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1. INTRODUCTION 

Past pavement condition evaluations have been 

accomplished using all available information gathered 

regarding the surface of the pavement and the structural 

strength of the materials used in road construction, so that 

a proper maintenance schedule could be developed. Most of 

this information was gathered manually: however, with the 

advent of computers and high technology, many of these 

activities have been automated. 

The Iowa Department of Transportation (Iowa DOT) uses 

primarily manual procedures. The PAVEDEX Inc. system is 

partially automated to gather and analyze surface condition 

information. The surface condition information, as used in 

this study, comprises cracking and patching. Roughness and 

rut depth measuring equipment were not available on the 

equipment at the time of the field survey. 

The Iowa Department of Transportation determines 

cracking and patching by sending a trained crew to estimate 

and measure this information in the field. The Iowa DOT also 

determines the rut depth from these field measurements and 

roughness by a response-type roadmeter that is calibrated 

against a standard instrument, the CHLOE profilometer. Using 

the combination of values, the Iowa DOT obtains a Present 

Serviceability Index (PSI) value that lies between zero and 

five (zero = bad, five = good) to evaluate the overall 

condition of the road. 
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The PAVEDEX Inc. system uses pairs of CCD video cameras 

mounted on each end of a standard truck van to photograph the 

pavement surface at highway speeds. The photos are analyzed 

by a trained observer using dual computer monitors to 

identify the distress types and amounts. Computer algorithms 

are used to summarize the type, amount, and severity of 

various types of cracks and patches. 

The objective of this study is to evaluate PAVEDEX1s 

automated system. Nine sections of roads in the vicinity of 

the Iowa DOT were evaluated with both the Iowa DOT and 

PAVEDEX methods. Many of these sections were also evaluated 

in a previous study of the PASCO system. 

2. DESCRIPTION OF IOWA DOT METHOD 

Since the Iowa Pavement Management System keys on the 

Present ~erviceabilid~ Index value, it is importaht to 

understand how that value is obtained.. The Iowa DOT defines 

the PSI of a road surface as 

PSI = LPV - 0.01 (cat + P ) ~ / z  - 1.38 (El2 (1) 

for asphalt surfaces and 

PSI = LPV - 0.09 (CpC + PI1/2 (2) 

for concrete surfaces where LPV is a function of 

the roughness of the road and 

Cac = the number of square feet per 1,000 square feet of 

asphaltic concrete exhibiting "alligatorw 

cracking. 



Cpc = the linear feet per 1,000 square feet of 

portland cement pavement having cracks 1/4 inch 

wide or sealed 

P = number of square feet per 1,000 square feet of 

pavement having skin or full depth patching. 

RD = the mean depth of rutting, in inches, measured 

with a four-foot straightedge. 

Thus, the PSI is made of two values, LPV and the 

deduction for cracking, patching, and rut depth. The LPV is 

selected so that a maximum LPV is five when the roughness is 

zero; thus, the PSI value can reflect values of five, 

indicating excellent, to zero, indicating poor road 

condition. The current Iowa DOT methods of obtaining values 

of roughness, cracking, patching, and rut depth are detailed 

in the Appendix A. A general description is provided in the 

following sections. 

Rouahness 

Roughness can be defined as the deviation of the surface 

from a smooth profile, a constant gradient longitudinal 

profile. The Iowa DOT uses the Bureau of Public Roads (BPR) 

roughometer to obtain the roughness in terms of inches of 

roughness per mile. The BPR roughometer consists of a single 

road wheel attached to an accumulating counter by a one-way 

clutch. As the wheel moves up and down while being towed, 

all movements in one direction are summed. Another counter 

records the number of revolutions of the tire so that 

distance traveled can be calculated (see Appendix A). The 



BPR readings are calibrated against -a standard device (CHLOE 

Prof ilometer) to obtain Longitudinal Profile Values (LPV1s) . 
The BPR roughometer can be operated at 20 mph. 

Crackina. Patchinq, and Rut Deoth 

The method of determining the cracking, patching, and 

rut depth by the Iowa DOT is presented in detail in the 

Appendix A. The Department uses crews of three to five 

persons to observe and record the extent of cracking, 

patching, and rut depth as defined below: 

Cracking (asphalt) 

Cac = number of square feet per 1,000 square feet 

of asphaltic concrete exhibiting ltalligatorvt 

or 'If atiguelt cracking. 

Cpc = linear feet of cracking per 1,000 

square feet 'of portland cement pavement. 

Only those cracks that are open to a width of 1/4 inch or 

more along half their length or those that are sealed are to 

be included. 

Patching 

P = number of square feet per 1,000 square feet 

repaired by skin (widening joint strip seal) or full depth 

patching. 

Rut Depth 

RD = mean depth of rutting, in inches, measured 

with a four-foot straightedge. 

The crew drives on the shoulder, if possible, estimates 

the areas of cracking and patching, and records them on a 



$ ,;!Jj 
work sheet. A typical work sheet is shown in Appendix A, .4 :i 

.:i 

The rut depth is measured at every 0.05 'miles for asphalt t i  
I 

! 

pavement, - and one set of readings is taken at the beginning 

and end of a half-mile test section of. concrete .pavement. 

The area of cracking in asphalt pavement is ,totaled and 

divided, by the area of the test section in thousands of 

square feet to obtain Cac for use in Equation (1). The 

number of cracks and 1/2 cracks (divided by 2) are totaled 

and multiplied by the width of the roadway and divided by 

the area of the test sections in thousands of square feet to 

use (Cpc) in Equation (2). The area of patching is totaled 

and divided by the area of the test section in thousands of 

square feet to obtain P for Equation (1) or (2). The rut 

depth measurements are totaled and averaged to obtain RD in 

Equation (1). 

3. DESCRIPTION OF PAVEDEX METHODS 

The PAVEDEX system employs the use of a one-half ton 

van, with a heavy duty (100 amp) alternator and auxiliary air 

conditioner. A 1-KW invertor in,'the van supplies the power 

for the recording and photographic equipment. 

Two NEC/CCD cameras are mounted on each end of the van 

and a fifth is mounted on the roof of the vehicle as shown in 

Fig 1. The front two cameras (Fig. 2) are focused on 

the road surface at a 20 -degree angle to the vertical as 

shown in Figure 3; and the rear cameras are positioned at 15 

degrees to the vertical as shown in Figure 4 .  



Figure 1. PAVEDEX PAS I Unit 

Figure 2 .  Front Mounted Cameras 



Synchronization of the equipment allows for the use of any 

pair of the cameras at the same time. Each camera provides a 

continuous picture of an area 512 pixels by 512 pixels, with 

a shutter speed of 1/1,000 second producing 30 frames per 

second. The vehicle and the cameras are synchronized to 

provide a picture of 6-feet 6-inches wide (with a 6-inch 

overlap at the center of the lane) and 4-feet long. 

VHS recorders, shown in the lower right portion of 

Figure 5, provide 400 lines of resolution each, and are 

mounted in the van to record on two-hour, l/2-inch, black- 

and-white or color film video tapes. Considering the 

abilities of the 'cameras, the recorders are the primary 

bottleneck in the current system. The 400-line resolution 

prevents the equipment from gathering the level of detail 

that the cameras can provide. Three such recorders are shown 

in Figure 5. Two are used to record data from the selected 

downward-looking cameras (front or rear) and the third is 

used with the forward-looking (overhead) camera. The 

recorders are arranged to allow the recorder person to switch 

cameras and recorders with the switch box (shown in the lower 

portion of Figure 5), while the vehicle is in motion. The 

top recorder unit gathers data from the right side of the 

vehicle, the middle recorder gathers data from the left side 

and the lower recorder is connected to the forward-looking 

camdra for this test. The switch box allows the operator to 

select from the left or right side cameras and the front or 

back cameras while in motion. This feature is very helpful 

7 



Figure 3. Front Camera Mounting and Position 

Figure 4. Rear Camera Mountings and Position 



Figure 5. Rack-Mounted Recording/Control Equipment 

in determining the best angle for gathering data that will 

eliminate the most shadow from the van. 

Also shown in Figure 5 are distance measuring 

electronics (lower left), the 100-amp generator (middle left) 

and the three VCR drives and digitizers (upper left). 

A Panasonic model 6200 monitor in the upper right portion of 

the rack allows the recorder to view the same picture that is 

being recorded at any time. 



An encoder attached (Fig. 6) to the odometer delivers 

information (with 1-inch resolution) every 30 milliseconds to 

the film for recording the time, date, road segment number, 

location (to the nearest foot) from the section origin and 

the frame count number for each frame. 

The roof mounted camera shown in Figure 7, is designed 

to provide the same type of information on roadside 

inventory. 

Image processing is accomplished using a trained 

observer and computer control of the VCR's playback using an 

inverted RS232 interface with a time-based corrector 

conditioning the signals. A decoder reads the header board 

data on each frame to provide the computer with correct data 

on the time and location of the frame. As the computer 

advances the film a frame at a time, the trained observer 

identifies the distress type, severity and amount via 

keyboard codes. The computer collates all of the distress - 
data for each customer designed project segment and stores 

the information. 



Figure 6. Data Location Encoder 

Figure 7. Roof-Mounted Roadside Camera 



4. COMPARISON OF PAVEDEX AND IOWA DOT METHODS 

In order to judge the PAVEDEX method of evaluating the 

surface condition of the road, we decided to survey the 

surface of nine sections of roadway and two shoulder 

sections, approximately one mile in length, in the vicinity 

of the Iowa DOT. The sites represent the various pavement 

and traffic conditions that the Iowa DOT actually encounters 

in rehabilitating and maintaining the primary road system. 

Many of the sites (sites A-E) have been used in previous 

studies to evaluate equipment such as the PASCO System for 

evaluating pavement condition. The sites are briefly 

described below: 

A. Interstate 35 northbound lanes (between the Ia. 210 

Interchange and the abandoned railroad bridge) 

milepost 103 to 104. This 10-inch, mesh- 

reinforced portland cement concrete pavement with 

76.5-foot joint spacings was constructed in 1965 on 

4 inches of granular subbase and 8 inches of 

asphalt treated base and is used as an approach to 

a weigh-in-motion site. - ' , 

B. Interstate 35 northbound lanes (between the 13th 

Street Interchange and the Story County Road E-29 

Interchange) from mile post 114 to 115. This 

section of 10-inch, joint-reinforced portland 

cement concrete pavement with 20-foot joint 

spacings was reconstructed in 1984 on 6 inches of 

recycled portland cement concrete. A reconstructed 



asphalt concrete shoulder is also included in the 

evaluation. Part of this section is used by the 

Iowa DOT in their annual evaluation of the road 

roughness measuring equipment. The outside, 10- 

foot wide shoulder is also included as a separate 

condition rating section. 

C. Interstate 35 southbound lanes (between Story 

County Road E-29 and the 13th Street Interchange) 

from mile past 115 to 114. This section contains 

8-inch continuously reinforced portland cement and 

eight inches of asphalt-treated base in the 

southbound lanes. The northbound lanes were 

replaced with 10 inches of joint reinforced 

concrete in 1985, over 6 inches of recycled 

concrete. Shoulders on the northbound lane were 

overlaid with asphaltic concrete at the same time. 

Various areas of the driving surface in the 

southbound lane were overlaid with asphaltic 

concrete in 1984 in conjunction with maintenance 

operations. The outside, 10-foot shoulder in each 

direction - is -- a l .  bLud& irrihi--eval;ation and is 

in varying stages of distress. 

D. Dayton road between Lincoln Way and 13th Street in 

Ames. This section was constructed of a 4-inch 

granular subbase and a 6-inch rolled stone base and 

was surfaced with three inches of asphaltic 

concrete in 1959. It was sealcoated in 1965 and 



resurfaced with two inches of asphaltic concrete in 

1968 and sealed in 1980. The surface offers 

varying amounts of distress to measure, including a 

railroad crossing. This city street has a 45 mph 

speed limit. 

E. Dayton Road between Lincoln Way and U.S. Highway 

30. This 8-inch portland cement surface 

constructed in 1981 shows relatively little 

deterioration and is in a 45 mph speed zone. It 

does provide a way to review the effect of 

transverse surface texturing in the condition 

results. 

F, Story County Road E-41 east of Ames beginning one- 

half mile east of 1-35 and continuing one mile 

east. This section is made up of a thickened edge 

portland cement concrete section (1011-7~-10~) 

placed in 1928. The section was widened from 18 to 

24 feet in 1955 with portland cement concrete. In 

1956, three inches of asphaltic concrete was placed 

over the entire section. In 1978, an open-graded 
-, 

surf ace course (research project) was added. 

Thicknesses range from 1-1/2 inches (1/2 inch mix 

size) to 1 inch (sand mix). Conventional mixes 

and4thicknesses were used in various segments of 

the test section. Seven different pavement 

surface textures were applied. That surface 

provides difficulty for many types of condition 



ir; 
, ., 

, , 
, . ." 

measuring devices in determining the level and type 

of distress present. The route contains evidence 

of centerline joint deterioration, and both 

longitudinal and transverse cracking. 

G. U.S. 69 from Airport Road south to Ken Maril 

Street. This is one of the original sections of 

U.S. 69 and contains the thickened edge design (10- 

7-10 inch) portland cement base placed in 1929 with 

a two-foot asphalt widening and overlay placed in 

1948. The composite section is in a 50 mph zone 

and includes a large amount of cracking of various 

types and patterns. 

H. Story County Road E-41 and Lincoln Way from Dayton 

Road easterly 0.7 mile to the beginning of the 
5 

asphalt section noted in Section F. It was also 

built in 1928 with the thickened edge section as 

in Section F. It was overlaid and widened from 18 

feet to 24 feet in 1954 with a minimum of 6 inches 

of mesh reinforced portland cement concrete. This 

section exhibits several areas of joint failures, 

punchouts and popouts of the surface aggregate. 

I. Mortenson Road between Elwood Drive and Ash Street. 

This is a 25 mph section that exhibited large 

amounts of longitudinal and transverse cracking and 

joint deterioration at the time of section 

selection. It was constructed in 1978, with 7 

inches of plain jointed portland cement concrete. 



The City of Ames repaired this section in 1989 

prior to the PAVEDEX survey and therefore it 

should exhibit only minor amounts of distress and 

new patches of large size. 

Iowa DOT Observations 

The Iowa DOT collected the necessary data (patching, 

cracking, roughness (LPV) and rut measurements) to compute 

the PSI values on all sections. 

The BPR roughometer was used to determine the LPV 

values. On May 23, 1989 crack and patch surveys were 

conducted on all sections. The BPR survey was conducted on 

June 5, 1989 over all sections, except the shoulders of 1-35. 

Roughness measurements are not currently conducted on 

shoulder areas in Iowa. Three passes were made in each wheel 

track of each section, excluding the shoulders of 1-35. 

Using the current correlation table (BPR method versus LPVs), 

the LPVs corresponding to the BPR method were obtained and 

are shown in the results (see Tables 1 for portland cement 

and 2 for asphaltic concrete sectiohs). Columns 1 and 2 of 

Tables 1 and 2 identify each Jest section by letter and 

location. Columns 3 and 4 identify the field mile post 

reference locations of each end of the sections. City and 

county sections do not have the milepost references and 

therefore begin with zero and end with the length of section 

in miles. Column 5 identifies the length of each section in 

miles and column 6 indicates the width of the driving lanes. 







The Interstate sections have a 12-foot width related to the 

area surveyed of the total 24-foot width. Shoulders are 10- 

feet wide for the surveyed area and all other sections were 

surveyed in both directions of the 24-foot width pavement. 

The date of the crack and patch survey is shown in column 7. 

Columns 8 and 9 represent the amount of cracking measured 

and the appropriate value per thousand square feet for the 

calculation of PSI. Similar values for the amount of 

patching identified are shown in columns 10 and 11. Column 

11 combines the crack and patch figures into one deduct 

value. The faulting noted in a set of measurements for 

portland cement concrete is noted in column 12 and the 

measured rut depth is shown in column 13. The presence of 

"D" cracking is identified in column 14 according to level of 

severity from 0 illustrating no presence to 5 representing 

segments in need of full depth patching or replacement of the 

concrete pavement. The BPR date of survey and the recorded 

inches per mile of roughness are shown in columns 14 and 15. 

The corresponding longitudinal profile for the BPR data is 

shown in column 16. The PSI shown in the last column 

represents the LPV value minus the deductions shown in column 

14 for asphalt surfaces and column 12 for portland cement 

concrete. Rut depth is noted for concrete pavements, but not 

used in the calculation of PSI. 

PAVEDEX Observations 

PAVEDEX employs the use of a standard Ford Econoline van 

equipped with video cameras at each of the corners of the van 



to photograph the pavement. The equipment used in this test 

was equipped to photograph the pavement from any combination 

of the four cameras. Continuous video images of consecutive 

passes of the vehicle were made of each of the test sections 

of road and the two shoulder sections on 1-35. A series of 

four tapes were made on this test, representing film of the 

left and right portions of the surveyed lane for 

approximately 90 miles of pavement at various speeds. 

PAVEDEXData Collection Procedures 

The PAVEDEX 'van comes ready to use in a matter of 

minutes. The cameras can be covered during travel between 

sites to protect them from road debris or carried in the 

ready position. 'Cameras are usually removed at the end of 

the day for security reasons. Remounting time for the next 

day's work is completed in lo - 15 minutes through the use of 
single cable connections and quick mounts for the camera , 

assembly. 

?he cameras used to measure pavement distress are 

mounted on two simple bar assemblies attached to the front 

and rear bumpers. A separate camera can be mounted on the 

top of the van to provide a separate view of the roadway and 

right-of-way featufes, such as traffic controls that can be 

associated with the pavement surface in determining safety 

strategies. The data from each camera is stored on VHS tape 

for analysis. 

The vehicle can be operated by one person, but as in the 

case with most of the pavement distress vehicles, a two- 
,' 



the vehicle. operator to control position of the vehicle, and 

identify any particular items on the pavement that-may create 

problems in computer identification. The recorder can 

operate the controls to- determine the best camera arrangement 

and record on a dictaphone, any miscellaneous distress items 
, . 

to be concerned ,with at a given location. 

Power for the van recording system comes from a special 

100-amp alternator and the van engine. This makes the system 

self-contained and removes the requirement for acklitional 

power sources. 

The camera used on this project is the NEC Model TI-23A 

CCD. It is designed to photograph the pavement in black and 

white. This 1/2-inch, totally solid-state TV camera uses a 

charge-coupled device (CCD), a solid-state imaging device, as 

a photoelectric transfer element instead of the pickup tube 

generally used. This provides a black-and-white camera with 

higher sensitivity, higher image quality, and lower after 

image. Pictures are highly uniform and free of geometric 

distortion and sticking. The camera's compactness, light 

weight, long service life and high resistance to shocks and 

vibration make it ideal for a wide range of applications, 

such as pavement evaluation. Previous video cameras have not 

provided the clarity needed to determine pavement condition. 

The camera provides the same type of image that the 35mm 

cameras can provide in terms of a shuttered effect to freeze 

a particular portion of the pavement for evaluation. 



Camera features that affect the reliability and 

effectiveness of this unit include: 

1. The use of two, solid-state CCDs iii one camerato 

provide an interline transfer imaging device and embedded 

channel signal readout register to eliminate any resolution 

degradation due to higher transfer efficiency. A higher 

modulation factor also guarantees clear, crisp pictures. 

2. Signals photoelectrically transferred by the solid- 

state imaging device are converted to video signals with 

digital scanning, a technique that reduces geometric 

distortion. 

3. The image does not stick, even when the camera is 

shooting a bright subject. 

4. The solid-state device provides improved resistance 

to shocks and vibrations that often destroy conventional 

pickup tube cameras. 

5. The CCD solid-state imaging device provide much 

longer life than the conventional vacuum tube cameras. 

6. The electronic shutter speed on the cameras used in 

this test is l/lOOO second in the shutter mode. 

7. A single cable and quick coupling arrangement are 

used to speed the attachment of the camera to the mounting 

and provide a watertight connection. 

The front pair of cameras are mounted on a simple metal 

box bar frame that is mounted approximately 45 inches above 

the pavement surface. The actual distance from the camera 

lens vertically to the pavement is 41 inches. A 74-inch long 
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mounting bar allows the manufacturer to change the location 4 ". 
'3 . J  

of the cameras and concentrate on any given area of the 
I 

pavement surface with a minimum of downtime. Cameras were 

centered over each half of the pavement lane for the Iowa 

Test (see Figure 8) with a distance of 64 inches between 

cameras. These cameras were focused on the pavement at an 

angle of approximately 20 degrees from the vertical. 

The rear cameras are mounted on two cantilever arms 

attached' to a similar bar as used on the front of the vehicle 

(see Figure 9). Cameras are attached some 30 inches behind 

the vehicle on the end of the cantilevers and focused at 15 

degres from the vertical, on the pavement at a height of 5 

feet. Camera spacing is held at the same 64 inches as on the 

front of the vehicle. 

I Mounting arrangements for the cameras provide a way of 

I viewing the entire 12-foot lane with an overlap area of 6 
I 

inches in the center of the lane transversely. Camera 
I 
I 

mountings and shutter speeds allow for a single picture of an 

area 6-feet (plus overlap) wide by 4-feet longitudinally to 

be taken by each camera with only minimal overlap in 

successive pictures. The camera mounting heights also 

provide protection from road spray and allow the unit to be 

used during periods when the pavement is wet immediately 

after a rain, Use is not recommended during periods when the 

pavement exhibits standing water due to the reflective nature 

of the surface. 

The cameras are each synchronized with the left rear 



Figure 8. Front Camera Mounting Bar 

Figure 9. Rear Camera Mounting Frame 
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camera and can be operated independently or in combination 

with one or more other cameras. Shutter speed is controlled 

by the speed of the vehicle, but is established at 1/1,000 

second and 30 frames per second. The recording rates allow 

for the collection of approximately 35-40 miles of data at 

25 mph (urban conditions) or 100-140 miles of data at 55 mph 

(rural conditions) per video tape. 

Data from the cameras are recorded on one of three 

recorders (one for the overhead camera andl one for each of 

the pair of pavement cameras being used) housed in the van. 

A simple rack mounting frame with 1/2-inch cushioning 

materials for each recorder help provide improved quality of 

data. The entire rack mount (see Fig. 5) is cushioned on a 

1-inch thick blanket of rock mining matt over one inch of 

plywood. A special header board on each frame of the film 

provides two lines of information on the time and location of 

the picture. Line one includes six digits of time (hour, 

minutes, seconds) in military time, and the frame number from 

1-29. The second line includes five digits of distance 

measurement from the beginning of the section and the last 

three identify the road segment number assigned by the 

operator. 

Other equipment in the van includes a generator, 

digitizer, distance measuring computer, TV monitor, and 

switch box to provide the recorder a way of monitoring all 

the camera outputs from one visual monitor. The monikor also 

provides a way to view the time and distance header board 



information at any time. Switch box controls allow the 

operator to change from front to rear or left to right camera 

views and operation. 

A model NC-15 ecD color camera is used for the top 

mounting to photograph the right of way. It performs in the 

same manner as the TI-23A, but provides color pictures. It 

was not used in the Iowa test due to the type of information 

required. The camera is mounted over the driver's head on 

the roof of the van and is controlled by the operator or 

recorder person. It is capable of being mounted in variable 

positions on a bar across the van. The camera can be 

adjusted to a given vertical angle and horizontal angle 

relative to the area of the right of way, desired for 

viewing. 

The equipment used for the Iowa demonstration included 

the capability to photograph and measure cracking in the form 

of longitudinal, transverse and alligator cracking. Manual 

evaluation done with the use of the dictaphone could increase 

the types of data gathered to include flushing, ravelling, 

patching, and block cracking. The van did not include 

equipment to measure rut depth or longitudinal or transverse 

profile. 

PAVEDEX Data 

Data collection was carried out on June 29 and June 30, 

1989 on the nine test sections, Both days of data collection 

for this test were sunny with temperatures ranging to 85 

degrees fahrenheit on the first day and 89 degrees on the 



second day. Little or no wind was encountered either day. 

The sections measured the first day included three 

passes each of sections A, B, C, and the shoulder sections 

noted as BB and CC, during the mid portion of the day (10:30 

am - 2:30 pm) to record the effect of the sun being directly 
overhead. The last run on section CC was made during the 

3:00 pm - 6:00 pm period due to the timing involved, Runs on 

A, B, and C were made at 55 mph and those made on the 

shoulders BB and CC were made at speeds ranging from 40-55 

mph depending on the particular run. Rear cameras were 

employed on the northbound runs (sections A, B, and BB) and 

front cameras on the southbound runs (sections C and CC). The 

system is very quick to operate and the only time spent was 

that to drive the section and move to the next section. 

Three runs on most sections could be accomplished in 15 to 30 

minutes. 

A series of afternoon (3:OO pm to 6:00 pm) runs were 

also made on sections A, Dl F, G I  H I  and I. This completed 

the runs on section A and provided half the information 

required on the other two-lane sections. The odd numbered 

runs on section D and E are in a northerly direction and the 

even numbered runs represent southbound runs. Speeds on 

these sections ranged from 30-45 mph. Rear cameras were 

employed in the northbound direction and front cameras in the 

opposite direction. Speed limits, stops and railroad 

crossings indicated no particular problems for the recording 

equipment. 



On sections F and H, the odd numbers represent the 

eastbound runs and the even numbers the westbound. On these 

sections, the speeds ranged from 35 to 50 rnph depending on 

the traffic flow at a given run. Rear cameras were used in 

the eastbound direction and the front cameras in the 

westbound direction. 

Odd numbered runs were made in the westbound direction 

on section I, and evens in the eastbound direction. The 

first run was made at 15 rnph and the two successive runs were 

made at 25 mph. This section employed the use of the front 

cameras in the westbound direction and rear cameras in the 

eastbound direction. The curvilinear alignment of this 

section presented no particular data collection problems for 

the system. 

Section G runs were made with the odd numbers 

representing the southbound direction and the evens the 

northbound direction. The speeds used were 35 rnph on the 

first two runs and 40 rnph on the last run. Front-mounted 

cameras were used in both directions on this segment. This 

marks the first section where the angle of the sun started to 

become a factor in camera selection. 

A final series of afternoon runs was made on section A 

at speeds of 50-55 rnph employing the front cameras only. 

Camera determination was made prior to the beginning of 

each run by the recorder person based on a survey of the 

camera views to remove the most shadow from the van. This 

vehicle operates with only natural sunlight and camera 



selection is based on the angle of the sun and direction of 

travel. 

The second day began at 9:25 am and ended at 1:34 pm 

with the final runs being made on sections B, C, D, E, F, G, 

H, and I. In this case, the front-mounted cameras were used 

on all runs made on sections B and C at speeds of 45-55 mph. 

Sections D and E presented the reverse problem of camera 

selection noted in the afternoon of the first day. Initial 

camera selection used the front cameras for one run and then 

employed the rear camera for the remaining runs to reduce 

shadow problems. 

Runs on sections F and H were made at speeds of 38-46 

mph with the cameras being reversed from the previous day. 

Front cameras were used in the eastbound direction and rear 

cameras in the westbound direction. 

Section G presented the same camera selection as the 

other north-south sections. Speeds of 39-45 mph were 

employed and camera selection center mainly on the use of the 

front camera with two northbound uses of the rear camera. 

All runs on section I were made using the front mounted 

camera and speeds of 26-30 mph. 

Speeds shown above were identified from the odometer on 

the vehicle and should be considered representative of the 

actual speeds across the sections. 

Data collection moves very quickly and smoothly with the 

PAVEDEX system. With proper planning of the routes to be 

surveyed, the only time lost would be that in dead heading 



over completed sections to move to the next section. This 

could be reduced through correlation of the tape header data 

during retrieval and employment of long sections (days run) 

of the same route. 

Gomrtarison of Iowa DOT and PAVEDEX Results 

The original test had been set up to compare the 

distress, ride and rut depth measurements. The PAVEDEX 

equipment used for the test had not been outfitted to provide 

rut depth or longitudinal profile information. Only distress 

data from the two systems (PAVEDEX and Iowa DOT) can be 

compared from the tests. 

In terms of crack measurement, the Iowa DOT method has 

been to count the number of cracks in several ways based on 

the surface type and crack type. The predominant crack type 

is first identified and then the severity and extent applied. 

Alligator cracking is measured in square feet per 1,000 

square feet of surface area. Longitudinal cracks in 

asphaltic concrete pavement must exceed 100 feet in length 

and be l/4-inch wide. They are also measured in number on 

asphaltic concrete pavement per 0.05 mile. Transverse cracks 

can be open over 1/4 inch or sealed and measured as the 

number per 0.05 mile on asphaltic concrete pavement. 

PAVEDEX does not provide the number of cracks, but does 

provide more detail on the cracks. The cracks are 

identified by type and severity. The alligator and 

longitudinal cracks are identified by length in feet of 

cracks of a given severity (L = low severity cracks of 1/4 



inch or less in width, M = medium severity cracks of 1/4-1/2 

inch in width and N = high severity cracks are those with 

width greater than 1/2 inch). Transverse cracks were counted 

per segment as those that cross at least one wheel path. 

"DIQ cracking is measured by occurrence and value scale. 

Using the Iowa method, patched areas are measured in 

square feet. The same is done in the PAVEDEX method, except 

the patch's condition is subdivided into two categories (good 

and poor) that correspond to the relative surface appearance 

at the joints and across the patch. 

Com~arison of Iowa DOT Visual Crack and Patch Survev 

Versus PAVEDEX Survev MethoQ 

Two items of information used in the evaluation make a 

one for one comparison of the Iowa method and the PAVEDEX 

methods difficult. The first is the difference in 

definitions of cracks and patches. Iowa looks at cracks by 

direction, greater than 1/4 inch in width and certain 

lengths, while PAVEDEX identifies all cracks down to 1/8 inch 

in width and subdivides them by their type and direction. 

PAVEDEX rates the condition and area of the patch, while the 

Iowa method looks only at the area of the patching. 

The second difference comes in the definitions used by 

the trained observer in each case. Crack patterns and 

policies on how to rate sealed cracks differ with the two 

systems. 

PAVEDEX summary data was provided to the authors in the 

form of floppy disks containing LOTUS spreadsheet files, and 



Figure 10,Saxtple PAVEDEX Rigid Pavement output (Seekion A) 
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paper copies of the same data. Partial examples of that data 

are illustrated in Figure 10 for section A and Figure 11 for 

section C. The remaining summaries are in Appendix C. 

In an attempt to evaluate the two systems, the author 

assumed some values for the length of cracks as noted in the 

PAVEDEX information. These included an average length of 2 

feet for corner cracks (CC), 12 feet for first and second 

stage cracks (FSC), and 18 feet for third stage cracks. The 

following observations were made from the PAVEDEX summaries 

and the Iowa DOT summary forms. 

Section A - The PAVEDEX information identifies some 534 
feet of cracking and 110 square feet of patching compared to 

the Iowa DOT 528 feet of cracking and 93 square feet of 

patching. This is very good, but one should expect this on a 

continuously reinforced slab. It should be noted that the 

percent of slabs columns assume an imaginary slab length of 5 

feet for calculations, rather than the fact that the slab has 

no joints. 

Section B - Some 24 feet of cracking and no patching 

were identified by PAVEDEX, while the Iowa DOT identified 

none of either distress. This represents only two cracks and 

could have been missed in the standard DOT test method. 

Section C - PAVEDEX identified some 100 feet of 

longitudinal and transverse cracks and 90 square feet of 

patching, while Iowa DOT found no cracks and 120 square feet 

of patching. The difference may be the result of problems in 

identification of transverse cracks vs changes in surface 



type (asphalt and concrete) or surface texturing dif ferenaes, !;.. . .v.;:,2r . . . 
., a 

across the section. . . .  , . . < ; . , ~ , , : .  ..> :, ;%. 

Section D - The PAVEDEX system identified some.1950 feet.::. . 
.,& 

of cracking (majority being longitudinal in nature) and,. no 

patching. Iowa DOT figures indicate 1020 feet of cracking , , . . .  ,.' . . .  

and 654 square- feet of patching. : ~ . .  , %  . '~ <! 
.. 

Section E - Some 20 feet of cracking, two spalls, andno.. . . . ,<, . .  

patching were identified by PAVEDEX. The Iowa DOT noted, no,,, ,. .:.. , . 

cracking and 2 square feet of patching. This section, has .,.,.. . . ,. . 

areas where concrete, placement has been noted and could . . .. . . 

be identified as spalls. The cracking could have been 

missed in the standard Iowa test method. . The . patch . .  ! ., . 

difference is most likely the result of one area and a . 

difference in recognition by the observers in each case. . .. : .  ) : .  

Section F - The PAVEDEX system fauna some 2,500 feet, . , ,  of. , . .  . .  , 

cracks and no patch areas on this section. The Iowa DOT , , 

found 16 feet of cracking and 875 square feet of patching . o n .  . ., ~, ,. 
. . 

this site. It appears that the manufacturer's equipment . . . . .  . , . 

experienced pr~blems in the recognition of cracks and patches , . 

due to the surface texture of the former research test sites. . . ,, ..., 

on this section of' pavement. ., .,,.. 

Section G - This section produced some 8,750 feet,, . . of . .  , , . 
..., : : . 

cracking and 313 square feet of patching by the PAVEDEX . . 

evaluation. The Iowa DOT identified some 1,272 . . feet. .of , .. .. . ,. 

cracking and 3065 square feet, of patching. The differen~e~s '. j . ,. ,. .:, . 

in this location are primarily due to thedefinitions being 

used by each , observer for identifying the primary direction, . . . . -  . , >  



and condition of cracks in the surface. The surface does not 

fit either system well and could be better measured in terms 

of percent of area block cracked. 

Section H - Some 496 feet of cracking and 2,210 square 
feet of patching were identified by the PAVEDEX method along 

with 44 spalls. The Iowa method produced 48 feet of cracking 

and 346 square feet of patching. The bulk of the difference 

is found in the definition of patching at the 1-35 bridge 

approaches and the Dayton Ave. returns adjacent to the test 

slab. 

Section I - The PAVEDEX system identified some 230 feet 
of cracking, 18 spalled areas, several replaced slabs, and no 

patches. The Iowa DOT identified some 182 feet of cracking 

and 7,162 square feet of patching. The difference here is in 

the manner of addressing the replacement slabs. It 

represents one of the problems facing any equipment 

evaluation. 

General comments - The PAVEDEX equipment did not try to 
measure the pavement-shoulder joint problems on the 

interstate highway sections. Section E presented some 

problems with coarse aggregate popouts and ravelling that 

are not addressed at this time by PAVEDEX. 

5. EVALUATION OF RESULTS 

General 

The system is easy to operate, quick to become 

operational at the site, and relatively maintenance free. It 



provides a way to survey pavement surface condition and the 

roadway environment with one pass of the vehicle and provide 

quick copies of the two-camera views for various highway 

segments, This information can then be utilized in planning, 

design and maintenance of the road and surrounding features. 

The system can be used for network or project level survey 

information collection. 

Correlation of Data 

The general correlation of the data gathered by the Iowa 

DOT and the PAVEDEX equipment has been discussed in the 

previous sections. The surface texture properties of the 

county and city streets appear to have caused the most 

differences in measured distress. The difference in policy- 

type decision definitions regarding distress types is the 

major factor on asphalt surfaces. The equipment did well on 

the concrete pavement distress identification and quantifi- 

cation, but did not do as well on the asphalt surfaces. 

Some of the objectives of this study included the 

evaluation of the effect of rural/urban setting, surface type 

and texture, traffic control, railroad crossing effect, angle 

of the sun and repeatability of the equipment. 

The results indicate no particular problems with 

obtaining useful data in either rural or urban locations. 

The effect of the railroad crossing and stopping and starting 

at intersections made no appreciable difference on the 

results. 

The location of the beginning of filming on each site 



does have an effect. A small number of the film segments 

could not be correlated due to differences in initial points 

on the pavement, and were therefore not evaluated for 

distress. Future uses of this equipment should include the 

addition of some physical identification marks on or near the 

pavement edge to assure specific starting and ending points 

for evaluations. 

An evaluation was made to determine the effect of the 

sun's position on the recorded distress types and amounts by 

taking data at differing times of day. Data was collected 

during the mid-portion of the day when the sun is nearly 

directly above the machine and during the early morning or 

late afternoon hours; A series of three passes was made 

over each of the pavement sections during the midday and one 

of the other two time periods to test both the sun's effect 

and repeatability. The results were tabulated in terms of 

mean values of each distress type, for each of the passes and 

time periods. A 95% confidence level was used to test the 

variability between passes and time periods. A tabulation of 

values illustrating the repeatability of measuring each 

distress type is shown in the Tables in Appendix C. 

The statistical analysis indicates the equipment does 

very well in determining the amounts and type of rigid 

pavement distress. All values for successive passes and time 

period differences were found to be in the confidence 

interval, except those for patching and severe spalling. The 

patching quantities reflect a potential problem in the 



criteria that was employed to select a patch from a pavement 

slab. Class 3 spalling differences in Section H are related 

to the areas around the bridge approaches and are an 

isolated instance. All types of distresses were measured in 

various sections, but the reader is cautioned to note that 

the levels of distress are relatively light in all the rigid 

sections tested. 

Testing on the asphalt sections reflected a variety of 

statistical answers. Interstate Section 6 met the 95% 

confidence interval for all values tested. 

Six tests were made in each direction on the remaining . 

roads and the equipment experienced problems in 

identification of alligator, longitudinal, and transverse 

cracks consistently in successive passes or time periods. 

The best results came in the identification of severe 

transverse cracks and patches, but no test met the 95% 

criteria. Each of the two-lane sections exhibited large 

amounts of cracking or patching. This creates large problems 

for both the trained field observer and the PAVEDEX office 

trained observer in being consistent. It is one of the areas 

the computer can bring the most objectivity to in the future. 

Visual observation of the standard deviations associated with 

this portion of the data indicates much lower values for work 

done .during the mid portion of the day than the morning or 

afternoon. Direction of travel did not make a large 

difference in result. It did make a difference in deter- 

mining the camera selection. Afternoon selection of cameras 

39 



in north-south passes required differing arrangements due to 

the shadows of the camera mountings on the picture area. 

Tabulations of the data by test section and distress 

type are included in Appendix B for the user inspection. 

Costs and Productivity 

The current trained observer method of evaluating the 

pavement distresses by PAVEDEX, used approximately 18 person 

hours to evaluate 54 miles of pavement. This assumes that 

two computer monitors and two separate cassette tapes are 

being viewed simultaneously. This translates into 3 lane 

miles per hour and compares favorably to the estimated one 

lane mile per hour being estimated for computer analysis of 

such films. 

The Iowa DOT cost of a roughness survey is approximately 

$173 per test section including $107 for crack and patch 

survey. It should be noted that the crack and patch survey 

is done on a short segment of a construction project length 

of approximately 5 miles. This would translate into a cost 

of $10-15 per lane mile of project and includes all field 

costs. The cost estimated for PAVEDEX,to do the field survey 

and analysis of the data is $20-25 per lane mile for state 

highways, $19-22 per Interstate lane mile, $30-50 per county 

lane mile and $50-60 per city lane mile. The PAVEDEX cost 

includes measurement of alligator, longitudinal, transverse 

and block cracks and patching for flexible pavements and 

corner cracks, slab cracks and patching of rigid pavements. 

Other types of distress measurements are negotiable. 



PAVEDEX has the capability to provide a full-color 

perspective view of the road and roadside environment for 

addressing things such as sign inventories., drainage, curb 

condition, sidewalks and paint striping. This is identified 

as an additional cost of $3.00 per lane mile. 

Special maintenance reports that show the amount and 

location of distress every 500 feet within the pavement 

section can be developed for a cost of $3.50 per lane mile. 

The Iowa DOT conducted the survey of the nine sections 

in sne day. PAVEDEX took one and one-half days to make all 

the runs over each section. Some time was lost in waiting 

for the angle of the sun to change before taking more test 

runs on some sections. Approximately 18 hours of time were 

expended by a PAVEDEX trained observer to analyze the 54 lane 

miles of pavement and 12 lane miles of shoulder. 

An operator and recorder were used to collect the 

PAVEDEX data. Analysis of the tapes was accomplished in 

Spokane, Washington by a trained technician. Two technicians 

from the Iowa DOT were used to collect the Iowa DOT data. 

Computations for the Iowa DOP'ydata were done in Ames, Iowa by 

qualified engineers. In either case the data collection and 

analysis can be accomplished by trained technicians, rather 

than using engineers for this operation. 

Soeed of Data Collection 

Field data collection with the PAVEDEX system can be 

accomplished at any highway speed clue to the synchronization 

of the cameras and the recording equipment. Due to the 



shuttering effect of the cameras, the system samples the 

pavement surface as the speed of the vehicle increases. 
. . .. . 

Assuming that 3Q frames per second are obtained regardless of. 
'' 

, 
speed, the record does provide a continuous strip of film of 

:' 
the entire pavement as would be the case with some other 

. . . .'< 
types of equipment. It is quite adequate for network 

analysis and in most cases could be regulated by speed 'to 

provide project level design details. Reduced travel speeds 

will allow for a greater portion of lane length to be 

photographed for distress identification and quantification. 

potential Uses of the PAVEDEX Svstem 

The PAVEDEX system would work very well in replacement 

of the existing field survey crews that are trained to take 

crack and patch measurements. If purchased, the equipment 
. *  . 

would require the training of one or more observers to review 

the film and determine the .distress types, extent and 
. . 

severity levels. If the system was purchased as a service, 

all crack and patch data collection and analysis would be 

included in the contract and the Department could receive 

summaries in the form of tabular reports, computer disks, or 

film copies or a combination of all items. Disk information 

could be directly input into pavement management system-data 

banks and films could be copied for district, design, and 

maintenance personnel use in planning and constructing 
,.. ., 

rehabilitation projects. Summary tabular reports could be 

used in the same manner as current crack and patch reports 

are by the Department. 



Addition of the forward looking camera, profile 

equipment and rut depth measurement capability would provide 

a one unit pavement rehabilitation data collection source. 
" .  

The use of combined pavement and safety observers could 
5 1 

provide measurements of both pavement, and related signing, 

and capacity problems in the portions being observed. The 

use of films that are coordinated for illustrating the 

relationship of pavement condition, capacity and roadside 

safety problems at one time to administrators would be very 

helpful in overall roadway improvement and rehabilitation 

programming. 

potential Modifications 

The equipment potential can be improved by the addition 

of equipment or methods of analyzing longitudinal and 

transverse profile, computer analysis of the distress types, 

and the provision for the viewing of individual sections of 

highway by the user. Longitudinal profile is a must for most 

all pavement management systems to respond to the users. 

PAVEDEX does not currently have this capability, but is 

negotiating for the addition of such equipment to the test 

unit. 

Transverse profile or rut depth measurement is essential 

for distress measurement of asphalt pavement surfaces. It is 

not present on the test unit. PAVEDEX is in the process of 

developing a method that utilizes two cameras and overlapping 

photos to identify surface relief or profile for this 

purpose. 



The analysis system used in this test employed the use 

of two computer monitors and a trained observer to determine 

the type and amounts of each distress present. To remove the 

subjectivity in this process, the computer algorithms are 

being developed to identify and quantify the common distress 

types by use of the computer by the PAVEDEX Corporation. 

The Iowa DOT uses photolog film for many demonstrations 

and decisions involving pavement rehabilitation and design. 

Such film is used at all levels of the agency for decision 

support material. It is imperative that the user can 

identify where they are on the PAVEDEX film and relate 

pavement surface conditions to the roadside environment 

around the pavement. The current PAVEDEX system allows this 

to happen only through the use of a special decoder. 

Consideration by PAVEDEX should be given to this enhancement 

to meet the needs sf Iowa DOT and other state highway 

agencies and local government units. 

Fccuracv of Measurements 

The capabilities of the camera allow it to view a 

0.15-inch (approximately 118-inch) crack in the transverse 

directi~n and 0.09 inch (less than 1/8 inch) in the 

longitudinal direction. This is based on the 512 x 512 pixel 

area of camera view that covers an area of 6-feet 6-inches 

transversely and 4-feet longitudinally with each frame. The 

capability is diminished somewhat by the fact that the VHS 

recorder limitation of 400 lines per frame cannot capture all 

that the camera sees. We would be correct: in saying that the 



system can identify 1/4-inch ' crackS i n  any. direction under 

ideal lighting, and analysis procedures can identify and. 

quantify 1/B-inch cracks.  he 114-1/8 inch cracks provide a 

threshold value that can ,be us& by designers and 

maintenance personnel t o  plan :a:nd design crack 

rehabilitation. , . . . . , 

The system is not designed to measure the 1/3.2-inch 

crack usually identified.. as a hairline crack in "Dtl crack 

susceptible pavements. Other algdrithms wi1.l be .required to . , 

determine the presence of l!Dn.craqking in i,ts early stages. 

. PAVEDEX A~nlicat%ons. in Iowa . , 

PAVEDEX information and the system. can be employed best 

at the network level for both the DOT and local units of 

government. It provides object.ive . crack and patch 

measurements for analysis of haul roads,; detours, and 

pavement rehabilitation projects for a11 highway decision 

makers.. It reduces manpower needs in the pavement evaluation 

area while increasing the 0bjeqCiyit.y .,and repeatability of 

such information. . . 

Information taken by this unit at proper speeds., can 

provide project level measurement of distress fypes...and 

amounts for rehabilitation. ;contract quantities. 'Data 

collected in conjunction with the forward loakinq,camera, can 

provide complete pavement environment information for safety 

and capacity considerations in the programming process. . - 



6. CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

The PAVEDEX system is capable of collecting pavement 

condition data at highway speeds on various type& of 

surfaces. Its current trained observer analysis is a 

limitation on the system. The addition of a smart computer 

that can be programmed to user distress selection criteria' 

will complete the user needs. It can be currently used 

successfully on rigid pavements with only minor analysis 

modifications to account for Iowa transverse grooving 

texturing. Prior training by the observer and selection of 

flexible pavement distress measures could very well bring the 

results into acceptable ranges for use by the Iowa DOT. 

Recommendations and Potential Uses 

The equipment evaluated can be used on Iowa highways to 

evaluate network level pavement condition. It is limited by 

the training of the distress observer in Iowa distress 

criteria and in how to evaluate some of the rigid and 

flexible surface textures. The current cost of data 

collection and analysis makes the equipment useful only in 

urban, high traffic, multilane areas where pavement surveys 

are expensive and dangerous to the surveyors. The PAVEDEX 

system would be useful in the area of pavement condition and 

photolog data collection during daylight hours. It could be 

used currently in the analysis of before and after haul road 

and detour analysis without disruption of traffic during the 

survey. 
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Test Nethod No. Icrra 1001-A 
May 1970 

IOWA STATE HIGHWAY COHMISSION 

Materials Department 

METHOD OF TEST FOR B. P. R. 

TYPE ROAD ROUGHNESS PlEASUREMENT 

Scope C. Test Procedure 

The road roughness indicated by t h i s  1. Stop and remove t r a i l e r  wheels from 
method i s  a comparative index expressed a s  single wheel roughometer. 
inches of roughness per mile of driving lame 
tested. 2. Engage wheel revolution counter and 

The surface t e s t  provides a measure a t  
20 miles per hour with suslmation of one way 
movement of standard towed t r a i l e r  bui l t  in 
accordance t o  plans originany drawn by the 
Bureau of Public Roads Administration in 
1941, and revised a t  various l a t e r  dates. 

Procedure 

A. Apparatus 

1. Towing vehicle with accurate tach- 
meter  for speed control. 

2. Rowhometer t r a i l e r  consisting of a 
frame, integrator, and a standard 
6.70-15' automobile t i r e .  

3. Electrical components. 

a. Revolution counters in towlng unit. 

b. Integral counter on vertical move- 
ment. 

c. Duplicate se t s  of counters with 
switch over t o  change counters for 
recording f a c i l i t i e s  without stop- 
ping, and a msster switch. 

4. Signs and rotating beacons on t r a i l -  
ing vehlcles in accordance with 
Traffic and Safety minimum rewire-  
ments. 

B. Test Record Forms 

1. Use work sheet labeled, Road Rough- 
ness Measurement, Field Work Sheet, 
for  recording f i e l d  measurements. 

2. For Laborstcr; ?W.s?. xepzrt, the 
f c m  is labeled RoaE Rz%Paess 
Report. 

integrating roughness counter. 

3. Chedr the damping f luid level i n  the 
damping pots, and add i f  needed. 

4. The entire unit must be warplea up 
prior t o  testing a pavement section 
for roughness. Check t i r e  inflation 
(27 p.s.i.) before and af te r  warm- 
up period. The warm-up period con- 
sists of towina the unit a t  a meed 
of 30 mph. f o r a  distance of a&rox- 
imately 10 miles w i t h  the counters 
turned on for the l a s t  two miles. A 
longer period i s  required during 
cool weather. 

Set the roughmeter counters and 
wheel revolution counters t o  zero 
ream fo r  a s t a r t  on t e s t  section, 
with the vehicle far enough from the 
begirming of the section t o  safely 
accelerate the vehicle t o  a constant 
20 mph. speed, before reaching the 
t e s t  section. Maintain this speed 
for  a n  tests.  

6. Turn on the master switch a t  the 
beginning of the t e s t  section. 
Omit bridges and railroad tracks 
during the actual t e s t  run, by 
switching the master switch off 
and on a t  the proper t imes .  

7. During the run through the project, 
the predetewined sections within 
the project are checked by the re- 
corder, switching from one se t  of 
counters t o  another, when the revo- 
lution counter shows the proper 
interval. m e  usual normaL section 
length i s  predetelplined by the fo l l -  
ouirs r u e :  



Test Method No. Iowa 1001-A 
May 1970 

No. of Revolu- Appropriate 
NO. qf Miles t ions  i n  Sec- Chosen In t -  

In ProJeot t ions  ("> e rva l  (Mi. ). 

Less than 2.0 186 l /4  

2.0 t o  5.0 372 1/2 

Greater than 
5.0 744 1 

* Note: Based on present ca l ibra ted ra t e  of 
t e s t  t iqe  revolutions per measured 
mile with 27 p.s.1. t i r e  pressure. 

The above ru le  is  followed unless a 
sueoial  request i a  made t o  have the 
riading u n i t s  changed on a ce r t a in  
project ,  o r  by the  recorder noticing 
an eXceDtionallv rouah section t h a t  
he wish'ss t o  i sbla te- in  the-notes. 
o r  report  a s  a specia l  section. 

- 
Keep the u n i t s  i n  each two lane road- 
way identitloal a s  to  ata t ionina  from 
beginning t o  end of section.  

' 

D. Reporting Results 

The f i e l d  work sheet provides places 
t o  note the project  number, contrac- 
tor.  ac tua l  number of miles i n  uro.1- 
ect;  weather conditions, desc r i i~ t ion  
of locat ion and the  tes ted section 
i t s e l f .  Testinn oersonnel a r e  re- 
ported along wizh-visi t ing personnel 
i id ing a s  observers. Star t ing loca- 
t ions  a r e  recorded with readings and 
saction lenaths.  The remarks column 
18 used t o  Kelp describe any special  
events, conditions, e t c .  

Fig. 1 
Roughometer i n  Towing Posit ion 

E. Normal ChecK Calibrations 

Each year .a l1  the bearings on the 
t r a i l e r  unit including spring 
bearings a re  t o  be cleaned, checked 
regreased and renewed as required. 
The t i r e  i s  a l so  t o  be checked f o r  
roundness t o  .010" maximum variation.  
The center  of percussion is checked 
on uni t ,  and adjusted by changing 
balance weights on frame i f  necess- 
ary. 

Before each week of operation, a 
check over standard measured 
cour8es i s  made t o  determine i f  
Counters. integrators and dash ~ o t s  
a re  performing-properly. I f  &t'p ,y  , . 
time 'during the  weeks work the. oper- 
a t o r  f e e l s  t h a t  the resul ts '  a re  n o t ,  
correct ,  an extra  check may be,made. 

, . .  .. . B. Precautions . . 

1. The Resident o r  County Engineer 
must be no t i f i ed  before arr iv ing on 
h l s  Pro.iect f o r  tescina.  so  that  he 
may 'havi the work readled , for  tes t - '  . , " 
ing, and t o  arrange f o r  any observ- 
e r s  t o  accompany the t e s t i n g  crew. 

2. Temperatures below freezing may 
a f fec t  the  integrator by reducing 

+ i t s  s e r i s i t i v i t ~  t o  s l i u  and arab 
i n  i ts  check o? slight*movem~nts. 

Big. 2 
Close-up of Roughometer . .  . .  



~ b i s  t e s t ing  method is used t o  determine operates the counters and makes ca lcu-  
th@ tongi tudinal  P ro f i l e  Value (LPVI l a t ions .  
using the  WK Ride Indicator.  The Longi- 
tudinal  Prof i le  Value is used t o  detoe- D. Correlation 
mine the Present se rv iceab i l i ty  Index 
{P.S.I.), a concept developed by the  1. The Zongitudinal P r o f i l e  Value is de- 
hrnrrican Association of S t a t e  Highway rived from equations o f  t h e  AASHO ]load 
O f f i c i a l s  (AASHO) Road Test. It (P.S.I.1 Test using a co r re l a t ion  between the  
is used as  an indicator of  t h e  a b r l i t y  of CHLOE Prof Llometer and the  TJK Ride 
a pavement t o  serve t h e  t ravel ing public Indicator.  The CmoE is used a s  a cor- 
and a s  an objective method of highway re l a t ion  standard because i t  is not  
evaluation.  af fec ted  bv ~ o s s i b l e  chenaes i n  s u s ~ e n -  

The I J K  (Iowa-Johannsen-Kirk) Ride ~ n d i -  
c a t o r  was developed by the  Iowa Department 
of Transportetion Materials  Laboratory. 

A. Apparatus 

1. XJK Ride Indicator (An e lec t ro-  
mechanical device mounted on the 
d i f f e r e n t i a l  of a standard auto- 
mobile) (Fig. L t o  4 ) .  

2. Ti re  pressure gauge. 

3. Portable ca lcu la to r .  

B. Tes t  Record F O ~ S  and Section Iden- 
t i f i c a t i o n  

1. Longitudinal P ro f i l e  Value work- 
sheet  (Form 9211. 

2. Final Report (Foms 9i5 0% 9221. 

3. "Test Sactlons by Milepost" booklet. 

4. Correlat ion Table ( longitudinal  
p r o f i l e  value VS. sum/Length for  
t e s t i n g  u n i t ) .  

1 .  ' Two personnel a re  required. One is 
.assigned t o  d r ive  while the  o the r  

s ion bu t  pifinarily is depindent on* on 
proper e l e c t r i c a i o p e r a t i o n .  The r e l a -  
t i onsh ip  between the CHLOE and the  IS!< 
Ride Indicator is determined t h r o u ~ h  a 
computer program by the l e a s t  s q u a k  
parabolic method (Y=CX~+M+B) .  

. Test Procedure 

I. Drive the  t e s t  vehic le  a t  l e a s t  10 miles 
before beginning t e s t i n g .  

2 .  Operate the  vehic le  i n  a c a r e f u l ,  l ega l ,  
conscientious manner. 

3. Be sure  the I J K  u n i t  is accura te ly  zeroed 
before mounting on the  veh ic l e .  

4 .  Be su re  the dampening f l u i d  l e v e l  i s  cor-  
r ec t .  This should be checked weekly 
during continuous opera t ion.  . 

5. During continuous t e s t i n g ,  t h e  u n i t  should 
be t e s t ed  on e igh t  conveniently c lose  cor-  
r e l a t i o n  sect ions  weekly t o  ve r i fy  proper 
operation.  

6.  When ready t o  begin t e s t i n g ,  disengage 
the 1 J K  a m  lock. 

7. S t a r t  the  t e s t  vehic le  f a r  enough from 
the  beginning of t h e  t e s t  s ec t ion  t o  
insure adequate d is tance  f o r  accelera t ion 
t o  the standard t e s t  speed of 50 MPH. 
Turn t h e  main switch t o  t h e  "ON' pos i t ion  
as the  rear  wheels pass t h e  s t a r t  of  the 
t e s t  sec t ion.  I t  is  turned o f f  i n  the same 
posi t ion  a t  the end of the  sec t ion .  
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8. Turn t h e  main swi tch  o f f  while  c ros -  
s i n g  r a i l r o a d  t r a c k s  and b r i d g e s  
( inc lud ing  approaches) .    his l e n g t h  
and roughness counts  a r e  e l e c t r i o a l l y  
omi t ted .  

9 .  There is a  r o t a r y  swi tch  t o  change 
from one bank of  record ing  c o u n t e r s  
t o  t h e  o t h e r  so t e s t i n g  c a n  b e  con- 
t inuous. 

10. Record t h s  counte r  v a l u e s  and c a l c u -  
l a t e  t h e  Sum/L. 

11. If  t h e r e  i s  some reason t a  i n d i c a t e  
p o s s i b l e  errone,ous d a t a  a r e p e a t  
run  should be made. Val id r u n s  are 
expected t o  check w i t h i n  10% of  each 
o t h e r .  

1 2 .  Using t h e  Sum/L, o b t a i n  t h e  proper  
Longi tud ina l  P r o f i l e  Value from t h e  
t a b l e  t o  t h e  c l o s e s t  0 .05 (3.95, 
4.15 e t c . ) .  

F. Precau t ions  

1. Maintain the  t i r e  p r e s s u r e  a t  25 
p s i  c o l d ,  2 8  p s i ,  warm. I f  any 
t i r e  alignment o r  ba lanc ing  prob- 
lems are noted,  have them c o r r e c t e d .  

2. Be s u r e  t o  engage t h e  I J K  arm l o c k  
when n o t  t e s t i n g .  

3. Keep the  v e h i c l e  i n  a  n e a t  o r d e r l y  
c o n d i t i o n .  

4 .  tlave t h e  automobile s e r v i c e d  a t  t h e  
p roper  i n t e r v a l .  

G .  c a l c u l a t i o n s  f o r  Longi tud ina l  P r o f i l e  
Value 

I. E n t e r  t h e  necessary  d e s c r i p t i v e  d a t a  
i n  t h e  heading p o r t i o n  of  t h e  LPV 
worksheet .  The method of  c a l c u l a t i o n  
i s  a s  fol lows:  t h e  summation o f  c o u n t s  
from counte r  no. 1 x 1, c o u n t e r  no. 2 
x 2 ,  counte r  no. 3 x 3, e t c .  These 
produc ts  are t o t a l e d  and d i v i d e d  by t h e  
t e s t e d  leng th  ( i n  m i l e s )  t o  o b t a i n  t h e  
s u m / ~ .    his sum/length is then  used 
t o  f i n d  t h e  Longi tud ina l  P r o f i l e  Value 
from t h e  c o r r e l a t i o n  t a b l e .  

I{. Report ing Resu l t s  

T e s t  Method No. Iowa 1002-6 
March 1976 

t h e  most r e c e n t  s u r v e y )  t o  y i e l d  a 
Presen t  S e r v i c e a b i l i t y  Index.  

1. The f i n a l  r e p o r t  f o r  a l l  t e s t i n g  u s e s  
t h e  samm d a t a  t h a t  was necessary  f o r  
t h e  worksheet .  F c r l  915 is used f o r  
county inventory  t e s t i n g  and Form 922  
i s  used f o r  t e s t i n g  i n d i v i d u a l  pro- 
j e c t s .  A deduct ion f o r  c r e c k i n g ,  
pa tch ing  and r u t  dep th  is used (from 



Fig. 1. 

The IJX Ride Indicator Vehicle 

The IJK Ride ~ndicator Control Console, showing 
Visual Indicators, switches and Electr'ical Coun- 
ters on the floor of the automobile. 



Fig. 3 

The IJK Ride I n d i c a t o r  sens ing  u n i t  

The I J K  Ride Ind ica to r  Sensing Unit with Cover as 
Mounted on t h e  Rear D i f f e r e n t i a l  Housing of t h e  
v e h i c l e  



P a g e  5 
CORRELATION TABLE T e s t  Method NO. Iowa 1002-B 
RIDE INDICATOR UNIT E March 1976 

JULY 1975 

?.an* 
2 . 9 ? 1  
:!. nso 
2 .075  
.?.fan 
? . l ? f  
2 . 1 5 0  
t . 1 7 5  
*.:on 
>!.??I 
;.:so 

, . , ? 7 5  
?. \OR 
? .J?S 
2.3bO 
? . I 7 5  
2.LI l0 
2 .425  
2.1850 
2.1875 
2 . 5 0 0  
2 . 5 2 s  
2 . 5 5 I l  
1 . 5 7 5  
t . 6 9 0  

.2.fiif 
2 . m  
2 .675  
2.700. 
1 .725  
2 . 7 5 0  
2 . 7 7 5  
2. Pon 
2 . 3 2 5  
2 . 1 9 0  
2.875 
? . w n  
2 . 1 2 5  
? . w n  
2 . 9 7 5  
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Test Method No. Iowa 1002-B 
March 1976 Road Meter 

Page 7 1m1A I)L(PART~IINT OF TP&I!FPOP\TRTI@N county 
IIXGI11iAY DIVISION J. McCaskey 

OilFICE OF haTERIALS V.R. Snyder (2) 

1976 Present  S e r v i c e a b i l i t y  Index Sumwary f o r  Jones County ( 53  ) 

Date Reported 1-16-76 Lab. NO. ~ 6 - 4 4  t o  57 

-- 
Lab. Eeginning Ending P.oad Le:rgth Sur face  D i r .  LangitudinalWinter 75-76 

6 Prof i1.e I ' r e ~ e t l t  
NO. Milepost  Milepoet No. (Miles) Type , ' Lane ~~l~~~~ Ded. f o r  Service-  
LV- March Cracking a b i l i t y  

1976 Patching Index 
- 

44 20.77 22.24 US 151 1.47 AC EB 3.70 -05  3.65. 
WB 3.70 -05 3.65 

4 5 22.24 27.34 US 15X 5.10 AC EB 3.65 .10 3.55 
WB 3.65 .10 3.55 

46 27.34 37.61 US 151  (5.58) AC EB 3.55 .05 3.50 
WB 3.60 . .05 3.55 

(4.26) PC. EB ' 3.30 .15 3.15'  
WB 3.50 .15 3.35 

47 38.69 48.07 US 151  (6.68) AC EB 3.55 .05 3.50 
WB 3.55 .05 3.50 

(2.52) PC EB 3.35 .10 3.25 
WB 3.25 .10 3.15 

48 0.00 21.22 IA 64 (14.47) AC EB 3.15 .OO 3.15 
WB 3.20 , .OO 3.20 

(5.16) PC.' EB 3.25 .70 2.'55 
WB 3.25 .70 2.55 

49  115.78 119.25 IA I 3.47 AC NB 3.05 .35 2.70 
SB 3.10 .35 2.75 

50 39.10 42.44 IA 38  3.34 AC NB 4.00 .OO 4.00 
SB 3.95 .OO 3.95 

51  43.45 47-81 IA 38  4.36 AC NB, 3.55 . lo  3.45 
SB 3.50 .LO 3.40 

52 50.01 53.39 XA 3.8 3.38 AC NB 3.55 .OO 3.55 
SB 3.55 .OO 3.55 

53 53.39 63.50 U1. 38  10.11 AC NB 4.00 .OO 4.00 
SB 4.00 '. . 0.0 .4.00 ' . . 

54 65.11 .68.41 I A  30 3.30 PC NB 4.05 .OO 4.05 
SB 4.05 .bO 4.05 

Deductions f o r  c rack ing  and patching were c a r c u i a t e d  o n  8 . 2  l a n e  roadWay b a s i s .  

(Length) indicates  tes ted length on an AC/PC section. 
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IOWA DEPARTMENT OL~TXNSPORTATION 

IiIGHWAY DIVISION 

OTFICE OF EIATERIALS 

LPV REPORT 

R@m' flo* ...... 1-35, ~ a q d y  . ,  . Sto ry  ......... -. .. iab&p.fVQ, 1.V-9-522 

ycoc !.I: i : t i965 - - -. , -- .- r k t  : 7-29-69 
, I( .......... D ~ f e  ~ieportad -. --. . 8-15-69 -. . - 

Contrackor H a l l e t t  .- .Cbns t ruc t ion  ..Company __ pxui~.,:t,.&,, I-IG-35-4/f2/103 
-------.----.me 

Project Lcncjtll (i.lil.:>$) 10.03 -- - -- .- s~~riace ryfe ,--? .- 

~,ocatj.rl:  From Polk County l i n e  n o r t h  t o  JUnction New US 30 ... ---. ...... ..... 

;..!ca ti>(,!. Clea r  ................. - .. ., -- kl i~r ! t~  NE 5-8 mph . . . . .  ~elr lpert tute , , ......... 71' - ...... 
: ~',:r.:,qrn,: i Dalbey and Robinson . _ .......... ... .- 

Outs ide  Ou t s ide  

- S Bound Lano 2-4 Bcund Lane - 
Length Tes t ed  ............................. 9.97 - 10.02 

Long i tud ina l  P r o f i l e  Value ---------------- 4.05 4.00 

Average Longi tudina l  P r o f i l e  Value ......................... 4.05 

Deducation f o r  Cracking, Pa tching  and Rut Depth ------------ 0.05 

p r e s e n t  S e r v i c e a b i l i t y  zndex ------------------i----------- 4.00 
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I O W j  STATE HIGHWAY COMMISSION 

Mater ia ls  Department 

METHOD OF DETERMINATION OF LONGITUDINAL 

PROFILE VALUE BY MEANS OF THE CHLOE PWFILOMETER 

This method i s  used t o  determine the  
LongiLudinal P r o f i l e  Value (LPV) of pave- 
ment by the CHLOE Profilometer.  The t e s t  
i s  conducted a t  5 mph, while obta in ing the 
summation of 1 value Y i which can be re-  
l a t e d  t o  the slope of ihb pavement and 
t h a t  of the  square of Y where i = 1 ,2 ,3  
...B, and N i s  the to t a i ikmber  of po in t s  
at 6-inc i n t e r v a l s .  The values of N, Y i ,  9 and Y i  , a r e  used t o  detesmine the CHLOE 
Slope Variance (CSV Road Test  System Slope 
Variance (SV), and t ~ e  Longitudinal  P r o f i l e  
Value (LPV). 

Procedure 

A .  Apparatus 

1. CHLOE Prot'ilometer 

a .  Elec t ronic  Computer Ind ica to r  
(Fig .  1 ) .  

b. CHLOE t r a i l e r  sec t ion  (Fig. 2 ) .  

2.  Towing and t ranspor t ing vehic le .  

3.  Safety support  vehic les  a s  needed 
t o  insu re  s a f e  operation.  

B .  Test  Record Form 

Use work sheet  "LPV f o r  PC o r  AC 
Pavement" f o r  recording fie1.d 
measurements. 

C. General Procedure 

1. Ca l ib ra t ion  Procedure 

a .  Attach the CHLOE t r a i l e r  sec t ion  
t o  the  towing vehic le .  

b. The r o l l e r  contact ,  switch p la t e ,  
and e l ec t ron ic  computer i n d i c a t o r  
should be checked before beginning 
the  road t e s t .  Anytime the da ta  
appears t o  be i n  e r r o r  a  check 
should be made and i f  an e r r o r  
is  v e r i f i e d  the malfunction 
should be correc ted .  The uro- 
cedure f o r  checking i s  a s  ~ O ~ ~ O W S :  
F i r s t  turn  the e l e c t r i c  eye 
switch a t  the r e a r  of t h e  t r a i l e r  
sec t ion  from the  road t e s t  t o  the  
manual pos i t ion ,  then with the  

slope wheels up, the upr ight  
arm of t h e  slope wheels i s  moved 
forward u n t i l  the  r o l l e r  contac't 
goes off t h e  switch p l a t e ,  While 
turning the  c a l i b r a t i n g  crank, 
slowly move the upr ight  a m  t o  
the  r ea r  u n t i l  the r o l l e r  c o n t a c t  
imainaes on the  f i r s t  awitch 
sehment. Hold t h i s  uos i i ion  and 
sef  the  e l e c t r o n i c  cbmputer in -  
d i c a t o r  t o  zero, then turn  the  
c a l i b r a t i n g  crank slowly u n t i l  
N = 10. Check t o  see  i f  the  
q u a n t i t i e s  indica ted  ( Z Y , & Y ~ )  
a r e  c o r r e c t .  (Table I gives  
the  values  t h a t  should 6e obta ined 
f o r  each segment). I f  c o r r e c t ,  
r e s e t  t h e  e l e c t r o n i c  computer 
i n d i c a t o r  t o  zebo. move the  ua- .. . ~ . . ~ ~  < 
r i n h t  arm rearwar i  u n t i l  the  
nuiiber two switch segment i s  con- 
t ac t ed  and fo l low t h i  same pro- 
cedure used f o r  the f irst  switch 
segment. Continue t h i s  procedure 
u n t i l  a l l  29 switch segments have 
been checkeh. 

- 
c .  Check t o  see  i f  the pressure  i n  

the CHLOE t r a i l e r . t i r e s  is  45 + 
0 . 5  p s i .  

d. The p o s i t i o n  of the t r a i l e r  h i t ~ h  
should be such t h a t  a  s l o ~ e  mean 
(Z Y + N )  between 1 4  and i 5  i s  
obtained.  To check t h i s ,  lower 
the  s l o ~ e  wheels. s e t  t h e  e l e c -  
t r i c  eye switch t o  the  road t e s t  
pos i t ion ,  and zero the e l e c t r o n i c  
computer i n d i c a t o r .  F u l l  t h e  
CHLOE Prof i lometer  ahead u n t i l  
N = 100. The Z Y  value should 
be between 1400 and i500; I f  it 
i s  no t ,  t h e  t r a i l e r  tongue should 
be r a i sed  o r  lowered by-turning 
the  crank a t  the  f r o n t  of t h e  
t r a i l e r  sec t ion .  Turning t h e  
crank counterclockwise lowers 
t h e Z Y  value and tu rn ing  it 
clockwise r a i s e s  t b e Z  Y value.  
Repeat the  procedure if nece- 
ssary .  

e .  The downward force  of t h e  CHLOE 
slope wheels should be between 
150 and 160 lbs .  To check t h i s  
a  bathroom s c a l e  and two wooden 
blocks of the  same th ickness  a s  
the s c a l e  a r e  needed. F u l l  the  
CHLOE c a r r i a g e  wheels onto the  
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wooden blocks, then place  the  
sca le  under the  s lope wheels 
and lower them. I f  the  sca le  
does not read between 150 and 
160 i b s . ,  adjustment can be 
made by turning the  3/16" 
knurled screw located a t  the  
bottom of the  connector box 
fastened t o  the  S i f t  motor. 
&inina t h i s  screw clockwise 
. w i l l  dzcrease the  force  and 
turning i t  counterclockwise 
w i l l  increase  the  fo rce .  

f .  For more d e t a i l e d  i n s t r u c t i o n s  
on the operat ion of the  CHLOE 
Prof i lo~ne te r  see  CtiLOE F r o f i l -  
ometer Operating and Servic ing 
Xnscructions. 

2. Test ing Procedhre 

a .  Se t  the  e l e c t r i c  eye t o  "road 
t e s t ' '  and lower the  slope 
wheels. 

b. Se t  the  e l e c t r o n i c  computer 
Ind ica to r  t o  a zero  reading. 

c .  Turn the  counter  switch on 
when the  s l o p e  wheels reach 
the  begqnning of a t e s t  sec- 
t i o n  and t u r n  it o f f  a t  the  
end of the  sec t ion .  

d. When running a t e s t  sect ion,  
the  speea of the  towing 
vehicle should be about 5 mph. 

e .  Record. the  values  of N, .E Y, 
a n d z  ~ 2 .  

f .  Compute the  LPV t s  describgd 
i n  'Calculations . 

D. Calcula t ions  (3ee " ~ y p i c a l  Calcula- 
t i o n  Example. ) 

1. E, t e r  the  values  of N ZY, and 2 Z Y  on liheed.6, 7 and 6 respec- 
t ivelJ i .  

2. Divide S Y by N t o  an accuracy 
of one ten-thousandth (0.0001) 
and e n t e r  on l i n e  9. 

3. Square t h i s  number and record 
the  r e s u l t  t o  the  n e a r e s t  thous- 
andth  (0.001) on l i n e  11. 

4. Divide z ~ ? . ' b y  N, round the  ans- 
wer t o  the  n e a r e s t  thousandth, 
and record it on l i n e  10. 

Tes t  Method No. Iowa 10034  
February 1971 

6. Mul t ip ly  l i n e  1 2  by 8.46 t o  obta in  
the  CHLOE Slope Variance ( l sne  13) .  

7. s u b t r a c t  2.00 from the CHLOE Slope 
Variance and place  the r e s u l t  on 
l i n e  14. 

8. Find t h e  l o g  of l i n e  14, record i t  
on l i n e  15. 

9. Multiply l i n e  15 by 1.80 i f  the  
surface  type i s  PC o r  1.91 i f  AC,  
and record t h i s  r e s u l t  on l i n e  17. 

10. On l i n e  16 e n t e r  5.41 i f  the su r -  
facetype is PC o r  5.03 i f  the  
surface  type i s  AC. 

11. Subt rac t  l i n e  17 from l i n e  16 t o  
obtarn  t h e  Longitudinal P ro f i l e  
Value (LPV) of the  t e s t  sect ion.  

Precautions 

A. The vol tage supply t o  the  CHLOE Pro- 
f i lomete r  from the  b a t t e r i e s  must 
n o t  be l e s s  than 11.5 V. 

8. The opera to r  must watch the  e l e c t r o n i c  
computer i n d i c a t o r  c l o s e l y  t o  insure  
t h a t  it is working properly.  

Reporting of Resul ts  

En te r  s t a t e ,  county, route  no., loca- 
t ion,  p r o j e c t ,  weather, da te  and t e s t  , 
personnel i n  the  appropr ia te  p laces  
on the  work shee t .  

- - - - - - - 
c e a b i l i t v  Index as described i n  . . . -. . . - - - 

" ~ e t h o d  of ~eterminar ; ion of Present 
S e r v i c e a b i l i t y  Index . (Test  Method 
.No. Iowa 1004; ) 

5. Subtract  l i n e  11 from l i n e  10 
and en te r  the  r e s u l t  on l i n e  12.  
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Fig. 1 
Elect ronic  Computer Indica tor  

Test Method No. Iowa 1003-A 
February 1971 

1 .  2 
CHLOE T r a i l e r  Section 
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TABLE I 

r I I 

Switch 
Segment 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

N-10 
Y 

10 
2 0 
30 
40 
50 
60 
7 0 
80 
90 

100 
110 
120 
130 
14 0 
150 
160 
170 
18 0 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 

Y 

10 
40 
90 
160 
250 
360 
490 
640 
810 

1,000 
1,210 
1,440 
1,690 
1,960 
2,250 
2,560 
2,890 
3,240 
3,610 
4,000 
4,410 
4,840 
5,290 
5,760 
6,250 
6,760 
7,290 
7,840 
8,410 
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IOWA DEPARTMENT OF TPANSPORTATION 
HIGHWAY DIVISION 

Office of Materials 

METHOD OF DETERMINATION Of PRESENT 
SERVICEABILITY INDEX 

General Scope 

The Present Serviceability Index (PSI) was 
developed by the AASHO Road Test as an oh- 
jective means of evaluating the ability of 
a pavement to serve traffic. The Present 
serviceability Index is primarily a func- 
tion of longitudinal profile with soma 
influence from cracking, patching and rut 
depth. 

The AASHO rating scale ranges from 0 to 5 
with adjective designations of: 

Very Poor 0 - 1  
Poor 1 - 2  
Fair 2 - 3  
Good 3 - 4  
Very Good 4 - 5  

The Bureau of Public Roads has a similar 
scale with the following designations which 
are more realistic in the evaluation of new 
pavements: 

PSI Rating 

Above 4 . 5  Outstanding 
4.5 - 4.1 Excellent 
4.1 - 3.7 Good 
3.7 - 3.3 Fair 
Below 3 . 3  Poor 

The inches per mile as described 
therein is then used in conjunction 
with the most current correlation 
of road roughness (inches/mile) vs. 

3. The determination of the road meter 
roughness value, which is the same 
as the Longitudinal Profile Value, by 
the IJK Type Road Meter, is described 
in Test Method No. Iowa 1002-B. 

Part 11. Determination of Deduction for 
Cracking, Patching and Rut Depth 

scope : 

The purpose of this portion of the test is 
to determine the value of the Present 
Serviceability Index lost due to physical 
deterioration of the roadway. 

The evaluation is conducted accordinu to 
general procedure established by t h e - ~ ~ s H o  
Road Test and described in detail in the 
*Highway Research Board Special. Report 61E." 

Test Procedure -- Flexible Pavement: 
The test is conducted in two parts: (1) 
Determination of the Longitudinal Profile The equation for Present Serviceability 
Value (LPV), ( 2 )  Determination of Deduction Index of flexible pavement is: 
for Cracking, Patching and Rut Depth. 

PSI <LPV - .01 Qm - 1.38 i(ij2 
Part I. Determination of the Longitudinal 

Proiile Value where: 

scope: 

The Iowa DOT uses three methods for deter- 
mination of the longitudinal profile value: 

1. CHLOE Profilometer 
2. BPR Type Road Rouqhometer 
3. IJK Type Road Meter 

Test Procedure: 

1. The determination of longitudinal 
profile value by the CHLOE Prafil- 
meter is described in Test Method 
NO. Iowa 1003-A. 

PSI - Present Serviceability Index 
tPV * Longitudinal Profile Value 

CcP Measures of cracking and patching 
of the pavement 

- 
RD = A measure of rutting in the 

wheel paths 

Cracking. C, is defined as the square feet 
per 1000 square feet of pavement surface 
exhibiting alligator or fatigua cracking 
This type of cracking is defined as load 
related cracking which has progressed to 
the state where cracks have connected 

2. The determination of road roughness together to form a grid like pattern re- 
by the BPR Type Roughometer is des- sembling chicken wire or the skin of an 
crihed in Test Method No. Iowa 1001-A. alligator.  his type of distress can 
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advance to the point where the individual 
pieces become loosened. 

Figure 1. 

Alligator cracking 

Patching, P, is the repair of the pave- 
ment surface by skin (i.e. widening 
joint strip seal) or full depth patching. 
It is measured in square feet per 1000 
square feet of pavement surface. 

Rut depth, iiij, is defined as the mean 
depth of rutting, in inches, in the 
wheel paths under a 4-ft straightedge. 

Cracking, L, is defined as the number 
of longitudinal (parallel to traffic 
flow) cracks which excede 100 feet in 
length and 1) are open to a width of 
1/4" over half their length or 2 )  have 
been sealed. If these cracks are 
observed to occur less than 3 feet 
from one another, the condition des- 
cribed under C should be looked for 
and if present reported instead of 
reporting the distress as longitu- 
dinal cracking. 

Cracking, T, is defined as the number 
of transverse [right angles to traf- 
fic direction) cracks that are open 
to a width of 1/4" over half their 
length or have been sealed. Random 
or diagonal cracks are ignored. 

Faulting, F ,  is defined as the mean 
vertical displacement, in inches, 
measured with a 4-ft. straightedge. 

Page 2 of 6 

~ i ~ u r e '  2. 

Longitudinah Cracks 

Fiqu* 3. . . 
Transverse cracks and Faulting 

Test Procedure -- Rigid Pavement: 
The equation for Present Serviceability 
Index of rigid pavement is: 

PSI = LPV - .09 V% 

where; 
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PSI = Present Serviceability Index 

LPV = Longitudinal Profile Value 

C+P - Measures of cracking and 
patching of the pavement 

Cracking, C ,  is defined as the lineal 
feet of cracking per 1000 square feet 
of pavement surface. Only those 
cracks which are open to a width of 
l/4" or more over half their length 
or which have been sealed are to be 
included. 

Patching, P, is the repair of the 
pavement surface by skin or full 
depth patching. It is measured in 
souare feet wer 1000 souare feet of 

Rut depth, %, is defined as the 
mean depth of rutting, in inches, 
in the wheel paths under a 4-ft. 
straightedge. 

Faulting, F, is deflned as the 
mean vertical displacement, m 
inches, measured with a 4-ft. 
straightedge. 

D-cracking, D, refers to a char- 
acteristic pattern than can 
develop in portland cement con- 
crete. Initially, the cccurrence 
of D-cracking m s  be preceded and 
accompanied by staining of the 
pavement surface near joints and 
craoks. However, not all stained 
joints and cracks G e C  D c r  . 
0 - c r a c k Z T c 5 G Z X e d i d t  
fine parallel cracks adjacent to the 
transverse and longitudinal joints 
at the interior corners. The D-cracks 
will bend around the corner in a con- 
cave or hourylasa pattern. As the 
D-cracking progreases, the entire 
length of the transverse, longitudlnal 
and random craoks will be affected. 
The cracked pieces may become loose 
and dislodged under the action of 
traffic. The ocourrence of D- 
cracking in the check sections will 
be rated on a point scale as des- 
cribed in the Test Procedure section. 

Test Method No. Iowa 1004-C 
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Figure 4. 

D-cracking - Initial stages 

Figure 5. 

D-cracking - All joints affected 
Procedure 

A. Apparatus 

1. A passenger vehicle with an accu- 
rate odometer. 

2. A four foot long rut/fault gauge. 

3. Mechanical counters. 

4 .  A 50-foot tape. 

5. safety equipment -- hard hats, 
safety vests, survey signs. 
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8. Test Record Forms 

1. Crack and Patch Survey worksheet 
(R.C. or P.C.C.). 

2. Crack and Patch Calculation and 
Summary Sheet. 

3. Present Serviceability Index 
summary (Form 915). 

C. Test Procedure 

The control sections ere as described 
in the "Control Sections by Mileposts" 
booklet. For control sections of 
0-5.00 miles in length, one representa- 
tive l/z mile test section will be 
evaluated. For 5.01-10.00 miles, two 
1/2 mile test sections are used. 
Three 1/2 mile sections are used for 
any control seotion greater than 
10.0 miles. 

After determining a location for the 
representative 1/2 mile test section 
or sections, the county, highway num- 
ber, beginning and ending control 
section milepost, pavement width, 
beginning and ending milepost of the 
1/2 mile test section being surveyed, 
date of survey and names of those 
doing the survey shall be recorded 
on the worksheet. 

flexible 

The procedure for evaluation of flexible 
pavement is to drive on the shoulder, if 
possible, and estimate the area of each 
instance of alligator cracking and patching 
recording them individually on the work- 
sheet. 

The rut depth is measured in the outside 
and inside wheeltrack in both lanes at 
0.05 mile intervals and recorded (10 sets 
of readings per test section). 

While driving the first and last 0.05 mile 
portion of the test section the number of 
longitudinal and transverse cracks meeting 
the previously described criteria will be 
counted and recorded. Transverse cracks 
extending across only o:e lane will be 
counted as "half cracks and recorded as 
such. 

While driving the first and last 0.05 mile 
portions, the occurrence of Eaulted cracks 
will be looked for and the worst instance 
in each portion will be measured. These 
measurements will be taken one foot in 
from the pavement edges at the two cracks 
selected and the data recorded. 

The procedure for rigid pavement is to drive 
on the shoulder, it possible, and count all 
cracks meeting the previously described cri- 
teria. Cracks extending across only one 
lane are recorded as "half cracks' and sum- 
med to full cracks during the data summary 
phase. Longitudinal, diagonal and random 
cracks are accounted for by estimating how 
many times they would extend across the road- 
way and recording that number. 

The area of each patch is estimated and 
recorded individually on the worksheet. 

The rut depth is measured in the outside and 
inside wheeltracks of both lanes. one set 
Of measurements will be taken at the beginning 
of the 1/2 mile test section and one set at 
the end. 

Faulting is measured one foot in from each 
pavement edge at 0.05 mile intervals and 
recorded (10 sets o£ readings per check 
section). 

The D-crack Occurrence Factor IDOF) in the 
test-section-will be evaluated and assigned 
a numerical rating based on the following 
description. 

DOF Value 

0 = NO D-cracking noticeable 

1 = D-cracking is evident at some joints 
especially the interior corners. 
Pavement is sound condition and no 
maintenance is required due to D-cracks. 

2 = D-cracking is evident at moat joints 
and has progressed across width of 
slab. Pavement is in sound condition 
and no maintenance is required due to 
D-cracking. 

3 = D-cracking is evident at virtually all 
joints and random cracks. . Minor - 
raveling and spalling are occurring 
and traffic is causina BOme loosenina 
of cracked pavement. -some minor main- 
tenance of spalled areas is required. 

4 = D-cracking very evident as in 3 above. 
spalling and removal by traffic has 
progressed to point that regular main- 
tenance patchlng is required. Effect 
on riding quality of pavement is now 
noticeable. 

5 = D-cracking has continued to progress at 
sites identified in 3 above and requires 
regular maintenance patching. Full 
depth patches may be necessary. Ride 
quality has deteriorated to point where 
reduced driving speed is necessary for 
comfort and safety. 
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DOF = 0 DOF = 3 

DOF = 1 DOF = 4 

DOF = 2 DOF = 5 

Figure 6. Examples of D-crack Occurrence Factors 
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D .  C a l c u l a t i o n s  

1. F l e x i b l e  Pavement 

a .  The area o f  c r a c k i n g  i s  t o t a l e d  
e n d  d i v i d c d  by t h e  a r e a  o f  t h e  
t e s t  s e c t i o n  i n  t h o u s n n d s  o f  
s q u a r e  f e e t  t o  o b t a i n  C .  

b .  Thc a r e a  o f  p a t c h i n g  is t o t a l e d  
and  d i v i d e d  by t h e  area o f  t h e  
test s e c t i o n  i n  t h o u s a n d s  of 
s q u a r e  f e e t  t a  o b t a i n  P. 

c. The r u t  d e p t h  measu remen t s  
a r e  t o t a l e d  and  a v e r a g e d  t o  
o b t a i n  3. 

D. The  number o f  l o n g i t u d i n a l  
c r a c k s  i n  t h e  two areas s u r -  
veyed  ere t o t a l e d ,  a v e r a g e d ,  
a n d  r e p o r t e d  as L. 

e. The  number o f  t r a n s v e r s e  cracks 
a n d  1 / 2  cracks ( d i v i d e d  by 21 
i n  t h e  two a r e a s  s u r v e y e d  a re  
t o t a l e d ,  a v e r a g e d .  a n d  r e p o r t e d  
as T. 

I. The  f a u l t i n g  measu remen t s  a re  
t o t a l e d  and  a v e r a g e d  to o b t a i n  
F .  

g. C r a c k i n g  I C ) ,  p a t c h i n g  ( P I ,  and  
r u t  d e p t h  ( E l  as c a l c u l a t e d  
a b o v e  and  LPV, as d e t e r m i n e d  
i n  P a r t  I ,  a r e  u s e d  i n  t h e  f a l -  
l o w i n g  fo rmu la  to d e t e r m i n e  
t h e  P r e s e n t  S e r v i c e a b i l i t y  
I n d e x  ( P S I ) :  

PS I  - L P V -  0 . 0 1 V m  - 1 . 3 8  E2 

2. R i g i d  Pavement 

a .  The  number o f  cracks a n d  1/2 
cracks ( d i v i d e d  by 2 )  a re  
t o t a l e d  and  m u l t i p l i e d  b y  t h e  
w i d t h  of  t h e  roadway and  
d i v i d e d  by t h e  area o f  t h e  
test s e c t i o n  i n  t h o u s a n d s  o f  
s q u a r e  Eee t  t o  o b t a i n  C. 

b. The  a r e a  o f  p a t c h i n g  is  t o t a l e d  
and  d i v i d e d  by t h e  a r e a  o f  t h e  
test  s e c t i o n  i n  t h o u s a n d s  o f  
s q u a r e  f e e t  t o  o b t a i n  P. 

c. The  r u t  d e p t h  measu remen t s  
a r e  t o t a l e d  and  a v e r a g e d  t o  
o b t a i n  %. 

d .  The  f a u l t i n g  measu remen t s  are 
t o t a l e d  and  a v e r a g e d  to o b t a i n  
f. 

e .  C r a c k i n g  (Cl a n d  p a t c h i n g  ( P I  
a5 c a l c u l a t e d  above  and  LPv 
a s  d e t e r m i n e d  i n  P a r t  I are 
used  i n  t h e  f o l l o w i n g  fo rmu la  
t o  d e t e r m i n e  t h e  P r e s e n t  
S e r v i c e a b i l i t y  I n d e x  (PSI)  : 

PSI . LPV - .09 VCTIi 

E .  R e p o r t i n g  R e s u l t s  

1. Lab .' Number. 

2 .  B e g i n n i n g  M i l e p o s t .  

3 .  Ending M i l e p o s t .  

5 .  Leng th .  

6 .  S u r f a c e  Type .  

7 .  D i r e c t i o n  a n d  Lane .  

8. RMRV o r  LPV. 

9.  Deduc t i on  f o r  c r a c k i n g  and  p a t c h i n g .  

l o .  P r e s e n t  S e c v i c e a b i l i t y  I ndex .  

Rut Depth Gauqe Calibrat ion 

A. Procedure 

Place the  ru t  depth gauge on a section of channel 
iron o r  any per fec t ly  f l a t  surface over 4 fee t  
long. Make sure that the  gauge i s  placed ve r t i c a l l y  
perpendicular t o  the  sur face  t o  insure accura te  
readings. Press the  measuring sca le  down un t i l  
i t  maker contact with the  f l a t  surface. while s t i l l  
keeping the ends of the  gauge on t h su r f ace .  Check 
t o  we t h a t  the scribed l i ne  an the p las t ic  marker 
l ines  up with the '0' mark on the  measuring scale.  

If the  marker doer not l i n e  up with the '0' mark. 
remove t h e  p l a s t i c  marker and f i l e  the holding 
screw holer t o  allow the marker t o  s l i de  up and 
dom. +This fr  accomplished by e i t he r  f i l i n g  the 
bottom of the screw holes t o  allow the marker t o  
s l i de  up or  by f i l i n g  the t op  of the screw holer  
t o  allow the marker t o  s l i d e  down. 

Mount the p l a s t i c  marker template but do oat  t ighten 
the holding screws. Place t he  gauge on the  f l a t  
rurface making sure  the  gauge i s  perpendicular and 
the measuring s ca l e  i s  in contac t  with the surface. 
Line up the scribed l i ne  v i t h  the  '0' mark and then 
t jgh ten  the holding screws. 

The r u t  depth gauge should be  calibrated, a t  l e a s t  
once per year  and before any r u t t i ng  survey such 
as the statewide Crack and Patch Survey. 
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APPENDIX B: DESCRIPTION OF PAVEDEX SYSTEMS OPERATION 



OPERATION OF THE PAVEDEX PAS I SYSTEM 

Data Acauisition 

A one-half ton commercial van, with heavy duty (100 amp) 

alternator and auxiliary air conditioner is utilized as a 

basic vehicle. A 1-KW invertor in the van is the power 

supply - 
There are four NEC CCD cameras mounted on the van: two 

in front focused at the road at a 20 degree angle from the 

vertical; and two in the rear, mounted at a 15 degree angle 

from the vertical. One pair of cameras is operated at any 

given time, through the use of video switcher controls inside 

the van, to provide images with the optimum lighting 

conditions. 

The cameras provide images of 512 pixels by 512 pixels 

covering an area 6 feet 6 inches by 4 feet. A 6-inch overlap 

is obtained in the transverse direction. The cameras are 

synchronized with the speed of the vehicle to allow 

videotaping at speeds up to 55 mph and produce very clear 

frames of video distress with resolutions below 1/8 inch. 

The camera shutter speed is set at 1/1000 of a second 

producing 30 frames per second. The resolution is limited 

currently by the 400 lines of resolution obtained in the two 

super VHS Panasonic recorders in the van that provide two 

hours of 1/2-inch tape storage. 

An encoder, mounted in the van, receives the signal from 

an optical odometer (with 1-inch resolution) every 30 



milliseconds which is transmitted to each frame. The time, 

date, codes road segment number, the location 'in feet (to the 

nearest foot) from the beginning of a designated road segment 

and the frame count are encoded on each frame. 

An additional color videocamera is mounted on top of the 
i 

van and focused on the roadway andsurroundings ahead of the 1 
vehicle showing a "perspective viewN suitable for taking 

inventories of road signs, traffic lights, curbs etc. and I 
monitoring conditions along the road such as vegetation 1 
growth. A third VCR records this camera and the same 

information is input to each frame as on the pavement I 
oriented cameras. A schematic diagram of the survey van and ! 

equipment is shown in Figure 12. 

Imase Processinq 

Computer controlled VCR's are utilized incorporating an 

inverted RS232 interface with a time base corrector 

conditioning the signals. A decoder converts the encoded 

data enabling the computer to know the time and location of 

each frame. The computer advances the tape in the VCR to the 

next frame containing none of the roadway from the previously 

analyzed and stops. A trained operator observes the pavement 
J 

distress, if any, on the stopped frame, and inputs the 

classification, severity and amount of distress, for each 

distress observed, via keyboard codes. The computer collates 

all the distress data for each customer-designated road 

project segment and stores the information for later 

73 





Figure 13. Image Processing Flowchart 
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printing. The entire process is shown in schematic view in 

Figure 13. 

ComDuter Imaqe Processinq 

PAVEDEX has developed proprietary software for automatic 

computer image processing of video images. Electronic 

equipment is just now demonstrating the processing speeds 

required to render automatic processing less expensive than 

visual processing. PAVEDEX plans to convert entirely to 

automatic computer image processing during the fourth quarter 

of 1989 or, at the latest, the first quarter of 1990. 

The output of the PAVEDEX system used in Iowa was 

summarized in a LOTUS spreadsheet. This allowed the 

manufacturer to group the data from the various runs for each 

0.1 mile section of the test pavements. Copies of the 

spreadsheets are included. Those spreadsheets identifying 

portland cement concrete pavements contain the following 

information and headings: 

1. Sort # - Reference to the 0.1 mile segment of the 
pavement tested. 

2. Seg - Segment of the tape that refers to the test 
site. 

3. Tape - Number of the video tape containing the data. 
4. Seg # - Segment identifying number on the tape that 

correlates it to a given test section. 

5. CC # and % slabs - Corner Cracks. The number of 

diagonal cracks that meets both a transverse and longitudinal 



edge. The percentage of slabs column is number of slabs 

effected in the 0.1-mile segment, by the distress. The 

computer will accept any slab length the user inputs. In 

this case the manufacturer used 5 foot as a pseudo length due 

to the variation in slabs on the sites. 

6. FSC # and % slabs - First and Second Stage Cracks. 
The number of transverse, longitudinal' or diagonal cracks 

that divide the slab into two or more pieces and the 

percentage of slabs effected by this type of distress, 

7, 8, 9. Spalling # and % slabs - Spalling is defined as 
the breakdown.or disintegration of edge cracks, resulting in 

the loss of concrete and progressive widening of the cracks. 

These columns identify the number of occurrences with an 

indication of the severity (size) of the distress. The mean 

width for column 1 is less than 1/2 inch, for column 2 it is 

less than 1 1/2 inches, and for column 3 it is greater than 1 

1/2 inches. 

10, 11, 12. Patches G F P, Sq.ft. and % area - The 6, W-, k -  

P relates the condition of the patches identified-. ?he area 

in square feet is a measurement of the patcEi-'size aird.'.the 

percentage of area is the patch area divided by the total 

area of the segment (length in feet by 12 foot of width). 

13. TSC # and % - Third State Cracks. Interconnected 
cracks that divide the slab into three or,more pieces and the 

p&ic&ntigi? of the slabs that are effected. 



Different headings are used on the survey summaries 

concerning asphaltic concrete surfaces. They include: 

1. Sort #, Seg, Tape, Seg # - These are the same 

identifiers used on the portland cement concrete forms. 

2. Alligator Feet L, MI H - Number of linear feet of 
alligator cracks in the test segment of a given severity as 

defined by width of opening such as Low, Medium, High. This 

could be set by the --erator, but in this case the Iowa DOT 

standards were used. 

3. Longitudinal Feet L, M, H - Number of linear feet of 
longitudinal cracks in the test segment of a given severity 

as defined by width of opening by the Iowa DOT standard. 

This can be varied by the user. 

4. Patches PI, P2, Sq.ft - The area of patches in 

various stages of deterioration in square feet of surface as 

identified by the P1 and P2. 

The following pages contain copies of all the 

spreadsheet summaries and Figures associated with each of 

the distrqsses shown in the summaries. The bars on each 

Figure are arranged in the same order as the test runs were 

conducted (1-3 or 1-6). 
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flij 5 E 6  1 2 6 3 @ B  0  0  0  0  B 0  P 8  
r,. ~ . > 5 E 7 ' 2 7 5 0 0  0 0 0 9 0  0 8  R  

I03  5  i:9 2  I08 0  0  0 0  8  0  R  0  0  R  
115 5 1 1 1  2 1 4 3 0 ~  R n 0  0  0  0  e R 

bh 6 L 2 ' 1 1 % 0 R  $ 8 8  R 0  R R  8  
16 G l i 4  1 2 t O R 0  0  @ 8  0  0 D R  D  
66 6 E L  1 2 5 4 2 2  R R 0 R 0  0 8  0 
'IG 6 E l . 2 7 6  O D  0  8 0  @ @ 0  0  R  

I t 5  6 E 9  2 I 0 9 8 0  R  R  0  8 8 A 0  0  
I!!. 6 El1 Z 144 8  B 0  0  0  @ 0  0  8 8 

61 7 E Z  1 1 9 3 a R  0 @  I I 0  0 @  8  
71 ? E 4  t 2 2 1 8 0  8 0 1  I 0  0 0  R  
U I  . l t b  I 2 6 5 8 0 0  R I I R  0  0  0  
31 1 E l  2 1 7  8 0  8 0  0  8 0  8 8 . 0  

I B I  7 E 9  2  11% R 0  0  0  1 I R  R  R 0 



CC FSC , SI~RLLING SPRLLING SPflLLlNG 
SORI $[If11 Wi TM'E SEU 1 2 3 

8. N I # ZSLRDS Y LSLRRS I LSLIIRS R i(SLRRS I SSLRUS 

14 R I I 2  1 I34 O . Q  0 0 0 . 0  0 0 0 0 
i 8  B E 4  f r c j a 0 - 0  0 R Q 0 0 R 0 0 
110' B E 6  I ?G& 0 R B 0 0 0 0 0 Q 0 
' ) & B . E 7  2 7 8  0 0  0 0 0 Q 0 Q 0  0 

188 B E 9  2 1 1 1 0 - 0  0 0 0 0 0 0 0 0 
118 B E 1 1  2 1 4 6 0 0  0 0 0 Q 8 0 0 0 

63 . I 1 9 5 Y ) R  R 0 0 0 0 0 0 0 
19 ' ) E l  1 2 3 1 R R  0 0 0 0 0 0 0 0 
113 '1 E6 I 0 'B 8 0 Q 0 0 0 @ 0 
'13 ' J E T  2 7 9  0 Q  R 0 I I 0  0 0 0 

3 E 9  2 1 1 2 0 Q  0 0 0 0 0 0 0 0 
113 7 E 1 1 2 1 4 7 0 0  0 0 0 0 R R R 0 

'I0 ir €2 I I'JG 0 Q 0 0 R 0 0 0 0 0 
B 8 I B E 4  1 2 3 2 0 0  B B 0 0 0 @ Q 0 
' i B I Q E 6  I 2 6 0 0 0  0 0 0 0 0 0 0 0 

r l o n ~ a ~ ~  2 8 0  8 0  0 . 0  1 I 0 0 Q 0 
1!0 IPJ 'E ' )  2 1 1 3 B 0  0 0 0 0 0 R 0 Q 
I;:@ i n  EII 2 140 0 0 o 0 0 R 0 n 0 0 

FAlCHES VRICIIES ~IR~UIICS 
0 F' P 

SWT Z RAER 5RFI . ZRRER SOFT ZIIIIEA 

0 @.OR 0 B Q 0 
0 0.00 0 0 @ 0 
0 0.M n 0 0 0 
0 8.00 0 0 0 Q 
0 0.88 0 0 0 0 
0 0.00 0 0 0 0 

n 0.00 8 0 PI % 
0 0.08 0 R 0 0 
n 8.W 0 0 0 0 
0 0.Q0 0 8 R 0 
0 0.0Q 0 0 0 0 
0 0.08 0 0 .  0 R 

0 0.00 0 0 0 0 
8 0.00 0 0 R 0 
0 0.00 0 0 R 0 
0 0.@0 0 0 0 0 
0 0.00 0 0 0 0 
R 8.00 Cf 0 0 .  0 



PKXDEX, INC. SPOKANE, YA SEPT. 1989 
IOHA 0EIlOHS~RATION 

'F' ROAO STORY ROAO E - 41 EAST 

SORT SORT SE6 SEE lAPE 
8 f I 

3 1 FS 363 1 
4 1 F7 177 2 
5 1 f9 21% 2 
6 1 F I I  259 2 

1 2 F I  219 1 
2 2 F3 321 1 
3 2 F5 364 I 
4 2 F7 118 2 
5 2 f 9  219 2 
6 2 F i l  260 2 

1 3 11 280 1 
2 3 F3 322 I 
3 3 F5 I S  I 
4 3 F7 179 2 
5 3 f3 220 2 
6 3 F l 1  261 2 

I 4 F I  281 I 
2 4 f 3  323 1 
3 4 FS 366 1 
4 4 F7 180 2 
5 4 f 3  221 2 
6 4 fll 262 2 

5 5 f 9  222 2 
6 5 F l l  263 2 

ALLlGAiOR FEET LONGI'IUDINAL FEET 

L l l H  
X I I  
1 x 1  

80 I 4  Q 
93 23 0 
95 21 0 
81 30 0 

94 22 0 
K K K  

65 37 0 
83 27 0 
93 21 0 

121 18 0 

65 19 0 
75 15 0 
46 30 0 

102 13 0 
68 16 0 
72 22 0 

152 44 0 
199 19 0 
165 38 5 
200 25 0 
Ill 34 0 
164 35 0 

281 54 0 
313 59 0 
242 68 0 
286 40 0 
329 44 0 
301 48 0 

TRANSVERSE I PATCHES SQ FEE1 

L l l H  P I  P2 
1 1  1 X 1  
1 1  1 1  I 

59 2 0 0 0 
53 3 0 0 0 
60 1 0 0 0 
50 4 0 0 0 

50 4 0 0 0 
K X X  I K 

52 3 0 0 0 
55 4 0 0 0 
57 2 0 0 0 
60 4 0 0 0 

50 3 0 0 0 
53 4 0 0 0 
52 3 0 0 0 
56 2 0 0 0 
50 3 0 0 0 
52 4 0 0 0 

ST 5 0 0 0 
60 7 0 0 0 
59 4 0 0 0 
66 6 0 0 0 
51 8 0 0 0 
57 6 0 0 0 

60 4 0 0 0 
70 10 0 0 0 
68 5 0 0 0 
11 8 0 0 0 
71 6 0 0 0 
67 8 0 0 0 



1 9 Ft 286 I 
2 9 f4 328 I 
3 9 FS 371 1 
4 9 F7 185 2 
5 9 F9 226 2 
6 9 F11 261 2 

1 10 F I  281 I 
2 10 f 3  329 I 
3 LO f5 312 1 
4 10 F7 186 2 
S 10 F9 227 2 
6 10 F I I  268 2 

LO#OIWIWIU FEET 

36 4 0 
KS S 6 
: 62 3 0 
' 6 4  2 0 

60 4 0 
u i a  

39 4 0 
54 4 0 
$7 3 0 
69 I 0 
6s 2 0 
74 t 0 



PAVEDEX, INC. SPOKANE, WA SEPT. 1989 
IOUA DEIlOHSTKIiTIOH 

'F' ROAD STORY ROAD E - 41 YES1 

.. ,. ..,", : % ,;: ;'... 
8 :. , . .. , ... .. 

SORT SORT SE6 SE6 TAPE ' ALLIGATOR FEET LON~ITUDINAL FEET TRANSVERSE PATCHES SO fEET 

7 6 F2 293 I 0 0 0  57 6 0 43 6 0 
8 6 F4 337 1 0 0 0  48 8 0 41 5 0 
9 6 f6 379 1 0 0 0 41 9 0 41 8 0 

10 6 FB 192 2 0 0 0  29 8 0 38 4 0 
11 6 F10 234 2 0 0 0  10 10 0 40 5 0 
12 6 F12 275 2 0 0 0  9 9 0  45 7 0 

7 7 f 2  294 1 0 0 0 0 0 0  26 10 0 
8 7 F4 338 1 0 0 0  7 0 0  27 10 0 
9 7 F6 380 1 0 0 0  0 0 0  39 6 0 

10 7 F8 193 2 0 0 0 0 0 0  35 5 0 
I 1  7 FIO 235 2 0 0 0  0 0 0  27 7 0 
12 7 F12 276 2 0 0 0  0 0 0  33 9 0 



'I" ROAD STORY ROAD E - 41 

SORT SORT SE6 SE6 TAPE 
I t i 

ALLIGATOR FEET 

L II H 
0 0 0 
0 0 0 
0 0 .  0 
0 0 0  
0 0 0 
0 0 0  

LONGITUOINAL FEET TRANSVERSE I PATCHES 6% rEET 



PAVEDEI, 1NC. SPOKANE, UA SEPI. 1989 
IOUA DEiIONSTRATION 
ROAD '6'  US 69 NORTH 

SORT SORT SE6 SE6 TAPE ALLIGATORS FEET LONGlTUDINAL FEET TRANSVERSE I PATCHES SQ FEET 
I I II L 1( H L n H L l f H  P I  P 2  



SORT SORl SEG SE6 TAPE 
t t I 

ALLIGATORS FEET 
L I H 

NORTH (CONT! 

LONGITURINAL FEET 
L n H 

TRANSVERSE i 
L . l  H 





SORT SORT SEG SE6 TAPE 
t 4 u 

ALLISA'IORS FEET 
L I H  

LONGlTUDlNAL FEET 
L I H 

PATCHES SB FEET 
PI P2 



PIIVEDEZ, IIIC. s~ov,u:%! VR SEP.I. ~ a o v  
ru1.m o ~ ~ u n s r ~ n f r u t ~  

"r RWD LINCOLN WRY EPFT 
, .. 

SURl SO91 SEG TilR SEG 
11 U t 

CC T S C  SPULLIffi SFRLLII>% SFQLLING ' FflTCNES MIlCliES PflTCILS 
I 2 3 6 F P 

# LSUIHS # ZKL!I@S 1 %SLRtlS I %SWlRS II %SLflPS SOFT X nREU SUFI %ORER SUFI $flREfl 



PMiE 2  
"H" RUfl1) LlllCMN IHlY EflST IW11 

SPRLLING SPRLLINO BMILLIMI 1RICIIEB FRTEHEG CRlEHES 1% 
I e 3 o F P 

1 ZS!Rffi II #%RBS X ZSUIDS SF1 l nRER SGfT ZRRCR SOFT XRRER II IBRlc'i 

1 1 4 4 1 1  R 8.00 0 Q . 0 8  0 B . W  4 4 
1 1 5 6 1 1  0 8.00 BB.$Q B 0 . W  3 4 
Q B 4 1 I  R @.OR 0 0 . 0 8  0Q.08 3 4 
1 1 4 6 3 4  0 9.08 B Q.W B Q . ~  2  3 
2 2 2 2 4 5  B 0.0B Q @-88 0 Q . 0 0  2 2  
1 1 5 6 1 1  0 B.08 Q 8.M R 8.00 3 S 

o R 3 3 2 2 B B . Q O  ~ Q . Q Q  e e . s e  O Q  
B 0 1 1 1 I  0 %.@0 B 0.W 8 8 . W  0 R 
Q B J 3 2 2  8 0 . ~ 8  0 8 . m  B R . M  B 0 
O R 2 3 3 5  B 8.09 B A Y  B 8 . M  B 0 
@ 0 I I 3 3  0 B.@B B 8.88 B 8.M 0 Q 
@ A 0 0 3 4  0 0.M 0 8.M 0 R.W 0 0 

0 8 4 4 4 4  0 8.86 0B.QB 0 Q.88 0 R 
B B  4 4 5 5 8 0 . M  B 9 . W  @@.'a B R  
8 %  5 7 6 8 8 8 . 8 8  8 B . W  0 8 . 8 8  R B  
8 0  4 7 7 H  0 8.00 6 8.M 0 0.00 8 0 
1 1  6 8 4 5 9 0 . Q 0  8 B . W  8 8 . 6 0  0 R 
0 8  5  6 6 8 0 Q.W 80.BQ 8 R.RB 0 0 





PflEE 2 
"H' AUlD LII&ilUi I Y  VEST ICGtII) 

. . . , 

., , CC FSC SPWIIIG SPULLING SPRUING PRICHES FRfCHiS VRTCtIES ' l!iC 
CJORI m11' SES TWE SEC 1 2 3 G F P 
u t s a lcs~n~s R ;(SLRDS fi ZSL~BS I Z S L ~ ~ S  I X S L ~ ~ S  WT % RREII SOFT MREA SOFT XRRER s xs~ne:;  

! 



P:RW~EQ INC. SPDKRNE; UR SEFT 1981 '. 

lWlil D E ~ G t 6 I ~ l l l I O ~  
* IU  RWlD WRIENSUN RDFD EffiT 

Sl1111 IiURl SEG TilPE SEO 
(1 8 R 

7 1 I 2  1 481 
8 1 1 4  1 411 
9 1 16 1 421 

IP 1 10 2 396 
I! I 1 1 0 2  366 
I I ! : 376 

7 2 I% 1 482 
(1 2 1 9 1  412 
'J 2 It 1 422 

18 2 I 0  2 337 
11 2 1182 367 
li 2 112 2 377 

1 3 l e  I 403 
J 3 l q  1 413 
'9 3 I 6  I 423 
I@ 3 I8  ;! 358 
l i  3 118 2 368 
I 3 I l 2 2  375 

7 4 I 2  1 4(14 
n r 14 I 414 
'J 4 16 1 @il 

It' 4 I0 2 359 
I 1  il J I B 2  a53 
1;. 4 112 2 a3 

7 S li: I 405 
ti 5 11 1 415 
P 9 11. I bi5 

1 0  S 18 i 360 
11 9 11i?;: 378 
I ?  5 I I?  2 300 

cc FSE SPILLING SP~LLING SCRLLI~~~~ . P~TRTCIIES PRICIIES P~IUICS 
1 2 3 0 F C 

I XCLMS 8 znnss t m o s  a annes as~nes suir r SPFT ~ R E R  SUFT XRRER 



LeOVtUtX, 1L. SYU%tl%?IE, UH StV1  IYd'l 
1Ukil !JtKUIlSl ti!4IIUN 

"I" HUIID HURTENSON RORD E S T  

. . ,. !i!tR1 6081 5t.G iFlT SEG 
.,. 

2 'j I I t 

W: FBC SPRLLI~G SPRLI.ING PALLI~V PRIUIES r n r c ~ i e  mro~~s 
1 2 3 G F P 

II ZSLRRS 0 ZWBS t rsLnus t E~LRBS t XSLRBS SUFI z ~ R E R  snFr MRCR SIKT RIIER 



APPENDIX C: STATISTICAL ANALYSIS RESULTS 



STATlSThC , CHECK RIGID PAVEMENTS 
! 

, . . .  
TEST TIME cc FSC SPALLING SPALLING SPALLING PATCH PATCH PATCH TSC 
SECTION HWRS , . . 1 2 3 G F . P  
A NORTH 1400 TOTAL 0 60 0 ' 2 0  3 360 0 0 47 

MEAN 0 20 0 6.67 1 120 0 0 15.67 
STD DEV. 0 1.73 0 0.58 0 0 0 0 1.53 

1800 TOTAL 0 . 71 2 31 3 300 0 0 40 
MEAN 0 23.67 0.67 10.33 1 100 0 0 13.33 
ST0 DEV. 0 3.51 0;58 1.15 0 17.32 0 0 1.15 

8 NORTH 1300 TOTAL 0 6 d 0 0 0 0 0 0 
MEAN 0 2 0 0 0 0 0 0 0 
ST0 DEV. 0 0 0 0 0 0 0 0 0 

930 TOTAL 0 b 4 0 0 0 0 0 0 
MEAN 0 2 1.33 0 0 0 0 0 0 
STD DEV. 0 0 1.15 0 0 0 0 0 0 

E NORTH 1530 TOTAL 12 12 11 3 0 0 0 0 0 
ME AN 1 4 3.67 1 0 0 0 0 0 
STD DEV. 0 1 0.57 0 0 0 0 0 0 

1045 ,TOTAL 2 '  . 8 . :? "? 6 0 0 0 0 0 
MEAN 0.67 2.67 2.33 2 0 0 0 0 0 
STDDEV. 0.58 1.15 1115 ' 0  0 0 0 0 0 



STAT lST iC  CHECK RIOlO, ', PAVEMENTS 
. . . 

TEST TIME CC FSC SPALLINC SPALLINO SPALLlNG PATCH PATCH PATCH TSC 
SECTION HOURS 1 2 .. . . G  f: - P  
E SOUTH 1530 TOTAL 0 3 3 . 5 '  0 .  0 0 0 0 

MEAN 0 1 1 1.67 0 . O  0 0 0 

1045 TOTAL 0 2 3' 5 0 . 0 0 0 0 
MEAN 0 0.67 1 1.67 0 0 0 0 0 
ST0 DEV. 0 0.58 f 1.15 0 , 0 .  0 0 0 

H EAST 1645 TOTAL' 10 34 22 93 45 120 0 5760 43 
MEAN 3.33 l l i 3 3  7.33 . 31' 19 40 0 :I920 14.33 
ST0 DEV. $ 3  2.52 1.53 2.65 1.73 8.66 0 90 2.08 

. . 
1130 TOTAL 7 34 21 81 77. 120 0 5910 46 

MEAN 2.33 11.33 7. 27 2 1 . .  4 0  ' 0 1970 15.33 
ST0 OEV. 1.53 1.15 1 1 .  6.56 8.66 0 60.62 2.31 

1645 TOTAL 4 20 39 37 ' 'IB. - .  310 ' 0  . 6530 22 
MEAN -1.33 6.67 13 12.33 . . 6 1b i33 '  0 2176.67 7.33 
sio DEV. 1.53 0.58 2 .  1.15 1 36-66 o 27.54 1.15 

. . 
1130 TOTAL 4 26 25 ' 59 26 285 0 6645 35 

MEAN 1.33 8.67 8.33 19.167 8.67 95 0 2215 11.67 
ST0 DEV. 0.58 2.81 0.58 ' 1.5% 0.58 22.91, 0 56.79 1.53 

I WEST 1715 TOTAL 3 2 8  14 17 3 .  0 0 0 0 
MEAN 
ST0 DEV. 

1330 TOTAL 
MEAN 
ST0 OEV. 

I EAST 1715 TOTAL 
MEAN 
ST0 OEV. 

1330 TOTAL 
MEAN 
ST0 OEV. 



STATISTIC CHECK FLEXIBLE PAVEMENTS 
TEST TIME ALLIG. LONG. LONG. LONG. TRANS TRANS TRANS PATCH PATCH 
SECTION HWRS LOW LOU MEDIUM HIGH LOW MEOIUM HIOH 1 2 
C SWTH 1150 TOTAL 0 12 0 0 291 0 0 45 90 

MEAN 0 4 0 0 72.75 0 0 15 30 
STD DEV. 0 3.46 0 .  0 48.86 0 0 0 0 

945 TOTAL 0 18 : 0: 0 2% 0 .  0 45 .W 
MEAN 0 6 0 0 96 0 0 12 30 
STD OEV. ' 0 1 0 0 2 0 0 .  0 0 

D NORTH 1530 TOTAL 299 '3140 229 0 1015 30 0 0 0 
ME AM 99.67 1046.67 76.33 0 333.33 10 0 0 0 
STD OEV. - 19.86 86.17 36.12 0 8.96 4.36 0 0 0 

1045 TOTAL 119 3077 92 0 1081 13 0 0 0 

D SOUTH 1530 TOTAL 1677 4618 157 0 1219 6 0 0 0 
MEAN 599 1539.33 52.33 0 406.33 2 0 . .  0 0 
STD OEV. 25.12 146.96 38.08 0 12.42 0 0 0 0 

1045 TOTAL 699 6869 36 0 1270 0 0 0 0 
MEAN 233 2289.67 12 0 423.33 0 0 0 0 
STD DEV. 39.85 441.36 11.53 0 14.47 0 0 0 0 

F UEST 1645 TOTAL 0 4012 438 0 1526 207 0 0 0 
MEAN 0 1337.33 146 0 503.67 69 0 0 0 
ST0 DEV. 0 35.92 13.07 0 6.66 1 0 0 0 

1130 TOTAL 
MEAN 
ST0 DEV. 

F EAST 1645 TOTAL 
MEAN 
STD DEV. 

G SOUTH 1730 TOTAL 
MEAN 
ST0 DEV. 

1145 TOTAL 
MEAN 
ST0 DEV. 



STATISTIC CHECK FLEXIBLE PAVEHENlS 
TEST TIME ALLIG. LONG. LONG. LONG. TRANS TRANS TRANS PATCH PATCH 
SECVIQN HWRS LOU LOU MEDIUM HIGH LOU MEDIUM HIGH 
G N ~ R T H  1730 TOTAL 

1 2 
615 15135 6477 1133 2356 801 246 0 

MEAN 
870 

205 5045 2159 377.67 785.33 268 82 0 290 
STD DEV. 44.44 82.16 45.57 8.08 62.58 32.07 13 0 17.32 

1145 TOTAL 448 15351 5236 945 2330 716 211 0 
MEAM 

060 
149.33 5117 1745 315 776.67 238.67 70 0 320 

STD DEV. 27.13 150.63 238.67 10.39 91.66 23.02 2.51 D 17.32 

STATISTIC CHECK SHOULDERS 
TEST TIME ALLIO. LONGIT. LONGIT T R A ~ V  TRANSV PATCH 
SECTION XWRS LOU LOU MEDIUM LOU MEDIUM 1 
00 SHLDR. 1330 TDlAL 62 798 18 305 15 0 

HE AN 20.67 266 6 101.67 5 0 
SID DEV. 4.16 7.55 0 1.53 0 0 

CC SIILDR. ' 1345 TOTAL 0 7 0 310 2 391 
: 

MEAN 0 2.33 0 103.33 0.67 130.33 
STD DEW. 0 4.04 0 3.06 1.15 14.74 




