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PREFACE

This report consists of three parts.

Part 1 - A summary report giving survey methodology, description
of data, érincipal findings, cdnclﬁsions and recommandétions. Apart
from somelgraphical sumiaries no supporting data are given in this
pért. |

Part 2 - Relative frequency tables displaying associatibné between

structural characters and deck conditions. Thié contains the supporting
data in the form of tables for all structural character/deck condition
combinations that the authors judged to be of sigriificance - see Part 1,
Table 3 for a graphic summary of thesé combinations.

Part 3 - Computer tabulations. A limited edition of four complete
sets of the computer tabulations are ilaﬁle for examination - sée
Part 2 for their locatioms. Each se nsists of three‘volumes. Volume
1 contains the 585 pairs of tables resulti from cross—tabulating.the
45 structural characters against eacﬁ of t 13 deck conditions. Each
pair of tables consists of 'a pour frequenCy tabie‘and a relative fre-
quency table, where the relative frequencies are computed on a row
basis; i.e.,; the distribution of pour conditions within a given struc— .
tural category. Volume 2 contains 809 of the possible 990 cross-tabula-
tion combinations of the 45 structural characters. Volume 3 contains the

78 cross—-tabulation combinations of the 13 deck condition characters.
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ABSTRACT

The bridge deck survey'herein reported was bééed on a‘stratified‘
random sample of bridges., The primary strata weré'in 25 Texas Highway
Department districts; while, within each district, stratification was
based on age and/or type of structure. Bridges within the secondary
strata were randomly selected at a rate of 20 percent. This ensured an
adequate representation of all types of bridges currently in use on highways
throughout Texas.

Structure evaluations were made in each THD district by a team frdﬁ
that district. Training and monitoring for consistency were handled by
THD D-18 persoﬁnel.'

The documentation on each bridge included type of construction, age,
traffic, location, and other structure-related information. The on-site
examination of the bridge deck was done on the' b  of individual concrete

pours. These were scored with respect to scalin_,, :lamination, cracking,

and general deck condition. The results of examining . + 5,300 bridges,
whose decks were made up of about 36,000 pours, were t available for
summarization.

A complete tabulation of the 45 structural charaeters versus the
13 deck condition items was made. These association tébles were examined
and the ;ubset of some 300+, judged by the authors to be of significance,
are presented in the form of relative frequency tables. Cross tabulations
among structural charactérs and among condition characters were also made

and, while not reported directly, were considered in some of the written
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)
‘discussion. Thevqomputer tabulations can be ﬁade available for further
study.

This study represents a joint éffort‘by THD and Texas Transportation
Institute personnel. THD personnel condugted the time-consuming fiéld
survey, and the transfer of data from survey sheets via cards to magnetic
tape. TTI persomnel assisted in selecting the sémple and supervised the
data summarization, evaluated the results, and prepared the final report.

* kR %k |

The opinions, findings; and conclusions expressed in this report

are those of the authors and not necessarily those qf the - Federal Highway

Administration.



SUMMARY

This report summarizes the findings of a statewide survey of high-
way bi:idge decks in Texas. Each structure selected in the stratified
random sample was scored by a survey team. This team was comprised of
district persomnel selected to provide representation from the various
technologies involved. Each team was responsible only for surveying
those structures falling within its home district. The teams were
trained, and their reports monitored for consistency, by THD D-18
personnel., Altogether in the state these teams examined and recorded
information on approximately 36,000 deck pours on some 5,300 bridges.

Tne information was classified as to structural variables and
condition variables. There were forty-five structural characteristics,

such as bridge type, age, design specification, traffic density, etc.,

and 13 deck condition variables, such as degre- -—~d extent of scaling,
cracking, delamination, and general deck condi . The structural
characteristics were paired with condition variables °~ tables showing

both frequency of pours and percentage of pours unde ach condition.
All tables were appraised as to whether or not there were evidences of
statistical association between the structural characteristics and the
condition variables. A relative frequenéy tablevwas then prepared for
each combination which gave evidence of real association.

The study has been able to point to only general trends displayed

in the data. It revealed that there are interrelationships between
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many of the structural charactefs and the various measures of deck
condition., Certainly no one structural character can be singled
out as being the prime suspect causing deterioration.- |

The study revealed that scaling is gnhanced ijthe,use of de-
icing salt and is marke&ly reduced in aifeentrained concrete, There
is considgrable longitudinal'crackiﬁg in pan formed bridges, but it
ié predominately transverse in other types, Decks supported on
steel beams are more severel& deteribratéd‘than are those supported
by concrete beams., There is dnly a slight advantage shown for central
mixed concrete over transit mixed concrete. The decks with the normal
type crown show considerably less deterioration than those with a |
crown of constant slope, Bridges with higher traffic density show a |
somewhat lower percentagé of severe deterioration than those with low
traffic density; but higher traffic demsity is associated with the newer
| bridges which were built under more re¢ 1y established design specifi-
cations., Bridges carrying greater ﬁheel loads, too, appear to be in
better condition overall than those with 1lig r loads, but here again,
age is a significant factor.

There appeérs to be a little 1ess‘cracking and scaling of decks
in those bridges in which retarding and water reducing admixtures were
included in the concrete mix, -

Recommendations made on the basis of the study include:

1. Use only air-entrained concrete for decks on bridges built in
areas subject to icing condition, i.e., where salt is likely to be used

as a deicing agent.
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2, A controlled study should be made to determine if retarders
and water reducing admixtures provide better concrete for bridge
decks, |

3. Determine ﬁhy slabs supported on steel beams have not been
as durable as those supported on concrete beams,

4, There is some indication that slabs using Type III cement are
more durable than those using Type'I cement., Other variables, pri-
marily age,'doubtless play a part, but it should be determined if
there is a difference in deck performance due to type of cement.

5. Deveiop and maintain a formal program of inspection and record
keeping on every structufe; this would lead to a better understanding
of the deterioration process. This would also be of considerable
value in establishing the cost of service of a structure and would
also serve as a basis for the modification of design, construction,

and maintenance criteria.
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IMPLEMENTATION

'The interrelation of events of nature, design details, construé-
tion practices, service conditiops, énd maintenance bractices on the
perforﬁance of bridge decks can be seen in the data in Parts 2 énd 3
of this reéort. | | |

It is impossible to single out any oné factor as tﬁe prime cause of‘
a particular deterioration condition; Neverthéless, it is possible to
make certain reéommendations which should lead to improved'performance.

| The recommendations made‘here are based on information gathéred
in the survey, common knowledge of thevtechnology necesgsary to préduce
high qdality durabie concrete, and jﬁdgmenf as to the long range value
of condition surveys such as was made in‘cdllecting the data treated in
this report. | |
| It is‘recommended that the follow_ _ Steps be taken to strengthen
current pfactices for producing high perforr e bridge decks, fo add
to knowledgerdeéiraﬁie for improvement of pi1 ices, and to provide a
b?sé from which service COéts and service life of stru&tures‘might be
firmiy established.

1. TUse oniy air-entrained concreté for decks on bridges built in
areas éubject to icing conditions, i.é., where chlorides ére likely to be
used for deicing. |

2, The data indicate that crack Spaciﬁg is reduced and scaling is
less severe in concrete in which retarders and watei reducers have been

incorporated. Field observations should be made to determine the extent
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of benefits resulting from the use of these agents.

3. Determine why slabs supported on steel beams have not been as
durable as those supported on concrete beams.

4, There is some indication that slabs using Type III cement are
more durable than those using Type I cement, Other variables, primarily
age, doubtless play a part, but it should be determined if there is a
difference in deck performance due to type of cement.

5. Develop and maintain a formal program of inspection and record
keeéing on every structure which would lead to a better understanding
of the deterioration process, Such a program would also be of considerable
value in establishing the cost of service of a structure, and could
serve as a basis forAtﬁe modification of design, construction, and
maintenance criteria,

6. The data analyses carried ouﬁ to date, and herein reported,
have not fully probed the possibilities inheren the 1a?ge mass of
data éollected. Further examination of the data would seem to be
warranted, since only individual structural character: wwve been examined
in detail against ﬁhe condition variables. Cross-classifications among
two or mofe structural characters, as these affect the condition response
variables, could Shed light on such aspects as the influence of age of
structure upon other structural characters and their resultant performance,
Age of structure is one such character but there are several others

which may merit similar examination.
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BRIDGE DECK CONDITION SURVEY = PART 1

I. INTRODUCTION

A, General Information

The interpretation of‘data coilééted by the Texas Highﬁay Départment
(THD) in a statewide physical survey of highway bridges is the ﬁrimary
purpose of this report. It is hbped that it will be useful ﬁo the THD
as an aid in determining the overall condition of highway bridées in the
state, the planning of maintenance operation, and as a guide in future
bridge engineering.

The survey covered essentially all bfidges controlled at the state
level., It waé limited to matters pertaining to ﬁoncrete bfidge decks,
but includes substructure conditions as supporting data.

Thé conditions of the deck were ¢’ ved on»the basis of individual’
concrete pours, in terms of cracking, ing, delamination, and general
deck condition., Each of these condition ite vere scaled by a number
code denoting the degree of severity to help fine the main problem of
deterioration. -

Information relating to the geographical location of the bridge,
structural data, construction materials and practiCes, weather, and
maintenance was recorded to assist in the interpretation.

The sections that follow‘give the conclusions reached from a study
of the data; descriptions of the data that were collected; and the

basis of evaluation, organization, and interpretation of the data.



B. The Design of the Sample

The chief consideration in selecting any sample is that it be rep-
resentative of the population from which it is drawn. The sampling
plan selected and used in this survey is cdmmdnlybknown as a stratified
random sample, By stratifying and drawing randoﬁisamplés from ﬁithin‘
fhe strata it is possible to insure a closer approach to a representa=
tive sémple than could be obtained'by simply‘selecting a random sample
from the designated population.

The basis of stratification recognized the possible influence of
geographical location, age of bridge, and general fype of structure.
TheAprimary strata were the 25 THD Districts, éhué blanketing ail of the
geographical variation in the state. Eight substrata were definedeith~

in a district as follows:

1. Structures completed before 1946 - Type>I.
2. Structures completed before 1946 - Type

3. Structures completed 1946 - 1955 - Type L.
4., Structures completed 1946 - 1955 - Type II.

5. Structures completed after 1955 - Type I,

6. Structures?completed after 1955 - iype II.

7. All ages — Typé III and IV. |

8. Timber structures. |

The age component was partitioned somewhat arbitrarily but with the
following general cdnéiderations in mind:
Before 1946 - inéluded all structures of pre World War II construction

still being used in the highway system;
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1946~1955 -'during this period the use of continuous steei cqnstiuétion
increased rapidly; |
After 1955 - the increased construction activity due to adoptionﬁof.thé

Interstate Highway Program and the bulk of all prestressed con-

crete construction occurred during this period.

Thé structure types group the structures as follows:

Type I - Concrete deck supported by steel striﬁgers
Type II - Concrete bridges and certain timber structures
Type III - Truss bridges

 Type IV - Miscellaneous bridge ﬁypes
Type V = Culverts and other types.

'All of the eight substrata listed above were sampled, but number 8 -
Timber Structures, was not included in the survey summaries, Since the
primaryxtarget of the survey was bridge condition, the structures grouped
under Type V were not included ih the le. For the purposes of this
survey, any structure with a span twen.y or more feet long was classed as
a bridge.

The éétual selection of the sample of t¢...ctures to be examined was
carried out in the foilowing~manner. From structure informatibn'alréady
on magnetic tape within THD a new tape was prepared which listed the
structures by districts and by substrata ﬁithin districts, Sample struc-
tures were selected within each substratum utilizing a psuedo random
number generator. Initially a ten percent sampling raté was used, but
this was later increased to twenty percent. As the individual structures

were selected from the substrata within a district, locational and other
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pertinent information was recovered from the master tape and a printed
listing prepared for transmission to the individual districts, thus
giving them a prepared listing of structures to be evaluated.

The Districts aiso evaluéted'and submitted completed data forms
for additional strﬁctures which were considered to be in a deteriorated
condition. This evaluation was to be processed separately from the ten
percent random sample to support deterioration findings or to determine
actual deterioration quantities.

The total number of bridges in the defined population was '12,160.
All types of culverts, as well as bridges not having conérete decks, were
excluded»from the study. A ten percent sample consisted of 1,218 bridges
and ultimately a twenty percent sample (2,436 bridges) was drawn. Eventually,
the twenty pergent’sample was augmented by many other bridges which in-
dividual Districts reported. For example, one of ‘the Districts had
evaluated seventy percent of the structures under control. Thus, the
report is based on an evaluation of 5,282 bridges, wure than forty per-
cent of the total in the state.

C. Collection, Editing, and Tape Preparation of F._.l Data

The major responsibility for the activities of collection and editing
of the field data rested with the THD Maintenance Division (D-18). Their
staff, together with personnel from the Bridge DiVision, participated in -

the training sessions with the individual District teams. A manual (1)

1Procedure for Interpreting General Deck Condition in Recording Data on
Bridge Deck Survey Form No. 1102, Texas Highway Department, Maintenance
Operations Division, Austin, Texas. August 1965.
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on procedure for determining deck condition was used by each field survey
team to achieve optimum uniformity in interpreting bridge conditionms.
The completed survey records were sent to D-18 where they were caféfullyi
scrutinized for consistency of the evaluations, completeness, etc. :If K
there were questions or obvious errors, missing information, etc., the
forms were returned to the District for clarification and, if necéssary,
re-evaluation of the struéture(s) in question., This was a massive
editing job which had to be worked in’alongfwith the regular work load.
Once the survey forms were accepted as satisfactory they were passed
along to the Division of Automation. There the data were punched on
cérds, verified and then placed on magnetic tape for further processing.
The survey form appears in the appendix.

D. Data Analysis

This project was set up to take the survey data tapes as the
starting point and, from this mass of rmation, extract such meaningful
information as might exist.

The basic analysis was one of preparing 1 interpreting tabulations
involving the 45 structure associated variab... and the'13 deck condition .
variables, see Table 1. Additional studies had been proposed in the
project outline as approved, but were not accomplished because of time
limitations, |

Rather than looking only at a subset of data tables believed to be of
importance, it was decided to prepare all possible summary tables and then
report on those showing meaningful associations. Table 2 shows all of -

the possible 13 x 45 = 585 tables that were constructed by cross-tabulating
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TABLE 1

BRIDGE DECK CLASSIFICATION CODES

FACTORS ASSOCIATED WITH THE STRUCTURE

NUMBER . NAME
1 District number (of the THD) _
2 Design specification (by year only)
3 Design loading (by AASHO loading)
4 Span type '
5 Structure type
6 Main member type
7 Stringer spacing
8 Skew (degrees)
9 Crown type
10 Type of deck (kind of concrete)
11 Simple or continuous structure
12 Span length of simple span
13 Span length of beginning span of a continuous unit
14 'Span length of second span of = ~ontinuous unit
15 Total length of continuous ur - |
16 Number of spans in continuous umit
17 Unsymmetrical unit (yes or no)
18 Substructure type
19 Slab thickness
20 Traffic volume (vehicles per day)
21 Structure classification .
22 Heaviest wheel load (kips)
23 Transit mix (yes or no)
24 Percentage of entrained air
25 . Type admix
26 Type cement )
27 Source of cement
28 Cement, sacks per cubic yard of concrete '
29 Type of aggregate '
30 Type of finish
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31
32
33
34
35
36
37
38
39
40
41

42
43
44
45

NUMBER

50
51
52
53
54
55
56
57
58
59
60
61
62

Table 1 (Cont'd)

Month slab placed

Year slab placed

Month bridge opened to traffic

Year bridge opeﬁed to traffic

Type of overlay '

Month overlay applied

Year overlay applied

Condition of overlay

First year salt applied

Salt applications per year (number5

Sulfate stream (yes or no - does bridge cross sulfate
stream?) ’ '

Condition of substructure

Slab drainage (good, fair, poor)
Weather at pouring

Moment Condition

CONDITIONS ASSOCIATED WIT  )IVIDUAL POURS
NAME

Cracking, degrée

Cracking, type

Cracking, average spacing

Cracking, 1oeatioh (on the deck)
Scaling, degree

Scaling; depth

Scaling, percent area

Scaling, location (on the deck)
Delamination, degree

Delamination, visual cracking (yes or no)
Delamination, percent area
Delamination, location (on the deck)

General Deck Condition
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each one of the 45 structural items against each of the 13 condition
items.

A rather general table-producing computer program was prepared
and the following sets of tables produced, using the edited data tapes*
1., Structure (45) by condition (13) - 585 tables;

2. All possible different combinations among the 13 condifions - 78
tables; | |

3. Almost all possible different combinations among the 45 structure
associated characters - 809 out of a possible 990 tables;

4, Structures'(45)‘by joint condition (4) - 180 tables.

Thus, 1,652 pairs of tables were produced. |

The pair of tables consisted of a frequency table, either on the
basis of concrete pours (36,058) or of structures (5,282), dépehding uﬁon
the table. group; and of ‘a relative frequéncy table ﬁsing row totals as‘
the basis. These latter tables were especially u 1 in assessing the
information compiled for structures versus conditions, in which the
rows were the categoriés within a structural character.

The distribution of frequencies in the cells of these tables was
such that the use of the chi-square test for independernice was not sen~—
sitive to changes because there were too many cells with either very low
or zero frequencies. For this reason, when it came to screening the tables
for evidences of association between variables, a visual assessment was
resorted to. Each author screened the table set independently then, for
those tables where the decision was not unanimous, they reviewed the

particular tables in conference and rendered a decision.
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TABLE 2. A LISTING OF DESIGN AND CONDITION PARAMETERS

INDICATING THEIR ASSOCIATIONS

Note: X indicates that the -&'
association between the 80 é
pavameters 18 significant. a

22
58
o U
& QA

1. THD District TR

2, Design Specification X X

3. Design Loading X

4, Span Type X X

5, Structure Type X

6. Main Member Type X X

7. Stringer Spacing X

8, Skew Degrees X

9, Type of Crown X

10, Type. of Deck X

11. Continuous or Simple X X

12, Simple Span Length ) X

13, Cont. Unit 1st Span Lgth.

14, Cont, tnit 2nd Span Lgth. X X

15. Cont., Unit Total Lgth.

16. Cont, Unit Nmbr of Spans X X

lf. Cont. Unsymm, Unit

18. Structure Type X ¥

19, Slab Thickness

20. Traffic Volume/Day

21, Structure Classification

22, Heaviest Wheel lLoad X X

23, Transit Mix

24, Pctg, of Atir Entrained X

25, Type of Admix X

26, Type of Cement X

27. Source of Cement X X

28, ‘Sacks of Cement/C,Y, X

29, Type of Aggregate

30, Type of Finish X

31, Month Slab Placed

32, VYear Slab Placed X X

33, Month Bridge Opened )

34, Year Bridge Opened X

35, Type of Overlay X X

36. Month Overlay Applied X X

37. Year Overlay Applied X

38, Condition of Overlay X X

39, Firsc Year Salt Applled X

40, Salt Applicationu/Year X

41, Sulface Stream X

42, Conditlon of Substructure X

43, Slab Dralnage X X

44. Weather at Pourlng X X

45, Moment Conditfon X

-
'
-

52 Craéking Spacing

L

o o M o

L

td

Ko X e

MO o M

53 Cracking Location

X X XK M X M X K M X M M

M X X >

L

R X o

Mo M ok M

54 Scaling Degree
55 Scaling Depth

P MW X =

>

O 2 >

>

MK ox X W X MK K K X X

>

LI

®

K o X XK K o

56 Scaling Pctg Area
57 . Scaling Location

Mo M O M M X

k]

E

> % x = 58 Delamination Degree

E ]

59 Delam. Visual Cracks

60 Delam. Pctg Area

E IR I

S

X X X w M

X X OH X R X X

t

»® X »x X

® M M x

»® X

61 Delam. Location

xR W X X

»® 62 General Deck Cond.

E3

5 M

H o MK XK X M R M X M W o

»

K oM X o X XK X



This summary report (Part 1) covers only Item 1 in the listing of
table groups presented earlier in this section,_ The subsets of these
tables, evaiuated by the authors as showing meaningful associations,
are reported individually in Part 2, Part 3 (three volumes of computer
output) contains all of the 1652 sets of tables which were prepared
but no further summary reports arevplanned for issue under this project.

All tables included in this report are based on use of all of ihe
available data, This’courée of action was decided upon after preparing
the véfious sets of tables uéing only the bridges selected in the
original ten percent sample, and comparing these against the comparable
tables compiled from the data for all structufes observed. The agree-
ment between the two sets of tables was sufficiently striking to justify
utilizing all available data. |

Table 3 summarizes the information presénted in Table 2. The 13
condition variables are ranked in decreasing ord fE the frequency of
significant associations. This serves to point vu. the relative sensi-
tivity of the various condition variables - ranging fr legree of crack-
xng, degree of scaling, and general deck condition bei..g .08t sensitive,
to scaling, cracking and delamination location being least sensitive.

There are a number of degrees of intensity of each condition item
and there are very few cases where significant association is so clear
that no question can arise in its interpretation., It is for that reason
that the interpretations given in this report are judgement oriented,

at least to some degfee.
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TABLE 3

Condition variables ranked with respect to decreasing‘freqpéncy

of significant associations with the 45 structural characters.

RANK

10
11

12

CONDITION

50
54
62
55
56
52

60

58

51
59
57
53

61

DESCRIPTION

Cracking; degree
Scaling,:degree

General deck condition
Scaling,'depth?

Scéiing, percént areav
Cracking, average spacing
Delamination, percent afea
Delamina ° , degree

Cracking e

Delamination v >le cracking

Scaling locati
Cracking location

Delamination location.

PROPORTION
SIGNTFICANT*
37/45
37/45
34745
33/45
30/45
28/45
25/45
21/45
20745
20/45
 18/45
17/45
14/45

*(Number of significant tables)/(Total number of structural characters)
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II. CONCLUSIONS:
The conclusions presented here are based on data collected froﬁ_
approximately 36,000 concrete pours in some 5,300 bridges. Thév&éta
appear in Part 2, and the method of treating it is explatned in later
sections. The general conditions of the deck reported on the field
survey forms by THD as General Deck Condition (GDC) are used here as
the basis of most of the conclusions. That data form is filed in the
Appendix of this report. General Deck Condition class 30 designates
beginning deterioration;.ciass 40, extensive deterioration; énd class
50, serious condition, Table 4 gives tabulated percentages of pours in
support éf the conclusions given here. !
1, Sixty-one pércént of all pours display some deterioration,
GDC 30 and higher;‘fifteeﬁ percent are in serious condition,
GDC 50 and higher. |

2.‘ Decks made of nontransit mix concrete aic .. a little better
condition than decks of transit mix material.

3. Decks on concrete beams show less deterioratic.. .aan those
supported by steel béams. g

4. Decks supported by prestressed beamé display the lowest deteriora-
tion followed closely in order by slab span decks. Decks on
continuous steel girders show the highest percentage of
deterioration.

5. The normal crown deck shows much less deterioration than the

constant slope crown deck.,
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TABLE &' »
PERCENTAGE OF CONCRETE POURS OF THE VARIOUS
L CLASSIFICATIONS OF GENERAL DECK CONDITION
| H
General Deck Condition (62) w o] w 8 o3
| g5 84 e
SR R g'a'
- Q39w o5
Structural Character 10 | 20 | 3031 [32 |33 |40 | 44 |50 [Og|Og el
) o
Total Percentage of | | '
All Pours. 12 27 15 2‘ 9 13 3 4 111 | 61 |15 (100
Transit Mix (23) Yes 12 26 { 141 2 {11 | 15 3 41 8 || 62 |15 | 61
No 113 | 30|18 3 | 8 |13 3 515 || 57| 7 |39
Beam Type: (06)
Steel I-Beam 6 120 (16 3 | 9 |14 3 6 |15 74 |23 | 37
Plate Girder 4 20 13| 1 |11 (21 4 12 6 76 | 14 4
Reinforced Concrete 14 § 32 115} 2 | 9 |12 | 2 2 |11 54 |12 | 47
Prestressed Concrete 331294 12| 3 9 | 7 41 211 388 11 9.
Span Type: (04) | v :
Continuous Steel. 6 | 19 | 14| 3 9 {17 4 7 {13 75 121 | 29
Simple Steel 6 | 24| 21| 7 7 110 4| 6 |14 70 |20 | 14
Pan-formed Reinf. Concdj 10 | 28 | 11| I 4 |17 1| 3114 62 (15 | 19
Reinf. Conc. Beam 16 | 32|15« , 7 11| 2| 2{11 || 52|13 |10
& Slab : | = v /
Reinf. Conc. Slab 18 37 | 18| 3 5 8 2 11 6 451 8 | 16
Prestressed Beam 29 { 30 { 13{ 3 9 7 4 2| 2 411 3 9
Crown Type (09)
Normal ‘ 13 30 | 16 2 7 110 2 3113 57 {17 71
Constant Slope 6 | 19 41 2 {12 | 21 41 61 7 75 126 | 25°
Traffic: (20) 3
0 to 2k/day 15 32 15 2 6 8 2 2 |18 53 {18 | 43
2k to 5k 10 30 161 3 8 13 4 4 9 60 |12 19
5k to 15k 11 21 15 2 10 20 2 4 8 68 | 15 22
15k to 30k 1 8 19 15 2 11 19 3 14 3 73 9 9
Heaviest Wheel Load (22)
Skips to 6 kips |14 | 32| 7| 8 | 8| 6| 1| o023 | 54|24 | 3
7 kips to 8 kips 15 30 14 1 6 8 2 2 |20 55122 | 16
9 kips to 10 kips 14 31 16 3 7 9 2 2 111 56 |16 39
11 kips to 12 kips, 9 22 15 2 11 18 4 7 6 69 |12 49_,



6. Bridges with lower traffic demsity (vehicles per day) display
the same GDC 30 deterioration as those with high demsity traffic.
GDC 50 deterioration is greatest with low traffic density, and

low traffic density is associated with older bridges.
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IIT. RESULTS OF THE STUDY

A. Basis of the Evaluation
: betailed data collecfed invthe sufvey are contéined in Part 3 of
. this report, and those data are‘organized into tables in Part 2. The
results given in this section wére drawn entirely ffom_the data contéined
in Parté 2 and 3. Only thét portion of the daté related to detefioration ‘
is shown here. |

Over S,OQOYbridges'consisting of more than 35,000 concrete pours
were studied. The decks were examined for crackiné,'scaling, delamina;
tion, and‘gEneral,cbndition. Each of these categories was broken down
into sub-sets in the effort to identify the causes and exteﬁt_of the
deterioration that was found in tﬁe survey. The data were collected by
a field crew in each district of THD'andrthey were recorded on the form
shown 1in the Appendix.

Analyses of the data show bnly g 11Atrends in causes of deteri-
oration, It has not isolated any one specific constfuction or maintenance,
or design detail which is the sole cause of :rioration, The results are
discussed in the text that follows. |

B. General Deck Condition

This general condition is classified on. the survey form as follows:

GENERAL DECK CONDITION, (GDC). See Figure 1 and the THD Survey

Form in the Apﬁendix.

Deterioration begins with GDC 30. GDC 40 fepresents‘extensive
deteriorationvand a GDC 50 deck is in a serious state of deteriorationm.

Evaluations,vthen, of the condition of bridges in the state are here
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GDC o
NUMBER j DESCRIPTION.

10. GOOD: NO CRACKING, SPALLING SCALING DELAMINATION
OR ROUGHNESS.

20. MINOR FINE CRACKING, SLIGHT ROUGHNESS OR VERY SLIGHT,
SHALLOW AND INFREQUENT SPALLING OR SCALING, OR CoM-
BINATION THEREOF. NO DELAMINATION.

30. MODERATE CRACKING, SPALLING OR SCALING. ‘MINOR.AND'
INFREQUENT DELAMINATION. MINOR SURFACE LOSS. OR
COMBINATION THEREOF.

31. TRANSVERSE CRACKS ON BOTTOM OF DECK SHOWING LEAKAGE.
32. LEAKING TRANSVERSE CRACKS COMBINED WITH 20.
33. LEAKING TRANSVERSE CRACKS COMBINED WITH 30.

40. EXTENSIVE CRACKING, SPALLING OR SCALING. MODERATE
DELAMINATION AND SURFACE LOSS WITH OCCASIONAL POP-
OUTS OR POT HOLES. LOOSE OR ROTTEN CONCRETE. OR
COMBINATION THEREOF.

44, LEAKING CRACKS ON BOTTOM OF DECK COMBINED WITH 40,

50. SEVERE CRACKING, SPALLING OR SCAl EXTENSIVE
DELAMINATION. EXTENSIVE SURFACE . WITH RUSTY
STEEL SHOWING. EXTENSIVE LOOSE ( ‘TTEN CONCRETE.
EARLY OR BEGINNING TENSION CRACKS ON BOTTOM OF DECK.
OR COMBINATION THEREOF.

51. LEAKING CRACKS ON BOTTOM OF DECK COMBIN  WITH 50.

52. EXTENSIVE OR SEVERE TENSION CRACKING ON BOTTOM OF
DECK COMBINED WITH ANY OF THE ABOVE. (REPLACE LAST
DIGIT, 2, TO DENOTE COMBINATION. i.e., 54 INDICATES
52 COMBINED WITH 40.

60. DECK FAILURE: CRACKING THROUGH DECK WITH LOSS OF

INTEGRITY BETWEEN CONCRETE AND STEEL OR HOLES COM—
PLETELY THROUGH DECK,

Figure 1. General Deck Condition Classification.
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based on conditions ranging from GDC 30 thrbugh GDC 50, GbC's 31, 32,'
33 and 44 indicate that'the deck is cracked completely ﬁhrough. It
would be expeéted that steel in deéks with thosekclassifications is
open to chemical attack, and that the decks are in the process of
rapid deteribration or conditioned for it.

The stétewide distribution Sf‘GDC 30 and higher is shown in
Figure 2. Throughout the state 6l'perceh£ of the pours are classed
30'aﬁd higher,vand 15 percent are classed 50'and‘highef.' Districts
with the highest percentage of éerioﬁs deterioration are spread albng
‘an eaét-West‘Bahd in the northern portion of the state.

»Figufé 3 shows the relationship between A few selected de;ign
parameters and general deck condition. In that figure it is seen
that therpércentage_of GDC 30 pouré:inpreASes with decreasing specifi-
cation yéar; i.e., the older the brid-- ‘Hé higﬁer the percentage of
pours beginning to dete¥iorate. The . trend may be seen in Part 2
of this reportvin the table of general cond’~’ n of the deck vs. yeaf
the slab was placed. No such trend is seen * GDC 50.

| Figure 3 shows a.siight advantage in favor of concrete main mem-

bers as compared with steel I~beams., Howgver; from Table 3 it may be
seen that the condition is influencedﬂby‘a nuﬁber of other factbrs as well.

Evaluation of tﬁe data‘has shown that there is an association between
a number of design and éervice factors and the condition of the bridge
decks, The newer bridges have greater stringer spacing, Figure.4, and
the source of materials‘is highly related to geographical location as

is the use of salt on bridges, Figure 5. These are but a few of the
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(50%) =

A STATEWIDE AVERAGE OF 6l 1 :
PERCENT - OF ALL POURS IS GDCX_ 55%)
CLASS 30 AND HIGHER. SHADED "\ 2| ,

AREAS ARE HIGHER THAN AVERAGE. :

NO
DATA

Figure 2. Distribution of General Deck Condition 30 and higher.
The percentage of pours is shown in brackets for each
numbered THD district. The districts with higher
than average percentages are shdded.
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Figure 5. Percentage of bridges vs. THD districts (01) for each
of three salt application groupidngs (40).
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interrelationships that bear on the complex deterioration problem.

C. Cracking

The survey collected data on cracking in respect to degree, type,
spacing, and location on the deck,

Si#ty—seven percent of all pours have zero to minor cracking, and
27 percent have moderate cracking, figﬁre 6. Districts 2, 3, 8, 15,
and 17 show the highest percentages of extensive cracking. Districts
2, 3, and 8 are in the same region of the state, but other districts
in that region have much less extensive cracking. The spacing of cracks
decreases as the age of the structure increases.

Cracking type is predominantly transverse with no geographical
pattern of type or spacing. The longitudinal craéking percentage is
low, but what there is of it occurs primarily between beams in very
thin slabs such as are constructed with pan for~~ There is more cracking
inAwheel paths than in any other specific locat although it is more
generally scattered over the deck area.

The small percéntage of extensive cracking, 5 1 ent of all pours,
is scattered over the decks. This is as one might expect because it
has progressed fhrough minor and major stages, spreading as it pro-
gressed.

Figure 7 shows that the degree of cracking increases with the type
of supporting beam in the following order: prestressed concrete,
reinforced concrete, steel I-beam, and steel plate girder. Generally,
too, continuous spans have more cracks than simple spans. Traffic

volume and transit mix are not factors in degree of cracking, but
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' of three degrees of cracking (50).
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cracking is reduced when water reducing admixtures are used . Entrained air
and set retarders are associated with gfeater'spacing between cracks,vbut‘the
main factor in that association could possibly be age of slab rather than ad-
mix., The degree of éracking is higher the earlier the year of the‘first salt
‘application. But, here again, age of structure must be taken into account.

D. Scaling | |

The survey data rate scaling by degree, depth, and percentage of
area of deck écaled, as well as location on the deck. No distinction was made
on the survey forms between scaling and spalling. Some of the deeper scaling,
3/4 inch or more, possibly should be claSsifiéd as spalling, although no such
classification is made here. o

Scaling does not appear'to_be'a serious problem on bridge decks in Texas.
. Figure 8 shows the degree of scaling for the various highway districts. Those
districts with the most severe cases of scaling are located generally in the
north and west parfs of the state. Thosé with the higher percentages of pours
with moderate and higher ratings are ger ly in the urban areas shaded in
Figure 9.

Of all bridges surveyed, 40 percent of 1 pours had no scaling, 41
percent had minor scaling, 14 percent had moderatg scaling, and 5 percent
were scaled more seriously. Forty percent of the pour area had no scéling
and 62 percent of the area had 5 percent or less scaled surface area. Twenty-
nine percent of all‘pours was scaled 0.20 inches or less in depth. Four
percent was scaled deeper than 3/4 inch. About 25 percent of the pours was
scaled in wheel paths, 11 percent in gutters, and 52 percent of the scaling
was scattered over the slab.

There is some indiéation that post World War II bridges are somewhat

more seriously scaled than those constructed prior to that period.
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Figure 9. The percentage of pours with moderate (3) and

higher degrees of scaling are shewn in parentheses
within the districts.
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Among the bridges constfucted after World War II, scaling is a little
more advanced in the older ones; Salt appiicatiun‘wasilight prior

to about 1950 (fefereﬁce Part III, Table,34/39) aﬁd traffic volume
began to increase‘rapidly about that yeér'(reference Part iII,»Table
20/34). Scaling'increasés with both of those faétots.

Scaling is a little less seriodéain.degree and extEnt of area in
‘slabs supported by concrete beams although the difference ;s not great.
See Figures 10 and 11. Thicker slabs, too, show less tendency to
-scale than thinner ones, and scaling ié reduced with more closely
spaced beams., » |

The crown of constant slope, crown type 2 in the survey, shows a
trend toward increased scaling when compared with the nérmal type
crown, The same trend is shown for continuous spans compéred with
simple spans,

All of the admixes (water reducers, reta 3, and air-entraining
agents) are associated with reduced scaling.: The findings are not
definitive enough to indicate possible design level: r air entrain-
ment as an.aid in reducing écaling.

Low cement factor is closely associated with scaling, as might
be expected. The higher cement factors produce more resistant concrete,
Scaling grows more serious with fhe number of years of salt application

and the number of applications per year.

E. Delamination

Delamination data collected in the field show degree, location

on the deck, and extent of delaminated area.
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Among the 35,658 poursvstudied, 81 percent revealed no delamina-
tion. Roughly, this is the equivalent of oné bridge~in a hundred
being completely delaminated. Only small, iéolatedvareas were found
in 13 percent of the pours, and 6 percent were delaminated more exten-
siﬁely. Figure 12 shows that the northwest half‘of the state, is the
area more extensively affected by delamination and Figure 13 shows the
'distribﬁtion of delamination by districts throughout the state.

Visible cracking over the delamination was found in 90 percent
of the pOursvobserved to be delaminated. Most of the delamination was
found ﬁo be either generally sca£tered over the deck, or in wheel
paths., No clear pattern was established.

Delamination is more prevalént in héavily traveléd bridges and
those designed for heavier loads. It appears to be more of a problem
in slabs from 5-1/2 to 6-1/2 inches thick than in thinner or'thickef
ones, see«Figure 14, and groﬁs more se | s as the number of salt
applications per &ear increases.

The age of a bridge plays a definite ro (in delamination. Those
. constructed in the 1960's show considerably = _ detérioration than
the older ones, and age is probably a majof factor in some of the
associations mentioned later. |

Plate girder structures display more délaminatiqn than other types,
followed in order by steel I-beam, prestressed concrete, and reinforced
concrete, Figures 15 and 16 show, however, that differences are not
greét. Age possibly is a coﬁtributing factor. The steel beam bridges |

are, in general, older than the prestressed beam bridges, but not.
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Figure 12. Delamination of moderate degree and higher;
percentage of pours by districts.
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necessarily older thén those of reinforded concrete. The crown of
constant slope appears to contribute to delamination problems, There
is ‘less trouble seen in the data in decks with the normal crowm.

Almost all of the concrete used in decks is made of Type I cement,
but the 2 percent that is made of Type III cemeﬁt’shows less delamina- ”
tion., It should be noted, however, that the latter type was used
very little prior to the 1960's, ‘Lightwéight concrete, accounting
for 3 percent of the pours studied, has less deterioration than the
more widely used normal weight material., Here, again,'age could be a
strong factor because of the rather recent introduction bf lightweight
concrete for use in bridge decks.

Retarders and water reducers are associated with less delamination.

The belt finished concrete is somewhat more highly delaminated
than is the float finished material.

There is a marked decrease in del ation in pours placed bétween
the years 1959 to 1960. The data indicate that significant air entrain-
ment was begun in 1960, This fact may be re ed to the apparent

decrease in delamination.
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IV. APPENDIX

THD BRIDGE DECK SURVEY FORM
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SCALING) |

.

N e wWwN e

.

NONE
MINOR

MODERATE “

GENERAL DECK CONDITION

10.

20.

30.

3i.
32.
33.
40.

44.

51.
52.

50.

GOOD: WO CRACKING, SPALLING, SCALING, DELAMINATION
OR ROUGHNESS. ] .
MINOR PINE CRACKING, SLIGHT ROUGHNESS OR VERY SLIGHT,
SHALLOW AND INFREQUENT SPALLING OR SCALING. OR COM-~
BINATION THEREOF. NO DELAMINATION,

MODERATE CRACKING, SPALLING OR SCALING. MINOR AND
INFREQUENT DELAMINATION, MINOR SURFACE LOSS, OR
COMBIMATION THEREOF. o
TRANSVERSE CRACKS ON BOTTOM OF DECK SHOWING LEAKAGE.
LEAKING TRANSVERSE CRACKS COMBINED WITH 20.

LEAKING TRANSVERSE CRACKS COMBINED WITH 30.
EXTENSIVE CRACKING, SPALLING OR SCALING. MODERATE
DELAMYNATION AND SURFACE LOSS WITH OCCASIONAL POP-
OUTS OR POT HOLES. LOOSE OR ROTTEN CONCRETE. OR
COMBIMATION THEREOF. .

LEAKING CRACKS ON BOTTOM OF DECK COMBINED WITH 40.
SEVERE CRACKING, SPALLING OR SCALING. EXTENSIVE
DELAMINATION., EXTENSIVE SURFACE LOSS WITH RUSTY
STEEL SHOWING. EXTERSIVE LOOSE OR. ROTTEN CONCRETE,
EARLY OR BEGINNING TEWSION CRACKS ON BOTTOM OF DECK.
OR COMBIRATION THEREOF.

LEAKING CRACKS ON BOTTOM OF DECK COMBINED WITH 50.
EXTENSIVE OR SEVERE TENSION CRACKING ON BOTTOM OF
DECK COMBINED WITH ANY OF THE ABOVE. (REPLACK.LAST
DXGIT, 2, TO DENOTE COMBINATION. i.e., 54 INDICATES
52 COMBINED WITH 40. .

DECK FAILURE: CRACKING THROUGH DECK WITH LOSS OF
INTEGRITY BETWEEN CONCRETE AND STEEL OR HOLES COM-
PLETELY THROUGH DECK.

Relationship Beween Classifications
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, Degree of Delamination
1-43




 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -1.32, 726.79 Width 614.65 Height 64.87 points
     Mask co-ordinates: Horizontal, vertical offset -0.99, 774.46 Width 614.32 Height 18.87 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -1.324 726.7943 614.6544 64.8747 -0.993 774.4573 614.3234 18.8666 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     0
     54
     0
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 594.46, -1.06 Width 18.87 Height 794.05 points
     Mask co-ordinates: Horizontal, vertical offset 0.33, -1.06 Width 613.00 Height 28.80 points
     Mask co-ordinates: Horizontal, vertical offset 90.03, 178.34 Width 67.19 Height 38.40 points
     Mask co-ordinates: Horizontal, vertical offset -0.66, 9.86 Width 43.36 Height 192.97 points
     Mask co-ordinates: Horizontal, vertical offset 229.05, 268.70 Width 9.60 Height 16.22 points
     Mask co-ordinates: Horizontal, vertical offset 191.65, 312.72 Width 10.26 Height 13.24 points
     Mask co-ordinates: Horizontal, vertical offset 374.35, 272.67 Width 10.26 Height 4.63 points
     Mask co-ordinates: Horizontal, vertical offset 388.26, 324.31 Width 12.58 Height 9.60 points
     Mask co-ordinates: Horizontal, vertical offset 488.21, 266.38 Width 45.02 Height 15.56 points
     Mask co-ordinates: Horizontal, vertical offset 74.80, 265.39 Width 24.82 Height 21.85 points
     Mask co-ordinates: Horizontal, vertical offset 144.64, 255.13 Width 17.21 Height 12.58 points
     Mask co-ordinates: Horizontal, vertical offset -1.32, 195.88 Width 23.83 Height 217.46 points
     Mask co-ordinates: Horizontal, vertical offset 90.03, 346.81 Width 46.34 Height 46.34 points
     Mask co-ordinates: Horizontal, vertical offset 94.66, 347.15 Width 92.35 Height 69.84 points
     Mask co-ordinates: Horizontal, vertical offset 435.59, 362.70 Width 17.87 Height 16.22 points
     Mask co-ordinates: Horizontal, vertical offset 513.70, 360.72 Width 30.78 Height 32.44 points
     Mask co-ordinates: Horizontal, vertical offset 437.90, 504.37 Width 172.78 Height 101.95 points
     Mask co-ordinates: Horizontal, vertical offset -0.33, 336.88 Width 27.14 Height 289.95 points
     Mask co-ordinates: Horizontal, vertical offset -0.66, 591.09 Width 41.37 Height 141.00 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     594.4639 -1.0598 18.8666 794.0528 0.331 -1.0598 612.9995 28.7964 90.0302 178.3385 67.1916 38.3952 -0.662 9.863 43.3601 192.9691 229.0473 268.6997 9.5988 16.2187 191.6451 312.7218 10.2608 13.2397 374.3534 272.6716 10.2608 4.6339 388.2551 324.3065 12.5777 9.5988 488.215 266.3828 45.0151 15.5567 74.8045 265.3898 24.8245 21.8456 144.644 255.129 17.2117 12.5778 -1.324 195.8812 23.8315 217.4626 90.0302 346.8141 46.3391 46.3391 94.6641 347.1451 92.3471 69.8396 435.5871 362.7018 17.8736 16.2187 513.7015 360.7158 30.7824 32.4373 437.9041 504.3669 172.7784 101.9459 -0.331 336.8843 27.1414 289.95 -0.662 591.0871 41.3742 141.0031 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     0
     54
     0
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 0.33, 711.90 Width 613.00 Height 81.09 points
     Mask co-ordinates: Horizontal, vertical offset 541.50, 665.56 Width 52.30 Height 51.63 points
     Mask co-ordinates: Horizontal, vertical offset 580.89, 139.28 Width 32.44 Height 583.54 points
     Mask co-ordinates: Horizontal, vertical offset 579.24, -1.06 Width 34.09 Height 144.64 points
     Mask co-ordinates: Horizontal, vertical offset 544.15, 73.74 Width 37.40 Height 52.96 points
     Mask co-ordinates: Horizontal, vertical offset 474.31, 72.75 Width 37.73 Height 20.19 points
     Mask co-ordinates: Horizontal, vertical offset -0.99, -1.06 Width 614.32 Height 21.18 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     0.331 711.8997 612.9995 81.0933 541.5049 665.5606 52.2969 51.6349 580.8931 139.2813 32.4373 583.541 579.2382 -1.0598 34.0923 144.644 544.1529 73.7447 37.4022 52.9589 474.3133 72.7517 37.7332 20.1906 -0.993 -1.0598 614.3234 21.1836 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     1
     54
     1
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 283.66, 112.80 Width 45.02 Height 31.44 points
     Mask co-ordinates: Horizontal, vertical offset 69.51, 255.79 Width 54.94 Height 39.72 points
     Mask co-ordinates: Horizontal, vertical offset 179.07, 210.11 Width 101.28 Height 102.28 points
     Mask co-ordinates: Horizontal, vertical offset 218.46, 289.88 Width 205.22 Height 170.13 points
     Mask co-ordinates: Horizontal, vertical offset 513.70, 221.04 Width 57.26 Height 60.57 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     283.6612 112.8019 45.0151 31.4444 69.5086 255.791 54.9449 39.7192 179.0673 210.1139 101.2839 102.2769 218.4555 289.8833 205.2158 170.1305 513.7015 221.0367 57.2618 60.5718 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     1
     54
     1
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -0.66, 760.22 Width 613.99 Height 31.11 points
     Mask co-ordinates: Horizontal, vertical offset 441.88, 647.36 Width 171.45 Height 116.84 points
     Mask co-ordinates: Horizontal, vertical offset -0.99, -1.06 Width 49.65 Height 768.57 points
     Mask co-ordinates: Horizontal, vertical offset 83.74, 49.58 Width 62.56 Height 31.78 points
     Mask co-ordinates: Horizontal, vertical offset 40.38, -1.06 Width 572.62 Height 52.96 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -0.662 760.2247 613.9924 31.1133 441.876 647.356 171.4545 116.8406 -0.993 -1.0598 49.649 768.5663 83.7413 49.5822 62.5577 31.7754 40.3812 -1.0598 572.6183 52.9589 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     2
     54
     2
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -0.66, 743.01 Width 613.99 Height 48.99 points
     Mask co-ordinates: Horizontal, vertical offset 570.30, -1.06 Width 43.03 Height 778.50 points
     Mask co-ordinates: Horizontal, vertical offset -1.32, -1.06 Width 614.65 Height 21.85 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -0.662 743.013 613.9924 48.987 570.3013 -1.0598 43.0291 778.4961 -1.324 -1.0598 614.6544 21.8456 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     3
     54
     3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 5 to page 5
     Mask co-ordinates: Left bottom (603.73 -1.06) Right top (613.33 774.46) points
      

        
     0
     603.7317 -1.0598 613.3304 774.4573 
            
                
         5
         SubDoc
         5
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     4
     54
     4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 5 to page 5
     Mask co-ordinates: Left bottom (7.28 -1.06) Right top (613.33 34.03) points
      

        
     0
     7.2818 -1.0598 613.3304 34.0255 
            
                
         5
         SubDoc
         5
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     4
     54
     4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 5 to page 5
     Mask co-ordinates: Left bottom (-0.99 -1.06) Right top (35.42 774.46) points
      

        
     0
     -0.993 -1.0598 35.4163 774.4573 
            
                
         5
         SubDoc
         5
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     4
     54
     4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 4 to page 4
     Mask co-ordinates: Left bottom (506.42 47.93) Right top (506.42 49.58) points
      

        
     0
     506.4196 47.9272 506.4196 49.5822 
            
                
         4
         SubDoc
         4
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     4
     54
     3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 5 to page 5
     Mask co-ordinates: Left bottom (-1.32 764.86) Right top (612.67 792.00) points
      

        
     0
     -1.324 764.8586 612.6685 792 
            
                
         5
         SubDoc
         5
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     4
     54
     4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -0.66, 773.80 Width 613.99 Height 19.20 points
     Mask co-ordinates: Horizontal, vertical offset 497.15, 734.08 Width 73.15 Height 39.72 points
     Mask co-ordinates: Horizontal, vertical offset 591.82, -1.06 Width 21.51 Height 783.79 points
     Mask co-ordinates: Horizontal, vertical offset 1.32, -1.06 Width 612.01 Height 18.87 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         CurrentPage
              

       CurrentAVDoc
          

     -0.662 773.7953 613.9924 19.1976 497.1518 734.0762 73.1495 39.7192 591.8159 -1.0598 21.5145 783.792 1.324 -1.0598 612.0065 18.8666 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     5
     54
     5
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: all pages
     Mask co-ordinates: Horizontal, vertical offset 0.00, 784.06 Width 613.33 Height 8.94 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     0 784.0562 613.3304 8.9368 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     5
     54
     53
     54
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: all pages
     Mask co-ordinates: Horizontal, vertical offset 605.06, -1.06 Width 8.27 Height 793.72 points
     Mask co-ordinates: Horizontal, vertical offset 0.33, -1.06 Width 613.00 Height 13.90 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     605.0557 -1.0598 8.2748 793.7218 0.331 -1.0598 612.9995 13.9017 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     7
     54
     53
     54
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: all pages
     Mask co-ordinates: Horizontal, vertical offset 0.66, 6.55 Width 1.32 Height 0.66 points
     Mask co-ordinates: Horizontal, vertical offset -0.66, -1.06 Width 24.82 Height 793.39 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     0.662 6.5531 1.324 0.662 -0.662 -1.0598 24.8245 793.3908 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     6
     54
     53
     54
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: all pages
     Mask co-ordinates: Horizontal, vertical offset 595.13, 100.22 Width 18.20 Height 692.11 points
     Mask co-ordinates: Horizontal, vertical offset 343.57, 339.86 Width 26.81 Height 34.09 points
     Mask co-ordinates: Horizontal, vertical offset 380.31, 290.21 Width 21.51 Height 36.74 points
     Mask co-ordinates: Horizontal, vertical offset 592.81, -1.06 Width 20.52 Height 106.25 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     595.1259 100.2241 18.2046 692.1069 343.571 339.8633 26.8105 34.0923 380.3112 290.2143 21.5146 36.7402 592.8089 -1.0598 20.5215 106.2488 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     7
     54
     53
     54
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 14 to page 14
     Mask co-ordinates: Left bottom (275.39 704.95) Right top (290.28 717.20) points
      

        
     0
     275.3864 704.9488 290.2811 717.1956 
            
                
         14
         SubDoc
         14
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     30
     54
     13
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 13 to page 13
     Mask co-ordinates: Left bottom (258.84 -1.06) Right top (282.34 24.76) points
      

        
     0
     258.8367 -1.0598 282.3372 24.7577 
            
                
         13
         SubDoc
         13
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     30
     54
     12
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 12 to page 12
     Mask co-ordinates: Left bottom (332.65 -1.06) Right top (430.62 88.64) points
      

        
     0
     332.6482 -1.0598 430.6222 88.6394 
            
                
         12
         SubDoc
         12
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     30
     54
     11
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 11 to page 11
     Mask co-ordinates: Left bottom (18.20 291.21) Right top (53.95 337.88) points
      

        
     0
     18.2046 291.2072 53.9519 337.8773 
            
                
         11
         SubDoc
         11
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     30
     54
     10
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 11 to page 11
     Mask co-ordinates: Left bottom (29.13 475.24) Right top (86.06 532.17) points
      

        
     0
     29.1274 475.2395 86.0582 532.1703 
            
                
         11
         SubDoc
         11
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     30
     54
     10
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 11 to page 11
     Mask co-ordinates: Left bottom (21.18 438.83) Right top (39.72 587.12) points
      

        
     0
     21.1836 438.8302 39.7192 587.1152 
            
                
         11
         SubDoc
         11
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     30
     54
     10
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 11 to page 11
     Mask co-ordinates: Left bottom (23.83 628.82) Right top (45.68 748.64) points
      

        
     0
     23.8315 628.8203 45.6771 748.6399 
            
                
         11
         SubDoc
         11
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     30
     54
     10
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 9 to page 9
     Mask co-ordinates: Left bottom (201.57 765.19) Right top (224.08 785.05) points
      

        
     0
     201.5749 765.1896 224.0824 785.0491 
            
                
         9
         SubDoc
         9
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     30
     54
     8
     1
      

   1
  

 HistoryList_V1
 qi2base



