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PREFACE 

Authority for the investigation reported herein is contained in 
FY 1959 Instructions and Outline, Military Construction Investigations, 
Engineering Criteria and Investigations and Studies, Studies of 
Construction in Areas of seasonal Frost: Field Investigations. 

The study was conducted for the OfficP., Chief of Engineers, 
Directorate of Military Construction by the Purdue Research Foundation, 
School of Civil Engineering, Purdue University, Lafayette, Indiana, 
under a contract awarded by the former Arctic Construction and Frost 
Effects Laboratory (ACFEL). • Project responsibility was transferred to 
the U. S. Army Cold Regions Research and Engineering Laboratory 
(USA CRREL) after completion of the study. Profeuor Eldon J. Yoder 
was the principal investigator for the Purdue Research Foundation. 
Cooperatio~ of personnel of the AASHO Road Test, Ottawa, Illinois, in 
conducting the field tests, and assistance in interpreting the results is 
gratefully acknowledged. 

This report was prepared by the Construction Engineering Branch, 
Mr. E. F. Lobacz, Chief (Former Coordinator, ACFEL), as a project 
of the Experimental Engineering Division, Mr. K. A. Linell, Chief 
(Former Director, ACFEL), USA CRREL. Mr. G. D. Gilman of thfl 
Construction Engineering Branch was responsible for coordination of 
the final report. 

Colonel Philip G. Krueger was Commanding Officer of USA CRREL 
during the preparation and publication of this report, and Mr. W. K. 
Boyd was Technical Director. 

USA CRREL is an Army Materiel Command laboratory. 

*ACFEL and U. S. Army Snow, Ice and Permafrost Research 
Establishment (USA SIPRE) were merged into the Cold Regions 
Research and Engineering Laboratory (USA CRREL), Hanover, 
New Hampshire, in 1961. 
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EVALUATION OF THE AASHO PROFILOMETER FOR MEASURING 

AIRFIELD PAVEMENT PROFILES 

by 

E. J. Yoder and R. D. Walker 

INTRODUCTION 

Background 

Under an earlier contract with the former Arctic Construction and Frost Effects 
Laboratory of the U. S. Army Engineer Division, New England, the Purdue Research 
Foundation conducted a literature search and evaluation of methods which have been 
employed for measuring pavement profiles and roughness. Results of the study are 
contained in ACFEL Technical Report 73, "Pavement Profile and Rougbneu 
Measurements (A Review of Methods)" by E. J. Yoder and D. Hampton, June 1960. 

Undur the previous contract, existing instruments were reviewed in terms of 
~obility, durability, accuracy of both profile and roughness measurements, and 
usability of data produced. No instrument was found to be completely satisfactory 
in these respects and it was considered that the method of greatest potential was a 
profilometer that measures slope anJ;tlea using an inertial system to maintain a 
suitable vertical or horizontal reference plane. At the time the iltu~y was being con-
ducted, such an instrument was under development at the AASHO Road Test, Ottawa, 
Illinois, and liaison with AASHO regarding this device was recommended. 

Subsequent liaison between ACFEL and AASHO Road Teat personnel indicated 
that an evaluation of the capability of the AASHO profilometer to measure airfield 
pavement profiles was warranted. Accordingly the cooperation of AASHO was 
obtained and, in April 1959, ACFEL awarded contract DA-19-016-Eng-6554, "Study 
and Report on Applicability of the AASHO Profilometer for Measuring Airfield 
Pavement Profiles, 11 to the Purdue Research Foundation, School of Civil 
Engineering, Purdue University. This report summarizes studies conducted under 
the contract. 

Purpose and scope 

The purpose of this study was to determine the capability of the AASHO 
profilometer to measure airfield pavement profiles. To accomplish this, a number 
of teat tracks were established on pavements at Chanute AFB, Rantoul, Illinois, 
and profile• obtained with the AASHO instrument were compared with those obtained 
using standard precise level procedures. 

THE AASHO PROFILOMETER 

Figure 1 shows the profilometer and towing vehicle, containing electronic 
recording instrumentation, in operation. Profiling ia normally accomplished at a 
speed of about 5 mph. 

The instrument contains an inertial system !or continuous horizontal reference 
and two reference slope or "feeler" wheels, mounted in tandem between each of two 
pair a of motorcycle wheels (Fig. 1 ), which measure abrupt changes in p1·ofile. The 
inertial horizontal reference system adopted for the AASHO p1ofilometer is baHd 
upon the principle of a floating, spinning disk. The disk is mounted on a center pivot 
through which •ir is permitted to escape at high velocity which in turn acts aa a lu-
bricant between disk and pivot. · 
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The disk is caused to rotate at high speed and, since it is 'lifted from the pivot by the 
air pressure, it in effect acts as a gyroscope_. 

Referring to the schematic diagram on Figure 2, the inertial system "R" detects 
the an1le "B" between the trailer and an imaginary horizontal reference; and the slope 
wheels "S" measure the angle "A" between the axle of the slope wheels and the frame. 
Prior tests by AASHO Road Test personnel of the effectiveness of the horizontal ref
erence system had indicated that the inconvenience of operation with the reference 
was considerable. It is pertinent to note, therefore, that testing at the Ottawa Road 
Test was generally accomplishe'd without the horizontal reference system in operation. 

The instrument produces a continuous analog of the slope of the pavement 
(Fig. 3, 4) in t'WO wheel paths which correspond to the tread of an automobile. The 
analog tapes are fed into an automatic electronic tape reader which measures the 
ordinate of the chart at intervals equivalent to 1 ft on the pavement. 

As previously stated, the profilometer data on the AASHO Road Test were 
analyzed without using the output of the horizontal reference system. The profile 
characteristics were reduced to a single statistic by use of the equation: 

1;y1 _ .!, (:EY)l 
~:c n 

n-1 

where: Y is the difference between elevations 1 ft apart, and 
n is the number of readings. 

Slope vat'iance !v' as given by the equation ia the statistical variation of slope 
at 1 ft intervals referenced to the mean slope of an entire test pavement. The slope 
variance statistic is indicative of pavement roughness, but does not consider long 
wave lengths of the pavement. 

EVALUATION TESTS 

The testing schedule at the AASHO Road Test limited the availability of the 
profilometer and operating crew to a period not exceeding 5 days, including travel 
time. Permission was obtained from the Commander, Chanute Air Force Base, 
Rantoul, Illinois, to conduct the evaluation tests on pavements at that installation 
during the period 26-30 October 1959. 

Procedure 

Eight test tracks were established on portland cement concrete pavements on 
the NW end of the NW-SE runway and on adjoining taxiway A. Two of the tracks were 
400 ft long, four were 800 ft long, one was 1300 ft long, and one curved track 
approximately 268 ft in length was established along a painted traffic line. The 
locations of the test tracks are shown on Figure 5 and will hereinafter be referred 
to by the track numbers shown on Figure 5. With the exception of the curved track, 
the courses were established along longitudinal joints to permit the driver to line 
up along the joint. This resulted in passage of the leCt pair of slope wheels 
approximately 3 in. from the joint, and passage of the right pair of slope wheels 
approximately in the middle of the slabs, which were 12. 5 ft wide. 

Measurements of elevation accurate to about z. 002 ft were made along both 
wheel paths of the profilometer using a precise level and st~ie1 rod with target. 
Level readings were taken at intervals ranging from 1 ft to 100 ft, with the larger 
portion of the data obtained in the left wheel pvth of the profilometer. 

As previously stated, the AASHO profilometer contains nn inertial system 
for continuous horizontal reference and two slope wheels which measure abrupt 
changes in profile. Three types of measurement were made with the profilometer. 
Profiles were run using both measurement systems and with each system operating 
alone to determine which of the systems had the greatest effect on the results. 
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Figure 1. AASHO profilometer in operation. 

I 

j 
Figure 2 . Schematic diagram of profilometer. 
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The profilometer was towed over each of the eight tracks a minimum of three 
times and at least one run was made on each track with both systems in operation. 
Two runs were made on tracks 5 and 6 using the horizontal reference only and 
several tests were made on each track with only the slope wheels in operation. 

Table I. Profilometer test runs. 

Test Track 
Measurement s;t:stem 012erating 2. 3 4 5 6 7 8 

Horizontal reference and 3 2. 2. 
slope wheels 

Slope wheels only 2. 2. 2. 3 4 2. 2. 2. 

Horizontal reference only 0 0 0 0 2. 2. 0 0 

The analog charts produced by the profilometer were later read electronically 
in the Road Test laboratories. This information was fed into a digital computer which 
summarized the slope data in units of feet per foot; elevations were expreHed by 
making a continuous summation of the slope data. Since the method adopted at the 
Road Test for representing pavement profile is based upon mean slope of the test 
track, as shown by the equation previously given, it was then necessary to recalculate 
the data to relate these elevations to the level elevations at specific locations along 
the test tracks. This operation may have introduced some error; however, the amount 
is not known. 

Results 

The comparative elevations obtained by profilometer and level for the various test 
tracks and wheel paths are shown on Figures Al to Al 6 (App A) and are summarized 
ori Tables BI to BXVI (App B). The following analysis of the profilometer capabilities 
is made on a qualitative basis by comparing the general profiles obtained by each 
method of measurement to the level data. 

From the test results it is evident that it is neceuary to use the horizontal 
reference system, since data produced by the slope wheels alone did not compare 
favorably with the level data. This would be expected since these wheels measure 
slopes relative to the frame of the device itself. Test runs with only the horizontal 
reference system in operation gave better results, but again the profiles were in 
general different from those obtained by leveling. 

The best results were obtained when the slope wheels and horizontal reference 
systems were both operating. The results of these runs are summarized in Table 11: 
Profilometer results are considered to be entirely inadequate only for track 8. It is 
significant to note that track 8 was a horizontal curve which may have introduced error 
into the data produced by the profilometer. 

With both measurement systems in operation, the general sha12e of profiles 
produced by the profilometer on tracks 1 through 7 compared favorably with those 
obtained by precise leveling techniques. The profilometer comparison to the true 
profile was considered excellent on track 7, where the profiles were almost 
identical, and good on track 3. However, numerical values of elevation produced 
by the profilometer on tracks 1, 2., 4, 5 and 6 were not in good agreement with the 
precise level values. Observation of Figure Al suggests that errors may accumulate 
in the horizontal reference system. It will be noted that the slope of the profile 
obtained from profilometer run 5-HR is eHentially the same as the level profile, but 
that an accumulative error apparently occurred in the first 40 ft of test run. These 
data further suggest that if the profilometer could be re-referenced at intervals to 
level check points, profiles produced by the two methods would be euentially the 
• ame. The same observation can be made for all the other test runs except those on 
track 8. 
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Figure 3. Profilometer analog chart. 
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Figure 4, Profilometer analog chart. 
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CONCLUSIONS 

It is apparent that the accuracy of the profilometer is to a large extent dependent 
on the accuracy of the horizontal reference system. 

Results of these tests indicate that differences between level and profilometer 
data are the result of accumulated errors in the horizontal reference system; how
ever, the reason !or the errors did not become apparent during the course of this 
study. There appears to be little doubt that use of a precise gyroscope wo•.1ld 
eliminate most of the accumulated errors introduced by the present reference system. 

RECOMMENDATIONS 

The AASHO profilometer is sound in principle, and it iR recommended that this 
type of insti·ument be adopted if fabrication of a profilometer for use on airfield 
pavements is undertaken by the Government. However, further development of the 
horizontal reference system is necessary, and development of a system incorporating 
precise gyroscopes is recommended. The data obtained in this study indicate that 
such an instrument will reproduce profiles, and will have wide application for use on 
airfield pavements. 
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APPENDIX A. PROFILES BY LEVEL AND PROFILOMETER 

LEGEND 

HR Horizontal Reference and slope wheels operating 

NHR Horizontal Reference Not Operating, slope wheels only 

HRO Horizontal Reference Operating, slope wheels not opE-ratin~ 

Nwnber designates profilometer run. 
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Figure Al. Track 1, left wheel path. 
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LEGEND 

HR Horizontal Reference and slope wheels operating 

NHR Horizontal Reference Not Operating, slope wheels only 

HRO Horizontal Reference Operating, slope wheels not operating 

Number designates profilometer run. 

Table II, Track l, left vbHl path, 'l'&ble III. -rr.ek l, riallt vbNl patb, 

..,~tuoat.er 

I•••••- Layel 'i-111 2-11111 3-1111 Station Leftl 'i-111 2-- 1--
0/00 9'),IJ6l 99,961 99.96l 99,961 

Ol 99.96l 99.9'-6 . 99,966 99,96b 
02 99.966 99,!litl 99,966 99,910 
03 99.990 99,9')11 99.96b 99,969 
01, . 99.gfll. 99,8811 99.912 99,971 

-05 . 99.962 99.tl63 99,97b 99.91 .. 
"06 ·. 99,9'70 99.t11t3 99,9b5 99,919 

:~- 99.951:1 99.1122 99,991il 99,9114 
99.9" 99.l!Cl2 100.000 99.~ 

. ' ·09 . _99.939 99.m 100.00lt 99,996 
10 . 99.9110 99,7i.3 100,006 99,9'1( 

. 15 · . 99.1149 99.611.1 100.003 99.995 
20 : 99.aoo 99,531 100.017 99.999 
2~ -- · 99 ,150 99.i.73 100.003 99,91l6 

. -·30 99,699 99.i.u 99,9b2 99,'1(0 
3S 99.~9 99,375 99 ,9Ji? 99.9111 
liO 99.6)1j 99, )d5 99.011 99.o6ll 
i.5 99,65b 99.lioi. 99.blitl 99,U39 
50 99.696 99.i.39 99,tlltl 99.1Ji!6 
60 99,765 99.500 99,tl(,li 99.1139 
70 99 ,bl7 99.522 99,ljt)l 99.bi.9 
bO 99.b85 99,5bil 99,076 99,b52 
90 99.931 99,601, 99.911i. 99,b99 

'1,/«J 99,963 99,606 99,9]b 99,91!2 
OJ 99,963 99,6ll 99,937 99,9115 
02 99.965 99.61.9 99,939 99.9119 
03 99,969 99.62'.! 99.9113 99,9115 
01, 99.91i. 99,61.11 99.9116 99.9113 
05 99,9110 99.6ill 99,950 99,919 
10 100,0QR 99,650 99.t,I) 99.910 
15 99,963 99.675 99.9111 99,b911 
20 100,075 99,705 99,917 99,«ffb 

0/«J 100.006 100,006 100,006 100,006 
10 99,9119 99.839 l00,051 100.033 
20 99.1106 99.6211 100,066 100.oi.1 
30 99.691 99."9 100,015 99.965 
liO 99.631 :,19.333 99,919 99.8b0 
50 99.696 99.36b 99.916 99.&12 
60 99,751 99.i.15 99.910 99.856 
70 99.tlOl 99,431 99.b86 99.&37 
bO 99.666 99,ilbS 99.916 99.1171 
90 99.89'( 99,Sll 99.9110 99.879 

1/oo 99.931 99.52i. 99.903 99.868 
10 99.797 99,'11 99.&97 99,tl69 
20 100.038 99.~ 99.901 99,871 
30 100,094 99,669 99.9111 99,1185 
liO 100,ll!4 99.-,oli 99,901 99.1161 
50 100,159 99,7J,! 99,b99 99,b7l 
60 100.2111 99,791 99,901 99.ll&i 
70 100.2~ 99,bJi? 99,903 99.11911 
bO 100.312 99,bli6 99.915 99.90il 
90 100,331 99,tilll 99.900 99.11911 

2/oo 100,)6& 99.t193 99.899 99.900 
20 100,696 99.950 99.90il 99.90il 
liO 100.781 99.952 99.9116 99.9112 
60 100.tl50 100.06l 99.919 99.932 
tlO 100.9119 100.093 99,939 99.9113 

y«J 101.003 100,ll6 99,957 99,911b 
20 101.oi.1 100.1" 99.973 99.965 
liO 101,057 100,122 99.912 99.959 
60 101,061. 100,095 99,!186 99,ffl 
bO 101.05i. 100,057 99,967 99.958 

i.Joo lQl.oi.i. 100.0011 100,001 100.0CR 

30· 100.136 99.76tl 99,919 99.b95 
liO 100,175 99,lri3 99,952 99.91i. 
50 l002Ji? 99.856 99.960 99,913 
60 lOOiiI 99,910 99.9119 99.913 
70 100, 99.960 99,96b 99.912 
bO 100,)bQ 99.960 99.952 99,9)b 
90 100,liOO 99.973 99,971 99.961> 

2f(YJ 100."6 100,013 99.91111 99.~5 
Ol 100.i.57 100,0lb 99,9b2 99.~5 
02 100.i.56 100,022 99,9bl 99.9il6 
03 100.i.62 100.031 99,976 99,9115 
oi. l00,li65 100.036 99,975 99.9" 
05 l00,li6il 100.oi.i. 99.911 99.~3 
10 l00,litl6 100,055 99.961 99.95i. 
20 100,527 l00,0b7 99,997 99,951:1 
30 lOOS/2 100.uu 100,006 99.95i. 
liO 100,603 100,127 99.9911 99,919 
60 100,6'/9 100.1i.3 99-= 99,96b 
bO 100,764 100.216 99. 99.962 

'}loo 100,817 100.196 99,9112 99,935 
Ol 100,819 100,199 99.9111 99.935 
011 l00.li!5 l00.l!03 99.91iO 99,t,5 
03 100.tlil·t l00.20it 99.9111 99,93' 
oi. l00,tlil5 100.209 99.9112 99,939 
05 100,tlilil 100.216 99.9111 99,9)6 
10 100.835 100.223 99.909 99,9115 
20 100.ll6b 100..>.20 99.l)U 99,939 
liO 100.11·r2 100,17b 99.919 99,9]11 
60 100.11·19 100,101 99,9Ji? 99,9118 
bO l00,b7l 100.035 99.939 99,9110 

i.f«J 100.ai.9 99,95)1 99.955 99,9116 
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Table IIIII. 'l'rack 2, lett. vtwel path, Table IIIV, Track i!, rlgllt whHl 1&t.h, 

-

AtaH- ··-· 1-• "-- ·--- laa.-••- ,_, ·-- ., __ ... _-::-

,.~ 100.608 100.601! 100.606 100.606 
3~ 100.5111< 100.6;,2 100.600 100.590 

60 l0C>-593 100.701 .1.00.595 100.603 

ltp, 100,560 100,560 100 .. 560 100.560 
~ 100,566 100.~ 100.~5 100.$85 

t,() 100,567 100.656 100.5 9 100,570 
liO 100,606 100.7&. 100.618 100.6li2 
20 100,585 100.781i 100.635 100.637 
10 100,531 100.787 100,61,. 100.655 
05 100.537 100.771 100.~3 100,618 = 100.537 100.71ii! l00,6i.5 100.~11 

100.li89 100.716 l00,61oi! 100.606 
60 100.i.35 100.715 100.693 100.638 
liO 100.329 100.~7 100.690 100.635 
20 100.21i6 100.5119 100.677 100.585 
10 100.212 100.516 100.713 100,601 
05 100.205 100.510 100,712 100.6011 
Olo 100.20li 100.5()6 100,715 100.611 
03 100,tt 100.513 100.715 100.613 
01! 100. 100.513 100.715 100.616 
01 100.180 100,509 100.731 100~620 

2/(» 100,171 100.503 100.7211 100,615 
im 100.1115 100,1!93 · 100,693 100~7 

90 100.103 100.11n 100,6&. 100,6:.!II 
85 100,096 100.1157 lCio~II 100,1 
80 100.087 100.liZ! 100.653 100. 
70 100.oTl 100,li.!6 100.66i. 100,,,3 

1/flJ 100,058 100.li.!5 100.6113 .1.00.565 
50 100,0]8 100.16112 100.675 100.5137 
liO 99.m 100.i.59 lp0,652 100.636 
30 99.953 100,1123 · 100.653 100.638 
20 99,919 100,ltl.6 100,637 100,6i.7 
10 99.881t 100,1129 100.6i.l 100~5 

1/«> 99.853 100,ltl.6 100.687 100.~3 
99 99.858 100,ltl.6 100.667 100.6it3 

liO 100,563 100.6tl5 100.593 100.572 
i!O l00,5li0 100.707 100,6lo0 100.599 

~ 100.5i.1 100.663 100.635 100.581 
100,li89 100.~7 100.612 lOU,558 

80 100.i.37 100,6" 100.~7 100,567 
60 100,11)8 100,fiitll 100.683 100.~3 
liO 100.256 100,1191,! 100.6i.3 100,57~ 
i!O 100,168 100.1130 100.~i. 100.6011 

2PJ 100,lll 100.1111 100.672 100.(i35 

~ 100.037 100.)6-r. 100,6)11 100,608 
100.0lo5 100,)81 100.639 100,603 

70 100.018 100.383 100,6111 100.6011 
60 100.017 100.395 100.658 100.662 
50 99.988 100.liOl 100,68:i! 100.667 
liO 99.917 100.351 100,6)6 100.631 
30 99.900 lOO,j66 100.6511 100.652 
20 99.901 100.390 100,657 100,6118 
10 99.863 100.382 100,657 l~.61i2 

·1/00 99.918 100.3&9 100,6,8 100.673 
90 99-813 100.371 100,670 100,655 
80 ~-185 100.3511 100,661 100.665 
70 99.75,1 100.338 100.686 l00,6ge 
60 99.696 100.297 100,708 100,706 
50 99-61i8 100.260 100,70lo 100.675 
liO 99,5711 100.206 100.600 100.581 
30 99,6Qli 100.2119 100.539 100,5311 
20 99.697 100.]6;! 100,535 100.521 
10 99.b 100.1171 100.5116 100.5311 

o;:» 99.870 100.n9 100.561 100.562 
98 99,853 100.ltl.6 100.66i. 100.~ 
97 99.852 100.i.16 100.660 100.6)6 
96 99.852 100.ltl.6 100,660 l00,6li2 
95 99.855 100.1113 100,651 100,6i.7 

~ 99.8'l3 100,le07 l00,6i.7 100.67l 
99,791l 100,1129 100,667 100.650 

80 99,775 100.1125 100.619 100.6)6 
70 99,"52 100.500 100,7118 100,658 
60 99,718 100.390 100,727 100,732 
50 ·99,6118 100.387 100,650 100,u; 
liO 99.582 100.330 100.603 100, 
30 99,638 100,289 100. ,88 100.606 
20 99.8'l6 100.3119 100,593 100.591 
10 =~ 100.1177 100,587, 100,605 

op, 100.608 100.506 100.607 



'l'able IV, Track 3, lett vbeel 19th, 

-· 
Station Leftl 6-1111 4-111111 

op, 99,744 99,744 99,744 
01 99.730 99,733 99,701 
Clli! 99,726 99.730 99.693 
03 99,721 99,725 99.69) 
04 99,713 99.718 99 ,69'? 
05 99.713 99,710 99.690 
10 99.693 99,686 99,684 
20 99.6li2 99.633 99,672 
liO 99.588 99,564 99,673 
60 99,51,4 9S.~16 99,657 
80 99,503 99,473 99,659 

1/oo 99,434 99,l,05 99,646 
05 99,lolB 99,)87 99,641 
10 99.i.10 99.374 99.6]8 
20 99.393 99,334 99.656 
liO 99,232 99.232 99,681 
60 99.283 99,162 99,659 
80 99.221 99,095 99,679 

2/oo 99.161 99.016 99,652 
05 99.1i.1 99,003 99,655 
10 99,ll4 . 99,99'! 99,658 
20 99,123 96,969 99,693 
liO 99,079 96,897 99,7ll 
75 96,962 96,79'? 99,753 

3/oo 98,9'?5 911,718 99,737 
01 98,9'?2 96,720 99,7)8 
Clli! 98,91?4 96,718 ~.7li2 
03 98,9'?3 96 .719 99,71,1, 
04 98,9'?5 911,721 99,71,8 
05 ::~i 96:r.15 99,753 
50 96,611 99,785 

4/oo 911,674 96,472 99,79'? 
20 90,oi.1 96,1162 99.812 
60 96,5li2 96.374 99,625 

5P, 96.li88 96,323 99,847 
01 98,489 96,323 99.846 
Clli! 98,486 96,322 99,848 
03 98,485 96,)26 99,846 
04 98,li09 96,325 99.851 
05 98,487 96,325 99;851 
50 98,5113 911,396 99.880 

6/oo 98.589 96,5116 99.903 
20 98,6116 96,637 99.912 
liO 98,691? 96,721 99,890 
60 98,776 96.&i.i. 99.896 
80 98,869 96,966 99.871, 

7/oo 98,963 ·99,082 99,867 
01 98,963 911.0115 99,864 
Clli! 911,965 911,091 99.864 
03 98,967 99,095 99.864 
Oli 98,972 99,lQO 99,861 
05 98,971, 99,lorl 99,859 
50 99.226 99,lai.7 99,787 

8}oo 99,"20 99,739 99.7i.1 
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5-111111 ., ........ 
99,744 8/oo 
99,704 
99,691 
99.691 
99.690 
99.688 
99,677 
99,654 
99,646 
99,6li2 

7/oo 
6/oo 

~~ 
3/oo 
2/oo 
1/oo 
0'/05 

04 
99,648 03 
99,632 Q2 

99,621, 
99,619 
99.6]8 

01 
0/oo 

99,661 
99,617 
99,645 
99.662 
99,668 
99,673 
99,707 
99,731 
99,161 
99,766 
99,766 
99,770 
99,771, 
99,777 
99,781, 
99.8ai! 
99,806 
99,788 
99,785 
99.798 
99,798 
99,799 
99.798 
99.801 
99,780 
99.8U 
99.798 
99,791 
99.m 
99.793 
99.790 
99,813 
99.812 
99.812 
99,8ll 
99.808 
99.806 
99.737 
99.737 

Table BVII, Track 4, left wheel pat.II. 

-· 

·•-.• 'i-lDI 1-- 2--
99,406 99,506 99,406 99,liC! \ 
96,953 98,376 99.)62 99.31t1 
98,561, 97,560 99.101 99,361 
96,450 97,351t 99.262 99,)89 
98,620 97.li.!9 99,,136 99,440 
96,87.! 97 .763 99.227 99.li.!5 
~.104 96,196 99,272 99.li.!3 
99,337 98,71, 99,151 99,372 
99,491? 99.339 99.i.16 99,394 
99.501 99,350 99,412 99,395 
99,504 99,359 99.407 99,39'? 
99.510 99,373 99 , 'I07 99,3gi. 
99.512 99,]88 911.3911 
99.516 99.406 99.404 

Table BVIIl,Track 4, ript vbeel pat.II. 

99,i.i.9 
98,568 
97,90'1 
97,653 
97,763 
98,057 
98,i.37 
99.]87 

99,41,9 
99,]83 
99.273 
99.251 
99,234 
99.2li2 
99.)06 
99,375 

~e IVl, Track 3, ript vbNl JaUI, 

ProtU-ter 
Sta••- ··-· 6-• .. ---- "--
0/oo 99,804 99,804 99.80ii 99.&>i. 
lJUJ 99,517 99.565 99,798 99,767 
2P, 99-25~ 99.258 99,751 99,779 
4p, 98,735 gd,li.!l 99.770 99.798 
5/o'", 98.563 96,671, 99,758 99,789 
6p, 98.6'76 96.780 99,772 99.~ 
7~ 99,040 99 • .;(,6 99.80'1 99.807 
IJ/oo 99, 50'1 99,805 99,802 99.804 

19 

, ... 
99,406 
99.396 
99,355 
99.)62 
99.3li2 
99,356 
99.lt58 
99.lt69 
99,409 
99.i.10 
99,413 
99.i.17 
99.i.10 
99.i.12 
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1'able ID. Trac& 5, lett. vbNl .i-Ua, 

- .. 
lta\lOII Lnel 1-a 2-• 3-8 1-- 2-- , ... 11.- 2-a> .. __, 

0/oO 99,6211 99,621t 99.6211 99.62li 99.6211 99.6211 99.6.!lt 99.62li 99.6211" ·99.6211 
l"/00 99.387 99.262 99.056 99-2"l1 99.6& 99.635 99.60tl 99.651 99.270 99.152 
2p:,J 99.1111 9t1.tl56 9U.575 97.0b5 99.m 99.657 99.627 99.772 99.000. g6,!)7b . 

~ 98.t153 !16,3119 96.1111 96.131 99.tto2 99.676 99.652 99.tl6b 98,676 ::~J 96.6111 9tl,lltl 97.911 95,57b 99.11119 99.7]2 99.tiib 99.969 911.~ 

it 911.~3 91.~ 97. 7tl0 95.196 99.658 99.713 99.579 100.0liO 98.li35 Cjltj.1116 
gtl.528 9b.303 gll.069 95.li06 99.760 99.691 99.5115 99.999 96.576 Cjltj.600 

7"/00 911.910 Cjltj.,eti 9b,7ti2 95.~ 99,191 99.611 99.6]6 99.9611 99.011i . 99.oei. 
6p:,J 99,li06 99.629 99.625 96.t1611 99.733 99,639 99,567 99.1166 99.631 99.6)0 
9/oO 99.7)6 97.51i1 99.739 99.t11i5 

l0p:,J 99.780 911.01.2 99.790 99.1135 
ups, 99.1131 Cjltj.9)6 99.701 99.6911 
13/«J 99.2" 99.759 99.613 99.6)1i 

ltat.i- ,_, ·-- , __ ,. .. ·- , __ ,. __ .. _ 
2.a, .. __,. 

~ 1:m I~ l:~I it:~ I~ IU~ 1:m 1:18 1:m l:ffi = 98.911 Cjltj.5117 96.330 96.71i7 99.701 99.69R 99.6111 99.700 98.ti:29 Cjltj.767 
98.671 98.]li3 ::~ 96.277 99-= 99.668 99.6ll 99.718 98.676 98.6,3 = 911,506 98.]ll 95.958 99. 99.63, 99a, 99.-io, 96.616 g&.,79 
911,569 g6.51ili S;S.~ 96.106 99,s,L 99.6,3 99.61io 99.61111 911.715 9b,7.JB 

1P:, 911.951 99.0li3 98. 96.555 99.6)2 99.62, 99.611, 99.6111i 99,131 99.1]6 
tips, 100.2511 99.6511 99.6,, 91.aOli 99.608 99.'91 99.6117 99.63li 99.6112 99.653 

ups, 99.li80 99.oe, 99.63li ,,.6111 
l'J/«J 99.2" 99.759 99.633 "-"3 
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'lat.le 9XJ. Track 6, lefl vhffl jat.11. 

1 -r11 ~1.er 

a,., -- ,__, ·•-- ..1-• 1-- ,,_ni, .1-1110 t.a., A---• 

tl/«J 99.<.,g(, 99.<.,9b 99.<.,96 '19.l,'1, 99.~ 99.b~ 99.<.,llf, ~-~ 
·rJ'iJ 99.i.:,2 99._.!95 9'}..140 w./'YJ 91).'1U w.~'J'< 

.!5 99.m '1).0uli 911.900 W."fl'f W,b9b 'J9.!J,'1 

.!Ii 99.3)) Y'}.05b 9'1.9(,tl w.~ 99 ; (04 99.,JAJ 
23 99.},!(, 99.03i. 91J,9lf 99;,oli 'J'l, "(Oti ''.)'J.Jltli 

~.! 99.j;,!5 99.0i3 gtl.91)9 '19.(0..! 99."fOti il'J.J3~ 
ll 99.313 99.011 91J.un 99;,w 'J'I.WJ '.)9.Ji.'1 

._JC) 99.'YJ'} 99.003 '}ti.1159 '19.696 99.t,93 91;., , l{ 99.009 '19.µ1 

6/tlJ 99.11o6 96.111 91,.~5 99.119 W."f15 ,9.l.6'{ 

bO 99.0';b 9b.5bt> 'Jl).]90 99,'115 'l'J.U~ 99.099 
Ii() 911.9':,ll gtl.l,;,!li 9tl..!lli 99.69k 99 ,703 99.009 
.!O 'Jl).~l 911.3]0 \lb,Ollb '19.b{il 99.(01 1,11;.C)l,9 

b/«J 9b .t150 91l..tl5 .,, . .,,., 99.b"N, 99.6tlb '1/,'-J,i",i 9t,.jl.U ~.blltl 

5h5 9b ."i7li 91.i.0611 'fT.blO 99.(b) 99.'16,I ~--(99 , .. 9b,T11 911.0,9 97,liOb 99.659 99.bbO 911 .-,ge, 
H <JtJ.T/1 9b.Ob0 <£1.oOO 99.b::i'f 99.660 911."{95 
)il 9tJ ,TT3 gtl.059 '17 ."/'11 ,19.b~ '19."'1,t 9<, ."('h 

51 90.nb gtl.ObO '1{."/'IAJ 9'J.llb0 99.664 91;.7:j6 
,0 -1o .-m 90.0,li 7(.bOl 'IJ,Wo/ 99.661 90 ;(96 

5/(10 ~.7cx, '1(,901 '11,71b 99.t,1,5 99.667 '11."(19 \lb,139 90.7~ 
4pJ/J 9b.ll04 'Tr,9'.H '11 .61JO ~.f,113 99.·,0·1 911,7)5 

bO 9t>.b05 'Tr,'Jli5 9(,&91 99,bff 99.6Ul 90.7 ... 
Ii() IJt) .116::; '1(,9bb 'fr.1'YJ 9'J.66il 99.11• 9b.76o 
lO 9b.tll!.! '11,<JtJ5 '11."f61 99.1,11 99,716 gi,;M 

Ii/«) ~-939 911.013 'I{ .bl.! 99.tib.) 99·* '11,u51 911.225 90;199 
'3/-50 99.039 '}ti,Ob5 '11,'111 9'J.611 99.69k 90.u:;5 

05 99.201 9b.261, gtl..!33 99; 113 99.71iO 911.~ 
()Ii 99,l'JI, 9b..l67 9b.J50 99.717 99.1 ... 911.9511t 
03 99,19b 9£).&b 9b..!li5 99.717 99.71iO gt,.993 
ce 99.19b 911.&6 9b.-?•3 99,7.ll 99.739 ~-990 
Ql 99.19b 911.a6b 9b.J•5 99,7.l0 99.737 911.990 

= 99,l96 9b"'67 9b.li!li6 99."JOlj 99.7)6 9b.a66 9b.li03 99.Qlli 
99.255 ::z:; 90.~ 99-69& 99,TJ5 99.031 

60 99,]29 96. ~.7]5 99,1fl7 99.113 
loO 99.]l,1 911.503 911.51iO 99.6fll 99;~1 99.u1i 
20 99.1133 9b.61ti. 911.690 99.733 99.$ 99,m 
10 99 ... 3 9b.btll 'Jb,719 99.1•1 99,"lflli 99.l20 

l/«) 99.1157 ,s.725 911.7117 99,M ~-737 91>.720 9b.61fl 99..t)ll 

~ 99.521 911~3 !lbmG 99.7~ 99,TJ• 99~3 
99-'67 911.935 911,'111 99.m 99.-,,i; 99.359 

]O 99.566 99.l]O 99.093 99.722 .99.695 99.1i10 
ao 99.6" 99.a6lt 99.159 99.715 99.6fll 99.ll5b 
10 99.703 99.l5i! 99.Zlfl 99,7'1 99.733 99,lib8 

~ 99.707 99-atl9 99.i!l• 99.737 99•7•3 99.271 99.aro 99.511 
99-7•3 99.]Stl 99.313 ' 99.70b 99.720 99.~5· 

60 99.1fl9 99.liOI. 99,)1!9 99;115 99,TJO 99.556 
lie) 99Ja7 99.505· 9',-1196 99.711t 99,TJ• 99.610 
ao 99.bllll 99.626 . 99.610 99.690 ' 99.6911 99$ 
10 99.919 99;112 99.709 99.726 99.721t 99.720 
0, 99.915 99.733 99.7~ 99.720 99,716 99.8116 
~ 99;ffl 99,131 99.7]11 99.717 99,lll 99.T416 
03 99.932 99.71ll 99,7•5 99.716 99.io, 99.72t1 
OR 99 •• 99.1 .. , 99,7llll 99,l.Ll 99,l'Ob 99.72t1 
01 99.911. 99.71,6 99.753 :::· 99.700 99,lll9 

°'°° 99.5Q2 99.756 99.756 99.6911 99,!llO 99.701 99.121 

1 · 
I 
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Table IXIII. Track 7, left vhNl pal.II. Table IXV, T1'ck II, left wheel path. 

Protll-ter Protll-t.er 

Cl••••-- ·--· ~-- , __ "-- o•-••-- --- ..... ;;, . ,, __ ~---
0/00 99,741 99,741 99.1-1 99,741 

0l 99.720 99.733 99,737 99.739 
al 99,722 99,734 99, '25 99,7)0 
03 99,704 99,720 99,715 99,7,20 
04 99,701 99,715 99,710 99,724 
05 99,699 99,703 99.699 99,719 
l0 99.666 99.660 99.666 99.716 
20 99.634 99,617 99.650 99°7'2 
liO 99.571 99.56,! 99.634 99,716 
60 ::= 99,~ 99.61111 99-1'2 
!!O 99, 99,615 99,790 

l/<XJ 99,lt45 99,453 99,61.c! 99.603 
10 99,412 99,416 99.633 99.b03 
20 99,385 99.Jl,6 99,607 99.803 
liO 99.331 99,324 99,5bl! 99,lll) 
60 99.295 99.241> 99,562 99,bi!4 
o() 99.2lo6 99,17(, 99,565 99.1155 

2/<XJ 99,209 9'J . lll 99,547 99,ll46 
10 99,19'! 99,0'T/ 99.56,! 99,b6l 
20 99.163 99,064 99,529 99.1144 

~1: 99 ,559 99.559 99.559 99,559 99,559 
99,567 99.li2b 99.1165 99,532 99.551 

20 99,605 99,330 99.Jb() 99,534 99.559 
30 99.593 99,219 99 .204 99,522 99,5li3 
50 99.600 9b,991J 99.103 99,510 99,522 
10 99,535 9tl,7.!4 1Jtj,o64 99,554 99,536 
90 99.431 96.li39 9b.600 99.540 99.516 

lj,oo 99,)86 90,327 IJtj,1195 99.5b4 99,556 
10 99,341 90,197 911,374 99.540 99.510 
~ 99 .479 9b,2l7 IJtS,377 99,i.911 99.i.62 
50 99,596 9tl,357 IJtj,499 99.516 99,li9'! 
70 99,/0b 96,4b5 IJtj.614 99,527 99,520 
90 99.71i3 90.620 96,716 99,570 99.553 

2/-00 99.765 9b.687 96.7110 99.56b 99.567 
.10 99.1121 90.775 1Jtj.b65 99,5911 99,576 
30 99.903 9b.96.1 9b.958 99,550 99,539 
50 99,9bl 99,241 99,153 99,5b4 99,579 
67,5 100.023 99,456 99,360 99,563 99.560 
'(O 99.4b4 99,490 99,563 99.561 
75 99.560 99,560 99.559 

40 99.137 99,()l,3 99,574 99.1160 
60 99 ,095 911,997 99.59'! 99.Jlt2 
llO 99.022 96,939 99.602 99.tlllb 

3/<XJ 96.973 9b,ll69 99.626 99.853 
01 96,964 96,ll6l 99.62'/ 99.849 
02 96,959 9b,b56 99.625 99.ii45 
03 91:1,957 96.tllib 99,615 99,b40 
04 9b,955 9b,84b 99,617 99,841 
05 96,957 9b.8lt9 99.619 99,tt.!11 Table UYI, Track b, ri&bt wheel pat.la, 

50 96,t,31 911,701 99.622 99,8119 
4/<XJ 96,713 96,550 99,6.!4 99,799 

20 96,673 96,5C)lj 99,609 99.1101 
40 96,631 9U,"84 99,650 99.1120 Station Lnwl .... 6-• l-11111 Ii-DR 
60 gtl.600 9tl,455 99.635 99,b)O 
80 9b,573 90,452 99.6)6 99,031 

5/<XJ 96,554 96,441 99.6lo6 99.ou 
Ol 96,553 96,443 99.6lo6 99,607 
02 96,555 96.4li0 99.6112 99,1116 
03 96,549 gtl.440 99,647 99,lll5 
04 gtl,55-! 9b,4li0 99.6itll 99.010 
05 96,555 96,4)8 99,6116 99,806 
50 96,513 9b,li)O 99,67b 99.773 

6/<XJ 96,61.4 96,560 99.625 99,757 
20 96.6&0 96,626 99.610 99,729 
40 96,743 glj.713 99.61.! 99,749 
60 98,793 911.190 99.601 99,729 
!!O 9tl.tl65 9t1.u85 99.612 99.7111 

7/<XJ 96,995 ~.017 99,6117 99,7lll 
Ol 96,999 99.018 99.6117 99,7.!5 
02 99.010 99,032 99,6" 99,7.!5 

of,oo 99.,,~ 99,559 99.559 99.559 99 . 559 
10 99,567 99.i.50 99,470 99.5lio 99,536 
20 99.605 99,367 99,407 99.561 99,551 
)0 99,593 99.2611 99,315 99,540 99.521 
50 99.601l 99,lOb 99.196 99,573 99.554 
70 99.535 9tl,90b 99,043 99,639 99,633 
90 99.1131 9b,6]b 'Jb,112 99,5b4 99,579 

1/10 99.31i1 9b.lib3 9b,f1Cl 99,605 99,595 
)0 99.1179 glj,li()li 911.527 99.i.57 99.liltO 
50 99,59b 96,510 lltl,619 99.i.10 99,lo(,b 
70 ' 99,700 96.6113 96.732 99.533 99.513 
90 99,743 9tl,7li0 9b,b25 99,575 99.51i2 

2/10 99,827 96,1162 9b,9'!b 99.565 99,535 
)0 99,903 99,053 99.078 99.52 .. 99,510 
50 99.9111 99.313 99,308 99.573 99.51i7 
67,5 100.0123 99,4b9 99.li76 99.565 99.556 

03 9S ,llll2 ~.olu 99,647 99,721l 
04 99,<1!7 99,053 99,650 99,730 
05 99 .033 99,065 99,656 99.731 
50 99,2)0 99.352 :19.69b 99,711 

11/00 99.li40 99,7lili 99,7113 99.7111 

Tabl.11 lllIV, Track 7, right vhffl path, 

Station X.wl 1-D 1·111111 2--

o,OO 99.661 99.661 99.661 99.661 
l/<XJ 99.379 99.330 99.653 99.652 
2/<XJ 99.192 99.076 99,565 99.705 
4/<XJ 96.6" 91:i.632 99,700 99,663 
5/<XJ 96,ii81t 9tl,ll96 99.6l>1 99.653 
6/<XJ 96.576 96.630 99.5911 99.61,6 
7/50 99..!05 99,397 99.669 99,627 
oioo 99,4lli 99.6'13 99.6b9 99,671 
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