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INTRODUCTION

Most practicing structural engineers sooner or
later face the task of evaluating old structures. This
task is always an interesting challenge, because it is
never a routine application of the current practice in
design. Owners commonly require re-evaluation when
planning a change in building usage, restoration, addi-
tional stories, or lateral additions in any combination.
Frequently, the original contract documents, the “as-
built” revisions, and so on, cannot be found.

The structural engineering challenge is two-fold.
First, the material properties must be determined for
the concrete. The concrete can and usually does gain
25 percent or more strength than it had at 28 days,
but the concrete can also have deteriorated under fire
or chemical exposures. The second challenge con-
cerns the reinforcing bars — determining the yield
strength, the bar sizes and their cross-sectional areas,
the locations of the bars, effective depths of structur-
al members, the bending and cut-off details of the
bars, and development lengths (bond and anchorage).

Where documentation is lacking for the existing
structure, the following abbreviated history of rein-
forcing bars may be a useful starting point.

Reference 1 is an excellent presentation on the
history of reinforced concrete. Included in the article
are illustrations of a variety of patented reinforcing
bars, and an extensive list of references regarding
codes, design and construction, and reports on land-
mark tests.

REINFORCING BARS — SPECIFICA-
TIONS, BAR SIZES AND ALLOWABLE
STRESSES

Specifications. Reinforcing bars, as we know them
today, came about in 1900. Specifications were first
developed by the Association of American Steel
Manufacturers in 1910. The American Society for
Testing and Materials (ASTM) adopted standard
specification A15 for billet-steel concrete reinforcing
bars in 1911. Reinforcing bars were plain and
deformed in structural, intermediate and hard grades

(minimum yield strengths), or deformed, cold-twisted.
Structural grade (minimum f,, = 33,000 psi) was nor-
mally used, unless otherwise specified. The specified
minimum yield strengths of structural, intermediate,
and hard grades were 33,000, 40,000, and 50,000 psi,
respectively. The minimum yield strength of cold
twisted bars was specified at 55,000 psi.

ASTM also issued similar specifications for rail-
steel (A16) and axle-steel (A160) reinforcing bars.
The minimum yield strength for rail-steel bars was
50,000 psi, and for axle-steel bars the same as for bil-
let steel bars.

Table 1 summarizes the ASTM specifications for
reinforcing bars from 1911 to the present.

Bar Sizes. Table 2 shows the standard reinforcing bar
sizes recommended by the Joint Committee on
Standard Specifications for Concrete and Reinforced
Concrete in its 1924 Report (Reference 2).

Allowable Stresses. Some early authorities stated
that allowable stresses in tension in the reinforcement
higher than 12,000 psi show “very little to be gained
in economy” and recommended a maximum of 14,000
psi (Reference 3). Recommended allowable stresses
in tension in the 1924 Joint Committee Report
(Reference 2) were:

® 16,000 psi for structural grade and rail-steel
bars

® 18,000 psi for intermediate and hard grade bars
and twisted bars.

In its 1940 Report, the Joint Committee increased its
recommended allowable stresses to:
Tension

® 18,000 psi for structural grade bars

® 20,000 psi for intermediate and hard grades or
rail-steel bars

® 16,000 psi for all web reinforcement

Compression
® 16,000 psi for intermediate grade bars
@ 20,000 psi for hard grade or rail-steel bars
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Table 1—Reinforcing Bars 1911 to Present; ASTM Specifications; Minimum Yield and

Tensile Strengths in psi

Years Grade 33 Grade 40 Grade 50 Grade 60 Grade 75
ASTM Steel (Structural) (Intermediate) (Hard)
Spec Start End Type Min. Min. Min. Min. Min. Min. Min. Min. Min. Min.
Yield Tensile| Yield Tensile| Yield Tensile| Yield Tensile| Yield Tensile
A15 1911 1966 Billet 33,000 | 55,000 | 40,000 | 70,000 | 50,000 | 80,000
A408 1957 1966 Billet 33,000 | 55,000 | 40,000 | 70,000 | 50,000 | 80,000
A432 1959 1966 Billet 60,000 | 90,000
A431 1959 1966 Billet 75,000 | 100,000
A615 1968 1972 Billet 40,000 | 70,000 60,000 | 90,000 | 75,000 | 100,000
AB15 1974 1986 Billet 40,000 | 70,000 60,000 | 90,000
AB15 1987 Present Billet 40,000 | 70,000 60,000 | 90,000 | 75,000 | 100,000
A16 1913 1966 Rail 50,000 | 80,000
AB1 1963 1966 Rail 60,000 | 90,000
A616 1968 1999 Rail 50,000 | 80,000 | 60,000 | 90,000
A160 1936 1964 Axle 33,000 | 55,000 | 40,000 | 70,000 | 50,000 | 80,000
A160 1965 1966 Axle 33,000 | 55,000 | 40,000 | 70,000 | 50,000 | 80,000 | 60,000 | 90,000
AB17 1968 1999 Axle 40,000 | 70,000 60,000 | 90,000
A996 2000 Present | Rail, Axle 40,000 | 70,000 | 50,000 | 80,000 | 60,000 | 90,000
A706 1974 Present | Low-Alloy 60,000 | 80,000
A955M 1996 Present | Stainless 40,000 | 70,000 60,000 | 90,000 | 75,000 | 100,000

BOND AND ANCHORAGE

After establishing the yield strength of the rein-
forcing bars, the next important property required for
evaluation of old structures concerns bond and
anchorage. Steel mills in the USA completed conver-
sion of their production to “high-bond” deformations
about 1947, which continue virtually unchanged to the
present day. In 1947, ASTM issued a specification,
designated as A305, which prescribed requirements
for deformations on reinforcing bars. The A305 speci-
fication existed from 1947 to 1968. In 1968, the
requirements for deformations were merged into the
specifications for reinforcing bars—A615 (billet-
steel), A616 (rail-steel), and A617 (axle-steel).

For older structures, it is prudent to consider all
varieties of reinforcing bars—plain round, old-style
deformed, twisted square, and so on—conservatively
and simply as 50 percent as effective in bond and
anchorage as current bars. In other words, the tension
development lengths, {,, for the old bars would be
twice (double) the {; required for modern reinforcing
bars. Since most strength design reviews for flexure
will be based on a yield strength, fy = 33,000 psi
instead of today’s 60,000 psi, the tension develop-
ment lengths for the old bars can be determined by
adding 10 percent to any current table of tension
development lengths, /,, for modern reinforcing bars.
The main deficiencies encountered in old structures
will be in tension lap splice lengths provided for bars
larger than #86, and typical details with top bars larg-
er than #6 cut off at 0.25 times clear span.

Standard end hooks, 90° or usually 180° on old-
style bars in earlier codes were considered to develop

half the allowable tension stress. Under today’s
strength design method, this value would approximate
q,')fy/2 = (0.90)(33,000 psi)/2 = 15,000 psi.

DETAILS OF REINFORCING BARS

Flexural Members. For structures built during the
period 1900 to 1940, design standards and accompa-
nying typical details of reinforcing bars evolved grad-
ually, beginning with a bewildering variety of patented
systems. Where design drawings or project specifica-
tions are not available, and no clue remains to the sys-
tem used, caution is particularly prudent. Many of the
older patented systems would be considered much
less effective today—some were theoretically sound
and went out of style because of high costs, but oth-
ers were based upon theory not acceptable today. In
two-way slabs, do not assume that there was only
two-way reinforcement. Especially, if the topmost
layer is disappointingly light, it may be part of a four-
way system, with four layers instead of two. Look for
diagonal bands of bars.

Where original design drawings are not available,
typical details for reinforcing bars as shown in ACI
Detailing Manuals (Reference 4) were commonly used
since 1947. These typical details can be assumed and
used for initial calculations if original service loads are
known. In any case, these calculations should be con-
firmed or modified as soon as data on bar sizes, bar
spacings, and effective depths of structural members
can be checked in the field.

Particularly for flexural members, load tests are
especially convincing when used to check calculated
capacity based upon material tests and reconstituted




placing drawings. In particular, even non-destructive
load tests can thus be used to validate calculated
deflections before and after cracking. (Reference 5).

Columns. Non-destructive surface tests should be
employed at numerous locations to evaluate the con-
crete. If it is necessary, column concrete cover can be
removed to observe vertical bar sizes, splice details,
ties or spirals, etc., and replaced with little or no
impairment of the structural capacity. Load tests on
columns are generally not feasible, and so evaluation
of column strength must be analytical. Even cutting
out sample test cores to determine concrete strength
is not generally advisable, since vertical reinforcing
bars may be damaged and replacing removed con-
crete is not likely to be effective.

Under present codes, the contribution of spiral
reinforcement to column capacity is considerably less
than under old codes. In a present day evaluation,
therefore, spiral columns, especially square or rectan-
gular, are more likely to limit the total capacity than
tied columns.

Locating Reinforcing Bars. Instruments now avail-
able permit the user to locate and follow individual
reinforcing bars inside concrete slabs or beams.
Some give accurate indications for the depth of con-
crete cover and even relative size of bar. Again, it is
desirable to calibrate such readings by exposing the
bars at some non-critical locations. These readings
are particularly valuable in re-constructing the design
details—bend points, cut-off points, and bar spac-
ings—at least for the outside layers of bars.

CONCRETE PROPERTIES

The present day concrete properties in place
should be determined by tests. Even if original project
specifications are available, the specified concrete
compressive strength, f., is not a reliable value years
later. Evaluation of present in-place concrete strength
may be demonstrated by several more or less non-
destructive methods. The ASTM standard test meth-
ods are:

(a) Test of cast-in-place cylinders, ASTM C873
(limited to use in slabs)

(b) Pulse velocity testing, ASTM C597
(c) Rebound number, ASTM C805

(d) Penetration resistance, ASTM C803
(e) Pullout strength, ASTM C900

It should be noted that all these methods require
correlation with strength tests on drilled cores. The
measurements of these various properties of concrete
are related to compressive strength, tensile strength,
or modulus of elasticity which can be converted to
compressive strength of standard cylinders for design
strength. Even instruments purporting to read “psi” or
with “conversions provided” must be calibrated with
the tests on cores from the actual concrete in ques-
tion.

Table 2—Standard* Reinforcing Bar Sizes

(1924)
Size, in. Area, in2
Round Square

o n

3/8 0.1 -
1/2 0.20 0.25

5/8 0.31 -

3/4 0.44 -

7/8 0.60 -
1 0.79 1.00
1-1/8 - 1.27
1-1/4 - 1.56

* Recommended by the Joint Committee on Standard
Specifications for Concrete and Reinforced Concrete in its 1924
Report.

** Most suppliers offered a Ys-inch round bar, as well as the rec-
ommended standard sizes.

T The a-inch square bar was used, but to a lesser extent. Square
bars were usually deformed, or if plain in structural grade, twisted
to enhance bond and yield strength properties.

1. Round bars were plain or deformed.

2. A number of producers offered additional sizes, in 1/16-inch
increments, prior to adoption of this reduced list of standard sizes.
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SOFT METRIC REINFORCING BARS

While the focus of this report is on the past, it is
important for readers of this document to be aware of
current industry practice regarding soft metric rein-
forcing bars. The term “soft metric” is used in the con-
text of bar sizes and bar size designations. “Soft met-
ric conversion” means describing the nominal dimen-
sions of inch-pound reinforcing bars in terms of metric
units, but not physically changing the bar sizes. In
1997, producers of reinforcing bars (the steel mills)
began to phase in the production of soft metric bars.
Within a few years, the shift to exclusive production of
soft metric reinforcing bars was essentially achieved.
Virtually all reinforcing bars currently produced in the
USA are soft metric. The steel mills’ initiative of soft
metric conversion enables the industry to furnish the
same reinforcing bars to inch-pound construction proj-
ects as well as to metric construction projects, and
eliminates the need for the steel mills and fabricators
to maintain a dual inventory. Thus, USA-produced
reinforcing bars furnished to any construction project
most likely will be soft metric.

Designations of Bar Sizes. The sizes of soft metric
reinforcing bars are physically the same as the corre-
sponding sizes of inch-pound bars. Soft metric bar
sizes, which are designated #10, #13, #16, and so on,
correspond to inch-pound bar sizes #3, #4, #5, and so
on. The metric bar designations are simply a re-labeling
of the inch-pound bar designations. The following table
shows the one-to-one correspondence of the soft met-
ric bar sizes to the inch-pound bar sizes.

Soft Metric Bar Sizes vs. Inch-Pound
Bar Sizes

Soft Metric Bar Inch-Pound Bar
Size Designation Size Designation
#10 #3
#13 #4
#16 #5
#19 #6
#22 #7
#25 #8
#29 #9
#32 #10
#36 #11
#43 #14
#57 #18

Minimum Yield Strengths or Grades. Virtually all
steel mills in the USA are currently producing reinforc-
ing bars to meet the metric requirements for tensile
properties in the ASTM specifications. Minimum yield
strengths in metric units are 300, 350, 420 and 520
MPa (megapascals), which are equivalent to 40,000,
50,000, 60,000 and 75,000 psi, respectively. Metric
Grade 420 is the counterpart of standard Grade 60.

Bar Marking. Soft metric reinforcing bars are
required to be identified with the Producer's mill des-
ignation, bar size, type of steel, and minimum yield
strength or grade. For example, consider the marking
requirements for a #25, Grade 420 metric bar, which
is the counterpart of an inch-pound #8, Grade 60 bar.
Regarding the bar size and grade, the ASTM specifi-
cations require the number “25" to be rolled onto the
surface of the metric bar to indicate its size. Foriden-
tifying or designating the yield strength or grade, the
ASTM specifications provide an option. A mill can
choose to roll a “4” (the first digit in the grade num-
ber) onto the bar, or roll an additional longitudinal rib
or grade line to indicate Grade 420.

The 27th Edition of the CRSI Manual of Standard
Practice was published in March 2001. Chapter 1 in
the Manual includes a detailed presentation of the
inch-pound and metric requirements in the ASTM
specifications for reinforcing bars. Appendix A in the
Manual shows the bar marks used by USA producers
to identify Grade 420 soft metric bars.

More information about soft metric reinforcing
bars is also provided in Engineering Data Report No.
42, “"Using Soft Metric Reinforcing Bars in Non-
Metric Construction Projects”. EDR No. 42 can be
found on CRSI's Website at www.crsi.org.

Readers of this report are also encouraged to visit
the CRSI Website for:

® Descriptions of CRSI publications and soft-
ware, and ordering information

® |nstitute documents available for downloading

® Technical information on epoxy-coated reinforc-
ing bars

@ Technical information on continuously reinforced
concrete pavement

® Membership in CRSI and member web links
® General information on the CRSI Foundation

® Information on the CRSI Design Awards com-
petition
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