CRACK SURVEYS OF LOW-CRACKING
HIGH- PERFORMANCE CONCRETE
BRIDGE DECKS IN KANSAS
2006-2008

By

Daniel Gruman
David Darwin

JoAnn Browning

A Report on Research Sponsored by

CONSTRUCTION OF CRACK-FREE BRIDGE DECKS
TRANSPORTATION POOLED-FUND STUDY
PROJECT NO. TPF-5(051)

Structural Engineering and Engineering Materials
SL Report 09-1

THE UNIVERSITY OF KANSAS CENTER FOR RESEARCH, INC.
LAWRENCE, KANSAS
January 2009



ABSTRACT

The purpose and specifications for the construction of Low-Cracking, High-
Performance Concrete (LC-HPC) bridge decks are discussed. The survey process for
evaluating the cracking performance of bridge decks is described. Seven LC-HPC decks
and seven control decks were surveyed according to this process. Crack densities were
calculated for each deck and trends in crack patterns were noted. The LC-HPC decks
yielded significantly lower crack densities than did the control decks. Most cracks in LC-
HPC and control decks were oriented in the transverse direction and were located directly
above the transverse reinforcement. For superelevated decks, crack densities were
greater in areas of the deck at higher elevations, likely due to greater settlement cracking

and inadequate curing on the elevated portion of the decks.
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INTRODUCTION

Cracking is a common problem for all types of concrete bridge decks. Some
bridges will crack more than others, and some earlier than others. In any case, cracking
will affect bridge durability in the long term. Age, weather conditions, construction
methods, and concrete quality all have differing effects on the types and locations of
cracking in bridge decks.

Work is currently underway in Kansas to limit, and eventually eliminate cracking
in concrete bridges. This goal is the focus of a pooled-fund project conducted by the
University of Kansas. As part of this study, continuing research identifies causes of
cracking and potential methods to improve performance. This process includes
examining concrete mix designs, adjusting construction practices, and specifying other
relevant parameters to create an environment conducive to minimized cracking in
concrete bridge decks. Decks that are constructed under these more stringent
requirements are referred to in this report as Low-Cracking High-Performance Concrete
(LC-HPC) bridge decks.

To determine the effectiveness of these improved bridge placement practices,
crack surveys are regularly performed on both LC-HPC bridge decks and control decks to
compare cracking over a period of time. The LC-HPC and control decks are paired such
that they are similar in type, age, and exposure. In conducting crack surveys on these
bridges, it is important to use standard, consistent procedures to ensure a fair and
objective comparison. This report summarizes cracking observed on decks constructed in

Kansas as part of this program in 2005, 2006, and 2007.



SPECIFICATIONS

Special provisions to the standard specifications have been written specifically for
LC-HPC bridges in Kansas. These provisions (most recently 90P-5085, 90P-5095, 90P-
5097) cover requirements for aggregates, concrete, and construction practices. The
following paragraphs summarize these specifications.

Aggregate

The provisions address requirements for both the coarse and fine aggregates used
in LC-HP concrete. Coarse aggregates should consist of gravel, chat, or crushed stone.
They must have a minimum soundness of 0.90 and a maximum absorption of 0.7.
Maximum deleterious substance values (by weight) are listed in Table 1. Aggregate

segregation should be avoided, especially during transportation.

Table 1 — Deleterious Substance Standards for Coarse Aggregates

Substance Maximum % by weight
Material passing No. 200 sieve 2.50%
Shale and/or shale-like material 0.50%
Clay lumps and friable particles 1.00%
Sticks (including absorbed water) 0.10%
Coal 0.50%

Fine aggregates should consist of natural sand and chat. Limitations of
deleterious substances in fine aggregates are found in Table 2. Like coarse aggregate,
precautions should be taken when transporting to minimize segregation.

Coarse and fine aggregates should be proportioned using a proven optimization

method (e.g. Shilstone Method, KU Mix Method).



Table 2 — Deleterious Substance Standards for Type FA-A (Natural Sand)

Substance Maximum % by weight
Material passing No. 200 sieve 2.00%
Shale and/or shale-like material 0.50%
Clay lumps and friable particles 1.00%
Sticks (including absorbed water) 0.10%

Table 3 — Deleterious Substance Standards for Type FA-B (Chat)

Substance Maximum % by weight
Material passing No. 200 sieve 2.00%
Clay lumps and friable particles 0.25%

Concrete

LC-HP concrete must contain between 500 Ib and 535 Ib of cement per cubic yard
of concrete and have a maximum water/cement ratio (by weight) ranging from 0.42 to
0.45. However, based on recent experience, new provisions are being developed to
increase the maximum cement weight to 540 Ib/yd® and to establish a minimum
water/cement ratio of 0.43. In addition, the first two LC-HPC decks were cast with a
cement content of 540 Ib/yd®. No mineral, set retarding, or set accelerating admixtures
are allowed to be used in LC-HP concrete. Air-entraining admixtures must be vinsol
resin or tall oil based.

Concrete slump should be between 1% and 3 in. at the time and point of
placement. However, a maximum slump of 4 in. is allowed. In upcoming specifications,
the maximum allowable slump will be decreased to 3% in. Air content must be between
6.5% and 9.5%, and concrete temperature at placement should measure from 55°F to

70°F. The temperature may exceed these limits by 5°F with the engineer’s approval.



Before any concrete may be place, a qualification batch must be produced to
demonstrate the concrete supplier’s ability to meet the specifications. Jobsite haul time
should be simulated before the qualification batch is tested. The mix design used in the
qualification batch should match the design used on the LC-HPC bridge deck, including
admixtures. Batching procedures should also mirror those used on the placement. The
batch must pass tests for slump, air content, temperature, unit weight, and compressive
strength to be qualified for use on the LC-HPC bridge.

Construction

Prior to placement of the LC-HPC bridge deck, a qualification slab must be
constructed to demonstrate the contractor’s ability to meet the KDOT specifications and
special provisions. The qualification slab has a width that is equal to that of the deck and
is 33 ft long. The slab should be constructed using the same equipment, crew, and
procedures as will be used on the LC-HPC bridge deck.

For the deck placement, environmental evaporation rates must remain below 0.2
Ib/ft’/hour. To ensure that this takes place, air temperature, concrete temperature, wind
speed, and humidity must be monitored on an hourly basis, at minimum. These
measurements (excluding concrete temperature) are to be taken approximately 12 in.
above the surface of the deck. The evaporation rate can be determined using KDOT
software or the chart shown in Figure 1. Fogging may be used on the deck, but is not
considered in the calculation of the evaporation rate. Therefore, other measures must be
taken to control wind speed, ambient temperature, or concrete temperature when
necessary. These control measures are outlined and submitted in a Quality Control Plan

prior to placement of the LC-HPC bridge.



STANDARD PRACTICE FOR CURING CONCRETE
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Effect of concrete and air temperatures, relative humidity, and wind velocity on the rate of evaporation of
surface moisture from concrete. This chart provides a graphic method of estimating the loss of surface
moisture for various weather conditions. To use the chart, follow the four steps outlined above. When the
evaporation rate exceeds 0.2 Ib/ft’/hr (1.0 kg/ m%hr), measures shall be taken to prevent excessive moisture
loss from the surface of unhardened concrete; when the rate is less than 0.2 Ib/ft*/hr (1.0 kg/ m?hr) such
measures may be needed. When excessive moisture loss is not prevented, plastic cracking is likely to occur.

Figure 1: Evaporation Rate Chart



Concrete should be placed with a conveyor belt or bucket unless the ability to
pump the concrete is demonstrated in construction of the qualification slab. Upcoming
specifications will also require that if a pump is used, an air cuff or bladder valve must be
fixed at the end of the hose to limit the loss of air content in the concrete. For similar
reasons, the maximum allowable vertical drop from a conveyor belt or bucket is 6 ft.

Concrete consolidation should be performed using machine-mounted internal
gang vibrators where possible on the deck surface and hand-held vibrators elsewhere
(outside edges, rails, etc.) Each vibrator must have a head diameter of 1.75to 2.5 in., a
loaded vibration frequency between 8,000 and 12,000 vibrations per minute, and an
average vibration amplitude of 0.025 to 0.05 in. Vibrators should be mounted at a
maximum center-to-center distance of 12 in. All insertions should be made vertically and
held between 3 and 15 seconds. The vibrators should then be extracted vertically at a rate
such that no voids or holes are created.

The surface should be struck off with a vibrating or drum roller screed. Mounted
tamping devices are not allowed. The surface may be finished with a metal pan, burlap
drag, or both. Bullfloats may be used to remove voids and other irregularities. Water is
not to be used as a finishing aid, and tining of the plastic concrete is prohibited.

Within 10 minutes of strike-off, one layer of presoaked burlap must be placed
over the finished concrete for curing. A second layer is to be applied within 5 minutes.
The burlap used must be soaked for a minimum of 12 hours prior to placement of the
deck. The applied burlap should remain wet for the duration of the 14-day curing period.
This can be accomplished by continually rewetting with spray hoses until the concrete

sets up, at which time soaker hoses are placed across the deck so that all burlap will



remain saturated. Within 12 hours of LC-HPC placement, white polyethylene film must
be placed over the soaker hoses and the sheets sealed together such that a completely
waterproof cover is formed over the entire surface of the deck.

When the 14-day curing period is complete, the plastic film and burlap are
removed, and within 30 minutes of removal, two coats of an opaque curing membrane

must be applied to the concrete surface.

CRACK SURVEYS

Upon completion of LC-HPC and control deck construction, crack surveys are
performed on a regular basis to evaluate the performance of each deck over time. The
procedures used to perform these crack surveys are described below.

Procedures

Standard procedures are used for each crack survey to ensure a fair comparison of
the results. Surveys are only conducted between sunrise and sunset on days forecasted to
be mostly sunny. Surveyed decks must be completely dry, and temperatures on the
bridge must be 60°F or higher during the surveys. At least one lane of traffic is closed to
vehicles at any given time during the survey.

For each bridge, a scaled deck plan (to be used for the crack map) is drawn to
serve as a template for indicating the locations and lengths of cracks on the actual deck.
The plan is produced at a scale of 1 in. = 10 ft. A grid of the same scale is placed
underneath each portion of the deck plan to allow for accurate transfer of data from the

deck to the plan.



Before a survey begins, grid markings are placed on the deck using lumber
crayons, every 5 ft longitudinally and transversely, corresponding with the scaled bridge
plan. The survey process consists of two members of the survey team marking visible
cracks with a lumber crayon as they walk over the deck. Each surveyor, bending at the
waist, marks only the cracks seen from this position. Each portion of the deck is checked
one time per surveyor. The method has been shown to provide a consistent measure of
cracking from bridge to bridge (Lindquist, Darwin, and Browning 2005, 2008). A third
member of the survey team transfers the marked cracks on the deck to the crack map,
being careful to accurately represent every crack found on the deck. A complete
specification of the survey process and requirements can be found in Appendix A.

Once a survey is complete, the crack maps are scanned and prepared for computer
analysis. This involves editing each scanned map so that pixels are easily distinguishable
and crack lines are continuous from beginning to end. Crack densities are calculated
using a program that, in effect, tracks the number of adjacent pixels that are sufficiently
dark, and records the length of these lines (Lindquist et al. 2005). Crack densities for the
entire deck, as well as various portions of the deck, are measured and reported.

Results

All of the LC-HPC decks and all but one of the control decks, Control-8/10,
reported here were supported by steel girders. Control-8/10 was supported by precast,
prestressed concrete girders. The decks are numbered in the order in which they were
bid, not the order in which they were constructed.

Table B.1 (Lindquist et al. 2008) shows the crack densities calculated using this

method for each crack survey performed on LC-HPC and control decks within the project



scope. The completed crack maps corresponding to each survey are contained in the
following pages.
LC-HPC-1

LC-HPC-1 was cast in two placements separated by 19 days. Each survey yielded
relatively small crack densities. At placement ages of 5.3 and 5.9 months, the crack
density was 0.007 m/m?, as shown in Fig. 2. At ages of 18.5 and 17.9 months (Fig. 3),
the overall crack density was 0.027 m/m?, but more of the cracking occurred on the first
placement (south) than on the second. At approximately 31.5 months (Fig. 4), the crack
density was 0.034 m/m?, with a significant percentage of the cracks due to map cracking
in the southeast portion of the deck. Most of the other cracks were found near and
parallel to the pier separating the two spans and near the southeast and southwest deck
edges where small sections of concrete extrude from the main portion of the deck. The
cracks along the piers are likely due, in part, to tensile stresses at the surface resulting
from being located in a negative moment region.
Control-1/2

Like LC-HPC-1, Control-1/2 was cast in two placements as well. After 6.1
months (for Placement 1) and 5.5 months (for Placement 2), neither placement had
experienced any significant surface cracking, as shown in Fig. 5. Twelve and a half
months later, at about 18 months of age, the overall crack density was 0.089 m/m? (Fig.
6), but Placement 1 had a significantly higher crack density (0.151 m/m?) than did
Placement 2 (0.044 m/m?). The same holds true for the survey done at 32.2 months for
Placement 1 and 31.6 months for Placement 2 (Fig. 7). At the time of the third survey,

the total crack density was 0.099 m/m?.
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LC-HPC-2

The surveys of LC-HPC-2 yielded a crack density of 0.013 m/m? after 7.2 months
and 0.028 m/m? after 21.2 months, as shown in Figs. 8 and 9, respectively. Much of the
cracking on this deck was found near and parallel to the pier. Small areas of map
cracking were noted along the northern edge of the bridge.
LC-HPC-3

LC-HPC-3, at an age of 6.5 months (Fig. 10), had a crack density of 0.028 m/m?.
In this case, all of the cracking occurred in the transverse direction along the first and
third piers. It is unclear why the portion of deck near the middle pier did not crack. This
may be the result of differences in the plastic concrete properties.
Control-3

Control-3, at an age of 10.4 months, had a crack density of 0.037 m/m?, as shown
in Fig. 11. This value is only slightly larger than that of LC-HPC-3, despite the control
bridge being more than 5 months older at the time of the survey. While all of the
cracking was in the transverse direction, the locations were seemingly more random than
for LC-HPC-3, and many of the cracks were found on the sidewalk portion of the deck,
likely due to finishing and curing operations that differed significantly from those used

on the deck.

16



(T A8AUnS) 2-DdH-D7 :8 84nbi-

/W €10°0 :(0seqy) T ueds

AW Z10°0 *(89A) T uedg
AW 100 ANsud( Horvl)
sguow 7'/ 938V a8playg

[ *SJUDUIdIE[J JO JoquunN
(5 9°L8) w £°97 :(3sey) 7 ueds
(1 9°28) w £°97 :(3s9A0) | ueds
ré G:nm—w Jo pquny L00¢Z/0C/ 2red %u>.~=m }oer))
o0 1MNS 900T/E1/6 9)B( UOINIISUO))
(Y T0€) W T6 WPIA 98plag  SE9-[ 19A0 IS Uip¢ :UONBIOTT A3PLIg
(Y 1°SLT) W ¢S :qI3ua] a3prg (2# 3D 01€-S01 adquiny 23pLig

@z w6

1
1
!

i

Q9L w97 Y9L8)m /o7

|
|
1
n
7_ |
|
|
|

@ rsL) wies

0N

17



(¢ AoAINS) Z-DdH-DO7 :6 84nbi-

AU/ $70°0 (sey) 7 uedg

AW 700 :(059A0) [ uedg
AU/W 8Z0°( ANSUI( L)
SyIuow 7' 17 93y a8prig

[ *SJUIWIIE]J JO JOqUUN N
(3 9'L8) w £°97 :(ase) 7 ueds
(B 9°L8) w £°97 :(3S9A0) | uedS
i “m_uwnm Jo _qunn R00T7/81/9 9le( %0>.-=w }oer)
o0 :MMS 900Z/£1/6 :938( UOINIISUO)
(W 70€) W76 ‘WPIA 8pag  SE9-] I9A0 IS Uiy ‘uonedo| agprig
(Y 1°SLT) W €S yr3udr] a3prag (2# N3D 01€-SO1 Idquny I3prag

@)W T6

|
|
»

|

|

|

|

| ]

7__

. _
(BoLg)m /o y ©B9L8)m .9z

@rsL)myes -

YHON

18



€-0dH-O71 :0T 94nbi4

[ :SJUdUIB[J JO JaquInN
¥ ¢pyL) w9y ¢ pueds
(JgSI) wege : ¢ uedg

AU/W G000 b ueds (¥ gSI) wege &g ueds
AW 760’0 ¢ € ueds (¥ epL)wogy & 1 uedg 8007/6T/S :9¥e( AdAINS IvI)
AW G100 ¢ ueds p :suedg jo rdquiny LOOZ/SI/11 :dYe UonINIISUOD)
/W 0z ¢ [ ueds 09 MIMS 69 SN
AW 700 A)Sudp YorI) (B 06E)WETT ‘UIPIAL 98Py 19A0 IS PICOT M UONEBIOTT A3pLig
syuow 69 :93Y A3pLIg (¥ 708€) W 61T :yi3udy a3prig (€# M) 8€€-9¢ IdquInN A3prag
| ﬂ ,
f | ﬂ \
@06E)W6TT \ [\

\

|

to4
(614 Q.QESH#

| | |
| | |
@Wey)moze T @sgsinNuese \«?’ @gsInmese Lﬂ @ey)wmoze

!
|
_
0N

W zZo8c)m6SIT

19



€-1041u0) :TT a4nbi4

/W 90’0 :p ueds
/W GE0'0 € uedg
AW GE0'0 7 uedg
AU/ €60°0 T ueds
AU/W LE0'0 ANSUIP YovI)
syuow 0 :93y 3pLg

— (remapis) (Y LOT) W €'E
|

[ SHUDUWIIE[{ JO JoquInpN
@ eyL)mozz :pueds
@ gSIDwese :¢uedg
@ gSIDwege :guedg
Y epL)mozy :fuedg
¢ :suedg Jo JoqumN
09 MMS
WO06E) WG IT “WIPIM 3pug
(¥ 7'08¢) W 6ST1 :q3ud] 3pug

80027/67/S :de( AdAams JorI)

LOOZ/LT/L :9)B( UORINIISUOD)
69-SN

I9A0 IS PICQ] 4 uoped0] 3pLg
(Jonuo)

€# D) LEE-9Y Idquny d3pLig

# J

i
@06E)m6'TT \

,

H
|
#

#
,

#_ /
\
,
J_

* J\ WerHmW9TT T| @I WESE |¥T| @8 SIn)WeESE |L @erL)mW9TT !_'

ypIoN

e

Y T08) W6 SIT

20



LC-HPC-4

LC-HPC-4 was cast in two placements, separated by a cold joint. After 9.5
months, the total crack density was 0.008 m/m? (Fig. 12). However, the crack density of
the first placement (0.017 m/m?) was much larger than that of the second placement
(0.004 m/m?). For the first placement, there was no pattern to the crack locations. For
the second placement, the only observed cracks propagated from the eastern edge of the
deck along the northernmost pier.
Control-4

Control-4 (Fig. 13) had an overall crack density of 0.050 m/m? at 6.8 months,
much greater than that of LC-HPC-4. Again, most of the cracking occurred near the
piers. While most of the cracks are transverse, there are a number that are oriented
diagonally. At the first (westernmost) and third piers, the diagonal cracks are further
away from the pier at the middle portion of the deck width, and closer to the pier at the
edges of the deck. For the second pier, the crack orientations are opposite.
LC-HPC-5

The crack survey results for LC-HPC-5 are particularly unusual. The overall
crack density was 0.059 m/m? at 8.0 months (Fig. 14), a higher value than found on most
LC-HPC decks. No correlation was seen between crack and pier positions, but nearly all
of the cracks seemed to propagate from the southern edge of the deck, as seen in Figure
14. This was likely due to the superelevation of the bridge deck. The southern edge was
constructed at a higher elevation that the northern edge, so it is likely that, during curing,
the southern edge dried out as the curing water would run down to the northern edge.

This would certainly leave the southern portion more prone to early cracking. Another
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contributor could have been the slump of the concrete used on this deck. With most of
the slump readings near the maximum allowable value of 4 in., the concrete at the higher
elevations may have been susceptible to increased settlement cracking compared to the
lower portions of the deck.
LC-HPC-6

LC-HPC-6 had a significant number of cracks along the piers. As shown in Fig.
15, the total crack density for the deck was 0.063 m/m? at 6.5 months, an even higher
value than that of LC-HPC-5. Again, most of the cracks propagated from the southern (or
southeastern) edge of the deck width where the elevation was greatest.
LC-HPC-7

LC-HPC-7 displayed very few cracks at 11.4 months of age. Several small
longitudinal cracks were found at the far west end, and the overall crack density was
0.003 m/m? (Fig. 16). At 24.2 months, the crack density was 0.019 m/m?, as shown in
Fig. 17. Additional cracks were found at the west end, and short, transverse cracks had
developed throughout the deck. A small area of map cracking was also surveyed in the

northeast corner of the deck.
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Control-7

Control-7 was constructed in two placements that were separated by 6 months.
The first (east) placement had a crack density of 0.293 m/m? at 16.4 months (Fig. 18).
Transverse cracks were found throughout the placement, but were longer and more
tightly packed near the pier. Shorter longitudinal cracks were also present at either end.
The second (west) placement had a crack density of 0.030 m/m? at 10.8 months (Fig. 18).
Only five cracks were found in this portion of the deck, three of which were near and
oriented parallel to the joint separating the two placements. The overall crack density of
the bridge deck was 0.205 m/m? for this first survey. At 27.1 months (Fig. 19), the crack
density of the first placement had increased to 0.476 m/m?. A similar cracking pattern
was observed to the first survey, and several longitudinal cracks were found near the
middle of the placement width. The second placement, then at an age of 21.5 months,
had a crack density of 0.069 m/m?, as shown in Fig. 19. Most of the cracks were, again,
longitudinal (parallel to the joint).
Control-8/10

Control-8/10, the only control bridge with precast, prestressed concrete girders,
had a crack density of 0.050 m/m? (Fig. 20) at 5.2 months. Most of the cracks were
transverse cracks found in the second (from west) of four spans. The crack density had
greatly increased 9 months later, when the crack density was calculated to be 0.177 m/m?
at 14.4 months. Again, most of the cracks were transverse, and the largest portion was

found within span 2, as shown in Figure 21.
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Control-11

The first survey of Control-11 yielded a large amount of cracking. At 16.5
months, the crack density was already 0.351 m/m? (Fig. 22). Unlike the other bridge
surveys, the cracking on this deck was characterized, in large part, by one long
longitudinal crack down the center of the deck, with many of the transverse cracks
propagating on either side of this longitudinal crack. In addition, there were several
smaller longitudinal and diagonal cracks found at the west and east ends of the bridge.
The second survey (Fig. 23) of this bridge yielded a greatly increased crack density
(0.665 m/m? at 27.1 months), with many of the transverse cracks extending all of the way
to the north and south barriers and new transverse cracks appearing at the barriers.
Control-Alt

At an age of 12.0 months, the alternate control bridge had a crack density of 0.077
m/m?, as shown in Fig. 24. Nearly all of the cracks were transverse and parallel to the
top reinforcement, but not to the piers, as the reinforcing steel and piers on this bridge do
not run in the same direction. The piers run parallel to the bridge ends, while the top
reinforcing steel runs perpendicular to the sides of the bridge. Based on the crack pattern,
it is likely that shrinkage and settlement at the reinforcing steel played a larger role in
crack development than did the tensile stresses created by the negative moment regions at
the piers. The cracks are located directly above and parallel to the reinforcement. This
trend continued for the second and third surveys. At 25.8 (Fig. 25) and 36.8 months (Fig.
26), the crack densities were 0.230 m/m? and 0.219 m/m?, respectively. For each survey,
most of the cracks were found in the transverse direction, with some longitudinal cracks

found at the ends of the deck.
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Summary of Results

The overall effectiveness of low-cracking high-performance concrete for use in
bridge decks is demonstrated by a comparison of the crack densities of the LC-HPC and
control decks, as shown in Fig. 27. The maximum crack density to date of 0.063 m/m?

on LC-HPC decks compared to a maximum density of 0.665 m/m? on the control decks.

These decks will continue to be monitored as the project continues through 2013.
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Figure 27: Surveyed Crack Densities of LC-HPC vs. Control Decks
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SUMMARY AND CONCLUSIONS

Surveys were performed on LC-HPC and control bridge decks to determine the

effect of implementing new material and construction specifications on the crack density

of concrete bridge decks within the state of Kansas. These surveys were performed in a

consistent and objective manner, and the results analyzed. Crack densities were

calculated, and cracking trends were noted.

Based on the results and analysis of the surveys performed as part of this study,

the following conclusions were made:

1.

LC-HP concrete decks crack less over time than non-LC-HPC decks crack. While
certain LC-HPC decks crack more than some control decks at early ages, the overall
trend showed lower crack densities in LC-HPC decks.

Cracking in concrete bridge decks will commonly occur directly above and parallel
to top steel reinforcement. The largest percentage of cracks in both LC-HPC and
control decks were oriented in the transverse direction.

Bridge decks with superelevations should be carefully cured to reduce cracking in
the portions of the deck with the higher elevation. As seen in two of the surveys,
most cracks in superelevated decks occurred in the elevated areas, probably due to a
lack of water during the curing period, and perhaps resulting from increased
settlement cracking due to the use of higher slump concrete. The full deck needs to
remain wet to ensure proper curing, and concrete with a slump between 1 and 3 in.

should be used to reduce settlement cracks.
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BRIDGE DECK SURVEY SPECIFICATION

1.0 DESCRIPTION.
This specification covers the procedures and requirements to perform bridge deck
surveys of reinforced concrete bridge decks.

2.0 SURVEY REQUIREMENTS.

a. Pre-Survey Preparation.

(1) Prior to performing the crack survey, related construction documents need to
be gathered to produce a scaled drawing of the bridge deck. The scale must be exactly 1
in. = 10 ft (for use with the scanning software), and the drawing only needs to include the

boundaries of the deck surface

NOTE 1 — In the event that it is not possible to produce a scaled drawing prior to arriving at the bridge
deck, a hand-drawn crack map (1 in. = 10 ft) created on engineering paper using measurements taken in the
field is acceptable.

(2) The scaled drawing should also include compass and traffic directions in
addition to deck stationing. A scaled 5 ft by 5 ft grid is also required to aid in transferring
the cracks observed on the bridge deck to the scaled drawing. The grid shall be drawn
separately and attached to the underside of the crack map such that the grid can easily be

seen through the crack map.
NOTE 2 — Maps created in the field on engineering paper need not include an additional grid.

(3) For curved bridges, the scaled drawing need not be curved, i.e., the curve may
be approximated using straight lines.

(4) Coordinate with traffic control so that at least one side (or one lane) of the
bridge can be closed during the time that the crack survey is being performed.

b. Preparation of Surface.

(1) After traffic has been closed, station the bridge in the longitudinal direction at
ten feet intervals. The stationing shall be done as close to the centerline as possible. For
curved bridges, the stationing shall follow the curve.

(2) Prior to beginning the crack survey, mark a 5 ft by 5 ft grid using lumber
crayons on the portion of the bridge closed to traffic corresponding to the grid on the
scaled drawing. Measure and document any drains, repaired areas, unusual cracking, or
any other items of interest.

(3) Starting with one end of the closed portion of the deck, using a lumber crayon,
begin tracing cracks that can be seen while bending at the waist. After beginning to trace
cracks, continue to the end of the crack, even if this includes portions of the crack that
were not initially seen while bending at the waist. Areas covered by sand or other debris
need not be surveyed. Trace the cracks using a different color crayon than was used to
mark the grid and stationing.

(4) At least one person shall check over the marked portion of the deck for any
additional cracks. The goal is not to mark every crack on the deck, only those cracks that

can initially be seen while bending at the waist.
NoOTE 3 — An adequate supply of lumber crayons should be on hand for the survey. Crayon colors
should be selected to be readily visible when used to mark the concrete.
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c. Weather Limitations.

(1) Surveys are limited to days when the expected temperature during the survey
will not be below 60° F.

(2) Surveys are further limited to days that are forecasted to be at least mostly
sunny for a majority of the day.

(3) Regardless of the weather conditions, the bridge deck must be completely dry
before the survey can begin.

3.0 BRIDGE SURVEY.

a. Crack Surveys.

Using the grid as a guide, transfer the cracks from the deck to the scaled drawing.
Areas that are not surveyed should be marked on the scaled drawing. Spalls, regions of
scaling, and other areas of special interest need not be included on the scale drawings but
should be noted.

b. Delamination Survey.

During or after the crack survey, bridge decks shall be checked for delamination.
Any areas of delamination shall be noted and drawn on a separate drawing of the bridge.
This second drawing need not be to scale.

c. Under Deck Survey.

Following the crack and delamination survey, the underside of the deck shall be
examined and any unusual or excessive cracking noted.
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