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THE IJK RIDE INDICATOR 

I. INTRODUCTION 

A. Present Serviceability Index 

State highway engineers realized a need for a numerical 

quality index and began planning for a research project of 

this type in 1951. The Present Serviceability Index was de

veloped through the AASHO (now AASHTO) Road Test near Ottawa, 

Illinois, from 1956 to 1962.1 Longitudinal profile and phys

ical deterioration such as cracking, patching, and rut depth 

(for flexible pavements) were considered in deriving these 

Present Serviceability Index (PSI) equations: 

For flexible pavement: 

PSI = 5.03 - 1. 91 log (l+SV) - 0.01 ~- 1. 38 RD 2 

For rigid pavement: 

PSI = 5.41 - 1.80 log (l+SV) - 0.09 1}C+; 

Where: 

sv = The mean of the slope variance in the two 

wheel paths (by AAS HO Road Test Profilometer) . 

c = Lineal feet (for rigid pavement) or area in 

square feet (for flexible pavement) of cracks 

per 1000 sq. ft. of pavement surface. 

p = Square feet of patching per 1000 sq. ft. of 

pavement surface. 

RD =Mean rut depth of both wheelpaths under a 4' 

straightedge. 
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At the start of the AASHO.Road Test, a "Road Test Pro

filometer11 measured the variation in the longitudinal profile. 

This unit was too expensive for general state highway depart

ment use, so a much less expensive, simpler electronic-mechan-. 

ical device was develbped.2 This unit was called the CHLOE pro

.filometer (named after the eng:Lnee:ts who designed it: Carey, 

Huckins, Leathers and Other Engineers). The CHLOE principle was 

based on slope variance of the surface profile as measured by 

slope detecting wheels nine inches apart. The data obtained by 

this unit was very reliable but the unit had a maximum operating 

speed of 5 mph, which was very unacceptable in the highway 

testing field. 

B. PCA Road Meter Development 

In an effott to provide a testing unit that would give re

liable results at normal highway speeds, Max Brokaw, an engineer 

with the Portland Cement Association (PCA), developed the .. "PCA 

Road Meter 11
•

3 Phillip Brua, also an engineer with the PCA, visi

ted various state (including Iowa) agencies to demonstrate the 

advantages of the PCA road meter. He also advised them in the 

construction of a road meter. 

The principle of the PCA road meter was to measure the 

movement of the car body with respect to the chassis. This unit 

traveled at 50 mph and correlated well with the CHLOE profilometer. 



-3-. 

The road meter could be used to obtain a statewide inventory 

of the Present Serviceability Index on all primary roadways. 

c. PCA Road Meter use in Iowa 

The Iowa State Highway Commission (now the Highway Divi

sion of the Iowa Department of Transportation) constructed a 

PCA type road meter in 1967.4 It was mounted in a 1967 Chevelle 

station wagon and a 1967 Ford Custom (weak suspension). Both 

units were too affected by wind to provide satisfactory results. 

The next vehicles used were well equipped 1968 Ford Custom with 

stronger coil springs. Their suspension seemed to be just right 

and didn't exhibit much detrimental wind effect unless the wind 

was above 10 mph. 

using three of these 1968 Ford customs, a statewide primary 

road inventory (about 20,000 lane miles of testing) was almost 

completed during the summer of 1968. Most of the primary system 

was retested in the summer of 1969. 

Early in 1970, we obtained new Ford Custom SOO's with 

cruise control to maintain a constant speed. The springing was 

too weak, so the rear springs were interchanged with the desirable 

1968 springs. 

Since 1970, a program of testing one third of the primary 

system each year (so all roads are retested on a three year 

cycle) has been used. 



-4-

"i· 

The 1974 Ford.Tbrinos we are now using also needed sus-

pension system modification (stronger shock absorbers), to be 

satisfactory for PCA road meter use. 

5 
D. Road.Meter Modifications and Improvements 

Various improvements had been made to improve testing 

accuracy and increase productivity. A flexible 240-lb.-test, 

nylon-covered aircraft cable replaced the fish leader connector 

that broke too often. The roller contactor slide plate was 

made from a Delrin plastic, which reduced wear and friction. 

A bank of ten electrical counters was used to yield greater 

numerical difference between smooth and rough roads, thereby 

·gaining greater accuracy. Two banks of counters with a rotary 

switch were incorporated to make possible testing of back-to-b~ck 

sections without stopping and going back. An electric-eye dis-

tance counter was incorporated so the section length was recorded 

simultaneously with the riding quality values. A transistorized 

circuit was used so that the "coil breakdown" in the counters 

would not cause arcing on the segmented contact board. 

An automatic electromechanical null-seeking device was 

incorporated into the road meter to improve testing accuracy.6 

The null-seeking device was intended to eliminate error in manual 

zeroing, compensate for change in car load, and adjust for aero-
1 
I 

dynamic variation due to wind velocity. Though it met the first 

two objectives, it did not satisfy our desire in regard to wind. 
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E. Advantages of the PCA Road Meter 

The major advantage of the PCA type road meter was that 

it could operate at highway speed and yield a numerical value 

for. the riding quality. Furthermore, it was a very simple, in-

· expensive unit that had very few maintenance problems. When cor

related against the CHLOE profilometer, the resulting data would 

generally give correlation coefficients of 0.96 or better (usually 

between 0.96 and 0.97). Therefore, it was a very good, economical 

unit for conducting a road riding quality inventory. 

F. Disadvantages of the PCA Road Meter 

The major disadvantage of the PCA road meter was the ad

verse effect of wind. Any winds except those in the direction 

of travel would affect the indicated r1ding quality. In Iowa, 

objectionable winds are present much of the time. Vehicles with 

stiffer suspension systems seem to be influenced less by wind 

than those with softer suspensions. To decrease wind effect, 

road meter operation was scheduled for early morning or evening 

hours when the wind is normally slower. Even after incorporating 

the null-seeking device, wind effect was still apparent. This 

was supported by the fact that the null-seeking device did not 

improve the correlation coefficients with respect to the CHLOE. 

Also, the road meter was very dependent on the vehicle 

suspension. New vehicle suspension usually had to be modified 

':! 
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by changing either the shocks or springs or both, followed by 

continual monitoring of the shocks during the life of the car. 

Replacement shocks were also a problem because dealers could not 

assure the same strength as the original shocks. 
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II. IJK RIDE INDICATOR DEVELOPMENT 

A. The Sprung Mass Concept 

In the winter of 1970, after three years of road metering 

experience, the program was reviewed for possible improvements. 

Don Johannsen, a graduate mechanical engineer, was aware of our 

road meter problems and began studying ways to alleviate them. 

Most problems seemed to relate to the wind effect on the car body. 

The new idea was to depart from the basic concept of measuring 

car body movement with respect to the chassis and go to a new 

sensing device mounted on the differential housing. Approval 

to work on the new sensing device was given, but funding for 

the venture was limited. Stan Kirk, a special equipment tech

nician, was assigned to help build the apparatus. He later con

tributed to the experimental design changes which led to the suc

cess of the IJK Ride Indicator. 

Mr. Johannsen's first design was a cylindrical weight with 

a hole in the center. The weight rested on a coil spring housed 

in a larger tube and slid up and down on a vertical center shaft. 

The movement was still detected by electrical contact of seg

ments. This unit showed promise for the sprung mass idea, but 

there was too much friction between the weight and the shaft to 

allow the free movement necessary on smoother roads. 
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B. IJK Ride Indicator Design 

using the same sprung mass concept, the second design, 

now referred to as the IJK (Iowa-Johannsen-Kirk) Ride Indicator, 

was built in mid 1971. A drawing of the various parts and their 

names is shown on page 31 in Appendix A. To minimize the fric

tion problem, the weight was put on a bearing-mounted oscillator 

arm (Figures 1 and 2). 

This unit was covered (Figure 3) and mounted on the dif

ferential housing of the vehicle (Figure 4). 
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Figure 1 -- overall View from Segment Board Side 
of IJK Ride . Indicator Unit with Arm 
Lock Engaged. 



-10-

Figure 2 -- Overall View from· Dampening Chamber 
Side of IJK Ride Indicator Unit with 
Arm Lock Disengaged. 



-11-

Figure 3 -- IJK Ride Indicator Unit 
With Protective Cover 
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Figure 4 -- IJK Ride Indicator Unit 
Mounted Under Vehicle 
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The measurement of relative movement was still an electrical 

roller contact on a segmented board. A paddle in a tightly 

restricted fluid chamber was used to dampen the unit, thus 

keeping it from oscillating too much. This paddle dampening 

system served the same purpose as th~ shock absorbers on an 

automobile, and operated off one end of the horizontal shaft 

of the oscillator arm. Determining where and how to mount 

the spring required much experimentation. After many trials 

the optimum spring mounting position was established under the 

oscillator arm. During 1971, trying to eliminate friction, 

determining proper pressure on the roller contact, and finding 

the best dampening were the areas of experimentation. On 

October 13, 1971, the IJK obtained a correlation coefficient of 

0.981 when compared to CHLOE Slope Variance, which showed that 

it was a reliable means of determining riding quality. 

The electrical recording system was essentially the same 

as that used in the PCA Road Meter system for recording the 

counts from the electrical segment board (Figures 5 and 6) . 

Detailed drawings of the IJK Ride Indicator are shown in 

Appendix A. 
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c. Early Improvements in the IJK Ride Indicator 

Even though the IJK had.exhibited a high degree of ac-

curacy,· it would operate only for ai short time without ~echani-

cal malfunction. Initially the greatest source of malfunction 

was the electrical roller contact. After varying the mounting, 

size df roller and roller material failed to solve the problem, 

a carbon brush contact of an electric motor was used. The con-

tact problems were eliminated by a common 1/4" diameter round 

carbon brush (Figure 7) sawed to a 1/4" length. When it showed 

wear, it was simply rotated to a spot that did not show wear. 

This brush has worked so well that it has been used for two 

years. 

' . 
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Figure 7 -- Brush contact of 
IJK Ride Indicator 



,-
-18-

The transistorized system was used to eliminate arcing 

on the contact board. This prevents the much higher voltage 

caused by counter coil breakdown from flowing in this part of 

the circuit. 

In the early development of the IJK, there was a friction 

problem in the bearings of the oscillator arm. Higher quality 

bearings with less friction were obtained and have provided 

the desired movement. 

TWO dampening chamber.designs were studied, with the con-

clusion that to yield proper dampening, the paddle must operate 

in a tightly restricted chamber (Figure 8). A larger dampening 

chamber did not provide adequate restriction to limit movement 

with the energy that was developed. 

A locking mechanism was installed to prevent the oscillator 

arm from moving when not testing. This lock and a better arm 

stop system reduced damage tb the unit. 

D. Determination of Proper Dampening Fluid 

In conjunction with the study of the two dampening cham-

bers, a study was conducted to determine the right dampening 

fluid to use. The fluid needed to have a consistent viscosity 

in cold or hot weather. Two fluids with this characteristic are 

kerosene and Dow chemical's DC-200. These were blended in dif-

' ferent proportions while experimenting with the dampening of the 
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Figure 8 -- IJK Ride Indicator 
Dampening Chamber 
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IJK unit. The 1973 testing season was devoted to this dampening 

study and experimental operation to verify that various equipment 

malfunctions had been remedied. 

E. Advantages of Testing with the IJK Ride Indicator 

The biggest advantage of the.IJK unit is its freedom from 

adverse wind effects. Because the sensing unit is covered and 

mounted beneath the car body, wind causes no movement of the 

sprung mass. Wind would influence the unit only if, it were 
\ 

strong enough to cause the car body to pick up the chassis. 

There has been no apparent influence in winds up to 30 MPH so 

no wind restriction has been imposed. Even in strong winds,, the 

IJK has consistently obtained correlation coefficients better 

than 0.98 when compared to the CHLOE. 

The IJK Ride Indicator is nearly independent of vehicle 

suspension so w~th any standard suspension system, there should 

be no need for modification. Changes in shock absorber strength 

are not critical and the problem of variation in replacement 

shocks has been eliminated. No recorrelat~on is necessitated 

by these changes. It would have been required with the PCA Road 

Meter. 

The internal zero is another advantage of the IJK Unit. If 

the zero is set accurately, no adjustments are necessary. There 

is little possibility of a change in correlation due to variation 

in the vehicle loading. 
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Testing quality and quantity have been improved by these 

advantages. Prior to the IJK, testing was suspended during 

periods of strong wind, which decrease~'.) the productivity. such 

winds sometimes caused data to be suspect. Retesting was re

quired and not only decreased production but also lowered con

fidence in the values obtained. The IJK is a continuous testing 

system with no operational r~ason other than safety to suspend 

testing. 

F. IJK Ride Indicator Performance 

The IJK has been used exclusively for our primary road 

inventory surveys-in 1974 and 1975. The data appear to be the 

most reliable we have ever obtained, with fewer problems than 

in previous years. 

The only problem noted with the IJK is that the tight 

dampening chamber causes oil to be pumped out through the 

bearing. To maintain constant dampening, the oil level must 

remain constant. Under present operation, the unit must be 

removed weekly for oil level adjustment. 

G. IJK Ride Indicator Modification 

Loss of oil from the dampening chamber is the only problem 

that causes inconvenience, so this has been the only reason for 

coniidering unit modification. 
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During the winter of 1974-5, a study of magnetic dampening 

was conducted. Both rotary and regular rahorseshoe 11 magnets were 

used, but neither attained sufficient dampening to control the 

energy developed in the system. No further efforts in magnetic 

dampening have beeri considered. 

Present efforts to solve the oil loss problem are in de

signing a special oil seal. This new oil seal is still in the 

experimental stage and further testing is necessary to determine 

its success. 

Another way to eliminate wearing parts would be to replace 

the electrical contacts with an electric eye system, which would 

be relatively easy. However, there have been no problems with 

the transistorized circuit; hence there is no reason to change. 
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III. IJK RIDE INDICATOR USE FOR PAVEMENT INV.ENTORY 

A. IJK Ride Indicator Testing Procedure 

Before mounting on the car, the IJK sensing unit is ac

curately zeroed while in a· level position. The dampening 

fiuid is also adjusted to. the pr?per level. Eight selected 

correlation sections near the central laboratory are tested 

weekly during Ride Indicator operation, to verify proper per

formance. The testing procedure is described in Test Method 

No~ Iowa 1002-B (Appendix B). 

The unit is warmed up for 10 miles before testing to 

eliminate flat spots on the tires. The lock on the sensing 

unit is disengaged ahd the vehicle is brought to 50 mph, which 

is maintained by the. cruise control. As the rear wheels cros,s 

the beginning of the test section, the electrical counters are 

turned on. The electric eye distance counter operates on the 

same circuit, thereby giving an accurate testing length even 

·when bridges or railroad tracks are omitted. Upon completion 

of one test section, the rotary switch is turned to the other 

bank of counters. The data are recorded and the counters are 

reset for testing the next section. 

B. IJK Ride Indicator correlation 

The CHLOE Profilometer is still our standard for measuring 

the riding quality in determining the Present Serviceability 
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index. Because it is based on slope variance and is not depen

dent on the relative motion of a system, it is a stable method 

for obtaining qualitative values. if the electrical system 

calibrates properly and other mechanical parts are maintained, 

it yields very reproducible values from year to year. Fo·r this 

reason, the IJK Ride Indicator is correlated annually with the 

CHLOE.7 

The Iowa correlation layout consists of 46 carefully 

selected 1/2-mile-long sections of P.C. concrete roadway. The 

1/2-mile lengths are short enough for the CHLOE (at 3 mph) and 

long enough for the IJK Ride Indicator (at 50 mph) . For cor

relation, only the profile portion of the Present Serviceability 

Index is considered, with an effort to select roadways with as 

little physical deterioration as possible. These Iowa correla

tion sections have a Present Serviceability Index range of 2.6 

to 4.8. Experience has shown that the 'P.C. roadways are more 

stable and do not affect the CHLOE slope variance as do some 

A.C. roadways with open surface texture. Lower PSI values are 

available, but these are found on badly broken P.C. roadways 

which have more variability. The values for these roadways are 

not stable from year to year. Because the car with the IJK 

Ride Indicator tests both the inside and outside wheeltracks, 

the CHLOE values for both are obtained and averaged. 

testing is usually conducted in April or May. 

Correlation 
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After the IJK and CHLOE values have been obtained, they 

are submitted to a data processing program (Appendix c) through 

a terminal entry. This program uses a method of least squares 

parabolic fit, thereby letting the curve obtain a better correla

tion coefficient than a straight-line equation. This yields a 

table for determining the Longitudinal Profile Value, which is 

the riding quality portion of the Present Serviceability Index 

(Appendi~ B Page 54 ) . 

c. Primary Road Sections for Determining Present 

Serviceability Index 

The State of Iowa has established a milepost system on all 

primary roadways. The milepost markers have been the best way 

to identify test section limits so that there is no misunderstanding 

in communications. The test section limits correspond with the 

limits of the last surface restoration project (AppendixD). 

These have been assembled for each of Iowa's 99 counties in a 

booklet entitled "Test Sections by Mileposts". Because there are 

many surface restoration projects each year, the booklet must be 

continually updated. 

D. Data Collection and Distribution 

In Iowa, one third of the counties are tested each year. 

Therefore, all primary roads are tested with the IJK Ride Indica

tor on a 3-year cycle. A cracking, patching, and rut depth survey 
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is made every third year for the entire state rural primary 

road system. These data are reported in summary form (Page 56, 

Appendix B) and are used in a state road sufficiency rating. 
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APPENDIX A 

DETAILED DRAWINGS 
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'•--;··· M~~-~I ··-··,··\'.'''T,·':~·~ .. ~~. · .. ·~ . .,yi~~--~-~-·••H·: ~~·1~~~·;--:·.~;·-~;l'.(::•···-•• . .,~.,- ,r-·r -;-~·-: ·-·7-·-

·•·· 
. " 

·.~ .. .. . . I .... ·,,r. 

·. 
•' 

' '1 • ' ··-#1', : : ,. ~ I • :; ;. . .. ·!, . 
., 

.~ ~. ·~· .. 
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1 

PLASTIC 

I e-
l 

I 
-~-

I 

I 
e-

I -e 
I 

I I 
© -c 

CHAMBER SIDE (OUTSIDE) 
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L..._~.,...,~ 
.229 I 

....--+--:- .459 
L-.J.......J.µ...~_j 

Drill & Tap for 
s-32 set screw 

l1- Dia. 
16 

3 ' B Dia. 



I 

I , 

I 
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1.125" Dia. 
Bore Depth • 312 " 

3 2 
8 

r-l l'<l' 
, ..... --· r-l ---

1 /0. 196 Diia. 
- ril1"·-~-- w:-
~ ~;00 1~100 

Drill Full Depth 
Not Shown Below 

Drill & T;a.p 3/8" Deep 
\for 6-32 screw 

LEFT SUPPORT 

- .675 Dia. 

Ball Bearing Number Fafnir SK 5 DD. 
Width .312", Bore .500", O.D. 1.125"' 

I "- -
-(£'1---

1 

/ 
/ 

Drill Full Depth 

Drill & Ta 
for 6-32 
screw 

- [ f_L_-~~~~:=~_.-=--=J.>=' 1-. .-...... -.[<) l~~ ioo 
i3 .~ I 

16 

RIGHT SUPPORT 



1 r - :-~ 1-f-:::-~. =· 

~ -~~i~ 
Drill & Tap for 
10-32 screw 

Drill & Tap for 
10-32 scr w 

II ~ 

----:~':____ I ,,,, ___ - ·----+ +--- - - ---'[ C"'l 1"'1' 
----11---- r 

I I ~ I I . C"'l aJ 
--- -- --- ~·----

BASE MOUNT 

...:.37-

5 r=-ts·--:L 
I ~2__-~l~l=}l 
~)- -If) 

I I 

· 0.120 Dia. 

L -l-J 
.__--i_l~ 
----1-2--~ 

16 

UPPER SUPPORT 

" 



2-R 
16 
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ARM LOCK 

M\O 

~Diat'r 
s. I 

....__~~~~·~-~~-T-~-+~~--1--y-~r-r 

Drill & Ta 
for 4-40 Set 

& Tap 
For 4-40 Screw 

3 
4 

Dia. 



..... 

' .. \ ,· 

. · .... 

Spring. 

0.120 Dia 

CARBON BRUSH SPRING 

I • NOTE:: 
I 

Attach 7x32 AWG wire 
to Oscillator Arm from 
the Axis to the Brush 
Contact Mount and 
l!lolder to the Roller 
Spring. 

'\ ..... 

.... , 

. ... ,.,.'":"' 
•,l .... 

·. ~. ~. 

'' ·, ' :! ' . ' • I 
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• 

• .... 

L'! ~~ L~ . 
CARBON BRUSH BRACKET 
0.020 11 Phosphor Bronze 
or Miniature Fuse Clip· 
SoJ,.der and rivet to .006" 
Clock Spring. 

. ''•,' 

·, . . . . . 

_..1/4" 

- "' 

· .... 

. .. 

O.D.:~. 

·y 

CARBON BRUSH 
1/4" O.D. Vacuum 
Cleaner Carbon Brush 

., 

I 

_, 

i 
I 



I~ 
N 

1------1 
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.0.196 Dia~ 

ct Zero Segment 

0.020 Phosphor Bronze 

0.250 Masonite 

CONTACT BOARD 

NOTE: Glue Phosphor Bronze Strip to Masonite. Saw slits 
on 1/8" centers using 0.010 saw. Drill 0.040" Dia. 
holes at edge of bronze strip for attaching wires. 
Solder wire leads in holes. Fill slits and secure 
wires using epoxy cement. Sand off excess epoxy. 

Cut 21 segments on 1/8 centers 



I 
I 
I ____ .L 

I 
I 

I I 
I I 
I I 
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BRASS WEIGHT 

1 ~ . S Dia. 

3 
S Dia. 

Drill & Tap 
for 10-32 
set screw 



I I 
I I I 
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5 
16 

Dia. 

Drill &. Tap for 
lo-32 scr~w 

Drill 0.144 Dia 
& Countersink 1~~ 

ili--~ r ~ Drill & Tap 
4-40 screw 

for 

Phenolic Board 

I I 
U-+1----4-
I 

1 ~ x ~ x 24 Bolt 
. 2 8 

ZERO ADJUSTMENT 

NOTE: Adjust so that when 
the oscillator arm 
is in the neutral 
position the roller 
contact rests on the 
zero segment. Use a 
jam nut to lock in 
this position. 

BRUSH CONTACT MOUNT 
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.....---+--r-;l 
~JN L... I - - I -' ro 

~ l~:L L...-..,.-1.....,.......11-r-...... 1 -,.--' 
I 

..1.i ___ . ...._ ___ -t-_:_ 

SPRING MOUNT 

Dia. 

1 D' '2 ia . 



T 
"''"' 

~ Dia. 
8 

3 
7-

4 

OSCILLATOR ARM 

Brass.weight ~et on arm S-l5/l6a from ct. cross shaft 
to farthest edge of weight. 

·Drill & Tap 
for 8-32 set 
screw 

Drill & Tap: 
for 6-32 
screw 

~Dia. 
16 

3 . . /sDia. 

~ 
·_f.T . 

Rm'AINER COLLAR 

I 
~ 
~ 
I 



16 Gauge 

Drill & Tap for 
6-32 

~ 

I -
r-i - -

_t L 
! 11 to bot- 1 

'f !om of --71 
cover 16 Gauge 

Drill 1/8 Dia. Holes 
in Cover to Match. 

OUTLET CORD PORT 

NOTE: 

L 

I 1 
Dia. Holes 

L'.LI 8 . 
for 

I 
~ 
lJ1 
I 

'7 -- pop-rivets EB-

I 1 

Make 4 pieces, L = 9-3/4, 3-1/2, 3-1/2, & 3 
Drill 1/8 dia. holes at appropriate spaces. 
Position angle so 3/8 leg is 3/8" from 
bottom edge of cover and drill matching 
holes in cover. Rivet angle in place. 
Glue 1/4 & 3/8 weather stripping on 3/8 
leg. 

Attach 3" piece to cover box so when box is 
in place, the piece is between outlet cord 
port and base of arm stop. 

WEATHER STRIPPING SUPPORTS 



4 ..! 
2 

2! 
1 4 
1-~ 

8 ! 
i 

3~ 
4 

9 

. / 

-4- -r -+-----+---;~ 
& Tap f~r )'-V 

~.196 Dia. & L....-Dri.11 & Tap for / __ 3 Dia. 

Drill 
3/8 - 24 Thread~ I 

~-1 ~ No.~!e~!~~& 
Countersink . 3/8 - 24 Thread 8 1 -- o.228 Dia. & 

2 
..! 

~~m ,Jr~'~ ~.T:,,!:, ~' f eountersink lJ2 _ 
5 

28 

I 
~ 
O'I 
I . 

1-,-:-r--/ J.. 1 .... r-~1~ \r--,,~ 
L__~1~·-t~~~t-___j1Ek_....:.....~~~~_:_-4ii:~~~~~-3!-:i!:..__~.,_~-L..~~~r:•:~__. 

11 
2 l? 

BASE PIATE 

3 .! 
2 

All edge holes 
Drill & Tap 1/4 .. 
Deep for 6-32 

---------..,>'t-3/16" screws 

• 



I 

I 

·------------;----- 5 ~ 

= 
=r~ 

I 

I 
I 

I 
' I 

I 
' I 
I 

I 
I r 

I 11 ~ 

~ 
c:olw 

~ .. 

" ~ 
" " 

°''"' 
" ... 
" 

--1 ·1--- l! 
3 

16 

3 i.-.,. ________ 9 ii 

3 1----------- 8 4 
8 .! 

8 
6.!2----.,.------------'-----~ 

16 6 .! 1------------ & 7 

"''"' 
~ 

ll 
"' 

a>lw 

"' ll ... .. r 16 ., 
~I::: 

... 
~w a>lw 

l "' ... .. 

... 
---1--1'.------:--- ... , ... --------

.__ ___ 2 -:- - ---.,.-----

.; ~'rt,~ i" 
' ' : I 

'J ,-C:_ I 
. /_/ : 

·• -- ....... ·- , H . 
cr.lw 

To fit differe:nt r.aJc.es ar.d: 00<!.<:: ls, 
bracket oay have t o be c.;, st.~~ :-:..a:!e. 

TYPICAL fJIFFO-~ :T!hL ~~:i~.r. :"!'I !;t; !;F-.J..7(~ 

rr_,;- l 'J7'.1 F' .... :-:; 

I 
.i::. 
-...] 

I 

l 



-·.:· 

·t'~ ,,,. - ' .. 
_, 

-~;1 

~f 

r: . ~~ 

. 
'. 

._..;: 

•• 3 . -:~ ... 
. ~· 
i.1 

------- (. 

cut off corners at 
45° for·easier 

0 

HOles near edge to correspond 
with those in edge of base 
plate. 

r··--_--- l 
0 a 

/ 
Approximate spacing for pop rivets 

0 0 

Placement of 
outlet cord 

-rl¥--~~~ 
N : ,. ..... I 

O) : I',,' ! o o 
~ !o ' o! 

L...,..:o~------:::o:.._ ____ -1._o~·~-·' • - - ~ o o 

f . I..-- 2-7/8~ 
i..-- 3-5 /8 --.i.I 

COVER BOX 

·-----

3 
5 4' 

5~ ., 4 

M(CO 

0 

1 
0 42 

J 
I 
~ 
00 
I 

0 

26 cauge 

All holes 1/8" Dia. 

--. 
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APPENDIX B 

TEST METHOD NO. IOWA 1002-B 
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Test Method No. Iowa 1002-B 
March 1976 

IOWA DEPARTMENT OF TRANSPORTATION 
HIGHWAY DIVISION 

Off ice of Materials 

METHOD OF DETERMINATION OF LONGITUDINAL 
PROFILE VALUE USING THE IJK RIDE INDICATOR 

Sco:i;'.e 

This testing method is used to determine 
the Longitudinal Profile value (LPV) 
using the IJK Ride Indicator. The Longi
tudinal Profile value is used to deter
mine the Present Serviceability Index 
(P.S.I.), a concept developed by the 
American Association of State Highway 
Officials (AASHO) Road Test. It (P.S.I.) 
is used as an indicator of the ability of 
a pavement to serve the traveling public 
and as an objective method of highway 
evaluation. 

The IJK (Iowa-Johannsen-Kirk) Ride Indi
cator was developed by the Iowa Department 
of Transportation Materials Laboratory. 

Procedure 

A. Apparatus 

1. IJK Ride Indicator (An electro-
mechanical device mounted on the 
differential of a standard auto-
mobile) {Fig. 1 to 4). 

2. Tire pressure gauge. 

3. Portable calculator. 

B. Test Record Forms and Section Iden-
tification 

1. Longitudinal Profile value work-
sheet (Form 921). 

2. Final Report (Forms 915 or 922). 

3. "Test sections by Milepost" booklet. 

4. correlation Table (Longitudinal 
Profile value vs. Sum/Length for 
testing unit). 

c. Personnel 

1. TWO personnel are required. one is 
assigned to drive while the other 

operates the counters and makes calcu
lations. 

D. correlation 

1. The Longitudinal Profile value is de
rived from equations of the AASHO Road 
Teet using a correlation between the 
CHLOE Profilometer and the IJK Ride 
Indicator. The CHLOE is used as a cor
relation standard because it is not 
affected by possible changes in suspen~ 
sion but primarily is dependent only on 
proper electrical operation. The rela
tionship between the CHLOE and the IJK 
Ride Indicator is determined through a 
computer program by the least square 
parabolic method (Y=cx2+MX+B). 

E. Test Procedure 

1. Drive the test vehi9le at least 10 miles 
before beginning testing. 

2. Operate the vehicle in a careful, legal, 
conscientious manner. 

3. Be sure the IJK unit is accurately zeroed 
before mounting on the vehicle. 

4. Be sure the dampening fluid level is cor
rect. This should be checked weekly 
during continuous operation. 

5. During continuou~ testing, the unit should 
be tested on eight conveniently close cor
relation sections weekly to verify proper 
operation. 

6. W'hen ready to begin testing, disengage 
the IJK arm lock. 

7. start the teat vehicle far enough from 
the beginning of the test section to 
insure adequate distance for acceleration 
to the standard test speed of 50 MPH. 
TUrn the main switch to the "ON" position 
as the rear wheels pass the start of the 
test section. r.t is turned off in the same 
position at the end of the section. 
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Page 2 

8. TUrn the main switch off while cros
sing railroad tracks and bridges 
(including approaches). This length 
and roughness counts are ele.ctrically 
omitted. ·· 

9. There is a rotary switch to change 
from one bank of recording counters 
to the other so testing can be con-
tinuous. · 

10. Record the counter values and calcu
late the swn/L. 

'.u. If there is some reason to indicate 
possible erroneous data a repeat 
run should be made. valid runs are 
expected to check within 10% of each 
other. 

12. using the swn/L, obtain the proper 
Longitudinal Profile Value from the 
t~ble to the closest O.OS (3.95, 
4.15 etc.). 

F. Precautions 

1. Maintain· the tire pressure at 25 
psi cold, 28 psi, warm. If any 
tire alignment or balancing prob
lems are noted, have them corrected. 

2. Be sure to engage the IJ!< arm lock 
when not testing. 

3. Keep the vehicle in a.neat orderly 
condition. 

4. Have the automobile serviced at the 
proper interval. 

G. calculations for LOngitudinal Profile 
value 

l~ Enter the necessary descriptive data 
in the heading portion of the LPV 
work•heet. The method of calculation 
is as follows1 the summation of counts 
from counter no. l x l, counter no. 2 
x 2, counter no. 3 x 3, etc. The.•e 
pro4uots are totaled and divided by the 
tested 1'ength · (in milH) to obtain. the 
sum/L. 'this sum/length is then used 
to find the L6ngitudinal Profile Value 
from the correlation table. 

H. Reporting Results 

1. The final report for all testing uses 
the same. data that was necessary for 
the worksheet. Form 915 is used for 
county inventory testing and Form 922 
is used for testing individual pro- · 
jects. A deduction for cracking, 
patching and rut depth is used (from 

Test Method No. Iowa 1002-B 
March 1976 

the most recent survey) to yield a 
Present Serviceability Index. 
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Fig. 1 

The IJK Ride Indicator Vehicle 

Fig. 2 

Test Me thod No. Iowa 1002-B 
March 1 976 

The IJK Ride Indicator Contro l console, showing 
Visual Indicators, Switches and Electrical Coun
ters on the floor of the automobile. 
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Fig. 3 

The IJK Ride Indicator Sensing Unit 

F_ig. 4 

Test Method No. Iowa 1002-B 
March 1976 

The IJK Ride Indicator Sensing unit with cover as 
Mounted on the Rear Differential Housing of the 
Vehicle 
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CORRELATION TABLE 
IJK RIDE INDICATOR UNIT E 

JULY 1975 

SUM/LENGTH . SUM/LENGTH SUM/LENGTH 
LPV .Ar. PC LPV AC PC LPV AC PC 

o.ooo 18770 2q795 2.000 4114'1 7023 4. O'lO 502 '185 
0.025 lRl1fi2. 2'1283 2.025 4360 6886 4. '125 481 952 . 
0.050 1Rl5'l 28 790 2. 050 42 72 675~ 4' 050 460 'l20 
0.075 17Rfi0 28 30 4 2. 0 75 41RS 6fil7 4. 1)75 ~40 889 
0.100 17566 27825 2.1on 11100 6486 4.100 42J 858 
0.125 17276 2 7355 2.125 4 016 6357 4.125 i.01 828 
0.150 l(i'l 'll 26391 2.150 3Q33 6231 4 .15'l 3~2 7'19 
0,175 lfi 710 2(i1135 2.175 3852 6106 4.175 354 770 
0. 20'1 lril133 2598 7 2. 200 3772 5'1R4 4.200 346 H2 
o.ns 16160 2 554 5 2. 22 5. ~~'13 5863 4. 225 328 715 
0.250 158'12 25111 2. 25 0 lfi15 5 74 4 4.251) 311 681 
0.275 15!i28 24684 2.275 35H 5628 4.275 294 661 
0.300 l5l6i' 24263 2.300 ]1164 5513 4,no 277 635 
0,325 15110 23849 2.325 H91 5400 4.325 261 610 
0.350. lt1A 56 234111 2.350 3318 52'11) 4. 350 245 585 
0.375 14fi ng 23041 2.'75 '247 5181 4. 375 230 561 
o. 40n 111364 . 2 2fi4 6 2.400 l17G son 4.4n 215 538 
0. 112 5 11112 2 22258 2.425 310 7 4q5e 4.425 20~ 515 
0.450 13R8 S 21876 2. 450 'OH 4864 ". 45 ~ f 86 4q~ 
0, 1175 1365()' 21500 2.475 2flH 4762 4,47 72 47 
o.son Bl121l· 21130.· 2,500 2 qo 7 4662 Ii. 5QO 158 448 
0.525 Bl93. 20766 2.525 2842 11563 4.525 HS '427 
o.sso 12'lnfl 20407 2.55n 27711 4467 ".550 132 407 
0,575 1?. 74'1 20055 2.575 2716 11371 "· 5 75 119 387 
o.rioo 12532 1~708 2.~00 21i5 s 42 78 li,6QO 107 357 
0, li25 12H8 19366 2.625 25Q4 4186 "· 625 91t 348 
0. li50 )2107 19030 2.650 2535 4oq5 4,550 83 329 
o. n75 ll!lOO 18700 2.fi75 7.477 401)6 4.675 71 311 
0,700 llf>qfj 18374 2. 70 0 241'1 3919 r+.700 61) 293 
o.12s 111195 l8051i 2.725 2363 38 33 4. 725 4'1 275 
0,750 112'17 17739 2.750 2307 37118 4.750 38 258 
0,775 11102 17112!l 2. 775 ?.251 3665 4. 775 27 242 
0,800 10 ~10 17124 2.ROO 219'1 3583 ". 800 17 225 

' o. 825 l() 721 16824 2.825 2146 3503 4.825 7 210 
0,850 10534 16529 2. R50 2oq5 3424 11.850 1. 191.1 
O,R75 10351 16238 2.875 20411 334 7 ". 875 lH 
0,901) 10170 15'l52 2.900 1994 3270 4.900 164 
0.!125 qqn 15670 2.925 1944 31% 4. 925 150 
0.950 9817 15393 2.950 1A !Iii 3122 4. '150 136 
0,975 qfi45 15121 2.975 184 'l 3050 4,q75 122 

l. 000 'lll 75 H853 3.000 1802 2'l I ':1 5. 000 109 
1. 025 q308 l458q 3.025 1756 2'l09 5.025 f!6 
i. nsn 'll 113 14 3 2 q 3.050 1711 2840 5.050 84 
1. n15 R 'JR l 111on 3.075 · lGfi 7 2 773 5.1)75 71 
l.100. B~ 21 · 13022 3.100 1624 2707 5.100 S'!I 
1.125 8n63 13575 3.125 1561 2642 S.125 48 
l.150 850~ 13332 3.150 15 3') 2579 S.lS'l 36' 
l. l 75 8356 l31l'l2 3,175 14118 2515 5.175 25 
l. ?.00 a ~or. 12856 3,200 11158 2454 5,200 14 
1. 225 8 llS 8 12625 l. 22 5 1418 2393 5~225 4 
1. 250 7912 123'16 3. 250 1379 2334 
1. 275 776'! 12172 3,275 1341 2275 
l. 300 71i2R 11951 3.300 1303 2218 
l. 325 748 '! ll 734 3.325 1267 2162 
l. 350 7352 11520 3.350 1231 2107 
l. 3 75 7217 ll30'l 3. 375 1195 2052 
l.1100 70811 11102 3. 400 UGO l'l'l'l 
l. 425 6'15 3 10899 3.425 1126 1947 
l.1150 Ii~ 2 5 lor.qs 3, 1150 10 93 iaqs 
l.1175 G6'l8 10501 3.475 1060 1845 
1.500 r.5n 10307 3.500 1028 17'16 
1. s 2~. 1il1Sl 10116 3,525 q')~ 1748 
l. 55ri fi330 '1'128 3. 550 . q55 1700 
l. 575 G2ll q144 3.575 q35 1653 
l. fiOO fi 0!111 qS62 3.600 '105 1608 
1. fi25 59 n 93 83 3.625 8 76 1563 
l. fiSO sans 920 7 3. 65 0 847 1511 
1. fi7S 5753 9034 3.G7S 8 l!J l47S 
l. 701') 5fi43 8063 3.700 7'll 1433 
1.725 SS 311 8fi'l6 3.725 764 13!11 
1. 750 5428 8 531 3.750 738 l3Sl 
1. 775 5323 8369 3. 77S 712 1311 
l. 800 5.2 20 02oq 3.800 687 12 72 
1. 825 5113 8052 3.825 662 123'5 
1. P.SO Sl'llR 78118 3.850 637 1195 
1. 875 11n9 7746 :s. 875 fill! 1159 
l. 900 4822 75'17 3.!lOO 590 1123 
1. 925 4 72 7 7450 3. '125 567 1087 
l.!l50 4633 7305 3.950 . 545 1052 
1.'175 4540 7163 3.975 523 1018 
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1 
2 
1 
4 
'i 
( \c --llolt--

7 
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·LPV a 
c.s. 

End 
Sta.rt 
LPr th 
Deduct 
Leng.th 

l 
2 
) 

4 
r; . 
h 
7 
A 
C) 

1 0 
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Sum 
Sun'.Lb · 
R!:@Y 
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IOWA·DEPARTMENT OF TRANSPORTATION 
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S,T, 

HIGHWAY DIVISION 
OFFICE OF MATERIALS. 

Un~t L Worksheet 

~- - • tnmrro s.T. 

. ----,-. 

P-

EMP 

l. .£ift.n-

2 
3 
4 
5 
6 
7 
8 
q 

10 -
S11m 

sum/L. 
LPV 

c,s .' 

End 
Start 
Length 
Deduct 
Length. 
·1 
2 
3 
4 
5 
6 
7 
8 
9 

10 -----sum' 
sumL!! 
~ 

--- --·-

. S,T, 

D.0•$ 

~- ... 

-~-·-·-

-·-; 

o_ 
/, 

.,__... 

--------------------:·----
S.T. ~ ~urfacc Type D. =Direction 



' 

i 

1. 

I .. 

i. 

-56..-

Test Method No. Iowa 1002-B 
March 1976 Road Meter 

Pa,ge 1 IOWA DEPART.illl:NT OF TRi'iNSPORTA'l'ION County 
J. Mccaskey 

[;ab.· 
~~o; . 
LV-

44 

15 

46 

17 

18 

19 . 

iO 

51 

i2 

53 

J4 

,5 

~6 

17 

HIGHl'JAY _DIVISION 
OFFICE OF. MATERIALS V.R. Snyder (2) 

1976 Present Serviceability Index Summary for Jones County 53 ) 

Date Reported 3-16-76 Lab. No. LV 6-44 to 57 

Beginning Ending P.oad Lef'!gth Surface . Dir. Long~tudinalwinter 75-76 Present 
& Profile 

Milepost Milepost No·. (Miles) Type Value of Ded. for sei::vice-
Lane 

March cracking ability 

1976 Patching Index 

20.;77 22.24 us l5l l.47 AC EB 3~70 .05 3.65 
WB 3.70 .05 3.65 

22.24 27.34 us 151 s.10 AC EB 3.65 .10 3.55 
WB 3 .65. .10 3~55 

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. 

. 38.69 48.07 us 151 (6. 68) AC EB 3.55 .OS 3.50 
WB 3.55 .05 3.50 

(2. 52) PC EB 3.35 .10 3.25 
WB 3.25 .10 3.15 

0.00 21.22 !A 64 (14 .4 7) AC EB 3.15 .oo 3.15 
WB 3.20 .oo 3.20 

·1: JS. l~) PC· EB 3.25 ~70 2.55 
WB 3.25 .70 2.55 

115.78 J.19.25 IA 1 3.47 AC· ?\lB 3.05 .35 2.70 
SB 3~ 10 .35 2.75 

39.10 42.44 IA 38 3~34 AC -NB 4.00 .oo 4.00. 
SB 3.95 .oo 3.95 

43.45 47.81 IA 38 4.36 AC NB 3.55 .10 . 3.45 
SB 3.50 ·.10 3.40 

50.01 53.39 IA 38 3.38 AC NB 3.55 .oo 3.55 
SB . 3 •. 55 .oo 3.55 

53.39 63.50 IA 38 10.11 AC NB 4.00 .oo 4.00 
SB 4.00 .oo 4.00 

65.11 ·68.41 IA 38 3.30 .PC NB 4.os .·oo 4.05 
SB 4.05 .oo 4.05 

43.16 53.42 IA 136 10.26 AC NB 3.85 .oo 3.85 
SB 3.85 .oo 3.85 

54.79 58.39 IA 136 3~po· AC NB 3.75 .as 3.70 
SB 3.80 .os 3.75· 

58.39 72.04 IA 136 13.65 AC NB 3.90 .oo 3.90 
SB 3.95 ' .oo 3.95 

Deductions for cracking and patching we.re calculated on a 2 lal'.le roadway basis. 

(Length) indicates tested length on an AC/PC section. 
.... .. 



Form 922 -57-

Page 8 

Test Method No. Iowa 1002-B 
March 1976 

I-35 

IOWA DEPARTMENT OF TRANSPORTAT.ION 

HIGHWAY DIVISION 

OFFICE OF MATERIALS 

LPV REPORT. 

\. '1 'l ll ;.t ~· Story 

8-15-69 

Contractol~ Hallett C~mstruction Company Proji:!ct ~Jo. I-IG-35-4/12/103 

Project Length (Milas) 10 .03 surface 'l":·'i't'. . PC · --·--·---------
Location From Polk County line north to JUnctton New us 30 

-·- ·------------'-------
Wcathex Clear lr\Tint1 NE 5-8 mph 710 

'i'l"mpcra turc 
---··---·----··----------

Test Pe:r:·;omTcl Dalbey and Robinson 
--·----·-----·------------------·--·--·-···~-------

. . . ---··--···-------·---··-___ ,, _________ ,, ..... --------·----------··-----·-·-------- " ...... - __ ,, ____ _ -----·'·--·--·-·--·-~-

outside 
N Bound Lane s -.-

Length Tested -----------------------------
9.97 

Longitudinal· Profile Value---------------- 4.05 

Average Longitudinal Profile Value _______________ ..:, ________ _ 

Deducation for cracking, Patching and Rut Depth·~------·----

Present Serviceability Index ------------·-------------------

outside 
Bound Lane. 

10.02 

4.00 

4·.o5 

0.05 

4.00 
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API?ENDIX C 

DATA PROCESSING PROGRAM 



I. 

·00010 
00020 
00030 
00040 
00050 
00060 
00070 
00080 
00090 
00100 
00110 
00120 
00130 
00140 
00150 
00160 
00170 
00180 
00 l'lO 
00200 
00210 
00220 
00230 
002110 
00250 
00260 
00270 
00280 
0 0 2 C)O 
00300 
0 0310 
00320 
M1330 
003110 
0 03 50 
0036 0 
00370 
00380 
00390 
'00400 
00410 
00420 
00430 
00440 
001150 

rOO 460 
00470 
0048 0 . 

'O 011 ~)Q 
00500. 
00510 
00 52 0 
00530 
00540 
00550 
00560 
00570 
00580 

.oosqo 
. OOliOO 
, OOIHO 

001i20 
00630 
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.DATA PROCESSING PROGRAM 

IWM: PfWr.Enll11F. nrtlOMSCMAIN);. 
/* THIS PP.nr.PM1 CORRELATES Tiff RnAO METER WITH CHLOE SV •/ 

· /* ANn ORTA I NS VALUES TO PLOT CURVES. */ 
/* IT HI Lt ALSO HArlnLE ROAD ROUGHNESS CORRELATIONS. */; 

DEFAULT RAtlGE (•) DEC trll\L FLOAT VALUE CDECHlAL FLOATC16));. 
DCL MTl\ll(lO) FLMAT DEC lt.llT ' 

c1on,~nn,soo,100,goo,1100,2000,4000,6000,10000>; 
DCL RTAR(lO) FLOAT DEC INIT 

(40,60,R0,100,120,140,160,180,200,220); 
Or.L ltl.TE~l DF.C(l6) FLOAT, INTEn2 DF.C(l6) FLOAT; 
OCL rmn C!t/\P.(10)~ DTE CHAR(20); 

DCL X(lOO) DF.C(16), YClOO) DEC{l6); 
DCL nCln) DFCC16), AC(lO) l"lEC(16), PC(lO) DEC(16); 

DCL ~X OF.r.(16), SY DEC(l6), SX2 DEC(l6), SX3 DEC(l6); 
DCL S~4 DEC(l6), SXY DEC(l6), X2Y DEtCl6), SY2 DEC(l6); 
or.L Vl DEC(16), V2 DEC(l6), V3 nEC(l6), V4 DEC(l6); 
DCL VS DEC(l6), V6 PEC(l6), XA DEC(l6), YA DEC(l6); 
DCL ex DEC(l6), CY DEC(l6), X2 DEC(l6), Y2 DEC(l6); 
Dr.L CC DECC16), ANS CHAR(l); 
DCL V7 DF.C~lfi), VB DEC(16), V9 DEC(l6),Vl0 DECC16); 
DCL K DEr.(16); 
DCL EXP DECC16), TV DEC(16); 
D r. L s y x n F. c Cl 6 ) , ml D E c (16 ) ; 

nr.L r.H/\11COM CllATH6); 
DCL Sl·llTCll Clil\~(1); 

Dr.L T/\IMNS CHA11Cl) STATIC INITIALC 1 Z1 ); 

GF.TS\.I: Pl.IT SKIP(2) LIST 
( 1 IF ROAD t1F.TF.11 1111N ENTER M, RO!JGIHIESS RIJ"' OP PIPE TABLE ENTER R :'); 

GET EOIT(~,.,ITCll) (SKIP,A(l)); 
IF SHITr.H = 111 1 THEN DO; 

CH/\Rr.ori .. ' SllM/L'; 
INIT.,,O; 
U,T .. 4000; 
1r1r.11 .. 1100; 
GO TO RnO; 
EtlD; 

IF SHIT~! ~= 1 R1 THEN GO TO GETSW~ 
r.HARr:Ot!:s' RR I; 

It.rt Tm40; 
UIT .. 160; 
INCl1 = 20; 

RDO: Pl!T LIST(' H!TEP. RllNO, 10 CHAR. MAXIMllM : 1 ); 

GET EnlT(RMO)(A(lO)); 
PUT UST( 1 EMTF.R DATE, 20 CHA~. MAX1r1uM : 1 ); 

GET EDITCnTE)(A(lO)); 
XmO; 
YaO; 
SXmQ; 
SYaO; 
SX2a0; 
SX3a0; 
SX4m0; 
sxv .. o; 
X2Y=O; 
SY2a0; 
PtlT l.ISTC'F.NTF.11 NUtlRER OF ORSERVATIOMS : 1 ); 

GET SKIP LIST(N); 

IF S\~ITCH • 1 '1 1 THEN 
PllT LI ST( I F.t1TEl1 RnAn METER smvL l/J\L!IF.S ex V/\LllF.5).); ' 

ELSE . 
PUT L i'ST( I F.tlTrn RnJ\n RnllGIHJF.SS Pr? VJ\LIJF.S '); 

PIJT 5KIP LISTC'F.NTFr. 9991)9 TO mo x VALllF.S 1 ); 



I 

l 

00640 
00fi50 
00660 
0'.0670 
0,0680 
00690 
00700 
00710 
00720 
00730 
00740 
00750 
00760 
00770 
00780 
00790 
00800 
00810 
008 20 
008 30 
o ns i.o 
00850 
008 60 
00870 
00880 
oos qo 

· 00 'JO 0 
'00!110 

00!120 
00930 
00940 
ooqso 
OO!HiO 
ooq70 
00~180 
00990 
01000 
01010 
01020 
01030 
'01040 
01050 
01060 
01070 
01080 

·010 90 
01100 
01110 

·01120 
01130 
01140 
01150 

·01160 
: 01170 

01180 
, o 11 qo 
·Ol?.00 
01210 

,01220 
, 01230 

01240 
01250 

.. 01260 
01270 

' 01280 
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,J=O; 
ROl: ,J=,l+l; 

GF.T LISTCX(,I)); 
IF X(J)=gqg~q THEN 00; 
IF N=(J-1) THEN GO TO Tl; 
PllT EnlTCM,' onsrnVATlntlS SPECIFIED',J-1, 1 x VALUF.S E~ITERE0 1 > 

(SK!P(l),F(4),A,F(4),A); 
PllT SKIP LIST 

( 1 l1SE FOLLOWING ERROR ROUTINE TO ADJUST DATA ARRAY IF DESIRED'); 
GO TO Tl; 
ENO; 
GO TO ROl; 

Tl: PllT SKIP LIST( 1 ANV X VALUES IN ERROR CV ORN) : 1 ); 

GET EOIT (ANS) (A(l)); 
IF MIS = 1N 1 THEN GO TO RD2; 
PllT LI ST ( 1 \'Ill I C:ll ONE? : 1 ); 

GET 1.IST(CNO); 
PllT EOIT( 1 REF.NTER. XC 1 ,CN0, 1 ) 1 )(A,FC3),A); 
GET LIST(X(C:NO)); 
GO TO Tl; 

RD2: PllT LIST( 1 EMTEI'! CHLOE SLOPE VAS?IANC:E 'IALIJES CV \/ALUES) 1 ); 

'Pl'T SKIP LIST( 1 ENTER gqngg TO END V VALIJES 1 ); 

""' 0; . 1103: J=,1+r; • 
GET LI ST(Y(,I));· 
IF Y(J)aggqqq THEN 00; . 
IF rla (,1-1) THEN GO TO T2; 
PllT EOIT(tl, 1 ORSERV/\TtnNS SPECIFIE0 1 ,,J-l, 1 Y VALIJES ENTERE0 1

) 

(SKIP(l),F(4),A,F(4),A); 
PUT SKIP LI ST . 

C1 llSE THE FOLLOWINl1 ERROR ROUTINE TO ADJUST D/\TA IF DESIRF.:0 1
); 

110 TO T2; 
nm; 
GO TO Rll3; 

T2i PIJT SKIP LIST( 1 ANV V VALUE IN ~RROR? CV ORN) : 1
); 

GET EOIT CANS)(A(l)); 
IF ANS "' 'MI n1rn GO TO COM; 
PllT LIST( 1 \·ffllC:H ONE? : 1 ); 

GET LI ST ccrrn); 
PllT EOIT( 1 RFENTER Y( 1 ,CN0, 1 ) 1 )(A,F(3),A); 
AET LIST (Y(CNO)); 

'AO TO T2; 
COM: on I= 1 TO N; 

CX .. X(I); 
C:VmV( I); 
X2=CX•CX; 
V2aCV•CV; 
SXaSX+CX; 
SV=SV+CY; 
SX2.,5X2+X2; 
·sx3~5X3•CX2•rx>1 
SX4a5X4+(X2•CX•CX); 
SXV=SXV+Cr.X•CY); 
X2V=X2Y+(X2•CV); 
SY2.,.SY2+Y2; · 
END; 
PllT SKIPC3); 
PllT LIS·TC'~nl\n t1ETER: 1 ,RNn, 1 D/\TE 1 ,DTE); 
PllT F.OIT( 1 Sllll OF X"'',SX, 1 SlH1 OF Y=' 1 SY, 1 SIH1 OF X S~lJMEOm 1 c 

SX2,' Sllll nr- x ClHlF.D ... 1 ,SX3)(R(Fl)); 
Fl: FOmll\T(SKIP(l),/\,FCl0),A,FC13,2),A,F(l4),A,FC17)); 



01290 
01300 ' 
01310 
Ql320 
01330 
01340 
01350 
01360 
01370 
01380 
01390 
01400 
01410 ' 
011.2 0 
'.011130 
011140 
01450 
01461) 
01470 
01480 
01490 
01500 
01510 

' 01520 
.015 30 
·a1s110 
01550 
01560 
015 70 
01580 
Ql5 90 
OlfiOO · 
01610 
01620 
01630' 
01640 
01650 
01660 
'01670 
01680 
01690 
01700 
01710 
01720 
01730 
01740 
01750 

·01760 
01770 
01780 
01790 
01800 
01810 
01820 
018 30 
01840 
01850 
01860 
01870 
01880 
.018 90 
01900 
01910 
.01'120 

,.· 
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PllT EDI.TC •sm, OF x TO ·T·H~ 4TH POi'IERS=.1 ,SX4, I SUt1 OF xv PRODUCTS•',. 
SXY, I Slfl1 OF X2Y= I I X2Y )(RC F2 >); ' 

F 2 : F 0 RMA TC S k I P C 1 ) , A, F C 21 ) , A, F C 15 , 2 ) , A, F (18 , 2 ) ) ; 

Ul=CCSX~SV-5XV•~)•(SX2•SX2-SX3•SX)-(SXY•SX2-SX•X2Y)•(SX•SX·SX2•N~); 
V2=((SX•SX2-SX3•N)•(~X2•SX2-SX3•S~)-(SX3~SX2-SX4•SX)•(SX•~X-SX2•N)); 
V3=Vl/V2~ . . .. . • . 
V4=(SXY•SX2~SX•X2V~V3•CSX3•SX2~SX4•SX))/(SX2•SX2-SX3•SX); 
V5=(SY-V4•SX-V3•SX2)/N; . . . 
PllT l.ISTC' 1 ); 

PllT EOITC 1 A= 1 ,V5, 1 B= 1 ,V4, 1 C= 1 ,V3)(SKIPCl),3(A,FC22,15))); 
IF Siii Tr.H = IR I THEN on; 

GETTANS: 
PllT SKIP LISTC 1 DO YOU \·/ANT A TABLE PRINTED? CY OR ~J) : 1

); 

GET F.nlT(T/\RMIS)(SKIP,AClH; 
IF CTAB/\tlS..,= 1 Y 1 )&(TARANS~= 1 N 1 ) THEN .GO TO GETTANS; 
Erm; 
MM:aSY/N; 
EXPmO; 
TVaO; 
SYXml); 
on 1.01 TO N; 
V6=(\JS+'!l1•XC I )+V3•XC I )•XC I )-MN); 
V7=V6•V6; 
E:<PaEXP+V7; 
TV a TV+((Y(I )-MN)•(Y(l)-MN)); 
cr.=SQl1T (EXP/ TV); 
V8=(SY2-V5•SY-V4•SXY-V3•X2Y)/N; 
1/9=AllS (VS); 
SVX,.SQRT(V9); 
ENll; 
PtlT I. I ST ( I I ) ; 

PllT Ell IT ( 1 r.ORRF.l.ATI ON COE FF. 111 , CC, 
I STD Ennhp OF' ESTIMATE OF y ON x •',SYX)(R(F4)); 

F4: FnmfAT(SKIP(l),A,F(9,4),A,F(l0,4));' 
IF TARANS ~ 1Y1 THEN GO TO PRTABL; 

PUT EO IT Cr.HARCOM, •sv t) (SK 1 P (1), A, x (11 ),A); 

DO K .. INIT Tn UlT RY INCR; 
YA=V5+V4•K+V3•(K•K); 
PllT E 0 I T CK, YA)( SK I PC l ) , F C 6, 0), F (16, 2)); 

Et11l; 
IF. SHI Tr.H • 1M 1 THEN DO; 

on Jml Tn 10; 
f1(J) ar~TAR CJ); 

ENll; 
END; 

F.LSF. DO; 
on ,Jar l TO 10; 

F.UO; 

M ( J ) .. "RT All CJ) ; 
F.ND; 

110 I "' 1 TO 10; 
INT~Rl=V5-2+V4•M(l)+V3•M(l)•M(I); 
I l~TF.R2mV5-2+V4•MC I )+V3•M( I )•rH I); 
AC(l)mS,03-1,ql•LOGlO(INTERl)i 
PC(I )m5,41-l.R•LOG10(1NTER2); 

Etl[); . . 
PllT F.l"llT(r.HARCMI, 'Ar.', 1 PC 1 )(SKIP(2.)jX(2),A,X(6),A,X(6),A); 
no I "' 1 TO l 0; 
PUT EDITUICl),l\C(l),PCCl))(SKlPU>,FC8,0),F(9,3),.FC8,3)); 



·-·01q30···· 
01q40 
01950 
01,960 
OM70 
01980 
01990 
02000 
02~010 
02020 
02030 

'02040 
02050 
02'.060 
02070 

. 0 208 0 
02:090 
o 2;ioo 
()2;110 
02120 
02130 
02140 
02150 
02160 
02170 
02180 
02190 
02200 
02210 
02220 
02.230 
02240 
02250 
02260 
0 2270 
02'28 0 
02290 
02300 
o2no 
02320 
oi'.no 
02340 
02350 
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·END; . . 
FlHICI: PROC(lllAL) RETllRNSCFLOAT OEC(l6)); 

O~FAllLT RAtJGE (•)DECIMAL FLOAT VALUECOF.CIMAL FLOAT(l6)); 
IF V3 = 0 THEN DO; 

MVAL .. O; . 
r.o TO RETMV; 
ENO; 

TMVAL = l/V3•(1VAL-Y5+2+((V4•V4)/(4•V3))); 
IF TMVAL <= 0 THEN on; . 

Ml/AL "' O; 
GO TO RETMV; 
ENO; 

MVAL = S(lRT(TMVAL) - CV4/(2-11V3)) + .5; 
RETMV: RETURN (Ml/AL); 

F. llD; 
PIJT SKIP(3) LIST( 1 POSITION PJ\Prn AT TOP OF NEW SliEET 1 ); 

PllT SKIP LISTC'DEPRESS SPACE THnl RETURN \>/HEN READY : 1 ); 
GET EDITCAN~)(SKIP,A(l)); 
PIJT ED IT (I PS Ir. I, I AC I, I PC I, I PS IR', I AC I, I PC ') 

CSKIP(l),X(9),2(X(5),A,X(4),A,XC5),A)); 
PIJT SKIP(l); 

AP .. o.o; 
AP2 '" 3. 00; 

01.D I NT "' 0; 
OOl=-1T0120; 

11 '" 10~••((5.03-AP)/l.ql); 
13 = 10.••CCS.-03-AP2)/l.91); 

111 = FtrrJCI ( 11); 
M3 "' F.llN CI C I 3); 

12 .. 10,••CCS.4l~AP)/l.80); 
14 = 10.••CC5.41-AP2)/l.80); 
. M:? = FllNC I ( I 2); 
M 11 a F 1 IM C I ( I 4 ) ; 

APIMT "' Tl"!lltlCC/\P+.000000000000005); 
IF APltJT ""= OLDINT TllEN DO; 

OLnlMT"' APINT; 
PUT SK I P Cl); 

ENO; 
PUT EOITCAP,t1l,M2,AP2,M3,'~4) 
(SKIP(l),X(9),2(X(3),F(6,3),X(l),P 1 ZZZZZZ 1 ,X(l),P 1 ZZZZZZ 1 )); 

AP a AP + ~.025; 
AP2 a AP2 '+ 0. 025; 

ENO; 
GO 'TO JORENO; 

'0 2·3 60 
02370 
02380 
02390 
021.00. 

PRTARL: · 

02410 
02420 
02430 

·02440 
02450 
02:1160 

• 02·4 70 
0 2.4 80 
02111')0 
02500 
02510 
02520 
02530 
02540 
02550 
025GO 
0 25 70 
02580 
02590 

IF TARANS "' 1V1 THEN DO; 
PllT SIU. P ( 2 ) ; 
DO KaO TO G600 BV 100; 

YAaV5+V4•K+113•(K•K); 
K2 "' K+6700; 
Y 11 .. \/ 5 + '' 4 * ( K + 6 7.0 0 ) + V 3 * ( K + 6 7 0 0 ) * ( K + 6 7 0 0 ) ; 
K3=K+l3400; 

. V r. =VS+ 114 * CK+ 13 4 0 0 ) + V3 * ( K + 13 4 0 0) *CK+ 13110 0) ; 
K4=K+20100; . 
vn° 1/S +114. ( K+ 201n 0) +V3 * ( K+2 0100) * ( K+2 0100); 
K5=K+2F\800; 
VF.,. VS+ 114 • ( K+ 2 Ci8 00) +\f3 *CK+ 2 GR 0 0) * ( K+?. 68 0 0); 

. K!i=i~+33500; 
VF=VS+V4•CK+33500)+V3•CK+33500)•(K+33500); 
PllT Ef' I T(f~, VA, K2, VFI, K3, VC, K4, VD, KS, VE, K6, VF) 
· (SKIP(l),12CFC8,0))); · . 
EllO; 

F.Nn; 
.IOREMO: 

PIJJ s·1qpO) LlSTC'END O~ dQB 1 ); 

F.tm RnM: 
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APPENDIX D 

PRIMARY ROAD SECTIONS 



-64-

ADAIR COUNTY CONTROL SECTION County No. 1 

Highway Beginning Ending Surface Year Control 

No. Milepost Milepost Length Type Built Project No. Section 

Ia. 92 67.36 74.87 7.51 PC 0100 

Ia. 92 76.17 77.10 0.93 AC 1967 FN-92-3(5) 0100 

Ia. 92 77 .10 80.32 3.22 AC 1967 F-92-3 (1) 0100 

Ia. 92 81.51 88.60 7.09 AC 1967 F-92-3 (2) 0200 

Ia. 92 88.60 92.94 4.34 AC 1967 F-92-3 (3) 0200 

I-80 73.31 86.27 12 .96 AC 1966 F-I-80-2(21)76 0400 

I-80 86.27 97.26 9.995 AC 1970 INP-80-2(30)89 0500 

Ia. 25 45.39 56.76 11.37 SC 1961 MD-45 0700 

Ia. 25 58.26 71.21 12~95 AC 1968 FN-25-3(2) 0800 
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