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Abstract

The TENTATIVE PROVISIONS FOR THE DEVELOPMENT OF SEISMIC REGULATIONS FOR BUILDING
were developed by the Applied Techmology Council to present, in one comprehensive
document, current state~of-knowledge pertaining to seismic engineering of buildings.
The TENTATIVE PROVISIONS are in the process of beign assessed by the building com—
munity. This report is one of a series of reports that documents the deliberations.
of a group of professionals jointly selected by the Building Seismic Safety Council
and the National Bureau of Standards and charged with reviewing the TENTATIVE
PROVISIONS prior to the conduct of trial designs. The report contains the recom=
mendations and records of the committee charged with review of the reinforced comcrete
design provisions. The committee made 19 recommendations for revisions to the
TENTATIVE PROVISIONS. These recommendations wers made to: the parent group, the
Joint Committee on Review and Refinement, and their action on these recommendations
is documented in a companion report.

Key Womds: Building; building codes; bﬁilding,design; earthquakes; engineering;
reinforced concrete; standards; structural engineering,
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1.0 INTRODUCTICN
l.l. General

The Tentative Provisions for the Development of Seismic Regulations were
developed by the Applied Technology Council (ATC) im an effort that included
a wide range of experts in the actual drafting of the provisions. Two
external review drafts were circulated to a large portion of the interested
and informed community of evemtual users. However, hecause the Tentative
Provisions were innovative, doubts about them existed. Consequently, an
attempt was made to investigate these doybts and to improve the Tentative
Provisions where possible before an expeggive assessment of the Tentative
Provisions was undertaken by conducting trial designs.

This review and refinement project was planned and conducted by the Nationmal
Bureau of Standards with the advice and approval of the Building Seismic
Safety Council, a private sector organization formed inm 1979 for the

purpose of emhancing public safety by providing a national forum to foster
improved seismic safety provisions for use by the building community.

The assessment of the Tentative Provisions was performed using the committee
structure shown in figure l. - Nine Technical Committees were formed with
interests that collectively cover the Tentative Provisioms. The Joint
Committee on Review and Refinement consists of all voting members of the

: Technical Committees. The chairmen of the Technical Committees form a

Cocordinating Committee.

Membership of each Technical Committee is made up ofirepresentatives of
organizations that have particular interest in the Tentative Provisions;
the participants are listed in the committee membership section of this
report.

In additiom to the voting members, each Technical Committee includes a
non=~voting member f£rom each of the following organizations: The Applied
Technology Council (ATC), the Building Seismic Safety Council (BSSC)

and the National Bureau of Standards (NBS). The ATC representative served
as a technical resource to the committee since he was closely involved with
the development of the provisions of interest to the committee. The NBS
representative was the Cechnical secretary throughout the effort. The

BSSC representative provided a link with the Building Seismic Safety
Council, which will be involved in trial designs and evaluations.
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1.2 Committee Summary

Technical Committee %4 had as its principal responsibility the review and
refinement of the provisioms in Chapter ll, Reinforced Concrete, of the
Tentative Provisions for the Development of! Seismic Regulations for
Buildings (ATC3=06). The committee membership was drawn from industry,
professional organizations, and standards development organizations.

The committee conducted four meetings. Two meetings, the first and
fourth, were held in Gaithersburg, Maryland. The second meeting was
held in San Francisco, California and the third meeting was counducted in
Skokie, Illinois. Following is a brief summary of the comittee actions
during each meeting and a summary of the overall direction of the
committee.- ‘

The first meeting was a half day meeting held on December 11, 1979, in
Gaithersburg, Maryland. The committee chairman, Mr. Cchen, was elacted

and Mr. Fintel . was elected to serve as the committee's representative on
Technical Committee 2 — Structural Design. The committee expressed its
intent to concentrate on the provisions of Chapter ll and to also comsider
changes to provisions imx other chapters. Prepared comments from Mr. Sheppard
representing the Prestrassed Concrete Institute and Mr. Fintel representing
the Portland Cement Association were received and reviewed by the committee.
The comments by Mr. Sheppard generally addressed the omission of specific
mention and requirements for precast and/or prestressed concrete in the

: ATC3-06 provisions. The restriction against the use of precast—prestressed
piles in Seismic Performance Category D buildings was also discussed by

Mr. Sheppard. The thrust of Mr. Fintel's comments was a basic objection

ta the manner in which thé—seismicrreSPQnse modification coefficient (R)

and the deflection amplificatiom factor (Cyq) were determined. The meeting
adjourned without finishing the discussion of the prepared comments.

The second meeting was held im San Francisco, California on February 21,
1980. The meeting lasted for a full day and evening. The meeting was
announced in several national professiocnmal publications and the announcement
called attention to the fact that the meeting was open to any interested _
party. A major issue addressed in the meeting was a proposal to adopt the
19 March 1980 draft version of ACI 318 Appendix A in lieu of the ATC3-06 .
Chapter ll. After considerable discussion the committee agreed to ask

for guidance from the Coordinating Committee before taking action on the
proposal. The committee was unsure that such 2 major change was within

the scope of the committee's task. The committee adopted the positiom

that it would continue to revise ATC3-06 Chapter Il while waiting for
guidance from the Coordinating Committee. The committee then discussed

the proposed changes to ATC3-06 submitted bv Mr. Sheppard, Mr. Fintel,

Mr. Manning, and Mr. Forrell. The commit%ee decided by voice vote which '
changes would appear om 2 committee lazter ballot. The committee adjourned
the meeting with some proposed changes requiring further discussion, but

decided befors adjournment to issue a letter ballct containing the agreed
upon racommendations.

A letter ballot (dated March 27, 1980) containing six proposed changes to
ATC3-06 Chapter ll and nine proposed changes to other chapters was dis—
tributed to the committee between the ssecond and third meetings. Some
committee members failed to return their ballot in time for the results
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to be discussed at the third meeting. As a result, the resolutiom of
“ne” and "yes with resservations” votes could not be completed at the
third meeting.

The third meeting of Committee 4 was held for a full day in Skokie, 1llinois
on April 14, 1980, The first issue that was discussed was the proposed
adoption of the 1% March 1980 drafr version of ACI 318 Appendix A in lieu
of ATC3-06 Chapter ll. 1In response to concerns about the compatibility
between the remainder of ATC3~06 and Appendix A, and at the request of the
committee, Mr. Neville, ACI Committee 318 secretary, prepared a new Chapter
11 (hereinafter called Revised Chapter ll) to serve as a transition chapter
between ATC3-06 and Appendix A. The Revised Chapter 11 used ACI 318-77
"Building Code Requirements for Reiunforced Concrete™ and the 19 March 1980
draft versionm of Appendix A "Requirements for Reinforced Concrete Building
Structures Resisting Forces Induced by Earthquake Motions™ as cited ref=-
erences. Considerable discussion by the committee resulted in a compromise
between making changes to the ATC3-~06 Chapter 1l and replacing ATC3-06
Chaptar 1l with the Revised Chapter ll. The compromise was to cite the

19 March 1980 draft Appendix A in the reference of the ATC3-06 Chapter ll
and make the recommended changes to ATC3-06 Chapter ll. The compromise

was placed on a letter ballot (the second letter ballot, dated May 5, 1980).
The committee then continued discussion of the proposed changes remaining
from the second meeting and discussed proposed changes concerning flat

slab systems submitted by Mr. Hawkins. The committee decided by voice

. : vaote which proposed changes would appear on a latter ballot.

The second letter ballot {dated May 3, 1980) was prepared and distributed
to the committee after the third meeting and prior to the fourth meeting
which was called at the raquest of the voting members to discuss the
issue of the Revised Chapter 1! once again.

The fourth and final meeting was held in Gaithersburg, Maryland on

June 4, 1980. The meeting lasted a full day and evening. The committee
took up the resolution of "no” and "yes with reservation” votes on the
two letter ballots as the first order of business. The process was
tahled to consider the adoption of the Revised Chapter 1l in lien of the
original Chaprer 11 in ATC3~06. After vigorous discussion on the appro— .
priateness of making such a change, the commitree voted by a show of
hands r£o adopt the Revised Chapter 1l. The committee then completed
action on the letter ballot items. The committee raviewed specific
cbjections to the Revised Chapter 1l and the 19 March 1980 draft Appendix
A in an attempt tg resolve tHe objections. As a f£inal action, the com~
mircee prepared letter ballot items for issues raised in the meeting

and conducted the ballot.

Technical Committee & began its work by considering changes to the existing
ATC3-06 provisioms, both in Chapters 1l and cthers. The direction changed
such that the final committee position was Lo recommend a completely new
Chapter 11 which cited rhe 19 March 1980 draft versiom of ACI 318 Appendix A
as the reference for the priancipal technical provisions. It was clear that
the committee was firmly resolved to incorporate the latest version of
Appendix A in Chapter ll because it represented the state—of-the—art in
reinforced conerete seismic provisions. OQOther major issues endorsed by



Committee 4 were provisions for the design of flat slab systems in Seismic
Performance Category B buildings, the inclusion of a clause to permit any
system which could be analytically and experimentally demonstrated to have
characteristics similar to a comparable monolithic cast~im—place reinforced
concrete systam, and the use of precast— prestressed piles in Seismic Fer—
formance Categories C and D buildings.

Those members of Commirtee 4 pregsent in Gaithersburg, Maryland for the
Joint Committee Meeting (July 16-17, 1980) met on the afterncom of July l6.
The meeting was: informal and impromptu. The discussion in the meeting
centered on the Joint Committee's reaction to- the revised Chapter li. .

It was generally agreed that the presentation of the all inclusive ballot
item was mot as desirable as a detailed breakdown. The committee members
present agreed that if the inclusive ballot item were to fail, Committee 4
should request that the Building Seismic Safetry Council permir a restruc~
turing of the ballot item and its submission to the Building Seismic
Safety Council for balloting as part of its own letter ballot.

1.3 Chairman's Statement

As set forth in the work plan for review and refinement of ATC3-06, Technical
Committee 4's primary responsibility was Chapter l1 — Reinforced Concrete.
The committe made an Iin-depth review of the chapter, particularly with
respect to impending action within American Concrete Institute's (ACI's)

: Building Code Committee 318. The Committee action was to include the latest
ACI seismic provisions in the ATC document. The Committee attempted to
compare the design provisions. of Chapter 1l with the more recently devel-
oped ACI provisions and realized that numerous changes would be necessary to
upgrade existing Chapter 11 to the latest ACI criteria. Thus, Committee 4
determined to racommend adoption of the new ACI provisions for earthquake
resistance into ATC, considering this to be the most afficient approach.
(Two notzble examples of more recent developments contained in the ACI
criteria are (1) anchorage length for reinforcement provisions in ACI are
upgraded, based on new experimental data and reevaluation of all previous
data, and (2) design of joints of frames is upgraded to reflect the latest
report of the ACI-ASCE Joint Committae 332).

Therefore, with respect to Chapter 11, Committee 4 is recommending that the
nationally accepted design standard ACT 318-77 "Building Code Requirements
for Reinforced Concrete”, including proposed revision — Appendix 4 "Require-
ments for Reinforced Concrete Building Structures Resisting Forces Induced
by Earthquake Motions™, dated 19 March 1980, be adcpted by reference into
ATC3-06 for proportioning and detailing concrete structures. (Revised
Appendix A, dated 19 March 1980, is to supercede Appendix A of ACI 318-77).

Revised Appendix A is now hefore the full ACT Building Code Committee 318,
Firal Committee action and full ACI consensus balloting is forthcoming.
Comsidering that the primary mission i development of ATC3~06 1s to. provide
the most current state—of-kncwledge for seismic design, Committee & con-
siders it prudent to use the latest seismic proportioning provisioms for the
trial design phase of the ATC review process. Should further revision occur
in the ACI seismic design provisions between now and final ACI adoption of
new Appendix A, appropriate cross reference correction can be made in
Chapter 11 of ATC., It is however, the intent of Committee 4 that new
Appendix A, dated 19 March 1980, be used in the trial design phase.



Committee 4 alsoc adopted unanimously the following resolution:

“Regardless of subsequent actions, it is the firm intent of
Committee 4 that the final version of ACI 318 Appendix A,
with appropriate modifications, be incorperated into
ATC3=06 after trial design.”

Justification for the abeve recommendation is outlined as follows for
consideration by the Joint Committee:

le Adoption of the total ACL 313 Standard is considered appropriate because
seismic registance is considered in the overall development of the 318
Standard, including Appendix A on special provisions for earthquake
resistance. ‘

2. Existing ATC 3 Chapter 1l originated from an early draft of a proposal
by an ACI 318 Seismic Subcommittee to update the ACI 318 seismic design
provisions. The basis of existing Chapter 1l was work developed under
the guidance of Dr. Mete Sozen who served on the original ATC Concrete
Task Group. Dr. Sozen is current Chairmanof the ACI 318 Seismic Sub—
committee which has the prime responsibility for the new proposed
Appendix A of ACT 318. The ACIL 318 Seismic Subcommittee worked towards
producing a document that would be acceptable to the two professional
communities involved=—ACl and SEAQC. Two members of SEAOC, Clarkson
Pinkham and Loring Wyllie serve on the 318 Seismic Subcommittee to
provide SEAOC and ATC technfcal perspectives to ACI 318.

3. The ACI 318 Standard is prepared and continucusly updated in accordance
with a rigorous consensus procedure approved by the American Natiomal
Standards Institute and designated as ANSI/ACI 318-77 (489.1). The ACI
318 Standard is unique among material design specificatioms in this
regard. Because of the extensive raview and adoption procedure, ACT 318
represents the state~of~knowledge for reinforced concrete and is widely
adopted by model building code groups to regulate concrete design and
construction.

4. Membership of the ACI Building Code Committee has a wide geographical:
representation, with input from design professionals (including prominent
engineers from earthquake~prone arzas), educators, researchers, material
and construction Industries, goverament ageucles, and building officials.
The consensus procedure under which the document is prepared draws from
the best documented data dvailable.

Adoption of the ACI 318 Standard, including new Appendix A, into ATC3-06
necessitated a complete ravision of Chaprer ll. The following new Chapter 1l
has been formulated to correlate appropriare ACI 318 design provisions with
the four ATC seismic performance categories by reference only, without the
need for duplicating in the ATC document the wording already contained in
the ACL document. New Chapter 1l specifies where the design provisioms of
ACI 318 apply for seismic resistance within the framework of the established
ATC seismic analysis and performance criteria. Further, new Chapter 1l in—
cludes special provisions for flat plate framing systems for buildings
assigned to Category B and special consideration of precast/prestrassed
framing systems. These two items are discussed in the following attachment.



In summary, existiang ATIC Chapter ll is "technically” updated to the new
Appendix provisions of the ACT 318 Standard.

Under these circumstances, and since the ACL 318 Standard is a fully
approved consensus document, to aveld overlapping and conflicting efforts
and criteria, and to assure that Chapter 1l represents the highest practical
stata—gf~knowledge, Committes 4 strongly recommends that, in the national
interest, full adoption of ACI 318 Standard, by reference, is approved.

The Committee wishes to thank Messrs. V. V. Bertero and James Lefter for
their dedication and many techunical contributions te the work of the
Committee over the past months, and in addition, special thanks to
Committee Secretaries R, Marshall and K. Woodward for ctheir gupport

of the Committee work.



ATTACHMENT

In addition to adoptionm of ACI 318-77, and the ravised Appendix A,
Committee 4 is recommending two exceptions im Chapter 1l:

1. SPECIAL PROVISIONS FOR FLAT PLATE;FRAMINQVSYSTEMS,FOR'BUILDINGS
ASSIGNED TO CATEGORY B, and
2. SPECIAL CONSIDERATION OF PRECAST/PRESTRESSED FRAMING SYSTEMS.

Both items are incTuded im Chapter LI as EXCEPTIONS. The flat plate framing
exception is under Sec. 11.4.1. The EXCEPTION applies only for flat plate
framing systems assigned tg Category B, Explanatiom of the special provisions
is givem in Sec. 11.4. onm page 3 of new Commentary to Chapter 11. The precast/
prestressed exception is in Sec. 11.4.2 for Category B and Sec. 11.5.2 for
Categories C and 0. The excaptiom refers to systems that are shown to meet
the performance requirements (strength, toughﬁess, ductility, etc.) of mono-
1ithic cast-in-place reinforced concrete structures or, alternatively, are pro-

., portioned for acceptable higher lateral forces to remain elastic under earthquake

loadings. The Commentary emphasizes that precast and/or prestressed concrete
elements and assemblages may:be used to meet either of the above requirements,
which is similar to the situation under which precast and/or prestressed concrete
structures are currently designed and built under the Uniform Building Code.
Oocumentation for the flat plate exception follows:

SPECIAL PROVISIONS FOR FLAT PLATE FRAMING SYSTEMS FOR BUILDINGS ASSIGNED TO
CATEGORY 8., '

1. Implication of ATC 3-06 if unamended for flat plate construction in
seismic performance Cateqory B.

The intentian of ATC 3 with réspect:ta restrictions on the use of flat plate
framing to resist lateral forces for Category C and D structures is clear.
Such usa is highly undesirable. However, for buildings in seismic hazard ex-
posure Category B, ATC 3-06 also effectively pronibits flat plate‘conétruc—
tion. Category B includes all facilities in New York, Boston, Buffale, and
the New England states, much of North and South Carclina and Tennessee, large
areas of Oklahoma, Arkansas, I11inois, and Missouri, and much of New Mexico,
Montana, Idako, Utah, Washington and Wyoming. The potential economic impact




Attachment - 2

of that prohibition islstaggering. For the post-tensioning industry alone,
that prohibition could mean about a 25% drop im its work volume, Post-
tensioning s used im about 30 million square faet of suspended slabs con-
structed each year in the U.S.A. anq much of that construction is flat plate.

In his letter of November 19, 1879, to ATC, Jacob Grossman of Robert Rosenwasser
" and Associates of New Yark, details his experience with respect to the economics
of fiat plate construction and its seismic response when properly detailed. He
states “I cannot everm begim ta describe the construction haveoc the exclusion of
flat-slab structures can introduce in strong union-high construction cost areas.”
He points out that enough research and knowledge are available to incorporate
flat-slabs and allaw them as "ordinary” frames without shear reinforcing.

It is not clear that it was intended that ATC 3-06 prohibit flat-slab construc-
tien for “ordinary™ frames. Contrary to the situation for Category Cand O
expasurses, neither the provisions nore the Commentary explicitly state such a
prohibitiom. However, they require in flexural members of ordinary frames for

_ _ Category B exposure, wed reinforcement perpendicular to the longitudinal rein-
' forcement throughout the length of the member. The minimum reinforcement is
two leg No. 3 stirrups at;a-spacinq of d/2. Inclusion of such reinforcement -in
flat slabs would creats economic as well as logistic problams.

[t is suggestaed that:

{a) the:provisions.Statefclearly whether flat plate, flat slab, or waffle
slab construction is feasible for ordinary frames for Category B;

(b) if flat plate, flat slab, or waffle slab construction is feasible, the
provisions specify any special restrictions for that construction.

2. Behavicr of flat plate cgnstruction under cyclic lgading
2.1 Laboratory results
There have been saven major laboratary investigations of flat plate cone
nections subjected to cyclic loading (1-8). The results of extansive
University of Washingtom investigations are summarizad in the attached
articles.

The Tateral Toad respanse is strongly influenced by:
{a) the amount and distribution of the flexural reinforcement in the slab,
{h) the amount, type and extent of any shear reinforcement, and
(c) the Tevel of shear stress transferred to the column simultanecus
with the moment,



‘Attachment - 3

Even when there has been a Tow flexural reinforcement ratic and a
connection well over-designed for shear, there has still been little
ductility under reversed cyclic loading. For specimens with high
reinforcement ratios within lines one and one-half times the slab
thickness. either side af the calumm, there has beenm a considerable
increase in the lateral load stiffness. However, there has been as
much as a 10% reduction in the moment transfer capacity as compared
tg that for monatonic Teading and & punching failure has occurred
short1y~after-the‘reinforcement.passing~thrcugh'thetcolumn has
"yielded. Since there is Tittle improvement in the ductility

with the use of low reinforcement ratios and a considerable re-
duction in stiffness, concentration of column strip reinforcement
is desirable.

The only prover ways of maintaining capacity through Targe rota-
tions has been to add properly detailed shear reinforcement con-
sisting of either integral beam stirrups or thim steel H sections

or studs anchored above and below: the flexural reinforcement passing
through the column. Shear reinforcement in the form of shearheads

or bent bars increases the capacity but does not increase ductility.
The: shear reinforcement must hold the top and bottom flexural mats
together and prevent the development of a splitting crack batween
those mats. The shear reinforcement should have 3 spacing not exceed-
ing d/2 and need not extend further than about 5 slab thicknesses out
from each column face, Rules for proper detailing of such shear rein-
forcement are described in Reference 7. Slab-column connections are so
flexible that flat plate structures are unlikely to meet ATC 3-06's
stiffness requirements for ductile moment resistant frames. Thus,
shear reinforcement in flat plates is probably unnecessary unless the
flat plate structure is the only line of defense or unless the flat
plate structure is to provide a required secondary line of defense.

The: lTevel of shear stress transferred simultanecusly with the moment
markedly affects the enerqy dissipationm and ductility characteristics
of slab-column connections. To obtain desirable characteristics, the
flexural reinforcement within lines one and one-half times the slab
thicknesses, either side of the column should be limitaed to one percent
and the shear stress due to shear transfer on the critical section 4/2
from the column perimeter to 3/f§l At that latter stress, shear cracks
have not developed in the slab prior to the application of lateral load-

ing. 10
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After-a punching failure has gccurred, bottom bar flexural reinfarcement
continuous through the columm is essential to the connection being able
to maintain its gravity load carrying capacity. S$uch reinforcement can
carry a shear force equal to its shearing yield capacity. Altermatively,
prestressing reinforcement passing through a column or over a lift slab
collar is alsg & very effective means of tyfng a sTab-column connection
together after-a punching failure. With prestressing reinforcement,

a residual capacity'can be obtained equal to S0 percent of the pre-
punching shear capacity.

Shear or torsional cracking develops at the discontinuous edge of a
slab adjacent to an exterior column, when the shear stress at that
location evaluated according to ACI 318-77 provisions, exceeds 3J';ﬁ
If that stress is exceeded, stirrups having a size not less than No.
-3, a spacing equal to or less than d/Z, and extending up to four times
the slab thickness from the torsiocnal faces of the column should be
provided to prevent opeming of those cracks. WhiTe the best ductility
and energy dissipation characteristics are obtained with integral beam
stirrups, hairpin stirrups inserted perpendicular to the edge and ex-
tending & distance equal to the column projectionm into the siab plus 2.,
or twice the slab thickness plus 1d, whichever is less, into the slab
will also provide adequate control to the opening of those cracks.,

Tests have showm that the above results are alsc applicable to waffle
slab-interior column connections (4) and that when there is moment
transfer about bath axes of a columm (8), the effect of the minor
moment on the shear capacity can be neglected if that moment does not
exceed 30% of the major moment and there is adequate reinforcement
within Tines cne and one-half times the slab thickness either side of
the column to transfer that minor moment. |

The recent tests on flat plate frames at the University of Washington
(8) have showr that in a frame, a punching failure will accur at a
connection without stirrups at a displacement and at a capacity con-
sistent with subassemblage results., However, that punching failure
did not Tead tn an immediate loss in capacity of the overzli frame
since the adjacent connection with shear reinforcement was able to
supply the required additional moment transfer capacity. Displace-
ments much greater than those for punching at the connection without
shear reinforcement had to be appliied before the capacify of the over-
all frame deteriorated. Duripg that period the connection without
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shear reinforcement continued to. carry its share of the gravity Toad.
.FUrther,-after'TateraT Toading: was completed, it was found that at.
the punched. connection the slab could be readily jacked back up to
its original elevatiom and the connection repaired.

2.2 Field results
Reports (3) have beemr issued on the behavior of saveral flat plate

structures in the San Fernanda earthquake; the Holiday Inm, Orion
Avenue, the Haliday [nn, Marengo, and the Muir Medical Center. The
‘Holiday Inm, Qrion Avenue, was a seven-story reinforced concrete flat
platerstructure,wfth typical plan dimensions 62 by 160. ft. The build-
ing. was supported on piles centered under the columns which were spaced
- at approximately 20 ft. centers. Spandrel beams approximately 16 x22%
in, surrounded the perimeter of the structure. The flat plate floor was
10 im. thick at the second floor, 8 in. thick at.the?roof; and 8% in.
thick for all other fToors. The spandrel beams were figured as creating
exterior frames roughly twice as stiff as the interior flat plates so
that inm the short and long directions of the building, 36% and 67%,
respectively, of the stiffness was provided by the exterior frames.
Peak accelerations at the first floor level were.0.25¢ and 0.13g in -
the short and long directions, respectively. Roof accelerations were
0.41 and 0.33q, respectively. Repairs cost 11% of the initial construc-
tion cost and were nearly all nonstructural. Some structural distress
occurred at the corner column beam connections and in the construction
joints at the soffit of the exterior column-beam connections. The re-
sponsa was most marked in- the short direction with a Jengthening of the
period part way through the record indicating that the structure began
responding inelastically. The analysis indicated that beams and slabs
yielded, that columns generally remained elastic, and that interstory
drifts as large as 0.13 ft. occurred. The elastic Timit displacement
was roughly 23 times the design code displacement.

The Holiday Inm, Marengo. Street, had dimensions and member sizes almost
exactly the same as the Orion Avenue building. Peak accelerations at
the first floor Tevel were: 0.15g and 0.14g in the short and long direc-
tions, respectively. Roof accelerations were 0.43g and 0.25g, respec-
tively. Repairs.dast 7% of the initial construction cost and were
nearly all non-structural. Structural distress was similar to that for
the Orion Avenue building. The dynamic res#onse was also similar to
the Orfon Avenue building. The analysis indicatad that heams and slabs

12



~ Attachment - 6

yielded at their connections with the columns but that the columns gen-
erally remained elastic. Interstary'drifts were as large as 0.14 ft.
In this structure, as in the Orion Avenue structure, it was apparent
that the stiffness of the frame was sufficiently low that the naon-
structural elements such as partitions, played an appreciable role im
the character of the structural response to seismic forces.

The: Muir Medical Center was an ll-story office tower with an 185 in.
deep waffTe slab at the ground Tevel and perimeter basement walls.

For the second fTloor and above, the 9-in. thick flat stab had 15 in.
deep tapered columm capitals with deep spandrel heams around the pe- -
rimeter, The deep spandrel beams framing provided 70% of the lateral
load stiffness and the interior flat-slab-tapered drop panel framing
the other 30%. Peak accelerations were 0.10g at the basement Tevel
and: 0.2g at the roof Tevel. Some of the structural members were pre-
dicted to yield during the earthquake and the maximum story drift was
computed ‘to be 0.64 in. The general performance of the structure was
linear-~elastic with onI} minor lengthening of the building period during

the earthquake. Olamage was all non-structural and estimated at less than
$2,000.

2.3 Period of Yibration

Fundamental periods for those structures for man-induced excitaticns
prior to the earthquaks, at the beginning of the earthquake, mid-way
through the earthquake, and for man-induced excitations after the
earthquake are listed im Table 1, It is apparent that the period of
the predominantly flat plate structures, the Holiday Inns, increased
neticeably during the earthquakes with the increase being larger for
the more heavily shaken COrion Avenue duilding.

TABLE 1
Periods of Vibration for Flat Slab Structures
Periods

Bafore| Start Midway After

| Stories | Oirection Quakeof Quake | Thru Quake Quaka

Holiday Inn | short 0.48 | 0.79 1.6 0.68
Orion Ave. 7 long 0.53 0.88 1.24 0.72
Holiday Inn long 0.53 0.38 1.0 0.64
Marenga 7 short 0.49 0.79 1.2 0.63
Muir long 0.90 1.43 1.4 1.02
Medical } 11 short 1.03 1.60 i 1.8 1.14

.
14




Attachment - 7

If the values of the periods at the start of the«earthquéke;are com-

pared with the general data om Fig. C4-2, page 373 of ATC 3-06, then
it is apparent that:the;periods for these structures are better char-
acterized by the relationship, T =0.03sh 3/*

. /4 |
T, = 0.025n >/%,

than the relationship

Z.4  Stiffness

The ATC 3-06 provisions Timit the allowable story drift for Seismic
_Hazards Exposure Groups I and IT to 0.015 radians. wWhen there are
no brittle-type finishes in buildings three stories or less in height,
. those values can be increased to 0.02 radians. -If it is accepted that
for a reinforced concrete structure, a load factor of 1.4 is required
o earthyuake forces and a capacity reduction factor of 0.9 for flexure,
then‘connécticn-rotations at SSZAOF the ultimate capacity should not
exceed the story drift specified above divided by Cd. Maximum measured
valuas of'Cd for- 3 story drift of say 0.015 radians for a given column
proportion and spacing can be evaluated directly from the subassemblage
specimens. :

Table 2 Tists C, values calculated according to that concept for several
different investigations. Values range from a low of 2.4 for the flat
plate frame taest (8) with a low p value through to a high of 4.3 for the
waffle slab specimen (4). There is a marked increase in values with in-
h,cneasing slab depth and a lesser inerease with increasing-column size.
. Not apparent from that table is the wide variation in results obtained
for supposedly ident?cal specimens. Cd values varied by as much as 50%
for similar specimens and averaged about 20% higher for specimens with
shear reinforcement than those without.

Based on these subassemblage results and experience from the San Fernando
earthquake, it is apparent that a conservative value of Cd for flat plate
structures is. 2. Although higher values can be cbtained by careful de-
tailing, even for waffle slabs, it is unrealistic to expect that the Cy
value of § required for a dyctile moment resistant frame can be abtained.
Thus, flat plate framing should only he recognized as an acceptable
Tateral load resisting systam when classified as an ord%nary frame. The
only possible exception might be for a waffle slab structure without
brittlie finishes and less than three stories high. Even in that case,
experience from the San Fernando earthquake with the Qlive View Hospital

14



‘Attachment -A8

Ambulance Port was undesirable. However, the 14 x 18 in. columns were

smaller than desirable and faiTure-occurred.inxthe columns and not in
the slab-columm connection. |

2.5 Canclusians

Based on this summary of field and Yaboratory expérience, it is concluded
that:

(1) fTat plate structures of normal proportions and without
shear- reinforcement will have Tittle difficulty in meeting the
strength, stiffness, ductility, etc., requirements for ordinary
frames, especialTy if certain detailing requirements specified
Tater, are satisfied.

(2) with flat plate structures of normal proportions it would
be extremely difficult, if not impossible, to meet the stiffness
requirements for utilizing such frames as special moment frames
Category C and D buildings. '

(3) with flat plates of normal proportions punching failures
will not occur until interstory drifts greater than the limiting
values specified in Table 3-C, page 53, of ATC 3-06.

(4) with flat plate structures used as the gravity load carrying
system in Category C and 0 buildings, it is not necessary to con-
sider punching failures as unacceptable provided the detailing
requirEmenfs, specified later, are satisfied.

(5) withr flat plate structures yiélding should be defined as
aither: .
{a) the development of the negative moment yield capacity
0#‘the slab on a line extending across the width of the slab
at the column face, or

{b) the development aof the moment transfer capacity at the
sTab-coTumn connecticn for yielding of the reinforcement at
that connection. That capacity can be takam as the flexural
capacity of the reinforcement top and bottom within lines ane
and one-half times the slab thickness either side of the column.

(6) the period of structures with 35% or more of the lateral load

stiffness provided by flat plate framing can be estimatad from the

reiationship T, = 0.0350°7%

-
Y



. Attachment - 9

TABLE 2. _
VALUES OF C, MEASURED IN SUS-ASSEMBLAGE TESTS

i
Full Scale Properties
Slab Co fumn Cotumn Story
Reference Scale Thickness Spacing Size Height c 4 Specimen
: in. ft. in. x inm. ft. ‘ Type-
1 /8 g | & 16.x 16 13. 2.5 | Flat plate
2 Full | s 19 | 18x18 n 2.5 | Flat Plate
1 0.4 0 20 20x 20 10 1.5 Flat Plate
] 174 o 20 20 x 20 11 4.3 Vaffle Slab
7 4 8 18 21 x 21 n 2.8 Flat Plate
8 172 R % 28 19 x 8 g 2.4 Flat Plats
‘ Frame-]owp:

‘Referencas

(1) Hanson, N. and Hansan,. J., "Shear and Moment Transfer Between Ccncre?e-STabs
and Columns,"” Journal of the PCA Research and Development Laboratories,
January 1968. Cd = 2.5

(2) Carpenter, J.E., Kaar; P.H., and Corley, W.G., "Design of Ductile Flat Plate
Structures. to Resist Earthquakes,” Proc. Sth World Conf, Earthquake Eng.,
Rome, Italy, 1873,

(3) Kanoh, Y. and Yashinzaki, S., "Experiments om Slab-to~Column and Slab-
to-Wall Connections,"™ Japan Cancrete Journal, VoT. 13, No. 6, June 1975
C, = 3.5 ' :

d

(4) Rodriguez, M.R., "Diseno Sismico De Conexiones Entre Losas Planas Reticulares
y Columnas," M.E. Thesis, University of Mexico, July 1979, Cd = 4.3

(5) Islam, S. and Park, R., “Tests an S1ab-CoTumn Connections with Shear and
Unbalanced Flexura," Journal of the Structural Division, ASCE, Vol. 102,
No. ST3, March 1976, pp.549-568,

(6) ZaghTool, E.E.R., “"Strength and Behavior of Corner and Edge Column-Slah
Connections in Reinforced Cancrete Flat Plates," Ph.D. Thesis, University
of Calgary, Alberta, Canada, 1971. ’ )

(7} Hawkins, MN.M., Mitchell, 0. and Symonds, D.W., "Hysteretic Behavior of
Concrete Slab to Column Connections," Proc. 6th World Conf, Earthquake
Engrg., New Delhi, India, 1977.

(8) Hawkins, N.M., "Seismic Response of Concrete Flat Plate Structures," Proc.
Seventh World Conference on Earthquake Engineering, Istanbul, 1980. ‘

(9) San Fernando, California, Earthquake of February 9, 1371, U.S. Department of

Commerca, National Oceanic and Atmospheric Administration, 1973.
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2.0 COMMITTEE ACTIONS

2.1
2.2
2.3

2.4

. Recommendations for Change

Recommendarions for Trial Designs (none)
Recommendaticns for Commentary:

Other Recommendations (none)



2.1 Recommendations for Change

REVIEW AND REFINEMENT OF TENTATIVE SE[SMIC PROVISIONS

PROPOSED CHANGE

TECHNICAL COMMITTEE:  #4, Concrefe COMMITTEE ITEM NUMBER:

ATC-3=-06 SECTION REFERENCE: [.6.3(A)

Alfer +he sentence under EXCEFTION to read as follows:

Certified mill fests may be accepted for- ASTM A706 and, whers no
welding is required, for ASTM A6!5 reinforcing steel.

FINAL BALLOT: _38_ YES
: NO

Q. ABSTAIN

R

0 DID NOT VOTE

re—_—

=

COMMENT ON PROPOSED CHANGE:

ACl 318, Appendix A permits ASTM A615 Grades 40 and 60 reinforcement., Mill
+ests specify actual yield and Tensile strengths.

18

M2



REVIEW AND REFINEMENT OF TENTATIVE SEISMIC PROVISIONS

~ PROPOSED CHANGE -

TECHNICAL COMMITTEE: #4, Concrete ) COMM{TTEE | TEM:NUMBER: B

ATC-3-06 SECTION REFERENCE: _Chapfer |, Table. [-8 - -

Assign z Seismicity Index of | to Map Area Number 2 and carafully-review Map-
Arsa Number 3 to determine whether or not certain areas such as New York City
should more appropriately be designated as Map Area Number 2 for concrete
construction. - : T ‘ ‘

FINAL BALLOT: 8 YE
NC

Q0 A3STAIN

s —-

Q_ DID NOT VvOTE

o

COMMENT ON PROPCSED CHANGE:

The seismicity indices were introduced as a device fo relate the seven map areas
(acceleration intensities) with the various levels of detailing requirements,

as classified in the four seismic performance categories-(A, B, C, and D). The
indices and the performance categories have been apparently arbitrarily infer-
related with the seismic hazard exposure groups (Table [-A}.

While there is |ittle quastion about detaliling requirements for the highest
seismicity (4), and for the {owest seismicity (1), detailing raguirements for
gseismicity index levels of 2 and 3 remain a gray area withcut adequate background
information.

QVER



COMMENT ON PROPCSED CHANGE (continued):

Buiidings located in The map areas | and 2, subjected to accesleration ievels of
0.03, will undoubtediy always remzin in the elastic range, requiring no additicnal
ductitity detaiis. The acceleration level of Q.10 (map area 3) will, in all
probability, create an elastic response in buildings designed inm conformity
with modern reinforced concrste and steel codes. [+ should also be considersd
+hat current codes (i.e., ACI: 318) bpasgically result in ductile members, as
provisions over the last 20 years have been devised to eliminate brifttieness.
To suddenly require additional detailing (alsc adding 30% of farces in perpen—
dicular direction) inm ¢ities |ike New Yeork and Chicage, based largely on
Judgment, notT necsssarily supported by adequate background studies, seems
questionable. Seismic code writers bear the respensibilify to substantiate

the need for any restrictive changes made to codes which have been developed

in a consensus process over the last several decades. [T is not for Industries
to grove that such changes are unnecessary and will incraase the cost of
buildings without adding *o their safety..



REVIEW AND REFINEMENT OF TENTATIVE SEISMIC PROVISIONS

PROPOSED CHANGE

TECHNICAL COMMITTEE: #4, Concrete COMMITTEE [TEM NUMBER: M8

ATC-3~06 SECTION REFERENCE: 3.7.12

Lelete the third sentence.

FINAL BALLOT: _8  YES

NO

0 ABSTAIN
0 DID NOT VOTE

'o

COMMENT ON PROPOSED CHANGE:

Formula 3-2a is "for partial penetration welded stee! column splices or

for reainforced masonry and other brit+tle materials, systems, and connections,”
The implication that prestressed members can have a brittle failure is consis-
tent with the possible behavior of scme long span extruded precast prestressed
products installed without integral fTopping. However, where topping, properly
reinforced and bonded, is used on such unifs or the component Is a2 pretensicned
or post-tensicned unit including suppiementary bonded reinforcement equal o
the AC! Code 318-77 specified minimums, such hrittie  failures do not occur
and seismic provisions can be consistent wifTh those for reinforced concrete
units.



REVIEW AND REFINEMENT OF TENTATIVE SEISMIC PROVISIONS

PROPQSED CHANGE

.. TECHNICAL COMMITTEE: #4, Concrets TGOMMITTEE {TEM NUMBER: 88017

ATC-3-06 SECTION REFERENCE:  /-4-4

At ther end of the firsf'senfehce, second paragraph, add the foilowing sentence:

The pile cap connection may be made hy the use of field- plaCed
dowels—-anchored in The concrete pile.

TINAL BALLOT: _8  VYES
0 No
0 ABSTAIN
0 DID NOT VOTE

COMMENT ON PROPOSED CHANGE:

This 1s fthe presently accepted practice in UBC-79 and CAL-TRANS specifications.
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REV|EW AND REFINEMENT OF TENTATIVE SE!SMIC PROVISIONS

PROPOSED CHANGE

TECHNICAL COMMITTEE: #4, Concrete COMMITTEE |TEM NUMBER: B6{(2)

ATC-3-0& SECTION REFERENCE: 7.4.4(E)

Add the followingwsenfénce at the-end of paragraph:

The pile cap coﬁnecﬁon for Category B structurss may also be
made by developing exposed strand.

FINAL BALLCT: 8 YES
NO

0 ABSTAIN

Q DI0 NOT VOTE

[}

COMMENT ON PROPQOSED CHANGE:
This is the presently accepted practice in UBC-79 and CAL-TRANS specifications.



REVIEW _AND REFINEMENT OF TENTATIVE SEISMIC PROVISIONS

PROPOSED CHANGE

TECHNICAL COMMITTEE: #4, Concrete COMMITTEE |TEM NUMBER:

ATC-3-06 SECTION REFERENCE: 7.5 and 7.6

Makes the following changes:
{a) Delete Section 7.6.
{b) ‘Aifer the title of Section 7.5 to read as follows:
SE]SM]C:PERFOﬁMANCE CATEGORIES C AND D. ‘
(¢} Alter the first sentence in Sectiom 7.5 to read as follows:s |
Bulldings: classifled as;CA?egory C or D shail

conform To all of the requirements for Category 8
construction except as modified in This Section.

FINAL BALLOT: 6 YES
2 NO
D ABSTAIN

r———————
—mn—

O DID NOT VOTE

tmi———

bl

COMMENT ON PROPOSED CHANGE:
The use‘of prestressed concrete piling should not be precluded in seismic

categories C and O.. Performance requirements should be given for their
design. See Committee |Tem Number MiQO.

24
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REVIEW AND REFINEMENT OF TENTATIVE SE{SMIC PROVISIONS

PROPOSED CHANGE

TECHNICAL COMMITTEE: #4, Concrete ° COMMITTEE ITEM NUMBER:  MIO

ATC-3-06 SECTION REFERENCE: _ 7.5.3

Insert the foilowing in Sectiom 7.3.3:~ -~ ' =

(E) PQECAST-PRESTRESSED P!LES ST K
() For fhe bady of fully embedded founda+ron paltng subjecfed +o
vertical loads cnly, or where fhe design bending moment does not
exceed 0.28 M., (where Mpp is the unfactored ultimate moment capacity
at balanced strain: condiTions as defined. in Reference |!.1, Section 10.3.2),
spiral reinforcing shall be pravided such that gg > 0.006 (0.2%)-..

(2) For firee standing piiing and hollow core: or marine: piling subject
+o severe installation and operaticnal forces, spiral reinforcing shall
be provided such that pg 2 0.022 (0.7%), or a spacing satisfying the
following relationship, if it resuITs ima percentage of spiral greafer
than fhaf‘g1ven above: :

*sp ~ e j’vAip) 7
f b -
OVER
FINAL BALLOT: _ 7 YES
_1 w0
__0_ ABSTAIN

Q__DID NOT VOTE

COMMENT CN PROPOSED CHANGE:

The use of presTressed concrete piling should not be preciuded Tn seismic
categeries C and D; performance requirements should be given for their design.

Refsrences:

i, Gerwick & Brauner = Cesign of High-Performance Prastressed Concrate
BPiles for Oynamic Loading (ASTM STP 870, {979).

2. Margason - Pile Sending During Earthguakes, lecture series at U.C.
Serkeley on Effects of Ground Shaking and Movement cn Piles,
March &6, 1975.

OVER



ATC~3=06 SECTION REFEZRENCEZ: 7.5.3 (continued)

where S_ =v= spacing af spiral reinforcing ' .
fy = yieid,sfrengTh of spiral reinforcing
Asp = area of spiral reinforcing
c = cover over the spiral reinforcing
db = diameter of spiral reinforcing
.fr = modulus of rupture of concrete
g = ratio of volume of spiral reinforcing to fotal

valume of core (oyt-to-cut of spirals) and not
iess thanm that given in Section [1.7.2 (C},

(3} Any piling installed in layered soils imposing severes curvatures
during earthquake shal! have the same amount of spiral reinforcing
indicated in item (Z) above, accompanied by additional amounts of
flexural reinforcing indicated by moment-curvatura retationships
developed for the pgile and soil prefile present,

(4) Tha fop and bottom portion of hollow core piling and rigid

frame piling whers nhigh values of shear and mcment occur simultaneocusly
should contain spiral reinforcing with o 2 0.031 (1.0%) for a distance
of 2 pile diametar, or 2 times the width of the pile.

COMMENT ON PROPQOSER CHANGE (continued):

3.

(1]

[8)Y
+

Bertere, Lin, Seed, Gerwick, Brauner, and Fotinas - A Seismic Desian
of Prestressaed Concrete Piling, FIP Congrass NYC, May 25, 1974,

Margason - Earthquake Effects on_Embedded Pile Foundations, paper
oresented at Pile talk Seminar, San Francisco, March, [977.

Test data from dynamic cyclic prastressed piling tests conductad
under the spensorship of the Prestressed Concrete Manutactursrs
Association of California.

Test data from tests conducted 5y H., Makita of +he Tokyu Concrste
Pile Company. '



REVIEW AND REFINEMENT OF TENTATIVE SEISMIC PRCOVISIONS

PROPOSED _CHANGE

TECHNICAL COMMITTEE: #4. Concrete COMMITTEE ITEM NUMBER: 57

ATC-3-06 SECTION REFERENCE: 8.2.2

Add the following sentence immediately after the definition of P and just
prior to EXCEPTIONS:

The force, F,, shall be applied independently vertically,
longi‘i‘udinal?y and laterafly in combination with the static
load of the element.

FINAL BALLOT: 8  YES
0 NO
0  ABSTAIN -

e ——

Q 21D NOT VOTE

COMMENT ON PROPOSED CHANGE:

UBC-79: The effect of vertical accelieration should be included in the design
of nonstructural components and sysTems,



REVIEW. AND REFINEMENT OF TENTATIVE SE!SM}C PROVIS 1ONS

~ PROPOSED CHANGE

TECHNICAL COMMITTEE: #4, Concrete  COMMITTEE ITEM NUMBER:

ATC-3-06 SECTION REFERENCE: :Chagfer's, Table 8-8

immediately following "Wall Attachments™ and indented therefrom, insert
"Connector Fasteners" with a corrssponding C. Factor of 6.0.

FINAL BALLOT: 7 YES

i r——r"

I NO

m——

Q_ ABSTAIN

p————

g _DID NOT VOTE

————

COMMENT ON PROPQOSED CHANGE:
Current practice as out!ined in UBC-T79.
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2.3 . Recoumendations for Commentary

REVIEW AND REFINEMENT OF TENTATIVE SEISMIC PROVISIONS

PROPOSED ADDITION TO COMMENTARY

TECHNICAL COMMITTEE: #4, Concrete COMMITTEE ITEM NUMBER: M6

ATC-3-06 SECTION REFERENCEZ: 3.6.3.

Alter eighth paragraph, starting with the eighth sentence so as fTo read:

The lcading is cyclical, so sTatic ultimate locad capacities may
not be-reached. |f the combination...with the values given in
Table 3-B. in the example of the flal plate warshouse, the
connections can stitl carry the design gravity loadings if they
satisfy the requirements of Section (l.4.].

FINAL BALLOT: 8+ YES
NO
0  ABSTAIN

C__ DID NOT VOTE

o

COMMENT ON PRCFQOSED CHANGE:

Clarification of wording is required to make it consistent with the revised
Chapter 11.



TECHNICAL COMMITTEE: #4, Concrete

ATC-3-06 SECTION REFERENCE:

REVIEW AND REFINEMENT OF TENTATIVE SEISMIC PROVISIONS

PROPOSED ADDITION TO COMMENTARY

3.7.2

Add the following senfence=+o;fhe second paragraph:

For two-way slabs orthogonal effects at slab-to-column connections
can be neglected provided the moment ftransferred in the minor
direction does not exczed 30 percent of that ftransferred in the
orthogonal direction and there is adequate reinforcement within
lines one and one-half times fThe slab thickness either side of
+he column to transfer all the minor direction moment.

FINAL BALLOT: 8 YES
0 NO
Q  ABSTAIN

0 DID NOT VOTE

COMMENT ON PROPOSED CHANGE:

Considerable simplification that Is predictabie using beam-analogy
concepts (1, 2) and has been proven by festing (2).

l.

Hawkins, N.M,, Mithcel! D, and Symonds, D.W., "Hysteretic Behavior of
Concrate Slah to Cotumn Connections,"” Proc. 6th World Conf. Earthquake
Engrg., New Deihi, India, 1977.

COMMITTEE. |TEM NUMBER: M7

2. Hawkins, N.M., "Seismic Response of Concrete Flat Plate Structures,"
Proc. Seventh World Conference on Earthquake Engrg., Instanbul, 1980,
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REVIEW AND REFINEMENT OF TENTATIVE SE!SMIC PRCOVISIONS

PROPOSED CHANGE

TECHNICAL COMMITTEE: #4, Concrete COMMITTEE | TEM NUMBER: Yl

ATC-3-06 SECTION REFERENCE: Chapter |1 and COMMENTARY

Revise Chapter || and Commentary Chapter i of ATC 3-06 fo read as per
28 May 198Q propesal, as modified ih meeting of 4 June 1980, and changes
necessary to incorporate those revisicns info the remainder of ATC 3-06.

FINAL BALLOT: _7  YES
4 No
O ABSTAIN
O CID NOT VOTE

COMMENT ON PROPQSED CHANGE:

Chapter 1! is revised to reference the nationally recognized design standard,
ANSI/AC1 318-77 "Building Code Requirements for Reinforced Concrete" for
proportioning and detailing concrste structures, Seismic resistance is
considerad in the overal! development of The ACl] 3i8 Standard, including
Appendix A on special provisions for earthquake resistance.

Existing Chapter || originated from an early draft of a propgosal by an

AC! 318 Seismic Subcommittee to update the AC! 318 seismic design provisions.

The current draft of Appendix A (19 March 1980) now befores the Main Committee 318
has undergone numerous revisions. Final Commi{+tee action and full ACl consensus
pallioting is in process. ’

The revised Chapter |l is formulated to <orreilate appropriate AC! 318 design
provisions with the four ATC seismic performance categoriss by reference only .
witThout fhe need for ATC to duplicate the wording already contained in the

AC! document,



JOINT BALLOT NUMBER: 4/13

REVIEW AND REFINEMENT OF TENTATIVE SEISMIC PROVISIONS

PROPOSED CHANGE

TECHANICAL COMMITTEE: #4, Concrete

ATC-3-06 SECTION REFERENCE: 11.1

COMMITTEE BALLOT NUMBER: Al

Alter Sec¢tion 1l.l such that thé reference reads as follows:

"Reference l1.l Building Code Requirements for Reinforced Concrete,
American Concrete Institute (ACL 318-77) excluding Appendix A and
replacing Section 9.2.3 with Sectiom 3.7.1 of this document.”

Final Ballot: _1 Yes
0 No
% Abstain
3 Did Not Vote

COMMENTS:

This ballot item updates the reference to include the latest version of the
ACI Building Code for Concrete (ACL 318-77). The replacement of Section 9.2.3
in the ACI Code by ATC 3-06 Section 3.7.1 reminds the designer that the combi-
nation of load effects used in ATC 3-06 is different than that in ACT 318-77.

This ballot item appeared on the first of the two committee letter ballots.
The final wording was modified so as to read exactly as revised and approved
by the ATC representative, The abstentions were the result of the ballot
item being superseded by the committee ballot item Y1 ( Joint Ballot Number
4/12) . The committee was in full agreement that the reference should be
updated, but the issue of adopting Appendix A overshadowed that incent.
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JOINT BALLOT NUMBER: 4/14

REVIEW AND REFINEMENT OF TENTATIVE SEISMIC PROVISIONS

PROPOSED CHANGE

_TECHNICAL COMMITTEE: ' #4, Comcrete ’ COMMITTEE BALLOT NUMBER: A2

ATC~-3~06 SECTION REFERENCE: 11.2

Alter Secticm 11.2, first paragraph, second sentence by inserting "Precast and/or
prestressed” in place of "Precastc.”

Final Ballot: Yes
Yo

Abstain

oo o

Did Notz Vate

COMMENTS:

The intent of the ballot item is to expressly include prestressad concrete as

a permissible building material. Initially, the ATC representative was opposed
to mention of prestressed construction without any accompanying criteria for
its proper design. However, with the introductiocn of the material contained

in committee ballot item M9 (Joint Ballot Number 4/15), the ATC representative
approved this change to the existing ATC 3-06 Chapter 1l1.



JOINT BALLOT NUMBER: 4/15

REVIEW AND REFINEMENT OF TENTATIVE SEISMIC PROVISIONS:

PROPOSED- CHANGE

 TECHNICAL COMMITTEE: #4, Concrete COMMITTEE BALLOT NUMBER: M9

ATC-3-06 SECTION REFERENCE: New Section 11.9

Add the following-as a new Sectidn in Chapter 11 immediately following
Section 11.8:

Section 11.9 - STRUCTURES COMPRISED OF PRECAST
AND/OR PRESTRESSED CONCRETE
SUBASSEMBLAGES

The provisions of this Sectiom apply to buildings constructed with precast
and/or prestressed concrete alements mot conforming to the detailing provisions
given elsewhere in this Chapter for cast-in-place councrete.

- 11.9.1 LINEAR ELASTIC DESIGN
Structures with assemblages of precast and/or prestrassed concrete components

furnishing lateral resistance-against seismic forces shall be designed to
elastically resist equivalent lateral forces equal to those specified in this

"document with an R wvalue of 1.0.

OVER
COMMENTS:

The intent of this change to the existing ATC 3-06 Chapter 1l is to provide a
clear mechanism by which a designer can use a precast and/or prestressed con=
struction within the framework of the ATC 3-06 provisions. Section 11.9.1
presents a method by which a structure can be designed to resist elastically
earthquake forces and which is likely to be an economically viable solution
for low~rise construction only (< 3 sgories). Section 11.2 presents a method
wnich follows the more conventionmal approach of permitring inelascic action
providing the system offers the same behavioral characreristics (e.g. strength,
stiffness, damping, etc.) as comparable monolithic cast-in-place ordinarily
reinforced concrete construction.

The ATC representative reviewed and approved of the proposed ballot item. Thers
were two reservaticns of a technical nature expressed by members of the committee.
The first concerned the use of an R value of 1,0 in the Linear Elastic Design
section. The committee member felt that to be overly conservative and suggesrted
a value of R = 1.5. The other reservatiom accompanied the '"No' vote and was

an cbjection to the lack of a provision limiting the height and/or the number

of stories.



11.9.2 "DUCTILE" CONSTRUCTION

Energy dissipating lateral Ioad resisting systems comprised of precast
and/or prestressed concreta components shall be permitted provided satis-—
factory evidence can be showrnt in the form of experiments, testing, and
analysis based upon: established engineering principles that the resulting
construction complies with the requirements of Sectiomns 3.6 and 3.7 and
this Chapter, and that they offer the same strength, stiffness, stability,
durability, damping)-energv absorption, and energy dissipation capabiliries
(ductility) as monolithic cast-in-place ordinarily reinforced concrete
construction.

Final Ballot: Yes

No
Abstain
Did Not Vote

b1



JOINT BALLOT NUMBER: 4/16

REVIEW AND REFINEMENT OF TENTATIVE SEISMIC PROVISIONS

PROPOSED CHANGE

TECHNICAL COMMITTEE: #4, Concrete COMMITTEE BALLOT NUMBER: _M1

ATC-3-06 SECTION REFERENCE: i1.5.1

Alter Section'll.5.l, third paragraph such that it reads as follows:

"Reinforcement resisting earthquake-induced flexural and axial
forces in frame elements and in wall boundary members shall comply
with ASTM A706. ASTM A61l5 Grades 40 and 60 reinforcement may be
used in these elements if (a) the actual yield stress based on
mill tests does not exceed the specified yield stress by more
than 18,000 psi {(retests shall not exceed this wvalue by more

than an additional 4,000 psi) and (&) the racio of the actual
ultimate tensile stress to the actual tensile yield stress. is

not less than 1.25."

Final Ballot: Tes

No

Abstrain

Did Not Vote
COMMENTS:

This change replaces the current wording in ATC 3-06 Chapter 1l with the
wording included in the latest draft version of the ACT Committee 318
Appendix A (Requirements for Reinforced Concrete Building Structures
Resisting Forces Induced by Earthquake Motions). The committee was in
complete agreement that the Appendix A wording was more desirable than
the existing wording. The ATC representative objécted to this change
because it did not sufficiently emphasize that if ASTM 4615 Grade 60 steel
is used careful attention must be given to the metallurgy of the steel
and the welding practice. ‘



JOINT BALLOT NUMBER: 417

REVIEW AND REFINEMENT OF TENTATIVE SEISMIC PROVISIONS

PROPOSED CHANGE

TECHNICAL COMMITTEE: #4, Concrete COMMITTEE BALLOT NUMBER: M3

ATC-3-06 SECTION REFERENCE: 11.8.2

Alter Sectiom 11.8.2 by deleting in its entirety the third paragraph and replace
it with the following:

"A cast—in-place topping om z precast floor system may serve as the
diaphragm provided the cast-in-place topping is proportiomned and
detailed to resist the desigm shear forces under the effects of any
loading combination (which could imduce tensile or compressive
stresses simultaneously to the shear forces). For bulldings in
performance Categories C and U, alternate techniques based on the
use of untopped precast and/or prestressed components of concrete
floor systems may be used only if it can be shown by experiments

. and analysis based on established engineering principles that they

"7 will offer the same shear strength, stiffness, stability, durability,

and sufficient energy dissipation capacity, as a monclithic cast-
in-place ordinarily reinforced concrete diaphragm.”

Final Ballot: Yes G  Abstain

2
. 0 No | 0 pDid Naot Vote
COMMENTS:

The btallot item modifies the existing complete restrictioun against the use of
untopped precast and/or prestrassed components of floor systems as diaphragms.
Instead, the change would permit such systems to be considered as diaphragms if
it can be shown that the untopped system provides behavioer comparable to that
of a monolithic cast-ineplace ordinarily reinforced concrete disphragm.

The ballot item was reviewed by the ATC representative who supportad its
adoption. One committee member, however, expressed reservations about the
practicality of verification and the lack of a commentary secticn giving a
clear explanation of the provision's intent.



JOINT BALLOT NUMBER: 4/18

REVIEW AND REFINEMENT QF TENTATIVE SEISMIC PROVISIONS

PROPOSED CHANGE

TECHNICAL COMMITTEE: #4, Concrete COMMITTEE BALLOT NUMBER: Mé&

ATC~3-06 SECTION REFERENCE: 11.6.1

Four part item
a) Alter Section 11.6.1, secoud paragraph, second sentence so as to read:

"At least two No. 5 or larger bars shall be provided continuously both
top and bogzom except in slabs.'

b) Alter Section 11.6.1, sixth paragraph, first sentence so as to read:

"Web- reinforcement perpendicular to the longitudinal reinforcement
'shall be provided chroughout the length of all members except slabs."

d); Alter Section 11.6.1, seventh paragraph, first sentence so as to read:

"Within a distance equal to twice the effective depth from the end of
all members except slabs, the amount...from the end of the member."

OVER
COMMENTS:

The ballot item introduces design provisions for flat slab construction. Such
provisions are not present in the existing ATC 3-06 Chapter 1l and it was felt

by the committee that such an omission would not be representative of the current
building practice in many areas of the nation.

The ATC representative reviewed and approved of the provisions included in this
ballot item. ,

While approving this item, committee members expressed concern about the use of
unfactored gravity loads in the proposed equation 11-2. The use of unfactored
loads is iaconsistent with zll other sections of Chapter 11 where factored loads
are used.
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Four part item (continued)

d) Alter Section 11.6.1 by adding the following paragraph after the seventh
paragraph: ‘

""Slabs without beams. and supported on columns may be used for ordinary
moment frames provided those slabs satisfy the requirements of Chapter 13
of Reference 11.1 and this Section. Bottom bar reinforcement, Ag, shall
be. provided continuocus through or anchored within a column and not less
than that given by the following formula:

r 2 (V=Up)

AL = 3.858y (11-2)
where V is the shear force transferred to column due to unfactored gravity
loads and Vp is the sum of the vertical components of the forces in any
prestressing tendons passing through or anchoresd within the column. At
least two No. & or larger bars shall be provided continuous through or
anchored within the columm in both directions and both top and bottom.
In slabs without beams, columm strip negative moment reinforcement shall
be distributed so that at least 60 percent of the required reinforcementc
is concentrated within lines one and one-half times the slab thickness
either side of the column. The shear stress, v, on a critical section
located half the effective depth of the slab from the column perimeter,
and caused by the shear force V shall not exceed 2VEL. If there is no
spandrel beam at the discontinuous edge of a slab, reinforcement wichin
four slab thicknesses either side of a column face and adjacent to the
edge shall be detailed so that it can act effectively as torsion rein-
forcement considering the possibility of full reversals of the sense
of the torsional moments. If£ the torsional strength of the spandrel
beam framing into a column exceeds the flexural strength-of the slab
at its connection with the beam for the adjacent half panel width. all
shear shall be assumed transferred to the column via the beam.”

Final Ballot: Yes

No
Abstain
Did Not Vote

[ fe e |-



JOINT BALLOT NUMBER: __ 4/19

REVIEW AND REFINEMENT OF TENTATIVE SEISMIC PROVISTONS

PROPOSED CHANGE

TECHNICAL COMMITTEE: #4, Concrete COMMITTEE BALLOT NUMBER: M3

ATC-3-06 SECTION REFERENCE: __Coumentary CIl1.5.1

© Alter Commentéry Section 11.3.1, £ifth paragraph by including the following
sentence at the end of the paragraph:

"The flat plates of flat plate frames of normal proportions and
detailed as specified inm Section 11.6 will not undergo any

significant yield until story drifts greater thanm those allowable
(Table 3-C)." :

Final Ballot: Yeas
Yo
Abstain

Did Not Vote

1

COMMENTS:

This change to the Commentary emphasizes that flat plate frames are considerably
more flexible than other framing systems.

The ATC representative reviewed and approved the proposed ballot item which |
incorporates his suggested revisions. There was one reservation expressed by
a committee member. He felt that while what was stated in the ballot irem
was. true for most "normal proportions' there were exceptions and suggested
that the word "will" be replaced by "should."
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3.1 Minutes of Mestings

Minutes: of First Meeting
Technical Committes: 4: (oncreta
Raview and Refinement of Tentative

' Seismic Provisions (ATC 3~06)

Meatring Held ar Naticwal Bureau of Standards:
Gaithersburg, Maryland:
December 11, 1979

The first meating of Techpical Commirtee 4 was called to order ar 12:10 p.m.
by Acting Chairman Richard D. Marshall, The following members were present:;

Edward Cohen: American Comcrete Lustitute

Marle Fintel Porrtland Cement Association

Neil M. Hawkins Post~Tensioning Institute

Joseph Manning: E . Conerete Reinforcing Steel Institute
James: Prendergast Interagency Committee on Seismic

Safety Iin Construction

David A. Sheppard Prestressed Concrete Institute
W. Gene Corley (alternata) Portland Cement Associztion
Vitelme V. Bertero Applied Technology Counci;
James Lefter Building Seismic Safety Council
Richard Marshall Natiomal Bureau of Standards

The f£irst order of bHusiness was the selection of 3 permanent committes
chairman. Edward Cohen was nominated and unanimously slected. Mr. Cohen
chaired the subsedquent committse deliberations.

The next item of business was: the salection of an individual to serve on

Technical Committee 2 — Structural Design. Mark Fintel was nominated and
unanimously elected.
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Time and place of the second meeting (public work session) was the -

next item of business. This meeting is to be announced in selacted
publicarions having pmationmal circulation. After considerable discus-
siom, it was decided that the meeting would be held on. Februmary 21 (and
2Z, if necessary), 1980 ar the Airport Hilron Hotel, San Francisco, Caldi-—
forniz. It was agreed that the Committee Secretary, R. D. Marshall,
would make: arrangements for a conferences room.

The commitree broke for lunch at 1:00 p.m. and reconvened ar 2:00 p.m.

The: afternoon sessicn opened with gemeral discussion as to what sections
of AIC 3—(06 wersz to be raviewed by Committee 4 and what procedures were
to be. followed in developing and submitring proposed changes. In addi—~
tiom to the provisions of Chapter 1l ~ Reinforcsd Comcrete, comncsrn was
expressed regarding certain provisicms of Chapters 3, 4, 3, 7 and 8.
Edward Cohen: inquired as to the status of refinements to the provisions
related to reinforced concrete which are now being carried ocut by the
Intaeragency Committee on Sedsmic Safety in Construction. James Lafter,
representative of the BSSC Overview Committee, stated that he would pro—

vide the secretary with the latest drafr for distribution to members of
Techmical Commdttee 4.

With regard to proposed changes, it wag determined thar individual
members may submit proposed changes directly to the appropriate techmical
committzes with copies to the membership of Committee 4. Also, i was
agreed that proposals may be developed jointly by the membership of
Committee &4, for comsiderarion by other techmical commitrtaes.

The chairman next asked for specific comments on the current provisiocans

of ATC 3-06. Prepared comments by the Prestressed Coancrete Institute wers
distributed to the membership (see Attachment A) by David Sheppard and
were discussed at length. Regarding the provisions of Chapter 7, it was
pointad out by the chairman thar foundation design critsria should be

the raspeonsibility of Tachoical Committee 3, but that material-specific

design provisions should be presented in Chapters 10 and 11 (steel and
reinforced concrete).

Mazrk Fintel alsa referred to prepared comments (sSee Attachment B) in
addressing the ralevant provisions of ATC 3-06. The issue of Response
Modification Coefficients, R, was discussed at some length. Fintel pointed
out that while he feels the general appreach i3 a significant step forward,
the R values (Table 3-B) are based primarily on the judgment of a group

of individuals rather than on rational analysis. To rectify this situa-
tion, Fintel proposed that studies of dyunamic, inelastic respounse history
be: carried out for variocus strucrtural systems identified in Table 3-B.

V. Bertero stated that while the studies proposed by Fintel would be very
useful, they would, im his opiniom, rsquire considerable effort and would
quite likely requirse more than one year to complete. Joseph Manning
suggested that additiomal insight regarding the response modification co-—
efficients could be obtained during the trial 3design procaess by subjecting
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& building to both elastic and inelastic analysis. V. Bertera stated
that additional information comsidered by the: Applied Techmology Council.,
but not contained in Tible 3-B, could be made available to the members
of Committee 4.

Neil Hawikins pointed cut that the current provisions allow the substitu~—
tiom of grada 60 for ASTM A-61l5 grade 40 reinforcement which could, im
cartain cases, be detrimental.

. Because: of tight travel schedules, the committee adjcurned ac 4:00 p.m.
__without completing discussionr of comments by individual members.

Respegtfull’.r submitted,.

CELL Y Heed &7

Richard D. Marshall

4



s - ATTACHMENT A

Alfﬂlf ECYURAL

STRUCTURAL l
c PRESTRESSED CON&ETE INSTITUTE .

R!’.LY' TO: 20 NORTH- WA . G .
1360 DEL RIG COUART . . 3 CKEAR DRIVE / CHICAGO, ILLINGIS 8060%5

CONGCORD, CALIFQANIA 48518 ° . -

TELEFPHONE: 418 7 9871327

TELEPHONE 212 / 348-4071

Novemher 5; 1979

William W. Moore, Chalrman
Board of Direction

Building Seismic Safety Council
Dames and Moore

500 Sanscme Street

San Francisco, CA 94111

Re:’ Constructive comments on>ATC 3~06 regarding the des;gn
of precast and prestressed concrete under seismic
conditions.

Dear Mr. Moore:

The Prestressed Concrete Institute is an organization dJevoted
‘to the development and advancement of knowledge and use of
plant cast precast and prestressed concrete. To that end,

we are appreciative of this opportunity to work with our
peers on the Building Seismic Safety Council in the critigque
and review of ATC 3-06 as it pertains to precast and pre-—
stressed concrete. Cf major concern to our industry is the
fact that this widely used materiazl is not recognized per se
in the document. As a general recocmmendation we feel that
creation of a separate subsection for precast and prestressed
concrete is fully warranted, considering the unique uses of
the design aspects c¢f seismic design associated with this
material, and in light of the extensive use of the material
in seismic¢ zones. A separate subsection under Chapter II
(Reinforced Concrete) should be established. This subsection
should address the use of lateral lcad resisting systems and
components, as well as proper design ¢f non lateral load
resisting compenents to assure their ability to accommodate
movements and distortions of the structure under seismic
loading without suffering structural distress or contributing
inadvertantly to the stiffness ¢f the lateral force resisting
system of the building. The effects of vertical acceleration,
as well as lateral forces, on precast ind prestressed concrete
should be covered. This subsection should be further divided
into the following categories: T

. Plant cast prestressed concrete
. Post tensioned concrete '
. Plant cast precast concrete

. Site cast precast concrete |
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This would enable us to group in one section requirements for
precast and prestressed concrete that are at present scattered
about the entire document; alsc some essential seismic design
aspects, such as the ductile design of precast concrete
cladding connectors, are omitted entirely. This treatment is
analogous to the 'distinct treatment currently afforded precast
and prestressed concrete in UBC-79 and ACI 318-77. An '
additiconal proviso should be added in this subsection similar
to those apprearing in UBC-7% and ACI-77, to wits:

“All provisions of this document shall
apply to precast and prestressed concrete
except as specifically modified herein.”

There are also several items in the.bcdy"oflATC’B;OG that we
feel should be modified.. These are discussed briefly below:

1. Section 11.2 - Connections of Precast Components.
Assigning an arbitrary low value of capacity reduction factor
to connections does not ‘adequately assure proper performance
under seismic conditions. The connections of precast elements
should be able to achieve ductility and at the same time

“‘maintain their anchorage ihtegrity within the concrete. This

requirement should be modified with a2 statement that ensures
proper performance of .the connector to accommodate,maXLmum
induced drift movements of the structure.

2. Section 11.2 -~ Axizl Compression. The arbitrary
assignment of a low capacity reduction factor for a "pin-ended"

column is not warranted when the top and bottom connections
are designed to accommodate maxiumum drift movements and

increased bending movements induced by the P-4 effect.

‘3. Secticns 3.3.4 and 3.3.5 - Height Limitation. Once
again, we have an arbitrarily assigned value for height which
is inconsistent with the evidence of performance ¢f shear wall
and braced frame buildings in recent earthquakes (Managua,
Romania). Proper building desigmr and location of stiffening

elements should be the controlling factor, as is alluded to

correctly in Section 3.4.1.

4. Section 11.8.2 - Diaphragm Details and Limitaticns.
No provision is made for "untopped" diaphragms consisting of

grouted castellated shear keys and beundary closure pours, or
untopped precast elements tled,together with shear fricticn
reinforcement as descrxbed in Section 2611 (p). of the Uniform
Building Code. Recent test information is available substan-
tiating the effectiveness of untopped floor dlaphragms in
transmitting lateral forces. : :
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5. Section .8.4 - Bounda Members. Some of these
provisions are not warranted in light ¢f current practice
and research in the area of large panel precast concrete
. systems: building. Tests by Bertero show that boundary
elements assure continued flexural behavior under extreme
‘seismic loading. Becker and Mueller have achieved ductile .
behavior with coupled walls without boundary elements. Once
again, it is the design of the structure that is critical;
this cannot be assumed by arbitrarily assigned restrictions
such as we see here.

6. Section 7.4.4 - Special Pile Reguirements.
Concerning the anchorage of piles to pile cap, the use of field
- placed anchor dowels grouted into sleeves cast in the pile top
should also be allowed, -as outlined in CAL—TRANS Standards and
SPeczflcatlons, Section 49-1.09.

S Ta o 7.5.3(c) 7.6.1 ~ izl Pile Require-

ments and Limitations. The:use of prestressed concrete piling

should not be precluded in seismic categories C & D; performance
requirements should be givenr for their design. A proposed
_revision to this section is furnished to the Council under

' separate, cover.

8. Section 8.2.2 - Lateral Design Forces on Nonload
Bearing Cladding Papel Elements. The forces assigned are in
some cases in exceass of current code requirements as outlined
in UBC-79 - Table 23-J. At the same time, the connector
fastener should be designed for forces well in .excess of the
values assigned. This section should also emphasize the
necessity of the c¢onnector body yielding to achieve ductility
in lieu of approaching forces which would cause fracture of
welds or brittle failure of concrete at the connector embed-
ment locatlcn.

Many of these items were first discussed in a letter to the

National Bureau of Standards dated 2 June 1978. We have not
"had a response to this communication. I have included a copy
of that letter with these comments. Included with the letter
_1is an extensive bibliography of papers concerning precast and
prestressed concrete design and construction, which ceontain a

wealth of substantiating evxdence for scme of the comments we
have.made here. .

_Thank;you.fbr'your7consideration_

/véfg truly yours,

Prestressed Concrete Institute



-4ffw ‘ - g g q“,"w..__. );)%1

sepp firmkas engineering, inc. 251 newbury st., bcstc'm, mass. tel. (817) 25'7-8715

June 2, 1978

United States. Department of Commerce:
Mational Bureau of Standards
Washington, D.C. 20234

Attention: Mr. Charles. Culver, Disaster Research Coordinator;
» Centar for Suilding Technology
Refarenca: Review of "Tentative Provisions for the developmant of Seismic
regulations for buildings”.

Dear Mr. Culver;

" On behalf of the Prestressed Concrete Institute, [ have reviewed the "Tentative
Provisions” and would like to comment on the attached sheets. '

I have tried to be spedific and positive wherever possible and due to the time
restraints I have commented only on subjects directly or indirectly related to
precast and or prestressed concrete elements or assemblies of these elements.
As. a member of the PCI Seismic Committese and the MIT Seismic Research Review
Board I have had the opoortunity to keep abreast of the most recent design and
research developments in this particular field, and as a practicing desian
engineer had occasions to apply Seismic codes to actual design and experience
the intracacies of interpretations of codes.

It is in this spirit that the comments-should be taken.

May I state in behalf of PCI that we are extremely interested to contribute
to the further development and refinement of the "Teéntative Provisions".

Yours truly,
sepp f1rnkas engineering, - 1nc.

T Lrntr

Sepp’ Firnk

- SF/ezk _ '
enc. . _ _ -

cc: Mr. Daniel Jenny, Prestressed Concrete Institute

sepp firnkas' uirich boahlka chan lin - lawrence cgdan
: 48 ' ’
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Frikas sngineering, inc.
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June 2nd, 197&.

Review andrcbnments on "Tentative Pravisions for the Develooment of Seismic
Regulations for BuiTdings™. -

L.

N

General ~

Precast concrete is referred to once in Chaptar 1l: "Reinforced Concreta™
indicating a capacity reductiom factor of 4 = (0.5 for connections of
precast companents, and them in the commentary where it states:

"The experience, both in the field and in the 1abcratory, which has led to
the special proportioning and detailing requirements -documented in this
Chapter for Categories C and O has been predominantly with monolithic cast-
in-place reinforced concrete construction. Therefors,’ these requirements
must be projacted with great caution to types of construction which differ
in concept or fabrication. Precast reinforced concrete elements may be
used as part of the seismic resisting system provided their strengths,
proportions, and details can be demonstrated to comply with the requirements
stated Fcr Categories C and 0 construction.”

Ch. 7 “F0undataon Deswgn requxrements" mentions brvefﬂy the tie and longi-
tudinal steel regquirements in the upper part of PRECAST pile sections and
further in sections 7.4.4 (0) & (E), 7.5.3 (C) and in 7.68.1 which eliminates
precast  prestressed concrete piles from resisting flexure caused by earth-
quake motions for buildings of performance category D. The commentary to
Section 7.6 amplifies this with: "At the present time, there is Tittle or
no information available on the ductility capacity of precast-prestressed
piles; in fact, the type of reinforcing provided is counter to present
concepts of concrete ductility development. Hence, until further data are
available, they should not be usad in s1tuat1ons where pile bending may be

‘induced by earthquake motions.

A short review of the B1biwography of Ch. T and 11 1nd1cates not & single’
reference to precast and/or prestressed concrete slements, connections or
assemblies. Considering the above a reviaw of’thev"Tentative Provisions™
specifically as far as precast and/or prestrassed concrate and its numerous
applications are concerned is handicapped and can therefore only be general.
I will, however, try to introduce as many specific subjects as time will
permit. : :
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2. Chapter 3. "Structural Design Requ1rements". ‘Section 3.3. :
4 types of general framing systems are mentioned - table 3-8 1xsts 8.
- This. should be clarified.
Sections 3.3.4 & 3.3.5: The height Tinﬁtations;impcsed-on pure.shear"walt
- or braced frame systems seem arbitrary and should seriously be reviewed im
view of the performance of such buildings in recent earthquakes. - Managua
- for example - Ref. (185) and research reférences (186, 187, 2, 5, 7, 8 165,

166, 167 and 189)

Sethon 3.4, A reguTar1ty-1n plan conf1gurat1on should be reunred.for

Categories C.& D. This is & discipline the engineering -~ ultimately

responsible for Safety im £.Q's - should impose om architectural whims.

1. - Re-entrant corners of -significant dimensions should be separated by
adequate separation joints from the main part of the building to
create independently stable bufldings.

'Z. - Torsional moments should be minimized by controlled layout.

3. - ControITed.Tayout,can provide significant d1aphragm strength.

Sectiom 3.4.2.: Same comments as above applr

The Architécts preference for- an open ground floor or a building on stilts
should seriously be discouraged for Categories C & D. Locations of expansion
Joints should be directed by symmetry. The Earthquakes of Caracas 1967 and
Alaska 1964 - Ref. (183, 184) demonstrated clearly the importance of a
controlied regular plam and verical layout.

3§ Chapter 7. "Foundation Cesign Requirements"”.

-~ Sectiom 7.4.4. (D) & (E): It is not obvious at this paint why a distinction
between precast and precast & prestressed piles should be made. The longi-
tudinal reinforcing is mostly determined by handling and driving stresses.
The minimum tie spacing should be equal for both types and specified consid-
ering thatmost of the time the upper partion of the pile is cut off i.e.:
the minimum tie spacing after cut off should extend 2' beIow the bottom of
the pile cap.

Section 7.5.3 (A) & (C): It is.difficu]t to see in this connection the
difference bewtween a cast-in-place and a precast concrete pile.

Secticn 7.6.1 : The commentary to this section states the lack of information
on ductijlity of prestressed concrete piles as a reason to eliminate them in
Category D to resist flexure caused by earthquake motion. This is obviously
an easy way out" instead of assemb1y7ng and evaiuatxng available research
-and performance data.

N2

Prestressed concrete piles can be compared to prestressed columns which have
been ressarched and usad for a Tong time - Ref. (56, 53, 188 and cthers) and
performed for many years in offshore and marine sgructures and for bridge

_ foundations in the open sea subject to continuous wave and live load actions.
Extensive literature and research has been published in the PCI Jourmal by
FIP and can be obtained from "Raymond International" (the former Raymond

Concrete Pile Co.); "Brown & Root Inc.”, "The Bayshore Concrete Corp." and
European Sources. : , ' I
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Upon studying these data it can be: concluded that prestressad concrete
piles do have superior flexural qualities in the elastic stage and seem
ideal for enerqy dissipation and damping and it appears that they are
'prefErabTe~to just plain concrete piles, thinm steelshell concrete f111ed
piles or piers.

Since the "Provisions" cover extensively all structural systems, the
- . omission of prastressed (posttensioned) concrete mat foundations may suggest
to the average reader a negative aspect. The increased use of posttensigned
mats especially in difficult soil conditions (expansive clay, fine sands,
“ silts, subsidence areas, etc.) and its ability to bridge areas of weakness
. has also great advantages in case of ground motions that may disturb the
regularity of support1ng strength of the subsoxT-

Theorstical and pract1caT backup data coqu be obtained from a similar’
structural systam j.e. from: prestressed,fTat plates.and the Posttensioning Inst1tute.

4. Chapter 11. :

It is stated in this chapter that pr°cast reinforced concrete companents

may be usad if the resulting construction complies with the requirements

of Section 3.6 and this chapter. The comments elaborate further that:

R these requirements must be protected with great caution to types of
constructicn which differ in concept or fabrication. Precast reinforced
elements may be used .... provided their strength, proporticns and details
can- be demonstratad to comply with the requirements stated for categories
C & D construction”. This is fair but sounds like a negative acceptance
of precast reinforced concrete. It is accepted that the burden of proof lies
with the newcomer, but it should be the obligation of the investigater to
avail himself, study and evaluate all published research and experiencs
data on the subject. Further should be recognized that precast reinforced
concrete elements may have similarities with cast-in-place concretes, however
the force reansfer details of precast concrete elements do not have a counter-
part inm cast-ln-place concrete-aownts. '

The-attached.refErences of type 1 - markad with a * are concerned with
behaviaor of precast and/or prestressed elements subject to seismic motions,
while the references of type 2 - marked with ** investigatz the performance
of varicus types of connections and joints.

Section 11.2

To assign a single even if low 4 factor to connections does not insures
ductility. In practically all connections is steel and concretes involved -
two materials with quite different characteristics. Concrete is brittle
compared to steel. To achieve ductility of the connection a yield of steel
elements at or near the concrete interface must be obtained whlle the concrete
stresses should at this stage remaan be]ow rupuu*e.

Recent PCT Special Committee and research work contained in "Mannual for
Cesign of Architectural Precast Concrete® Chaptar 2 - Connections resglved

the problem by using equal strenqth design for steel and concrete and separate
§ factors of #c = 0.90 and go = 0.55 respectively to assure ductility. This
method allows a ¢a1r1y uniform design for ductility for complex connection
details where sometimes 6§ farce transfers ares invoived.
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sepp firmkas snginaering, inc.

‘Since precast-prestressed concrete is an established construction method

and industry - and will be more so im the future, the "Provisions" should
incTude realistic evaluyations af behaviar and perfbrmance of connect1ons
and,not dismiss it in generaI terms.

Section 11.8.2.
The last paragraph about topping is vague and may Tead to misinterpretations.
It has been proven experimentally and can be substantiated analytically that

. the shear key connections. betweermr individual floar elements (shear-friction

concept) can transfer diaphragm forces usually in excess of the design forces.

The effactiveness of a thim topping slab on floor elements seems questionable
if the floor slabs are tied together by longitudinal, transverse and :
peripheral ties according to current design standards - Ref. (155). There
are ‘several full scale test results available demonstrating the satisfactory
behaviar of grouted untopped fToor e1ement5 subject to "in p?ane“ forces.

Section 11 8.4,

. This sectionm should be reviewad in its entirety as to 1ts applicability to

precast concrete systems construction. The most recent research conducted
at MIT - Ref. (3,4,5,6,7 etc.) and the various Japanese, Russian and

Yugoslavian test resuits should be used to develop gu1de?tnes for precast
‘Concrete systems.

Boundary members for dtaphragms - See Ref. (155)

Table 11-A.

The shear and tension values for balts given in this table should be
checked. Since seismic forces cause most of the time shear and taension
an interaction diagram should be given instead of separate values for
shear & tension. See Ref. (106).
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ATTACHMENT ‘B

Response of the Concrete Induystry to ATC 3-06
Presented to
Building Seismic Safety Council
Samr Francisco, CA
November 8, 1979

by '
Mark Fintal, Oirector, Advanced Engineering Services
Portland Cement Assoctation, Skokie, I[Tlinais

INTRODUCTICN

L

I apprgg.fate this opportunity to present the reponse of the Concrests
Industry ta ATC-3. First of 217, we weuld Tika to exprass our c;mpl'iments»
ta .the Applied Techmalogy Council for prepari‘ng a2 document which, in‘ many
respects, advances seismic desigm concepts 2 long step forward. New
approaches ta sai srirf_c Zaming, to 'suT’T;—structure* interacticn,l and to per:icd
detarminatiomr, are specific examples of improvements utilizing knowiedge
. gained during rscent decades, which will affect the daily practice of
earthquake enginsering. |

On the other hand, many shortcomings contained in present practice,
aspecially as related to special moment frames for reinforced ccnc%'ete,.
are continued withim ATC-3. These prdvisiens make it practically impos-
sible to construct highrise concrata siructures in areas of high
seismicity.

Looking back at the history of earthquake codes related ta reinforcsd
concrate multistory structures in the United States, we find that im 1959
the SEACC recommendations restrictad the height of concrats buildings to
13 stories or 1804 ft.

As z direct rasponsa, the concretz industry oroducad, in 1361, the
book entitied “Rasponse of Multistory Reinforced Concrete Buildings to
Earthquake Motions® by Blume, MNewmark and Corning, which firmly established
the fundamentals for earthquake resistance of reinforced concrete multi-

story structures.



At that time the%specifiéd.requiremeﬁt.was‘that concrata structures
must show the same ductility as structures constructed of A7 steel; alsg,
the pravalent moment-resisting frame led SEACC and the concrete industry
to develop the Ductile-Moment-Resisting~Space-Frame (OMRSE).

In 1866, the 13-story height Timitation was removed and provisions
requiring the OMRSF systemr for- concrete buildings above 13 stories were
fntroduced, Sincs that time, only about half-a-dozen UMRSF structures of
reinforced:éoncreta, taller than 160 ft, have been byilt in'Ca]ifornﬁa.

It is only in retrospect that we cam see oqur mistake im not pursuing
the development. of ductility in shear walls in the 60's. At that time we
did not clearly foresae that Tegislaﬁingvconcrete‘inta.structur&T forms
suitable and desirable for stee] may not work. Inm concreta we cannot amu-
atz stasl; we nesd to utinze-t;e'inherent rigidity and strength of con-
crete walls for Tateral resistanceﬂdf'bui1dings., Reinfarced concrets
walls have heen penalized by Codes because of their sﬁpposed lack aof
ductility; however, recent sxperimental and analytical researc.h‘ has
clearly shown that walls cam be made ductile when properly groportioned
and reinforgad.

The reasan that Mghrisa'cancreta- buildings are naot built in California
under- existing codes is not that reinforcad concretz is a3 matarial unsuit-
able for seismic resistance. Rather, it is thét‘we-requﬁre ductility whers
it is not neéded, thus ¢reating exbensive5 even ynbyildable, structures.
This is a direct result of the use of 2lastic analysis under Coede-specified
static Toads, which cannot give us a propsr assessment of ductility
requirements. we'have=ndt'§etxadapted.the:more realistic inelastic anal-
ysis techniguas for structural responsa which have heen developed in recant

years. ATC-3J needs %0 consider these.

L
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AlT indications are that ATC-2, im its presant form, will not improve
the buildability of aighrise concrete buildings in seismic areas.

To more cTearly assess ther effects ATC-3 provisions may have on
concrete buldings, 1ef.‘usk exantine; senarataly, the thres haéic campgnants
which cmrﬁ’;& the degigm procass, and wirichr d-trectr;y: affect safaty and
economy-. | | ’

Thesa are:

c-x'- loading;
o overall conecept (including analysis and des%gn), and
a preportiond m';.,
| SEISMIC LOADING |

The new saismic maps incarporatad inta ATC-3 which consider historical
mgr;ds of earthquake ccrurreancss, and alsa distance from earthquake
sources, have created a much mors realistic basis for assessment of earth-
quake forces. Also, suc& apparent inconsistencies Kas requiring the same
level of seismic forces for Zostonm as for Sam Francisco have been elimi-
natad. The new maps offar a much finer gradaticn of earthquake intensity
across. the Unitad States, and will make 'it‘pcssibl‘e ty more effectively
amploy ratianal approaches to assismic design of buildings, therehy reduc-
ing axpensive gverdesignm. |

"~ QVERALL CONCEPT - Analysis and Desiam

Taking a hird's-eye view of the state-of-the-art, we sea that the
introduction of earthquake response spectra more tham three decades agae
constituted 3 major step forward im seismic enginesring. Alsg, the intro-
ductiom of the ductility concapt brought z perspective of realism to the
design of bBuildings.

In recant years, ‘the academic profession has daveloped powerful com-

putar programs which permit inexpensi‘ve inalastic responsa nistary 2nalyses



of buildings subjectad ta ground motions. Also, the experimentalists have -
accumylatad an extansive body of knowledge about the strength, stiffnass
and ductility of the individual structural elements and their assamblies
whem sutjected to cyelic reversing loads. However, whemr we Togk at the
implementation of this vast store of recent knowledge inte the practical
desigm of our buildings, we find & wide gap. ATC-J is continuing to use
the same: static elastic method of analysis ta determine saismic forcas and
defcrmatiéﬁs'that'we-usedf30lyears,agc- This is not apprapriatz for
structures which respond inelastically.

The: prasent overall philasophy for seismic desigm of yielding struc-
tures continued im ATC-3 is baséd;cn 3 balance between strangth and duc-
tiTity; While the/hasinccncegt is undoubtedly valid, its implementation
- as currently practiced has shortcomings with respect to strength, and par-
| ticularly wﬁth*respect*ta‘ductiTity. The c¢oncept is implementad in present
codes primériTy through K-factors, and also thrcugthoad‘and understrength
factars, and through detailing requirements for ductiiity.

Strength. Elastic static analysis cannot adequataly detarmine forces
and deformations in inelastic structures. Oesigning on the basis of elas-
tie analysis may lead to inadvertant shear failures, such as dbsarved in
the Banco de America buj1ding:inﬁthe21973‘Maﬁagua earthquaks. Unfortu-
nataly, this analysis is sti17 in the forefront of the ATC-3 approach.

Quctility.* ATC's implementation of the concept of ductility within
the design procass, which is in accordance with current practice, causes

major construction difficultias and unnecassarily ingreasas cost, without

* We' are continuing to use the term "ductility® with hesitation, since no
othar farm has Been advocated. Whatsver term is usad, we are talking

about energy dissipation associated with damping and ytelding in the
structurs. :

1



impraoying safety or performance. Origiﬁaﬂy,. the conceat was developed on |
the basis of studies of single-degres-of-freedom systams, and systam dis-
nlacament ductiTities of & to & were utilized for a 194G El-Centro type
aarthquake, However, in designing a structure, we deal with the ductili=
ties of individual members, and not with overall systam ductility. The
relationship betwesn the twe may be diffarent for- each member in 3 struc-
ture, and changes of structurzl configuration will result in changes in
the individual nember ductilities. Tharefore, while we ars talking about
system ductilities of 4;'tn“ g, we may be facad with member rotational duc-
tilities several times Targer, depending om the structural configquratiom,
and strength and stiffness relationships. No systematic studies have beam
carried out ta determine the distribution and magnitude of member ductili-
ties within a structure. Consequently, in the prasent imp?ementatioq of
"éhe— concept to assure safsty against brittle failures, we must, of necas-
s?ty, provide maximum ductility im all coTumms, beams, and their connec-
t‘ioﬁs, whether needsed or not. In reality, from experience in earthquakas,,
and from inelastic anzlysas, it is knoww that ductility is net required in
alT members of z frame. Unfortunately, this important economic considera-

tion is net included i ATC-3I.

ETastic analysis. The major drawback of elastic analysis when applied

to {nelastic structures is that it does nat allew us ta detarmine the
~amount and distributiom of ductility throughout the structure. We hope
that the details specified im ATC~3 and other seismic codes will assure
the required ductiTity im a1l members which. may hecome inslastic. We
hope--we do not know faor surs.

Qther shaortcomings resulting from the use o% elastig analysis for an

inelastic structure are the possibility of inadvertent yielding of columns



durihg:very savera sarthquakss with*itsvconsequént:effects an gverall
structural stability, and'aTsa~thefTack of an active contral aver the
saquenceﬂaf‘yfelding‘during'seismié'raspcnse;

Just a few yaars ago we could not have commentad shout the unsuit-
ability of e?astic;anzﬂysis, because we had no practical altarmative.
Taday, with»the:avaﬁ1ah1Ti§y of inexpensive fnelastic dynamic response
histnry-ana?yses.and,fneiastic.statjC'anaTyses, we: da have aAprac:jcaf
alternativé; Significant progress;taward; the development of a practical
ineTastic.analysis'and:desfgn procadure, including design-exaﬁbTes, has
been accomplished inm recent years at PCA. This procedure cam be used ta
desigm structures which:war?ant:dynam1C'énalysis. Mors importantly, we
cam usa this. procadure $Q verify the present and other suggestad design

gpprnaches, to weed out the inadvertant deficiencies which may. result from
lfhe usa of elastic analysis.

Modal Superpesition Analysis. The dymamic analysis suggested im ATC-3,

using the modal superpesition method, is reasonmably accurate for elastic
structures such as nuclear power plants. However, for structures inténded
ta yield in their earthquaks respeonse, it has the same drawbacks as the
empirical methoed, since it ralies om alastic static analyéis Fcr—memher:
forces and deformations. The amount and distribution of duetility cannot
be determined, and therefore, we must indiscriminataly provide ductility

in all members.

Response Modificatiom Factars. The ¢ongapt of reasponse madification

factors introduced im ATC-3 to account for the inelasticity and damping of
the various structural systems and materials is conceptually clear, simple

and easy to appiy. [T has the paotential to updata, refine and improve the

~sg
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previous K-factors, provided the R-fictors can be estabTished with at
Teast 3 reascnable dagree of confidence. However, the way the R-factars
have beerr compiled in TabTe 38, makes the implementation of the congapt
very questionable at thic time. Using the judgment of a2 small group of
individuals, however knawladgeable, to arbitrarily select the R-factors,.
without the rescurcs of any published background materiaT; and without
appraisal by the prafassion and by the concrets and stael industries,
raisas mnré questions than can be answered. |

Detarmination of a reliable table of R-values and its corralatiom with
the rﬁq.uired and available member ductilities must not be done on an ardi-
trary basis. Quetility of members is greatly dependent upomr geometry of
the structure, and uponm strength and stiffness intarrelationships; each
~change in the internal makeup of a structure causes changes in the amounts
and distribution of member ductilities.

To evaluate the suggestad arbitrary Responsa Modification Factors, R,
of various individual systems and matarials by comparing them with the
previgus "K" values adepted arhitrarily 4Q yearsA aga is like the Blind
leading the blind. Accaptahle "R* values can be derived only m';:h the
help of inelastic résponse: studies.

As Tong as ATC-3 contimues o specify elastic analysis in conjunction
with the'suggested arbitrary R-factors ranging from 1-1/4 to 8, any further
scphisticaticn'- of the seismic leads is of questionable merit.

Mg criticism is constructive umless accompanied by suggestions for
improvemen; scx-we would '-er, to make the following specitic proposal for
the determination of R-values:

The studies to detarmine R and Cd values must be carried out for the

various structural systsms and materials of Table 3B. For- each system



typé, structureSAWith‘varying*heriodsfwithin'the;practical range—musf,he
cpnsidered; In ;he-ana]ysis of each structure, one must use a set of sev—
eral ground acceleratiom time histories corresponding to the target
response spectra. Inm these"énalyses, th§>strength'levels.in the structures
should be adjustad so that the ratia of the base shear calculated from am
inelastic response history analysis tg the base shear from the undamped
alastic response history analysis under the: same: ground motiom will equal
1/R. The thelastic response history analyses would yield required member
ducti}ities corrasponding to the prescribed R factors. If these required
ductilities are attainahle with the specified detailing, then the pre=-
scribed R-factors are realistic: otherwise, they need ravision.
werrecognize.that;the-tot&T effort required is very extensive.

However, it must be undertakem and systematically carried out, if the

" proposed design provisions are to be based on a solid foundation.

It is hoped that the dynamic inelastic response history studies pro-
posed above for both concrete;and.steel structures will also Tead to a
relaxation of the ATC-3 requirement that ductility.be provided throughout
am entire structure, while it may actually be needed only in certain spe-
¢ific lTocations. For instancs, im shear wall-frame structures, it is
unlikely that ductility provided in must‘coIansscan gver be utilized. A‘
recognition of this fact would make concrete structures much more prac-

ticabTe in seismic regions.

Height Limitations. The height Timitations for the various framing
systems, as given in Section 3.3 seem questionable. The best performer in
reinforced concrete, the shear wall-frame interactive system, has justifi-
ahTy been assigned a high R-factor. The shear wall-frame, however, is

1imitedlto 240 ft, while the special moment frame, which in reality becomes
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unbuildable at about 1S stories, is the only concresta syStem 21Towed above
240 ft. We do not believe that the r-easahs: and ﬁircumstancas which pre-
vailed in the early sixties and Ted to sych height Timitatiens {primarily
& lack of knowledge) are sti1] valid today.

PROPORTIONING ’

While most provistons of Chapter 1lI, Rainforced Concrete, are based on
the presaent stita-qf-the art, there are z number of specific details incon-
sflstent with avaiTabTe rassarch rasults and current building cade require-
ments. For example: |

ASTMH desigmation AGLE Grade 50 reinforcament is not permitted, aven -
though it is currantly in wide use. Rather, only A706 reinforcement is
permittad, a steel that is not readily available and one for which a pre=
mfum pricz has to be paid. This economic penalty is net Jjustified. Alse,
despita the req_uirmt of A708 reinforcement, ‘Xaaci factors onm joint
detzils ar;d sheai- walls are based on tasts using A6lY Grade Sd hars.

Simtlarly, all Tightweight aggregatz concretz is penalized by unreal-

- istic restrictions om dasign strengths. Research data da not justify this
Timitatiom. -

One of the mast restrictive suggestions im Chaptar 11 is Eguation 11-5.
The enclgsad graph shows the praposed ATC;-3' design requirement compared
with results of tasts om short walls. On the grdinate, shear strength is
plotiad, and on the abscissa, the amount of horizontal reinforcement. The
top line indicates measured strengti, the line marked Yy (ACI) is strength
permitiad gy ACT 318-77, the 1ine marked Ver {s the obsarved cracking
strangth and the bottom Tine is the strengtir proposad by ATC-3. As can be
saem, at ultimate lgad the walls would have a lgad factor of 1.5 or more |

against cracking. The laad factor an strength could be as high as 14,



CONCLUSTONS

There can be two raasons for- coder changes: either the ald provisiom has
beerr shownr im the fiald to be unsafe or toa consarvative, or a new praovi-
siom is known to produce better structures. In the case of the R-factors,
neither of thesa is clearly the: casa. [t would ssem prudent to continue
witlr the: present K-values until we are ready to use & more rational |
apprsachr ta structural responsa with am accuracy which is not anly z‘ﬁmﬁed,
“but is act.nah

ATC-3 has continued to impese om .multistory concrete buildings require—
ments whrich unnecessarily increase their cost. Ta provide ductility inm
placas where it can never be utilized mages cur‘*_buﬂdings more expensive,

without adding am jota to their safety. We need to incorporate inelastic

. behavior into our dasign process so that we can incorporate ductility

details only where they cam be utilized. This item merits urgent consider-

atieon by the Applied Technoicgy Council.



SHEAR STRENGTH

IQF
| ..

5 fous

O . | 1 1
0 0.2 04 0.6



Minutes of Techmical Committee 4
Review and Refinement of ATC 3-06

February 21, 1980

San Francisco, CA

9:00 AM PST Meeting is called tao order by Chairman Edward Cohen. Those
present ares

Name Representative OF
Edward Cohen (chairman) American Concrete Institute

James Prendergast . Interagency Committee on Seismic
. .8afery in Construction.

Jaseph: Manoing Concrete Reinforcing Steel Institute
James Lefter Building Seismic Safety Council
Vitelmo V. Bertero Applied Technology Council

Neil M. Hawkins ‘ Post:-l‘ensioging Institute

Mark Fintel Portland Cement Association

David A. Sheppard Prestressed Concerete Institute
Richard Marshall National Bureau of Standards

Kyle Woodward. National Bureau of Standards

Robert Park Guest

Discussionm began with consideration of the recommendation made by Mr. Cohen

(sea letter dated 2/11/80Q) to. adopt the draft revision of ACT 318-'"Building

Code Requirements for Reinforced Comcrete," including: Appendix A, as the reference .
in Sec, 11,1, The draff version of Appendix A is expected to go before the

full ACI 318 Committee at the ACI Sprimg Convention, March 3-8, 1880.

Mr. Fintel suggested that trial designs could be based on the draft provisions
of Appendix A because few  substantive changes to the Appendix A provisions
are anticipated prior to its final adoption.

Mr. Lefter suggested that the committee must make a decision on the use of
Appendix A before proceeding with future committee work.
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Mr. Berteroc raised strong objections to the use of the draft Appendix A
provisions. He suggested that it would be improper to adopt them because
they have not been officially adopted by ACT 318. Mr. Bertero alsa suggested:
that certain incompatibilities exist betweenx the ATC 3-06 deocument and the
Appendix A provisions, especially with regard to the way in which loads are
defined. He recommended that the present provisions in Chapter 11 of ATC 3-06
be improved rather than adopt the draft Appendix A provisions..

Mr. Sheppard pointed out that there ig at present no mechanism for regularly
updating the AIC provisions. By adopting Appendix A, any changes. resulting
from the ACT review process would automatically be incorporated into the ATC
provision. In addition, since ACL is a consensus code and has natiomal
representation, the provisions would be more widely accepted.

Mr. Fintel suggested that since ATC 3-06 is not a legal document as yet,
there would be no problem in using the draft Appendix A.

Mr. Bertero expressed doubts that the Joint Committee on Review and Refinement
would accept the legality of using the draft Appendix A.

Mr. Marshall explained that the committee's purpose is to develop a Chapter 1l
which can be used in conducting trial designs, The provisions of Chapter 1l
will very likely be revised on the basis of trial design results. The legality
of the draft is not at issye. Only the techmical aspects of the design
recommendations need to be considered.

Mr. Fintel suggested that a sectionm in Chapter 11 be included to serve as the
necessary link between the Appendix A provisions and the remainder of the AIC
provisions, Any incompatibilities could be resolved in this sectiom.

A general discussion relating to the adoption of the draft Appendix A
provisions led to the following recommendations:

a) The committee recommended that the Coordinating Committee be asked to
consider the proposal to adopt the draft Appendix A.

b) The committee recommended that the propoged use of the draft Appendix
A provisions be discussed with ACL Committee 318 at the ACI Spring Conventiom.

¢) Mr. Lefter will suggest to ACI 318 subcommittee 10 (Appendix A) that
reference be made in Appendix A to the ATC zones for earthquake loading.

d) Mr. Neville, ACI 318 Secretary, will be asked to write the tramsition
section in Chapter 1l.

e) The committee recommended that the draft Appendix A provisions, with
the necessary interface, be adopted as Chapter 11.

Mr, Hawkins suggested, and it was generally agreed, that Appendix A be modified
to recognize precast and prastreassed construction. Ee suggested that for
category B buildings the current Appendix 4 provisions are too restrictive,

Break



The committee began discussing Mr, Bertero's comments on the proposed
revisions submitted by Mr. Sheppard, Mr. Forell (SEAONC representative to
Technical Committee 2), Mr. Fintel, and Mr. Manning.

Mr. Sheppard's proposals were discussed first. (Mr. Sheppard's proposals are
contained in the letter dated 12/21/7%. Mz. Bertero’'s replys are in the letter
dated 1/31/80 with the cover letter from Mr. Marshall dated 2/7/80.)

1.1 Sectiom 11.2

Mr.. Sheppard and Mr. Hawkins both suggest that specific mention be made of
precast and/or prestressed concrete coustruction. Mr. Hawkins stated that the
current ACT 318 Building Code deals only with site cast monolithic reinforced
concretea construction.

Mr,. Bertero suggested that a completely new section or chapter be developed
to cover precast and/or prestressed construction rather than adding something
in Chapter 1ll.

Itwas agreed that the committee should recommend to ACT 318 that provisioms
for precast and/or prestressed construction be developed, including seismic
considerations. : :

Mr. Bertero noted that the required detailing provisions would vary for each
of the different types of precast and/or prestressed constructien.

Mr, Hawkins suggested that detailing provisions for certain specific types of
construction could be developedi:immediately. Mr. Hawikins and Mr. Sheppard
agreed to draft a section describing the construction type and detailing
provisions. The-draft is to be. submitted to the committee within one month.

A paragraph in section 1.3.l1 will be added to refer the reader to the appropriate
section in Chapter 11.

The wording of section 11l.2 is to be changed to include the phrase "precast
and/or prestressed" instead of "precast."”

1.2 Section 11.2

Mr. Bertero's comment that the proposed revision should not be accepted was
adopted for the reasons stated by Mr. Bertero.

Adjourned for Lunch

1.3 Sectionm 11.83
Mr., Sheppard. agreed to Mr. Bertero's modification.

Mr, Fintel questioned the use of only the topping as the load resisting
mechanism. He considered it to be overly conservative and restrictive.
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Mr. Hawkins suggested that Mr. Berrero's madification be altered by deleting
", ..like those expected for seismic performance categories C and D." and
inserting "For buildings in performance categories C and D" at the beginning
of the last sentence.

Mr. Bertero's modification with Mr. Bawkin's: change was adopted by the
committee.

1.4 Section 11.8

Mr., Bertero's rejection of the proposed revision was accepted by the committee
for the reasons givem by Mr. Berterc.

1.5 Seetion 1I.9 to 11.12

Not discussed again because the idea of separate provisions for precast and/or
prestressed construction had already been discussed.

1.6 Section 1l.2

Mr. Bertero's rejection of the proposed revision was acdepted by the committee

because it was generally agreed that providing confining steel is good design
practice.

1.7 Section 3.3.4
1.8 Section 3.3.4

There was:.a generzal discussion of the meaning of the height limitations and for
what types of systems they applied.

Mr. Cohen suggested that paragraph 3 on page 339 (commentary) limited dual
systems to heightg less than 240 feet.

Mr. Fintel suggested that this was not what was actually intended. He stated
that the 240 foot; limitation applied to single wall systems only,

Both Mr. Bertero and Mr. Manning suggested that the committee recommend a
change in wording of the relevant sections to astablish coupled

shear wall systems as a separate definition. The committee agreed that the
section needed clarification and recommended that Committee 2" study it.

1.9 Section 3.3.3

Mr. Bertero stated that the limitations were to emphasize rthe need for not only

survivability, but funetiomality after am earthquake for performance Category D
buildings.

1.10 Sections 7.4.4, 7.3.3, and 7.6.1
Mr. Bertero agreed with the general concept of using prestressed piles, but

pointed out that there are a number of variables still undefined in soil~
structure interactiom.



Mr. Sheppard repeated that his proposed revision was based on published results
and methods. Mr. Sheppard. presented the information to Mr. Marshall to be
copied and distributed to the members of the committee.

Mr. Fintel proposed that Mr. Sheppard .go before the Foundation Committee (3)
to present the views of Committee 4. -

Mr. Bertero suggested that prestressed piles should not be excluded because
their performance demonstrated adequate deformational capacity if properly
detailed.

Mr. Cohen proposed that Committee 4 present the data on prestressed pile
performance to Committee 3 and recommend that the restriction against using
prescressed piles in Category D (Section 7.6.1) be deleted. Mr. Cohen proposed
that Committee 4 develop provisions to be included in Chapter 7 that would
specify the necessary detailing requirements for prestressed piles used in
performance Category D. Mr. Sheppard agreed to prepare draft provisions for .
the detailing requirements and submit them to the committee within one month.

The coumittee agreed with Mr. Cohen's. proposals.

Mr. Cohen suggested that the provisions of section 7.4.4 be moved to the
appropriate materials-specific chapters.

. Mr. Hawkins objected because certain pile types have no corresponding materials—

specific chapters.

Committee 4 agreed to suggest to Committee 3 that the wording in sectiom 7.4.4
be altered to allow dowels embedded in pile caps as well as dowels: embedded

in the pile.

1.11 Sections 8.2.2 and 8.2.3

Committee 4 suggests to Committee 8 that Mr. Sheppard's proposed revisions be
reviewed.

Mr. Forell's proposed revisions were discussed.

2.1 Sections 11.8.1, 11.8.2, and 11.8.4

Mr. Bertero's suggested modifications were discussed and adopted.

Mr. Fintel raised questions as to how designers could compute the axial stresses
in the diaphragms to know whether or not the provisions of Section 11.8.2

proposed by Mr. Bertero apply. The question was unresolved.

2.2 Sectionm 11.8.4

The committee was unclear as to what clarification was required. Mr. Fintel
agreed to request more specific information from Mr. Forell.

Break

Mr. Fintel's proposed revisions were discussed.
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3.1 Table 1-B

Mr. Bertero suggested that Tables 1-A and 1-B may unduly penalize reinforced
concrete.

Mr. Cohen proposed that in Chapter 11 the level of fequired detailing could be
related to the performance category and seismic area.

Mr. Hawkins expressed concerm that the transitions betweernr zomes on the seismic
maphcreated.problems;which need addirional study.

Mr. Bertero emphasized that the provisiocus must be directed to the average
professional engineer. This requires that detailing provisions account for
badly configured systems in seismic areas.

The committee proposes a modified Table 1-B on the basis of Mr. Fintel's
ravigion. The following seismicity indices were suggested:

Map Area Number Seismicity Index

N WP WOy
NN W R

3.2 Section 3.3.4
The discussion of height limitations was presented in previous comments.
3.3 Section 3.9

Mr. Berterc expressed concern about emphasizing the use of a unique structural
system.

The committee agreed that some specific mention of alternate procedures is
desirable. The committee Trecommends to Committee 2 that the phrase '

"or om approved alternmate procedures.” be added to the sentence beginning

"The internal forces..." in section 3.1. The commentary should include a
reference to the paper by Mr, Fintel (to be written by him) outlining the methed
develcoped at the Portland Cement Association.

3.4 Table 3-B

Mr. Bertero suggested that the response analyses of the trial designs could
provide valuable information to develop better aestimates of R values.

Adjourned for Dinner




The proposed revisions of Mr. Manning were discussed (refer to letter dated
1/31/80 from Mr. Manning to Technical Committee 4 and Mr. Bertero's comments
dated 2/11/80).

4.1 Section 1l1.1

The committee agreed to adopt Mr. Bertero's modificatiom.

4.2 Sectiomr 11.2

The committee agreed ta adopt Mr. Mamning's proposad revision.

4.3 Section 1l1.5.1

Mr, Bertero pointed out that experience shows that welding Grade 60 reinforcing
steel creates problems and requires greater care.

Mr. Manning stated that ASTM A-706 reinfo:cing steel is difficult to obtain and
is gradually being phased out. of the market.

Mr. Cohen proposed that the: committee eliminate references to ASTM A-706 steel
and. call for ASTM A=615 steel with the proviso that special welding techniques
must be used.

. The resulting discussion led to the following proposed change in section 1.6.3.A
Add the sentences:

"ASTM A-615 reinforcing steel may be used in place of ASTM A-706 reinforcing
steel where no welding of the reinforcing steel is required. ASTM A-~615 rein-
forcing steel may be used in place of ASTM A-706 reinforcing steel and welded
only if the provisions of Ref. 11.1, section 3.5 are satisfied."

4.4 Section 11.8.1

The proposed revision wag rejected for the reasons given by Mr. Bertero.
Mr. Manning agreed with the comments of Mr., Bertero.

Discussion continued on the other proposed revisions submitted by Mr. Manning
which were not commented on by Mr. Bertero.

Table 1-B, Seismicity Index

Discussion had already taken place during the review of Mr. Fintel's proposed
revigsions. The table proposed by Mr. Manning was adopted by the committee and
the committee recommends it to committes 2.

Sectionm 3.3.5 Height Limitations

Previously discussed.



Section 4.2.2 Period Determination

Mr. Bertero stated that equations: for period reflected the observed trends
that r/c structures were generally stiffer than steel structures.

Mr. Manning felt that the curreat formula for period determination unduly
penalized r/c construction. He suggested that the formula be modified on the
basis of results from response analyses of the trial designs.

Mr. Bertero felt that the simple formula was adequate and complicated formulas
were not justified on the basis of available data.

The committee asked Mr. Manning to review the data om which the pericd deter-
mination formula was based to ascertain its validity. .

Committee ended techmical discussion.

Next meeting of Technical Committee 4 was discussed.. April 14 at the Portland
Cement Association was teatatively agreed to.

Meaeting adjourmed.

Regpectfully submitted by
Kyle Woodward
{ Richard D. Marshall &% M.



Minutes: of Technical Committee 4
Review and Refinement of ATC 3-=06

Meeting at Portland Cement Association .

' Skokie, Illinois

9:00 AM CST Meeting called

April 14, 1980

to: order by Chairman Edward Cohen. The

following individuals were present:

Name: Representative OFf
Edward Cohen;(Chéirman) American Concreter Institute
Mark Fintel Portland Cement Association

Joseph Manning
Neil Hawkins

David A. Sheppard

Concrete Reinforcing Steel Institute
Post-Tensioning Institute

Prestressed Concrete Institute

Loring A. Wyllie, Je. Structural Engineers Association of

James Prendergast
(delayed by weather)

Non~voting Members

Vitelmo V. Bertero
James Lefter
Richard Marshall

Kyle Woodward

California

Interagency Committee on Seismic
Safety in Comstruction

Applied Technology Council
Building Seismic Safety Council
National Bureau of Standards

National Bureau of Standards

Alternates, Guests and (Observers

Gerald R. Neville
S. K. Ghosh
Daniel Jenny

Edward O. Pfrang

Portland Cement Association
Portland Cement Association
Prestressed Comcrete Institute (Alternate)

National Bureau of Standards
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The first order of business was the issue of adopting ACT 318-"Building

Code Requirements for Reinforced Concrete," including the draft revision of
Appendix A, as the reference cited im Sec. 11.1, Mr, Cohen asked Mr. Neville
for a starus report on the development of Appendix A and changes to Chapter 11,
ATC 3=06, that would be required: if the provisions of Appendix A were to be
adopted as the basis for trial designs. -

Mr. Neville referred to the ACT 318-Appendix A draft dated March 19, 1980 and
to a revised Chapter 11 (with commentary) which he had prepared and distri-
buted to Technical Committee 4 on March 28, Mr., Neville summarized the changes
reflected in his version of Chapter 11 (hereinafter referred to as the "Neville
drafc") and pointed out that while changes to Appendix A could be expected
prior to its adoption by ACL Committee 318, the March 1% draft (hereinafter
referred to as "Appendix A") was being proposed as the basis for trial designs.

Mr, Cohen asked the members of Technical Committee 4 for 'ccmmts.

Mr. Hawkins stated that his review of the Neville draft and Appendix A iden-
tified some 15 items that must be revised to ensure consistency with ATC 3-06.
Mr.. Bertero stated that in his opinion, ATC 3-06 has certain weaknesses in the
areas of loads, the treatment of Category B structures, and the treatment of
shear. And while he faeels that the wording of Appendix A in certain cases
represents some improvement over ATC 3-06, Appendix A does nct represent any

. improvement in technical content. Specifically, it does not represent any
improvement inm the areas just identified.

In response to a question from Mr. Bertero, Mr. Cohen stated that the reasons
for considering Appendix A are that a mechanism would be available for its
future updating and that ACT Committee 318 is an ongoing activity with wide
industry input. He also stated that the intent of Technical Committee &
regarding Appendix A had been made c¢clear to Subcommittee 10 of ACI 318 and
that he was not aware of any reluctance on the part of Subcommittee 10 to see
it referenced in ATC 3-06.

Mr. Pfrang noted that the possibility of Technical Committee 4 recommending

the adoption of Appendix A was made clear to Committee 318 at the ACI counventionm
in Las Vegas, Nevada. No formal approval for such action was granted by
Committee 318 because such approval was not specifically requested. However,

he stated hisbelief that there would be no objectiowm on the part of Committee -
318 to such an action.

General discussion followed on what might be done with the work already
accomplished by Technical Committee &4 in improving Chapter ll. Mr. Neville
stated that these revisions could be channeled to Committee 318 in the form of
recommendations for the improvement of Appendix A.

Mr. Hawkins inquired about the treatment of precast concrete in Appendix A.
Mr, Neville offered that precast concrete was covered inm the Neville draft
and Appendix A. Mr. Hawkins and Mr. Sheppard noted that this coverage was
not to the same degree that Technical Committee 4 had in mind when it set out
to improve and refine the provisions of Chapter 1l.



Discussion followed concerning the possibility of assessing the impact of
various options (improved Chapter 1l or the Neville draft and Appendix A)
during the trial designs. Mr. Pfrang stated that it would probably be toc
expensive to pursue various optional provisions during the trial designs.
Mr. Fintel concurred in this and offered the opinion that the trial designs

will probably be more directly affected by the overall design philosophy
presented in Chapters 3, 4 and 5 of ATC 3-06, -

In the discussion that followed, Mr. Hawkins pointed cut that the bond pro-
visions contained in Chapter ll and Appendix A are significantly different,
and that the provisions recommended by ACT Committee 408 (Bond and Development
of Reinforcement) were not developed with cyclic leading in mind. Mr. Hawkins
suggested that member dimensions. would be affected by the differemces in bond
provisions, contained in ATC 3-06 and in Appendix A. Mr. Wyllie noted that
Subcommittee 10 was still waiting for Subcommittee I to solve the hook problem.

Mr. Sheppard inquired as to the mechanism that would be used to update ATIC
3-06. Mr. Pfrang stated that ATIC 3-06 was viewed by the BSSC as a resource
document, not a code or standard, and that if codes do reference the document
in the future, updating should be carried out by a consensus process.

Mr. Bertero stated his opinion that the Committee should move ahead with the
refined Chapter ll and update this chapter after Appendix A has been formally
adopted by Committee 318.

-+ The motion was made. by Mr. Manning to alter Ref. 11.1 in See. 1ll.l1 of Chapter

11 to read as follows:

Ref. 1l.1 Building Code Requirements for Reinforced Concrete,
American Comcrete Institute. (ANSI/ACT 318-77,
including draft Appendix A dated March 19, 1980 —
Requiremsnts. for Reinforced Concrete Building Structures
Resisting Forces Induced by Earthquake Motions)

The metion was seconded and Mr. Cohen called for discussiom., Mr, Neville
stated his belief that what is really needed is a vote on his draft of
Chapter 1l. Mr. Bertero reiterated his objections to adopting Appendix A inm
lieu of the provisions of the current Chapter 1l with revisions. Mr, Hawkins
summarized his list of items that would have to be addressed if the Neville
draft of Chapter ll and Appendix A were to replace the current Chapter 11.
Mr. Neville stated that he would be available to make any changes required

to mesh the provisions of Appendix A with ATC 3-06. Mr. Bertero stated that
he would not have the time to conduct a critical review of Appendix A as he
had done to date in the case of proposed revisions to Chapter 11.

Mr, Fiptel offered an amendment to Mr. Manning's motion, the amendment being
as follows:

To adopt the draft version of Chapter 11 prepared by Mr.
Neville and distributed to the Committee as an attaciment
to letter to Mr. Marshall dated March 28, 1980.

The motion to amend was seconded and Mr. Cohen called for discussion.
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Mr. Sheppard asked for @ recess prior ta voting on Mr. Fintel's motion.

After a brief recess the Committee voted by: secret ballot. The motion to
amend was defeated with one vote "yes'", four votes "no” and one abstentiom.
Note: Mr. Prendergast did not attend the morning session, having been delayed
by bad weather.

-

Mr. Cohen then asked if there were any questions concerning Mr. Manning's
motion.

Mr. Wyllie asked that the original motion be read back for clarificatiom,

The motion was read back by the Secretary and was voted an;by secret ballot.
The motion carried five votes "yes” to ome vote "mo™.

The next item of business was review of the minutes for the previous meeting
of Technical Committee 4 held at San Francisco, California on February 21,
13840.

Mr, Cohen pointed out that most of the issues raised by Mr. Bertero with
regard to the minutes (See Mr. Bertero's. letter to Mr. Marshall dated
March 21, 1980) were now moot in view of the vote ou Mr, Manning's motiom,
Mr. Bertero agreed, but pointed ocut that the third paragraph under Item 1.8
(page 4 of the minutes) should read as‘follows. "™Mr. Bertera suggested
that this was...."

Mr. Sheppard stated that the third paragraph under Item 1.1 (page 3 of the
minutes) should read as follows: "...prestressed construction be developed
for incorporation into Appendix A." . (See Item 1 of Mr. Sheppard's letter to
Mr, Marshall dated March 18, 198Q) "

Discussion followed concerning the development of appropriate R and C, values
for precast/prestressed construction. Mr. Cohen stated that it would be the
policy of Technical Committee 4 tc pass along all improvements and develcpments
to Subcommittee 10 of ACT Committee 318. WMr. Bertero suggestad that a
subcommittee could be established to look into R and €, values appropriate for
precast/prestressed construction, but that such a task could noct be undertaken
by Technical Committee 4 with its limited membership and tight schedule.

Mr. Pfrang suggested that Technical Committee 4 could decide to remain active
during the trial design period and add members or designate individuals to

work through the Committee in developing recommendations for precast/prestressed
construction. Mr., Cohen suggested that an ACI-PCA-PCI task force could be
oerganized to develop recommendations for considerationm by Technical Committee 4.

Mr. Manning pointed out 3 misstatement in the minutes, page 7, second para-
graph under the heading 4.3 Section 11.5.1. The phrase "and is gradually...
the market" was stricken from the minutes.

The conclusion of the discussion regarding the minutes was to accept
Mr. Bertero's correctiom, Mr. Manning's correction, and Item 1 of Mr. Sheppard’s
letter of March 18, 1980. With these corrections, the minutes were approved.

Adjourned for Lunch




Mr. Cohen reconvened the meeting and asked that the ballot of March 27 be
handed in. Those members who had not completed the ballot were requested
to return it to the Secretary by April 18.

Mr. Fintel reported on the actioms taken by Technical Committee 2 at their
meeting of April 2 & 3, 1980, Des Plaines, Illinois. In summary, Techmical
Committea 2

- = rejected by a vote of 6 to 2 all recommendations for changes in
seismicity indices in Table 1-B.

- did not vote on recommendation to alter Section 3.3.4 s¢ as to
define the coupled shear wall system as a separate category to
emphasize that it is a dual system, but did recommend that the
BSSC establish 3 task group to address coupled shear walls.

— approved the additjon of wording in Section 3.1 to allow
alternate methods of analysis.

- added a sectiom in the‘commentarytdescribing possibilities and
limitations of inelastic amalyses.

Attention next turned to the refinements and improvements of Chapter 11
Temaining to be addressed by Technical Commirtee 4. Mr. Hawkins pointed out

" that Sec. A.2.5.1 of Appendix A should replace the last paragraph of Section
11.5.1. Mr. Manning proposed as new ballot items: (1) that the last paragraph
of Section l1.5.1 be replaced by Sec. A.Z.5.1 of Appendix A, and (2) that the
proposed wording of Item 3.2 of the.March 27 ballot be replaced by the
following:

"Certified mill tests may be accepted for ASTM A-706 and,
where no welding is required, for ASTM A-815 reinforcing steel."

Mr. Manning's proposal was put in the form of a motion which carried.

The Technical Committee next considered the issue of seismic provisions for
flat plate, flat slab and waffle slab structures as presented in Mr. Hawkins'
letter of February 26, 1980, After comnsiderable discussion on the intentions
of the ATIC 3-06 provisions relating to flat plate construction, Mr, Wyllie
offered a motion to consider as a ballot item the changes to Sec. 11.6.1
proposed by Mr. Hawkins and identified as Items 5.1 A-D in Mr., Bertero's
evaluation dated April 7, 1980, with Item 5.1 D modified as indicated on page
2 of Mr. Bertero's evaluation. The motion was seconded and adopted.

The following proposals by Mr. Hawkins and identified in Mr. Bertero's
evaluation of April 7, 1980 were put in the form of motions and adopted by
the Technical Committee as ballot items.

Item 5.2 - As proposed by Mr. Hawkins with modification proposed
by Mr. Bertero.

Item 5.3 - As proposed by Mr. Hawkins.

Item 5.5 - As proposed by Mr. Hawkins.
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Item 5.6 — Modify current Section 3.7.12 by deleting last sentence.

Mr. Fintel proposed z change in Item A.6 of the March 27 ballor; rfhat the
phrase "ductility and stable hystereric behavior" be replaced by "sufficient
energy dissipation capacity." The proposed change was put in the form of a
motion, was seconded, and carried. The revised ballot item A.6 will be pre-
sented as a new ballot item on the next committee ballot.

The Technical Commirtee next considered requirements for prestréssed concrete
piling. Mr. Lefter questioned whether the data on prestressed comcrete pile
performance referred to by Mr, Sheppard at the meeting of February 21 (San
Francisco) was based on cyclic loading. Mr. Hawkins agreed with Mr. Sheppard
that cyclic loads were used. Additional information on this issue is to be
pravided by Mr, Sheppard.

Mr. Sheppard offered a2 motion that a new Section 7.5.3(E) be placed on the
ballot. Wording of Section 7.5.3(E) is to be as indicated in Mr. Sheppard's

letter to the Technical Committee (dated March 25, 1980) with the following
changes:

Page 1:
o Title to read: PRECAST-PRESTRESSED PILES

b

o Formula for Sept change T’dsp‘:o 74

Page 2:

o Change:dsp to db = diamerer of longitudinal reinforcing or strands.

© Add the phrase "and not less than that given in Sectiom 11.7.2(C)."
'to the definitiom of p_ in the new Sectiom 7.5.3(E).

The metion was seconded and adopted.

Mr, Sheppard proposed the current Section 7.6.1 be replaced by the wording
proposed in his letter to the Technical Committee dated December 21, 1979,

Mr. Cohen expressed reservations about requiring a dynamic amalysis for steel
H piles, but proposed that this issue be placed on the ballot with the under-
standing that Mr. Sheppard prepare a justification for elimination of the
Category D restriction. Mr. Berteroc suggested that the major objection to
precast piles is the connection te the pile cap. Mr. Wyllie offered to look
into the basis for the exclusion of precast-prestressed piles im Section 7.6.1.

Mr, Sheppard made a motion that, as a ballot item, Section 7.6 be deleted and
that Section 7.5 be revised to include seismic performance Categories C and D.
The motion was seconded and approved.



Mr. Sheppard next prepesed as a ballot item the addition of a new section

in Chapter 1l to be designated as. Section 11,9.2 and as presented om page 2

of his letrter to the Technical Committee dated April 8, 1980. After considerable
discussion, the following wording was proposed:

-

11.9.2 "DUCTILE"™ CONSTRUCTION- -

Energy dissipating lateral load resisting systems: comprised of precast
and/or prestressed concrete components shall be permitted provided satisfactory
.evidence can be shown in the form of experiments, testing, and analysis. based
upon established engineering principles that the resulting construction complies
with the requirements of Sectioms 3,6 and 3.7 and this Chapter, and that they
offer the same strength, stiffness, stability, durability, damping, energy
absorption, and energy dissipation capabilities (ductility) as monolithic cast—
in-place ordinarily reinforced concrete constructiomn.

The proposal was put in the form of a motiow which was seconded and carried.

Mr. Sheppard next proposed for ballot items the new sections 11.9 and 11.9.1
as presented in his letter of April 8.

The following wording was agreed upon after much discussion and was presented
as a motion, was seconded and carried.

11.9 STRUCTURES COMPRISED OF PRECAST AND/OR PRESTRESSED CONCRETE
SUBASSEMBLAGES

The provisions. of this section apply to buildings constructed with
precast and/or prestressed concrete elements not conforming to the detailing
provisions given elsewhere in this chapter for cast-in-place concrete.

11.9.1 LINEAR ELASTIC DESIGN

Structures with assemblages of precast and/or prestressed concrete
components furnishing lateral resistance against seismic forces shall be designed
to elastically resist equivalent lateral forces equal to those specified in this
document with an R value of 1.0, '

Mr. Cohen requestasd that Mr. Sheppard prepare appropriate material for the
commentary on Sections 11.9.1 and 11,9.2, and that this material be included

on the next ballot, This was put in the form of a motion, was seconded and
carried.

Mr. Cohen asked if there were any additional items to be considered.

Mr. Fintel expressed his view cthat additional work is needed to develop adequate
provisions for coupled shear walls. Mr. Bertero agreed and suggested that
Technical Committae 4 could recommend to ACI that a committee be appointed to
study the issues relaring to coupled shear walls., Mr., Cohen suggested that this
and other items could be identified and that the Technical Committee could make
recommendations to both ACI Committee 318 and BSSC for further study.
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Mr. Hawkins noted points of confusion in the commentary on coupled shear walls
(page 339, and Figures 3C on page 356). Imx the interest of improving the
commentary on coupled shear walls, a motion was made and geconded that Myr. Fintel
develop a new commentary on coupled shear walls, this new commentary to be
included as an item om the next ballec. -

-

There being no additional business, the meeting adjourned at 4:10 pm.
Respectfully submitted by
a4 ;

R. D. Marshall
Kyle Woodward



" UNITED STATES DEPARTMENT OF COMMEHGE

National Bureau of Standards
Washington, D.C. 20234

Minutes: of Technical Committee &
Review and Refipnement of ATC 3-06
Meeting at National Bureau of Standards
June 4, 1980

9:00 AM EDT Meeting called to order by Chairman Edward Cohen.
following individuals were present:

Name

Edward Cohen (Chairman)
Mark Fiatel

Neil Hawkins

Eugene Holland

James Prendergast

Loring A. Wyllie, Jr.

Danniel Jenny (Altermate for
David Sheppard) _
William Wagner, Jr. (Designated
representative for
Joseph Manning) -

Nonvoting Members
James. Lefter
Richard Marshall
Kyle Woodward

Guests and Observers

Gerald Neville

The

Representative of

American Concrete Institute
Portland Cement Association
Post=Tensioning Institute

. American Society of Civil Engineers

Interagency Committee on Seismic
Safery in Construction

Structural Engineers Association
of California

Prestressed Concrete Institute

Concrete Reinforcing Steel Institute

Building Seismic Safety Council
National Bureau of Standards
National Bureaun of Standards

Portland Cement Association

The first order of business was the adoption of an agenda for the Fourth

Meeting.

This being the last meeting of Technical Committee 4, the

Chairman set out the following ground rules prior to consideration of

the agenda:

® All business of the committee must be completed before

adjournment.
adjournment.
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'® Actions requiring letter balloc approval will be done by signed.
written vote during the meeting. The votes will be recorded in
the minutes for approval by the committee.

o The resolution of reservations from the letter ballots of
March 27, 1980 and May 5, 1980 will be completed before the
introduction of new business.

It was moved and seconded that the agenda (see Attachment A) be adopted.
The motion carried by unanimous vote.

The next item of business was review of the minutes of the Third Meeting of
Technical Committee 4 held at Skokie, Illinois on April 14, 1980. No cor=-
rections were offered and the minutes were approved as distributed to the
committee on April 30, 1980.

The committee next comsidered the letter ballot of March 27, 1980. Mr. Woodward
presented z brief summary of the balloting and noted that of eight voting
members, three did not return their bailot. He also pointed cut that ballot
items: A1, A6 and B2 had beemr superceded by the letter ballot of May 5, 1980.
Prior to discussion and final action by the committee, each ballot item was
summarized along with the vote tabulation and the reservations and/or

reasons for negative votes. 1In the following notes, results of the March 27
ballot are summarized in parentheses for each ballot item (Y = yes, YWR =

ves with reservations, N = no and A = abstain).

Al. This item was superceded by the letter ballot of May 5, 1980.

A2 (Y =3, TWR = 1, ¥ = 1). Discussion centered on the intent of the
proposed change. It was agreed that the proposed change would not
circumvent ATC 3-06 requirements for R and C3j values and that ductility
requirements would still apply for resistance to lateral loads produced
by seismic events. Reservations and objections were withdrawn and the
ballot item was unanimously adopted.

A3 (Y = 3, TWR = 2). The reservations concerned the lack of ties at
midheight of columns that would result from the proposed change and the.
corresponding changes in ¢ factors for column design. Following discus-—
sion of the issue, the committee voted to adopt the change. Mr. Wyllie

requested that the record show his reservation with regard to the proposed
change.

A4 (Y =3, YWR =1, N = 1). The need for boundary members in the case
of tensile axial forces was questioned, as was the basis for the change
when originally proposed. The committee decided there was ne basis for
the change as stated and unanimously voted to reject it.



-3 -

A5 (Y =3, YWR =1, N = l). After a brief discussion the committee
unanimously rejected the proposed change for the same reascns stated
under Item A4.

Ab. This item was superceded by the letter ballot of May 5, 1980.

Category B items on the May 5 ballot were next considered. It was
explained that these items: required action by other committees and,
depending on final action taken by Technical Committee &4, would be taken
up by the Coordinating Committee at its meeting oun June 3-6.

BlL (Y =2, YTWR = 2, A =1). Mr. Fintel was asked to review the comments
and response of Technical Committees 2 to proposed changes in the seismicity
indices of Table 1-B. _After discussing the potential impact of Table 1-B
on concrete construction in wvarious map areas, there was a2 comsensus of

the committee that some changes to Table 1-B were needed. It was agreed
that changes in the original indices for map area 4 through 7 would not

be appropriate. After a lengthy discussion of map areas 2 and 3, the
committee unanimously approved the following motion:

“Recommend that Committee 2 alter the Seismicity Indices in
Table 1-B, Chapter 1l to read as listed below and that Committee 2
carefully review map area 3 to determine whether or not certain
areas such as New York City should more appropriately be assigned
to a map area of 2 for coficrete comstruction.

Map Area Number ) Seismicity Index

[T & S UV BN S ¥ I = |
= N W

B2. This item was superceded by the letter ballot of May 5, 1980.

B3 (Y=1, YWR = 2, N =1, A = 1), Mr. Fintel explained that Technical
Committee 2 has already taken action that is responsive to the intent
of this proposed change and, therefore, Item B3 is moot. Based on this,
the committee unanimously agreed to withdraw the proposed change.
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B4 (Y=3, YTWR =1, A =1). Mr. Fintel reported that Technical Committee 2
has recommended a change which responds to Item B4 and the issue is now
moot. Thus, the committee agreed to withdraw the proposed change.

B3 (¥ =3, N=1,A=1). Mr. Fintel reviewed the actiom taken by
Technical Committee Z in recommending to the BSSC that a committee be
established to study coupled shear walls and eccentrically placed frames.
Technical Committee 4 unanimously agreed to withdraw the proposed change..

36 (Y=1, YWR = 3, &4 = 1). Mr. Salomone, Secretary of Technical Committee 3,
reviewed the response of that committee to the proposed changes to Section
7.4.4 submitted by David Sheppard in his letter of December 21, 1979, to
Technical Committee 4. Technical Committee 4 decided that the issues of

dowels and exposed strand should be treated separately and took the follow-
ing actiomns: .

l. Unanimously recommended that the following be added to the
second. paragraph of Sectionm 7.4.4.

"The pile cap: commectiom may be made by the use of field—
placed dowels anchored in the concrete pile."

2. Unanimously recommended that the following sentence be
added to Section 7.4.4(E) .

"The pile cap commection: for Category B structures
may also be by means of developing exposed strand.”™

BT (¥Y=2, TWR =1, N=1, A=1). The committee concluded that the
proposed change was nct clear as stated and unanimously recommended
that the following wording be added to Section 8.2.2 just prior to
"EXCEPTIONS."

""The force, F,, shall be applied independently vertically,
longitudinally and laterally in combination with the sratic
load of the element.”

Bg (¥ =3, N=1, A =1). Discussion centered on what UBC requires for
exterior wall attachments and whether it was appropriate to double the
elagtic forces rather than to modify the performance facter. The committee
decided that the proposed change should be withdrawn and that Table 8~B
should be modified by inserting the words "Conmector Fasteners"” indented
and immediately under "Wall Attachments" with a corresponding C. factor

of 6.0. Mr. Fintel opposed the change.

B9 (Y =4, A =1). Mr. Fintel reported that Technical Committee 2 has
taken this propesal under consideratiom and it was unanimously agreed
to withdraw the original resolution.
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At this peintg, Mr. Leyendecker ocutlined for the committee the schedule
for completing the review and refinement of ATC 3-06.

It was moved by Mr. Holland and seconded by Mr.. Jenmy that Item 4 of
the agenda be tabled in view of the need to consider the March 1%, 1980
draft of Appendix A (ACI Standard 318-77) and the May 28 versionm of
Chapter 11 prepared by Mr. Newville of the Portland Cement Association.
In the discussion which followed, it was peointed out that certain items
on the letter ballot of May 3, 1980, involved provisioms of ATC 3-06
outside of Chapter 11 and would, therafore, have to be considered by
the committee, regardless of what actiomr was taken on Chapter 11. The
original motion was then amended to table ballot items M1, M3, M4, M5,
M9 and M12. The motiom, as amended, passed unanimously and the committee
then addressed the remaining issues on the May 5 letter ballot.

M2 (Y =7, YTWR = 1). Reservations regarding this proposed change were
withdrawn and the propoged change was approved by unanimous vote.

M6 (¥ =7, N =1). Discussion centered on the ability of flat plate
construction (waffle slabs im particular) to share in resisting lateral
loads when properly detailed. The committee unanimously agreed to
delete the last sentence of the proposed change to the eighth paragraph
of Section 3.6.3 which is then to read as follows:

"The loading is cyclical, so static ultimate load capabilities
may not be reached. If the combination...with the values given
in Table 3-B. In: the example of the flat plate warehousa, the
connections cam still carry the design gravity loadings if they
satisfy the requirements of Sectiom 11.6.1.7

M7 (f =7, ¥N=1). In discussing the proposed change, it was pointed out
that there is no reason to check shear stresses. if the procedure for
design of slab—to—columm conmections is properly carrtied out. Mr. Wyllie
stated that he would withdraw his negative wvote, but that his reservation
regarding the proposed. change was to stand.

M8 (¥ =7, N=1). The discussion centered on simply supported prestressed
beams developing a hinge at midspan due to vertical accelerationms and the
fact that Q0.3 Qp would be an excessive requirement. Mr. Wyllie agreed to
change his vote from "no" to "yes with comment,”" the comment heing as
stated on his May 5 ballot.

The committze adjourned for lunch.
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1:35 PM EDT Meeting reconvened by Chairman Cchen.

It was moved by Mr. Holland and seconded by Mr. Fintel that the May 28
version of Chapter 11 and Commentary submitted by Mr. Fintel (see
Attachment B) be adopted to replace the current Chapter 11 and Commentary
of ATC 3-06. Mr. Fintel, who deferred to Mr. Neville, was asked to- give
a summary of the May 28 version, the reasomx: for the proposed change, and
how the May 28 version and referenced March 19 draftr of Appendix A

(ACT 318-1977) would affect previous ballot items and actions takem by
the committee to date. Mr. Neville stated that the itemg contained in
the letter ballots of March 27 and May 5 had been incorperated. Mr. Cohen
noted that additiomal items: comtained in Mr. Bertero's memorandum to

E. Cohen and E. Pfrang and digtributed to members of the committee during
the morning session would have to be considered by the committee if the
May 28 version of Chapter 1l were adopted. Mr. Wyllie questioned the
wisdom of adopting for trial designs a new set of provisions that are
incomplete and have not been thoroughly reviewed. A lengthy discussion
ensued concerning the evolution of Appemdix A, the advantages and dis-~
advantages in replacing the current Chapter 1l with the May 28 versiom,.
and reasons supporting the proposed change. The motiom: was put to a
vote and carried 6 votes "yes'" and 1 vote "no."

It was moved and seconded that the following resclution be adopted by
Technical Committee 4.

"Regardless of subsequent actions, it is the firm intent of this
committee that the final version of Appendix A, with appropriate
modifications, be incorporated in ATC 3=~(6 after completion of
trial designs."”

The committee adopted the resovlution by unanimous vote. The Chadrman
then requested a motion for the following statement of appreciation.

"This committee wishes to thank Professor Bertero for his
dedicated work and many technical contributions over the
past months."

The motion was seconded and unanimously approved.

The committee next considered the provisions of the May 28 version of
Chapter 11 in light of action already taken oun letter ballot items,

The following changes to Chapter 1l and Commentary were moved, seconded
and unanimously approved.

Section 11.4,1, paragraph (D) under "EXCEPTION:" Delete 3vf. b,d and
add (L +i) /i, b d-

2c
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Add new Section 1l.4.2 - FRAMING SYSTEMS. Wording to be identical to
Section 11.5.2 except as follows:

First paragraph under "EXCEPTION:"
Second line - delete "ACI 318, Appendix A" and add "Section 1I.4.1"

Fourth line — delete "and toughness'™ and add "stiffness, stability,
durability, and energy dissipation capacity”

Last line — delete "Appendix A" and add "Sectiom 11.4.L1."
Second paragraph under "EXCEPTION:"
Last line - delete 1.0 and add 1.5.

Sectiom 11.5.2

First paragraph under "EXCEPTION:='"

Fourth line — delete "and toughness" and add "stiffness, stability,
durability, and energy dissipation capacity”

Second paragraph under "EXCEPTION:”
Last line -~ delete 1,0 and add 1.5.

Section 11.3.3

Delete "WALLS AND" from section heading.
Delete first and second paragraphs.
Commentary - Section 1l.4

Fourth paragraph — move to end of Section 11.5.4 of Commentary
(Notex 11.5.3 should be 11.5.4). '

Mr. Holland and Mr. Wagner left the meeting because of flight schedules
and assigned their proxy to the Chairman.

The committee next counsiderad the changes to the May 28 version of Chapter 11
recommended by Mr. Bertero in his undated memorandum to E. Cohen and

E. Pfrang. This memorandum was distributed to the committee during the
morning session and is included in these minutes as Attachment C. In the
following, the page and item numbers are identical to those in the Bertero
memorandum..
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I. CHANGES NEEDED IN CHAPTER 11

Page 1. The committee adopted the following for reference documents.

Reference 11l.1-ANSI/ACL 318-17 "Building Code Requirements
for Reinforced Concrere,’™ including proposed revision of
Appendix A - "Requirements for Reinforced Comcrete Building

'~ Structures Resisting Forces Induced by Earthquake Motions,'
dated 19 March 1980, American Concrete Institute.

Reference 11.2~AWS D1.4-79 "Structural Welding Code - Reinforcing
Steel,'” American Welding Society.

Page 2. Sectiom 1l.4.1. The committee adopted the following change.
First paragraphk, firstvline:

Replace "Where Momeat Registing Frame Systems are...'" with "Where
Ordinary Moment Frames are..."

Page 3. - Sectiom 11.4.1(E). The committee adopted the following change.

Last line - delete "as torsion reinforcement.' and add "to resist
torsion at discontinucus edges."

Page 3. Sectiom 11.5.2. The committee recommended that the following
be added to the definicion of BRACED FRAME, Chapter 2, page 37.

"In Chapter 11, reinforced comcrete braced frames may be
referred to as structural trusses."

Page 3. Section 11.5.3. This paragraph has been deleted.
Page 4. Section 11.5.3. This paragraph has been. deleted.

Page 4. Sectionm 1ll.5.4. The committee adopted the following wording
for thig section.

"All frame components assumed to be not part of the seismic
resisting system shall have demonstrated capabilities satisfy-
ing Sectiom 3.3.4(C) and shall conform to the requirements of
ACT 318, Appendix A.8; except, the lateral deformation require-
ments of A.8.l shall not apply. LIf nonlinear behavior..."

With regard to the following items in Mr. Bertero's memorandum (identified
under I, CHANGES NEEDED IN CHAPTER 1l), the committee determined that
they should be sent forward to ACT Committee 318-Sub 10 for comsideraticnm.

Page 3. A.4.3.2
Section 11.5.1
Saction 11.5.2
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The committee agreed to- the addition of a new Sectiom 11.5.5 to Chapter 11
which reads as follows:

11.5.5 - RELATIVE FLEXURAL STRENGTE OF COLUMNS

"In lieu of ACI Appendix A.4.2, the following shall apply~for relative
strength of columms."

Insert 11.7.2(A) of ATC 3-06 with the following changes.

First line after "joint'" - insert "where framing columns resist a
factored.axlaliccmpressive force larger than Agf /10 and ia the
plane...”

Third line from bottom - delete "Section 11.7.2(C)" and add "ACI
Appendix A.4.4"

On page 3 of the Commentary, the committee agreed to add a paragraph and
figure prepared by Mr. Hawkins which address reinforcement details at a
discontinuous edge. The paragraph and figure are to be inserted after
the third paragraph of Section 11.4.

The committee next considered those items listed under II. CHANGES NEEDED

IN THE NEW APPENDIX A TO MAKE IT CONSISTENT WITE THE ATC 3-06 PROVISICNS

in Mr. Bertero's memorandum. The following items were accepted by the
committee as requiring a change in ACT Appendix A or as already accomplished
through changes to the May 28 version of Chapter 1l1.

Page 1.
Page 2.
Page 4.
Page 8.
Page 9.
Page 9.
Page 11.
Page l4.
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The committee agreed that all other Appendix A items identified in
Mr. Bertero's memorandum should be sent forward to ACI Committee 318=-
Sub 10 for consideration.

The committee next took up unresolved items on the letter balloet of
May 5, 1980.

ﬁig.(Y =5, YTWR'= 1, N = 1), Discussion centered on the documentation
supporting the proposed additions to Section 7.5.3. Specifically, the
nature of the cyclic load tests was called into question. After extensive
discussion it was moved and seconded that the proposed change as statad
under Item M10 on the letter ballot of May 5 be withdrawn. The vote was
Y=1, N=2, A= 2. Therefore, the change will be sent forward as
originally stated.
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Ml1 (Y =7, ¥ =1). The committee discussed this issue at length,
considering the possible: reasons for the limitation in Section 7.6.1,
documented damage to precast-prestressed piles subjected to seismic
loads and the basis for removal of the limitation. It was moved and
seconded to send the proposed change forward as stated under Item M1
on the letter ballot of May 5. The vote was ¥ = 3, N = 2_ Therefore,
the change will be sent forward as stated under Item Mll.

M12. Because of actions taken by the committee up to this point in the
meeting, this item was. deemed to be moot.

To complete its action on the adoption of the May 28 version of Chapter 11
and references indicated therein, the committee conducted a letter
ballot. The ballot item, designated as Y1, was stated as follows:

Y¥l. "Revise Chapter 1l and Commentary Chapter 1l of ATIC 3-06 to read
as per May 28, 1980 proposal, as modified in meeting of Jume &4, 1980,
and changes necessary to: incorporate those revisions into the remainder
of ATC 3-06. _ ‘ :

The results of the ballot were as follows:

Mr. Cohen "yes" Mr. Prendergast "yes"
Mr. Fintel "yes" Mr., Wyllie "no"

Mr. Hawkins "yes! Mr. Jenny "yes"

Mr. Holland "yes" Mr. Wagner '"yes"

The commirtee next conducted a letter ballot regarding its intent to
see ACI Appendix A incorporated in ATC 3-06. The ballot item designated
ag Rl, was stated as follows:

Rl. "Regardless of subsequent actions, it is the firm intent of this
committee that the final version of Appendix A, with appropriate modifi-~
cations, be incorporated im ATC 3-06 after completion of trial designs.”

The results of the ballot were as follows:

Mr. Cohen "'yes™ Mr. Prendergast ''yes'
Mr. Fintel "vyes” Mr. Wyllie "yes”

Mr. Hawkins "yes" Mr. Jenny "yes!

Mr. Holland "yes" Mr. Wagner "yes'

There being no further business:, the meeting was adjourned at 9:20 PM EDT.

Respectfully submitted,

R. D. Marshall Kyle Wocdward



ATTACHMENT A

AGEND A

Meeting of Technical Committee 4 - Concrete
Natianal Bureau. of Standards.
Gaithershurg, Maryland
June 4, 1980

Purpose of meeting and: ground rules.

" Approval of minutes of previous: meeting.

ResoTutionm of negative votes and reservations on
Tetter ballot of March 27, 1980.

Resolution of negative votes and resservations on
letter ballot of May 5, 1980.

New. items. for consideration.

Approval of final comittee reconmendétions.
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) 11 - e . 1930: |
CHAPTER Il' - Pages 101 110 S ST

REVISE CHAPTER 1I TO READ AS FULLOWS-

. CHAPTER 11
- REINFORCED CONCRETE

Sec.. 1L.1 - REFERENCE DOCIMENTS . . 'i BRI e ah
The quality and testing. of concrete and steel materials and the des1gn and
construction of reinforced concrete components that resist sefsmic forces -
shall conform to the requirements of the references listed in this Sectiom, -

sxcept as modified by the provisions of this Chapter.

Ref. 11.1 ANSI/ACI 318-77 "Building Code Requirements for Reinforced
' Concrete™ including Appendix A* - Requirements for Reinforced
Concrete BuiTding Structures Resﬁstinq Forcas induced by
Earthquake Motfons, American Concrate Institute.

.Sec. 11.2 - REQUIRED STRENGTH

Required strength to resist seismic forces determined by anazlysis procedures
of Chapter 4 or § shall be im accordance with Sec. 3.7.1 in lieu of ACI 318
Section 9.2.3.

Sec. 11.3 - SEISMIC PERFORMANCE CATEGORY A

Buildings assigned to Category A may be of any construction permitted by ACT
318, and shall conform to the minimum requirements of ACT 318, excluding
Appendix A.

Anchor bolts at tops of columns and similar Tocations shall be closely
enclosed within not less than two #4 or three #3 tiss located within

4 inches from top of columns. Allowable loads on anchor bolts shall not
exceed those given in Table 1ll-A.

Sec. 11.4 - SEISMIC PERFORMANCE CATEGCRY B
Buildings assigned to Category 8 shall conform to all the requirements for
Catagory A and to the additional requirements of this Sectionm.

* "Appendix A-Requirements for Reinforced Concreies Building Structures
Resisting Forces induced by Earthquake Motions," 12 March, 1280;
copy attached.



11.4.1 - ORDINARY MOMENT FRAMES

Where Moment Resisting Frame Systems are used for the seismic resisting
system, frame components (beams and columns) shall be proportioned to
satisfy the additiomzl provisions of ACI 318, Appendix A.3.2, A.3.3, A.4.3,
and A.8.2. (See ACI 318 Appendix A.Z.1.3).

EXCEPTION:

Wherz glab systams without beams betweenm supports and supported om
columns are used for the seismic resisting system, the following
provisions shall apply to slab components im lieu of ACT 318,
Appendix A.2.Z and A.3.3. |

(A) Area of bottom sTak reinforcement not less: thamr 1.3V /tpf
shall be provided: continuous through or anchored within

column supperts, where Vulws Factored shear force transferred

to supporting columns due tgo gravity loading only. Shear forca
Vu may be reduced by vertical component of effective prestress
force for slab systems with prestressing tendons continuous
through or anchored within supporting columns.

(8) Im each directiom, at least 2 bars shall be provided in both
top and bottom of sTab and made continuous through or anchored
within supporting columns.

~{C) At least 60 percent of column strip negative moment rein-
forcement shall be concentrated between lines that are one and
one-half sTab thickness (1.Sh) outside opposite faces of columns.

(D) Shear strength of slab at slab-column connections shall not
be takem greater than'EV?Zbod wheﬁ subject to shear force V,
where.bb“is perimeter of a critical section perpendicular to
plane of sTab and located so that its perimeter is a minimum,

but need not approach c¢loser tham d4/2 to pernmeter of supporting.
coTumn.
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(E) At discoﬁtinuous,edgeS“oF'SIabs without an edge beam, rein-
forcement withim a distance 4h on either side of a supparting
column shall be detailed as torsicn reinforcement.

See. 11.5 - SEISMIC PERFURMANCE CATEGORY C ANO D
Buildings. assigned to Categories C and 0 shall conform to 2lT the

requirements for Category B and to the additional requirements of this
Section.

11.5.1 - MATERIAL REQUIREMENTS
Materials used im the components of the seismic resisting system shall
conform to ACI 218, Appendix A.2.4 and A.2.5.

11.4.Z - FRAMING SYSTEMS™
A1l components of the seismic resisting system (moment frames, structural

walls, braced frames, and d?aphragms).shaTT be proportioned in accordance
‘with provisiom of ACT 318, Appendix A.2.7.

EXCERTION:
Seismi¢ resisting framing syStems-nct satisfying the require-
ments of Sec. 11.4.1, may be used if ’i't_i_éf&’eﬁio‘ﬁ"s"i:?“a:tédﬁ"f’“

- by experimental evidence and analysis that a proposed system
wiTl have strength and toughness equal to or exceeding that
provided by a comparable monolithic cast-in-place framing
system satisfying Sec. 11.4.1.

Alternatively, seismic resisting framing systems that do not
contain required special details or energy dissipating mechan-
isms may be used if designed for forces determined by the
analysis procedures of Chapters 4 or 5 with an R value of 1.5.

11.5.3 - STRUCTURAL WALLS AND DIAPHRAGMS

Structural walls shall have vertical boundary members at wall edges as
required by ACT 318, Appendix A.5.3.1. Vertical boundary members shall also
be provided at any Jevel of a structural wall where tensile axial forces can
be deveioped,
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Structural diaphragms shall have special transverse reinforcement as required
by ACI 218, Appendix A.5.2.3. Special transverse reinforcement shall also be
provided whenever tensile axial forces can be developed across the entire
diaphragm section. '

Cast-in-place topping on precast floor systems may serve as structural
diaphragms to transmit inertia forces to seismic resisting elements provided
the cast-in-place topping is proportioned and detailed to resist the shear
forces under the effects of any loading combination (which could induce
tensile or compressive stresses simultaneously to the shear forces). Alter-
nate te;hniques based on the use of untopped precast and/ar prestressed
components of concrete floor systems may be used only if shown by test and
analysis bdsed on established engineering principies that the floor systems
will provide the same strength, stiffness, stability, durability and suffi-
cient energy dissipation capacity as a monclithic cast-in-place ordinary
reinforced concrete diaphragm.

. 11.5.4 - FRAME COMPONENTS NOT PART OF SEISMIC RESISTING SYSTEM

A1l frame components assumed to be not part of the seismic resisting system
shall conform to the requirements of ACI 318, Appendix A.8; except that frame
elements assumed not to be part of the lataral force resisting system shall
have demanstrated capabilities satisfying Sec. 3.3.4{c). If nonlinear
behavior is required in such components to comply with Sec. 3.3.4(c), the
critical portions shall be provided with special transverse reinforcement in
accordance with ACI 318, Appendix A.3.3 or A.4.4,
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TABLE 1I-A
ALLOWABLE SHEAR AND TENSION ON BOLTSE

- MINIMUM
DIAMETER EMBEDMENTS SHEAR - TENSION
{inches) (inches) (1bs) (1bs. )

1/4 2 500 360
/g 3 -~ u00 200
1/2 & . 1900 1700
5/& 5 3000 2700
378 53 4300 4050
7/8 § 5900 5750
1 7 7700 7500

IVaTues. shown are for minimum concrete compressive strengtf
of 3000 psi at 28 days.

Values are for natural stone aggregate concrete and boits
of at least A-307 quality. Bolts shall have a standard
bolt head or equal deformity im the embedded porticn.

Values are based upomr 2 balt spacing of 12 diameters with
& minimum edge distance of § diameters. Such spacing and
edge distance may be reduced 50 percent with an equal
reductior im valuye. Use linear intsrpoleation for inter-
mediate spacings and edge margins.

ZA minimum embedment of 9 bolt diameters shall be provided
for anchor boTis Tocated in the top of columns for build-
ings located in Seismicity Index Ar=as 3 and 4.



COMMENTARY CHAPTER 11 - Pages 449-458
REVISE COMMENTARY CHAPTER 11 TO READ AS FOLLOWS:

COMMENTARY
CHAPTER 11: REINFORCED CONCRETE

For the proper detailing of reinforced concrete construction for earth-
quake resistance, design standard ANSI/ACI 318-77 "Building Code Require-
ments for Reinforced Concrete" is referenced. Seismic resistance is
considerad in the overall development of the ACI 318 Standard, including an
Appendix A on Special Provisions for Reinforced Concrete Building Structures
to Resist Forces Induced by Earthguake Motionms.

Chapter 11 is formulated to refarence appropriate ACI 318 design provisions
within the four ATC seismic performance categories {A through D). ACI 313
Appendix A refers to zones of different sesismicity (Zomes 0 through 4) for

. application of the special provisions for seismic design. Faor application

of Appendix A within the ATC Seismic performance categories, buildings
assigned to ATC Category A are interpreted as located in Zame O or 1
(regions of no or minor seismic risk), requiring no special provisions for
seismic design. Buildings assigned to ATC Category 8 are interpreted as
located in Zone 2 (regions of moderate seismic risk) per Appenmdix A.2.1.3.
Suildings assigned to ATC Category C and 0 are interpreted as located in
Zones 3 and 4 (regions of nhigh seismic risk), per Appendix A.2.1.4. The
proportiaoning and detailing requirements for frames and walls resisting
seismic forces ars summarized as follows:

Category A Categorv B Cateqories £ & O
Frame ACI 318-77 Appendix A.2.1.3 Appendix A
Wall ACI 318-77 ACT 318-77 Appendix A

For buildings in seismic performance catsgory A, no special provisions are
required; the general requirements of ACI 318-77 apply for preportioning and
detajiling concrete structurss.

The cod

g sections cited in ACI 318, Apperdix A.2.1.2 for ordinary mecment
frames {beam-column framing systems) in ssismic performance Category 3
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goverm reinforcement details of the beam and columm components as follows:

. Beams. . Columns:
Longitudinal reinforcement A3.2 A4.3

Transverse reinforcement A.3.3 A.8.2

For sTab systems without beams betweemr columm supports, the siab components
of the frame are detailed im accordance with the special EXCEPTION provisions
af Sec. 11.4.1. ' )

There are no special requirements for- ather structural or nonstructural
compenents of buiTdings im Category B.

Im regions of high seismic risk (Categories C and 0), the entire building,
inciuding the foundatiom and nonstructural elements, must satisfy ACT 318
Appendix A. ‘

It should be noted that z struectural system im a higher category (O being

; higher than A) must satisfy the requirements specified for the Tower cats-
gories: A structural frame which forms part of the seismic resisting system
of a Category C building must satisfy all of the frame requirements of ACI
318 Appendix A, including Appendix A.2.1.3.

Sec.. 11.2 - REQUIRED STRENGTH

Calculations to determine the strength of structural components and members
are to be based om Ref. 11.1; except, the factored loads and Toad combina-
tions to resist seismic forces must be in accordance with Sec. 3.7.1 inm Tieu
of ACI 318 Section 9.2.3. This exception is necessary so that the required
strength for seismic resistancs, Sec. 3.7.1, is compatible with the design
forcas specified in Chapter 3.

Sec. 11.3 - SEISMIC PERFORMANCE CATEGORY A

Canstructionm qualifying under Category A as identified in Tahle 1-A (Chapter
1) may be built with no special detail requirements for earthquake resistance
except for- ties around anchor bolts as indicated in Sec. 11.3. “Closely
enclosed” is intended to meam that the ties should be lccated within 3 to 4
bolt diamatsrs of the bolts.
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Sec. 11.4 - SEISMIC PERFORMANCE CATEGORY 8
A frame used as part of the lateral force resisting system in Category 8
as fdentified in Table 3-8 1s required to have certain details which are

intended to help sustain integrity of the frame when subjected to deforma-
tion reversals into the nonlinear range of response.

For beam and column framing systems, the reinforcement details of ACI 318
Appendix A.3.2 and A.3.3 apply for beam components and A.4.3 and A.8.2 apply
for column components.

For slab and column framing systems, the slab component must satisfy the
special EXCEPTION provisions of Sec. 11.4.1, in Tieu of A.3.2 and A.3.3.
Columns must satisfy the provisions of A.4.3 and A.8.2. For sTab—cclumn
connections, paragraph (A) provides slab reinforcement through a column to
support the slab gravity Tead in the unexpected event that a punching
fzilure occurs. Paragraph(B) specifies a minimum amount for that reinforce-
ment. Concentration of negative moment reinforcement at the column as
;Lprovided by paragraph (C), is requirsd to create 2 situation whereby the
total negative moment reinforcement across thé entire slab width will yield
simultaneously. Without the heavier concentration of reinforcement, the
slab reqion at the column will yield considerably before the outer regions
of the slab, with markedly decreased lateral load stiffness. Paragraph (D)
in affect 1imits the shear stress caused by gravity loads to a sufficiently
Tow value so that the slab-column connection will have a ductility ratio of
at least 2. Paragraph (£} ensures that {f shear or torsional cracks develao
at the slab edges, properly detailed reinforcement is present fto control
cracking.

lab systems without beams between supperts (flat plates) of normal pro-
portions and detailed as specified in Sec. 11.4.1 {EZXCEPTION) will not
undergo any significant yield until story drifts greatar than those
allowable. (Table 3-C).

Structural (shear) walls of buiidings in Category 3 are to be built in
accordanca with the general reguirements of ACI 318-77.

98



- ‘—\; : ’ '4— —
[
’

Sec, 11.5 - SEISMIC PERFORMANCE CATEGCORY C AND D

In regions of high seismic risk, the entire building, including the founda-—
tiom and nonstructurate-i’ements, must satisfy all of the requirements of
ACI 318 Appendix A. : '

Appendix A conmtains special proportioming and reinforcement detailing -
requirements which are currently considered ta be the minimum for producing

a2 monalithic reinforced concretes structure with adequate proportions and
details to make it passible for the structure to undergo a series of
oscilTations into the inelastic range of response without critical decay in
strength. The demand for integrity of the structure in the inalastic range
of response is consistent with the rationalization of design forces specified
in Chapter 3. o R |

Field and laboratory experience which has Ted to the special proportioning
and detailing requirements im ACT 318 Appendix A has been predomrinantly with
monalithic reinforced concrete building structures. Therefore, the projec-
“‘tion of these requirements to other types of reinforced concreta structures,
which may differ in concent or fabricatiom from monalithic comstruction,

must be tempered by relevant physical evidence and analysis. Pracast and/or
prestressed eTements may be used for earthquake resistance provided it is
showrr that the resulting structure will satisfy the safety and serviceability
(during and after the earthquake) Tevels provided by monolithic constructionm.

A detailed explanatiomr of the specific pravisions of ACI 318 Appendix A is
contained in the ACL Code Commentary to Appendix A.

11.5.2 - FRAMING SYSTEMS

The "toughness™ requirement for framing systems not satisfying the require-
ments. of ACI 318 Appendix A refars to the concern for the integrity of the
entire lateral-force struétur& at Tateral displacements anticipated for
ground motions corresponding to desigm intensity. UCepending om the energy-
dissipation characteristics of the structural system used, suchr displace-
ments may have tg be mare tham those for a manolithic reinforced concrete
structurea.
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~ For ‘systems that remain elastic or that have limited special details for
energy dissipation, such as assemblages of precast and/or prestressed
concrete, appropriate R-factors should be used to reflect damping char-
acteristics and energy dissipation. For example, R A 1) can be used for
systems responding primarily elasticaily to account for damping, and R ™ up
to 2% may be used for walls with properly distributed web reinforcement that
will assure good distribution of cracks and thus provide a degree of energy
dissipatien..

11.5.3 - FRAME COMPONENTS NOT PART OF SEISMIC RESISTING SYSTEM

in the event of a strong earthquake, it is assumed that the structure will
undergo reversals of large latera! displacements. It is essential that all
structural components be able to accommodate these displacements without
critical loss of strength. Even if a particular frame has Deesn designed to
support only gravity loads and is not intended to be part of the structural
system resisting seismic forces, it must sustain the gravity loads after
naving been subjected to approximately the same displacements as the seis-
_.mic resisting system. Therefore, all frame components (which are nat
desfgned to resist seismic forces) in Categories C and D buildings are
required to have, as a minimum, the details specified in ACI 318 Appendix
A.8. Furthermore, if calculations show that frame components (which are not
part of the structural system resisting seismic forces) will have fo yield
in order to accommodate the calculated displacements of the seismic resist-
ing system, those components must have special transverse reinforcement as
specified for Special Moment Frames.
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OTHER REVISIONS TO INCORPORATE NEW CHAPTER 11 - (REINFORCED CONCRETE)
INTO ATC 3-08

1.

SEC. 1.68.3(8) = PAGE 32
Change reference "ACI 318-71" tgo "ACI 318-777

SEC.2Z.I DEFINITIONS - PAGE 37
Revise the follawing definitions:

CROSS-TIE is a continuous bar, No. 3 or Targer in size, having a
135-degree hook with a ten-diameter extension at one énd and a
90-degree hook with 2 six-diameter extensiom at the ather end. The
hooks shall engage haop bars and be secured to Tongitudinal bars.

HOGP is & clased tie nr-cantfnuausTy wound tie (not smaTler thanm
No. 3 in size) the ends of which have 135-dagree hooks with ten-
diameter extensions, that encloses the lTangitudinal reinforcement.

JOINT, LATERALLY CONFINED is a jaint where members frame into
all four sides of the joinmt and where each member width is at
least three-fourths the calumn width.

In definitian of ORDOINARY MOMENT FRAME change reference "Sec. 11.6"
to "Seec. lI.4.1%,

Im definition of SPECIAL MQMENT FRAME change reference "Sec, 11.7"
ta "Sec, 1I.5." '

‘Add the following definitions:

BOUNDARY ELEMENTS are partions along the edges of wails and dia-
phragms strengthened by Tongitudinal and transverse reinforcement.
Boundary elements da nat necessarily require an increase in fthe
thickness of the wall aor diaphragm, <Edges of openings within walls
and diaphragms may also have to be provided with boundary elements.

COLLECTOR ELEMENTS are elements which serve to transmit the inertia

forces within the diaphragms to elements of the lTateral-force re-
sistine oy
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SEC. 2.2 SYMBULS - PAGE 40

Delete symbols Ach’ Ash’ fyh’ h p

s
e’ "'n’ “h
Add the following new symbols and definitions:

o
i

perimeter of critical section for slabs, Sec. 11.4.1

d = distance from extreme compression fiber tgo ceantreid of
tansion reinforcement, Sec. 11.4.1

f! = specified compressive strength of concrete, psi

f = specified yield strenqgth of reinforcement, psi

h = overall thickness of member, Sec. 11.4.1

V = factored shear force due to gravity loading, Sec. 11.4.1.

TABLE 3-8 - PAGE 52 |
Revise footnote (4) to read as follows:

4

"As defined in Sec. 11.5

SEC, 7.5.3(C) - PAGE 75

Change reference "Sec, 11.6.2" to "Ref. 11.1, ACI 318 Appendix

A.8.2"

SEC. 12.5.1(D) - PAGE 114
Change paragraph (1) to read as follows:

"1. Ref. 11.1, ACI 318 Appendix A.3.3 when of reiaforced
concrete or Chnapter 10 when of structural steel.!
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REASON: Chapter 11 is revised to reference the hationaﬂy recognized design
standard, ANST/ACI 318-77 "Building Code Requirements for Reinforced
Concrete™ for proportioning and detailing concrete structures. Seismic
resistance is considered in the overall development of the ACI 318 Standard,
incTuding Appendix A on special provisions for earthquake resistance.

Existing Chapter II originated from an early draft of a proposal by am
ACT 318 Seismic Subcommittee to update the ACI 318 seismic design pro-
visians. The current draft of Appendix A (19 March 1980) now before the
matn Committee 318 has undergone numerous revisions. Final Committee actiom
and full ACL consensus balloting is in process.

The revised Chapter 11 is formulated to correlate appropriate ACI 318
design provisions with the four ATC seismic performance categories by
reference only without the need for ATC to duplicate the wording alresady
cantained im the ACI document.
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ATTACHMENT C

MEMO TO: E. Cohen, Chairman of Technical Committee 4: Concrete Review
and Refinement of ATC 3-06, and
E.Pfrang, Chief of Structures and Material Division, NEL

FROM: V. Bertero, Representative of ATC

RE: Technical Implications of Incorporating ACI 318-77 and New
Appendix A by Referemce into ATC 3-06

According to the request formulated by you through Mr. Fintel's lettar
of May 29, 1980, I met with Mr. Fintel and Mr. Neville, ACI Commirctee 318
Secretary, on Friday, May 30, 1980, at 5 p.m. in 750 Davig Hall, University
of California, Berkeley, to discuss the above techmical implicatioms. As
requested in the same letter, the following are my writter comments. It
should be noted that these comments are of a preliminary nature as I did not
have time to go through the document as thoroughly as I would like since it
was only delivered to me on the evening of Wednesday, May 28, 1880. For
example, the provisions regarding joints of frames (Secticn A.6 of the new
Appendix A) differs comsiderably from the ATC provisioms om joints
(Section 11.7.3). To comment properly on the implications of this change
would require the techmical background material (data) om which the changes
bave been based and the time to study it. I did not have either.

T. CHANGES NEEDED IN CHAPTER 11.

Page 1. Sec. 11.1 should read: Refs. 11.1:
_[1] ANSI/ACT 318-77 "Building Code Requirements For Reinforced Comcrete'
but excluding Appendix A; and
[2] New proposed Appendix A - Requirements for Reinforced Concrete Building

Structures Resisting Forces induced by Earthquake Motions, 19 March,
1980.

Page 2. Sec. 11.4.1 should read "Where Ordinary Moment-Resisting Frame
Systems are used for the seismic-resisting system, frame components
(beams, columns, and their jeincs) shall be proportiomed to satisfy,
in addition to the requirements of Chapters 1 through 17 of Ref., [1]
{ANSI/ACT 318-77), the provisions A.3.2, A.3.3, A.4.3 and A.8.2 of
Ref. [2]. [NEW APPENDIX A] with the followingadditions and exceptions:

1. A.3.2.1 Last sentence should read "At least two No. 5 or larger
bars shall be provided continuously both top and bertom.”

2. A new secticn, A.3.2.5, should be added in the new Appendix A.
This section A.3.2.5 should contain the provisions required in ATC
Sec. 11.6.1, paragraphs 4 and 5, {.e., "A flexural member framing
. - . yield strass."” 'Lomgitudinal reinforcement . ., . for the
reinforcement.”

3. A.4.3.2 The first sentence should read "Lap splices are permitted

only within the center half of the svan and shall be provorticned as
tension splices. Welded . . ."
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Page 3. Sec. 11.4.1 (E). Add "™ . . . considering the probability of full .
reversals of the sense of the torsional moments (torsional resistance

combined with flexural umder reversal moments detericrate significantly
when conventional webk reinforcement is used).™

Page 3. Sec. 11.5.1. Add at the end of this section "™, . . A.2.5, except
that ASTM 615 Grade 6C reinforcement should not be used when welding
of this reinforcement is used.'" (See my comments of Feb. 11, 1980.)

Page 3. Sec. 11.5.Z. TFirst paragraph, last line shouyld be changed as
follows: ". . . provisions of Ref. [2], i.e., new proposed Appendix A.
Second paragraph, second lime, same change as above. (The same change
should be made throughout the whole proposed draft.)

In: the first paragraph it is necessary to clarify that ATC refers to
"braced frames" while A.5 refers to trusses. This inconsistency should
be removed. T recommend that, rather than incorporating the
exceptions here, a new Section 11.6.1 be added on page 4.as it was
recoummended be done on the May 5, 1980, ballot, i.e., a new Sectiow
11.9 of the ATC document.

Page 3. Sec. 1I.5.3. Should read "Structural walls shall have vertical
boundary members which shall be proportiomed to satisfy the provisiom
A.5.3 of the New Appendix. Vertical boundary . . . can be developed.
If lap splices are needed at these levels, they shall be proporticned
as tensiom splices.”

Page 4. Sec. 11.5.3. Pirst paragraph (top of page) should be changed to
read "Structural diaphragms shall be provided with boundary or edge
elements at any section where temnsile axial . forces can be developed
across the entire diaphragm section. These boundary elements shall
be designed as required by A.5.3. If lap splices are needed at these
sections, they shall be proportioned as tensiom splices.™

Page 4. Sec. 11.5.4. This section should read as follows: "STRUCTIURAL
COMPONENTS NOT PART OF THE SEISMIC-RESISTING SYSTEM.
All structural components assumed to be not part of the seismice
resisting system shall comply with Sec, 3.3.4(C) and shall conform
with the provisions of Sec. A.8 of the new Appendix A except for
Sec. A.8.1. This Sec. A.8.1 does not apply toc the investigation of the

deformation compatibility of these cowponents; Sec. 3.3.4(C) is the one
that should be used.

The design of such components shall satisfy the minimm reinforcement
requiremenrs specified in Chapters 7, 10 and 11 of ACI 318 and

Secs. A.3.2.1 and A.5.2.1. 1If nonlinear behavior is required in such
components to comply with Sec. 3.3.4(C), the critical portioms shall
be provided with special transverse reinforcement in accordance with
provisions A.3.3 and/or A.4.4 of the new Appendix A,

II. (CHANGES NEEDED IN THE NEW APPENDIX A TO MAKE IT CONSISTENT WITH THE
ATC 3-06 PROVISICNS

Page 1. A0 Notarion
h - should read h™

Note that some notations are different from those of ATC. For example,
h" i3 he in ATC, S is Sh i ATC, and Pj is Pu in A’IC.,_h Therefore it is
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recommended the notations be raviewed thoroughly for Appendix A and
ATC to assure their consistency.

Page 2. A.l Definitioms
: There are discrepancies in some of the definirions used by ATC and

Appendix A. Tor example, the definitions of cross-tie do not agree;
also Strucrtural Wall vs. Shear Wall, Structural Diaphragms vs. Diaphragm,
Structural Trusses vs. Braced Frames, etc. Therefore it is recommended
that the definitions in the two documents be thoroughly reviewed and
the discrepancies resmoved.

Page 3. Definicion of Anchorage Lengch for a Bar with a Standard Hook.
This definition does not agree with results of laboratory experiments
and field inspection of damages. The effective length of anchorage
cannot be counted from the critical secticn (where the strength of the
bar which is located at the faces of the joint is tec be developed). The
concrete of the joint that is not confined (which has the shape of a
cone) is not effective in supplying anchorage. This definition should
be changed to comsider the cone of unconfined concreta.

Page 3. Sec. A.2.1.1 This provision should be clarified. Limitations on
the amount of energy dissipation that can be used, or would be acceptable
or tolerable, should be specified. Can these provisions be used when
the nonlinear response of the structure would demand "displacement
ductility" of the order of 10, 20, 30, 40, 50, 60 . . . 7 As is it
written now, it is too vague and could lead to misuse of the provisions.

Page 4. Sec, A.2.1.3.- Are the requirements for Zonme 2 as defined by the
UBC 19759 (I assume that it is the 1979 edition of the UBC to which
this Appendix A refers)compatible with the requirements for good seismic
performance of buildings assigned to Category B? This should be
discussed amd clarified.

Page 4. Sec. A.2.1.4. Are the requirements of the UBC 1279 for regionms
following Zones 3 and & sufficient to guarantee good seismic
performance for buildings assigned to Categories C and D? This should
be discussed and clarified.

Page 5. Sec. A.2.3.2. Does ¢ = 0.5 apply only to the computation of the
atrength of the element under concentric axial force, or does it apply
also to the combined axial force and bending moment, i.e., to the whole
N~M interaction diagram for N > Agfé/lO (as it was established in ATC)?

Page 5. Sec. A.2.5.1, A flag regarding the weldability of ASTM A615
Grade 60 should be inserted. TFurthermore, it should be noted that,
while AIC required that in tests the actual yield stress not exceed
the specified yield stress by more than 21,000 psi (18,000 + 3,000),
the new Appendix A allows 22,000 psi (18,000 + 4,000). I do not have
the background material that has been used to justify this change.
Note that the higher the value that is accepted, the less meaningful
become the computations based on specified yielding (quality contral
of material is a must if we want to improve seismic-resistant design
and construction}.
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5. Sec. A.3.Z.1. The last sentence should read "At least two Na. 5

Page

or_larger bars shall . . ."

8. Sec. A.4.2.7. This section should be modified to read as follows:

YAt any joint . . . the sum of the flaxural strengths of the columns
calculated considering the critical. combination with the posgsible
critical axial forces (whole range of possible axial forces acting in

combination with the moments should be considered) shall exceed the sum

of the moments at the columns cobfained from the egquilibrium at the joint

when it is considered that the beams framing into that joint in the plane

of the frame under consideration reached their flexural scrength. The
flexural stremghs shall be . . .7

8.. Sec. A.4.2.2. Thig secrion should be deleted or complerely modified.

o
k
[1]

Reasons: It allows the design of weak column-strong beam frames that

can lead to soft story. Since the time this philosophy was proposed, I
have opposed it because it leads to an unsound seismic-resistant system.
It is nor that the colimns camnot be made ductile, but rather that the
formation of a soft story leads to such large demands of energy dissi-
paction capacity (ductility displacement demands) from the columms that
these demands cannot be supplied. Therefore, it should be made clear
that, except for frames of more than 2 stories, attempts should be made
to prevent the development of soft stories. Any provision that will
allow the formation of such soft stories should be deleted. Following
this basic seismic-resistant guideline, if this section is not deleted
it should be modified as follows: "A.4.2.2 - Ar any story level of

a frame, a certain number of columns could be z2llowed to not satisfy
Sec. A.4.2.1 provided that the remaining columms in that story of the
frame complying with the requirements of Sec. A.4.2.1 are capable of
elastically resisting the entire story ghear at thar level, accounting
for the altered rigidities and torsom resulting from the omission of
elastic action of the nouconfom:mg colums. In addition, the noncon=—
forming columms shall be provided with transverse reinforcement as
specified in Sec. A.4.4 over their full height if the factored axial
force in those colums exceeds (A&f;/ 10)."

‘9, Sec. A.4.3.2. At the end of the first sentence should be added

&
n
m

". . . span and shall be proportioned as tensiom splices. Welded . . ."

9., Sec., A.4.4.1. In the list of notatiomns, the following corrections

should be made: Replace h with k", alsc 4in the definition of A, .

If this notation is used, the notation in ATC, pp. 40-43, should I
be modified also.

10. Sec. A.4.4.1 Irem (4). This icem should be deleted as if can

lead to unsound seismic-resistant practice by allowing columms without
ductility since na confinement is required. Confinement of the concrets
core is not only required for developing extra strength ix the

confined concrete required to compensate for the loss of the cover, but
also to increase the deformation capacity (ductilicy). It is well
documented through experiments and field inspection of earthquake
damages that the cover of the columns at the joints will.pull out and
spall, reducing the effective area of concrete available to resist the
internal forces to an effective crossesectional area even smaller than

- -



that of the confined core. Applicarion of the requirements of this
Appendix does not guarantee that the columm will remain elastic,
because of the effects of strain hardening of beam reinforcement and
the effects of higher modes of vibration. It is for these same reasons
that I strongly support the recommendatiom in the present UBC (1979)
that tequires that shear strength of columns be computed based om the
column core area.

The applicarion of the provision of this section together wich Sec. A.4.2.2
can lead to disaster. Therefora, I strongly recommend the deletion of
these two sections ot their modificaticenm. .
PagelQ. Sec. A.4.4.4, At the end of this provision should be added "For
members for which the calculated point of contraflexure is not
within the middle half of their span, the special transverse reinforce-
ment specified above should be provided over the full height of the
members.” (See ATC 11.7.2(B)5 (p. 106).

Page 11. Sec. A.5.2.3. What is understood by "elements of structural
diaphragms’ should be clarified. Are these Collector Elements and/or
Boundary Elements? This should be specified. I alsc gomsider it
necessary to add after the fifth line of this provision the following
requirement: . . ., 0.15 f£{, provided that no temsile forces or
gsignificant shear forces are developed simultanecusly in these elements.
If these elements could be subjected to significant shear forces
(e.2., v, = BJEZ) and to tenmsile forces, they shall have gpecial trans-
verse reinforcement as specified in Sec. A.4.4 over the total length of
the element.

Page 11. Sec. A.5.3.1. The requirement should be added for the case where
tensile axial forces can be developed (see 11.5.3).

Page 13. Sec. A.6.3.]1. This whole provision needs clarificatiom.
(1) It is suggested that the definition of A, be given in the notatiom,
Sec. A.0, or directly im this section rather” than giving it in
Sec. A.6.3.2. Purthermore, the definition given ig not clear. What
does "the design shear commentary force' mean? Should this read
"shear generating force"? Should Aj be the total area, the effective
area bd, or the confined core area?
(2) In lines 2 and 5 the symbol 4 is missing; they should read
"eoefficient &". '

Personally, I question the soundness of some of these provisions (see
my general comments about weaknesses in the ATC and Appendix A
provisions).

Page 13. Sec. A.6.4. This section needs clarificarion. The value of ¢
is not given in this section. The reader has to go to the Commentary
to find that i has been defined in Sec. A.2.3.3. No indication is
given of the location of the critical section for cowputing the
development lengths L4 and 2,4. I personally would like to see
explicitly in the equation for the estimation of the anchorage length
the 1.25 fy. This is a new section which appears able to give quite
different results than those obtained according to the recommendations

-~
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of Committee 352 (ACI Jourmal/July 1976), depending on where the
critical section for anchorage is taken. I did not have the background
material at hand to study this new section, but it appears to me these
provisions do not properly consider the effects of deformation
reversals to which the anchored bar can be: subjected. The reasons
follow.
(1) The commentary refers to data presented by ACI Committee 408 which
does not include the effect of deformatiom reversals. Apparently the
only attempt to account for this effect has been to specify a
reduction factor of ¢ = 0.65 rather than the ¢ = 0.80 recommended by
Committee 408. This is again a misuse of the original intent of the
reduction factor ¢. -
(2) No indication is given where the critical section for anchorage
should be located. The research I have conducted clearly shows that
there is a core of unconfined concrete Ehose depth depends on cover
' (shell concrete) and spacing of reinforcement in the joint
cure] which is ineffective in developing the reinforcement. Thus it
appears to me that, if designers assume that the critical section is
at the face of the joint, the applicarien of this provision A.6.4
¢an lead to unconservative anchorage, partdicularly in the case of
narrow columms. ' ~

Therefore at present I cannot support or recomment the ingclusion of
this provision. '

Page 14, Sec. A.7.1.2. Although this.section is similar to that in ATC
11.7.2(C), p- 106, I believe it is incorrect. The nominal moment
strengths should be calculated for the critical axial force in the
posgible range of axial forces. In the selection of this critical
axial force, proper N vs. M interaction diagram and the variation of
the shear strength with N should be considered.

Page 14. Sec. A.7.1.3. This section cannot be used in conjunction with the
ATC document. The design shear force shall be obtained from the
factored lecads and combinations of Sec. 3.7 of the ATC documsnt, and
not from Sec. 9.2 of ACI 318.

Page 15. Sec. A.7.3.1. The application of equation (A-5) to barbell and
flanged wall cruss sections is not clear because, according to the
definitions of A, and 0, only the areas of concrete and steel bounded
by web thickness and height of section should be comsidered. It appears
to me that all the steel located in the edge member of the barbell
shape should be considered. Similarly, all the steel located in the
flange effective width of the flanged cross section should be considered.

Page 17. Sec. A.9.2.2. Equation (A-6) does not agree with equatiom 1l1-6

. of ATC. Note that in (A-8) the reduction factor ¢ is missing. This
appears. contrary to the maim philosophy of the whole ACI 318=-77
document in which Required Stremgth < ¢ [Nominal Stremgth]. Furthermore,
anotation for the factored compressive force at the comstruction joint,
i.e., P;, in ATC is: P,. Therefore, a change should be made either in.
Sec. 2. Symbois of ATC or in A.0 and A.9.Z of the new Appendix A.
Note the inconsistency in A.9.2 regarding the notariom of this force.
In equation (A-6) this force is designated as: Pj but three lines
below this equation (A=6) it is defined as Ph-

- -
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Summary of Committee 4 Actionm
on

July 16-17, 1980

Those members who were pregent ars as follows:

Name Representing

Neil Hawkins: (Acting Chairman) Post-Tensioning Institute

Daniel Jenmy Prestresged Concrete Institute

Loring A. Wyllie, Jr. Structural Engineers Association
of California

James Prendergast Interagency Committee on Seismic Safey
in Construction ‘

S. X. Ghosh (alternate) Portland Cement Asscciation

James Lefter Building Seismic Safety Council

. Richard Marshall (Secretary) National Bureau of Standards
Kyle Woodward (Secretary) _ National Bureau of Standards

At the request of Mr. Cohen, Committee Chairman who could not be present,
Mr. Hawkins served as Acting Chairman of Committee 4 and served as the
Committee Spokesman during the Joint Committee meeting.

The changes to ATC3~06 recommended by Committee 4 were presented to the
Joint Committee by the Acting Chairman July 16. There was counsiderable
reaction by the Joint Committee to sevaral of the proposed changes especially
those pertaining to the issue of a revised ATC3-06 Chapter 11 referencing

the draft versiom of ACI 318 Appendix A.

A meeting of those committee members present (5 out of 8 voting members)
was called in the afternoon of July 16 to discuss the implicartions of

the Joint Committee's reaction to the revised Chapter 11. The committee
agreed that the single ballot item including so many proposed changes was
a handicap to the adoption of particular rasvisions unanimously endorsed by
the committee. It was agreed by the committee that if the ballot item on
the all inclusive revised Chapter 1l was defeatad by the Joint Committee,
then Commitree &4 would request that the Building Seismic Safety Council
(BSSC) permit a restructuring of the ballot item and resubmission on the
BSSC ballot in the Fall of this year. The restructuring would involve
the separation of each individual proposed revision included in the
overall ballot item as an individual ballot item.



The actions of the Joint Committee on the following day (July 17), however,
permizted Committee 4 to submit additional items to the Joint Committee
for inclusion on the Joint Committee's letter ballot., The instructions
to the committse were such that the additional items had to have been
directly discussed and balloted by Committee 4 in its previous meetings.
The acting chairman, upon discussion with the chairman, directed the
secretaries to prepare the additional ballot items. The ballot items
addressed the particular issues included in the overall ballot item
covering the adoption of the revised Chapter 1l. It was felt that the
votes on each of the separable issues (e.g. flat slabs) would be helpful
to the BSSC members in ascertaining the level of support for the proposed
revisions. Such informaticn would not be present from the vote total omn
the single overall ballot item.

The additicnal ballot items were prepared and submitted to the Acting
Chairman and Mr. Sharpe of ATC for comments. After review by each, the
items were sent to the Joint Committee for balloting. See the attachments
for the additiomal letter ballot items submitted to the Joint Committee.
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JOINT BALLOT NUMBER: 4/13

REVIEW AND REFINEMENT OF TENTATIVE SEISMIC PROVISIONS

PROPOSED CHANGE

TECHENICAL COMMITTEE: #4, Concrete COMMITTEE'BALLOT-NUMﬁ:i: Al

ATC-3-06 SECTION REFERENCE: _1l.1

Alter Secticm 1l1.1l such that the'refetence reads as follows:

"Reference 11.1 Building Code Requirements for Reinforced Concrete,
American Concrete Institurte (ACI 318-77) excluding Appendix A and
replacing Section 9.2.3 with Sectiom 3.7.1 of this document.”

Final Ballot: Yes
No
Abstain

Did Not Vote

[ 1 e |

COMMENTS :

This ballot item updates the reference to include the latest version of the
ACT Building Code for Conerate (ACI 318-77). The replacement of Section 9.2.3
in the ACI Code by ATC 3-06& Section 3.7.1 reminds the designer thar the combi-
nation of load effects used in ATC 3-06 is different than that in ACI 318-77.

This ballot item appeared oa the first of the two committee letter ballots.
The final wording was modified so as to read exactly as revised and approved
by the ATC representative. The abstentions were the result of the ballot
item being superseded by the committee balloc item Y1 ( Joint Ballot Number
4/12)., The committee was in full agreement that the reference should be
updated, but the issue of adopting Appendix A overshadowed that intenc.



JOINT BALLOT NUMBER: 4/14

REVIEW AND REFINEMENT OF TENTATIVE SEISMIC PROVISIONS

PROPOSED CHANGE

TECHNICAL COMMITTEE: #4, Concret: COMMITTEE BALLOT NUMBER: A2

ATC-3-06 SECTION REFERENCE: 11.2

Alter Section 11.2, first paragraph, second sentence by insertiag '"Precast and/or
prestressed” in place of "Precast.”

Final Ballot:
No

Abstain

e fe -

Did Not Vorze

COMMENTS:

The intent of the ballot item is to expressly include prestressed congrete as

a permissible building marerial., Inizially, the ATC representative was opposed
to mention of prestressed construction without any accompanying criteria for
its proper design. However, with the introduction of the material contained

in commigtee ballot item M9 (Joint Ballot Number 4/15), the ATC reprasentative
approved this change to the existing ATC 3-06 Chapter 11.
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JOINT BALLOT NUMBER: 4/15

REVIEW AND REFINEMENT OF TENTATIVE SEISMIC PROVISIONS

PROPOSED CHANGE

ToCHNICAL COMMITTEE: #4, Concrate COMMITTEE BALLOT NUMBER: M9

ATC=-3=-0& SECTTION REFERENCE: New Sectiom 11.9

Add the following as a new Section in Chapter lL.immediacely‘followiﬁg
Sectionm 11.8:

Sectiom 11.9 STRUCTURES COMPRISED OF PRECAST
AND/OR PRESTRESSED CONCRETE
SUBASSEMBLAGES.

The provisious of this Sectiom apply to buildings constructed with precast
and/or prestressed concretes elements not conforming to the detailing provisions
given elsewhere im this Chapter for cast-in-place concrete.

_,1L.9.1 LINEAR ELASTIC DESIGN

Structures with assemblages of precast and/or prestressed concrete components
furnishing lateral resistance.against seismic forces shall be designed to
elastically resist equivalent lateral forcas equal to those specified in this.
document with an R vaiue of 1.0,

QVER
COMMENTS:

The intent of this change to the existing ATC 3-06 Chapter 11 is to provide a
clear mechanism by which a designer can use a precasz and/or prestressed con-
struction within the framework of the ATC 31-06 provisions. Section 11.8.1
presents a method by which a structure can be designed to resist elastically
earthquake forces and which is likely to be an econcmically viable solution
for low-rise construction only (< 3 stories). Section 1l1.2 presents a method
which follows the more conventional approach of permitting inelastic action
providing the system offers the same behavioral characteristics (e.g. strength,
stiffness, damping, etc.) as comparable monolithic cast-in-vlace ordinarily
reinforced concrete constcruction.

The ATC representative reviewed and approved of the proposed ballot item. There
were twg reservations of a technical nature expressed by members of the commitctee.
The first concerned the use of an R value of 1.0 in the Linear Elastic Design
section., The committee member felt that to be overly counservative and suggested
a value of R = 1.5. . The other reservation accompanied the "No" vote and was

an objection to the lack of a provision limiting the height and/or cthe number
of stories.



11.9.2 "DUCTILE" CONSTRUCTION

Energy dissipating lateral load resisting systems comprised of precast
and/or prestressed concrete components shall be permitted provided satis—
factory evidence can be shown in the form of experiments, testing, and
analysis based upon established engineering principles that the resulting
construction complies with the requirements of Sections 3.6 and 3.7 and
this Chapter, and that they offer the same strength, stiffness, stabilicy,
durability, c.aping. energy absorption, and energy dissipation capabilities
(ductility) as mondlithic cast-in-place ordinarily rainforced concrete
construcrion.

Final Ballet: _7 Yes
1 No
0 Abstain
0 Did Not Vote
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JOINT BALLOT NUMBER: 4716

REVIEW AND REFINEMENT OF TENTATIVE SEISMIC PROVISIONS

PROPOSED CHANGE
TECHMICAL COMMITTEE: #4, Concrete COMMITITEE BALLOT NUMBER: ML

ATC-3-06 SECTION REFERENCE: 11.5.L
Alter Secticn"ll.s.l, third paragraph such that it reads as follows:

"Reinforcement resisting earthquake—induced flexural and axial
forces in frame elements and in wall boundary members shall comply
with ASTM A706. ASTM A6l3 Grades 40 and 60 reinforcemenrt may be
used in these elements if (a) the actual yield stress based on
miil tests does not exceed the specified yield stress by more
than 18,000 psi (retests shall not exceed this value by more

than an additional 4,000 psi) and (b) the ratioc of the actual
ultimate tensile stress to the actual tensile yield stress is-

not. less than 1.25.'"

anal Ballot: Yes

No

Abstain

o |o e |

Did Not Vote

COMMENTS:

This change replaces the current wording in ATC 3-06 Chapter 1l with the
wording included in the latest draft version of the ACT Commicttee 318
Appendix A (Requirements for Reinforced Concrete Building Structures
Resisting Forces Induced by Earthquake Motions). The committee was in
complete agreement that the Appendix A wording was more desirable than
the existing wording. The- ATC representative objected to this change
because it did not sufficiently emphasize that 1f ASTM A613 Grade 60 steel
is used careful attention must be given to the metallurgy of the steel
and the welding practice.



JOINT BALLOT NUMBER: L717

EISMIC PROVISION

w

REVIEW AND REFINEMENT OF TENTIATIVE

PROPCSZD CHANGE

['t

TECHNICAL COMMITTEE: +#4, Concrete COMMITTZIE 3ALLOT NUMBER: 23
ATC=3=06 SECTION REFERENCEI: 12.8..

alter Section 11.8.2 bv deleting in ics entiraty the third zaragraph and reoclace
it wich the following:

"A cast-in-place topping on a precast floor svstem mav serve as the
diaphragzm provided the cast-in-place topping is proportiened and
decailed to resist the design shear forces under the affects of anv
loading combination (which could induce tensile or compressives
stresses simulcaneously to the shear forces). TFor buildings in

performance Categories C and D, alternace zechniques 2asad on :the
use of untopped orecast and/or prestressaed cowmponenzs of concrata
S

Zloor svstems mav be used onlyv 1 it can be shown bv 2xperiment
and analysis based on established engineering prin b
will ofier the same shear strength, stiffness, statb
and suiiicient znergy dissipacion capacity, as a2 =mcn
in-place ordinarily reinforced concrete diaphr "

Final Ballot g Yes G Abstain

8 No 3 Did Noz Vore
COMMENTS
The ballor icem modifies the existing complate resgriczion against zhe use of
untopped precast and/or prastressed components of [loor svsiems as diaphragms.
Instead, the change would permit such svstems to be consider

ed as diaphragnms if
omparable te zha:z

it can be shown that the untopped system provides behavior ¢
2 a monolithic cast-in-place ordinarily reinforced concrete diaphragn.

o

The ballet item was vreviewed by the ATC representative who supported i:s
adopticon. One committee membey, however, exvressed veservations abour cthe
vacticalizy of verification and the. lack of a commentarv section g‘"!ﬁg a
)

0

2ar explanation of the provision's intant.

[$]
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JOINT BALLOT NUMBER: 4/18

L —— ———(—

REVIEW AND REFINEMENT OF TENTATIVE SEISMIC PROVISIONS

PROPOSED CHANGE

TECHNICAL COMMITTEE: #4, Comcrete COMMITTEE BALLOT NUMBER: ¥4

ATC-3-06 SECTION REFERENCE: 11.6.1

Four part item
a) Alter Sectiom 11.6.1, second paragraph, second sentence s¢ as to read:

"At least two No. 5 or larger bars shall be provided continuously both
top and bottom except inm slabs.'™ '

b) Alter Sectiom 11.6.1, sixth paragraph, first sentence s0 as to read:

"Web reinforcement perpendicular to the longitudinal reinforcement
shall be provided throughout the length of all members except slabs."

<) Alcer Section 11,6.1, seventh paragraph, first sentence so as to read:

"Within a distance agqual ta twice the effective depth from the end of
all members except slabs, the amount...from the end of the member."

QVER

COMMENTS:

The ballot item introduces design provisions for flat slab comstruction. Such
provisions are not present in the existing ATC 3-06 Chapter 1l and it was felt

by cthe commictee that such an ocmission would not be representative of the current
building practice in many areas of the natgiom.

The ATC representative reviewed and approved of the provisions included in this
ballot item. .

While approving this item, committee members expressed concern about the use of
unfacrored gravity loads in the proposed equation 11-2. The use of unfactored
loads is inconsistent with all other sections of Chapter 1l where factored loads
are used.



Four

part item (continued)

Alter Seccion 11.6.1 by adding the following paragraph after the seventh
paragraph:

"Slabs without beams and supported on columns mav be used for ordinary
moment frames provided choesa slabs satisfv the requirements of Chaprer 13
of Referznce 11.1 and this Section. 3ottom bar reinforcement, Ag, shall
be provided continuous through or anchorad within a column and not less
than that given by the following formula:

g 2ATVo) (11-2)
3 0.35%y
where V Ls the shear force transferred to column due tc unfactored gravity
loads and Vp is the sum of the vertical componerts of the forces in anv
prestressing cendons passing chrough or anchored wichin the column. Ac
least two No. 4 or larger bars shall be provided continuous rhrough or
anchored within the column ia both directions and both top and bottom.
In slabs without beams, column strip negative moment reinforcement shal
be distributed so that ar least 60 percent of the raquirad reinforcemen
is concentrated within lines one and one~haif timss the slab thickness
gither side of the column. The shear stress, v, o1 3 cr*tical sec:;an
lozazed half the effacrive depth of the slab from the
and caused bv zhe shear force V shall nct exceed ZVEC
spandrel beanm at the discentiaucus edge of a siab, rei
four slab thicknesses aither side of a column face and o
adge shall be detailed so thar ir can act effecrtivelv a rsion rein-
forcemen: considering the possibility of full reverszls of the sense
of the :zorsional moments. LI the bors&oﬁa; s:_-“gtﬁ 57 the spandrel
beam freming into a column exceeds the flexural strergcth-of ¢ s
ts connection with the Deam for the adJacen_ nall panel wideth, all
r shall be assumed zransferved £o the column via tha beam."

3
9
0 absctain
0 Did Mot Vote

120



JOINT BALLOT NUMBER:  4/19

REVIEW AND REFINEMENI QF TENTATIVE SEISMIC PROVISIONS

PROPQSED CHANGE

—

TECHNICAL COMMITTEE: #4, Concrete COMMITTEE BALLOT NUMBELY 5

ATC-3-06 SECTION REFERENCE: _ Commentary CIL.5.L

Alter Commentary Section 11.5.1, £ifth paragraph by including the following
sentence at the end of the paragraph:

"The flat plates of flat plate frames of normal proportions and
detailed as specified in Section 11.6 will not undergo any

significant yield until story drifts greater than those allowable
(Table 3-C)." ’

Final Ballot: Yes
No

Abstain

le e

Did Not Vote

COMMENTS:

This change to the Commentary emphasizes that flat plate frames are considerably
more flexible than other framing systems.

The ATC representative reviewed and approved the proposed ballot item which
incorporates his suggested revisicns. There was one reservation expressed by
a committee member. He felt that while what was stated in the ballot item
was true for most "nermal proportions” there were exceptions and suggested
that cthe word "will" be replaced by "should.”



3.2 Committee Roster

American Concrete Institute

Edward Cohen (Chairman)

Ammann & Whitney, Consulting Engineers
Two World Trade Center

New York, New York 10048

Phone: 212-938-8267

American Society of Civil Enginesrs

Eugene P. Holland

. President
Coder-Tavlor Assocs., Inc,
500 Greenbay Road
Kenilworth, Illinecis 60043

Phone: 312-441-4200

Concrete Reinforcing Steel Institute

Joseph G. Manning

Regional Director

Concrete Reinforcing Steel Institute
Western Region

1499 Bayshore Highway

Suite 113

Burlingame, California 94010

Phone: &415-697-1437

Interagency Committees on Seismic Safecrv im Constructicn

James D. Prendergast

U.8, Army - 2.0. Box 4005

Construction Zngineering Research Laboratory
Champaign, Illinois 61820

Phone: 217-352-6311 Ext. 242

Portland Cement Associlation

Mark Fintel Alternate: Gene Corley
Portland Cement Association (same address as Fintel)

5420 0ld Orchard Road

Skokie, Illinois 6Q077 (representacive on Committse 2:

Structural Design) - Fintel
Phione: 312-966=5200



Post-Tensioning Institute

Neil. Hawking
Professor and Chairman
Department of Civil Engineering
University of Washington

201 More Hall FX-10

Seattle, Washington 98195

Phone:- 206—543-2575

Prestressed Concrete Institute

David A. Sheppard Alternate: Daniel F. Jenny

California Marketing Director Technical Director

Prestressed Concrete Institute ) Prestressed Concrete Institute
1350 Del Rio Court 20 North Wacker Drive

Concord, California 94518 Chicago, Illinois 60606
Phone: 415-957-1327 Phone: 312-346-4071

* ¢ Structural Engineers Association of Califormia

Loring A. Wyllie, Jr.

H. J. Degenkolb Associates

350 Sansome Street

San Francisco, California 94104

Phone: 415-392-6952

Applied Taechnology Council

V. V. Bertero

Professor of Civil Engineering
Department of Civil Engineering
783 Davis Hall

University of California
Berkeley, California 94720

Phone: 415-642-3655

Building Seismic Safety Council

James Lefter '

Director, Civil Engineering Service (083)
Lafayette Building, Room 507

811 Vermont Avenue, NW

Washington, D.C. 20420

Phone: 202-389-2864



National Burzsau of Standards

Richard D. Marshall and Kyle Woodward
Secretariat

Committee 4, Concrete

National Bureau of Standards

Room B168, Building 224

Washington, D.C. 20234

Phone: 301-921-3471 (Marshall)
301-921-2885 (Woodward)
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3.3 Selected Committee Correspondence and Applied Technology Council Comments

t. Letter from Mr. Sheppard to Committee 4, December 2!, 1973 - 4 pages

2. Letter from Mr. Fintel fo Sec. Committee 4, January 8, 1980 - 13 pages.
3. Letter from Mr. Forell to Sec. Committee 2, January (1, 1980 - 2 pages

4, Letter from Mr. Berftero to Sec. Committee 4, January 31, 1980 - 9 pages.
5. Letter from Mr. Manning to Commiitee 4, lanuary 31, 1980 ‘.5 pages

6. Mr. Bertero's comments om revisions proposed by Mr. Manning,
February (1, 1980 - Z pages

7. Letter %rom Mr. Cohemr to Sec. Committee 4, February (1, 1980 — | page
8. Letter from Mr. Hawkins fo Sec. Commitftee 4, February 26, 1980 - |6 pages
9. Letter from Mr. Sheppard to Committee 4, March 25, 1980 - Z pages

{0. Mr. Bertero's comments o revisions proposed by Mr. Hawkins,
April 7, 1980 - 4 pages '

Ii., Letter from Mr. Sheppard +o Committee 4, April 2, 1980 - 4 pages
12. Memorandum from Mr. Bertero to Committee 4, June 2, 1980 - 2 pages

I3. Memorandum from Mr. Bertero to Mr. Cohen and Mr. Pfrang (undated-
distributed to Committee 4 on June 4, {980) - 7 pages
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i s PRESTRESSED CONCRETE INSTITUTE o
L -
REPLY TO:

1350 DEL AIO COURT
CONCORD. CALIFORNIA 94818

20 NORTH WACKEA DRIVE / CHICAGO, ILLINOIS 60606

TELEPHONE 312 / 348407
TELEPHONE: 418 / 9#87-1327

December 21, 1979

T0: Dan Jenny -
Edward Cohen o
Eugene D. Holland
Joe Manning
Jim Prendergast ' oz
Mark Fintel

Gene Corley R éi
Neil Hawkins L5
Vitelmo Bertero

Jim Lefter

Richard Marshall
RE: Proposed Revisions to ATC 3-06
Gentlemen:

In accordance with instructions given by Committee Chalrman
£d Cohen, I have submitted for your consideration praoposed
revisions to the document written in code language, with
appropriate reasans for each. Please note that these proposed
revisions must be reviewed by the Technical Activities Committee
of the Prestressed Concrete Institute before they become our
of ficial industry position; however, I am not aware of any
conflicts in philosophy at this time.

SEC. 11.2 Revise the second sentence in Section 11.2 to read
as follows: '"Precast and/or prestressed concrete
components may be used if the resulting construction
complies with the requirements of Sec., 3.6 and this
chapter, except as specifically medified in Sections
11.9, 11.10, 11.11 and 11:.12."

BASIS: Present pravisions of ATC 3-06 exclude the
use of prestressed concrete {(by omission);
specific subsections should be established
for the unique and separate design

characteristics of precast and prestressed
cancrete.

A NOMN-FPROFIT QRAGANIZATION FOR THE ADVANCEMENT OF THE DESIGN, MANUFACTURE AND USE OF PRESTRESSED CONCRETE AND PRECAST CONCRETE
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SEC. 11.2 Revise capacity reducticn factors for connections of
- ptecast'componentsita,zead-as fallows:

Cannectian capacity as governed by cancrete: P=0.65
Connection capacity as gaverned by steel: A=0.90

BASIS: .Conservative industry guidelines recommend
a 3/4 factor te be used im connection design
faor concrete shear. This results in a value
. of Q.75 x Q.85 = 0.45. Chapter 10 indicates
' a value af @ = 0.9 for steel

SEC. 11.8 Revisge the last sentence of paragraph 11.8.2 to read
' as fallows: "Diaphragms for precast concrete floor
systems may be develgped with cast-in-place concrete
topping,. shear friction boundary reinforeing, or
properly designed component cannectuns, elther welded
_or grouted.™ - :

BASIS: ICurrent provisions exclude the use of untopped
precast aor prestressed concrete flgor systems.

SEC. 11.8 Revise the first sentence of Section 11.8.4 to read as
follows: '"Boundary members shall be pravided as
required by Section 11.8.1 and 11.8.2, except for
large panel precast concrete systems building construc-
tion with energy dissipating mechanisms formed in '
coupling links, as indicated in Section 11.11."

BASIS: Research and testing conducted at MIT and by'
Yugoslavs, Japanese and Russians.

SEC. 11.9
to 11.12 Add the following new sectians to Chapter 11l:

11.9 - Plant Cast Prestressed Cancrete
11.10 Post-Tensioned Concrete

11.11 Plant Cast Precast Concrete
11.12 Site Cast Precast Concrete

BASIS: - Provisions for precast and prestressed concrete

are currently scattered throughout the document.

. Requirements in design sections should be

. performance griented, applicable to all materials;
specifics for prestressed or precast concrete
should be covered in the above sections. See
also my letter to William W. Moore presented at
the lst Annual Building Seismic Safety Council
Meeting on November 8, 1979.



11.2

SEC.

3.3.4

SEC.

SEC.

SEC.

. 3.3.4

3.3.5

7.4.4

-3-

Add at the end of the sentence reading "Axial com-
pression or axial, . . . for the full height of the
component.": "Ngn lateral load resisting compression
members designed in accordance with Sections 11.11 or
11.12 shall Have capacity reduction factors as given
in ACI 318-77.

BASIS: The arbitrary assignment of a low capacity
' reduction factor for "pin-ended" compression
members is not warranted, when top and bottom
connectians are designed to accommodate
maximum drift movements and increased bending
moments induced by the P- A effect,.

In Section (A) 3. - Delete the last sentence reading
"This system is limited to buildings not aver 24ofeet
in height.™"

BASIS: Assignment of height limitations on these
structures is arbitrary and inconsistent
with actual performance of these structures.
Proper building design and locaticon of
stiffening elements should govern as is
alluded to in Section 3.4.1., The design
requirements should be performance criented,
and not consist of arbitrary requirements.

Add new type (A) %: "Coupled shear wall systems with
primary inelastic actien along these vertical coupling
elements providing energy dissipation."

BASIS: The work of Becker at MIT.

Delete the second sentence in this secticn in its
entirety.

BASIS: Arbitrary height limitation; see above,

Revise Section 7.4.4(E) to read as follows: "The
upper 2 feet. . . . . or equivalent spirals. The

pile cap connection may be made by developing exposed
strand or by the use of field placed anchor dowels
grouted into sleeves cast in the pile. top as outlined
in Section 11.9.

BASIS: Present accepted practice in UBC-79 and CAL-
TRANS specifications.
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SEC. 7.5.3..

SEC. 7.6.1

SECO 8 ol."Z- 3

SEC. 8.

2.2

b

‘Revise the- léétﬁéenteﬁce af Se&ticn 7.5.3(e) to read
‘ag follows: "Precast cancrete and prestressed -

concrete piling shall be designed to withstand

- maximum impased- curveatures resulting from a dynamlc;.f o
-analysis of ther soil prafile present, w;th detailing, .
- -as Sp&ClFle¢ i Section 11.%.™

| BASIS: See my letter an¢'accompanying documentatiom

- from Gerwick, et al presented at the BSSC
~ meeting an November 8, 1979.

Revise this section tc read as follows: "Ail'piling
types in Category D shall be designed to withstand

"maximum imposed- curveatures resulting from a dynamic,
‘respanse analysis of the soil profile present.”

BASIS: Same as 7.5.3 above. qundation"requiréments

should be performance oriented, and not
. arbitrarily penalize certaim materials
(prestressed concrete) because of local bias,
in spite of recent tests and successful desig
applications developing large curveatures
resulting from layered soil movements in
maximum credible seismic conditians.

Add the foilowing senténce at the end of this section:

"Connectar fasteners shall develop elastic farces

‘resulting from twice the loads determined from

Sectiom 8.2.2 abave.™

BASIS: Current practice as ocutlined in UBC-79..

Add the following sentence at the end of this section:

"The force Fp shall be applied in the vertical direc-
tiaoan, as well as longitudinally and laterally, in
combination with the static load of the element.”

BASIS: UBC-79:; Tha effect of vertical accqleration
should be included in design of non-struc-—
tural components and systems.

Detailed provisions for Sections 11.9, 11.11, and 11.12 will
develpped later. I am assuming PTI will develop material for
11.10.

Sectign

DAS:Td

/,¥Q{ytr:2ﬁ youré,

id A. Sheppfar f' T
ifarnia Marketlng Director

n

b4 .

-

be



Mr. Richard Marshall, Secretary ,
Technical Committe 4, Concrete =
Tentative Seismic Provision Project

PORTLAND CEMENT ASSQCIATION

3420 Old Qrchard Road. Skokie. Hlinois n077 Area Coda {311) 966-6200

!
i

January 8, 1980

SR

A

¢l

8168, 31dg. 226
Maticnal Bureau of Standards
Washington, D.C. 20234

Dear Mr. Marshall:

Enclosed are four proposed changes of provisions in ATC3-06 relating

to concrete buildings.

Would you kindly transmit the proposed changes that also re?ata ta other

committees to the relevant groups.

Mr .
Mr.
Mr.
Mr .

Mark Fintel
Director Advanced Engineering

Edward Cohen - American Concrete Institue

Eugene D, Holland - American Society of Civil Znginears

Joseph Manning - Concreta Reinforcing Steel Instituta

James 0. Prandergast - [ntaragency Committee on Seismic Safaty
in Construction

Profassar Neil Hawkins - Post Tensioning Institute
Mr. David A. Sheppard - Prestressed Concrete [nstitute
Mr. Yictor Sertaro - Applied Technology Council

Mr .

James Lafter - Building Seismic Safsty Council
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Submritted by
PortTand Cement Associatiom

Mark Fintal

January 1980

TABLE 1-8 - Page: 3§
REVISE THE “SEISMICITY INDEX™ COLUMN- OF TABLE 1-8 TU READ AS SHOWN- BELOW:

TABLE 1-8

Coefficients Aa.. and AV and Seismicity Index

Coeff. A, Map Area Coeff. A Seismicity

Figure 1% . Number  Figure 2 Index
0.4Q 7 0.40 4
.30 & g.30 4
0.20 5 0.20 £ 3
Q.18 4 Q.15 g 2
0.10 3 0.10 z 1
0.0% pd g.05 Z 1
Q.05 1 0.08 1

REASON: The saismicity indices were introduces as a device to relats the
saver map areas (accsleratiom intensities) with the varicus levels of
detailing requirements, as classified in the four seismic performances
categories (A, 8, C, and 0). The indicas and the performanca catagories
have been apparently arbitrarily interrelatsd with the seismic hazard
exposure groups (TabTe I-A).

While there is little questiom about detailing requirements for the
highest seismicity (4), and for the Jowest saismicity (1), detailing
- requirements for seismicity index levels of 2 an;i 3 remain a gray areaz

without adequate background information.



It is not acceptable to require arbitrarily the same level of ductility
detailing for acceleration Tevels of .40 (map area 7) as for accaleration
Tevel 0.15 (map area 4).

8uildings located in the map areas 1 and 2, subjected to acceleration

levels of 0.05, will undoubtedly always remain in the elastic range,
requiring no additional ductiiity details. The acceleration level of 0.10
{map area 3) will, in all probabi1ity, create an elastic responsea in
buildings designed in conformity with modern reinforced concreta and steel
codes.

Regarding the acceleration levels of 0.15 and 0.20, (map areas 4 and 5),
the major question is which structural membérs will be yielding and how much
ducfi?ity w111l be required in them. [t should also be considered that

current codes (i.e., ACI 318) basically result in ductile members, as provi-
sions over the last 20 years have besn devised to eliminats brittieness. Tc
suddenly require additional detailing (also adding 30% of forcas in perpen-
dicular dirsction} in ¢ities Tike New York and Chicago, based largely on
judgment{ not necassarily supported by adequate background studies, seems
questionable. Seismic code writers bDear the responsibility to substantiate
the need for any restrictive changes macde to codes which have been developed
in a consensus procass over the Jast several decades. It is nct for
industries to prove that such changes are unnecassary and will increase the
cost of buildings without adding to their safaty. Added ductility require-
ments should be imposed only if seismicity vs ductility corralation studies
for map areas with accaleration levels of 3.10, 0.85 and 0.20 indicate

ievels of ductility demands reguiring such detailing.



Submitted by
PortTand Cement Associatiom
Mark Fintel
January 1980
SECTION 3.3.4 - Page 4G

DELETE SECTION 3.3.4(A)3

REASON: The height Timitations are arbitrary, unjustified by today's Tevel
of knowledge of structural response and element strength and ductility, and
should be- remgved. Thne best performer in reinforcad concrets, the shear
wa]T-frame interactive system, 1’; Timited to a height of 240 ft. In

_comparisom, the special moment frame, which inm reality bec_omes unbyildable
at about 15 - 18 stories, is the only concrete system allowed above 240 ft.
_We do not believe that the reasons and circumstances which prevailed in the
early sixties and led to similar height limitations (primarily a Tack of
knowledge) are still valid today.

To assure safety of muTtistory buildings above a height of 240 ft they
may be analyzed and designed by the more realistic inelastic procedures, to
make certain that dugtiTity demands are withim available limits. The only
Timiting factors to determine the height of buildings should be member
capacity for strengtir and ductility and the overall responses of the
structure. ATso, the rigidity of the siructure should be considered in
limiting the interstory distortions, thus assuring realistic damage control
of nonstructural elements. In structures so designed all the sarthquake
forces and deformations: are resisted by the elements of the structure inm
accordance with their relative strength and rigidities. To assure stability
of inelastic structures, the inelastic procedure permits control of
inelasticity so it may be confined to horizontal slements only, while

assuring elastic behavior of columms or walls at all times if the designer

s& chooses.



As Corracted on 1/24,/80

Submitted by
Portland Cement Association
Mark Fintal
January 1980

Section 3.9 - Page 51
ADD A NEW SECTION 3.9 TO READ AS FOLLOWS:

Sec. 3.9 - ALTERNATE INELASTIC DESIGN PROCEDURE

3.9.1 - INELASTIC RESPONSE HISTCRY ANALYSIS
Structural systems may be analyzed by multi-degree-of-freedon inelastic
respanse history analyses using appropriate earthquake records (adjusted in
intensity to Tocal seismiéity). Resulting base shear shall not be less than

90% of that required by Eq; (d-1) of Chapter 4.
- Such systems shall have members (beams, columns and/ar structural walls)
designed for resulting forces and deformations, as required by the inelastic
analysis.

Interstory distortions (story drift) as computed by the inelastic

response history ané]ysis shall not aexceed the ailowable story drift Ay

obtained from Table 3-C for any story.

3.9.2 - STRENGTH AND DUCTILITY
In proportioning of members, elastic strength or inelastic strength and
ductility, as required by the analysis, shall be used.

Members of the structural systam shown by the analysis to remain elastic
during the respense shall be proportioﬁed as required by See., 11.6.

Members of the structural éystem shown by the analvsis to undergo
inelastic deformations during the response shall be proportigned as required

by Sec. 11.7 for structural frames, and Sec. 11.3 for structural walls.
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Maximunr rotational ductility required by analysis of members
proportioned according to Sec. 11.7 and 11.8 shall not exceed:

& im beams with a spam-to-deptfr ratia larger than 4

1Z for- beams with diagonal reinforcement having span-to-depth ratia of

Tess thamr 2% | |

3 im shear- walls with a height-to-depth ratia of more tham Z and having

vertical boundary elements

3 for chumns

REASON:s ETastic sfat‘ic analysis cannot adequately determine forces and

deformations i fnelastic structures. De'si'gn'?ng' om the basis of elastic

analysis may lead to insufficient ductility im some members, and to
inadvertent shear failures, such as observed in the Banco de America

- i:ui 1ding in the 1973 Managua earthquake.

The concept of ductiTity withim the design process, which is in
accordance with current practice, was developed on the basis of studies of
single-degree-of-freedom systems. System displacement ductilities of 4 to &
were utilized for a 1940 El-Centra type earthquake. However, im designing a
structure, we deal with the ductilities of individual members, and not with
overall system ductility. The relationship between the two may be different
for each member im a structure, and changes in structural configuratiom will
result in changes in the individual member ductilities. Therefors, while we
are talking about system ductilities of 4 to 6, we may be faced with member
rotational ductilities considerably larger, depending om the structural
confiquration, and strength and stiffness relationships. No systematic
studies have been carried out to determine the distributiom and magnitude of

member ductilities within a siructure. Consequently, in the present



imp lementation of ﬁhe overall concept to assure safety against brittle
FaiTﬁres, Wwe mgst, of necessity, provide maximum ductility in all columns,
beams, and the{r connections, whether needed or not. In reality, from
experience in earthquakes, and from inelastic analyses, it is known that
ductility is not required in all members of a frame. Unfortunately, this
impaortant econoemic consideration is not included in ATC-3.

The major drawback of elastic analysis when applied to inelastic
structures is that it does not allow us to determine the amount and
distribution of ductiTiﬁy throughout the structure. We hbpe that the
| details specified in ATC-3 and other seismic codes will assure availability
of the required ductility in all members.ﬁhich may become inelastic. We
hope -- we do not know for sure.

Other shortcomings resulting from the use of elastic analtysis for an
 ineTast1c structure are the possibility of inadvertent yielding of columns
during very severe earthquakes, with its conseguent affacts on overall
5tructura1 stability, and also the lack of an active control over the
sequence of yfelding during seismic response.

A procedure Dased on inelastic andlysis needs to be introduced as an

alternate approach for multistory buildings. = Such a procedure became

oracticable with the development in recent years of highly efficient
two-dimensional respense history analysis computer programs. A good example
of such a program is DRAIN-20, developed at the University of California,
Berkeley., The dynamic response is determined in the program by using a
step-by-stap integration of equations of motion. Inelastic characteristics
of structural elements of both concrete and steel have besn incorporated by
the University of California, Berkeley (concrete) and by the University of

Michigan (steel), raspectively.
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The explicit inelastic dynamic analysis desigm procedure entails the

following steps:

i.

2.

3.

Preliminary Tayout and desigm of the structural system based om
gravity Toad requirements, code wind 1.oad1'ng" and code earthquake
Toading.

Modelling the structure for dynamic aﬁaT ysis in each of the two
cﬂ:hogonﬂ directions. Frames and shear walls are to be Tumped
inio the Teast number of vertical 1i nés; the masses are
concentrated at floor levels.

Selectiom, on the basis of local seismicity and of structural and
sail characteristics, of design écce?érograms. with a potential to
critically excite the structure.

Determinatiom of forces and deformations in the members under the
design earthquake, using inelastic response history analysis. A

number of runs are required to choose the optimal combination

between strength and ductiiity.

Proportioning of members for strength and deformability in the
e'lastic:‘ and post-elastic ranges, based on resistances and ductility
capacities known fromr tests.

Checking that the structure has enough ductility to survive,
without collapse, the maximum credible earthquake possible at the

sita.

This alternate inelastic approach gives the design engineer a valuable

tool for designing multistory structures in which the amount and distribu-

tiom of inelasticity during the response cam be controlled by the choices of

strength relationships; consequently, ductility details can be included

where they cam be best utilized. Other advantages include the ability to:



! Design inte tﬁe yielding members of the structure a desirable
balance hetween strength and ductility.

o Predetermine a sequence of plastification so that energy can be
dissipated without endangering stability. An early onset of
yielding in beams Timits bujldup of axial loads in columns, of
column moments and of shears in beam-column joints.

0 Select perfromance criteria for the design earthquake (i.e., to
have yielding beams and elastic columns), thus providing better
damage control.

! Oevise innovative and more effective structural configurations to
dissipate seismic energy--systems we have not yet been able to
devise because we have lacked the means to analyz= them.

A number of design exampies, carried out for shear wall-frame

interactive systems, and for coupled wall systems, show the feasibility and

technicaT'sﬁperiority of the solutions, as well as the sconomic advantages
of the inelastic approach. The procedure is applicable to both reinforcad
cencrete and structural steel highrise structures.

The procedure is Timited to fairly symmetrical structures for which a
two dimensional model can be used with a degree of confidence.

Conclusion
While the present code provisions are of necessity overly conservative

with respect to distributicn of ductility, new procedures have recently

become- available which result in more rational and more economical
structuras.

Explicit inelastic response history analysis permits an alternate
approach‘(based on enerqy dissipation considerations) that is applicable to
myltistory building structures of reasonably regular layout, for which

inelastic dynamic analysis appears to be warranted. This inelastic response
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history analysis. makes it possibie to analyze & structure and to proportion
its members for am optimum balance betweerr strength and ductility, and ta
provide ductility detai Ts. ir &IT parts of the structure which are designed
ta undergo inelastic deformations. ObviousTy, informatiom om avaiTahle
ductility of the members in questiom is a prerequisite.

The objective of the procsdure is to establish 2 sequences of aenergy
dissipating 'r_nechanisms. and thereby impose om the structure z desired
responsa, permitting ng aTternate types of behavior. A structure so
designed is them detailed for ductility only im the predetermi ned:'hingi ng
regions; this results ir 2 more economical and techmically superior

structure.



Submitted by
Portland Cament Association
' Mark Fintal
January 1980
TABLE 3-8 - Page 52
PROPOSED PROCEDURE TC DEVELOP RATIONAL VALUES FOR RESPONSE MODIFICATION

COEFFICIENTS, R.

Response modification factors, R, introduced in ATC-3-06, are‘a
- significant departure from the previous K-values, and may have a serjous
impact on the construction industry. The concept o? response modification
factors, R, ranging from 1% to & to account for anergy dissipation due to
ine?asffcity and damping of the.varicus structural systems and materials is
. conceptually clear, simple, and =2asy to apoly, and reprasents a significant
improvement ogver the presen; use of K-factors. However, the apparent?y
arbitrary selection of R-factors‘in Table 28, without‘studyfng their effect
on member ductilities, makes the practical application of the concept very
questionable. Since the overail underTyiﬁg gconcept is a balance between
strength and ductility, if the R-values JTack a corre?afion with member
ductilities, they are not much superior to the previously used K-vajues. A
major uncartainty of the artitrarily chosen R-values is the questioh whether
the member ductilities actually available meet the ductility demands
generated during an sarthquake. Yiab?e "R" values which answer this
question can only be defived by means of inelastic response studies.

7o evaluate the suggestad arbitrary Responsa Modification Factors, R, of
various individual systems and materials by comparing them with ﬁhe‘previous
" values {also unsubstantiatad and adopted arbitrarily 40 yvears ago) is

like the blind leading the blind.
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Studies to determine realistic R and C, values must be- carried out for-
the various structural systems and materials listed im Table 3B, The value
of R to be derived from. response history analyses. is the ratio of base shear
fhr the undamped elastic systemr to the base shear for the damped inelastic
éystan,, bath systems representing the same structure, and both being '
subjectad to a properly selected ground motiom. The inelastic response
h'istor:y analysis of the damped inelastic system (designed by the R-factor
approach) would yield required member ductilities corresponding to the
assumed R-factor. If these re-qui'red; ductilities are attainahle with the
specified detailing, them the R-factor is. re@is‘tic; gtherwise it needs
revision. |

The foTTowing is z suggested procedure to derive R-values for a givem
. Structural system:

- I. Prepare z prelimi nary desigm based on gravity loads and the
traditionally Code-specified earthquake forces.

2. Prepare a 2-dimensional mathematical model of the structure, with
masses concentratad at floor Tevels; use lumping to minimize the
numbper- of vertical lines.

3. Determine the fundamental peried of the elastic structure, and
assume z certain period change due to inelasticity during response.

4. Select from the Tibrary of accalerograms one, or seaveral, records
having a broad-band velocity response spectra potentially damaging
to the givem structure, considering the initial and lengthened
pericds. Normalize the records to a giverr intensity.

5.. Rum a response history analysis for the undamped elastic response.

Detarmine the base shear, Veq-



6. Divide the base shear, V,;, by the assumed "R (as given in Table

38 for the given systém) and distribute the resulting bass shear,
Y, over the height of the structure. Using a static elastic.
analysis, determine forces and proportion the members.

7. .Run an inelastic response history analysis for the model in (2),
using strength of members as determined in {6), customary damping
values, and proper hysteretic models (for steel or concrete)}., Use
the séme imput motich record as in (5). ODetarmine base shear, VR'

8. If the base shear VR is not the same as V in (68), adjust the
strength of the members in proportion of V/Vr, and repeat step 7.

9. Determine the rotational ductility demands of 211 members. If
these required ductilities are attainable with the specified
detailing, then the prescribed R-factors are realistic; otherwise,
they need ravision,

The total effort raquired to determine practical numbers for R is

axtensive, However, it must be undertaken and systematically carried out if
the proposed ATC-3-06 design provisions are to be based on a solid

foundation.
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January 11, 1980

James Harris, Secretary
Technical Committee No. 2

Tentative Seismic Provisions Praject B168

Building 226
National Bureau of Standards
Washingten, 0.C. 20234

Gentlemen:

The enclosed lists of comments and recommendations are intended to improve -

on the Tentative Provisions to be used in the trial design test program.

The Jist prepared by me had assistance frommembers of the Structural Engi-

neers Association of Northern California and was briefly discussed in a
meeting of the Steering Committee of the Seismology Committee of SEAONC.

The list prepared by T. Zsutty, Chairman of the State Seismology Committee,

and td Zacker, past President of SEAONC, are transmitted as received.

I wishh to restate my expressed concern at the December 11th meeting at the
National Bureau of Standards. The importance of the Tentative Provisions
is too great to limit the time for the preparation of comments and recom-
mendations as severely as the schedule demands.
such a severe time restraint on this process will be a lingering doubt
in the minds of the participants and their sponsoring organizations that
they have not been given a fair opportunity to have their voices neard.
[ sincerely hope the door will not be c¢losed for future well reasaned

and sincere comments.

Yery truly yours
b7
Nicholas Forell

/cs

enc], — \“GMP(‘C#_(_"—E‘R\ "("{gl_is 49(37

¢c:  Steve Johnston

Gy

“Ltoooman e

The result aof placing
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Section 11.8.1., 2. and 4. Need clarification that edge members or

chords are required whenever tension stress exists in walls and
diaphragms. These members must have ductile ties when ¢omputed gross
section stress exceeds O.Zf'c, and only this requirement for ductile
ties is discontinued when stress falls below 0.15 f'c; but the edge

member may be required for tension resistance beyond this level.

Section 11.8.4. Boundary Members: Clarify last paragraph.

Chapter 5. Dynamic Analysis needs to be completely redone.

{1) It is an omission in the "Preovision" that no reference is
made to the use of seismic separation joints as a device to
eliminate irregularities in building shapes. (Comment by N.

F. Forell)
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COLLEGE OF ENGINEERING . BERKELEY, CALIFORNIA: 354720
DEPARTMENT OF CIVIL ENGINEERING |
DIVISION OF STRUCTURAL ENGINEERING Jamuary 31, 1980

AND STROCTURAL MECHANICS:

Mr. Richard Marshall, Secretary

Technical Committee 4, Concrete

Tentative Seismic Provision Project
B168, Bldg. 226

National Bureau of Standards

Washington, D.C. 20234

Bl 6 W 9- 414 0l
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RE: Review and Comments on the—Proposed‘Revisiou-of Chapter 11 of the
ATIC 3-06

Dear Mr. Marshall:

Enclosed you will find my review and comments on the revisions
proposed by Dave Sheppard on behalf of the Prestressed Concrete Institute;
Nicholas Farell,the SEAONC representative; and Mark Fintel, the PCA
representative. In some cases it has been difficult to make comments
because there were no specific proposed revisions and/or there was a lack
of supporting evidence and reasoning. However, I think I have reviewed
and commented on. all the revisions that I have received so we have some

basis for discussing the suggested changes more thoroughly at our February 21
meeting.

Sincerely yours,

V.. V. Bertero
Professor of Civil Engineering

- . . }‘fa o me‘-p@r‘;
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PROPOSED REVISIONS TO ATIC 3-06

REVISIONS PROPOSED BY:

I.. David A. Sheppard, Representative of the Prestressed Concrete
Institute

1.1 SEC. 11.2 Revise the second sentence in Section 11.2 tc read
as follows: '"Precast and/or prestressad concrets
components may be used if the resulting conscruction
complies with the requirements of Sec. 3.6 and chiaA‘* . . -
chapter,i except as specifically modified in Sections This will act

7 ‘ " be needed as
{11.9, 11.10, 11.11 and 11.12. ir will be

part of the
COMENT: This revigion as nronosed cannot be introduced until the chapter.
proposed gew sections. 1l1.1 cnrough 11.12, are develoved and further
studies regarding adequate values of R and Cy for these precast and

prestressed concrete systems are conducted. A modified revision is
proposed.

DA rvmer—

DLA30HS: The requirements established in Chapter 11 cannot be consi-
dered independently, as they are the consequence ¢f the structural
design requirements (Chaptar 3) whnich include the accepted analysis
procedures (Chaptexrs 4 and 35). In develeping the requiramencs of

Chapter 11, attempts wers made to assure that the basic design équation,
i.e.,

Strength Strength )
Stiffness ( Stiffness
Stability Stability
DEiéND -Energy Absorption 2 SU§§LY Energy Absorption
and and
Energy Dissipation Energy Dissipation
Capacities (Ductilicy) Capacities (Ductilicy)

is satisfied. Because of the substantial uncertainties inveolved in the
current methods of estimating the DEMANDS, it is a zood policy in seilsmic-
reslstant design to be generocus in the SUPPLY, a ohiloscphy which has
been adopted in develcving the requiremencs of Chapter 11. The esti-
mation of the DEMAND is based, among other factors, om the use of the
response modificacion factor, R. In the seleccion of the R values for
R/C systems, basides the examination of the research data available
regarding the seismic behavior of the systems, special consideration was
given [as explained in the commentary of Secticn 3.3 (pp. 336-338)] to

the observed general performance of these svystems during past earthquakes:
the general toughness {(ability to absorb energy without serious degra-
dation under reversals of deformacions i.2., stable nysterecic bDenavior
that guarantees good dissipation of energy);and the general amount of
damping present in the system when undergoing inelastic deformation.



With this in mind, i should ber noted that the R values given in.
-Table 3B. for R/C systems (7 for special moment frames, 5 1/2 for shear
walls, & for dual systems, etc.) have been selected om the basis of
the observed seismic performance and field and laboratory experimental
data available on structural concrete systems designed and constructed
orn the basis of the present techniques for MONOLITHIC CAST-IN-PLACE
ORDINARILY REINFORCED CONCRETE CONSTRUCTION. Because at present
there is a lack of reliable informatfon and experience regarding the
selsmic bhehavior of buildings with structural concrete systems based
on the use of precast and/or prestressed components [see Proceedings
of a Workshop on Earthquake-Resistant Reinforced Concrete Bullding
Construction, July 1977, Berkeley, CA, and Bertero, V. V., "Seismic
Behavior of Structural Concrete Linear Elements (Beams, Columns) and
their Connections,” CEB Bulletim No. 131, AICAP-CEB Symposium, Rome,
May 1979, pp. 123-313], it is recommended that the R and Cq values
given in Table 3B not be used for these systems.

Recognizing the great potemtial offered by the proper use of
precast and/or prestressed (particularly partially prestressed)

compenents, and taking a&vantage of Sec; 1.5, it is propesed to modify
Sec. 1l.2 as follows.

MODIFICATION OF SEC. 11.2 Revise the second sentence to read: "Precast
and/4r prestressed reinforced concrete components may be used only if

it can be shown by experiments and analysis based on established engi-
neering principles that the resulting construction complies with the
requirements of Secs. 3.6 and 3.7 and this chapter, and that they offer
the same strength, stiffness, stability, durability, damping, and

energy absorption and energy dissipation capacities (ductility) as
required from the momolithic cast-in-~place ordinarily reinforced concrete

constructiou that they replace if the R and C4j values given in Table 3B
are used.'

1.2 SEC. 11.2 Revise capacity reduction factors for connections of
T precast components to read as follows:

Connection capacity as governed by conmcrete: ¢=0.85
COnnection.capacityvas governed by steel: $=0.90

COMMENT: This proposed revision should not be introduced.

REASONS: The values suggested do not appear to be supported by reliable
experimental data. The value: of ¢ = 0.5 has been derived from the observed
performance of commections of precast components. during earthquakes and
from analysis of data available from laboratory tests up to 1977. The
abserved earthquake performancs of these connections either governed by
concrete or by steel has beem poor. Although it is recognized that,

since 1977, new laboratory data have become available [Aswad, Spencer,
Pall, Jurukovski (Yugoslavia) and others], these data are not sufficient

to justify the proposad increase, particularly for the connection capacity
as governed by steel, i.e., ¢ = 0.90. The argument given that Chapter 1O



indicates a value of ¢ = 0.9 for steel does not seem to be valid.
Field inspections indicate that the quality control and workmanship
used in the construction of joints in precast component connections
are not the same as those of steel member connections. The uncertain-
ties in design and construction in precast component connections seem
considerably larger. Therefore, the ¢ cannot be the same.

1.3 SEC. 11.8 Revise the last sentence of paragraph 11.38.2 to read
as follows: '"Diaphragms for precast concrets f£loor
systems may be developed with cast-in—-place concrete
topping, shear friction boundary reinforeing, or
properly designed component connectors, either welded
or grouted.'

COMMENT: A modified revision is suggested.

REASONS: The proposed revision is nat clear, It is not simply a
question of comstructing a diaphragm, but of developing sufficient
resistance (strength), stiffness, stabilityv, durability and ductility to
. guarantee the transmission of forces (inertia acting together with those
due to gravity field and to other changes in eaviroument conditions) to
the seismic resisting system. Continuity should be assured in order to
have stable resistance and stiffness under the combined stresses that
can act in these diaphragms. A good technique to assure the satis-
faction of these requirements appears to be the use of a cast-in-place
topping. Recoguizing that other techniques could be used in certain
cases which could satisfy the above requirements, the following modified

language could be developed (it should be noted that these are require-
ments for Categories C and D).

MODIFICATION OQF SEC. 11.8.2 Revise the last paragraph of Sec. 11.8.2
to read as follows: "A cast-in-place topping on a precast floor syscem
may serve as the diaphragm provided the cast-in-place topping is
propertioned and detailed to resist the design shear forces under the
effects of any loading combination (which could induce tensile or
compressive stresses simultaneously to the shear forces). Alternate
techniques based on the use of untopped precast and/or prastressed
components of concrete floor systems may be used only if it can be
shown by experiments and analysis based on established engineering
principles that they will offar the same shear strength, stiffness,
stability, durabilicy and dyctilitv and stable hvstevetic behaviey as che
menolichic cast-in-place ordinarily reinforced concrete diaphragm,when
subjected to c¢yelic loading conditions like those expected for saeismic
performance Categories C and D."

1.4 SEC. 11.8 Revise the first sentence of Section 11.8.4 to read as
' follows: '"Boundary members shall be provided as
required by Section 11.8.1 and 11.8.2, except for large
panel precast concrete systems building construction
with energy dissipating mechanisms formed in coupling
links, as indicated in Seection 11.11."
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COMMENT: The proposed revision cannot be recommended.

REASONS: Lack of reliable experimental data regarding the behavior of
large panel precast concrete systems building construction with energy
disalpating mechanisms formed im coupling links, whem subjected to
severe earthquake ground shakings. The basis givem for the proposed
revision,.i.e., reaseach at MIT and by Yugoslavs, Japanese and Russians,
- to the best of this writer's knowledge is far from adequate to justify
the revision. The research conducted at MIT by Becker and Mueller is
completely aralytical, and they have pointed out clearly that, although
the concept of coupling links seems quite promising, unfortunately there
is very limited experimental data. Therefore, further development of
such a'concept requires additional amalytical and experimental studies.
- Although the writer is familiar with some experimental work conducted
by the Yugoslavs and Japanese on panel precast concreta systems
bulldings, the data available does not seem to justify the proposed
change., It should be kept in mind that the requirement on the use of
these boundary members is for the case of shear walls and diaphragms
of seismic performance categories C and D, i.e., buildings which may be
subjectad to severe seismic motions and which therefore must be
provided with large energy dissipation capacities. Note that the R
values for these walls are 8 for tall buildings (dual system) and 5 1/2
for short buildings. Analysis of the experiments conducted by the
PCA, in Berkeley and Japan, on R/C walls shows that, to obtain the
~ ductility implied in these R wvalues, it i3 necessary to have these
boundary members. Again, the present AIC 3-06 does not prohibit the
proposed use of coupling links (see Sec. 1.35), but substantiating
. eyidence demonstrating that the proposed new system will have at least
a2 seismic performance equal to the system recommended should be
submitted.

1.5 SEC. 11.9 to 11.2 Add the following new sections to Chapter 1ll:

11.9 Plant Cast Prestressed Concretes
11.10 Post-Tensioned Concrete

11.11 Plant Cast Precast Concrete
11.12 Site Cast Precast Concrete

COMMENT: The writer supports the idea of the develcpment of orovisions
for precast and prestressed concretes. These provisioms should be
grouped under a new subsection of Chapter ll. Precedents for doing so
already exist. The recantly proposed "Code cof practice for the design
of concrete struetures! of New Zealand has a completely separate
chapter of provisions for the design of prestressed and partially pre—
stressed concrete members of fully ductile moment-rvesisting frames and
joints between members. It should be pointed out, however, that in the
development of these provisions it will be necessary to study the
possibility of not only developing provisions peculiar to members with
prestressing with the obijsetive of developing the same strength, stiff-
ness, stability, durability, and energy abscorption and energy dissi-
pation capacities (ductility) as the non-prestressed member, i.e., using




the same R and C4 values, but also the possibility of assigning new
values to R and C, for precast and prastressed structures. At present
perhaps all that can be done is to introduce the modificatiom of

" Section 11.2 as proposed above in 1.1, noting that, in the case of
prestressed members for seismic performance categories C and D,
the prestressed members shall conform to the requirements of Sec. 3.7.12.

1.6 SEC. 11.2 Add at the end of the sentence reading "Axial compres-

: sion or axial. . . . for the full height of the com-
ponent.”: '"Non~lateral load resisting compression
members designed in accordance with Sections 11.11 otr
11.12 shall have capacity reduction factors as given in
ACT 318-77."

COMMENT: The proposed revision cannot be recommended until provisicus
11.11 and 11.12 have been developed.

REASQONS: It should be noted that it will not usually be convenient to
use a ''pin-ended" compression member as a part of the lateral

seismic force resisring system. If, in spite of this, such a pin-
ended element is used as part of the seismic resisting system, because
of the detrimental consequences of the interacting effects of the
so-called nonstructural elements usually attached to the structural
elements, it 1s believed a good policy to recommend the use of a.
reduced value of ¢ to discourage the use of elements without proper
lateral reinforcement. A recent illustration of the need for special
lateral reinforcement along the full height of the component is the
failure of the ground-story columns of the Imperial County Services
Building in El Centro.

1.7 SEC. 3.3.4 In Section (A) °. - Delete the last sentence reading
“"This system is limited to buildings not over 240
feet in height.”

COMMENT: This revision should be reviewed by Committee 2: Structural
Design. It should be noted that, if this section is changed, Sec. 3.3.3
should alsc be changed.

1.8 SEC. 3.3.4 Add new type (A) Z‘: "Coupled shear wall svystems with
primary inelastic action along these vertical
coupling elements providing energy dissipation.’

COMMENT: This change should be discussed bv Committee 2:
Structural Design. The proposed system is not a new type, sul the
writer agrees wich the basic idea put forward in the proposed revi-

sicns. As discussed and illustrated in several of is publications,
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the writer believes. that the use of a stryctural system based on
ductile walls coupled with girders having large energy dissipacion
capacity (large ductility and stable hysteretic behavior) leads to the
best strong columm-weak girder system, which is the basic requirement
for the design of special (ductile) moment-resisting frames. Thus, the
. use of this system should be encouraged. Perhaps the best way ta do so
1= in the commentary of Sec. 3.3.4.

1.9 SEC. 3.3.5 Delete the sacond sentence im this section in its
entirety.

COMMENT: Thdis is a subject for discussion and comments by Commirtae 2:
Structural Desigm. UWote that this height limitation is only for Cate— -
gory D and only for cantilever wall or braced frame systems. It does not

apply to dual systems.

1.10 SECS. 7.4.4, 7.5.3 and 7.6.1

'COMMENT: These proposed revisions should be reviewed by Committee 3=
Foundations. The writer agrees with some of the statements made by

Mr. Sheppard in his Basis, such as "Foundation requirements should be
performance oriented" and in theory with the proposed rewvision to

Sec. 7.5.3 and 7.6.1. However, it should be noted that the revision

as stated is not complete. It will be necessary to specify a reliable
method of analysis for the dynamic response of the soil-pile system.
Furthermore, the proposed revisiow for these two sections cammot be
accepted or even discussed until Sectiom 11.9 is developed and accepted.

'1.11 SECS. 8.2.2 and 8.2.3

COMMENT: These proposed revisions should be reviewed by Commitree 8¢
‘Architectural, Mechanical and Electrical.

IT. Nicholas Forell, SEAONC Representative

2.1 SEC. 11.8.1, 2 and 4 Need clarification that edge members or chords
are required whenever tension stress exists in
walls and diaphragms. These members must
have ductile ties when computed gross section
stress exceeds 0.2 £, and only this require-
ment for ductile ties is discontinued when
stress falls below 0.15 f£}; but the edge
member may be required for tension resistance
beyond this level,

COMMENT: To introduce the requested clarification, the following changes
are suggested:



Sec. 11.8.1 Add the following sentence at the end of the fifth
paragraph of this section (top of page 108): ''These shear walls
shall have vertical boundary members along the edges as described in

Sec., 11.8.4 at any level where tensile axial forces can be developed
in the walls."

Sec. 11.8.2 Add the following sentence at the end of the second

paragraph of this section: '"Diapharagms shall have boundary members
along their edges as described in Sec. 11.8.4 whenever tensile axial
forces can be developed in these diaphragms."

2,2 SEC. 11.8.4 Boundary Members: Clarify last paragraph.

COMMENT: It is not clear what needs to be clarified.

IIT. Mark Fintel, PCA Representative

3.1 TABLE 1-3

COMMENT: These suggested changes should be reviewed by Committee 1:
Seismic Risk Maps, and Commictee 2: Structural Design.

3.2 SEC. 3.3.4 - page 46 Delete Section 3.3.4(4A) 3

COMMENT: This proposed revisicn should be reviewed bv Committse 2:
Structural Design. Although the writer favors the deletion of the
limitation of 240 feet in height, he does not agree with the deletion
of the rest of the other requirements recommended in 3.3,4(A) 3,

3.3 SEC. 3.9 =~ page 51 Add a new section 3.9.

COMMENT: This proposed addition should be reviewed by Committee 2;
Structural Design. Although the writer favors the design of wmost of
buildings using inelastic design procedures, and would like to be able
" to recommend a specific code method, based on inelastic design, which
could be applied to all types of buildings, present knowledge does not
permit this. Only in the case of very particular types of buildings

to be built at certain sites in regions where sufficient seismic
records exist is it possible to carry out raticnal inelastic design.
One of the main problems is the sensitivity of the earthquake response
of the building to (1) the dynmamic characteristics of the ground
moticn, and {(2) the modeling of the building (soil-foundation strucrural
and nonstructural elements svstem) which should include the inter-
acting effects of the nonstructural elements. Further study of these
problems i3 required before a specific code inelastic design procedure




can be recommended. At present the lack of reliable three—dimen—
siomal computer programs to a.naly‘ze real buildings hampers advances
in this field.

The main problems in the proposed "”altemat:e inelas:ic design
procedure” are, first, what ccnstituf.'es ‘appropriate earthquake
records™ and, second, ‘how is the ®maximum rotational ductility
required"™ defined and computed? The writer supports the idea of
perhaps taking advantage of the following statement made in Sec. 3.1,
"ee. with the procedures in Chapter 4 or Chapter 5 or an approved
alternate procedure'™ to add, between parentheses, "The development
and application of inelastic desigm procedures such as the one described -
in general terms in the commentary of this section is encouraged." If
this suggestion is accepted, it is recommended that a special committee
be appointed to study the method proposed by Mark Fintel.

3.4 TABLE 3-B - page 52 "Proposed Procedure to Develop Ratiomal
Values for Response Modificatiom
Coefficients, R"

COMMENT: The suggested procedure should be reviewed by Committee 2:
Structural Design and other committees, since any change in this
coefficient may affect other provisions.

The writer agrees with the need to review the R values. This need
was expressed at the time the tentative provisions were formulated
(see page 4 of the tentative provisions). Therefore, it 1s suggested
that some effort be devoted to studying the reliability of the present
recommended values of R. A commirtee should be appointed to conduct
the required studies. The procedure suggested by Fintel might be
considered as one possible procedure. In doing so, the comments made
previously (3.3) should be kept im mind.
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January 31,1980

Members of Techncial Committee 4:
Concrete
Rewview of ATC 3-06

Victor Bertero James Lefter
Edward Cohen Richard Marshall

Mark Fintel James Prendergast o

Neil Hawkins David Sheppard
Eugene Holland

RS

Gentlemen:

The following proposed revisions to ATC 3-06 are submitted for
your_consideration. These are written in code language, with

appropriate reasons for each per instructions by the Committee
Chairman.

Section 1.6.3(A) Special Testing

Revise exception under paragraph one as follows:

Exception:

Certified mill test certificates mayv be accepted for ASTM
A-706 and A-~615 reinforcing steel.

Reason: Section 11.5.1, as suggested to be revised, would permit

ASTM A615 grade 40 or 60 reinforcement. Mill tests specify actual
yield and tensile strengths.

Table 1-B Seismicity Index

Revise the "Seismicity Index" of table 1-8 to read as follows:

HEADQUARTERY A0 NORT- 1A A R R O T IR T SRS SER
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page 2
Map Area Seismicity
Number Index
7 4
;1
5 £ 3
4 2 2
3 2
2 Z 1
1 1

Reason: The seismicity index relates to various levels of detail-
ing requirements through the seismic performance category. Under
ATC 3-06, in some areas suchr as Phoenix,AZ.,detailing requirements
would be increased to the same level as that for say San Francisco.
This obviously should not be required. It is therefore recommended
to maintain current levels of detailing that have been determined
by the local engineering profession.

Section 3.3.5 Seismic Performance Category D

Delete second paragraph modifying height limitations of Sec¢.3.3.4

Reason: These limitations are considered overly restrictive and
arbitrary. Height alone is na critera for the performance of a
structure under seismic loading. The limitations in Section 3.3.4
would appear to provide adequate performance.

Table 3-B Response- Modification Coefficients

Revise table 3-B as follows:

Coefficients

Type of Structural System _R_ Ca
Bearing Wall System: ... 4 4
Building Frame System: ... 6 4
Moment Resisting Frame System:... 8 6
Dual System: ... 7 5

Inverted Pendulum Structures: ,.; 2k 2%
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Reason: The Response Modification Factors,R, are out of necessity
arbitary. These numbers will have a significantly greater impact
on the constructicn industry than the current K values because

of the more detailed breakdown of systems and materials. It is
obvious that these values must be determined by a rational means
and not arbitrarily selected. Until such time as this can be

done it is suggested that the R coefficients for the type of
structural system be selected (similar to the method used for the
current K values) rather than R values for individual svstems and
materials.

Section 4.2.2 Period Determination

Revise equation (4-4) as follows:
Ty = 0.10 N

where N = The total number of stories above the base to the
highest level of the building.

Reason: This is recommended for two reasons. First, for simplicity.
Second, the coefficient Cp affects the base shear out of proportion
to its significance. For example the period for a 15 story frame
affects the base shear twice as much as the response modification
factor. This great great of an impact on the base shear 1s not
warrented.

Section 7.5.3(C) Precast Concrete Pilles

Revise second sentence to read as follows:

Precast concrete and prestressed precast concrete piling
shall be designed to withstand maximum imposed cgurvatures
resulting from the maximum soil deformations that would
occur during an earthguake.

Reason: Prestressed precast concrete piling can withstand consider-
able curvature and through proper detailing confinement and ductility
can be nrovided.

Section 7.6.1 Special Pile Limitations

Delete this section.

Reascn: See comments on Section 7.5.3
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Section 11.1 Reference Documents

Revise reference 11.1 as follows:

Ref. 1l1.l1 Building Code Requirements for Reinforced Concrete,
American Concrete Institute. (ACI 318-77 but excluding
Appendix A)

Reason: Reference should be to the most recent edition of ACI

standard. References to sections throughout document must be
revised as appropriate if this change is approved.

Section l1.2 Strength of Members and Connections

Revise third paragraph as followsr

Axial compression or axial compression combined with bending..
on any member where axial stress due to all locads exceeds
0.10£f's and the axial stress due to seismic forces exceeds
0.05f'¢c and special lateral reinforcement as specified in
section 11.7.2 (C).

Reason: The statement for the full height of the component is
misleading. Further, the extent of special lateral reinforcement
is specified in Section 11.7.2 (C).

Section 11.5.1 Material Requirements

Revise third paragraph, second sentence as follows:

ASTM A-615,grade 40 or 60 reinforcement may be used in.
these elements if . . . .

Reascn: ASTM A61lS5S grade 60 will meet the physical requirements
desired and it has performed satidfactorily in its current use.
Further A706,which is also a grade 60 reinforcement is not readily
available at the present time.

Section 11.8.1 Shear Wall Details and Limitations

Delete third paragraph reuiring two curtains of steel.
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Reason: This provision seems cverly restrictive. Many tilt-up
buildings with a single curtain of steel have performed satisfact-
orily under earthquake loads. Further, any shear wall in a major
structure and one carrying high shear is likely %o be 10 inches

or more in thickness. Section 14.2(g) of ACI 318-71 recuires 2
curtains of reinforcement in such walls.

Time for review does not permic a more detailed study of this
document. Therefore additional comments may be forthcoming later
in the review process.

Sincerely,

LI

‘ \‘\._‘ ~t K"E\ ~,\',( !\’\ [N * &
/

Jg§eph G. Manning . !

Regional Director "

JGM: jm

cc: Dr. Gene Corley
Paul Rice
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February 11, 1980

COMMENTS ON PROPOSED REVISIONS TO ATC 3-06&

V. V. Bertero, Represeuntative of ATC

REVISIONS PROPOSEDF BY:

IV. Joseph G. Manning, Representative of the Concrete Reinforcing Steel
Tnstitute

4.1 SEC. 11.1 Building Code Requirements for Reinforced Concrete,
. American Concrete Institute (ACI 31877 but excluding
Appendix A)

COMMENT® ' This revision should be introduced but modified as follows:
"Ref. 11.1 Building Code Requirements for Reinforced Comcrete, American
Conerete Institute (ACT 318~77) excluding Appendix A and replacing Sectionm
- 9.2.3 by Section 3.7.1 of this documear," or the following alternative:
", . . provisions of this ATC whole document, Ref. 11.1 Building Code
Requirements for Reinforced Concrete, American Concrete Institute (ACL

. 318-77) excluding Appendix A."

REASONS: The purpese of excluding Section 9.2.3 is to remind the designer
that the combination of+locad effects adopted by ATC 3-06 differs from thit
required by ACL 318-77. TFor this reason I prefer the first alternative
revision. I had already proposed this correction together with these related
revisions. : -

SEC. 11.2 3rd paragraph should read: '"The capacity reduction factor in
-Ref. 11.1, Sec. 3.3 shall be modified as follows:"

SEC. 11.7.1 5th paragraph, second line should read: .". . . splicing
- conforming to Ref, 11.1, Sec. 12.15.3 may be used."

SEC. 11.7.2(8) 1st line at top of page 106 should read: "Welded splices
. and approved mechanical connections conforming to Ref. 11.1,
Sec. 12.5.3 may be used . . ."

Appropriate revisions should be made also in the Commentary of Chapter 11,
i.e., pages 449, 450, 451, and 453. .

4.2 SEC. 1I1.2 Revise third paragraph as follows: "Axial compression or
axial compression combined with bending on any member where
axial stress due to all loads exceeds 0.10 £ and the axial
stress due to seismic forces exceeds 0.05 £{ and special

. lateral reinforcement as specified in Sectiom 11.7.2(C)."

COMMENT: The proposed revision should be introduced.




4.3 SEC. 11.5.1 Revise third paragraph, second sentence, as follows:
ASTM A-615, grade 40 or 60 reinforcement may be used
in these elements 1if .

COMMENT: This revision could be introduced if, at the end of the paragraph,
the following addition is made: ". . . and (3) the welding, when it is
required, can be shown to offer the same strength and toughness as the

ASTM A-706 under cyclic loading including strain reversals."

4,4 SEC. 11.8.1 Delete third paragraph requiring two curtains of steel.

COMMENT: This revision should not be introduced. Walls are subjected to
bending about their weak axis due to inertia forces perpendicular to the
plane of the wall. There are cases, particularly when barbell cross-section
walls are used, when the thickness of the wall panel could be less than

1Q inches.
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Dr. Richard D. Marshall, Secretary
Technical Committee 4: Concrete
Review and Refinement of ATC 306
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National Bureau of Standards

February 17,

Washington, D.C.

Dear Dick:

With respect to Chapter 11 - Reinforced Concréte, it appears that

20254
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Primcipal Associate
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Controller
ANTHONY T. AUS30-

1980

this is based on an early draft of the pending revision of ACI 318,

Appendix A.

to develop Chapter 17.

This draft has been substantially revised since it was uséd ==
I have been assured that a revised, nearly

final, draft will be available for our Committee meeting on February 21;_ ;J
o

and that the final draft will be available for the Trial Design phase of%:

ATC-306.

This draft is scheduled to gco to the full Committee 318 on March 1
at its meeting in Las Vegas and can be balloted by Committee 318
immediately thereafter.

It would then be available for publication and membership ballet in

January 1981.

Future revisions of Appendix A could be readily

coordinated with the appropriate committees of AIC, which have

overlapping membership with ACI 318, and published concurrently with
future ATC 306 revisions.

Under these circumstances and since ACI 318 inecluding Appendix A is
a fully approved concensus decument, to avoid overlapping and
conflicting efforts and criteria, and to assure that Chapter 11
represents the highest practical state of the art, I strongly recommend
that, in the national interest, Reference 11.1 read as follows:

"Building Code Requirements for Reinforced Concrete, American

Concrate Institute.

(ACI 318 Current Edition)."

I apologize for the delay in forwarding this recommendation . but
trust that you will be able to distribute it to all members of Comittee
4 and other appropriate groups.

EC:mrm

NEW YORX

[ ERTR TR I

Very tru/y>yours,

ey

Ee s

N

adward Cohen

BOSTON MILWAUKEE

NEW ORLEANS
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- SEATTLE, WASHINGTON 98195

Department of Cixql Engineering

February 26, 1980

Dr. R. D. Marshall
~ Secretary, Technical Committee 4
ATC 3-06 Review
U. S. Department of Commerce
National Bureau of Standards
Washington D. C. 20254

Dear Dick:

As promised February 21, 1980, I enclose my suggested revisions to
ATC 3-06 for the tasks assigned to me at our December 1l meeting in
Washington D. C, These comments assume that the committee is already
proposing to amend ATC 3-06 as agreed at our San Francisco meeting, My
suggested revisions therefore address only two substantive issues:

(1) Section 3.7.12. Vertical Seismic Motions for Buildings
Assigned to Categories C and D, and

(2) Seismic Provisions for Flat Plate, Flat Slab, and Waffle
Slab Structures.

My input for the latter issue consists of three parts:

(1) A discussien of the apparent implications of ATC 3-06 if
unamended for flat plate construction.

(2) A review of the state of knowledge on the behavior of flat
plate construction under reversed’ cyclic loading.

(3) A suggested set of revisions to the provisions and the commen-
tary, and a set of reason statements for the revisions.

My discussion uses the term flat plate to cover flat slab and waffle

slab structures as well as flat plate structures in both reinforced and
prestressed concrete.

Sincerely,

Neil M. Hawkins
Professor and Chairman
PTI Representative
ST
cc: Members AT 3-06, Technical Review Committee 4 .
W. C. Corley, M. A. Sozen, J. Grossman, C. L. Freyermuth (With enclosures)



(+) Section 3.7.12  Vertical Seismic Motions for Buildings
Assigned. to Categories C and D

The vertical component of earthquake motion shall be considered in the
design of horizontal cantilever and horizontal prestressed components. For
horizontal cantilever components, these effects may be satisfied by designing
for a net upward force of 0.2Q,. For horizontal prestressed components, these
effects mag: be satisfied by deSigning for a net upward force of D.ZQH 1f the
prestressed component is not part o e seismic resisting system and bonde
reinforcement not less than the minimums required by these provisions 1s

- provided wheTe maXlmum moments may occur for both horizontal and vertical

components oi the earthquake motigon. OT other horizontal prestressed
components, these effects may be satisfied by Fornula 3-2a.

REASON

Formula 3-2z is “for partial penetration welded steel columm splices or
for reinforced masonry and other brittle materials, systems, and comnections.'
The implication that prestressed members. can have a brittle failure is consis-
tent with the possible behavior of some long span extruded precast prestressed
products installed without integral topping. However, where topping, properly
reinforced and bonded, is used on such units or the component is a pretensioned

. or post-tensioned wnit including supplementary bonded reinforcement equal to
the ACI Code 318-77 specified minirums, such brittles failures do not occur
and seismic provisions can be consistent with those for reinforced concrete
units. )




'(2) FLAT PLATE CONSTRUCTION

1.

General

1.1 Exposure Group B

For buildings of seismic hazard exposure group B, ATC 3-06 effectively
prohibits flat plate construction. Group B includes all facilities in New
York, Boston, Buffalo, and the New England states, much of North and Scuth
Carolina and Tennessee, large arsas of Oklahoma, Arkansas, Illinois, and
Missouri, and much of New Mexico, Montana, Idaho, Utah, Washington and
Wyoming. The potential economic impact of that prohibition is staggering.
For the post-tensioning industry alone, that prohibition could mean about a
25% drop in its work volume. Post-tensioning is used in about 30 million
square feet of suspended slabs constructed each year in the U.S.A. and much
of that construction is flat plate,

In his letter of November 19, 1979, to ATC, Jacob Grossman of Robert
Rosenwasser and Associates of New York, details his experience with respect
to the economics of flat plate construction and its seismic response when
properly detailed. He states "I camnot even begin to describe the construc-
tion havoc the exclusion of flat-slab structures can introduce in strong
union-high construction cost areas.' He points out that enough research
and knowledge are available to incorporate flat-slabs and allow them as

"ordinary' frames without shear reinforcing.

It is not clear that it was intended that ATC 3-06 prohibit flat-slab
construction for 'ordinary! frames. Contrary to the situation for group
C and D exposures, neither the provisions nor the commentary explicitly
state such a prohibition. However, they require in flexural members of
ordinary frames for group B exposure, web reinforcement perpendicular to
the longitudinal reinforcement throughout the length of the member. The
minimm- reinforcehent is two leg No. 3 stirrups at a spacing of d/Z.
Inclusion of such reinforcement in flat slabs would create economic as
well as logistic problems.

It is suggested that:
(1) the provisions state clearly whether flat plate, flat slab, or

;affle slab construction is feasible for ordinary frames for Category

(2) If flat plate, flat slab, or waffle slab construction is feas-
ible, the provisions specify any special restrictions for that
construction.

1.2 Exposure Groups C and D

The intention of ATC 3 with respect to restrictions on the use of
flat plate framing to resist lateral forces for category C and D struc-
tures is clear. Such use is highly undesirable. However, the intention
for category C and D structures where seismic forces are resisted by a
parallel structural system, is not clear. In the Commentary to Chapter 11
on page 450 dealing with Material Requirements for Seismic Categories C
and D it is stated: :
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"Even if a particular frame has been designed to support only gravity
loads and is not intended to be part of the structural system resisting
seismic forces, it must sustain the gravity loads after having been
sub;ected. to approximately the same d:.splacements as the seismic resis-
ting system."

That statement is logical and non-controversial. However, the state-
ment contimues,

“"Therefore, all frame components (which are not designed to resist
seismic forces) in Categories C and D buildings, are required to have
as a minimm, the details specified in Sec. 11.6."

That section gives req_m.rements for ordinary moment frames. assigned
to Category B. .

"Furthermore, if calculations show that frame compeonents which are not
part of the structural system resisting seismic forces, will have to
yield in order to accommodate the calculated displacements of the
seismic resistance, those components must have special transverse
reinforcement as specified for Special Moment Frames.'

Effectively, those statements prohibit the use of any flat plate
frame, slab, or waffle slab in Category C and D structures. They require
special transverse reinforcement of a type illogical for flat plates,
especially if yielding is predicted. How to define yielding in a ﬂat
plate is also unclear.

The Commentary for Section 3.6.3 on Seismic Performance Category C
is more explicit on page 346. It states:

"In many buildi.ﬁgs, the seismic resisting system does not include all
of the components that support the gravity loads. A common example
would be a flat slab concrete warehouse of several stories in height
where the lateral seismic loads are resisted by exterior shear walls
or exterior ductile moment resistant frames..."

"Subsec. (c), (apparently refers to Section 3.3.4(c)), requires that
the vertical load carrying capacity be reviewed at the actual deformations
resulting from the earthquake. In the example of the flat slab warehouse,
there will be bending moments in the colums and slabs and an uneven shear
distribution at the colum capitals. At the calculated deflections and
the resulting imposed moments and shears, it must be demonstrated that the
members: and connections will not fail under the design gravity loadings.™

That statement is logical and non-controver51al However, the
statement continues:

"The loading is cyclical so static ultimate load capacities are not
acceptable. If the combination of those loads and deformations result
in stresses below yield, it can be assumed that the system is capable of
supporting the gravity loads. If the stresses are above yield, then
sufficient ductility under cyclic loading must be provided. If the

" 177 load bearin . s/stem is to provide any calculated resistance to
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seismic resistance (no matter how small), then the detailing for ductility
mst be consistent with the values given in Table 3-B,“

What'yieldihg is for a slab-column connection is not defined and for
the example discussed what ultimate load capacity would be acceptable for
cyclic loading is not defined in ATC 3-06 or ACI 318-77.

Finally, the Commentary on Section 11.7.1 Flexural Members in Special
Moment Frames on page 433 states:

"The geometric constraints given for flexural members are based primarily .
on past practice. The maximm width limitation explicitly and intention-
ally eliminates the use of a flat plate or flat slab working as a frame
uniess special details are incorporated in the structure. It should be
pointed out that even if it may be possible to provide the necessary
flexural strength in that portion of the slab permitted to be designated
as a beam, it is likely that the drift criteria will govern the design
for Categories C and D. Furthermore, if a flat plate or a flat slab is |
used as a frame working paralliel with a structural wall, the actual
relative stiffnesses of these two systems in the non-linear range of
response should be evaluated elastically considering the effect of
cracking and reinforcement slip, rather than on the basis of gross
section,"

That statement is correct and consistent with test data.

Behavior of Flat Plate Construction under Cyclic Loading

2.1 Laboratory Results

There have been seven major laboratory investigations of flat plate
connections subjected to cyclic loading (1-8), The results of the exten-
sive University of Washington investigations are summarized in the attached
articles,

The lateral load response 1s strongly influenced by:

(1) the amount and distribution of the flexural reinforcement in the
siab, ‘

(Z) by the amount, type, and extent of any shear reinforcement, and

(3) by the level of shear stress transferred to the colum simultan-
eous with the moment.

Even when there has been a low flexural reinforcement ratio and a
connection well over-designed for shear, there has still been little
ductility under reversed cyclic loading. For specimens with high reinforce-
ment ratios within lines one and one-half times the slab thickness either
side of the colum, there has been a considerable increase in the lateral
load stiffness. However, there has been as much as a 10% reduction in the
moment transfer capacity as compared to that for monotonic loading and a
punching failure has occurred shortly after the reinforcement passing
through the colum has yielded. Since there is little improvement in the
ductility with the use of low reinforcement ratios and a considerable
reudction in stiffness, concentration of colum strip reinfercement is
desirable.

166
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The only proven ways. of maintaining capacity through large rotations
has been to add properly detailed shear reinforcement consisting of either
integral beam stirrups or thin steel H sections or studs anchored above
and below the flexural reinforcement passing through the columm._  Shear
reinforcement in the form of shearheads or bent bars increases the capacity
but does not increase ductility. The shear reinforcement must hold the top
and bottom flexural mats together and prevent the development of a splitting
crack between those mats. The shear reinforcement should have a spacing not
exceeding d/2Z and need not extend further than about 5 slab thicknesses out
from each colum face. Rules for proper detailing of such shear reinforce-
ment are described in Reference 7. Slab-columm comnections are so flexible
that flat plate structures are unlikely to meet ATC 3-06's stiffness require-
ments for ductile moment resistant frames. Thus, shear reinforcement in ‘
flat plates is probably ummecessary unless the flat plate structure is the
only line of defense or unless the flat-plate structure is to provide a
required secondary line of defense.

The level of shear stress transferred simultaneocusly with the moment”

markedly affects the energy dissipation and ductility characteristics of
slab-colum comnections. To obtain desirable characteristics, the flexural

reinforcement within lines one and ome-half times the slab thicknesses,
either side of the column should be limited to one percent and the shear
stress due to shear transfer on the c¢ritical section d/2 from the colum
perimeter to 2/5?" . At that latter stress, shear cracks have not developed
in the slab pnor to the appllcatlm of lateral loading. :

After a punching failure has occurred, bottom bar ﬂemn'al reinforce-
ment continuous through the column is essential to the commection being
able to maintain its gravity load carrying capacity. Such reinforcement
can carry a shear force equal to its shearing yield capacity. Alternatively,
prestressing reinforcement passing through a columm or over a lift slab
collar is alsc a very effective means of tying a slab-column connection
together after a punching failure. With prestressing reinforcement, a
Tesidual capacity can be obtained equal to 90 percent of the prE-plmChmg
shear capacity.

Shear or torsional cracking develops at the discontinuous edge of a
slab adjacent to an exterior columm, when the shear stress at that location
evaluated according to ACI 318-77 provisions, exceeds 2/I7. If that stress
is exceeded, stirrups having a size not less than No. 3, g spacing equal to
or less than d/2, and extending up to four times the slab thickness from
the torsional faces of the column should be provided to prevent opening of
those cracks. While the best ductility and energy dissipation character-
istics are obtained with integral beam stirrups, hairpin stirrups inserted
perpendicular to the edge and extending' a distance equal to the colum
projection into the slab plus £., or twice the slab thickness plus z,,
whichever: is less, into the slag will also prov:.de adequate control go the
opening of those cracks. :
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Tests have shown that the above results are also applicable to waffle
' slab-interior colum connections (4) and that when there is moment transfer
about both axes of a column (8), the effect of the minor moment on the
shear capacity can be neglected if that moment does not exceed 30% of the
major moment and there is adequate reinforcement within lines one and one-
half times the slab thickness either side of the colum to transfer that
minor moment.

The recent tests on flat plate frames at the University of Washington
(8), have shown that in a frame, a punching failure will occur at a connec-
tion without stirrups at a displacement and at a capacity consistent with
subassemblage results. However, that punching failure did not lead to an
immediate loss in capacity of the overall frame since the adjacent commec-
tion with shear reinforcement was able to supply the required additional
moment transfer capacity. Displacements much greater than those for punch-
ing at the connection without shear reinforcement had to be applied before
the capacity of the overall frame deteriorated. During that pericd the
connection without shear reinforcement continued to carry its share of the
gravity load. Further, after lateral loading was completed, it was found
that at the punched connection the slab could be readily jacked back up to
its original elevation and the connection repaired.

2.2 Field Results

Reports (9) have been issued on the behavior of several flat plate
structures in the San Fermando earthquake; the Holiday Inn, Orion Avenue,
the Holiday Inn, Marengo, and the Muir Medical Center. The Holiday Inn,
Orion Avenue, was a seven-story reinforced concrete flat plate structure
with typical plan dimensions 62 by 160 ft. The building was supported on
piles centered under the colums which were spaced at approximately 20 ft.
centers. Spandrel beams approximately 16 x 22-1/2 in, surrounded the
perimeter of the structure. The flat plate floor was 10 in. thick at the
second floor, 8 in. thick at the roof, and 8-1/2 in. thick for all other
floors, The spandrel beams were figured as creating exterior frames
roughly twice as stiff as the interior flat plates so that in the short
and long directions of the building, 36% and 67%, respectively, of the
stiffness was provided by the exterior frames. Peak accelerations at the
first floor level were 0.25g and 0.13g in the short and long directions,
respectively. Roof accelerations were 0.41 and 0.33g, respectively.
Repairs cost 11% of the initial construction cost and were nearly all ncn-
structural. Some structural distress occurred at the corner colum beam
comnections and in the construction joints at the soffit of the exterior
colum-beam connections. The response was most marked in the short direc-
tion with a lengthening of the period part way through the
record indicating that the structure began responding inelastically. The
analysis indicated that beams and slabs yielded, that columns generally
remained elastic, and that interstory drifts as large as 0.13 ft. occurred.

The elastic limit displacement was roughly 2-1/2 times the design code
displacement.
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The Holiday Inm, Marengo Street, had dimensions and member sizes
almost exactly the same as the Orion Avemie building. Peak accelerations
at the first floor level were 0.15g and 0.14g in the short and long
directions, respectively. Roof accelerations were 0.43g and 0.25g,
Tespectively. Repairs cost. 7% of the initdial construction cost and were
nearly all non-structural. Structural distress was similar to that for
the Orion Avenue building. The dynamic response was alsc similar to the
Orion Avenue building. The analysis indicated that beams and slabs yielded
at their commections with the columns but that the colums generally remained
elastic. Interstory drifts were as large as 0.14 ft. In this structure,
as in the Orion Avenue structure, it was gpparent that the stiffness of the
frame was sufficiently low that the non-structural elements such as parti-
tions, played an appreciable role in the character of the structural
response to seismic forces.

The Muir Medical Center was an ll-story office tower with an 18-1/Z in.
deep waffle slab at the ground level and perimeter basement walls. For
the second floor and above,. the 9-in. thick flat slab had 15 in. deep
tapered column capitals with deep spandrel beams around the perimeter.
The deep spandrel beams framing provided 70% of the lateral load stiffness
and the interior flat-slab-tapered drop panel framing the other 30%. Peak
accelerations were 0.10g at the basement level and 0.2g at the roof level.
Some of the structural members were predicted to yield during the earthquake
and the maximum story drift was computed to be 0.64 in, The general per-.
formance of the structure was linear-elastic with only minor lengthening
of the building period during the earthquake, Damage was all non-structural
and est:.mated at less than $2,000. ' :

2.3 Period of Vibration

Fundamental periods for those structures for man-induced excitatiomns
prior to the earthquake, at the begimning of the earthquake, mid-way through
the earthquake, and for man-induced excitations after the earthquake are
listed in Table 1. It is apparent that the period of the predominantly
flat plate structures, the Holiday Imns, increased noticeably during the

earthquakes with the increase being larger for the more heavily shaken
Orion Avenue building.

TABLE 1
Periods of Vibration for Flat Slab Structures

Yeriods

l“BE‘mTE Start or Mid-Ray AfteT

Stories! Direction : Quake Quake | Through Record | Quake

Holiday Inn o Short 0.48 0.79 1.5 0.08

Orion Avenue Long . 0.53 0.88 1.24 0.72

Holiday Inn - Long 0,53 0.88 1.0 0.64

Marengo Short 0.4¢ 0.79 1.2 0.63
Muir Medical 11 Long 0.90 1.43 1.4 1,02

Short 1.03 1.60 1,6 1,14
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If the values of the periods at the start of the earthquake are compared
with the general data on Fig. C4-2, page 373 of ATC 3-06, then it is
apparent that the periods for th??ﬁ structures are better characterizedsyx
the relatienship, Tp = 0.035 hn than the relationship TR = 0.025 hn .

2.4 Stiffness

" The ATC 3-06 provisions limit the allowable story drift for Seismic
Hazards Exposure Groups I and II to 0.015 radians, When there are no
brittle-type finishes in buildings three stories or less in height, these
values can be increased to 0.02 radians. If it is accepted that for a
reinforced concrete structure, a load factor of 1.4 is required on earth-
quake forces and a capacity reduction factor of 0.8 for flexure, then
connection rotations at 65% of the ultimate capacity should not exceed the
story drift specified above divided by C,. Maximum measured values of C
for a story drift of say 0,015 radians fgr a given colum proportion and
spacing can be evaluated directly from the subassemblage specimens.

Table 2 lists C, values calculated according to that concept for
several different investigations. Values range from a low of 2.4 for the
flat plate frame test (8) with a low £ value through to a high of 4.3 for
the waffle slab specimen (4). There is a marked increase in values with
increasing slab depth and a lesser increase with increasing colum size.
Not apparent from.that table is the wide variation in results obtained for
supposedly identical specimens. C, values varied by as much as 50% for
similar specimens and averaged about 20% higher for specimens with shear
reinforcement than those without.

Based on these subassemblage results and experience from the San
Fernando earthquake, it is apparent that a conservative value of C, for
flat plate structutes is 2. Although higher values can be obtaineg by
careful detailing, even for waffle slabs, it is unrealistic to expect that
the C, value of 6 required for a ductile moment resistant frame can be
obtained. Thus, flat plate framing should only be recognized as an accept-
able lateral load resisting system when classified as an ordinary frame.
The only possible exception might be for a waffle siab structure without
brittle finishes and less than three stories high. Even in that case,
experience from the San Fernando earthquake with the Clive View Hospital
Ambulance Port was undesirable. However, the 14 x 18 in, colums were
smaller than desirable and failure occurred in the columns and not in the
slab-column connection.

2.5 Conclusions

Based on this summary of field and laboratory experience, it is
concluded that:

(1) flat-plate structures of normal proportions and without shear

reinforcement will have little difficulty in meeting the strength,

stiffness, ductility, etc., requirements for ordinary frames, especially

if certain detailing requirements specified later, are satisfied.
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(2) With flat plate structures of normal proportions it would be
extremely difficult, if not impossible, to meet the stiffness
requirements for utilizing such frames as special moment frames for

Category C and D buildings.

(3) With flat plates of normal proportions punching failures will
not occur until interstory drifts greater than the limiting values
specified in Table 3-C, page 53, of ATC 3-06.

(4) With flat plate structures used as the gravity load carrying
system in Category C and D buildings, it is not necessary to consider
punching failures as unacceptable provided the detalllng requirements,
specified later, are satisfied.

(5)° With flat plate structures yielding should be defined as either:

(a) the development of the negative moment yield capacity of the
slab on a line extending across the width of the slab at the

colum face, or

(b) the development of the moment transfer capacity at the slab-

colum connection for yielding of 'the reinforcement at that

connection. That capacity can be taken as the flexural capacity

of the reinforcement top and bottom within lines one and one-half
~ times the slab thickness either side of the colum.

(6) The period of structures with 35% or more of the lateral load
stiffness provided by flat plate framing can be estimated from the

relationship Tp = 0.035 h 3/4
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3. Suggested Revisions

3.1 Page 103, 11.6,1, Flexural Members'

A. Alter sentence 2 of paragraph Z as follows:

"At least two No. 5 or larger bars shall be provided continuously
both top and bottom except in slabs.

B. Alter sentence 1 of paragraph 6 as follows:

"Web reinforcement perpendicular to the longitudinal reinforcement
shall be provided throughout the length of all members except slabs."

C. Alter sentence 1 of paragraph 7 as follows:

"Within a distance equal to twice the effective depth from the
end of all members except slabs, ...."

D. Add paragraph 8 as follows:

'""Slabs without beams and supported cn cclums may be used for
ordinary moment frames provided those slabs satisfy the requirements
of Chapter 13 of Ref. 11.1 and this Section. Bottom bar reinforce-
ment, A', shall be provided continuous through or anchored within a
column 3nd not less than that given by the following formula:

LI ZCV'V)
AT T | (-2

where V is the shear force transferred to colum due to unfactored
gravity loads and V5 is the sum of the vertical components of the
forces in any prestressing tendons passing through or anchored
within the column. At least two No. 4 or larger bars shall be
provided continuous through or anchored within the column in both
directions and both top and bottom. In slabs without beams colum
strip negative moment reinforcement shall be distributed so that

at least 60 percent of the required reinforcement is concentrated
within lines one and one-half times the slab thickness either side
of the colum. The shear stress,v, on a critical section located
half the effective depth of the slab from the column perimeter,

and caused by the shear force V shall not exceed 2,7, If there

is no spandrel beam at the discontinuous edge of a sEab, reinforce-
ment within four slab thicknesses either side of a colum face and
adjacent to the edge shall be detailed so that it can act as torsion
reinforcement. If the torsional strength of the spandrel beam
framing into a colum exceeds the flexural strength of the slab at
its connection with the beam for the adjacent half panel width, all
shear shall be assumed transferred to the colum via the beanm.
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Reasons.

Sectiom 11.6.1 is altered so: that is clear that flat plate, flat slab,.
or waffle slab construction is acceptable €for ordinary frames. Revision I
spells cut special restrictions for that framing.

A, B, and C. Elimination of requirements for slabs is viable when
Revision D is added..

D. Sentence 1 requires that slabs be defined according to the two-way
systems envisaged in Chapter 13 of ACI 318-77.

Sentence Z requires. sufficient reinforcement through a colum to be

able to support the gravity load of a slab in the umexpected event that a
punching failure ocaurs. ,

Sentence 3 specifies a minimum amount for that reinforcement.

Sentence 4 creates a situation where the steel passing through the
colum head area will yield shortly before or simultaneously with yielding
on a maximum negative moment line extending across the width of the slab.
If that condition is not satisfied and only the requirements of Chapter 13
of ACI 318-77 satisfied the negative moment reinforcement passing through
the colum can be yielding under gravity loads. The lateral load stiffness
of the flat plate framing would be decreased markedly.

Sentence 5 requires that the shear stress caused by the gravity loads
will be sufficiently Iow that the comnection will have a ductility ratio
of at least 2.

Sentences 6 and 7 add requirements identified in the Suggested Revi-
sions to ACI Code 318-77 by ACI-ASCE Committee 426 and the previous
discussion. Sentence 6 ensures that if shear or torsional cracks develop
at the edges of slabs, there is reinforcement that can control the opening
cf those cracks. Sentence 7 specifies how to distribute shears when there
is a spandrel beam and no flexural beam.

3.2 E. Page 451 in Commentary
Revision

Add toc end of paragraph for 11.5.1 finishing on that page:

"Flat plate frames of nommal proportions and detailed as specified in
Sec. 11.6 will not yield until story drifts greater tham 0.03 h_ ."

Reason

Clarifies that flat plate frames are very flexible relative to other
framing systems and corrects deficiency noted in discussion.
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3.3 F Page 347 of Commentary

Revision
Alter starting at the top of page 347 as follows:

"Loading is ¢yclical, so static ultimate load capac.:ies may not be
reached. If ... (to end of paragraph). In the example of the flat
plate warehouse, the connections can still carry the design gravity
loadings if they satisfy the requirements of Sec, 11.6.1. If,
however, they are to provide any calculated seismic resistance,
they must be detailed for ductility consistent with that required
for the parallel exterior shear wall or ductile moment resisting
frames.' .

Reason

Clarification of wording to make it consistent with the revised
Sec. 11.6.1. .

3.4 G Section 4.2.7 Page 56

Revision
Alter Eq. (4-4) as follows:

"where = 0.035 for steel frames or concrete frames where flat
plate framing provides 35% or more of the lateral load stiffness.”

Reason

Flat plate framing is considerably more flexible that beam and colum
framing, slab sections are lightly reinforced, and cracked at the colum
face under gravity loadings, The three structures shown on Fig. C4-2
Page 373 satisfying the 35% requirement had initial periods at the start
of the earthquake on or above the broken line in that figure and their
periods increased with the duration of shaking. Part of the greater initial
stiffness was attributed in the San Fernande reports to the stiffening
effects of non-structural elements. Closer attention to architectural
requirements, as specified in Chapter 8, would increase the conservancy
of calculating C values as recommended above.

3.5 H Page 348 of Commentary

Revision
Add to last paragraph of Page 348:

"For two-way slabs orthogonal effects at slab-to-column connections

can be neglected provided the moment transferred in the minor direc-
tion does not exceed 30 percent of that transferred in the orthogonal
direction and there is adequate reinforcement within lines one and
one-half times the slab thickness either side of the colum to transfer
all the minor direction moment."
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Reason

Considerable simplification that is predictable usmg beam-analogy
concepts (7, 8) and has beer proven by testing (8).
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20 NOQRTH WACKER DRIVE / SHICAGGO, ILLINQIS 60606

TELEPHONE 312 / 346-4071
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March 25, 1980

TO: Members of Technical Committee 4: Concrete

Edward Cchen - -
Eugene Holland
Joe Manning

Jim Prendergast
Mark Fintel
Nelil Hawkins
VYitelma Bertero
Jim Lefter

Dick Marshall

Tk
‘dv
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RE: ATC 3-06 Review
Gentlemen:

As discussed and committed in our 21 Feb 8C meeting, I
have developed recommended detailing reguirements for

prestressed concrete piling, to be inserted into Chapter 7.

Add new Section 7.5.3 (E)

(1) For the body of fully embedded foundation piling
sub jected to vertical loads only, or where the design
bending moment does not exceed 0.2 @ Mng, spiral reinforcing
shall be provided such that (’52 0.006 (0.2%)

(2) For free standing piling and holleow core or marine
piling subject to severe installation and operatiaonal forces,
spiral reinforcing shall be provided such thatf% 2 0.022 (0.7%),
er a spacing satisfying the following relationship, if 1t
results in a percentage of spiral greater than that given

above:
. fy Asp
Ssp = (c + 7 dsp) fr
where Ssp = spacing of spiral reinfarcing
fy = yield strength of spiral reinforcing
Asp = Area of spiral reinforcing
c = cover over the spiral reinforcing

HON-POORIT JRGCANIZATION FOR T-E ADVANCEMENT OF THE GESIGN MANUFACTURE AND USE QF PRESTRESSED CONCRETE aN® PRECAST CONCRETE
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dsp = diameter of spiral reinforcing
fr = modulus of rupture of concrete

f; = ratic of volume of sgpiral reinforcing ta
total volume ef core (out ta out af spirals)

(3) Any piling installed in layered sails Imposing severe
curveatures during earthquake shall have the same amount of
spiral reinforcing indicated in item (2) above, accompanied
by additional amounts of flexural reinforcing indicated by
moment - curveature relationships developed far the pile and
scil profile present.

(4) The top and bottom portion of hollow core piling and
rigid frame piling where high values of shear and moment
ocgur simultaneously shaould caontain spiral reinforcing with

s 20.031 (1.0%) for a distance of 2 pile dlameter, ar 2
times the width of the plle.

References:

1. Gerwick & Brauner - Design of High-Performance Pre-—
stressed f Concrete Pileg far Dynamic Laading
(ASTM SIP 670, 1979T

2. Margason - Pile Bending Ouring Earthquakes, lecture
series at U,C. Berkeley on Effects of Ground Shaking
and Movement an Piles. Marech &, 1375.

3. Bertero, Lin, Seed, Gerwick, Brauner, and Fotinas -
A Seismic Design of Prestressed Concrete Piling,
FIP Congress NYC, May 25, 1974,

4. Margason - Earthgquake Effects on Embedded Pile Foun-
datiogns, paper presented at Pile talk Seminar,
San Francisco, March 1%77.

5. Test data from dynamic cyclic prestressed piling tests
conducted under the spanscorship of the Prestressed
Concrete Manufa;turers Association of California.

6. Test data fraom tests conducted by H., Makita of the
Takyu Concrete Pile Ca.

~-—Jery truly yours,

T r—

avid A. Sheppard
California Marketing Director

cc: California Steering Committee
Dan Jenny, PCI
Ben C. Gerwick, Jr.



Pacsvad @ PCHE April 1€, (75C
April 7, 1980

PROPOSED REVISIONS TO ATC 3-06

V. V. Bertero - Representative of AIC

REVISIONS PROPOSED BY:

V. Neil M. Hawkins, PTI Representative

5.1 SEC. 11.6.1 = Flexural Members, ?age 103 -

A. Alter sentence 2 of paragraph 2 as follows:

"At least two No. 5 or larger bars shall be provided centinuously
both top and bottom except in slabs.

B. Alter sentence 1 of paragraph 6 as follows:

"Web reinforcement perpendicular to the longitudinal reinforcement
shall be provided throughout the length of all members except slabs."

C. Alter seutence 1 of paragraph 7 as follows:

"Within a2 distance equal to twice the effective depth from the
end of all members except slabs, . . ."

D. Add paragraph 8 as follows:

"Slabs without beams and supported on columns may be used for
ordinary moment frames provided those slabs satisfy the requirements
of Chapter 13 of Ref. 11.1 and this Section. Bottom bar reinforce-
‘ment, AZ, shall be provided continuous through or anchored within a
columa and not less than that given by the following formula:

L) |
b =95 &y (11-2)

where V is the shear force transferred to column due to unfactored
gravity loads and Vp is the sum of the wvertical components of the
forces in any prestressing tendons passing through or anchored
within the column. At least two No. 4 or larger bars shall be
provided continuous through or anchored within the colummn in both
directicns and both top and bottom. In slabs without beams column
strip negative moment reinforcement shall be distributed so that
at least 60 percent of the required reinforcemen: is concentraced
within lines ome and one-half times the slab thickness either side
of the column. The shear stress, v, on a critical section located
half the effective depch of the slab from the column perimeter,
and caused by the shear force V shall not aexceed 2 /EZ, If chere
is no spandrel beam at the discontinuous edge of a slab, reinforce-
ment within four slab thicknesses either side of a column face and

L20



adjacent to the edgenshall,be:detailéd'SOrthat it can act as torsion
reinforcement. If the torsional strength of the spandrel beam
framing inte a colummr exceeds the flexural strengrh of the slab at
its connectioun with the beam for the adjacent half panel width, all
shear shall be assumed transferred to the columm via the beam.

COMMENT:.

Bevisionr A should be introduced.

Revisiom B should be imtroduced..

Revision € shonid be introduced.

Revision D should be introduced but with the following correction and
addition. The end of sentence 6 of this suggested new paragraph 8 should
read as follows: ". . . it can act effectively as torsion reinforcement
considering the nossibillty of -full reversals of the sense of the
torsional momaencs.™. .

Furthermore, i* iz suggested that.in.the commentary to this Sectiom
"1I1.6.1 some guidelines regarding the proper detailing of such torsion
reinforcement be given.

5.2 COMMENTARY CN SEC. 11.5.1 om page 45L.

Add to end of paragraph for 11.5.1 finishing om that page: "Flat
plate frames of mormal proportions and detailed as specified in
Sec. 11.6 will not yield until story drifts greater than 0.03 b !

COMMENT: This proposed revision should be introduced modified as follows:

' "The flat plates of flat plate frames of normal proportions and
detziled as specified in Sec. 11.6 will not undergo any significant
yield until story drifts greater tham those allowable (Table 3-C)."

5.3 COMMENTARY ON SEC. 3.6.3 on page 347.

Alter starting at the top of page 347 as follows:

"Loading is cyclical, so static ultimate load capacities may not be
reached.. If . . . (to end of paragraph). In the example of the flat
plate warehouse, the comnections: cam still carry the design gravicy:
loadings if they satisfy the requirements of Sec. 11.6.1. If,
however, they are to provide any calculated seismic resistance, they-
must be detailed for ductility consistent with that required for the
parallel extericr shear wall or ductile moment resisting frames."

COMMENT: This proposed.fevision should be introduced. BHowever, it should
be noted that there appears to be an inconsistency between this
proposed revision and the previous one where it was stated that the




- 5.4

COMMENT: This oronosad ravigion

flat plate frames will not yield until story drifts greater than
0.03 hgx which is larger than the maximum allowable story drift of
0.02 hg, . Thus it appears there is no way that detail for ductility
larger than 1 can be developed for the allowable story drift.

SEC. 4.2.2, page 36.

Alter Eq. (4-4) as follows:

"where Cp = 0.035 for steel frames ot concrete frames where flat
plate framing provides 35% or more of the lateral load stiffness.”

shonld not he introduced

REASONS: Although bare flat plate frames are very flexible, and their

periods are larger than the values given by Tz = 0.035 Cgp hn3/4
when they arz used in buildings the initial periods of these
buildings usually decrease considerably due to the effects of the
nonstructurz! components, even to values below those given by

Eq. 4—4 using Cp = 0.035. The AIC policy in specifying wvalues for
the pericd tc be used in estimating the seismic forces has been to
specify lower values than the real ones, particularly in the case
of flexible buildings, with the main objective of forcing the design
of strongaer and stiffer structures to aveid the large nonstructural
damages that have been observed in these buildings during even
moderate ground shaking. Furthermore, if it is considered that ATC
allows the use of T = 1.2 T, (sees Sec. 4.2.4) and even T = 1.4 T,
(see Sec. 5.8) when T is computed according to established methods
of mechanics, the acceptance of Cy = 0.035 will permit the use of

T values larger than those that have been measured in the field.
This is not desirable.

COMMENTARY ON SEC. 3.7.2 on page 348.

Add to last paragraph of page 348:

" "For two-way slabs orthogonal effects at slab-to-column connections

can be neglected provided the moment transferred in the minor
direction does not exceed 30 percent of that transferred in the
orthogonal direction and there is adequate reinforcement within lines
one and one-half ctimes the sleb thickness either side of the column
te transfer all the minor direction moment."

COMMENT: This revision should be introduced.
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5.6 SEC. 3.7.12. Vertical Seismic Motioms for Buildings Assigmed to
Categories C and D.

The: vertical component of earthquake motion shall be considered in
the design of horizontal cantilever and horizontal prestressed components.
For horizontal cantilever compoments, these effects may be satisfied by
designing for a net upward force of 0.2Qp. For horizontal prestressed
components, these effects may be satisfied by designing for a net upward
foree of 0.20n if the prestressed component is not part of the seismic
resisting system and bonded reinforcement not less than the minimums
required by these provisions is provided where maximum moments may
occur for botir horizontal and vertical compoments of the earthquake:
motioun. For othar horizontal prestressed components, these effects may
be aa.tisfied. by Formula 3~-2a.

COMMENT: This grovosad revision should be reviewed by Committee 2: Structural

Design. Iz view of the little data available on the behavior of

prestrassed rypas of constructionm, and of the possibility that the

vertical groond motions can excite inertial forces on the order of
0.5Qp, the writar suggests that design examples be carried out with

Equation 3.2z as well as the 0.2Qp net upward_ force suggested by Profassor
Hawkins..
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AP 2
Letter to: Ed Cohen :
Gene Holland
Joe Manning
Jim Prendergast
Mark Fintel
Neil Hawkins:
Vitelmoe Bertftero
Jim Lefter
Dick Marshall

RE: ATC 3-06 Review - Concrete ProQisions
Gentlemen:

As indicated and committed in the minutes of ocur last meeting
gn 21 Feb 80 in SanvFrancisco, enclosed age the draft praovisiaons
for precast concrete to be reviewed for inclusion in the ATC 3
document :

Add New Paragraph to Section 1.3.1

“Structures comprised of precast and/or prestressed
concrete subassemblages shall be designed in accordance

with the requirements of Section 11.9."

Add New Sectign 11,9

11.9 Structures comprised of precast and/or prestressed

concrete subassemblages

The provisions of this section apply to buildings con-
structed with precast concrete elements not conforming to
the detailing provisions given elsewhere 1n this section
for cast-in-place concrete,

11.9.1 "Non Ductile” Canstruction

Structures with assemblages of precast concrete components
furnishing lateral resistance agaihst seismic forces and which
do not possess energy absorption mechanisms shall be designed
to resist equivalent lateral forces equal to four times the
value of Vo=CsW determined from the procedure given in Section

4.2, but not to exceed Vg=1,5AVW, 184



Lateral loa¢~fesistingﬂwalls Fc;med by interconnecting
precast elements tagether shall have a ratioc af wall height
(h) tao total coupled wall iengtm (&) - h/d of naot greater
than four.Walls with h/d greater tham four, oo where the
desigmrr compressiva~stres$ gxceeds 0.2f'¢c shall contadin
vertical boundary members in accordance with Sectiaom 11.8.4,
and willk not be designed under this sectian.

X bracing systems used to furnish lateral support far
vertical load carrying frames: comprised of precast and/or
prestresse¢-cancreﬁe':omponehts sitall be designed to resist
equivalent lateral forces equal to four times the value of
Vo=CsW determined from the praocedure given in Section 4.2,
~ but not to exceed VYV, =Z.0AvW.

In developing the above farces, prestress strands,
reinforcing, and concrete shall remain in the elastic range
at the thresheold of the yield point, or proportional limit
stéte of the material. |

11.9.2 "Duectile" Construction

Energy absaorbing lateral load resisting systems comprised
of precast and/ar prestressed concrete components shall be
permitted provided satisfactory evidence can be éhown in the
form of experiments, testing, and analysis based upaon estab-
lishedpenginéeriﬁg,grinciples-that the resulting construction
complies: with the requirements of Sectians 3.6 and 3.7 and this
chapter, and that they offer the same strength, stiffness,
stability, durability, damping, energy ébsorpticn, and energy
dissipation capacities (ductility) as required.from'the monag-~

lithic cast-in-place ordinarily reinforced concrete construc-
185



tion that they replace if the R and Cy4 values given in
Table 38 are used.
Included with these draft recommendations is a graph of
equivalent lateral force values versus period, showing alsc the
force levels generated by the 1940 E1 Centro eafthquake, long

recognized as the standard maximum credible earthquake in seismic

zone 4.

Very truly vours,

David A. Sheppard

California Marketing Director
cc§7 Dan Jenny

California Steering Committee
PCI Seismic Committee

185A



CoggEFIc ‘NT"

SHeqn

ELF lucs_é :

1.1
y
i
-3
KCS L‘t‘13)
0.4 =
'5t T kv h
o1 |k “
[}
|l
3 LN Av
"
0.5 G .
/\
5 .s
k \ / \ et 1 hd-e f &ge CAve )
4 \/ €L cauvio ,,;:‘._
o, % o — :
!
/ \ \
, f“h—.‘,_\‘\\
%% 4 ) AN, |, £S0ULED Mean Of Fou@ aficony [
: / \ v C4018LE EadTHAvALGS ~ b Savrte
. s, ——, *
: Vi \ —>.
2 - -
vee 7¢-} AN Tl ——.
] ey
& ! % e
" 7 S .
Syara-3)
’ r—
< 5 . 1.5 2. z.5

T (Pegieo i1 Séana_ﬁ

VaLuds Feoda ATCE-T SLE Craiticbor (C3)

Aa « i Av e g sllfdnnf.n?ﬂ"ln‘;t < &
LEiCnsie r’u‘.“m‘a étr‘éod-’" te Ct C'selfnn-l.e A tgddr ExP ol vie Cw-z)
e &5 Cohk © ¢ 8Galunig (TG4t (ware. SYEIEAe .

g Dol Wk T'"s"'-

‘e

Vltlwer Eed. wle i
‘,t .33 L el Z oo cs £ o4

1858

C{‘LL/?&



UNIVERSITY OF CALIFORNIA, BERKELEY

Bm'DAVIS*EMB'LOSWGM‘WEE'WDEGO'WMM SANTA BARBARA * SANTA CRUZ

COLLECE OF ENCINEERING BERKELEY, CALIFORNIA 94720
DEPARTMENT OF CIVIL ENGINEERING
DIVISION OF STRUCTURAL ENGINEERING

AND STRUCTURAL MECHANICS

June 2, 1980

MEMC TQ: .. Members of the Technical Committee 4 Concerning the Review
s and Refinement of ATC3-06

FROM: V. VY. Bertero

REGARDING:  Comments Regarding the Technical Implications of Incorporating
New Appendix A into ATC3-06

I must apologize to you for the way I presented my comments on the
rough draft byt I have been working since Friday May 30 at 5:00 p.m. practically
until 8:00 a.m. today, Monday June Z, and I de not have any more time to
finish my comments or polish them. Attached [ have given my conclusions
and recommendations and the reasons for them.

I regret to inform you that I have presented my resignation as a
representative of ATC to this committee. [ have enjoyed very much working
with you in the technical matters. However, lately I have not enjoyed being
involved in what appears to be a struggle for power over who is to write codes
regarding seismic resistant design of structures. I don't like to conduct
my review under pressure. [ do not agree with the way that the activities of
this committee have been conducted lately.

In my memo to the secretary of the committee, datad Maﬁ3521, 1980, I
not only requested but pleaded that the committee Tet me know at that time
whether I should try to improve Chapter 11 or try tg improve the final draft
of the new Appendix A. [ thought that this issue was resglved at the meeting
on Aprill4. However, I learned that the industries disallowed the vote of
their representatives. I consider this unacceptable of the committee. It
was not until last week that [ learned that I have been requested to review
the new draft of Chapter 11 that was proposed to be used to incorporate the new
Appendix A into ATC and that there will be an emergency meeting of the committee
on June 4. My previous committment does not allow me to attend such a meeting.
I don't have the time to do a review as [ would like to do. For example, I could
not review the commentaries of the new Appendix A and therefore [ had difficulty
in going through the proposed integration of the present Chapter 11 of ATC and
‘the draft of the new proposed Appendix A. B8ut according to the experience gained
in these last two days of working, [ feel that it will be a disservice to the
designers that have to do trial design runs to request that they use all these
conflicting documents {ATC, ACI 318-77, the intarface between Chapter 11 and
Appendix A and the new Appendix A).

VVB/ed
cc: R. Sharpe
E. Leyendecker
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REVIEW OF AN UPDATED CHAPTER 1I (May 28, 198C) SUBMITTED BY FINTEL
AND. QF THE APPENDIX A, DATED MARCH 1980

CONCLUSIONS AND RECOMMENDATIONS

by Vitelmo V. Bertero, Representative of AIC

CONCLUSIONS: Although z complete review could not ber done because of lack
of time; the attached comments and observations clearly lead to the-
following conclusiom:

THE UPDATED DRAFT OF CHAPTER 11 SUBMITTED BY FINTEL ON MAY 29, 1980, AS
SUGGESTED BY THE INDUSTRIES, CANNOT BE ACCEPTED FOR INCORPORATION
TOGETHER WITH A NEW APPENDIX A INTO THE ATC 3-06.

Even if new drafts of this chapter and Appemndix A, including all the:
corrections, -additions and clarifications suggested in the attached coments,,
are prepared, [ strongly believe it would be z mistake to introduce it inm
the ATC 3-06 for the TRIAL DESIGN PHASE OF ATC 3-06. The main reasom is
that the designers will have to consider two new and very confusing cross
references (Chapter 11 and the new Appendix A) which would increase the
probability of misinterpreting the provisions. Considering thac, even if
the designers were able to interpret correctly the interfacing provisioms
of the new Chapter 1] and Appendix A, no significant technical improvement:
in the design will be obtained, the writer believes:#4t 1z not wise at this
time to introduce the new chapter and appendix.

RECOMMENDATIONS: The writer agrees: that Chaptér 11 of ATC 3-06 needs to be

updated and integrated with the new Appendix A. Therefore it is recommended
that

A TECHNICAL SUBCOMMITTEE, WITE MEMBERS FROM COMMITTEE 4 AND THE ACT
COMMITTEE THAT HAS PREPARED THE NEW APPENDIX A, BE FORMED AND CHARGED WITH
THE MISSION OF IMPROVING AND INTEGRATING. THE NEW APPENDIX A INTO CHAPTER 11
OF ATC 3-06.

cc: Roland Sharpe
E. Leyendecker



MEMO TO: E. Cohen, Chairman of Technical Committee 4: Concrete Review
and Refinement of ATC 3~06, and
E. Pfrang, Chief of Structures and Material,Division, NEL

FROM: V. Bertero, Representative of ATC

RE: Technical Implications of Incorporating ACI 318~77 and New
Appendix A by Reference into ATC 3~06

According to the request formulated by you through Mr. TFiantel's letter
of May 29, 1980, I met with Mr. Fintel and Mr. Neville, ACI Committee 318
Secretary, on Friday, May 30, 1980, ac 5 p.m. imn 750 Davis Hall, Universicy
of California, Berkeley, to discuss the-above technical implications. As
requested in the sape letter, the following are my written comments. It
should be noted that these comments are of a preliminary nature as I d4id noc
have time to go through the document as thoroughly as I would like since it
was ooly delivered to me on the evening of Wednesday, May 28, 1980. For
example, the provisions regarding joints of frames (Section A.6 of the new
Appendix A) differs considerably from the ATC provisioms om joints'
(Sectiom 11.7.3). To comment properly on the implications of this change
would require the technical background material (data) on which the changes
have been based and the time to study it. I did not have either.

I. CHANGES NEEDED IN CHAPTER 11l.

Page 1. Sec. 11.1 should read: Refs. 1l.1:
. {1] ANSI/ACI 318~77 "Building Code Requirements For Reinforced Concrece”
but excluding Appendix A; and

[2] New proposed Appendix A - Requirements for Reinforced Comcrete Building
Structures Resxstlng Forces induced by Earthquake Motions, 19 March,
1980,

2. Sec. 11.4.1 should read "Where Qrdinarvy Moment-Resisting Frame

Systems are used for the seismic-resisting system, frame components

(beams, colums, and their joints) shall be proportioned to satisfy,

in addition to the requirements of Chapters 1 through 17 of Ref. [1]

(ANSI/ACI 318-77), the provisions A.3.2, A.3.3, A.4.3 and A.8.2 of

Ref. [2]. [NEW APPENDIX A] with the followingadditions and exceptioms:

)
o]
1}

1. A.3.2.1 Last sentence should read "At least two N¥o. 5 or larger
bars shall be provided continuously both top and bottom."

2. A new sectiom, A.3.2.5, should be added in the new Appendix A.
This section A.3.2.5 should contain the provisions required in ATC
Sec. 11.6.1, paragraphs 4 and 5, i.e., "A flexural member framing
+ + +» yleld stress.” '"Longitudinal reinforcement . . . for the
reinforcement. ™

3. A.4.3,2 The first semntence should read "Lap splices are permitted
only within the center half of the svan and shall be proportioned as
tension splices. Welded . . ."
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Page 3. Sec, 11.4.1 (E). Add " . . . considering the probability of full
reversals of the sense aof the rorsional moments (torsional resiscance
combined with flexural under reversal moments deteriorate significantcly
when conventional web reinforcement is used).”™

Page 3. Sec. 11.5.1. Add at the end of this secrtion ". . . A.Z.5, excent
that ASTM 615 Grade 60 reinforcement should not be used when welding
of this reinforcement is used.”" (See my comments of Feb. 11, 1980.)

Page 3. Sec. 11.5.2. First paragraph, last line should be changed as
follows: ". . . provisions of Ref. [2), i.e., new proposed Appendix A."
Second paragraph, second line, same change as above. (The same change .
should be made throughout the whole proposed draft.)

In the firstC paragraph it is necessary to clarify that ATC refers to
"braced frames" whila A.5 refers to trusses. This incomsistency should
be removed. I recommend that, rather than incorperating the
exceptions here, a new Sectiom 1l.6.1 be added om page 4.as it was
recommended be done on the May 5, 1980, ballot, i.e., a new Section
11.9 of the ATC document.

Page 3. Sec. 11.5.3. Should read "Structural walls shall have vertical
bourndary members which shall be proportioned to satisfy the provision
A.5.3 of the New Appendix. Vertical boundary . . . can be developed.
If lap splices are needed at these levels, thay shall be proportioned
as tension splices.”

Page 4. Sec. 11.5.3. First paragraph (top of page) should be changed to
read "Structural diaphragms shall be provided with boundary or edge
.elements at any section where temsile axial forces can be develcped
across the entire diaphragm section. Theses boundary elements shall
be designed as required by A.5.3. If lap splices are needed art these
sections, they shall be proporticmed as tensiom splices."

Page 4. Sec. 11.5.4. This section should read as follows: "STRUCTURAL
COMPONENTS NOT PART OF THE SEISMIC-RESISTING SYSTEM.
All structural components assumed to be not part of the seismic-
tesisting system shall comply with Sec. 3.3.4(C) ard shall conform
with the provisions of Sec. A.8 of the new Appendix A except for
Sec. A.8.1. This Sec. A.8.1 does not apply to the investigatiom of the
deformarion compatibility of these components: Sec. 3.3.4(C) is the ome
that should be used.
The design of such components shall satisfy the minimm reinforcement
requirements specified in Chapters 7, 10 and 11 of ACI 318 and
Secs. A.3.2.1 and A.5.2.1. If nonlinear behavior is required in such
components to comply with Sec. 3.3.4(C), the critical portioms shall
be provided with special transverse reinforcement in accordance with
provisions A.3.3 and/or A.4.4 of the new Appendix A.

IT. CHANGES NEEDED IN THE NEW APPENDIX A TO MAKE IT CONSISTENT WITH THE
ATC 3-06 PROVISIONS

Page 1. 'A.O Notation
h - should read K™

Note that some notations are different from those of ATC. For example,
k' is h. in ATC, S is Sh in ATC, and Pj is P‘n in ATC._ Therefore it is



recommended the notations be reviewed thoroughly for Appendix A and
ATC to assure their consistency.

Page 2. A.l1 Definiticms
Thaere are discrepancies in some of the definitions used by ATC and

Appendix A, For example, the definitions of cross-tie do not agree;
also Structural Wall vs. Shear Wall, Structural Diaphragms vs. Diaphragm,
Structural Trusses vs. Braced Frames, etc. Therefore it i{s recommended
that the definitions in the two documents be thoroughly reviewed and
the discrepancies removad.

Page 3. Definition of Anchorage Length for a Bar with a2 Standard Hook.
This definition does not agree with results of laboratory experiments
and fleld inspection of damages. The effective length of anchorage
cannot be counted from the critical section (where the strength of the
bar which is located at the faces of the joint is to be developed). The
concrate of the jeint that is not confined (which has the shape of a
cone) is not effective in supplying anchorage. This definition should
be changed to consider the cone of unconfined concrete.

Page 3. Sec. A.2.1.1 This provision should be clarified. Limitatioms on
the amount of energy dissipation that can be used, or would be acceptable
or tolerable, should be specified. Can these provisions be used when
the nonlinear response of the structure would demand "displacement
ductilicy”" of the order of 10, 20, 30, 40, 30, 60 . . . 7 As is it
written now, 1t is too vague and could lead to misuse of the provisioms.

Page 4. Sec. A.2.1.3. Are the requirements for Zome 2 as defined by the
UBC 1579 (I assume that it is the 1979 edition of the UBC to which
this Appendix A refers)compatible with the requirements for good seismic
performance of buildings assigned to Category B? This should be
discussed and clarified.

Page 4. Sec. A.2.1.4. Are the requirements of the UBC 1979 for regioms
following Zones 3 and 4 sufficlent to guarantee good seismic
performance for buildings assigned to Categories C and D? This should
be discussed and clarified.

Page 5. Sec. A.2.3.2. Does ¢ = 0.5 apply only to the computation of the
strength of the element under concentric axial force, or dees it apply
alsc to the combined axial force and bending moment, i.e., to the whole
N-M interaction diagram for N > Agf&/lﬁ (as it was established in ATC)?

Page 5. Sec. A.2.5.1. A flag regarding the weldability of ASTM A615
Grade 60 should be inserted. Furthermore, it shculd be noted that,
while ATC required thar in tests the actual yield stress not exceed
the specified yield stress by mors than 21,000 psi (18,000 + 3,000},
the new Appendix A allows 22,000 psi (18,000 + 4,000). I do not have
the background material that has been used to justify this change.
Note that the higher the wvalue that is accepted, the less meaningful
become the computations based on specified yvielding (quality contreol
of material is a must if we want to improve seismic-resistant design
and comstructien).
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Page 5. Sec. A.3.2.1. The last sentence $hould read "At least two No. §
or larger hars shall . . ."

Page 8. Sec. A.4.2.1,. This sectionm should be modified to read as follows:
"At any joint . . . the sum of the flexural strengths of the coclumns
calculated considering the crirical combination with the possible
critical axial forces (whole range of possible axial forces acting im
combinaction with the moments should be. considered) shall exceed the sum
of the moments at the columms obtained from rhe equilibrium ar the jointc
when it is counsidered that the beams framing into that joint in the plane

of the frame under comsideration reached their flexural strength. The
EIm:aL strenghs shall be . ., "

Page 8'.' Sec., A.4.2.2. This section should be deleted or completely modified.
Reasons: It allows the design of weak column-strong beam frames that
can lead to soft story. Since the time this philosophy was proposed, L
have opposed it because it leads to an unsound seismic-resistant system.
It is not that the columms cannot be made ductile, but rather that the
formation of a sofr story leads to such large demands of energy dissi-~
pation capacity (ductility displacement demands) from the columms: that
these demands cannot be supplied. Therefore, it should be made clear
that, except for frames of more than 2 stories, attempts should be made
to prevent the development of soft stories. Any provision that will
allow the formation of such soft stories should be deleted. Following
this basic seismice-resistant guideline, if this section is not deleted
it should be modified as follows: "A.4.2.2 = At any story level of
a frame, a certain number of columms could be allowed to not satisfy
Sec. A.4.2.1 provided that the remaining columns in that storvy of the
frame complying with the requirsments of Sec. A.4.2.1 are.capable of
elastically resisting the entize stgry shear at that level, accounting
for the altered rigidities and tors‘én resulting from the omissiom of
elastic action of the nonconfomng colums. In addition, the noncon-
forming columms shall be provided with transverse reinforcement as
specified in Sec. A.4.4 over their full height if the factored axial
force in those colums exceeds (Agf{._/ 10)."

Page 9. Sec. A.4.3.2. At the end of the first sentence should be added
"e . . spar and shall be proportioned as tension splices. Welded . . ."

Page 9. Sec. A.4.4.1. In the list of notations, the following correctioms
should be made: Replace h with h", also in the defimition of Ag .

If this notation is used, the notatiom im ATIC, pp. 40-43, should
be modified also.

Page 10. Sec. A.4.4.1 Item (4). This item should be deleted as it can
lead to unsound seismic-resistant practice by allowing coclumms without
ductiliry since no confinement is required. Confinement of the concreate
core is not only required for developing extra strength in the
confined concrete required to compensate for the loss. of the cover, but
also to increase the deformation capacity (ductility). It is well
documenred through experiments and field inspection of eartrhquake
damages that the cover of the columms at the joints will.pull out and
spall, reducing the effective area of concrete available to resist the
internal forces to an effective cross-sectional area even smaller than
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that of the confined core. Application of the requirements of this
Appendix does not guarantee that the columm will remain elastie,
because of the effects of strain hardening of beam reinforcement and
the effects of higher modes of vibration. It is for these same reasons
that I strongly support the recommendation in the present UBC (1979)
that requires that shear strength of colums be computed based on the
¢olum core area.

The application of the provision of this section together with Sac. A.4.2.2

can lead to disaster. Therafore, I strongly recommend the deletion of
thesa two sections or their modification.

Pagel(. Sec. A.4.4.4. At the end of this provision should be added "For
members for which the calculated point of contraflexure is not
within the middle half of their span, the special transverse reinforce-
ment specified above should be provided over the full height of the
members.” (See ATC 11.7.2(B)S (p. 106).

Page 11. Sec. A.5.2.3. What is undérscood by "elements of structural
diaphragms" should be clarifiad. Are these Collector Elements and/or -
Boundary Elements? This should be specified. 1 also counsider it
necessary to add afrer the fifth line of this provision the following
requirement: M. . . 0.15 £., provided that no tensile forces or
significant shear forces are developed simultaneously in these elements.
If these elements could be subjected to significant shear forces
(e.8., v, = 3«?3) and to temsile forces, they shall have special trans-
varse reinforcement as specified in Sec. A.4.4 over the total length of
the element. .

Page 11. Sec, A.S.B;l. The requirement should be added for the case where
tensile axial forces can be developed (see 11.3.3).

Page 13. Sec. A.6.3.1. This whole provision needs clarificarion.
(1) It is suggested that the definiticn of A; be given in the notationm,
Sec. A.0, or directly in this section rather” than giving it in
Sec. A.6.3.2. Furthermore, the definicion given is not clear. What
does ''the design shear commentary force" mean? Should this read
"shear generating force”? Should Aj be the total area, the effective
area bd, or the confined core area?

(2) In lines 2 and 5 the symbol 7 is missing; they should read
"coefficient &". '

Personally, I question the soundness of some of these provisions (see
my general comments about weaknesses in the ATC and Appendix A
provisions).

Page 13, Sec. A.6.4. This section nmeeds clarification. The value of ¢
is not given in this section. The reader has to go to the Commentary
to f£ind that i1 has been defined in Sec. A.2.3.3. Yo indicatiom is
given of the location of the critical section for cowputing the
development lengths 235 and %435. I personally would like to see
explicitly in the equation for the estimation of the anchorage length
the 1.25 fy. This is a new section which appears able to give quite
different results than those obtained according to the recommendations

*
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of Committee 35Z (ACI Jourmal/July 1976), depending on where the
critical section for anchorage is taken. T did not have the background
material at hand to study this new sectiom, but it appears to me these
provisions do not properly consider the effects of deformation
reversals to which the anchored bar can be subjected. The reasomns
follow.

(1) The commentary refers to data presented by ACT Commitree 408 whiche
does not include the effect of deformation reversals. Apparently the
only attempt to account for this effect has been to specify a
reduction factor of ¢ = (.65 rather than the ¢ » (.80 recommended by
Commitree 408. This is again a misuse of the original intent of the
reduction factor ¢. -

(2) No indication is given where the critical secticm for anchorage
shiould be located. The research I have conductad clearly shows that
there is a core of unconfined concrete lghosewdepth depends on cover
(shell concrete) and spacing of reinforcement in the joint
coré] which is. ineffective in developing the reinforcement. Thus it
appears ta me that, if designers assume that the critical section is
at the face of the joinr, the application of this provision A.6.4

can lead to wmconservative anchorage, particularly in the case of
narrow columms. .

Therefore at present I canmot support or recomment the Inclusion of
this provision. '

Page 14. Sec. A.7.1.2. Although this section is similar to that in ATC
11.7.2(C), p. 106, I believe it is incorrect. The nominal moment
strengths should be calculated for the critical axial force in the
possible range of axial forces. In the selectiom of this critical
axial force, proper N vs. M interaction diagram and the variation of
the shear strength with N should be comsidered.

Page 14, Sec. A.7.l1l.3. This section cannot be used in conjunction with the
ATC document. The design shear force shall be obtained from the
factored loads and combinations of Sec. 3.7 of the ATC document, and
not from Sec. 9.2 of ACI 318.

Page 15. Sec. A.7.3.1. The application of equatiocn (A-5) to barbell and
flanged wall cross sections is not clear because, according to the
definitions of A, and p,, only the areas of councretzs and steel bounded
by web thickness and height of section should be considered. It appears
to me that all the gteel located in the edge member of the bazrbell
shape should be congidered. Similarly, all the stsel located in the
flange effective width of the flanged cross section should be considered.

Page 17. Sec. A.9.2.2. Equarion (A~8) does not agree with equarion 11-6

- of ATC. YNote that in (A~-6) the reduction factor ¢ is missing. This
appears contrary to the maim philosophy of the whole ACT 318-77
document in which Required Stremngth < ¢ [Nominal Stramgth]. Furthermore,
notation for the factored compressive force at the comstruction joint,
i.e., P, in ATC 1is Ph- Therefore, a change should be made either in.
Sec. Z.ii Symbols of ATC or in A.Q and A.9.2 of the new Appendix A,
Note the inconsistency in A.%9.2 regarding the notation of this force.
In equation (A~6) this force is designated asle but three lines
below this equation (A~6) it is defined as P,.
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REVIEW OF AN UPDATED CHAPTER 11 (May 28, 1980) SUEMITTED BY FINTEL
AND OF THE APPENDIX A, DATED MARCH 1980

CONCLUSIONS AND RECOMMENDATIONS

by Vitelmo V. Bertero, Represenrtative of ATC

CONCLUSIONS: Although a complete review could not be done because of lack
of time, the attached comments and observations clearly lead to the-
following conclusien:

THE UPDATED DRAFT OF CHAPTER 11 SUBMITTED BY FINTEL ON MAY 29, 1980, AS
SUGGESTED BY THE INDUSTRIES, CANNOT BE ACCEPTED FOR INCORPORATION
TOGETHER WITH A NEW APPENDIX A INTO THE ATC 3-06.

Even 1if new drafts of this chapter and Appendix A, including all the
corTections, -addicions and clarifications suggested in the attached comments,
are prepared, I strongly belisve it would be a mistake to introduce it in
the ATC 3-06 for the TRIAL DESIGN PHASE OF ATC 3-06. The main reason is
that the designers will have to consider two new and very confusing cross
references (Chapter 11 and the new Appendix A) which would increase the
probability of misinterpreting the provisions. Considering that, even if
the designers were able to interpret correctly the interfacing provisions
of the new Chapter 11 and Appendix A, no significant technical improvement
in the design will be .obtained, the writer believes it is not wise at this
time to introduce the new chaptaer and appendix.

RECOMMENDATICONS: The writer agrees that Chaptér 11 of ATC 3=-06 needs to be

updated and integrated with the new Appendix A. Therefore it is recommended
that

A TECHNICAL SUBCOMMITTEE, WITE MEMBERS FROM COMMITTEE 4 AND THE ACIL
COMMITTEE THAT HAS PREPARED THE NEW APPENDIX A, BE FORMED AND CHARGED WITH
THE MISSION OF IMPROVING AND INTEGRATING THE NEW APPENDIX A INTO CHAPTER 1l
QF ATC 3-Q6.

¢ec: Roland Sharpe
E. Leyendecker
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3.4 Reference Documents

& Revised Chapter |l - Reinforced Concrete (June 4, [980)

- Comrﬁen-kary Chapter || - Reinforced Concrefe (June 4, 1380)

& Revisions to Incorporate Revised Chapter |1 latc ATC 3-06 (June 4, 1980}
& Proposed Revision of AC! 318, Appendix A - "Requirements for

Reinforced Concrete Building Structures Resisting Forces
Induced by Earthquake Maticns™ (Marchr |G, 1980)



June 4, 1980
CHAPTER 11 - Pages 101-110

REVISE CHAPTER 11 TO READ AS FOLLOWS:

CHAPTER 11
REINFORCED CONCRETE

Sec. 11.1 ~ REFERENCE DCCUMENTS

The quality and testing of concrete and stee] materials and the design and
construction of reinforced concrete components that resist seijsmic forcas
shall conform to the requirements of the references listed in this Section,
except as modified by the provisicons of this Chapter.

Ref. 11.1 ANSI/ACI 318-77 "Building Code Requirements for Reinforced
Cancrete" including proposed revision Appendix A* - "Regquirements
for Reinforced Concrete Building Structures Resisting Forces in-
duced by Earthquake Motions" dated 19 March 1980, American
Concrete Institute. | |

“Ref, 11.2 AWS D01.4-72 "Structural Welding Code - Reinforcing Steel"” American
Welding Scciety.

Sec. 11.2 - REQUIRED STRENGTH
Required strength to resist seismic forces determined by analysis grocedures

of Chapter 4 or § shall be in accordance with Sec. 3.7.1 in lieu of ACI 318
Section 9.2.3. ’

Sec. 11.3 - SEISMIC PERFORMANCE CATEGORY A
Buildings assigned to Category A may be of any constructicn permitted by ACI

318, and shall conform to the minimum requirements of ACI 318, excluding
Appendix A.

A1l welding of reinforcement shall conform to Ref. 11.2.

* "Appendix A-Requirements for Reinforced Concrete Buiiding Structures
Resisting Forcas induced by Earthquake Motions," 19 March, 19&0;
copy attached.
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Anchor balts at tops of columns and simiTar Tocations shall be closely
enclosed withim not Tess thamr twa #4 or three #3 ties located within

4 inches from top of columns. ATTowable Toads om anchor bolts shall net
exceed those giverm im Table 11-A.

Sec. 11.4 - SEISMIC PERFORMANCE CATEGORY &
Buildings assigned to Category B shall conform ta all the requirements for
Category A and to the additional requirements of this Sectiom.

11.4.1 ~ ORDINARY MOMENT FRAMES

Where ordinary moment frames are used for the seismic resisting system,
frame comporents (heams and columns) shall be proportioned to satisfy the
additional provisions of ACT 318, Appendix A.3.2, A.3.3, A.4.3, and A.8.2.
(See- ACT 318 Appendix A.Z.1.3). :

EXCEPTION:

Where slab systems without beams between supports and supported on
columns are used for the seismic resisting system, the fallowing
provisions shall apply to sTab components in lieu of ACI 318,
Appendix A.2.Z and A.J.3.

(A) Area of bottom slab reinforcement not less than 1.3 Vu/ ¢fy
shall be provided continuous through or anchored within

columm supports, whers Vu is factored shear forces transferred

to suppeorting columns due to gravity Teading only. Shear force
Vu‘may be reduced by vertical component of effective prestress
force for slab systems with prestressing tendons continuous
through or anchored within supporting columns.

(B} In each directiom, at least 2 bars shall be provided in both
top and bottom of slab and made: continuous through or anchored
withinm supporting columns.

(C) At Teast 6Q percent of column strip negative moment rein-
forcament shall be concentrated betweem lines that are one and
one-half slab thickness (1.5h) outside opposite faces of columns.



(D) Shear strength of slab at slab-columm connections shall not
be taken greater than (I + 4/8C)/?zbod when subject to shear
force Vu, whereg bo is perimeter of a ¢ritical section perpen-
dicular to plane of slab and lcocated so that its perimeter is a
minimum, but need not approach closer than d/2 to perimeter of
supperting columm.

(E) At discontinuous edges of slabs without an edge heam, rein-
forcement within a distance 4h on either side of a supporting

~column shall be detailed to resist torsion at discontinuous
edges.

11.4.2 - FRAMING SYSTEMS

A1l components of the seismic resisting system {(moment frames,
structural walls, braced frames, and diaphragms) shall be
proportioned in accordance with provisions of ACI 318, Appendix
A.2.1.

EXCEPTION:
Seismic resisting framing systems not satisfying the requirements
of Sec. 11.4.1 may be used if it is demonstrated by experimental
evidence and analysis that a proposed system will have strength,

| stiffness, stability, durability, and energy dissipation '
capacity equal to or exceeding that provided by a comparable
monolithic cast-in-place framing system satisfying Sec. 11.4.1.

Alternatively, seismic resisting framing systems that do not
contain required special details or energy dissipating
mechanisms may be used if designed for forces determined by the
aha?ysis proceduras of Chapters 4 or 5 with an R value of 1.9.

Sec. 11.5 - SEISMIC PERFORMANCE CATEGORY C AND D
Buildings assigned to Categories C and D shall conform to all the

requirements for Category B8 and to the additional requirements of this
Section.
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11.5.1 - MATERIAL REQUIREMENTS
Materials used im the components of the seismic resisting system shall
conform to ACL 318, Appendix A.Z.4 and A.Z2.5.

11.5.2 - FRAMING SYSTEMS

A1T components of the seismic resisting system (moment frames, structural
walls, braced frames, and diaphragms) shall befproportiongd imr accordance
with provisions of ACI 318, Appendix A.. |

EXCEPTION:

Seismic resisting framing systems not satisfying the require—
ments of ACL 318, Appendix A, may be used if it is demonsirated
by experimental avidence and analysis that & proposed system
wiTl have strengthr, stiffness, stability, durahility, and
energy dissipatiom capacity equal to or exceeding that provided
by z comparapble monolithic cast-in-place framing system
satisfying Appendix A.

Alternatively, se%sméc—resistinngraming systems that do not
contain required special details or energy dissipating mechan-
isms may be used if designed for forces determined by the
analysis procedures of Chapters 4 or 5 with an R value of 1.5,

11.5,3 - STRUCTURAL OTAPHRAGMS

Cast-in-p1aqg=topping’on precast floor systems may serve as structural
diaphragms to transmit inertia forces to seismic resisting elements provided
the cast-in-place topping is proportioned and detailed to resist the shear
forces under the effects of any loading combination (which could induce
tensile or compressive stresses simultanecusly to the shear forces). Alter-
nate tachniques based onm the use of untopped precast and/or prastressed
components of concrete floor systems may be used only if shown by test and
analysis based om estahTished engineering principles that the floor systems
will provide the same strength, stiffness, stability, durability and suffi-
cient energy dissipationm capacity as a monolithic cast-in-place ordinary
reinforced concrete diaphragm.



11.5.4 - FRAME COMPONENTS NOT PART OF SEISMIC RESISTING SYSTEM

A1l frame components assumed to be not part of the seismic resisting system
shall have demonstrated capabilities satisfying Sec. 3.3.4(c) and shall
conform to the requirements of ACI 318, Appendix A.8; except, the lateral
deformation requirement of A.8.1 shall not appTy. If nonlinear behavior is
required in such components to comply with Sec. 3.3.4(c), the critical
portions shall be provided with special transverse reinforcement in
accordance with ACI 318, Appendix A.3.3 or A.4.4.

11.5.5 - RELATIVE FLEXURAL STRENGTH OF COLUMNS
In lieu of ACI 318, Appendix A.4.2, the following shall apply for relative
strength of columns.

At any joint where the framing columns resist a factored axial compressive
force larger than (Agfé/lo), the moment in the plane of the frame: con-
sidered and about the center of the joint corresponding to the flexural
strengths of the columns or column shall exceed that corresponding to the
‘Flexural strengths of the beams framing into the joint. If this requirement
is not satisfied for certain beam-coiumn connections, the remaining columns
in the building frame and connected flexural members shall comply and shall
be capable of rasisting the entire shear at that Tevel accounting for the
altered relative rigidities and torsion resulting from the omission of
elastic action of the nonconforming beam-column connections. In addition,
the columns framing into the affectad joint shall be provided with special
lateral reinforcement as specified jn ACI 318, Appendix A.4.4 throughout
their entire story height. Column flexural strengths shall be calculated for
the most critical axial design force consistent with the direction of the
seismic forces considered,
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TABLE 1T.A
ALLOWABLE SHEAR AND TENSION ON BOLTSL

: MINIMUM‘2

DIAMETER EMBEDMENT SHEAR TENSION

{inches) (inches) (1bs) (1Bs. )
1/4 2% 500 360
3/8 3 1100 900
1/2 & 1900 1700
5/8 g 300Q 2700
3/4 S3s 4300 4050
7/8 & so00 5750
1 7 7700 7500

lValues showr are for minimum concrete compressive strength
of 3000 psi at 28 days.

Values are for natural stone aggregate concrete and bolts
of at Teast A-307 quality. Bolts shall have a standard
bolt head or egual deformity in the embedded portion.

VaTuas are based upon a bolt spacing of 12 diameters with
a minimum edge distance of & diameters. Such spacing and
edge distance may be reduced 50 percent with am equal
reduction in value. Use linear interpoloation for inter-
mediate spacinrgs and edge margins.

ZA minimum embedment of 9 bolt diameters shall he provided
for anchor bolts located in the top of columns for build-
ings located in Seismicity Index Areas 3 and 4.



COMMENTARY CHAPTER 11 - Pages 449-459
REVISE COMMENTARY CHAPTER 11 TO READ AS FOLLOWS:

COMMENTARY
CHAPTER 11: REINFORCED CONCRETE

- For the proper detailing of reinforced concrete censtruction for sarth-
quake resistance,. design standard ANSI/ACI 318-77 "Building Code Require-
ments for Reinforced Concrete" is referenced. Seismic resistance is
considered in the overall development of the ACI 318 Standard, including an
Appehdix A on Special Provisions for Reinforced Concrete Building Structures
to Resist Forces Induced by Earthquake Motions.

Chapter 11 is formulated tg reference appropriate ACI 318 design provisions
within the four ATC seismic performance categories (A through D). ACI 318
Appendix A refers to zones of different seismicity (Zones 0 thrcugh 4) for
“application of the special provisions for seismic design. For application
of Appendix A within the ATC Seismic performance categories, buildings
assigned to ATC Category A are interpreted as located in Zone 0 or 1
(regions of no or minor saismic risk), requiring no special provisions for
seismic design. Buildings assigned to ATC Catagory 3 are interpreted as
Tocated in Zone 2 (regions of moderate seismic risk) per Appendix A.2.1.3.
Buildings assigned to ATC Category C and 0 are interpreted as lccated in
Zones 3 and 4 (regions of high seismic risk), per Appendix A.2.1.4. The
proportioning and detailing requirements for frames and walls resisting
seismic forces are summarized as follows: '

Categery A Category B8 Categories C & D
Frame ACI 318-77 Appendix A.2.1.3 Appendix A
Wall ACI 318-77 ACI 318-77 Appendix A

For buildings in seismic performance catagory A, no special provisions ara
required; the general requirements of ACI 318-77 apply for proportioning and
detajling concrete structures.

The code sections cited in ACI 318, Appendix A.2.1.3 for ordinary moment
frames (beam-column framing systems) in seismic performance Category 8



govern rainforcement details of the bheam and co1dmn*component3‘as follows:

Beams Calumns
Longitudinal reinforcement A.3.2 A.4.3
Transverse reinforcement A 3.3 A.B.2

For slab systems without beams betweemr columm supports, the slab components
of the frame are detailed inm accordance with the special EXCEPTION provisions
of Sec. 11.4.1. ‘

There are no special requirements for other structural or nonstructural
components of buildings in Category B.

In regions of high seismic risk (Categories C and B), the entire building,
including the foundatiom and nonstructural elements, must satisfy ACI 318
Appendix A. |

It should be noted that a structural system in a higher category (D being

_ higher tham A) must satisfy the requirements specified for the lower cate-
gories: A structural frame which forms pért of the seismic resisting system
of a Category C building must satisfy all of the frame regquirements of ACI
318 Appendix A, including Appendix A.Z.1.3.

Sec. 11.2 - REQUIRED STRENGTH

Calculations to determine the strength of structural components and members
are to be based onm Ref. 11.1; except, the factored loads and Toad combina-
tions to resist seismic forces must be in accordance with Sec. 3.7.1 in Tieu
of ACT 318 Section 9.2.3. This aexception is necessary so that the required
strength for seismric resistance, Sec. 3.7.1, is compatible with the design
forces specified in Chapter 3.

Sec. 11.3 - SEISMIC PERFORMANCE CATEGORY A

Constructiom qualifying under Category A as identified inm Table l-A-(Chabter
1) may be built with no special detail requirements for earthquake resistance
excent for ties around anchor bolts as indicated inm Sec. 11.3. *Closely
enclosed" is intended to mean that the ties should be located within 3 to 4
bolt diameters of the holts.




Sec. 11.4 - SEISMIC PERFORMANCE CATEGORY B

A frame used as part of the lateral force resisting system in Category B
as identified in Table 3-8 is required to have certain details which are
intended to help sustain integrity of the frame when subjected to deforma-
tion reversals into the nonlinear range of response.

For beam and column framing Systems, the reinforcement details of ACI 318
Appendix A.3.2 and A.3.3 apply for beam components and A.4.3 and A.8.2 apply
for column components.

For slab and column framing systems, the slab component myst satisfy the
special EXCEPTION provisions of Se¢. 11.4.1, in Tieu of Al3.2 and A.3.3.
Columns must satisfy the ﬁrovﬁsions of A.4.3 and A.8.2. For slab-column
connections, paragraph (A} provides slab reinforcement through a column to
support the slab gravity load in the unexpected event that a punching
failure occurs. Paragraph B) specifies a minimum amount for that reinforce-
ment. Concentration of negative moment reinforcement at the column as

- provided by paragraph (C), is required to create a situation whereby the
total negative moment reinforcement across the entire siab width will yield
simultaneously. Without the heavier concentration of reinforcement, the
siab region at the column will yield considerably before the outer regions
of the slab, with markedly decreased lateral load stiffness. Paragraph (D)
in effect limits the shear stress caused by gravity loads to a sufficiently
low value so that the slab-column connection will have a ductility ratig of
at least 2. Paragraph (E) ensures that if shear or torsional cracks deveiop
at the slab edges, properly detailed reinforcement is present to control
cracking. -

As shown in Fig. A there should be top and bottom bars in the slab
paralleling and as close to the discontinuous esdge-as possible, continuous
through the column and enclosed within transverse reinforcement having a
spacing not greater than 0.5d. The transverse reinforcement can be closed
hoops, hairpin stirrups projecting Qés beyond the face of the column as
shown in Fig. A or slab bars bent to satisfy the reguirements for hairpin.
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Fig. A - Reinforcement Details
S;tisfying Section 11.4.1 (E)

Structural (shear) walls of buildings in Category 8 are to be huyilt in
accordance with the general requirements of ACI 318-77.

Sec. 11.5 - SEISMIC PERFORMANCE CATEGORY C AND O

In regions of high seismic risk, the entire building, including the founda-
tiom and nonstructural elements, must satisfy all of the regquirements of
ACT 318 Appendix A.

Appendix A contains special proportioning and reinforcement detailing
requirements which are currently considered to be the minimum for producing

a monolithic reinforced concrete structure with adequate proportions and
details to make it possible for the structure to undergo a series of
oscillations into the inelastic range of response without critical decay in
strangth. The demand for integrity of the structure in the inelastic range
of response is consistent with the rationalization of design forces specified
in Chapter 3.



Field and laboratory experience which has led to the special proportfoning

and detailing requirements in ACI 318 Appendix A has Dbeen predominantly with
‘mono1ithiC*reinforced concrete building structures. Therefore, the projec-
tion of these requirements to other types of reinforced concrete structures,
which may differ in concept or fabrication from monolithic construction,

must be tempered by relevant physical evidence and analysis. Precast and/or
prestressed elements may be used for earthquake resistance provided it is
shown that the resu]ting structure will satisfy the safety and serviceability
(during and after the earthquake) levels provided by monolithic construction.

A detailed explanation of the specific provisions of ACI 318 Appendix A is
contained in the ACI Code Commentary to Appendix A.

11.5.2 - FRAMING SYSTEMS .

The strength and "toughness" requirements for framing systems not satisfying
the requirements of ACI 318 Appendix A refer to the concern for the
integrity of the entire lateral-force structure at lateral displacements
-anticipated for ground motions corresponding to design intensity. Depending
on the energy-dissipation characteristics of the structural system used,
such displacements may have to be more than those for a monolithic
reinforced concrete structure.

For systems that remain elastic or that have limited special details for
enerqy dissipation, such as assemblages of precast and/or prestressed
concrete, appropriate R-factors should be used to reflect damping char-
acteristics and enerqgy dissipation. - For axample, R~ 1% can be used for
systems responding primarily elastically to account for damping, and R ™ up
to 2% may be used for walls with properly distributed web reinforcement that
will assure good distribution of cracks and thus provide a degree of energy
dissipation.



11.5.4 - FRAME COMPONENTS NOT PART OF SEISMIC RESISTING SYSTEM

In the event of a strong earthquake, it is assumed that the structure will
undergo reversals of large lateral displacements. It is essential that all
structural components be able to accommodate these displacements without
critical Toss of strenmgth. Evem if a particular frame has been designed to
support only gravity loads and fs not intended to be part of the structural
system resisting seismic forces, it must sustain the gravity loads after
having beemr subjected to approximately the same displacements as the seis-
mic resisting system. Therefore, all frame components (which are not
designed to resist seismic forces) in Categories € and D buildings are
required to have, as a minimum, the details specified in ACI 318 Appendix
A.8. Furthermore, if calculations show that frame components (which are not
part of the structural system resisting seismic forces) will have to yield
in order to accommodate the calculated displacements of the seismic resist-
ing system, those components must have special transverse reinforcement as
specified for Special Moment Frames.

“S1ab systems without beams between supports (flat plates) of normal pro-
portions and detailed as specified im Sec. 1l.4.1 (EXCEPTION) will not
undergo any significant yi-e]d‘ until story drifts gredter than those
allowable. (Table 3-C). '



OTHER REVISIONS TO INCORPORATE NEW CHAPTER 11 - (REINFORCED CONCRETE)
INTO ATC 3-06 '

1.

SEC. 1.6.3(8) - PAGE 32
Change reference "ACI 318-71* to "ACI 318-77"

SEC. 2.1 DEFINITIONS - PAGE 37
Revise the following definitions:

CROSS-TIE is a continucus bar, No. 3 or larger in size, having‘a
135-degree hock with a ten-diameter extension at one end and a 90-degree
hook with a six-diameter sxtension at the other end. The hooks shall

‘engage hoop bars and be secured to longitudinal bars.

HOOP is a closed tie or continuously wound tie {not smaller than No. 3
in size) the ends of which have 135-degree hooks with ten-diameter
axtensions, that encloses the longitudinal reinforcement.

JOINT, LATERALLY CONFINEDVis 2 joint where members frame into,ail faour
sides of the joint and where gach member width is at least three-fourths
the column width.

In definition of BRACED FRAME, add the following sentence at the end:

"In Chapter 11, reinforced concrete braced frames may be referred to as
structural trusses.”

In definition of ORDINARY MOMENT FRAME change referenca "Sec. 11.6" to
"Sec. 1l1.4.1."

In definition of SPECIAL MOMENT FRAME change reference "Sec., 11.7" %o
Sec. 11.5."

Add the following definitions:



BOUNDARY ELEMENTS are portions along the edges of walls and diaphragms
strengthened by longitudinal and transverse reinforcement. Boundary
elements do not necessarily require an increase inm the thickness of the
wall or diaphragm. Edges of openings within walls and diaphragms may
also have ta be provided with boundary elements.

COLLECTOR ELEMENTS are elements which serve to- transmit the inertial
forces withrin the diaphragms to eTements of the lateral-force resisting
systams..

SEC. 2.2 SYMBOLS — PAGE 40
Delete symbals Ach’ Ash’ F}h* "c*’Ph’ Sh
Add the foTlowing new symbofs and definitions:

ba=;perimeter'of"critica] sectionm for sTabs, Sec. 11.4.1

d = distance from extreme compression fiber to centrgid of tension
reinforcement, Sec. 11.4.1

fé=‘specified'ccmpressfve strength of concrete, psi

fy= specified yield’strength of reinforcement, psi

h = gverall thickness of member, Sec., 11.4.1

vu= factaored shear force due tg gravity Toading, Sec. 11.4.1.

”~

TABLE 3-8 - PAGE 572
Revise footnote (4) to read as follows:

4as defined i See. 11.5

SEC. 7.5.3(C) - PAGE 75
Change reference "Sec. 11.6.2" to "Ref. 11.1, ACI 318 Appendix
A.8.2"

SEC. 12.5.1(0) - PaGE 114
Change paragraph (1) to read as follows:

"1. Ref. 11.1, ACI 318 Appendix A.5.3 when of reinforced concrete or
Chapter 10 whenm of structural steel.”



PROPOSED REVISIGN TO ACI STAMDARD 318-77 19 March 1980

APPENQIX A - REQUIREMENTS FQR REINFORCED CONCRETE BUILDING STRUCTURES
RESISTING FORCES INDUCED B8Y SARTHQUAKE MQTIONS
A.Q0-Notation

Ac = net area of concreta section resisting shear, bounded by web
thickness and secticon height, sg.in.

A.y = cross-secticnal area of a structural aelement measured out-to-out
of transverse reinforcement, sq.in.

ACp = area of concrete sectiom resisting shear of an individual aier,
sg.in.

Ag = gross area of sectionm, sg.in.

Agn = total cross-sectional area of transverse reinforcament (includ-
ing cross-ties) within spacing "s" and perpendicular to dimen-
sion "h" , | |

Av = total cross-sacticnal area of shear reinforcement within
spacing "s" and perpendicular to longitudinal axis of structural
element, sg.in.

Avf" total cross-sectional arsa of reinforcament perpendicular &5 a
construction joint, sg.in.

bh = affective compressive flange width of a structural element, in.

fé. = specified comprassive strength of concreta, psi

fy = specified yield stress of reinforcement, psi

fyh = spetified yield stress of transverse reinforcament, psi

ht = cross-sectional dimension of ¢olumn core measured ¢-toec of
confining reinforcement

2aﬁ = anchorage length for a bar with a standard hook as defined
in Section A.L

3s * 2nchorage length for a straight bar

s ° minimym length, measured from joint face along axis of
structural alement, over which transverse rzinforcament must be
provided, in.

Pj = minimum factored compressive force at a constrgotion Joint

1}

{positive for comprassion), Ib.
spacing of transverse reinforcament measured along the longi-
tudinal axis of the structural element, in.

'maximum spacing of transverse reinforcament, in.



' V; =nominal shear force at a construction jeint, 1b.
v = dimensiomless factor reflecting the influence of confinement

af a joint by structural elements framing intg joint

g . = reinforcement ratio, ratia of nonprestressed tensicn reinforce-
ment

= area at 3 sectiomr to the product whg

Ay = A /R where A, i the projection on Ao
of total area of reinforcement crossing the plane of Ac

Py = reinforcement ratia onm & plane perpendicular ta A

A = ratig of volume of spiral reinforcament to the core valume
confined by the spiral reinforcement (measurad out-to-gut)

¢ = strength reduction factor

A l-Oefinitions

Crass-Tie - A continuous bar, No. I or Targer in size, having a
138-degree hook with a ten-diameter axtension at one end and a
S0-degree hook with a six-diametar extansion at the other end. The
hooks shall engage hopp‘. bars and be secured to longitudinal bars.

Hoop - A closad tie or conti nuousTy wound tie (not smaller than No. 3
in size) the ends of which have 135-degree hooks with ten-diameter
extensions, that encloses the longitudinal reinforcement.

Structural Walls - Walls proportioned to resist combinations of shears,
moments, and axial forces induced by earthquaks motigns.

Structural Oiaphragms - Structural elements, such as floor and roof
slabs, which transmit the inertial forcas to the lateral-forcea
resisting alements.

Structural Trusses - Assemblages of reinfarcad concrete elements sub-
jected primarily to axial forces.

Lateral-Force Resisting System - That portion of the structure composed
of elements proportioned to resist forces related to earthquake effects,



Base of Structure - The level at which the-earthquake motions are
assumed to be imparted to the building.

Boundary Elements - Portions a?cng’theledges of walls and diaphragms
strengthened by longitudinal and transverse reinforcement. Boundary
elements do not necassarily require an increase in the thickness of the
wall or diaphragm. Edges of openings;within walls and diaphragms may
also have tg be provided with boundary elements.

Collactor Elements - Elements which serve ta transmit the inertial
forces within the diaphragms to elements of the lataral-farcs resisting
systems. '

Ancharage Length for a Bar with a Standard Hook - The shortest distancs
betweemr the critical section (where'the»strength of the bar is tg be
developed) and a tangent, perpendicular to the axis of the bar
anchored, tg the outer edge of the haok.

Lightweight Concrete - Cancreta in which any part or all of the
aggregatas has heen replaced by lightweight material.

Shell Concrete - Concrete cutside the transverse reinforcament confin-
ing the concreta.

A.2-General Requirsments

A.2.1-Scope

A.2.1.1-Appendix A contains special requirements for design and

construction of reinforced concrete 2lements of a structure for which
the design faorcas, relatad to earthquake motions, have been detarmined
on the bdasis of energy dissipation in the nonlinear range of responsa.

A.2.1.2~-The provisions of Chapters 1 through 17 shall apply axcapt as
modified by the provisions of Appendix A.



A.2.1.3-In regions of moderate seismic risk*, reinforcad concrete
frames. resisting forcas induced by earthquake motions shall be pro-
porticned ta satisfy, im additiom to the requirements of Chapters 1
througir 17, only Sections A.3.2, A.3.3, A.4.3, and A.8.2 of Appendix A.

A.2.1.4~In regions of high seismic misk**, alT components of reinforced
concrate structures shall satisfy all requirements of Appendix A.

A.Z2.1.5=A reinforcaed concrete structural systemr not satisfying the
requirements of Appendix A may be used if it is demanstratad by
expér'imentaT gvidenca and analysis that the proposed system will have
strangth and toughness equal to or exceeding those provided by a com—
parabie monolithic reinforced concrete structure satisfying Appendix A.

A.2.2-Analysis and propartioming of structural =Tements

AZ2.Z.1-The interactionm of all structural and nonstructural ejements
whiclr materially affect the linear and nonlinear response of the
structure to earthquake motions shall be considered inm the analysis.

A.2.2.2-Rigid eTements assumed not to be a part of the lataral force
resisting system may be usad provided their effect onm the response of
the system is considered and accommodated in the structural desigm.
Consequences of fallure of structural and nonstructural elements which

are not 3 part of the lateral-forca raesisting system shall also be
considered.

A.2.2.3-Structural elements below the basa of Structu.re required to
transmit forces resulting from lateral loads to the foundation shall
also comply with the requirements of Appendix A.

A.2.2.4-A11 structural eTements assumed not o be part of the lateral
force resisting system shall conform to Section A.8.

*Ragions falling im Zone 2 as defined by the Uniform Building Code
*Ragions falling im Zanes 3 and 4 as defined by the Uniform Buyilding Code



A.2.2.5-Except as required otherwise in Appendix A, structural elements
and connections shall be proportioned to resist the Joad effacts Wwith

adequate strength in accordanca with the provisions of this code using
the load factors and strength reduction factors specified in Chapter 9.

A.2.3-Strength reduction factors

Strength reduction factors shall be as given in Chapter 3 except for
the following:

A.2.3.1-The strangth reduction factor shall be 0.5 for any structural
element if its nominal shear strength is Tess than the shear corres-
ponding to its nominal flexural strength for the design loading
conditions.

A.2.3.2-The strength reduction factor for axial compressive force shall
be 0.5 for 211 frame elements with faétored axial compressive forces
exceading (Agfé/lo) if the transverse reinforcement does not conform
to Secticn A.4.

A.2.3.3-Strength reduction fagtor Fcr‘énchcrage length of reinforce-
ment shall be 0.65.

A.2.4-Concreta in elements raesisting earthquaka-induced forges

The specified 28-day compressive strength, fé, of the concrete shall
be not less than 3,000 psi. The specified 28-day compr=ssive strength,

fé, shall not exceed 4,000 psi for lightweight concreta.
A.2.5-Reinforcement in elements resisting earthquake-induced forces

A.2.5.1-Reinforcement resisting earthquake-induced flexural and axial
forces in frame elements and in wall boundary members shall comply with
AST™M A706. ASTM A615 Grades 40 and 80 reinforcasment may be used in
these elements if (a) the actual yield stress based on mill tests does
not exceed the specified yield stress by more than 18,000 psi (retests
shall not exczed this value by more than an additional 4,000 psi) and
(b) the ratio of the actual ultimata tensile stress to the actual
tensile yiald stress is not less than 1.25.
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A.2.5.2-Splicas im the reinforcement effectad through welding or mechan-
jcal connections shall conform to Sections 12.15.3.1 through 12.15.3.4.

A.3-Flexurz] elements of frames
A.3.1-Scope

The: reqin’rements of this sectiomr apply ta frame elements (a) resisting
earthquake-induced forces (b) proportiocned primarily to resist flaxure,
ang (c) satisfying the falTowing conditions:

A.3.1.1-Factored axial compressive force on the element shall ngt
exceead (A»gfé/lﬂ),

A.3.1.Z-CTear span for the eTanent shall not be less tham four times
ts effective depth.

A.3.1.3~-The width-to-depth ratio shall not be less than 0.3.

A.3.1.4-The width shall not be Tess than 10 in. or more tham the width
of the supporting element (measursed on 2 plane perpendicular to the
Tongitudinal axis of the flexural 2lement) plus distances on each side
of the supporting element not excseding three-fourths of the depth of
the flexural alement.

A.3.2-Longitudinal reinforcament

A.3.2.1-At any section of a member subjected o bending, the reinforce-
ment ratigc, p, for the top and for the battom reinforcement, shall not
be less than (ZOO/Fy) and. shall not exceed 0.025 at any section. At
Teast two bars shall be pravided continuously both top and bottom.

A.3.2.2-The positive-moment strength at the face of the joint shall be
not less than one-half of the negative-moment strength provided at that
face of the jaint. The negative- and the positive-moment strengths at
any sectiom along the length of the element shall not be Jess than

ane-fourth the maximum moment strength provided at the face of either
Jaint.



'AQ3.2.3-Lap splicing of flexural reinforcament is permitied only if
hoop or spiral reinfcrcement is provided'over the lap Tength. Maximum

- spacing of the transverse reinforcement over the Tap Tength shall not
axceed d/4 or 4 in. Lap splices shall not be used (a) within the
joints, (b) within a distance of twica the member denth and the face of
the joint, and (c) at locations where analysis indicataes flexural
yielding in connectin with inelastic lateral displacements of the frame.

A.3.2.4-Welded splices and mechanical connections conforming to Sections
12.18.3.1 through 12.15.3.4 may be used for splicing provided not more

" than alternate bars in each layer of longitudinal reinforcament are
‘spliced at a section and the distance hetween splices of adjacant bars
is 24 in. or more, measured along the longitudinal axis of the frame
alement. |

A.3.3-Transverse reinforcement

A.3.3.1-Hoops shall be provided in the follawing regions of frame
elements:

(1) Over a length equal ta twice the member depth measured from the
face of the supporting member toward midspan, at both ends of the
flexural member.

(2) Over langths equal 8 twice the member denth on hoth sides of a
section where flexural yielding may occur in connection with inelastic
Tateral displacaments of the frame. |

(3) Wherever compression reinforcement is required by analysis.
A.3.3.2-The first hoop shall be laocated nor more than .2 in. from the
face of a supporting member. Maximum spacing of the hoops shall not
axceed (3) d/4, (b) eight times the diameter of the smallest longitud-

inal bars, (¢) 24 times the diameter of the hoop bars, and (d) 12 in.

A.3.3.3-whers hoops are required, longitudinal bars shall have lateral
support conforming to Section 7.10.5.3.
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A.3.3.9=wnere noops are not required, stirrups shall be spaced at no
more tham d4/2 throughout the: Tength of the member.

A.3.3.5=-Hogps im flexural elements may be made up of twg piecas of
reinforcement: a stirrup having 135-degree hooks with ten-diameter
extensions anchored im the confined core and a cross-tie to make 2
closed hoop. Consacutive cross-ties shall have their 90-degres hooks
at opposite: sides of the flexural element. |

A.4--Frame»;a»1ements; subjected to bendiﬁg:' and axial load
A.4.l-Scope

The requirements of this sectiom apply to frame elements (a) resist-
ing earthquake-induced forces (o) having & factored axial compressive
force excseding (Agf":/m) and (c) satisfying the following conditions:

A.4.1.1-The shortest cross-sectional dimension, measured on a straignt

1ine passing through the geometric centroid, shall not be less tham
12 in. R

A.4.1.2-The ratiac of the shartest cross-sectional dimension to the
perpendicular dimensiom shall not be Tess than 0.4,

A.4.2-Relative Strength of Columns.

A.4.2.1-At any joint whers the framing columms resist a factorad axial
compressive force larger than (A gfé/lc), the sum of the flaxural
strengths of the columns c¢alculated for the maximum design axial forca
shall axceed the sum of the flexural strengths of the beams framing
inta that joint in the same vertical plane. The flexural strengths
shall be summed such that the columm moments oppose the beam moments,
and the check shall be made in both directions.

A.4,2.2-1f Section A.4.2.1 is not satisfied at a joint, columns
supporting reactions from that joint shall be provided with transverse
reinforcement as specified in Section A.4.4 aqver their full height if



the factored ax{ial force in those columns; r=latad to earthquake
effect,\exceedsf(Agf&/lo).

A.4.3-Longitudinal reinforcament

A.4.3.1-The reinforcement ratio, @, shall not be less than 0.0l and
shall not exceed (Q.06.

A.4.3.2-Lap splices are permitted only within the center half of the
member span. Welded splices and mechanical connections ceonforming to
Sections 12.15.3.1 through 12.15.3.4 may be used for splicing the
reinforcement at any section pravided not mors than alternate longi-
tudinal bars are spliced at a section and the distance between splicas
is 24 in. or more, along the longitudinal axis of the reinforcsment.

A.4.4-Transverse reinforcement

A.4.4.1-Transverse reinforcement as specified below shall be praovided
unless a larger amount is required to resist shear by Section A.7.

(1) The volumetric ratio of spiral or circular hoop reinforcament, R,
shall nat be less than that indicated by £q. (A-1).

and shall not be less than that required by Sg. (10-5).

(2) The total cross-sectional area of rectangular hoop reinforcement
shall not be less than that given by £g. (A-2) and (A-3).

I

Ay = 0.3 (sh"fé/fyh) [:A /A.) -1] {(A=2)

A, = 0.12 (sh“f&/fyh) (A=3)

(3} Transverse reinforcement may he provided by single or overliapping
hoops. Cross-ties of the same size and spacing as the hoops may be
used. E£ach end of the cross-tie shall engage a perigheral longitudinal
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reinforcing bar. Consecutive cross-ties shall be altarnated end-for-
end along the longitudinal reinforcement.

(4) If the core of the member is sufficient t¢5 reasist the forces
resuiting from the specified combinationm of dead Toad, Tive Toad, -and
sarthquake effects, compliance with Eq. (A-2) and (10-5) is not
required.

A.%.4.Z-Transverse reinforcement shall be spacad at distances not
exceading: (a) ane-quarter of the mimimum member- dimensiom and
{9) & in. '

A.4.4.3-Cross-ties or legs of averlapping hoops shall not be spacad
more tham 14 im. om center in the directiom perpendicular tg the
longitudinal axis of the structural] element.

A.4.4.4-Transverse reinforcement im amount specified in Sectiom A.4.4.1
through A.4.4.3 shall be provided over a Tength from each joint face
and on both sides of any section where flexural yielding may accur in
connection with inelastic lateral displacements of the frame. The
lengthr shall not be less than (a) the denth of the member at the joint
‘faca or at the section where flexural yielding may occur, (b) one-sixth
of the clear spam of the member, and (c) 18 in. ‘

A.4.4.5-Columns supporting reactions from discontinued stiff elements,
suchr as walls or trusses, shall be provided with transverse reinfaorca-
mant as specified above over their fyll height beneath the lavel at
wnich the discontinuity occurs if the factored axial compressive force
in these members, related to earthquake affect, axceeds (Agf é/ 10).

A.5-Structural Walls, diaphragms, and trusses
A.5.1-Scope

The requirements of this section apply to structural walls and trusses
serving as parts of the sarthquake-forca resisting systems as well as



to diaphragms, struts, ties, chords and collector elements which
transmit axial forces induced by earthquaks. Frame elements, resisting

garthquake forc¢es, not complying with Section A.3 or A.4, shall comply
with this section. '

A.5.2-Reinforcement

-A.5.2.1-The reinforcament ratia, @, for structural walls shall not be
Tess tham 0.0025 along the longitudinal and transverse axes. Rein-
forcement spacing each way shall not exceed 18 in. The reinforcement
required by analysis for shear strength shall be distributed uniformly.

A.5.2.2-At Teast twa curtains of reinforcement shall be usad in a wall if
the in-plane factored shear force assianed to the wall exceeds 28 /L.

A.5.2.3-Structural-truss elements and elements of structural diaphragms
having compressive stressas asxceeding 0.2 fé, shall have special trans~
verse reinforcement, as specified in Section A.4.4, over the total length
of the element. The special transverse reinforcement may be discontinued
at a sectiom where the calculated compressive stress is less than 0.15 fé;
Stresses shall be calculated for the factored forcas using a linearly
elastic model of the element caonsidered,

A.5.2.4-A17 continuous reinforcement in structural walls, diaphragms,
trussas, struts, ties, chords, and collector elements shall be anchorad
or spliced in accordance with the provisions for reinforcsment in
tension as specified in Section A.6.4.

A.5.3-Vartical boundary members faor structural walls

A.5.3.1-8aoundary members shall he provided at edges of structural walls
for which the maximum extreme-fiber strass, corresponding to faictored
forces including earthquake effect, excseds 0.2 fé unless the entire
wall element is reinforced to satisfy Secticn A.4.4. The boundary
member may be discontinued at a level where the calculated compressive
stress is less than Q.18 fé.



A.S.S.Z-Bonndary members shall have transverse reinforcement as specified
in Section A.4.4 along their full length.

A.5.3.3-8oundary members and similar elements shall be designed to carry
all gravity loads om the wall, including tr'ibix.tary loads and self-weight,
as well as the vertical force required tg resist the averturming moment
caused by earthquake.. ‘

A.5. 3. 4=-Transverse: reinforcement in the walls shall he anchored withinm
the: confined core of the boundary member ta developg the yield stress im
tension of the transverse rsinforcement.

A.8-Jgints of frames
A.8.1-General requirements

A.§.1.1-Forcas in Tongitudinal beam reinforcement at the joint face shall
be determined by assuming that the stress in the flexural tensile rein-
forcement is 1.2%5 fy..

A.6.1.Z-Strength of joint shall be governed Dy the appropriate strength
reduction factors specified im Section 9.3. Sectionm A.2.3.1 shall not
apply ta joints.

A.6.1.3-8Beam Tongitudinal reinforcement terminated im a columm shall be
axtended to the far face of the confined columm core and anchored -in
tensiom accarding to Section A.6.4 and in compression according to
Chapter 12.

A.6.2-Transverse reainforcament
A.8.Z.1-Transverse hoop reinforcement, as specified in Sectiom A4 4

shall be provided within the joint, unless the jaint is confined by
structural elements as specified in Sectiom A.5.2.2.



A.5.2.2-Within the depth of the shallowest framing member, transverse
reinforcament equal to at least one-half the amount required by Section
A.4.4 shall be provided where members frame inte all four sides of the

joint and were each member width is at least threa-fourths the column
width.

A.6.2.3-Transversa reinforcement as required by Section A.4.4 shall be
provided through the joint to provide confinement for longitudinal
reinforcament outside the column core if such confinement is not provided
by a beam framing inta the joint.

A.8.3-Shear stress

A.6.3.1-The design shear strength gf the joint shall not exceedij‘/?l
for normalweight concrete. The coefficient ¥ shall not exceed 16 if
members frame into all vertical facas of the joint and if each framing
member covers at least three-quarters of the width and three-quarters of
the depth of 2ach joint face. Otherwise, the coefficienty shall not
axceed 12.

A.6.3.2-For lightweight concrete, the jaint shear stress shall not exceed
three-quarters of the limits given in Section A.8.3.1, wher=a Aj is the
minimum sectional area of the joint im a plane paraliel to the axis of
the reinforcement generating the design shear commentary force.

A.8.4-Anchorage length for reinforcament in tension
A.6.4.1-The anchorage length, 1., for a bar with a standard 90-degree
hook in normalweight concrete shall not be less than adb, 6 in., and
the length required by £q. {A-4).

- "

for bar sizes No. 3 through No. 1l.

For lightweight concrets, the anchorage length for a bar with a standard
nook shall not be less than 1Odb’7'5 in., and 1.25 required by Eq. (A-4).
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A.§.4.2-The 90-degree hook shall be located withinm the confined core of a
columm or of a boundary member,

A.5.4.3-For bar sizes No. 3 through No. 11, the anchorage Tengthr, Zas"
for 3 straight bar shall not be less than (a) twice the length required
by Section A.F.4.1 if the depthr of the concrete cast im one Jift beneath
the bar does not sxceed 12 in. and {b) Z.8 times the lengthr required by
Section A.6.4.1 if the depth of the concrate cast in one Tift beneath the
bar exceeds 12 im.

A.6.¢.4-Fcr bar sizes Ng.. 14 and Ne. 18, the anchorage length for a-

straight bar shall not be less than 1.3 times that required by Sectionm
A's.~4‘.3"

A.6.4.5-Straight bars terminated at a joint shall pass througir the
-confined core of a calumm or of a Doundary member.

. A.7 Shear-strength requirements
A.7.l-Desigr forces

A.7.1.1-For frame elements subjected primarily to bending, the design
shear f!crc& shall be determined from consideratign of the statical forcas
ar the portiom of the element between faces of the joints. It shall be
assumed that moments of opposite sign, corresponding to probable strength,
act at the joint faces and that the member is loaded with the factared
tributary gravity load along its spam. The moments corresponding %o
probabile strengthy shall be calculated using the properties of the member
at the joint faces without strength reduction factors and assuming that
the stress in the tansilas rainforcemeﬁt is equal to at least 1.2%5 F g
A.7.1.2-For frame elements subjected to combined bending and axial Toad,
the design shear shall be determined from consideration of the forcas on
the member, with the nominal moment strengths calculated for the maximum
factored axial compressive design force on the column, acting at the
faces of the joints.



- A.7.1.3-For structural walls, dfaphragms and trusses, the design shear
force shall be obtained from the lateral load analysis in accordance with
the factored loads and combinations specified in Section 9.2.

A.7.2-Transverse reinforcement in frame elements

A.7.2.1-For determining the reguired transverse reinforcement in frame
alements in which the sarthquake-induced shear Force determined in
accordance with Section A.7.1.1 represents one-nalf or more of total
desigq shear, the quantity'vc‘shaTT be assumed to be zero if the
factored axial compressive force, related to earthquake effects, is Jess
than (Agf&/ZO).

A.7.2.2-Stirrups or ties required to resist shear shall be hoaps over
Tengths of members as specified in Sections A.3.3, A.4.4, and A.6.2,

A.7.3-Shear strength of structural walls and diaphragms

A.7.3.1-The nominal shear strength, Vﬂ, of structural walls and
diaphragms shall not exceed that given by Egq. (A-3),

v, = Ac(z fe *2,f

/) - (A-5)

=
H

c net area of concreta section resisting shear bounded by web thick-
ness and height of section.

O
]

3 reinfarcament ratio Asa/AC, whare Asa is the projection on AC
‘of total area of reinforcement crossing the plane of AC ]

compressive strength of the concrate inm psi.

-
n-.
M

]

F

y yield strength of reinforcement perpendicular ta the area AC.

A.7.3.2-Reinforcement ratio O indicating the amount of reinforcament

pervendicular to the direction of rainforcament corresponding to =

shall be equal to or exceed 24



A.7.3.3-The nominal shear strength of all wall piers sharing a common
Tateral force shall not exceed SA-C /i where A'c: is. the total cross-
sectional area and the nominal shear sirength of any one of the indiv-
s : . . - ] . .
idual wall piers shall not exceed 10 Acn /f.c where Acp represents the
sectional arez of the pier considered.

A.7.3.4=-The nominal shear strengtir of horizontal wall elements shall nat

axceed 10 A /?‘E._ where A represents the sectional area of z horizontal wall
alement.

A..S-Fr"ame'e?ements not proporticned to resist forcas inducad by earthquake
motiens.

£.8.1-A1T frame elements assumed not ta be part of the lateral force
resisting systemr shall be investigated and showmr to Be adequate for
vertical load carrying capacity with the structure assumed ta have
deformed laterally four times that calculated for the specified Tataral
forces. Such elements shall satisfy the minimum reinforcement require-
ments specified inm Sections A.3.2.1 and A.5.2.1 as well as those
specified in Chapters 7, 10, and 11. '

A.8.2-A1] frame slements with factorsd axial compressive forces exceeding
(A-gf(',.jlﬁ') shall satisfy the fgllowing special regquirsments unless they
comply with Sectiom A.4.4. '

A.8.2.1-Ties shall have 135-degree hooks with extensions not Tess than

six tie diametars or 4 in. Cross-ties, as defined in this Appendix, may
be ysed.

A.8.2.2-The maximum tie spacing shall be S, over a length 2.0 measured
from the joint facs. The spacing Sq shall be not more than (a) eight
diametars of the smallest longitudinal bar enclased, (b) 24 tie diameters,
and (3) one-nalf the least cross-sectiocnal dimension of the columm. The
Tength %, shall not be less tham (a) one-sixth of the clear height of

the column, (b) the maximum cross-sectignal dimensiom of the column, and
(e) 18 in.



A.8.2.3-The first‘tievshaTT'be withinm a distanca equal to 0.5 So from
the face of the joint. | '

A.8.2.4fTheftie spacing shall not exceed 2 Sq in any part of the column.

A.9-Construction joints

A.9.1-Construction joints in structural walls, diaphragms, and other
members resisting lateral forces inducad by earthquake shall be designed
to resist the design forces at the joint.

A.3.2-Where shear is resisted at a construction joint salely by friction
between two roughened concrete surfaces and dowel action, the factored
shear forca across the joint shall not exceed Vi detarmined from

9. (A-8). | ‘

where A . represents the total amount of reinforcement (including
flexural reinforcament) normal to the construction joint acting as
shear-friction reinforcement and % is the algebraic sum of the
gravity and earthquake fgorces on the joint surface acting simulta-
necusly with the shear. For lightweight® concrete, the shear strength
Vj calculated from £q. (A-§) shall be multiplied by 3.75.

A.9.3-The surfaces of all construction joints in elements resisting
lateral forcas shall be thoroughly roughened.



COMMENTARY

APPENDIX A - REQUIREMENTS FO!&- REINFORCED CONCRETE BUILDING STRUCTURES
| RESISTING FORCES INDUCED BY EARTHQUAKE MOTIONS

A.;—GeneraT requirements
JAZ.L-Scope

This chapter contains z sat of specifications which are currently
considered to bhe the mimimum requirements for producing a monglithic
reinforced concrete structure with adequate proportions and details to
make: 1t possible for the structure to undergo a series of oscillations
inty the inelastic range of response without critical decay in strength.
The demand for integrity of the structure im the ineTastic range of
rasponse is created by the rationalizatiom of designm forces specified
by documents sucir as the 1974 report of the Seismalogy Committee of the
Structural EhgfneerS'Assaciaticn‘of-CaIifc}nia-A‘l

The lataral design forces specified im Reference A.l are considerably
less than those corresponding to linear response for the anticipated
earthgquake intansity.A‘z" A3, A4 As 2 properly detailed reinforced
concrete structure responds to strong ground motion, its effective
stiffness decreases and its capability to dissipate emergy increases.
These developments tend to reduce the respcnsé accelerations or Jataral
inertia forces with respect to those forces calculated for a linearly
elastic model of the uncracked and moderataly damped struc‘.:ure..A‘s
Thus, the use of design forcas representing earthquake effects such as
thosa im Reference A.l requires that the structure be able to respond
in the inelastic range without critical failures. The extent of
required nanlinear response: is not explicitly established. It is a
funetionr of the type and strength of the structure as well as the
nmature of the ground motiom. It is generally assumed that, with the
currently used design forcss and anticipated sarthquake motions, the
rotations at connections of reinforced concrete frames ars Tikely to
exceed six times the yield rotation. A structural wall similarly



proportioned, would be 1ikely to develop relatively less inelastic
response. In either case it is essential to have a Tatera]éforce
resisting system which will sustain a substantial portion of its
strength as it is subjected fo successive reversals of displacaments
into the inelastic range. '

TheiperenniaT quest fon of a trade-off between strength and special
datail reqdirementthas.been considered at length. Given 3 design
earthquake imtensity or a design response spectrum indexed by an
effective peak acceleratiom, it appears plausible to soften or
relinquish some of the detail requirements if the design strength is
increased with respect to the minimum code reguirement. However,
available knowledge on ground motion and structural response to such
motion does not make precise estimates of inelastic displacement
possible for all structures at Tafge, Furthermore, it {s not currently
possible to devise explicit quantitative relaticnships between the
reduired\extent and number of inelastic displacements and required
reinforcing details. The choice is between (1) a system with suffi-
¢cient strength to respond to the ground motion within the Tinear or
near1y Tinear range of reponse and (2) a system with special details

to permit nonlinear responss without critical loss of strength. The
requirements in this appendix have beesn developed in relation to the
second opticn, on the assumpt{on that the design forgas ara basad on
Refarencs A.l or 3 comparable document having a similar approach to the
detarmination of design forces.

The. code sections cited in Section A.2.1.3 (which refers toc zones of
moderats seismic risk) govern reinforcement details of the structural-
frame compcnents as follows:

Girders Columns
Longitudinal Reinforcament - AL3.2 A.4.3
Transverse Reinforcament A.3.3 A.8.2

Requirements of Section A.8.2, which have been developed for columns
not resisting earthquake effects in high seismic risk zones, apply to
columns designed for earthquake affacts in moderate seismic risk zones.



There are ng special requirements for ather structural or nonstructural
components of buildings in zones of moderate seismic risk.

In regions of high seismic risk, the entire building, including the
foundatiom and nanstructural elements, must satisfy Appendix A
(Sectiom A.Z.1.4). . '

Field and Taboratory experiencs which has Ted to the special propor-
tioning and detailing requirements in Appendix A has beem predom—
inantly with monglithic reinforced conersts building structurss.
Therefore, the projectiom of these requirements to other types of
reinforced concreta structures, which may differ in concept or fab-
rication from monolithic construction, must be tampered hy relevant
physical evidence and analysis. Precast and/cr prestressed elements
may be used for earthquakes resistance provided it is showmr that the
resulting structure will satisfy the safety and serviceability (during
and after- the earthquake) Tevels provided by manoi{thic construction.

The "tgughness” requirement im Sectiom A.Z.1.5 refers to the concarn
for- the integrity of the entire lateral-force structure at lateral
displacements anticipated for gound ‘motions corresponding to desigm
intensity. Oepending on the energy-dissipation characteristics of the
structyral system used, such dispTacements may have to be more than
those for 2 manclithic reinforced concrete structure.

A.2.Z-Analysis and proportioming of structurzl elements

It is assumed that the distributiem of strength to the various
components of a lateral-force resisting system will be guided by the
analysis of a2 linearly elastic model of the system acted on by the
factored forces.. |

Because the desigm basis is assumed to admit nonlinear response, it is
necassary to investigate the stahility of the Tatasral load resisting
systam and its interactin with other structural and nonstructural
aelements at displacements larger thanm those resulting from linear



analysis. Ta handle this problem without having to resort to nonlinear
response anglysis, one optiom is to increase by & factor of four the
displacements from linear analysis for the specified latasral forces,
providing an approximata measure of displacement in the event of a
dasigmr earthquake,. unless the goverming code specifies the factors to
be: used as inm References A.6 and A.7.

The: maim concerm of Appendix A. is the safety of the structure. The
intent of Sections A.Z.Z.L and A.2.2.7 is to draw attention to the
infTuence of nonstructural elements om structural response and to
hazards: fromr falling cbjects.

Sectiomr A.Z.2.3 is included hecause the hase of the structure asg
defined im analysis may not correspond ta the foundatiom level.

_ A:Z'.Z-vStrengtir reduction factors.

Section A.2.3.1 refers to brittle elements carrying earthquake induced
forces suchr as Tow-rise walls or portions of walls betweer cpenings of
wirich: proportions are suchr that it becomes impractical tg reinforcs
themr to: have: their nominal shear- strength' in excass of the shear
corresponding to nominal flexural strength for the pertinent loading
conditions. This requirement: does not apply to the desigm of connec-
tions.

Sectiom A.2.3.Z is included to discourage the use of tied columns: to
resist earthquake induced forces.

The strength reduction factor of 0.65 is to be used in Eq. (A-4) in
determining ancharage length of reinforcing bars with standard hooks.
It appiies omly to anchorage of reinforcement essential to the ifnteg-
rity of the lateral-force resisting structure.

A.Z.4-Concrete in glements resisting earthgquake-induced forces

The requirements of this section refer to the concrete quality in

frames, trusses, or walls proportioned to resist earthquake-induced
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forces. The maximum desigm compressive strength of Tightweight-
aggregate concretz is Timited to 4,000 psi primarily because of paucity
of axperimental and field. data onm the behavior of alements, made with

lightweight concrets, subjected to dispTacement reversals in the
nonlinear range. '

A.Z.3-Reinforcement im elements resisting earthquake-induced forces

The use of Tongitudinal reinforcement with substantially higher
strength tham assumed. in desigm may lsad to primary shear or bond
failures which are to be avaided evem if such failures maj’ gcur at
higher loads than those anticipated inm design. Therefore, an upper
limit is placed on the strength of the steal.

Ta insure adequate inelastic rotationm in frame elements it is essem—
tial to use 3 reinforcement with amr ultimate stress well in excass of
the yield stress. For the same reason, any splice must be able to
develop a stress equal to 1.25 times the nominal yiald stress of the
reinforcement. ‘

A 3-FTexural elements of frames
A.3.1-Scope

Thig section refers to horizental elements of girders of frames resist-
ing Tataral Toads induced by earthquake motions. [If any horizontal
alement is subjectad to am axial desigm compressice force exgeeding
(Agfc/m), in addition to the flexure at any ssctionm, it is to be
treated 3s a column as described in Section A.4.

Experimental evidenceAj indicates that under reversals of displace-
ment intg the nomlinear range, behavior of continuous elements having
length-to-depth ratios of Tess tham four is significantly diffsrent
from the behavior of relatively slender elements. Oesign rules derived
from axperiencs with relatively slender alements do not apply directly
to elements with Tength-to-depth ratias less than four, especially with
respect to shear strength.



The: geometric constraints indicated in Sections A.3.1.3 and A.3.1.4
derive from practice with reinforced concrete frames resisting

earthquake induced forces. AL

A.3.Z-Longitudinal reinforcement

Section 10.3.3° Timits the tensile: reinforcement ratic im a flexural ‘
member- as a fractiom of the: amount whrich wouTd produce balanced straim
conditiens. For z sectiom subjected tuo bending only and Toaded mong-
tonically ta yielding, this approach is feasihle because: the 1ikelihood:
of compressive: failure cam be estimated reliabTy with the behavigral
mode! assumed for determining the reinforcament ratia corresponding to
*halanced™ failure. The same behavicral model (because of incorrsct
assumtions such as linear straim distributiom, well-defined yield
paint for- the steel, Timiting carrpi'essﬁve straim imr the concrstz of
0.003, and compressive stresses inm the shell concrete) fails to
describe the conditions im a flexural member subjected ta reversals

of displacements well into the inelastic range. Thus, there is Tittle
rationale for continuing to refer to "balanced conditions” in earth-
quake resistant desigm of reinforced concrete structures.

The Timit of 0.025 is based primarily om considerations of steel
congestiom and, indirectly, om Timiting shear stresses im girders of
typical propertions. The minimumr requirement of twa No. 5 bars, top
and bottom, refers again to construction rather tham behavioral
requirements.

Lap splicas of reinforcement (Section A.3.2.3) are prohibited at
regions where flexural yielding is anticipated because such splicas
are not considered reliable under conditions of cyclic loading into
the inelastic range. Transversa reinforcement for- lap splices at
any locatiom are mandatory because of the likalihood of lass of shell
concreta, '

A.3.3-Transverse reinforcement
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Special transversa reinforcement is required primarily for confining
the concreta and maintaiming Tataral support for the reinforcing bars
im regions whers yialding is expectad. Examolas of hoops suitable for
flexural] alements of frames are showm im Figs. A-L and A-Z.

Cansasuiive Cross: Ties:

Shaii rgve Their I0~dagree
Hooks O Cppasite Sidas of Columm

s

Extension -¥. S

% Shafl Not Excaed |4 inches

Fig.. A=l

Inr the casa of elaments with varying strength along the span or elements
for wnich the permanent load represents a large groportion of the total
design load, concentrations of inelastic retation may cccur within the
spanr. If suchr a2 condition s anticipated, fransversa reinforcament
mst be provided throughut the regiom where yielding is axpectead.
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A.4=Frame elements subjected to bending and axial lead
A.4.1-Scope

" This sectiom applies to elements carrying axial loads or columns of
frames proportioned to resist earthquake forces. The geometric con-
straints required by Sections A.4.1.1 and A.4.1.Z follow from previous:

practice with caTums. >+

A.4¢.Z-ReTative strength’ of columns

The intant of Sectiom A.4.2.1 is to limit fTexural yielding to the
horizontal elements of the frame. If this requirement cannot be
satisfied at z joint as, for example, im the case of heavy transfer
girders, additional transverse reinforcement is required in the calumms
affected by forces at the joint.

A.4.3-Longitudinal reinforcament

The lower: Sound to the reinfercement ratio im alements carrying axial
forces as well as flexure refers to the traditienal concerm for the
effects of time-dependent deformations of the concrets as well as
desire tg avgid a sizeable difference hbetween the cracki ng and yield-
ing moments. The upper hound refTects concern for stael ¢engestion,
lcad transfer in Jow-rise constructiom, and the development of large
shear stresses inm columns of ordinary proportions. |

Spalling of the shell concrets, which is likely ta accur near the ends
of the column in frames of typical configuration, makes lap splices in
those locations quite vulnerable, If Jap splicas are tg he used at
all, they must be: located near the mid-height where stressz reversal is
likely to be Timited to z smaller stress range thamr at Jlocations near
the jaoints.

- Welding and mechanical splicss may occur at any level but not more than
half the bars may be spliced at any one section.
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 A.4.4-Transversa reinforcement

The main reason for the requirements im this sectionm is concerw for
confining the concreta and providing Tateral support ta the reinforce—
ment.

For- axially compressed slements subjectsd to steadily increasing Toad,
the effect of helical (spiral} reinforcement om the strength of the
confined concrete has beemr well astabTi shect..#'g Eg. (10-3) fullows
from the arbitrary desigm concept that, under axial Tgading, the max—
jmum capacity of the columm before Joss-of shell be equal to that at
Targe compressive strains with the spiral reinforcement stressed tg its
useful Timit. The tougtmess of the axially loaded “spiral® columr is
not directly realevant ta its rale {n the earthquake-resistant frame
where toughness or ductiTity is related tg its performance under
reversals of moment as well as axial load. For the earthquake problem,
there is no reason to modify Eq. (10-3) other tham adding the varying
Tower bound givem by €g. (A-l) which governs for larger columms with
gross cross-sectional area, A, less than approximately 1.26 times

the core area, Ac’

3

A conservative evaluation of the available dataA‘gf A.10, A.1l an the
effect of rectilinear transverse reinforcament on the behavior of
reinforced concrate would suggest that such reinforcement has little
infTuenca on strength but improves ductility although not as effec-
tively as spiral reinforcement. Consequently, there is ng explicit
basis for relating the required amount of rectilinear transversa tg
spiral transverse reinforcement. However, it is svident that
rectilinear transversas reinforcement is less efficient and if it is
used thers should be more of it to have an effect comparable to that of
spiral reainforcement. Thus, Eq. (A-l) and (A-3) compars ta £gs. (10-5)
and (A=-2), respectively, but £g. (A-l) and (A-3) require mere rein-
forcement per unit length of columm.

The requirement of Eg. (A-2) which governs for large sections is
ignored if the design stressas om the gross section are Tow.



The: transversa reinforcament required by Eq. (10.5), (A-l), (A-2), and
(A-3) is distributed over regions where inelastic actiom is considered
ta be likely (Sectiom A.4.4.4). ‘

Fig. A-L shows am examTe of transverse reinforcement pravided by two
hoops and & cross-tie. '

Oynamic response anzlyses and field observations indicate that colums

supparting discontinued stiff elaments such as walls or trusses, tend

ty develop considerable ineTastic response. Therefore, it is required

that';l:hesa calumns have spectal transverse reinforcament thrcughout

their length. This rule cavers alT columns heneathr the Tevel at which
© ther stiff element has beem discontinued.

A.S-StructuraT walTs, dfaphragms,. and: trusses
A.5.1-Scope

This section contzins requirements for the dimensions and details of
relatively stiff structural systems including parts of roof and floor
systems transmitting inertia forces as well as walls and trusses.
Stubby frame elements, which constitute parts of the lataral force
resisting system, must alsa satisfy the requirements of this sectiom.

A.5.2-Reinforcament

Reinforcement minima {Sections A.5.2.1 and A.5.2.3) follow from
preceding codes. The uniform-distribution requirement of the shear
reinforcement results from the intent to contral the width of inclined
ucracks“ The requirement for two layers of reinforcament in walls
carrying substantial desigm shears is based onm the obsarvatiom that,
under ordinary construction conditions, the probability of maintaining
the locatiom of a single layer of reinforcement near the middle of the
wall plane is quits Jow. Compressive stress calculated for the
factored forcess acting om a h‘neaﬂy alastic model of the structura]l
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element is used as am index value to determine whether confining rein-
forcement. is required. A calculated compressive stress of 0.2 f& on an
alemant is assumed to indicate that integrity of the antire structure
is dependent om the ability of that eTement to resist substantial
compressive force under severe cyclic loading. Therefore, transverse
reinforcament, as specified im Sectiom A.4.4, is required im such
alements tg provide confinement for- the concrete and the compressed
reinforcement (Sectiom A.5.2.4). If this requirement should gaverm inm
g salid fToor sTaf, it may ber satisfied by & boundary memher, as

defi ned im Section A.5.3, rather tham providing confinement for the
entire slah.

Because the actual stresses im longitudinal rainforecing bars of stiff
alements may exceed the calculated stresses, it is required (Sectiom
A.5.2.5) that 21T continucus reinforcement be developed fully.

A.5.3-Vertical boundary members for structural walls

A simplified diagram showing the forces om the critical sectionm A=A of
a structural wall acted om by permanent loads, W, and the maximum shear
and moment induced by earthquake in a given directiom are shown in Fig.
A=3. Under- the givenr conditions, the compressed flange is required to
resist the acting gravity load plus the total tensile forca generatad
in the vertical reinforcement (or the compressive force associated with
the hending moment at sectiom A-A). Recognizing that this loading
¢onditiomr may be repeatad many times during the sirong motion, it
becomes. essential tu confine the concreta in all wall flanges where the
compressive forces are likely ta be large as indicated by the design
compressive stress exceeding 0.2 f, (Sections A.5.3.1 and A.5.3.2).

The stress is %0 be calculated for the factored forces on the section
assuming linear responsa of the gross concrete saction. The comprassive
strass of 0.2 f. is used as aw index value and does not describe the
conditions wirich may arise at the critical sactiom under the influence
of the actual inertia forces for the anticipated earthquake intensity.



The requirement im Sectionm A.5.3.3 is based on the assumptiom that the
boundary element m:iy, have to carry all compressive forces at the
eritical section at the time when maximum lateral forces ars acting on
the structural wall. The design requirements involve only the saction
properties: The cross section of the houndary slement must have
adequate: strengthf (calculated as am axially Toaded column) ta resist
the factorsd axial comressive fores at the critical sectiom.

Because the herizontal reinforcament in walls requiring boundary members
is likely to 2t as weh reinforcament, it shouyld be fully anchored in
the boundary members whiclr act as flanges (Section A.5.3.4). To achisve
this anchorage is made difficult by stress reversals, by and the passi-
bility of large transversa cracks im the boundary members. herever
feasible standard hooks or mechanical anchorage schemes should be
censiderad.

A.8-Jaints of frames

A.8.1-General requirements
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Development of inelastic rotations it the faces of joints of
reinforced concrete frames is associatad with stressas in the flexural
reinforcement well inm excass of the yield stress. Consequently, joint
shear strasses generated by the Flexural reinforcement are calculated
for 1.2% 1'} ir the reinforcement (Sectiom A.6.1.1). Amr explanation
of the reasons for the high stresses im girder tensile reinforcament.is
provided im References A.1Z.

Because the desigm requirements for jaints wers developed recognizing
that the strengthr of 3 jeint is typically governed by & brittle mode of
failure, Sectiom A.2.3.1 does naot apply to joints. The appropriats
strength-reduction factor is 0,85 for shear strength.

A.§.2-Transverse reinforcament

However Tow the calculated shear strasses in a joint of 3 frame
rasisting earthquake-inducsd forces, confining reinforcement (Sectiom
A.4.4) must be provided through the joint around the columm reinforce—
ment (Sectiom A.6.2.1). Confining reinfarcament may be reduced if
hor-izontal members frame intc all four sides of the joint as described
in Sectiom A.6.2.2.

At jaints where the girder is wider tham the columm, girder reinforca-
ment not passing through the confined core of the columm is: to be
provided withr Tataral support is provided by framing inta the joint.

A.8.3-Shear stress

The requirements for the proportioning of joints in Appendix A ars
based onm Reference A.1Z2 in that behavioral phenomena withinm the jeint
are intarpreated im terms of a neminal shear stress. Because tasts of
joi meste1% ang deep. I:usaurs‘g"“zcr indicated that shear strength was not

as sensitive to joint or web reinforcement as implied by the axpressionm
developed by ACT Committee 326421 £or beams and adopted to apply to
joints by ACT Committes 352, it was decided to permit 2 constant shear
stress (derived from the data inm Reference A.13) in a joint core having
a minimum amount ¢f transverse rzinforcement as specified in Section
A.6.2.



The: dasigner should nota that the jaint problem is hetter salved in
proportioming the girders and that tensi Ta strasses may exist in a
continuous beam bar through an interior Joint at bath faces of the
Joint because of Timited anchorage Tength.

Aké‘:.d-’-Andmraéef- Tengttr. of bars im tansiomr

Eg. (A~4) pravides & routine for determining the minimum anchorage
Tength of daformed reinforcing bars withr standard hogks embedded im
confined concrete made with normajweﬁght aggregate. [T is based om
recomendations of ACT Committee 408 A.23 Becausa the hook is
 specified to he Tocatad im confined conereta, speetal multipliers for
confinement conditions propgsad by ACT Committse 408 have been 2lim-
inated to simlify calculatiaons.

The anchorage lengthr in tansiom for- z.reinforcing bar with a standard
hook: is defined as the distance, parallel to the bar, from the criti-
teal sectiom (where the har is to he developed) to a tangent drawn to
the outside adge of the hook. The tangent is tg be drawn perpendicular
to the axis af the bar as shown in Fig. A-4. -

Nots . Hook Must Se
Within: Confined Care:

Fig. A=4



For lightweight concrete, the Tengt'h" required by Eq. (A-4) is increased
by 25 percent.

Eq. (A-4) is not intended for use withr No. 14 and Ne. 18 bars having
standard hooks.

The strengtir reductiomr factor to be used i Eq. (A-4) is 0.6%
(Sectiom A£.2.3.3). It hag beem reduced from 0.8 proposed by ACT
Committee 408 because of the effacts of Toad reversals.

Sectiomr A.5.4.3 specifies the minimum anchorage Tength for straight
ba_.rs as z multiple of the length indicated by Sectiom A.6.4.1. Case
(b} of Sectiom A.6.4.3 refars to "top™ bars.

Everr thoughr Eq. (A=4) dees not apply to hooked No. 14 and Ne. 18 bars,
it is to be usad to detsrmine anchorage Tengths for straight No. 14 and
No. 18 bars. Strazight bars are tao pass through the confined core in
alT cases ever if the entire anchorage length cannot be accommedated
within the confined core.

A.7-Shear-strength requirements
A.7.1-Degigm forces

In determining the equivalent lataral forges regresenting earthquake
effects for the type of frames considered it is assumed that frame |
alements wilT dissipate energy im the nonlinear range of responsa.
Unless a frame element possesses 3 strength that is a muTtiple, on the
order of three to four, of the design forces, it must be assumed that
it will yield in the event of the design earthquaks. The designm shear
force must be a good approximatiom of the maximum shear that may
develop im am alement. Therefore the design shear for frame elements
is related to the flexural strength of the designed element, rather
tham to the shear indicated by Tateral-lgad analysis. The conditions
described by Sections A.7.1.1 and A.7.1.2 reflect this requirement.
Because girders are assumed to develop axtensive nonlinear response,
design shears in the girders are- determined using stresses in the longi-



- tudimal reinforcament (I 25 F ) witich refTect the effects of straim

' hardemng.A 12 Ealumm desvgn shears (Sectiom A.7.1.Z) are determined
o the basis of Timiting moments calcuTated from intsractior diagrams.
[m both casas strength-reductior factors are assumed to be unity.
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Desigm shears for structural walls, trusses, and diaphragms are
cbtained from the lateral-load analysis with the appropriate Toad
factors. (However, the designer should consider the possinility of
yialding ir comgenents of such structurss, as im the portiom of a wall
betwearr two window openings, in wirich case the actual shear may be well
ir excass of the shear indicated by Tataral-load analysis basad orr
factored desigm forces.)

The term "probable strength™ in Sectionm A.7.1 refers to moment strength
calculated with ¢= 1.0 and fe =125 7.



A.7.2-Transverse rai nf’ofcement i frame elements

Experimental studies at variocus laboratories of reinforced concrete
elements subjectad to cyclic Toading have demonstratad that more web
reinforcemant is required to insure a flexural failure if the element
-is subjectad ta altermating nomlinear displacements tham if the element
is loaded im one directiom omly, the necassary increase of web rein-
forcement being higher in the case of no axial lead. This chservationm
is reflected in the specifications (Sectiom A.7.Z.1) by eliminating the
term representing the contributiom of concrete to shear resistance.
However, this stratagem, chosem for its relative simplicity, should not
be intarpretad to mean that no concrets is required fo resist shear.

Orr the contrary, it may be argued that the concrete core resists all
the shear with the welr reinforcement confining and thus strengtheming
the concrete. The: confined cancrete core plays an important role inm
the hehavior of the beam and should not be reduced to z mimimunr just
becausa the desigm expressiom does not recognize it explicitly.

Becausa spalling of the concrete shell is anticipated during strong

~ matiom, especially at and near regions of flexural yielding, all web -
reinforcament must be provided im the form of <losed haaps as defined
in Sectionm A.7.2.2.

A.7.3-Reinforcement in structural walls and diaphragms

E9. (A-5) has Deew selected for general use primarily because it
provides a simple and famiTiar vehicle for the detarminationm of the
required amount of transverse reinforcement. To differentiate between
stubby and slender walls was considered to be unwarranted considering
the increased calculatiom effort the differentiation requires would be
likely to offsat any economy im material it might effect.

The requirement for the distributiom of calculated shear stress in
walls working in paraliel reflects the need ta aveid averloading one of
the piers while the others are barely Joaded.



 "Horizonta] wall element®™ in Sectiom A.7.3.6 refers to wall sections
between twg vertically aligned openings (Fig. A-8).:

""-'.-—Hﬂriznntul .
“Wail Element
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Fig. A-8

A.8-Frame: alements not proportioned to resist forces induced by earthquake
mations.

The: intent of Sectiom A.8.1 is tz insure that the parts of the struce
tural system, designed for gravity Toading only, will continue to be
functicnal at lataral displacsments for which the lateral-force resist-
ing. system has beem designed. Consequently, the gravity-Toad systam
need only accommadats the specifisd Tataral displacsments without
reductior i gravity-lead carrying capacity. Reductiom im flexural
stiffness of reinforcad concrets elements qf the gravity-load systamr
may be recognized im calculations. It s not necsssary to reinforce
the gravity-lecad system for moments: relatad ta Tateral forcas.
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A.9=Construction joints

Constructiomr joints require explicit attentiom during the designm as
well as the constructiom of z building. Eg. (A-8) reflects the
influence: o shear strength of the estimatad net force normal to the
constructiomr joint. It should be noted that the normal force relatad
to the Tateral maotionm will reduce the compressive force: due to
gravity. A positive value for Pn,, refers to compressiom on the joint.
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4.0, MINORITY REPORTS (none)
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