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Synopsis.  The Tendle Stress (TS) and Yidd Stress (YS) of rebars are the primary reference
materid properties and control used by the Structurd Desgn Engineer in his desgn to assure
that reinforced concrete members behave in a manner assumed and predicted by Reinforced
Concrete Design Theory and Practice.

Almog uncear to the Enginearing community is the dSgnificance of the reationship between
these two values which is expressed asthe TSY Sratio.

Although the ACI Code and most international codes pertaining to Reinforced Concrete Design
in Earthquake Zones, such as the UBC specify that the TSYS ratio shdl not be less than 1.25, its
sgnificance to the Design Engineer and the project manager is obscured by the focus given on
the Tendle Strength and Yidd Strength individualy.

It is the objective of this paper to explain the critical importance of considering the TS/YS ratio
and for the engineering community to understand the importance of mantaining this raio to 1.25
or greater.

In the quest for globdization of commerce, there is a trend towards adoption of 1SO Standards in
the interest of “rationdization” and Fair Trade. The loca committee TC-11 formed by the BPS
is in the forefront of ensuring that these standards are geared to suit local conditions. Nowhere is
this more important than in the issue of the TSYS ratio for rebars which is undergoing revison.
A better understanding of this issue would aid in assuring that our standards such as PNS 49 for
rebars are respongve to and suited to our high Seismic Hazards and that the TS/Y'S ratio should
be maintained.

1. INTRODUCTION

The desgn of reinforced concrete dructures in sagmicdly active regions require specid
consderations unique to this kind of exposure. Particularly in the Philippines, which has a very
high seismic risk, atention to detaling of reinforced concrete takes on a very important meaning
and is of high priority to the Design Engineer.

Due to the narrow focus on test results, more specificaly on the individud Tensle Strength (TS)
and Yidd Srrength (YS) of reinforcing bars, the critical relationship between the two properties
expressed as the ratio TSYS is oftentimes log to the Desgn Engineer and the Congruction
Manager.



Worse, due to indtention or plan ignorance, higher drength reinforcing bars than origindly
intended in the design are passed on or accepted without redlizing the dire conseguences related
to such actions.

More often than not, when the Engineer reviews the test results on reinforcing bars submitted by
the contractor or the Independent Laboratory, he/she merely looks at these values and checks
whether they meet or exceed the specified code minimum. Beng saidfied that this is so, the
Engineer then accepts the materids for use in the Building. In some ingtances this may suffice,
by chance but there are many occasons where such cursory checks are not enough. It is
necessary to ensure that the TSYS Ratio saidfy the requirement contained in Subsection
521.25.1 of the National Structura Code of the Philippines and the ACI Code as it pertains to
Earthquake Resistant Design.

This subsection reads:

“5.21.2.5.1 Reinforcement resisting earthquake induced axial forces in frame
members and in wall boundary members shall comply with ASTM A-706 PNS 49.
Grades 275 and 415 reinforcement are allowed in these members if (a) the actual
yield strength based on mill tests does not exceed the specified yield strength by
more than 120 MPa (retests shall not exceed this value by more than an additional
20 MPa) and (b) the ratio of the actual Ultimate Tensile Sress to the actual yield
stressisnot lessthan 1.25.”

At firg glance, the above requirements may seem baffling, for why should there be a celing cap
placed on the yidd stress? Why are the sted Grades limited to PNS Grades 275 and 415 for
Sagmic Dedgn? Isn't dronger necessxrily better?  Also, why should there be a mandatory
minimum vaueof 1.25 gpplied on the Tensle Stressto Yidd Stressratio.

Clearly, there is a need for an explanatiion. This explanation is conveniently and clearly found in
the commentary of ACI 318 R-95 most specificaly commentary R 21.25. (See Appendix “A”)

However, as dated earlier, the importance of these provisons and the reasons behind it are
obscured or lost or relegated to the background.

To confound this issue, there is a move to redign our standards with that of the world, mainly
thru adoption of 1SO Standards in keeping with liberdization of trade and eimination of barriers
to trade.

Present 1SO standards, the so called EUROCODES require a TS'Y'S ratio of 1.05 and 1.08 which
is very much below the retio 1.25 given in our present NSCP Code and PNS 49.

Tests conducted in Italy, Macchi (1996) which is dso a ssismicdly active region, indicate that
these vaues are inadequate to ensure ductility under smulated earthquake loading.



The Bureau of Product Standards TC 11 — Committee or Steel Products (of which the author is a
member) is a the forefront of this activity. Representation by ASEP in this committee will help
to preserve the existing TS/Y Sratio of 1.25.

In addition, the engineering community should indst that the TS/YS ratio be published on al
mill certificates and laboratory test results to ensure that this requirement is amply satisfied and
the end user properly informed.

It is the purpose of this paper to expound on these requirements in the hope tha a greater
underganding of these provisons would result in giving these due importance and attention that
these deserve.

2. PRACTICAL AND THEORETICAL CONCEPTS

In order to understand the foregoing issues at hand, we would need to review and/or understand
some very critical aspects related to seismic design.

2.1 StressStrain Behavior of Steel Reinforcing barsin Uniaxial Tension

Sed behaves as a linearly dadic materid within the eadtic limit (dress is directly proportiona
to drain) until yieding occurs. Beyond tis point and prior to ultimate falure, stress is no longer
proportiond to drain. However, condderable drength development after a yidd plateau is
developed, occurs (although nontlinear) prior to falure.

This region is known as the dran hardening region where further drength gain results due to
proportionately larger drains imposed.  Beyond the drain hardening region, further draining
resultsin strain softening until failure occurs. The peak dressis considered the ultimate stress.

Thetypica curve shown below istaken from (Paulay and Priestley, 1992):

800
&
= .
P e f, = 4OOMPa
v
Ly
= 400 1
- f, =300MPa

200F O\

Yield Plateau
1 1 1 1 i
% 0.05 0.10 0.15 020 025
STRAIN
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The dbove typicd dress dran curves indicate that ultimate drain and the length of the yidd
plateal decrease as the yidd strength increases. This development is not at al desrable because
the sted dress that may develop in a section may greatly exceed the yidd sress leading to shear
falures or unexpected flexura hinging. It would be therefore desrable to limit the sted grades
used asindicated by NSCP 5.21.2.5.1.

2.2 Ductility VersusBrittleness

The term ductility refers to the ability of a member to undergo large deformations without
rupture as failure is occurring. Ductile members could therefore bend and deform excessively
but they reman intact. This essentid capability of properly designed and detalled RC members
ensures agang tota Sructure collgpse and provides protection to building occupants a the
critical ingant when failure is occurring.  Brittle members on the other hand fall suddenly and
completdly with very _little waning. This sudden falure may damage adjacent dements or
overload other portions leading to progressive total collapse.

Ductility includes the ability to survive large deformations and a capacity to absorb energy by
hyderitic behavior. For this reason, it is the dngle most important property sought by the
desgner of buildings located in regions of high saismicity. It is therefore necessary to ensure
ductility of members to dlow visble deveopment of large deformations before totd collapse
occurs, thus providing ample warning to occupants.

While ductility is assumed by proper ssismic detailing provison, it is equaly important to ensure
that the reinforcing bars behave as intended by maintaining a cap on the yied dress and by
ensuring that the TSY Sratiois> 1.25.

In generd, saismic forces that could be developed in a structure during a seismic event decrease
with increesing ductility. However, the amount of ductility permissble may be a function of
acceptable deformation magnitudes.

2.3 Structure Stiffness

The dructurad response of sructures to earthquakes is dependent on the relaive diffness of the
system, the ability of the system to dissipate energy and the inherent ductility of the system.

A rigid dructure will attract load during an earthquake; more flexible structures will develop
gmdler seigmic forces. However, the degree of flexibility that may be acceptable is limited by
the effects of large laterd disolacements resulting from flexibility (Kinitzsky et al 1993).

2.4 Reinforcement Percentage
The amount of sted reinforcement commonly expressed as a percentage of area of sted to

concrete is important in Reinforced Concrete Design and more S0 in seismic resistance of RC
Structures.



In an over reinforced flexurd member (large sted percentage) the falure mode is brittle.  This is
because crushing falure of concrete is reached before yidding of the reinforcement occurs.

The same falure mode is redized in an under reinforced beam. When the tendle dress of the
limited sted area is reached, the modulus of rupture of concrete is exceeded causng the concrete
to crack and immediately release this load on the sted reinforcement. If the sted area is too
small to carry thisforce, the rebar will sngp and cause sudden failure.

Idedly the only desirable mode of failure, a ductile one, can be induced by moderate percentage
of ged. This falure is initiated by gradud yidding of the sted while concrete drains are dill
relatively low. Thus, large deflection are attained before final collapse occurs L eet (1991).

From the foregoing concepts, the following conclusions could be made:
Ductile behavior should be assured through careful material sdlection, design and detailing.

Some flexibility in the dructure is needed to reduce seilsmic forces through energy absorption
and dissipation.

Moderate levels of reinforcement should be used to assure ductile behavior.
3. THETSYSRATIOAND ITSIMPORTANCE
3.1 TheProblem

There have been many occasions in the past where overdrength reinforcing bars (Higher Yied
and/or Higher Tendle Strength) are innocently accepted by the Design Engineer or passed on by
the supplier as the specified grade in the mistaken belief that Stronger is necessarily better.
Sometimes higher gade stedls failing to meet the specs are downgraded and used as lower grade
reinforcing bars.

In another previous paper by this author Morales (1997) this matter had been brought to the
atention of the Engineering community. However, it was fdt, due to the ongoing dediberations
on trade liberdization and retiondization that this issue be delved with in more detall o that its
implications could be fully understood.

In some occasions too, the Engineer does not even see the test results and relies on his Junior
Engineer to monitor them. The Junior Engineer, lacking in experience and knowledge upon
seeing that the test results are greater than the specified, reports that everything is wel and so the
problem does not get attended to until it istoo late.

These red life examples bring to fore the need to understand the important of the TSYS ratio
and why greater attention should be given to test results. Let us now discuss the technica issues
involved and its effect on our structures.



3.1.1 Yidd Strength (YS)

The NSCP, which dso echoes the requirements set forth in ACl 318 and the Uniform Building
Code of the USA, sets a cap or limit to the Yield Strength of Reinforcing bars. More specificaly
it requires that:

“a) The actual yield strength based an mill tests does not exceed the specified yield strength
by more than 120 MPa (retests shall not exceed this value by more than 20 MPa).”

Definitely, there must be areason behind this requirement.

A vey much higher yidd grength then tha nomindly assumed in the dedgn is fraught with
problems.

A higher yield sresswill: Paulay (1992)

1) Induce higher concentrations of shear and bond dresses at time of development of the yield
moments during saismic loading. Shear and bond type falures are explosve and brittle
modes of failure and should therefore be avoided.

2) Attract larger lateral forces as a rule because energy absorption initiated a yielding or
partid yidding is posponed and thus higher saismic inertia forces are generated further
complicating the problem.

3) Prevent the formation of an extended yield plateau which is undesrable. An extended or
longer yidd plateau is dedrable and sems from requirements of capacity desgn. It is
necessary that the shear drength of al dements and flexurd drength of sections not
intended as plastic hinges should exceed the forces corresponding to development of
flexurd overdrength a the designated plastic hinge locations. If the rebar exhibits early
and rapid drain hardening, the sted dress d a section with higher ductility may exceed the
yield stress by an excessve margin.

4) If there is condderable vaiation in the yidd drength, the actud flexura drength of a
plagic hinge may greetly exceed the intended vaue postponing its formation until more
criticd loading is sustained.

This can cause unexpected plagtic hinging at unintended and more dangerous locations.

3.1.2 Tendle Strength (TS)

Higher Tendle Strengths invariably means increased Brittleness.  This is indicated by a reduced
yield plateau and a very limited strain hardening region.  This means that the yield region and its
cgpacity to absorb energy through indagtic deformation is severdy limited. In addition, the use
of higher Tendle Strengths if unanticipated in the design could aso correspondingly eevate the
yidd dress leading to problems stated earlier in the discussons on the implication of a higher
Yidd Stress (YS).



For this reason, the NSCP and the source codes (ACI 318 and UBC) limit the dlowable sted
gradesfor usein saigmic regions.

3.1.3 TheRatioTSYS

The unique materia gtrength properties TS & YS are individudly important to consder and
control as they influence the behavior of structures during seismic excitation as discussed earlier.

Taken together as the Ratio TSYS (known as the “ Srain Hardening Value” in European
practice), it indicates the ductility capacity of the structurd member or component where it was
used.

Thelarger thisratio, the better for the structure.

A large TSYS ratio means a grester energy absorption capability before faillure.  In addition,
larger deformations are experienced which could serve as visble warning to building occupants
prior to total failure or collapse.

Less Brittle behavior therefore is experienced.

Professor Giorgio Macchi of the University of Pavia, Italy conducted experimenta tests to
determine the effect of the strain Hardening Vaue TSYS on the performance of full scde RC
columns subjected to Lateral Loads with or without axid loads. His findings contaned in his
published report “ Ductility Requirements for Reinforcement under EuroCodes “ Macchi (1996)
reveded very interesting findings which underscored the necessty of maintaining a high TSYS
vaue or the Strain Hardening Vaue.

We summarize his findings contained in this report:

Details incorporating relatively low TSYS ratios (<<1.25) showed that concentrations of
Padtic drains are in a very limited verticd region of the test gpecimens. As a conssquence,
the very high locd curvaiure was necessty for the required displacement causing
consderable locd deterioration and premature damage. This led to dedtruction of the
concrete cover. The lack of confinement of the concrete cover dlowed the bars in
compression to buckle. The bars then failed in tensgon under reverse action.

Reinforcing bars with TSYS ratio of 14, as used in the tests, showed that pladtic
deformation spread over a condderable length along the specimen because of the high drain
hardening vaue . Locd curvature was smdler, the concrete cover remained intact and the
bars did not fall. The RC member, therefore sustained higher top displacement.

Insufficient strain hardening leads to high concentrations of srain.

Insufficient stedl ongation initiates earlier ged fracture at ultimate |oads.

There should be a cap or limitation on overstrength of reinforcing bars.



4. EFFECT OF BOND STRENGTH ON FLEXURAL DUCTILITY

There have been concerns expressed earlier Cairns (1994) tha improvements in the diffness of
bond force-dip reaionship of reinforcing bars resulting from increases in the rddive rib area of
deformations may have a negative impact on the flexurd rotation capacity (flexurd ductility) of
RC Beams. Smilarly, there have been discussons in Europe amed a reducing the rdative rib
area of reinforcing barsto improve Ductility.

Tests conducted by (Tholen and Darwin, 1995) have shown tha a rdaively large change in
relative area has no measureble effect on the didribution of flexurd cracks or on the
displacement and rotational capacity of beams in which plagtic hinges develop. Concerns on
either point have been proven to be not judtified.

The foregoing has been included if only to underscore the criticd importance of the TSYS ratio
in aswring ductility, as any influence no meter how it may seem inggnificat to the
uninformed, is being looked into by the engineering community to assure that ductility is
enhanced and not diminished.

5. CONCLUSIONS

This paper has focused on the need to look into the importance of assuring ductility of RC
dructures not only through proper and adequate seismic detailing but dso by proper
understanding and sdection of Materid properties. Of these, it is necessxy to ensure that
Reinforcing bars used in the structure meet the requirements of NSCP Subsection 5.21.25.1
particularly as it gpplies to a cgp on the Yidd srength and the prescribed minimum TSY'S ratio
of 1.25 . This paper dso reiterates the need to erase the misconception that higher strengths
invariably mean stronger structures.

The specified minimum TS/Y Sratio of 1.25 helpsto impart ductility to structures by:

Asuring that dggnificant energy dbsorption  and  disspation  occur  during  indagtic
deformation.

Preventing the premature falure of reinforcing bars due to brittle behavior.
Guaranteeing that plastic hinging develops at intended locations.

Avoiding premature failure due to strain concentrations.
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