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Profilograph Operator 
Qualification

MoDOT

Introduction
• The course objective is to provide you with 

MoDOT-qualified profilograph operator 
status through…
– Classroom presentation.
– A written test consisting of 26 questions.
– Proficiency demonstration with a profilograph.

HISTORY

• The first California 
profilograph was 
constructed in 1940 by 
the Materials and 
Research Division of the 
California Division of 
Highways.

• Over the past 50 years of 
use, the length has varied 
from 10 to 25 feet.
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• The current California-style profilograph is a 
low-speed, hand-propelled device with twelve 
support wheels and a measuring wheel 
arranged so all wheels follow one of three 
wheel paths spaced about fifteen inches apart. 
The wheels are staggered so no two wheels 
travel over the same bump at the same time.

5

• MoDOT chose the California style 
profilograph because it was relatively low-
cost and easy to use.

DEFINITIONS
• The profilograph is a machine which 

produces a profilogram.
• The profilogram (trace) is the graphical 

representation of the profile of the  roadway 
surface.

• The profile index is an average count of 
inches per mile of scallops from a profilogram.

• An analysis is the calculation of the average 
profile index of the entire collection run.
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• In Quality Assurance (QA) Profilographing 
MoDOT performs tests and evaluations on a 
randomly selected section of a project, which is 
10% of the Quality Control length at a minimum, 
to assure the accuracy of the contractor’s quality 
control tests.

• In Quality Control (QC) Profilographing the 
contractor performs normal quality control testing 
and evaluation.  These results are used to assess 
bonus or penalty adjustments, provided they 
compare favorably with MoDOT’s randomly 
selected assurance tests.

• A section is defined as where paving begins and 
ends at a day’s work joint, a bridge or other 
interruption as designated by the engineer.

• A segment is a portion of a section, 0.1 mile.

9

MoDOT Test Method 59

• TM 59 describes the procedure for 
determining the profile index of pavement 
using the Ames California type profilograph 
with automated trace reduction.

• Other types of pavement profiling devices 
may be used if they are approved in 
advance by MoDOT and operate within 
specification tolerances in the field. 
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MoDOT Test Method 59
• Before automated trace reduction was 

developed, profilograms were evaluated 
manually using a blanking band and bump 
template.

• Manual reduction was subjective and the 
analysis was not consistent between 
operators.
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Example of a “zero blanking band”

12

Example of a bump template
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MoDOT Test Method 59

• MoDOT uses “zero blanking band” by 
specification.

• The default setting for many manufacturers 
is a blanking band other than zero.

• This is a frequent source of error and 
unfavorable comparison between QC and 
QA.

14

MoDOT Test Method 59
• MoDOT specifications require 

automated reduction.
• By specification, bump height 

should be 0.4 feet in a distance 
of 25 feet.  The default setting 
of some manufacturers is 
different.

• The output from the 
profilograph should identify 
presence of bumps.
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TM-59 requires a low pass filter setting 
between 3 and 4.  These are typical settings 
for automated Ames profilographs but other 
settings may be acceptable if they are 
verified during annual calibration and 
documented on the calibration certificate.

The Low Pass Filter filters out undesirable 
chatter.

MoDOT Test Method 59 
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Settings for Profilogram 
Evaluation

• Settings must match certificate of 
calibration provided by MoDOT at the time 
of calibration.

• Settings for Ames Automated Profilogram 
Evaluation

• Low Pass Filter: 3 - 4 (ft.)  (typical)
• High Pass Filter:  0.00 (ft.)
• Scallop Rounding: 0.01 (in.)
• Height for Grind Point: 0.4 (in.)
• Bump Width: 25 (ft.)
• Band Width: 0.001 (in.)

– (computer requires an entry other than zero)
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Common Errors

• Profiling devices that incorrectly measure 
horizontal distance will yield inaccurate 
results.  Verify horizontal calibration every 
day per manufacturer’s instructions.

• Profiling devices that incorrectly measure 
vertical distance will yield inaccurate 
results.  Verify vertical calibration every 
day per manufacturer’s instructions.
– Both verifications should be performed each 

time the machine is assembled.
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MoDOT Specifications

• 403.20  Profilographing is required on the surface 
course on all resurfacing work containing leveling 
course, cold milling or multiple course 
construction.  Profilographing is not required on 
single lift overlays

• 403.20.2  Refers to Section 502 for profilograph 
requirements.  Concrete and asphalt pavements are 
now evaluated under the same criteria.
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MoDOT Specifications

• 502.8.2  Profilographing is required for all 
mainline, auxiliary lanes and ramps for 
projects consisting of least 0.5 mile of 
profilographable pavement.

• May be waived by RE for cause. 
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MoDOT Specifications 

• 502.8.2.2 lists exceptions.
• (a) Bridge decks, approach slabs and 

approach pavements are excepted.
• (b) Short radius horizontal curves will rarely 

have profilographable pavement.
• (c ) Sharp vertical curves will rarely have 

profilographable pavement.

21

MoDOT Specifications

• (d)  Lane width transitions are excepted.
• (e)  Fifty feet either side of fixed utility 

appurtenances such as manholes or valve 
boxes are excepted.

• (f)  Fifty feet either side of intersecting 
routes with matching grade requirements 
are excepted.
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MoDOT Specifications

• (g)  Shoulders are excepted
• (h)  Any lane which abuts an existing lane 

not constructed under the same contract are 
excepted.

• (I)  Interruptions designated by the engineer 
are excepted.  Interruptions designated by 
the contractor will be handled as “Short 
Sections”

23

MoDOT Specifications

• (j)  The last 15 feet of any section where the 
prime contractor is not responsible for the 
adjoining surface.

• (k) The first or last 12.5 feet of any 
pavement section adjoining any previously 
described exception.
– This is to account for a 25 ft. Ames machine.
– Profiles to be measured taking the wheels to the 

edge of the section, regardless of length.

24

MoDOT Specifications

• 502.8.3  The profilograph must be either a 
California type or an inertial type that 
produces results that meet the specification 
requirements for comparison.

• 502.8.4  All profilographs must be 
calibrated at least annually  on a section 
designated by MoDOT.  Must be within 2.0 
inches per mile.
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MoDOT Specifications

• 502.8.4.4  The profilograph operator should 
furnish the certificate of calibration issued 
by MoDOT.

• 502.8.4.5  Reduction settings shall be those 
used during calibration.  Changes to the 
reduction settings require re-calibration

26

MoDOT Specifications

• 502.8.5.2  Testing must be performed by a 
certified operator.

• The operator will furnish the profilogram 
and the profilogram evaluation to the 
engineer no later than the end of the next 
working day.  Standard forms are available 
(some software packages do this 
automatically)

27

MoDOT Specifications

• 502.8.5.3  The engineer should test approximately 
ten percent of the pavement for Quality 
Assurance.  Comparison should be within 3.0 
inches per mile.

• 502.8.5.11  Sections will be divided into segments 
of 0.1 mile.  If the last segment is greater than 250 
feet it is considered a segment.  If less than 250 
feet, include in evaluation of adjacent segment.  In 
other words, the last segment could be as short as 
251 feet or as long as 778 feet. (see examples)
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MoDOT Specifications

• 502.8.5.12  Short Sections are relatively 
uncommon and consist of independently 
placed short lengths of pavement.  Follow 
the letter of the specification in these cases.

• 502.8.5.14  Requires calculation of profile 
index for each segment and for the overall 
section.

29

MoDOT Specifications

• 502.8.6.1 if an average profile index of 45 inches 
per mile for pavements having posted speeds 
greater than 45 mph or 65 inches per mile for 
pavements having posted speeds of 45 mph or less 
is exceeded, paving will be suspended until 
acceptable corrective action is taken by the 
contractor.

• 502.2.8.6.3 requires that bumps be corrected to 0.4 
inch in 25 feet or less.

30

MoDOT Specifications

• 502.15.3.1  If after applying the surface 
texture, the contractor elects to diamond 
grind the entire project, payment will be 
based on the profile index after diamond 
grinding.
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MoDOT Specifications

• 502.15.3.2  Continuous corrective action 
performed on the entire pavement width for 
a length of 0.1 mile (0.2 km) or more will 
not be considered a marred surface but will 
not be eligible for incentive.

32

MoDOT Specifications

• 502.15.3.2  Continuous corrective action 
performed on the entire pavement width of 
a section will not be considered a marred 
surface and will  be eligible for incentive.

33

MoDOT Specifications

• 502.15.3.2 defines how deductions and 
bonuses will be determined and calculated.

• Requires a profile index of 25 inches per 
mile or less if the posted speed is greater 
than 45 mph or 45 inches per mile if the 
posted speed is 45 mph or less.

• See appendix for examples of bonus/deduct 
calculations.
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• Under the current specifications, both 
bituminous and concrete pavement are 
profiled near the center of each traffic lane.  

• The bonus or deduct for bituminous 
pavement will be calculated for each lane 
individually.  

• For concrete pavement, each traffic lane 
will be profiled and the average of the 
profiles used to calculate bonus or deduct.

General Requirements

• Profiling and payment for profiling apply to 
the traffic lane design driving width only, 
normally 12 feet, regardless of paving widths 
greater than the travel lane widths.

• When QC and QA reduced traces compare 
favorably, within 3 inches per mile, the 
contractor’s QC results are used to determine 
bonus or penalty payments.

• Bonus status is determined by profile index 
before bump corrections.

General Requirements

36

Conflict Resolution
• When QC and QA don’t agree, it is often 

due to incorrect computer settings on one or 
both machines.  Check those first.
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Conflict Resolution

• If troubleshooting efforts fail to resolve the 
difference, the test track at Linn is available 
to determine if machines are still working 
properly.  Contact Dennis Bryant or Brian 
Williams to make arrangements.  

• Do not attempt to enter test track without 
proper MoDOT escort!

38

Conflict Resolution

• Section 502.8.5.3 allows the engineer to test 
the entire length of the project if QC 
profilograms are not accurate.  The 
contractor will be charged $500 per lane 
mile if this option is used.

• After attempting to resolve unfavorable 
QC/QA match, MoDOT’s profilogram will 
be used if no apparent problem is 
discovered.

TEST TIME

Questions??













DEFINITIONS 
 
 
Purpose 
 
The purpose of this topic is to provide useful definitions to the user. 
 
Analysis – is the calculation of the average profile index of the entire collection run. 
 
Calibration Site, MoDOT – Currently the runway at the Linn State Technical College 
Airport (Warning: Do not attempt to enter test track without proper MoDOT escort.) 
Site used to certify all profilographs, both MoDOT and Industry, used on MoDOT 
projects. 
 
High Pass Filter – is often used to deal with the problem of sharp horizontal and vertical 
curves.  These types of curves create a very large wavelength bump on the profile that 
makes it difficult to properly place the blanking band on the profile.   
 
Low Pass Filter –filters out undesirable chatter from the profile trace. 
 
Profile Index – an average count of inches per mile of scallops from a profilogram. 
 
Profilogram or Trace – a geographical representation of the profile of the surface of the 
roadway.  A profilogram is recorded on a scale of one inch equal to 25 feet longitudinally 
and one inch equals one inch, or full scale, vertically. 
 
Profilograph – A machine produce a graphical recording of the pavement surface which 
can then be quantified and compared with specifications and standards to evaluate the 
relative smoothness of a pavement. MoDOT Profilograph – a machine with a frame 25 
feet in length supported on wheels at each end.  The profile is recorded from the vertical 
movement of a wheel attached to the frame at mid-point and is in reference to the mean 
elevation of the points of contact with the road surface established by the support wheels. 
(MoDOT also owns a motorized profilograph) 
 
Quality Assurance (QA) Profilographing – MoDOT performs tests and evaluations on 
a randomly selected section of the project, which is ten percent of the Quality Control 
length at a minimum, to assure the accuracy of the contractor’s quality control tests. 
 
Quality Control (QC) Profilographing – the contractor performs normal quality control 
testing and evaluation.  These results are used to assess bonus or penalty pay adjustments, 
provided they compare favorably with MoDOT’s randomly selected assurance tests. 
 
Reduction Length – is equal to a segment, 528 feet. (See also, Segment) 
 
Scallops – excursions of the road surface above and below the mid-point of the 
transparent scale. 
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Section – a section is defined as where paving begins and terminates at a day’s work 
joint, a bridge, or other interruptions designated by the Engineer.  Sections are divided 
into segments. 
 
Segment – a segment is defined as 0.1 mile. (See also, Reduction Length) 
 
Station,  Down – if the beginning Station is greater than the ending Station, the 
stationing is considered to be “going down.” 
 
Station, Up – if the beginning Station is less than the ending Station, the stationing is 
considered to be “going up.” 
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C lass II, Class III, Safety Apparel:What’s the Difference?

Background Material – Colored fluorescent material 
intended to be highly conspicuous, but not intended to 
comply with the requirements of this standard for retro-
reflective material. Basically, this is the main material of 
which the garment is constructed.

Fluorescent Material – Material that instantaneously 
emits optical radiation: simply put a highly visible, bright, 
material.

Retroreflective Material – Material that is a reflector 
and is either 1) not intended to comply with requirements 
of this standard for background material, or 2) is a com-
bined performance, retroreflective material: to further 
clarify, the material should provide reflectivity in low 
light conditions and reflect light back to a light source in 
nighttime conditions.

 Note: The retroreflective material is measured by its ability 
to return light back to its source and is expressed in either 
Level I or Level II. Level II is the optimum measurement.

Confused ?
Determining the difference between Class II and Class 
III safety apparel is actually a lot simpler than it seems. 
While the type, the size of garment and the size the 
wearer determine the total area of visibility, it is the in-
tention of the standard that Class II and Class III apparel 
conform to the following specifications:

Class II Apparel – Performance Class II Apparel should 
provide superior visibility for wearers by covering the 
torso area. Class II apparel should consist of a minimum 
of 775 square inches of background material and at least 
201 square inches of retroreflective material.

Class III Apparel - Performance Class III Apparel should 
offer greater visibility for the wearer in both complex 
backgrounds and through a full range of body motions. 
This is accomplished by requiring additional background 
and retroreflective material. Class III requires a minimum 
of 1,240 square inches of background material and at least 
310 square inches of retroreflective material.

Note: The best way to know if your garment meets the 
standard is check the tag on the inside of the collar. The 
tag should state whether the apparel is Class II or III.

MoDOT  
Requirements
MoDOT policy requires 
the use of a minimum 
Class II, Level II vest 
or shirt for all daytime 
operations that take place 
on MoDOT right of way. 
According to MoDOT 
policy, Class III Safety 
Apparel (both the MoDOT 
approved Class II, safety 
vest or shirt and Class E 
pants) shall be worn under 
the following conditions:

1. Working on MoDOT 
right-of-way from one-half hour before sunset to one-half hour 
after sunrise.

2. Working nighttime field operations on MoDOT right-of-way 
including, but not limited to, highway maintenance and con-
struction work zone activities, and during all flagging activities. 

During inclement weather the MoDOT-approved rain suit may 
be used in lieu of the Class III Safety Apparel.

Note: Flaggers shall wear MoDOT- approved, high-visibility 
headwear during both daytime and nighttime hours.

The entire policy concerning Class II and Class III apparel can 
be found in the Risk Management Manual Section 1.6.

Can I Purchase My Own Safety Apparel ?
Yes, if MoDOT doesn’t already provide the clothing such as 
sweatshirts, jackets, etc. However, if you intend to wear the 
apparel while working on MoDOT right of way it must meet 
MoDOT specification, be a minimum of Class II, Level II and be 
worn with Class E pants for nighttime operations. Again, check 
the tag, if it doesn’t state Class II, Level II or Class III on the tag, 
it does not meet MoDOT policy requirements.

Still Confused ?
For further clarification on MoDOT policy and minimum re-
quirements for safety apparel talk to your supervisor or contact 
your district safety and health manager.

Before we can discuss the difference, here are a few American National Standards Institute (ANSI) 
terms we should define first:



Here are some everyday steps you can take to 
ensure work-zone safety.

1. Prepare or review a traffic-control plan 
for each work zone following the Traffic 
Control for Field Operations Manual.

2. Have a safety meeting before heading out 
for the job. Discuss the safety hazards 
and make sure each person knows what is 
expected of them.

3. Check your equipment. Make sure that all 
signs and cones are clean, flaggers have 
orange caps and safety vests are not 
faded or dirty.

4. If the situation 
changes, adjust 
your work-zone 
plan so that 
it will ensure 
the maximum 
protection for all 
crew members.

5. Never perform work 
outside of the work zone.

Hopefully, the campaigns conducted by 
the FHWA and state DOTs will encourage 
motorists to be more attentive in work 
zones. Please do your part and make sure 
your work zones are as safe as possible.

The Federal Highway Administration has declared 
April 7 -11 as Work-Zone Awareness Week. Take 
this time to:

• Review safe work-zone practices.

• Prepare for the maintenance 
and construction work that 
will soon be at full speed; and

• Inform the public of work-zone 
dangers.

Here are some statistics that illustrate 
the importance of work zone safety.

• From 1997 to 2001 the number of persons 
killed in motor-vehicle crashes in work 
zone increased from 693 to 1,079. That’s a 
55 percent increase.

• Of the 1,079 deaths in 2001, 249 involved 
large trucks.

• Since 1945, the Missouri Department of 
Transportation has lost 67 employees in 
work zones.

• Every year, 40,000 people are injured 
in work-zone crashes.

MoDOT sets up traffic-control measures at 
work zones to provide safe and efficient 
movement through or around the zone.
Drivers aren’t expecting to see these 
temporary traffic-control measures.  
Because highway-related work is 
performed in conditions requiring 
caution, it’s important that the controls 
being used are carefully planned and 
carried out to ensure the highest 
level of protection possible.

April 2003

Targeting Work-Zone Safety
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More On Work Zone Awareness

“Hey, I was 10 minutes late because of MoDOT.” 
We celebrated Work Zone Awareness Week April 4-8, and we’re using media outlets and other 
avenues to prepare the public for our work zones. 

safety level.  Please tell your friends, neighbors and 
relatives to:

 n Be alert to directions and warning signs where posted.
 n Slow down, and obey speed limits.
 n Do not use cell phones while in the work zone.
 n Be prepared to stop and change lanes properly.
 n Have a designated driver when alcohol   
  consumption is expected during an event.
As MoDOT employees, we all have a duty to make 
the motoring public aware of work zones.  Awareness 
is the key to us all going home safely.  We can make a 
difference in the way people think about work zones! 

Work Zone Statistics
In a work zone-crash, the motorist is most likely to 
be killed or injured.  It only takes one irresponsible 
motorist to cause a fatal accident.

 n More than 40,000 Americans across the United  
  States are injured in a work zone each year.
 n In 2004, three of our co-workers died and 69  
  were injured in work zone crashes.
 n In 2003 one person was killed or injured in a  
  Missouri work zone crash every 5.5 hours.

Now the season is upon us.  Work zones will continue 
to pop up across Missouri highways as summer 
driving hits full throttle.  This can be a highly 
hazardous combination.
Motorists are beginning to feel the delays, and you 
may have heard some personal opinions on our work 

zones at family barbecues 
and community functions.  

Now is the time we need 
to be at our very best at 
setting up work zones 

and keeping the traveling 
public informed.
Take every opportunity to 

protect motorists and our co-
workers.  Inform family, friends 

and neighbors of delays.  Make them aware of 
locations, project duration and daily trip delays 
for work zones in their travel routes.  Let them 
know they can call 1-888-ASK-MODOT or go 
to www.modot.org/workzones/ to get the latest 
information on work zones.

Cause of Work Zone Crashes 
Statistics show the following to be the causes of most 
work zone accidents.

 n Inattention and reckless or impatient driving.
 n Excessive speed.
 n Improper lane change.
 n Drinking or drug use.

Key Points for Driving Through a Work Zone
Work zones are set up to continue the flow of traffic as 
near to normal as possible, while assuring the highest 
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Beginning January 2006, MoDOT will imple-
ment the work simulation program. A job 
analysis was conducted throughout the state 
in order to accurately 
gather data concerning 
the weights of equipment 
& materials routinely 
used by MoDOT Crew 
Workers and Seasonal 
Maintenance Workers. 
During this process a number of extremely 
heavy items were identified. Most of the items 
weighed were deceptively heavy. In other 
words, the individuals who had to lift the item 
thought it weighed less than it’s actual weight. 
Here are some of those items. See if you know 
the correct answers.

1. How much force is required to close a 
 single axle dump truck tailgate?
 A. 53 lbs   B. 107 lbs   C. 141 lbs
2. How much does a bucket of 3/8 proof   
 coil chain weigh?
 A. 70lbs  B. 100lbs  C. 80lbs  
3. How much does a dump truck tire weigh?
 A. 210lbs  B. 157lbs  C. 175lbs

Answers: 1C, 2B, 3A

Practice Safe Lifting
One of the easiest ways to get hurt when lifting an 
item is to under-estimate its actual weight. Also, keep 
in mind that a back harness/brace merely provides a 

degree of support for your 
back. It can sometimes give 
you a false sense of secu-
rity, which leads to lifting 
beyond your capacity.
It seems appropriate to take 
this opportunity to review 

the safe lifting procedures listed in the Safety Policies, 
Rules and Regulations Employee Handbook.  There are 
some good ideas to remember when lifting or thinking 
about lifting objects. 
n  Improper lifting or attempting to lift loads greater 

than fifty pounds contributes to many injuries 
each year.

n  Think before lifting. Size up the load and deter-
mine if additional help is needed to safely handle 
the load.

n  Bend your knees 
and bring the ob-
ject as close to the 
body as possible.

n  Keep your back 
as straight as 
possible and lift 
with your legs.

n  Setting the load down is as important as picking it 
up, so lower the object slowly by bending the knees 
not the back.

n  Avoid awkward positions.

A 28’x22’x1’ 4 piece sign weighs 76lbs

One of the easiest ways to get 
hurt when lifting an item is to 
under-estimate its actual weight.

A good rule of thumb is “when in doubt, have 
someone help out” 



TM-59 
(Page 1 of 9) 

(Rev. 12-12-03) 

 MATERIALS 

MISSOURI DEPARTMENT OF TRANSPORTATION 
MATERIALS DIVISION 

JEFFERSON CITY, MISSOURI 
 

TEST METHOD 
MoDOT T59 

DETERMINATION OF THE PROFILOGRAPH INDEX 
 
1.0  SCOPE.   This method describes the procedure for determining the profilograph index of 
portland cement concrete pavement and asphaltic concrete surfaces. 
 
1.1  This method is for determination of profilogram index in english units only, not metric. 
 
2.0  APPARATUS.  The profilograph shall consist of a frame twenty-five feet in length 
supported upon wheels at either end.  The profile shall be recorded from the vertical movement 
of a wheel attached to the frame at mid-point and in reference to the mean elevation of the 
points of contact with the road surface established by the support wheels (see Figure 1). 
 
2.1  The profilogram shall be recorded on a scale of one inch equal to twenty-five feet 
longitudinally and one inch equal to one inch, or full scale, vertically. 
 
2.2  Motive power may be provided manually or by use of a propulsion unit powered with a 
gasoline engine using the manufacturer’s towing option.   In operation, the profilograph should 
be moved at a speed no greater than a walk (about 4.5 mph)  (Excessive speed will increase 
the profilograph index count.) 
 
2.3  Calibration of the profilograph shall be checked  as follows: 
 
The horizontal scale is checked by running a known distance and scaling the result on the 
profilogram.  This shall be conducted at least annually at the MoDOT approved test site.  If the 
scale is off, the profilograph should be recalibrated.   
 
The vertical scale is checked by putting a calibration block of known thickness under the profile 
wheel and again scaling the result on the profilogram.  This shall be conducted at the beginning 
of each day the machine is operated.  If the scale is off, the cause of the incorrect height should 
be determined and corrected. 
 
3.0  PROCEDURE. 
 
3.1  Automated Profilogram Evaluation.  Automated profilogram evaluation will be used 
unless otherwise determined by the engineer. 
 
3.1.1  The engineer’s profilogram from calibration test sections and assurance testing will be 
evaluated using automated trace reduction performed by an automated Ames unit with the 
following settings: 
 
a) Filter length:   Low Pass = 3 to 4 (ft.), High Pass = 0.00 (ft.) 
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Filter length has the same effect as using the contrasting color to outline the trace, 
removing spikes and high frequency chatter. 
 

b) Scallop rounding = 0.01 inches 
 

This setting determines the amount of rounding given to any particular scallop.  For 
example: In order to measure a defect to the nearest 0.05 inch, the rounding on the 
machine must be set higher (finer) to accurately make that determination. 
 

c) Minimum Scallop height = 0.030 inches (in software, non-adjustable) 
 
 Minimum Scallop Width = 0.08 inches (in software, non-adjustable) 
 

Scallop height and width corresponds to existing standards.  .08 inches is equal to 2 feet 
on the roadway.  0.030 inches simply provides a means to count a defect that is more 
than 0.030 inches tall as 0.05. 
 

d) Template height for grind point = 0.4 inches 
 

 Corresponds to the standard bump template. 
 

e) Bump Width = 25 feet 
 
f) Band Width = 0.001 inches  
 
3.2  Manual Profilogram Evaluation.  To determine the profile index, use a transparent scale 
1.70 inches wide and 21.12 inches long representing a pavement length of 528 feet or one-tenth 
of a mile at a scale of 1 inch = 25 feet.  Near the center of the scale is a dashed reference line 
extending the entire length of 21.12 inches.  On either side of this dashed reference line are 
scribed lines 0.1 inch apart.  These lines serve as a convenient scale to measure deviations or 
excursions of the graph above or below the dashed reference line.  These are called “scallops”. 
 
3.3  Method of Counting.  Place the transparent scale over the profile in such a way as to 
center it on the profile as much as possible.  When this is done, scallops above and below the 
dashed reference line usually will be approximately balanced.  See Figure 2. 
 
3.3.1  The profile trace will move from a generally horizontal position when going around super 
elevated curves making it impossible to center the trace without shifting the scale.  When such 
conditions occur the profile should be broken into short sections and the dashed reference line 
repositioned on each section while counting as shown in the upper part of Figure 3. 
 
3.3.2  Short portions of the profile line may be visible above or below the dashed reference line 
but unless they project 0.03 inch or more and extend longitudinally for two feet (0.08 inches on 
the profilogram) or more, they are not included in the count.  (See Figure 2 for illustration of 
these special conditions.)  Starting at the right end of the scale, measure and total the height of 
all the scallops appearing both above and below the dashed reference line, measuring each 
scallop to the nearest 0.05 inch (half a tenth).  Record this total on the profile sheet near the left 
end of the scale together with a small mark to align the scale when moving to the next section. 
 
3.3.3  When scallops occurring in the first 0.1 mile are totaled, slide the scale to the left, aligning 
the right end of the scale with the small mark previously made, and proceed with the counting in 
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the same manner.  The last section counted may or may not be an even 0.1 mile.  If not, its 
length should be scaled to determine its length in miles.  An example is as follows: 
 
   Section length, Miles Counts, inches  

0.10    .50  
0.10    .40 
0.10    .35 
0.076    .20 

400 feet = Total 0.376    1.45 
 

3.3.3.1  The procedure for converting counts of profile index is as follows: 
 Using the figures from the above example: 
 

Profile Index = (1.45 in.)  /  (0.376 miles)  = 3.9 inches/mile 
 

3.4  Limits of Counts - - Joints.  When counting profiles, a day’s paving is considered to 
include the last portion of the previous day’s work, which includes the daily joint.  The last 15 to 
30 feet of a day’s paving cannot usually be obtained until the following day.  In general, the 
paving contractor is responsible for the smoothness of joints if pavement is placed on both sides 
of the joint.  On the other hand, the contractor is responsible only for the pavement placed if the 
work abuts a bridge or a pavement placed under another contract.  Profilograph readings when 
approaching such joints should be taken in accordance with the standard specifications. 
 
3.5  Average Profile Index for a Section.  When averaging profile indexes to obtain an 
average for a section, the average for each segment must be “weighted” according to its length.  
(See Figure 4 and 5.)  Figure 4 is an example when the last segment is longer than 250 feet and 
Figure 5 is an example when the last segment is less than 250 feet). 
 
3.6  Determination of High Points in excess of 0.4 inch.  Use a transparent bump template 
having a line one inch long scribed on one face with a small hole or scribed mark at either end, 
and a slot 0.4 inch from and parallel to the scribed line.  See Figure 3.  (The one inch line 
corresponds to a horizontal distance of 25 feet on the horizontal scale of the profilogram). 
 
3.7  Locating High Points in Excess of 0.4 inch.  At each prominent peak or high point on the 
profile trace, place the template so that the small holes or scribe marks at each end of the 
scribed end of the scribed line intersect the profile trace to form a chord across the base of the 
peak or indicated bump.  The line on the template need not be horizontal.  With a sharp pencil 
draw a line using the narrow slot in the template as a guide.  Any portion of the trace extending 
above this line will indicate the approximate length and height of the deviation in excess of 0.4 
inch. 
 
3.7.1  There may be instances where the distance between easily recognizable low points is 
less than one inch (25 feet).  In such cases a shorter chord length shall be used in making the 
scribed line on the template tangent to the trace at the low points.  It is the intent, however, of 
this requirement that the baseline for measuring the height of bumps will be as nearly 25 feet (1 
inch) as possible, but in no case to exceed this value.  When the distance between prominent 
low points is greater than 25 feet (1 inch) make the ends of the scribed line intersect the profile 
trace when the template is in a nearly horizontal position.  A few examples of the procedure are 
shown in the lower portion of Figure 3. 
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4.0  CERTIFIED OPERATOR.  The contractor shall furnish a certification stating that the test 
was performed by a trained operator.  The operator must be certified as having been trained in 
the use of the profilograph and certified to have sufficient experience to demonstrate 
competence in the use of the equipment. 
 
5.0  QUALITY CONTROL/QUALITY ASSURANCE.  The contractor’s quality control 
profilogram evaluation will be compared to the engineer’s quality assurance profilogram 
evaluation on a test section established by MoDOT and on a randomly selected portion of the 
work, usually ten percent of the project length.  Automated profilogram evaluation using an 
automated Ames unit as outlined in Sec 3.1 will be the engineer’s basis for comparison. 
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Missouri Department of Transportation 
 

Profilograph Report on Pavement Smoothness 
 
 
 
 
 
Route ______63________________________ Project No. __F-63-3(101)____________ 

County _____Boone_____________________ Job No. _____J3P123486_____________ 

Prime Contractor ____T.A. Chance, Inc._______________________________________ 

Paving Subcontractor ___S & S Paving Company_______________________________ 

Station ____153+00____ to Station ____173+28___Traffic Direction ___EB__________ 

No. of Lanes ___1______ Direction of Paving _____EB__________________________ 

Date Paved (corrected) ____7-7-97 _____________ Date Tested ___7-8-97___________ 

Evaluated by  _________Alan Jones_____________ Title ___SCI__________________ 

 
 Track 1 Track 1 Track 2 Track 2 Track 3 Track 3 Average Measured
 Profile Measured Profile Measured Profile Profile 
Length Roughness Index Roughness Index Roughness Index Index 
(miles) Inches) (in/mi) (inches) (in/mi) (inches) (in/mi) (in/mi) 
 
  .1 0.84 8.4 (1) 
0.1 0.91 9.1 
0.1 1.35 13.5 
0.084 (5) 4.03 48.0 (2) 
0.384 7.13 (3) 18.6 (4) 
 
Bump Locations ______153 + 7_____________________________________________ 

Section Profile Index ___18.6 in/mi   (4)_______________________________________ 

Length _______2,028______________ feet 

Deduction  ____444 ft  (6)__________ tons 

Bonus ________None _____________ tons 

 
Distribution: Construction Engineering 
 District Office 
  Project Office 
--------------------------------------------------------------------------------------------------------------------------------- 

(1) 0.84  = 8.4 (2) 4.03  = 48.0 (3) 0.84 + 0.91 + 1.35 + 4.03 = 7.13  (4) 7.13  =  18.6 
      0.1     0.084          0.384 
 
(5)  Where last segment is more than 250 feet.          (6) 0.084 x 5280 = 444 

 
 
 
 
Figure 4 

Report No. ____2_ 

_____ Information 

_X___ Initial 

_____ Intermediate 

_____ Final 

___X    AC __ PCCP 
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Missouri Department of Transportation 

 
Profilograph Report on Pavement Smoothness 

 
 
 
 
 
Route ______63________________________ Project No. __F-63-3(101)____________ 

County _____Boone_____________________ Job No. _____J3P123486_____________ 

Prime Contractor ____T.A. Chance, Inc._______________________________________ 

Paving Subcontractor ___S & S Paving Company_______________________________ 

Station ____173+28____ to Station ____196+41___Traffic Direction ___EB__________ 

No. of Lanes ___1______ Direction of Paving _____EB__________________________ 

Date Paved (corrected) ____7-8-97 _____________ Date Tested ___7-9-97___________ 

Evaluated by  _________Eve Smith_____________ Title ___SCI___________________ 

 
 Track 1 Track 1 Track 2 Track 2 Track 3 Track 3 Average 
 Measured Profile Measured Profile Measured Profile Profile 
Length Roughness Index Roughness Index Roughness Index Index 
(miles) Inches) (in/mi) (inches) (in/mi) (inches) (in/mi) (in/mi) 
 
0.1 2.35 23.5 (1) 
0.1 1.97 19.7 
0.1 2.22 22.2 
0.138 (5) 6.49 47.0 (2) 
0.438 13.03 (3) 29.7 (4) 
 
Bump Locations ______175 + 92____196 + 38_________________________________ 

Section Profile Index ___29.7 in/mi   (4)________________________________________ 

Length _______2,313______________ feet 

Deduction  ____729 ft  (6)___________ tons 

Bonus ________None ______________ tons 

 
Distribution: Construction Engineering 
 District Office 
  Project Office 
--------------------------------------------------------------------------------------------------------------------------------- 

(1) 2.35 = 23.5           (2) 6.49  = 47.0     (3)  2.35 + 1.97 + 2.22 + 6.49  = 13.03   (4) 13.03  = 29.7 
      0.1    0.138            0.438 
 
(5)  Where last segment is less than 250 feet.          (6) 0.138 x 5280 = 729 

 
 
 
 

Figure 5 
 

Report No. ____2_ 

_____ Information 

_X___ Initial 

_____ Intermediate 

_____ Final 

___X    AC __ PCCP 
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502.6   Curing.
Any of the approved methods of curing outlined in Sec 502.6 of the Standard Specifica-

tions will give satisfactory results if correctly applied.  Regardless of the method used, curing 
material should be applied uniformly and at specified rate as soon as it can be placed without mar-
ring the surface.  This normally is about the time the water sheen disappears from the concrete 
surface.  During windy, hot, dry weather, it is important that the finishing be completed rapidly 
and curing material placed before the surface dries out to the extent that shrinkage cracks develop.  
If curing is unavoidably delayed, the surface must be covered with wet burlap or a fog spray must 
be applied to the surface.  Amount of curing agent being used should be checked at regular inter-
vals during the day to determine if the required amount is applied.  This information should also 
be recorded in a field book and made part of the project records.  The inspector should be familiar 
with Sec 502.6 in order that this important phase of the paving operation may be carried out in 
conformance with the intent of the Standard Specifications.

502.6.1  White Pigmented Membrane.
Blank

502.6.2  Burlap.
Blank

502.7   Removing Forms.
Good judgment is necessary in determining proper time for removal of side forms.  

Weather conditions and temperature will control to a considerable extent the time that must elapse 
between placing of concrete and removal of forms.  In all cases the concrete should be sufficiently 
hard that spalling will not occur along the pavement edge when forms are pulled, and surface will 
not be marred by devices used to pull form pins.  Care must also be used in loosening pin keys 
and form locks to avoid excessive force on sides of the pavement.

Immediately after removal of forms, any honeycomb noted should be patched, and an 
approved curing agent should be applied to sides of the pavement.  Sides may be backfilled with 
earth in lieu of applying a curing agent.

502.8   Surface Test.
Surface of the pavement should be thoroughly tested by profilographing or straightedging 

as required by the specifications, as soon as practicable following placing of the pavement.  If 
straightedging is required, each lane of pavement should receive one pass of the straightedge with 
paths being located near the center of the lane.  The procedures for testing with the profilograph 
are set forth in the Test Method MoDOT TM 59.  The results obtained from these profilographs 
shall be submitted on the Profilograph Pavement Smoothness form with distribution as indicated 
on the form.  A summary of the profilograph smoothness results for all projects completed within 
the year is also required and should be submitted by February 1st of the following year.

502.8.1  Straightedging.
Blank

502.8.2  Profilographing.
Example profilograph reports are shown in Figure 400.7, for a quality assurance report, 
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and Figure 400.8, for profile measurement report.
502.8.2.1  Starting Point.
Blank
502.8.2.2  Exceptions.
Blank

502.8.3  Equipment.
Blank

502.8.4  Calibration.
All machines are calibrated annually at the airport runway located at Linn State.  There are 

usually 2 dates set up in the Spring to accomplish this task.  Machines can also be calibrated by 
appointment by contacting the Division of Construction and Materials.

502.8.4.1  Longitudinal.
Blank
502.8.4.2  Vertical.
Blank
502.8.4.3  Comparison.
If the results do not compare and there is a suspicion that there is something wrong with 

one of the profilograph machines, contact the Division of Construction and Materials to get the 
machine or machines recalibrated.

502.8.4.4  Certification.  
Blank
502.8.4.5  Settings.
A Certificate of Calibration will be issued for each machine that is calibrated.  Attached to 

this certificate is the settings that shall be used when profilographing a MoDOT project.  Changes 
to these settings will void the calibration.

502.8.5  Test Procedures and Reporting.
Blank
502.8.5.1  Section Definition.
Blank
502.8.5.2  Profilograph Reporting.
Example profilograph reports are shown in Figure 400.7, for a quality assurance report, 

and Figure 400.8, for profile measurement report.
502.8.5.3  Profilogram.
Quality Acceptance.  Typically the project office should profilograph 10 % of a project.
502.8.5.4  Objects on Pavements.
Blank
502.8.5.5  Wheel Initialization.
Blank
502.8.5.6  Speed.
Blank
502.8.5.7  Location Indicator.
Blank
502.8.5.8  Stationing.
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Blank
502.8.5.9  Required Information.
Blank
502.8.5.10  Profilograph Path.
The path of the profilograph shall be near the center of each traffic lane.  For example, a 

24 foot wide pavement would have 2 traces located 6 foot on each side of the center line. 
502.8.5.11  Segment Definition.
A segment is typically 0.1 mile.  If the last segment in a section is greater than 250 feet it 

shall be considered a separate segment.  If the last segment is 250 feet or less, it shall be added to 
the previous segment. 

502.8.5.12  Short Sections.
Blank
502.8.5.13  End of Section.
Blank
502.8.5.14  Profile Index.
Blank

502.8.6  Surface Corrections.
502.8.6.1  Acceptable Index.
Blank
502.8.6.2  Correction.
Blank
502.8.6.3  Bumps.
Blank
502.8.6.4  Intermediate Report.
Blank
502.8.6.5  Required Correction.
Blank

502.9   Opening to Traffic.
The compressive strength may be determined by compressive cylinders or the maturity 

method.

502.10   Material Acceptance.
The material acceptance will be evaluated on a lot by lot basis on the compressive strength 

and thickness.  For a favorable comparison, Quality Control (QC) and Quality Acceptance (QA) 
test results should be within two standard deviations.

502.10.1  Lot Definition.
Blank

502.10.2  Sampling.
Blank

502.10.3  Coring.
The contractor should take care when extracting cores.  The following are some hints to 



curing material.  Neither the top nor the edge of the concrete shall be left unprotected for more 
than 30 minutes.  When the burlap is removed, white pigmented membrane curing material 
shall be continued by one of the approved methods. 
 
502.7  Removing Forms.  Forms shall be removed carefully to avoid damage to the concrete 
base or pavement.  Honeycombed areas not rejected shall be immediately repaired.  If the 
forms are removed less than 72 hours after placing concrete, the sides of the concrete shall be 
cured by one of the methods specified above.  Any trench excavated for the forms shall be 
entirely backfilled so water will not stand next to the concrete base or pavement. 
 
502.8  Surface Test.  The concrete base or pavement surface shall be thoroughly tested for 
smoothness by profilographing or straightedging as indicated. 
 
502.8.1  Straightedging.  .As soon as practical, the engineer will straightedge all segments of 
the paved surface not profilographed, including shoulders.  Any variations exceeding 1/8 inch 
in 10 feet (3 mm in 3 m) will be marked.  Areas more than 1/8 inch (3 mm) high shall be 
removed in accordance with Sec 502.8.6.2.  For areas more than 1/8 inch (3 mm) low, 
appropriate correction will be required for suitable smoothness.  The straightedge path for 
shoulders will be located near the shoulder’s centerline.  Shoulders that are paved integrally 
with an adjacent driving lane will not require straightedging.  Correction areas on shoulders 
will not be considered a marred surface.  Concrete base shall be finished so that the surface 
will not vary more than 1/4 inch (6 mm) from a 10-foot (3 m) straightedge. 
 
502.8.2  Profilographing.  Profilographing will be applicable to the surface of all mainline 
paving, auxiliary lanes, turning lanes and ramps for projects or combination of projects, 
consisting of more than 0.5 mile (1 km) of total profilographable pavement.  Profilographing 
may be waived by the engineer if staging of the overall project, such as multiple entrance lane 
gaps, lane staging, etc., affects the normal paving operation, or if multiple profilograph 
exceptions continuously exist eliminating smoothness requirements on a large portion of the 
same roadway.  Upon waiver, all smoothness requirements shall be in accordance with Sec 
502.8.1. 
 
502.8.2.1  Starting Point.  All wheels of the profilograph shall be placed on the new 
pavement, with stationing based on the center wheel. 
 
502.8.2.2  Exceptions.  Profilographing will not be required for the following: 
 
 (a)  Bridge decks, bridge approach slabs and concrete approach pavements. 
 
 (b)  Pavement on horizontal curves with centerline radius of curve less than 1000 
feet (300 m) and pavement within the superelevation transition of such curves. 
 
 (c)  Pavement on vertical curves having a "K" value less than 90 and a length less 
than 500 feet (150 m). 
 
 (d)  Pavement width transitions. 
 
 (e)  Fifty feet (15 m) in direction of travel on each side of utility appurtenances such 
as manholes and valve boxes. 
 
 (f)  Fifty feet (15 m) in direction of travel on each side of intersecting routes with 
special grade transition. 
 
 (g)  Shoulder areas. 
 



 (h)  Any lane which abuts an existing lane not constructed under the same contract. 
 
 (i)  Interruptions designated by the engineer which provide independently placed 
sections shorter than 50 feet (15 m).  Interruptions designated by the contractor's operations 
shall be in accordance with Sec 502.8.5.12. 
 
 (j)  The last 15 feet (5 m) of any section where the prime contractor is not 
responsible for the adjoining surface. 
 
 (k)  The first or last 12.5 feet (4 m) of a pavement section adjoining any above 
exception area. 
 
502.8.3  Equipment.  The profilograph shall be a California-type as approved by the engineer.  
The equipment furnished shall be in accordance with MoDOT Test Method TM 59.  The 
profilogram line drawn by the profilograph will be referred to as the profile trace in these 
specifications. 
 
502.8.4  Calibration.  All profilographs used shall be calibrated at least annually on a test 
section directed by MoDOT.  The contractor's calibration profile index shall not vary more 
than 2.0 inches per mile (30 mm/km) from a standard profile index produced by a MoDOT 
profilograph. 
 
502.8.4.1  Longitudinal.  Longitudinal calibration shall consist of pushing the profilograph 
over a pre-measured test distance and determining the scale factor by dividing the 
premeasured test distance by the length of the paper in inches (mm).  This factor shall be 25 
(300), one inch equals 25 feet (25 mm equals 7.622 m).  If not, the machine shall be adjusted 
until the scale factor is 25 (300) plus or minus 0.2 percent. 
 
502.8.4.2  Vertical.  Vertical calibration shall consist of sliding a pre-measured calibration 
block, measured to the nearest 0.01 inch (0.25 mm), under the sensing wheel while the 
profilograph is stationary.  The measurement of the vertical trace line from the base line to the 
peak and return shall be the same as the calibration block.  The trace line shall return to the 
base line.  No tolerance will be allowed. 
 
502.8.4.3  Comparison.  A profilograph equipped with automatic profile trace reduction 
capabilities shall be checked by comparing the machine's results with the results obtained by 
the engineer.  This shall be done for the profile trace obtained on MoDOT’s test section.  The 
results including all reduction settings and the profilogram shall be submitted to the engineer.  
The results of the comparison may not differ by more than 2.0 inches per mile (30 mm/km). 
 
502.8.4.4  Certification.  The contractor shall furnish certification that the 25-foot (7.622 m) 
profilograph test and evaluation was conducted by an operator trained in the use of 
profilograph equipment and with sufficient experience to demonstrate the operator's 
competence. 
 
502.8.4.5  Settings.  Reduction settings used during the annual calibration shall be used during 
production without exception.  Changes to the reduction settings void the calibration. 
 
502.8.5  Test Procedures and Reporting. 
 
502.8.5.1  Section Definition.  A profilogram shall be made for each continuous pavement 
section of 50 feet (15 m) or greater completed during each day's placement.  A section will be 
defined where paving begins and terminates at a day's work joint.  Interruptions designated by 
the engineer which cause placement to cease and begin at a new location will be considered as 



a separate section for that day's operation if the separate section is greater than 250 feet  
(75 m). 
 
502.8.5.2  Profilograph Reporting.  The contractor shall furnish the profilogram and the 
profilogram evaluation to the engineer.  The testing shall be done by a certified operator in the 
presence of the engineer.  The testing procedure and the evaluation of the profilogram shall be 
done in accordance with this specification and MoDOT Test Method TM 59.  The profilogram 
and evaluation shall be furnished to the engineer no later than the end of the next working day 
following placement of the pavement.  If corrective grinding is required, another profilogram 
and evaluation shall be furnished to the engineer no later than two days after completing 
corrective grinding.  The evaluation shall be reported on an approved form for each day’s 
placement.  Separate sections in a day’s placement shall be appropriately identified on the 
day’s report for MoDOT use.  Standard forms for reporting results may be obtained from 
MoDOT. 
 
502.8.5.3  Profilogram Quality Acceptance.  The engineer may test the surface or re-
evaluate the profilogram for comparison and quality assurance purposes.  If these tests or re-
evaluations indicate the contractor-furnished profilograms are not accurate within 3.0 inches 
per mile (45 mm/km), the engineer may test the entire project length.  If the entire project 
length is tested, the contractor will be charged for this work at the rate of $500.00 per lane 
mile ($310.00 per lane kilometer).  Furnishing inaccurate test results may result in 
decertification of the operator. 
 
502.8.5.4  Objects on Pavements.  All objects and foreign material on the pavement surface, 
including protective covers, if used, shall be removed by the contractor prior to testing and, if 
appropriate, protective covers shall be properly replaced by the contractor after testing. 
 
502.8.5.5  Wheel Initialization.  The sensing wheel shall be lifted, rotated to take slack out of 
the linkage, and lowered to the pavement surface at the starting point prior to testing. 
 
502.8.5.6  Speed.  The profilograph shall be propelled at walking speed in the paths in 
accordance with Sec 502.8.5.10 for each section of pavement.  Propulsion may be provided by 
manually pushing or by another suitable propulsion unit.  Speed of the profilograph shall be 
decreased if excessive spikes are encountered on the trace. 
 
502.8.5.7  Location Indicator.  A location indicator for lateral placement shall be used.  The 
back end of the profilograph shall be kept in the required path on horizontal curves except 
where profilographing is not required in accordance with Sec 502.8.2.2 (b). 
 
502.8.5.8  Stationing.  The actual stations shall be shown on the profilogram at least every 
200 feet (50 m) for necessary bump referencing.  The stations may be marked on the trace by 
manual placement of a vertical mark when the sensing wheel reaches the station.  The 
corresponding station shall be written at the mark.  This vertical mark shall reference the 
upward direction of the trace. 
 
502.8.5.9  Required Information.  Both ends of the profilogram shall be labeled with the 
stationing, lane designation, position or track on the pavement, the direction the pavement was 
placed and the date placed. 
 
502.8.5.10  Profilograph Path.  Pavement profiles shall be taken near the center of each 
traffic lane and parallel to the edge of pavement as directed by the engineer.  Each profile line 
will be incorporated into the section report as separate tracks. 
 
502.8.5.11  Segment Definition.  Sections shall be divided into segments of 0.1 mile (0.2 km) 
with the exception of the last segment. If the last segment is greater than 250 feet (75 m) and 



less than 0.1 mile (0.2 km), then the segment shall be considered as a  0.1 mile (0.2 km) 
segment.  If the last segment is 250 feet (75 m) or less long, the profilogram for that segment 
shall be included in the evaluation for the adjacent segment in that section. 
 
502.8.5.12  Short Sections.  If an independently placed section required by the plans or the 
engineer is between 50 feet and 250 feet (15 m and 75 m), or an independently placed section 
caused by the contractor's operation is less than 50 feet (15 m), a profilogram shall be made 
for that section and included in the evaluation of the most recently placed adjoining segment 
of another day’s placement. 
 
502.8.5.13  End of Section.  The last 12.5 feet (4 m) of a pavement section and the 
construction header shall be included in the profilogram of the next day’s placement. 
 
502.8.5.14  Profile Index.  A profile index shall be calculated from the profilogram for each 
segment of all profile trace lines and for the overall section.  A report for each day’s placement 
shall be completed.  A day's report may consist of more than one section index if a bridge or a 
designated interruption is encountered in a day's placement.  The profile index shall be 
calculated by summing the vertical deviations of the profile trace above or below the reference 
line.  The units of this measure shall be inches per mile (mm/km). 
 
502.8.6  Surface Corrections.   Bump correction or smoothness correction or both may be 
required after the initial smoothness report is performed to produce a final report.  If the initial 
report has no corrections in accordance with Secs 502.8.6.3 and 502.8.6.5, the initial report 
will serve as the final report. 
 
502.8.6.1  Acceptable Index.  If an average profile index of 45.0 inches per mile  
(711 mm/km) for pavements having a final posted speed greater than 45 mph (70 km/h), or 
65.0 inches per mile (1026 mm/km) for pavements having a final posted speed of 45 mph  
(70 km/h) or less, is exceeded in any daily paving operation, the paving operation will be 
suspended and will not be permitted to resume until corrective action approved by the 
engineer is taken by the contractor. 
 
502.8.6.2  Correction.  Corrective action to improve the average profile index shall be 
accomplished by diamond grinding or by use of an approved device designed for that purpose.  
The use of a bush hammer or other impact device will not be permitted.  The final surface 
texture of corrected concrete pavement shall be comparable to adjacent sections that do not 
require correcting.  Satisfactory longitudinal grinding is acceptable as the final surface of the 
corrected pavements.  All corrective work shall be completed prior to determination of 
pavement thickness. 
 
502.8.6.3  Bumps.  High points on the profile trace which correspond to high points or bumps 
on the pavement surface shall be separately identified.  All bumps greater than 0.40 inch  
(10 mm) high over a 25-foot (7.622 m) span, as indicated on the profile trace, shall be 
corrected.  The corrected bumps will be considered satisfactory when measurements by the 
profilograph show that the bumps are 0.40 inch (10 mm) or less high over a 25-foot (7.622 m) 
span.  Station referencing or additional profiles may be used to accurately locate deviations 
greater than 0.40 inch (10 mm). 
 
502.8.6.4  Intermediate Report.  After removing all individual deviations greater than 
0.40 inch (10 mm) high, an intermediate profilogram report for the appropriate section shall be 
provided.  The report shall provide segment indexes for the entire day’s section after initial 
bump correction.  The intermediate report will serve as the final report if all average profile 
segment indexes are below the limits in accordance with Sec 502.8.6.5. 
 



502.8.6.5  Required Correction.  After removing individual deviations of 0.40 inch (10 mm), 
additional correction may be necessary to reduce any average profile segment index to 
25.0 inches (395 mm) or less per mile (km) for pavements having a final posted speed greater 
than 45 mph (70 km/h), or 45.0 inches (711 mm) or less per mile (km) for pavements having a 
final posted speed of 45 mph (70 km/h) or less.  On pavement segments where corrections are 
necessary, additional profiles shall be made to verify corrections have produced an average 
profile segment index within the limits noted above.  Upon correction, a final report will be 
performed. 
 
502.9  Opening to Traffic.  The concrete base and pavement shall not be opened for low 
volume, light construction traffic until the concrete has attained a minimum compressive 
strength of 3000 psi (21 MPa).  The concrete base and pavement shall not be opened to all 
types of traffic until the concrete has attained a minimum compressive strength of 3500 psi 
(24 MPa) and all sawed joints are sealed.  Compressive strength will be determined by tests 
conducted in accordance with MoDOT test methods.  Pavement shall be cleaned prior to 
opening to traffic. 
 
502.10  Material Acceptance.  Acceptance will be based on the following criteria being met: 
 
 (a)  Test results indicating the concrete base or pavement meets the specification 
requirements 
 

(b)  Contractor following the approved Quality Control Plan (QCP) 
 
 (c)  Favorable comparison between the contractor’s quality control tests and the 
engineer’s quality assurance tests.  Favorable comparison will be obtained when the 
engineer’s QA tests results are within two standard deviations from the mean of the QC test 
results for each individual lot of material.  For properties not evaluated on a lot by lot basis, 
favorable comparison will be obtained when both the QC and QA tests results meet the 
specification requirements.  Compressive strength and slab thickness will be evaluated on a lot 
by lot basis. 
 
502.10.1  Lot Definition.  A lot shall be the surface area placed in a single day.  Each lot shall 
be divided into no less than four or more than six sublots of equal surface area.  For high daily 
production rates exceeding 7500 square yards (6275 m2) per day, the contractor may choose to 
divide the day’s production into two equal lots consisting of no less than four or more than six 
sublots each.  The contractor shall notify the engineer of the size of the sublot or of the 
decision to divide a day’s production into two equal lots prior to taking any core samples.  
When a day’s production involves less than 600 square yards (500 m2), combine the following 
day’s or days’ production to reach 600 square yards (500 m2) and treat as a single lot, except 
while completing a particular mix design or project, in which case combine with the previous 
day’s production and treat as a single lot.  If a project has less than 7500 square yards (6275 
m2) of a particular mix type, the lot will be defined as the plan quantity shown in the contract 
documents.   
 
502.10.2  Sampling.  One QC sample shall be taken for each sublot and a minimum of one 
QA sample shall be taken per lot.  A sample shall be taken from the finished concrete 
consisting of a 4-inch (100 mm) diameter core for concrete bases or pavements less than 
12 inches (300 mm) thick and a 6-inch (150 mm) diameter core for concrete bases or 
pavements 12 inches (300 mm) or greater.  Sampling locations will be determined by the 
engineer using random sampling procedures in accordance with ASTM D 3665. 
 
502.10.3  Coring.  Cores shall be taken in accordance with AASHTO T 24.  Cores shall be 
neatly cut with a core drill.  The contractor shall furnish all tools, labor and material for 



Profilograph Example



Checklist

Check Operator Certification.
Check Profilograph Calibration
Contractor Profiles the 

Pavement
MoDOT Profiles usually 10% 

for Quality Assurance.
Calculate Bonus
Document Payment



Check Operator 
Certification

Specifications require that Quality Control 
testing be performed by a certified 
technician (TM-59).  Check to see that 
contractor’s profilograph operator has the 
correct certification and that it is current.



Checklist

Check Operator Certification.
Check Profilograph Calibration
Contractor Profiles the 

Pavement
MoDOT Profiles usually 10% 

for Quality Assurance.
Calculate Bonus
Document Payment



Check Profilograph 
Calibration

Specifications require that all profilographs 
be calibrated at least annually.  The 
calibration profile index may not vary by 
more than 2 inches per mile from standard 
(Section 502.8.4).  Since 2003, MODOT 
has tested profilographs on the runway at 
Linn State Technical College.  At the time 
of calibration a certificate is provided to the 
contractor.  The certificate will be on a 
form similar to the one shown on the 
following slide:



C e r t if ic a t e  o f  C a l ib r a t io n  
 

a t  
 

MO DO T Te s t  t r a c k , Lin n , Mis s o u r i.   
 
S e r ia l  N o . _________ 
 
O w n e d  B y:_______________ 
 
O p e r a t e d  b y: ______________________ 
 
Tr a c k  P r o f il e    Tr a c e  P r o f il e   
In d e x  (k n o w n )  In d e x  (me a s u r e d ) 
________________  ________________ 
________________  ________________ 
 
 At  f il t e r  s e t t in g s :  (s e e  a t t a c h e d )  
 
Da t e : __________________ 
 
W it n e s s e d  b y: ________________________ 
    ________________________ 
 
 
C o mme n t s :________________________________________
____________________________________________________
____________________________________________________
___________________________________ 
 
 
Th is  d o c u me n t  in  n o  w a y  v o id s  s p e c if ic a t io n  r e q u ir e me n t s  f o r  o p e r a t in g  t o l e r a n c e s . 

 
 



Check Profilograph 
Calibration

If the contractor is unable to provide a 
current profilograph certificate, contact 
Dennis Bryant or Brian Williams to check 
status and get a copy if it is available.  The 
contractor must use the settings shown on 
the calibration certificate (Section 
502.8.4.5).  If the contractor wishes to 
change a setting they must return to the test 
track to assure that the profilograph is still 
operating within specification tolerance.



Checklist

Check Operator Certification.
Check Profilograph Calibration
Contractor Profiles the 

Pavement
MoDOT Profiles usually 10% 

for Quality Assurance.
Calculate Bonus/Deduct
Document Payment



Contractor Profiles the 
Pavement

The contractor must furnish the profilogram 
and it’s evaluation no later than the end of the 
next working day (Section 502.8.5.2).  A 
Word document with the proper form is 
available for the contractor’s use.  An 
example of a completed evaluation is shown 
on the following slide:



MISSOURI DEPARTMENT OF TRANSPORATION 
PROFILOGRAPH REPORT ON PAVEMENT SMOOTHNESS 

 

 Report No. 1 
 

Type of Report:  Asphalt  Concrete 
  Initial  Intermediate  Final  Information 
 
Job No.        County        Route       
Contract ID        Project No.       
Prime Contractor       
Paving Subcontractor       
Station 1486+28  To Station 1370+70  Traffic Direction       
No. of Lanes        Direction of Paving E - W 
Date Paved        Date Tested       
Bump Locations       
Section Profile Index 13.27  Length 11558 feet 
Bonus       tons Deduction       tons
Evaluated By        Title       
 

Length 
(Miles) 

Track   
Measured 
Roughness 
(Inches) 

Track   
Profile 
Index 
(In./Mi.)  

Length 
(Miles) 

Track   
Measured 
Roughness 
(Inches) 

Track   
Profile 
Index 
(In./Mi.) 

0.1 1.8 18  0.1 1.62 16.2 
0.1 1.09 10.9  0.1 1.53 15.3 
0.1 1.19 11.9  0.1 1.29 12.9 
0.1 1.22 12.2  0.1 1.31 13.1 
0.1 1.13 11.3  0.1 1.29 12.9 
0.1 1.23 12.3  0.1 1.21 12.1 
0.1 1.02 10.2  0.089 1.33 14.94 
0.1 1.08 10.8                    
0.1 1.19 11.9  2.189 29.05 13.27 
0.1 1.65 16.5                    
0.1 1.12 11.2                    
0.1 1.68 16.8                    
0.1 1.43 14.3                    
0.1 1.22 12.2                    
0.1 1.42 14.2                    

Distribution:   
 





Check Operator Certification.
Check Profilograph Calibration
Contractor Profiles the 

Pavement
MoDOT Profiles usually 10% 

for Quality Assurance.
Calculate Bonus
Document Payment

Checklist



Modot Profiles 10% for 
Quality Assurance

The engineer may test surface or re-evaluate 
the profilogram for quality assurance (Section 
502.8.3.5).  At a minimum, 10% of the 
pavement on each project should be re-tested.  
The contractor’s results will be used for 
payment if QA testing is within 3 inches per 
mile.  If the QC and QA differ by more than 3 
inches, the difference must be resolved before 
payment is calculated.  The test track at Linn 
State is available with advance notice to help 
determine which profilograph is in error.  
Contact Dennis Bryant or Brian Williams for 
assistance resolving disputes.  An example of 
a QA evaluation appears on the following 
slide:



MISSOURI DEPARTMENT OF TRANSPORATION 
PROFILOGRAPH REPORT ON PAVEMENT SMOOTHNESS 

 

 Report No. Q.A. 
 

Type of Report:  Asphalt  Concrete 
  Initial  Intermediate  Final  Information 
 
Job No.        County        Route       
Contract ID        Project No.       
Prime Contractor       
Paving Subcontractor       
Station        To Station        Traffic Direction       
No. of Lanes        Direction of Paving       
Date Paved        Date Tested       
Bump Locations Q.A. comparrison - difference = +0.6 in./mi., tolerance = 3.0 in./mi. 
Section Profile Index        Length       feet 
Bonus       tons Deduction       tons
Evaluated By        Title       
 

Length 
(Miles) 

Track   
Measured 
Roughness 
(Inches) 

Track   
Profile 
Index 
(In./Mi.)  

Length 
(Miles) 

Track   
Measured 
Roughness 
(Inches) 

Track   
Profile 
Index 
(In./Mi.) 

Contractor              MoDOT             
                         1.33 13.3 
                         0.85 8.5 
                         1.11 11.1 
                         1.09 10.9 
                         1.18 11.8 
                         1.22 12.2 
                         1.27 12.7 
                         1.09 10.9 
                         1.16 11.6 
                         1.18 11.8 
                         1.16 11.6 
                         1.12 11.2 
                         1.26 12.6 
Average       12.15  Average       11.55 

Distribution:   
 



Check Operator Certification.
Check Profilograph Calibration
Contractor Profiles the 

Pavement
MoDOT Profiles usually 10% 

for Quality Assurance.
Calculate Bonus

Next Page

Document Payment

Checklist



EXAMPLE CALCULATION FOR PROFILOGRAPH 
BONUS/DEDUCT 

 
Payment by the square yard 

 
The bonus/deduct is simple if payment is made by the square yard. 
 
 
Assume: Full depth asphalt pavement with 12 ft travel lanes 
  Contract unit price = $23.50/Square Yard 
  Final posted speed will be 60 miles/hour 
  Measured profile index for 11,588 ft section = 13.43 in./mi. 
 
From table 1 in Section 502.15.3, incentive = 103%   (10.1<13.43<15.0) 
 
(12 ft) (11,588ft) ( 1yd2/9ft2) ($23.50/yd2) (0.03) = $10,892.72 
 
 
 
The calculation changes somewhat if it is a concrete pavement 
 
Assume: Concrete pavement 28 ft wide (2-12’ lanes plus 1-4’ shoulder) 
  Contract unit price = $35/Square yard 
  Final posted speed will be 70 miles/hour 
  Length of section = 3,542 feet 
  Measured profile index left of centerline = 10.13 in./mi. 
  Measured profile index right of centerline = 9.71 in./mi. 
 
Average profile index for both lanes = 9.92 in./mi. 
 
From Section 502.15.6, 24 ft. is used for calculation of pavement (2-12 ft. 
travel lanes) 
 
From table 1 in Section 502.15.3, incentive = 105% (10.0 or less) 
 
(24 ft) (3542ft) (1yd2/9ft2) ($35.00/yd3) (0.05) = $16,529.33 
 



EXAMPLE CALCULATION FOR PROFILOGRAPH BONUS 
 

Payment by the ton 
 

The calculation is more involved if payment is made by the ton.  The contract price for all 
mixes, except wedge or level course, will be adjusted (Section 403.23.4)  
 
Assume: 1.25 inches of SP 125  
  4.35% AC (from job mix)  at $235/ton 
  95.65% MA  at $38.15/ton 
  Density of combined mix = 2.11 ton/cubic yard 
 
  1.75 inches of SP 190 
  4.08% AC (from job mix)  at $220/ton 
  95.92% MA at $34.85/ton 
  Density of combined mix = 2.00 ton/cubic yard 
 
  Section length – 9699 feet, posted speed = 70 miles per hour 
  Average profile index for section = 12.55 inches per mile (3% bonus) 
  12’ lane width 

Compute unit cost of each mix 
 
SP 125   ($235) (0.0435) + ($38.15) (0.9565) = $46.71/ton 
SP 190 ($220) (0.0408) + ($34.85) (0.9592) = $42.41/ton 
 

Compute unit cost of combined mixes for the full depth 
 
($46.71) (1.25/3.00) + ($42.41) (1.75/3.00) = $44.20/ton 
 

Compute weight of combined mix per unit of volume 
 
(2.11 ton/yd3) (1.25/3.00) + (2.00 ton/yd3) (1.75/3.00) = 2.05 tons/yd3 
 

Compute volume of mix per linear foot of road 
 
(12 feet wide) (3/12 foot deep) (1 foot wide) (1yd3 /27 ft3) = 0.111yd3/LF 
 

Calculate Bonus 
 
(9699 ft) (0.111 yd3/ft) ($44.20) (2.05 tons/yd3) (0.03) = $2926.49 
 
 
There is an automated spreadsheet under the Construction Applications 
tab on Lotus Notes that will perform these calculations quickly and 
accurately. 



ENGLISH  UNITS

PROFILOGRAPH BONUS AND DEDUCTION CALCULATIONS
FOR PAVEMENTS WITH MULTIPLE MIXES

ENTER SPECIFIC JOB MIX INFORMATION IN SHADED BOXES.

JOB NUMBER:
TYPE SURFACE MIX:
TYPE BASE MIX:
FINAL POSTED SPEED LIMIT (mph):
FROM SPEC SEC 502.15.3 USE: TABLE II

Gmb Density
TYPE 0 ASPH. CEM. (ASPHALTIC CONCRETE) $/ton 0.000 ton/yd3

TYPE 0 MIN. AGGR. (ASPHALTIC CONCRETE) $/ton 0.000 ton/yd3

TYPE 0 ASPH. CEM. (ASPHALTIC CONCRETE) $/ton 0.000 ton/yd3

TYPE 0 MIN. AGGR. (ASPHALTIC CONCRETE) $/ton 0.000 ton/yd3

DEPTH 0 (inch) Rte:
DEPTH 0 (inch) Direction:
LANE WIDTH (feet) Begin Station:
LENGTH OF PROFILOGRAPH TAPE:(ft) End Station:
PROFILOGRAPH INDEX: Lane:
ADJUSTMENT: File Name:

DEPTH (in) $/ton  of  AGG & CEM ton/yd3 ton/ft BONUS
0 MIX 0.00 0.00 0.000 0.000
0 MIX 0.00 0.00 0.000 0.000
COMBINED 0.00 #DIV/0! #DIV/0! 0.000 #DIV/0!

DEPTH 0 (inch) Rte:
DEPTH 0 (inch) Direction:
LANE WIDTH (feet) Begin Station:
LENGTH OF PROFILOGRAPH TAPE:(ft) End Station:
PROFILOGRAPH INDEX: Lane:
ADJUSTMENT: File Name:

DEPTH (in) $/ton  of  AGG & CEM ton/yd3 ton/ft BONUS
0 MIX 0.00 0.00 0.000 0.000
0 MIX 0.00 0.00 0.000 0.000
COMBINED 0.00 #DIV/0! #DIV/0! 0.000 #DIV/0!

0



Check Operator Certification.
Check Profilograph Calibration
Contractor Profiles the 

Pavement
MoDOT Profiles usually 10% 

for Quality Assurance.
Calculate Bonus
Document Payment

Checklist



Document Payment

Copies of all documents and spreadsheets 
should be retained in the project files

The contractor should be issued an order 
record.  This should be done promptly so that 
the contractor can confirm or dispute the 
results in a timely manner.

The Doc Record should contain enough 
data that calculations can be reproduced by an 
independent third party.

Make payment on the next contractor 
payment estimate.



CONFLICT RESOLUTION 
 
 
 
Since we began calibrating all profilographs on the same test track, conflict 
resolution has been much less of an issue.  In the event that the QA results do 
not check within 3 inches per mile of QC, the following steps should be followed. 
 

• Make sure both machines have been calibrated as per specification.  A 
profilogram from an un-calibrated machine should be considered invalid. 

 
• Make sure that both profilographs have the correct settings entered as per 

most recent calibration certificate.  The majority of discrepancies are due 
to one machine or the other having an incorrect setting in the computer.   
Make corrections and re-calculate if necessary. 

 
• Check vertical and horizontal calibration.  (Re-run trace if necessary.) 

 
If after troubleshooting you still can't reconcile the results, it probably means that 
at least one profilograph is not operating properly.  Contact Dennis Bryant or 
Brian Williams and arrange to have both machines re-calibrated at the test track. 
 
There is no valid reason to go to third-party resolution.  We need to figure out 
which machine isn't working right and either get it repaired or pull it's certification. 

MoDOT – TCP  11/18/05 



MODOT TM 59:  Profilograph Operator Qualification 
PROFICIENCY CHECKLIST 

 
 
 
Applicant:___________________________________________ 
 
Employer:___________________________________________ 
 
 
 

Trial# 1 2 
1.  Explain horizontal calibration procedure   
2.  Demonstrate vertical calibration verification   
3.  Generate a profilogram   
     a.  Set up file using certification parameters   
     b.  Generate trace   
     c.  Reduce and Save file   
     d.  Print trace   
 
                                                                                                                              Pass   Pass 
 
                                                                                                                              Fail    Fail 
 
 
 
 
 
 
Examiner:_________________________________________Date:__________________ 
 

MoDOT – TCP  08/08/06 
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