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ened. This 7200-ft (2195-m) bridge will carry
five lanes of northbound traffic and the older,
widened bridge will carry the southbound
lanes. Design alternative studies were com-
peted by four. separate consulting firms to
determine the two most competitive. Studies
were conducted for a structural steel truss,
similgr to the existing bridge, a structural steel
box gixder, a concrete and stee] cable stayed
bndge d a structural ightweight concrete
segmenta box girder bndge The structural
stee] truss apd the structural lightweight con-
crete segmegtal box girder bridge were the
two most congpetitive designs. Confirming
cost estimates were conducted by a fifth, cost
estimating speciglty consulting firm to re-
move any doubt figm the comparisons.

Caltrans had planped to have two alterna-
dves designed and bid\taken for both, with the
lowest bid accepted. Eakh bridge is composed
of a series of 528 spans supported on normal
weightpiers ranging up to A50ft (76 .2 m) from
bedrock to deck. Structural\ightweight con-
crete will be used for the decks\and superstruc-
ture on both alternatives, with Rolyester con-
crete overlay wearing surfaces.\In 1996 the
decision was made to complete deign of only
the saructural lightweight concrete akernative,
after bids on some nearby structukal steel
bridges showed that material not to bk com-
petitive with concrete in this region.

Structural Lightweight Concrete

Research
Concerns over the shear strength and ductilé
performance of structural lightweight cgh-
crete in a seismnic event prompted the Depfart-
ment to mtiate a research project at the/Uni-
versity of Californiaat San Diego. Theproject
is being conducted at the Charles Leg Powell
Structures Laboratory under the sypervision
of Professor Nigel M. J. Pnestlg
conducted much of the Caltrang’ seismic re-
search for concrete membery. This light-
weight concrete testing progrdm is being con-~
ducted in three phases; firsy/to determine the
shear strength of structurdl lightweight con-
crete, second to investigajé the flexural strength
and ductility, and third/to investigate the dy-
naric behavior of stryctural lightweight con-
crete. Only the resylts of the fist two phases
are available now

The importaace of assessing the shear
strength of strughural lightweight concrete lies
in the undesiyable characteristics of a shear
failure, Singt structural engineers try to pro-
vide adequdte protection against shear failure
in the desyon of any reinforced concrete mem-
ber, it lmportant to accurately evaluate the
shear gfrength of the material. Two structural
lightyteight concrete bridge column test speci-
meys were built and tested.

While Caltrans has not used structural
{ghtweight concrete in bridge columnns or
other supporting elements it was important to
determine the flexural strength and ductility of

, who has -

columnns designed with the concrete. Ffs
second series of tests was completed in fate
1996. Three columns were constructed and
tested, two with ightweight concrete ghd one
with normal weight concrete for comparison.

Based on this work it is suggestgd that the
initial cracked section stiffness Of a light-
weight concrete member can We conserva-
tively reduced by 15% from the stiffness of a
normal weight concrete colugdn. This would
resultin anincrease in elastichisplacementsin
a moderate earthquake. Jor design for the
ultimate limit state the redpiced stiffness wounld
not play a role. Howeyer, the use of force-
based design would likély result in an inaccu-
rate estimate of displdcement. Therefore, the
use of direct displdcement-based design is
recommended.

Based on thee tests it can be concluded
that the hysterefic damping of structural light-
weight concrghe is essentially the same as for
normal weight concrete. For direct displace-
ment-baseddesign, damping relations for nor-
mal weight concrete can be applied without
modificAtion forlightweight concrete. Analy-
sis of fhese test results indicate that the uli-
mate/concrete compression strain is not af-
fecigd by the type of concrete, and that esti-

{tes of displacement capacity with the same

degree of conservatism as for normal weight

oncrete can-be obtained for lightweight
concrete.

Ciosing Remarks o
The results to date indicate that structural
lightweight concrete using expanded shale
aggregate is a viable alternative, especially
here dead load is a design consideration. It

cay be used in columns with dependable,
predjctable behavior in seismic zones.

Caltrans intends to continue the use of
struc lightweight concrete in whatever
applicatigns prove to be cost effective. Re-
search will continue on material performance
in high seiskpic zones. Current policy will be
updated to en¢ourage the expanded use of the
aggregate.

Tests perfortged at UCSD .on strucmral

lightweight concryfe bridge columns indicate :

that the non-ductile hear strength of the con-

crete is not significAptly altered. However, .

ductile shear strength\ appears to be lower
based on strain levels in Yhe transverse steel as
well as observations on &ggregate cracking.
More detailed analyses ard underway to de-

velop design recommendatiqus for structural
work is com-:
pleted Caltrans will continue to\yse structural
lightweight concrete only in thé\superstruc--
tures, and normal weight concrete\n the sub-:
structures because of the need to design for.
ductile performance in the columns during a:

lightweight concrete. Until th

selsmic event.

Remforcmg Bar
Specifications —
1911 through 1968

;”"by Gustay G Erlemann, Consultant,

Jeffersonville, NY

Investigating the feasibility of rehabilitating a
reinforced concrete building constructed 60,
70 or more years ago requires a complete
structural analysis in order to determine the
present day load capacity of the structure.
That capacity is determined by the strength of
two matenals, concrete and steel. Random
drilled cores taken from the old building will
give the present strength of the concrete with
a greatdeal of accuracy, buthow to determine
the strength of the imbedded reinforcing bars?

It would be extremely expensive and de-
structive to obtainsufficient samples of differ-
ent bar sizes in order to test the bars. The
original architectural and engineering plans, if
available, could provide data pertaining to bar
sizes, spacings, cover and typical details, but
would not necessarily specify the grade of
steel. The question thus is what type and grade
of steel was typically manufactured and fur-
nished during the period the building was
constructed.

Duning the period 1900 to 1930, steel was
produced mainly by the open hearth furnace
process, using a combination of pig iron, iron
ore and steel scrap as the raw material. Some
steel was produced using the Bessemer pro-
cess, and a small percentage by electric fur-
nace. In comparison, today’s reinforcing bars
are produced almost exclusively by electric
furnace with steel scrap as the raw material.

The first Standard Specification for Billet
Steel Concrete Reinforcement Bars was
adopted by ASTM in 1911, revised in 1914,
designated A 15. The A 15 specification had
three classes of bars: plain, deformed, and
cold-twisted. The plain and deformed bars
were specified in three grades: structural,
intermediate and hard. Cold-twisted bars con-
formed to structural grade only. Section 2 (a)
of A 15 stated “the basis of purchase shall be
structural grade unless otherwise noted.”

COLD TWISTED SQUARE BARS

“DEFORMED BARS

CUP BAR

The tensile properties conformed to the
following:
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Structural Intermediate Hard Cold-twisted
Yield min., | 33,000 40,000 50,000
psi (MPa) | (228) (276) (345) 55,000 (379)
Tensile, | 55:000 (379) | 70,000 (488) | oz o o
si(MPa) | %© to (379) min
p 70,000 (483) | 85,000 (586) :

Deformations were not standard, and in
factvery dissimilarcompared to present mark-
ings. Most were patented and particular to the
producing mill, and were labeled cup, corru-
gated, lug, herringbone, or by the name of the
inventor, such as Havemeyer, Elcannes,
Scofield, or Thacher. Bar sizes were also not
standard, with each manufacturer publishing a
list of sizes available from that mill. Shapes
wereround, square, oval, flat witheitherraised
lugs or depressed dimples. A conservative
estimate of the steel grade of the reinforcing
bars furnished for a concrete structure built
between 1910 and the mid 1920’s would be
structural grade.

Effective January 1, 1928, the U.S. De-
partmentof Commerce recommended that the
“Standard™ for new billet reinforcing bars be
intermediate grade. In effect, this suggested
not specifying structural grade reinforcing
bar. It is interesting to note that in 1928, A 15-
14 was still in effect. During the decade of the
1920’s, the producing mills standardized rein-
forcing bacto: 1/4 in. (6 mm) rd; 1/2 in. (13
mm)rd; 1/2in. (13 mm) sq; 5/8in. (16 mm) rd;
3/4in. (19 mm) rd; 7/8in. (22 mm) xd; ] in. (25
mm) sq; 1-1/8 in. (29 mm) sq; 1-1/4 in. (32
mm) sq; 1-1/2 in. (38 mm) sq; and 2 in. (51
mm) sq. During the same decade, each mill
developed its own deformation or brand pat-
tern with a.quality mark “N” for new billet,
plus aletter or symbol designating the produc-
‘ing mill. Thus, intermediate grade new billet
reinforcing bar became typical into the 1930°s
through the 1940°s As a historical note, the 1/
2 in. (13 mm) sq size was eliminated in 1942
as a war emergency measure.’ 4

In 1950, ASTM revised the specifications
pertaining to new billet reinforcing bars.
ASTM A 15-50T changed all reinforcing bars
to round, designated #3 (10 mm diameter)
through #11 (35 mm diameter), replacing 3/8

- in. (10 mm) rd through 1-1/4 in. (32 mm) sq.
#2 or 1/4 in. (6 mm) rd was not classified as
deformed, and was available only as plain
round. However, A 15-50T still listed plain
and deformed reinforcing bar with the same
three grades:. structural, intermediate and
hard. At the same time, ASTM issued Tenta-
tive Specifications for the Deformations of

Deformed Steel Bars for Concrete Reinforce-
ment, designated A 305-50T. A 305 required
minimum deformation heights, a maximum
angle of the deformations with respect to the
bar axis, deformation spacings per foot, and
the overall length of the deformations.

It was not until 1964 that ASTM A 408,
Special Deformed Round Bars, namely #1485
(44 mm diameter) and #18S (57 mm diam-
eter), originally 1-1/2 in. (38 mm) sq and 2 in.
(51 mm) sq, now round with the same cross-
sectional area, became available in the same
grades as A 15: 'In the same year (1964),
ASTM adopted two higher strength grades of
reinforcing steel: A 432-64, yield 60,000 psi
(414 MPa) miin., tensile 90,000 psi (621 MPa)

"min., and A 431-64, yield 75,000 psi (517

MPa) min., tensile 100,000 psi (690 MPa)
min., for sizes #3 (10 mm diameter) through
#18S (57 mun diameter).

Finally, in 1968, ASTM adopted A 615-68
titled Standard Specifications for Deformed
Billet Steel Bars for Concrete Reinforcement.
A 615 incorporated previous A 15, A 305, A
408, A 431, and A 432 into one specification,
and also eliminated structural grade steel and
plainroundreinforcing bar, listing three grades:
Gr40 (276 MPayield strength) and Gr60(414
MPa yield strength) in sizes #3 (10 mm diam-
eter) through #18 (57 mm diameter) and Gr 75
(517 MPa yield strength) in sizes #1 1 (35 mm
diameter), #14 (44 mm diameter), and #18 (57
mm diameter) only.

In conclusion, it is reasonable to_assume

that a reinforced concrete structure builtin the

period 1910 through 1927 was reinforced with
structural grade (Gr 33 or 228 MPa yield
strength) deformed einforcing bars, and from
1928 through 1963 with intermediate grade
(Gr 40 or 276 MPa yield strength) deformed
reinforcing bars. Of course, during these same
perioas higher strength steel reinforcing bars
were available and may have been used or
specified for a particular project; however,
unless sfgcciﬁcdata are availableregardine the
grade of the material supplied to that project,
conservaive judgment would use the forego-
1ng values of the grade of steel when evaluat-
ng an “elderly” structure.

DEFORMED BARS — cont'd
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