
V+ +. . . . .. . - ,. ++ :

MISCGLILANGOUS PAPER NO. 6466

FIELD EXPOSURE TESTS OF
REINFORCED CONCRETE BEAMS

i t;E. C. Roshor.

January 1967

D DC

U. S.ArmyEngineer Waterways Experiment Station
U. . AmyCORPS OF ENGINEERS W

Vicksburg, Mississippi ~SAL.i'9 ~ ~~~~~NATIONAL TECHNICAL ~ AP ilCuuoINFORMATION SERVICE I

S .-.



VIP,

MISCELLANEOUS PAPER NO. 6-868

FIELD EXPOSURE TESTS OF
REINFORCED CONCRETE BEAMS

by

E. C. Roshore

2I

I

I

January 1967

I

I

U. S. Army Engineer Waterways Experiment: Station ]
CORPS OF ENGINEERS

Vicksburg, Mississippi
ARY-RC VICKgSURO MiS

I

_____i



F OREW ORD

This paper was prepared for consideration for publication in

tea Journal of the American Concrete Institute. The manuscrirt was

&,?roved for publication by the Office, Chief of Engineers in

December 1966. As indicated in the footnote on page 1 of the paper,

it is based on U. S. Army Engineer Waterways Experiment Station (WES)

Technical Memorandun= 6-412, Report 2, which describes work done as

a part of item ES 026 of the Engineering Studies Program of the Office,

Chief of Engineers.

Directors of the Waterways Experiment Station during the conduct

of the work discussed and the preparation and publication of this

report were Col. R. D. King, CE, Col. H. J. Skidmore, CE, Col. C. H.

Dunn, CZ., Col. A. P. Rollins, Jr., CE, Col. E. H. Lang, CE, Col. A. G.

S"zton, Jr., CE, and Col. John R. Oswalt, Jr., CE. Mr. J. B. Tiffany

was Technical Director.,



~c~inen.Stn'o-a Technica.l Report

?IE: EXO-SITE TESTS OF EI:c2E CONCRETE BEAMS*

by Z. C. aoshoza**

Syrnonsis

'Iwo er-ios of reinfozced concrcza besware madie an- expose to

sva-:z n. .tural iw mtharing at Treat island, Mlaie.

Variables un.-der studywere th-ickness of concrete cover ove~r and tensile

6z;s in the reijnforcing steel, positionl of the zzaal, and zype of concrete

,Resulzs after 15 winters of ex?.osure of 'zHae first seri_' of beams

>ff~esA) indicated that the air-antrained bez;..L were s~ ~atymore

r-i-._ranz zo the weather iv- thaz rcha nonair-cntrained bearis, arnd that the

-W zh a ein forcing eecl 'having do foraions conforming to ASTM

Sz .cdard -1.05 ware imoza recistarnt -o thel etcrc than those with

~~ steel levr~ dG-~y' f ormzx ions. -.These. tests formed the

)'car % 'or submr~ita,. --a Lh merican Concrete institutca for cons iderat on
;ubie~in.This iz u~.ay including som-e latez raiults, of a

~,b-,2 C. Roshorc entitlad 'Zensileac Exostiro Taots, ReCsults of
of nfre Con---:,-~ Eca2 , 1955-'_ 63, Technical Iremorandun No. 6-412,

~e~2, -_sza by the UJ. S. A-rm.y Engineer- Waterways E:.xprimcnt Station (WES)
IfVi~u~, .ssin NLov,=*Lber 1964, copic of which may be obtained from

L;J. S. Army Engineer Watervays E:.-e rimont Station, Vicksburg,
' X'* 91 ''3, for a payinant of $0.50. IZ copias of this report become

U_%_I~I*... -!:ro.x the WES, reproduced copd*iL can be obtajined from ACI Head-
c.e:zzrD .. : z-.= of raproduction.

~ ....eri~s nvneor, 2ma erhand Durability Section,
ZnZ-Aeri -LainczG Brarall, Concrete Div ion, U. S. Army Engineer Watorw.:ys

ZX' :imant Lzat..on, Jackzon, *Xi..ss.



,sls for a change in Corps of Engineers practi.ce in 1553 by wic' allow-

.be steel stresses were 4ncreased from 18,000 to 20,000 psi (1260 to

1400 kg per sqc cm). This change has resulted in a saving of cost in

Co;s of Engineers construction avragin-g .25 million per year since

th change was made.

Results after 12 winters of exposure of the second series of beams

(Series B) indicated that mora ep:)osure is needed to produce deterioration

sufficient to permit unambiguous conclusions.,

Exposure of both series of bezns is continuing.

entoduction

Kennedy i  described the first series of szecinaens made and tested in

this programn, su.marized and discussed the resuits to 1954, and mentioned

zhac an additional series o: speciMens had been made. Results of both

series of specimens through 1964 have been published, 3 and results after
4

1964 are reported annually.

The indings as reported in 19Q43 a-e sur.:,arized here and the data

aze brought up to date as of 1955. Sies? reported that, as a result of

the early observations in these tasts, the Corps of Engineers in 1958

increased allowable steel stresses from 18,000 to 20,000 2si (1260 to 1400 kg

per sq cm) with a consequent saving in cost on its projects alone amounting

t3 $7.50 million over the six-year period following the making of the

The ctudy was begun in 1950 to devalop information on the rlation

bataoamC variou4 degrees of steel Lzross in reinforced concrete beams made
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with both air-entrained and nonair-entrained concrte and deterioration

caused by severe natural weather-'.ng.

In 1951, 82 beams (Series A) were made at the Waterways Experiment

Station and installed at Treat Island, iainc, where they are exposed to

Lhe effects of severe natural weathering. Other variables were type of

reinforcing steel, type of deformations of the reinforcing steel, thickness

oi concrete cover over steel, and position of steel in the beam at time of

casting. Af!ter only three years, it was ae,,?arent that only air-entrained

concrete beams were able to withstand the exposure.

In 1954, 76 additional beams (Series B), all of which were air-entrained,

were made and exposed at Treat Island. Comparison of the effects of steel

stress, type of deformations of reinforcing, and position of steel at time

of casting were to be made.

The exposure of the beams in Series A and B has been continuous

since 1951 and 1954, respectively. The remaining Series A beams have now

undergone 15 winters of exposure; all of the Series B beams have had

12 wintcrs of exposure.

Severe Weatherin' Exposure Station4

The test specimens are installed at mean-tide elevation. A cycle

of freezing and thawing consists of the reduction of the temperature at

the cenzer of a beam to below 28 F (-2.22 C) and its subsequent rise.

The number of freezing-and-thawing cycles obtained annually since 1951

ranged between 71 and 167 and is as follows:
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I.'inter Number Vin tor Nu;K,.b__ r Winter NL . e!. orIl
1951-52 101 1956-57 144 1961-62 89

1952-53 85 1957-58 71 192-63 lou

1953-54 i11 1953-59 150 1963-64 135

1954-55 145 1959-60 71 1964-65 163

1955-56 167 1960-61 141 1965-66 130

Nateriais

The concrete contained crushed limetone aggregate (3/4-in. or 1.90-cm)

and type Ii portland cer-,wnt. Conczte ;iixture data 5 are given in table 1.

In Series A rail-sueol bars coLIfor;-J.,; to ASTI A 16-50T and billet-

steel bars con fortning to ASTu, A 15-50T wer:e used. The billet-steel bars

had deformations conforming to AST- A 305-30T. Son, of the rail-steel

bars used had deformations conformii to ASr.; A 305-50T and Lhe others had

deformations which did not conforte to thc;e requirements.

In Series B all of the reinforcing used was rail steel. Half of these

bars had deformations conforming to ASTh A 305-50T while the other half

had old-style deformations.

Test r~ems

The test specirens were 7 ft 9 in. long (2.36 meters) and either 8, 9,

or 10 in. wide (20.32, 22.36, or 25.40 cm). Beam depths varied from

12-3/16 in. (30.96 cm) to 14-1/4 in. (36.20 cm). The reinforcing bars

t ,:ere 7 fc 5 in. long (2.26 wcer&), and cither No. 4, No. 5, No. 6, or

L,,o. 7 (or equivalent); two bars w:c pos.tioned in each beam either near

te zop or at the bottom of the bea. at tie time oZ molding. In Series A4
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the bars were placed so that the nominal concrete cover over the steel

was either 3/4 in. (1.90 ci) or 2 in. (5.03 cat); a nominal concrete cover

of 2 in. (5.08 cm) was provided in Series B.

/f_ d/l
The beams were moist cured to an a6Q of 28 days prior to . 6g and

shipping to the exposure station. Beams ot similar size and of similar

concrete insofar as possible were paired and loaded by thir.'-point flerural

loading using spring and yoke devices with spacer gages. al,"i a loads

used (stress in reinforcing steel) were 20,000, 30,000, 40,000, atid 50,000 psi

(1400, 2100, 2800, and 3500 kg per sq cm).

In Series A, 72 beams were loaded; i0 were not loaded, In Series A,

64 beams were loaded and 12 bea-ms were not.

Cracks developed in all of the loaded bea6 s during~awe-". The cracks

were all fine and irregular. The width oC these cracks was not measured

prior to exposure. Since 1956, the width of the cracks in both series

of beams has been measured annually (except Series A in 1959).

Field E;xposu~re

The test beams were installed on concrete sill.% .n the beach at ages

ranging from 90 to 120 days. When Series A was initially installed one

bearm of a pair was directly over the other. In the fall of 1956, the beams

were turned on their sides to eliminate unequal exposure conditions result-

ing from the upright position. The Series B beams were placed on their

sides at installation.

The test specimens were inspected weekly for physical condition during

each winter season and, prior to , iy 1951, weekly adjustments were made to

5
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maintain correct deflections as indicated by the spacer gages. If correct

gap openings could not be maintained, the pair of specimens was adjudged

"failed" (unable to carry prescribed loud), and the date of this "failure"

was recorded. In May 195q, the hardware was replaced on all remaining

specimens and the spacer gages were not replaced.

All specimens were also inspected annually (except 1965) by a panel

of observers, from 3 to 16 persons, and evaluations of each beam were made.

The beams were given a numerical rating ranging from 100 (negligible

deterioration) to 0 (complete loss of load-carrying capacity). This
1,2

rating was based on a system devised by Kennedy from 1951 to 1959 and on

a system devised by Bloor since 1959. Ratio and proportion methods were

used to obtain a continuous nuerical rating with the same basis. The

1966 numerical ratings of the remaining beams ranged from 24 to 62 for

Series A, and from 41 to 87 ior Series B.

Test Results

The maximum width of cracks in both series of beams has been measured

using a measuring magnifier with a least reading of 0.005 in. (0.127 mm).

The 1966 maximum crack widths range to 0.030 in. (0.762 mm) for Series A

and to 0.125 in. (3.175 mm) for Series B.

Comparisons were made based on the 19U6 numerical ratings of dates

of "failure"of single (unloaded) beams or pairs of loaded beams. Comparisons

of each variable were only made between beams or pairs of beams in which

the variable under consideration was the only difference betwee them (except

for slight differences in diameter of reinforcing bars and beam size).
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Series A

Only 17 of the original 82 beams now remain under test. As it is

no longer possible to develop additional information about the effect of

four of the variables, a "Test of Significance" was conducted to aid in

the interpretation of these particular comparisons. The probability of

obtaining results such as were obtained for these four variables (type of

concrete, thickness of concrete cover, type of steel, deformations of steel)

was calculated f&! each of the comparisons. A probability of 0.10 was taken

as the probability of significance; if the probability of occurrence is

equal to or less than 0.10, the results are then considered to be significant. A

Air-entrained concrete versus nonair-entrained conc-ete. in all

seven of the comparable cases air-entrained concrete exhibited greater dura-

bility in the Treat Island environment (probability - 0.02, or hiphl

significant).

Stress in reinforcing steel. Sixty-five comparisons were made.

Based on these comparisons, the 1966 order of durability, from most durable

to least durable, is 0 stress, 50,000-, 40,000-, 20,000-, and 30,000-psi

stress.

3/4-in. versus 2-in. concrete cover. In 8 of the 14 comparable

cases, the beams in which the reinforcing steel had a 3/4-in. cover

exhibited greater durability than those with the 2-in. cover (probability >

0.50 or not sipnificant).

Top-positioned steel versus bottom-positioned steel. in six of

the ten comparable cases beams with the bottot-positioned steel have

exhibited greater durability to date than beams with the tu,-icitioned

steel.
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Rail steel versus billet steel. Under the rules selected for all

of the comparisons there are no comparable cases on which to base valid

comparisons of the two types of steel. However, if the 1954 numerical

ratings are used, there are six comparable cases. In four of these six

4
cases, beams with rail steel meeting A 305-50T exhibited greater durability

than did beams with billet steel meeting the same specifications (Probability >

0.50 or not significant).

In 1959, samples of rail steel and billet steel used in this exposure

were analyzed. The rail-steel sample contained 0.44% copper, while the

billet-steel sample contained only 0.08% copper.

Rail-steel deformations: A 305 versus old-st,le dcformations.

In all five of the comparable cases, beams with rail bteel meeting A 305

exhibited greater durability than did beams with rail steel with old-style

deformations -probability = 0.06 or significant).

Series B

All Series B beams are still under test.

Stress in reinforcing steel. Thirty-six comparisons were made.

Based on these comparisons, the 1966 order of durabiliLy from most durable

to least durable is 20,000-, 30,000-, 40,000-, 50,000- and 0-psi stress.

Top-positioned steel versus bottom-positioned steel. In 33 of the

46 comparable eases, beams with the top-positioned steel have exhibited

greater durability to date than beams with bottont-posiiorned steel.

Rail-steel deformations: A 305 versus old-style deformations. In

29 of the 47 comparable cases, beams with rail steel meeting A 305 have

exhibited greater durability to date than beams with rail steel with old-

style deformations.
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Width of cracks - Series A and Series B

There appears to bo a correlation in both series between maximum

crack width and stress in reinforcing steel; i.e., maximum crack width

increases with increasing stress (table 2). This does not appear to be

true of changes in crack width from 1957 to 1966.

Conclusions

Series A (Installed in November 1951)

It was concluded that, in this exposure air-entrained beams are

significantly more durable than the nonair-entrained beams and beams con-

taining rail steel wich deformations conforming to ASTM A 305 are signifi-

cantly more durable than the concrete beams containing rail steel with the

old-style deformations.

The exposure of the remaining 17 beams will be continued until a

sufficient number of beams have failed to provide all the pertinent in-

formtiion which can be obtained from this particular experimental dcsign.

Continued exposure will develop more information on the effect of steel

stress and position of steel at the time of casting on the durability of

the concrete beams in this exposure.

Series B (Installed in November 1954)

-est data developed to date do not permit definite conclusions to be

drawn on the effect of steel stress, type of deformations of reinforcing

steel, and position of steel at the time of casting on the durability of

the concrete beams in severe weather exposure. Since none uf the beams have

fsailed, this exposure will be continued until a sufficient number of beams

9
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have failed to provide all of the pertinent information 
which can be ob-

tained from this particular experimental design. 
Continued exposure will

develop more information in regard to 
the effects of all of the test

variables on the durability of the 
concrete beams in this exposure.

10
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Table 1

Concrete Mixture Data

Series B
Series A Concrete Concrete

Nondir-Entrained Air-Entrained Air-Entrained

Slump, in. 3 to 3-1/2 3 to 3-1/2 2-1/4 to 3-1/2
(cm) (7.62 to 8.89) (7.62 to 8.89) (5.72 to 8.89)

Air Content, % - 4.5 t 0.5 5.0 to 7.0

Cement factor, bags/cu yd 5.20 5.35 5.29

(kg/cu m) (287.77) (296.07) (292.75)

Water-cement ratio, by wt 0.70 0.60 0.58

Sand:total aggregate, . 48.5 42. 42.

Avg compressive strength, psi,
(kg/sq cm):

7 days 2650 (185.50) 2695 (188.65) 2325 (162.75)

28 days 3855 (269.85) 3820 (267.40) 3240 (226.80)

E x 10- 6, psi (kg/sq cm) 4.94 (0.35) 4.86 (0.34) 4.09 (0.29)

f:2,



Table 2

Average Measured Crack Widths
1957-1966
Change in

No. of Maximum
Beams 1957 Average 1966 Average Crack Width
Remain- Maximum Crack Maximum Crack (+ - increase; i

Stress L/vel ing Width Width - - decrease)
psi _q/sq cm in 1966 1/1000 in. mm 1/1000 in. mm 1/1000 in. Um

0 3 1Series A

0 0 1 0.00 0.00 0.00 0.00 0.00 0.00

20,000 1400 4 8.75 0.22 7.50 0.19 -1.25 -0.03

30,000 2100 4 8.75 0.22 8.75 0.22 0.00 0.00

40.000 2800 4 12.50 0.32 23.75 0.60 +11.25 +0.28

50,000 3500 4 16.25 0.41 25.00 0.64 +8.75 +0.23

Series B

0 0 12 1.67 0.04 2.50 0.06 +0.83 +0.02

-0,000 1400 16 12.81 0.33 10.62 0.27 -2.19 -0.06

30,000 2100 16 15.31 0.39 24.06 0.61 +8.75 +0.22

40,000 2800 16 18.75 0.48 36.88 0.94 +18.13 +0.46

30,000 3500 16 31.88 0.81 46.56 1.18 +14.68 +0.37

A
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