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SUMMARY

In response to its own research and observations in the early 1960's,
the Virginia Department of Highways mounted an intensive and extensive effort to
improve the performance of concrete in bridge decks. Major elements of this effort
included (1) a training and certification program for Department and industry personnel
and (2) improved and upgraded specifications for both materials and construction
practices.

In 1972 a survey was made of 129 randomly selected bridges constructed after
1966, when all the improvements had been formally instituted. The performance of
these bridges was compared with that of a similar sample that had been surveyed in
1961. In addition to the visual observation of performance measurements of electrical
corrosion potentials and depth of concrete cover were made in the 1972 survey.

Based upon this survey the following conclusions and recommendations were drawn:

(1) The frequency of early bridge deck scaling has been dramatically reduced by
the upgrading of specification requirements and construction practices.
Several specific changes such as increased air contents, use of linseed
oil treatments as well as increased awareness of the problem all contribute.
to this improvement. Because concrete susceptible to scaling usually
exhibits the defect at an early age this is an encouraging result. The
elimination of scaling was a major target of the specification upgrading effort,
The success of this effort is evident,

(2) Transverse and random cracking are indicated to be more frequent than
before the upgrading. The reason for the increase in transverse cracking
is not apparent and there is other evidence that the indicated increase in
random cracking is related to closer observation and differences in
classifications rather than to real causes. The severity of cracking does not
seem serious enough to warrant attention, Real differences, if any, will
become more apparent with time.

(3) The frequency of all other defects is very low, Based upon previous studies
this wil' undoubtedly increase with age. traffic. ete. but experience suggests
that serious probtems are indicated at comparatively early ages.

(4) The measured average cover over reinforcement is fortunately significantly
greater than that specified. For the two levels of cover specified, 8 and 16
percent of the measurements are less than required. This is believed to
reflect an acceptable level of control,

(5) Ninety-five percent of the spans have average corrosion potentials below
0.20 volt, which indicates no active corrosion. On one percent of the
spans the average values are above 0.40 volt, which suggests the presence
of active corrosion. The potential for corrosion will increase with age and
exposure to deicing chemicals.

iii
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(6) The techniques developed for the BPR-PCA survey in 1961 and used in
previous studies by the Research Council provide reproducible and useful
evaluations of performance based upon visual observations. The procedures
reflect general trends and levels as opposed to detailed causes and effects,

(7) When the bridges to be surveyed are similar in age and condition and when the
sample-is sufficiently large, observations on a single randomly selected span
provide the same results as observations of all spans on the bridge. Stated
in other terms, the observations of. spans rather than bridges appears to be a
valid approach.

RECOMMENDATIONS

(1) Because the level of the performance indicated has improved with respect to
the deficiencies which were the objectives of the upgrading to current specification
and construction practices, and because the remaining defects continue to be
infrequent in occurrence, the procedures for control and acceptance of bridge
deck concrete now in use should be continued.

(2) A resurvey of the bridges should be scheduled in 1977-78, The decks will
then be five to ten years old.

iv
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A SURVEY TO DETERMINE THE IMPACT OF CHANGES IN
SPECIFICATIONS AND CONSTRUCTION PRACTICES ON THE
PERFORMANCE OF CONCRETE IN BRIDGE DECKS

by
Howard H. Newlon, Jr,
Assistant State Highway Research Engineer

Coincident with the increasing national and local concerns over the premature
deterioration of concrete in bridge decks, the Virginia Department of Highways in the
early 1960's mounted a research effort, instituted modifications of its specifications,
and initiated extensive specialized training programs with the objectives of extending
the service life of these decks. The Research Council in 1963 began studies on con-
struction practices, particularly finishing methods, which were described in two reports
(Davis, North and Newlon 1971, Newlon 1972), Although not directly a part of the
research effort, Virginia was one of eight states included in the comprehensive nationwide
study of bridge deck performance conducted by the Portland Cement Association and
the Bureau of Public Roads (BPR-PCA 1969).

The data from the BPR-PCA Survey were voluminous and some of the important
results are summarized in Table 1.

Table 1

Frequency of Occurrence of the Most
Commonly Observed Defects in the BPR-PCA Study (1969)

(values given as a percentage of the total spans surveyed within a state)

Defect 7 States Virginia
Cracking (all types) 69.7 33.2
Spalling 8.1 0.4
Scaling 22.9 43.9

The bridges surveyed in Virginia ranged in age from 1 to 21 years at the time of
inspection,

As compared with those in the other states, the bridges in Virginia showed
less cracking, substantially less spalling, and significantly more scaling. The lower
incidence of cracking was attributed to a greater proportion of simple spans in the Virginia
sample. It was also concluded that the higher frequency of scaling was due to the
comparatively late adoption of air entrainment by Virginia,

Based upon the initial results from these research studies and its own
experiences, the Virginia Department of Highways initiated several significant
operational changes. While these were intended to upgrade performance in general,
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special attention was directed toward factors associated with scaling, which was
recognized at that time tc be very prevalent.

In January 1963, a program was instituted for certification for coniractor and
Departmental personnel involved with the production of concrete, This program included
classroom and field instruction and testing, Beginning on contracts advertised after
September 1963, no concrete could be delivered to highway projects unless there was a
certified person at the producing plant. Inspector awareness and competence were increased
through special schools, the certification program, and continual emphasis upon the
factors important to the production of high quality concrete, Early in the Council's
research study the preliminary findings were presented ininstructional sessions held in
1964 in each construction district and attended by about 300 operating personnel. In
1966 the specification requirements were substantially upgraded based upon recommendations
from the BPR-PCA and Council studies.

Particular emphasis was placed upon insuring a high level of air entrainment,
which was recognized in the Council's study (Newlon 1971) to be the most important
factor in providing resistance to deicing chemicals. Also in 1966 the use of linseed
oil treatments on bridge superstructures was made mandatory. The factors leading to this
decision as well as subsequent evaluations have been previous]y reported (Newlon 1970),
The progressive changes in specification requirements for bridge deck concrete between 1938
and 1970 are shown in Table 2, (Note: In 1973 the minimum cement content was
reduced to 6 3/4sk/cy (376 kg per cu m) as it had been during the period 1966-1970).

The extent to which these efforts either singly or in combination have improved the
performance of concrete in bridge decks is difficult to assess quantitatively. The degree
to which the "bridge deck problem'' continues for decks built under the more stringent
requirements is also a matter about which there is some controversy, It was, therefore,
deemed appropriate to evaluate the performance of decks built under the upgraded
requirements and procedures for comparison with observations from the earlier study.
(Davis, North and Newlon 1971),

OBJECTIVES
As statedin the work plan (Newlon and Smith 1972) the objectives were:

(1) To assess the condition of a randomly selected group of bridges designed
and constructed since 1966 under Virginia’s upgraded deck specifications
as compared with the performance of a similar group of bridges
constructed under former specifications and surveyed in 1961,

(2) To assess the effectiveness of the newer and more stringent specifications
as a deterrent to various forms of deck deterioration,

(3) To obtain base data from comparatively new bridges for comparison in
future surveys.
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PROCEDURES

The BPR-PCA method (BPR-PCA 1969) of inspection was utilized to
evaluate by visual inspection the nature and extent of defects. This method had
been previously used with good results in a study of some decks in Virginia (Davis,
North and Newlon 1971). The details and rationale for the method have been previously
published as well as the usefulness of the results,

Briefly stated, the decks were observed by a team of inspectors using a
clearly defined classification system. The forms of deterioration—classified as to type,
extent, and severity—were scaling, spalling, cracking, rusting, and popouts. In
addition to the visual survey, two other characteristics were determined: (1) the depth
of cover over the uppermost reinforcing steel as measured by a pachometer, and
(2) the electrical half-cell potential determined in accordance with a method initially
developed by Stratfull (Tremper, Beaton, and Stratfull 1957) as a possible indication
of future corrosion of reinforcement. These two characteristics were included
because of their potential importance to corrosion of reinforcement and spalling as
described in a supplemental work plan for the project (Newlon 1972),

A copy of the survey form and definitions utilized in the visual survey are
given in Appendix A, One member of the inspection team had also participated in
a 1970 resurvey of the 1961 survey sample.

Electrical half-cell potential measurmerts were made on each deck at the
intersections of a five foot (1, 5m) grid. The procedures used and equipment employed
were those described by FHWA Region 15, These are contained in a report of the
demonstration in Virginia (FHWA-15 1971). These procedures were in wide use at the
time and are described in Appendix B, Although some variations and inconsistencies
were anticipated because the method did not differentiate among ways of connecting to
reinforcement, moisture content of concrete, ete., it was used as described in
Appendix B. Refinement of the procedure was beyond the scope of this project.
Subsequent work, particularly that by Clear and Hay (1973), has identified several
problems which may influence significantly the quantitative results obtained with
the method and interpretation of these results as indicating corrosion or no corrosion,

A major constraint on the results obtained was the fact that the ground connection was

not made directly to the reinforcement but was made indirectly through exposed metal,
utilizing the fortuitous connections of this exposed metal to the reinforcement,

Ground connections were made giving preference in decreasing order to (1) steel beams,
(2) bolts in handrails, (3) joint cover plates, and (4) metal connections, In all cases,

the ground locations were recorded and marked with a chise! for use in future surveys,
Thus, there is an unknown element of variation which will affect particularly comparisons
of potential measurements among the various decks. The uncertainty would be

expected to be less within the same span, spans on the same bridge or in the

event that future measurements are made with ground connections at the same locations,

No recognition was taken of transient high potential readings such as
described by Clear and Hay (1973). Consistent readings were usually obtained over
the surface of a given span so that errors from short~termeffects are probably not
significant in this project.
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Depths of concrete cover over the uppermost reinforcement were measured
at 30 of the grid intersection points on each deck, using a James Pachometer Model
C4946. While the corrosion potential measurements required a considerable
expenditure of effort, they were a subordinate part of the study whose principal
objective was the evaluation of performance based upon visual observations.

BRIDGES SURVEYED

In order to provide a comparison with the results from the earlier surveys made
in 1961 and 1970, a sampling of bridges from the five year period 1968-1972 was
selected for observation and comparison with the group of bridges built during the
years 1957-1961 and inspected in 1961, During the period 1968-1972 approximately
755 bridges were constructed under the upgraded specifications adopted in 1966, These
bridges contained approximately 2,500 spans, Using the relationship developed for the
BPR-PCA survey (BPR-PCA 1969) the sample size was selected by the following relationship:

n=
,0064 +1/N

where n = sample size

N =number of bridges available for study

Based upon this formula 130 bridges were randomly selected for the visual
survey. During the survey one was inadvertently missed so that 129 were actually
inspected, These bridges contained 436 spans. A listing of the bridgesis contained in
Appendix C. The half-cell potentials and cover depths were determined after the
visual survey. In 24 cases, because of the design of the bridge or because of difficulties
in obtaining a usable ground connection, the depth and potential measurements were not
made. Thus, visual observations, cover depth and corrosion potential measurements were
made on 105 bridges (341 spans) while visual observations only were made on 24 bridges
(59 spans)..

Because a major goal of this study was to determine the performance of a
comparable set of bridges in 1961 and 1972, the distribution by age within the five-year
period is important and is shown in Table 3.
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Table 3

Distribution by Age of the Bridges Surveyed in 1961 and 1972

Age at 1961 Survey 1972 Survey
time of Yr. Number % of Total Yr. Number % of Total .
Survey Y Built Built
4-5 1957 7 18.4 1968 18 14.0
3- 1958 11 28.9 1969 38 29.5
2-3 1959 7 18.4 1970 41 31.8
1-2 1960 10 26.3 1971 25 19.4
0-1 1961 3 7.8 1972 7 5.4
38 129

While there is some difference, primarily between decks that were two or three
years old, the samples are roughly comparable, particularly in the case of the extreme
situations;i.e., the oldest and youngest decks. Thus, comparisons of performance
drawn from the two samples should be valid,

The bridge types are identified according to (1) material comprising the beams,
(2) type of member, and (3) whether continuous or simple spans and composite or
noncomposite, The designations used for group (1) are: structural steel (SS),
prestressed concrete (PS), and reinforced concrete (RC); for group (2): box girder (BG),
deck girder (DG), I-beam (IB), solid slab (SS) truss (TA); for group (3): the first
letter designates simple (S), or continuous (C), while the second indicates composite (C)
or noncomposite (N). These designations are included for each bridge in Appendix C.

Each bridge on the listing of all bridges constructed during the period 1968-72
was given a number which was used in the random selection. This '"random number"

was the number used to identify the bridge in all Council records. This number, along
with other identifying information, is also included in Appendix C.

RESULTS

Visual Survey

The results warrant attention from two perspectives. The frequency of
occurrence of the specific defects is of importance as an indicator of performance
as is the change in frequency between the two surveys, which would indicate the
influence of upgraded practices. The sampling plan was developed using statistical
techniques to provide a 95 percent probability that the results from the samples
would be within + 8 percentage points of the actual value. No statistical test for
significance of the differences reflected in the data was made but the value O +8
percentage points might be used as an indication of meaningful differences.
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In several cases the difference between frequency of occurrence observed in the
two surveys is probably significant, but the frequency level is so low that the defect
itself is not of concern,

The results from the 436 spans are summarized in Table 4 in the same format
as that used in the BPR-PCA report (1969) and the Council's earlier report (Davis,
North, and Newlon 1971). Study of the results in Table 4 indicates two obviously
significant differences. The incidence of scaling is significantly less in the 1972 sample
than was the case for the comparable sample in the 1961 survey. Scaling on bridges at
early ages has for practical purpose been eliminated. At the same time, cracking is
more prevalent (twice as frequent) in the 1972 group than in the comparable group surveyed
in 1961. Attemps to relate the increase in transverse cracking to causative factors
were unsucessful. In the 1972 sample transverse cracking increased in the expected
manner with age, length of span and traffic volume. No increased transvere cracking
was found on continuous spans as compared with simple spans. Based upon the
resurvey of the 1961 sample made in 1970, there is evidence that random cracking was
vastly underestimated in the 1961 survey. It is thus probable that the indication of
increased random cracking reflects a difference in inspector judgment rather than an
actual increase in cracking. The other defects are essentially the same in both samples
and in both cases are not frequent in occurrence,

Table 4

Occurrence of Defects in Spans

1961 Survev 1972 Survey
Span Defects Number Percentage Number Percentage
No Scaling 90 70 426 98
Scaling 40 30 10 2
No Cracking 105 80 260 60
Cracking 25 20 176 40
Transverse 15 12 126 29
Longitudinal 4 3 5 1
Diagonal 2 1 2 0.5
Pattern 1 1 12 3
"D" 0 0 0 0
Random 9 7 93 27
No Rusting 130 100 426 98
Rusting 0 0 10 2
No Surface Spalling 129 99 436 100
Surface Spalling 1 1 0 0
No Joint Spalling 130 100 434 99.5
Joint Spalling 0 0 2 0.5
No Popouts 124 97 434 99.5
Popouts 4 3 2 0.5
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It is of particular interest to note that oulytwo spans showed spalling and in
neither survey did the spalled spans make up 1 percent of the total. As indicated in
the previous report (Davis, North, and Newlon 1971) when surveyed in 1970, spalling
on the decks in the 1961 sample had increased to 10 percent but still was considerably
less prevalent than on decks in many of the other states included in the random survey
at much earlier ages. Although the frequency of spalling is not so great nor does it occur
so early as some of the other defects, particularly scaling and cracking, where it does
occur it is a very troublesome and expeunsivedefect to correct. It thereby merits
continued attention.

The results shown in Table 4 reflect the presence of the various defects regardless of
severity., Because the entire sample was from relatively new bridge decks on which the
defects were infrequent and comparatively minor, in Table 5 the data are presented ina
form which combines the spans showing light scaling and transverse cracking with those
showing no defects. These were the two most prevalent defects. A similar technique was also
used in the earlier report (Davis, North, and Newlon 1971) with the belief that it minimizes
the differences attributable to judgements of the individuals conducting the two surveys.

Table 5

Occurrence of More Severe Scaling
and Transverse Cracking on Spans

Span Defect 1961 Sample 1972 Sample
% %
No or Light Scaling 26 99.5
Medium, Heavy, Severe Scaling 4 0.5
No or Light Transverse Cracking 93 97
Medium or Heavy Transverse
Cracking 7 3

The results in Table 5 would indicate that the increase of cracking and the
decrease in scaling are predominantly in the light category. Visual comparisons of the
data are presented in Figures 1-6, From these figures comparisons can be made
among the characteristics of all decks surveyed in 1961, some of which were as much as
20 years old, as well as the portion built during the five-year periods immediately
preceding the two surveys, These latter portions would be the basis for estimating the
influence of specification changes and other efforts to improve performance,

The significant reduction in the frequency of scaling is evident in Figure 1. As
shown in Figures 2 and 3, there is no relationship in the 1972 sample between scaling and
either age or traffic volume. This might suggest that significant scaling will not develop
since concrete susceptible to scaling usually exhibits symptons early in its exposure to
deicers. Such exposure is more common on the bridges with higher traffic volumes than
on more lightly traveled roads. The reduction in scaling is encouragingbecause this
was the defect which was indictated in the initial surveyto warrant major attention,
as evident from Table 1,



<467

*(uonypuoo 3urjeos aFeaase) Surjeos Jo 9oULBIINOOQ T 9anSig

(suedg 7.-896T) (suedg 19-L56T) (suedg 11v)
Karang gL6T Kaaang 1961 Koaang 1961
A} O
02
&
V-
o
=} N
9]BOS 9109A9Y . g ¢
=8
9]
o]
o1B0s AABOH @ | 2
—— 09 @
91BOS WINIPaN =§=
a1eos 1y311
— 08
9]8OS ON B
aNInA1
00T
98% 081 292 1BI0L
0T 93% S G2 06 € ST 62 99 67T POIOdJY °ON



+468

*(sedf£} 118) SuijeOS JO 90UBIINOD0 UO 3Fe JO douUSN[JU] g 9ANIIA

(suedg Z.-8961)
Laaang gLe61

(suedg 19-2G6T)
Laaang 1961

(suedg 11v)
Aaaang 1961

19-9¢61 (g)
ge-8¥61 (2)
Ly=0%6T (1)«

L —

€2 S8 631 831 1.
0 ¥ T € 4
Gl TLi 0L 69: 89

8T 1€ €2 08 8%
9 T 9 9T TII
19, 09, 6S, 8S: LS,

evT 3l
6 0L
(e (2

8
2
(1)

0
03
el
0y &
o
®
=
o)
()
wn
ke
)
09 @
08
00T
TeoL
pajo9jje ‘ON
* ®M<

-10 -



<469

*(sed4£3 [1e) 3uIjBOS JO 9OUBIINODO UO SWN]OA OTIJJBI} jo @ouenpjul ‘g aandig 00SL < 1av (g)

00SL-1SL 1av (2)
0SL-1 LAV (1)«

(sueds gL.-896T) (suedg 19-156T) (suedg 11v)
A9Aang 2161 Aaaang 1961 Aaaang 1961
e 0
02
d
0% m
N o
2 .
..mu -
) ]
=
09 ©
08
00T
9¢ 2LZ 83l LT €9 09 €8¢ ¥FIT CII 18101
2 8 0 9 IT 2% 8T 6% 9% pajoaj3e "ON
(¢) (@ (1) (¢) (@ (D (g) (2 (1) xownioA o1jyeaL



=470

*SuTyoBIO 9SISASUBI) JO 90USIINOD0 UO Y33ua] ueds Jo sdouenfyul ‘§ dan31g "13 06 A (e)
"33 06=-"% g% ()

E A (1) *
(suedg 72-896T1) (suedg 19-L56T) (suedg 11V)
Aaaang GL6T AaAaang 1961 Aaaang 1961

0

02
g

oy §
Q
] 1
=4 ~
o [
) ]
R
o]
1)

09 &

08

00T

8% 0.3 8IIT ¥ 65 L9 €e  ¥IT SII 1e10L
82 ¥8 ¥I 1 2 6 0T &V ¢I pojo933e "ON

e (@ (1 (e (@ (v (e @) (1 + 38uoT



<471

*3uIOBIO 9SIDASUBI} JO SOUSIINOOO UO SWINJOA OIJJBI} JO doudNnyju] ‘g aanSig 008L ¢ 0LaV (©)

00SL-1SL 01AaVv (2)
0SL-T OD1LAV (1),

(suedg 2L-8961) (sueds 19-L96T) (sueds 11v)
AaAang gLe61 Aaaang 1961 Aaaang 1961
0
03
v F
]
% ]
2 a
Q ]
-
n
=]
09 B
/]
08
00T
9¢ 2LZ 82l LT 89 0¢ €¢ PIT SII 1B10L
IT 96 61 L 0T €% eI pajoayye ‘ON

6 L
) (@ (1) (¢) (2 (D) e (@ (1) x OWINJOA O1jjea L



*3UTyORIO 9SISASURI} JO 9OULIINDO0 UO 9fe JO @ousnjju] ‘9 aan3ig 19-9¢61 (g)

cG-8¥61 (2)
Ly-0%6T (1) %

<472

(sueds ZL-8961) (sueds 19-1456T) (suedg 11V)
Aaaang ZL61 £aAang 1961 AoAans 1961
_I 0
03
e
0y &
Q
1)
=4
o
LY
w0
o]
o
09 @
08
00T
€¢ 68 6¢I 8¢l 1L 8T 1€ ¢€¢ 0& 8¢ ¢¥1 GSIT 8 1ejoL
I %6 88 1V ¢€¢ T I 14 9 e I 0y ¢ pajovjye 'ON

%L Tl 0L, 69, 89, 19, 09, 6S. 8S, LS. (¢) (@ ) « 93V

-14 -



<473

The data in Figures 4 through 6 reflect the influence of span length, traffic
volume, and age on the frequency of transverse cracking. The relationships for the
1972 sample are those that would be expected in that the frequency of transverse
cracking increases with span length, traffic volume, and age.

A comparison was also made of the influence of continuity oncracking frequency,
Only ten of the 129 bridges were designed for continuity, Of these ten bridges three
were solid concrete slabs and seven were supported by structural steel, Of the seven
steel beam bridges, three contained transverse cracking as did one of the three concrete
slab spans. Thefrequency of cracking on the continuous spans was about the same as on
all spans. There also appears to be no difference in the severity of cracking between the
two types. The remaining defects are of no consequence at this time,

As noted previously the sample size was determined on the basis of bridges rather
than spans. For each of the 129 bridges selected, all of the spans were inspected.
An analysis was also made to compare the results based upon data from all 436 spans
with those from an analysis using data from one randomly selected span from each of the
bridges. The comparison is given in Table 6,

Table 6
Defects in Percent as Indicated by the

Total Sample and a Single Span from
Each Bridge

Defect 436 Spans 129 Spans
No Scaling 98 99
Scaling 2 1
No Cracking 60 59
Cracking 40 41
Transverse 29 30
Longitudinal 1 2
Diagonal 0.5 0
Pattern 3 4
HDH O O
Random 27 20
No Rusting 98 96
Rusting 2 4
No Surface Spalling 99.5 99
Surface Spalling 0.5 1
No Joint Spalling 100 100
Joint Spalling 0 0
No Popouts 99.5 99
Popouts 0.5 1

- 15 -
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The comparison shown in Table 6 indicates the results from observations of a
single randomly selected span are the same as when all of the spans are included. This
suggests that in future surveys observations of a single randomly selected span will be
sufficient to provide valid information on performance characteristics: .

Depth of Cover

Pachometer readings were taken at 30 randomly selected grid points using a
James Model 4946, These readings were taken to indicate: the clear cover over the
uppermost steel, normally the transverse reinforcement. Calibrations were made
on a series of slabs fabricated in the laboratory with carefully positioned reinforcement
prior to initiating field measurements. Checks on these slabs were made at weekly
intervals throughout the measuring period. These periodic calibrations always gave
depths within + 1/8 inch (3mm) of the actual values. Recently attention has been drawn
to possible errors associated with the Model C4946 (FHWA 1974). No indications of such
variations were observed in this study. The instrument also has been shown in extensive
evaluations (Weber, et al. 1972) to indicate cover depths within + 1/8 inch (3mm).

The results from the pachometer determinations are illustrated in Figures 7-9
in the form of histograms. The data are shown in the form of frequency distributions in
Figures 10-12; Readings were made at 30 randomly selected grid points of the five-foot
grid on 339 spans where corrosion potential measurements presented later were also
made. For the 117 bridges tested the total number of measurements was 10, 170.
A considerable range of indicated cover is evident in Figure 7. The distributions in
Figures 7-9 appear to be approximately normal. The average cover from all measurements
is 2.40 inches (61mm) with a standard deviation of 0,49 inch (12mm),

The decks surveyed were constructed under specifications that required different
amounts of clear cover, The predominant values were *1,69 inches (43 mm) or **1, 94
inches (49 mm)., The results fordecks with these specified covers are ‘shown in
Figures 8-9 and 11-12, In both cases, the indicated average cover was well below the
minimum specified. For a minimum specified cover of 1,69 inches (43mm) the measured
average was approximately 5/8 inch (16 mm) greater. For the minimum specified cover
of 1.94 inches (49mm) the measured average was approximately 1/2 inch (13 mm)
greater, The difference between the two averages is 0, 16 inch (4mm), or slightly over
one-half of the difference between the specified values. As seen in Figures 11 and 12
for the two specified values, 8 and 16 percent of the steel had less than the specified clear
cover, This is a very fortuitous situation since the cause of spalling, penetration of
chlorides, is greatly dependent upon the amount of cover, The variability, while large,
compares closely with the results from other published studies of variability of steel placement
‘in’bridge decks and guidelines included in the recently adopted Recominended - °
Practice of the American Concrete Institute (ACI 345-1973). The AIC Practice

*1,69"=111/16"
** 1,94"=1 15/16"
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indicates the need for a tolerance of + 3/8 inch (10mm) in steel placement. The
fact that the average cover is significantly greater than that specified indicates that
most contractors have recognized the variability and are making appropriate allowances,

Included in the measurements are instrument errors as well as the fact that in some
cases the longitudinal steel was above and in some cases below the transverse or
major reinforcement, The fact that the steel is generally at a lower elevation than
specified is consistent with a recognition of the obvious influences of construction practices.
With the exception of gross errors in establishing elevations, most of the things which
happen to reinforcement would tend to lower its final elevation. These include sag
between supports, bending under foot traffic, and '"racking' or collapse of the supports.

Corrosion Potential

Using the procedures and equipment described in Appendix B, corrosion potential
measurements were made on 341 spans at the intersection points of a five-foot grid. The
total number of measurements was 34, 647.

The corrosion potential measurements are thus voluminous. A typical example
of the methods used to reduce the data is given in Figures 13 and 14, for a single span.
The potential measurements were first plotted on a grid as illustrated in Figure 13,
Equipotential contours were used to delineate the readings within each of the five groupings
as follows:

< 0.049
0.050 - 0,199
0.200 - 0. 349
0.350 - 0. 449
5 0.450

The contour diagram for the span is given in Figure 14, along with the cu-
mulative frequency diagram. These diagrams were made for each of the 341 spans.
The contour diagrams were prepared primarily for comparison with future resurveys.
At this stage the major objective is to establish the general level of corrosion potential
in a manner similar to the approach for visual observations and depths of cover,

The cumulative frequencies for all corrosion potential measurements, shown
in Figure 15, indicate the proportion of spans which exhibited various levels of
corrosion potential, Both the average corrosion potential and the maximum potential
measurements recorded for the span are shown. As seen from Figure 15, approximately
95 percent of the spans had an average corrosion potential below 0,20 and 50 percent
showed no individual value above 0,20, At the current level of development of the
testing method, there is not general agreement as to the significance of specific levels
of corrosion potential, It is generally agreed that values below 0. 20 volt indicate no
active corrosion while values above 0.40 volt indicate active corrosion, Because of
uncertainties associated with the measuring techniques, as used in this study as

_23.=
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Bridge No. _64-002-102-46

Span No, 4

Length(s)

Grid Size 5' (1.5m)

Girder Type(s)

5" —
© | .18 | .12 | .16 | .14 | .16 | .12 | .14
Y
.18 | .18 | .10 | .10 | .04 | .10 | .10
.20 | .20 { .16 | .10 | .16 | .10 | .10
.20 | .20 | .16 | .18 | .10 | .04 | .18
.18 | ;18 | .18 | .06 | .12 | .08 | .08
J12 | L1 | L18 | L16 | .12 | .12 | .10
.20 | .12 | .16 | .16 | .10 | .10 | .08
.18 | .22 | .18 | .18 | .12 | .08 | .10
14 | .12 | .16 | .16 | .12 | .06 | .14
.20 | .20 | .18 | .20 | .16 | .04 | .02
.16 | 18| .18 | .16 | .12 | .16 | .04
18 | .18 | .22 | .18 | 12 | .14 | .10
18 | .16} .18 | .10 | .18 | .18 | .06
.20 | .20 | .12 | .20 | .08 | .12 | .18
Figure 13. Corrosion values imposed on grid for the span.
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discussed later, it is perhaps prudent to take the values of 0.20 and 0. 40 volt as the
limiting values rather than 0,30 and 0. 35 volt as suggested by Stratfull. The generally
low levels of corrosion potential observed would be expected since the spans are
comparatively new,

As noted earlier the measurements were made using the electrical ground given
by the fortuitous connections between the reinforcement and exposed metal, The
procedure obviously introduces some error, but the data probably reflect the proper
relative orders of magnitude, It is hoped that future measurements made with the same
ground connection will give a valid indication of the change in potential even though the exact
magnitude of the indicated potential will be suspect.

A number of analyses were made to relate the corrosion potential to factors such
as age, depth of cover, and traffic values, but no relationships were found.

During the course of the project measurements were made of corrosion potentials
along with other methods for evaluating concrete in a limited number of decks undergoing
repair. These decks were of course much older than those studied in the project, Detailed
observations were made using three methods (electrical potential, chain drag, and hammer
sounding). The results have been previously reported (Smith 1973). The principal
findings and conclusions from that report are reproduced in Appendix D,

.‘27 -
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CONCLUSIONS

Based upon the results of this research, the following conclusions appear

warranted.

1)

(2)

@)

(4)

®)

(6)

()

The frequency of early bridge deck scaling has been dramatically reduced

by the upgrading of specification requirements and construction practices.
Several specific changes such as increased air contents, use of linseed oil
treatments as well as increased awareness of the problem all contribute

to this improvement., Because concrete susceptible to scaling usually exhibits
the defect at an early age this is an encouraging result, The elimination of
premature scaling was a major target of the specification upgrading effort,
The success of this effort is evident.

Transverse and random cracking are indicated to be more frequent than
before the upgrading. The reason for the increase in transverse cracking is
not apparent and there is other evidence that the indicated increase in random
cracking is related to closer observation and differences in classifications
rather than to real causes. The severity of cracking does not seem to be
serious enough to warrant attention. Real differences, if any, will become
more apparent with time,

The frequency of all other observed defects is very low. Based upon previous
studies this will undoubtedly increase with age, traffic etc., but experience
suggests that serious problems are indicated at comparatively early ages.

The measured average cover over reinforcement is fortunately significantly
greater than that specified. For the two levels of cover specified, 8 and 16
percent of the measurements are less than required, This is believed to
reflect an acceptable level of control,

Ninety~five percent of the spans have average corrosion potentials helow
0.20 volt, which indicates no active corrosion. On one percent of the
spans the average values are above 0,40 volt, which suggests the presence
of active corrosion. The potential for corrosion will increase with age and
exposure to deicing chemicals.

The techniques developed for the BPR-PCA survey in 1961 and used in previous
studies by the Research Council provide reproducible and useful evaluations

of performance based upon visual observations. The procedures reflect
general trends and levels as opposed to detailed causes and effects,

When the bridges to be surveyed are similar in age and condition and when
the sample is sufficiently large, observations on a single randomly selected
span provide the same results as observations of all spans on the bridge.
Stated in other terms, the observation of spans rather than bridges appears
to be a valid approach,



(1)

(2)
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RECOMMENDATIONS

Because the level of the performance indicated has improved with
respect to the deficiencies which were the objectives of the upgrading

to current specifications and construction, and because the remaining
defects continue to be infrequent in occurrence, the procedures for controls
and acceptance of bridge deck concrete now in use should be continued.

A resurvey of the bridges should be scheduled in 1977-78. The decks
will then be five to ten years old. \

- 29 -
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APPENDIX A
DEFINITIONS AND FORM USED IN BRIDGE SURVEY

The following criteria were used in the surveys and are taken from PCA-BPR
Report No. 5 (1969)

The observations were reported on a standard data sheet as shown in Figure A-1.
One or more sheets were required for each bridge. Data describing each bridge
included: state; county; highway number:; survey bridge number; state bridge number;
year built; type of deck covering, if any; type of deck repairs, if any; traffic volume
(ADTC); use of air-entrained concrete: availability of construction records; span lengths;
and span types.

A dual bridge was considered as two individual bridges. A widened bridge was
either dropped from the survey or inspected only for information on the old portion.

Any observed defects were reported for each individual span,

On the data sheets, scaling was reported as an estimated percentage of the
affected span's deck area for the average severity condition—in box 1,for light scale;
box 2, medium scale; box 3, heavy scale: and box 4, severe scale. An X was also placed
in the box that designated the most severe scaling condition observed in the span. For
example, in Figure A-1 70 percent of the area of span 4 had an average scaling condition
classified as medium scale, and heavy scale was encoumered in portions of the
scaled areas.

The six classifications of cracking-~box 1 for transverse; box 2 longitudinal;
box 3, diagonal; box 4, pattern or map; box &, D''; and box 6, random--were reported
as being light, medium, or heavy (L,M,or H). Light cracking meant widely spaced,
fine cracks or only a few cracks in the span, Heavy cracking meant closely spaced,
wide (prominent) cracks, or many cracks in a span. For example, in Figure A-1,
medium transverse cracking (box 1) was observed in span 1 of the bridge, heavy in span
3, and light in span 4, Random cracking (box 6) of the same severity was found on the
same spans. There was no visible longitudinal (box 2), diagoral (box 3), pattern (box 4)
or "D'" (box 5) cracking in any spans.

The presence of any rust stains on the deck surface was reported by an R in
the box for the particular span.

Surface spalls were reported as small (box 1) or large (box 2). The number of
spalls in each affected span were reported.

Joint spalls were reported by the estimated linear footage spalled along the
joint. The spalls were classified according to the type of joint on which they occurred:
along a metal expansion device (box 1); along a joint filled with sealing material (box 2);
or along a construction joint or open joint (box 3).

Popouts were reported as being few (F) or many (M) in the judgement of the inspector,
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R-300 (6/70; revised 6/72)

DATA SHEET FOR RANDOM BRIDGE SURVEY INSPECTION REPORT

State _ Vieamia County SvXF#orD Route No. 3 Bridge No. «oo3-o29-102-02
Year Built  2-71 Location BEFER £ER.
Span No. 1 has been selected atthe N S @ W end of the bridge. (Circle one)
A7
3k ok ok o ook ok ok ok ok ok ok ok ok
/ey .
Classification of Deck Deterioration /s 75&0
Span Number 1 / 2 4 3 4 4 5 6
|
Length (feet) Jp 52 73" 52
Girder Type

SCALING (1) % Light
(2) % Medium
(3) % Heavy
(4) % Severe

CRACKING (1) Transverse L L L
(2) Longitudinal

(3) Diagonal

(4) Pattern L

(5) llDH

(6) Random L L_
RUSTING (1)

SURFACE (1) Small
SPALL
(number)

(2) Large

JOINT (1) Expansion
SPALL

(2) Contraction

(3) Construction

POP-OUTS (1)
(number)

ViomY
PATCHED AREAS o Ef'}’l

GROUND AREAS

Sevevo| lomg vandom ~‘ramswyvs@ Cvacks "'cspeiaﬂ,, ~ SPon 3
Date of Inspection c-23 73

* Rouo.k -Ffm't.rlim& mlec/c e leals ‘ﬁﬂidt

Figure A-1. Typical survey form.
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APPENDIX B
GUIDELINES DEVELOPED BY FHWA REGION 15 AND USED IN THIS PROJECT

LIST OF EQUIPMENT USED

The basic components of the steel corrosion detection device are commercially available
and are listed as follows:

1, Two wire reels, containing 125 feet of No. 18 single wire and 300 feet of No. 18
single wire, respectively. These are available from the Agra Engineering
Company, 551 South Quaker Street, Tulsa, Oklahoma 74120, Price $30 each.

2. Two 36-inch-long copper sulfate reference cells, These are available from the
Harco Corporation, 4600 East 71st Street, Cleveland, Ohio 45216, Price $25 each,

3. Good quality D.C, Null voltmeter with accuracy 2 percent of fullscale capable of
reading to + 1 mv, The voltmeter we are using is a Hewlett~Packard model 4194,
available from the Hewlett-Packard Company, 2 Choke Cherry Road, Rockville,
Maryland 20840, Price $475.

4, Portable drill, 3/8-inch chuck capacity, self-energized, maximum no-load
speed 900 rpm, The drill we are using includes a completely enclosed,
removable 9-volt battery with capacity to drill at least 300 holes 1/2-inch
diameter, in 2-inch thick dry fir. Thedrill is manufactured by the Black &
Decker Manufacturing Company, 701 East Joppa Road, Towson, Maryland 21204,
Price $129.

It should be noted that the portable drill batteries are rechargeable and a battery
charger should be purchased to complement the drill, The battery charger we are
using costs $33 and is the Black & Decker Charger No. 949 available from the
Black & Decker Manufacturing Company at the above-mentioned address.

5. Cover meter for determining the amount of concrete cover over reinforcing steel
and the size of the reinforcing steel bars. We are utilizing a model C-4949
Pachometer, including probe and spacer, carrying case, instruction manual,
and chest strap assembly. This was obtained from James Electronics Inc. ,
Instruments Division, 4050 North Rockwell Street, Chicago, Illinois 60618,
Price $575.

6. A good quality battery operated ohm-meter, capable of measuring from 0 to 200
meg-ohms with an accuracy of +3%. The ohm-meter we are using is a Simpson
Model 313 VOM, available from the Simpson Electric Company, Division of
American Gage and Machine Company, 5200 West Kinzie Street, Chicago, Illinois
60644,

7. A 12-inch x 12-inch x 1/8-inch copper plate with a copper electrical connection
and a non-metallic handle for convenience in moving the plate from point to point.
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FIELD OPERATIONS - CORROSION DETECTION PHASE

1, DEFINITION OF TERMS

a. Corrosion - Oxidation of reinforcing steel.

b. Standard Half cell - A copper plate immeised in a saturated copper sulfate
solution,

c. Potential - Level of the electrical charge.

d. Normal Potential - Any metal in water or water solution has a tendency to
throw atoms into solutions as ions. There is an actual solution tension and
level of electric charge will differ in degree with the position of the metal
in the activity series,

e. Standard oxidation potentials for metals in a saturated solution of their own

ions.
Metal Reaction jot (Volts)
r '{-2 §
Zn Zn +2e= +0,763
Fe Fe ' +2e- +0, 440
Cu cu'? i2e- ~0. 337

EXAMPLE: Fe - Cu = 0,440 ~ (=0, 337) = 0,777 volts

f. Difference in potentials - The algebraic difference in potential of one metal
from that of another.

g. Electromotive Series - Potentials of metals surrounded by a saturated
solution of their own ions,

2, INTRODUCTION

In recent years premature concrete bridge deck deterioration has been reported with
sufficient frequency to warrant modifications that will minimize such problems in the future.

Recent reports have identified concrete spalling as the most serious form of
bridge deck deterioration, because of the severe effect it has on riding surfaces, the
reduction in structural capacity and the difficulty in making a permanent repair, It
has also become apparent over the past several years that the use of deicing chemicals
has significantly accelerated the spalling process.

c,38,_‘
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Research studies made by the State of California, Division of Highways, in
cooperation with the Bureau of Public Roads, indicate most spalling of concrete bridge
decks to be caused by corrosion of the reinforcing steel which can exert an internal pressure
in excess of 4, 000 pounds per square inch,

The purpose of steel corrosion detection tests is to:

a. Identify the cause of corrosion,
b. Provide a means for evaluation of repair methods.
c. Aid in evaluating preventive measures and design changes.

Proof of equipment performances will be shown by making electrical
measurements on both old and new structures and by analyzing the concrete for salt
content at various depths. In a few Statesthe reinforcing steel will also be checked for
visual evidence of corrosion.

3. TESTING INSTRUMENTS AND EQUIPMENT

The following equipment is being used by the Region 15 Corrosion Detection
Team - other equivalent equipment would be adequate.

a, Hewlett-Packard D.C. null voltmeter,
b. Copper copper-sulfate half cell.
c. Two spools of No, 16 wire, one spool containing 100 feet of two-wire cable
each connected to a jack on the spool for easy connection to the voltmeter
and spring clips on the end for making connections to the reinforcing steel.
The two wires are used to allow the changes in the field. (The two sizes of clips are
necessary to allow easier connections to the reinforcing steel.) The other
spool contains 300 feet of insulated No. 16 wire witha jack on the spool and
a spring clip for attaching to the copper cooper-sulfate halt cell,

d. A hand drill, self-powered, with masonry bit,

e. Hand tools -hammer. chisel, files, etc,

f. An ohm=-meter similar to Simpson No. 313 volt ohm-meter.

g. A 12-inch x 12-inch x 1/8~inch copper plate with clip for connecting the
ohm-meter and means to connect a 36-inch handle = The entire bottom surface
must be covered with sponges using wood dowel pins for connectors.

4. TESTING PROCEDURES

The following procedures should be followed when testing reinforced concrete
bridge decks or continuously reinforced concrete pavements, for active corrosion of the
reinforcing steel.

a., Measure and mark a five foot grid on the surface to be tested. (If conditions
warrant, the grid may be increased or decreased. )
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b. Locate a reinforcing bar or other connection to the reinforcing steel.
A positive connection to the top of reinforcing steel is desired; however,
if this is not feasible, the bridge railing expansion joints, light standards,
drainage scuppers or other exposed steel may provide a positive connection
to the reinforcing steel provided:

(1) The connection must not be galvanized.
(2) Checking the electrical level at various distances must show no
constant decrease in electrical level,

c. Uncoil an ample length of wire to reach all areas to be tested, attach
minus ( - ) jack of voltmeter to the reinforcing steel and plus ( +) jack
to the copper copper-sulfate half cell.

d. Check voltmeter battery for satisfactory charge,
e. Zero voltmeter on lowest scale,
f. Switch to WM-AM on the one (1) volt scale and make measurements of

the electrical potential at each grid point, The half cell requires a wet
sponge attached to the bottom contact to aid in making a good electrical
contact with the concrete.

Potential readings from 0 to 0. 30 volt are normal for sound concrete with
no active corrosion in the reiaforcing steel, When potential readings of
0. 35 volt or more are encountered, the reinforcing steel is actively
corroding,

g. Record the readings on graph paper and plot the lines of equipotential,

The following procedure should be followed when applyving resistance tests on bridge
decks with membrane water-proofing system,

a. Measure and mark a five-foot grid on the surface to be tested. (If
conditions warrant, the grid may be increased or decreased.)

b. Wet the surface to be tested thoroughly and repeatedly allow the water time
to permeate through the surface., The water should contain a wetting agent
(95 ml of wetting agent to 5 gals water),

c. Locate a reinforcing bar or other connection to the top mat of the reinforcing
steel . A positive connection to the top mat of the reinforcing steel is
desired; however, if this is not feasible, the bridge railing, expansion joints,
light standards, drainage scuppers or other exposed steel may provide a
positive connection to the reinforcing steel provided:

Checking the resistance level at various distances along an exposed portion
of the concrete must show a constant resistance level, thus indicating a positive
connection to the reinforcing steel,

d. Uncoil an ample length of wire to reach all areas to be tested, attach the minus

(=) jack of the ohm-meter to the reinforcing steel and the plus ( +) jack
to the 12-1nch x 12-1nch x 1/8-inch copper plate, Wet sponges.

R0
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Check ohm-meter battery for satisfactory charge.
Zero ohm-meter,

g. Switch to highest range of ohm-meter and record reading - if no reading is
attained, switch to next lower range until a reading is attained. Reverse
connections to meter and average the readings to reduce the error induced
by galvanic coupling of the copper plate and the reinforced steel.

o

Resistance readings of bare concrete will vary from 1000 to 1300 ohms per

sq. ft. Depending on the magnitude of the external galvanic voltages that
exists, gross errors can occur in this low resistance range. For example,
with the leads connected with one polarity the value can be in the order of

1000 ohms per sq. ft. By reversing the leads, the values can be in the order of
3000 or 4000 ohms per sq. ft.

It is speculated (according to California Study) that an excellent waterproof
coating for bridges would always have an electrical resistance greater than
500,000 ohms per sq. ft., while a poor or perforated coating would never
have a resistance greater than 100,000 ohms per sq. ft.

Note: For a more comprehensive study record readings of the corrosion detection
device and the resistivity device.

h. Record the readings on graph paper andplot lines of equal resistance.

5. PROCESSING AND REPORTING DATA

Record the following data:

Location (route, nearest town and project numher)
Type of construction

Year constructed

Number of spans

Major repairs

Span tested and date

000 T

Complete plotting equipotential or equiresistance lines, write a narrative
including a statement on condition of the surface and your opinion as to whether active
corrosion is present, or for resistance measurements a statement on apparent effectiveness
of the membrane, o

=41 =
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APPENDIX D

PRINCIPAL RESULTS AND CONCLUSIONS FROM
DETAILED STUDY OF ONE BRIDGE (SMITH 1973)

RESULTS
1 Percentage
Span 2
Span 3
2 Percentage
Span 2
Span 3
3 Percentage
Span 2
Span 3
4 Percentage
Span 2
Span 3
5 Percentage
Span 2
Span 3
6 Percentage
Span 2
Span 3
7 Percentage
Span 2
Span 3
CONCLUSIONS

of deck area deterioration by Chain Drag Method:
54%
34%
of deck area deterioration by Hammer Method:
74%
5%
of dec! area deterioration by Electrical Potential Method:
65%
71%
of area of corrosion to deck replaced as defined by the Hamme r Method:
33%
23%
of total area of corrosion in area defined by the Chain Drag Method:

€2%
of total area of corrosion in ares defined by the Electrical Potential Method:
71%
30%
of area of corrosion to area of agreement by all methods -
53%

An attempt has been made to show the degree of agreement between the

indications from the three most widely used methods for detecting bridge deck deterioration
associated with spalling. This was done by using the three methods to survey two spans

of a bridge that was scheduled for deck replacement, drawiag scale layouts of deteriorated
areas as indicated by the methods, and superimposing these layvouts so that areas of
agreement could be found, A visuval survey wasconducted on the reinforciang steel

exposed during the replacement operation as a basis for evaluating the effectiveness of
thedetection methods. The following geaeral conclusions can be drawn from this project:

= 1»9 s
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The three techniques were found to be practical and effective,

It was concluded from comparing the potential survey results with the results
of the visual survey that high potential readings in a large percentage of the
areas relate to corrosion of the reinforcing steel. However, it was noted in
some instancesthat this was not true.

To ensure that a high percentage of the deteriorated areas of a deck are

located, two of the detection methods should be used and the areas indicated
by both methods should be removed.
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