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20. ABSTRACT (Continued). @Eé

‘rplaced on the beach at the natural weathering exposure station on the south side
of Treat Island in Cobscook Bay. The beams were subjected tc twice daily tidal
cycles exposing them to wetting under considerable head and drying to surface
dry conditions. In addition, during the winter months, the beams were subjected
to cycles of freezing and thawing with each tide when the air temperature was at
or below 28° F (-2.2°9:C). The beams were inspected annually during the exposure
period and evaluated by a team of inspectors rating the degree of deterioration.
Nondestructive tests were also performed. Each year data on condition, percent
velocity squared (V{5), and maximum crack width were collected..
Y

The data which were generated from this study were coded dnd entered onto
the WES IBM 4331 computer for subsequent analyses using the Statistical Analysis
System (SAS). An evaluation of the results of these analyses indicates that:

a. Beams with steel in the bottom-as-cast position deteriorate at a slower
rate than do beams with steel in the top-as-cast position for both A 305-50T
and old-style deformation type, and beams with steel in the bottom-as-cast posi-
tion exhibited smaller average maximum crack widths (significant at the 50,000-
psi stress level).

b. A 305-50T type reinforcement bar deformation exhibited less severe
degradation trends than old-stxle, and A 305-50T deformation type exhibited a
significantly larger percent V< than did old-style deformation at the 50,000-psi
stress level.

c. As stress levels increased, the conditions of the beams generally de-
creased and the degradation of percent V° increased. [here were marked increasesg
in maximum crack widths from the 40,000- to 50,000-psi stress levels for all 1
positions and bar deformation types.

d. The more severe exposure conditions of the zero stress (control) beams,
i.e., partially covered with sand where a state of higher saturation was main-
tained, probably affected some anomalous results. Also, the early failure of
some 50,000-psi stress level beams containing reinforcement bars with old-style
deformations and the subsequent loss of incriminating performance data affected
some anomalous results.
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PREFACE

The statistical analysis reported herein was performed on data
collected over the years from a test program planned by the Office,
Chief of Engineers, in cooperation with the Reinforced Concrete Research
Council of the American Society of Civil Engineers. The test program
forms a part of Civil Works Research Work Unit 010401/31276 and was ap-
proved by the Office, Chief of Engineers, in 2nd indorsement, dated
17 Jan 1951, to basic letter, dated 7 Dec 1950, subject: "Reinforced
Concrete Beams for Tensile Crack Exposure Tests," and has been conducted
by the Concrete Technology Division (CTD), Structures Laboratory (SL),
of the U. S. Army Engineer Waterways Experiment Station (WES).

The statisticil analysis was performed as a part of Civil Works
Research Work Unit 31132, "Field Exposure Durability Studies." Funds
for the publication of this report were provided from Civil Works Re-
search Work Unit 31788, "Special Studies for Civil Works Structural En-
gineering Problems," and from those made available for operation of the
Concrete Technology Information Analysis Center (CTIAC). This is CTIAC
Report No. 59. The report was prepared by Mr. Henry T. Thornton, Jr.,
under the general supervision of Messrs. Bryant Mather, Chief, SL, and
John M. Scanlon, Chief, CTD.

Commander and Director of WES during publication of this report

was COL Tilford C. Creel, CE. Technical Director was Mr. F. R. Brown.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI

{metric) units as follows:

Multiply By To Obtain

Fahrenheit degrees 5/9 Celsius degrees or kelvins*
feet 0.3048 metres
inches 25.4 millimetres

pounds (force) per square 6894.757 pascals
inch

feet per second 0.3048 metres per second

* To obtain Celsius (C) temperature readings from Fahrenheit (F) read-
ings, use the following formula: C = (5/9)(F - 32). To obtain kelvin
(K) readings, use: K = (5/9)(F - 32) + 273.15.
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{: TENSILE CRACK EXPOSURE TESTS
{? STATISTICAL ANALYSIS OF THE LONG-TERM DURABILITY OF
(' SERIES "B" BEAMS
';:
”? PART I: PHYSICAL FACILITIES AND EXPOSURE CONDITIONS
AN
e 1. The ultimate test of the durability of concrete is its perfor-
N mance under the exposure conditions in which it is to serve. Although
f: laboratory tests yield valuable indications of probable durability, the
{\ potential disrupting influences in nature are so numerous and variable
" that actual field exposures are highly desirable to assess the durabil-
- ity of concrete when exposed to natural weathering. An exposure station
:: (Figure 1) located at Treat Island in Cobscook Bay near Eastport, Maine,
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has been in use by the U. S. Army Corps of Engineers since 1936. Its
location makes it ideal for exposing concrete and concreting materials
to severe natural weathering. Its effect is to provide a natural field
laboratory where no size limitation is placed on the exposed specimens.
The specimens are installed at mean-tide elevation, and the alternating
conditions of immersion of the specimens in seawater, then exposure to
cold air, provide numerous cycles of freezing and thawing of the con-
crete during the winter. The effect of the relatively cool summers is
to lessen, in general, autogenous healing and chemical reactions in the
concrete.

2. In winter, the combination of air and water temperatures cre-
ates a condition in which specimens at the mean-tide elevation are thawed
to a temperature of about 37° F* when covered with water and are frozen
to temperatures as low as -10° F when exposed to air. A recording ther-
mometer, the bulb of which is embedded in the center of a concrete speci-
men, records these temperatures. A cycle of freezing and thawing con-
sists of the reduction of the temperature at the center of a concrete
specimen to below 28° F and the subsequent rise to above 28° F. During
an average winter, the specimens are subjected to over 100 cycles of
freezing and thawing. In 26 winters, from 1953 to 1979, the number of
annual cycles ranged from 71 to 185, with the average being 133.

3. There are currently 36 active research programs in progress
at Treat Island involving the exposure of some 1700 concrete specimens.
The annual testing and continuous monitoring of these programs yield
valuable data on the durability and performance of concrete and concret-

ing materials.

A table of factors for convertiné_ﬁgﬁjélﬁanitggaf measurement to SI
(metric) units is presented on page 3.
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PART II: SPECIMENS AND TEST PARAMETERS

Tensile Crack Specimens, Series B

4. 1In November 1954, 76 reinforced concrete beams were installed
at half-tide elevation on the beach at Treat Island to compare the rela-
tive resistance to weathering of highly stressed, reinforced-concrete
beams containing (a) reinforced bars deformed to conform to ASTM
A 305-50T* and (b) bars with old-style deformations.

5. The beams were 7 ft 9 in. long and were made of air-entrained
concrete with a nominal compressive strength of 2500 psi at 28 days age.
All of the beams were reinforced with rail-steel bars; 38 beams con-
tained reinforcement bars which conformed to ASTM A 305-50T and the
remaining 38 beams contained reinforcement bars which conformed to the
old-style deformations. Of these 76 reinforced beams, 64 of the beams
were yoked and stressed by third-point loadings. The loadings ranged
from 20,000 to 50,000 psi. The remaining 12 beams were designated as
controls and were not loaded. Appendix A lists these specimens and gives

their exposure records along with other pertinent information.

Inspection and Testing

6. From 1957 until 1979, the period over which the data for this
analysis were collected, the relative resistance to weathering for each
of these 76 beams was evaluated annually. Qualitative measurements per-
taining to condition were recorded along with the quantitative measure-
ments of pulse velocity and maximum crack width. Due to some midcourse
corrections and the lack of concomitant data, the years 1966, 1967, 1973,
and 1974 were excluded from this analysis.

Visual inspection
and condition rating

7. All exposed specimens are inspected visually by the resident

American Society for Testing and Materials, EQQK_SFEASTM Standards

(issued in parts), revisions issued annually, PhiT;Helphia, Pa.
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contractor each week during the period that freezing-and-thawing cycles
occur, usually October through March. The condition of each specimen is
recorded on an inspection form which is forwarded to the laboratory along
with the time-temperature history for that week. The inspection form is
checked for noteworthy changes that may have occurred, and the number of
freezing-and-thawing cycles that occurred during the week are taken from
the time-temperature history.

8. During the summer of each year an inspection and testing team
from the Structures Laboratory (SL), Waterways Experiment Station (WES),
visits the exposure station for the purpose of performing the annual in-
spection and testing of all specimens by visual and other nrndestructive
methods. During this annual visit photographs are taken + al: programs
in progress with special emphasis on programs of particul. ‘aterest at
the time, and of any specimens exhibiting significant or rdinate
deterioration.

9. At the same time during the data collection period (1957-1979), a
four-man rating team consisting of representatives from WES and the Office,
Chief of Engineers (OCE), and one or more from outside government com-
pleted condition rating forms on the Tensile Crack Concrete Beam program.
Each beam received a score each year resulting from the combined rating

forms (see example of form below). The opinions of the observers were

remarkably concordant, with very few discrepancies noted over the years.

Inspection Sheets
Formal Inspection, Treat Island, Maine

Tensile Crack Exposure Tests Date

Instructions

1. Insert in column headed "No. of transverse cracks with spall-
ing" the number of load cracks that have apparently chipped or spalled
subsequent to formation when beams were loaded, that now have places in
which a pencil can be inserted (about 1/4 in. wide).

2. Measure (Note) the total length of cracking, in inches, appear-
ing over the reinforcing steel.
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3. Measure the total length of reinfor-_went that can be seen
through cracks, or that is exposed h~_,use concrete has spalled away
from it.

/. Measure the total length of cracking bordered by iron stain

from the crack.

5. Estimate the total area of visible horizontal and vertical sur-
faces of concrete that have scaled and make a check under the most appro-
priate heading on the rating sheet.

Note: Measure to *+1/4 in.

Scoring:

a. Scoring will be done using a numerical system by others after
the inspection.

b. Score of zero indicates perfect condition.

c. Light scaling scores 2, medium scaling 4, heavy scaling 8.

d. Numerical score = sum of 4 X number of spalled cracks + length
of cracking over steel + 3 X length of visible steel + length

of cracking over steel bordering iron-stained areas + appro-
priate score for scaled area.

10. This score was then converted into a numerical condition

rating. The general conversion scheme is shown below:
Condition Score  Numerical Rating
Negligible deterioration 0 100
Slight deterioration 4 75
More advanced deterioration 104 50
Advanced deterioration, usually
with considerable exposure of
reinforcing steel 129 25
Disintegrated, incapable of
carrying load 629 0
Pulse velocity tests
11. The concrete specimens are subjected also to ultrasonic pulse
velocity tests in accordance with CRD=C ST* (ASTM € 597%*% cach vear during
* T Wrs. 194y, Handbook for Concrete and Cement, with quarteriy supple-
7nents, Vicesbure, Miss.
%% “P cit.
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exposure, unless their size, shape, or exposure condition prevents. The

test instrument measures the time of travel of an ultrasonic pulse through

a concrete specimen. From the travel time and the path length, values for

(.
N .
P . .
et

:?;: pulse velocity (V) in the concrete are calculated. The square of the veloc-
;?j ity thus determined is expressed as a percentage of the square of initial
;52 velocity obtained at installation (ZVZ). Example:
) f VO = pulse velocity in a certain specimen at installation
:ET Vt = pulse velocity in this same specimen at a later date
AN Therefore
o ) . Vﬁ
%W° (at time t) = —
{ V<2>

Since the square of the pulse velocity is related to the dynamic Young's
modulus of elasticity, the %Vz provides an alternate or supplementary
parameter by which the progress of deterioration caused by natural weath-
. ering can be monitored. The initial velocity (Vo) of each beam was mea-
- sured in 1954 so that the %Vz comparison could be made in subsequent

£ years. However, in 1955 and 1956 the velocities were not obtained. For
‘ this reason, and because the maximum crack width measurements were not

5 initiated until 1957, the 1957 velocities were used as initial veloci-

. ties and the statistical analysis was performed over the years 1957 to
1979.

‘ Crack width measurements

ok 12. Before shipment to the exposure station, beams of similar

AN

size, with similar stress in steel, and of similar concrete insofar as

possible were paired and loaded with third-point flexural loading using

ACAL NN

: spring and yoke devices. Nominal loads (stress in reinforcing steel)

“ were 20,000, 30,000, 40,000, and 50,000 psi. Cracks developed in all of
the loaded beams during loading. Beginning in 1957 the maximum width of
- cracks in the beams was measured annually using a measuring magnifier
@ (least reading of 0.005 in.).

) 13. 1In 1963 after nine winters of exposure, comparisons were made
of the effects of the variables of steel stress, position of steel at

time of casting, and type of steel deformation, using condition rating,




%VZ, and maximum crack width as quantitative measures. The results of

these comparisons, as repcrted by Roshore* were as follows:

l' Based on condition rating--

- The order of durability from most durable to least durable was
e zero stress, 20,000-, 30,000-, 40,000-, and 50,000-psi stress.

j:}: In 24 of the 45 comparable cases, the beams containing top-

.)2 positioned steel exhibited greater durability than those contain-
a ing bottom-positioned steel.

- In 29 of the 50 comparable cases, beams containing steel meeting
- A 305-50T specifications exhibited better durability than those
:f‘ containing steel with old-style deformations.

:Qj Increase in crack width over time seemed to correlate with stress
"' level, i.e., crack width increased with increasing stress in steel.
K The changes in %Vz were highly variable from year to year and did

- not correlate well with results of visual inspections.

Ef 14. The objectives of this long-term study were multifaceted.

- Originally, the study was designed to evaluate the two types of rein-
5\ forcement bars (A 305-50T and old-style deformations), the five levels
:{f of stress (0-, 20,000-, 30,000-, 40,000-, and 50,000-psi stress levels),
,{;- and the position, as cast, of the steel within each concrete beam (top
e and bottom); however, subsequent to the initiation of this project and
T with respect to the constraints mandated by the experimental design, the
I

tin interactions among these factors, i.e., the independence of factor com-
?5? binations and the prediction of the measurable response, also became

::; paramount to the successful interpretation of the relative resistance to
‘.} weathering of these concrete beams.

o

rhol

.

.:\..;

=

o

* E. C. Roshore. 1964. "Tensile Crack Exposure Tests; Results of
Tests of Reinforced Concrete Beams, 1955-1963," Technical Memorandum

- .. No. 6-412, Report 2, U. S. Army Engineer Waterways Experiment Station,

CE, Vicksburg, Miss.
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PART III: ANALYSIS SYSTEM AND PROCEDURE NG

Statistical Analysis System

15. The Statistical Analysis System (SAS) is a commercially avail-
able software package which operates on an IBM or IBM-compatible computer.
SAS is one of the most reliable and up-to-date statistical packages
available. Since WES has an IBM 4331 which is dedicated to SAS usage,
the data generated from this study were keypunched and loaded onto a
disk file associated with this minicomputer.

16. The analyses provided in this data report were generated by
the MEANS procedure, the CORR procedure, and the ANOVA procedure. The
MEANS procedure averages the replicates in each treatment combination.
The CORR procedure generates the correlations between the quantitative
variables, and the ANOVA procedure generates the analysis of variance

tables and subsequent statistics.

Statistical Analysis of the Variables Condition
Rating, %VZ, and Maximum Crack Width

17. The data which were generated from the long-term durability
study consist of four descriptive factors: steel position (top or bot-
tom of beam as cast), steel deformation type (old-style or A-305),
stress (20,000, 30,000, 40,000, and 50,000 psi), and year (1957-1979);
and three quantitative variables: condition rating, percent velocity
squared (Vz), and maximum crack width. The original plan of study
called for four repeated measures on the three quantitative variables
for each treatment combination, i.e., position, type, stress, and year.

18. The raw data of this study were coded and entered onto the .
IBM 4331 computer located at the WES. The data had on-line availability f.;.: i{;
for subsequent analyses using the SAS. SR

19. The analysis approach to this set of analyses is as follows: ﬂﬂ_;fl[i

, . . 2 . .
averages® of condition rating, %V and maximum crack width per

* Averages were used because the SAS program cannot perform the analysis
of variance procedure on interaction effects if an imbalance of repli-
cates exists, or if there are missing replicate values. Both of these

conditions exist in these data.

11
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treatment combination. Correlation analysis by position, type of steel,

. 2 . .
and stress for condition, percent V™, and maximum crack width, and a

four-factor (position, type, stress, and year) analysis of variance for

each of the three variables with subsequent mean separations using Dun-

can's Multiple Range Test for significant main effects, and either John

Tukey's or orthogonal mean contrasts for significant interaction effects.
20. The assumptions made for this analysis procedure are:

a. The errors are normally distributed with a population mean
of zero and an unknown variance of 0?2

b. The effects of the model are fixed.

The assumption pertaining to the normal distribution may be invalid; how-

_:- ever, the analysis of variance procedure is robust with respect to this
L~ assumption as long as the within-treatment variances are homogeneous.*
-

.
4 F

L e 4

21. In order to interpret the meaning of the significant differ-

ences, an in-depth multiple comparison of the pertinent treatment combi-

o

nation averages was performed. For the significant main effects the

Duncan's Multiple Range Test was used, and for the significant interac-

H O
) ';';'.-

tion effects either John Turkey's or orthogonal mean contrasts were used.

DN
l.l

The selection of the latter two as the mean separation test of choice
S will be discussed during the interpretation of the germane interaction
effect. For an in-depth discussion of these multiple comparison proce-

- dures, reference Principles and Procedures of Statistics® by Robert G. D.

Steel and James H. Torrie or Statistical Methods by George W. Snedecor

N and William G. Cochran.**

Variable condition

L 22. The analysis of variance (reference Appendix B) for the vari- ;fKF':i:"
able condition indicates that the effects of position, reinforcement @ - ‘-1.‘
bar deformation, position by reinforcement bar deformation interaction, )
- stress, position by stress interaction, reinforcement bar deformation by
stress interaction, position by reinforcement bar deformation by stress

q interaction, year, stress by year interaction, position by reinforcement '@

% R. G. D. Steel, and J. H. Torrie. 1980. Principals and Procedures
of Statistics: A Biometrical Approach, 2nd ed., McGraw-Hill.

%% G. W. Snedecor and W. G. Cochran. 1979. Statistical Methods,
6th ed., Towa State University Press.
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bar deformation by year interaction, and position by stress by year inter-
action are significant at the 0.05 level of significance.

23. For the second-order interaction effect of position by stress
by year, it appears that a linear degradation trend exists for both top
and bottom positions at stress levels 0 and 20,000 psi; however, for
stress levels 30,000, 40,000, and 50,000 psi, departure from this linear
trend exists for both the top and bottom trends (Figures 2-11).

24. For the second-order interaction effect of position by rein-
forcement bar deformation by year, the assumption of no departure from a
linear degradation trend is not too seriously violated (Figures 12-15);
however, it is apparent from these figures that the independence assump-
tion, i.e., departure from parallel response relationships, is seriously
violated. An in-depth characterization of these response relationships
indicates that for the A 305-50T, the top position degrades at a faster
rate than the bottom. The same trend is also noticeable for the old-

style reinforcement bar deformation.
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Position, bottom; stress, 40,000 psi
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. 25. For the first-order interaction effect of stress by year,
(- . Table 1 displays the pertinent cell means.
T Table 1

;i": Stress by Year, Condition Ratings

. ) y
2N Stress at
,:\jw 0 20,000 30,000 40,000 50,000

N Year (Control) psi psi psi psi

b 57 81 84 82 79 75

;‘; 58 80 83 80 79 78

o 59 71 81 78 71 66

RN 60 71 81 78 71 66
:2;::'.; 61 65 71 67 63 62

o 62 63 69 67 63 60

T 63 71 78 70 66 60

o 64 64 70 68 63 61

. 65 61 70 68 62 60

. 68 57 69 67 61 51

- (Continued)
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B
oy »
:i:% Table 1 (Concluded)
:E: Stress at ﬂ
G 0 20,000 30,000 40,000 50,000 [ ] o
A Year (Control) psi psi psi psi S
o 69 58 66 65 60 51 X
Ce 70 58 66 64 60 50 :
- 71 57 64 63 59 49 R
) )' 72 56 64 64 59 49 o @ ]
- 75 46 L3 63 58 48 e
yRel 76 45 62 60 57 48 o
e 77 50 60 61 59 48
e 78 49 62 62 60 48
s 79 47 59 59 59 46
{_ 26. The John Tukey w-procedure was used to compare the five cell
< means within a year category. This multiple comparison procedure uses
S the error mean squares from the analysis of variance table, the number
e of observations within each cell mean, and the upper percentage points
f%} of the studentized range which is a tabular value found in most statis-
-f" tical methods tests. The w-procedure utilizes the following:
~:
‘~ w = Q(t,df)J(error mean squares)/N
- where Q(t,df) 1is the tabular studentized range value, t 1is the number
- of means being compared, and df is the degrees of freedom of the error
'
% mean squares. It was found that the critical difference among five means
;}f composed of four observations was 7.49. Utilizing this critical differ-
}5; ence, one may readily observe that the stress levels 20,000, 30,000, and
s 40,000 psi behave similarly and are significantly higher than the stress
L,: levels of 0 and 50,000 psi which behave similarly. The zero stress level
:E (control) beams were not kept out of the sand (Figure 16) as were the
.Fi yoked beams. The fact that drying could not readily occur probably ac-
25 counts for the poor performance of the control beams as shown in Table 1.
. 27. For the second-order interaction effect of position by rein-
e forcement bar deformation by stress, the pertinent cell means are dis-
- played in Table 2.
® 21
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Figure 16. Zero stress (control) specimens
after excavation of sand

Table 2

Position by Reinforcement Bar

Deformation by Stress, Condition Ratings

Stress at

0 26,000 30,000 40,000 50,000

(Control) psi _psi__ psi psi

Bottom A 305-50T 66.30 62.72 70.92 62.91 60.01
0l1d-Style 55.14 70.93 67.42 66.70 57.93

Top A 305-50T 61.05 73.30 65.24 58.43 64.30
0ld-Style 59.33 70.54 66.97 66.75 43.91

28. The John Tukey w-procedure was used to simultaneously compare

the tive cell means within position and reinforcement deformation tvpe,
and it was found that the critical difference is 3.44. This in essence
means that if any two cell means within the position and deformation

tvpe difter by more than 3.44, then these two means are significantly

. . - .
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e
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]

9
i? different. Duncan’'s Multiple Range notation was used to arrange these
;: means in the following order.
) 30,000 0 40,000 20,000 50,000
. Bottom A 305-50T 70.92 66.30 62.91 62.72 60.01
. 20,000 30,000 40,000 50,000 0
0ld-Style 70.93 67.42 66.70 57.93 55.14
N 20,000 30,000 50,000 0 40,000
N Top A 305-50T 73.30 65.24 64.30 61.05 58.43
; 20,000 30,000 40,000 0 50,000
0ld-Style 70.54 66.97 66.75 59.33 43.91
{: ‘ Means underscored by the same line are not statistically different; the
:E permutation or arrangement of the cell means in Table 2 exhibits consis-
¥ tent patterns. Resultant from this, the interaction of position by re-
£ inforcement type became significant when considered by stress level.
i‘ 29. Again, the poor exposure condition, i.e., partially covered
ﬁ with sand so that drying could not readily occur, is thought to account
j for the poor showing of the zero stress level beams.
‘- 30. For the first-order interaction effect of reinforcement bar
- deformation type by stress, the pertinent cell means are displayed in
?; Table 3 and graphically in Figure 17.
Table 3 R
- Reinforcement Bar Deformations :;} i}
Y by Stress Levels, Condition Ratings Eil~_._ E:
Sl 3
Stress at 'r;-?- e
0 20,000 30,000 40,000 50,000 o ‘f;ﬁ
(Control) psi psi psi psi E {;j
A 305-50T 63.68 68.01  68.08  60.67  62.16 5 B
Old-style 57.24 70.74 67.20 66.72 50.92 4
LA
e _j-_l';:
31. John Tukey's w-procedure was used to compare the five cell ?:Tf; }l::
) means within deformation type, and it was found that the critical ﬁ:i;l{::gg
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Figure 17. Condition average over years. Reinforcement
types, old-style and A-305

difference is 2.28. Therefore, for the A 305-50T reinforcement bar de-
formation type, it is readily seen that the condition ratings of the con-
crete beams show a significant increase from the 0 stress level to the
20,000-psi stress level which is similar to the 30,000-psi stress level,
and then the condition decreases from the 20,000- and 30,000-psi stress
levels to the 40,000- and 50,000-psi stress levels, which are also simi-
lar. The old-style reinforcement bar deformation exhibited a similar
pattern. Within this reinforcement deformation type, the condition of
the concrete beams increased from the 0 stress level to the 20,000-psi
stress level, then decreased from the 20,000- to the 30,000- and
40,000-psi stress levels, which were similar, and then exhibited a

marked decrease for the 50,000-psi stress level. It is also worth not-

ing that for the A 305-50T reinforcement type, the 0 stress level is

similar to the 50,000-psi stress level; whereas with the old-style re-
inforcement deformation type, the 50,000-psi stress level was signifi-
cantly smaller than the 0 stress level. In fact, it displayed an

11.04 percent decrease.
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32.

For the first-order interaction effect of position by stress,

the pertinent cell means are displayed in Table 4 and graphically in

Figure 18.

Table 4

Position by Stress, Condition Ratings

Stress at

B 0 20,000 30,000 40,000 50,000
o (Control) psi psi psi psi
o Bottom 60.72 66 .83 69.17 64.80 58.97 d

Top 60.19 71.92 66.11 62.59 54.11
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Figure 18. Condition average over years. f];g:_fﬁ
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33. The John Tukey w-procedure calculation, as in the interpreta-

tion of the reinforcement bar deformation type by stress interaction,

yields a critical difference of 2.28. 1n Table 4 similar patterns are

- exhibited over stress levels within the bottom position; the condition
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ratings of the concrete beams increase from the 0- through the 30,000-psi
stress level and then decreases from the 30,000-psi stress level through
the 50,000-psi stress level, with 0- and 30,000-psi stress levels exhib-
iting similar condition measures. Within the top position, the condition
ratings increase from 0 to 20,000 psi and then decrease through the
50,000-psi stress level, with the 50,000-psi stress level exhibiting a
significant 10.10 percent decrease from the 0 stress level.

34. For the first-order interaction effect of position by rein-
forcement bar deformation type, the pertinent cell means are displayed

in Table 5.

Table 5

Position by Reinforcement

Bar Deformation, Condition Ratings

A 305-50T 0ld-Style A
Bottom 64.57 63.62 0.95
Top 64 .47 61.50 3.20

35. Orthogonal contrasts were used to compare independently the
cell means within position; the critical difference is 0.77. Hence, it
is readily seen that the A 305-50T reinforcement bar deformation con-
crete beams are exhibiting significantly larger average condition rating
values than the old-style reinforcement bar deformation concrete beams.

36. For the main effect of stress, Duncan's Multiple Range test

produces the following pattern.

Stress at

20,000 30,000 40,000 0 50,000
psi psi psi (Control) psi
69.38 67.34 63.70 60.46 56.54

As can readily be seen, all stress levels are significantly different
with the dominating pattern of increasing from 0 to 20,000 and decreas-

ing from 20,000 through 50,000. The zero stress level performance is

26
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considered to be anomolous and is probably the result of the more severe
exposure conditions mentioned before, i.e., being partially covered with
sand so that drying could not readily occur (Figure 16).

37. For the main effect of reinforcement bar deformation type, the
A 305-50T exhibited a significantly larger average condition value (64.52)
than the old-style (62.56). Also, with the main effect of position, the
bottom position exhibited a significantly larger average condition rating
value (64.10) than the top position (62.99).

38. Reference Appendix B for the detailed computer analysis for

this data set.

39. For the response variable condition rating, the data from
this investigation indicate that degradation patterns over time changed
as stress levels increased. It appears that a linear degradation trend
is present for the 0- and 20,000-psi stress levels; however, for the
30,000-, 40,000-, and 50,000-psi stress levels a curvilinear degradation
trend is present. Also, it appears that A 305-50T reinforcement bar de-
formation type exhibits less severe degradation trends which do not de-
plete as rapidly as does the old-style reinforcement type.

Variable %V2

40. The analysis of variance for the variable %VZ indicates that
the effects of reinforcement bar deformations, stress levels, position
by stress level interaction, reinforcement bar deformation by stress
level interaction, position by reinforcement bar deformation by stress
level interaction, year, and stress by year interaction are significant
at the 0.05 level of significance.

41. For the first-order interaction effect of stress by year, the
pertinent cell means are displayed in Table 6. All stress levels dis-
played a linear degradation trend through 1972; however, an increase oc-
curred from 1972 through 1977. Since this pattern was consistent across
all stress levels, it was assumed to be an anomaly within all data sets,
and was probably due to either operator differences or instrument changes
or both. Regardless of the reason for the apparent anomalies, if a lin-

ear degradation response is assumed through time, then from the graphs
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7 Table 6 N
o 2 SN
e Stress by Year, %V T
..( . 4.. _.l
I (Rounded to the nearest whole percent) :‘ ' ..
‘:; Stress at '}1A';ﬂ}LF
e 0 20,000 30,000 40,000 50,000 IRy
0 Year (Control) psi psi psi psi IR
Ny , s
57 100 100 100 100 100 o o

- 58 102 102 103 104 102 Ll
= 59 96 97 98 100 95

N 60 99 85 84 88 78

T 61 105 101 96 103 96

f".

- 62 100 104 99 104 96
- 63 73 67 67 69 69

e 64 80 69 65 70 70

0 65 61 58 51 52 51

S 68 56 50 48 49 42

», 69 25 23 22 23 18

" 70 39 40 36 34 30

- 71 35 35 34 32 27

- 72 30 26 27 27 20

o 75 60 42 42 37 24

= 76 61 46 46 40 34
{ . 77 59 41 44 40 29

i 78 35 30 35 32 21

" 79 50 48 46 45 34

\: depicted in Figures 19-28, one readily sees that the least squares re-

:ij gression equation shows a more rapid degradation process the higher the

;:3 stress level. It is this departure from parallelism which is generating -1

~od -~ -
. the significant stress by year interaction effect. ® Y
L 42. For the second-order interaction effect of position by rein- R

f: forcement bar deformation by stress, the pertinent cell means are dis-

22 played in Table 7.

‘1‘ 43. To interpret the cell means, John Tukey's w-procedure was used .‘

within each position and deformation type so that comparisons across

stress levels could be performed.
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Figure 22. Percent V~ average over reinforcement types.
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Figure 23. Percent V~ average over reinforcement types. Position, bot-
tom; stress, 50,000 psi
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S Table 7

Position by Deformation Type by Stress ]
o2 '
A »

Stress at
0 20,000 30,000 40,000 50,000

(Control) psi psi psi psi

Bottom -
A 305-50T 66.34 63.14 62.04 59.28 55.11 ‘
0ld-Style 64.27 60.55 60.97 56.97 58.90 S
A 305-50T 67.13 60.18 59.35 60.73 58.77 T
Old-Style 68.16 61.34 58.26 64.57 45.49 S
.,
For these particular cell means, the critical value of w 1is 4.79.
This value of w produces the following statistical patterns.
0 20,000 30,000 40,000 50,000 ; ’
Bottom: A 305-50T  66.34 63.14 62.04 59.28 55.11 PR
Bottom: Old-Style  64.27  60.55 _ 60.97  56.97  58.90 .
Top: A 305-50T 67.13 60.18 59.35 60.73 58.77 :
Top: 01ld-Style 68.16 61.34 58.26 64.57 45.99
In order to represent the last category, the cell means must be reordered
as follows: -
0 40,000 20,000 30,000 50,000
68.16 64.57 61.34 58.26 45.49
;-\ Note: Means underscored with the same line are statistically equivalent.
.:\
> 44. From this type of synopsis, the changes in the significance
: patterns are readily seen. Since these changes are prevalent in this
set of data, the interaction term became significant. From this set of
cell means one would conclude the following.
34



a. For the A 305-50T deformation type.

.
. '._"-', ' : Qe
R v

(1) Within the bottom position, the 0 stress level has
a significantly higher %VZ than the 50,000-psi
stress level,; furthermore, the 20,000-, 30,000-, ]
and 40,000-psi stress levels yield similar %Vz ’
values.

(2) Within the top position, the 0 stress level has a
significantly larger %VZ than the 20,000-, 30,000-, -
40,000-, and 50,000-psi stress levels which exhibit ‘ ’
a similar %vZ pattern. :

Sl e e
VT2 PRI R S BP0 Wy V. W)

I “
1] . T .
i ool

b. For the old-style deformation type.

(1) Within the bottom position, the 0, 20,000- and
30,000-psi stress levels exhibit 51m11ar %V values; S
however, the 20,000-, 30,000-, 40,000-, and b ";.
50,000-psi stress 1evels also exh1b1t 51m1lar /V2 L
values Therefore, the primary conclusion would e
be that 0 _stress level produces a significantly
larger %V2 than the 40,000- and 50,000-psi stress
levels.

(2) Within the top position, the pattern is more complex;
however, the conclusions that the 0 stress level ex-
hibits significantly larger %V“ than the 20,000- and
30,000-psi stress levels and that the 20,000- and
30,000-psi stress levels exhibit significantly
larger %Vz than the 50,000-psi stress level can be
inferred.

45. For the first-order interaction effect of reinforcement bar
deformation by stress, the pertinent cell means are displayed in Table 8.

A three-dimensional block chart of the cell means is presented in

Figure 29.
Table 8
Reinforcement Bar Deformation by Stress Levels, %V~

Stress at o .
Reinforcement 0 20,000 30,000 40,000 50,000 :1
__Type (Control) __psi _psi _psi _psi -
-
A 305-50T 66.88 61.66 60.94 60.01 56.94 ]
Old-Style _66.21 60.94  59.61  60.77  52.20 4
Difference 0.67 0.72 1.33 -0.76 4.74 f
e o S
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Figure 29. %V2 average over years by deformation type

The multiple comparison procedure known as orthogonal comparisons was used
to determine the critical difference between any two cell means within )y @
the critical difference is 1

stress levels; .81, which is obtained by

Critical difference = t(p,df)J(error mean squares)/N

'l. l/ &

This equation is used for independent or orthogonal contrasts, where
t(p,df)
freedom (df) and confidence level (1 - p). N
With 1.81 as the defined

is the tabular point from the t-distribution with degrees of

P

represents the n..ber e

of observations comprising each cell mean.
critical difference, the only significant difference occurs at the
50,000-psi stress level, where the A 305-50T reinforcement deformation
type exhibits a significantly larger %Vz value than the old-style de-
formation type.

46. Yor the first-order interaction effect of position by stress,
the pertinent cell means are displayed in Table 9 and are graphically

depicted in Figure 30.
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. 0
Table 9 .
Position by Stress, %VZ n;
Stress at .’A’,’!k
0 20,000 30,000 40,000 50,000 e
Position (Control) psi psi psi psi e
Bottom 65. 45 61.84  61.51  58.12  57.01 SRR
Top 67.64 60.76 58.80 62.65 52.13 S
Difference -2.19 1.08 2.7 -4.53 4.88 e o
BLOCK CURT OF WiNg ® . '-*,.‘

]

$XOOOK]
o%e%?

%o’

J
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R
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Figure 30. %Vz average over years by position

47. The absolute critical difference for this set of cell means 7
is 1.81. As can be seen from Table 9, it can be concluded that at the T
0 stress level the top position exhibited a significantly larger %Vz

than the bottom position; no significant differences are exhibited at

the 20,000-psi stress level; at the 30,000-psi stress level, the bottom
position exhibits a significantly larger %VZ than the top position; at PO
the 40,000-psi stress level, the tcp position exhibits a significantly R .
[ ‘.
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e larger %Vz than the bottom position; and at the 50,000-psi stress level, E{ﬁ';ifﬁ
- the bottom position exhibits a significantly larger %Vz than the top e Jf;i
position. » .‘

e

48. For the main effect of stress, Duncan's Multiple Range test -

4

N

indicates that the 0 stress level exhibits a significantly larger %V2

than the 20,000-, 30,000-, and 40,000-psi stress levels which in turn ;  ,_¥1

are significantly larger than the 50,000-psi stress level.

Stress at
0 20,000 30,000 40,000 50,000
(Control)  psi psi psi psi
66.55 61.30 60.39 60.15 54.57

Reference Appendix B for the detailed computer analysis of this data set.
49. For the main effect of reinforcement deformation type, the

A 305-50T deformation type exhibits a significantly higher %V2 than the

old-style.

A 305-50T 01d-Style
61.24 59.95

Reference Appendix B for the detailed computer analysis for this data set.
50. For the response variable %Vz, the data from this investiga-
tion indicated that the degradation rate of %Vz increases as stress
levels increase (exhibited by the significant stress by year interac-
tion); the mean %V2 averaged over time indicated that the average %Vz
decreased as stress increased, and that the primary difference between
the A 305-50T and the old-style deformation types occurred at the
50,000-psi stress level where the A 305-50T deformation type exhibited

a significantly larger %Vz.

Variable

maximum crack width
Et{n 51. For the variable maximum crack width, the 0 stress level was
f}f: omitted due to the absence of measurable cracks. However, with stress
:;f' levels of 20,000, 30,000, 40,000, and 50,000 psi, the analysis of
S
) @.
P .
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ot variance procedure indicated that the following factors were significant:

e stress levels, reinforcement deformation type by stress interaction,
ti position by reinforcement deformation type by stress interaction, year,
S and stress by year interaction. Subsequent analyses of these signifi-
irf cant effects are described below.

52. For the first-order interaction effect of stress by year,

the data are graphically displayed in Figures 31-38. From these plots

it is readily seen that maximum crack width tends to increase linearly
h with age for the stress levels of 20,000, 30,000, and 40,000 psi; how-

ever, for the 50,000-psi stress level there is definitely a nonlinear

;‘. relationship. Maximum crack widths within the 50,000-psi stress level

group display a fairly smooth linear trend until 1975, and then a more

rapidly linear increasing trend through 1979.
53. For the second-order interaction effect of position by defor-
mation type by stress level, the data are displayed in Table 10. As is

readily observed from this table, maximum crack width displays a slight
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Figure 32. Maximum crack width average over reinforcement
types. Position, top; stress, 20,000 psi
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Figure 33. Maximum crack width average over reinforcement
types. Position, bottom; stress, 30,000 psi
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Figure 34. Maximum crack width average over reinforcement
types. Position, top; stress, 30,000 psi
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Figure 38. Maximum crack width average over reinforcement
types. Position, top; stress, 50,000 psi

Table 10

Position by Stress by Reinforcement Bar Deformation,

Maximum Crack Width (in.)

Stress at

20,000 30,000 40,000 50,000

Position/Type psi _psi psi psi
Bottom

A 305-50T 0.01546 0.02232 0.03754 0.12724

Old-Style 0.01809 0.03559 0.04586 0.15217
Top

A 305-50T 0.02066 0.03072 0.04855 0.31664

0ld-Style 0.02458 0.03408 0.06737 0.12395

linear increasing trend from 20,000 to 40,000 psi; however, a 261.23
average percent increase occurs from the 40,000- to the 50,000-psi stress
level; whereas, a 152.98 percent increase occurs from the 20,000- to the

40,000-psi stress level.
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54. For the first-order interaction effect of reinforcement bar

deformation type by stress, the pertinent data are displayed in Table 11

and graphically in Figure 39. Orthogonal comparisons were made of

Table 11

Reinforcement Bar Deformation by Stress Level,

Maximum Crack Width (in.)

Stress at

20,000 30,000 40,000 50,000
Deformation Type psi psi psi psi
A 305-50T 0.01806 0.02652 0.04305 0.22194

Old-style 0.02134 0.03484 0.05661 0.13806

REINFORCDMENT TYPE

/e[

&

.01805¢92 0245197 0430481 0.221941

40 50

STRESS

Figure 39. Maximum crack width average over years by
reinforcement type
reinforcement bar deformation types within stress levels; the critical
difference in maximum crack width was found to be 0.0544 in. As is ob-

served from Table 11, the only difference which exceeds this critical
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difference is at the 50,000-psi stress level where the A 305-50T rein-
forced concrete beams exhibited a significantly larger average maximum
crack width than the old-style reinforced concrete beams. One (beam 149)
of the four beams which provided data for the top position, A 305-50T
deformation type, 50,000-psi stress level treatment combination experi-
enced failure of one of its two reinforcing bars during the winter of
1973-1974 (see Figures 40 and 41 and Appendix A). The loss of approxi-

mately one-half of its tensile load-bearing capacity resulted in the

Figure 40. Beam 149 experienced failure of one of two
reinforcing bars during winter of 1973-1974

formation of a very large transverse crack which increased in width
through subsequent years. Beam 147, one of the four data sources for
the top position, old-style deformation type, 50,000-psi stress level
treatment combination, experienced the abrupt failure of both reinforcing
bars in 1968. This failure completely severed beam 147 and damaged its
companion beam, No. 148. Consequently, only two beams (151 and 152) re-

mained for data collection in this treatment condition (top, old-style,

50,000-psi stress). Because of the relatively eariy failure and
45
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Figure 41. Close-up of beam 149. Note severed rebar i'-}ff;

T

discontinuance of data collection on beams 147 and 148, these data were P @]
Co. -

excluded from the analysis; whereas beam 149, having experienced partial S
failure, continued to produce crack width data of very large magnitudes. . ;}}:;
The early failure of the old-style beams and subsequent loss of "incrimi~ S
nating'" performance data from the analysis seriously affects the validity .w'-.;
of conclusions that might be drawn on the basis of the numbers shown in 4,3
Tables 10 and 11 concerning deformation type at the 50,000-psi stress ;]

level.

55. For the first-order interaction effect of position by stress,
the data are displayed in Table 12 and Figure 42. Since these means are
based on the same number of observations (n = 38), the critical differ-
ence between average maximum crack width within stress levels remains at
0.0544 in. Consequently, the only stress level exhibiting a difference
larger than 0.0544 in. is the 50,000-psi stress level where the top posi-
tion exhibits an average maximum crack width ot 0.2203 in. and the bot-

tom position exhibits an average maximum crack width of 0.13970 in.
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- Table 12

Position by Stress,

Maximum Crack Width (in.)

Stress at
20,000 30,000 40,000 50,000

Position psi psi psi Ppsti
Bottom 0.01678 0.02895 0.04170 0.13970
;} Top 0.02262 0.03240 0.05796 0.2203

OOt OBAT OF MEANS

POSI TION
: “/d
‘_j 0220184 .0324013 .0879808 0.22029¢
,. @oTTOM
_V
e 0187743 .0280839 0414878 0.139704
STRESS

Figure 42. Maximum crack width average
over years by position

56. For the first-order interaction effect of reinforcement bar

deformation type and position, the pertinent data are displayed in

Table 13. Orthogonal comparisons showed the critical difference between ::i:i 4?
S A 305-50T and old-style reinforcement bar deformation to be 0.03866 in. r?f;l: i;?
’ As is observed from Table 13, the two average maximum crack widths which :"\ .}
will exceed this critical difference occur at the top position where T i

the A 305-50T exhibited an average maximum crack width of 0.10414 in. and

s Ta e
a'a's

the old-style exhibited a maximum crack width of 0.06249 in. As mentioned

]
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- Table 13 e

o Reinforcement Bar Deformation by Position,

Maximum Crack Width (in.) A‘

o A 305-50T Old-Style
Bottom 0.05064 0.06293
Top 0.10414 0.06249

in the previous discussion of Tables 10 and 11, it is felt that these

numbers do not represent actual performance of A 305-50T deformation DR
versus old-style deformation considering the omission of the early fail- :
ure of old-style beams and subsequent loss of performance data. .;’K o
57. For the main effect of stress, the pertinent data are exhib- ::}_:§: 
ited in Table 14. Tukey's w-procedure was used to compare all four ;.E.er
means simultaneously. It was found that the average maximum crack :;A ’
widths for stress levels 20,000, 30,000, and 40,000 psi were not sig- 9'
nificantly different; however, the 50,000-psi stress level exhibited
an average maximum crack width which was significantly larger than the

20,000-, 30,000-, and 40,000-psi stress levels. .
L

Table 14 ,V,Cf ;2§
Stress Levels, AR

Maximum Crack Width (in.) T S
sl.wv--. -,».~'

20,000 30,000 40,000 50,000
_psi _psi _psi_ psi_
0.01970 0.03068 0.04983 0.1800
) . "

58. For the response variable maximum crack width the data from RERRRRA
this investigation indicated that maximum crack width increased linearly . o
for stress levels 20,000, 30,000, and 40,000 psi, and nonlinearly for -
@

stress level 50,000 psi. Furthermore, this linear trend when averaged

over time showed a marked increase from the 40,000- to the 50,000-psi

stress level for all positions and deformation bar types. The largest

48
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P increase between the 40,000- and 50,000-psi stress levels occurred for
::‘ the A 305-50T deformation type with the top position. However, i1t 1is i
e felt that the old-style deformation type would have shown a similar trend PY .:
1t data trom the beams which failed had been included in the analysis. . j
]
Beams with the A 305-50T deformation bar type displayed smaller maximum R
- crack widths than the old-style deformation bar type for stress levels ‘i
of 20,000, 30,000, and 40,000 psi; however, the opposite was true for Py ,6'
. . . . . 3
the 50,000-psi stress level. Again, this reversal in trend is probably R
due to omission of performance data on the old-style beams which failed. :-{f}.t”ﬁ
Linear Models L
inear flodels o e
- . ‘ . o2 . -
. 56. Linear regression analyses of condition, %V, and maximum - .
,{: crack width were done for each combination of position, stress, and re- o i
inforcement bar deformation over time. The results are shown in Appen- ‘ : .i
dix C. The correlation coefficient and the mathematical equation de- ‘
f scribing each regression line are given for each combination of position, R )
- stress, and reinforcement bar deformation over time. In the equations B,
the predictor is the year and the criterion measures are condition rating, . .i
2 . . : @ 3
%VT, and maximum crack width. -
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PART IV: CONCLUSIONS

60. An evaluation of the results of the statistical analvsis leads
to the following conclusions:

a. Beams with steel in the bottom-as-cast position deterio-
rate at a slower rate than do beams with steel in the
top-as-cast position for both A 305-50T and old-style
deformation type, and beams with steel in the bottom-as-
cast position exhibited smaller average maximum crack
widths (significant at 50,000-psi stress level).

b. A 305-50T type reinforcement bar deformation exhibited
less severe degradation trends than old-sty'e, anu
A 305-50T deformation type exhibited a signiiirvantiy
larger %VZ than did old-style deformation at the
50,000-psi stress level.

1O

As stress levels increased, the conditions ot the beams
generally decreased and the degradation of %VZ increased.
There were marked increases in maximum crack widths from
the 40,000- to 50,000-psi stress levels for all positions
and bar deformation types.

d. At the 50,000-psi stress level the A 305-50T reinforced
concrete beams exhibited a significantly larger average
maximum crack width than the beams containing old-style
deformation bars.*

Consequently, they were tossed and moved around during winter storms and

» @

61. For further clarification of some apparent anomalies, it ]
should be noted here that the zero stress level (control) beams were ' A
more difficult to support than the yoked pairs (stressed) of beams. "fff,;;]
k

became partially covered with sand. The partial covering with sand dur-

T .

ing most of their exposure time affected a more saturated condition of

these beams which resulted in inordinate deterioration due to freezing

and thawing. It is felt that this more severe exposure condition ad-
versely affected the performance of the zero stress level beams as re-

flected in the analysis results of the variable "condition."

5->A§>prévfousf§rﬁiéfﬁ%égﬁyﬁli is felt that the early failure of one
pair of old-style, 50,000-psi stress level beams, and the subsequent
loss of "incriminating” performance data seriously affect the validity
of conclusions drawn concerning performance of deformation type at the

50,000-psi stress level. With this in mind, and in view of conclusion S
h above, the data seem to indicate that beams containing bars with =
A 305-50T deformation performed hetter than heams containing old-style T
type bars. v
) *.:
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(Revised Aug 1969)

Table 1-TC-B Section 2
Record of Observation and Testine of large-beam Tensile Crack Jpecimens,
Series B, 195h- {Installed Nov 1964)
Beacn Row 1
1950 -195E Redinys
IUEN 310
Type** 0 Cycles, 1954 Cycles Cycles b5h Cy-les, 1957
Nominal  3teel Steel Pulse 1955 1956 Mix Crack
Beam Stress Posi- Defor- Condi- Veloo , Condi- Condi- “ondi- Wwidtht
No. psi tion* mation tion fps W tion tiom tion %" 1/1000 in.
83 20,000 B A-305  Jound 10,290 100 100 8173 15 g 173 10
84 20,000 B A-305  Sound 11,150 100 100 HE 16R s h 170 10
8s 20,000 B 0S Zound 11,7 7 100 100 4 57 10 143 19
86 20,000 B o] Sound 11,470 100 100 B2 17w 10 154 10
87 20,000 B A-309  Sound 10,640 100 100 e 1TL 5 1R3 S
88 20,000 B A-305  Scund 10,470 100 W6 UTS 10 0 200 10
89 20,000 B 05 3ound 11,255 100 s 1be 10 1657 10
90 20,000 B 0s Sound 11,300 100 RN 10 ; 163 10
91 30,000 B A-305  Sound 11,540 100 e PR T 10 191 1
92 30,000 B A-305  Sound 11,550 100 10¢ SRIEEN I 10 1 166 19
93 30,000 B oS Sound 12,120 100 100 s 151 15 30 162 14
9k 3C,000 B o5 Sound 11,605 100 100 : 14t 20 O 1F9 5
95 30,000 B A-305  Sound 11,905 100 100 194 10 f 156 10
96 30,000 B A-305  Sound 11,195 100 100 e 162 10 17k 10
97 30,000 B 05 Sound 11,385 100 100 €152 15 b 154 14
98 30,000 B 0s Sound 11,385 100 100 149 20 159 20
99 L0, 000 B A-325  Sound 10,290 100 100 190 15 202 15
100 Lo, 000 B A-305  Sound 10,435 100 100 27190 10 198 15
101 40,000 B 0s Sound 10,400 100 af 82 195 15 sl 191 29
102 Lo, 000 B 0s Sound 10,455 100 100 Be 167 20 =2 & 20
103 40,000 B A-305  Sound 8,915 100 95 83 80 228 i 2he 2
104 40,000 B A-305  Sound 8,585 100 aly 82 72243 25 i 2 2
105 L0, 000 B 08 Sound 9,230 100 100 BE 9l 2l 10 Q%7 20
106 Lo, 000 B 0s Sound 9,435 100 100 80 B0 36 2 : o3 IS
107 50,000 B A-305  Sound 10,310 100 100 £6 80 195 1° g 191 1
108 50,000 B A-305  Sound 11,385 100 8 54 77 147 20 14t 3
109 50,000 B 05 Sound 8,915 100 al 74 P £ 29 274 o
110 50,000 B 0s Sound 10,170 100 < Th ' 01 °
111 50,000 B A-305  Sound 9,130 100 a6 79 . 0 e s
112 50, 000 B A-20¢  Sound 9,150 100 120 42 CON : e
113 50,000 B 03 Sound 8,850 100 92 7O e el * vy
11k 50,000 B 08 Sound 8,525 100 100 7 7 bR 8] 30
115 None B A-305 Sound 12,985 100 (314 bl 100 2
116 None B A-305  Sound 13,015 100 100 3 5
117 None ;] A-305  Sound 13,245 100 100 f; 19 ~ L
118 None B oS Sound 13,250 100 a8 [ 3 119 )
119 None B 03 Sound 13,130 100 100 . 5 1L
120 None B 0s Sound 13,185 100 100 i 3 1
121 20,000 T A-305  Sound 9,600 100 QF, 7 i 3¢ i R 2
122 20,000 T A-305  Sound 9,570 100 o6 oy e 17 : i
123 20,000 T 03 Sound 9,870 100 100 e it 10 BT 1
2k 20,200 T 0s Sound 9,675 100 100 Sk e 10 Y i
129 20,000 T A-305  Sound 12,960 100 1.0 e HE 14 [ 3
126 20,000 T A-305  Sound 13,160 1 10 79 w0 35 1 :
127 20,000 T 03 Sound 13,4 100 100G b a0 10 i 1 i
128 20,000 T 05 Sound 13,015 100 100 w139 10 1 1
129 30,0C0 T A-305  Sound 9,795 100 a7 7e Ll 1% v
130 3,070 T A-305  Sound 9,820 100 s 130 20 )
131 30,000 by 05 Sound 11,679 100 Lt 76 13 20 & e
132 30,000 W (o8 Sound 11,679 100 i Tt 199 20 £ 1
123 30,1050 T Cound 13,070 Lo n 19 1. 10
125 EEre T 12,820 1ix S 1¢ i 1 1
17 T 17,874 N iy 1 . 1.
1+ T 11, 340 o 2 . 1 1 s 1
177 T 10,510 10 H et B
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(Revised Aug 1965)

Tuble 1-TC-B (Continusd) Section
Beach Row 1
Type 0 Cycles, 1954
Nominal Steel Steel Pulse
Beum Stress Posi- Defor- Condi- Veloc 5
psi tion maticn tion fps o
139 40,000 T A-305 100 10,490 1CO wp e e 17 24 v 132 24
139 Lo, 0o T 05 100 12,095 100 s oL 1- VA LA 19
140 Lo, 0oc T 0s 12,229 100 a0 i e o P 104
141 Lo, o0 T A-305 9,279 100 i s 25 70 Phl 20
1he 40,000 T A-305 9,570 100 100 ino el 1y - Elayg R
143 Lo, 0o T s 100 9,375 100 Gl £ 34 Bl 23k 25
144 LG, 00O T 0S 100 9,390 L0 €45 “ Lo &h 233 L0
145 50, 000 T A-%05 100 9,435 100 ag a2 5] a4 253 Lo
1hh 50, 200 T A=Y 100 9,345 100 ol 31 3 £l 255 30
L7 5, 000 T [ 100 8,970 100 o [S13 He, e 249 4y
148 T 08 100 8,900 100 el 75 P S .
145 7 A-S 100 3,105 100 49 Lo i Lo B
150 T A- 309 150 9,17% 100 100 25 [ 0 . - .
151 T 03 100 11,130 10 i) 15 ¢ 12 .- -
152 T oS 100 16,555 100 25 7h R ]
153 None ks 10G 12,478 100 Sl 6 Te 120 0 » 1zl o]
15h None T 10 12,799 100 120 w2 a7 117 0 88 132 9
159 Nene T ! 12,475 100 160 ) 2 115 o ) 120 o
156 None r 13,045 100 100 g1 GQ 120 0 g2 118 9]
197 None T 12,530 160 43 £6 £5 120 [} 75 12k o]
153 None T 2 190 12,710 109 GG 73 61 120 10 70 119 15
Peach Row 1 1
1953-19051 -
575 Cycles, L9759 T Cycles -
Mix Crack
Condi- > Width Condi- 2
vion BV /1000 in. visntt BV Y
57 B \:. 151 15 180 12 i 1 "
is 3 R 161 20 197 10 ; 17
Els B L 2 15 13 19 i .
3 B [xe 150 15 137 10 g .
kX B 72 Lo 15 104 10 t.1 1o
a1 8 A= 7y 181 10 70 133 13 ' L
3 B 0z 6 166 15 2y, 1v2 10 ; 1
ER ] 7 15% 10 be L7 L Ll L
91 ] “n 10 15 2 Ly o i 1 D
Al B : 154 13 162 1 [ L N
] A RO 152 30 1R 20 1
g B 7 193 iR 0 rrs kN
”* B o Lk o 15 : L
¥ B 142 20 : T 15 1
¥t 3 i 1hy 20 ok 1 12 = e !
3 £y, A B 1l 20 1 . 1w 1
it L, e ] 139 2 1 e i 1
1 R 2} 179 25 \ 5 v ' i
1y W, 2 141 35 L] ‘ 1
Gl ey 0 s e 144 Wi, ‘ ! " L 1
i Wy e B fio:o & R 28 L i i : L
1ol 4o 3 A-u i 2 )Y e N " 3 0
Lot S R 0, € § A} B 1 17 ' 1 e
e A 5 G t R O e 5 1 e 1
vy G, 3 A= ‘e IR ) 1 g 1
B [ u f il I8! thn 1
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(Revised Aue L ©)
Table 1-TC-B { ntinue Geetion 2

Beach Row 1

14:-1200 Readings
T S len, T ST Tiiles,

Jral
Defor- or . Width Condi- ; Condi-
mation 1/1000 in. P Tod in, tion
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(Feviset Aug 1065)

Table 1-TC-B {Continued)

Type 970 Cycles, 1962 1530
Nominal  Steel Gteel Max Crock ot
Beam Stress Pocsi- Defcr- Condi- . Width Cungi-
No. psi tion mation tien W 1/1000 in. tion °
93 30,00 B 03 71 136 20 o) 1
94 30,000 B o €3] 163 25 23] 133
95 30,000 B A-30% 9 148 15 l 1
96 30,000 B A-304 & 162 20 v 1o
97 30,000 3 Qs ol 147 10 el 1R
98 30,000 B 03 [ 154 15 111
39 Lo, 000 B A-309% &2 1#0 15 36
100 40,000 B A-305 &b 212 15 , 1%
101 40,000 B 03 & 18k 25 Saw L
102 Lo, 000 B o} o7 206 20 ¥ 1k
103 49,000 B A-30y U 210 5 B 1h¢
134 50,000 B A-3 23] D4 25 . 1%
165 L, 000 3 0s 72 255 20 1
106 -2, 200 B 03 t 2hy 1 i 14
107 %N, 000 B A-305 194 1% il
108 50,200 B o 13k 15 '
109 50,000 B i 192 29 . : [ ]
110 50,0 B PR 197 25 i
111 3,000 B : Zon 25 ‘ Mg
112 40,000 B s Wt 1 . o
112 B 05 Ok !
11k B 03 "y
1135 B A4l ]
pSY B A-30% : :
1y B A=30% ! 10 °
11y None B . Iy '
119 Nore: B : b
100 None H 1t '
01 T 3 1.
102 T e ; 1
1:3 2,000 b e ' !
1.6 SRR ] T = )
105 RSV T - | .
1ot L3000 T A-i i : [
177 ) T ;
T 1:
T .
T : 1s
T : tes
T A- : 1
T S 0!
a 1l .
T o e 1 !
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(Revised Jan 1973)
-8 {Continuel)
19:5-1 %7 Readings
1 rf-les, v
~ " rax Ura
1300 vyeles, 125 1510 Cpcles, 1%~ s 1200
Max Max
Type raci Cracr
vominal Steal Steel Ton- ; Con~ Aidth Con- Rdefore
: lefor- 1 ii- , 1-1209  4i- Unliad-
matior +: < in. tion
N t £3 I3 15 & : g
T 7o 20 g <
- -7 25 L 40
T 65 30 58 W0
T sl 55 72
T ST 5C 13 7 o7
K 7 30 70 B A,
: Ll 35 74 5, :
L 55 3¢ 245 a3 3
! 5 ® 135 G
- v 25 L1t 111

vy : 52 45 10° .5
- E : w0 45 103 :

-v . 53 35 114

e fret 5% 125 162
i k! : 11 w5 ol 100 157 137 130
0 T 147 25 [ 50 124 V) ‘.‘,
! o : 1,0 LD 05 Lo 145 o )
. .- h 71 35 57 35 111 y 15
K 82 39 54 L5 102 70 Lo

S % 0
5 ¢}

B &7 0

N L o)

b o

Lo I I8 53 15

N
~1
ODO000

52 10

74
73
7%
5

a7

&<

Mra~i
Cori- Width Con-
1i- R VAR50 RS
tioe X in.
Y & 59 1+
” . o7 -1 1
“ . gt at ] g
o , £l - .
. . 52 L2 < " 2 +
. e 3 2 5k Lk 2c =5 sl
-, e s o0 67 L &) ol 2 it
" (] 17 10 s 7 .5 o [ k) b
1 T 35 oo ™ 3 & A k : - I
g i ¢ [ 5 20 A t - ¢
. PR kY F 22 40 L [T . I
- [ w5 53 B v A ‘
7 i U 5 [ [ hl X
. s 23 L o 2 i ¢ ; t
e i 2 X [ “
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t . oo lition af spesymens was not rated v el o er
L5 . bt el reald t owers not shtained in 1o Lertint v et
Wit [ T S S BRPUTE A R e '
‘ . PRI B A S O R PEEN
» . . . . ., i Gt e - Vel " -
DA | . 1! (LR perti




p—— B AR A el s e g T ~ R
Pale SNE A SN A AU Pl Arsjia - it dam e R .

\HMevised Jan 1973

Table 1-TC-B {"oncluded’

section

Kegrnh ~ow 1

DECRER

P05 Cycies, 1A C1E8 "ustan

1361 vycles, 1«8
MAax

## A pilse velority readi

©was rot

Type “rack
Nominal  Steel Steel Con - width  .'on-

Beam  Stress Posi- Deform- di- . L1000 41-

to. psi tion mation  tion BVT ir tion BV tron IV Ty
108 50,000 a A-305 57 74 L . L1 L - 3 SRS .,
109 50,000 R s nE Ll & € ) " B . vt ,
110 50,000 3 o8 se 117 €0 5¢ a” < . 9 e Wy
n1 5C,000 8 25 53 al 5C 55 G I ! C . .
112 50,000 B A-305 €3 93w 53 e : A " W 65 s
113 50,000 B 0s 43 102 a5 44 9 H0 wi 8¢ e o .
1L 50,000 B 08 53 18 s 52 o £ SR, " A, =
115 ‘one H] 3 68 o G L3 o ‘e 3 0 e '
115 tione B 22 %8 7 ™ e v i ) s o
117 ione B w5 nF o £5 Ly o Ty A ; , .
118 Tlone ] oS Lo G G L3 0 LL Ll IS W e
112 None B 0S £z s} 53 L4y Q LN L7 o 1 1
120 None R 8 Rt 0 56 L3 [« 55 N1 0 a7 g
121 20,000 T A-30S R ™ 79 25 7l 74 R . AF .
122 20,000 T A-30 25 70 81 2y £7 - 20 t ,
123 20,000 T 08 ARSI 30 [ L7 35 61 76 ] 61 7i s £ Y o
124 20,000 T og 71 111 5 &5 55 ) €5 98 40 05 G2 L I3 -1 ¢
125 20,000 T A-308 L us >c ) 34 20 59 59 25 58 23 E 5 . B
12¢ 20,000 T A-3C3 77 €1 o s b 25 7 60 25 7 , B [T B
127 20,000 T 08 7% "8 1 69 28 10 70 u2 10 22 i K b
128 20,000 T 0s i £ 5 £ 27 5 7 u7 10 08 W3 1 o7 .
129 30,000 T A-305 60 0o 20 5% 50 29 59 7 N 23 -3 3 . e o
130 30,000 T A-305 71 Bl 3t £6 w5 35 65 59 0 b a6 3 63 N i<
131 30,000 T e v 56 50 T30 3k g 75 50 L S B iz N
132 120,000 T R 51 8 ko 5L 3% S50 6L S5 50 8 ] ag e .
133 39,000 T A-3C5 3 L5 e 63 26 2 63 Ll 0 I3 ] 20 61 3
134 30, T A-305 23 61 oy 66 28 25 L6 [ e L 45 K £ - 20
135 20,000 T o3 £2 53 35 61 28 30 £1 LS 20 01 Lo i ¢ N
136 30,000 U5 05 3 25 £3 33 30 i BN 25 t1 La g b v 5
137 40,000 A-30% 51 Bu 70 49 w0 L9 R 70 . 2 wa W] 77
138 40,000 T A-309 57 106 70 56 37 70 <h Ao T o . y - -
139 40,000 T 0s 67 o2 5 €7 26 Lo £ 3 L5 o | e oo
Wo  Lo.oo0 T s 69 B2 35 w2y ko 68 <2 LW vr ha o o -
W1 Lo.000 T A-305 55 99 8% sL52 55 Ssay 0 P vy 6y o
W2 40,000 Tooa-08 S9 11 S0 58 50 55 5T S0 A0 Jlaoal g 4 g
L3y 40,000 T o8 5116 30 gL LB 3s ol & fs 71 1 th 61 o
L Lo a0 - os €1 115 55 61 SL 6 el A1 &% 4y oy 6l w1 60
145 57,000 T A-7CS £8 101 €5 22 52 7 ae a e o gl e E .
Lué 5C,06C T A-3CS sz o8 50 2 S - B 49 116 95 e % e oo o
L7 50,000 T ns Failed§’ ’

145 T [ Damaged

U T A-309 A8 126 s 64 50 55 68 93 50 67 17 s 68 bu <
15 T A-425 £S5 lup 50 55 62 50 & A 50 12 ®o 50 g o0
171 T v 57 79 50 58 ) 50 57 LG 55 oo Lo oh T o
1 T i@ G411l 5 54 Lo 55 5L 66 55 ™ €3 w0 ou 3y o5
L ione . A= sh » : LL n 0 L5 43 o i b o [N -
Lim tone : A= 1l eh 4 FERE o £ 4 o <5 o <7 ,
10t tene T A-e o R} W 55 Rl [¢ 66 LL Q t6 L0 0 6y g o
1o Nere o t I o e 29 o 63 U A th) 1 o oo

e cne N ¢ [l 7 " A0 2 8) 00 4, o 56 i 5 L
1~ i~ne - ° SR R U 51 i 19 520y 10 < L I CL ke 1
%8 PReam failed but left unaer exposure. (heet 70

" Damaged wnen beam 147 failed. but lett wnder experure. i
# Some pilre veionaty r':\':ir. TS tALGe L s 1R ar Ly ave st telaene fo Yo o valil bk to the power liemitat.ions of e

test equipment: %ltene TVE reatin -t oare Creretfore atle,
TrAane o by, Lidd
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(Revised August 1977)

Table 1-TC-B {Continued) Hectda .
Bearh howv .
1973-147t Readings _
2624 Cycles, 1973 2160 Cycles, 1974 2872 Cyclies, 1975 301F Cycies, 197t
Max Max Max Max
Type Crack Crack Crack Crack
Nominal Steel Steel Con- Width Con- width Con- Width Con- width
Beam Stress Posi- Defor- di- 1/1000 di- 1/1000 4di- P 1/1000 di- - 1/1000
No. psi tion mation tion %V° in. tion %V° in. tion %v° in. tion EI: _ ADa
83 20,000 B A-305 59 124 10 53 + 5 59 74 10 L6 66 15
B4 20,000 B A-305 63 10 &7 10 65 67 15 6l 74 25
85 20,000 B 0s 72 25 TL 20 71 72 25 6 73 20
86 20,000 B 0s 66 20 66 20 66 €6 20 63 69 20
87 20,000 B A-305 L6 15 u8 15 %5 70 20 k7 105 20
88 20,000 B A-305 50 10 u9 15 W 68 20 51 69 15
89 20,000 B 03 6L 20 66 20 65 76 25 =N 76 25
90 20,000 B 0s 61 20 60 20 (] 60 30 57 9 20
91 30,000 B A-305 69 20 68 20 67 %6 3 68 55 25
92 30,000 B A-305 67 15 66 15 66 83 20 51 & 20
93 30,000 B 0s 6L 25 66 ] 64 53 35 Y 53 50
94 30,000 B 0s 67 55 67 70 64 5t 70 61 65 70
95 30,000 B A-305 63 20 68 15 67 78 25 62 77 25
96 10,000 B A-305 65 20 66 20 67 3 25 62 80 20
97 36,000 B 03 63 40 63 30 61 59 50 62 58 Lo
98 30,000 B o0s 59 50 58 50 60 63 % 58 62 50
39 40,000 3 A-305 59 50 59 60 59 57T %0 57 58 60
120 40,000 P A-305 58 1) 56 30 57 13 50 53 Tl 50
101 40,000 B os 58 60 60 70 60 53 75 58 52 75
162 40,000 B 0s 61 60 63 60 63 W 70 59 49 100
103 4e,000 B A-305 50 60 s1 60 B 8 60 47 9k 60
106 40,000 B A-305 ST 60 58 50 8 76 55 S7 81 55
105 40,000 B os 69 50 70 50 68 110 S5 108 70
106 40,000 B 0s 52 50 52 50 s2 63 70 w8 66 70
197 50,000 B A-305 51 50 51 60 51 38 55 51 38 (1-in. spall)
108 50,000 B A-305 55 50 52 50 sy 37 55 57 38 él/e-in- spall)
109 50,000 B 05 66 60 66 70 66 62 60 64 126 (1-1/2 in. spall)
110 50,000 B 0s 55 60 55 60 53 57 60 55 100 75
111 50,000 B A-305 51 Lo 50 50 51 83 50 L9 a2 75
112 50,000 B A-305 63 60 62 70 58 T4 60 61 103 7
113 50,000 B 0s u8 80 u8 80 w8 75 80 b7 76 (1/L-in. spall)
114 50,000 B 0s 51 10 52 60 52 7175 51 138 100
115  None B A-305 63 0 57 0 % 19 719
116  None B A-305 65 ! 58 0 571 82 55 79
117 None B A-305 43 0 LS o B 35 b2
118  None B 0s 3L 0 35 0 38 61 35 65
119  None B oS 56 [ 5 o ¥ W 50 43
120 None B 0s 53 0 54 0 8 83 se 80
121 20,000 T  A-305 T4 30 T2 25 72 97 35 72 98 25
122 20,000 T  A-305 69 20 68 15 67 90 25 69 102 30
123 20,000 T 0s 60 50 61 50 60 50 60 103 60
124 20,000 T 0s 6k Lo 64 Lo 86 50 61 81 50
125 20,000 T  A-305 60 25 59 20 56 55 30 5T 56 30
126 20,000 T  A-305 76 25 77 25 T4 57 30 75 58 30
127 20,000 T 08 65 15 67 20 66 57 20 67 56 20
128 20,000 T 0s 58 10 67 10 6L 61 20 68 59 15
129 30,000 T A-305 5b 50 52 Lo 55 75 %0 52 9B 50
130 30,000 T A-305 63 50 63 50 63 70 60 61 11 65
131 30,000 T oS T2 60 72 60 70 62 10 T2 62 75
132 30,000 T 0s 59 60 59 60 8 71 60 51 83 75
133 30,000 T A-305 60 50 61 50 83 57 78 50
134 30,000 T A-305 6L 60 64 50 6y 60 65 62 61 7°
135 30,000 T 0s 61 Lo 61 Lo 61 50 Lo 61 L6 Lo
136 30,000 T 0s 65 20 65 30 62 82 30 €3 86 ki
137 40,000 T A-305 u9 80 50 70 Lo 66 85 Lg 67 a0
138 40,000 T A-305 56 75 55 80 6 68 75 55 67 7%
139 40,000 T 0s 66 50 65 60 65 92 50 6l 68 50
140 140,000 T 0s 61 LS 67 Lo 67 65 55 66 67 60
141 40,000 T A-305 53 60 53 60 2 75 60 58 105 60
142 40,000 T  A-305 53 u0 59 50 sk 70 0 61 86 50
143 LG,000 T 0s 6L Lo 63 Lo 62 78 0 64 114 795
1L 4p,n0o T ] 61 60 61 70 55 72 65 59 9l (l7e-in. spall)
145 $0,U00 T A-305 60 80 54 80 52 68 80 5k 116 125
16 0,000 T A-305- U6 S0 u8 60 LL T2 i 46 8 8o
2 catisfactory julse veloeity readings vere not obtained in 1973 and 167h, R .
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-
.'\ Table 1-TC-B (Continued}
b
b, .
‘_.. 1977- Feadings o :
b 3099 Cyclies, 1977 R ..3242 Cycles, 197X 338 Cyrles, 1919 T
Max Max Hax
Type Crack Crack Track
Xominal Steel Steel Con- Width Con- Width Coun- wWideh
Stress  Posi- Defor- Jdi- 5 1/1000 di- 5 1/1000 di-
pst ‘ion mation tjon VT in. tion  gV© in. tion  SV© in.
20,000 B A-305 22 80 15 L7 78 15 3k 5 15
#C,CC0 B A-30% 60 T4 25 64 Ly 30 64 T2 30
20,000 B 0s 68 88 o> 66 Lo 20 59 68 20
20,000 B 0s 65 69 25 67 58 25 63 i) &5
20,000 B A-305 L6 66 20 u6 52 20 Ly 71 2C
20,000 B A-305 51 53 20 53 52 20 L6 97 20
20,0CC B 0s €3 113 25 6k 56 25 61 95 25
20,000 B 0s 58 59 25 56 L9 20 58 $6 2
36,000 B A-305 68 60 25 69 38 30 68 98 30
30,000 B A-305 65 8L 25 66 39 25 6l w2 25
30,000 B 0s 63 51 55 65 Ly 60 64 72 60
30,000 B 0s 63 68 70 65 60 75 60 95 5
B A-305 60 76 25 L6 63 26 42 63 20
B A- 305 [ 86 25 s 60 96 63 99 30
B 0s 62 76 50 63 66 up 62 75 40
30,000 B 0s 59 €3 50 61 54 50 55 70 ico
%5, 000 B A-1C5 56 92 60 59 Sk 75 59 56 75
40,000 B A-305 56 T2 55 56 L) 50 43 81 120
Lo, 000 B 0s 56 Sk 80 57 L3 8¢ 56 63 80
Lg,000 B 0s 58 53 100 56 58 125 54 65 125
L0,000 B A-305 L7 86 €0 47 57 60 L6 i3y 60
40,000 B A-305 6 62 60 58 T3 15 56 12k 75
[Featiy B 0s (33 &2 75 65 88 80 88 117 80
49,500 B 0s 66 69 70 90 76 {i/k-in, spall) 91 9T (1/bein. spull)
50,500 B A-305 50 L6 (1-in. spall) 51 55 (l-in. spall) L9 83 (1-in, spall)
50,200 B A-305 53 uk (5/8-in. spall) 5k 33 (5/8-in. spall) L9 53 (3/&-in. spall)
40,090 B 0s €5 115 {1-1/2 in. spall) 6is Sk (2-in, spali) 56 97 (2-in. spadl;
0,000 B 0s 53 9k 75 55 62 100 3 109 150
7,000 B A-30% S0 68 75 55 43 100 L9 58 iov
50,600 B A-30% 9 61 5] 61 50 (1-in. spall) €2 90 (1-in. spall)
50,000 B cs 47 9 (1/L-in. spall) L8 48 (1/k-in. spall) L& 106 (1/b=in. sgall}
50,000 B s 51 101 100 s1 56 {1/2-in. spali) 51 153 (1/2-in, spali)
None B A-305 51 78 Lo L3 ub 58 -
None B A-30% o7 76 ST 25 62 61 -
None B A-305 59 u 53 s 30 52 [ 30
None B 08 L 6L L2 22 39 20 -
None B 0s 55 L3 52 70 45 63 -
None B 0s Sk 79 55 50 53 49 --
20,000 T A-305 10 92 35 73 22 30 Tl 146 30
20,900 T A-305 67 97 35 69 60 30 o7 10 30
20,000 T 0s 59 65 60 59 51 100 2 71 100 B .
20,000 T 3 63 71 6c 63 L7 60 63 98 60 T, 4
20,000 T A-305 57 54 30 59 30 25 57 a6 25 - :
20,000 T A-305 75 54 30 76 37 25 Th <k 2
20,00C T 0s 66 68 20 68 61 20 55 ST a0
20,900 T 0s 67 €5 2 68 35 15 PX4 53 50
3c, T A-105 2 93 5 S 9% 60 53 90
30, T A-70% 60 B3 €0 61 £y 75 M3 T
0,20 T [N 0 Ly 75 72 %) & e K
e T 08 S 93 ] 56 0y (1/u-in, spadi) L7 (2 L Cpall
Wy, g " 58 [#3] £A 94 L7 "0, o> a1 5
Lo T [ ’ re [ Su 46 7y wl ¥ .
T [} Loy 1l Sy Ly (9] 23] L P
V.ot - 0, (Y Lo £3 a ] o 2 B
« 3, T RTe) 9] Nl 5] 47 11 [ al!
¢ T re 5t . ' X ‘s
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{Revised July 1981) . .
Table 1-TC-B (Continued) Section 2 i L
N Beach Row 1 N
e 1973- 1976 Readings
26054 Cycles, 1973 2760 Cycles, 1974 282 Cycles, 1975 3018 Cyc.es, 1976
s Max Max Max Max
Type Crack Crack Crack Crack
Nominal Steel Steel Width width width  Con- width
; Beam Stress Posi- Defor- Con- , 1/1000  Con- 1/1000  Con- 1/1000 di- 1/1000
u No. psi tion wmation dition SV in. dition  $V° in.  dition ;ﬁ in. tion LVZ in. . .
- 148 50,000 T 08 " Unloaded ## - -- - - - - -- o R
LI 149 50,000 T A- 304 €5 ) 66 50091 61 73 500 61 100 (b-in. spall) N
- 150 %0,000 T A-305 65 60 65 70 62 61 70 64 104 75 -
-, 151 50,000 T oS 57 70 58 170 57 62 0 56 63 [l/2-~in. spall)
S 152 50,000 T [oF] S 60 Sk 55 S1 2 0 53 52 50
N 153 MNone T A-305 L 0 36 0 16 50 % 52 ) T
.y 154 None T A-305 55 0 5k 0 Sk 84 55 81 . ..
A 155  None T A-305 76 0 65 0 61 82 65 81 - -
156  Rone T os 52 0 27 0 25 83 22 81 o N )
. 157  None T 0s 52 0 51 0 49 83 50 90
’ 158 None T 0s 51 0 50 0 50 T 51 79 (2-in. spall) ) R
1977- Readings SRR
05 Cyeies, 1977 3242 Cycles, 1978 3341 Cycles, 1979 e o
Max Max Ma x
Crack Crack Crack
Con- width Con- width Con- Width { J ~@
di- ” 1/1000 di- 1/1000 di- 1/1000 . R
tion v in. tion  $V in. tion 2V in. L -
- 148 50,000 T 0s - e -- _— - — __ - _ S
L 149 50,000 T A-305 6k 67 (b-in. spall) 62 50 (6-in. spall) 61 93  (6-in. spall) o Ty
- 150 50,000 T A-305 63 65 75 63 60 15 62 90 75 N e T
N 151 50,000 T 03 53 63 (5/8-in. spall) 45 32 (1-in. spall) 45 54  (l-in. spall) ot
152 50,000 T 0s 53 67 50 54 33 50 52 96 50 e e
5 153 None T A305 29 53 26 35 19 55 —
’ 154 None T A-305 55 7k 61 2k 59 -- - e
155  MNone T -305 65 7 66 53 65 52 -
- 15¢  None T o} 23 82 23 52 21 56 -
157 Yone T 0s sk 8o 57 28 3] 82 -
158 None T cs 50 68 52 36 (2-in. spall) 50 74 (2~in. spall)
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LINEAR REGRESSION ANALYSES
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LAl AT At A, b i e !'

¢
.
8

:{b Condition -
Type Stress Correlation » :

Position  Rebar kips Coefficient Regression Equation ;n'n~ﬁ;q

Bottom A-305 0 -0.95 Condition = 166.42 - 1.48 * Year RSy

Bottom A-305 20 -0.94 Condition = 164.56 - 1.51 * Year ST

Bottom A-305 30 -0.93 Condition = 134.95 - 0.947 * Year e

Bottom A-305 40 -0.91 Condition = 140.37 - 1.15 * Year ) K 3

Bot tom A-305 50 -0.79 Condition = 122.14 - 0.919 * Year o ) f

Bottom 0s 0 -0.78 Condition = 132.39 - 1.14 * Year sl

Bottom 0S 20 -0.91 Condition = 140.55 - 1.03 * Year R

Bottom 0S 30 -0.83 Condition = 122.70 - 0.82 * Year 4

Bottom 0s 40 -0.60 Condition = 107.63 - 0.606 * Year : ;~j

Bot tom 0S 50 -0.75 Condition = 100.47 - 0.629 * Year >, @

R

Top A-305 0 -0.95 Condition = 156.23 - 141 * Year 7o

Top A-305 20 -0.83 Condition = 117.27 - 0.65 * Year .__,_ﬁi

Top A-305 30 -0.83 Condition = 125.84 - 0.90 * Year e

Top A-305 40 -0.71 Condition = 106.36 - 0.709 * Year ""-T~1

Top A-305 50 -0.90 Condition = 134.21 - 1.03 * Year > R

Top 0S 0 -0.96 Condition = 169.81 - 1.63 * Year -

N Top 0S 20 -0.89 Condition = 139.14 - 1.02 * Year
-t;f Top 0S 30 -0.88 Condition = 113.68 - 0.691 * Year
S Top 0s 40 -0.88 Condition = 106.12 - 0.568 * Year
Top 0s 50 -0.93 Condition = 207.22 - 2.42 * Year

. . AN
. ‘._‘,
. .
-
bl i

Percent v

]
Bottom  A-305 0 -0.77  PCT - V5 = 270.94 = 3.02 * Year ]
Bot tom A-305 20 -0.85 PCT - V3 = 299.35 - 3.50 * Year e
Bottom A-305 30 -0.82 PCT - V2 = 277.33 - 3.91 * Year SRR
Bottom A-305 40 -0.86 PCT - V2 = 312.28 - 3.75 * Year EEAEERA
Bottom A-305 50 -0.88 PCT - V5 = 310.77 - 3.78 * Year el
Bottom 0s 0 -0.82 PCT - Vg = 269.71 - 3.04 * Year
Bottom 0S 20 -0.84 PCT - V2 = 282.08 - 3.28 * Year )
Bottom 0S 30 -0.83 PCT - V2 = 291.73 - 3.41 * Year
Bottom 0s 40 -0.85 PCT - V2 = 299.03 - 3.58 * Year
Bottom 0S 50 -0.86 PCT - V° = 289.65 ~ 3.41 * Year
Top A-305 0 -0.80 PCT - Vg = 281.15 - 3.17 * Year
Top A-305 20 -0.79 PCT - V2 = 260.93 - 2.97 ¥ Year ST
Top A-305 30 -0.81 PCT - Vi, = 264.87 - 3.04 * Year ... ®
Top A-305 40 -0.84 PCT - V2 = 294.72 - 3.46 * Year .
Top A-305 50 -0.88 PCT - V© = 296.11 - 3.61 * Year

(Continued)
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{ji Percent V2 (Continued) - »':
p o DO
- Type Stress Correlation A
La Position Rebar kips Coefficient Regression Equation L 4 !‘
F;ji-; Top 0S 0 -0.71 PCT - vg = 246.35 - 2.64 * Year v.'.;;:‘;'.'_' s
A Top 0S 20 -0.86 PCT - Vo = 304.80 - 3.60 * Year A '.-fi{f-jj
0 Top 0S 30 -0.82 PCT - V, = 268.19 - 3.11 * Year RO
Top 0S 40 -0.83 PCT - V, = 299.00 - 3.47 * Year s
Top 0S 50 -0.91 PCT - V° = 375.29 - 4.88 * Year o o]
[ .- " R
Maximum Crack Width T
t. Bottom A-305 20 0.80 Max crack width o 0
o = -0.0227 + 0.000565 * Year SR
. Bot tom A-305 30 0.70 Max crack width ol
- = -0.0336 + 0.000827 * Year < .
'}- Bottom A-305 40 0.95 Max crack width fi‘» '.:
: = -0.1297 + 0.00247 * Year ]
Bottom A-305 50 0.72 Max crack width @ o
= -1.28 + 0.0208 * Year =
Bottom 0s 20 0.80 Max crack width
- = -0.0299 + 0.000711 * Year
. Bottom 0S 30 0.96 Max crack width
= -0.1084 + 0.00213 * Year
Bottom 0S 40 0.97 Max crack width
= -0.167 + 0.00315 * Year
Bottom 0S 50 0.75 Max crack width
= -1.47 + 0.024 * Year
Top A-305 20 0.75 Max crack width
= -0.0370 + 0.000853 * Year
A-305 30 0.93 Max crack width
= -0.129 + 0.00236 * Year
A-305 40 0.96 Max crack width
= -0.1562 + 0.00303 * Year
A-305 50 0.75 Max crack width
= -3.53 + 0.0570 * Year
0S 20 0.91 Max crack width
= -0.0950 + 0.00177 * Year
0S 30 0.93 Max crack width
= -0.0862 + 0.00178 * Year
0s 40 0.70 Max crack width
= -0.504 + 0.00845 * Year
0S 50 0.61 Max crack width

= -0.766 + 0.013 * Year
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