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SUMMARY 

The report describes the installation of the wearing 
surface, the results of the second load test, and the status 
of the collection of data on the dimensional changes and 
moisture content of the press-lam members and the number and 
types of vehicles using the bridge. The results of the load 
test suggest that the AASHTO load distribution is conservative 
and that the steel dowels adequately provide for load transfer 
between panels. With the exception of the rails and wheel 
guards, which are exhibiting a high moisture content and show- 
ing signs of delamination, the bridge is structurally sound 
and in excellent condition after one year of service. 
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EVALUATION OF THE PERFORMANCE OF A PRESS-LAM TIMBER BRIDGE 

Interim Report No. 2 

Bridge Performance and Load Test After One Year 

by 

Michael M. Sprinkel 
Research Engineer 

INTRODUCTION 

This is the second of three reports which will be issued 
during the scheduled five-year evaluation of the performance 
of the world's first press-lam timber bridge.(1) The report 
describes the installation of the wearing surface, the results 
of the load test conducted approximately one year after the 
bridge was constructed, and the status of the collection of data 
on the dimensional changes in the press-lam members, the mois- 
ture content of the members, and the number and types of vehicles 
using the bridge. A report covering the installation and the 
first load test of the bridge was issued last year.(2) 

WEARING SURFACE 

Maintenance forces from the Edinburg Residency applied a 
1-inch (25 mm) thick bituminous wearing surface to the press- 
lam bridge on September 27, 1977, which was approximately 6 
months after the bridge was constructed. The 6-month waiting 
period allowed excess creosote to leach from the deck panels 
and thereby improved the bond between the panels and the wear- 
ing surface. 

Prior to placement of the S-5 (0.5 in. [13 mm] maximum 
size of crushed stone and 5.0% 8.5% asphalt content) bitu- 
minous concrete wearing surface, compressed air was used to 
remove dirt and debris from the surface of the panels, and a 
CRS-2 tack was applied as mist at the rate of approximately 
0.i gal./yd. 2 (0.5 ml/m2). (3) The S-5 bituminous concrete was 
hauled from Harrisonburg in a dump truck; therefore, approxi- 
mately one hour elapsed between the time the concrete was 
batched and the placement operations were commenced at the 
bridge site. Shovels were used to move the bituminous con- 
crete from the dump truck to the surface of the panels and a 
steel-wheel roller was used to compact the material. The 
ambient temperature was approximately 75°F (24 ° C) and no 
placement problems were encountered. 



The bituminous concrete is permeable and therefore 
serves as a wearing surface but not as a moisture barrier. 

LOAD TESTS CONDUCTED AFTER ONE YEAR 

On April 26, 1978, the rear tandem axle of a trailer 
loaded with a DI6 dozer was used to load test the press-lam 
bridge for the second time. Prior to the tests a crew from 
the Department's Traffic & Safety Division used scales to 
determine the load that would be provided by each of the 
four pairs of wheels on the rear tandem. The wheel spacing 
and the load produced by each wheel are shown in Figure i. 
The scales indicated that, within 6%, each of the pairs of 
wheels supported 25% of the total load on the tandem. There- 
fore, for purposes of calculation it was assumed that each 
pair of wheels produced a load of !0,0701b. (4,530 kg). The 
total load produced by the rear tandem axle was i% less than 
the load used on May 4, 1977, when the bridge was tested the 
first time. 

1.75' 

STREAM FLOW 

7.7 

Figure I. Rear axle dimensions and wheel loads. 
i lb. 0.45 kg; I ft. 0.30 m. 



Tests of Interior Stri•$ers 

The theoretical flexural stress in the interior stringers 
produced at midspan by the test vehicle was not as much as 2% 
less than the theoretical flexural stress that would be •ro- 
duced by one 32,000 lb. (14,400 kg) AASHTO design axle.( 
Because of the short span length of the press-lam bridge the 
AASHTO 32,000 lb. (14,400 kg) concentrated load controls the 
moment design of the stringers. Permits are issued in Virginia 
for tandem axle loads up to 44,000 lb. (19,800 kg), which is 
9.2% greater than the tandem load of the test vehicle. The 
theoretical midspan interior stringer deflection for an AASHTO 
32,000 lb. (14,400 kg) axle placed at midspan is 0.378 in. 
(9.6 mm) as compared to the 0.440 in. (11.2 mm) deflection 
that is theoretically produced by the load test vehicle. 

The stringer deflections for the 13 load test positions 
shown in Figure 2 are shown in Table i. As anticipated, 
similar deflection data were obtained for each of the follow- 
ing pairs of equivalent loading conditions, 1-13, 2-12, 3-11, 
and 4-8. The maximum midspan deflection for an interior 
stringer with the test vehicle positioned in one lane was 
0.26 in. (6.5 mm). With the test vehicle centered in each 
lane (positions #3 and #Ii) simultaneously as simulated by 
position #14, there was a fairly uniform distribution of the 
load over the interior stringers, with a maximum deflection 
of 0.276 in. (7 mm). If loading position #9 were applied to 
both lanes simultaneously, stringer #6 would deflect 0.31 in. 
(8 mm) as simulated by loading position #15. Using 0.31 in. 
(8 mm) as the greatest live load deflection for an interior 
stringer, a distribution factor of S/X, where X (•)(!1.2)/8•5.60, 
could be applied to the design of the interior stringers. The 
AASHT0 distribution factor of S/4 is conservative. The data 
in Table 2 indicate that 5 to 6 stringers support the wheel 
loads produced by the test vehicle. 

The stringer deflections reported in Table i are 
similar to those which resulted from the load test conducted 
one year earlier; therefore, it may be concluded that the 
performance of the stringers has not changed during the first 
year of service. 
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Condition of Load 

Maximum load stringer ii 

Maximum load •:ringer i0 

Cen•er of southbound lane 

Hidspan s•ringers and 9; 
stringer 5 

•idspan stringers • and 5; 
s•rin•er 
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Figure 2. Loading positions used to measure stringer 
deflections. (i ft. 0.30 m) 
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Tab le 2 

Deck Panel Deflections at Midspan Relative 
to Adjacent Stringers (mm) 

Loading Position 

2 
2 
3 
3 
5 
7 

ll 
ll 
12 
12 

Adjacent Stringers 

9, i0 
I0, I! 
7,8 
a io 
5,6 
5,6 
5,6 
4,5 
5,6 
4,5 
5,6 

Relative Panel 
Deflections 

0.18 
0.19 
0.I0 
0.22 
0.19 
0.17 
0.22 
0.13 
0.i0 
0.15 
0.28 

I mm= 3.9 x 10 -2 in. 

Tests of Exterior Stringers 

AASHTO indicates that when designing exterior stringers 
it will be assumed that the flooring acts as a simple span be- 
tween the stringers. The test vehicle was positioned as close 
to the curb as possible for load positions #I and #13. For 
these positions the theoretical load produced on the exterior 
stringers by each pair of wheels is 6,212 ib.• (2,795 kg). The 
theoretical deflection for two wheel loads of 6,212 lb. (2,795 kg) 
symmetrically positioned with respect to midspan and 4.1 ft. 
(1.3 m) apart is 0.434 in. (II.0 •). The maximum deflection 
produced in the exterior stringers was 0.276 in. (7 •) for 
loading position #13. Therefore, the AASHTO design which 
assumes a simple span distribution of the wheel load is con- 
servative. A more realistic value for the deflection of the 
exterior stringer can be obtained by assuming that the deck is 
fixed over the interior stringer and simply supported over the 
exterior stringer. Because AASHTO requires that the exterior 
stringers have the same carrying capacity as the interior 
stringers, it would not help to change the method of deter- 
mining the load on the exterior stringer, unless a less con- 
servative distribution factor is used for the interior stringers. 



Tests of Deck Panels 

A dial gage was used to measure the deflections of the 
center deck panel midway between selected stringers for selec- 
ted loading positions. The deflections of the deck panel with 
respect to the adjacent stringers are the values reported in 
Table 2. As was the case with the first load test, the magni- 
tudes of the deflections were extremely small and, therefore, 
no attempt was made to interpret the data. Since one pair of 
tires on the test vehicle distributed the load over a width of 
1.75 ft. (533 mm) and the clear span between two stringers was 
2.13 ft. (649 ram) a negligible relative panel deflection would 
have been expected for a pair of test wheels centered between 
two stringers. 

To determine the ability of the steel dowels to trans- 
fer wheel loads between adjacent panels a series of deck panel 
deflection readings were recorded with the test vehicle in 
load positions ii and 12 and again with the vehicle positioned 
approximately I ft. (305 mm) south of positions ii and 12. In 
moving the test vehicle southward I ft. (305 ram) the rear 
wheels of the tandem moved from the center panel to the adja- 
cent panel. The relative panel deflections were greatest 
directly below the wheel loads and ranged from 0 to 4.2 x 
10 -2 in.(l.07mm). Because the deflections followed a linear 
pattern across the panel joints, it can be concluded that the 
steel dowels provide a satisfactory load transfer between 
adjacent panels. The load test data as.a .whole suggest that 
the press-lam deck behaves as a flat plate. 

DIMENSIONAL DATA 

So that dimensional changes in the press-lam members can 
be detected over the five-year period of evaluation, selected 
members were measured at selected locations immediately fol- 
lowing the installation of the bridge and again at three, six, 
and twelve months. Additional data will be collected at annual 
intervals during the next four years. Calipers and a framing 
square were used to measure the thickness of the deck panels, 
stringers, rails, wheel guards, and posts. Metal tacks were 
installed at selected locations in the deck panels, stringers, 
and posts and the distance between each pair of tacks was 
determined using a dial gage. A steel tape was used to 
measure the length and width of the deck panels, and a framing 
square was used to determine the distance between the bottom 
of the deck panels and the bottom of the stringers. Because 
it is anticip_ated that any major growth or shrinkage will 
occur perpendicular to the plane of the glued surfaces, most 
of the dimensional data are for this direction. 



Dimensional changes based on the data collected during 
the first year are reported in Table 3. A dial gage was used 
to measure the distance between a pair of reference tacks to 
provide the data in Table 3, which follow the reference point 
numbers, and the other data are based on the average of four 
or more random measurements made with the indicated piece of 
equi•nent. There should be more error in the data taken at 
random than in the data based on the reference tacks because 
the random measurements are based on the exterior condition of 
the members and may be influenced by surface irregularity and 
warpage due to delamination. 

Based on the data collected to date it appears that the 
largest dimensional changes are positive (expansion) and in 
the directions perpendicular to the glue planes. The data 
indicate that the rails have increased in thickness about 4%, 
the wheel guards about 3%, the stringers about 2%, and the 
posts about 1%. A 2% increase in the thickness of a stringer 
is only 1/16 in. (1.6 mm) and may be within the precision that 
can be expected for data collected by different operators. 
The 4% and 3% increases in the thickness of the rails and 
wheel guards are easily understandable considering the amount 
of delamination that has occurred in these members. The 2% 
increase in the depth of the rails and wheel guards may be 
explained by the fact that, because of the delamination, these 
members have warped slightly and the upper and lower surfaces 
have become extremely irregular. With the exception of the 
rails and wheel guards, it may be concluded that after one 
year of service dimensional changes due to delamination, 
shrinkage, or swelling of the press-lam have been negligible. 

On page 15 of Interim Report No. I, the report cover- 
ing the installation and first load test of the bridge, it was 
indicated that the deck panels increased in width about 3% when 
subjected to the creosote treatment.(2) Based on subsequent 
discussions with personnel from the Forest Products Laboratory, 
it appears that it's more realistic to conclude that the 3% 
increase in the width of the panels was caused by the steam 
treatment used to remove excess creosote from the panels. 

MOISTURE PROBE DATA. 

A moisture meter supplied by the Forest Products Laboratory 
is being used to measure the moisture content of the press-lain 
members at selected points. The data collected following the 
installation of the bridge and again at 3, 6, and 12 months 
are shown in Table 4. Additional data will be collected on an 
annual basis for the next four years. Each value reported in 
Table 4 is the average of four or more readings. The data re- 
ported for June 6, 1977, were obtained with a moisture meter 
which was believed to have a malfunction and the data therefore 
are not believed to be accurate. A new meter supplied by the 
Forest Products Laboratory was used to obtain the remaining data. 
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Reference 
Number 

i 4 

5 8 

9 14 

15- 18 

19- 22 

23- 24 

25- 26 

Tab le 4 

Moisture Content Data in Percent 

Reference 
Locations 

Stringers 
(exterior) 

Stringers 
(interior) 

Deck 
(bottom exterior) 

Deck 
(bottom interior) 

Posts 

Rails 

Wheel guards 

*Data obtained with old meter. 

Moisture Content at Indicated Date 

6/06/77* 

39.0 

40.3 

12.8 

12.5 

41.3 

33.0 

24.5 

8/11/77 

10.5 

10.8 

13.7 

16.4 

16.4 

35.5 

37.5 

11/15/77 

9.3 

10.9 

12.6 

4/24/78 

10.3 

14.0 

16.0 

13.5 

29.0 

26.0 

19.5 

35.0 

40.O 

From the data in Table 4, it can be concluded that during 
the first year the moisture content of the press-lam members did 
not change significantly and •hat, with the exception of the 
values for the rails and wheel guards, the moisture contents are 
satisfactory. The moisture content of the rails and wheel guards 
is approximately 35%, which means they are saturated (moisture 
content above 30%). The stringers exhibited the lowest moisture 
content, which would be expected since they are the most pro- 
tected members in the bridge. On the other hand, the rails, 
wheel guards, posts, and deck are readily exposed to rain and to 
temperature changes. It's •n•_resting to note that the members 
exhibiting the highest moisture content are also the members 
exhibiting the greatest delamination and dimensional changes 
during the first year. 

I0 



LOADING HISTORY 

Estimates of the number and types of vehicles using the 
bridge are being made with traffic counting equipment at 
selected times and from observations of the number and types 
of vehicles using the bridge during each site inspection. The 
data are reported in Table 5. From the table, it is apparent 
that several heavy vehicles and approximately i00 smaller ve- 

hicles use the secondary road bridge each day. 

To gain an indication of the number of large loads and 
overloads, scratch gages were installed at midspan on the bottom 
side of stringers 2, 5, 7, and !0. The circular disks were re- 

moved from the scratch gages following the first load test and 
mailed to the Forest Products Laboratory for a microscopic 
examination. Replacement disks were removed prior to the 
second load test but no scratches were visible. Therefore, it 
is believed that the bridge has not received an overload during 
the first year of service. Creosote leaching from the stringers 
may be interfering with the performance of the gages. 

Table 5 

Loading History Data 
(1 lb. O.45 kg) 

Date 

4/18/77 

5/03/77 

5/04/77 

6/01-02/ 
77 

8/11/77 

11/15/77 

4/24/78 

Time 

I0:00 a.m. 
3: 00 p.m. 

9:00 a.m.- 
4:00 p.m. 

ii:00 a.m.- 
4:00 p.m. 

9:15 a.m- 
12:45 p.m. 

lO 30 a.m- 
4:00 p.m. 

3.5 

5.5 

No. Vehicles 

<I0,000 lb. Total 

14 

i5 

18 

i5 

14 

24 

>I0,000 lb. 

14 

17 

21 

121 

22 

17 

16 

3.5 84 

5.7 

3.0 

5.0 

4.4 

4.9 

136 

12 

72 

121 

106 

117 

2.9 70 

il 



CONCLUSIONS 

i. Results of the load test conducted one year after con- 
struction of the bridge agree with the results of the 
first load test and suggest that the AASHTO load distri- 
bution is conservative by approximately 30%. 

2. The deck panel deflection daCa obtained during the load 
test suggest that the steel dowels adequately provide for 
load transfer between the panels and that the deck be- 
haves as a flat plate. 

3. The bridge is structurally sound and in excellent condi- 
tion after one year of service and, with the exception of 
the rails and wheel guards, exhibits no signs of deterio- 
ration. 

4. The rails and wheel guards are showing some signs of 
deterioration as reflected by the high moisture content, 
marked increase in thickness, and obvious areas of delami- 
nation. 
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SUMMARY 

The objective of this study was to evaluate the accuracy 
of the Department's portable traffic recorder models under 
diverse types of traffic conditions. The study was conducted 
by (I) reviewing the characteristics of five models of traffic 
recorders, (2) selecting six field study sites, and (3) devising 
procedures for testing the recorders. 

Combined data from the six study sites revealed that 
the ranking of the traffic recorders in descending order of 
accuracy was: (i) Stevens, (2) Streeter Amet (SA) MR 101-A, 
(3) SA-Traficounter, (4) K-Hill, and (5) SA-Traficounter 
Junior. The low relative errors obtained with the Stevens 
(1.9%) and SA-MR 101-A (2.6%) demonstrated that they are capable 
of meeting high accuracy standards. 

It is recommended that the practice of using two traffic 
recorders on divided highways should be replaced where 
conditions permit by the use of a plastic tee-joint to connect 
two road hoses to one recorder in the median area. A study 
of the types and rates of malfunctions of the recorders is also 
recommended. 
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TRANSPORTATION DATA REQUIREMENTS: 
EVALUATION OF PORTABLE TRAFFIC RECORDERS 

by 

Robert F. Jordan, Jr. 
Research Analyst 

INTRODUCTION 

An evaluation of the Department's traffic count 
programs was requested because of interest in finding means 
of obtaining better data than heretofore available and at 
lower costs.(1) In response to the request a study is being 
conducted for the purpose of (I) determining the Department's 
needs for traffic count data, (2) relating these to an 
evaluation of the traffic counting program and procedures, 
(3) identifying problems and deficiencies with data requirements, 
and (4) seeking improvements to the program. To accomplish 
these objectives, supportive data are needed for the following 
subject areas. 

!. portable traffic recorders 
2. manual traffic counts 
3. statistical sampling procedures 

This report focuses upon the accuracy of the portable traffic 
recorders. 

The Department uses portable recorders to count traffic 
on three highway systems. (2) In the case of secondary roads, 
it costs the Department an estimated $202,377 yearly to collect, 
process, and publish data from traffic recorder counts at 
about 37,000 locations. On urban routes, an estimated $63,450 
is spent yearly gathering recorder traffic counts from 2,328 
locations. On interstate, arterial and primary routes, the 
Department has recently introduced the use of traffic recorders 
in special situations; however, most traffic counts are 
collected by observers who manually record vehicle classifi- 
cation and travel direction data. On these last named routes, 
an estimated $521,933 is spent yearly gathering traffic counts 
from 1,364 locations. 



Basically, the types of portable traffic recorders used 
by the Department h.eve traffic !etection systems based upon 
use of a narrow roadway hose linked to a device responsive 
to air pressure (Figure i). When the wheels of passing vehicles 

compress the roadway hose, a resulting change of air pressure 
should be detected and counted by the battery-powered recorder. 
The traffic detection systems are subject to errors in the 
form of either undercounts or overcounts resulting from 
malfunctions ecting the clock mechanism, numerical recorder• 
tape printem--on some models--or battery charge and electrical 
circuit. Counting errors could also occur under typical traffic 
conditions because of vehicle speed, size, axle combinations, 
braking, turning, changing traffic lanes, or passing maneuvers. 

Because the accuracy of portable traffic recorders 
had not been s°•udied recently in Virginia, it was anticipated 
that this study would be helpful in developing procedures for 
improving traffic count programs° Ideally, the desired 
improvements should lower •ro•ram costs while providing acceptable 
accuracy. 

Figure i. Operational use of roadway hose with traffic 
recorder, the STREETER A•ET TRAFiCOUNTER model. 



PURPOSE AND SCOPE 

The objective was to evaluate the accuracy of the 
Department's portable traffic recorder models under diverse 
traffic conditions. The scope of the study was limited to 
conducting traffic counts and noting any problems with the 
operation of the recorders at six highway study sites. 

TYPES OF TRAFFIC RECORDERS 

To review the characteristics of the fiye models of 
traffic recorders used by the Department, recorders were 
borrowed from the Traffic and Safety Division and the Salem 
District traffic engineer. Three units each of the K-Hill, 
SA-Traficounter Junior, SA-Traficounter and SA-MR 101-A 
were obtained for testing at field study sites. After an 
initial phase of testing, three of the Stevens model recorders 
were also borrowed for use. 

Accumulative Recorders 

The K-Hill and SA-Traficounter Junior are accumulative 
type recorders. These have operational advantages because 
they are the smallest, lightest,•and least expensive of the 
Department's recorders. One disadvantage is that technicians 
making the traffic counts are restricted by having to write 
down the time and traffic count readings both at the start 
and end of counting periods. The Department uses accumulative 
type recorders to collect 24-hour traffic counts on secondary 
roads. 

Nonaccumulat ive Recorders 

The SA-Traficounter, SA-MR 101-A, and Stevens are 
nonaccumulative type recorders. These offer operational 
advantages because they can provide a continuous series of 
traffic counts by a given time period (e.g., 15 minutes) and 
print these on a roll of tape. The disadvantages are that they 
are larger, heavier, and more costly than accumulative 
recorders. 

The SA-Traficounter has been used to collect daily 
traffic volumes by 15-minute periods at 1-day count stations 
on urban routes and at the Department's 16 automatic traffic 
recorder stations where counts are made continuously throughout 
the year. It has been reported that the Department will no 



longer purchase SA-Traficounters and its needs for nonaccumulative 
traffic recorder units has recently been met by the purchase 
of SA-MR 101-A or Stevens models, 

Both the SA-MR 101-A and Stevens recorders have solid 
state electrical components. The Stevens has the additional 
capability of punching coded entries on data tapes which 
correspond to the printed traffic counts. The Department has 
considered developing a system for having the punched data 
tape entries directly translated by automated data processing 
equipment to reduce the costs required for manually processing 
the data. The SA-MR 101-A recorders are being used to collect 
traffic counts on urban routes and the Stevens recorders are be.ing used at the Department's automatic traffic recorder. 
stations. 

STUDY SITES 

Six study sites were selected to permit initial testing 
of the recorders under favorable traffic counting conditions 
and proceeding to testing under progressively more unfavorable 
conditions. Table i summarizes the types of recorder models 
tested along with the locations and traffic characteristics of 
the study sites. 

Site i 

Site i on Route 29 southwest of Charlottesville was 
chosen because it had exceptionally favorable conditions for 
the use of traffic recorders in obtaining counts. These 
included a moderate 67 km/hr (40 mph) speed limit, a moderate 
traffic volume of about 3,000 vehicles/day, of which a 
moderate 2.3% was comprised of trucks having more than 2 axles, 
and controlled access under which vehicles travel one-way in 
a single traffic lane. Figure 2 shows how both nonaccumu!ative 
and accumulative recorders were positioned on an expressway 
ramp to Route 29 business and Fontaine Avenue during eight 
traffic counting periods. The site conditions excluded 
situations in which the recorders could undercount traffic 
because of vehicles passing simultaneously an• overcount 
traffic because of vehicles turning, changing traffic lanes, 
or excessively speeding onto traffic recorder hoses. Although 
the above are not representative of the conditions found at 
most locations where Department personnel are using recorders 
on secondary, primary, and urban routes, they were helpful 
in this study. 
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Figure 2. Placement of traffic recorders. 



Site 2 was on Route 743 north of Charlottesville and 
was chosen in order to allow testing of accumulative type 
recorders under moderately favorable counting conditions on a secondary route. The conditions included a moderate 75 km/hr 
(45 mph) speed limit, a traffic volume of about 6,000 vehicles 
per day, which was considered moderate for a suburban highway 
segment, a low 0.5% rate of trucks with over 2 axles, and 
two-way traffic where vehicles could cross the recorder hoses 
simultaneously in a no-passing zone,which prohibited vehicles 
from changing between the two traffic lanes. These conditions 
are generally found on secondary routes located near cities. 

Site 3 

Site 3, on Route 604 north of Roanoke, was selected to provide unfavorable conditions for testing accumulative type 
recorders on a secondary route. The conditions included a 
92 km/hr (55 mph) speed limit --the maximum allowed in Virginia; 
a traffic volume of about 4,000 vehicles per day, which was 
considered high for a rural highway segment; an exceptionally 
high 13.1% rate of trucks with over 2 axles; and two-way 
traffic in a no-passing zone for two traffic lanes. These 
conditions are found on secondary route segments located near primary or interstate routes. 

Site 4 

Site 4, on Route 250, west of Charlottesville, was 
chosen to test nonaccumulative type recorders under moderately 
favorable counting conditions on a primary route, The conditions 
included a moderate 75 km/hr (45 mph) speed limit; a traffic 
volume of about 14,500 vehicles per day, which was considered 
high for a suburban highway segment; a low 1.6% rate of trucks 
with over 2 axles; and two-way traffic in a passing zone for 
two traffic lanes. These conditions are typical for primary 
routes located in the Department's urban transportation study 
areas 

Site 5 

Site 5 was on Route 29 north of Charlottesville and 
was selected because it provided unfavorable conditions for 
testing nonaccumulative type recorders on an arterial route. 
The conditions included a high 92 km/hr (55 mph) speed limit, 
a high traffic volume of about 12,500 vehicles per day in one direction, a moderate 3.3% ra.-_e of trucks with over 2 axles, 
and one-way traffic where vehicles could cross recorder hoses 



simultaneously or change between traffic .lanes on a four-lane 
highway divided by a median area. These conditions are 
representative of those found on arterial routes in the 
suburban sections of the Department's urban transportation study 
areas 

Site 6 

Site 6, on Route 7 west of Falls Church, was chosen 
for testing nonaccumulative type recorders on an arterial 
route having exceptionally unfavorable counting conditions 
equivalent to those found on rural segments of interstate highways. 
The conditions included an estimated 18,000 vehicles per day 
in one direction, the highest traffic volume reported for any 
92 km/hv3(,55<; mph) segment of the Virginia arterial highway 
system; a low 0.6%.,rate of trucks with over 2 axles; and 
one-way traffic where vehicles could pass by simultaneously 
or change traffic lanes on a four-lane divided highway. Most 
of the traffic counts there were also affected by a rainstorm 
and commuter rush hour congestion that occasionally restricted 
vehicle travel speeds. Although these conditions are not 
typical for arterial highways, they appeared similar to those 
found on rural segments of interstate highways. 

DATA COLLECTION 

Test Procedures 

The operational condition of traffic recorder battery 
charges and clock-timing mechanisms were checked before traffic 
counts were obtained. One problem found was that the three 
SA-Traficounters had minor increases (up to 3 seconds) and 
decreases (up to 18 seconds) to the times between •'hourly" 
recorder prints upon data tapes. Overall, the mechanical 
clocks ran 10-38 minutes late after 7 days of operation. 
Consequently, it became necessary to devise a special procedure 
for controlling errors with clock synchronization during 
subsequent testing. 

A schedule was devised for collecting test data for 
comparing traffic recorder and manual counts of vehicle axles 
at the six highway study sites during the period August 1977 
January 1978. The parameter for manual counts was the number 
of vehicle axles, because numerical readings on traffic 
recorders should be increased by one each time the wheels to 

a pair of vehicle •axles pass over a traffic hose. 



Two special procedures were applied when setting up 
groups of traffic recorders at various sites. The first was 
used to avoid problems with clock synchronization and to have 
the same vehicles counted by all traffic recorders. Before 
starting a 12-60 minute manual count, in accordance with traffic 
volume levels, all traffic hoses were disconnected and 
nonaccumulative recorders were set to read zero for volume 
count. Initial readings were noted for the accumulative 
counters. Next, all recorders were switched on and the traffic 
hoses were connected when starting each manual count. After 
each manual count, the hoses were disconnected. Nonaccumulative 
recorders were operated until the last partial time period of 
traffic volumes could be printed on the recorder tapes. Then, 
differences between initial and final traffic volume readings 
were tabulated for each recorder. 

After an initial test phase, a second special procedure 
was developed by the research technician for use with the 
Stevens and SA-MR !01-A recorders. A road hose was connected 
to a 0.91-cm (3/8-in) diameter plastic tee-joint which was 
linked by short hoses to either two SA-MR 101-A or two Stevens 
recorders. Preliminary and subsequent testing revealed that 
this procedure reduced the number of road hoses required without 
affecting the traffic counts. This procedure has direct 
application in the regular traffic count program where it is 
necessary to obtain counts on highways having raised or wide 
median areas. While separate road hoses are placed on each 
side of a median area, where conditions permit, both could 
be connected to an inexpensive plastic tee-joint and to one 

recorder set in the median area as shown in Figure 3. 

Figure 3. Plastic T joint linking two roadway hoses and a 
Stevens model recorder in a highway median area. 



!•his procedure could provide substantial advantages by reducing 
both the number of recorder units required and the time 
necessary to compile and process the data as compared to the 
established practice of having to use two recorders, one on 
each road hose. 

The only adjustments to traffic recorder controls were 
made before the start of the tests so as to adhere to the 
practice used in the Department's •raffic count programs. 

Additional Countin• Error 

One difference between the test procedures and the 
procedures used by Department personnel should be explained. 
The special testing procedure used to avoid problems with clock 
synchronization was intended to allow comparison of the best 
possible level of accuracy for all types of recorders. 
However, the accuracy of three recorder models can be adversely 
affected by clock-timing problems. 

For the three SA-Traficounters, as long as mechanical 
clocks remain properly adjusted, the effect of errors in clock- 
timing should be considered negligible. The potential for 
problems with these should diminish because the Department is 
gradually replacing these units with other types of nonaccumu!ative 
recorders. 

Although an investigation of the question is beyond the 
scope of this study, it is likely that one unmeasured problem 
with clock-timing is associated with the Department's use of 
the K-Hill and SA-Traficounter Junior, which do not have 
attached clock devices. In practice, an individual sets 
these accumulative counters in operation and is supposed to 
read the volume shown on the traffic recorder after returning 
to a study site 24 hours later. •F•en individuals fail to 
adhere to a 24-hour schedule, differences in counting time 
periods, which are unlikely to be reported, would certainly vary 
the level of accuracy for affected traffic counts. 
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ANALYSIS 

The analysis section of the report was developed by 
(I) gathering general information concerning problems with 
the operation of traffic recorders and statistical computations, 
(2) identifying problems in the operation of specific recorders, 
and (3) comparing traffic recorder data within and across study 
sites. 

General Information 

Recorder Operation Problems 

Problems with traffic recorder operations resulted in 
eight cases involving four sites in which some recorder counts 
were not obtained. Apparently, the omission of these recorder 
counts did not obstruct the development of the analysis. 

The identification of the eight problems indicated 
that, as expected, malfunctions do occur. However, because of 
the limited scope of this project, no quantitative estimates 
of the rates of malfunction are possible. These deficiencies 
clearly demonstrated that more should be learned about recorder 
malfunctions. Information from a study of the types and rates 
of malfunctions should be used to establish an effective system 
for preventing, detecting, and correcting problems with recorder. 
operations in order to improve the management of traffic count 
program activities. 

Statistical Computations 

The data from each study site were used to compute 
equations describing least square lines that best fit a direct 
linear correlation between manual and recorder traffic counts. 
To measure how well the equations fit the relationship between 
manual and recorder counts, two basic linear regression statistics 
were computed. (4) First, the correlation coefficient provides 
an index of how closely traffic counts tend toward a direct 
linear correlation. For example, when a coefficient is close 
to 1.0, data points closely follow the pattern for a linear 
regression line. Second, measures of the dispersal of recorder 
counts about regression lines were provided by the standard 
error of the estimate, which is similar to the standard deviation. 
Low standard errors are advantageous because they identify 
cases where the variability of the recorder data is minimal. 
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The Control Data Corporation package program SIMREG 
was used to compute regression equations, correlation 
coefficients, standard errors of the estimate and 95% confidence 
bands. Additionally, the relative error between recorder and 
manual counts was computed for each type of traffic recorder. (5) 
The relative error is the percentage of absolute average difference 
between recorder and manual counts divided by the manual counts; 
consequently, low relative errors are advantageous. 

The traffic count data for study sites i-6 were used to 
compute the corresponding regression equations, correlation 
coefficients and standard errors of the estimate by recorder 
model and study site and those are summarized in Appendix i. 
The appendix data will be shown in figures which include graphs 
of the 95% confidence bands for each set of manual and recorder 
counts and will be discussed later. When referring to the graphs, 
recorder models are shown to have obtained highly accurate 
traffic counts in cases where regression lines are close to a 
45 degree match line between recorder and manual counts and 
the 95% confidence bands are relat;vely narrow. 

Within Site Comparisons 

Site i Accumulative and Nonaccumulative Recorders, 
Exceptionally Favorable Conditions 

During testing at site i• problems were encountered with 
traffic operation of the recorders in five cases. Before 
testing, an SA-Traficounter malfunctioned by locking up and 
had to be replaced. Initial testing showed that an SA-Traficounter 
Junior was miscounting traffic because a spring device was missing. Also an SA-MR 101-A failed to print traffic count 
tabulations. Unexpectedly, once the SA MR 101-A battery was changed, correct traffic counts were printed on the tapes; 
however, the correspondin Z time periods were printed out 
of phase. Before data could be obtained during another series 
of four time periods, 7 days after the recorders were put 
into continuous operation, an SA-Traficounter battery failed. 
Finally, a preliminary check of the data resulted in a special 
check of one K-Hill model which had a numerical recorder that 
was consistently overcounting traffic by 5%. 

The site i traffic count data from Appendix i are 
shown in Figure 4. The graph for the SA-MR 101-A recorder 
data in the upper left shows that highly accurate traffic 
counts were obtained; the 95% confidence band was exceptionally 
narrow and encompassed the •5 o match line. By comparison, the 
graph of the SA-Traficounter data in the upper right showed a 
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Figure 4. Comparisons of manual versus recorder traffic 
counts (pairs of axles) for site i, showing 
match lines and 95% confidence bands. 
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trend towards overcounting vehicle axle pairs since most of 
the area in the 95% confidence band was below the 45 ° match 
line. Similarly, the SA-Traficounter, Jr., data in the lower 
right showed a trend towards undercounting; most of the area 
in the 95% confidence band was above the 45 ° match line. 

The appendix data, graphs, and computed relative errors, 
were compared for each of four recorder models. The ranking 
for the accuracy of the recorder models in descendine order 
and the corresponding relative errors were (i) SA-MR 101-A 
(0.8%), (2) K-Hill (1.0%) (3) SA Traficounter Junior (2.4%) 
and (4) SA Traficounter (3,1%). Overall, the four models 
tested obtained unusually accurate traffic counts, and both 
the nonaccumulative and accumulative recorders obtained accurate 
counts under these exceptionally favorable conditions. 

Site 2 --Accumulative Recorders --Moderately Favorable Conditions 

The two problems with the recorders at site 2 involved 
an SA-Traficounter Junior radically overcounting traffic and 
a K-Hill battery having to be replaced. 

The traffic count data for site 2 from Appendix I are 
shown in Figure 5. Comparisons showed that the ranking order 

180 200 220 240 180 200 220 240 

K-Hill SA Traficounter Jr. 

Figure 5. Manual versus recorder traffic counts 
(pairs of axles) at site 2. 
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by recorder accuracy and relative errors were (I) the K-Hill 
(6.0%) and (2) the SA-Traficounter Junior (7.4%). In this 
comparison the accuracy of both of these accumulative type 
recorders on a secondary route were adversely affected by 
relatively conspicuous errors. 

Site 3 --Accumulative Recorders, Unfavorable Conditions 

Two problems with the recorders occurred during testing 
at site 3. A roadway hose was found to have leaks and the 
mechanical components of a K-Hill recorder were clogged by 
dirt and corrosion. 

Figure 6 shows the site 3 traffic count data from 
Appendix i. The comparisons showed that the ranking by accuracy 
and corresponding relative errors were (I) the K-Hill (3.4%) 
and (2) the SA-Traficounter Junior (6.7%). Thus, the M-Hill 
was the most accurate accumulative type recorder under 
unfavorable counting conditions on a secondary road. 

o 180 180 

140 140 

.,• 

•. 

140 160 180 200 140 160 180 200 

K-Hill SA Traficounter Jr. 

Figure 6. Manual versus recorder traffic counts 
for site 3. 
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Site 4- Nonaccumulative Recorders, Moderately Favorable 
Conditions 

There were no problems with the operation of the 
recorders at site 4. 

The traffic count data for the site are shown in 
Figure 7. Comparisons of these data revealed that the ranking 
order for the most accurate to the least accurate recorders, 
and their corresponding relative errors, were (I) Stevens (I.0%), 
(2) SA-MR 101-A (1.5%), and (3) SA-Traficounter (2.0%). Overall, 
all models obtained exceptionally accurate traffic counts under 
the moderately favorable conditions on a primary route. 

Site 5 --Nonaccumulative Recorders, Unfavorable Conditions 

The only problem with the recorders at site 5 was a 
failure of the battery for the SA-Traficounter. 

The site 5 traffic count data are shown in Figure 8. 
Here, the comparisons showed the descending order of accuracy 
for the recorders and the corresponding relative errors to be 
(I) Stevens (2.2%), (2) SA-Traficounter (3.9%), and (3) SA- 
MR 101-A (4.7%). The Stevens was clearly the most accurate 
nonaccumulative type recorder under unfavorable counting 
conditions on an arterial route. 

Site 6 --Nonaccumulative Recorders, Exceptionally Unfavorable 
Conditions 

There were no problems with the recorders at site 6. 
The data for this site 6 are shown in Figure 9. The comparisons 
showed the ranking by accuracy and relative errors to be (i) 
the Stevens (2.5%) and (2) the SA-MR 101-A (3.3%). Both of 
these nonaccumulative recorder models obtained fairly accurate 
traffic counts under the exceptionally unfavorable counting 
conditions at site 6. 

Comparisons Across Sites 

Study Sites 1-6 

The Appendix i data, graphs, and computed relative 
errors listed in Table 2 for all study sites were compared for 
each of the five recorder models. The accuracy ranking for the 
models and the corresponding average relative errors were (!) 
Stevens (1.9%), (2) SA-MR !0i-A (2.6%), (3) SA-Traficounter 
(3.0%), (4) K-Hill (3.5%), and (5) SA-Traficounter Junior (5.5%). 
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Study Sites 4, 5, and 6 

The low relative errors obtained with the Stevens and 
SA-MR 101-A recorders provided the opportunity for additional 
statistical comparisons. Data from test sites 4-6, which were 
thus obtained under moderate and unfavorable traffic counting 
conditions, were used to compare combined test results for 
these models. The results were not combined for the other 
models, which had lesser accuracy characteristics. 

Regression equations, correlation coefficients and the 
standard errors of the estimate for the combined traffic counts 
are summarized in Appendix 2. Figures I0 and Ii are graphS. 
of the combined counts for the Stevens and SA-MR 101-A recorders. 
The figures demonstrate that the recorders are capable of 
meeting high standards of accuracy because the regression lines 
are close to the 45o match lines between recorder and manual 
counts, and the 95% confidence bands are relatively narrow. 
Generally, the recorder counts were slightly lower than the 
manual counts, a finding thought to be attributable mostly to 
vehicles passing simultaneously and the closely spaced axles 
on tractor trailers, which comprised 1% of the passing traffic. 
Therefore, it would be possible to improve the accuracy by 
using correction factors to raise the counts by the recorders. 
The tendency for the Stevens and SA-MR 101-A recorders to 
undercount axle pairs by about 2% and 3%, respectively, should 
be accounted for whenever Department personnel need to 
calculate mathematical factors for converting axle pair counts 
into vehicle counts and, subsequently, into annual average daily 
traffic values. 

SUMMARY OF FINDINGS 

An analysis of the test data and observations made during 
the study revealed the following: 

Because testing for the study was limited to three 
units each of the Department's five models of traffic 
recorders, the identification of eight problems 
in the operation of the recorders did not provide 
quantitative information representative of the types 
and rates of recorder malfunctions. 

Under exceptionally favorable counting conditions, 
each model tested obtained unusually accurate traffic 
counts; however, the most accurate models and 
corresponding relative errors were the SA-MR !0!-A 
(0.8%), a nonaccumulative recorder; and the K-Hill 
(I.0%), an accumulative type. 
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Under moderately favorable and unfavorable counting 
conditions on secondary routes, the accuracy of 
both types of accumulative recorders was adversely 
affected by relatively conspicuous errors ranging 
from 3.4% to 7.4%. 

Under moderately favorable counting conditions on 

a primary route, each nonaccumulative type recorder 
obtained exceptionally accurate counts and the 
corresponding relative errors were Stevens (i.0%), 
SA-Mr 101-A (1.5%), and SA-Traficounter (2.0%). 

Under unfavorable counting conditions on an arterial 
route, the Stevens was clearly the most accurate 
nonaccumulative type recorder. The ranking and 
relative errors were Stevens (2.2%), SA-Traficounter 
(3.9%), and SA-MR 101-A (4.7%). 

Under unfavorable countin Z conditions equivalent to 
those found on rural segments of interstate highways, 
fairly accurate counts were obtained. The ranking 
and relative errors were Stevens (2.5%) and SA-MR 
101-A (3.3%). 

Combining the data from all study sites revealed 
the order of accuracy to be: (i) Stevens, (2) 
SA-MR 10!-A, (3) SA-Traficounter, (4) K-Hill, and 
(5) SA-Traficounter Junior. The low relative errors 
obtained with the Stevens (1.9%) and SA-MR 101-A 
(2.6%) demonstrated that they are capable of meeting 
high standards of accuracy. 

It was found that when obtaining traffic counts on 
divided highways, and where practical, the separate 
road hoses placed on each side of a median area 
could be connected by a plastic tee-joint to one 
traffic recorder to obtain counts on both sides 
of the highway. This practice could lead to the 
elimination of one recorder unit and reduce the 
labor and computer effort for data processing. 
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RE CO MMENDAT i 0 NS 

A study of the types and rates of malfunctions in 
the operation of traffic recorders should be made 
to establish an effective system for preventing, 
detecting, and correcting operational problems with 
the portable recorders. 

The practice of using two traffic recorders 
on 

divided highways should be eliminated, where conditions 
permit, by using a plastic tee-joint to connect two 
road hoses to one recorder in the median area. 
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APPENDI X i 

LINEAR REGRESSION CALCULATIONS 
INDIVIDUAL SITES 

Site Correlation 
Recorder Model No. Regression Equation Coefficient 

Standard 
Error 

Stevens 

SA-MR IOI-A 

SA-Traficounter 

K-Hill 

S A- Trafi count er, 
Jr. 

Y : 0.95 X +16,85 
Y : 1.01 X -10.38 
Y : 1.02 X -15.75 

Y = 1.01 X 0.79 
Y : 0.93 X +22.09 
Y : 0.99 X -12.53 
Y = 1.00 X -13.25 

Y : 1.07 X 7.30 
Y : 0.88 X +44.34 
Y : 1.06 X -31,49 

Y : 1.01 X 1.27 
Y : 0.83 X +32.86 
Y = 0.96 X + 2.61 

Y : 0.99 X- 0.85 
Y : 0.84 X +31.67 
Y : 0.81 X +39.38 

0.994 
0.991 
0.976 

0.999 
0.982 
0.973 
0.961 

0.979 
0.822 
0.953 

0.995 
0.575 
0,930 

0.974 
0.474 
0.649 

1.54 
2.22 
3.87 

1,07 
2.58 
3.82 
4,87 

5.73 
8.93 
5,64 

2.66 
3.66 
4.95 

5.94 
7.40 
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APPENDIX 2 

LINEAR REGRESSION CALCULATIONS 
COMBINED SITES 

Recorder 
Model 

Stevens 

SA-MR IOI-A 

Site 
No. 

4,5,6 

4,5,6 

Regression 
Equation 

Y = !.01 X 8.69 

Y = 1.05 X -29.84 

Correlation 
Coefficient 

0.997 

0.995 

Standard 
Error 

3.43 

4.66 


