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SUMMARY 

Presented in this report is information concerning the 
characteristics of the concretes used to construct six experi- 
mental two-course bonded bridge decks in Virginia. The quality 
of the overlay concretes produced under standard specifications 
supplemented with special contract provisions is described, 
Recommendations are made concerning the attainment of desired 
cover depths over the topmost reinforcement and the attainment 
of adequate consolidation in the overlays° 

The several procedures that have been used to compare the 
condition of the two-course decks with that of conventional, 
single-lift control decks are discussed, and it is concluded 
that the two-course decks indicate a greater potential for 
satisfactory performance. DeterminaTions of future performance 
will be based on comparisons of data ,from tests as visual surveys 
and soundings, chloride analyses, electrical potentials, sonic 
pulse velocities, and skid resistance of the decks. 

iii 
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TW0-COURSE BONDED CONCRETE BRIDGE DECK CONSTRUCTION 

In•erim Report No. 2 

Concrete Properties and Deck Condition Priom 
to Opening to Traffic 

by 

Samuel S0 Tyson 
Research Engineer 

INTRODUCTION 

The two-course bonded technique for c•ncrete bridge deck 
construction was used in the construction of six bridge decks 
on the Route 7 Bypass at Berryville, Virginia, in June 1974o 
A research project was initiated to study the construction, 
condition, and five-year performance of these decks. The 
objective of this study is to develop information concerning 
the two-course technique as it relates to local and national 
interest in the premature deterioration of concrete bridge decks. 

It is believed that from the standpoint of durability and 
skid resistance two-course construction offers two advantages 
over normal single-lift construction° The major advantage of 
the two-course construction technique is that it permits the 
substitution of special concretes for the wearing course layer 
that either could not be placed in the reinforced zone o.f the 
deck due to insufficient workability, or would not be used for 
the full deck thickness because of cost considerations° Since 
these special concretes are accommodated in the original structural 
design by eliminating essentially all of the normal concrete cover 
when the base layer is placed, the dead load of the superstructure 
is unchanged° Special concretes for the wearing surface can be 
any concrete that is able to withstand the severe environment to 
which exposed bridge decks are subjected° Overlay concretes 
should be selected not only on the basis of traditional, measures 
of quality as strength and. freeze-thaw durability, but also with 
consideration for their ability to r•esist intrusion to the steel 
of corrosive agents such as chlor•ides from deicing operations 
on the deck surface° 

In the Virginia study, three concretes were selected for 
use in the wearing course layers; a high quality (low w/c) portland 
cement concrete, a wire fiber reinforced concrete, and a latex 
polymer modified concrete° Each concrete was selected to improve 



the resistance of the concrete. above the reinforcement to the 
intrusion of corrosive substances, particularly chlorides° 
Lower water cement ratios reduce the permeability of the cement 
paste, with the most significant .improvement being realized by 
not exceeding an 0.4 ratio.(1) Fiber reinforcement resists the 
formation o£ microcracks which permit accelerated intrusion of 
deleterious substances• and the polymer modifiers resist such 
cracking and also occupy a portion of the internal pore structure 
of the concrete. 

The second advantage of the two-course technique stems from 
the fact that concrete• even after it has been properly consolidated 
by mechanical vibration, tends to bleed and subside, and the result 
is a weakened upper zone with possible cracking above the rein- 
forcement. The bleed water is, in fact, part of a large excess 
of water that is not required by the cement for adequate hydration, 
but is necessary in the mixture to impart sufficient workability° 
The bleeding phenomenon occurs in the two-course deck as well, 
but because the base layer is struck off just above the top level 
of reinforcement and allowed to harden prior to placement of the 
overlay, or wearing course, the effects of subsidence are isolated 
in the base layer. 

BACKGROUND 

The eight decks in this study had a minimum design thickness 
of 8.5 in. (216 mm) and rested on simply supported steel girders 
having a center to center spacing of 8.5 ft. (2.5 m). The decks 
were approximately 50 ft. (15.2 m) in length with a clear road- 
way width of 38.0 ft. (ii .6 m). 

The project plan for the six two-course decks is depicted in 
Figure i, along with that for the two control decks on nearby 
structures that were constructed within the same contract by a conventional, single-lift technique. Each of the three special 
wearing course concretes was applied as an overlay for two of 
the two-course decks. 

The initial report on this study presented the results of 
an evaluation of the two-course construction technique conducted 
by comparing •t with the single-lift technique typically employed 
in Virginia.( ) In the research then reported, the construction 
activities were analyzed to determine the relative influence of 
the two techniques on the times required to batch, deliver, and 
place the conventional and overlay wearing surface concretes. 
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The information presented in that report led to the observations 
and conclusions p•esented •below. 

!. The base layer concrete of the two-coumse decks 
was screeded satisfactorily using t•e transverse 
screed selected by the contractor for the overlay 
installations. 

2o Light sandblasting of' 1•he base layers removed 
laitance that may have adversely affected the, 
bond between the base layers and overlays° 

3. The two-day delay between placement of a base 
layer and overlay is a desirable, period• To avoid 
excessive drying the bonding layer of cement slurry 
should be broomed onto the base !aye• not more than 
I0 ft. (3 m) ahead of nora longe• than 15 minutes 
prior to the placement of over•lay concretes 

4o The overlay concretes of the two-cour•se decks were 
consolidated and finished satis•factorily using a 
transverse •r.ota•ing drum sc•eed with an attached 
surface vib•rator unit° 

5o The design strength of 4,000 psi (27o6 M Pa) at 
28 days required in the structural concrete decks was 
exceeded significant].y by the overlay concretes, there- 
by suggesting improved potential for good dur•ability 
of these air. entrained mixes. 

6o Clear concrete cover over the topmost reinforcing steel 
on the two-course decks was determined to be 2°3 in. 
(58.• mm) of which 0o3 in (7o6 mm) was mortar resulting 
from the base layer construction. This depth of cover 
is within one standard 4•eviation of the average depth 
recorded fo• conventional, single-lif•t bridge deck 
construction in Vir•giniao 

7. Time and sequence data indicated a similar, orderly 
progression of construction act•ivities for the two- 
course decks and the conventional, single-lift decks° 

8. A 7 yd3• (5°4 m 
3) truckload of concrete was screeded over 

3½ times as much surface ar•ea for an overlay as for con- ventional, single-lift decks, however the average duration 
per truckload between the initial deposit and the comple- 
tion of the screeding activity on the wearing surface 
was approximately the same in both the two-course and 
single-lift techniques. 



9. Not including texturing and curing activities• the 
ever.age men•hours required to install concrete in 
the •eper•te layer• of the two-course deck• wes 33% 
gre•ter th•n for convent±on•l, single-lift decks. 

i0. In terms of project days required for construction 
the two-course and single-lift techniques are equiv- 
alent. 

ii. Coefficients of variation for the time intervals re- 
quired to install each of the overlays and base layers 
were comparable to values representing excellent control 
for single-lift construction° 

12. The three overlay concretes latex modified concrete, 
high quality PCC, and wire fiber reinforced concrete 
had placement characteristics that were compatible with 
the equipment and personnel employed in the two-course 
construction technique° 

13. The batching activity was the only installation activity 
whose duration was significantly affected by differences 
in the three types of overlay concretes• 

14. The total additional cost of the two-course technique 
was approximately 5% of the cost of the bridge deck 
superstructure° 

The information in that report demonstrated, from an operational 
standpoint, that the two-course bonded construction technique is a 
reasonable alternative to conventional, single-lift construction 
when additional protection of the upper reinforcing steel is 
warranted. Furthermore, because of the wide range of handling 
characteristics of the three overlay concretes used, it was sug- 
gested that any concrete having similar characteristics plus desirable 
properties as low permeability, good compressive and bond strengths, 
and freeze-thaw resistance could be successfully applied in the 
two-course technique° 

PURPOSE 

The first objective of this report is to present information 
on characteristics of the concretes in the two-course and control 
decks in this study; the second is to report findings that indicate 
initial deck conditions prior to opening to traffic and which will 
serve as the basis for determinations of future performance for 
these decks. 



SCO£E, 

The testing program conducted for the research reported 
here is outlined in Table !. Dete•minations of concrete charac- 
teristics were made from tests that are specified for routine 
accept&nce of concrete in. the field• plus additional tests that 
provide a broad base for the analysis of concrete characteristics 
in the eight decks• Table I also lists the test procedures that 
were conducted on the decks approximately one year after con- 
struction, which was just prior to the time the roadway was 
scheduled to be opened for traffic° The. results of these tests 
on the mature bridge decks will be compared with similar test 
data in the futu•e for evaluations of deck performance° 

Table i 

Testing P•ogram for Concretes in Each Overlay, Base Layer 
and Control Deck 

Purpose 

Concrete 
Characteristi•cs 

Deck 
Evaluations 

Test 

Routine Acceptance 
A i r 
S Iump 
Temperatu:[•e 
Strength 

Additional 
Cement Content 
Fiber Content* 
Freeze-Thaw 
Cover Depth 
Pr•obe, s 
Pachometer 

Consolidation 
Nuclear• 
Rodded Unit Weight 
C y I i n d er s 
Cor•es 
Acoustic 

Visual Survey 
Soundings 
Cl- Content 
Electrical Potentials 
Sonic Pulse 
Skid Resistance 

Concrete 
-•F're sh !-Hardened 

Number o f 
Specimens 
or Tests 

X 
X 
X 

X 
X 

X 
X 
X 
X 
X 
X 

1/batch 
1/batch 
1/batch 
4/batch 

20 
20 

2O 

4 
I 

2 (trial slab 

i 
i 
2 

66 
44 

5/lane 

*Applicable only to wire-fiber reinforced concrete° 



CONCRETE CHARACTERISTICS 

In Virginia• bridge deck concrete must attain a design 
minimum laboratory compressive •trength of 4,000 psi (27.6 
MPa) at 28 days after the concrete is molded into 6 in, x 12 in0 
(152 mm x 305 mm) cylinder•. 0-•hem properties for no•m•l supem- 
structure concrete are listed in Table 2. The only difference 
between this concrete and the concrete specified for the base 
layers of the two-course decks can be seen. to be the type of fine 
aggregate. The aggr•egate from source I is a nonpolishing aggre- 
gate whic• is needed for skid resistance on trafficked surfaces 
but is not needed in the lower structural zone of the deck° Since 
the aggregate from soumce 2 was in the proximity of the project, 
this provision encouraged its utilization in the base layers° 

The background information associated with the selection of 
the three overlay •oncretes was presented in the initial report 
from this study, t2 Specified properties of these concretes are 
also listed in Table 20 In order to reduce the water to cement 
ratios these mixes were proportioned with higher cement factors 
than that specified for normal superstructure concmete. Additionally, 
the nonpolishing fine aggregate for these mixes was obtained from 
source 3, since its void content and the resulting water demand of 
concrete produced with it could be predicted to be desirably lowo 
The voids contained in the fine aggregates from sources i, 2, and 
3 were 51.2%, 49.5% and 48° 9%, respectively, as measured by VTM-5 
of the Virginia Test Methods Manual, (July 1970)o 

On this experimental project nor•mal procedures were used by 
the contractor to satisfy requirements for the concretes in the 
control decks and in the base. layer•.s and over•lays of the two-course 
decks. In subsequent sections• o.i this r•eport the results of routine 
acceptance testing, based on air contents, slump, temperature, and 
strength, and other tests of the hardened concretes as cement, void 
and fiber contents and freeze-thaw resistance are pr•esented to 
indicate the degree of conformance achieved in the concrete mixtures. 
These additional tests on the. hardened concretes were made using 
samples cut from cast cylinders as depicted in Figure 2o 

Also presented in subsequent sections of this report is 
information resulting from tests of the fmesh and hardened con- 
cretes in the control decks and overlay portions of the two-course 
decks to determine the depths of cover over the top reinforcing 
steel and tb•e effectiveness of the consolidation provided for 
these conc•'etes 
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6 in. (152 

A (Discard) 

1 in 
(25 mm2' 

8 in. 
20• ram) 

C-Cement Content 

i in 
(25 mm)• 

II 

!1 

0.5d 

Petrographic 
Examination 
(Void and Fiber 

Contents) 

Chloride Analysis 

Petrographic Examination 
(Void and Fiber 

Contents) 

Figure 2. Pattern used to cut cylinders for analysis and examination. 



•c•c_e p t an c e_ _T_•s t $ 

The properties of the concretes that went into the eight 
bridge decks of this study are listed in• Table 3. The air 
contents• slumps and concrete temperature• were within normal 
ranges of variability for each concrete• however the strengths 
of the normal superstructure concrete used in the single-lift 
control decks were consistently lower than expected. Strengths 
for the base layer concrete of the two-course decks exceeded 
the design minimum in every case, and, as discussed earlier, 
the only difference in the proportions of the base layer concrete 
as shown in Table 2 was the allowed substitution of a locally 
available polishing fine aggregate (source 2) which had a lower 
void content than that of the nonpolishing fine aggregate (source i) 
used in the single-lift decks. The lower strengths of concrete in 
the single-lift decks were attributed to the higher water demand 
of the fine aggregate used (source i). 

Table 

Concrete Properties for Study Decks 
and Weather Data at Time of Placement 

Base Layer 
8-613 
6-4-74 

Base Layer 
B-612 
6-5-74 

Latex Overlay 
B-613 
6-6-74 

Air Content mgth, psi Concrete 
Placement Saple • Volume Slu•p, 7-Day Temp., 

Identification 
7.6 6.0 5.5 2210 81 

Number Pressure Chace Inches 28-Day 

Sing le-Lif 3070 
B-611 ---2•-i •-'-•- 16••'--3-'-2----V -•90- -7-9 
5-15-74 -7.•-I '6:5 3.1 1 3710 

3050 70 B-610Single-Lif 
--3 -7-. 3-: 6•-6---- •- 

31703770 
70 

5-28-74 3640 
4.8 5.0 3050 78 

4770 
6.0 5.25 4.7 3290 79 

4350 
•-i 5.5 5.75 [---•J -3--6++ 

4150 
4.6 5.5 4.9 3430 82 | L 4620- 
3.2 !, 1.5 7.5 3270 78 

3860 
----3•-/•-- +-+•0 5,5 -3i10- 78 

+•_6_o _j 
3.4 3.2 3610 • 

4420+ __.i 
3.2 5.0 3730 

4380 

Air Relative Wind 
Temp., Humidi•y•l Velocit• 

84 50 5-I0 

86 46 5-I0-- 

58 50 i0 

-6•+ 45 i0 

--+?•}-. ---.1 __i 5o o-5 

76 45 0-5 

•8 45 0•-2 

--f5 65 0-5 

7s 

50 0-5 

7• LatexB_612 Overlay 
75 5-1i0 

6-7-74 
• 
| 50 5-1o / 

Base Layer • 5040 -J •-6136_18_74 --2- 6:5 5.-0 4-•2 3476 -8• 80 45 5-10 

6.0 5.0 3450 85 
Base Layer 4390 
B-612 • •.0 5.5 323• 86 80 40 0-4 _6-18-_7_4 4330 • •-;•3- 3•5 •-9---- 4490 • | 80 50 0-5 
PCC Overlay 5607 
B-613 4.5 5.0 2.8 •i5 79 I--#,• 60 0-5 
6-20-74 4952 

3953 80 98 62 5-10 
4280 
3930 83 85 60 0-5 
4616 
3840 78 64 60 0-3 
5140 

4.5 4.5 3.4 

5.2 5.0 •--•?•---- 
4990 

9.1 8.1 5.+5 1+263 ]t-•---- •" ••i 5310 
---•--- •.• • 3042 

3660 
To convert to: kPa 

Multiply by: |25 6.894 

5.5 5.0 3.3 
PCC Overlay 
B-612 4.4 3.5 2.7 
6-20-74 

5.6 5.0 4.0 
Base Layer 
B-6•3 ----•- •-'-7- •'0 4.8 
6=25=74 

•- 6-•-3-- 6.0 -3.5 
Base Layer 
B-612 5.9 5.0 4.0 
6-25-74 

Fiber Overlay 
B-613 
6-27-74 

Fiber Overlay 
B-612 
6-27-74 

3785 78 64 60 0-5 
4850 •__ 
3600 79 72 62 0-2 
4850 
3860 79 71 61 0-5 

____•___• 
5200 84 62 75 
5340 
4713 80 65 73 01 

82 70 70 

(-32)5/9 1(-32)5/9 1.6__ 

10 
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Cement Contents 

The cement contents specified for the concretes in the control 
decks and in the base layers and overl•ys of the two-course decks 
were shown in Table 2. The proportions of each concrete were 
monitored during batching end subsequently the cement contents of 
the hardened concretes were determined from sections of cast cyl- 
inders as shown in Figure 2. 

A method of selective solution by a methanolic maleic acid 
was used to determine the cement contents. (3) The results of this 
method are affected by the type and amount of aggregates contained 
.in hardened concretes, ,and ,for the concretes in this study the 
accuracy of the cement determinations was predicted to be within a 

range of + 10% of the specified amounts In Table 4 the differ- 
ences between the amounts of cement measured by the maleic acid 
method and the amounts specified for each concrete are expressed 
as percentages of the specified amounts. The differences are 
within the predicted range and indicate good control for the 
concretes. 

Table 4 

Cement Contents for the Study Decks 

Type/Concrete 

Control 

Base Layer 

Latex 

PCC 

Wire Fiber 

Specifie•, 
(kg/m 

635 
(377) 

635 
(377) 

658 
(390) 

705 
(4•8) 

752 
(446) 

b 
Measurej, 
(kg 

687 
(408) 

648 
(384) 

665 
(395) 

728 
(432) 

683 
(4O5) 

(b-a) x lO0/a 
Difference, 

% 

+2.1 

+ 1.0 

+ 3.2 

-9.2 

ii 
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Latex and. Wire Fiber Concretes 

The latex m•dified concr•ete was produced at the job s.ite by 
a mobile mixing unit with a continuous augers-type mixer. This 
unit was calibra<ed in general conformance to the requirements of 
ASTM C685 one day prior, to the first late× overlay instaliation.• 
On the basis of pr±or exper•ence with this pmoprietary concmete, 
further checks of its unique polymer characteristics were not 
deemed necessamy. 

The wire fiber reinforced concrete used in this study contained 
steel fibers that were 1.0 ino (25 mm) in length with a circular 
cross section having a diameter of 0o016 in (0•41 mm). The special 
vibrating table and chutes that were constructed at the batching 
plant for int•oducin•g the fibers-to the ready-mix trucks were 
shown in an earlier report•(l) The fiber, content specified was 
160 lb.]ydo3 (95 kg/m 3), 

or 1 
o 

of the conc.rete volume° The. total 
fiber addition was easily monitored at the plant since the fibers 
were received in 40 ibo (•8oI kg) boxed units° Because the uni- 
formity of the fiber dispersion th•oughout the mix and the random 
orientation .of the fibers with•n the concrete matrix are important 
assumptions on which the beneficial aspects of fiber additions are 
based• a limited investigat•:•on of these factors was made. Cast 
cyli, nders were prepared from each batc• of wi, re fiber reinforced 
concrete, and sec•tions for petrographic e×am•.nation were cut from 
this hardened concrete as indicated in Figur•e 
presented in the following paragraphs concerning the fiber content, 
distribution• and orientation in. these cylinders° 

Fiber Content 

The wire fiber contents in the cut sections from the cylinders 
were dete•mined using the linear tr•averse (Rosiwa!) method° The 
results of this e×am•ination are listed .in, Table 5 for each batch° 
The measured, contents expressed as a percentage of the specified 
content vary from 83% to 108%o 

Table 5 

Wire Fiber C<•ntents of 0vei•lay Concrete 

Bat ch No Specified Con•:ent 
% Volume 

1.2 

i•2 

1o2 

Measured Content, 
% Volume 

2o! 

i•0 

Measured as a 
% of Specified 

108 

92 

!00 

83 

12 



Fiber Distribution 

The desired random distribution of the fibers in the mix may 
not necessarily be indicated by the close agreement between measured 
and specified fiber contents, because clumping of the fibers duming• 
mixing can cause concentr•ations. By dividing the surface of a 
cut section into a grid pattern as depicted in Figure 3, and 
counting the total number of fibers that appeared in each grid 
section, an assessment of the distribution was made. The grid 
consisted of I in. (25 ram) squares with the fiber counts recorded 
in the squares. The typical distribution of fibers per i in. 2 
(645 mm 

2) varied from 15 to 43. A concentration of 160 fibers in 
one grid section is the result of the clumping, or balling, men- 
tioned earlier° No reduction in durability is anticipated since 
a microscopic examination of such areas showed them to be filled 
with a continuous mortar having intimate contact with the fiber 
surfaces° This condition in test specimens under laboratory 
conditions has been found to inhibit corrosion, even in the presence 
of large amounts of chloride ions. Such fiber concentrations would, 
however, reduce the effectiveness of this reinforcement since .fewer 
fibers than desired can be available i.n the remaining concrete 
matrix° 

Fiber Orientation 

The fiber inclinations with respect to a horizontal datum plane (0 degrees), were computed from measurements of the elliptical fiber 
sections in a typical grid section as shown in Figure 4o Their inclinations varied from 15 ° to 90 ° with. an average of 51°o This 
average based on a small sampling reflec•ts a skewed distribution favoring the vertical orientation of fibers due to the rod•din• 
involved in the cylinder p•eparationo The distribution of fiber orientations in the overlays has been assumed to be skewed towards 
the horizontal due to the screeding operation across the decks. 

13 
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33 iS 
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29 

15 

17 

Figure 3. 

6 in. (150 mm) 

Grid pattern, with fiber counts, used to determine 
the wire fiber distribution in 6 in. x 12 in. 
(150 mm x 300 mm) cylindrical concrete specimens. 
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I in. (25m 

Figure 4. Typical grid section from which the orientations of 
wi.re fibers were computed. 

Freezin.g and Thawing Tests 

The resistance of bridge deck concretes to the effects of freezing and thawing cycles is an important factor influencing 
long-term performance. Concrete placed in the control decks and 
in each layer of the two-course decks was sampled randomly and 
used to fabricate four prismatic test specimens measuring 
3 •n. x 4 in. x 16 in. (76 mm x 102 mm x 406 mm). The freezing 
and thawing t.ests were conducted in accordance with ASTM C666 
Procedure A, modified by using a solution of water and 2% Na CI 2 by weight of the water as the medium surrounding the specimens. 

Deterioration of the concrete test specimens takes place in 
three observable ways as the result of internal stresses that 
accompany the cycles. The loss of mortar from the surfaces of 
concrete specimens is recorded on the basis of a visual surf-ace rating system and from continually decreasing specimen weights 

15 



recorded throughout the testing period. The visual rating and 
the weight loss are normally directly related for a particular 
concrete• with the actual appearance of the concrete surface 
at progressive stage• of deterioration being dependent on the 
proportion• •f mortar and aggregate• in the concrete. •he 
scale for visual surface ratings is given in Table 6. (4 Good 
performance is indicated by surface ratings less than three and 
a weight loss not exceeding 7% at the end of 300 cycles of fmeezing 
and thawing. 

Table 6 

Visual Rating System for Evaluation of Concrete Surfaces 

Condition 

0 

i 

2 

3 

4 

No scaling 

Surface Appearance 

Very slight scaling 1/8 in. (3 mm) maximum depth and no 

coarse aggregate visible 

Slight to moderate scaling 

Moderate scaling some coarse aggregate visible 

Moderate to severe scaling 

The performance of concretes subjected to freezing and thawing 
is also evaluated on the basis of dynamic testing for fundamental 
frequency (ASTM C215). The results of this testing are reported 
as durability factors (ASTM C666), with the best performance bei_ng 
indicated by high values and I00 being the upper limit. The magni- 
tude of the durability factor is decreased slightly by dimensional 
changes due to loss of surface mortar, but significant decreases 
indicate the progression of internal cracking. 

The average surface rating, percentage weight loss, and dura- 
bility factor for each type of concrete are •isted in Table 7. 
Each of the concretes performed well in this test, and this finding 
assures desirable freezing and thawing characteristics of the con- 
cretes as delivered for placement in each of the decks° 

Outdoor exposure slabs fabricated with concretes from the 
project are being subjected to natural freeze-thaw cycles with 
heavy applications of deicing salts° These slabs, shown in Figure 5 
in the Council's outdoor exposure area, are two-course and single- 
lift deck models having overall dimensions of 2 ft. x 3 fto x 8°5 in. 
(0.6 m x 0.9 m x 216 mm) and containin•e the same reinforcing steel 
pattern as the structural decks. The deck models have undergone two 
winters of natural freeze-thaw cycles with no scaling or other in- 
dication of deterioration° 

16 



Table 7 

Average Conditions of Concretes After 300 Cycles 
of Freezing and Thawing 

Type Concrete 

Single-lift 

Base Layers 

Latex Modified 

PCC 

Wire Fiber 

No. of 
Specimens 

24 

Surface 
Rating 

Weight Loss 
% 

Durability 
Factor 

96 

96 

88 

i00 

99 

Figure 5. Two-course and single-lift deck models in outdoor 
exposure area. 

Another purpose of these exposure slabs is for determinations 
of the rates at which the several concretes are infiltrated by 
chloride ions• and the results of this accelerated exposure testing 
will be used to suggest the relative protective qualities of these 
concretes. 

17 



D•epth o,f Cove_r 
The depth of concrete cover over the topmost reinforcing 

steel of the study decks was determined by direct probes in the 
fresh concrete during construction and the statistical results 
from the depth probes are shown in Figure 6. The total depth of 
cover provided by the two-course technique was found to be 
equivalent to that provided by conventional, single-lift 
construction for identical deck designs. 

3.0 75 

o 2 0 

:> 
0 

0 

.c= 
1.0 

::::::ili Bridge Decki::i::! 
iiiiii Concrete 

2.41" (61.2 mm) 
S.D. =0.25" (6.4 mm) 2.31" (58.7 mm) 2.32" (58.9 mm) 2.26" {57.4 mm) -t 

iiiiiii Wire_ Fiberiiiili 
iiiiiii R•einfor•ced 

Single-Lift 
Construction 

S.D.=0.19"• 

Two-Course Construction 

0.31" (7.9 mm)-•k•,\\\\Nl- incidental mortar cover from base layer construction 
S.D. =0 19" (4. S mm)_•_[h..•.•_• (average for 6 decks). 

50 • 

25 

Figure 6. Depth of cover over topmost reinforcing steel for 
eight study decks. 

Concrete cover on existing conventional decks in Virginia 
has been determined as a part of continuing evaluations of bridge 
deck construction and performance. (5) Such depth data from hard- 
ened decks have normally been obtained using the pachometer, so 
similar readings were made on the study decks. In Table 8 the 
concrete cover depths from pachometer readings on the hardened 
study decks are listed along with cover depths initially measured 
on the same decks by direct probes in the fresh concrete. Each 
value in Table 8 is the average of 40 me.asurements on each of the 
similar decks. The average depths from the two measurement 
techniques are within one standard deviation of each other and 
are therefore equivalent. The pachometer could not be used on 
the wire fiber reinforced concrete to measure depths of cover since 
the wire fibers at the surface cause uniform readings of zero depth. 
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Type of Deck 

Conventional 

Latex 

PCC 

Wire Fiber 

Table 8 

Depth of Cover for Eight Study Decks 

Cover Depth, in. (mm) 
Standard Deviation, in. (mm) 

Pachometer 

2.25 (57.2) 
0.16 (4.1) 

2.50 (63.5) 
0.19 (4.8) 

2.23 (56.6) 
0.21 (5.3) 

Direct Probes 

2.41 (61.2) 
0.25 (6.4) 

2.31 (58.7) 
0.2O (5.1) 

2.32 (58.9) 
0.19 (4.8) 

2.26 (57.4) 
0.19 (4.8) 

Direct probes o'f the overlay course are desirable during 
construction when the concrete remains plastic to assure the 
attainment of specified cover depths while corrections can most 
easily be made. Also, since the direct probe data correlate 
closely with conventional pachometer readings, it is not necessary 
to obtain pachometer readings on two-course decks when making 
comparisons of cover between two-course and existing conventional 
decks. On the basis of direct probes of the concrete in the study 
decks, the six two-course decks were found to have average depth 
dimensions as shown in the typical transverse section in Figure 7. 

in. (50 mm) 

in ( 166ram 

Overlay •--• 
Bonding layer 

Base layer Incidental Cover-• 

I•, "'r 
•. :.- •:'..•'.•'.'.. ....: X -..•:.•.'.'•':,•..• 0.3 in. ( 8 ram) 

:.- "-- "-V 
•..•. _-. "•',_-; .- .•. :•...,....:• I;,:-'l ...•.-- t -'-..• .'.•:-*.l- 

..- ,,• .-•..•.• 
Detail 

Figure 7. Typical transverse section of two-course bonded 
concrete bridge decks as constructed in Virginia. 
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Consolidation 

The base layers •f the two-course deck• were consolidated 
in the same manner a• were the control deck• using internal 
vibrators, whereas the overlays, due to their relatively shallow 
2.0 in. (50 ram) depth, were consolidated with a surface vibrator 
attached to a transverse oscillating screed, Adequate consolida- 
tion of the overlay concretes was needed not only to produce a 
dense protective cover for the reinforcing steel, but also to 
provide complete contact at the interface between the overlays and 
the bonding slurries that were broomed onto the base layers. 

Several techniques were used to assess the effectiveness o• 
the consolidation provided for the two-course and single-lift 
decks. First, the unit weights of the fresh concretes were de- 
termined according to ASTM C138 and compared with densities 
monitored on the decks with a nuclear gage. Next the void systems 
of the concretes were analyzed from measurements of the air contents 
of the fresh mixes and void conte•ts of hardened cylinders, depicted 
in Figure 2, and contrasted with void contents of cores extracted 
from the hardened decks. Finally, for the two-course decks a qual- 
itative assessment •f the compactive effort was made from cores by 
examining the bond interface between the overlay and base layer 
concretes. Additionally, an acoustic device was investigated as 

a means of providing continuous monitoring of the vibrational 
effort applied to concretes. Each of these techniques is discussed 
in the following sections. 

Nuclear..•Ga.ge 

The majority of highway agencies, including the Virginia 
Department of Highways and Transportation, use nuclear systems 
for specification control of the moisture and density of soils 
and aggregates and the density of bituminous concrete (6) 
Laboratory tests have been performed in Virginia to determine 
the feasibility of using the nuclear gage for measuring the 
degree of consolidation of fresh concrete in bridge decks and 
bridge deck overlays. (7) The nuclear gage was used in this 
study in the backscatter rather than the direct transmission con- 
figuration due to the shallow depths of the overlays. It has 
been found that nuclear gage readings are influenced by variables 
as depths of the concretes, the time of the measurement after place- 
ment, the roughness of the surface, •nd the location of the steel 
reinforcement. 

In the field the rodded unit weight of each type of fresh con- 

crete was 
•etermined by a direct measurement in accordance with 

ASTM C138. Nuclear densmty readings were obtained on the surface 
of the decks immediately following the screeding operation. These 
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data are summarized in Table 9. The nuclear densities ranged from 
97.8% to 104.9% of the rodded unit weights. On the basis of work 
by the FHWA,(8) it has been repomted that densities of 99 _+ 1% of 
the rodded unit weight have been monitored with the nuclear gage 
used in the direct transmission configuration. Additional work 
is needed to standardize the application of the nuclear gage for 
the assurance of quality in concr•te in various types o• field 
installations, however at this time the results in Table 9 are 
believed to indicate good control of consolidation in the study 
decks. Further evaluation of the nuclear gage as a rapid technique 
for monitoring compaction appears warranted. 

Table 9 

Type of Concrete 

Single-lift 

Base layer 

Latex 

PCC 

Wire fiber 

Average 

Rodded Unit Wei ht, lb./ft.3 (kg/m 
•) 

142.1 (2276) 

Concrete Densities 

Nuclear 
ibo /ft. 3 

139o0 

147.3 (2360) 

•45.7 (2334) 

146o5 (2347) 

144o5 (2315) 

Densit (kg/m• 
(2227) 

146ol (2341) 

146.3 (2344) 

150.9 (2417) 

151o6 (2429) 

Nuclear as 
% of Rodded 

97.8 

99.2 

100o4 

103o0 

104.9 

Void Contents 

The air contents o• the fresh concretes were measured using 
the pressure method (ASTM C231) and were listed earlier in 'Table 3. 
The void contents in hardened cylinders were determined from cut 
sections designated in Figure 2 by the linear traverse (Rosiwal) 
method (ASTM C457). The relationship between the aim contents of 
the concretes and the void contents for each group of cylinders may 
be observed in Figure 8, where lines, of equality have been super- imposed on the five graphs° The void content of one core from 
each of the decks was also detemmined by the linear traverse method 
and these results are plotted on the graphs in Figure 8 for each 
concrete as the average void content of two cores versus the average 
air contents of the fresh concretes, Generally, the distribution 
of plotted values near the line of equalit..y is typicaZ of good 
field control verified by other research. [u) The most extreme 
exception to this pattern was for a core from a trial slab of wire 
fiber reinforced concrete. Its void content, plotted in Figure 8, 
exceeded 12% due to balling of the wire fibers during mixing. 
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Figure 8. Relationships between air contents of fresh concretes 
and void contents of hardened concretes from cylinders 
(o) and cores (A). (S.A. indicates specified ranges 
for air contents.) 
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Thi• problem was corrected by modifying the procedure for intro- 
ducing the fibers to the ready mix truck• and the average void 
c•ntent •f the two core• from the wire fiber •verley• fell cl•e 
to the line of equelity. 

Bond Zone 

The bond zones adjacent to the horizontal interface between 
the base layers and overlays of the two-course decks were examined 
in 4.0 in. (i00 mm) diameter cores. One core was extracted from 
each of the six decks, cut vertically, and polished. Cores 
representing each type of overlay concrete latex modified con- 
crete, PCC and wire fiber reinforced concrete are showr, in 
Figures 9, i0, and ii. Microscopic examination revealed a uni- 
formly intimate contact interface without voids or cracks between 
the two concretes in every case. The good condition of the bond 
zones is indicative of the adequacy of the consolidation effort 
imparted to the overlay concretes by the surface vibrator. 

Figure 9. Vertical polished section through 4 in. (i00 mm) 
diameter core showing latex modified concrete, 
bond layer, and base concrete. 

23 



Figure i0. Vertical polished section through 4 in. (i00 mm) 
diameter core showing high quality PCC, bond layer, 
and ba•e concrete. 

Figure ii. Vertical polished section through 4 in. (i00 mm) 
diameter core showing wire fiber reinforced concrete, 
bond layer, and base concrete. 
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Acoustic Monitoring 

In order to explore the possibility of making rapid deter- 
minations of concrete densities during pl•cement• an acoustic 
system thet was being developed by the Bayshore Systems Corporation 
of Springfield, Vir•ginia, was investigated. This system consists 
of an acoustic receiver that was adapted, after initial laboratory 
trials, for submersion in fresh concrete. The operation of this 
system is based on the premise that the acoustic waves generated 
in a concrete mass by mechanical vibrators and other compaction 
equipment are attenuated less as the consolidation increases. 
Therefore, with the surface vibrator at any point on the fresh 
concrete layer, the strength of the signal received by the passive 
monitoring system at another point in the concrete layer should 
reach a maximum value when the maximum concrete density is 
achieved at the location of the vibrator. The signals received 
by the system are indicated on a meter calibrated in decibels. 

After some initial laboratory testing the acoustic device 
was used to monitor the vib'ration of a trial overlay installation 
of wire fiber reinforced concrete; however, due to funding limita- 
tions, the device was not used on the bridge decks in this project. 
In Figure 12, the 16 ft. x 24 ft. (4.9 m x 7.3 m) area for the 
trial installation is depicted. A base layer of concrete with a 
maximum depth of 4 in. (i00 mm) was placed on grade and cured for 
3 days, at which time the overlay concrete was placed. As shown 
in Figure 12 the acoustic receiver was located at a fixed position 
in the 2-in. (50 mm) deep overlay while the surface vibrator 
traversed the overlay on the transverse screed. 

Results of the monito•ing for the single vibrator path are 
shown in Figure 13. The upper curve was plotted with stable, or 
maximum, meter readings obtained after two passes of the vibrator. 
The lower curve represents additional readings for the same path 
but with a different noise filter in the system. These results 
indicate a good potential for the employment of such equipment for 
controlling the density of portland cement concrete; however, the 
equipment will probably ne.ed to generate its own standardized acoustic 
signal rather than to rely on the random and variable signals from 
construction equipment. 

4 ft. (1.2 m) 

i0 ft. (3.1 m) 

24 ft. (7.3 m) 

Path of surface vibrator 
oscillating transverse 

screed • 

Fixed location of 
acoustic receiver 

PLAN 

ft. (4.9 m) 

Figure 12. Acoustic monitoring of surface vibrator on a trial slab. 
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DECK EVALUATI 0NS 

The study decks were constructed 12 months prior to re- 
ceiving normal traffic loadings in July 1975, and were therefore 
18 months old before deicing .operations were required. An anal- 
ysis of the condition of the mature concrete decks at the age of 
one year was made both to assess their quality at that time and 
to establish a datum for future performance evaluations. 

The testing program for the deck evaluations was listed in 
Table i and included the performance of visual surveys and soundings 
on the deck surfaces, determinations of the CI- ion concentrations 
in the concretes, electrical potentials of the reinforcing steel, 
sonic pulse velocities through the decks, and the skid resistance 
of the deck surfaces. The results .of this testing are presented 
in the following sections° 

Visu•_l Surveys and Soundings 

Visual inspection of the two-course and control decks showed 
no significant defects, the si.ngle exception being a 3 in (75 ram) 
diameter popout near the railing on. one of the latex modified over- 
lays. This was found to have occurred at a screed rail suppo•rt 
location over a cylindr•.•cal metal insert that should have been re- 
moved after the screedingo This defect was isolated and was not 
indicative of norma• p•acticeo Hammer and chain drag soundings 
at randomly selected locations on the decks produced a ringing 
sound characteristically emitted by good bridge deck concrete. 

Chloride Contents 

An important aspect of future determinations of deck perform- 
ance will be the degree to which chlor•ides from deicing chemicals 
are able to infiltrate the wearing course concretes. The corrosion 
of reinforcing steel embedded in concrete is dependent on several 
factors, including the presence of moisture and oxygen and the pH 
of the concrete• however, active corrosion has been reported to 
be suspected when the chloride ion (CI') content of a concrete 
reaches a threshold value of 1.3 Ibo/yd• 3 (0.77 kg/m3)o(8) 
Investigations in Virginia and elsewhere of the specific ion 
electrode titration method for chloride, content determinations 
have shown it to be reproducible and satisfactory,(10) and this 
method was used fo• the analysis of concretes included in this 
study. 

Chloride analyses of hardened concrete from cylinders (Figure 
2) cast at the p•.oject yielded unexpected results in that the 
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chloride contents of the uncontaminated samples were nearly equal 
in magnitude to that considered to be the chloride content corro- 
sion threshold. Therefore an investigation was conducted to 
determine the source of these chlorides,(ll) Samples of aggre- 
gates from several quarries in Virginia were tested and found to 
contain different amounts of CI- ion as indicated in Table I0. 
The chloride contents of the aggregates used on the project were 
thus found to be the source of approximately 85% of the chlorides 
identified in the concrete cylinders. These chlorides are bound 
within the aggregates• and only minor amounts (3.75%) of the CI- 
ions were found to be leached from the project aggregates when 
soaked in distilled water with the pH adjusted to 12 to simulate 
the alkaline environment of concrete. Therefore, .it is assumed 
that the chlorides in the project concretes are incapable of 
contributing to the corrosion process° However, since these 
chloride ions are measured by the titration method used for the 
analysis, they should be accounted for in the test results. On 
the basis of this investigation the true corrosion threshold for 
these bridge decks will be reached if the total concentrations 
at the level of the topmost reinforcing steel are determined by 
use of the titration analysis technique to be as much as 2.0 Ibo 
Cl-/ydo 3 (1o2 kg Cl-/m 3) of concrete° This criterion is determined 
by numerically adding the recognized CI- corrosion threshold •alue 
to the average natural amount, 0°7 IboCl-/ydo (0.43 kg Cl-/m ), 
found to be contributed by the aggregates. 

Future evaluations of the bridge decks with respect to the 
rate of CI- ion intrusion will be made based on the analyses of 
concrete samples drilled from the decks. This drilling is per- 
formed using a rotary hammer with a 2 in. (50 mm) diameter core 
bit, and the concrete samples are thus in a pulverized form° Two 
such samples were taken from each bridge deck and analyzed for 
comparison to the results obtained from •the cut sections of cast 
cylinders. The results of the analysis of each type of sample 
representing each concrete are listed in Table ii, where it can 
be seen that the two sampling techniques cause no significant 
difference in the test results @s the maximum, difference between 
the two is only 0.2 l•bo Cl-/ydo (0•Ii kg Cl-/m 3) of concrete. 
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Table i0 

Chloride Contents of Some Virginia Aggregates 

Aggregate Type 

Crushed limestone 

Crushed granite 
Silica gravel 
Silica gravel 
Crushed limestone 

Crushed, diabase 

City Near the, Sour, ce 

Winchester 

Charlottesville 

Richmond 

Fredericksburg 
Lexington 
F'airfax 

CI- ion Content as a 
% of Aggmegate Weight 

0°028 

0•019 

0o01,4 

0o012 

0o012 

0.001 

Table ii 

Aver•age Natural Chloride Contents of Bridge Deck 
Concretes 

Type Concrete 

Conventional 

Base Layers 

Latex Modified 

PCC 

Wire Fiber 

Chloride Content, !bo Ci-/ydo 3 3 (kg Cl /m ) 

Cast Cylinder Samples 

0o81 (0°48) 

0.99 (0°59) 

0°59 (0035) 

0063 (0,37) 

0°70 (004-2) 

Deck Samples 

0o77 (0,,46) 

0o71 (0,42) 

0o75 (0°44) 

0°90 (0.53) 

Electrical Potentials 

A copper-copper sulfate (CSE) half cell was used to determine 
the electrical potentials cf the reinforcing steel in the eight 
study decks° The magnitude of such readings can be interpreted, 
to indicate the {robability of corrosion activity associated 
with the steel.(2) Values from 0o00 to -0°20 volt CSE indicate 
a greatem than 90% probability that no reinforcing steel corrosion 
is occurring; values in the range of -0°20 to -0.35 volt CSE in- 
dicate an uncertainty about the corrosion activity• and, values of 
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-0.35 volt CSE and beyond indicate a greater than 90% probability 
that corrosion of the reinforcing steel is taking place. 

Electrical potential measurement• were recorded for 66 points 
on each deck using a square grid pattern with 51 in. •Io3 m) inter- 
vals. The values on each of the six two-course decks were within 
the 0.00 to -0.20 volt CSE range, which was consistent with the 
results expected since the one year old decks had not been sub- 
jected to traffic and had received no deicing salt applications. 
Unexpected results were obtained on the two conventional single- 
lift decks, where the readings were within the range of -0.20 to 
-0°35 volt CSEo 

Because of the anomalous electrical potential values mentioned 
above, a verification of the data was made two months later after 
appropriate equipment checks. Additional measurements were taken 
for the grid points on the southern half of each study deck in, 
the eastbound lane (Figure i). The values were nearly identical 
to the initial values and verified the reproducibility of the 
procedure used. When the second set of measurements was made the 
decks had been exposed to hot and dry weather conditions, whereas 
at the time of the initial readings the decks probably had a higher 
degree of saturation due to the prevailing rainy cond•,,tionso 
Stable meter readings were obtained •n both cases° The electrical 
connec•ion to the reinforcing steel was in all cases made by attach- 
ment of a lead to a steel girder° The firm electrical continuity 
between the girders and reinforcing steel was verified by comparing 
some of the resultant meter readings with similar readings while the 
lead was attached to other metal items on the structures° There- 
fore, at this time the anomalous values for' the control decks can 
be attributed only to the e]•ectrical characteristics of the decks 
as measured in conformance with the recognized test procedure. 

Sonic Pulse Velocities 

Sonic test methods have been used for more than three decades 
to evaluate properties of concrete° (13) A standard test method is 
described in ASTM C597 and consists of measuring the time of t•ravel 
of a pulse or wave through concrete along a measured path length. 
The velocity with which a sound wave passes through a concrete 
mass is affected by several things, one being the concrete mix 
proportions., and particularly by the type of aggregate it contains. 
The pulse velocity is also affected by the voids .in concrete° 
Since the wave must bypass• the voids to traverse the mass, a longer. 
path length mesults and a decreased wave velocity will be observed° 
The wave is most affected by !amge voids and by cracks• especially 
cracks whose, general plane is perpendicular to the direction in 
which the wave is tmaveling. Such cracks cause a reduction in the 
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observed wave velocity, and if they are present in •u•ficient 
•ize •r quentity the propagation •f the wave m•y be fully impeded 
or it• energy mey be totally attenuated• The general quality 
level of concrete ha• been related to r•nge• •f pul•e velocities 
and the•e are !i•ted in Table 12. 

Table 12 

Ratings for Sonic Pulse Velocities 
Through Concrete 

Pulse Velocity, ft./sec. (m!sec.) 

Above 15,000 (4,600) 

12,000 15,000 (3,600 4,600) 

I0,000 _1_2,000 (3,000 3,600) 

7,000 i0,000 (2,100 3,000) 

Below 7,000 (2,100) 

Quality 

Excellent 

Good 

Questiona•ble 

Poor 

Very poor 

Prior to tests of the field structures, pulse velocities were 
measured vertically thr•ough single-lift and two-course deck models 
having the same thickness and reinforcement as the structures. 
Tests of the deck models revealed no significant difference in 
pulse velocities among the three tv#es of two-course slabs nor 
between the two-course and single-life slabs. Also the location of 
the reinforcing steel relative to the path of the wave had no 
noticeabl:e influence on the transmission time. These results 
showed that comparisons of data among the several types of struc- 
tures in the study would be valid, and that a simple grid pattern 
could be used for locating test points on the decks without the 
need for locating the steel reinforcement° From the model testing 
it was also determined that for a. deck thickness of 8°5 ino (216 mm) 
a range of 1.0 in (25 mm) was acceptable for the horizontal align- 
ment of the transducers above and below the deck. The average 
pulse velocity resulting from testing of the several deck models 
was 14,200 fto•'Sec. (4,300 m/seco). 

The travel times fo• sonic pulses transmitted vertically from 
the bottom to the top of the study decks were measured and recorded 
for a grid of locations as shown in Figure 14• The grid was refer- 
enced from brass markers embedded in the upper deck surfaces as 
shown in Figure 15. Pairs of marker.s were installed at the ends of 
each span to permanently reference the locations of the test points 
between adjacent girders° Corresponding reference marks were lo- 
cated and painted on the underside of the decks by a survey party. 
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Work beneath the spans was performed on the platform shown in 
Figure 16. R•dio communication between the crew members on the 
platform and those on the deck surface was maintained for sefety 
and to coordinate the pl•cement of the two transducers for readings. 
The transmitter •nd receiver, shown in use in Figures 17 and 18, 
respectively, were coated periodic•lly with a fluid couplant to 
provide suitable cont•ct with the concrete for signal transmission. 
The trensmitted and received signals were monitored on a cathode- 
ray oscilloscope as shown in Figure 18. A hand portable ll0-volt 
generator was used to supply power fore the system. The -results 
of the sonic testing are in Table 13, where the 44 measurements 
from each deck are presented as average pulse velocities and 
Standard deviations. The relative quality of concrete in the 
two-course decks appears to be better than that of concrete in 
the single-lift decks, as would be expected from the differences 
in compressive strengths previously discussed. 

Future sonic evaluations of the study decks will consider 
any significant decrease in the average pulse velocity for each 
deck, since such a change could indicate deterioration of the 
concrete due to corrosion induced spalling or from other mecha- 
nisms. 

Figure 15. Brass reference marker embedded in bridge deck. 
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Figure 16. Work platform extending beneath deck. 

Figure 17. Sonic transmitter held against bottom surface of deck. 
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Figure 18. Sonic receiver and monitoring equipment. 

Table 1 3 

Sonic Pulse Data for Study Decks 

Deck (Lanes) 

Single-lift (EBL) 
Single-lift (WBL) 

Latex (EBL) 
Latex (WBL) 

PCC (EBL) 
PCC (WBL) 

Wire Fiber (EBL) 
Wire Fiber (WBL) 

Average Pulse 
Velocity, 

ft. / sec. 

10,440 
9,850 

12,920 
12,400 

12,520 
13,500 

13,230 
11,610 

(m/sec. ) 

(3,180) 
(3,000) 

(3,940) 
(3,780) 

Standard 
Deviation, 

ft./sec. (m/sec.) 

1,360 (410) 
1,510 (460) 

1,040 (320) 

(3,820) 
(4,110) 

(4,030) 
(3,540) 

790 (240) 

810 (250) 
640 (190) 

470 (140) 
2,070 (630) 
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S.kid Resistance 

In •inginia the safety of highway traffic ha.s for many years 
been guarded by constructing and maintaining pavement and bridge 
deck surfaces that provide adequate skid resistance, The mini- 
mum value for, stopping distance numbems (SDN) has been determined 
to be •0 on the basis of a skid test method using an automobile, 
on wet pavement, In recent year•s the skid tmailer has come into 
use as a safer and more convenient method for evaluating skid 
resistance° Skid numbers .•esu!ting from this test have been 
correlated with those from the method that used the automobi • le, 
and the equivalent numbers are reported as predicted stopping 
distance numbers (PSDN). 

The PSDN's for the t•.avel and passing lanes of the study 
spans were derived from an average of five measurements using 
the skid trailer' in accordance with the procedures of ASTM E274o 
In Table 14 the PSDN for each lane of all study decks is seen to 
be greater than 60, which is excel.lent. The. skid resistance of 
the decks will be evaluated aga_•n a< appropr.iate times. 

Table 

Skid Resistance of Study Dec.ks 

Surface Type 

Control Concrete 

Latex Modified Concrete 

High Quality PCC 

Wire Fiber Reinforced Concrete, 

Lane 

E BT L 
EBPL 
WBTL 
WBPL 

E BTL 
EBPL 
WBTL 
W BP L 

EBTb 
EBPL 
WBTL 
WBPL 

EBTL 
EBPL 
WBTL 
WBPL 

Skid Trailer Data 

Range 

52-60 
57-62 
5•-57 
57-60 

57-64 
62-64 
54-62 
57-62 

54-62 
60-62 
5.4-64 
60-64 

60-62 
62-64 
54-64 
60-62 

Average 

56 
59 
56 
58 

62 
64, 
60 
61 

60 
62 
62 
62 

61 
63 
61 
61 

PSDN 

61 
64 
61 
63 

66 
67 
64 
65 

64 
66 
66 
66 

65 
66 
65 
65 
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CONCLUSIONS 

An investigation of the characteris•tics of the concretes 
used in two-course bridge deck construction in Virginia was 

carried out and, on •he basis of information presented in this 
report, the following observations and conclusions were made. 

i. The strengths, cement contents, and void systems of 
concrete cylinders cast from batches of the base 
layer and overlay concretes were analyzed and found 
to be within ranges that are indicative of good 
quality concretes. The relative quality of the 
conventional concrete was judged to be inferior, and 
some batches did not meet the stated specifications. 

2. Prismatic specimens fabricated from batches of the 
overlay concretes were s•bjected to accelerated 
freezing and thawing in an NaCI 2 solution, and the 
results indicated excellent potential for long-term 
durability of the field installations. 

3. Depth of cover readings obtained on the hardened 
two-course decks, using the pachometer, were found to 
be equivalent to depths from direct probes made in the 
fresh concretes during construction, with the exception 
of the steel fiber reinforced concrete, which produced 
zero depth readings with the pachometer and the depth 
of cover determinations by either technique may be 
compared directly to data for existing conventional 
decks. 

4. Limited experimentation on this project with an acoustic 
monitoring device has demonstrated the potential of such 
a device to assure the continuous and uniform functioning 
of vibratory equipment that is essential for producing 
adequately consolidated, well bonded overlays. The 
presently available equipment would require modification 
and additional development. 

5. The nuclear gage was used to check the degree of consoli- 
dation of the fresh overlay concretes and a reasonable 
range for specification control appears to be 100% +_ 5% 
of the standard rodded unit weight of the fresh concretes. 

6. Examinations of cores from the hardened two-course decks 
not only verified the adequacy of consolidation within 
the overlay concretes but also revealed the good condition 
of the bond interface between the overlays and the base 
layer concretes. 
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One year afte• construction, just priom to the opening of 
the roadway to tr•affic, sever•al techniques were used to evaluate 
the condition of the six two-cour•se decks •nd two. single-lift 
control decks. 0bserv•t±ons end conclusions thet resulted 
from these activities are listed below. 

io Visual inspections and soundings of the two-course 
and single-lift decks i.ndicated uniformly, good 
quality concrete° 

?o Chloride ions, attributable to the aggregates, were 
identified, in the br•idge deck concretes. Varying 
amounts of inert CI- are found in Virginia aggregates, 
and in the study decks •he adjusted3corrosion threshold 
will be 0o7 ]bo Cl-/ydo (0.43 kg/m-) higher than the 
C!- concentration at which active corrosion may nor- 
mally be indicated° 

The range of electmica.l potential readings on the two- 
course decks indicated a gr•ea.ter than 90% probability 
that no reinforcing steel, corrosion was occurring, 
whereas on the single-lift control decks the..range of 
readings indicated uncertainty about corrosion activity° 

Sonic pulses transmitted through the decks resulted in 
ratings that indicated a better condi.tion of the two- 
course decks relative to that of the conventional 
s.ingle-lift decks. 

Skid resistances of the two-course decks and control 
decks, were determined to be excel!ento 

RECOMMENDATI 0NS 

The production of good quality overlay concretes was 
accomplished through the use of standar•d specifications 
supplemented by special contract provisions, and the use of 
such specifications should De continued where two-course 
construc•tion is wamr•antedo 

2o For decks as those in this study• a reasonable statement 
pertaining to the specification of cover over the topmost 
reinfor•cing steel would be: :•The total cover over the 
topmost steel shall consist of not more than 0°3 ino (8 mm) 
of morta• covem resulting fmom the, base layer constm.uction 
and not less than 2.0 in (51 mm) of the subsequently applied 
overlay concrete o" 
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3. The nuclear gage currently available within the Virginia 
Department of Highways and Transportation should be used 
in a program of continuing, gage. evaluation to provide 
specification control of the density of fresh concrete 
in two-course bridge deck overlays. 

4. The results of the analysis of data from visual surveys 
and physical testing of the bridge deck concretes can be 
interpreted at this time to indicate a greater potential 
for satisfactory performance of the two-course decks than 
for the single-lift decks. 

5. The actual relative performance of the two-course and single- 
lift decks should be established by annual surveys of their 
condition. 
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