete specimens with pre-existing cracks along the shear plane. For 

un-cracked specimens, the contribution of dowel action was insignificant because the slip 

between the concrete layers was small. No design expression was presented to predict the 

shear strength  

Later, Mattock and Hawkins (1972) developed a design expression to predict the shear 

strength of concrete-to-concrete interfaces. This design expression included the 

contribution of dowel action for the first time. The proposed design equation for shear 

capacity, vu, is as follows:    
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 ( )200 0.8u y nv fρ σ= + +  (Psi) (Eq. 2) 

 ( )1.38 0.8u y nv fρ σ= + +  (MPa) (Eq. 3)  

where ρ is the reinforcement ratio, fy is the yield strength of the reinforcement, and σn is 

the normal stress at the interface. The first term assumes the contribution of the concrete-

to-concrete bonding at the interface and dowel action of the reinforcement is constant and 

equal to 200 psi (1.38 MPa). The second term is due to clamping stresses. The coefficient 

of friction, µ, here is considered constant and equal to 0.8. 

 Park and Paulay (1975) reported that the dowel action across a shear plane can be 

developed by three mechanisms: flexure of the reinforcing bars, shear strength across the 

reinforcing bars, and the kinking of the reinforcement. The authors provided calculations 

for dowel action mechanisms and these mechanisms are shown in Figure 6. Flexure dowel 

action is resisted by the moment resistance of the reinforcing bar. Shear dowel action is 

resisted by the shear resistance of the reinforcing bar. Kinking of the reinforcement resists 

the tensile forces between the two plastic hinge points on the reinforcing bars, which 

would create parallel and perpendicular resistances to the direction of reinforcing bar. To 

engage the kinking mechanism the reinforcing bar may require significant slip at the 

concrete interfaces. The authors reported that kinking of the reinforcement is likely to be 

the major source of dowel action, particularly when small diameter reinforcing bars are 

used. 
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Figure 6—Mechanism of dowel action (adapted from Park and Paulay 1975). 

 Tsoukantas and Tassios (1989) were the first researchers to develop an equation 

and study the contribution of the dowel action mechanism to the total shear resistance of 

the interface. Based on previous studies, the authors investigated the influence of dowel 

action, concrete-to-concrete bonding, and aggregate interlock (referred to as pullout by 

the authors). The authors reported that dowel action depends on parameters such as the 

reinforcement cover, bar diameter and anchorage length, the strength of concrete, and the 

direction of loading. Experiments were conducted under both cyclic and monotonic 

loading. The authors concluded that under both loading conditions, aggregate interlock 

contributes to about 80 to 90 percent of the total shear resistance of the interface and the 

dowel action contributes to the remaining shear resistance. The authors formulated a 

design equation to estimate the shear resistance, vu, of a reinforced concrete interface as 

follows: 

 u d dv F D= +   (Eq. 4) 
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where Fd is the shear frictional resistance of the interface due to the total compressive 

stress acting on the interface and Dd is the shear resistance due to dowel action. Equations 

to determine shear frictional resistance, Fd and dowel action, Dd, as follows: 

 2d c frF A τ=   (Eq. 5) 

 ( )2 20.5 1d b ck yD d f fδ ζ= −   (Eq. 6) 

where Ac2 is the area of interface under compression, τfr is the shear stress due to friction, 

which is a function of relative shear slip and concrete stress, δ is a factor depending on 

concrete cover in the direction of shear force (not greater than 1.3), db is the diameter of 

reinforcement, fck is compressive strength of concrete, fy is the yield stress of steel, and ζ 

is the ratio of axial stress to yield stress of reinforcement. 

 Walraven and Reinhardt (1981) also performed research to assess dowel action as 

a function of interface cracking. The authors conducted a series of tests in which the 

reinforcing bars were covered with soft sleeves across the interface. The sleeves were 1.57 

in. (40 mm) long and 0.78 in. (20 mm) on both sides of the crack (see Figure 7).  

 
Figure 7—Soft sleeves around the bars (adapted from Walraven and Reinhardt 1981). 



        Page 21 of 62 

The soft sleeves were provided to prevent dowel action and deterioration of concrete 

due to dowel action. Results were compared with another series of specimens constructed 

with external bars. The authors reported that the transmission of stress across the concrete 

interfaces was “completely” governed by aggregate interlocking. The specimens tested by 

Walraven and Reinhardt (1981) with the sleeved reinforcement at the interface behaved 

in the same manner as the specimens with external bars. This indicated that dowel action 

did not control at small or no crack widths and aggregate interlock provided the majority 

shear resistance at concrete interfaces. After the aggregate interlock was exhausted, dowel 

action then controlled. 

2.6. CONCRETE BONDING, AGGREGATE INTERLOCK AND DOWEL ACTION 

Randl (1997) made a significant contribution in formulating a design expression to 

predict the shear strength of a concrete-to-concrete interface. Based on previous research 

by Birkeland and Birkeland (1966), Mattock and Hawkins (1972), and other researchers, 

the author explicitly included the three major load carrying mechanisms, concrete 

bonding, aggregate interlocking, and dowel action in an equation as follows: 

 u c n c yv µ f fτ σ αρ= + +   (Eq. 7) 

where vu is the shear strength at the interface, τc is the concrete-to-concrete cohesion, µ is 

the coefficient of friction, σn is the normal stress at the interface due to external loading 

and tension in the shear reinforcement, α is the coefficient for flexural resistance of 



        Page 22 of 62 

reinforcement (dowel action), ρ is the reinforcement ratio, fc is the concrete compressive 

strength, and fy is the yield strength of the reinforcement. 

The first term in Eq. 7 represents the concrete-to-concrete bonding, which is due to the 

longitudinal relative slip between two concrete layers and is influenced by the surface 

roughness and normal stress at the shear interface. The second term represents the 

aggregate interlock, which is a function of the coefficient of friction and normal stress. 

The third term represents dowel action, which is due to the contribution of shear 

reinforcement crossing the interface. The yield strength of the reinforcement crossing the 

concrete interface in Randl’s research was 72,500 psi (500 MPa). The author evaluated 

the surface roughness using ASTM E965, Standard Test Method for Measuring Pavement 

Macrotexture Depth Using a Volumetric Technique and recommended other researchers 

use this method. If safety factors were to be included, 1.15 and 1.5 would be adopted for 

steel and concrete, respectively. The author proposed a safety factor value of 2.0 for 

concrete-to-concrete bonding. 

2.7. DESIGN CODES 

Currently, the ACI and the AASHTO LRFD Bridge Design Specifications are the two 

major governing bodies in the United States that provide design methodologies and 

specifications for construction joints. These design specifications provided by the ACI and 

AASHTO are based on previous research done by Birkeland and Birkeland (1966) and 

Mattock and Hawkins (1972). These design equations are reviewed in the following 

sections. 
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2.7.1. American Concrete Institute (ACI) Design 

The ACI 318-14 standard and commentary section 22.9 specifies that the nominal 

shear strength across the shear plane, vn, can be calculated by: 

 ( )sin cosn vf yv A f µ α α= +   (Eq. 8) 

where Avf is the area of reinforcement crossing the shear plane, fy and µ have been defined 

previously, and α is the angle between shear reinforcement and shear plane. This proposed 

equation is similar to the proposed equation by Birkeland and Birkeland (1966) but 

includes the influence of the angle of the reinforcement with respect to the interface.  

The coefficient of friction, µ, is specified for four situations: 1) 1.4λ for concrete 

placed monolithically; 2) 1.0λ for concrete placed against hardened concrete with surface 

intentionally roughened as specified in section R16.4.4.2; 3) 0.6λ for concrete placed 

against hardened concrete not intentionally roughened; and 4) 0.7λ concrete anchored to 

as-rolled structural steel headed studs or by reinforcing bars. The parameter, λ, is 1.0 for 

normal weight concrete and 0.75 for light-weight concrete. The parameter, λ, is calculated 

based on volumetric proportions of light-weight and normal weight aggregate as specified 

in section 19.2.4 of ACI design code. 

ACI also requires that the reinforcement yield strength, fy, shall not be greater than 

60,000 psi (414 MPa). For normal weight concrete placed either monolithically or placed 

against hardened concrete with the surface intentionally roughened, vn shall not exceed the 

smallest of 0.2fc’Ac, (480+0.08 fc’)Ac, or 1600Ac . Here, fc’ is the design compressive 
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strength of concrete and Ac is the area of the concrete at the interface. For all other surface 

conditions, the nominal shear strength, vn, shall not exceed the smallest of 0.2fc’Ac and 

800Ac. 

2.7.2.  American Association of State Highway and Transport Officials (AASHTO) 

Design Specifications 

The AASHTO LRFD Bridge Design Specifications (2012) uses a similar equation 

proposed by Mattock and Hawkins (1972) to predict the shear resistance. The shear 

resistance at the concrete interface is given as follows: 

 ( )µn cv vf y cv cA A f P= + +   (Eq. 9) 

 cv vi viA b L= +   (Eq. 10) 

where Acv is the area of concrete considered to be engaged in the interface shear strength 

and is calculated using (Eq. 10), Avf is the area of interface shear reinforcement crossing 

the shear plane within the area Acv, bvi is the interface width considered to be engaged in 

shear transfer, Lvi is the interface length considered to be engaged in shear transfer, c is 

the cohesion factor, µ is the frictional factor, fy is the yield stress of reinforcement with a 

limitation of design value not to exceed 60,000 psi (414 MPa), and Pc is the permanent 

net compressive force normal to the shear plane. 

Eq. 9 above provided a general equation to predict the shear resistance of concrete 

interfaces. The first term in Eq. 9 represents the concrete-to-concrete bonding and the 
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second term represents aggregate interlock, which is a net clamping force multiplied by a 

friction coefficient. The design shear resistance, vn, of a concrete-to-concrete interface in 

the above design equation shall not be greater than the lesser of: 

 '
1n c cvv K f A≤   (Eq. 11) 

 2n cvv K A≤   (Eq. 12) 

where K1 is the fraction of the concrete strength available to resist interface shear, K2 is 

the limiting interface shear resistance, and fc’ is the specified 28-day compressive strength 

of the weaker concrete on either side of the interface. The cohesion, coefficient of friction, 

and the factors K1 and K2 depend on the surface roughness and are presented in Table 1. 

AASHTO also provides recommendations on minimum area for shear reinforcement. 

Table 1—Cohesion, coefficient of friction, and factors K1 and K2 according to 
AASHTO LFRD Bridge Design Specifications (2012) 

Type of Interface Cohesion, c 
ksi (MPa) 

Coefficient 
of friction K1 K2, ksi (MPa) 

Cast-in-place concrete slab on clean concrete girder 
surfaces, free of laitance with surface roughened to an 

amplitude of 0.25 in. (6mm) 
0.28 (1.93) 1.0 0.3 

1.8 (12.4 for 
normal-weight 

concrete) 
1.3 (9.0 for light 
weight concrete) 

Normal-weight concrete placed monolithically 0.4 (2.75) 1.4 0.25 1.5 (10.34) 
Lightweight concrete place monolithically, or non-

monolithically, against a clean concrete surface, free of 
laitance with surface intentionally roughened to an 

amplitude of 0.25 in. (6mm) 

0.24 (1.65) 1.0 0.25 1.0 (6.89) 

Normal-weight concrete placed against a clean concrete 
surface, free of laitance, with surface intentionally 

roughened to an amplitude of 0.25 in. (6mm) 
0.24 (1.65) 1.0 0.25 1.5 (10.34) 

Concrete placed against a clean concrete surface, free of 
laitance, but not intentionally roughened 0.075 (0.51) 0.6 0.2 0.8 (5.51) 

Concrete anchored to as-rolled structural steel by headed 
studs or by reinforcing bars where all steel in contact 

with concrete is clean and free of paint 
0.025 (0.17) 0.7 0.2 0.8 (5.51) 
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2.8. DURABILITY 

In addition to the shear capacity of construction joints, the durability of these 

construction joints should also be evaluated. The long service life of structures containing 

construction joints also depends on the durability of these joints.  

Chloride penetration is considered the most serious and common factor leading to 

corrosion of reinforcing bars. Studies on chloride penetration in concrete structures 

commonly focus on monolithic concrete structures. However, there is very little research 

performed to evaluate the chloride penetration in concrete structures containing 

construction joints. The factors that could influence the construction joints resistance to 

chloride penetration are not clearly understood. In this paper, different surface 

characteristics and different curing conditions are considered for the study. 
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3. EXPERIMENTAL PROGRAM 

An experimental program was developed to evaluate the shear strength and durability 

of construction joints with various surface characteristics and curing regimes. The 

specimens were divided into two sets. The first set of specimens were used to evaluate the 

shear strength of construction joints. Forty-five cylindrical specimens were designed, 

constructed, and tested to failure under loading. The second set of specimens were used to 

evaluate the durability of construction joints, specifically chloride transport rates. The 

cross-section of the specimens were square and the length was 17 in. (432 mm). The 

specimens contained no steel reinforcement. Three surface characteristics (as-finished 

(AF), intentionally roughened (IR), and sand blasting (SB)) and three curing conditions 

(no-cure (NC), water-cure (WC), and compound-cure (CC)) were assessed. A summary 

of the experimental program is shown in Table 2. The same concrete mixture proportions 

were used for both sets of specimens (mechanical and durability specimens). The 

specimen layouts are shown in Figure 8. 

Table 2—Summary of experimental program 
Specimen 

designation Surface preparation Curing 
condition 

Number of durability 
specimens 

Number of slant 
shear specimens 

NCAF As-finished 
No curing 

3 5 
NCIR Intentionally Roughened 3 5 
NCSB Sand Blasted 3 5 
WCAF As-finished 

Water curing 
3 5 

WCIR Intentionally Roughened 3 5 
WCSB Sand Blasted 3 5 
CCAF As-finished Compound 

curing 

3 5 
CCIR Intentionally Roughened 3 5 
CCSB Sand Blasted 3 5 
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Figure 8—Slant shear specimen (left) and durability specimen (right). 

3.1. SURFACE CHARACTERISTICS 

The first surface preparation condition, the as-finished condition, consisted of surfaces 

where no attempt was made to roughen the interface surface. The surface was leveled with 

a wooden screed and left alone. The second condition, the intentionally roughened 

condition, consisted of surfaces where the interface surface was prepared according to the 

provisions provided by the ACI (section R16.4.4.2) and AASHTO (5.8.4.3) codes. The 

interface was roughened to an amplitude of approximately 0.25 in. (6.3 mm). However, 

the ACI and AASHTO codes do not specify the width or the spacing of these grooves. For 

this study, a width of 0.25 in. (6.3 mm) and a spacing of 0.25 in. (6.3 mm) were used. A 

trowel with rectangular grooves was used for the surface preparation. The third condition, 

the sand blasted surface, was prepared by sand-blasting the concrete surface for about 45-

60 seconds. All sand passed through a No. 20 sieve before using it for sand-blasting. 

Examples of interface with different surface preparations are shown in Figure 9. 



        Page 29 of 62 

 
Figure 9—As-finished, intentionally roughened, and sand blasted (left to right). 

3.2. CURING CONDITIONS 

After fabricating, the specimens were either left in a temperature controlled room (no-

curing), were moist-cured, or were cured with curing compound. For the first curing 

condition, no-curing, after casting the specimens, these were placed in temperature 

controlled room maintained at 71°F (21° C) for 7 days. After 7 days, the upper lift of 

concrete was placed. The specimens were then removed from the mold 24 hours after 

casting the upper concrete and were placed in a temperature controlled room maintained 

at 71°F (21° C) for 28 days. The specimens were later removed from the temperature 

controlled room at the time of testing for evaluation of shear capacity and exposure for 

durability assessment. 

For the second curing condition, water-curing, according to the WSDOT requirements, 

the interface surface had to be water-cured for 7 to 10 days before casting the upper lift of 

concrete. Wet burlap was placed on top of the interface surface after 24 hours. The burlap 
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was kept damp at all times until the next lift of concrete was placed. After 7 days of water-

curing, the upper lift of concrete was placed. After 24 hours, the specimens were removed 

from the mold and placed in a moist room with 100% relative humidity for 28 days. The 

specimens were then removed from the moist room and were tested for shear capacity and 

prepared for durability testing.  

For third curing condition, compound-curing, the curing compound was sprayed on 

the interface surface after bleed water evaporated - this followed the specifications 

provided by the manufacturer of the curing compound. These specimens were then placed 

in a temperature controlled room maintained at 71°F (21° C) for 7 days. After 7 days, the 

top lift of concrete was placed. The specimens were then removed from the mold and 

curing compound was sprayed on the entire specimen. The specimens were then placed in 

the temperature controlled room maintained at 71°F (21° C) for the rest of the 28 day 

curing period. The specimens were then removed for evaluation of shear capacity and to 

begin the durability exposure. For each group of specimens, additional 4 in. × 8 in. (102 

mm × 203 mm) specimens were cast to assess the compressive strength of the specimens. 

3.3. MATERIALS 

The following sections provide descriptions of the materials used for this research 

program. All the materials except the cement used in this research program were procured 

from Oregon. The cement was procured from Seattle, Washington. 
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3.3.1. Cement 

A Type I/II cement (Lafarge) was used for this study. Table 3 shows the chemical 

characteristics of the cement. Table 4 shows the physical characteristics of the cement. 

Table 3—Chemical characteristics of Type I/II cement 
Chemical Composition Proportions (%) 

SiO2 20.1 
Al2O3 4.7 
Fe2O3 3.5 
CaO 63.7 
MgO 0.7 
SO3 3.1 

Na2O - 
K2O - 

Limestone 4 
C3S 53 
C2S 18 
C3A 7 

C4AF 11 
 

Table 4—Physical characteristics of Type I/II cement 
Physical Characteristics Type I/II Cement 
Blaine Fineness (m2/kg) 386 

Passing 45 um (%) 98.6 
Compressive Strength 

3 days, PSI (MPa) 3890 (26.8) 
7 days, PSI (MPa) 4970 (34.3) 
28 days, PSI (MPa) 6450 (44.5) 
Loss on Ignition (%) 2.6 

Specific Gravity 3.15 

3.3.2. Coarse Aggregate 

River gravel was used for the study. The same type and source was used for all the 

mixtures. Knife River Corporation provided the aggregate. The nominal maximum 

aggregate size (NMSA) was 0.75 in. (19 mm). Figure 10 shows the gradation of the coarse 

aggregate. This gradations meets the No. 67 requirements of ASTM C33/C33M-16, 
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Standard Specification for Concrete Aggregates. The specific gravity and absorption 

capacity of coarse aggregate was 2.51 and 2.4%, respectively. 

 
Figure 10—Gradation of coarse aggregate. 

3.3.3. Fine Aggregate 

Figure 11 shows the gradation of fine aggregate used for this experimental program. This 

gradation meets the requirements of ASTM C33/C33M-16. The specific gravity, 

absorption capacity, and fineness modulus were 2.53, 2.47%, and 3.07, respectively. 
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Figure 11—Gradation of fine aggregate. 

3.3.4. Mixture Proportions 

Table 5 shows the mixture proportions used for the experimental program. The same 

mixture proportions was used for all samples. The water-cement ratio was 0.57. 

Table 5—Mixture proportions 
Material Proportion, lb/yd3 (kg/m3) 
Cement 517 (306) 
Water 295 (175) 

Fine Aggregate 1383 (820) 
Coarse Aggregate 1619 (960) 

 

3.3.5. Curing compound 

The curing compound used for this experiment was W.R. Meadows 1300-Clear water 

emulsion, wax-based concrete curing compound. This compound meets the requirements 

of ASTM C309-11 (Type 1, Class A), Standard Specification for Liquid Membrane-
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Forming Compounds for Curing Concrete and is approved for use by Oregon Department 

of Transportation (ODOT) and WSDOT. 

3.4. SLANT SHEAR TEST SET-UP 

The slant shear specimens were cast in 4 in. (102 mm) diameter cylindrical molds. On 

the first day of casting, the cylindrical molds were placed on an inclined stand. The stand 

was inclined at an angle of 30° to horizontal so that the interface surface would be 30° to 

vertical. After casting the concrete in the molds, the specimens were immediately covered 

with black polythene sheathing. The surfaces were finished (if required) and cured (if 

required) for 7 days as per the experimental program. After 7 days, the top lift of concrete 

was placed on the hardened concrete. Before placing the new concrete, the hardened 

concrete surface was dampened as recommended by ODOT (section 00540.43) and 

WSDOT (section 6-02.3(12) B). After 24 hours, the specimens were removed from the 

mold and these were cured as per the experimental program for 28 days. The test setup is 

shown in Figure 12. At the time of testing, the specimens were cut as shown in Figure 12 

and tested to evaluate the compressive strength and shear capacity. Cylindrical specimens 

were also tested. Prior to testing, the end surfaces of the specimens were ground and were 

also capped in accordance with ASTM C1231/C1231M-15, Standard Practice for Use of 

Unbonded Caps in Determination of Compressive Strength of Hardened Cylindrical 

Concrete Specimens. The load rate applied during testing for compressive strength and 

shear capacity followed ASTM C39/C39M-16, Standard Test Method for Compressive 
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Strength of Cylindrical Concrete Specimens, recommendations 35 ± 7 psi/s (0.25 ± 0.05 

MPa/s). 

 
Figure 12—Slant shear specimen test set-up. 

3.5. DURABILITY TEST SET-UP 

Twenty-seven durability specimens were cast in 5 in. × 5 in. × 17 in. (127 mm × 127 

mm × 432 mm) molds as shown in Figure 13. These specimens were cast at the same time 

as the slant shear specimens and with the same mixtures. The interface surface 

characteristics and curing conditions were consistent with the slant shear specimens and 

were fabricated according to the experimental program. After 28-days of curing, the 

specimens were cut to 5 in. × 5 in. × 5 in. (127 mm × 127 mm × 127 mm) cubes with the 

construction joint at the center of the cube as shown in Figure 13. The specimens were 

then washed with tap water and dried for 24 hours. After drying, epoxy was applied to all 
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sides of the specimen except one side that contained the construction joint. Epoxy was 

applied to three sides and the ends to force one-dimensional chloride transport. After 

applying the epoxy, the specimens were dried for 24 hours and then immersed in a 

saturated calcium hydroxide water bath maintained at 74°F (23°C) for 24 hours. The 

specimens were then removed from the calcium hydroxide water bath and washed with 

tap water. Then, the specimens were immersed in salt solution (10% NaCl) for 35 days in 

a plastic container and sealed to prevent evaporation. After 35 days, the specimens were 

removed from the salt solution and the total time of exposure (±1 hour) was noted. 

 

 
Figure 13—Durability specimens test set-up. 

Samples were obtained from three locations on each durability specimen (one sample 

from the construction joint and the other samples away from the construction joint in the 

bulk concrete) as shown in Figure 14. The width of each sample was approximately 0.236 

in. (6 mm). Concrete powder samples were then obtained by grinding off layers parallel 

to the exposed surface at successive depths. Grinding of the layers followed ASTM 
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C1556-11a, Standard Test Method for Determining the Apparent Chloride Diffusion 

Coefficient of Cementitious Mixtures by Bulk Diffusion. The powder from each layer was 

collected and tested to determine the acid-soluble chloride content according to ASTM 

C1152/C1152M-12, Standard Test Method for Acid-Soluble Chloride in Mortar and 

Concrete. According to ASTM C1152/C1152M-12, each sample must be approximately 

0.35 oz. (10 g). Due to the size of the specimens with the joint and with no joint being 

small, it was not possible to obtain 0.35 oz. (10 g) from each layer. The testing included 

0.105 oz. (3 g) samples of powder. Halmen and Trejo (2007) evaluated the influence of 

different sample size to determine the chloride content and found that effect of sample size 

was statistically insignificant. Initial (or background) chloride content was also 

determined using the test method ASTM C1152/1152M-12. These values were recorded 

and used to determine the apparent chloride diffusion coefficient, Da, through the 

construction joint and the bulk concrete.  

 
Figure 14—Durability specimen cut dimensions. 
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Forty-five slant shear specimens and twenty-seven durability specimens were 

constructed and tested to analyze shear capacity and rate of chloride penetration through 

construction joints, respectively. ASTM C39/39M-16 and ASTM C1156-11a standards 

were used to determine the compressive strength and chloride diffusion of specimens 

through construction joints and bulk concrete, respectively. Results from these tests will 

be discussed in the following sections. 
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4. RESULTS AND DISCUSSION 

This experimental study was performed to assess the influence of curing condition and 

interface surface preparation on the shear capacity and chloride transport of construction 

joints. The data collected from the experimental study are analyzed using R® and IBM 

SPSS® software. R® is a language and environment for statistical computing and graphics 

and is used as a data analysis tool in this research. IBM SPSS® is a software that is used 

to perform data entry and statistical data analysis. IBM SPSS® was found to be user-

friendly for performing t-testing and R® was found to be more robust when performing 

analysis of variance (ANOVA) testing. 

ANOVA was performed to analyze the difference of multiple group means. In this 

study, nine different groups were assessed. ANOVA requires an independent variable and 

a dependent variable to analyze the data. In this study, there are two independent variables: 

curing condition and interface surface preparation. The dependent variables are the shear 

capacity and the rate of chloride penetration through construction joints.  For ANOVA 

testing, the null hypothesis is as follows: 

 A Bµ µ=   Eq. 13 

where µA is the mean of group A and µB is the mean of group B.   

In addition to ANOVA testing, t-testing was also performed to analyze the data. 

Independent sample t-testing are used to determine if there is a statistical significant 

difference between the means of two unrelated groups.  For instance, in this study, t-testing 
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could be performed to determine whether a difference in means between NCAF (no-cure 

and as-finished) specimens and NCIR (no-cure and intentionally roughened) specimens 

are statistically significant. For the same case, if shear capacity is to be analyzed, then the 

dependent variable could be shear capacity and the independent variable would be curing 

regime. For this t-test, the null hypothesis could be as follows: 

  NCAF NCIRµ µ=   Eq. 14 

where µNCAF is the mean of NCAF specimens and µNCIR is the mean of NCIR specimens. 

The following sections will discuss the analysis of the results obtained from compression 

strength testing, slant shear strength testing, and durability testing. 

4.1. COMPRESSIVE STRENGTH RESULTS 

Júlio et al. (2004) reported that the shear strength of a construction joint is a function 

of concrete strength. Because of this, compressive strength testing was conducted and 

results were analyzed. Forty-five specimens from the bottom cast and 45 specimens from 

top cast (see Figure 12) were cut according to the dimensions shown in Figure 12. These 

were tested for compressive strength after 28 days. Statistical comparison of means was 

performed using ANOVA and t-tests for the data from the bottom and the top cast 

compressive strength. Table 6 shows all compressive strength results from the bottom and 

top cast concrete.  
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Table 6—Compressive strength of bottom and top cast specimens 
Specimen 

group 

Compressive strength, psi (MPa) 
Bottom cast concrete Top cast concrete  

Individual Group mean Individual Group mean 

NCAF 

4252 (29.32) 

4365 (30.1) 

3995 (27.54) 

3998 (27.57) 
4343 (29.94) 4009 (27.64) 
4288 (29.56) 4173 (28.77) 
4253 (29.32) 3996 (27.55) 
4691 (32.34) 3818 (26.32) 

NCIR 

4195 (28.92) 

4150 (28.61) 

3373 (23.26) 

3999 (27.57) 
4395 (30.30) 4251 (29.31) 
3944 (27.19) 4087 (28.18) 
3631 (25.03) 4363 (30.08) 
4584 (31.61) 3920 (27.03) 

NCSB 

4245 (29.27) 

4531 (31.24) 

4690 (32.34) 

4598 (31.70) 
4546 (31.34) 5420 (37.37) 
4436 (30.59) 3783 (26.08) 
4742 (32.69) 4577 (31.56) 
4684 (32.29) 4520 (31.16) 

WCAF 

4529 (31.23) 

4419 (30.47) 

4975 (34.30) 

4769 (32.88) 
4285 (29.54) 5165 (35.61) 
4298 (29.63) 5150 (35.51) 
4602 (31.73) 4265 (29.41) 
4379 (30.19) 4292 (29.59) 

WCIR 

4499 (31.02) 

4450 (30.68) 

5293 (36.49) 

5249 (36.19) 
4536 (31.27) 5362 (36.97)  
4607 (31.76) 5415 (37.34) 
4239 (29.23) 5152 (35.52) 
4369 (30.12) 5023 (34.63) 

WCSB 

4869 (33.57) 

4524 (31.19) 

4910 (33.85) 

4886 (33.69) 
4525 (31.20) 4770 (32.89) 
4406 (30.38) 4869 (33.57) 
4352 (30.01) 4922 (33.94) 
4469 (30.81) 4947 (34.11) 

CCAF 

4939 (34.05) 

4994 (34.43) 

4256 (29.34) 

4483 (30.91) 
4973 (34.29) 4214 (29.05) 
5202 (35.87) 4381 (30.21) 
4835 (33.34) 4443 (30.63) 
5020 (34.61) 5123 (35.32) 

CCIR 

4566 (31.48) 

4622 (31.87) 

4565 (31.47) 

4744 (32.71) 
4315 (29.75) 4991 (34.41) 
4735 (32.65) 4993 (34.43) 
4588 (31.63) 5002 (34.49) 
4905 (33.82) 4169 (28.74) 

CCSB 

4673 (32.22) 

4719 (32.54) 

4495 (30.99) 

4557 (31.42) 
4573 (31.53) 4576 (31.55) 
4350 (29.99) 4802 (33.11) 
4879 (33.64) 4362 (30.07) 
5120 (35.30) 4551 (31.38) 
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The results from the t-test of the compressive strength analysis indicates that the null 

hypothesis for difference in means for compressive strengths for the bottom and top cast 

specimens for the NCAF, WCAF, WCIR, WCSB, and the CCAF is rejected at the 95% 

confidence interval. The null hypothesis for the remaining groups could not be rejected. 

T-test results indicate that there are statistically significant differences in the mean 

compressive strength data between the bottom and top cast concrete. When the top and 

bottom compressive strengths are statistically significantly different, the mean lower 

compressive strength of the concrete from either the top or bottom concrete will govern 

the shear strength of the construction joint. When the top and bottom compressive 

strengths are not statistically significantly different, the data are merged and the mean 

value of the top and bottom group is used for analysis. Table 7 shows the bottom, top or, 

both top and bottom mean compressive strength values for each specimen group used for 

the analysis. 

Table 7—Mean compressive strength of the top and bottom concrete for each 
specimen group 

Mean compressive strength values, psi (MPa) 

NCAF 
(top) 

NCIR 
(bottom 
& top) 

NCSB 
(bottom 
& top) 

WCAF 
(bottom) 

WCIR 
(bottom) 

WCSB 
(bottom) 

CCAF 
(top) 

CCIR 
(bottom 
& top) 

CCSB 
(bottom 
& top) 

3998 
(27.57) 

4074 
(28.09) 

4564 
(31.47) 

4419 
(30.47) 

4450 
(30.68) 

4524 
(31.19) 

4483 
(30.91) 

4683 
(32.29) 

4638 
(31.98) 

Statistical comparison using ANOVA testing was performed using the lower or mean 

compressive strength data shown in Table 7. Results indicate that the null hypothesis is 

rejected at the 95% confidence interval for the different groups (e.g., µA ≠ µB). Because 

the statistical testing shows that the null hypothesis is rejected for the different groups, all 



        Page 43 of 62 

the shear strength data will be normalized as a function of the mean compressive strength 

values shown in Table 7. This will allow for assessing the influence of curing condition 

and surface preparation. The shear strength data will be normalized by dividing the 

individual shear strength values by the mean values shown in Table 7 for each group. 

Analysis of the normalized shear strength data will be discussed in the next section. 

4.2. SLANT SHEAR RESULTS 

Forty-five slant shear specimens were tested to study the influence of curing condition 

and surface preparation on shear strength of construction joints. The slant shear specimens 

were tested 28 days after placing the upper concrete. Figure 15 shows the shear strength 

results for all slant shear specimens and Table 8 shows all the individual values for all 

shear strengths. 

 
Figure 15—Shear strength of various specimens. 
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As already noted, because the compressive strength of the different groups vary, the 

shear strength data must be normalized. The shear strength data are normalized here by 

dividing the individual shear strength values shown in Table 8 by the mean compressive 

strength values shown in Table 7. The lower compressive strength values are used because 

the lower compressive strength will control the shear strength at the interface. Table 9 

shows the normalized shear strength values for each specimen group. Figure 16 shows the 

box plot of the normalized shear data for all groups. 

Table 8—Compressive strength test results 
Shear strength of slant shear specimens, psi (MPa) 

Specimen NCAF NCIR NCSB WCAF WCIR WCSB CCAF CCIR CCSB 

1 1416 
(9.76) 

1800 
(12.41) 

2181 
(15.04) 

1849 
(12.75) 

2101 
(14.49) 

1891 
(13.04) 

1627 
(11.22) 

1104 
(7.61) 

1280 
(8.83) 

2 1748 
(12.05) 

1691 
(11.66) 

1778 
(12.26) 

1868 
(12.88) 

2236 
(15.42) 

1911 
(13.18) 

1066 
(7.35) 

1294 
(8.92) 

1647 
(11.36) 

3 1687 
(11.63) 

1609 
(11.09) 

1552 
(10.70) 

2128 
(14.67) 

2108 
(14.53) 

1643 
(11.33) 

1197 
(8.25) 

1061 
(7.32) 

1246 
(8.59) 

4 1960 
(13.51) 

1970 
(13.58) 

1637 
(11.29) 

2060 
(14.20) 

2098 
(14.47) 

1862 
(12.84) 

1261 
(8.69) 

1460 
(10.07) 

1332 
(9.18) 

5 1231 
(8.49) 

1648 
(11.36) 

1912 
(13.18) 

1522 
(10.49) 

2043 
(14.09) 

1750 
(12.07) 

1282 
(8.84) 

1487 
(10.25) 

1520 
(10.48) 

Mean 1608 
(11.09) 

1743 
(12.02) 

1812 
(12.49) 

1885 
(13.0) 

2117 
(14.6) 

1811 
(12.49) 

1287 
(8.87) 

1281 
(8.83) 

1405 
(9.69) 

Note: Area of concrete considered to be engaged in interface shear strength = 25.1 sq. in. (0.016 sq. m) 

Table 9—Normalized shear strength data for each specimen group 
Specimen NCAF NCIR NCSB WCAF WCIR WCSB CCAF CCIR CCSB 

1 0.35 0.44 0.48 0.42 0.47 0.42 0.36 0.24 0.28 
2 0.44 0.41 0.39 0.42 0.50 0.42 0.24 0.28 0.36 
3 0.42 0.39 0.34 0.48 0.47 0.36 0.27 0.23 0.27 
4 0.49 0.48 0.36 0.47 0.47 0.41 0.28 0.31 0.29 
5 0.31 0.40 0.42 0.34 0.46 0.39 0.29 0.32 0.33 

Mean 0.40 0.43 0.40 0.43 0.48 0.40 0.29 0.27 0.30 
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Figure 16—Box plot showing the normalized shear strength of all groups. 

Statistical comparison of the normalized shear strength data was performed using 

ANOVA testing. The results are shown in Table 10. Individual specimen groups are 

statistically compared with every other specimen group using the normalized shear data. 

The values shown in Table 10 represent the p-value from statistical testing. The diagonal 

shaded boxes are statistically significant because the null hypothesis is rejected (p-value 

< 0.05) and the non-shaded boxes are not statistically significant because the null 

hypothesis could not be rejected (p-value > 0.05).  
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Table 10—Statistical comparison results from ANOVA testing using normalized shear 
data 

 NCAF NCIR NCSB WCAF WCIR WCSB CCAF CCIR CCSB 
NCAF   - - - - - - - - 
NCIR 0.997   - - - - - - - 
NCSB 1 0.939   - - - - - - 
WCAF 0.995 1 0.986   - - - - - 
WCIR 0.261 0.895 0.207 0.763   - - - - 
WCSB 1 0.956 1 0.991 0.236   - - - 
CCAF 0.009 0 0.013 0.001 0 0.011   - - 
CCIR 0.003 0 0.005 0 0 0.004 1   - 
CCSB 0.044 0.002 0.015 0.005 0 0.011 0.999 0.986   

 

The results from the ANOVA testing also indicate that within the individual curing 

regime (no-cure, water-cure, and compound-cure) the null hypothesis could not be 

rejected for any possible pair-wise comparison. For example, the individual specimen 

groups for the no-curing group exhibited statistically similar normalized shear strength 

values for the different surface preparations. Results indicate that the surface preparation 

did not have any influence on the shear strength of a construction joint. Similarly, this is 

observed for the water-cured and compound-cured specimen groups. Because there is no 

statistical significance between differences in means for each group (e.g., µA = µB), all the 

normalized shear data within each curing regime were grouped to perform further analysis. 

ANOVA test is performed using the grouped normalized shear data to increase the 

power of the analysis. Results from the statistical analysis of the merged data indicate that 

the null hypothesis is rejected when compound-cured specimens are compared with no-

cure or water-cured specimens. When no-cure specimens were statistically compared with 

water-cured specimens, the results indicate that the null hypothesis could not be rejected.  
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From statistical analysis and from Figure 16, it can be seen that specimens that were 

water-cured and intentionally roughened exhibited higher normalized mean shear 

strengths when compared to all other specimen groups. The specimens with no-curing 

condition exhibited similar normalized mean shear strength when compared to normalized 

mean shear strength of water-cured specimens. The compound-cured specimens exhibited 

the lowest normalized mean shear strength when compared with no-cure and water-cure 

specimens.  

Results from testing indicate that specimens that are compound cured can significantly 

reduce the shear strength of construction joint. The specimens that were no-cured and 

water-cured exhibited similar normalized shear strength. Results also indicate that curing 

has a significant effect on shear strength and surface preparation has no statistically 

significant difference on shear strength of construction joints. These results are different 

than those reported by Júlio et al. (2004). However, Júlio et al. (2004) only compared 

mean values and did not perform statistical comparison. This could change the results. 

4.3. CHLORIDE DIFFUSION 

Construction joints may influence the durability of concrete structures if these joints 

do not resist the transport of water and chlorides into the concrete system. The transport 

of these ions or compounds through the construction joint should be considered serious 

and could be a common factor for corrosion of the reinforcing steel. However, there has 

been very little research performed to evaluate the chloride penetration through structures 

containing construction joints.  
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Twenty-seven specimens with three different joint surface preparations and three 

different curing conditions were constructed and exposed to chlorides as discussed in the 

experimental program. The results obtained from chloride transport testing, reported using 

the Da values of the construction joint (denoted by J) and bulk concrete (denoted by B) 

were analyzed using statistical software. These results are discussed next.  

4.3.1. Chloride Diffusion of Bulk Concrete 

The bulk concrete from each group was compared using ANOVA testing. The Da 

values were measured at two locations away from the construction joint. Six samples (2 

from each specimen) in each group were assessed. In total nine specimen groups were 

compared. The Da values from the bulk concrete with different curing and surface 

preparations are shown in Table 11. The test for normality for the Da values of the bulk 

concrete were evaluated and the results indicate that the assumption is violated. Because 

the normality assumption is violated (i.e., the data are not normally distributed), the Da 

data from the bulk concrete are transformed using a log transformation. 
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Table 11— Da values for bulk concrete 
Specimen groups Da of bulk concrete, m2/s (ft2/s) 

10% NaCl exposure for 35 days Mean Da values 

NCAFB 

5.83×10-11 (6.28×10-10) 

5.13×10-11  
(5.52×10-10) 

1.73×10-11 (1.87×10-10) 
3.68×10-11 (3.96×10-10) 
7.25×10-11 (7.81×10-10) 
8.31×10-11 (8.95×10-10) 
3.97×10-11 (4.27×10-10) 

NCIRB 

5.20×10-11 (5.59×10-10) 

7.65×10-11  
(8.23×10-10) 

9.23×10-11 (9.94×10-10) 
1.37×10-10 (1.47×10-9) 
1.39×10-10 (1.49×10-9) 
4.78×10-12 (5.14×10-11) 
3.43×10-11 (3.69×10-10) 

NCSBB 

5.22×10-11 (5.62×10-10) 

6.04×10-11 

 (6.5×10-10) 

5.82×10-11 (6.27×10-10) 
6.42×10-11 (6.91×10-10) 
8.57×10-11 (9.23×10-10) 
4.17× 10-11 (4.49×10-10) 

WCAFB 

3.96×10-11 (4.26×10-10) 

4.35×10-11  
(4.68×10-10) 

2.85×10-11 (3.06×10-10) 
3.03×10-11 (3.26×10-10) 
6.11×10-11 (6.57×10-10) 
5.88×10-11 (6.33×10-10) 
4.28×10-11 (4.60×10-10) 

WCIRB 

2.69×10-11 (2.90×10-10) 

2.56×10-11  
(2.75×10-10) 

1.18×10-11 (1.28×10-10) 
2.18×10-11 (2.35×10-10) 
1.74×10-11 (1.87×10-10) 
3.19×10-11 (3.43×10-10) 
4.36×10-11 (4.69×10-10) 

WCSBB 

4.37×10-11 (4.71×10-10) 

3.54×10-11  
(3.81×10-10) 

2.02×10-11 (2.18×10-10) 
5.31×10-11 (5.71×10-10) 
4.14×10-11 (4.46×10-10) 
2.69×10-11 (2.89×10-10) 
2.72×10-11 (2.93×10-10) 

CCAFB 

3.22×10-11 (3.47×10-10) 

4.40×10-11 

(4.73×10-10) 

3.71×10-11 (3.99×10-10) 
3.09×10-11 (3.32×10-10) 
7.24×10-11 (7.79×10-10) 
5.77×10-11 (6.21×10-10) 
3.35×10-11 (3.61×10-10) 

CCIRB 

4.73×10-11 (5.09×10-10) 

7.27×10-11 

(7.83×10-10) 

4.47×10-11 (4.81×10-10) 
7.69×10-11 (8.28×10-10) 
1.24×10-10 (1.34×10-9) 
7.04×10-11 (7.58×10-10) 

CCSBB 

1.11×10-10 (1.19×10-9) 

9.12×10-11 

(9.82×10-10) 

7.71×10-11 (8.29×10-9) 
8.75×10-11 (9.42×10-10) 
7.76×10-11 (8.36×10-10) 
1.03×10-10 (1.11×10-9) 
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Table 12 shows the results from the ANOVA testing. The results indicate that the bulk 

concrete sample tested from the NCAFB, NCIRB, and NCSBB specimens exhibited similar 

resistance to chloride penetration (i.e., the null hypothesis could not be rejected). Similar 

results are observed with the water-cured and compound-cured specimens. Because there 

was no statistically significant difference for the no-cured, water-cured, and compound-

cured specimens, the Da data of the bulk concrete for each curing regime will be grouped 

and compared.  

Table 12—Statistical comparison results from ANOVA testing using Da data of bulk 
concrete 

 NCAFB NCIRB NCSBB WCAFB WCIRB WCSBB CCAFB CCIRB CCSBB 

NCAFB   - - - - - - - - 
NCIRB 1   - - - - - - - 
NCSBB 0.998 1   - - - - - - 
WCAFB 1 1 0.985   - - - - - 
WCIRB 0.547 0.384 0.198 0.720   - - - - 
WCSBB 0.990 0.995 0.789 1 0.974   - - - 
CCAFB 1 1 0.984 1 0.724 1   - - 
CCIRB 0.963 0.992 1 0.890 0.082 0.531 0.888   - 
CCSBB 0.565 0.725 0.954 0.403 0.010 0.128 0.399 1   

 

ANOVA testing is performed using the grouped transformed bulk concrete data to 

increase the power of the analysis. The results indicate that the difference in means 

between the no-cured and water-cured bulk concrete specimens is not statistically 

significant and the null hypothesis could not be rejected. When Da values for compound-

cured specimens are compared with the Da values for the no-cured and the water-cured 

specimens the results indicate that the difference in means is statistically significantly 

different and the null hypothesis is rejected. These results indicate that compound curing 
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can significantly increase the chloride transport within the bulk concrete. The Da values 

of the water cured and no cured specimens exhibited similar chloride transport rates. 

4.3.2. Chloride Diffusion of Construction Joint 

Figure 17 shows the box plot of the results obtained from chloride transport testing 

through the construction joints. Table 13 shows the Da values for the construction joints 

of all specimen groups. The test for normality for the Da values was evaluated and the 

results indicate that the assumption is violated. Because the normality assumption is 

violated, the Da data are transformed (log transformation) for analysis. Individual 

specimen groups are then statistically compared with every other specimen group using 

ANOVA testing for the transformed values. The transformed data are not shown. 
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Figure 17—Da values of construction joint for all specimen groups. 

The statistical results are shown in Table 14. The values shown in Table 14 represent 

the p-values from statistical testing. The shaded boxes are statistically significant because 

the null hypothesis is rejected (p-value < 0.05) and the non-shaded boxes are not 

statistically significant because the null hypothesis could not be rejected (p-value > 0.05). 
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Table 13—Da values of construction joint 
Specimen 

groups 
Da, m2/s (ft2/s) 

10% NaCl exposure for 35 days Mean Da values 

NCAFJ 

6.0 x 10-11 (6.46 x 10-10) 
1.28 x 10-10 (1.38 x 10-9) 2.24 x 10-10 (2.41 x 10-9) 

1.02 x 10-10 (1.09 x 10-9) 

NCIRJ 

1.58 x 10-10 (1.70 x 10-9) 
1.64 x 10-10 (1.77 x 10-9) 1.81 x 10-10 (1.95 x 10-9) 

1.54 x 10-10 (1.66 x 10-9) 

NCSBJ 

1.70 x 10-10 (1.82 x 10-9) 
1.26 x 10-10 (1.36 x 10-9) 9.92 x 10-11 (1.07 x 10-9) 

1.12 x 10-10 (1.20 x 10-9) 

WCAFJ 

5.35 x 10-11 (5.76 x 10-10) 
4.52 x 10-11 (4.87 x 10-10) 3.62 x 10-11 (3.90 x 10-10) 

4.58 x 10-11 (4.93 x 10-10) 

WCIRJ 

3.15 x 10-11 (3.39 x 10-10) 
3.34 x 10-11 (3.60 x 10-10) 3.69 x 10-11 (3.97 x 10-10) 

3.19 x 10-11 (3.43 x 10-10) 

WCSBJ 

4.33 x 10-11 (4.67 x 10-10) 
6.36 x 10-11 (6.85 x 10-10) 8.70 x 10-11 (9.37 x 10-10) 

6.05 x 10-11 (6.51 x 10-10) 

CCAFJ 

6.93 x 10-11 (7.46 x 10-10) 
6.33 x 10-11 (6.82 x 10-10) 6.92 x 10-11 (7.45 x 10-10) 

5.15 x 10-11 (5.54 x 10-10) 

CCIRJ 

5.64 x 10-10 (6.08 x 10-9) 
3.67 x 10-10 (3.95 x 10-9) 1.59 x 10-10 (1.71 x 10-9) 

3.77 x 10-10 (4.06 x 10-9) 

CCSBJ 

3.90 x 10-10 (4.20 x 10-9) 

2.32 x 10-10 (2.50 x 10-9) 1.88 x 10-10 (2.02 x 10-9) 
1.19 x 10-10 (1.28 x 10-9) 

Table 14—Statistical comparison results from ANOVA testing of transformed data 
 NCAFJ NCIRJ NCSBJ WCAFJ WCIRJ WCSBJ CCAFJ CCIRJ CCSBJ 

NCAFJ   - - - - - - - - 
NCIRJ 1   - - - - - -  
NCSBJ 1 1   - - - - - - 
WCAFJ 0.49 0.03 0.24   - - - - - 
WCIRJ 0.07 0.005 0.03 1   - - - - 
WCSBJ 1 0.29 1 1 1   - - - 
CCAFJ 1 0.35 1 1 1 1   - - 
CCIRJ 0.17 1 0.35 0 0 0.003 0.004   - 
CCSBJ 1 1 1 0.007 0.001 0.063 0.07 1   
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The results from the ANOVA testing indicate that within the individual curing regimes 

(not cured and water-cured) the null hypothesis could not be rejected for any possible 

pairwise comparison. This indicates that for specimens that were not cured and the 

specimens that were water-cured, the surface preparation did not result in a statistically 

significant differences between the means. For the compound curing regime, the null 

hypothesis is rejected and there is a statistically significant difference in means between 

the CCAFJ and the CCIRJ specimens. This indicates that the surface preparation did have 

an influence when specimens were compound-cured. The null hypothesis could not be 

rejected when a statistical comparison was made between the CCIRJ and the CCSBJ 

specimens. The CCAFJ specimens exhibited higher mean resistance to chloride transport 

(lower Da values) than did the CCIRJ and the CCSBJ specimens, which indicates 

compound curing may allow for the accelerated transport of chlorides through 

construction joints. 

When water-cured specimens are statistically compared with the specimens that were 

not cured, the results indicate that there is a statistically significant difference in the means 

and the null hypothesis is rejected at the 95% confidence interval (i.e., µno-cure ≠ µwater-cure). 

The water-cured specimens exhibited higher resistance to chloride transport (lower Da 

values) than did the no-cure specimens. When water-cured specimens were statistically 

compared with the CCIRJ and the CCSBJ specimens (the transformed data), the results 

indicate that there is a statistically significant difference in means and the null hypothesis 

is rejected at the 95% confidence interval. The CCIRJ and CCSBJ specimens exhibited 
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lower resistance to chloride transport (higher Da values) through the construction joint 

when compared with the water-cured specimens. 

Results from testing indicate that compound curing the joint surface can significantly 

increase the chloride transport rate through construction joints. Results from this research 

also indicate that surface preparation does not significantly influence the chloride transport 

rate in construction joints. Water cured specimens exhibited higher resistance to chloride 

penetration than the other conditions. 

4.3.3. Comparison of Da data of construction joint and bulk concrete 

Transformed data for the bulk concrete and the construction joint concrete is compared 

using ANOVA testing. Note that all of the Da data from the bulk concrete for the no-cure 

condition were merged, the Da data for the bulk concrete for the water-cure condition were 

merged, and the Da data for the bulk concrete for the compound-cure condition were 

merged. These merged data are then compared with the Da data from the construction 

joints. For example, all NCB concrete data are compared with the data from the NCAFJ, 

NCIRJ, and NCSBJ specimens. Similar tests are conducted for the WC and CC curing 

regimes.  

Results from statistical testing using Da data indicate that there is a statistically 

significant difference in the means between the NCB and NCIRJ but there is no statistical 

significant difference when NCB is compared with NCAFJ and NCSBJ. When Da data for 

WCB concrete is compared with the Da data for the WCAFJ, WCIRJ, and WCSBJ 
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specimens, the results indicate that there is no statistically significant difference in the 

means and the null hypothesis could not be rejected. Similar tests were conducted using 

Da data for CCB concrete. The results indicate that there is a statistically significant 

difference in the means when CCB is compared with the CCIRJ and CCSBJ specimens. 

Results also indicate that there is no statistically significant difference in means when Da 

data for the CCB is compared with the CCAFJ specimens from the construction joint. 

For intentionally roughened specimens the joint surface could be exposed to chlorides 

and the length of the joint is dependent on the direction of the grooves placed during 

construction, as shown in Figure 18. When the intentionally roughened grooves are 

perpendicular to the exposed surface shown in Figure 18 (left), more joint interface surface 

is exposed to the chloride solution and a less tortuous transport path is observed. This 

could lead to higher chloride transport rates. Alternatively when the surface of the 

roughened surface is parallel to the exposed surface shown in Figure 18 (right), lower joint 

interface lengths are exposed to the chloride solution and a more tortuous interface path is 

observed. This should decrease transport rates. 

 
Figure 18—Chloride transport of intentionally roughened specimens. 
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Because the length of exposure to chlorides can vary depending on the direction of 

exposure. This could explain why NCIRJ exhibits higher chloride transport rates when 

compared to the NCB concrete. This same general idea can be used to explain the results 

for the CCIRJ specimens. A higher chloride transport rate is observed in the CCIRJ when 

compared with the CCB concrete. Observations indicate that CCSBJ specimens exhibited 

a weak concrete bond between casts and this could explain why the CCSBJ exhibited 

higher chloride transport rate when compared with CCB concrete. 

Results from this research indicate that, for water-cured specimens the Da values 

through the construction joint and through the bulk concrete are similar. Intentionally 

roughened surfaces with no-curing and compound-curing exhibited higher Da values 

through the joint when compared with Da values of bulk concrete.  
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5. SUMMARY AND CONCLUSION 

An experimental program with forty-five slant shear specimens and twenty-seven 

durability specimens was developed to evaluate the effects of construction practices on 

the strength and durability of construction joints. An investigation was performed to assess 

the influence of three surface preparations (as- finished, intentionally roughened, and sand 

blasting) and three curing conditions (no-cure, water-cure, and compound cure) on the 

strength and chloride transport rate. All specimens were designed to have similar target 

compressive strengths and the same mixture proportions were used for all specimens. 

Research results could provide information on which surface preparation and which curing 

condition provides the highest strength and durability. Alternatively, if significant 

improvements are not observed, the added value of the surface preparation or curing 

requirements should be assessed.  

The main findings from this research are: 

• From statistical testing the effect of surface preparation for this research did 

not significantly influence the shear strength of a construction joint. The 

specimens with the three surface preparations (as-finished, intentionally 

roughened, and sand blasting) exhibited similar mean normalized shear 

strength of a construction joint. 

• The effects of curing conditions, from statistical tests, did have a statistically 

significant influence on the shear strength of a construction joint. The 

specimens that were compound-cured exhibited the least mean normalized 
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shear strength when compared to that of no-cure and water-cure conditions. 

Based on this research, the concrete specimens that were water-cured exhibited 

similar mean normalized shear strength when compared to mean normalized 

shear strength of no-cure specimens. This indicates that water curing of the 

interface surface may not be necessary to achieve maximum shear strength and 

compound curing could be detrimental to shear strength. 

• The Da data of construction joints was analyzed with statistical testing. The 

results indicate that the effect of surface preparation has no significant 

influence on the rate of chloride transport for construction joints but the 

transport rate through several joints was higher than the bulk concrete. As-

finished surface prepared specimens exhibited similar Da values when 

compared with the Da values of the intentionally roughened and sand blasted 

specimens for all curing regimes. 

• Statistical testing using the Da data was performed to test the influence of 

curing conditions. The results indicate that compound cured specimens 

significantly increases the chloride transport rate when compared to no-cure 

and water-cure specimens. The water-cure specimens with construction joints 

exhibited lower mean Da values when compared to Da values of the no-cure 

specimens with construction joints. 

• The results from this research indicate for water-cured specimens that the Da 

values through construction joints and through bulk concrete is similar. In 
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addition, no significant difference was observed for the no-cure condition 

between the construction joint and bulk concrete except for the NCIRJ group. 

This group exhibited higher Da values when compared with bulk concrete. 

Compound curing the interface surface increases the chloride transport rate 

when compared to that of compound-cured bulk concrete.  

Results from this research indicate that not curing or water curing construction joints 

result in similar shear strengths. However, evaluation of chloride transport data indicates 

that water-curing can reduce the rate of chloride ingress for all cases tested. Compound 

curing decreases the shear strength and increases the chloride transport rates. These results 

indicate that joints should be water-cured and compound curing should not be used on 

construction joints. 

This research is intended to provide information on the influence of curing conditions 

and surface preparation on shear strength and durability of a construction joint. As with 

all research, this research has constraints. In this research, only limited conditions (e.g., 

one water-cement ratio, one target compressive strength, one mixture proportion) were 

assessed. Other conditions could influence the results and further research is 

recommended. Also, a limited number of surface preparations were assessed and a more 

rigorous sand blasting method or other surface preparation practices should be evaluated. 

Lastly, other curing compounds should be assessed as these could have a different 

influence on shear strength and durability of a construction joint.  
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