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Q. 3. Page 1 of 4 pages

Provide clear, detailed sketches and descriptions of the con-
nection interfaces of the additional walls to the existing
structure. Additionally, describe the methods by which the
effects of concrete creep and shrinkage (causing tension in

the walls and/or a reduction in assumed dead weight) have

been factored into “he design of these additional walls.
Describe and justify in detail the design and the procedures
for the connections of the new walls to the existing structure.

Answer:

Detailed sketches of the connection interfaces between the

new walls and the existing structure are attached. The final
design may reguire som: minor revisicns tou the actual sizes
and spacings of the rebar and studs. The sketches show repre-
sentative connection details that will be used. The connec-

tion i1nterfaces are discussed below.

Typically, where steel beams occur at a herizontal interface,
studs are used to transfer shear forces and vertical rebars
are used to transfer tension forces. At horizontal interfaces
where steel beams do not exist, vertical rebars make the
connection. In scome cases friction type A-490 bolts are also
used in the connections between th- new walls and the existing

concrete.



Page 2 of 4 pages

The typical treatment for vertical interfaces is to expose
the columns and weld studs ¢ O them. New rebars are spliced
with the exposed horizontal ezisting rebars by cadwelding.

Drilled and grouted horizontal rebars are also used to make
the connections.

The effects of the concrete creep and shrinkage have been
considered in the design of the new walls. Creep is a gradual
increase in strain with time when concrete is under sustained
stress. The nature of the new walls for the mo_ifications of
the Complex is such that, except for their own weight, they will
be under stress only during a seismic occurrence, which is of
short durat:ion. Therefore, the creep effect on these walls i3
not considered to be significant.

The shear strength provided by the concrete, vc, is calculated
in accordance with equations (11-33) and (11-34) of ACI 318-77,
where N, represents the tension due to shrinkage. Alsc in the
same eyuations the beneficial effect of the dead weight of the
new walls and the walls above them is neglected, resulting in a
lower value of Vo

The design for *“he connections of the new walls to the exist-
ing structure is in accordance with ACI 318-77.

The tensicn connection provided by the rebars is calculated by
the strength design method.



Q. 3. Pege 3 of 4 pages

The shear connections are designed by one of the following

means:

i)

11)

111)

Shear studs welded on to the structural steel members
transmit shears between concrete and steel,

The design value for the studs is considered to be one-
half the value given in Table 15 of the MNelson
Division of TRW Inc. publication, "Design Data 10 =
Embedment Properties Sf Headed Studs." (The design

value of the shear studs is further elaborated in the
answer to gquestion No. 7).

ASTM A-490 friction type bolts transfer shear from
structural steel members to concrete, or from an exist-
ing wall to a new wall. They have .ue capacity cf
transmitting 52.5 kips of shear per bolt. (This value
is furtner elaborated in the answer to question No. 6).

The design of the vertical shear transfer mechanism
between the existing wall and the new wall poured
against it is pased on the provisions of ACI 318«77.
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Page 4 of 4 pages

The procedures to be followed in the construction of the con-
nections are:

a. Surface preparation of the existing concrete will be

in accordance with paragraph 11.7.9 of ACI 318-77 and
paragraph 6.4.1 of ACI 349-76.

b. Surfaces of the steel to receive studs will be cleaned

and studs will be 'elded in accordance with the stud
manufacturer's recommendiations.

€. Reinforcing bar splices will be in accordance with
Sections 12.15 and 12.1€ of ACI 318-~77. The splices will
also comply with the reguirements of Sections 7.5 and 7.6
of ACI 349-76, except as noted in Response to Question
NOo. 4. Mechanical connections will be made by the CADWELD
method.

d. All work will be performed in accordance with the specifi-
cations listed in Paragraph 3.2.2.4 of PGE-1020.

All of the work, including the atove procedures, will be per-

formed in accordance with the applicable Codes and Standards
ané with conventicnal construction methods.
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Answer:

(a) Page 1 of 6 pages

Provide the shear capacities of the column connections vs.

the required shear resistance under the combined loadings to
support your claim in Section 3.4.2.2 that the derived flex-
ural capacities of the Trojan walls are conservative in that

the building wal’s will not slide.

Section 8 of the report "Trojan Control Building Supplemen-
tal Structural Evaluation®, September 19, 1978, describes the

mechanism by which the shear forces carried by the walls of
the Complex are transferred to the rock foundation. Resist=-
ance to sliding is provided by friction at the grade beams to
rock interface as well as friction between the steel columns
and the concrete spread footings. Table 8-1 of the above~-
referenced report lists the sliding resistances and the base

shear forces and the factor of safety against sliding for each
major wall of the unmodified structure. The modifications

will not significantly change che total base shear forces.
Furthermore, the new walls will Provide additional sliding

resistance and hence factors of safety will be further
increased.

Calculations are also made to obtain the gliding resistance
as provided by the steel columns and the shear friction



Q. 11. (a) Page 2 of 6 pages

developed by the continuous vertical reinforcing steel cros-

sing the wall-slab interface at each floor level together with
the dead load. These two individual resistance mechanisms are

calculated as follows:

1. Column Resistance

The shear resistance provided by steel columns is given by:
Vl .AC fv
where:

Ac = cross-sectional area of steel columns (inches?);
typically one end column and 50% area of other
end column is reglected.

£, ®* yield shear stress (ksi)

The value of £, is taken as (1/3)°-5£y where for f = 36 ksi,

fv = 20.78 ks1i.

The shear resistance of a steel column is checked against

the bearing in core concrete. Concrete beariny stress is
assumed to vary linearly from 0 to 0.85£_"' over a height
equal to twice the depth of the column. The lesser of the
column resistance and concrete bearing governs.



Q. 11.

(a) Page 3 of & pages

2. Shear Friction by Vertical Reinforcing Steel

Shear friction at the walleslab interface as provided
by the mechanism of shear friction is taken as:

Vo =, (Agf, + N)
where:
" = apparent coefficient of friction = 1.4
(See response to Question No. 16)
Ag = area of vertical reinforcing steel (1nch032)

ly = yield stress of rebar = 40 ksi

N = direct dead load on wall reduced for the effect of
vertical earthquake (kips)

The ultimate shear resistance against sliding at wall-slab
interface is

vV = V1 + V2
For the unfactored OBE condition the sliding resistance is

obtained by multiplying V by the capacity reduction factor
of 0.85 and dividing by the load factor of 1.4.



Q. 11. (a) Page 4 of 6 pages

Analysis of Test Result

The above criteria for sliding resistance is applied to the
data obtained from testing the specimen L2, described in
Appendix A of PGE-1020.

Test parameters:
A_ = 2 x 4 - #4 bars = 1,60 in?

on ® 3l.4 psi ; N= 31.4 x 17.25 x 80 = 43.33 kips
A. = 2 nos. W 10 x 25 columns

= 2 X 7.30 = 14.72 in?

£, = 51.8 ksi (See table A3-3 of Appendix A, PGE-1020)

V) = 14.72 x 20,78

= 305.9 kips

Vo = 1.4(1.60 x 51.8 + 43.32)

= 176.7 kips



Q. 11. (a) Page S5 of 6 pages

V= Vl * Vv,

= 482.6 kips

Shear resistance = 482.6 x 1000
17.25 x 80

= 350 psi

The specimen did not fail in sliding. The failure shear
stress was 367 psi which shows that the analytically

obtained results provide for a realistic assessment
Oof the resistance against sliding.

Table 1l-1 shows the calculated resistances and also the OBE
shear forces at various floor levels in the west wall along
column line R of the Control building. The factor of safety

against sliding is also presented. Similar results are obe
tained for other walls of the Complex,

The results of the analysis, therefore, confirm that an

adequate amount of sliding resistance exists both at the
foundation level and also at all wall-slab interfaces so that

the walls will develop their flexural capacities as described
in Secticn 3.4.2.2 of PGE=1020.



Q. 11. (a) Page 6 of * rages

SLIDING RESISTANCE AND SHEAR FORCES IN KIIS
WALL ALONG COLUMN LINE K

Resistance against sliding-ultirate OBE Resistance Shear Forces * Factor of
Elevation Safety
Friction Colunes 1.4
45" 480 2730 9210 55% 2140 2.61
61' 4050 2730 6780 4120 2650 1.55
7" 3840 2060 5920 3590 2480 1.45
93" 4390 2080 6470 3930 2260 1.74

*Results of latest STARDYME run ~ tu be included in the forthcaming revision of PGE-1020

NOTE: The table above does not include elevation 117' since sliding does not occur at that level; the shear
transfer mechanism between the slab and the wall, however, has been investigated and found to be adequate,

TABLE 11-]



C. 11.

Answer:

(b) Page 1 of 2 pages

Additionally, for all walls discuss the causes of (e.g.
shrinlage) and the effects of the cbserved separation be-
tween the bottom of the steel beams and the concrete along
the west wall of the Control Building and limitations on the
rotational restraint of the in-situ wall on the appropriate-
ness cf using the double curvature specimen test results.

F detailed survey of the shear walls cf the Control Building
has been made to determine the locaticns and extent of any
separation between the steel beams and the composite walls.,
The only place where such a separation was observed is on the
west wall along column line R Letween column lines 41 and 46
and below the tottom flange of the steel beam Supporting the
floor slak at elevation 77 £t. The wall at this location is
cemposed of two wythes of grouted reinforced mascnry blocks
without any -ore concrete. At cther locations in the west
wall and in all the other najor walls of the Control Euilding
at least a portion of the masonrv, and in some instances

the core ceoncrete, continues beyond the floor steel Leams.
But in this particular location of the west wall the ocutside
wythe stops just below the steel beam flange. Concrete was
poured from the inside face of the wall to fill in the space
between the top of the inside wythe of masonry and the bettem
of the floor slab. 1t was expected that the concre.e would



Qe

il.

(b) Page 2 of 2 pages

flow to the outside face of the wall thus filling in the in-
terspace between the bottom of the beam and top of the out-
wythe. Thic did not happen throughout the length of the
panel and some amcunt of gap, especially in the center portion
of the panel, remained cpen. Physical examination shows th-t
that the gap extends to a depth of about 8 inches, which is
the thickness of the cu.side wythe. There is no visual crack
©r gaf on the inside face ¢~ the wall at the beam location.
It is therefore concluded tuat the unique geonetry and cons-
truction adopted to build this portion ¢f the wall is the
reason for the separation between the bottom tlange of the
team and top of the outside wythe. Shrinkage is thus not

the cause of the separation, otherwise, not only the inside
face of this particular portion of the west wall bLut the
other walls would have exhibited separations of similar
nature.

Limitations on the rotational restraint of the in-sityu wall
on the appropriateness of using the double curvature spe-
cimen test results are discussed in Cuestion 43.



Q. 11.

Answer :

(¢)

Significant separation of the concrete away from the beams

or tensicn induced in the walls where there is no segparation
could impact the consideration of the “box effect" or confine~
ment as suggested by PCE~-1020 thereby reducing the shear
Capacity assumed for the wall. CQuantify the extent cf and
effects of this unbonded conoition for all walls.

The separation between the beam flanges and the wall panels
is addressed in resgonse to Cuestion No. 11 (b). The "Lox
effect,” as 1t exists in the Complex, enables the side walls
O act as webs while the cross walls participate in providing
the flange action when the Complex is subjected to an over-
turning moment due to lateral load. The "box effect” is
realized when the nechanism exists to transfer the vertical
shear forces from the side tc the cross walls at their conaon
interfaces. This capability of shear transfer has been anal-
vzed and found to be adequate as explained in response to
Question No. l6.



c. 11.

Answer:

(a)

Also, in addition to considering the concrete strength of
5000 psi, discuss the effects of the interfaces with 2000
psi cgesign strength concrete.

The existing shear wall core concrete and ~e concrete block
wall cell fill grout are 5,000 psi design nixes. 1In many
areas, the concrete slabs are a 3,000 psi design mix. The
mechanism of shear transfer at the floor levels is cdescribed
in response to Question No.ll (a). The portion of the shear
force which is transferred at the wall - slab interface is
cbtained from the shear-fricticn of the fully embedded vert-
ical reinforcing steel and the direct dead load stress.
Because the "coefficient of friction® along the joint is
independent of the concrete strength, sc also is the shearing
strength, provided the gshearing stresses do not exceed some
limiting value. This limiting shearing stress, as suggested
by Mattock, Jchal and Chow in "Shear Transfer in Reinforced
Concrete with Moment or Tension Acting Across the Shear
Plane," PCI Journal/July=-August 1975, can be taken as 0.2¢.',
which for 3,000 psi slab concrete is 600 Psi. The ultimate
shearing stress used in the analysis of the Complerx shear
walls is well below this limit.
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Answer:
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Discuss in detail why the dead load .ting for the SSE is
gieater than that acting for the OBE, thereby resulting in

greater shear capacities for the SSE than considered for the
OBE.

Due to the construction sec of the Complex, the dead
lcad carried by the steel frame under static conditions cone~
sists of its own weight and the reinforced concrete floor slabs.
The walls carry their own weight. During an earthquake event,
however, when the structure undergoes any lateral deformation,
the axially stiff steel column will tend to deform less than
the adjacent wall panel in the vertical direction. The
displacement compatibility between the encased stecl frame
and the concrete walls causes redistribution of axial loads

in these elements., The tension side of the wall will pick

up additional vertical load thus unloading the prec-mpressed

column.

The actual vibratory motion during the SSE will be more
severe than the OBE. The lateral deformation for the SSE

is greater than for the OBE. Therefore the precompressed
columns will be unloaded more during the SSE than the
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OBE, thus resulting in a greater increase in the SSE dead
iocad ou the wall panel. For the purpose of determining the
capacities of the existing wal'" of the modified Complex,
however, the increase in the dead load has been conserva~-
tively neglected for the OBE. As indicated in PGE-1020, the
OBE ceontrols the design of the modified Complex and oniy the
direct dead load is used for capacity dctermination.
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Answer:

(a) Page 1 of 2 pages

Provide the basis for your claim that, in lieu of the test
program results, there are no UBC requirements addressing
the type of walls in the Trojan Complex since Sec. 2417 of
UBC-1963 specifies that for combinations of units, materials,
or mortars, the maximum stress shall not exceed that permit-
ted for the wcakest of these.

The major shear walls of the Complex are constructed of high
strength concrete core, bot) reinforced and unreinforced,
(nonmasonry units) sandwiched between two wythes of rein-
forced grou’ :d concrete blocks (masonry units). The Uniform
Building Code, Chapter 24, is devoted solely to masonry con-
struction that employs the units, materials and mortars
specified in Section 2403. Section 2403 does not include
the concrete core which is covered in a different chapter of
the UBC. Section 2417(a) places allowable limits on design
and construction that uses a combination of the masonry

units, materials and mortars specified in Section 2403, How~-
ever, when the combination includes a non=-masonry element

such as the concrete core in the Complex walls then the allow-
able stresses of Section 2417 (applicable solely to masonry)

no longer apply. Thus the the major shear walls of the Complex
are not addressed by Section 2417.
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Cince the FSAR did not specifically address the composite
shear wall construction of the type used in the Complex, it
is understandab’ that ambiguities could have arisen as to
the intent of the reference in the FSAR as to the UBC.
Section 3.8.1.5. indicates that "concrete block walls" in
Category I structures are designed to the UBC reguirements
for masonry; and such requirements were in fact obtserved ‘or
those walls cunstructed solely of masonry. However, there was
no intent o apply those requirements to the composite
masonry-concrete wall construction of the type used in the

Complex; and, as discussed above, those reguirements
would nct be applicable to such construction.
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Provide the basis for your statement that the UBC did not
envision the use of a model such as STARDYNE, therefore,
higher allowables are appropriate. UBC Sectiocn 2417 merely
states that forces be determined from the principles of con-
tinuity and relative rigidity, which is what SARDYNE does.

Answer:

The Trojan FSAR went beyond the minimal requirements of the

UBC by calling for response spectrum analysis to determine

the dynamic loads for Category I structures. As discussed

in Section 3.6.3 of PGE-1020, the eriginal evaluation of the
Complex was done by performing a response spectrum analysis on
beam-stick mathematical model which, was an adequate approxi-
mate representation of the physical structure. In the re-
evaluation study, the detailed threc dimensional finite element
modeling of the Complex was a more accurate representation of
the structural system, and therefore the STARDYNE response

spectrum analysis on this mcdel more accurately determined the
dynamic response of the Complex.

The Uniform Building Code, along with several other codes,

while maintaining that the forces in the structural slements
be determined from the principles of continuity and relative
rigidity, does not specifically call for applying technigues
as sophisticated as an extensive finite element analysis., A
simpler static analysis based on relative rigidities of the
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participating structural elements is adequate to satisfy the
code reguirement. However the STARDYNE analysis, which is a
rigorous finite element analysis, takes into consideration
not only the rigidities of the structural elements for combi-
nations of their deforication modes, but also provides a tool
for evaluating structural discontinuities and their effect

“n the system behavior. This kind of analysis, theretore,
provides far better knowledge and conseguently a higher level
of confidence by eliminating analytical uncertainties that
ray be present in a relatively simpler analysis.

PCE-1020 did not state that higher allcwables are appropriate
in light of STARDYNE. Section 3.6.3 indicated that, on the
basis of the fact that such an improved analysis was per~
formed and the better understanding it provided of the Complex,
the need for design margin was reduced. However, in PGE-1020

credit 1s not taken for this additional conservatism.

.-



Q. 25.

In Section 4.2.3, reference is maa> to the tensioning of

bolts after concrete has attained ".dequate strength.” Define
"adequate strength®™ and describe hov it will be determined.

Answer:

Adequate strength is defined in this context as the design
strength of the new concrete. Determination of when the con-
crete has attainod this strength will be made with cylinder
tests conducted in accordance with ACI standards. The bolts
attaching the plate to the wall will not be fully tensioned
until developmen: of the design etrength has been demonstra-
ted. Prior to this time, the bolts will be made snug to
remove any play between the plate and the wall.
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Answer:

Verify that the static and dynamic effects of the rigging and

the steel plate on the Turbine Building above elevation 93
feet have been considered.

The structural elements that will be affected b rigging the
steel plate on the Turbine Building above elevation 93' are
the floor steel beams at elevation 93' and the crane girder

at elevation 130'-11" to which the chain hoists will be
attachea for handling the plate.

An analysis of these elements has shown that the static

and dynamic loads that will be imposed on them during the
handling of the steel plate result in stresses below AIS]
code allowed values. The eccentric loading on the crare
girder has been considered in the investigation.
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Answer:

What strength concrete was used to mcdel the new walls

in the STARDYNE Analysis ¢f the modified complex? 1In
Section 3,2.5 a concrete strength of £'c = 5000 psi at

90 days is specified for the new walls. Will the
qualification of the modified compiex be affected while
this strength i{s being developed after concrete placement

considerinjy both in plane and out of plane wall loadings?
Provide the basis for your response,

The capacity of the walls is based on a design strength of
3500 psi. The STARDYNE analysi- used a stiffness based on a
concrete strength Of 5000 psi which is the expected long-term
capacity of the new concrete. The structural qualification
of the modified Complex, as affected by the capacity of the
new walls as their strength increases from zero to the full
design values, is discussed in the response to Question No.
32,
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Answer:
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Provide your evaluations of the effects of the proximity
or configuration of hole patterns, including the effects

of any cracking which is present in the walls.

The capacity of the walls is controlled by flexure which is
dependent upon the vertical reinforcing bars. Since none

of the reinforcing steel will be cut, the [lexural capacity

cf the panels will not be reduced, Except for the separation
discussed in the response to Question No. 11(b), only hairline
cracks are present in the walls where holes will be drilled.

For the same reason discussed above such hairline cracks will
not affect the panel capacity.

In resisting either the horizontal or vertical shear forces
along a line of bolt holes, there are three important factors
to be considered. First, the 3" diameter holes are spaced a
minimum of 8 diameters which results in a small amourt of
material being removed. If a bar is encountered while drill-
ing, the hole will be abandoned and fully grouted before the
replacement hole is drilled. Since the reduction in shear
area owing to any such abandoned holes would be insignificant,
the replacement hole may be drilled even if the grout in the
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abandoned hole has not yet developed its designed strength.
Second, the resistance being relied upcn is produced by the
reinforcing steel and the e~cased column or the beam-column
connection, none of which is sensitive to the small amount

of concrete and block being removed. Third, the reduction

in area due to the bolt holes is less than 4% in the horizon-
tal shear plane, less than 6% in the vertical plane and less
than 5% in any diagonal plane. These reductions in shear
areas have been considered in evaluating the shea: capacities
of existing walls. Along these planes, the row of Lolt holes
does not traverse the entire structure and any tendency for a
crack to develop along the bolt holes will be resisted by
portions of the wall without holes.

After the new structural elements are bolted into place,
they will bridge across the holes.



Q. 32.

Answer:

Summarize the loads and locad combinations and corresponding
acceptance criteria for which the diesel generator air intake
will be designed. 1Include a discussion of how the effects of
the Turbine Building, a non-Category I structure has been

considered.

The new diesel generator air intake through the north wall
©f the Turbine Building consists of a louvered opening in
the wall. The purpose of the louver is to keep wind, rain,
and debris from entering the Turbine Building. The louvers
need not be designed for abnormal locads since their colliap.e
would not preclude air supply to the air intake located on
the East side of the Diesel Generator Room. In any event,
the air intake on the north wall of the Turbine Building has
been sized to allow blockage of 50% of the area. The
attached figure shows the location of the louver and the air
supply path to the Diesel Generator Rcom.

The fact that the Turbine Building is not a Category I struce
ture has no effect on supplying air to the Diesel Generator
Room because it has been designed to resist a Safe Shutdown
Earthquake (FSAR Sec. 3.8.1.1.6). The siding and the connec-
tions have been analyzed and it has been determined that the
siding will not become detached during a Safe Shutdown
Earthquake.
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Q. 33.

Answar:

Provide the kasis for your determination that remova. of the

face masconry block and a portion of the concrete core at
columns lines 41 and 46 on column line K' will not signifi-

cantly affect the shear capacity of these walls.

The sketches provided in response to Question No. 3 show the
portions of the existing shear walls which will be removed

during modification work and filled in later to make
Necessary connections to the new concrete walls., All of
these existing walls, including those at column lines 41
and 46 and on column line N' have been evaluated to assess

their shear capacities during such modificaticn work. The

she .r capacities have been calculated both on the basis of

the criteria established in the report "Trojan Control Build-
ing Supplemental Structural Evaluation September 19, 1378"

and also Section 3.4.2.2 of PCE-1020. It has been found that
the walls with the portions removed will be capable to withe
stand an SSE level greater than 0,25 g, and also an OBE greater
than 0.08g., This demonstrates that the shear Capacities of

the walls will not be significantly affected during performance
of the modifications.
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Provide the capacity assumed for the dowels used to

perform the wall modifications and the basis for this
assumed capacity.

Answer:

The capacity of the dowels used to perform the .all modifica-
tions is calculated in accordance with the rejuirements of
ACI-318-77 and it is basically a function of the capacity
reduction factor, yield strength of reinforcing steel, and
the amount of steel present, modified as required for the
type of application (e.g., tension or shear). The design of
the connections between the new walls and the existing walls
and slabs 1s discussed further in response to Questicn No. 3.



Q. 39.

Answer:
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Define "repres’ ;tative® as used in defining the struts used
in specimens El, F2 and H2. 1Include a discussion of the
similarity between the way in which the struts were anchored
into the bulkheads, thus encasing the wall vs. the way the
walls are encased in the frame formed by the columns and
beams in the actual structure. Expand this to include a sim-
ilar discussion for specimens L1l and L2. Also, discuss the
similarities between the horizontal steel anchorage at the
edges of the test specimens vs. that of the actual walls in-
terrupted by openinga, and those which intersect cross walls
(e.g. the wall intersection at the intersection of column
lines R and 55.)

The specimens El, F2 and H. had two steel struts each, located
externally on either side as shown in Figure A3-1 of PGE-1020.

The struts wer: ‘tached to the top and bottom bezms through
hinged connections with 3/4" A-325 bolts. The steel struts
were used to simulate the axial resistance béhavior of the steel

columns in the Complex walls where the columns would be assumed
to act as external members without any vertical shear transe
fer at the column~wall interface. The struts also provided a
deformation=-controlled rotationa)l resistance (as oppcsed to a
force-controlled rotational resistance) at the ends of the
specimens. The external steel struts increased the

¢hear capecity of wall specimens by inducing additional dead
load.
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The specimens Ll and L2 had the two steel columns fully
embedded in the core concrete as shown in Figure Al=2 of
PGE-1020. These columns were anchored to the top and bottom
beams by an embedment length of about 3'-0". These steel
columns in the test specimens simulated the embedded steel
columns which are continuous through adjacent floors of the

Complex.,

The area of the steel column in the test specimen was dimen=
sionally reduced to simulate an average column size in the

Complex. The ratio of the column to the wall cross section
was approximately the same between the test specimens and a

typical wall panel.

It should be noted that the specimens El, F2 and H2 with

steel struts and the specimens Ll and L2 with embedded col-
umns were tested to investigat~ the behaviour of Complex walls
with embedded steel [rames. A ‘ned, two extreme condi-
tions for bond were simulated siucy che exact conditions of
Complex walls are 4ifficult to create in test specimens.

As shown in Figure A3-2 of PGE-1020, in order to simulate
interrupted reinforcement in the actual walls, the horizontal
reinforcing bars of tne test specimens were not anchored at
their ends. Only the norizontal reinforcing bars in the
masonry blocks of Ll and L2 specimens had U ties simula~-

ting the wity of block reinforcement in the actual
walls. Als , it can be seen from the test results that the
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horizontal reinforcement is not an important parameter for
the shear capacity of specimens unless the specimens failed
in the ciassical shear mode. The horizontal reinforcement
helped to control the width of major diagonal cracks in
specimens which had a shear mode of failure.



Q. 41.

Answer:
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Discuss in detail the error band associated with each of the
test rest..s (e.g., stiffnesses, strengths, degradation,
etc.). Exrlain and -ustify how these were factored into your
evaluation of the complex.

Tables 2« 223 Al=2 of PGE-1020 list the test program and the
specinrn desc-iption respectively. As can be seen, the test

paramevers were not duplicated, therefore restricting a
direct atsessment Of error associated with the test results.

However, the following discussion provides the tasis to esti-
mate conservatively the probable error associated with the

test results and the procedure to account for such error in
the evaluation of the Complex.

The probable error from the quality of materials such as mort-
ar, masonry blocks, grout, concrete and reinforcing steel and
from the fabrication of test specimens was minimized by
implementing a good quality control program. The effact of
such an error is negligible because the behavior and capacity
of specimens were predominantly governed by the most reliable
parameter, namely, the vertical steel reinforcement. There~-

fore, the probable error from the quality of materials and
from the fabrication of test specimens can be reasonably
estimated to be # 1%,
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The specimens were loaded using calibrated hydraulic rams and
pressure gauges. The nerformance of hydraulic pumps was con-
tinually monitored to assure the steady application of inten~
ded load on the specimens. The deformation of specimens under
load was measured using dial gauges, linear variable differen-
tial transducers (LVDT) and X-Y recorders. The dial gauges
and LVDTs can indicate deformations up to an accuracy of 0.0001*
and 0.0005", respectively.There were duplicate pressure gauges,
dial gauges and LVDTs to measure and monitor the important
quantities suc ' as ram pressure (load) and lateral deformation.
There were at least two technicians to read and record gauge
readings. Also, at least two test engineers were engaged to
check the test set-up and measurements. Thus, adequate pre~
cautions were taken to minimize the probable error from test
set-up and measurement. A + 3% would be a conservative esti-
mate for such an error.

The accuracy and consistency in the test results are demon-
strated in Figure 41-1 by the small scatter among the
ultimate s rength of all the 23 specimens. This type of
experimental s~atter is common among the results of concrete
test specimens. Such a scatter can be attributed to various
sources as discussed above and other probable sources such as
the construction jeint at the beam-specimen interface. The
consideration of error ba.4 associated with the test results
is not applicable to the Capuocity evaluation because the test
results were not used directly, as explained in Section 3.4
of PGE-1020.
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As explained in Appendix B of PCE-1020, the test results were
used to evaluate the stiffness of the Complex walls as a

function of axial stress, shear stress and vertical reinforce~-

ment ratio. During this evaluation, the uncertainties

associated with the test results are considered conservatively

in response spectra broadening, as explained in response to
Question No, 47.
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Compare the slopes of the sides of the peaks in floor
response spectra for the complex frequency shift vs. stress
(therefore, ground acceleration) level as derived from the
test data results to verify that the floor response spectra
are conservative for all earthquake levels for both the OBE
and the SSE spectra. Justify any non-conservative deviations.

In considering the adequacy of the OBE response spectra, a
review of stiffneass reduction factors was made to determine
the largest earthguake that could occur before liqniticant
reduction in trequency resultod. It was estxmatcd that £or
an earthquake of approximately 0.10g9 the stxffnesa roductzon
would be appruximately 2% resulting in a 1% shift in
frequency. The response spectra associatad with the 0.10g
earthquake was estimated Dy assuming the same general shape as
for the 0.15g OBE excep! the frequencies associated with the
peaks are increased and the ordinates are reduced by the
ratic of 0.10/0.15 = 0.67. The estimate of the increase in
frequency was made by considering several of the STARDYNE -
analyses involved in the overall stiffness iteration process.
This resulted in an increase of 5 to 7 percent. This is

the shift of the first mode in the N-§ direction, and the
sh.ft associated with the other modes is less. Since the
peaks of the response spectra have sloping sides, the width
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of the peaks increases with _Jecreasing acceleration. As
shown in Figure 49~1, the width of the peaks of the response
spectra for an (.15 OBE varies between 15 and 20 percent

at 0.67 of the peak ordinate. This will allow the freguency
shift of 5 to 7 percent, plus appruximately 10 percent curve
oroadening, with the resulting spectra for an 0.10g earthquake
still being within the 0.159g OBE response spectra. As the

earthquake level increases from 0.10g to 0.15g, the stiffness
reduction factors decrease gradually which will result in a

gradual transition to the 0.15g response spectra.

In the event Oof an earthquake greater than the OBE, there is
expected to be a gradual transition from the 0.15g OBE res-
ponse spectra to the 0.25g SSE response apectra. Designing
safety-related components, equipment and piping to the OBE
and SSE criteria provides a high level of confidence of
being able to withstanl an earthquake between 0.15g and
0.25q.
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