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The following is a brief summary report of the work performed on the
subject Highway Planning and Research project. It isfelt that, for reasons
to be brought out later, this less detailed summary report is appropriate
at this time.

The Problem

The problem statement of this study, as it was originally proposed to
be undertaken from 1963 to 1965, was as follows:

The Purpose of this study is to evaluate cur-
rent Departmental principles and practices
of structural design, construction, and main-
tenance, as to their effects on various types
of deterioration of bridge deck concrete, and
to develop methods of minimizing deteriora-
tion by improvements in design and construc-
tion or changes in maintenance procedures.

At the time the selected structures were being field inspected (1964)
the Department began making significant changes in concrete bridge deck
design and construction (to be covered laterin the report)which would make
many of the results of this study out-of-date. Nevertheless, we will at-
tempt to document the Department's design, construction, and maintenance
factors as of 1963 through 1965, and also the more recent changes to date.

Due to many changes in personnel and shifts in priorities of the Con-
crete and Surface Treatments Group, the results of this study were not re-
ported earlier. The contents of this report reflect the views of the author
who is responsible for the facts and accuracy of the data presented herein.
The contents donot necessarily reflect the official views or policies of the
Federal Highway Adminigtration. This report does not constitute a stan-
dard, specification, or regulation.

Scope of the Study

A complete field inspection was made on a representative number of
structures of current (1963) design types to assay the types and degree of
disintegration prevalent on concrete bridge decks. Numerous field surveys
were made to review the 1963 to 1965 construction sequence of bridge decks
with particular emphagis on pouring procedures such as batching, mixing,
transportation, placement, consolidation, finishing, and curingof the bridge
deck concrete.

An analysis was made of design features then in use on the basic types
of structures. This included the concrete mix design as well as other re-
lated material factors such as concrete mixtures, aggregate type and gra-



-2
dation, air content, reinforcing steel, structural steel, reinforced con-
crete girder design, joint design, and drainage design features.

A statistical analysis was made to attempt to correlate the type and
degree of disintegration with variables of design, construction, and main-

tenance to determine those of most significance so that improvements or

changes in these areas could be made to minimize structure concrete de-
terioration,

Objectives

The primary objectives of the detailed field observations and the design
and material study were: '

1) To establish an itemized field inspection system for all types of
structures including ratings of degree of various kinds of deterioration and
associated climatic and maintenance data for each structure.

"'_2) To determine all major variables of design, materials, and coa-
structi’oﬁ procedures relative to the basic types of structures studied in the
field si;tx_'veys'. '

N 3) To correlate statistically the data obtained in the first two obje:>-
tives so that the most influential variables contributing to concrete deck
disintegration may be determined.

4) Based on the above, recommend changes or improvements in de-

sign, construction, or maintenance to eliminate or minimize the various
types of deterioration.

Research Procedure

The subject of the proposed study had become critically important and
nationwide in interest by the early 1960's, particularly in states which had
accelerated the use of gnow and ice removal salts on highway struetures.

Problems associated with this study were summarized quite well by F. V..

Reagel inhis introduction to Highway Research Bulletin 323 (1). There axe
several papers in this symposium which described vigual surveys of bridge
deck deterioration in selected states. The Portland Cement Association's
random survey and detailed study in five states referred to in Ref. (1) has
been completed and described ina series of six reports (2). Their detailed
study in Michigan (one of the subject states) was heing compiled during the
time of this H.P. &R. study. The P.C.A. study in Michigan involved 1.3
structures of which 11 were postwar, using air-entrained concrete.




A good account of Michigan's experiences in bridge deck censtruction
and resulting durability problemswas givenin apaper by E. A. Finney (1).
Two other papers on bridge construction procedures which offered helpful
information toward this study are contained in Highway Research Bulletin
362 (3). A number of good reference papers were also presented in vari-
ous sessions at the 1963 and 1964 Highway Research Board meetings in
Washington, D. C., which described condition surveys of structures and
defined variables associated with various construction phases, as well as
repair techniques. In particular, Highway Research Record 11 (4) con-
tained apaper by Orrin Rileyon the bridge deck problem on the New Jersey
Turnpike, and Highway Research Record 61 (5) had two similar papers by
A. L. West of the Port of New York Authority, and E. W. Meeker of the
Ohio Turnpike Authority. Since the 1963-1965 period of this study thexre
has been a tremendous growth in research and documented reports of the
bridge problem (e.g., 6, 7, 8, 9).

Field Inspection

The selection of the number, type, and location of Michigan structures
for the detailed field survey was hased on the following factors. All of the
structures were post-World War II, constructed with air-entrained con-
crete. 'The majority of the structures were huilt in 1953-54 to compose a
10 year old group at the time of ingpection. This age was selected in or-
der to consider bridges having a reasonable exposure to weathering and
de-icing chemicals, with the resultant development of deck deterioration
to be assessed. A smaller group of structures built in 1958-59 was also
inspected to assess the effects after about five years of service. Oux basic
concrete design was about the same for both age groups, namely; 5.5 or
5.9 sacks of Type 1A cement per cubic yard, depending on slump, and 6A
or 6B gravel or crushed limestone, a 1-1/2-in. to No. 4 grading, very
similar to ASTM C33, No. 467. The air entrainment range for the pro-
jects was 4 to 7 percent. The 5.5 or 5.9 sack mixes were for a 'dry' or
'medium' consistency of about 2-in., or 3 to 5 in. of slump. Most of the
deck poursused the latter slump range with 5.9 sacks cement. The design
cover forthe top trangverse steel wag 1-1/2 in. to the center of the rebars
for all the structures.

The groups of three bhasic structure types were selected to include
samples of those in Michigan highway Districts 1 through 6, with a record
of a lower salt usage, and Districts 7, 8, and Metro having a much higher
usage. Districts 1 and 2 include Michigan's Upper Peninsulaand Districts
3 through 6 include about the northern two-thirds of the Lower Peninsula.
Distriets 7, 8, and Metro (the latter consisting of four counties in the De-
troit Metropolitan area) comprise the southern one-third of the Lower
Peninsula (see Fig. 1). Table 1 lists the annual tonnage of sodium chloride
(rock salt)used on state trunklines in the various Districts since 1956. The
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general trend shows that the annual tonnage of de-icing salts has more than
tripled since World War II. For the period of 1952 through 1964, which
covers the bridges of this particular study, Districts 1 and 2 salt usage
changed from about 4 to 11 percent of the annual total used. For Districts
3 through 6, the annual consumption changed very little, from 31 to 29 per—
cent. In 1964, at the time of the field survey of this study, 58 percent of
the road salt was used in the southern one-third of the state. It is of in-
terest to note the increase in salt ugage rates from 1963 to date, particu-
larly in the upper 6 Districts. It appears that the total use of salt has es-
sentially leveled off since 1969-70, with the tonnage used the last seven
winters running in the 300,000 to 340, 000 ton range, depending on the in-
dividual year's precipitation. These last few years, there does not appear
to be a great difference in the rate of salt usage in Districts 1 through 8,
but the rate in the four counties comprising the Metro District 13 about
1-1/2 to 2 times the other Districts.

The three types of bridge decks that were sampled and inspected were;
1) rolled steel I-beam structures, 2) steel plate girder types, and 3) rein-
forced concrete T-beams. These included 32 of the rolled beam decks, 11
of the plate girder type, and 10 of the reinforced concrete T'-beam type.

Results of the Survey

As mentioned earlier, there have been so many concrete and deck de-
sign changes since 1963 that the results of this particular study have been
negated. As would be expected, spalling of the concrete cover and trans-
verse cracking over the top reinforcing steel were, by far, the most pre-
valent types of deterioration discovered. Very little scaling was noted on
the decks in general. These have been well described in the P.C.A. de-
tailed studyof Mlchlganbrzdge decks in their Report No. 2 on the durability
of concrete bridge decksin 1965 (2). Tables 2 and 3 list the 53 decks which
were surveyed with the included cracking and spalling data. These data
represent obsolete deck design factors but are included for general infor-
mation.

-Recent Design Changes

The most significant design changes, which started about 1962, have
been in the concrete mix design, concrete clear cover requirements over
the top steel, and, more recently, the use of epoxy coated top rebars with
either single or two-stage construction.

In 1963, Michigan changed to asmaller coarse aggregate (L-in. maxi-
mumy}, 5 to 8 percent entrained air, and 6.0 sacks of cement per cubic yard
of concrete. We began using Water reducer-retarders in about 1965 in
conjunction with machine finishing, Within the past few years we also
started the use ofa linseed oil based interim curing compound tobe sprayed




“3[qE[IBAB 10U UCTFRULION] 4

00

1] 0 0 [} (114 09% ¥ ToABIN 69 8841 IaATY SWWETMOTI 1840 66 I 1 11026-50d 98
0 0 0 0 0g 621 € PABID g°g 00L 8G6T ¥oali) STIBX MOILL 1840 G6 W 1 11085209 44
6 0 0 1] 0g 081 g earxy) ] 009 8%6T ARATY BULJ XBACG FET W € TH67-10d 124
0 0 0 0 0g 002 € [ea®asy . §°9 00£°T  ASET Joa1y uBdAoqay) 1940 g8 W ¥ T5091-T0H £%
0 0 0 [ 2% S¥T g 2aB1) 6°G 048 8661 Xioaslaey) aYe] Jo Wiy JI2A0 g8 W £ TS0ST-164 F44
™\
Z'1 o1 ofeiany
g'e 0z 8°'T 4 §°6e §°L62 9 SuoEsWIT 6°G 000°1¢ Z961 P6II040 0T SO AN W 820281288 TZ
£°'e 0z 970 € g'6g G°L62 9 SUO)FIUWIT 676 000°'T8 %967 Ferasso QI SN Es W £2028-¥¢S 0g =]
T°0 T 8°0 01 A ¥ g1 ouoISAWIT 6°G 000°'0T 8961 MU OB D AI2A0 F6 | N TITLL-E0X 6L a
0 4] T € 92 L G881 g OU0IFBWFL 6°S * B86T ‘1§ 1218M 18pUn $6 I N TITLL-TES 81 m
L0 ¥ £'e I 0£E D% 81 € 2uoIAUNT 6°G 082'9 go6T 194TY UWOANY X840 GA T 8 ZET8S-F04 LT )
£ 8T 7% G o0y D2 SI1 g QUOISAWIT 679 08%°9  ¥961 HIadD) uBMG I2A0 GL | 8 24135~80d 91 N
2’1 L T 9 0Edz 0Tt £ QUOAWIT 67§ 058°9  ¥S6T qoed) Auojg I40 GL I 8 g451858-g0d at m
0 0 0 0 8¢ 554 ¢ ouolsewl 6°S 00L°8  £u6T JeAny UISIey T8A0 0§ W 8 2809%-10d fd 2y
L0 ¥ 2°% €1 92 B2 LGT ¢ ouojsellT 6°'4 001°9 €961 ‘PATH PUBID JI9A0 TE SN 4 2G0TI-£08 et °
g'0 T T £ 8% L¥T ¢ ouomewIl'l 6°'§ 050°c  gge1 P MO0TH UBdL g ISPUn TS 8N 4 £90T1-308 ra
@ i) 0 0 8% S79%1 £ ouojsewry 67§ 050°¢  £861 P HOOTH UBaL €A I9pUN Ig SN L £Y0TI-T08 I1 y
<
£°'1 2% adeiaay
0 0 0 0 8E 08 g 9duolmawlry 679 008 £96T1 JIRATY X004 ISA0 8¢ W 2 190SL~-40d 01
é gL €70 4 A A Ges. g [SAELD GG 0068  £561 MOTRIRAQ) 15BY J1040 9F W 9 Z908L-g0d 6
£°F 08 ¥1 6T 9T®¢T G528 L RaRID 679 0068 ¥96T JABALY S9SFEMB]RIILE 1940 9% I 9 Z908L-20d 3 m
0 0 0 0 82 £'8IT £ [2ABID §°G 006 6T JOATY AUTEY ISA0 B9 I ¥ 1%0TL-10d 4 m
g 6 g% 81 i24 05T g {PABE]) ¢°q 089°¢  £86T Ho2I) AXSNIOID T3A0 96 [ M g £9004-209 9 w,
0 6 0 0 or. 08T g [9ARI) §7g ccb_m 29671 EOATY Jojemudd IJA0:TE Gf) S £T6%9-20d g -
0 0 0 Q¢ 8¢ 06 [ ToABID 6°G 08S°T  ¥961 oAty £e10004) X9A0 TF SN T gr0gs-vod ¥ &
L0 4 ¢ .0 82 9Ps1 € RARID 6°¢ 009 £S6T asary redng Jea0 0 W 9 2£098-20d g
£°2 6 £°% 6 05 G 2L ¥ ouojsewly 6°¢ * PE6T Py ISTHIN Xepun GL I 9 TE0SZ-T18 Z
T £ 8'g ¥ 97 SULET g BavIp g'q 00£°% €461 ADATY MIH L1040 TG SN g T1050-104 T
: ./
uedg uedg adAT,
/"oN 1ejoL /ox T810L ) ! ) B suedg | eye3 pL no/ys| | Sav | sime - coN oK
ypray Fygsueg] ) on |-eassy| 030Ed rav | zeex uorw0o] —si wolosd  |oSprra
— :|orID Yoed | I¥I0L asrmon | FRUWRD -8l &
asIvasURL)

3

SEUNISNALS WVHEL THHLS GIYTOH
VIVA NOLIO IASNI ANV NDISIA J0 LUYINNAS
2 ATdVL




*Q[QEIBAR JOU UOIFEWLION]

. 3
62 9°81 ajsIanay _
g0 £ 882 6 B 91¢ v ouojsewrl 6°'C  006°T S8S6T FEIXRM0OF N L E008-208 b
0'¢ - 0% g'¢ - £l 9% £82 § ouOgeWIT §°G &+ 6961 GLIJPAOBOT I ¥ 2609T-508 w | w
. . B,
9°1 o1 odexasy c
: (s : g
0 0 0 0 9% ZLI b oSuOSOUINT 6'C . o BG6T $6 I 1940 "PY 100YOE SUOYY 8 Z00T8-908 1572 o
31 i .
ST 9 ¢6T 8L 82 68T $ QUOISAWIT §°G Awwo% $61 GL ] 4840 BALL(] 1941 UOIRH ‘S 8 ZST89-808 (117 m
(1431) . _ &
g'0 I 81 9 9% 2938 ¥ ouoysoudT 6°¢ ooy 7E6T gL I E9A0 'PU IR(31S 8 25T85-905 68 |
1
. (4310 . PR o
T ¥y ¢l 09 98 192 y SuolseWIT §°S [0 ¥g61 G} I J0A0 Py xnwepeN 8 ZG18$-808 8¢ m
£'% £ 808 19 g 041 g [eABID  6'S 0059 £S6T IoATY GISTRY JOAO €22 S0 8 E909%-106 Lg
€'z ¥ €91 %L WO 931 g oueISPWIT  6°G 000°S €96T PY BULIBI I940 FG 1 8 10T85~T08 98
770 g 0 0 8% £0% §  IeAByH  §°¢ 009 §S8T aeard AR JepURMIL, 4840 GG W ¥ ZI0V0-T0H gg y
<
£°0 g9°g afexosy
§'0 % 8% 6l 92 9L% $ uOISOWIT 6°S W 6961 96 T Isa0 ‘pY of[lafouym & $20TH-508 ¥e
g0 1 iz ¥8 0g 1487 ¥ I9ABID  6°G 08z 866% JOATY PUBAD ISA0 G6 I S FHOPE-TOL 13
0 0 0 0 i 0F3 £ [eamID g'g 08% 8961 ISATY [09991LF 1980 BE W T 13099108 28 o
@
D
¥4 ¥'9 oferoay ‘ ,..m
£'6 gg L' AT G668 ¥ZE ¢ ouolseWIT 6°¢ 000°1E BG6T dwey $6 1 2940 0T SN N W = £B0%8-6ZS 18 3
£'8 %2 L' 92  4'68 TET g euojseuNT 6§ 000°1E Z96T dureyy 76 1 1040 9T SN €8 W £%038-828 0% o
9% 9% 8&'% 8 9Z®Z 08% g euMSsWIT  6°¢  00F‘F FU6T Joatyg ydasop *jg 10a0 gL SO L TOTTE-T0d 63 g
. [1]
21
7T 9°9 afelaay
gg g 81 1T 92Be 893 g€ leamad  §°¢g 006°c 96T I9ary JOJUMIUS I9A0 T8N § gro¥9-10d 8%
g%y B ¥IT PIT Ye @@ g5g G ouoyEeWIIT §°¢  .09T°E €46 29ATY UOBONINIY JRAC LE W G 1£089-T09 L3
uedg uedg adLy - .
. 18100} . 123l k13 b1 pdnosys -
ON ON . o3e3d h . . B .
i I 4 “wope | *wano] SIS | T | ropsy | B4V | inE uotE0oT el IETRCTE
_ sWed | yoea | reiox | N jueway | LAV| TEX ~siq [ pefoxg | e8pud
sireds 9SI0ASURE ], ‘ 98IBOOL

SFUNIONYULS NVAL-I TLIHINOD ANV HAMUID HILVId TIILS
VIVA NOLEDEd SNI ANV NDISHA 40 AUVIWIAAOS
£ UTdvL




on the fresh concrete soon after finishing to prevent early shrinkage crack-
ing. Wet burlap cure is then applied the next day for a six-day period. In
about 1965, full-width pours were employed which eliminated 10ng1tudma1
construction joints which proved to be the 1ocus of spallmg on many of the
surveved decks.

Our current mix design started in 1973 and uses 7.0 sacks of cement
per cubic yard of concrete, maximum 3-1/2-in. slump, maximum 0.49
water- cement ratio, 5 to 8 percent entrained air, a 1-in. maximum coarse
aggregate ‘and requires the use of water reducers or water reducer-re-
tarders. This latter mix isused with either single or two-stage construc-
tion. We beganusing the two-stage deck designthis yearin all freeway and
high traffie a_rea construction. The second stage can be either 1-1/2 in. of
latex modified concrete or 2 in. of a rich, low slﬁmp mix (fowa type) with
a total clear cover over the top rebar of 3 in. This latter exceeds the re-
commendations of the FHWA Program Manual (April 5, 1976),. Epoxy coat-
ed top rebars are also required with these overlays. : .

Changes in design cover have occurred in several steps beginning in
1962, or just before thlS study was to start. All of the decks in this study
(Tables 2 and 3), and those designed up to 1962, called for a 1-1/2-in.
minimum to the center of the top transverse steel. The changes in this
top steel. cover were to 2 in. in 1962, 2-1/2 in. in 1966, and 2-7/8 in. in
1968 to the center of the rebar. Michigan went to 3 in. of clear cover this
year, 1976. In lower traffic areas, single-stage constructionis now called
for with this 3-in. clear cover and epoxy coated rebars in the top mat.

Conclusions

As has been previously described, this concrete bridge deck study of
1963 through 1965 was concerned with decks having design parameters un-
dergoing changes ai the time, and now obsolete.. We have seen more
changes in the concrete mix and deck designin the last 15 years than, per-
haps, the previous 50 years. Our recent changes to 3 in. of clear cover,
lower water-cement ratio concrete of less permeability, epoxy coated re-
bars for the top mat; and thin bonded overlays of low permeability are all
steps in the right direction for obtaining long lasting decks exposed to de~
icing salt usage. It would appear that the continued judicious use of salt
will be required to maintain safe winter driving conditions on Michigan's
trunklines. Additional new developments in .deck protective systems will
be forthcoming from researchunderway by many state and private agencies,

as well as the FHWA. Many of these systems were discussed at a recent
Research Review Conference in September 1976, at Penn State University.

Some of theseinclude galvanized rebars, waterproofing membranes, poly-
mer impregnation, and internally sealed concrete. The economic feasi-~
bility of these and other systems will have to be carefully weighed along
with performance in light of ever increasing energy costs.
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