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Techniques and procedures used during the construction of bridge 
decks were surveyed and recorded to identify those factors most 
closely related to their roughness. Data from roughness tests 
performed after completion of the decks were related to the con
struction variables as well as to other design and geometric fac
tors. The screeding technique used during construction proveq to 
be the most significant factor related to the roughness of the com
pleted bridge decks. It was found that longitudinal mechanical os
cillating type screeding followed by longitudinal belting and/or 
burlap drag consistently produced the smoothest decks on simple 
span type bridges. Longitudinal floating operations following 
transverse type screeding reduced deck roughness by as much as 
25 percent. 

Issuance in 1964 of special provisions for the construction of 
bridge decks by the Virginia Department of Highways encouraged 
more uniform construction procedures, required mechanical 
screeding machines, and stated a preference for the use of longi
tudinal type screeding. Studies show that recently constructed 
bridges have better riding qualities than those constructed prior to 
1964. The considerable variation in results obtained, however, 
suggests that a high standard of workmanship and equipment must 
be maintained to obtain optimum results. 

•WITH the advent of the Interstate Highway System and other types of controlled-access 
freeways, bridge decks occur more frequently as part of the traveled roadway. As the 
early segments of Virginia's Interstate System were completed and opened to traffic, it 
became apparent that the riding qualities of the bridge decks were generally inferior to 
those of the roadway pavements. Since Virginia's current policy is to leave new con
crete bridge decks exposed, without any additional surfacing being required, the rough
ness problem became a matter of increasing concern. Moreover, considerable specu
lation arose with regard to the major causes of roughness on the newly constructed 
bridge decks. Among the possible causes suggested by many engineers were such fac
t.ors as bridge design type, complex geometrics, and construction practices and tech
niques. In order to identify the most significant factors related to the problem, a field 
study of bridge deck roughness was initiated. This paper, which is primarily concerned 
with the roughness of bridge decks as related to construction techniques, reports the 
results of two phases of the study: (a) an initial phase conducted before issuance of the 
Virginia Department of Highways 1964 special provisions for the construction of bridge 
decks (!), and (b) a second phase conducted after compliance with the 1964 special 
provisions. 

Paper sponsored by Committee on Construction Practices-Structures and presented at the 47th Annual 
Meeting. 
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BRIDGE DESIGN PRACTICES IN VIRGINIA 

An orientation on bridge design practices in Virginia will serve as an indication of 
the type of structures with which most of the reported data can be associated. As a 
general rule, design practices in Virginia are influenced by a necessity for economy in 
design and by past experience with certain structural design types. As a result, sim
ple span type designs are used most frequently because of past experience with more 
than normal deck cracking on continuous beam and cantilever types. Furthermore, con
tractors have often tended to bid lower on the simple span type designs. 

As an approximate guide to Virginia design trends, monolithic concrete T-beam type 
superstructures are usually economical on span lengths up to 45 ft. For span lengths 
of 50 to 80 ft, prestressed concrete girders or rolled steel beam type designs are com
petitive. Composite action of girder and concrete deck is normally necessary on span 
lengths of 60 ft or greater, and composite rolled steel beams with flange cover plates 
are sometimes used economically on spans up to 90 ft. Welded steel plate girders are 
usually economical, however, on spans of 85 ft or greater. Thus, it can be expected 
that most of the field research data reported in this paper will be associated with these 
types of structures. 

ROUGHNESS STUDIES CONDUCTED PRIOR TO 1964 

Roughness of bridge decks manifests itself in several different forms, which act in
dependently or in combination to adversely affect riding qualities. These forms of 
roughness cover areas of a bridge deck ranging from very short lengths to full-span or 
entire bridge lengths and may be classified according to cause as follows: 

1. Rough approach conditions at or near abutment backwalls, 
2. Excessive sag or camber throughout a span length, 
3. Joints, 
4. Concrete deterioration, and 
5. Irregularities throughout or within a span or bridge length. 

Most highway engineers can easily envision some of the causes and effects of these 
types of roughness, which have been the subject of discussion in several papers(.!, ~' 
,!, .?_). The roughness existing on many newly constructued bridge decks in Virginia, 
however, suggested that irregularities throughout or within a span length constituted 
the most salient roughness feature on these structures. This observation was sub
stantiated by preliminary roughness tests, which indicated that concrete bridge decks 
were considerably rougher than concrete pavements. 

The main purpose of the initial phase of the study was to investigate the general 
cause of the type of roughness listed as "irregularities throughout or within a span or 
bridge length" on some recently constructed bridge decks. The data obtained from 
measurements on 94 bridges were compared and related to certain design and con
struction variables. More specifically, an attempt was made to answer the following 
questions: 

1. Does the bridge design type have a significant effect on roughness? 
2. Are geometrics such as skew, vertical curvature, and horizontal curvature 

factors? 
3. Do some contractors consistently build smoother-riding bridge decks than others? 
4. Do some screeding methods and finishing procedures produce better results than 

others? 1 

5. Are certain types of finishing procedures necessary? 
6. Are the results obtained by the use of mechanical screeding machines superior 

to those obtained by the use of manual screeding operations? 

1For the purpose of discussion in this paper, screeding pertains to the method of striking the concrete 
off to grade while finishing pertains to floating procedures, etc., which fol low the screeding operation. 
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In the study, the primary concern was with the roughness associated with sound con
crete. Accordingly, no bridge decks that displayed forms of concrete deterioration 
were included in the study. 

As a by-product of the study, data were obtained on the general effects of surface 
conditions at and including abutment backwalls and joints. Treatments of these data 
are not within the scope of the present paper but are available in an earlier report (6). 

The full span length sag or camber condition is a particular type of bridge roughness 
that is virtually impossible to measure with the types of devices used in this study. Fu
ture studies of actual beam deflections during construction are being planned, however, 
and these may have bearing on this type of roughness. 

Testing Methods and Procedures 

A Bureau of Public Roads type roughness indicator (Fig. 1) used in conjunction with 
a two-channel direct-inking oscillograph recorder (7) was the primary method used to 
measure the roughness of bridge decks. Use of the oscillograph afforded a permanent 
record of the roughness data and also an effective means of recording the beginning and 
end of the bridge decks. 

The standard roughness index (R.I.) measured in inches per mile represents the ac
cumulated vertical movement of the roughometer wheel as it is towed over the test area. 
The BPR roughometer tests are normally run at a speed of 20 mph and the R.I. values 
reported are based on this speed as a standard. 

The area tested on each bridge deck was selected so that the data would most likely 
reflect the roughness of the surface area used most frequently by traffic, i.e., the ap
proximate location of traffic wheelpaths. These wheelpaths were located in each traffic 
lane by assuming a 5-ft width between an average vehicle's wheels, and centering this 
distance within the lane . . Assuming this to be the centerline of the test area, roughness 

Figure 1. BPR-type roughness indicator. 
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measurements were made within the area inclosed by approximately ± 9 in. on either 
side of the centerline. 

The number of runs made on each test area was determined by a statistical evalua
tion of the ability of the operator and machine to reproduce results under the conditions 
of test. The fo rmula 

N = (t~)2 
where 

N Number of test runs 
V Coefficient of variation, percent 
t = Student's t for n - 1 degrees of freedom at a specific probability level 

E = Allowable margin of error of the average of N test runs, percent 

was used at a probability level of 95 percent and a 3 percent maximum allowable error 
of the average to calculate the result of three test r uns per test a r ea. Consequently, 
at least three runs were made over each test area with the roughness indicator. 

Based on experience with the particular roughness indicator used to date, a rating 
criterion for the roughness of bridge decks is suggested in Table 1. It should be noted, 
however, that some highway organizations consider a roughness index of approximately 
121 in./mi or greater as poor for new concrete roadway pavements. Thus, if the riding 
qualities of concrete bridge decks are to compare favorably with those of concrete pave
ments, a R.I. of 121 in./mi or less is desirable. 

Since many bridge deck finishing specifications require that surface deviations not 
exceed Ya in. in any 10-ft length, a number of structures were tested with a 10-ft roll
ing straightedge. Figure 2 shows a linear correlation between the R.I. values as de
termined by use of the roughness machine and the percentage of the tested surface that 
exceeded the Ye in. in 10 ft criterion as determined by use of the rolling straightedge. 
Even th.ough their mechanisms are entirely different, a good correlation (correlation 
coefficient = 0.986} between the two devices was obtained. or particular interest would 
be the y intercept of the line of best fit through the data, which suggests that a concrete 
surface with no deviations of Ye in. in 10 ft could have a roughness index of 72. 7 in./ mi. 
The fact that even the best-riding concrete pavements have roughness indices of this 
order of magnitude is well known to most pavement engineers. The conclusions reached 
in this paper are based on data obtained with the BPR roughometer. 

Before beginning the roughness tests, 
various techniques and procedures for 
finishing bridge decks were observed and 
recorded during the construction of many 
bridge decks throughout the state. A par
ticular effort was made to include the 
various types of manual and mechanical 

TABLE 1 

BRIDGE DECK ROUGHNESS RATING 

R. I. (in./ mi) Rating 

Below 80 Excellent 

80-99 Very good 

99-121 Good 

121-140 Fair 

Above 140 Poor 

i 300 

s 
.... 200 

~ 
.!: 150 
l:S' 
Q 
ii; 

iii 727-

i 0 
0 10 20 30 40 so 

TEST AREA EXCEEDING va 
INCH IN 10 FEET, PERCENT 

()()-

Figure 2. Comparison of data obtained on bridge 
decks tested with a 10-ft rolling straightedge and 

a BPR-type roughness indicator. 
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screeding techniques being used by different contractors. Later, roughness tests were 
run on those bridge decks where the construction techniques had been recorded or on 
others that were known to have been constructed in a like manner. For the remaining 
structures tested, the construction information was obtained from field personnel as
sociated with the placement and finishing of the decks. In all cases, an effort was made 
to test only those structures less than four years old. Outside of this limitation, and 
that of excluding the structures with deck deterioration as discussed earlier, selection 
was completely random. 

Use of the oscillograph roughness records facilitated omission of the roughness of 
abutment backwalls. Accordingly, the abutment backwalls have been excluded from the 
data presented in this paper. All roughness index data discussed represent the average 
of the results on all test areas of any particular structure. 

Results 

Design Types and Geometrics-An analysis of the variability of the roughness data 
as related to certain features such as bridge design types and also to geometrics such 
as skews, vertical curves, horizontal curves, and grades suggests that these factors 
have no significant effect on the type of bridge roughness in question. Although con
tinuous span bridges were on the average rougher than other designs tested, the vari
ability of the roughness between bridges of each design group strongly suggested that 
smooth bridge decks can be obtained regardless of the design type. The roughness 
indices on continuous bridges, for example, ranged from 130 in./ mi to 288 in./ mi. 
Several of these structures were much smoother than many of the other designs, and 
vice versa. The same argument can be applied in a like manner to all the geometric 
factors investigated. Thus, the conclusion that these factors have insignificant effects 
on deck roughness seems justified. 

Construction of Bridge Decks-Bridges constructed by 24 different contractors were 
included in the study and·differences were found among the average roughness values 
of the bridge decks built by the individual contractors. The fact that some contractors 
build better-riding bridge decks than do others is illustrated in Figure 3, which shows 
the variability in roughness of bridge decks constructed by eleven contractors who were 
represented by three or more bridges in the study. With the width of the bar graphs 
indicating the range of roughness, contractor R shows the least variability in construct
ing five bridges, while contractor F shows the greatest variability in constructing 17 
bridges. There is also considerable difference in the variability of results between 
contractors constructing nearly the same number of bridges. This very generally in
dicates that some contractors are capable of doing more consistent work than others. 

All the contractors included in Figure 3 constructed the various types of simple span 
structures (discussed earlier) except contractor Q, who built several continuous span 
designs. Omitting this contractor, the roughness of all the bridge decks constructed 
by the remaining contractors can be compared. It is obvious that contractor X produced 
bridge decks with riding qualities superior to those produced by all the remaining con
tractors (including those who const ructed less than 3 b ridges and were not included in 
Figur e 3). It also should be noted that the smoothest bridge built by the poorest con
tractors (I, H, and F) is still rougher than the poorest br idge built by the two best con
tractors (X and T). These data, then, imply that methods , procedures, workmanship, 
and the ability of the contractor to make orderly and effective use of his men and equip
ment are important factors that vary greatly between individual contractors. 

Methods of Concrete Placement-Only two methods of placing the concrete for bridge 
decks were observed during the study. These were placement (a) by cr ane and bucket 
and (b) by gasoline-engine powered buggies used to transport the concrete over portable 
wooden ramps to the point of placement. After the concrete was placed on the forms 
by either of these two methods it was spread by manual means and consolidated by me
chanical vibrators. No significant difference between the two methods of placement 
with regard to deck roughness could be detected from the roughness data obtained on 
the completed decks. 
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Figure 3. Variability in roughness of bridges constructed by individual contractors (contractors with 
three or more bridges). Letter designations on the vertica I axis are those assigned the various con

tractors included in the study. 

Screeding and Finishing Techniques-The screeding and finishing techniques used in 
the construction of concrete bridge decks differ markedly from those used in the con
struction of concrete roadway pavements. Differences such as the flexibility of struc
tural members, variations in the roadway width and span lengths from bridge to bridge 
and occasionally on individual bridges, and a lack of working space outside the roadway 
width are a few of the factors that make screeding and finishing of bridge decks unique. 
Furthermore, the placing and the finishing of concrete bridge decks are not day-to-day 
operations such as the placing and finishing of concrete roadways, so the work crews 
on bridge decks are not usually as experienced and as well-organized as those on road
ways. As a result, there are a number of factors that reduce the chances of bridge 
decks being as smooth as concrete pavements. 

Possibly because there are many variations in the size and configuration of bridge 
decks, there are also many variations in the types of screeds used by different con
tractors. As a matter of economics, a contractor who infrequently constructs bridge 
decks might have a small manual type screed that could be adapted to aimost any bridge 
deck, or he might simply improvise one to fit a specific occasion. Still another con
tractor might have an elaborate mechanical type screed that could be adapted to various 
roadway widths or span lengths by adding or removing replaceable sections. The over
all result is that a wide assortment of screeding devices of all types, sizes, and shapes 
is used by contractors to construct bridge decks. 

All types of screeding devices, whether mechanical or manual, must operate by roll
ing or sliding on screed rails or some other type of support. These rails are set either 
to the finished grade or at a predetermined height above the finished grade, plus an al
lowance for the anticipated dead-load deflection. The location of the rails depends pri
marily on the type and length or width of the screeding device to be used. Consequently, 
there is also much variation in the location and placement of screed rails on bridge 
decks. 
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Screeding devices are usually classified as either longitudinal or transverse (on the 
basis of their orientation to the direction of traffic) and as either mechanically or man
ually propelled. Some have screeding edges which mechanically oscillate and still others 
are of a vibratory nature. In order to classify and evaluate the many types of screeding 
methods used in Virginia prior to 1964, it is convenient to divide them into several gen
eral categories: 

1. Longitudinal screeds 
A. Manually operated types 
B. Manually operated vibratory types 
C. Mechanical oscillating types 

2. Transverse screeds 
D. Manually operated types 
E. Manually operated vibratory types 
F. Mechanical oscillating types 

In the following paragraphs, the general features of each category are described as a 
prelude to evaluating each technique on the basis of the roughness data. 

A typical longitudinal manually operated type screed is shown in Figure 4. Although 
this is a single truss type screed, there are many ways in which this type screed might 
be constructed. In some instances it might be only a 2-in. by 6-in. board used to strike 
the concrete off to grade. A wide assortment of lengths can also be found in this type 
screed, but the significant factor is the longitudinal manner in which it is used. All 
screeds of this type are manually oscillated back and forth in a longitudinal direction 
while ·simultaneously being pulled across the width of the bridge deck roadway. 

The main variation in this operation is the location of the screed rails. In the situa
tion shown in Figure 4, the rails are set flush with the final grade and run transversely 
across the width of the deck at the mid-point of the span. In other cases the rails might 
be set at the one-quarter points, one-third points, or at other fractional portions of 
the span length which best facilitate the screed being used. After the screeding opera
tion is complete, the rails are removed and the remaining void filled with concrete and 

Figure 4. Longitudinal manually operated single truss type screed. 



42 

smoothed over. The entire deck surface is also finished by some type of floating opera
tion immediately following the screeding. 

The longitudinal manually operated vibratory type screed resembles the preceding 
type in most respects except that the screeding edge is not normally supported by a 
truss. Instead it is usually a simple beam-like device that is vibrated by an engine 
mounted on the top side of the beam. Its general appearance is similar to that of the 
screed shown in Figure 6, except it is, of course, used in a longitudinal position on the 
bridge deck. This type screed is not normally oscillated in the longitudinal direction 
since the vibrations set up by the engine tend to consolidate the concrete and produce 
an even-textured surface. It is, howeve r , pulled across the width of the span manually, 
or in some cases it can be advanced by a reel and cable. The screed rails are also 
placed in positions on the bridge deck similar to those described for the nonvibratory 
screed. Shorter spacing intervals are used more frequently, however, because the 
screed itself is usually shorter in length than the truss type screed. Again, the rails 
are removed and floating procedures follow immediately behind the screeding operation, 
as previously described. 

The longitudL11a! mecha..'!.ica! oscillating type screed has been Ufled in Virginia over 
full spans up to 95 ft in length. In Figure 5 one of the latest designs of this type screed 
is shown being used to screed a 90 -ft span. It is constructed with double trusses spaced 
approximately 18 in. apart to provide lateral stiffness, and an adjustable channel at
tached to the lower portion of the truss serves as the screeding edge. The screed os
cillates in a longitudinal direction while simultaneously creeping across the roadway 
width. It is mechanically actuated by a %-hp electric drill motor attached in a bracket 
at one end of the screed. Two wheels at each end of the screed, which can be raised 
or lov."ered by hydraulic ha..--id-cperated jacks, are used tQ roll tl!e screed bacJc into po
sition for additional passes. 

Unless this screed is used on excessively long spans, the only screed rails used are 
mounted at the bulkhead forms at the ends of the span. Consequently, the rails are not 
subject to change in elevation due to dead-load deflection such as that encountered with 
rails mounted at intermediate points in the span. The final finished grade can thus be 
set directly to the adjustable screeding edges at desired intervals along the length of 
the span and it remains independent of the dead-load beam deflections. In order to re
alize the anticipated dead-load deflections, however, sufficient concrete must be placed 
over the beams before screeding can begin. 

Figure 5 . Full span length mechanical longitudinal type screeding machine being used on a 90-foot 
span. A longitudinal belt used to finish the surface lies to the left of the screed. 
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After several passes of the screed, the concrete is textured by longitudinal belting, 
burlap drag, or a combination of the two operations. At the discretion of the contrac
tor or the inspector in charge, floating procedures are used as needed following the 
screeding. 

The transverse manually operated type screeds are constructed similar to the man
ually operated longitudinal screed shown in Figure 4 and are found in just as many as
sortments of sizes and shapes. These screeds rest on the deck in a transverse posi
tion, however, and are usually found in lengths sufficient to cover either half or the full 
width of a bridge deck. They are manually oscillated back and forth transversely and 
simultaneously pulled down the length of the span on screed rails set at or near the curb 
line. 

For the transverse manually operated vibratory type screeds, all features are simi
lar to those of a longitudinal vibratory type except that the device is rotated through 90 
deg and used on the span in a transverse position. Like the non-vibratory transverse 
types, it usually covers either half or all of the span width and the screed rails are 
placed longitudinally down the span in similar positions. Figure 6 shows one of the 
common type vibratory screeds, which could be classified as semimechanical since it 
can be advanced down the span by reels and cables mounted at each end. 

Immediately following the screeding oper ation for the last two methods described, 
the surface was sometimes longitudinally floated as shown in Figure 7 and/or smoothed 
with a "bull float." 

The transverse mechanical oscillating type screed shown in Figure 8 incorporates 
a box type truss design to support two screeding edges that can be adjusted to fit any 
specified roadway crown. The screeding edges oscillate transversely and the machine 
advances down the span under its own power-although some of the earlier models are 
propelled by a reel and cable. The box truss is of telescopic design and can be adjusted 
to fit various widths of roadway. The machine rolls along longitudinal rails placed near 
the outside edges of the bridge deck roadway. 

Figure 6. Transverse vibratory type screed which covers the full width of the deck and is propelled by 
reel and cable. Note work bridge in foreground. 
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Figure 7. Longitudinal floating of a bridge deck. 

Figure 8. Mechanical transverse oscillating type screed. 



45 

After several passes of the screed over a given area, the rail sections are removed, 
the voids filled in, and the general floating of the surface performed with a bull float. 

Effects of Screeding and Finishing on Deck Roughness-Figure 9 shows a comparison 
of the roughness data related to each screeding method described. The height of each 
bar represents the variability of the average roughness for all the bridge decks screeded 
by a particular method, while the broken line indicates the average roughness for the 
group. It is apparent from this figure that the full span length longitudinal mechanical 
oscillating screed (type C) followed by the longitudinal belting operation produced the 
smoothest bridge decks on simple span structures, and is the only procedure which 
produced bridge decks with roughness indices less than 100 in. /mi. It is also of in
terest to note that this type screeding and finishing was used by contractor X, who pre
viously was found to have constructed the smoothest bridge decks. The manually oper
ated transverse (type D) and transverse vibratory (type E) screeds, on an average, 
produced the next smoothest bridge decks with average R. I. values of 145 and 151 in./ 
mi respectively. But several of the bridge decks screeded with manually operated lon
gitudinal (type A) screeds had low R. I. values, which would rate them as good also. 
Bridge decks screeded with the mechanical transverse (type F) screed were the rough
est, with an overall average of 193 in./mi (contractors I and Fused this type machine). 
Thus, based on these data the only mechanical type screeding machine found to produce 
results superior to all manual screeding methods was the full span length longitudinal 
oscillating type. 

300 

ei 150 

"' "' ~ z 
:i: 
<:.'.J 
~ 

~ 100 

50 

B 

A 174 

156 

A B 

SCREED TYPES 

A. Longitudinal Manually Operated 
B. Longitudinal Manually Operated Vib. 
C. Longitudinal Mechanical Oscillating 

(Full Span Length) 
D. Transverse Manually Operated 
E. Transverse Manually Operated Vib. 
F. Transverse Mechanical Oscillating 

F 

193 

D E 

145 
151 

c D E F 

SCREEDING METHOD 

Figure 9. Comparison of deck roughness by screeding methods used during construction. 
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Much variability in the roughness of bridge decks screeded and finished by methods 
other than type C is evident from Figure 9. Some of the variability in the case of bridges 
screeded PY manually operated devices could be due to the great va.riation in the types 
and design of the screeds used, the finishing procedures following the screeding, and 
the workmanship. 

It is important to recognize that floating procedures used following the screeding have 
some bearing on the results shown in Figure 9. With the exception of those decks 
screeded and finished by method C, all the decks were floated with hand floats or bull 
floats. Longitudinal floating was not used on any of the decks that were longitudinally 
screeded, and used on only some that were transversely screeded. The use of longi
tudinal floating immediately following transverse vibratory type screeding .is advocated 
by Gray (~), and in the opinion of m_any engineers its use is necessary to remove the 
transverse ridges developed on the concrete surface by any transverse type screeding. 
Data shown in Figure 10 substantiate the use of longitudinal floating as beneficial in 
reducing the roughness of bridge decks that are transversely screeded. Furthermore, 
the longer length floats appear to be more effective than the shorter lengths. Where a 
10-ft longitudinal float was used immediat y following the screeding, the average R.I. 
was 6.6 percent lower U1an that for decks not longitudinally floated. Where a 16-ft lon
gitudinal float was used the average R. I. was 25 percent lower than that for decks not 
longitudinally floated. No differences between the results produced by other types of 
floating and texturing techniques were apparent. 

ROUGHNESS STUDIES SUBSEQUENT TO 1964 

After the initial studies of bridge deck roughness, considerable emphasis was placed 
on the riding qualities of bridge decks by the irginia Departmenl of Highways. Much 
of this emphasis was reflected in new special provisions .for the finishing of bridge decks 
and in other forms of communication with contractors. The special provisions, which 
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were in effect for all structures contracted for bids 
after April 1, 1964, tended to encourage a more uni
form approach to the placing, screeding, and finish
ing of bridge decks. Mechanical screeding devices 
were required and a preference was stated for the use 
of the full span longitudinal types on simply supported 
spans of 80 ft or less. 

In an effort to determine the effects of the increased 
emphasis on obtaining smoother bridge decks, rough
ness studies were resumed in 1965. At that time 25 
bridges had been constructed in compliance with the 
aforementioned provisions and were accessible to the 
testing equipment. All the bridges were either com
posite steel beam or composite prestressed concrete 
beam, simple span design types; all were tested by 
the methods and procedures described earlier. 

Results 

As with the previous results, it was found that the 
most significant variables related to bridge deck 

roughness were the screeding and finishing techniques used during construction. Con
sequently, a comparison of the results is best made by grouping the data according to 
the screeding method used during construction. Three classifications of screeding 
methods were used on these structures. They were 

1. Longitudinal mechanical oscillating types (LMO), 
2. Transverse mechanical oscillatin~ types (TMO), and 
3. Transverse vibratory types (TMV). 

Figure 11 shows the results of the roughness tests, with the data grouped according 
to screeding classification along with similar data collected in the earlier study. For 
the purposes of evaluating the data, the average bridge deck roughness values are pre
sented according to their proximity to 121 in./mi since, as pointed out earlier, rough
ness indices of this order or less begin to compare favorably with those of concrete 
pavements. Each point shown in the figure represents the average roughness index of 
a bridge. A general view of all these points shows that considerably more of the bridges 
fell below 121 in./mi in the later study. Furthermore, the proximity of all the higher 
points to the 121 in./mi level was considerably more favorable in the later study. 

Eighty percent of the bridge decks tested in 1965 fell into the longitudinal mechani
cal oscillating screeding category. This would be expected, however, since the 1964 
special provisions encouraged the use of longitudinal type screeds, and preferably those 
of the full span length variety. 

A closer look at all the discrete points included in the longitudinal screeding classi
fication shows a higher frequency of roughness index values centered approximately 
around the 95 to 100 in./mi level. If these data were represented by a continuous prob
ability density function the mean roughness index would be 97 in./mi and the standard 
deviation of 7 .3 in./ mi. This appears to be a rathe1· high standard deviation, which 
would suggest that considerable variation in control, quality of workmanship and equip
ment, and perhaps judgment still exists between job sites and contractors. For ex
ample, the six bridges in this classification from the earlier study were all constructed 
by one contractor and the data suggest the existence of less variance in the finished 
product. Considering all the data points, which represent many different job sites and 
contractors, considerable variation exists. Judgment in the selection of screeding and 
finishing equipment could be in question for the roughness of the one bridge (156 in./mi) 
that falls on the high side of the main distribution. This particular structure was a sin
gle span bridge with a high degree of horizontal curvature and corresponding superele
vation. Such design features could limit the use of full span length longitudinal screed
ing in many instances. 
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Only three bridges tested in 1965 fell into the transverse mechanical oscillating clas
sification, and only two were in the transverse vibratory class. Though these data are 
extremely limited, comparison with the earlier results shown in Figure 11 indicates a 
downward shift and the beginning of a new distribution with a much lower mean R.I. At 
the 95 percent confidence level there is no s ignificant difference between the mean R.I. 
in the longitudinal (LMO) and transverse vibratory (TMV) groups if only the data subse
quent to 1964 are considered. The difference is significant, however, between the mean 
R.I. of the LMO group and the TMO group at the 95 percent confidence level. In gener
al, however, these data do suggest that the increased emphasis on obtaining smoother 
bridge decks brought forth fruitful results regardless of the construction techniques 
used. 

For those structures in the longitudinal screeding classification, either a burlap 
drag, longitudinal belting, or both were used to achieve the final surface texture. No 
significant differences between these operations were indicated by the roughness data. 
For the transverse screeding categories, however, longitudinal floating was used sub
sequent to screeding on the two structures in the vibratory classtlication (TMV), but 
not on those in the oscillating class (TMO). The forme r structures a e on e average 
21 percent smoother than those in the latter class. There is also a significant differ
ence belween the mean R. I. of these two groups at the 95 percent confidence level. This 
result is in close agreement with that obtained in the earlier study. 

For the structures included in the comparisons in Figure 11, a 32 percent general 
improvement in the roughness of decks is indicated. It is of further interest to note 
that none of the bridges tested subsequent to 1964 were rougher than 156 in./mi, where
as 25 percent of those tested prior to 1964 exceeded this level, with nine structures 
rougher than 200 in./mi. 

DISCUSSION OF RESULTS 

Because the mechanical longitudinal type screeding operation has been found to pro
duce the smoothest decks on simple span type bridges, several comments regarding a 
few of the problems associated with this operation are in order. First, it should not be 
construed that this procedure can be used recklessly with good results guaranteed. Due 
regard must be given to the s t r uctural s tability of the machine itself and to the adequacy 
of the rail s uppo rts at the span ends . A poorly constructed screeding machine may not 
be rigid enough to produce good results and inadequate rail supports could lead to fail
ures that would be detrimental to achieving a smooth finish. 

Second, it must be recognized that dead-load deflections of structural members be
come quite important when full span length longitudinal screeding is used. In cases 
where structural members do not deflect the amount allowed for in the bridge deck 
forming, depth deficiencies in the concrete deck can result. This problem is particu
larly critical on long spans where comparatively large dead-load deflections are antici
pated and where the main structural members are connected by rigid cross-bracing. 
In such cases the restraints effected by the total structural system cause the dead-load 
deflections of individual members to vary as concrete placement proceeds across the 
width of a bridge deck. Consequently, after all the concrete is in the forms a final 
pass of the screed over the entire deck is desirable. Where a complete final pass will 
not be practical, calculation of dead-load deflections should be based on a planned se
quence of concrete placement and screeding. Studies associated with this type of prob
lem, with consideration also being given to thermal conditions during concrete place
ment, will be undertaken in the near future. 

It should further be borne in mind that, although the longitudinal screeding and finish
ing procedures as described in this report were found to produce smooth decks in a lon
gitudinal direction, possible occurrences of irregularities in the transverse direction 
should not be ignored. 

Finally, there will be instances when the geometric characteristics of certain bridge 
decks may limit the use of this screeding and finishing procedure. Consequently, due 
consideration must be given to these factors when attempting to make use of a full span 
length longitudinal type screed. 
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CONCLUSIONS 

From the results of the bridge deck roughness studies conducted in Virginia and dis
cussed in this paper, the following summary of conclusions appears warranted. 

1. Bridge design types and geometrics such as vertical curves, grades, and hori
zontal curves have no significant effect on deck roughness. 

2. The results of studies conducted prior to 1964 indicate that some contractors can 
build smoother bridge decks than others can, because there was a noticeable difference 
in the average roughness of the bridges constructed by almost every individual contrac
tor. 

3. Prior to 1964 there was a great variation in the types and design of the screeding 
devices being used and also in the floating procedures being used to finish bridge decks. 

4. The full span length longitudinal mechanical oscillating type screed followed by 
longitudinal belting and/or burlap drag generally produced the smoothest bridge decks 
on simple span type bridges during the course of the studies. It must be recognized, 
however, that certain problems can arise when this type screed is used. 

5. Longitudinal floating is beneficial in reducing the roughness of bridge decks that 
are transversely screeded. No differences between the results produced by other types 
of floating and texturing techniques were apparent. 

6. The riding qualities of bridge decks appeared to be independent of the methods 
used to place and spread the concrete on the bridge deck forms. 

7. The issuance in 1964 of special provisions for the construction of bridge decks 
encouraged more uniform construction practices, required mechanical screeding de
vices, and stated a preference for the use c1f longitudinal type screeding. Bridge decks 
constructed subsequently have, on an average, better riding qualities than those con
structed prior to 1964. 

8. The increased emphasis on obtaining smoother bridge decks brought forth fruit
ful results regardless of the construction techniques used. 

9. Considerable variation in the roughness of bridge decks constructed with the lon
gitudinal screeding method suggests that control, qllality of workmanship and equipment, 
and judgment must be kept at high standards to obtain the results capable of being 
achieved. 
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