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SUMMARY 
 
Bridge approach slab is a concrete transitional roadway between the bridge deck and 
the asphalt pavement.  It is designed to reduce the vehicle dynamic effects on the 
bridge.  However, growing numbers of rough riding and cracked approach slabs with 
heavy maintenance requirements is sufficient to convince highway agencies that a 
serious problem exists. The complaints usually describe a ‘bump’ that motorists feel 
when they approach or leave bridges.  This bump results in reduction of steering 
response, distraction to the driver, amplified truck impact and dynamic response in 
bridge decks, and expense to maintenance operations.  As a result, the approach slabs 
can lose their contact supports due to various reasons, including the settlement of soil 
and the bulging of embankments.  Together with the increasing truck load spectra, the 
approach slab will eventually crack despite the proper compaction made prior to the 
construction of the approach slabs.  Therefore, alternative approach slab designs need 
to be investigated to solve the rough riding and cracks in approach slabs.  
 
 
Two new design alternatives, embedded beam (EB) and constant thickness (CT), are 
developed and optimized during the Phase I of this study using advanced finite element 
program, ABAQUS.(1,2,3)  The two design alternatives were recommended for 
implementation on the newly constructed Doremus Avenue Bridge to determine and 
monitor their effectiveness under field conditions.  The transition slab (see Appendix A), 
commonly used in New Jersey Department of Transportation (NJDOT) designs of the 
approach slabs, are eliminated from the two design alternatives so that they  only have 
a constant thickness of 18 in.  Additionally, top layer reinforcements are added to the 
design alternatives to restrain the concrete from cracking due to thermal stresses.  
Several approach slab lengths, 35 ft, 45 ft, and 55 ft are investigated to determine the 
optimum approach slab length.  Based on static load tests and long-term monitoring of 
the EB and CT design alternatives, both design alternatives outperformed existing 
design used by NJDOT.  The EB design alternative has the best performance and did 
not exhibit any cracks on the Doremus Avenue Bridge under normal truck traffic 
conditions or soil settlement.  The 45 ft length was the optimum design length without 
increasing the cost of the approach slabs.  Therefore, the embedded beam design is 
recommended and currently adopted by the NJDOT to be the future design standard for 
bridge approach slabs.   
  
 
INTRODUCTION 
 
Approach slabs are used as transitional roadway between the pavement and the actual 
structure of the bridge to reduce the dynamic effects imposed on the bridge by heavy 
truckloads.  More than 25% of bridges in the US are affected by problems associated 
with approach slabs.(4)  The surface irregularities in approach slabs (i.e. bumps) affect 
both the traveling public and the highway maintenance organization. These bumps, 
dips, and cracks are unsafe and destructive to vehicles and bridge structures. This 
problem can be caused by the following: (1) settlement of soil, (2) poor fill material, (3) 
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inadequate compaction, (4) poor drainage, and (5) poor structural design of the 
approach slab.  Despite the widespread occurrence of bridge approach problems, only 
a small number of research studies have been performed on the subject.  Few studies 
have been developed for evaluating the cracking behavior of bridge approach slabs in 
particular.  However, this problem is becoming an increasingly important topic in the 
effort to deal with the deteriorating infrastructure and rehabilitation of roadways.  The 
disposition or repair of these deteriorating slabs involves clear financial and safety 
implications.  To avoid high costs of replacement or repair, the evaluation must 
accurately reveal the present conditions and predict any further changes (or 
deterioration) in the applicable time span.  Major decisions must be made to allocate the 
limited funds available for repair, rehabilitation, and/or replacement, on the basis of a 
detailed evaluation of the structural integrity of bridge approach slabs.  Therefore, an 
efficient analytical model is needed for the prediction of the cracking behavior and the 
optimum design schemes in order to ensure crack free slabs.  Moreover, it is important 
to understand the three-dimensional behavior of the slab-soil-vehicle interaction system.  
The effect of various parameters on the current design provisions used by NJDOT is 
studied in particular. 
 
 
OBJECTIVE 
 
The objective of this research study is to recommend new design alternatives based on 
field-testing and evaluation of their performance under actual traffic conditions.  The 
study includes: 

• Implementation of newly developed design alternatives of approach slabs (Phase 
I) on the Doremus Avenue Bridge, NJ; the first bridge in NJ designed according 
to AASHTO LRFD. 

• Instrumentation of newly constructed approach slabs with different types of 
sensors and evaluation of their performance based on of field data. 

• Recommend new design detail based on static testing and long-term monitoring 
of the slab performance under field conditions. 

 
 
 DESIGN ALTERNATIVES 
 
Three approach slabs, two new design alternatives designed and analyzed by the 
Rutgers Team in Phase I of this study (embedded beam (EB) and constant (CT)) as 
well as the existing NJDOT details, were constructed at the Doremus Avenue Bridge, 
located in Newark, New Jersey.  Each approach slab design had three different lengths; 
35 ft, 45 ft and 55 ft.  During construction, the two design alternatives were instrumented 
with sensors, including vibrating wire strain gages (VWSG), settlement sensors, 
pressure cells, and deflection meter, to monitor their long-term performances.  Figure 1 
shows the layout of the new and existing approach slabs on the Doremus Avenue 
Bridge located in Newark, NJ.  The Doremus Avenue Bridge is a four-lane bridge with 
two approach slabs at the North approach, in lanes 1 and 2, labeled NA-LN-1 and NA-
LN-2, respectively, were already constructed according to the existing NJDOT design 
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details.  It was suggested that the slabs in lanes 3 and 4 on the same North approach 
(labeled NA-LN-3 and NA-LN-4, respectively), should be constructed using the new 
design alternatives, EB and CT, respectively.  The length of NA-LN-3 is 35 ft on the 
shorter side and 38 ft on the longer side, with an average of 36.5 ft, whereas that of NA-
LN-4 is 38 ft on the shorter side and 41ft on the longer side, with an average of 39.5 ft.  
The South approach, lane 1 (SA-LN-1) and south approach, lane 2 (SA-LN-2) were 
constructed of EB and CT, respectively, both having a length of 55ft.  Similarly, lanes 3 
and 4 of the South approach (labeled SA-LN-3 and SA-LN-4, respectively) were 
constructed of EB and CT, respectively, both having a length of 45ft. 

 

 
Figure 1. Layout of Approach Slabs on the Doremus Avenue Bridge. 
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FINITE ELEMENT MODEL OF NEW APPROACH SLAB DESIGNS 
 
A three dimensional (3-D) is developed in addition to the two-dimensional finite element 
(FE) model used in Phase I of the project.(1,2,3)  Figures 2a and 2b illustrate the 3-D FE 
model of the approach slab.  In the 3-D FE model, the soil and the slab are both 
modeled using eight-nodded solid continuum elements.  The concrete slab is made of 
brick elements having a compressive strength of 5.8 ksi.  The reinforcement is modeled 
using embedded membrane elements in the concrete to represent the rebar having a 
tensile ultimate strength of 70 ksi.  Since the soil has an unbounded domain, two layers 
of soil are used.  The top layer represents the compacted 3 ft sand and gravel soil 
modeled using “pour pressure” elements.  The bottom layer simulated the embankment 
by using infinite eight-nodded elements.  The slab is pinned at its connection with the 
abutment, while the rest of the slab is supported by soil.  At the interface between the 
slab and the soil, a friction coefficient of 0.3 is assumed based on sieve analysis and 
soil profile obtained from the Doremus Avenue Bridge geotechnical data.  This data 
shows that the soil underneath the approach slab is a fill material and extends to a 
depth of around 3 ft.  A variety of materials including cinder, slag, plastic, and wood 
fragments are found within the fill in some areas.  Soil below the filled portion extended 
to a depth of 30 ft.  The soil used for backfilling is sand with granular materials, as well 
as some interlayer of silt and clay, and the top portion of the bottom layer is organic clay 
and silt.  Moreover, the sieve analysis shows that the soil is gap graded.  
 
 
Based on the soil information, standard soil properties from Das (1999) are used to 
determine the mechanical properties as follows: Modulus of elasticity value of 25 ksi for 
the top layer and 5 ksi for the bottom layer, Poison’s ratio of 0.35, permeability (k) value 
of 0.004, specific weight value of 0.07 lb/in3, and void ratio value of 0.45 for the top layer 
and 1.4 for the bottom layer.  A Mohr-Coulomb yield criterion is also used to model the 
fill behavior with an angle of internal friction of 35 degrees and a cohesion yield stress of 
10 ksi. 
 
 
The analysis is carried out in two steps:  (1) the consolidation of the soil due to the dead 
load of the slab where drainage is allowed to occur in the soil and (2) the application of 
the truckload.  In both (2-D and 3-D) FE models, the approach slabs are subjected to 
multiples of the HS-20 bridge design truck loading.  The HS-20 truck has three axles: 
(1) 8 kips front axle weight, (2) 32 kips middle axle weight, and (3) 32 kips rear axle 
weight.  The longitudinal and transverse spacing of the truck is 14 ft and 6 ft, 
respectively.  The HS-20 truck is modeled as six point loads corresponding to the loads 
and spacing described above.  
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(a) 

 

(b) 

Figure 2. 3-D FE model of the approach slab; (a) plan view and (b) isometric view. 
 
The 3D FE model is used to determine the sensors locations as well as to predict the 
load level at which the slab will undergo cracking.  Table 1 shows the cracking load 
required for the first element to crack for 35 ft, 45 ft, and 55 ft slabs for both CT and EB 
designs.  For both CT and EB designs, the 35 ft and 45 ft slightly outperformed the 55 ft 
with cracking loads of 4.5 times HS20 truck versus a cracking load of 4.3 times HS20 
truck.  The critical locations are also noted so that the sensors could be installed in the 
proximity of the cracked element predicted by the 3D FE model.  For the both CT and 
EB approach slabs at any given length, the location where the approach will crack first 
is approximately 8 ft from the abutment.   
 
 
 
 

Soil Solid 
Element 

Concrete Solid Element 
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Table 1. Cracking Load for 45 ft and 55 ft Approach Slabs. 

 CT EB 

35 FT 4.5 Times HS 20 4.5 Times HS 20 

45 FT  4.5 Times HS 20 4.5 Times HS 20 

55 FT 4.3 Times HS 20 4.3 Times HS 20 

 
 
FIELD INSTRUMENTATION AND TESTING PROGRAM 
 
Visual Inspection of Soil Strata 
 
The soil right under the approach slab is a fill material and extends to a depth of around 
3.5-4 ft.  Figure 3 depicts the area of the approach slab for Doremus Avenue Bridge, 
which is to be filled with soil as well as soil for filling stacked near the approach slab 
area.  A variety of materials including cinder, slag, plastic and wood fragments are also 
found within the fill in some areas. 
 
 
The soil below the filled portion extends to a depth of approximately 30ft.  The soil used 
for backfilling is sand with granular materials as well as some interlayer of silt and clay, 
and the top portion of the bottom layer is organic clay and silt. 
 
 

 
Figure 3. Approach Slab area to be filled with Soil. 
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Grain Size Distribution of Filled Soil 
 
Sieve analysis is performed in order to determine grain size distribution of the soil 
directly beneath the approach slabs.  A sample of soil is taken in its loose state and is 
oven dried for 24 hrs.  The oven-dried sample is passed through sieve No. 3/4, 1/2, 3/8, 
4, 16, 30, 50, 100, and 200 respectively.  Figure 4 shows a plot of percentage finer 
versus sieve size on a logarithmic scale.  Soil is found to be gap graded and it is 
deficient in particular range of sizes. 
 
 

 
Figure 4. Grain Size Distribution Curve obtained from Sieve Analysis. 

 
 
Location of Sensors 
 
In phase I of this study, it was observed that most of the cracks in the approach slabs 
are located near the abutment.  Among these cracks, the majority is found in the slab 
portion within the wing wall area.  Few cracks were found in the slab portion towards the 
pavement.  Figure 5 illustrates the hatched portion in the part of the slab that is more 
likely to crack.  Based on these observations combined with the results from the 3-D FE 
analyses, it is decided to provide more sensors in those portions during instrumentation 
of the approach slabs. 
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Figure 5. Critical Area for Sensors in Approach Slabs. 

 
 
Each slab is instrumented with two typical patterns.  Figure 6 through Figure 9 show the 
sensor types and locations instrumented in the approach slabs.  Figure 10 shows the 
notations of sensors used for instrumentation of approach slabs.  Table 2 illustrates the 
exact location of sensors in all slabs. 
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Figure 6. Location of Sensors for SA-LN-4. 
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Figure 7. Location of Sensors for SA-LN-3.
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Figure 8. Location of Sensors for NA-LN-4. 
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Figure 9. Location of Sensors for NA-LN-3. 
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Pressure Cell

Vibrating Wire Strain Gage

Settlement Sensor

Vibrating Wire Deformation Meter
 

Figure 10. Notations for all types of sensors. 
 
 

Table 2. Exact location of sensors in all slabs. 
(a) SA-LN-4 

Sensor 
No. 

x y Z Sensor 
No. 

x y z 

1 5’ 3” 5’ 7” 4.0" 12 22’ 4” 5’ 9” 4.0" 
2 13’ 3” 2’ 8” 4.0" 13 31’ 4” 5’ 7” 4.0" 
3 13’ 3” 2’ 8” 14.5" 14 40’ 4” 8’ 7” 4.0" 
4 13’ 3” 5’ 9” 4.0" 15 40’ 3” 5’ 8” 4.0" 
5 13’ 3” 5’ 9” 4.0" 16 40’ 3” 2’ 8” 4.0" 
6 13’ 3” 8’ 7” 4.0" M1 5' 6' 14" 
7 13’ 3” 8’ 7” 14.5" M2 16' 8" 6' 14" 
8 22’ 4” 2’ 8” 4.0" M3 28' 4" 6' 14" 
9 22’ 4” 2’ 8” 4.0" M4 40' 6' 14" 
10 22’ 4” 5’ 8” 4.0" ss 22' 6" 6' 18" 
11 22’ 4” 5’ 8” 4.0"     

(b) SA-LN-3 

Sensor 
No. 

x y z Sensor 
No. 

x y z 

17 4' 5" 3' 1" 4.0" 28 31' 6' 4.0" 
18 4' 5" 6' 1" 4.0" 29 31' 6' 4.0" 
19 4' 5" 9' 1" 4.0" 30 31' 3.0' 4.0" 
20 14' 3" 6' 4.0" 31 31' 3.0' 14.5" 
21 22' 3" 9.0' 4.0" 32 40' 2" 6' 4.0" 
22 22' 3" 9.0' 4.0" M5 5' 6' 14" 
23 22' 3" 6' 4.0" M6 16' 5" 6' 14" 
24 22' 3" 3.0' 4.0" M7 28' 2" 6' 14" 
25 22' 3" 3.0' 4.0" M8 40' 6' 14" 
26 31' 9.0' 4.0" P Cell 16' 9" 2' 9" 18" 
27 31' 9.0' 14.5"     
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Table (2) Exact location of sensors in all slabs (Continued) 
(c) NA-LN-4 

Sensor 
No. 

x y z Sensor 
No. 

x y z 

1 3' 8" 2' 10" 4.0" 12 23' 6" 5' 10" 4.0" 
2 4' 7" 5' 11" 4.0" 13 23' 6" 5' 9" 4.0" 
3 5' 3" 107" 4.0" 14 24' 4" 2' 10" 4.0" 
4 11' 5" 5' 10" 4.0" 15 24' 4" 2' 10" 14.5" 
5 16' 8" 8' 11" 4.0" 16 29' 6" 5' 9" 4.0" 
6 16' 8" 8' 11" 4.0" 16A 35' 6" 5' 9" 4.0" 
7 17' 5" 69" 4.0" M1 5' 5' 8" 14" 
8 18' 2" 2' 10" 4.0" M2 15' 3"' 5' 5" 14" 
9 18' 2" 2' 10" 4.0" M3 25' 6' 14" 
10 22' 9" 8' 10" 4.0" M4 35' 5' 8" 14" 
11 22'9" 8' 10" 14.5" P. Cell 15' 3" 4' 9" 18" 

 
(d) NA-LN-3 

Sensor 
No. 

x y z Sensor 
No. 

x y z 

17 5' 6' 4.0" 28 17' 6" 2' 6" 4.0" 
18 11' 3" 8' 11" 4.0" 29 23' 9" 5' 8" 4.0" 
19 11' 3" 8' 11" 14.5" 30 30' 9' 4.0" 
20 11' 3" 5' 7" 4.0" 31 30' 5' 8" 4.0" 
21 11' 3" 5' 7" 4.0" 32 30' 2' 10" 4.0" 
22 11' 3" 2' 7" 4.0" M5 5' 6' 14" 
23 11' 3" 2' 8" 14.5" M6 13' 4" 6' 14" 
24 17' 6" 8' 10" 4.0" M7 21' 8" 6' 14" 
25 17' 6" 8' 10" 4.0" M8 30' 6' 14" 
26 17' 6" 5' 8" 4.0" SS 22' 6" 6' 18" 
27 17' 6" 2' 6" 4.0"     
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Type of Sensors 
 
Four different types of sensors are used for the instrumentation of the slab: 

1. Vibrating Wire Strain Gage 
2. Vibrating Wire Deformation Meter 
3. Pressure Cell 
4. Settlement Sensor 

The specifications and working mechanism of each type of sensor are listed below: 
 
Vibrating Wire Strain Gages:(Model 4200) 
 
The VWSGs are designed for direct embedment in concrete and are suitable for use in 
large aggregate concrete.  Specifications for these types of gages are listed in Table 3. 
Figure 11(a) shows a picture of Vibrating Wire Strain Gage, Model 4200. 
 
 
A length of steel wire is tensioned between two end blocks that are embedded directly 
in concrete.  Deformations (i.e. strain changes) of the concrete mass will cause the two 
end blocks to move relative to each other, thus altering the tension in the steel wire.  
The tension is measured by plucking the wire and measuring its resonant frequency of 
vibration using an electromagnetic coil.  The strain gages are provided with thermistors 
encapsulated in the plucking coil.  The thermistor enables temperatures to be 
measured.  A GK-403 readout Box is used to read strain data.  It provides the 
necessary voltage pulses to pluck the wire and converts the resulting frequency reading 
directly into strain units by means of an internal microprocessor. Figure 11(b) illustrates 
the working mechanism of VWSG. 
 
 

Table 3. Specifications for Vibrating Wire Strain Gages (VWSG) 
Specifications Model 4200 

Standard Range 3000 micro strain (for each model) 

Sensitivity (micro strain) 0.5 to 1.0 

Accuracy ± 0.1 % F.S. 

Nonlinearity < 0.5 % F.S. 

Temperature Range –20°C to +80°C (for each model) 

Active Gage Length 153 mm (6 in.) 
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(a) Picture of VWSG. Gage. (Source: Geokon Website, URL http://www/geokon.com) 

 

Wire

Protective Tube

Instrument Cable

Thermistor
Pluck and Read Coils

Coil and Thermistor Housing

Gage Length ( 6" )
 

(b) Sketch showing Working Mechanism of VWSG (Source: Geokon VWSG Instruction 
Manual). 

 
Figure 11. Picture and working mechanism of VWSG. 
 
 
Soil Strain Meter (Model 4430) 
 
Model 4430 Soil Strain Meter with flanged ends is designed to measure longitudinal 
deformation in dams and embankments.  It can also be grouted or held in place by 
hydraulic anchors to measure deformations in boreholes (over the gage length).  
Specifications of this type of sensors are shown in Table 4.  Figure 12(a) shows a 
photograph the VW deformation meter. 
 
The gage sensor is attached to a flange at one end and, by a connecting rod of some 
length, to a flange at the other end.  The sensor and the rod are covered by a plastic 
(PVC) tube which holds the end flanges apart at a predetermined distance (gage length) 
and insures that the rod is free to move.  As the flanges move apart, the movement is 
conveyed by a connecting rod to the sensor and measured by the readout system.  
Figure 12(b) shows a sketch that explains the working mechanism for the VW 
Deformation Meter. 
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Table 4.  Specifications for VW Deformation Meter. (Manual) 
Specifications Model 4430 

Standard Range 25, 50, 100mm (1, 2, 4 in.) 

Sensitivity (micro strain) 0.02% F.S. 

Accuracy ± 0.1 % F.S. 

Nonlinearity < 0.5 % F.S. 

Temperature Range –20°C to +80°C (for each model) 

Active Gage Length Varies x 50 mm (2in.) 

 

 
 

(a) Picture of VW Deformation Meter. (Source: Geokon Website, URL 
http://www/geokon.com e) 

 
 

 
(b) Sketch showing Working Mechanism of VWSG. (Source: Geokon VWSG Instruction 

Manual) 
 

Figure 12. Picture and working mechanism of VW Deformation Meter. 
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"Fat Back" Pressure Cell (Model 4810) 
 
The model 4810 "Fat-Back" Cell is intended to measure contact earth pressures on the 
surface of concrete or steel.  The cell has an extra thick back plate to minimize any 
point loading effects.  "Ears” on the cell assist in holding it to concrete forms or to 
retaining walls during installation.  Specifications of this sensor are analyzed in Table 5.  
Figure 13(a) is a picture of the Pressure Cell. 
 
 
Earth pressure cells are constructed from two stainless steel plates welded together 
around their periphery and separated by a narrow gap filled with hydraulic fluid.  
External pressures squeeze the two plates together creating an equal pressure in the 
internal fluid.  A length of stainless steel tubing connects the fluid filled cavity to a 
pressure transducer that converts the fluid pressure into an electrical signal transmitted 
by cable to the readout location.  Figure 13(b) shows a sketch explaining the working 
mechanism of the Pressure Cell. 
 

 
Table 5. Specifications of "Fat Back" Pressure Cell (Model 4810) (Manual) 
Specifications Model 4430 

Standard Range 50, 100, 250, 500, 750 psi 

Over range capacity 0.02% F.S. 

Sensitivity ± 0.1 % F.S. 

Accuracy < 0.5 % F.S. 

Height x Diameter 0.5 x 9 in. 
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(a) Picture of VW Deformation Meter. (Source: Geokon Website, URL 

http://www/geokon.com) 
 
 

Pressure cell Transducer Housing

Instrument Cable
( 4 conductor, 22 AWG)

Mounting Lugs

9"

Top View  
(b) Sketch showing Working Mechanism of Pressure Cell. (Source: Geokon Pressure 

Cell Instruction Manual) 
 

Figure 13. Picture and working mechanism of Pressure Cell. 
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Settlement Sensor (Model 4650) 
 
The model 4650 is designed for remote measurement of the settlement of a pint in or 
below fills, surcharges, embankments, etc.  Specifications for this sensor are shown in  
.  Figure 14(a) provides a picture of the Settlement Sensor. 
 
 
The Model 4650 Settlement System uses a Pressure Transducer attached to a 
settlement plate located in the settling ground.  The sensor is connected, via two fluid-
filled tubes, extending laterally, to a reservoir located on firm ground away from the area 
of anticipated movement.  Fluid pressure within the tubes is sensed by the transducer, 
which provides a measure of elevation difference between the sensor and the reservoir.  
Figure 14(b) shows a sketch explaining working mechanism of Settlement Sensor. 
 
 

Table 6. Specifications for Settlement Sensor, Model 4650. 
Specifications Model 4430 

Standard Range 5, 15, 30, 60 psi 

Sensitivity 0.025% F.S. 

Accuracy ± 0.25 % F.S. to ±1 % F.S. 

Height x Diameter (Reservoir) 6 x 2in. 

Height x Diameter (Sensor) 7.5 x 1.375in. 
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(a) Picture of Settlement Sensor. (Source: Geokon Website, URL 

http://www/geokon.com) 
 

Liquid filled Tube
Vented Signal Cable

Metal Pipe
Vibrating Wire Pressure Sensor

Tamped BackfillSettlement Plate

 
(b) Sketch showing Working Mechanism of Settlement Sensor. (Source: Geokon 

Settlement Sensor Instruction Manual) 
 

Figure 14. Picture and working mechanism of Settlement Sensor. 
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Installation of Sensors and WIM System 
 
VWSG 
 
The VWSGs are installed on the top and bottom layer of the steel reinforcement of the 
approach slab.  Because the gages are 6 in. in length, they are first attached to two 18 
in. supporting No. 3 epoxy coated reinforcing steels using zip lock ties.  The two 
supporting steels are then tied to the approach steel reinforcement.  The supporting 
steels are also used for protection of the gages from construction workers and 
equipments.  Each gage is also carefully labeled to match the data logger channel to 
the gage.  The cables are routed to the data logger inside metal conduits that protected 
the cable from the concrete pressure as well as construction equipment.  All gages are 
tested for functionality with a portable readout box, GK-403.  Figures Figure 15 and 
Figure 16 illustrate the VWSGs and installed VWSGs and their supporting steel, 
respectively. 
 
 
VW Deformation Meter 
 
The VW deformation meter is used to measure the displacement between the concrete 
layer and the under layer soil, thus, portion of the meter is embedded in the concrete 
approach slab and the other portions in the soil layers.  The VW deformation meter is 
embedded vertically 16 in. in the soil using Portland cement grout.  Each meter is also 
carefully labeled to match the data logger channel to the meter.  The cables are routed 
to the data logger inside metal conduits that protected the cable from the concrete 
pressure as well as construction equipment.  All meters are tested for functionality with 
a portable readout box, GK-403.  Figure 17a and 17b illustrate the drilled hole in the soil 
layer and the grouted meter, respectively.  
 
 
Pressure Cell 
 
The Pressure Cell is installed at the same location of the deformation meter to check 
the contact between the approach slab and the under layer soil.  It is simply placed on 
top of the soil layer at the desired location.  Similarly, the cable is run and protected 
inside metal conduit to the data logger.  All pressure cells are also tested using the GK-
403 readout box.  Figure 18 illustrates the pressure cell placement.   
 
Settlement Sensor 
 
The settlement sensor is installed in the center between the two lanes on north and 
south approach slabs.  The settlement is intended to measure the settlement as is 
supposed to be installed underneath the surcharge.  However, since the instrumentation 
of the approach slab is later implemented, the sensor was installed in a small 15 in. 
deep trench was constructed with an inclination so that the sensor will be below the 
liquid reservoir located in the data logger box.  Figure 19 illustrates the settlement 
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sensor installed inside the trench.  The trench is covered with soil and compacted prior 
to the casting of the approach slabs.  
 
 

 
Figure 15. VWSG Connected to Wires Ready for Delivery and Installation on Site. 

 
 

 
Figure 16. VWSG installed Longitudinally and Transversely at Site. 
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(a) 

 
(b) 

Figure 17. (a) Embedded and (b) grouted VW Deformation Meter. 
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Figure 18. Pressure Cell installed underneath Approach Slab near the VW Deformation 

Meter. 
 

 
 

 
Figure 19. Settlement Sensor installed in Soil strata underneath Approach Slab. 

. 
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Data Logger 
 
Campbell Scientific CR10X data logger is used to collect all the data from all the 
sensors.  Multiplexers are used to expand the data logger channel count to a maximum 
of 96 channels.  The data logger is programmed to take readings every 5 minutes.  The 
maximum and minimum readings are also captured hourly.  The data logger also has 
two modes of capturing the data: (1) every 5 minutes interval or (2) every hour interval.  
The second mode is designed to conserve the limited memory of the data logger.  In 
addition, the data logger is connected to a solar power that charged the data logger 
battery.  Figure 20 and 21 illustrate the data logger and wiring connection, respectively. 

 

 
Figure 20. Data logger box and Solar Panel installed on wing wall. 

 

 
Figure 21. Downloading Data from Data-Logger Using Portable Computer. 
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Weigh-In-Motion (WIM) System Installation 
 
WIM System is used to measure the weight, speed, and type of trucks passing on the 
bridge.  WIM plates are installed on SA-LN-3 and SA-LN-4 approach slabs.  As the 
wheel of a truck hits these plates, time, type of truck (i.e., 3axle, 4axle, 5axle etc.), total 
weight of truck (with weight of each individual axles), and speed of the truck are 
recorded and saved.  Figure 22 illustrates the location of WIM plates installed on SA-
LN-3 and SA-LN-4.  Conduits are laid for running the cables of the WIM system before 
the reinforcement cage is placed, (Figure 23).  After placing the reinforcement, the 
rebars are cut at locations of WIM plates and are placed 7" from top of the slab.  22 
days after the first pouring and 15 days after the second pour, the concrete is cut at the 
WIM locations, and WIM Plates are installed, as shown in Figure 24. 
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Figure 22. Bending Plate Fixed WIM System Installed on SA-LN-3 and SA-LN-4. 
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Figure 23. Conduits laid for WIM System Installation at South Abutment. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 24. Bending Plate WIM System with Loop Detectors installed at the South 
Abutment. 
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Concreting of Approach Slabs 
 
Concreting Sequence 
 
SA-LN-4, NA-LN-3, and the shoulder on North approach are the first sections to be 
concreted.  Seven days later, SA-LN-3, the shoulder on South side, and NA-LN-4 are 
then concreted as shown in Figure 25. 
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Figure 25. Concrete pouring sequence of approach slabs on the Doremus Avenue 

Bridge. 
 

 
Typical Concrete Pour of Approach Slab 
 

1. Figure 26 depicts the concreting of approach slabs. 
2. Rebar are inserted at slab edges immediately after concreting to ensure 

continuity of that slab with the adjacent one. 
3. A curing compound is applied to approach slabs immediately after concreting. 
4. The approach slab is then covered with burlap, about one hour the after curing 

compound was applied. 
 

Exiting 
Approach Slab 
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Figure 26. Concreting of Approach Slab for Concrete Pour No. 1. 

 
 
Sampling 
 

1. Concrete samples (cylinders of size 4" by 6") are taken at the same time of 
concreting and with same concrete mix used for approach slabs in each Lane. 

2. Curing compound is applied to top of concrete cylinders immediately after filling 
them with concrete. 

3. Concrete cylinders are covered with Burlap half an hour after taking samples as 
shown in Figure 27. 
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Figure 27. Concrete Cylinders Cured on Site using Burlap. 

 
 
Testing 
 

1. Concrete samples are kept on the site itself, so that they would remain in the 
same environmental conditions as the approach slabs. 

2. Cylinders are brought from the site at different intervals of days and tested for 
compressive strength and elastic modulus. 

3. Three cylinders from each slab are picked up at 5, 7, 15, and 31 days and are 
tested for compressive strength value.  The average of the three values is 
considered as the compressive strength of that slab. Figure 28.shows the results 
of the Compressive strengths of the approach slabs of the south side lane 4 and 
north side lane 3. 

4. It is observed that SA-LN-3 has a compressive strength of 5670 psi, and NA-LN-
4 has a compressive strength of 5570 psi. 

5. Three cylinders from each slab are picked up at 5, 7, 15, and 31 days and are 
tested to find the elastic modulus of the concrete used in slabs. 

6.  
7. Figure 29 shows set up for measuring the elastic modulus.  Cylinders are loaded 

up to 40% of their compressive strength, and readings for change in lengths are 
taken at certain intervals of loads to get the values of strains at those particular 
loads. 

8. Stresses are found for each load. 
9. Elastic Modulus can be expressed as the ratio of stain to stress. 
10. Figure 30 shows a comparison of results between the elastic modulus for SA-LN-

3 and NA-LN-4. 
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11. It is found that at 43 days, the modulus of elasticity for SA-LN-3 and NA-LN-4 is 
4.188 E+6 psi and 4.114 E+6 psi, respectively. 

 

 
Figure 28. Comparison of Compressive Strengths for Concrete Pour-2. 

 

 
 

Figure 29. Experimental Setup for testing the Elastic Modulus of Concrete 



 33

 
Figure 30. Comparison of Elastic Modulus for two slabs of Concrete Pour No. 2. 

 
 
STATIC TESTING  
 
Test Truck Information and Testing Procedure 
 
Static tests are performed for three slabs (SA-LN-3, SA-LN-4, and NA-LN-4) at various 
truck positions.  A truck is placed at different locations of approach slabs, traveling in 
both the directions.   
Figure 31a shows the truck at the entrance of the approach slab,  
Figure 31b shows the truck leaving the approach slabs,  
Figure 31c shows the truck in the middle of the approach slabs, and  
Figure 31d shows the truck with the one-side wheels of the axles on approach slab.  
Details of the truck used for testing are given in Table 7. 
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   (a)       (b)    

    
   (c)       (d)    
 

Figure 31. Various Truck Positions for Static Load Testing of new Approach Slabs. 
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Table 7. Information of Truck, used for Approach Slab Testing. 
 

Total Number of Axles 3 
Weight of Steer Axle in lbs 16100  
Weight of Drive Axle in lbs 36520  
Weight of Trailer Axle in lbs 24980  
Gross Weight of Truck in lbs 77600  
Distance between Steer Axle and Drive 
Axle 

14' 6" 

Distance between Drive Axle and Trailer 
Axle 

6' 9" 

c/c distance between wheels of the Axle 6' 
Overall width of the Truck 8' 

 
 
Strain and temperature readings of all sensors are taken just before placing the test 
truck on the approach slabs.  These readings are considered as zero reference 
readings, which are subtracted from the readings for various truck positions to get the 
change in the strain in vibrating wire strain gages. 
 
Finite Element Models are used to predict change in strains in vibrating wire strain 
gages.  The same truck used for testing, is also used in the FE Model and the results 
are compared with field results.  Table 8 (a, b, c, and d), Table 9(a, b, c, and d) and 
Table 10 (a, b, c, and d) show a comparison of the finite element model results with the 
field testing results for NA-LN-3, SA-LN-3 and SA-LN-4 respectively.  For different truck 
configurations, which are very close to the position of the truck wheels for different 
positions of truck, it is found that results from the FEM and the field-testing are very 
close. 
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Table 8. Comparison of the finite element results and the field results for NA-LN-3. 
 
(a). Truck heading northbound and both wheels of axles on approach slab. 

Test Truck Position Sensor 
No. 

Sensor 
Location FEM FIELD Difference

 (from abutment)  
(from 

abutment) (μ strain) (μ strain) (μ strain)
1 F (3.5', 3') (3.5', 9') 17 (5', 6') 5 5 0 
2 F (6.5', 3') (6.5', 9') 17 (5', 6') 7 6 1 

24 (17.5', 9') 7 5 2 
25(Trans) (17.5', 9') 3 3 0 

26 (17.5', 6') 4 3 1 
27 (17.5', 3') 5 4 1 

F (6.5', 3') (6.5', 9') 

28 (Trans) (17.5', 3') 7 4 3 

3 

M (3.5', 3') (3.5', 9') 17 (5', 6') 1 1 0 
30 (35', 9') 3 1 2 
31 (35', 6') 3 2 1 F (31.5', 3') (31.5', 9') 
32 (35', 3') 2 1 1 
24 (17.5', 9') 3 2 1 

25(Trans) (17.5', 9') 3 4 -1 
26 (17.5', 6') 4 1 3 
27 (17.5', 3') 3 1 2 

M (6.5', 3') (6.5', 9') 

28 (Trans) (17.5', 3') 7 4 3 
19 (11.25', 9') 12 13 -1 
20 (11.25', 6') 14 14 0 

5 

R (11.25', 3') (11.25', 9') 
21 (Trans) (11.25', 6') 4 4 0 

30 (35', 9') 6 5 1 
31 (35', 6') 7 7 0 M (31.5', 3') (31.5', 9') 
32 (35', 3') 6 5 1 

6 

R (3.5', 3') (3.5', 9') 29 (24', 6') 6 3 3 
30 (35', 9') 4 2 2 
31 (35', 6') 1 2 -1 

7 
R (33.5', 3') (33.5', 9') 

32 (35', 3') 3 2 1 
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Table 8 (b). Truck heading northbound and one wheel of an axle on approach slab. 

Test Truck Position Sensor 
No. Sensor Location FEM FIELD Difference

  (from abutment)   (from abutment) (μ strain) (μ strain) (μ strain)
30 (35', 9') 1 1 0 
31 (35', 6') 6 2 4 F(33.5', 92")  
32 (35', 3') 4 1 3 
24 (17.5', 9') 2 4 -2 

25(Trans) (17.5', 9') 9 2 7 
26 (17.5', 6') 7 2 5 
27 (17.5', 3') 4 3 1 

M (17', 92") 

28 
(Trans) (17.5', 3') 0 1 -1 

19 (11.25', 9') 6 13 -7 
20 (11.25', 6') 6 11 -5 

8 

R (10.25', 92") 
21 

(Trans) (11.25', 6') 4 2 2 
30 (35', 9') 5 5 0 
31 (35', 6') 5 5 0 M (31.5', 92") 
32 (35', 3') 3 3 0 

9 

R (3.5', 3') (3.5', 9') 29 (24', 6') 5 3 2 
30 (35', 9') 2 2 0 
31 (35', 6') 6 0 6 

10 
F (33.5', 92")  

32 (35', 3') 6 0 6 
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Table 8 (c). Truck heading southbound and both wheels of axles on approach slab. 
Test Truck Position Sensor No. Sensor Location FEM FIELD Difference

  (from abutment)   (from abutment) (μ strain) (μ strain) (μ strain)
30 (35', 9') 4 2 2 
31 (35', 6') 5 4 1 

16 
R (31.5', 3') (31.5', 

9') 
32 (35', 3') 4 3 1 

F (6.5', 3') (6.5', 9') 17 (5', 6') 2 6 -4 
24 (17.5', 9') 2 2 0 

25(Trans) (17.5', 9') 3 3 0 
26 (17.5', 6') 3 2 1 
27 (17.5', 3') 3 1 2 

M (21', 3') (21', 9') 

28 (Trans) (17.5', 3') 3 3 0 
29 (24', 6') 13 9 4 
30 (35', 9') 7 3 4 
31 (35', 6') 8 5 3 

19 

R (28', 3') (28', 9') 

32 (35', 3') 7 5 2 
M (6.5', 3') (6.5', 9') 17 (5', 9') 4 10 -6 

18 (Top) (11.25', 9') 6 16 -10 
19 (11.25', 9') 6 18 -12 
20 (11.25', 6') 5 19 -14 

21 (Trans) (11.25', 6') 1 6 -5 
22 (Top) (11.25', 3') 6 15 -9 

20 

R (13', 3') (13', 9') 

23 (11.25', 3') 6 18 -12 
21 R (3.5', 3') (3.5', 9') 17 (5', 6') 5 4 1 
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Table 8 (d). Truck heading southbound and one wheel of an axle on approach slab. 
Tes

t Truck Position Sensor 
No. Sensor Location FEM FIELD Difference

  (from abutment)   (from abutment) (μ strain) (μ strain) (μ strain)
30 (35', 9') 3 2 1 
31 (35', 6') 3 4 -1 

22 
F (31.5', 3') (31.5', 

9') 
32 (35', 3') 1 2 -1 

M (3.5', 95")  17 (5', 6') 3 1 2 
24 (17.5', 9') 9 7 2 

25(Trans) (17.5', 9') 3 4 -1 
26 (17.5', 6') 7 5 2 
27 (17.5', 3') 3 4 -1 

24 

F (17.5', 3') (17.5', 
9') 

28 (Trans) (17.5', 3') 1 2 -1 
30 (35', 9') 4 6 -2 
31 (35', 6') 3 6 -3 R (33.75', 95")  
32 (35', 3') 2 4 -2 

M (27', 95")  29 (24', 6') 2 3 -1 
18 (Top) (11.25', 9') 9 9 0 

19 (11.25', 9') 7 8 -1 
20 (11.25', 6') 9 9 0 

21 (Trans) (11.25', 6') 5 3 2 
22 (Top) (11.25', 3') 5 9 -4 

25 

F (12.5', 95")  

23 (11.25', 3') 5 8 -3 
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Table 9. Comparison of Results for the finite element and the field tests for SA-LN-3. 
 
(a). Truck heading southbound and one wheel of an axle on approach slab. 

Test Truck Position Sensor 
no. 

Sensor 
Location FEM FIELD Difference 

  (from abutment)   (from abutment) (μ strain) (μ strain) (μ strain)
14 F (40', 3')  32 (40', 6') 3 1 2 

24 (22', 3') 2 12 -10 F (19', 3') 
25 (Trans) (22', 3') 3 5 -2 
30 (Top) (32', 3') 3 7 -4 M (34', 3') 

31 (32', 3') 3 16 -13 

15 

R (41', 3') 32 (40', 6') 4 5 -1 
18 (5', 6') 2 2 0 F (5', 3') 
19 (5', 3') 2 1 1 
24 (22', 3') 8 14 -6 M (20', 3') 

25 (Trans) (22', 3') 7 6 1 

16 

R (27', 3') - - - - - 
19 (5', 3') 8 3 5 M (5', 3') 
18 (5', 6') 7 3 4 

17 

R (12', 3') 32 (40', 6') 7 11 -4 
19 (5', 3') 7 0 7 18 

F (3', 3') 
18 (5', 6') 6 0 6 
17 (5', 9') 0 2 -2 F (8', 100") 
18 (5',6') 0 1 -1 
21 (22', 9') 15 16 -1 M (22', 100") 

22 (Trans) (22', 9')   6 -6 

25 

R (29', 100") - - - - - 
17 (5', 9') 0 0 0 26 

R (3', 100") 
18 (5',6') 0 1 -1 
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Table 9 (b). Truck heading southbound and both wheels of axles on approach slab. 

Test Truck Position Sensor 
no. 

Sensor 
Location FEM FIELD Difference 

  (from abutment)   (from abutment) (μ strain) (μ strain) (μ strain)
19 R (40', 3') (40', 9') 32 (40', 6') 4 3 1 

21 (22', 9') 1 16 -15 
22 (Trans) (22', 9') 1 5 -4 

23 (22', 6') 0 16 -16 
24 (22', 3') 1 14 -13 

F (19', 3') (19', 9') 

25 (Trans) (22', 3') 3 5 -2 
26 (Top) (32', 9') 4 2 2 

27 (32', 9') 8 12 -4 
28 (32', 6') 10 14 -4 

29 (Trans) (32', 6') 10 2 8 
30 (Top) (32', 3') 8 5 3 

21 

M (34', 3') (34', 9') 

31 (32', 3') 4 14 -10 
17 (5', 9') 6 4 2 
18 (5',6') 3 2 1 F (40', 3') (40', 9') 
19 (5',3') 2 3 -1 
21 (22', 9') 14 22 -8 

22 (Trans) (22', 9') 7 1 6 
23 (22', 6') 17 23 -6 
24 (22', 3') 14 21 -7 

M (20', 3') (20', 9') 

25 (Trans) (22', 3') 6 3 3 

22 

R (27', 3') (27', 9') - - - - - 
17 (5', 9') 16 5 11 
18 (5',6') 19 5 14 M (5', 3') (5', 9') 
19 (5',3') 16 5 11 

23 

R (12', 3') (12', 9') 20 (13', 6') 9 12 -3 
17 (5', 9') 11 0 11 
18 (5',6') 12 0 12 

24 
R (3', 3') (3', 9') 

19 (5',3') 11 0 11 
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Table 9 (c). Truck heading northbound and one wheel of an axle on approach slab. 

Test 
Truck 

Position 
Sensor 
no. 

Sensor 
Location FEM FIELD Difference 

  
(from 

abutment)   
(from 

abutment) (μ strain) (μ strain) (μ strain) 
19 (5', 3') 4 3 1 40 

F (5', 3') 
18 (5', 6') 3 3 0 
24 (22', 3') 5 24 -19 

F (22', 44") 25 
(Trans) (22', 3') 4 9 -5 

19 (5', 3') 9 2 7 M (7', 44") 
18 (5', 6') 9 2 7 

41 

R (9", 44") - - - - - 
F (40', 44") 32 (40', 6') 1 6 -5 

24 (22', 3') 6 25 -19 
M (25', 44") 25 

(Trans) (22', 3') 4 9 -5 

42 

R (18', 44") - - - - - 
32 (40', 6') 8 7 1 

30 (Top) (32', 3') 4 17 -13 
31 (32', 3') 4 34 -30 
28 (32', 6') 4 26 -22 

43 

M (40', 44") 

29 
(Trans) (32', 6') 3 5 -2 

44 R (33', 44") 32 (40', 6') 5 5 0 
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Table 9 (d). Truck heading northbound and both wheels of axles on approach slab. 

Test Truck Position Sensor 
no. 

Sensor 
Location FEM FIELD Difference 

  (from abutment)   (from abutment) (μ strain) (μ strain) (μ strain)
17 (5', 9') 8 6 2 
18 (5',6') 8 5 3 

45 
F (5', 3') (5', 9') 

19 (5',3') 8 5 3 
21 (22', 9') 6 29 -23 

22 (Trans) (22', 9') 3 6 -3 
23 (22', 6') 4 29 -25 
24 (22', 3')   29 -29 

F (22', 3') (22', 9') 

25 (Trans) (22', 3') 4 6 -2 
17 (5', 9') 3 2 1 
18 (5',6') 14 2 12 M (7', 3') (7', 9') 
19 (5',3') 12 1 11 

46 

R (9", 3') (9", 9') - - - - - 
F (40', 3') (40', 9') 32 (40',6') 6 8 -2 

21 (22', 9') 1 31 -30 
22 (Trans) (22', 9') 0 4 -4 

23 (22', 6') 12 32 -20 
24 (22', 3') 1 29 -28 

M (22', 3') (22', 9') 

25 (Trans) (22', 3') 0 6 -6 

47 

R (9", 3') (9", 9') - - - - - 
M (40', 3') (40', 9') 32 (40',6') 16 10 6 

26 (Top) (32', 9') 7 9 -2 
27 (32', 9') 7 24 -17 
28 (32', 6') 8 27 -19 

29 (Trans) (32', 6') 2 2 0 
30 (Top) (32', 3') 7 16 -9 

48 

R (33', 3') (33', 9') 

31 (32', 3') 7 34 -27 
49 R (42', 3') (42', 9') 32 (40',6') 2 4 -2 
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Table 10. Comparison of the finite element results and the field results for SA-LN-4. 
(a). Truck heading northbound and both wheels of axles on approach slab. 

Test Truck Position Sensor 
no. 

Sensor 
Location FEM FIELD Difference 

  (from abutment)   
(from 

abutment) (μ strain) (μ strain) (μ strain) 
14 (40', 9') 5 3 2 
15 (40', 6') 6 1 5 

1 F (40', 3')  

16 (40', 3') 5 2 3 
8 (22', 9') 7 10 -3 
9 

(Trans) (22', 9') 5 5 0 
10 (22', 6') 4 9 -5 
11 (22', 3') 7 12 -5 

F (22', 3') (22', 9') 

12 
(Trans) (22', 3') 5 1 4 

M (36', 3') (36', 9') - - -  -  - 

3 

R (36', 3') (36', 9') 1 (5', 6') 1 0 1 
F (19', 3') (19', 9') - -  -   - - 
M (34', 3') (34', 9') 13 (32', 6') 8 5 3 

4 

R (44', 3') (44', 9') 1 (5', 6') 1 0 1 
F (8', 3') (8', 9') 1 (5', 6') 1 1 0 

8 (22', 9') 10 9 1 
9 

(Trans) (22', 9') 7 4 3 
10 (22', 6') 13 9 4 
11 (22', 3') 10 11 -1 

F (22', 3') (22', 9') 

12 
(Trans) (22', 3') 1 1 0 

5 

R (44', 3') (44', 9') 1 (32', 6') 9 14 -5 
F (5', 3') (5', 9) 1 (5', 6') 8 3 5 

8 (22', 9') 4 15 -11 
9 

(Trans) (22', 9') 4 5 -1 
10 (22', 6') 4 16 -12 
11 (22', 3') 4 19 -15 

M (20', 3') (20', 9') 

12 
(Trans) (22', 3') 2 2 0 

6 

R (44', 3') (44', 9') 13 (32', 6') 6 8 -2 
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Table 10 (a). (Cont’d) 

Test Truck Position Sensor 
no. 

Sensor 
Location FEM FIELD Difference 

  (from abutment)   
(from 

abutment) (μ strain) (μ strain) (μ strain) 
M (5', 3')(5', 9') 1 (5', 6') 19 3 16 

2 (Top) (13', 9') 17 6 11 
3 (13', 9') 17 14 3 
4 (13', 6') 14 16 -2 
5 (13', 6') 2 3 -1 

6 (Top) (13', 3') 8 5 3 

7 

M (12', 3') (12', 
9') 

7 (22', 3') 8 0 8 
8 R (3', 3') (3', 9') 1 (5', 6') 13 1 12 

 
Table 10 (b). Truck heading northbound and one wheel of an axle on approach slab. 

Test Truck Position Sensor 
no. 

Sensor 
Location FEM FIELD Difference 

  (from abutment)   
(from 

abutment) (μ strain) (μ strain) (μ strain) 
16 (40', 3') 4 3 1 9 

R (40', 3') 
15 (40', 6')       

M (5', 3')  1 (5', 6') 15 5 10 
6 (Top) (13', 3') 8 2 6 

12 

M (12', 3') 
7 (13', 3') 8 0 8 

14 (40', 9') 2 2 0 14 
F (40', 9') 

15 (40',6') 4 1 3 
8 (5', 9') 2 12 -10 

F (19', 9') 9 
(Trans) (5',6') 2 1 1 

15 

M (34', 9') 13 (13', 6') 8 11 -3 
  R (41', 9')  14 (5', 6') 7 4 3 

M (5', 9') 1 (5', 6') 14 4 10 
2 (Top) (13', 9') 18 5 13 

17 

F (12', 9') 
3 (13', 9') 18 12 6 

 
 



 46

Table 10 (c). Truck heading southbound and both wheels of axles on approach slab. 

Test Truck Position Sensor 
no. 

Sensor 
Location FEM FIELD Difference 

  (from abutment)   
(from 

abutment) (μ strain) (μ strain) (μ strain) 
35 F (5', 30") (5', 102") 19 (5', 3') 7 6 1 

8 (22', 9') 7 29 -22 
9 (Trans) (22', 9') 6 8 -2 

10 (22', 6') 4 26 -22 
11 (22', 3') 7 31 -24 

F(20', 30")(22', 
102") 

12 
(Trans) (22', 3') 5 2 3 

M(37', 30")(37', 
102") 1 (5', 6') 1 3   

36 

R (9', 30") (9', 102") - - - - - 
14 (40', 9') 4 9 -5 
15 (40', 6') 3 3 0 

F(40', 30")(40', 
102") 

16 (40', 3') 4 6 -2 
F(25', 30")(25', 

102") - - - - - 

37 

F(18', 30")(18', 
102") - - - - - 

14 (40', 9') 14 12 2 
15 (40', 6') 16 7 9 

M(40', 44")(40', 
102") 

16 (40', 3') 17 8 9 

38 

F(18', 30")(18', 
102") 13 (32', 6') 9 23 -14 

14 (40', 9') 0 4 -4 
15 (40', 6') 0 0 0 

39 
R(42', 30")(42', 

102") 
16 (40', 3') 1 2 -1 
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Table 10 (d). Truck heading southbound and one wheel of an axle on approach slab. 

Test Truck Position Sensor 
no. 

Sensor 
Location FEM FIELD Difference 

  
(From 

Abutment)   
(from 

abutment) (μ strain) (μ strain) (μ strain) 
40 F (5', 100") 1 (5', 6') 4 5 -1 

8 (22', 9') 2 27 -25 F (22', 100") 
9 (Trans) (22', 9') 1 4 -3 

M (37', 100") 13 (33', 6') 2 23 -21 

41 

R (9", 100") - - - - - 
14 (40', 9') 1 6 -5 F (22', 100") 
15 (40', 6') 1 4 -3 
8 (22', 9') 6 29 -23 M (25', 100") 

9 (Trans) (22', 9') 3 4 -1 

42 

R (18', 100") - - - - - 
14 (40', 9') 4 8 -4 M (40', 100") 
15 (40', 6') 3 6 -3 

43 

R (33', 100") 13 (33', 6') 4 24 -20 
16 (22', 3') 4 6 -2 M (40', 100") 
15 (22', 3') 3 6 -3  

51 

F (33', 100") 13 (13', 3') 4 28 -24 
 
 
Results from Available Sensor Data 
 
Readings of sensors from Pour-1 (i.e., SA-LN-4, and NA-LN-3) are taken manually for 
the initial 21 days, and after that, the sensors are connected to a data logger.  Readings 
of sensors from Pour 2, SA-LN-3 are taken manually for the first 14 days, and then the 
sensors are connected to a data logger.  Sensors of Pour-2, NA-LN-4 are connected to 
a temporary data logger initially and then they are connected to permanent data logger. 
 
 
Readings from each sensor are multiplied by their calibration factor, and, a temperature 
correction factor is also applied to get the final value in true strains of each sensor.  
True strains are found for each sensor, and they are plotted against time.  Shrinkage 
behavior of concrete is studied from the available strain data. 
 
 
Shrinkage of concrete is the time dependent strain measured for a concrete specimen 
or structure in its unloaded condition.  If concrete structures are free to shrink, without 
restraint, shrinkage of concrete would not be a major concern to structural engineers.  
However, this is not the case.  Contraction of concrete is always restraint by its supports 
or by adjacent structures.  Each of these forms of restraint involves the imposition of a 
gradually increasing tensile force on the concrete, which may lead to time-dependent 
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cracking, increases in deflection, and a widening of existing cracks.  Restraint to 
shrinkage is probably the most common cause of unsightly cracking in concrete 
structures.  Figure 32(a) illustrates a free shrinkage condition.  Free shrinkage causes 
volume change but does not create stresses.  Figure 32(b) shows a restrained 
shrinkage condition.  Restrained shrinkage causes stresses, which may lead to cracking 
of a concrete structure.  Approach slabs were inspected for shrinkage cracks and no 
crack was found on any of the slab. 
 
 

 
(a) Free Shrinkage 

 
(b) Restrained Shrinkage 

Figure 32. Shrinkage in Concrete Structures. 
 
 
VWSG Results from NA-LN-3. 
 

1. Concreting of NA-LN-3 is executed in the first pour. 
2. Figure 33 shows plots of shrinkage along the edge of the slab, which is 

towards NA-LN-4.  A sensor in middle is showing higher strain than other 
sensors. 

3. Figure 34 shows plots of shrinkage along the middle edge of the slab.  Most 
of the sensors are showing the same value of strains.  This makes sense, 
because all are confined by concrete from both the sides. 

4. Figure 35 shows plots of shrinkage for all transverse sensors.  Transverse 
sensors are showing less shrinkage than longitudinal ones.  This is logical; 
sense because the length is smaller in that direction. 
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Figure 33. Shrinkage plots for sensors along edge towards Lane-4. (NA-LN-3) (From-

10/24/02-03/14/03) 

NA3: 23

NA3: 27

NA3: 32
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Figure 34. Plots of shrinkage for sensors in the middle of the lane, NA-LN-3 (From-

11/01/02-03/14/03) 

NA3: 17 NA3: 20

NA3: 26 NA3: 29

NA3: 31
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Figure 35. Plots of shrinkage for all transverse sensors, NA-LN-3. (From-10/24/02-

03/14/03) 
 

NA3: 21

NA3: 25

NA3: 28
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VWSG Results from NA-LN-4. 
 

1. Concreting of NA-LN-4 was executed in second pour. 
2. Figure 36 shows plots of shrinkage along the edge of the slab, which is towards 

the shoulder.  Most of the sensors are showing same value of shrinkage.  This 
makes sense because that edge of slab is restrained by shoulder. 

3. Figure 37 shows plots of shrinkage along the edge of the slab, which is towards 
the NA-LN-3.  Most of the sensors are showing same value of shrinkage.  This 
makes sense because that edge of slab is restrained by shoulder. 

4. Figure 38 shows plots of shrinkage along the middle edge of the slab.  Most of 
the sensors are showing same value of strains.  This makes sense because all 
are confined by concrete from both the sides. 

5. Figure 39 shows plots of shrinkage for all transverse sensors.  Transverse 
sensors are showing less shrinkage than longitudinal sensors.  This makes 
sense because length is smaller in that direction. 
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Figure 36. Shrinkage plots for sensors along edge towards shoulder (NA-LN-4). (From-

11/01/02-03/14/03) 

NA4: 1

NA4: 8

NA4: 15
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Figure 37. Shrinkage plots for sensors along edge towards NA-LN-3. (NA-LN-4). (From-

11/01/02-03/14/03) 

NA4: 3

NA4: 5

NA4: 11
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Figure 38. Plots of shrinkage for sensors in the middle of the lane, NA-LN-4 (From-

11/01/02-03/14/03) 

NA4: 2 NA4: 4

NA4: 7 NA4: 12

NA4: 16
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Figure 39. Plots of shrinkage for all transverse sensors, NA-LN-4. (From-10/24/02-
03/14/03) 
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I 
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VWSG Results from SA-LN-3. 
 

1. Concreting of SA-LN-3 was done in second pour. 
2. Figure 40 shows plots of shrinkage along the edge of the slab, which is towards 

SA-LN-4.  Sensor nearer to abutment is showing less shrinkage than sensor that 
is farthest from the abutment.  This makes sense, because sensor near to 
abutment has got sort of restrain in the abutment direction, while sensor away 
from abutment is free to shrink since there is nothing on the end. 

3. Figure 41 shows plots of shrinkage along the edge of the slab, which is away 
from SA-LN-4.  Sensor near and far from abutment are showing almost same 
strain.  This makes sense, because concreting of SA-LN-4 was done first and 
this edge is restrained from that side. 

4. Figure 42 shows plots of shrinkage along the middle edge of the slab.  All 
sensors are showing same value of strains since they are confined by concrete 
from both sides. 

5. Figure 43 shows plots of shrinkage for all transverse sensors.  Sensors placed in 
the transverse direction are showing less shrinkage than those in the longitudinal 
direction since their length is smaller in the transverse direction. 
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Figure 40. Shrinkage Plots for Edge Sensors towards SA-LN-4. (SA-LN-3) (From-

10/24/02-03/14/03) 

SA3: 19

SA3: 24

SA3: 31
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Figure 41. Shrinkage plots for sensors along edge away from SA-LN-4. (SA-LN-3) 

(From-10/24/02-03/14/03) 

SA3: 17

SA3: 27

SA3: 21
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Figure 42. Plots of shrinkage for sensors in the middle of the lane, SA-LN-3 (From-

11/01/02-03/14/03) 
 

SA3: 32

SA3: 23 SA3: 28

SA3: 18 SA3: 20
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Figure 43. Shrinkage plots for all transverse sensors, SA-LN-3. (From-11/01/02-

03/14/03) 

SA3: 22

SA3: 25

SA3: 29
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VWSG Results from SA-LN-4. 
 

1. Concreting of SA-LN-4 was done in first pour. 
2. Figure 44 shows plots of shrinkage along the edge of the slab, which is away 

from SA-LN-3.  Sensor nearest to the abutment is showing less shrinkage than 
those in the middle of the slab. 

3. Figure 45 shows plots of shrinkage along the edge of the slab, which is towards 
SA-LN-3.  Sensor nearest to the abutment is showing less shrinkage than 
sensors placed in the middle of the slab. 

4. Figure 46 shows plots of shrinkage along middle edge of the slab.  Most of the 
sensors are showing same value of strains since all of them are confined by 
concrete from both the sides. 

5. Figure 47 shows plots of shrinkage for all transverse sensors.  Sensors placed in 
the transverse direction are showing less shrinkage than those in the longitudinal 
direction since their length is smaller in the transverse direction. 
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Figure 44. Shrinkage plots for sensors along edge towards shoulder. (SA-LN-4). (From-

10/24/02-03/14/03) 

SA4: 7

SA4:11

SA4: 16
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Figure 45. Shrinkage plots for sensors along edge towards SA-LN-3. (SA-LN-4). (From-

10/24/02-03/14/03) 

SA4: 14
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SA4: 3
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Figure 46. Plots of shrinkage for sensors in the middle of the lane, SA-LN-4. (From-

10/24/02-03/14/03) 
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Figure 47. Shrinkage plots for transverse sensors, SA-LN-4. (From-10/24/02-03/14/03) 
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Study of VW Deformation Data And Pressure Cell Data 
 
Figure 48 shows a plot of deflection ( i.e., vertical movement) vs. time for SA-LN-3.  The 
sensor away from the abutment is showing higher deflection in comparison to other 
sensors.  This portion of the soil is not confined by the wing wall which allows for larger 
deflection. 
 
Figure 49 (a) and (b) shows plots of available pressure cell data for SA-LN-3 and NA-
LN-4.  Pressure in these two sensors are different, because results depend on the type 
of soil contact with the pressure cell plate, concrete strength, etc, which are not the 
same for both the slabs. 
 

   
 

   
 

Figure 48. Plots of VW Deformation Meter for SA-LN-3. (From-11/01/02-12/31/02) 
 

SA3: M5 SA3: M6

SA3: M7 SA3: M8
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(a) NA-LN-4 

 

 
(b) SA-LN-3 

Figure 49. Plots for pressure cell data. (NALN-4 and SA-LN-3) (From-11/01/02-
12/31/02) 

 

NA4: PC

SA3: PC
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LONG-TERM MONITORING 
 
The long-term behavior of the new design alternatives is also observed using the 
instrumented slabs on the Doremus Avenue Bridge.  Figure 50 and Figure 51 illustrate 
typical strain readings of the proposed approach slabs in north and south abutments, 
respectively.  The strain readings are taken from the VWSGs that are installed at the 
bottom reinforcement layer in the middle of the slab.  Similar strain readings are 
observed in other locations where the slab expands and contracts but did not exhibits 
any cracking.   
 
 
Figure 52 shows the approach slabs located at the south abutment of the Doremus 
Avenue Bridge and the weigh-in-motion (WIM) system installed in each traffic lane.   
Figure 52 also shows a crack that has occurred and developed during concreting of the 
SA-LN-1 approach slab due to cold joints and delay in delivering concrete on time.  The 
behavior of each slab was recorded using the various sensors installed to monitor their 
long-term behavior.  Figure 53 indicates the strain response when the concrete cracks.  
The cracks were observed as early as 14 days while the strain reading indicates that 
the same crack was initiated at 140 days.  This can be explained by the fact that the 
VWSG was installed in the bottom rebar mat and the crack was propagating deeper 
over time. 
 

 
Figure 50. Typical Strain Readings of the EB and CT slabs in the North Abutment 
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Figure 51. Typical Strain Readings of the EB and CT slabs in the South Abutment 

 
 

 
 

Figure 52. Crack Location and orientation in new Approach Slab at the Doremus 
Avenue Bridge 
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Figure 53. Strain and temperature profile at crack location. 

 
 
Figure 54 illustrates a typical measured strain and temperature profile of the approach 
slab.  It is observed that the concrete shrinks rapidly in the first 28 days and then the 
strain is stabilized.  It is also shown that as the temperature rises the concrete expands.  
The data also confirmed field observation since there were no cracks observed at this 
location.  Figure 55 shows the displacement and pressure between the concrete slab 
and the top of the soil at the same location.  It is observed that there is no significant 
movement between soil and the slab while relatively small pressure changes are 
expected because of slab curling.  As the concrete shrinks in the first 28 days, the 
concrete curled and lost contact with the soil causing the contact pressure to drop.  As 
the concrete stops shrinking, the pressure increases.  Hence, it could be concluded that 
there is no settlement problem in the slab.   
 
Furthermore, the EB design alternative was also adopted for Route 35 Victory Bridge 
that connects Pert Amboy, NJ to Sayreville, NJ after multiple cracks were observed on 
the transitional slabs because the abutment wing needed for hugging the soil cannot be 
constructed until Stage II construction preventing the compaction of the soil. 
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Figure 54. Typical strain and temperature profile of approach slabs. 

 

 
Figure 55. Typical displacement and pressure profile of approach slabs. 
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CONCLUSIONS 
The following conclusions can be made: 

1. Embedded beam (EB) design alternative provides the best performance based 
on results from the FE analysis, static load testing, and long-term monitoring 
performance.  None of the EB approach slabs that were properly constructed 
exhibited any cracks under normal truck traffic conditions or soil settlement.    

2. The existing 3D finite element model gives accurate prediction of the strains in 
the approach slabs in comparison with actual measurements from the vibrating 
wire strain gages. 

3. Long-term monitoring of the construction of the approach slab provides 
significant information of the construction process, design assessment, and 
failure detection.  The sensors were successfully used in detecting construction 
problems at two occasions: (1) premature loading and (2) development of cold 
joints.    

4. Over the period of the long term monitoring (e.g., 2 years), there is no significant 
amount of settlement in the soil underneath approach slab. 

5. A 35ft and 45ft slab has the capacity to take 4.5 HS20, while a 55ft slab has a 
load carrying capacity of 4.3 HS20. 

6. The 45 ft length was the optimum design length without increasing the cost of the 
approach slabs. 

 
 
RECOMMENDATIONS 
The following recommendations can be made: 

1. Adopt the EB design alternative as the detail for the NJDOT new design of 
approach slabs. 

2. Eliminate transition slabs, i.e. adopt approach slabs with 18" constant thickness. 
3. Ensure proper compaction of the backfill material below the approach slab since 

it is extremely important in minimizing settlement. 
4. Extend the length of the wing wall beyond the current practice of 25-30 feet to 

minimize embankment bulging. 
5. Continue to monitor the performance of the approach slabs for a longer period of 

time (i.e., beyond the current duration of the project) to allow for the observation 
of any soil settlement or embankment bulging and their effects. 
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APPENDIX A 
 
Details of the existing design of the approach slab, as provided by DOT, are shown in 
Figure 56 and Figure 58.  Details of the EB design alternative adopted by NJDOT are 
shown in Figure 58. 
 

 
Figure 56. Detail of Existing Design of Approach Slabs. 
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Figure 57. Detail of Existing Design of Transition Slabs. 
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Figure 58. Detail of the EB Approach Slabs Adopted by NJDOT 


