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Abstract 

Steel dowels currently used for highway pavement could cause severe deterioration of 

concrete highway pavements due to the expansion of steel during the corrosion process. 

A corrosion-fiee alternative, such as Fiber Reinforceci Polymer (FRP) dowels, could 

provide a promising solution to extend the service He  of concrete pavements. 

FRP matends have exceptionafly high tende  strength in the direction of the fibers, 

however, it has a relatively low strength in the perpendicular direction. In order to study 

the behaviour of FRP dowels and compare their behaviour to conventional epoxy-coated 

steel dowels an experimental program was undertaken at the University of Manitoba. A 

total of twelve fiill-sale models representing a section of highway pavement slab were 

tested. The specimens included two dowels of either Glass Fibre Reinforced Polymer 

(GFRP) dowels or conventional epoxy-coated steel dowels. The slab/joint system was 

placed on a simulated base that provides two levels of stifiess conditions. The joint was 

tested under an equivalent AASHTO half axle truck Ioad. 

The specimens were tested under static and cyclic loading conditions using a 

servohydraulic MTS loading system. Nine slabs were tested to determine the joint 

effectiveness under static Ioads while the remaining three slabs were tested under cyclic 

loading to examine the behaviour under repeated loads. The dowel materiais within the 

slab/joint systems were epoxy-coated steel, as well as two products of Glass FRP. This 

thesis summarizes the test setup, test results, and the recommendation for the use of 

GFRP dowels for concrete pavements including a discussion on the first in field 

application of GFRP dowels in Canada 
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Chapter 1 Introduction 

1.7 General 

Joints are used in concrete pavements in order to control cracking due to thermal 

and environmental conditions. Joints may be paralle1 to traffic, longitudinal joints, or 

perpendicuiar to tr&c, transverse joints. There are three types of transverse joints that 

are typically used in concrete pavements: contraction joints construction joints, and 

expansion or isolation joints. Contracbon and construction joints are very similar in their 

function of controllhg the crack patterns in wncrete pavement. Expansion and isolation 

joints are generally used to isolate the slab nom adjacent structures such as bridge 

abutments and manholes. 

Dowels are commonly used to transfer load corn one slab to an adjacent slab and 

to provide vertical and horizontal alignment. Currently, smooth epoxy coated steel 

dowels are placed across a transverse joint to tramfer load and to allow for longitudinal 

thermal expansion and contraction. 

Corrosion of steel dowels causes severe deterioration of the concrete highway 

pavement due to the expansion of steel d u h g  the corrosion process. Expansion of the 

steel dowels induces significant stresses in the concrete around the dowel at the joint and 

therefore inhibits joint movement. This 'fieezing' or 'binding' of the joint c m  create large 

stresses, sufficient to cause cracking and spalling of the concrete. This also causes a 

reduction of the load that the joint can transfer. In an attempt to reduce the eEect of de- 

king salts on dowels, epoxy coated steel dowels are used. The thin layer of epoxy is 

effective ody  if there are no nicks, cracks, or other abrasions in the coating. 



Construction practices require carefid handling and storage of the mateci dowels. Small 

defects inevitably occur in the epoxy mat. Thus, corrosion remains a problem with the 

epoxy coated steel dowels and therefore, a betîer solution must be found. 

Fiber reinforcecl polymer (FRP) dowels could provide an alternative solution to 

steel dowels due to their corrosion-f?ee characteristics. There are several rnanufacturers 

in the United States and Canada that produce glass FRP at a comparative cost with 

epoxy-coated steel. FRP material is known for its hi@ ultimate tende strength in the 

direction of the fibers, however, it has a relatively low strength perpendicular to the 

fibers. An experimental study was conducted at the University of Manitoba to provide 

data on the behaviour and performance of FRP dowels for concrete highway pavement 

joints. 

f.2 Objective 

The objective of this research was to investigaie the behaviour of FRP dowels for 

transverse construction joints of a concrete highway pavement under the effect of typical 

trafic loading conditions. The behaviour of glass fiber reinforced pol y mer (GFRP) 

dowels is compareci to that of epoxy coated steel dowels. Two different types of GFRP 

dowels are used in this investigation; Glasform dowels produced by Glasform Inc. in San 

Jose, Califomia and FiberDowels produced by RTD Industries in Laguna Hills, 

Califomia. 

1.3 Scope 

This research encompasses testing of GFRP and steel dowels using a scaled 

mode1 of a concrete pavement slab section subjected to static and cyclic loads. The 



scded mode1 represents a portion of a full thickness, 254 mm (10 in.), concrete pavement 

slab with a limited tength, 2440 mm (8 fi.), and width, 610 mm (2 ft.). A simulateci half 

axle tmck load was applied on one side o f  the joint util fiiilure. 

The research program consisted of testing twelve slab specirnens. The first nine 

were tested under monotonie load whereas the final three slabs were tested under cyclic 

loaduig conditions. The first nine slabs are divided into two phases, three slabs in the 

first phase and six in the second. Considerai in this program are the level of subgrade 

support and the type of dowel material. 



Chapter 2 Literature Review 

2.1 High way pavements 

Highway pavement should provide the best combination of ride Quaiity, strengtb, 

durability, and economy. Casting wncrete pavements directly on the subgrade causes 

severe deterioration and l a d s  to failure at an early stage. The use of a stiEer subbase 

system placed on top of the properiy compacteci subgrade provides a stable support for 

concrete pavement. Wahin the pavement, joints are provided to control thermal cracking 

at designated locations. At these locations, dowels are used to provide the necessary load 

transfa and rïgidity of the joints. 

2.1.1 Concrete and Jointing 

Typically, plain concrete has been used for highway pavements in Manitoba The 

strength of the concrete is generally in the range of 30 MPa (43 50 psi) with a maximum 

aggregate size of approximately 16 mm ( 9 8  in). The specined slump is 60 mm (2.4 in) 

and since the pavement is not reinforced, the workability or flow of the concrete is not as 

important as the case of reinforced concrete structures. 

The depth of pavements may range from 200 mm to 350 mm (8 in to 14 in) 

depending on the projected t r a c  loads on the highway. The width of the trafic lane 

may Vary &om 3.5 rn to 4.5 m (1 1.5 fi to 15 fi), resulting in a total width of the pavement 

ranging fiom 7 rn to 9 m (23 fi to 30 ft) wide. 

During the curing process of concrete pavements, stresses created by thermal 

gradients expenenced &om the environment as well as the wncrete hydration, can create 

random cracking of the concrete. In order to control and reduce the randomness of the 



cracking, joints are introduced into the pavement. Joints are generally placed in both the 

longitudinal and the transverse directions of the pavement. 

Joints can be created in a number of ways: providing a groove, saw cutting, or 

butting. The most commonly used method is the saw cut. Cutting through one third of 

the slab thickness aeates the concrete pavement joint. During the curing process, the 

joint behaves as a controlled crack location and the crack initiateci by the cut propagates 

through the remainder of the slab under shnnkage and thermally induced stresses as 

shown in Figure 2-1 - 

Figure 2- 1 : Crack propagation leading from saw cut 

For classification purposes, joints are divided into four types depending upon their 

prïmary fimetion. The classifications are: transverse contraction joints, transverse 

construction joints, longitudinal joints, and isolation or expansion joints. The type and 

fûnction of each joint is described briefly in the foiiowing sections and iltustrated in 

Figure 2-2. 



2.1 -1 -1 Transverse Contraction Joints 

Contraction joints are constructeci by cutting a third of the depth of the concrete 

slab, perpendicular to the tratfic flow. The prirnary function is to supply a stress relief 

point where cracking will occur due to thermal stresses during curing. Zhinng service 

life, their main fiindion is to transfer load fiom one side of the joint to the other, and to 

provide alignment of the slab. Load tmnsfer is accomplished by using dowels and 

aggregate interlock of the remaining tw+thirds of the concrete slab depth 

2.1 -1 -2 Transverse Construction Joints 

The fiinctions of these types of joints are the same as the transverse contraction 

joints, to transfer load across the joint. The main difference in this type of joint is the 

way in which it is produced. Construction joints are only created when casting is 

intempted for a prolonged period of time, for example, oveniight. A board, or sheet 

metal, is placed to create a smooth surface on which the concrete cast later would be 

butted against. Another alternative is to cast concrete past the location of the joint and to 

cut through the depth of concrete prior to the new cast therefore creating a smooth 

surface. This joint does not develop aggregate interlock and is dependent only upon the 

dowels located across the joint. The bea location to make a construction joint is where a 

transverse contraction joint is already planned, thus maintaining desired joint spacing. 

2.1.1 -3 Longitudinal Joints 

Longitudinal joints are parallel to the direction of traffic flow. They provide a 

separation of the tr*c lanes dong a highway. Their fùnction is to control longitudinal 

cracking by providing stress relief and to provide alignment and connection between 

highway lanes. These joints can either be doweled with smooth or deformed bars, or 

15 



contain a concrete key system to transfer load. In most cases a combination of a keyed 

joint with deformed rebars are used to provide the necessary alignrnent and load transfer. 

2.1 -1 -4 Isolation and Expansion Joints 

Isolation joints are placed to isolate one structure nom another- The objective is 

to protect adjacent structures fkom Ming damageci by large compressive forces. Isolation 

joints are normally 12 mm to 25 mm (1/2 in to 1 in) wide to allow for large horizontal 

and vertical movements. 

Expansion joints have a difFerent fiinction ftom isolation joints but the two are 

commonly grouped together. They are especially useful when casting takes place at low 

temperatures and eventual expansion is expected. 

Figure 2-2: Joint types and arrangement 



2.1.1 -5 Joint Spacing 

Joint spacing is based upon crack patterns that have been experienced and 

observecl over the past 50 years of highway pavement construction. Currently, transverse 

joints are placed at 3 m to 6 m (10 ft to 20 fi) apart. Some highway agencies use differeut 

joint coniïgurations. The Manitoba Department of Highways and Transportation uses an 

alternathg spacing of 4 m (1 3 fi), 5.2 m (1 7 ft), 5.5 rn (1 8 A), and 3 -7 m (12 ft). Another 

alteration that some departments use is the skewing of the joint nom the perpendicular. 

The dowel digrnent is d l  parallel to the direction of travel but the ride hannonics for 

the travelling vehicles are changed and most bportantly, the simultaneous wheel loading 

at the joint is eliminated. Recent studies have shown that there are no real advantages in 

joint effectiveness when using skewed joints. 

2.1.1.6 Joint Movement 

Concrete pavements expenence many cycles of temperature changes during their 

s e ~ c e  life. The joints created within the concrete pavement control cracking due to 

temperature changes. To determine the change in length of a concrete slab due to a 

change in temperature, Equation 2-1 may be used. 

AL = C L ( d T  + E )  Equation 2-1 

where C is the fictional restraint (normally 0.65 for stabilized material, 0.80 for 

granular), L is slab len& a is the thermal expansion coefficient of Portland Cernent 

Concrete in the range of 1042x1 o4 (CO)-', AT iis the maximum temperature change, and E 

is the shrinkage main in the range of 200x1 04. 



2.1 -1.7 Joint Effectiveness 

The Arnerican Concrete Paving Association (ACPA) provides information on 

wncrete pavements used for Street and highway construction. IR order to detennine the 

usefùlness of a concrete highway joint, ACPA uses Joint Effectiveness to measure the 

performance of the joints. If a joint is 100 percent effective, the ddections on both sides 

of the joint are quai due to the sharing of the applied load. Zero percent effectiveness 

means the udoaded side is experiencing no detlection at any specific load level. nie 

measure of Joint Effectiveness is based upon the measured deflections of the loaded and 

udoaded side of the joint as given in Equation 2-2. 

2du x 100 
Equation 2-2 

E =  
4 +du 

where E is the joint effectiveness, du is the deflection on the side of the joint 

without the direct application of load or the unloaded deflection, and di is the deflection 

on the loaded side. A joint is considered adequate if the effectiveness is 75 percent or 

greater. 

2.1 -2 Loading 

The size and weight regdations are determined by government bodies to ensure 

safety of highway and bridge operations. Some of these agencies and their codes are: 

Arnerican Association of State Highway and Transportation Officiais (AASHTO), 

Regional Transportation Association of Canada @TAC), and the Ontario Bridge Code 

(OBC). In Table 2-1, the current maximum axle Ioads, maximum single tire or half axle 

loads, and their tire contact areas are given for each agency. 



Table 2-1: Weight and area requirements for tire loadings 

2.1.2.1 Load frequency 

1 W (kips) 
AASHTO 214 (48) 
RTAC 1 90 (20) 
OBC 200 (45) 

Pavement design requires information on axle loads and fiequency. The 

Manitoba Department of Highways and Transportation regularly places counters and 

kN (kips) 
107 (24) 
45 (10) 

100 (22.5) 

weigh scales at key locations of k i r  highway network These counters are able to record 

m2 (in2) 

O. 15 (240) 

the number of times that tires cross over a pneumatic tube. To complete this data, the 

breakdown between multi-de vehicles and dual-axfe vehicles needs to be determined. 

These values are then compiled and are accessible to the public and could also be 

obtained fiom the homepage of the University of Manitoba Transportation Information 

Group (UMTIG). 

2. i -2.2 Load Transfer 

The load transfer is based upon the effectiveness with which a joint can transfer 

the applied load to an adjacent slab. Under ideal conditions one half of the applied load 

are assumed to be transferred. Poor joints, providing inadequate alignment, experience 

cracking and consequently, will have s less effective load transfer. The transfer of loads 

is shared between the dowels and aggregate interlock. 

2.1 -2.3 Aggregate lnteriock 

Aggregate interlock is based upon the fiction and bearing of aggregates against 

each other as a shearing force is attempting to propagate a crack. Rough aggregates, like 



crushed stone, have high fiction coefficients and provide good interlock. In contras& 

natural gravel. or those that have been weathered and have polished surfaces, are not as 

effective in providing interlocking charactenstics. 

Aggregate interlock becornes ineffective when the space between joint surfaces is 

large enough that the aggregates are no longer in contact with each other. This is the case 

when a concrete joint experiences tensile or contraction stresses that reduce the joints 

capabilities for load transfer. It is also ineffective when the aggregates are not 

interlocked as in the case of construction joints. 

2.1 -2.4 Dowel Action 

Dowel action is the mechanism by which the dowels transfer load. In the 

presence of a separation or gap between the two structures, the dowel has the ability to 

move when stress is applied. The three modes of the mechanisrn that can develop at the 

joint are flexure. shear, and kinking as shown in Figure 2-3. 



Flexure 

Shear 

Figure 2-3 : Dowel Action Mechanisms 

where Vd is the shear strength of the dowels, M is the plastic moment of the 

dowel, 1 is the iength of the joint gap, db is the dowel diameter, A, is the total area of the 

steel crossing the shear plane, f, is the yield strength of the steel, and 8 is the kinking 

angle. 

2.1 -3 Road Base 

In order to reduce the cost of highway constructioq a compacted base is normally 

üsed to transfer the traffic loads to the subgrade and reduce the thickness of  the concrete 

pavement. Therefore, by providing a ngid and stable base for the pavement, cracking, 



defonnations, and deterioration could be reduced- It was found that the more stable the 

subbase, the more stable the wncrete pavement, thereby prolonging its He. 

A compacted base is placed upon the subgrade to provide a bufTer between the 

applied load and the weaker subgrade material. The base allows for the stress to be 

spread over a larger bearing area of the subgrade. Typically, the Manitoba Department of 

Highways and Transportaiion provide a base system, as shown in Figure 2-4, consisting 

of 100 mm (4 in) 'A Base', and 200 mm (8 in) 'C Base'. Each Iayer is compacted during 

the construction process. Initially the subgrade will be compacted to 20 MPa (2900 psi), 

then the 'C Base' will be applied and compacted to 200 MPa (29 ksi), followed by the 

final topping of 'A Base' compacted as well to 200 MPa (29 ksi). (Hilderman 1997) 

254mm (10 in,) 

100- (3.9 *-) 

200mm (7.9 m.) 
- . .  . . . . . . . . . .  . . . . . . . .  . . . -  - .  . . . . 

.. . . . . . . .  . . . . . . . . .  . . . . . .  . . . .  . .  . - 
. . . .  . .. . 

Figure 2-4: Soi1 and base layers undemeath the concrete pavement 

Compaction is requûed to stabilize the material and is accomplished by passing 

vibrating or static rollers and watering trucks over the base material. Water is added to 

the base material to provide lubncation and reach the optimum compaction level. It is 

better to add moiçture to stabilize the material during construction than for the material to 



anain moisture fiom the environment over tune that oould cause shrinkage or expansion 

of the materid. Once the base material bas been wmpacted, readings can be taken to 

determine the water content and the percent of compaction compareci to a laboratory 

standard. 

2.1 -3.1 Subgrade Modulus 

In order to mode1 a subgrade, assumptions b d  to be made to determine whether 

soi1 behaved in a linear or non-linear elastic rnanner. WinWer (1 867) provideci a simple 

model of the linear elastic soi1 behaviour. A linear relationship between load and 

displacement using a stifniess modulus k, is given in Equation 2-3: 

q = k A  Equation 2-3 

where q is the stress applied to a point, A is the vertical deflectio~ and k is the 

subgrade modulus. Winkier's model considerd that no displacement occurred outside 

the loaded area and therefore could be modeled with simple linear spnng elements with k 

representing the spring constant over an area. 

Winkler's model lacked the continuity at the boundary of the loaded area. Other 

models representing soi1 continuum behaviow were developed by Filoneko-Borodich 

(1 940-45) and Hetenyi (1 946). These models provided continuity between spring 

elements by modeling a type of membrane, plate, or beam elernent, which connects the 

spnng elements together. This method provided a more representative soi1 deformation 

outside of the loaded area- 

The w m o n  factor in the above models was the use of the modulus of subgrade 

reaction This measme of subgrade stiffness allowed the designers to estimate the 

loading conditions that the soi1 could support. A study by Terzaghi (1955) provided 



numerical d u e s  for k, which are still used in soil-structure interaction calculations, as 

given in Table 2-2. Terzaghi determined that k is not a unique characteristic of the soil 

itself In performing many plate bearhg tests, it was detemiined that plate size and 

shape, as well as the depth of embedment affecteci the calculated value of the subgrade 

modulus. It was also noted that the soil was subjected to irreversible deflections which 

illustrated a plastic deformation instead of the assumed elastic behaviour. 

Table 2-2: Modulus of Subgrade Reaction (Texzaghi 1955) 

It was determinecl by Teller and Cashell (1958) that the expected load transfer 

efficiency will be reduced with an increase of the modulus of subgrade reaction. They 

suggested that "a dowel will show its highest effectiveness on a flexible subgrade where 

it is needed, and its lowest effectiveness on a stiff subgrade where it is not needed". 

Reference 

Terzaghi (1955) 

Miner and 
Seastone (1955) 

2-2 Do wei's 

Dowels are required to transfer the load across the joint and to provide alignment 

of concrete pavements. Dowels are used to provide load transfer and to provide a smooth 

and d e r  ride as shown in Figure 2-5. 

Certain factors should be considered for the design of dowels in concrete 

pavements. Two of the important factors are spacing and diarneter of the dowels. Each 

dowel should provide the ability to transfer load over its designateci uibutary area. 

Type of Soi1 

Dry or Moist 
Sand 

Grave1 and 
Gravelly soils 

Loose 
W I ~ ~ I  

[(tons/ft3)] 
6.3-18.9xld 

(20-60) 

, 

Medium 
c ~ N / ~ ~ I  

[(to&ft3)] 
18.9-94.3 x l d  

(60-3 00) 

Dense 
[kN/m3] 

[(ton s/ft3) J 
94.3-3 14.2 x103 

(3 00- 1000) 
135-190x10~ 
(430-605) 



Because of flenïiiity of the subgrade, a group action develops and the load is transferred 

by multiple dowels. Adjacent dowels will contribute to the load transfer and this is 

referred to as dowel group action. 

L 

Load 

---- - - - - - - - - 

Figure 2-5: Positive effect of dowel load trnsfer 

Another important factor affecting the overall behaviour of  the joint is the 

embedment length of the dowels. The eEect was studied by Tirnoshenko and Friberg 

(1938) using an infinite and finite bar surrounded by an elastic m a s .  Fnberg showed that 

the moment in the dowel àrops rapidly with the distance fkom the joint face therefore no 

dowel is required after the moments' second point of contraflexure. This is illustrated in 

Figure 2-6. Timoshenko introduced Equation 2-4, for the deflection of an elastic 

structure. 



Figure 2-6: Contact stress and moment along a dowel within a siab 

e-@ 
Y =  (P cos - PM, (cos @ - sin @)] 

2p3 EI 
Equation 2-4 

where x is distance along dowel fiom the face of  the concrete, M, is the bending moment 

at the face of the concrete, P is the transferred load, and EI is the flexural rigidity. fl is 

the relative stiffness of the bar to the concrete and is given by Equation 2-5. 

Equation 2-5 

where b is the diameter of the dowel, and k is the modulus of dowel support. The 

modulus of  dowel support is defined as the pressure required to cause 25.4 mm (1 in) 

displacement in the support material. 



Duriog the consüuction process, it is importaut to note that the dowels remain in 

parailel alignment. If the dowels become non-parallel, the joint will 'fieeze' or  'bindt. 

The joint rnust be fke to expand and contract due to temperature and rnoishire changes. 

When the dowels are not in a l i m e n t  stresses may be induceci due to the imposed 

restraint and wuld cause cracking of the concrete pavement at the joint. 

2.3 Reseamh on the use of FRP Dowels 

2-3.1 FRP Dowel Bars in Reinforced Concrete Pavements 

Brown and Bartholomew, at Wïdener University in Chester, Pa-, conducted an 

experimental program using 508 mm (20 in) wide, 914 mm (36 in) long, and 102 mm (4 

in) thick slab with a 6.4 mm (114 in) joint at the mid-length. The diameter of the dowels 

used was 12.7 mm (1/2 in) to match 118th scale of the slab thickness- The dimensions of 

the specimens were controlled by the limitations of the testing facilities. 

The slab was supporteci by a subgradhbbase system without consideration of 

the field subgrade conditions. The system consisted of 200 mm (8 in) of expanded 

polystyrene foam for the subgrade, covered by lOOmm (4 in) of 19 mm (3/4 in) cnished 

stone to act as subbase. This system was used throughout the testing program to compare 

the load transfer efficiency of the dflerent materials used in the testing program. 

The program included square and round GFRP bars as well as steel bars. The 

general mode of tàilure observed was the propagation of a crack within the wncrete 

perpendicular to the joint. The tàilure load was approxhately the same for the tested 

specimens regardless if the type of dowel were the grade 60 steel dowels or either type of 

the E-Glass dowels. The two types of E-Gtass dowels containeci either a vinyl ester resin 

or isopthalic polyester resin. Test results indicated that square GFRP dowels were less 



efficient in cornparison to round GFRP and steel bars. The researchers concludecl that 

increasing the diameter of the GFRP dowels by 20 to 30 percent d d  match the same 

transfer efficiencies of steel bars. 

2.3.2 GFRP Dowl Bars for Concrete Pavement 

An experïmental program was conducted at the University of Manitoba to 

investigate the feasibility of using GFRP in concrete pavements, Gneef (1996). The 

study concenmed on the strength characteristics of the GFRP material in cornparison to 

steel and also a life cycle cost analysis to determine the benefits of using GFRP dowels. 

One type of GFRP material was used and compared to the behaviour of steel. The 

dowels were produced by Puitrall Inc., in Thetford Mines, QC and is known 

cornmercially as Isorod. The Isorod dowels were 450 mm (18 in) long and had a 

diameter of 19 mm (3/4 in). 

Concrete push-off specimens were design4 to determine the dowels capacity in 

direct shear. The specimens consisted of two 1'-shaped conmete panels orientated to 

apply direct single shear on the dowels as shown in Figure 2-7. The joint width, between 

the two concrete surfaces, was 12.7 mm (1/2 in). Two dowels, were used for each 

specimen to cross the joint. These dowels were placed perpendicular to the appiied load 

and therefore were loaded in direct shear, 

A total of eight specimens were tested in this program which included four 

specimens using Isorod GFRP dowels. Two of the four Isorod dowel specimens 

contained dowels that were partiatly bonded while the remaining two were not bonded. 

The test results showed kinking behaviour at the dowels causing an inward 

movement of the panels toward each other. In cornparison with the steel dowels, the 



Isomd dowels carry about one third of the load of the steel before failure. It could be 

shown that bonding of one side of the dowels increased the load carrying capacity 3.8 

percent for the steel dowels and 7 percent for the Isorod dowels. The displacement of the 

j o h s  increased for the unbonded specimen, by 15 percent for the steel and 8 percent for 

the Isorod. 

Figure 2-7: Push-off specimen 

The conclusions of this experimental program stated that with the testing of push- 

off specimens, kinking occurred at lower load levels for Isorod dowels in cornparison to 

steel dowels. It was also found that Isorod dowel stiffiiess is much Iower than steel 

dowels. Bonding of one end o f  the dowels provided a strengthening as well as a 



saffening effect. It was also detennined that by inmeashg the diameter of the GFRP 

dowel, sirnilar strengths as steel could be achieved. It was also concluded that the use of 

GFRP dowels, specificdly Isorod, would not be an economically viable alternative to 

steel. 

2.3.3 Research at Iowa State University 

Porter a al. (1993) at Iowa State University, investigated the use of FRP and steel 

dowels mder laboratory and field conditions. The laboratory investigation included 

testing of full-scale slabs with one transverse joint, set on a simulateci subgrade. The 

testing of the slabs included static, dynamic, and fatigue loading. The field investigation 

included placing FRP dowels .in two joints of the westbound lane during the construction 

of US. Highway 30, east of Ames, Iowa, during the summer of 1992, for direct 

cornparison to the behaviour of steel doweis located in adjacent joints. 

The placement of FRP dowels in the new construction consisteci of replacing 38 

mm (1 1/2 in) steel dowels by 44.5 mm (1 314 in) GFRP dowels in two joints at a spacing 

of 203 mm (8 in) instead of the typical spacing of 305 mm (12 in). The dowels used in 

al1 the joints were 457 mm (18 in) in length. This placement is considered for long-term 

evaluation of the FRP dowel material. Due to the altered spacing and diameter of the 

dowels, placement and casting of wncrete was a wncem. The construction normally 

used basket system designed for the steel dowels which was altered to support the FRP 

dowels. A steel wire was used to hold the dowels in their appropriate locations. 

Problems arose during casting of the concrete, some of the dowels were pushed out of 

alignment. These dowels were straightened when observai by the construction crew. 



The joints were tested using the Road IWingm systern to detemine their 

effectiveness after approximately eight months. This system combines visuai inspection 

with physical application of loads fiom which deflection measurements are recorded for 

cornparison The results fiom the field-testing were very promising and showed vimially 

no difference in behaviour between the steel and FRP dowels. 

The laboratory setup cunsisted of a 300 mm (12 in) slab, 1830 mm (6 feet) wide 

and 3660 mm (12 feet) long, supporteci by steel 1-beams to simulate the subgrade 

stiffhess. Six beams, orientated across the width of the slab, were used to support the 

specimen during casting, curing, and testing. Each bearn was instrumented with strain 

gauges that were calibrated to determine the load transfer efficiencies of the joints. The 

load transfer efficiency is the direct ratio of the unloaded side deflection divided by the 

loaded side deflection. Deflection measurements were also taken to compare to the 

calculated load transfers. Measurements were recorded to calculate the Ioad transfer 

across the joint. Cyclic loading was applied by two actuators used to simulate traffic 

loads. Static loads were applied at a certain number of cycles to monitor the efficiency of 

the joint over the range of the test- 

Conclusions of the experimental program stated that the FRP dowels achieved the 

same load carrying capacity as the steel dowels, even under cyclic loading. The average 

load transfer efficiency calculated for the FRP dowels was in the range of 44 percent 

compared to that of the steel dowels at 41 percent. A transfer efficiency of 50% would be 

the maximum that could be obtained assuming full load transfer. It was also noted that 

the deflections increased with the number of load cycles for both types of dowels. 



Chapter 3 Experimental Program 

3.1 General 

The experimental program included testing of GFRP and steel dowels using a full- 

scale concrete slab thickness. Each slab containecl two dowels to transfer the applied 

load across the joint. Epoxy coated steel dowels were also testeci to provide control 

specimens to the GFRP specimens. The shear strength of the GFRP and steel dowels was 

also determineci based on testing individual bars in double shear. 

The experimental program was conducted at the McQuade Stnictural Laboratory 

at the University of Manitoba. The concrete pavement slabs were supported by two 

different subgrade conditions, a uniformiy distributeci steel spring system and a 

cornpacted 'A base' gravel to simulate the subgrade. These two conditions were used to 

simulate typical field conditions of highway subgrades. 

The scope of the experimental program included testing of twelve specimens 

using three types of dowel material; Glasform GFRP, FiberDowel GFRP, and epoxy- 

coated steel. The fkst set, phase 1, consisted of three specimen reinforceci by the three 

types of material. A steel spring system of relatively low stiffness was used to support 

the concrete slab. TRis specimen included a gap of 3 mm (1/8 in) at the joint to simulate 

a typical thermal contraction of the concrete. The second set, phase 11, consisted of six 

specimens containing the same dowel materials. There were two slabs of each type of 

dowel and the slabs were supported by a compacted 'A base' gravel mixture with a 

stifkess similar to field conditions. The slab joint systems were statically loaded on one 

side of the joint. The third set, phase ID, consisted of three specimen supported also by 



the 'A base' grave1 mk and is subjected to 1 miilion load cycles at a load equivalent to the 

service load ievel. 

3.2 Test Specimen 

To simulate the behaviour of a highway pavement, the dimensions of the specimens 

were 610 mm (2 feet) wide and 254 mm (10 in) thick as shown in Figure 3-1. The 

selected width allowed the use of a loading area equivaient to AASHTO design truck tire 

of 600 x 254 mm (2 feet x 10 in). To detamine the length of the specimen, finite 

element d y s i s  was performed using Visual Analysis software. The cornputer analysis 

consisted of a beam resting on springs. The length of the specimen was determined as 

the length where al1 the supporting springs are in compression due to the applied load. 

The analysis indicated that a length of 1220 mm (4 feet) on either side of the joint would 

be sufficient for the test specimen. Therefore, the overail specimen dimensions selected 

were 610 x 254 x 2440 mm (2 feet x 10 in x 8 feet) as shown in Figure 3-1. Twelve 

specimens were cast, each containhg two dowels crossing the joint as shown in Figure 

3-1. Glasform GFEU? of 38.1 mm (1 112 in) diarneter, produced by Glasform Inc., were 

used in four specimens. FiberDowel of the same diarneter, produced by RTD Indusiries, 

were aiso used in four specimens while 31.75 mm (1 114 in) epoxy coated steel dowels 

were used in the final four specimens. The entire lengths of the first three specimens 

were cas containing a sheet metal divider located at the mid-length of the specimen The 

other nine specimens were cast using the same forrnwork and the same manufacturers 

dowels however each segment of the specimen were cast on two consecutive days. The 

fist day the concrete was cast against the plywood separator which was removed after 24 

hours before casting the concrete on the second day against the previous cast. This 



guaranteed a srnwth surfâce with no possibility of additional load being transferred by 

aggregate interiock 

2440 mm (8 ft) 

1220 mm (4 ft) 
H lP 

Figure 3- 1 : Slab and dowel dimensions 

3.3 Matenal Prvperties 

3.3.1 Concrete 

Al1 test specimens were cast using concrete provided by a local concrete 

company. For each concrete batch, six cylinders were cast to determine the average 

strength of the concrete. The compressive and tende strengths of the concrete used for 

the three phases are given in Table 3-1. The cylinders and the slabs were tested at the 

same time to determine the strength of the concrete at the time of testing. 



Table 3-1: Concrete Strengths 

Specimen 
rype 

~ t a o w e l  
Specimen 

Glasform and 
FiberDowel 
Specimens 

At1 
Specimens 
FÙst Set) 

Ail 
Specimens 

(Second Set) 

Ali 
Specimens 

Project 
Phase 

Cast Date 

19/11/97 
[unloaded 

side] 

21/11/97 
[loaded 

[unloaded 
side] 

1 7/04/98 
[loaded 

side] 
28/05/98 
[unloaded 

side] 

29/05/98 
[loaded 

sidel 

C ylinder 
Compressive 
Failure Load 
FN WP)I 

Average 
Compressive 

S trength 
w a  @sol 

C ylinder 
S p ü  Test 
Failure 
Load 

llcN WP)J 

d a  

Average 
Tende 
S trength 

F l P a  
(psi31 

d a  

3.3.2 Dowels 

The 455 mm (1 8 in) long dowels were placed in each specimen at 305 mm (12 in) 

centers, as shown in Figure 3-1. The diameter of the glass FRP dowels used was 3 8 1  

mm (1 !4 in) which is larger than that of the epoxy coated steel dowels of 3 1 -75 mm (1 ?4 



in.). The larger diameter of the GFRP was selected to compensate for the lower strength 

of the GFRP perpendicular to the fibers. 

The dowels were tested in double shear as illustrated in Figure 3-2. Following 

placement of the specimen in the shear test set up, the load was applied through a 25 mm 

(1 5/16 in.) section. The configuration of the shearer used to transfer the load to the dowel 

is a steel block with a half circle of the same diameter as the dowel. The dowel r a t s  in a 

V-goove dong the shearing block and is supported near the loading area by two sheming 

rests that also have the same diameter as the dowel- 

- 

0.082m 
(3.25 

O. 152111 
(6 in) - 

0.455m 0.096m 
(18 in) (3.8 in) 

Figure 3-2: Apparatus for double shear test 

The Manitoba Department of Highways and Transportation provided the epoxy 

coated steel dowels. Using the apparatus shown in Figure 3-2, the measured ultimate 

shear strength of the steel dowels was 570 MPa (82.6 ksi) based on a measured ultimate 

double shearing load of 901 kN (202.6 kips) and an area of 791.7 mm2 (1.227 in2). The 

rneasured values of the Glasfonn and FiberDowels were 150 MPa (21 -8 ksi) and 107.0 

MPa (1 5.5 ksi) based on measured ultimate double shearing loads of 343 kN (77.1 kips) 



and 244 kN (54.9 kips) respectively. The area of both types of GFRP dowels was 1 140.1 

mm2 (1.767 in2). These values are summarized in Table 3-2. The GFRP were provided 

by Glasforms Inc. in San Jose, Califomia and FiberDowel, by RID Industries Inc., in 

Laguna Hills, Califomia. 

Table 3-2: Summary of Dowel Double Shear Tests 

Dowels 

E P ~ ~ Y  
Coated Steel 
FiberDowel 

Glasform 

Number 
of tests 

Ultimate 
Double Shear 

Load 
kN (kips) 
901 (202.6) 

Ultimate 
Strength 

MPa (ksi) 

Standard 
Deviation 
MPa (ksi) 

3.3.2.1 EpoxyCoated Steel 

Manitoba highways and transportation provided the epoxy coated steel dowels directly 

fiom a stockpile. Standard dowels are grade 60 (ASTM A615) steel, coated initially with 

a thin layer of epoxy. The dowels and basket assemblies are coated with an ashphaltic 

substance to provide debonding fiom the concrete. 

3.3.2.2 Glasforms 

Glasforms Inc. produces g l a s  fiber dowels in San Jose, California. At the time of 

receiving the dowels, the Company did not have any cornmercially ready dowels but were 

very willing to participate in this research. From correspondence received, it was noted 

that the dowels consisted of fiberglass in a vinyl-ester resin matrix. The flexural modulus 

and the flexural strength is, 41.3~10~ MPa (6 Msi) and 688.9 MPa (100 ksi) respectfully. 

A h ,  values of 55.1 MPa (8 ksi) for interlaminar shear and 1.9 for specific gravity were 

37 



given. As their product was relatively new, the tensile and shear strength were not 

available but may now be at the company's web site: www.~lasforms~com- 

FiberDowel is produced by RJD Industries in Laguna Hills, California, and 

marketed as  a "Corrosion Proof Dowel Bar System". The dowels may be ordered f5om 

their catalogue in varying diameters and lengths. Table 3-3 contains a surnrnary of 

certified testing provided by the manufacturer and conducted by two testing agencies; 

Twinning Laboratones, Long Beach, California, and Smith Emery, Los Angeles, 

California both using the ASTM D3916 tende testing criteria. The FiberDowels 

strength information can also be accessed from their homepage: www. jdindustries.com. 

Table 3-3: FiberDowel Certified Strength 

FiberDowel 
Diameter 
mm (in) 

Average Load 
kN WPS) 

From Table 3-3, the 38.1 mm (1 -5 in.) dowel has a guarantied strengîh of 146.3 

Tensile Tests 

25.4 (1.0) 
3 1.7 (1 -25) 
38.1 (1.5) 
44.4 (2.75) 

kN (32.9 kips). In cornparison to the values in Table 3-2, the FiberDowels reached a load 

Elongation 
YO 

0-08 
0-09 
0.09 

Shear Tests 

level of 244 kN (54.9 kips) in double shear performed at the University of Manitoba. 

Failure 
Mode 

Tende 
Tensile 
Tensile 

Average 
Load 

kN (kips) 
29.8 (6.7) 
91.0 (20.5) 

286.5 (64.4) 
458.0 (1 03.0) 
630.4 (141.7) 
855.8 (192.4) 

During the FiberDowel manufachiring procesq quality checks are made 

Failure 
Mode 

Shear 
Shear 

continuously and random samples are sent for cefication. Within the engineering 

113.7 (25.6) 1 Shear 
0-08 
0-24 
0-39 
0-39 

Tensile 
Tende 
Tensile 
Tensile 

127.7 (28.7) 1 Shear 
131.1 (29.5) 1 Shear 
146.3 (32.9) 1 Shear 
192.6 (43.3) 1 Shear 



specifications supplied with the product, it was noted that RTD had comparatively tested 
.-. 

the dowels in bond with concrete against steel dowels, both with and without an epoxy 

mat. It was reporteci that when a pull out test was conducted on dowels with a 305 mm 

(12'7 embedment length, the bond strength for a plain steel dowel is 1.52 MPa (220 psi), 

epoxy coated steel bar bond is 0-43 MPa (63 psi), and the FiberDowel is 0.1 MPa (1 5 

psi). From these results, it was clear that the FiberDowel would not require any cuatings 

for debonding. 

3.3.3 Subgrade Simulation 

Current mostniction practice of typical rigid highway pavements includes the 

preparation of a base on the top of existing or excavated soi1 as shown in Figure 2-4. The 

base consists of compacted soi1 typically to 20 MPa (2.9 ksi) followed by a layer of 200 

mm (7.9 in) 'C base' compacted to 200 MPa (29.0 ksi) and by a layer of 100 mm (3.9 in) 

'A base' also compacted to 200 MPa (29.0 ksi). 

The appropriate determination of the subgrade modulus requires a good 

description of the material used for the subgrade and its compaction level. Since the 

subbase is densely packed limestone of difFerent gradations, the characteristics c m  be 

found from tables provided by Terzaghi (1955) as given in Table 3-4. The data reflects a 

wide range of values exist for the subgrade modulus. A value of 204x10~ k ~ / r n ~  (650 

tons/ft3), which is the median dense value provided by Tenaghi, was used as the 

appropriate subgrade modulus. To m e r  explain the development of the subgrade 

modulus an example is provided. 



Table 3-4: Modnlus of Subgrade Reaction 

Refereace 

Terzaghi (1 955) 

Type of Soi1 

Dry or Moist 
Sand 

The subgrade modulus, k, assuming a liquid foundation, can be determineci based 

on the pressure, P, applied over an area and the vertical deflection, y, as foiiows. 

I 

Grave1 and 
Gravelly wils 

k = P / y  Equation 3-1 

According to AASHTO code (1993) the maximum concentrated load of a half 

axle truck tire load is 100 kN (22.5 kips) spread over an area of 610 mm x 254 mm (2 

feet x 10 in)- The acceptable vertical deflection under this specified load level is 

normally in the range of 3 mm (1/8 in). Therefore, based on pressure P: 

P = Q /A = 1 OO/[(O.6)(0.25) ] 

= 666.67 kN/m2 

the subgrade aifhess k: 

k = P / y = 666.67 / 0.003 

= 222 x 1 o3 w/m3 

The calculated subgrade modulus is within the range provided by Terzaghi. It should be 

noted that the modulus of subgrade reaction is a fictitious property that depends on the 

size of the loading plate and the load level as well as the load rate. The modulus is used 

to simpliQ the in-situ determination of soi1 structural support capacity. 

Loose 
w m 3 1  

[(t0dft3) ] 
6.3-18.9xld 

(20-60) 
. 

135-i90x10~ 
(430-605) 

Medium 
w / m 3 ]  

[(tons/fi3)] 
18.9-94.3 XI@ 

(60-300) 

Dense 
w / m 3 1  

[(tons/ft3)] 
94.3-3 14.2 

xlo3 
(3 00-1000) 



3.3.3.1 Phase 1 

The subgrade simulation for the first three specimens consisted of 36 steel springs 

used to support the concrete slabs as shown in Figure 3-3. The springs were 76 mm (3 

in) diameter and spaced at 200 mm (8 in) centers. 

Figure 3-3: Slab on spring subgrade 

For phase 1, it was decided to provide a ~ b g r a d e  that simulates a possible failure 

of the subgrade close to the joint location Failure of the subgrade would expenence 

extreme deflections and subject the dowel to unusually hi& stress. 

The average stiffness of the steel springs was 145.4 W m  (830 lbs/m) and placed 

over an area of 200 x 200 mm (8 x 8 in.). This is corresponding to a stifkess of 3.6~10~ 

kWm3 (752 1bs/in3). Cornparhg this &ess to the subgrade moduli in 

Table 3 4  of 2~x10.' kN/m3 (13.3 lbdin3), it can be seen that the subgrade provided is 

approximately 3 percent of expected field conditions. Therefore, the test simulates a 

lower boundary condition for the subgrade. 

3.3.3.2 Phase Il & III 

The subbase for the remaining specimens in phase II and III consisted of 330 mm 

(13 in) compacted 'A base' graded limestone. Manitoba Department of fighways and 

Transportaiion provided the specifications for base course material. From these 



specifications, an appropnately graded 'A Base' was obtained. The gradation of the base 

material specifiied by the Highways Department and supplied by Mand Aggregates can 

be found in Table 3-5. This gradation is compared to the reduced gradation of a "C Base" 

limestone which is typically used in combination with "A Base" in a layered highway 

subbase system. The base material was built up in three layers each of 100 mm (4 in) and 

compacted using a 1-16 kN (260 Ibs) plate compactor. After the third level was 

compacted, the box containing the base was topped off and compacted one final time. 

Table 3-5: Base Course Specifications 
J 

Passing 
Sieve Size 

25 mm (1 in) 
19mm (314 in) 

To determine the stiffness of the compacted 'A base' a 3 17.5 mm (1 2.5 in) square 

plate was placed on the top surface of the base and was loaded using an MTS actuator. 

Each base test was loaded up to 40 kN (9 kips) to determine the modulus of the subgrade. 

The base test locations are shown in Figure 3-4. The first base test was conducted at the 

middle location. The base was preloaded a few tirnes which accounts for the high 

modulus. The second base test was conducted at the south end of the test bed. For the 

third base test, the north end of the test bed was used. During setup of  the test, the base 

was again preloaded. En order to establish the possible increasing stifiess dunng 

consecutive tests, the base was tested again at the north end, irnmediately following the 

previous test. Since loading of the test specimen takes place at the middle, the second 

loading of the north end had no effect on the results due to the expected slab uplifi in this 

42 

4-751nn-1 (NO. 4) 
4.25um (NO. 40) 
75um (NO- 200) 

Highways Specification 

Specified "A" 

1 O 0  

Inland Aggregates Limited 
Supplieci "A Base" 

3 5-70 
15-30 
8-1 5 

Specified "C" 
100 

25-80 

8-20 

Specified 

1 O0 

Typical 

100 
35-70 
15-30 
8-1 7 

50 
17 
12 



area Base tests were conducteci foilowing each slab test to monitor any changes the base 

material. The r&ts f?om ail the base tests are presented in Table 3-6. The load versus 

deflection plots of the base material can be found in appendix A 

Figure 3-4: Location of base tests on 'A base' bed 

Table 3-6: Subgrade Modulus for the First Phase II Slab Subbase 
based on a 3175 mm (12.5 in.) bearing plate 

L 

Base Test (xld kN/m3) 

From the r m l t s  obtained ffom the base tests, the subgrade modulus can be taken 

to be approximately 133.3 x103 kWm3 (394 lbs/m3) based on the tests between the slab 

tests. This value can be compared to the value that was anticipateci to provide an 

adequate densely packed subgrade to simulate the field conditions. 

Load 

Initial 

Reloading 

Before Slab Testing 

Middle 
Test 

385-4 

Foilowing 
Steel Test 

137.9 

South End 
Test 

1 12.6 

Following 
FiberDowel 

Test 
139-3 

North 
End Test 

3 17.9 

525 -2 

Following 
Glasfonn 

Test 
1 

122.7 



Base tests were also conducted before and between the second test of the phase 2 

slabs. Al1 tests were conducted at the middle location of the grave1 bed. The subgrade 

moduli are summarized in Table 3-7. The measured values suggest the base material lost 

significant strength due to repeated loading conditions. This could have occumed due to 

the repeated loading the base material experienced where the aggregates significantiy 

degraded. 

Table 3-7: Subgrade Modulus for Second Phase II Slab Subbase bas& 
on a 317.5 mm (12.5 in.) bearing plate 

I Base Test (xld kN/m3) 

Figure 3-5: Test set-up for-base tests 

Initial 

2"* 
Middle 

Test 

3d 
Middle 

Test 

Load la 
Middle 

Test 
177.3 175.5 

Following 
Glasform 

Test 

Following 
Steel Test 

1 

Following 
FiberDowel 

Test 
232.5 530.5 92 126.2 



3.4 Fabrication of the Test Specimens 

Plywood foms were used to cast the entire jointed slab specimen. The form was 

coated with a long-term form paint for easier removal of the concrete and for reuse for 

the following specimens. For phase I, the specimens represent a construction joint 

containing a contraction gap of 3 mm (1/8 in) at the joint. This was achieved by placing 

a piece of sheet metal at the joint. 

After &g, the slab was moved using eight inserts placed in I o d o n s  matching the 

location of holes in a steel charnel strongback The inserts were fïxed in place using a 

narrow plywood member during casting. 

Two more forms were constnicted umng 19 mm C/r in) paper-lined plywood to 

facilitate multiple castings. These forms were built to the same intemal dimensions but 

pieced slightly different to ease removing the concrete specimen. 

For phase II and III the sarne formwork were used with some minor adjustrnents. 

The specimens in these phases represent a typical construction joint, therefore no 

contraction gap was provided. The specimens were cast over a two-day penod with a 

temporary plywood divider placed at the location of the joint during casting of the first 

slab of each specimen. This provided the separation and a smooth surface to eliminate 

the aggregate interlock mechanism at the joint. Other preparations were sirnilar with 

regards to the location of the inserts for 1iRing purposes. The second day of casting 

consisted of removing the plywood divider and casting against the concrete face. 



3.5 Insfrumen fation 

3-51 Phase I 

3.5.1 .l Steel Dowels 

The test was instrumented, as shown in Figure 3-6, to obtain complete data on the 

performance of the steel dowels under various load levels. Linear variable dserential 

transducers &VDTs) and dial gauges were located as shown in Figure 3-6. In some 

cases, diai gauges were used to duplicate the LVDTs as well as to measure deflections 

along the slab. Demec points were placed on both sides of the slab joint at the top and 

the bottom to measure possible contraction, separation or rotation dong the joint. The 

construction joint providecl for this specimen had a 3 mm gap to mode1 a possible thermal 

contraction gap that a construction joint in the field would have in the winter. Demec 

points were used to measure relative movement of the two slabs at the joint. By 

increasing the applied load, it was observed that the gap closed rapidly causing the top 

edges of the slabs to be in contact. The compressive stresses caused by the excessive 

deflection and the contact of the two slabs ied to the cmshing of the concrete and edge 

spalling. Measurements, in the compression zone, were recordeci up to a load level of 45 

kN (10 kips). 

3.5.7.2 GlasForm and FiberDowel Dowels 

The &st FiberDowel specirnen was instmmented in a similar fashion as the first 

steel specimen, as shown in Figure 3-7. To obtain complete data on the performance of 

the glass dowels, linear variable differential transducers (LVDTs) and dia1 gauges were 

placed to measure deflections along the slab. Demec points were placed on one side of 



the slab joint at the top and the bottom to measure possible contraction, separation or 

rotation under daerent load levels. Ln order to measure the direction and absolute value 

of movement of each side of the slab, dial gauges were added and fked to the testing 

floor to measure the deflection at the joint. These two specimens also had a 3 mm (1/8 

in) gap at the joint. 

3-52 Phase Dl 

There were six concrete slab tests within phase II divided into two sets. Both sets 

of specimens included epoxy-coated steel dowels, FiberDowelq and Glasform dowels. 

The first three specimens were insmirnented as illustrated in Figure 3-8 and additional 

instrumentation was added to the same specimens when they were reloaded as shown in 

Figure 3-9. M e r  analysis of the data, a revised instrumentation scheme was used for the 

second set of specimens as illustrated in Figure 3-10. The measured load-deflection 

relationship for each specimen was used to evaluate the behaviour under different Ioad 

levels, The deflections were measured on each side of the joint to determine the 

diflerential deflection occurring at the joint to assess the joint effectiveness. 

Following the first set of the phase II slabs, the location of the LVDTs across the 

joint was lowered to prevent the disturbance of readings caused by corner cracking. This 

in turn created a problem in reading dernec points across the joint. For the second testing 

of first three slabs, the demec points were not used. Demec points were used on the 

following three specimens, Figure 3- 10, by raising them off the surface of the concrete, 

which allowed the demec gauge to span the LVDT's and complete a reading. 



Figure 3-6: Instnimentation layout for pilot test 



Figure 3-7: Instrumentation layout for FiberDowel and Glasform Tests 



Figure 3-8: Instrumentation layout for the fkst set in Phase II 



Figure 3-9: instrumentation layout for reloadiig the specimens in Phase II 



Figure 3- 10: Instnunentation layout for the second set of specimens in Phase II 



3-53 Phase Ill 

The instrumentation for phase III is shown in Figure 3-1 1. Minor dterations have 

been made on the instrumentation for this phase. The Demec points have been removed 

fiom both sides of the slab. The instrumentation is used only during the static-testing 

conducted between the cyclic loading portion of this phase. 

3.6 T ~ t i n g  Procedure 

3.6.1 Phase I 

The test setup for phase 1 consisted of steel springs to simulate the subbase. An 

m a y  of springs was used to provide equal support to the two slabs of the specimen. The 

number of springs required was based on the effective tributary area for each spring. 

Thirty-six springs were used to support the slab, therefore each spring supported a 200 x 

200 mm (8 in x 8 in) area. 

The preparation of the spnngs included welding of square steel plates to each end 

of the springs and testing of a sample number of springs to determine their average 

stiffiiess. The welding was perfomed to ease the multiple setups expected, to provide a 

flat base on which the slab was supported, and to define each spring's tributq area. One 

end of the spring had a 175 x 175 mm (7 in x 7 in) plate welded onto it while the other 

end had a 100 x 100 mm (4 in x 4 in) plate. Each spring was then numbered so it could 

be placed in the same location for subsequent tests. These numbers were transferred to a 

plywood template created for the welded plate on one side of the springs. This 

numbering system also aided in tracking the springs that were tested. 



Figure 3- 1 1 : Instnimentation layout for Phase III tests 



The setup started with placement of three strips of 50 mm (2 in) thick, 200 mm (8 

in) wide, steel plates. These plates were used to provide stiff and level support for the 

plywood template and springs. Once these plates were positioned, the location for the 

template was determined and put into place. The springs were then put into their 

wigned locations until the 3 by 12 array was completed. 

Using a steel channel section as a strong back, the plain concrete specirnen was 

iifted, aligned, and set on top of the support springs. The specimen was painted with 

whitewash to facilitate crack observation during testing. 

A loading plate, representing the a r a  of a half axle truck tire is placed on top of 

the slab at one side of the joint. First a 12 mm (1/2 in) thick, 200 mm (10 in) wide, 600 

mm (2 feet) long, sheet of neoprene is placed on the load location between the loading 

plate and the concrete surface to avoid local crushing and to distribute the load evenly. 

The main loading plate is placed and aligned with the previous blocks and the actuator. 

3.6.2 Phase Il 

The subbase of the phase II used a limestone base matenal to support the concrete 

slab model. A box was constmcted using steel channel sections to contain the  base 

material. The steel channels were c o ~ e c t e d  together using angles and bolts at each 

corner of the box. 

A nylon sheet was placed into the box to contain the base material. A leveling 

course of base material is placed in the bottom of the box until a thickness of 25 mm (1 

in) to 3 8 mm (1.5 in) is obtained. This course is then covered by 19 mm (% in) plywood 

to provide a level sUTface for the remaining base material. 



The base materiai is added in three layers of 100 mm (4 in) each with compaction 

following each lie. The compaction was achieved using a 508 mm by 457 mm (20 in by 

18 in); 1.16 kN (260 Ibs) vibrating plate compactor. Two complete passes were made per 

Iift to ensure adequate packing of the material. Once the final 100 mm (4 in) lift was 

added and cornpacted, a final layer of base matenal 1 2 mm to 25 mm ( 1 0  in to 1 in) was 

added and compacted to bring the base up to grade. 

The load was applied using an MTS actuator supported by a steel frame fixed to 

the strong floor of the structural testing lab as shown in Figure 3- 12. 

Figure 3- 12: Complete test setup including testing fkame, actuator, and base layer 



Before testing, the  modulus of subgrade reaction of the compacted limestone base 

was detemined using a 3 18 x 3 18 mm (12.5 x 12.5 in) plate placed upon the base 

material and the load was applied by the actuator, Figure 3-5. The load celI attached to 

the actuator was comected to a data acquisition system allowing for readings of the load 

and the stroke of the actuator. Three tests were made to ensure that the compacted base 

materiai had a relatively consistent modulus. 

Placing each specimen involved lifting the plain concrete pavement sections using 

a steel channel strong back and maneuvering them into location on top of the base 

material. Following the placement of the slab, the loading platen is placed in the loading 

area. A swivel plate was used to adjust the alignment. 

3.6.3 Phase Ill 

The subbase for the phase III of testing is the same as in phase II where the 

placement, packing, and testing of the subgrade modulus are repeated. Cyclic testing was 

applied using a 5000 kN (1.2 million Ibs) capacity MTS closed loop servo-controlled 

testing machine. The specimens were tested to a total of 1 million cycles with a load 

range from 20 kN (4.5 kips) to 130 kN (29.2 kips). An initial rnonotonic test on each 

specimen was wnducted to a load level of 130 k N  (29.2 kips) and subsequent rnonotonic 

tests were performed to the samr load level after certain number of cycles as show in 

Table 3-8. The time required for each set of cycles is also shown for the two different 

cycle speeds, 1 Hz and 6 Hz. The 1 Hz cycling speed allowed for fine tuning of the 

controller during the first 100 cycles as the 16.7 seconds for the 6 Hz would not have 

allowed suficient time to acquire the load range required. Since the test is load 

controlled, the deflections increase with the cycles. In order for the actuator to 



continuously apply the required load it must travel at a higher speed. Periodically the 

MTS machine would be checked to ensure the load level was within the specified range. 

Table 3-û: Cycle levels at which Static Tests are Conducted 

Monotonie Cycles Before Cycles Time for Cycles to 
Test Test 

Readings 



Chapter 4 Test Results 

4.1 Test Resuits of Phase I: Static Tes& 

The slabs in phase 1 were placed on a weak subgrade made of steel springs. The 

weak subgrade stifiess allowed the assembly to deflect excessively under the applied 

load. The three slabs tested wntained epoxy-coated steel dowels, FiberDowel dowels 

and Glasform dowels. This section of the thesis presents the measured data and the 

failure modes- 

4.1 -1 Steel Dowels 

The test set up and the data acquisition system is shown are Figure 4-1. The 

rneasured deflections at different load levels are shown in Figure 4-2. The deflections 

immediately under the load are estimated from corner readings, since the loading plate 

and cracking of the slab prevent the precise masurement of deflections at the center of 

the joint. It should be noted that the large measured deflections under the applied load 

are not typical for concrete pavement highway conditions. It should also be mentioned 

that this phase is designed to simulate weak subgrade or voids in the base layer. It was 

obsewed that the deflection of the loaded side of the slab is larger than that of the 
. . .  

unloaded side throughout the test. 
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Figure 4- 1 : Test setup for Steel dowel specimen 1 on simulated spring subgrade 

-" 
Length Along Stab (mm) 

Figure 4-2: Deflection of Steel dowel slab in Phase 1 



The test was stopped where excessive deflections in the steel springs were 

observed at a load level of 1 14 IcN (25.65 kips). At this stage, the springs were 

experiencing not only the vertical deflection, but also a side sway under the loaded side 

of the slab. This sway occurred due to rotation of the springs under excessive 

deflections. The bearing pressure immediately under the Ioading plate initiated small 

cracks. Larger cracks were observed at a load level of 75 kN (16.87 kips), as shown in 

Figure 4-3. 

Figure 4-3: Cracks on both sides of the Steel doweled specimen in Phase 1 

The concrete slab maintained the applied load in spite of the excessive deflection 

experienced by the springs. The flexural stifhess of the dowel bars and the contact 

pressure under the load caused the concrete cracking pattern observed under the loading 

plate. 

The load-deflection diagram at different load levels is given in Figure 4-4. The 

deflections immediately under the load are estimated fiom corner readings, since the 



loading plate and cracking of the slab prevent the precise measurement of deflections at 

the center of the joint . 

During the test, the major cracking began at a load of 66 kN (14.85 kips). The 

loading continued to a level of 114 kN (25.65 kips), at which excessive deflections and 

side sway of the steel spnng subbase were observed. In Figure 4-5, the side sway of the 

springs can be seen before termination of the test. 
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Figure 4-4: Load deflection curves: Phase 1 - FiberDowel 



Figure 4 5 :  Side sway of the spnngs at load level 114 kN (25.65 kips) 

4.1 -3 Glasform Dowels 

The measured deflection at different load levels for the specimen with Glasform 

dowels is shown in Figure 4-6. The joint detlection is extrapolated as illustrated by the 

dotted lines extending at each load level to the joint faces. This estimation can be made 

by assuming that no deformations take place in the slab during the test. This assumption 

is acceptable because of the linear deflection of the concrete slab throughout the test. 

The first crack was observed at a load level of 54 kN. The load was continued to 

a load level of 135 k N  which is slightly higher than the previous two tests. Again, the 

test was stopped due to excessive deflections and side sway of the steel springs 

supporthg the slab. 
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Figure 4-6: Load deflection curves: Phase 1 - Glasform dowels 

4.2 T a f  ResuIfs of Phase II,- Static Tests 

This section of the report presents the data measured for the six specimens tested 

in phase II. Two specimens were cast for each of the epoxy-coated steel dowels, 

FiberDowels, and Glasform dowels. The load-deflection relationship dong the length of 

the slab were measured for each specimen to determine the behaviour under different 

load levels. The deflection given on each side of the joint is used to assess the joint 

effectiveness. Coqmisons of the behaviour of the two sets of slabs will be made in 

chapter 5. 



4-2-1 Steel Dowels 

Measurements of the deflection for the specimens with steel dowels are s h o w  in 

Figure 4-7 and Figure 4-8. The behaviour of the two slabs remained linear during the test 

and caused lifting o f  the outer edges of the slab. The dotted lines have been extrapolated 

fiom the measured deflection at discrete points along the length of the slab. 

The f m t  crack under the loading plate occurred at a load level of 170 kN (38.25 

kips) and continued to widen throughout the test. A second crack occurred on the 

opposite side of  the slab fiom the first crack at a load level of 230 kN (51.75 kips). A 

new crack occurred on the loaded slab at a load level of 230 kN (51.75 kips). 

mfhtl -1 
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Figure 4-7: Deflection of Steel dowel slab fiom Phase II 



The reloaded steel dowel slab was significantly cracked at a load level of 325 kN 

(73.1 kips), however, the loading continued up to a maximum load level of 650 kN 

(140.6 kips) at failure. Dial gauge readings and LVDT readings were found to correlate 

very well. Figure 4-8 illustrates the loaddisplacement when the specimen was reloaded 

up to failure. Steel dowels transferred the load to the unioaded slab causing the concrete 

to crack on the unloaded slab as seen in Figure 4-9. 

Lcngth Akng Slab (mm] 

Figure 4-8: Behaviour during reloading the Steel doweled specimen to failure 



Figure 4-9: Exposed Steel dowel after sIab failure: Phase II 

A second steel-doweled specimen was tested in phase LI. The displacement of 

this specimen under various load levels is shown in Figure 4-10. The Iinear displacement 

of the loaded side of the slab joint is disrupted by a severe crack that propagated through 

the specimen. Once this crack occurred, a large uplift at the end of the loaded side was 

ob served. 

First cracking of this specimen occurred at the loading plate at a load of 100 kN 

(22.5 kips). A second and third fine crack occurred on both sides of the specimen below 

the mid-line between a load of 180 kN (40.5 kips) and 220 kN (49.5 kips). At a load of 

350 kN (78.7 kips) a very large crack was experienced at a distance of 400 mm (1 6 in) 

from the joint on the loaded side. This crack traveled the entire width and depth of the 

specimen and the slab experienced a large drop in the applied load. A crack also 

developed on the unloaded side once the slab reached the same load level. The unioaded 

side cracked again at a load of 500 kN (1 12.4 kips). 



Figure 4-10: Deflection of second Steel dowel slab in Phase II 

4.2.2 FiberDowels 

The rneasured deflection of the slab with FiberDowels is shown in 

Figure 4-1 1. Throughout the test, hair cracks were observed due to bearing of the top 

edges of the slabs against each other starting at a load level of 310 kN (69.75 kips). 

The specimen was reloaded to failure. Noticeable cracking occurred at loads 

ranging fkom 3 10 to 3 90 kN (69.75 to 87.75 kips). Extensive cracks occurred at a load of 

540 kN (121 -5 kips) as shown in Figure 4-12 at ultimate. It was observed that one dowel 

was completely sheared at this load level as shown in Figure 4-13. The other dowel had 

significant stress marks evident by whitened epoxy zones, and delamination of the fiben 

located at the maximum shear location as shown also in Figure 4-1 3. 
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Figure 4-1 1: Deflection of specirnen with FiberDowels firom Phase II 

Figure 4-12: Deflection during reloading of the slab with FiberDowels in Phase II 



Figure 4-1 3: Failure of FiberDowel at Ioad of 540 kN (12 1.5 kips) from Phase 11 

A second FiberDowel slab specimen was tested in phase U. This specimen was 

tested and the experienced deflections are shown in Figure 4-14. The test was stopped 

due to the extreme cracking that the specimen had experienced. 

The first cracks occurred due to bearing of the tops of the joint at a Ioad of 100 kN 

(22.5 kips). The next crack occurred below the mid-line of the slab at a load level of 260 

kN (58.5 kips). A large crack on the loaded side occurred at 400 kN (90 kips) and passed 

through the entire slab. This crack created a similar non-linearity, or change in linearity, 

to the specimen as had occurred in the steel specimen. Other cracks developed near the 

mid-line at loads of approxirnately 550 kN (123.7 kips) including a crack on the unloaded 

side of the specimen. 



Figure 4-14: Deflection of second FiberDowel specimen in Phase II 

4.2.3 Glasfonn Dow& 

The measured deflections dong the length of the slab are shown in Figure 4- 15. 

This slab expenenced its first crack at a Ioad of 150 kN (34 kips) located at the top of  the 

slab. The opposite side of the slab expenenced a similar crack at a load of 250 kN (56 

kips). 

The specimen was reloaded to failure. The deflections that occurred dining 

testing to ultimate can be found in Figure 4-15. The next cracking occurred at a load of 

320 kN (72 kips), and a larger crack occurred at 500 kN (1 12.5 kips). The concrete that 

had failed was removed after the test to investigate the dowels. Both dowels appeared in 

good condition but the wncrete was significantly crushed. 



Figure 4-1 5: Deflection of the first Glasform specimen in Phase II 

Behaviour during reloading first Giasform specimen in Phase II to failure 



A second Glasform dowel slab was tested in phase II. The defiection of the 

GFRP Glasform specimen is shown in Figure 4-17. A large crack developed again on the 

loaded side of the specimen. This crack occurred at a load of 260 kN (58.5 kips), slightly 

less than the prevïous two specimen. 

The first cracks observed were bearing cracks at a load of 80 kN (18 kips) 

followed by a crack just down from the top ofthe slab at a load of 140 kN (31.5 kips). A 

third crack occurred on the opposite side of the slab in the same manner at a load of 180 

W (40.5 kips). The next crack was a large crack through the specimen followed by some 

cracking of the unloaded side of the specimen between loads of 350 IcN (78.7 kips) to 450 

W (101.2 kips). This test was stopped due to the cmshimg of the concrete in the 

compression zone as shown in Figure 4- 1 8. 

Figure 417: Deflection of second Glasform specimen in Phase II 



Figure 4-1 8: Crushing of concrete on the second Glasform specimen in Phase II 

4.3 Test Resuïts of Phase 111: Cyclic Tests 

Slabs with the three types of dowels were subjected to cyclical loading. Al1 slabs 

were supported by a compacted 'A-Base' limestone. Instrumentation used were sirnilar to 

the one for phase II and typically shown in Figure 3-10. After completion of a certain 

specified number of cycles, static tests were performed to examine the efficiency of the 

joint between sets of cyclic testing. Each slab was tested to a total of two million cycles 

of applied static load. The limestone subbase was tested before placement of each slab 

and again following the completion of the cycles. A summary of each dowel type 

follows. 

4.3.1 Steel Dowels 

The results gathered fiom the testing of the steel doweled slab under cyclic 

loading showed no signs of concrete failure under the load range of 20 kN (4.5 kips) to 

130 kN (29.25 kips). The slab was statically tested to the maximum cyclically applied 



load of 130 kN (29.25 kips) following a set number of cycles as shown in Table 3-8. 

The displacement along the length of the slab at a load level of 130 kN is shown for ail 

the cycles in Figure 4- 19. The largest change in displacement c m  be seen to follow the 

first static test when the base material is initially compressai under the applied load. 

4.3.2 FiberDowels 

The FiberDowel slab results were consistent with the steel dowel resuits with 

respect to the base behaviour. As can be shown in Figure 4-20, the initial static test 

expenenced a larger displacernent as the base material compacted. The magnitude of the 

remaining displacements compare to those experienced wit h the steel specimen. 

Following the 100000 cycle, a crack at the joint location was noticed. It was a very fine 

crack and did not appear to increase in size with the additional cycles. 

Length AI& Slrb (mn) 

Figure 4-19: Displacement along Steel dowel specimen in 
Phase III at 130 lcN (29.25 kips) 



E " 
Length Along Slab (mm) 

Figure 4-20: Displacement dong FiberDowel specimen 
in Phase III at 130 kN (29.25 kips) 

4.3.3 Glasform Dowels 

The results fkom the eight static tests conducteci on the Glasform specimen are 

provided in Figure 4-21. Displacement of the slab under the initial static loading was 

larger due to the increase in compaction of the base materiai. Subsequent static tests 

experienced little variation in the magnitude of the displacement. 
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Figure 4-21: Displacement along Glasform specimen in 
Phase III at 130 k N  (29.25 kips) 



Chapter 5 Analysis of Test Results 

5.1 Anaî'ysis of Phase l.- Statk Tests 

The fira phase of this program included three specimen using steel, Glasform, 

and FiberDowel dowels. A series of Springs were used to simulate weak subgrade soil 

conditions and possible settlement of soil at the joint location. Performances of the three 

types of dowels were almost identical and controlled by failure of the wncrete pavement. 

The joint effectiveness oftransferring the load ranged fiom 86 to 100 percent. The load 

versus the deflection of the joint differential displacement, loaded deflect ion minus the 

unloaded deflection, is shown for al1 the types of dowels in Figure 5-1. The initial results 

suggest that the use of GFRP dowels could provide similar load transfer mechanisms as 

epoxy coated steel dowels even for the severe weak soi1 conditions. 

- Steel 

- - FiberDowel 

- Glasfonn 

Figure 5-1: DifTerential displacement at the location of the applied load for Phase 1 



To determine the effectiveness of the dowels, the deflection of each of the loaded 

and unloaded slabs is required to determine the effectiveness based on Equation 2-2. 

Figure 5-2 illustrates the dowel bars effectiveness over the load range. It can be seen that 

the dowels continue transfemng the load up to a maximum value in the range of 60 kN 

(13.5 kips) before a loss of effectiveness. Signifiant reduction of the effectiveness was 

observed, as shown in Figure 5-2, for al1 types of dowels due to the weakness of the 

supporting soil. In phase 1, the joint effectiveness of al1 types of dowels tested was 

relatively high and in the range of 90 percent when compared to an acceptable 

effectiveness value of 75 percent. 

/steel Dowel Shb 

Figure 5-2: Joint effectiveness of slabs fiom Phase I 



5 2  Analysis of Phase II.- Static Tésts 

The second phase of this program included six specimens using the same three 

types of dowel materials used in the first phase. The slabs were supported by a 

compacted, graded 'A base' grave1 matenal which provided a dense subgrade with a 

subgrade modulus in the range of 133.3~10'  k ~ / m '  (394 tonde3). The effectiveness of 

the joints ranged from 96 to 99 percent at a load of  280 W. Table 5-1 and Table 5-2 

summarize al1 the dowel materials and their corresponding load transfer effectivenesses 

and displacements at three distinct load Ievels for the first slab in phase LI. The base 

materials modulus was measured between tests and no large difference was found. In 

observing the dropping magnitude of the ultimate displacements of the first te* some 

compaction of the base matenal must be assumed. The retested slab does not expenence 

this difference in ultimate displacement. Each slab experienced a displacement within a 

few of millimeters of each other. One of the main differences cornes when comparing the 

initial joint effectiveness. The retested slab's joint effectiveness is reduced by up to 8 

percent. This could be due to the compaction of the subbase or the cmshing of the 

concrete surrounding the dowels allowing for greater kinking in the dowel. 

The loads versus the differential deflections of the three joints are shown in 

Figure 5-3 and Figure 5-5. From these figures, correlation can be made between the 

behaviour of the slab and the dope of the curve. 'When one of the curves experiences a 

sharp change in dope, or a drop in load, a crack has occmed somewhere within the joint 

region. 

The load transfer efktiveness was determineci for each type of dowel using the 

rneasured displacement of the unloaded and loaded slab at the joint as detennined fiom 



Equation 2-2. These effectivenesses are show in Figure 5-4 for the first slab tests, 

where the specimens were tested up to a load Ievel of 280 kN (63 kips), and in Figure 5-6 

for the retested slabs, for the same specimens tested to failure. The results suggest that 

GFRP could even provide better effect iveness under st atic loadi ng conditions 

cornparison to steel dowels. 

Table 5-1: Dowel Effectiveness and Relative 
Dispiacements for First Slabs in Phase If 

Dowel Material Effectiveness (%) 

Epoxy-Coated Steel 1 97.9 1 96.1 1 96.5 

FiberDowel 1 99.5 1 97.1 1 96.7 

Glas fo rm 100 98.9 99.4 

Load (kN) 

Relative Displacement (mm) 

S m i c e  

' I  

r 
- Steel 

t 

42 0.1 O 0.1 02 0.3 0.4 0.5 0.6 O.? 0.8 0.9 1 1.1 12 13 1.4 

Differrntïal Displacements (mm) 

Figure 5-3: DifFerentiai displacements of first slabs from Phase II 
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Figure 5 4 :  Joint eEectiveness for first set of slabs tested in Phase II 

Table 5-2: Dowel EtTectiveness and Relative 
Disphcement for Retested Specimen tested in Phase II 

L 

Dowel Materid 

Epoxy-Coated Steel 

Fib erDoweI 

Glasform 

Effectiveness (%) 

100 kN 

94.3 

94.4 

9 1.9 

Relative Displacement (mm) 

100 kN 200 lN 

93 -8 

92.9 

92.7 

400 kN 

95 -9 

87.3 

9 1.8 

200 kN 400 kN 

17.2 

20.4 

17.1 

7.2 

6.9 

5 -5 

10.8 

10.8 

8.1 



O 1 2 3 4 5 6 7 8 9 10 

DWerential Displacement (mm) 

Figure 5-5: Differential displacements of retested first set of slabs Eom Phase II 
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Figure 5-6: Joint eEiveness for Retested hrst set of slabs from Phase Il 



In cornparing the joint effectiveness figures fiom the two tests conducted upon the 

first slabs in phase LI, it is readily noticeable that the effectiveness has been reduced. 

When the slabs were retested, the steel and the Glasform dowels appear to have a stable 

joint transfer effectiveness whereas the FiberDowel has a steadily declining effectiveness 

which starts at the same level as where it lefi off fi-om the first test. The other two 

matenals did not have this similar continuation of effectiveness between tests. 

To illustrate any trends that may occur with the materials tested, a second set of 

slabs was tested. Table 5-3 contains the joint effectiveness and relative displacements at 

the same three distinct load levels as the first slab. These slabs were tested continuously 

to failure without interruption. The joint effectiveness at a load level slightly below 

service ranges from 97 to 99 percent with relative displacements in the range of 6 to 7 

millimeters. The base material used for these tests was stable and the differential 

displacements between the tests were within a few millirneters. The magnitude of the 

displacements compareci also to those experiericed when the first slab was retested. 

Since this test was continued to failure, the joint effectivenesses must be 

compared to those fiom the first test. At the 100 kN load level, the steel and the 

Glasform specimen match within less than a percentage but the FiberDowel varies by 

almost 5 percent. At the next load level of 200 kN, al1 specimen Vary by approximately 6 

percent. Since the load level of 400 kN is only provided for the retested slabs, the 

effectiveness at this level will be used for cornparison. The steel and Glasform slabs v q  

by approximately 3 percent but the FiberDowel is at the same joint effectiveness. This 

would follow the finding from the two tests conducted on the first slab where the 

FiberDowel slab expenenced a continually declining joint effectiveness. 



Table 5-3: Dowel Effectiveness and Relative 
Displacements for the Second Slab in phase II 

The data gathered f?om the tests conducted on the second set of slabs in phase II 

have been organized into similar figures as the £ïrst set. Figure 5-7 illustrates the 

differential displacements of the loaded to unloaded side of the slabs. As mentioned 

before, any large change in slope means that the slab has experienced a crack and 

subsequent loss in load. 

The joint effectiveness for each slab, as show in Figure 5-8, initially have stable 

values up until the service load. The FiberDowel slab begins to loose stability at 

approximately 100 kN as opposed to &er the 130 kN seMce mark. After the load is 

beyond the service mark, al1 the dowels' joint effectiveness decline. When cracking 

occurs following the s e ~ c e  load, the joint effectiveness is effected. The slab, following 

cracking, m u t  settle or displace and may do so in a manner that may make the joint 

effectiveness value increase. This would mean that either more load was transferred due 

to some local concrete failure, creating more deflection on the unloaded side, or the 

loaded side experienced a crack which caused some of the wncrete to rise. The second 

scenario, of the concrete cracking around the dowel and rebounding slightly, a fiaction of 

a millimeter, seems to be the most plausible. 

b 

Dowel Material 

Epoxy-CcatedSteel 

FiberDowel 

Glasfo rm 

Effectiveness (%) 

10OZcN 

97.3 

95.2 

99.2 

Relative Displacement (mm) 

100kN 

5 -7 

7.3 

5.8 

200kN 

90.6 

90.1 

93 -5 

400kN 

92-8 

87.5 

94.2 

200W 

10.6 

11.8 

10.0 

400kN 

29.7 

22.0 

2 7.6 
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Figure 5-7: Differential displacements of second set of slabs tested in Phase II 

Figure 5-8: Joint effectiveness for second set of slabs from Phase II 



5.3 Analysis of Phase 111: Cyclic Tests 

Three siabs were tested in phase III, each to one million cycles of a load range nom 

20 kN to 130 kN. Staîic tests were conducted to the maximum cyclic load level at certain 

intervals to monitor the joint effectiveness throughout. Each specimen received a fieshly 

compacted subbase in which to start off the testing. An initial static test was conducted 

to determine the joint effectiveness before the cycles began and can be used to compare 

to the data gathered in phase II within the sarne load range. 

The joint effectiveness of the steel doweled slab over the  one million cycles is 

shown in Figure 5-9. The initial static test has an effectiveness in the range of 99 percent 

and the next test after one hundred cycles has an effectiveness of 96 percent. Each test 

after the second expenences a drop in effectiveness of less than one percent except the 

final test, at one million cycles where it expenences a increase of approximately one 

percent compared to the test conducted at six hundred thousand cycles. This placed the 

joint effectiveness at one million cycles at the mid point of al1 the curves, giving a joint 

effectiveness of 95 percent. The total range of joint eEectiveness for the steel dowel slab 

was fiom 93 to 96 percent. 

In order to examine the loss of joint effectiveness trend, Figure 5-10 illustrates the 

gentle reduction of the joint effectiveness up to the one hundred thousand cycles. The 

next cycle step experiences a reduction followed by a rebound in joint effectiveness. 

Three load levels are plotîed to monitor the dowel load effectiveness during the test. 
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Figure 5-9: Joint effectiveness of Steel dowel slab under 
cyclic loading: Phase III 

1 10 100 1000 toooo 100000 1000000 fOOMOOO 

Number of Cycles 

Figure 5-10: Steel dowel slab joint effectiveness vs. log 
number of cycles 



The joint effectiveness of the FiberDowel slab tested in phase 111 is illustrated in 

Figure 5-1 1. An initial test before cycles were started was conducted but did not 

correlate to the rest of the measured data. A large reduction in the range of 10 percent 

was experienced fiom the first test to the second test. Subsequent tests behaved similar to 

those of the steel doweled slab, experiencing only minor reductions of effectiveness at 

each cycle step. Again, the slab experienced an increase of joint effectiveness with the 

final one million cycles. The range of joint effectiveness experienced for the FiberDowel 

slab was 77 to 83 percent. Although the magnitude of the effectiveness is still above the 

75 percent acceptability level, the steel effectiveness is much pa te r .  

90 

Joint 
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- 100 cycles 

- 1000 cycIes 
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-300000 cycles 
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- 1 OOOOOO cycles 

Figure 5-1 1: Joint effeîtiveness of FiberDowel slab under 
cyclic loading: Phase III 



The joint effectiveness values for the FiberDowel slab are plotted against the 

nurnber of cycles experienced in Figure 5-12. The initial test data is included to illustrate 

the dramatic decline in the joint effectiveness. After the initial reduction, the joint 

effectiveness remains steady up until three hundred thousand cycle mark where it again 

expetiences a drop. At one million cycles the joint effectiveness rises, as it did the steel 

slab. Al1 three load levels plotted dong Figure 5-12 follow each other closely and 

provide a gauge in which the effectiveness can be compareci. 

1 10 100 Io00 IOOOO 1OOOOO 1OOOOOO 1OOOOOOO 

Num ber of Cycles 

Figure 5-12: FiberDowel slab joint effectiveness vs. log 
number of cycles 

The joint effectiveness of the Glasform doweled slab over the one million cycles 

of loading is shown in Figure 5-13. One set of data was ornitteci fiom the analysis of the 

Glasform slab anal y sis because its behaviour was errat ic. The remaining data p rovided 

good correlation and ailows for accurate comparisons. Al1 joint effectiveness were found 



to be above the 95 percent level. Al1 the plotted curves show that the Glasform dowels 

provide a stable joint effêctiveness. 

Joint 
Effednreness 
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Figure 5- 13: Joint effectiveness of Glasform dowel slab 
under cyclic loading : Phase III 

The behaviour of the Gtasform slab over the one million cycles is illustrated in 

Figure 5-14. Again, the behaviour of the slab is stable. The relation between the load 

levels is very interesting cornpareci to the prevÏous slabs. The dierence between the 

load levels is very small, in the order of one percent where the other slabs were closer to 

two to three percent. No large increase in joint effectiveness was experienced at one 

million cycles for this slab as was for the other two dowel types. 
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Figure 5-14: Giasform slab joint effectiveness vs. log 
number of cycles 

t 

In order to compare the slabs to one another, the test data must be joined together 

in representative graphs. The combination of the ranges of joint effectiveness of al1 the 

materials is shown in Figure 5-15. This illustration cleady shows the diEerence in the 

behaviour between the materials. Glasform cornes out on top, followed by steel and 

finishing with the FiberDowel. A slightly different cornparison with the same result is 

made when plotting the joint effectiveness versus the log scale of the number of cycles as 

shown in Figure 5-16. 
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Figure 5-1 5: Joint effectiveness range vs. load for al1 materiais in Phase III 
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Figure 5-16: Joint effectiveness at service load vs. log 
number of cycles for al1 three dowel types in Phase III 



5.4 Observed Failure Modes 

There were four distinct failure modes observed during the testing pro- 

consisting of: excessive displacement, concrete crushing, extensive concrete cracking, 

and dowel failure. Each failure mode did not occur alone but in combination with the 

others. 

During Phase 1, the initial failure was due to the crushing of the concrete at the joint 

following the closing of the 3 mm gap. Subsequent failure of the concrete under the 

loading area defined fùrther failure of the specimen. Since the subgrade supporting the 

slabs in Phase 1 is considered very wealq the excessive vertical displacements are the 

ultimate faiiure criterion for Phase 1. 

Phase II testing experienced three of the four failure modes. Al1 six slabs 

experienced the initial concrete crushing following the closing of the joint. With the joint 

closed and each side of the joint bearing against each other, the dowel becarne the 

fulcrum point. This induced tende  stresses under the loaded area causing extensive 

cracking under this region. Two slabs experienced cracking on the unloaded side of the 

slab as well as the loaded but they occurred at higher load levels than those causing 

cracks on the loaded side. Aiso during this phase, two dowels expenenced shearing 

failure. Both slabs wntaining the FiberDowels experienced shear failure of one of the 

dowels and extrerne stress of the other. The load level at which failure took place was at 

five times the expected service load and compares to the tested shearing values. 

The set of slabs in Phase III were tested under senrice load only and were not 

expected to encounter any of the failure modes. Only hair line cracks were observed and 

al1 slabs remained intact f i e r  testing up to one million cycles. 



Chapter 6 Field Application 

6.1 General 

The pilot application of GFRP dowels in Canada is located in a test section along 

the newly co~l~tructed extension of Bishop Grandin Boulevard west of Waverley Street, 

Winnipeg, Manitoba Three types of G la s  FRP dowels were used. The first is 

manufacturai by Glasform Inc. in San Jose, California; the second is FiberDowels 

produced by RJD Industries in Laguna Hills, California; and the third is produced by 

Creative Pultnisions, Inc., in Alum Ba& Pennsylvania. 

Standard epoxy-coated steel dowei assemblies were used in the joints dong the 

Bishop Grandi Boulevard. A straight test section on the eastbound lane contains the 

GFRP dowels. The location of the dowels is shown in Figure 6-1. Each set of GFRP 

dowels was separated by a set of 10 steel doweled joints. A total of 780 - 38 mm (1 -5 in) 

GFRP dowels were use4 260 fiom each manufacturer7 along the boulevud. Each dowel 

was 457 mm (18 in) long and was spaced at the typical 305 mm (12 in) center to center. 

The joints are skewed with is 0.3 m (1 ft) in 1.83 m (6 fi) or 16'. Two sets of baskets, 

one 4.27 m (14 ft) long and one 3.66 m (12 ft) long make up the total width of the 

pavement, provided a total of 26 dowels per joint. 



Figure 6- 1 : Field application location 

6.2 Site Handling 

Since this was the first use of these new dowels in the field, there were bound to be 

some adjustments to be made by the workers for proper handling. Due to the time 

constraints, the special baskets normally used for these materials were not used, the 

dowels were supported instead by the conventional basket approach. A local steel 

manufacturer suppliai baskets for the GFRP dowels used in this project. Before the 

baskets were placed, the dowel ends were coated with asphalt to protect the glass fibers 



from direct contact with the concrete. For assembling the dowels in the baskets, the 

dowels were slid in the open side and rested againn finger pins as shown in Figure 6-2. 

Figure 6-2: GFRP dowels in steel 
basket assemblies before placement 

of concrete 

The baskets supported the dowels at midheight of the 225 mm (9 in) slab and 

were held in place by standard pins driven into the base material as shown in Figure 6-3. 

Because the dowels were not welded to the baskets, as the case for the steel dowels, the 

dowels tended to move during casting of the concrete. The finger pins were placed 

against the direction of casting to maintain the proper positioning of the dowels during 

casting, as shown Figure 6-4. 



Figure 6-3 : GFW dowei assembly being nailed 
into place 

Figure 6-4: Casting a Concrete pavement 
with GFRP dowels in steel baskets 

6.3 Monitoring Performance 

This field application provides excellent opportunity to monitor the long-tenn 

behaviour of GFRP dowels subjected to environmental and loading conditions. 

Monitoring of these GFRP dowels in cornparison to steel dowels will provide unique 

information on the fiiture use of these corrosion fiee dowels. 

Initial monitoring will consist of visual inspections dong the joints of the test 

section. Following casting, the test section joints were cut and it was observed that fiom 

the cut joints the concrete experïenced local cracking to the base material as shown in 



Figure 2-1. This cracking is expected and is a result of thermal expansion and 

contraction. Continuing visual inspections will be conducted approximately every six 

months. 

More intensive monitoring involving actual testing on the joints will provide usehl 

information. The Manitoba department of Highways and Transportation and the City of 

Winnipeg Transportaiion Department have access to Falling Weight Deflectometers that 

will be used dong Bishop Grandin Boulevard to measure joint effectiveness and the  long 

term service performance of the GFRP dowels. 



Chapter 7 Summary and Conclusions 

7.1 Summary 

The objective of this research was to investigate the behaviour of FRP dowels for 

transverse construction joints under the effect of typical traf5c loading. This was 

achieved through testing in three distinct phases. Phase 1 consisted of mode1 slabs being 

monotonicaliy tested upon a weak subgrade c o m c t e d  of an array of springs. The three 

slabs tested in Phase 1 each contained two dowels of either epoxy-coated steel, 

FiberDowels, or Glasform dowels. Phase II consisted of two sets of mode1 slabs being 

monotonically tested upon a stiff subgrade of compacted 'A-base' limestone. Six slabs 

were tested in Phase IL, each slab containing the same number and materials of dowels as 

in Phase 1. Phase III consisted of mode1 slabs being cyclically Ioaded upon a stiff 

subgrade, with static tests being conducted periodically. Each slab was carrieci to one 

million cycles of maximum service Load. 

Material testing of the dowels consisting of direct double shear tests was conducted 

at an early stage of the investigation. It was found that the shear resistance of the steel 

dowels was approxhately four tirnes that of the Glasform dowels and over five times 

thai of the FiberDowels. It should be mentioned again that the GFRP dowels were 38.1 

mm (1 -5 in) in diameter compared to the 25.4 mm (1 in) steel dowels. 

The emphasis of this research was directed towards the behaviour of the joint 

deflection under load. The defiections provided a masure of joint effectiveness and 

allowed for cornparison of the joint effectiveness between the materials used in the three 

phases. 



7.2 Conclusions 

This investigation of the behaviour of GFRP dowels has s h o w  that GFRP dowels 

can be used in place of the standard steel dowels. Not only do the GFRP dowels transfer 

suficient load to an adjacent slab, but do so over the senrice life of a highway pavement. 

Three materials were tested within this investigation. The top performing material 

was the Glasform dowels followed by the epoxy-coated steel dowels, and finally the 

FiberDowel product. AI1 doweled joints perfomed above the 75 percent joint 

effectiveness acceptance level while the Glasform consistently perfomed above 90 

percent . 

The diameter of the GFRP dowels was 38 mm (1.5 in) compared to 32 mm (1.25 

in) for the standard epoxy coated steel dowels. The larger diameter provided two 

advantages, higher shear stiEness of the dowel and lower bearing stresses on the 

concrete. These feahires are the reason for the improved performance of the GFRP 

dowels despite their low shear strength. 

The use of deicing salts creates a harsh corrosive environment which deteriorates 

steel dowels. Epoxy coated dowels are reiatively protected, however, dents and cracks in 

the epoxy layer provide entry points for corrosion. GFRPs are a corrosion resistant 

matenal which will require no maintenance during the life span of the pavement. With 

continued support from the City of Winnipeg and the Department of Highways and 

Transportation, full utilization of corrosion resistant load transfer mechanisms could soon 

be standard practice in the pavement construction industry. 



7.3 Recommendations 

The future use of GFRP doweIs for load transfer devices is dependent on the 

continue- study of their behaviour in highway pavements. A long term study has been 

initiated with this investigation and it is this author's wish that contiming inspections and 

evaiuations are to be conducted on the Bishop Grandin site over the next five to ten years. 

One of the materials used in the site application at Bishop Grandin Boulevard was 

not involved in the extensive testing of this investigation Creative PuItmsion dowels 

were utilized for the site application but the were not available at the time of the other 

tests. There are many other GFRP Dowel producers in the marketplace, some of which 

produce the dowels as a by-product of the pultmsion processes. Each manufacturer will 

produce a slightiy different product depending upon the fiber content or type of matrix. 

Further laboratory testing of the Creative Pultmsion dowels as well as other 

manufacturers' dowels is warranteci. 

Cooperation with a manufacturer of dowefs to develop a product that has a higher 

resistance to the shearing force could improve the load transfer effectiveness. An attempt 

at increasing the shearing strength is to twist the fibers during the pultmsion process. 

This would activate the tende strength of the fibers during the shearïng action, possibly 

providing a higher shearing strength. 
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