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EXECUTIVE SUMMARY

The seismic evaluation of the 221-B canyon structure is part of an ongoing
safety review associated with continued operation of B Plant. The objective of
the seismic evaluation was to examine the feasibility of demonstrating adequacy
of the canyon structure to current DOE facility seismic requirements. If seismic
adequacy could not be ‘'monstrated for the existir- facility, specific fixes
were to be identified wnich would result in compliance with the : ismic
require nts.

The first step in the seismic evaluation was to perform a detailed
nondestructive examination of the structural elements of the 45-year-old
reinforced concrete facility. "Pulse echo", "ground-penetrating radar" and
visual techniques were used to evaluate the in-place stength and condition of
the concrete and location and condition of the reinforcing steel. It was
concluded that the aging structural elements were in "excellent" condition.

The B Plant canyon structure departs from conventional reinforced concrete
design in the sense that the walls and roof are relatively massive and Tightly
reinforced. Conventional linear seismic analyses resulted in significant

-overstress in local regions. Increasingly rigorous options were then pursued

to remove the conservatisms associated with the conventional evaluation approach.
The final analysis approach was an inelastic time history analysis. Results of
the time history analysis resolved the overstress problems of the linear analysis
and demonstrated conformance to current DOE seismic requirements. Therefore,
structural modifications to demonstrate seismic adequacy of the canyon facility
are not necessary.
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Cutaway view of the B Plant Canyon Structure.

Figure 1-1.
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Seismic requirements for DOE facilities are addressed in Sections 0111-2.7.2
and 0111-99.0.4 of DOE 6430.1A. DOE 6430.1A provides general direction and
refers to UCRL-15910 for more detailed seismic loading and analysis guidance.
Specific se« ions of UCRL-15910 requirements pertinent to the canyon structure
seismic analysis follows below.

Section 2.2.1 of UCRL-15910 addresses "facility-use categories” which
requires thi a facility be placed into one of four hazard level categories.
At the present time, B Plant is categorised as a "high hazard" facility. The
seismic evaluation described in this report is all based upon the high hazard
category fol »wing the UCRL-15910 Section 4.2.3 guidelines. A summary of this
Section is provided in the next paragraph.

As a minimum, UCRL-15910 specifies that an elastic dynamic analysis be
performed resulting in the development of demand/capacity ratios for the
facility. The facility capacity is developed from "code ultimate or yield
values”. If the demand/capacity ratios a1 below unity for the entire structure,
the facility is seismically idequate. I{ the elastically calculated
demand/capacity ratios ~v-~- »~ity, inelastic an s may be performed,
alTowing for a redistrioution or the Tocal peak d:#§§557_~%~'3irect integration
time history analysis explicitlly modeling inelastic behavior of individual
elements of the facility" is an acceptable approach. This approach was utilized
for the canyon structure as described in Section 8.0.

Section 4.4.5 of UCRL-15910 addresses special considerations for existing
facilities. This section emphasizes the need for establishing the as-built
condition of the facility. It specifically states that the "in-place strength
of the materials" should be determined. The approach taken in meeting this
requirement »or the canyon structure is addressed in Section 4.1 of this report. -
Section 4.1 of UCRL-15910 also lists alternatives when an existing facility
does not meet the seismic _requirements of a new facility.

e —

1.5 EVALUATION PROCEDURE

Preliminary analyses of the canyon structure indicated that an elastic
analysis alone is insufficient to demonstrate seismic adequacy. Knowing that
nonlinear analyses would be necessary, the following procedure was used in the
final seismic evaluation: .

(1) Cie==- * As-Built Assesment

A detai 2d assessment of the current building structural condition was

made using nondestructive testing techniques. Specific information provided
by this assessment included concrete strength, rebar location confirmation,

location of cracks and unbonded construction joints, and concrete stiffness

(elastic modulus).

(2) Elastic Analyses

Using the latest information on the current building structural status,
elastic analyses were performed using response spectrum techniques.

4
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Approximate nonlinear amalyses were performed at this stage by locally
reducing stiffnesses at overstressed locations indicated by the linear

-~ analysis. Iterative elastic analyses were performed to obtain a preliminary

inelastic response and eitimate the dynamic seismic capacity.

T e ————————

Nonlinear Static Capacity Analyses

A nonlinear finite element model was then developed in order to perform an
inelastic analysis of the canyon building. Additional estimates of the
seismic capacity- of the canyon structure were obtained by statically
incrementing lateral accelerations until the building collapsed. This
static capacity analysis provided additional preliminary assessments of
the dynamic capacity and gave some insight as to the likely dynamic failure
modes. ‘

Nonlijnear Time History Analyses

The final step in the seismic evaluation was to perform a direct integration
time history analysis using the inelastic model developed in Step (3).

Using the peak values obtained from the time history analysis, an assessment
of the building seismic adequacy was obtained. Estimates of the building
capacity were also obtained by performing time history runs on a scaled up
time history loading.
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2.0 SUMMARY OF RESULTS

The seismic evaluation began by performing a nondestructive evaluation
(NDE) of the structural elements of the 45-year-old canyon building. The NDE
assessment indicated that the current condition of the concrete is "excellent"
with a nominal strength of about 5900 psi. Relatively minor surface shrinkage
cracks were detected in thé concrete as anticipated. Several unbonded
construction joints were identified. Reinforcing bar locations were found to
coincide with the drawings and there was no evidence of rebar degradation by
corrosion. )

The second step in the seismic evaluation was to perform a soil/structure
interaction (SSI) of the canyon structure and the adjacent soil. The Design
Basis Earthquake (DBE) specified in SDC-4.1 provided the basic ground motion
definition-at the ground surface away from existing structures. The SSI
evaluation modeled the structure and surrounding soil to determine the motion of
the structure as it interacts with the soil. Uncertainties in the soil
properties were accounted for as specified by UCRL-15910 (Kennedy et al. 1989).
The output of the SSI evaluation was an upper bound of the seismic motion of

-the canyon structure foundation to be app11ed to a detail model of the canyon

building.

Initial elastic analyses indicated that there were several locations of
ycal overstress and that an elastic analysis was -insufficient to demonstrate
seismic adequacy. As varigus nonlinear options were pursued .it was nated that

the overstressed areas .v.ncided with the "precracked” construction joints.
This observation led to the décision to develop a nonlinear finite element
model with the nonlinearites limited to the construction joints. The resulting
modeling approach is analogous to the "plastic hinge" concept used in limit
analysis. The details of the nonlinear model development are given in Section
8.1.

Before performing an inelastic time history analysis, efforts were made to
develop a feel for the collapse capacity and failure modes. The first effort
was an extension of the elastic response spectrum method. Elastic iterations
were made utilizing "secant stiffness"™ values at overstress regions. The second
method was a “static capacity” analysis to determine the horizontal acceleration
required to collapse the structure. Both of these approaches estimated a postive
margin against collapse for the specified DBE.

The inelastic time history analysis results are summarized in Section
8.3.3 with details provided in Appendix D. The time history results indicated
that nonlinear "gapping" occurred in several locations, but plastic yielding in
the rebar was limited to the crane level construction joints, as indicated in
Figure 2-1. The predicted peak plastic strain was less than 2%. The expected
minimum ultimate strain for the Grade ) rebar is 12%, indicating a significant
margin against rebar failure. The occurrence of gapping and y1e1d1ng at
construction joints indicates the probability of an increase in confinement
leakage. However, as 1nd1cated in Sect1on 1 1, 1eakage concerns are beyond the

scope of th1s FePOrt. T T s e P
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Using the peak bending moments predicted by the time history analysis,
demand/capacity curves were generated for the canyon walls and roof. These
demand/capac1ty comparisons indicated that the bending moments predicted by the

inelastic time history analysis are w1th1n the Structural capac1t1es as defined
by UCRL 3910 (Kennedy et al. 1989)

Figure 2-1 indicates regions where concrete cracking was predicted.
Cracking regions were indicated when the predicted peak bending moments exceeded
the gross section cracking strength. Since moment reversals are not predicted
in these regions, the cracks may not pass through the entire section. However,
?12c$ ce the concrete compression zones are small, some through-wall cracking is

ikely.

Time history analyses beyond the 0.2g DBE event were also performed in
order to estimate the seismic capacity of the canyon structure. A 0.4g
earthquake analysis was performed by simply doubling the 0.2g acceleration time
history. The 0.4g analysis supported the earlier estimates that the collapse
capacity was approximately twice the 0.2g DBE magnitude, giving a collapse
margin of about 100%.
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3.0 CONCLUSIONS

Based upon the results of the inelastic time history analysis, it was
concluded that the canyon structure complies with the seismic requirements
specified in SDC-4.1 (WHC 1989). Therefore, no structural modifications are
necessary to demonstrate seismic adequacy of the canyon building. It was also
concluded that the time history results demonstrate compliance to the UCRL-
15910 guidelines, as discussed below.

Section 4.4.5 of UCRL-15910 addresses special considerations for evaluating
existing facilities. It specifically states that the as-built condition of
the existing facility be assessed to determine in-place material strengths and
deviations from the drawings. This guideline was addressed with a nondestructive
evaluation (Section 4.1) to determine concrete strengths and to verify rebar
placement. It was c :luded from this evaluation that the basic structural
elements (reinforcing steel and concrete) were in "excellent” condition.

Section 4.2.3 of UCRL-15910 outlines the steps recommended to seismically
evaluate moderate and high hazard facilities. For an elastic analysis, it
specifies that the seismic "demands” be less than the "capacities"” for all
elements of the facility. Elastic analyses indicated that some local capacities
are exceeded leading to the conclusion that an inelastic analysis was necessary
as permitted by UCRL-15910. No specific limits are mentioned when_a_ipnelastic.
analysis is performed. For the canyon structure, it was found that the
rédistributed demand values, from the inelastic analysis, were within the element
‘capacit’ . . This led to the conclusion that inelastic amalysis adequately
demonstrated compliance with the UCRL-15910 guidelines.

Although not required by UCRL-15910, seismic analyses beyond the 0.2g DBE
event were also perfi med in order to estimate the seismic capacity of the
canyon structure. It was concluded that an earthquake magnitude of approximately
0.4g is required to produce a general structural collapse. Thus, the canyon
structure collapse margin for the specified 0.2g DBE is approximately 100%.
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4.0 CANYON BUILDING STRUCTURAL DETAILS

CANYON STRUCTURE NDE

In accordance with the guideline given in Section 4.4.5 of UCRL-15910, an
ssment of the "as-built condition of the existing facility" was initiated
a nondestructive evaluation (NDE) of the canyon structure. Specific
ctives of the NDE were to (1) estimate the current strength and stiffness
Young’s Modulus) of the structural concrete (2) determine the extent of

concrete cracking (3) confirm the specified locations and condition (e.g.
corrosion) of the steel reinforcing. The bulk of the NDE effort was performed
in August of 1988 by R. Muenow and Associates. Due to some NDE/drawing

desc

1989.

A.

4.1.

repencies, some visual confirmation of roof rebar was necessary in November
“The Muenow re irt and follow-on roof rebar work are provided in Appendix
A summary of the results is provided below.

1 North ¢ 1 Soui Canyon Walls

The concrete in the north and south walls is in good to excellent condition.
The nom al concrete compressive strength and modulus of elasticity for
these walls are 5980 psi and 4.86 X 10° psi, respectively. These walls show
minimal concrete degradation and cracking. The relatively few visible
cracks Jrizontal dnd diagonal) on the exteriors have maximum depths of 6.
to 9 in 2s. These appear to be shrinkage cracks which deve]ope “during the
initial concrete cure. They have progressed little, if any, since.

Pulse e o NDT with the 90° transducer vertically down the walls from the
roof confirms t 1t unbonded construction Jo1nts exist at several levels in

the nor ~and South walls and are described in detail below.

The construction joint at the crane rail level (elevation 737.25) %s
unbonded in both walls.

Generally intermittent, weakly bonded construction joints are located in the
north wall at the pipe gallery floor, the top and under sides of the crane
gallery floor slab, and the wall to roof slab juncture.

Generally intermittent, weakly bonded construction joints are located in
the south wall at the floor and top of the hot pipe trench, 3 to 4 ft. above
the canyon deck level, and the wall to roof slab juncture.

The construction joints at the base of these walls with the foundation slab
are generally well bonded, bas¢ on pulse echo 45° transducer NDT in the
electrical gallery on the north wall.

There are vertical reinforcement layers on both the interior and exterior
surfaces of the north wall over the full height.

10
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drawing list provided in Table 4-1. A more complete drawing list is found on
Drawing No. W-70064.

Table 4-1. B Plant Canyon Structure Basic Drawing List

Drawing No. Rev. No. ' Drawing ..tle

W-69330 60 COncfete Front Qutside Stairs

W-69332 | 1 Concrete Covers

W-69334 81 Sections 1 & 2, Concrete Plans and Details
W-69333 85 - Sections 1 & 2, Conc}ete Sections & Det;ils
W-69565 86 St;ndard,Secfions, Concrete Plans

W-69566 - 64 Building 221 T-U-B Standard Sections

Concrete Sections and Details

W-70064 13 Structural Key Plan

13
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5.0 [ SIGN BASIS EARTHQUAKE (DBE) DESCRIPTION

5.1 RESPONSE SPEtTRUH DEFINITION

The current definition of the Design Basis Earthquake (DBE) for Hanford
Non-Reactor structures is specified in Section B.3.a.(3) of -SDC 4.1 (WHC 1989).
The specified spectra curves are shown in Figure 3 of SDC 4.1 which is reproduced
here as Figure 5-1.

Section B.3.b of SDC 4.1 specifies that for non-reactor facilities the
percentage of critical damping used in DBE analyses shall conform to UCRL-15910,
unless otherwise justified. UCRL-15910 recommends a damping value of 10% for
bolted steel and reinforced concrete. Genera11y, the dominant damping parameter
in reinforced concrete structures is hysteresis in the concrete. For the lightly
reinforced, massive walls in the B Plant canyon structure, the total hysteresis
activity in the concrete is expected to be significantly less than for a
conventionally reinforced concrete structure. Therefore, based upon a
literature review and discussions with UC-Berkeley civil engineering professors,
a relatively conservative 5% damping was assumed for all of the canyon structure
DBE analyses.

5.2 TIME HISTORY DEFINITION

Ten second time histories were generated for the SDC-4.1 spectra by URS
Corporation (URS Consultants 1989). Three independent time histories were
developed for the north-south, east-west and vertical directions. In accordance
with Section 4.4.1 of UCRL-15910 (Kennedy et al. 1989), the east-west and
vertical peak accelerations are 80% and 60%, respectively, of the north-south.
peak of 0.2g. The time histories of interest for the B Plant canyon structure
analysis are the north-south (transverse to the canyon axis) and vertical
directions which are reproduced here as Figures 5-2 and 5-3.

The initial input for the generated time histories was the E1 Centro
earthquake for the north-south time history and the 1952 Taft for the vertical
time history. The acceptance criteria for the final time histories was as
follows: (1) The associated computed spectrum could not dip more than 5% below
the SDC-4.1 specified spectrum. (2) The average of the ratios of the generated
spectrum to the required response spectrum, in the 0.5 to 40 hz frequency range,
“must exceed 1.0. (3) Power Spectral Density (PSD) plots were generated for
each time history to demonstrate that the PSD behavior was reasonable. (4)
Cross-correlation coefficients for the independently generated time histories
were checked to assure that they are weakly correlated (less than 10%
correlation).

" The time histories shown in Figures 5-2 and 5-3 were developed for the
seismic analysis of a different structure (i.e. not B Plant) using the SDC-4.1
7% damping curve. To evaluate the adequacy of these time histories for the 5%
. spectrum, the above criteria were applied. It was found that the computed

P h 14
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spectrum dipped slightly more than the 5% criteria at one frequency for the
north-south time history as shown in Figure 5-4. However, the average ratio
requirement (generated to required spectrum) of 1.0 is met and the time
histories were judged to be adequate for 5% damping app11cat1ons This judgement
was influenced by the fact that the ASCE Standard for seismic ana]ys1s “(ASCE™

1986) allows 10% d1ps to occur, if the average rat1o requirement is met.

—— e
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6.0 SSI EVALUATION

6.1 INTRODUCTION

The Design Basis Earthquake (DBE) for the Hanford Site is defined in SDC
4.1 (WHC 1989) and summarized in section 5.0 of this report. The input design
response spectra (Figure 5-1) and the generated time history define the surface
ground motion at the site remote from any structures. However, as the incoming
vibratory motion in the ground encounters a massive foundation implanted in the
soil, wave scattering combined with soil deformation produces motions .in the
base slab that differ from those defined at the same elevation in the free-
field. This difference between the base-slab motion and the free-field motion
can be described as the effect of soil-structure interaction (SSI). For an
embedded structure, t! base-slab motion may be significantly less than the
design ground motion at the soil surface.

One method for evaluating SSI is the finite element technique, where the
soil mass is separated into finite two-dimensional elements. The structure is
also detailed using an appropriate combination of finite elements. A finite
element method frequently used in SSI analysis of nuclear power plant structures
has been coded into FLUSH, a computer program developed at the University of
California, Berkeley (Lysmer et al. 1975). FLUSH is a two-dimensional, finite
element program which uses the complex response analytical procedure to solve the
- equations of motion of the soil-structure system in the frequency domain.

Deconvolution is the method used to compute sub surface ground motion
from a given motion at the surface in the free field.

6.2 SOIL COLUMN STUDY

In FLUSH, the nonlinearity in the soil material is. approximately accounted
for by iterating on the soil properties. The "low strain" soil properties
selected for the B Canyon SSI were extracted from the SSI analysis of the nearby
Purex facility analysis (URS 1981). The soil model extends to a depth of 161
feet and is characterized by the properties shown in Figure 6-1.

The maximum height of the soil layers selected for the FLUSH model were
established using the criteria in the FLUSH users manual:

hp = Vs/(5fp)

where: hp = maximum height of the soil layers
Vg = shear wave velocity in the layer
fm = highest frequency in the analysis (30 hz assumed).

The maximum width of the soil elements beneath the structure was
established using recommendations specified by the American Society of Civil
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Engineers (ASCE 1986), which states that at least eight horizontal divisions be
used within the width of the structure foundation.

6.3 STRUCTURAL MoDI

The structural portion of the model used a combination of beam and solid
elements to represent the canyon structure north-south cross section. Beam
elements were used for the walls, roof and floor slabs. Solid elements were
used for the 6 foot foundation slab and to account for the shear wall
contribution of the 7 foot thick walls between the process cells. An effective
shear modulus of 0.35 times the concrete shear modulus was used in the shear
walls to account for the fact that the solid portion of the cells is 35% of the
total volume. The E/W dimension was assumed to be infinite since the canyon
structure is very long in that direction. The finite element model used in the
FLUSH evaluation is shown in Figure 6-2. A typical FLUSH input file is provided
in Appendix B.

The canyon structure has a 300,000 1b. bridge crane which moves in the
E/W direction and can be located anywhere along its length. The crane bridge
is supported on the east-west rails by end trucks, each truck having four
wheels. The outermost wheels on each end truck are spaced 16 feet apart. The
weight of the unloaded crane to be resisted by each one_foot length of canyon
cross section was conservatively taken as 1/16 of 300,000 pounds or 18750 pounds,
‘9400 pounds on each rail. The weight of the canyon cell cover blocks were
determined and included in the model as concentrated mass points.

6.3.1 Damping

The selection of appropriate damping values to be used for structural
seismic analyses is generally extracted from an imposed industry standard such
as NRC Reg Guide 1.61. For non-reactor structures located on the Hanford DOE
site, the imposed standard, SDC-4.1 (WHC 1989) specifies that damping values
should be taken from UCRL 15910 (Kennedy 1989), which specifies a value of 10%
for reinforced concrete. The 10% damping was judged to be too high for the
relatively thick-walled, lightly-reinforced construction of the canyon
structure.

A Titerature search was performed to evaluate industry precedence used in
seismic analyses of structures similar to the canyon building. Some precedence
was found in the seismic analysis of concrete dams. Dreher (Dreher 1981) reports
that damping values ranging from 2 to 10 percent have been experimentally
extracted from tests on dams, with the higher levels reported for "higher levels
of exitation”. This provides some evidence that relatively high damping is
possible for Tlightly reinforced concrete structures.

Following the literature review, several discussions were held with various
experienced seismic analysts including civil engineering faculty members at
UC/Berkeley. There was general agreement that for the predicted near-capacity
load levels for the canyon structure, a 5% damping value is reasonable.
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The dominant damping mechanism in conventional reinforced concrete structures
is generally material hysteresis in the concrete in compression. Preliminary
estimates of the DBE response of the canyon structure indicate that the structure
will be Toa :d near the structural capacity. However, due to the lightly
reinforced nature of the structure, the compressive concrete stresses are
expected to be relatively low. Therefore, the higher damping specified by UCRL
15910 for DBE analyses of reinforced concrete structures does not appear to be
appropriate for the canyon structure. A 5% damping in the structural portion .
of the FLUS model was assumed for all analyses.

6.3.2 Construction Joint Detrils

The canyon structure is known to have several unbonded construction joints
created during the pouring sequence. The reduced moment capacity at these
locations increases the structural flexibility and produces corresponding
reductions in the natural frequency. To accoi t for the effects of the
construction joints, a simplified ANSYS model, suitable for easy conversion to
FLUSH, was prepared. To simulate the construction joints, a short (6 in. long)
element was modeled at the joint locations.

Modal analyses of this simplified model using a variety of values of moment-
of-inertia for the six inch long joint segments were performed and -compared to
the results from the response spectrum evaluations of the detailed ANSYS model
having linear rotational springs (see Section 7). The moment-of—inertja )
properties from the simplified ANSYS model that resulted in the best
approximation of the fundamental frequency of the detailed ANSYS model were
used in the FLUSH model. .

6.4 FLUSH ANALYSIS

UCRL-15910 (Kennedy et al. 1989) requires that soil property uncertainties
be accounted for in SSI analyses. Three soil modulus conditions are recommended:
(1) "best estimate"™ shear moduli corresponding to the iteratively calculated
seismic strain for each soil layer, (2) lower bound shear moduli values
corresponding to 50% of the best estimate values calculated in (1), and (3)
upper bound moduli taken as 90% of the best estimate "low strain" values. The
best estimated low strain moduli were taken from the PUREX facility evaluation
as discussed in Section 6.2. The reduction factors for higher strains were taken
from the Seed and Idriss (Seed et al. 1970) recommendations for sand.

The nonlinearity in the soil stiffness as a function of strain level was
accounted for in FLUSH by iterating on the shear moduli and damping values for
each of the soil layers until the solution converged. The shear moduli
corresponding to the calculated seismic strain for each soil layer were then
used by the FLUSH program in computing the "best estimate" response spectra and
time history at selected points. Upper and lower bound spectra were obtained
by varying the soil properties as indicated in the previous paragraph.
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6.5 SSI RESULTS

The objective of the SSI analysis was to provide DBE base-slab motion of
the canyon structure to be used in a detailed structural model analysis. M ion
predictions were produced in both a response spectrum and time history format.
Response spectrum curves were generated at-the center and edge of the base-
slab, at several interior wall and floor locations, and in the soil at the
surface and at the foundation depth. The center and edge predictions were
almost identical. Therefore, only the center results are reported.

The input motion at the soil surface was a time history. An iterative
free field analysis of the soil column was performed and the surface spectrum
was generated and compared to the SDC-4.1 input spectrum. The regenerated
spectrum was found to correspond adequately to the input spectrum, which
provided -some verification of the soil column mo ~ adequacy (Figure 6-3).

The resulting response spectra for the three bounding soil moduli
evaluation conditic ; are shown along with the SDC-4.1 free-field input in
Figure 6-4. At all frequencies, the response of the lower bound soil condition
resulted in larger, more conservative, accelerations. The foundation time
histories correspor ing to the upper bound spectrum are shown in Figures 5-2

and 5-3.
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7.0 LINEAR ANALYSIS

Past seismic evaluations of the B-Plant Canyon design have resulted in
predictions of cracking of the concrete and overstress of the reinforcing steel.
The presence of. the unbonded "precracked” construction joints predetermines the
locations of reinforcing steel overstress.

In order to ap; oximate the response of the structure having unbonded
construction joints, a detailed linear finite element evaluation was performed.
Comparisons to the non-linear capacity of the unbonded construction joints were
made for three loading conditions. Gravity loads, 0.2g Design Basis Earthquake
loads, and double DBE earthquake loads of 0.4g were imposed on the structure in
order to determine the dynamic response and potential collapse loads.

The structural model used a combination of beam and solid elements to
represent the canyon structure. Gross section beam elements were used for the
walls, roof and floor slabs. Solid elements were used for the foundation slab
and for the shear walls between the process cells. Rigid link beam elements
were used in the area common to the intersecting walls and floors. Nine linear
springs were included in the model at the locations of the known unbonded
construction joints, three on the north wall above the crane gallery floor and
six on the south wall above the bottom of the pipe trench. The linear model is
shown in Figure 7-1. A typical computer run input file is provided in Appendix

7.1 CONSTRUCTION JOINT STIFFNESS DETERHINATION

A study was performed to determine the overall effects on the structural
model due to variations in rotational stiffness of the springs at the
construction joints.

Modal analyses were made using varying spring stiffnesses in order to
duplicate the results from the modal evaluation of the model having rigid
construction joints. Spring stiffnesses for the model were estimated from
hand calculations to be 198EI/L where I is the gross stiffness of the uncracked
concrete section and L is the distance to the adjacent construction joint. The
hand calculated stiffnesses of the joints ranged from 3.1E11 to 8.1E12 inch
pounds per radian (ippr). A uniform spring stiffness of 0.1E13 ippr was used
in the evaluation. Modal evaluations using these and stiffer spring rates
produced results equivalent to the rigid joint evaluation.

The actual moment-rotation relationship for each unbonded construction
joint is non-linear ; it is a function of the dead weight restoring moment,
the moment yield capacity, and the ultimate moment capacity. Based upon the
construction joint model development discussed in Section 5.1, the moment-
rotation curves shown in Figures 7-2 through 7-10 were created.

7.2 GRAVITY ANALYSIS RESULTS

The static gravity evaluation consisted of subjecting the model to a 1.0 g
vertical acceleration. The gravity induced moments produced gapping at seven
of the nine construc ion joints, resulting in elastic loading of the reinforcing
steel. That is, the "dead weight restoring moment" (Figures 7.2 to 7.10) were
exceed at the seven joints.. The crane level and the roof level joints in both
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walls have moments resulting in tension in the reinforcing steel on the outside
wall surface. The joints below the canyon deck level have moments resulting in
tension in the reinforcing steel on the inside wall surface. The reinforcing
steel does not reach yield stress at any of those joints for the dead weight
loading. The construction joints in the south wall between the crane level and
the canyon deck have gravity induced moments that are safely below their dead
weight restoring moment capacity. Therefore, the reinforcing steel in these
joints remain in cor ression from gravity loads alone.

7.3 RESPONSE SPECTRUM ANALYSIS

The dynamic evaluation consisted of subjecting the model to a horizontal
acceleration response spectrum, combining the dynamic results with the gravity
results, and comparing the calculated moments for the linear springs to the
moment capacity of the construction joints. The vertical DBE component was
ignored to simplify 1e iterative procedure discussed below.

?.3.1 mlinear "Secant® Evaluation Methodology

The determination of an equivalent "secant" linear spring rate for the
stiffness of the construction joint springs was used to approximate the non-
linear response. The analysis technique used in this approximate non-linear
analysis was to iterate on.a linear "secant" stiffness for each of the springs
until the cal¢ulated moments and joint rotations for all springs conformed to
the construction joint non-linear property curves. The term "secant" stiffness
comes from the geom¢ ry definition of a straight line (the linear st1ffness)
intersecting a curve (the moment-rotation capac1ty) at two points (the origin
and the calculated moment-rotation).

7.3.2 Design Basis Earthquake Results

Due to the nonsymetrical cross-section of the canyon, the structure has a
different stiffness (flexibility) in the north horizontal direction than in the
south horizontal div :tion. Subsequently, separate dynamic modal evaluations
are required to obtain both the north and south horizontal responses. Only the
north direction response was obtained. The model was analyzed for seismic
motions causing roof displacements to the north. The model was subjected to
the foundation response spectrum developed from the soil structure interaction
evaluation of the 0.2g Design Basis Earthquake in Section 6. The resulting
construction joint moments are shown in Figures 7-2 to 7-10.

The results of this approximate non-linear analysis indicate that the
structure can safely withstand the 0.2g earthquake. The combined gravity and
seismic moments are less than the yield moments in all but the crane level
joint in the nort wall. ,
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7.3.3.Increased Magnitude Earthquake Results

The canyon model was then subjected to an earthquake load of 0.4g or twice
the 0.2g DBE in order to estimate a collapse load or a safety margin against
collapse. The results are also shown in Figures 7-2 to 7-10. As indicated in
the figures, the 0.4g event is predicted to produce moments in excess of the
yield moment in six of the construction joints. At three locations (the crane
level joints and the north wall/roof intersection), the predicted moments are
approaching the ultimate capacity of the joints, indicating the structure is
near a general collapse. Therefore, based upon an approximate stepwise linear
approach, the seismic capacity of the canyon structure is in the neighborhood
of a 0.4g DBE event.
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8.0 NONLINEAR ANALYSIS

8.1 NONLINEAR MODEL DEVELOPMENT

The significant nonlinearities in a reinforced concrete structure subjected
to bending loads include (1) tensile cracking in the concrete (2) tensile
yielding of the rebar (3) rebar bond slippage in cracked sections and (4)
compressive crushing of the concrete. Normally, tensile cracking occurs at
relatively low load levels and is often accounted for by performing linear
analyses with a moment of inertia magnitude somewhere between the gross and
cracked section. The B Plant canyon structure is somewhat unique in that in
most sections the gross section crack initiation strength is greater than the
cracked section yield strength. This design feature tends to limit the
nonlinearities to local regions of high stress.

As indicated in Section 4.0, the canyon structure has a number of
"precracked sections" in the form of construction joints. A comparison of the
elastic overstress and construction joint locations is provided in Figure 8-1.
Note that all of the high stress regions correspond to construction joint
locations. This observation led to the decision to develop an initial mode]
with the nonlinearities Timited to the construction joints. This approach is
analogous to performing a limit analysis in plastic design by modeling
predetermined potential plastic hinge locations. The adequacy of the initial

hinge location estimates is then verified by-a post analysis evaluation of the -.

sections between hinges (i.e. between construction joint locations).

One of the computer modeling options originally considered was to create a

monolithic model using concrete solid and rebar elements. T/ primary reason
this option was not pursued was because the capability of treating the bond
slip and associated rebar yielding at the construction joints, did not appear
to be adequate in the concrete models of existing computer codes.

8.1.1 Construction Joint Computer Model

Precise modeling of the local response in a construction joint is
difficult. The phenomena to be modeled includes concrete ga; ing, rebar
straining and bond slippage, and a complex compressive deformation pattern znd
potential spalling in the concrete. For dynamic modeling purposes, there are
three major concerns: (1) conservative strength modeling (2) reasonable
stiffness modeling and (3) reasonable plastic strain estimates in the rebar.
Various computer models were considered, but the relatively simple joint model
shown in Figure 8-2 was found to be adequate.

The essential features of the computer model include: (1) gap elements to
restrict the tensile loading to the rebar (2) elastic/plastic truss elements
to carry the tensile rebar loading and limit the tensile loading to the rebar
yield strength and (3) gap/rebar element spacing equal to the center-to-centar
spacing of the tension/compression rebar. This spacing assumes that the
compression zone is centered at the compression steel. This produces a moment
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resisting couple distance which is constant. The conservatism of this assumption
is discussed in the next paragraph. The gap element modeling also provides
automatic handling of the "dead weight restoring moment"” which provides a
significant contribution to the moment capacity of the joint, as shown in Figure
8;3. This restoring moment changes during the seismic event as the axial load
changes.

Another feature of the construction joint computer model is horizontal
coupling to prevent relative horizontal movement at the construction joint.
Initially, potential relative movement was permitted through the use of friction
gap capability. However, numerical instabilities occurred which were found to
be associated with these elements. It was then decided to provide horizontal
coupling with a post analysis joint shear evaluation to assure that the
shear/friction capacity of the joint was not exceeded.

- The most important of the modeling concerns is assuring that the joint
bending strength is conservative. Reasonably accurate estimates of the
construction joint bending capacities were obtained using the BIAX2 computer
code (Wallace 1989). The BIAX2 capacity analysis and results are summarized
in Appendix D1. The conservatism of the computer model bending strength
predictions are demonstrated in Figures 8-4 and 8-5. These figures compare the
computer model and BIAX2 predictions for two rebar percentage extremes. Note
that a perfectly plastic rebar response is used for the computer model based
upon the minimum yield strength of 40 ksi (Grade 40 steel).

The "effective length" of the rebar is an attempt to simulate the joint

- . stiffness. The rebar effective length is a function of the amount of rebar

bond slip which varies with load magnitude. An attempt to model the local
response at a cracked joint is addressed by Lai (Lai et al. 1984). A figure
from the Lai reference is shown in Figure 8-6 which gives the approximate stress
and strain distribution in the rebar adjacent to a joint.

From University of I1linois tests cjtsd by Lai (Lai et al. 1984), the
ultimate bond strength is equal to 14(fc ) -5 By assuming a constant bond
stress (Figure 8-6) equal to the ultimate bond strength, a bond stress
development length can be expressed as

rebar area

max. steel bar stress (between concrete sects.)
steel bar circumference ,
concrete/rebar bond strength = 1¢ fc')0-3,

0
(%]
B ® ¥ U

The development length, 14, increases as the stress, fﬁ, is increased.
This results in a nonlinear rebar response as shown by the "Theoretical” curve
shown in Figure 8-7. An approximate linear response can be obtained by assuming
an effective length equal to one half of the yield stress development length,
which gives the linear approximation in Figure 8-7 designated as "Model
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Assumption". Half of the development length is used to account for the linear
strain distribution over the full development length (Figure 8-6). In the
computer model, the effective length is equal to the full development length to
account for rebar both above and below the joint. By assuming a perfectly
plastic material, the "Model Assumption” response in Figure 8-7 is obtained.

A tabular listing 'of the rebar effective lengths used in the computer models
is shown in Table 8-1. Note that the computer model truss elements, simulating
the rebar response, vary in length from 5.25 to 12.89 inches. These effective
lengths, based upon rebar slip at yield stress levels, were selected to simulate
the "average"” joint stiffness. Prior to rebar yielding, the response is on the
soft side, whereas the post yielding response may be on the stiff side. -

The adequacy of the model was also evaluated with respect to the phenomena
of "cyclic softening”. Cyclic tests of reinforced concrete cantelever beams were
conducted at the University of Il1linois (Takeda et al. 1970). A computer model
of the cantelever beams was developed using the Figure 8-2 approach for the
local response. Ti beam deflection contribution was simulated using the cracked
section moment of - :rtia. A comparison of the measured and computer model
predicted cyclic response is shown in Figure 8-8. Note that the computer model is
in general more flexible (lower force for a given applied displacement) than the
experimental response. The one exception to this is the elastic response following
a series of plastic cycles where the model is overly stiff. It was concluded from
this test comparison, that the "effective rebar length"” model was conservative with
respect to bending strength and provided a reasonable estimate of the local cyclic
stiffness. :

Using a rebar effective length for simulating stiffness results in an
unconservative estimate of the peak rebar strain. The truss element simt ition of
rebar response prod :es a uniform strain distribution over the effective 2:ngth.
Typical strain distributions measured in the laboratory are shown in Figure 8-9
(Popov 1984). Usin the effective length approach to Case 7G in Figure 8-9, a
uniform strain prediction of 2.1% was obtained (0.276" deflection, 12.93" effective
length). The measured peak strain for Case 7G was 3.7% which is 1.76 times higher
than the model prediction. To account for this strain peaking, a "strain
concentration factor” of 2.0 was applied to the computer strain predictions.

8.1.2 Nonlinear Str :tural Model

‘The nonlinear structural model was developed from the ANSYS elastic model
discussed in ‘Section 6.1. The elastic model was modified by introducing the
nonlinear construction joint models (Figure 8-2) at each construction joint. A
second modification involved combining the relatively stiff lower section of the
structure into a single substructure element (ANSYS STIF50) as ‘indicated in Figure
8-10. Model details, including node and element plots, are provided in Appendix
D3. Between construction joints, gross-section moments of inertia were specified
for the initial nonlinear runs. Later runs were made with reduced moment of inertia
values in the roof as discussed in Section 8.3.
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Table 8-1. Construction Joint Computer Models Rebar Effective Lengths

Dist. Between Ag per _ Circumference  Effective
Location Rebar, in. Foot in cg, in. Length, in.
North Wall @ Roof
- OQutside 40.0 - 2.206 7.059 12.89
- Inside 40.0 0.10 0.785 5.25
South Wall @ Roof
- Qutside 40.0 2.206 7.059 12.89
- Inside 40.0 0.10 0.785 5.25
North Wall @ Crane _
- Outside 31.0 0.219 1.386 6.52
- Inside . 31.0 0.10 0.785 5.25
South Wall @ Crane .
- Qutside 31.0 . 0.219 1.386 6.52
- Inside - 31.0 - 0.10 0.785 - 5.25
N. Wall, Above brane» ‘ -
Gallery Floor . -
- OQutside 55.0 0.527 2.094 10.38
- Inside 55.0 1.500 6.000 10.31
S. W., 10’ Above Deck |
- Outside ' 55.0 0.311 1.663 7.71
- Inside 55.0 - 2.667 10.67 - 10.31
S. W., 3’ Above Deck )
- Qutside 55.0 . 0.311 1.663 7.71
- Inside 55.0 4.167 13.33 12.89
S. Wall, Top of Pipe Tr.
- OQutside , 55.0 0.311 1.663 7.71
- Inside 55.0 4.167 13.33 12.89
S. Wal , Bot. of Pipe Tr.
- Outside 97.0 0.000 0.000 No Rebar
- Inside 97.0 2.885 9.231 12.89
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8.2 STATIC CAPACITY ANALYSIS

As an initial estimate of the seismic capacity of the canyon structure,
static capacity runs were made by incrementing on the horizontal acceleration.
Since a vertical uplift reduces the bending capacity of the wall joints, an
attempt was made to account for this potential reduction in the static capacity.
The axial force varies with construction joint location and time. UCRL-15910
(Kennedy 1989) specifies that 40% of the peak vertical should be combined with
100% of the peak horizontal. To approximate the vertical uplift effect, a
uniform vertical uplift of 0.15g was assumed, which at the time was the best
estimate of 40% of the peak vertical. Combining this estimated seismic uplift
with dead weight, resulted in a net downward g level of 0.85qg.

A summary of the static capacity results are summarized in Figures 8-11
and 8-12.. Figure 8-11 provides the horizontal roof deflection vs horizontal g
level. Since the canyon structure is unsymmetrical, horizontal accelerations
were applied in both transverse directions (left = north, right = south). For
a uniformly applied horizontal accel« ation, collapse was predicted to occur at
about 0.5g. Based upon a review of the elastic analysis predictions, it became
obvious that the horizontal accelerations are not uniform. The peak roof
accelerations were estimated to be about three times the peak foundation
accelerations. Ass ing a linear distribution, with the roof acceleration 3
times the ground acceleration, the 0.7g (roof acceleration) capacity estimate
was obtained.. ' '

An estimate of the collapse margin can be obtained by comparing the 0.7g
acceleration with the foundation horizontal spectrum given in Figure 6-4. The
peak spectral value is 0.68 g’s which is close to the static capacity, indicating
a need to perform a rigorous dynamic analysis.

Another item of interest from the static capacity evaluation is the
horizontal roof deflection predictions. From Figure 8-11, the canyon structure
capacity is essentially achieved at a horizontal roof deflection value of about
0.75 inches. In the south direction, static capacity is reached at a horizontal
deflection level of about 1.25 inches. Although structural collapse would
require much larger deflections, these values are indicative of an impending
instability and are discussed further in Section 8.3.3.

8.3 NONLINEAR TIME HISTORY ANALYSIS
8.3.1 Time History Loading

In Section 6.0, a soil-structural interaction time history analysis is
described. From this analysis, acceleration time histories were generated at
various locations in the FLUSH model. The acceleration time histories generated
at the canyon structure foundation Tevel are shown in Figures 8-13 and 8-14.

Note that the Targest horizontal accelerations occur in the one to two second
time range, whereas the peak vertical acceleration occurs at about 8 seconds.
Although the horizontal loading was expected to dominate the structural response,
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the full 10 second event was analyzed due to the large vertical acceleration at
8 seconds. _

Ground accelerations cannot be applied directly to an ANSYS model in a
time history analysis. The one exception to this is a single degree of freedom
problem where there are no spacial variations in acceleration. There are two
approaches for applying an acceleration time history in ANSYS. The first
involves an applied displacement history obtained by double integrating the
accelerations. The second approach is to attach a large mass (three orders of
magnitude greater than the structure mass) to the base of the structure and
apply a force history obtained from multiplying the acceleration history by the
mass magnitude.

Both approaches were experimented with using a simple single degree of
freedom model. For the single degree of freedom problem, both approaches gave
the same response. However, some difficulty was experienced with the applied
displacement approach in that a cummulative ground shift occurred. This problem
has been encountered by WHC structural analysts in the past, and the large
mass, force history approach has been the preferred approach. This approach
was also recommended by the ANSYS program consultants.

The starting procedure for the applying the time history loading went as
follows: (1) A dead weight analysis was performed with the fi ndation constrained
at the base.. This provided the dead weight reaction forces at the base. (2)

The time history solution process was then begun by applying he dead weight at
time zero: At the next time step (slightly beyond zero), the constraints were
removed and replaced with déad weight reaction forces. (3) °~ e force time
history was then superposed on the dead weight reactions for subsequent time
steps.

8.3.2 Time History Analysis Discussion

The acceleration time histories plotted in Figures 8-13 and 8-14, were
defined in 5 millisecond time steps. The ANSYS user’s manual (DeSalvo 1987)
. recommends an integration time step equal to 1/30th of the smallest natural
period of interest. From the elastic analyses, the fundamental frequency was
found to dominate the response spectrum solutions. From the "secant stiffness”
approach discussed in Section 6.2, the fundamental frequency is in the 2 to 4
hz range. Using a natural period of 0.5 seconds, a time step of 17 milliseconds
is required. However, a 17 millisecond time step is not sufi :=iently small to
adequately describe the input motion. Also, the presence of gap elements
generally requires a smaller time step.

Another factor affecting time step is solution stability. A 2.5 millisecond
time step was found to be necessary to meet the default stability criterion
(third derivative of displacement). Some runs were also made with a 1.25
millisecond time step to evaluate solution convergence. The 1.25 millisecond
results were almost identical to the 2.5 millisecond predictions. Therefore,
the final runs consistently used a 2.5 millisecond time step.
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As'discussed in Section 4.0, a 5% structural damping was assumed. For a
time history analysis, damping is specified using alpha/beta parameters which
results in a frequency dependent damping.

In the intial time history runs, gross section moments of inertia were
used for the section properties between construction joints. Early in the
analysis, it became apparent that the estimated crack initiation moments would
be exceeded in the roof region. A precise accounting for concrete cracking in
a dynamic analysis is difficult. A common approach in the industry is to use a
percentage « the gross section properties. One ASCE recommendation is to use
the average of the gross and cracked section properties in dynamic analyses
(ASCE 1986, p. 327).

To investigate the sensitivity of the canyon structure response to the
roof section moment of inertia values, a 1.5 second run was made with the gross
section reduced by a factor of two.- The resulting peak rebar strain increased
by only a few percent, which led to the conclusion that the peak response was not
very sensitive to the roof section properties. However, since the reduced
moment -of inertia gave a higher response, all subsequent runs were made with
the 1 luced »of section properties.

In the NDE report (Appendix A),- a few surface shrinkage cracks were reported
in the north and south walls. The existence of these cracks and their potential
extension during a DBE, would have some effect on the stiffness of the affected
sections. However, based upon the relatively small effect of the roof stiffness
change discussed in the previous paragraph, the shrinkage crack effects were
considered to be secondary and did not influence the struc ural model.

As indicated in the next section, the 0.2g DBE predit ed response was well
below collapse. Therefore, the time history input was factored upward to
attempt to estimate the collpase capacity. Shorter time steps were required to
meet the stability criterion, which made the runs more expensive than for the
0.2g DBE. Therefore, the runs were limited to a 2 second time duration, which,
based upon i e 0.2g event should provide the peak response. Runs were made for
both a 0.3g and 0.4g time history. '

8.3.3 Time H{story Results & Structural Adequacy Evaluation

Using a time step integration value of 2.5 milliseconds for a 10 second
event, results in a total of 4000 time steps. To obtain a meaningful evaluation
of the resulting output, considerable post processing was required.
Postprocessing results in graphical and tabular form is provided in Appendix
D4. A brief summary is provided in this section.

8.3.3.1 Construction Joints Adequacy. The initial postprocessing concentrated
on areas where the yield moment was exceeded. For the 0.2g DBE analysis, all
of the rebar yielding occurred at the crane level (elements 18, 19 and 71). Of
these three locations, the outer rebar at the north wall crane level (element
18) experienced the largest strains. Stress and strain history plots for this
element are provided in Figures 8-15 and 8-16. Note that the 40 ksi minimum
yield strength is reached several times during the 10 seci d duration. As
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anticipated, the largest strain occurred in the 1.5 to 2.0 time range. Applying
a "strain concentration factor" of 2.0 (Section 8.1.1), a peak plastic strain
of 1.6% was predicted. From Appendix D1, the bending capacity of the crane
level construction joints is limited by the minimum rebar ultimate strain of
12%, indicating a large margin against exceeding joint bending capacity.

This relatively low peak plastic strain is retated to the fact that
plasticity occurred it only the crane levels. In order for a collapse to occur,
- the structure has to become unstable. At least three "plastic hinges" must
form in order to achieve a "mechanism” associated with an instability. Wi
plastic hinge action limited to the crane level joints, the structure is stable
and relatively low plastic strains are expected. Based upon the static capacity
analysis results, a failure mechanism cannot be ach- red until the yield moment
is reached at a 1 f level construction joint (i.e. the outer rebar yields). The
highest roof level rebar stresses occurred at the north wall (element 59). As
indicated in Figure 8-17, a peak stress value of . »ut 27 ksi occurred in this
rebar at a time of 1.66 seconds. Since this stress level is well below the 40
ksi yield strength, a significant margin against collapse is indicated.

Another indication of margin against collapse is horizontal roof
displacement. From Section 8.2, the structure is stable if nor deflections
stay below about 0.75 in. and south deflections are below about 1.25 in. The
predicted roof displacement time history is prov: d in Figure 8-18. . Note that
peak north and south displacements of 0.22 in. and 0.48 in. were predic¢ :d,
which are well below the,pend ) instability displacements.

As mentioned in Section 8.1, the joint shear histories need to be raluated
to assure that the ¢« ear/friction capacities are not exceeded. The associated
potential collapse mode is a horizontal shifting at a construction joint.
Section 11.7 of ACI 349-85 (ACI 1987) addresses shear-friction for evaluating
"shear transfer across a given plane, such as:... , or an interface between two
concretes cast at different times". Section 11.7.4.3 specifies a friction
coefficient of 0.6 for "Concrete placed against hardened concrete not
intentionally roughened”. For concrete surfaces 1tentionally roughened, a
coefficient of 1.0 is given.

Shear-to-normal force ratios were calculated for each construction joint

vs. time (Appendix D4). This ratio stayed below 0.6 for all times in all of
the joints except the north crane level and roof level joints. The crane level
joints, are unique in that they have built-in shear keys. The normal and shear
time history response at the north crane level joint is shown in Figure 8-19.
A peak shear force of 17,150 1bs. was predicted. For the 18 inch wide shear
key, the corresponding shear stress is 17,150/(18x12) = 79 psi. From Section
11.3 of ACI 349, the allowable shear stress is 139 psi for 4800 psi concrete,
if no credit is taken for the compressive normal force. Therefore, the crane
level shear keys are adequate for the 0.2g DBE.

At the roof level, the largest shear/normal force ratio is 0.89 (time =
1.845 « :.). As mentioi | above, a friction coefficient « 0.6 is readily
justified. For the B Plant canyon structure, which has many design features
for minimizing leakage, it is likely that some sort of joint preparation occurred

fore the roof was poured, which supports the use of a higher friction
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coefficient. Also, credit can be taken for the excess reinforcing steel not
needed for bending strength at the time of maximum shear. At the time of maximum
shear, the reinforcing stress is 21 ksi (Figure 8-17). Since the steel stress
is about half of the yield strength, half of the steel area can be considered
as shear reinforcement:. Per Eq. (11-27) of ACI 349, the resulting shear strength
?; the joint-is 30 kips, which is well above the maximum shear force of 15,670

s.

The maximum edge shear on the roof slab was also examined. A peak shear
stress of 36 psi occurred in the roof slab at the south wall junction at 1.645
sec. As mentioned above, the ACI allowable shear stress is 139 psi, indicating
a positive margin. :

8.3.3.2 Roof/Wall Adequacy. Demand/Capacity curves were generated for the walls
and roof between construction joints (Figures 8-20 through 8-22). These curves
were generated, in part, to evaluate the initial assumption that the
nonlinearities in the canyon structure response are limited to the construction
joints. The demand curves were taken from the peak negative and positive
predicted moments from Appendix D4, using load factors of 1.0 for the combined
dead weight and seismic loads per Section 9.2.1 of ACI-349. The capacity curves
were based upon design strengths as defined by Section 9.3 of ACI-349 (ACI
1987), using strength reduction.factors of 0.9. This approach is conservative
relative to Section 4.2.3 of UCRL-15910 which allows strength reduction factors
of 1.0.  The capacity curves for the walls include the added strength contributed
by the dead weight restoring moment. The "crack initiation moments" are ajso
shown based upon Eq. (9-8) of ACI-349 using a modulus of rupture of 0.15f; .

In Section 8.3.2, the use of reduced values for the roof moment of inertia
is mentioned, due to predicted cracking. The roof demand curves shown in Figure
8-20 were generated with these reduced values. Even with the roof stiffness
reduced, predicted roof moments exceed the crack initiation moments in the
bottom center and top edge regions of the canyon roof. Note that the demand
moments are within the capacities for the full span of the roof.

Figures 8-21 and 8-22 address the north and south wall demand vs capacity.
Note that the introduction of "plastic hinges"™ at the construction joints results
in maximum moments v ich remain within the wall capacities. This confirms the
assumption that the wall nonlinearities are limited to construction joints.
Also note that no cracking is predicted except for a small region in the south
wall (inside bottom). This demonstrates the adequacy of the gross section
assumption for the wall stiffness.

8.3.4 Collapse Margin Estimate

In the previous section, seismic adequacy is demonstrated by showing that
the.section strength is not exceeded at any location. Although this approach
is adequate relative to the UCRL-15910 requirements, it does not provide a
margin against collapse. In Section 7.3, an attempt was made to obtain an
indication of the collapse margin, by considering an earthquake of twice the
DBE severity (0.4g). This approximate quasi linear approach indicated that the
0.4g earthquake was close to collapse capacity. The Section 7.3 approach used
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sectional capacities with strain hardenihg (BIAX2 computed ultimate section
capacities).

A second attempt to obtain the collapse capacity was made using the
nonlinear time history model, by applying a time history ratioed up to a 0.4g
peak acceleration. The 0.4g earthquake demand/capacity curves for the roof
are shown in Figure 8-23. Note that both the positive and negative bending
capacity is exceeded near the ‘:bar bend points on the north end (approximate
200 inches from the north wall. While this does not necessarily mean collapse,
it does indicate local capacity exceedence which the model does not account
for. To account for this local "hinging" in the roof, construction joint type
hinges (Figure 8-2) were introduced at the midpoint of the rebar bend points at
both the north and south locat 1s.

The 0.4g time history run was then repeated for the modified model with
the resulting roof demand/capacity curves shown in Figure 8-24. As indicated,
the resu ting demand moments are within the roof capacity. Introducing hinges
in the roof increased the peak rebar strain at the crane level (element 19)
from 3% to over 6% for the 0.4g event. The crane level construction joints are
highly under-reinforced, indicating that the moment capacity is limited by the
rebar rather than the concrete compressive strength. The BIAX2 joint capacity
evaluations (Appenc ¢ D) of the crane level joints predicted that the rebar in
these joints would reach ultimate strain levels at joint capacity (12% assumed
in the BIAX2 calculations) for monotonic loading.

Under a cyclic seismic loading, rebar strains at failure could be
significantly less than the material ultimate strain. Thus crane level rebar
failure is .1ikely for the 0.4g event. Further modelling efforts to account for
crane level rebar failures was considered, but it was judged that the analysis
effort had reached a point of diminishing returns and that the 0.4g event was
close td the dynamic capacity. This judgement, coupled with the quasi-Tinear
results discussed in Section 7.3, led to the conclusion that the 0.4g evi t is
a reasonable estimai of the seismic capacity of the canyon structure. Based
upon this estimate, the collapse margin for the specified 0.2g DBE is in the
neighborhood of 100%.
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INTRODUCTION
. From August 22 through August 26, 1988, reinforced
concrete nondestructive testing (NDT) was candu&ed for the
221-B Canyon Building ructure at the Hanford site near
Richiand, Washington. The NDT was authorized by Westinghouse
Hanford Company (WHC) (reference 1). The necassary structural
engineering technical direction and assistance from WHC was
provided by F. R. Vollert, Principal Engineer. The required NDT
equipment, instrumentation, technology, and procedures were
provided by Richard A. Muenow, and James Ramsey, Muenow and
Associates, Inc. |

The reinforcad concrete 221-B Canyon Building is 810.5 feet
long, 68 feet wide and 77 feet high. The structure was constructed
in 1943, The reinforced concrete structural features are re-
latively massive. They include the north-and south canydn walls,
roof slab, gaileries, gailery shieiding walil, process ceils, and a hot
pipe trench. The building has compiete cross section expansion
jgints spaced at 40 feet. The concrete walls in the structure have
cross section or thickness changes over their height, and were

placed in lifts with horizontai and vertical construction joints

(reference 2).

OBJECTIVES

Updated seismic analyses are planned by WHC for the 221-B Canyon
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Building which might be able to account for the added bending
strength in the walls due to the tensile strength of the concrete
where the walls are monolithic or uncracked in the bending plane.
Previousiy, a limited number of the construction joints were
.investigated with NDT. Some were found to be unbonded (refer-
ence 3). Therefore, this thorough NDT investigation of the 221-8
Building was npleted - “ifine the It ions in t! reinforced
concrete walls and roof where concrete ter le Jacity ex s or
where structural repairs might be impiemented to ensure concrete
tensile strength; determine tﬁe in-situ\ concrete .compressive

' strength and modulus of elasticity; locate énd evaluate the -
constr"uction joints, potential for cracking and concre{e degradati’on:

confirm the reinforcing steel locations and details at joints and juncture;

and assess the extent of reinforcing corrosion, if any.

A5 Munow and Avocistes, Snc.
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upon frequency, attenuation, risetime and ringing, is develoéed
which characterize the nature of any reflecting surface. Immed-
iately adjacent to the point of impact, a piezoelectric transducer
is located to receive the reflected energy. Thi§ transducer simply
transforms the reflected mechanical energy into electrical energy
which constitutes the envelope of data. This data is then processed.
computer enchanced and presented on a storage CRT. In
addition to tt data which characterizes internal discontinuities,
long .dinal and shear wave velocities are also calculated by mea-
suring transit time in microseconds and knowing. the path length
of travel. From these longitudinal and shear velocity values,
estimatt  and 'correlatéd in situ concrete compressivé st:rengths‘b
are recorded as well as values for Possions ratio and Modulus
of Elasticity. |

Mapping the extent, depth and characteristics of an in 'nal
discontinuity is accomplished by conducting pulse echo tests on
a regular grid system anc.i then developing a computer generated

model.

A7

Muenow and_ iociates, ne.
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GROUND PENETRATING RADAR

Puised rédar is a geophysical tool that has many applications
in engineering and construction. This tool is an impuise radar
| system which radiates repetitive short time duration eiectromagnetic
puises into materials from a broad bandwidth antenna p!ac:ed
in close proximity with and electromagneticaily coupled to the surface.
The equipment functions as an echo sounding system using radar
pulses of only a few nanoseconcis in duration and. is able to detect
and measure the depth of reflecting discontinuities in materials
to withl:n a few centimeters or millimeters depending upon the
‘electroma.lgnetic parameters of the various media.

Pulsed radar has beer; us;d for an exploration tool f;:r
the shallov-l sdbsurface in géophysical and material applications.
The technique is also known as electromagnetic subsurface brofiling
or subsurface interface radar, and it can be considered -the '
electromagnetic equfvalent of the acoustic methods used for marine
sub-bottom profi.ling. In practice; continuous pr;oﬁles are gel;erated
by towing a transducer over the area of interest while running
the system's graphic recorder. These profile records are immediately
available for; observation and inierpretation in real time, and
survey tactics can be adjusted or modified as conditions dictate.

The data can aiso be recorded on magnetic tape for later processing

and playback. ‘

AQ

Muenow and Associatss, Sne.
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System Description

The radar system is composed of a control unit, which
contains a uilt-in microprocessor programmed for real-time or
off-line signal enhancement, several transnucers for various range
and resolution capabilities, and a high speed scanning graphic
Arecorder for data presentation. The transducer is connected
to the radar control unit by a standai 30 meter long control
cable, aithough cable lengths up to 2{ meters can be used.

The system power supply furnishes a regulated dc volitage
to the transmitter which, when triggered, generates a base band
voltaée puise of .approxirnately 3 naneseconds in duration. This
pulse is shaped to quasi-gaussian form and radiated into the
material by m 1s of the broadband antenna. The radiated
signal is a brief electrornagnetic transient having a banc.:iwidth
of approxi itely 120 MHz in the low \ F range (30MHz). The
transmitter puise repetitien rate is 50 KHz, and the average
radiated pdwer is about haif a milliwatt (o.ume)-. »

The reflected signais are recelved by the same antenna
used for transmission and the receiver electronics arnphfy the
incoming pulses-and translate the hlgh frequency waveforms to
the audio frequency range by means ¢ a txme-domam samphng
technique. Pr jressive amplitude samples are taken from each

successive received waveform and use to reconstruct a waveform

A9

Muerow and Associates, ne.
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of similar shape having a much longer time base. In the present
time-domain sampling system, 3125 successive transmitter pulses
are used to construct the useful portion of the composite long-
time-base received waveform, resulting in a transiated waveform
r¢ tition rate of 50000/3125 or 16 pulses per second. The resulting
frequency cantent of this sampled receiver output waveform is
in the audio frequency range where it can be readily recorded,
processed and displayed. In reference to the sample rate, if
the transducer is scanned at the rate of a moderate walk (about
' ) em/sec) then the antenna moves 100/16 or about 6cm during
the time interval between each composite sampied w_ave—form.
There'fore high resolution horizdntal profiles are obtainable while
moving at moderate speeds, allowing the detection of A‘f:airly small
subsurface targets such as smali diameter pipelines, cables and
voids.

The profile data is displayed on a graphic recorder similar
to those used in marine bottom and sub-bottom profiling. The
input waveform to the recorder consists of the transmitted pulse,
the reflection from the surface, and reflections from various interfaces
and targets in the subsurface. While the transmitted puilse input
to tk;e antenna during the transmit cycle is a short monopuise,
the fiitering effect '§f the finite-bandwidth antenna and the subsurface
média results in the sinuséi‘dal appearance of the refiected signél.

The recorder is an intensity modulated device, with the

 Mucnow and, Ausciates, Sne.







WHC -SD-WM-SA-005

Rev. O

where D is the measured depth to the reflecting surfaces, and t
is the elapsed time between the transmittea and received pulse.

The effective relative dielectric constant., Er, of the penetrated
earth material can also be derived from the relationship:

Er = { c/Vm )2

where c is the propagation velocity in air (about the velocity
of Iig.ht. 3.'X108 m/sec].' or aboﬂtﬁ ft/nanosecand.

Knowledge of the effective relative dielectric constant
of the materiai is useful in broadly estimating the type of discon-
tinuity being 'probedn and/or the moisture content of the materials.
Table 1‘list.s the relative diele -ic constants and conductivities |
for several types of materials as determined by various investigators.
It must be noted that these electromagn'etic parameters are de-
pendent to varying degrees upon temperature,. pressure, freque.hcy
and the presence of impurities; and upon the particular measurement
techniques used by the investigator.

As Table 1 shows, the presence of water and the physical

'state of the water has the greatest effect on the dieiectric constant

and conductivity. Since the dielectric constants in the table vary
from 1 to 81, the velocity of propagation varies from 1 to 9 and
thus a different depth scale is used on the radar data for fce.

water and saturated sand.
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over a detected horizontal subsurtace interface. Then by ‘moving
the antennas along a straight line away from their original positions
at uniform increments such that the same subsurface reflections
are maintained, the radar puises will travel through several different
path lengths through the subsurface media. With knowledge
of the vertical echo travel time and the travel times observed for
several antenna positions at known separation distances the effective
propagation velocity, Vm, in the medium is given by:

X

[t(x)2- t{d}?]"3
where: X = the horizontal distance between the transmitting and

VM=
reééiving a;'lt;nﬁa.s. g
' t{x) = ar‘ri.val time of a reflection from an. interface at X
antenna separation.
t(d) = two-way vertical travel time to the reflecting inter-
face. )
This method has been used successfully to determine soil

moisture content with depth and to locate the water table under

favorable conditions in sandy soils.

Penetration Dept;!
The penet}ation depth of subsurface radar is dependent
upon the effective conductivity of the .éarth material being probed,
which in turn i;s dependent primarily on the water content and the

amount of saits in solution. Conductivity is also influenced by

ate - Muenow and Ausciates, Ine.
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temperature and density as well as the frequency of the electro-
magnetic waves eing used. Conductivity is related to loss tangent

(dissipation.factorl by the following equation:

, c
.tan{1) =
2 pi f Eo Er

where: ¢ = conductivity in mhos/meter

f = frequency in Hz

Eo -= dielectric constant of free space = 8.85X10 -2 farads/

meter
Er = reiative dielectric constant

tan(1) = loss tangent
pi = 3.14159
Using the above information. the approximate ét;Enuation, A,
for various ma.terials, as lisfed in Table i, can be calculated from
the following relationship: |

A=12.863 X 10°8.. f(Er) 0.5({(tan 2 c+1) 0.57! 0.5 db/m

AlS Muenow and Associates, 5«@
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TABLE I
Attenuation in Decibeis/meter {(db/m)

Frequency in MHz

Materiai 1 N ton gnn
Pure water 0.025 0.039 0.408 16.191
Sand Sail A o

(moist) 0.471 - 0.513 0.773 4,087
Clay sail .

(dry) 0.013 0.075 0.425 1.649
Clay soil

(moist) 0.780 - 3.803 17.93 53.75
Sea water 34,50 108.54 326.54 592.03
Cranite : L -5 - o

(dry}] = eceeeece-- .0732X10 ™, ----

Since the "in situ" electrical properties of soil, rock, concrete
and water vary greatly, it is difficult to estimate the radar's
performance before a specific survey. However, as a guide to
the prospective penetration depths in various materiais, results
using subsurface radar indicate that penetration depths greater

than 30 meters have been achieved.

d LI - M--‘.--o.- -»aj AII“:‘JA'
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TEST LOGISTICS

Nondestr: tive testing (NDT) was conducted at the 221-8B -
Canyon Building on the accessible major reinforced concrete
structural elements. These elements are the north and south can-
yon wails, the roof, the gallery shielding wall, and gallery floors.
The crane gallery shieiding wall, .and the interior east-west wall
sep: iting the cells from the hot pipe tr;ench and wind tunnel are
unaccessible for NDT. -

Pulse echo NDT with 90° straight beam and 45° angle beam
trensducers was conducted to: determine the compressive strenqth
and odulus of elasticity for the concrete, and Iocate and evaluate
construction joints, potential cracklng and degradatlon. mcludmg
degradation due to reinforcement corrosion, and voids.

The strait t beam transducer data is used to determine tk‘te
concrete compressive strength and modulus of elastfcity, and.'to locate
in-plane cracking, Iaminatione, degradation, and voids. The '~‘com-
pressive strengtﬁ values are obtained frem velocity vs. strength
curves for concrete similar to that in the 221-B Building. These
curm 3 do not include concrete core sample test data from the
221-B Building, ut concrete test ctata from the Hanford site

are cluded. The modulus of elasticity values are calculated

using the relationship':

AlT | " Muenow.and Ausciates, Snc.
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E = Modulus
V = Velocity
E = Vid 11'_';:;1)‘2_”! d = Thickness of Concrete

Poisson's Ratic (0.12)

The 45° beam transducer data is used to locate and evaiuate
construction joints, through thickness cracking, and deterioration
of crack and joint surfaces.

The puise echo NDT locations, data, and resul.ts f-or thé
221-B Building are given in Tables 1a, 1b, lc, 2a, 2b, and 2c. .

Ground penetrating radar NDT was used to confirm the
locations and spacing of reinforcing steel in the. 221-8 Building
Walls; roof, and gallery floors. |t was particularly appliec_i at
locations with possible construction joints, as identified from the
design drawings and visual inspection of the structure. The
use of radar was only used to locate the structurally vital vertical
reinforcement in the walls, and the north-south reinforcement in
the roof and floors. The radar NDT indicated the absence of
serious reinforcement steel corrosion in the 221-8 structural
members examined. The ground ‘penetra.ting radar NDT locations

and results are given in the Tables 3a, 3b, 3¢, and 3d.

X ¥ S I DR S
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TEST RESULTS

NORTH AND SOUTH CANYON WALLS

The resuits of the pulse echo NDT using the 45° transducer
for the canyon walls are compiled in 7: les 1a and 1b. The results
L;sing the 30° transducer, inciuding the obtained values for concrete
compressive strength and modulus of elasticity, are compiled in
Table 2a. The ground penetrating radar NDT locations, results,
and observations for these walls are in Tables 3a and 3b. The
conclusions about the condition, concrete strength properties, and

construction details for the north ahd south walls 'f_r‘om' the NDT

data are:

The construction joint at the crane rail level-(elevation 737.25)

is unbonded in both walls:

Generally itermittent, weak bonded construction joints are
located in the north wall at the pipe gallery floor, the
top and der sides of the crane gallery floor siab. and

the wall to roof slab juncture.

Generally intermittent, weak bonded construc »n joints are
located in the south wall at the floor and top of the hot

pipe trench, 3 to 4 ft. above the canyon deck level, and the

wall to roof slab juncture.

Al9 Mutrnow and Asociates, Sne.
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The construction joints at the base of these walls with
“the foundation slab are geéneraily weil bonded, based on
puise echo 4S° transducer NDT in the electrical gallery on

the north wall.

Therg are ve_rtical r_einforcemen.t layers on both the interio_r
and exterior surfaces of the north wall over the full

height.

The vertical reinforcement»bars in the north wall are
continuous _(unspli.ced) through the construction joint ;af
the pipe gallery flo;:ir level. The vertical reinforcement

is spliced at the other north wall construction joints
(exception, in section 16 vertical reinforcement splices were

not detected in the crane gallery floor siab area).

The radar NDT shows layers of vertical reinforcement on the
exterior and interior surfaces of the south wall. The exterior
layer was confirmed .to extend down to a least the Hot Pipe
Trench floor level. The interior layer could not be detected

below the canyon deck levei.

The vertical reinforcement bars in the south wall are spliced

at the construction joins at the crane rail level and wall to

A20 Muenow and Auociates, Gne.
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strength and modulus of elasticit is 6000 psi and
4.87 X 1l psi, respectively. Cracking and egradation

were not etectt in the concrete gallery shielding wall.

No evidence of reinforcing steel corrosion was found in the

gallery shielding wall, and the floor slabs.
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Acee=sSMENT OF STRUCTURAL CONDITION

Both nondestructive test data and visual observations at
the 221-B Building confirm a good to excellent in-situ condition
for the concre and reinforcem’ent steel. The visible cracks,
in a majority of cases, on the north and south walls have a
total depth of less than 6 inches: The east end wall of the
221-B Building is in much different condition. In the east wall
total depth cracks, concrete deterioration at joints and spalling
at structural nmember intersections were identified in an eariier
study. . -

The single major apparent §tr0cturéi deficiency in the
221-8 Bt:silding is the almost t__ota'l Iack-of concrete bond at
most horizontal construction joints in the north, south, and gallery
shielding walls. Either continuous or spliced vertical reinforcement
is located at these construction joints, however, the reinforcement
is for the most part, in exceilent condition with no reduction in
section due to corrosion.

There aré two generally accepted industry methods or concepts
for repairing reinforced concrete nonbonding, and restoring structurai
load paths if required. The two methods frequently used in con-
junction, are epoxy adhesive injection and external post ten§ioning.
Epoxy injecﬁion repairs are very effective in reestablishing both
bond and continuity to planes of weakness. The physical pro-

perties or strength of epoxy far exceed those of concrete. The
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epoxy restored volume of material in the regair areas become

stronger than the nominal concrete capabilities.

External post tensioning is an old repair technique for
reinforced concrete struc;‘L;res‘.. Modern applicat.;ons are gaining
due to advancements in the materiais, hardware and post
tensioning techniques required. The application of external
post tensioning to restore structurai stability has been recently
used for buildihg;, bridges and pressure-tanks suc.h a‘s concrete
'watér storage and co}\crete s,iloslused for mass storage, such as
at central terminals.

In summary, two methods used in conjunction couid facilitate
an effective restoration and establish b« d ;t all the open hor-
izontal joints in e 221-B Building walls, if required. Epoxy
injection and ex -nal post teﬁsioning to effectively bond horizontal
joints in walls could greatly increase the current 22:1-B Building
earth resistance and seismAic capacity if need be. These methods
appear feasible because, the building concrete and reinforcement
steel are in excellent condition, allowing the use of high stress

or load in these materiais during post tensioning.

A27 Muenow and Asuociates, Inc.
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TABLS 1la
PULSZ ECHO, 45° 3EAM TRANSDUCZR

221-3 NORTH CANYON WALL

TEST LOCATION/DESCRIATIC

RESULTS/REMARKS

DATZ

8/25/38 Secsion 2 at RR Tunnei, Crane Horizontal Joint Locataa in &'
Gallery Ficor Lavel (Eievation Thick Wail Seczion. Interior
728}, 2 Test Points, |Wave 20-30% Weakly 3ongea, Excarior
Propagation Jown Denzn Has [ntarmittant Weax 3ona

8/22/38 Seczion 2 at RR Tunnel, Crane Horizantal Canstruczion Joint
Raii Lavei (Eievation 737.2%), Contirmea at 3' to 2' Tnicxness
Wave Prgpadation down Change, Unoongea

8/23/88 Sezc=ion 2 at RR Tunnei, Roet 29 Horizontal Jaint Locatad in 4!
Wail Juncsure {Zievation Thick Wail Secsion, Unpongez at
750.57), Wave 9rgpagation Up, 2 1 Tast Point, 30% Weax
Test Points : ' Intarmittant 3ong at Secand Tess

Point

8/23/38 Sec=ion 2 at RR Tunnei, Visible Crack Degtb§>are 3“ to g"
Horizontal Cracks Near Roof to
Wall Joint, 2 Placas, Wave-
Propagation Up

8/25/88  Sect=ion 16, Visible Pour Line Unocnded Const~uction Jeinc,
30* Abcve Graae (Elevation Locatcag in 3'. Tnick Wall Seczion
695), Wave Propagation Oown

8/25/88  Sec=ion 16, Pipe Gallery Floor Possible Horizontal Joint, Solid
Lavei (Zlavation 638), 4Wave Bond, 3' Thick Wall Seczion
Propagation Up

8/26/88 ~ Section 16, Operating Gallery Passible Harizontal Joint, Solid
Floor Level (Elavation 712), Bond, 3' Tnick Wall Seczion
Wave Prgpagation QOown

8/25/38 Section 16, Underside of .Crane  Interior 30% of 3' Thick Wall
Gallary Floor Slab (Elevation Weakly Banaed
724), Wave Propagation Qown

8/25/88 Section 18, Crane Gallery Floor Possible Horizontal Joint, Well
Level (Elevation 728), |Wave Bonded, 5' Thick Wall
Prapagation Down

8/25/88 Section 18, Crane Rail Leavel Horizontal Construction Jaint
(Elavation 737.25), . Wave Confirmed at 5' to 3' Wall

Propagation Down

Thickness Change, Unbanded

a3n
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COMPRESSIVE ELASTIC
HUCKNESS___MELDCLIL——£JuLNuIN HOBUEYS
NO[DRTE— LOCATION AYEET) __ (FI/SEC)  (PS1) _ (w0_psp)
6y 8/24/68 16 x 29 17! 2.4 15,730 6,500 4.95
Concrete Beam an 27)-8 .
Roof
84 8/24/88 16 x 29* x 7' 2.4 14,670 5,800 4.82
Concrete Beam on 271-8
Roof
GE 8/24/88 16 x 29% X 17 2.4 15,360 6,300 4.91
Concrete Beam on 271-8 .
Roof .
89 8/24/88 16 x 29 17! 1.3 14,670 5,800 4.82
Concrete Beam on 271-8 . -
Roof
8] 8/24/88 16% x 29 x 7 1.3 14,670 5,000 4,82
Concrete Beam on 271-8
- Roof ‘
g L]
84 8/24/88 16 x 294 (VA 1.3 14,670 5,800 4.82
Concrete Beam on 27)1-8 )
Roof
89 8/24/88  Section 13, North 4 14,340 5,000 4.82

G TRy o movimy,

Wall, Below Roof Slab

CONMENTS

Reference Test

Reference Test

Reference Test
Reference Test
Reference Test

Reference Test

. 0 "ASY
S00-VS-WM-0S-JHM
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TABLE 3b - PENL...\TING ‘RADAR 0T
221-3 BUILOING SOUTH wWALL
0N ZXTE2IOR SURFACS

RESULTS/REZM4ARKS

8/25/38

8/25/33

3/25/83

8/25/38

8/25/38

8/25/38

8/25/38

)

‘TEIT LCCATION/DE3CRIaTION

Sec=ion 3, On Joint 3' t3 &'
Above Canyon Oeck '

Sec=ion 13, At joint At 3JotIcm
of Hot Pipe Trenca (Eievation
701}

Seczion 18, 2' Above Jaint at
Bgtzsm of Hot Pipge Trancn

Sac=4on 18 "At Top"of Hot 'Pipe

Tranch

Sezzion 18, 4' Beiow Top of Hot
Pipe Trench

i [

Section 18, 3' Above Top of Hot
Pipe Trench

Saczion 18, 2' Above Top of Hot
Pipe Trench

[}

Ver<icai Bars 18" 0.C. EF,
Unsolicaa

Ver<ical Bars 13" 0Q.2., Fronz
tc2 Qniv Dezmaczaa, Unszlicae

(Drawings W6323Z3 ana W6SS36 Snow
No Reinrsrzing;

ah <

Verzical 3ars, 24" 0.2., Frons
Faca Unsoiicad (Drawings Show
Unsaolicaa OQowels 17" 0.C., Whicn
Could 3e ZImoeadea t3 this Lavei)

Verzical Bars, 24" ° 0.C.
(Possibly Closer) Front ' Faca
Oniy Detacsad, Sglicea (Drawings
Shaow Soglicad 3ars 17" Q.C. Front
Faca ana Unsaiicaa B8ars 4=-:/2"
0.C. Back Faca |,

Verzicai Bars, 24" Q.C.
(Possibly Closaer) Front Face
Only, Spliced (should 3e the
Same Results as Test 2' Above
gotscm of Hot Pipe Trenca Whicn
Deracsed Unsplicad 3ars. A
Possible Zxolanation far this is
that. the Test at the Botiom of

. the Trenca Shows Reinforcament

Not on DOrawings. Thus, there
could be Splicad Vertical Bars

at this Level.

Vertical Bars 24" 0.C. (Possfbiy
Clasar) Front Face Only
Detactad, Unsplicad - :

Vertical Bars 24" Q.C. (Passibly
Clasar) Front Faca Only
Detacsed, Splicad

Mlunnlu ﬂnﬂl Jllnﬂ.ﬂfll.
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TABLE 3b - PENETRATING RADAR NDT
221-38 BUILDING SOUTH WALL

ON EXTERICR SURFACZ

RESULTS/REMARKS

DATZ T2 'OC:TION/DEZ: RIOTICN
8/25/38 Sezzion 18, 3' to 4' Abave Vertical Bars 18" 0.2. EF,
Canyon Deck Level - Splicaa
8/25/38  Seczion 128, 2' Beiow Crane Vercical B8ars 18" C.2. £,
Rail Leve!l Soiicea
8/25/38 Seczzion 13, 2' Above Crane Raii Verzical Bars 18" " 0.C. cs,
Level ' Soiicaa ‘
TR R e L L
8/25/88 Section 18, 2' Above 'Roof %o ' =ical Bars 24” 0.:. (DOSaTbT;
Wail Joint . Closer) £, Spiiced (DiTferent
:Than Shown by Drawi 15, See
. SeC‘1on 3 Tests for This Area.)
8/25/88° Seczion 18, AT Roof to 4ail  Vertical Bars Same'as 2' Above
] Joint L Th1s‘Jo1nt '
8/25/38 Set=ion 182" Béiow  Roof to Versical Bafs Saie as 2" “AbGVE”
T Wail Joint - o Th1s Joint T
8/26/38  Section 16, Aﬁ Botzom of Hot Vertical Bars 24" Q.C., Front
Pipe Trench : Face Oniy Detacted,  nspiiced.
(Drawings Show No Reinforcament
at This. Level) . ‘
|
38/26/88  Section 16, 2' Below Top of Hot Vertical Bars 24" 0.c.
Pipe Trencn (Possibly Closer) Front Face
} - Y " <y Only Detected, Unsplicea .
8/26/88 Section 16, At Top of Hot Pipe  Vertical  Bars, .. 22" .° 0.C..
Trench " (Possibly Closer) Front Face
Only- Detected,! Unspliced
8/26/88  Section 16, 2' Below CranelRaiI R Vertical Bars 24" 0.C, (Possibiy
Level Closer) Er, Spliced
8/26/88  Secttfon 16, 2' Above Crane Rail Vert1cal Bars 24" Q.C. (Possibly
: Level Closer) EF, Spliced
8/25/88 Section 16, 2' Above Roof to  Vertical Bars 24* 0.C. (Possibly
Wall Joint Closer) 2 Layers, Spliced
(Different - Than Shown By
Drawings. See SecZion 8 Tests'

for This Area.)

AB3

—
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DATS

TABLZ 3b - PENETRATING RADAR NDT
221-3 BUILDING SOUTH WALL
QN EXTZRIOR SURFACZ

TeS7T LCCATION/DESCRIATICN

RESULTS/REMARKS

8/25/38

8/25/38

8/25/38

8/25/38

8/25/38

8/25/38

8/25/33

8/25/33

8/25/38

3/25/38

8/25/88

Section 18, 2' Beiow Roef =3

Wall Jaint

ct
O

Seczion 7, 2' Above Rect
Wail Joint
Sectian 7, 2' 3deicw Rae7 3
Wail Jaint

Sec=ion 7, 3' Abave Crane 2ail-

Lavei

Secsion 7, 3' Beiow Crane 2ail
Lavei

Seczion 7, -6' tC 7' Above

Canyon Deck Lavei

Secsion 7, 3' to 4' Abaove
Canyon- Deck Level

Seczion 7, 3' Above Top of Hot
Pipe Trencn

Seczion 7, 2' Below Tgp of Hot

Pipe Trench

Sec=ion 7, 2' Abave 3otzcm of
Hot Pipe Tranch :

Section 7,  Bottom of Hot Pipe

Trench

Verzical Bars Same as 2' Abgve
This Jaint”

Ver<ic2] 3ars Same as Seczicn 13
Tests far This Arsa

Yer<ical 8ars Same as Seczian
Test3s sr This Ara:z

-
h

Ver<ical Bars 24" 0.2. (Pcssidiy
Claosar! 27, 50% 37 Detasgzag 3ars
Splicaa

Verzical 3ars 24" J.2. (Passidiy
Closar! EF, 2853 of Detactaz 3ars
Splicaq

Yercical Bars 24" 0.C. (Possibiy
lasar} EF, Unsaiicaa

Verzical Bar§ 24" 0.C. (Possidiy

Closar) =7, Unsp]fcad

Vertical Bars 24" (.. (Possidly
Clasar) Frant Faca Oniy
Detaczad, Unsplicad  (Orawings
Show Spiicas at This Lavel)

Yer<zical Bars 24" Q.C. (Possidly
Clasar) Front Faca Oniy
Dercaczad, Unsplicad

Yerzical B8ars 24" 0.C. (Possidiy
Clasar) .Freat  Faca  dniy
Oetaczad, 30% of B3ars Der2ctaq
ars Splic2a (Orawing Show MNo

Bars) ‘

Vertical Bars 24" 0.C. (Possibly
Claser) Front Faca Only
Detacta2d, 4Q0% of Bars Cetactad

‘ara Spliced (Drawings Show No

Bars, This Lavel)

A64
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TABLE 3c - PENETRATING RADAR MOT
221-3 3UILJING RQCF - !
SzCTIONS 12 AND 12 7 -

ON/QESCRIPTICN

DATS TEST LOCATE RESULTS/REMARKS
8/24/33 &' Nor=n of Mid Soan, 30' €-¥ . Same as at Mid Span
Test To Detact N-S 3ars
' .
8/24/38  N~S Tast Acrass Rc¢a’ t3 Dertacs 3otzcm  Laver of g-W Rars 24"

£-4 3ars

R L R

0.2. Acrzss rull Wigtn, Too Faca
Has -+ 3ars 24" 0.2. Extanging
' Inwara From Nerzn ana Soutn
Bages. No Too E£-4 Stae? in
Cantar 32' of Roof Siao
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TAE T 3d - PENETRATING RADAR NDT
221-3 BUILDING GALLERIZS

TEST LCCATICN/DESCRIDTTON

RESULTS/REMADVS

8/24/88

8/24/38

8/24/38

8/24/88

8/24/88

8/24/88

8/24/88

8/24/88

8/24/88

8/24/88

8/24/88

8/25/88

Oper2ting Gailery at Cell 16 On
Snieiding Wall 1' Above
Construczion Joint

Operating Gailery Floor NexT T2

Snieiaing Waii at Cell 15

Operating Gallery Fioor on Z-W
Centariine at Cail 16

Operating Gallervy at Calls 9
ane 10, On Snielaing Wail &'
Above Fioor

Opérating Gailery at Ceils 9
and 10, On Shieiaing Wail 2'
Above Floor

Operzting Gallery at Cells 9

ana 10, On Shielaing Wall 1'
Above Floor

Operating Gallery Floor Slab 1'

From Snielding Wall at Cells ¢
and 10
Oper :ing Gallery at (Calls 5§

and 5, On

Shielding Wall §'
Above Floor .

Oper :ing Gallery at Cells 5
and 5, On Shielding Wall Above
Possibie Construction Joint 2'
Above Floor o

Operating Gallery at Cells 5§
and 5§, On Shielding Wall 1'
Above Floor

Operating Gallery Floor Slab 1°

From Shieiding Wall at Ceils 5
and § :
Eleczrical Gallery at Ceil 22,

On Shielding Wall at Base

Vertical Bars 18" 0.C. Front
Face Only Detacted, Unsalicaa

0.2. Too and
Wire Faoric

N-5  Bars 12"
gottcm, Unsoiicea,
at Top Faca

N-Z Bars 12" 0.2. Too anag
Botsom Facas, Unspiicas

Verzical Bars 18" 0.2. Front
Facz Oniy Derectad, Unsplicaa

verzical Bars 138" 0.C. (Possibiy
Closar) Front Facs Oniy
Detectad, Unspiiced

Same at 2' Abov; Floor

N-5 Bars 8" 0.C., Top and
Bottom, Some Spl :ed

Verzical Bars 24" 0.C. (Possibly

Closar) Front Face Only
Detecsed, Unspliced .
Verzical Bars. 18" 0.C. Front

Face Only Detected, Unspiicad

Vertical Bars 24" 0.C.~(Rossibly
Closer) Front ~ Faze’ Only
Detected, Unspiiced

N-S Bars 12" C. TYop and
Bottom, Unspliced

Vertical Bars 24* 0.C. Front
Face .Only Detected, Unspliced

A67
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TABLE 3d - PENETRATING RADAR NOT P
227-3 BUILOING GALLERIZI '

QAT TEIT LCCATION/DSZICRIPTION REZULTS/REMARKE

-t wed

8/25/88 Eleczrical Gailary at Ceall 22, No VYer<ical Bars Deraczaq
On Shieiding Wail §' Ab0v§

Fioar
8/25/28 Eie -ical Gallery at Cail 22,  Verzicai Bars 13* 0.2. =¥,
On Norzn Wail 2' Abave Figor Unsoiicaa
8/25/38 Eleczrical Gallery at ¢ 1 22, Ve ‘cal 8 13" 0.2. EF,
On Narzn Wail at 3ase o Soiicaa
8/25/88 Eisczrical Gailery at Cail 22, ' Verzical 8ars 2¢* 0.C. Front
On Shieiding Wall at 3asa Faca Oniy Qetactaa, Unsalicaa
8/23/38 Eleczrical Gallery at Call 23, No' Yerzical 3ars QDernaczad
On Shieiding Wail 3'  Above ' )
Figor

3/25/88 Elacsrical Gallery at Ceil 25, Vertical B8arss 24" Q.C. Frant
On Saieiding Wall at 3ase Face Oniy Detac:tad, ‘Unsalicaa

8/25/38 Elecz=rical Gallerv. at’'Cell 25, Verzical - Bars 24" 0.C. EF,
On North Wall at 3ase Splicaa

8/25/88 Elaczrical Gailery at Cell 23, Vertical Bars 24" -0.C. 5,
On MNorzh Wall 3' Abgve Fleor Unsplicea

8/25/88 Elaczrical Gallery at Cell 22, Vertical Bars 24" Q0.C. Front
On Snielding Wall 2'  Above Fac2 Oniy Detectaa, Unsplicag

Floor

8/25/88 Elaczrical Gallery at Cell 22, Wire Mesn on top Facz QOetactad,
AT E-W Centarline of 3ase Floor No N-S 3ars Detactza

8/25/38 Elecsrical Gallery at Call 22, Same as I-W Cantarline of Basa
On 3ase Floor 1' From Snielding Floaor
Wall

8/25/88 Elec=rical Gallery By the N-S 8ars 10* 0.C. Under Wirs
Compressor Floor Maounts On Base Mesh Detact=ed on Top Faca

Floor

Muenow anzi‘;4aun£éﬁau Inc.




WESTINGHOUSE HANFORD COMPANY Survey Report

Document No: WHC-SD-WM-SA-005
Title: B Plant Canyon Structure Seismic Evaluation
Date: December 20, 1989

R R A From: C. R. Cruz S6-81
Engineering Analysis Group B Plant Design Engineering

" Description of Work:

On November 9, 1989, Richard Clayton and Carlos R. Cruz met at the roof of B
Plant Building 221-B to measure the negative reinforcement (top rebars)
spacing and their length in the North-South direction.

Three trenches were open exposing four (4) adjacent top rebars. The trenches,
opened in the East-West direction, were located in a manner to follow the
same rebar running from the external wall toward the mid-span of the roof
slab.

This survey is confirming the measured spacing and 1ength of the 1-1/4" sq.
rebar with the details of Construction Drawing No. W69333 approved in.1943.

- - N
oo 50 7-0"
' 1 U
[} u :JJ
—~ 3% - NOVASQRERR | 2
= - \ T TREE
2 S H— 2
=5
| _/ 1, 4 \l

EYPOSED REBARS IN TRENCHES
“SCALE ¢ Y4' = V-0

Cog Engineer: ﬂ i ‘_Uf _ Cog Eng. Manager- 40“443 /—(%w‘\.
Vl’ldl‘lu UESiyn cny. b riant vesign Eng

Date: L’Z—ZO—SC] Date: /2-20-89

Witness: _‘
Richard &. Clayton QA

Date: »&/ zo Z6‘7 A69
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1: 1 1

2:221-B .ANT CANYON HORIZONTAL BLUME, 0.2g, 7%, 10 SEC
3: 198 24 0 274 262 23 1 1 19 0
4: 1 2

5: BOTH LEFT

6: 2048 2000 .005 .20

7 :HOR

8: 20. 4

9: 3. 4

10: 6. 8

11: 12. 16

12: 20, 32

13: 2 0 8 3 5 0

14: 0

15: 20.

16: 0 '

17: .02 .05 .07

18: 202 010101 000001
19: 57 010101 000001
20: 51 0lo0101 000001
21: 49 0lo1l01 000001
22: 47 010101 000001
23: 45 010101 . -000001 -
24: 43 . 010101 000001
25: 39 010101 000001

26: 1 1 2 21 201 1 0.2000 110.0 1111. 460. 0.0320
27: 2 2 3 22 212 1 0.2000 110.0 1111. 345. 0.0620
28: 3 3 4 23 223 1 0.2000 110.0 1111. 273. 0.0880
29: 4 4 5 24 234 1 0.2000 110.0 1111. 227. 0.1060
30: 5 5 6 25 245 1 0.2400 120.0 4513. 1580. 0.0500
31: 6 6 7 26 256 1 0.2400 120.0 4513. 1426. 0.0600
32: 7 7 8 27 267 1 0.2400 120.0 4513. 1254. 0.0760
33: 8 8 9 28 278 1 0.2400 120.0 4513. 1124. 0.0870
34: 9 9 10 29 289 1 0.2900 120.0 5371. 1351. 0.0860
35: 10 10 11 30 2910 1 0.2900 120.0 5371. 1255. 0.0930
36 11 11 12 31 3011 1 0.2900 120.0 5371. 1175. 0.0990
37 12 12 13 32 3112 1 0.2900 - 120.0 5371. 1116. 0.1050
38 13 13 14 33 3213 1 0.2900 120.0 5371. 1068. 0.1100
39 14 14 15 34 3314 1 0.3600 125.0 18780. 6613. 0.0490
40 15 15 16 35 3415 1 0.3600 125.0 18780. 6514. 0.0510
41 16 16 17 36 3516 1 0.3600 125.0 18780. 6415. 0.0520
42 17 17 18 37 3617 1 0.3600 125.0 18780. 6324. 0.0540
43 18 19 38 3718 1 0.3600 125.0 . 18780. 6240. 0.0550
44 19 19 262 263 3819 1 0.3600 125.0 18780. 6158. 0.0560
45 20 20 21 54 531 1 0.2000 110.0 1111. 460. 0.0320
46 21 21 22 55 542 1 0.2000 110.0 1111. 345. 0.0620
47 22 22 23 56 553 1 0.2000 110.0 1111. 273. 0.0880
48 23 23 24 51 54 1 0.2000 110.0 1111. 227. 0.1060
49 24 24 25 57 515 1 0.2400 120.0 4513. 1580. 0.0500
50 25 25 26 58 576 1 0.2400 120.0 4513. 1426.  0.0600
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20 : 176 230 231 250 2497 1 0.2400 0.0 4513. 1254. 0.0760
202: 177 231 232 251 2508 1 0.2400 120.0 4513. 1124. 0.0870
203: 178 232 233 252 2519 1 0.2900 120.0 5371. 1351, 0.0860
204: 179 233 234 253 25210 1 0.2900 120.0 5371. 1255. 0.0930
205: 180 234 235 254 25311 1 0.2900 120.0 5371. 1175. 0.0990
206: 181 - 235 236 255 25412 1 0.2900 120.0 5371. 1116. 0.1050
. 207: 182 236 237 256 25513 1 0.2900 120.0 5371. 1068. 0.1100
208: 183 237 238 257 25614 1 0.3600 125.0 18780. 6613. 0.0490
209: 184 238 239 258 25715 1 0.3600 125.0 18780. 6514. 0.0510
210: 185 239 240 259 25816 1 0.3600 125.0 18780. 6415. 0.0520
211: 186 240 241 260 25917 1 0.3600 125.0 18780. 6324. 0.0540
212: 187 241 242 261 26018 1 0.3600 125.0 3780. 6240. 0.0550
213: 188 242 273 274 26119 1 0.3600 125.0 18780. 6158. 0 60
« b 189 51 57 72 715 0 0.2000 150.0 260000. 260000. 0.0500
215: 190 71 72 96 945 0 0.2000 150.0 260000. 260000. 0.0500
¢ 5: 191 94 9 111 1105 O 0.2000 150.0 260000. 260000. 0.0500
217: 192 110 111 126 1255 O 0.2000 150.0 260000. 260000. 0.0500
218: 193 125 126 141 1405 O 0.2000 150.0  260000. 260000. 0.0500
219: 194 140 141 163 1615 O 0.2000 150.0 260000. 260000. 0.0500
220: 195 161 163 178 1775 0 0.2000 150.0 260000. 260000. 0.0500
221: 196 177 178 210 204 5 O 0.2000 150.0 260000. 260000. 0.0500
222: 197 90, 92 159 157 0 O 0.2000 - - 48.0 83000. 83000. 0.0500
223: 198 92 94 161 1590 O 0.2000 48.0 83000. 83000. 0.0500
224: 199 39 40 41 420 O 0.2000 - 150.0 260000. 260000. 0.0500
225: 3.50 1.4 0.833
226: 200 41 42 43 440 O 0.2000 150.0 260000. 260000. 0.0500
227: 3.00 0.100 0.833
228: 201 43 44 45 460 O 0.2000 150.0 2600C.. 30000. 0500
229: 5.00 4.00 0.833
230: 202 45 46 47 480 O 0.2000 150.0 260000. 260000. 0.0500
2: ; 3.00 0.90 0.833
232: 203 47 48 49 500 0 0.2000 150.0 260000. 260000. 0.0500
233: 3.00 0.90 0.833
234: 204 49 50 51 520 O 0.2000 150.0 30000.  260000. 0.0500
235: 3.00 0.90 0.833
236: 205 39 40 8 870 O 0.2000 150.0 260000. 260000. 0.0500
237: 3.50 1.40 0.833
238: 206 45 46 88 890 O 0.2000 150.0 260000. 260000. 0.0500
239: 4.00 2.00 0.833
240: 207 47 48 90 910 O 0.2000 50.0 260000. 260000. 0.0500
241: 1.00 0.033 0.833
242: 208 49 50 92 930 O 0.2000 150.0 260000. 260000. .0500
243: 1.00 0.033 0.833
244: 209 88 89 90 910 O 0.2000 150.0 260000. 260000. 0.0500
245: 7.00 11.4 0.833
246: 210 90 91 92 930 O 0.2000 150.0 260000. 260000. 0.0500
247: 9.00 24.3 0.833
248: 211 92 93 94 950 O 0.2000 150.0 260000. 260000. 0.0500
249: 9.¢( 24.3 0.833 ‘
250: 212 86 87 155 15 0 O 0

.2000 150.0 260000. 260000. 0.0500
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451: 177 57.5 6.0 0 0.0000
452: 178 57.5 0.0 0 0.0000
453: 179 57.5 -10.0 0 0.0000
454: 30 57.5 -20.0 0 0.0000
455: 181 57.5 -30.0 0 0.0000
456: 182 57.5 -40.0 0 0.0000
457: 183 57.5 -50.0 0 0.0000
458: 184 57.5 -60.0 0 0.0000
459: 185 57.5 -70.0 0 6.0000
460: 186 57.5 -80.0 0 0.0000
461: 187 57.5 -90.0 0 0.0000
462: 188 57.5 -100.0 0 0.0000
463: 189 57.5 -110.0 0 0.0000
464: 190 57.5 -120.0 0 6.0000
465: 191 57.5 -130.0 0 0.0000
466: 192 65.0 75.5 0 0.0000
467: 1! 65.0 75.5 4 0.0000
468: 194 65.0 60.3 0 0.0000
469: 195 65.0 60.3 4 0.0000
470: 196 - 5.0 60.0 0 9.4
471: 197 65.0 60.0 4 0.0000
472: 198 65.0 48.5 0 0.0000
473: 199 65.0 48.5 4 0.0000
474: 200 65.0- . 34.0 0 5.4
475: A 65.0 - 34.0 4 0.0000
476: 20z 65.0 20.0 0 0.0000
477: 203 65.0 20.0 4 0.0000
478: 204 65.0 6.0 0 0.0000
479: 205 65.0 6.0 4 0.0000
480: 206 65.0 22.0 0 0.0000
481: 207 65.0 18.0 0 0.0000
482: 208 65.0 14.0 0 0.0000
483: 209 65.0 10.0 0 0.0000
484: 210 65.0 - 0.0 0 0.0000
485: 211 65.0 -10.0 0 0.0000
486: 212 65.0 -20.0 0 0.0000
487: 213 65.0 -30.0 0 0.0000
488: 214 65.0 -40.0 0 0.0000
489: 215 65. - 0.0 0 0.0000
490: 216 65. -60.0 0 0.0000
491: 217 65.0 -70.0 0 0.0000
492: 218 65.0 -80.0 0 0.0000
493: 219 65.0 -90.0 0 0.0000
494: 220 65. -100.0 0 0.00 )
495: 221 65.0 -1.0 0 0.0000
496: 222 65.0 -120.0 0 0.0000
497: 223 65.0 -130.0 0 0.0000
498: 224 76.0 22.0 0 0.0000
499: 225 76.0 3.0 0 0.0000
8 t.0 0 0.0000

500: 226 76.

B11
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501: 227 76.0 10.0 0 0.0000
502: 228 76.0 6.0 0 0.0000
503: 229 76.0 . 0.0 0 0.0000
504: 230 76.0 -10.0 0 0.0000
505: 231 76.0 -20.0 0.0000
506: 232 76.0 -30.0 0 0.0000
507: 233 76.0 -40.0 0 0.0000
508: 234 76.0 -50.0 0 0.0000
509: 235 76.0 -60.0 0 0.0000
510: 236 76.0 -70.0 0 0.0000
1: ' 76.0 -80.0 0 0.0000
512: ¢33 76.0 -90.0 0 0.0000
513: 239 76.0 -100.0 0 0.0000
514: 240 76.0 -110.0 0 0.0000
515: 241 76.0 -120.0 0 0.0000
516: 242 76.0 -130.0 0 0.0000
517: 243 87.0 22.0 0 0.0000
518: 244 87.0 18.0 0 0.0000
519: 245 87.0 14.0 0 0.0000
520: 246 87.0 10.0 0 0.0000
521: 247 87.0 6.0 0 0.0000 -
522: 248 87.0 0.0 0 0.0000
. 523: 249 87.0 -10.0 0 0.0000
524: 250 87.0 - -20.0 0 0.000Q
525: 251 87.0 -30.0 0 0.0000
526: 252 87.0 -40.0 0 0.0000
527: 253 87.0 -50.0 0 0.0000
528: 254 87.0 -60.0 0 0.0000
529: 255 87.0 -70.0 0 0.0000
530: 256 87.0 -80.0 0 0.0000
531: 257 87.0 -90.0 0 0.0000
532: " 258 87.0 -100.0 0 0.0000
533: 259 87.0 -110.0 0 0.0000
534: 260 87.0 -120.0 0 0.0000
535: 261 87.0 -130.0 0 0.0000
536: 262 -22.0  -140.0 0 0.0000
537: 263 -11.0 -140.0 - 0 0.0000
538: 264 0.0 -140.0 0 0.0000
539: 265 5 -140.0 0 0.0000
540: 266 17.0 -140.0 0 0.0000
541: 267 25.3 -140.0 0 0.0000
542: 268 33.5 -140.0 0 0.0000
543:° 269 41.8 -140.0 0 0.0000
544: 270 50.0 -140.0 0 0.0000 -
545: 271 57.5 -140.0 0 0.0000
546: 272 65.0 -140.0 0 0.0000
547: 273 76.0 -140.0 0 0.0000
548: 274 87.0 -140.0 0 0.0000

549:COMM CONTROL MOTION - HORIZONTAL 1PA=0.2G, 2000 POINTS, [ =0.005 SEC
550: 0.014141 0.015267 0.015951 0.016336 0. 016758 0.016979 0.016954 0.016629
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601:
602:
603:
604:
605:
606:
607:
608:
609:
610:

1:
612:
613:
614:
615:
616:

7:
618:
619:
620:
621:
622:
623:
624:
625:
626:

- 627:

628:

'9:
630:
631:
632:
633:
634:
635:
636:
637:
638:
639:
640:
641:
642:
643:
644:
645:
646:
647:
648:
649:
650:

-0.06649
0.015197
0.04692
0.074536
0.005200
-0.00263
0.096717
-0.07339
-0.05513
0.012131
-0.03294
0.0179
0.015677
-0.01972
-0.02212
-0.00011
-0.06291
-0.01865
-0.07035
-0.07098
.034438
.027883
.094819
.083204
.024985
.017938
.041109
.029073
.063946
.082474
0.11675
0.14465
0.06236
-0.03395
-0.00266
-0.08426
-0.09614
-0.05070
-0.04932
0.094841
0.097514
-0.02619
0.041339
0.053227
0.11488
-0.09617
-0.09560
-0.04846
-0.14011
-0.11353

[=NeoNoNojoloolaNeNe]

-0.05902
0.020207
0.053524

0.05535
0.006306
0.011082

0.11244
-0.08886
-0.04665
0.029471
-0.03904
0.024227
0.003860
-0.01149
-0.01983
-0.00307
-0.05969
-0.01930
-0.07519
-0.05606
0.041506
0.027035

0.11441
0.068622
0.027227
0.016762
0.042755
0.027056
0.066209
0.086258

0.11539

0.14301
0.019662
-0.02829
-0.01363
-0.09859
-0.09254

.-0.05323

-0.03246
0.095445
0.066759
-0.01290
0.042843
0.054563

0.11069
-0.09225

-0.0972
-0.05334

-0.1329
-0.10542

-0.04980
0.022028
0.059644
0.039579
0.006404
0.028327

0.12395
-0.09833
-0.03730
0.043533
-0.04177

0.02967
-0.00842
-0.00233
-0.01591
-0.00871
-0.05316
-0.02127
-0.07830
-0.03957
0.046225
0.029172

0.13263

0.05417
0.030343
0.015419
0.042888
0.026716
0.066508

0.08989

0.11311

0.13694
-0.01860
-0.02663
-0.02645
-0.11135
-0.08991
-0.05960
-0.01348
0.092598
0.037868
-0.00030
0.043216
0.059149

0.10537
-0.08867
-0.09481
-0.05919
-0.12606
-0.09608

-0.03985
0.021871
0.065705
0.025241
0.007003
0.047776
0.12937
-0.10028
-0.03029
0.052974
-0.04020
0.032661
-0.01999
0.005643
- 00953
-0.01671
-0.04473
-0.02470
-0.08020
-0.02218
0.049089
0.03389
0.14769
0.040987
0.032935
0.014815
0.04091
0.028752
0.065519
0.093516

0.1109
0.12797
-0.05337
-0.02676
-0.03979

-0.122
-0.08686
-0.06801
.006791
.089683
.008212
.011912
.045616
.066133
094796
-0.08276
-0.08383
-0.06945
-0.11887
-0.08561

[oNoNoNoNeNw)

0

-0.03013
0.021967
0.071684
0.009967
0.008499
0.067487
0.13129
-0.09909
-0.02751
0.060981
-0.03673
0.031634
-0.02933
0.011447
-0.00127
-0.02671
-0.03569
-0.02913
-0.08141
-0.00506
0.049908
0.041106
0.15966
0.028477
0.034565
0.015315
0.03676
0.033201
0.064557
0.097018
0.11093
0.1187
-0.08754
-0.02495
-0.05227
-0.13157
-0.08244
-0.07609
0.027902
0.089377
-0.02363
0.r=107
0.050674
0.074023
0.079889
-0.07531
-0.08180
-0.08405
-0.11139
-0.07526

B14

-0.01718
0.025485
0.076125
0.010209
0 13900
0 '6787
0 10407
-0.08579
-0.02119
0.036901
-0.02186
0.032906
-0.03323
0.00577
0.001995
-0.03925
-0.02868
-0.04095
-0.08123
0.007921
0.046512
0.04952
0.14614
0.025148
0.030174
0.022082
0.034526
0.041554
0.067024
0.1021
0.11773
0.10605
-0.07648
-0.02062
-0.05946
-0.12284
-0.07230
-0.07743
0.051105
0.091582
-0.02982
0.031598
0.05447
0.083818
0.032174
-0.07619
-0.07279
-0.10085
-0. 1235
-0.06986

-0.00521
0.031382
0.07762
0.009576
-0.00044
0.083788
0.031112
-0.07621
-0.01464
0.015012
-0.00852
0.029738
-0.03310
-0.00184
0.003935
-0.05089
-0.1 342
-0.05198
-0.07968
0.019003
0.040442
0.061157
0.12965
0.022598
0.026041
0.028856
0.031992
0.050064
0.07117
0.10684
0.12728
0.093288
-0.06428
-0.01378
-0.06618
-0.11394
-0.06257
-0.07401
0.071285
0.094163
-0.03268
0.037897
0.055657
0.092539
-0.01139
-0.08054
-0.06595
-0.11564
-0.11335
-0.06785

0.005792
0.038908
0.076248

0.008196 -

-0.00319
0.08993
-0.01958
-0.06714
-0.00 |
-0.00//3
0.004418
0.023559
-0.02856
-0.01129
0.003403
-0.05927
-0.02022
-0.06186
-0.07¢ 3
0.027953
0.03343 °
0.07639
0.10874
0.022282
0.022168
0.035255
0.030062
0.057733
0.076589

0.1117
0.13713
0.078541
-0.04955
-0.00713
-0.07424
-0.10477
-0.05487
-0.06453
0.086202
0.095724
-0.03088
0.041589
0.054355
0.10203
-0.05277
-0.08780
-0.05875
-0.12816
-0.11386
-0.06855 -
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APPENDIX C

LINEAR ANALYSIS TYPICAL INPUT LISTING
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/title,"B PLANT CANYON - 0.20 g "
kan, 2

kay,2,10
n,1,18.000,0
,2,258.00,0
»3,566.00,0
,4,764.00,0
»5,18.000,72.000
,6,258.00,72.000
,7,566.00,72.000
,8,764.00,72.000
,9,18.000,72.000
,10,18.000,114.00
,11,18.000,156.00
,12,18.000,198.00
,13,18.000,240.00
,14,18.000,246.00
,15,36.000,240.00
,16,36.000,240.00
,17,204.00,240.00
,18,204.00,240.00
,19,258.00,72.000
,20,258.00,135.00
,21,258.00,198.00
,22,258.00,240.00
,23,566.00,72.000
,24,566.00,135.00
,25,566.00,198.00
,26,566.00,240.00
,27,560.00,282.00
,28,608.00,240.00
»29,692.00,240.00
,30,764.00,72.000
,31,764.00,135.00
,32,764.00,198.00
,33,743.00,240.00
,34,743.00,282.00
,35,18.000,246.00
,36,18.000,286.50
,37,18.000,327.00
,38,18.000,367.50
,39,18.000,408.00
,40,18.000,414.00
,41,36.000,408.00
,42,36.000,408.00
,43,204.00,408.00
,44,204.00,408.00
,45,258.00,240.00
,46,258.00,282.00
-,47,258.00,354.00
,48,246.00,408.00 -
,49,246.00,414.00"
,51,560.00,282.00
,52,560.00,354.00

,53,560.00,408.00
c2
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,743.00,282.

,55,743.00,318.
,56,743.00,354.
,57,764.00,354.
,58,764.00,354.
,59,764.00,399.
,60,764.00,444,
,61,18.000,414.

,62,18.000,450.
,63,18.000,486.
,64,18.000,522.

,65,18.000,558.
,66,246.00,414.
,67,246.00,450.
,68,246.00,486.
,69,246.00,522.
,70,246.00,558.
»71,764.00,444,
,72,764.00,472.
,73,764.00,501.
,74,764.00,529.

»75,764.00,558.

,76,18.000,558.
,77,30.000,582.
,78,30.000,606.
,79,30.000,606.
,80,30.000,643.
,81,30.000,680.

,82,30.000,717.

,83,18.000,717.
,84,60.000,582.
,85,204.00,582.
,86,246. 00,558.

,87,240.00,582.
,88,240.00,606.

,89,240.00,717.

,90,764.00,558.

*,91,764.00,597.
,92,764.00,637.

,93,764.00,677.
,94,764.00,717.
,95,776.00,717.
,96,48.000,717.
,97,746.00,717.

,98,18.000,717.
,99,16.875,757.

100 15. 750 797.
,101,14.625,837.
,102,13.500,878.
,103,776.00,717.
,104,777.12,757.
,105,778.25,797.
,106,779.37,837.
,107,780.50,878.
,108,13.500,878.
,109,13.500,902.
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,110,36.000,902.
,111,78.000,903.
,112,120.00,905.
,113,162.00,906.
,114,204.00,908.
,115,252.25,908.
,116,300.50,908.
,117,348.75,908.
,118,397.00,908.
,119,445.25,908.
,120,493.50,908.
,121,541.75,908.
,122,590.00,908.
,123,632.00,906.
,124,674.00,905.
,125,716.00,903.
,126,758.00,902.
,127,780.50,902.
,128,780.50,878.
DENS 1, 00022465
DENS, 2,.00007863
DENS,3,1E-9
EX,1,4.00E6
EX,2,1.40E6
EX,3,4.00E6
ET,1,42,,,3
ET 2 54,,,”’1
ET,3,14,,6
et,4,21,,,4
mat,1
type,1
real,l
e,l,
»2,

'3
ma
e,
e,
»21,
4

46 51, 52 47
,47,52,53,48
mat,3
type,2
real,?2
e,1,5
mat,1
e,9,10
,10,11
,11,12
,12,13
,13,14
mat,3
real,3
e,2,6
mat,1
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e, 19,20
,20,21
,21,22
mat,3
real,4
e,3,7
mat,1
e,23,24
,24,25
real,17
e,25,26
mat,3
real,5’
e,4,8
mat,1
e, 30,31
»31,32
real, 18
e,32,33
mat,3
real, 19
e, 13,15
mat,1
real,6
e,16,17
mat,3
real, 19
e, 18,22 .
,26,28 .
mat,1
real,4
e,28,29
mat,3
real,19
e,29,33
mat,1
real,?2
e,35,36
»36,37
,37,38
,38,39
»39,40
real,3
e,45,46
,46,47
,47,48
real,4
e, 48,49
real,l17
e, 26,27
real,4
e,51,52
,952,53
real,18
e,33,34

real,7 s




e, 54,55
,55,56
mat,3
real,19
e,56,57
mat,1
real,5
e,58,59
,29,60
mat,3
real,19
e,39,41
mat,1
real,6
e,42,43
mat,3 -
real,l19
e,44,48
mat,1
real,2
e,61,62
,62,63
,63,64
,64,65
real,4
e, 66,67
- ,67,68
,68,69
real,5
e,69,70
471,72
v72,73
»73,74
, 74,75
real,19
e,76,77
,17,78
real,5
e,79,80
,80,81
,81,82
mat,3
real,l19
e,82,83
,82,96
,17,84
mat,1
real,8
e,84,85
mat,3
real,19
e, 85,87
mat,1
real,19
e, 86,87
,87,88
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real,5
e,88,89
,90,91
,91,92
,92,93
,93,94
mat,3
real,19
e,94,95
,95,97
mat,1
real,9
e,98,99
real, 10
e,99,100
real,ll
e,100,101
real,l12
e,101,102
mat,3
real,l9
e, 108,109
mat,1
real,8
e,109,110
real,l3

" e,110,111

real,l4
e,111,112
real,l15
e,112,113
real,l16
e, 113,114
real,?2
e,114,115
,115,116
,116,117
,117,118
,118,119
,119,120
,120,121
,121,122
real,9

e, 122,123
real,l10
e, 123,124
real,ll
e,124,125
real,l12
e,125,126
real,8

e, 126,127
mat,3
real,l9
e, 127,128
mat,1
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real, 13
e, 107,106
real,l4
e, 106,105
real,l5
e, 105,104
real, 16
e,104,103
type,3
real,2l
e,5,9
real, 22
e,6,19
real,23
e,7,23
real,24
e,8,30
real,25
e, 15,16
real, 26
e,17,18
real,27
e,22,45
real,28
e, 27,51
real,29
e,41,42
real,30
e,43,44
real,3l
e,49,66
real,32
e, 70,86
real,33
e,14,35
real,34
e,40,61
real,35
e,65,76
real,36
e,78,79
real,37
e,83,98
real,38
e, 102,108
real,39
e, 107,128
real,40
e, 95,103
real,4l
e,75,90
real,42
e,60,71
real,43
e,57,58
real,44
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e,34,54

type, 4

real,45

e, 9

real, 45

e, 97

real, 46

e,47

real, 46

e,48

real,47

e,bh2

real,47

e,53

real, 48

e,58

real,48

e,59

rsize,8

r,1,12.
r,2,432.00,46656.,18.000,18.000
r,3,1296.0,0.12597€+07,54.000,54.000 .
r,4,1008.0,0.59270E+06,42.000,42.000
r,5,720.00,0.21600E+06,30.000,30.000-
r,6,144.00,1728.0,6.000 6.0000
r,7
r

,1224.0,0.10612E+07,51.000,51.000
»8,576.00,0.11059E+06,24.000,24.000 )
r,9,432.00,46656.,18.0C 18.000,459.00,55962. .
rmore,19.125.19.125 '
r,10,459.00. 3962.,19.125,19.125,486.00,66430.
rmore,20.250.20.250
r,11,486.00 5430.,20.250,20.250,513.00,78128.
rmore,21.375,21.375
r,12,513.00,78128.,21.375,21.375,540.00,91125.
rmore,22.500,22.500
r,13,540.00,91125.,22.500,22.500,513.00,78128.
rmore,21.375,21.375
r,14,513.00,78128.,21.375,21.375,486.00,66430.
rmore,20.250,20.250
r,15,486.00,66430.,20.250,20.250,459.00,55962.
rmore,19.125,19.125
r,16,459.00,55962.,19.125,19.125,432.00,46656.
rmore,18.000,18.000
r,17,1008.0,0.10000E+10,10.000,10.000
r,18,1224.0,0.10000E+11,10.000,10.000
,720.00,0.10000€+10,10.000,10.000

.10000E+13 *all4
.10000E+13 *ell5
.10000E+13 *0116
.10000E+13 *ell7
.10000E+13 *2]118
.10000E+13 *ell9
.10000E+13 *a120
.10000E+13 *a]21
.10000E+13 *e]122

e B S He The. e 2e. e Bin B B
v v v e e e e e e e e
OO0O0OO0OO0OO0O0O00O0O

cs



- - W W W e e M e e oW
I R R T T T T I I R

.10000E+13
.10000E+13
.10000E+13
.10000E+13
.10000E+13
.10000E+13
.10000E+11
.20000E+10
12 E+ll
.50 E+10
.2 E+10
.1 E+13
.10000E+13
.10000E+13
.10000E+13

v W e e e
€ W e v e w

-~
v pphpbhpbpbRpAELAWWWWWWWWWW

-
- e »

-
-

A EBELWN—ONOOTeEWN—OoOWLOO~NOOOLOIAWMND—O
-
CCCCCCW—OWOOOOOO0OO0OOOOOOOOO

-
-

00000 ITIIIIIIIIIISTI I I I I3

T OOV TOTT T v

- -

"y 7,18
¢p,7,UX,22,45
cp,8,UX,27,51
CP,9,UX,43,44
cpP,10,UX,49,66
cp,11,UX,70,86
CcP,12,UX,14,35
CpP,13,UX,40,61
cp,14,UX,65,76
cp,15,UX,78,79
cp,16,UX,83,98

ce,17,UX,102,108
cp,18,Ux,128,107

cp,19,Ux,95,103
¢p,20,UX,75,90
ce,21,UX,60,71
cp,22,UX,57,58
cp,23,UX,34,54
CP,24,UX,41,42
cp,25,UY,5,9

ce,30,UY,17,18
cp,31,UY,22,45
cp,32,UY,27,51
cpP,33,UY,43,44
cpP,34,UY,49,66
¢p,35,UY,70,86
cp,36,UY,14,35
cp,37,UyY,40,61

*e]123
*e124
*a]25
*e126
*e]27
*a]28
*a]29
*a130
*e131
*a]32
*@133
*e]134
*e135
*2]136
*a]137
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cp,38,UY,65,76
cp,39,UY,78,79
cp,40,UY,83,98
cp,41,UY,102,108
cpP,42,UY,128,107
CpP,43,UY,95,103
CP,44,UY,75,90
CP,45,UY,60,71
cp,46,UY,57,58
CP,47,UY,34,54
CP,48,UY,41.42
d,1,ux,,,4, ,uy
total, 20

sed,l1 -
sviyp,2,386.4
freq,.1,.25,1.6,8,33
sv,5,.01,.065,.43,.43,.20
afwrite

finish

cn
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B-PLANT CANYON
CONCRETE SECTION EVALUATIONS USING THE BIAX2 COMPUTER PROGRAM
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L. G. Price

Reviewed by: ,&/ U@W 2-3-47

Wagenblast

CONTENTS:

C.1 Description of the BIAX2 Computer Program
C.2 User Inputs to the Computer Program
C.3 Application to the B-Plant Structural Evaluation

C.4 Modification and Verification

N3



WHC - SD-WM- SA-005
REv. 0 -

B-PLANT CANYON
CONCRETE SECTION EVALUATIONS USING THE BIAX2 COMPUTER PROGRAM

C.]1 Description of the BIAX2 Computer Program

The BIAX2 computer program was developed at the University of
California to evaluate the flexural behavior of reinforced concrete cross
sections under axial and bending loads. The cross section and steel
distribution can be asymmetric. Both uniaxial and biaxial bending can be
accommodated. Material properties are input as stress-strain relationships
and account for non-linear material behavior under monotonic loading.
Concrete tensile strength can be used and crack propagation based on static
equilibrium across the section can be predicted. Concrete material
properties can be defined for both confined and unconfined concrete.

C.2 User Inputs to the Computer Program

The user inputs geometry, material properties, axial load and assumed
compressive strain at the outermost edge. Assuming that plane sections
remain plane and that equilibrium requirements must be met, the program
computes bending moment and curvature for these conditions. The original
program was written to tabulate data for plotting bending moment-versus-

- axial force interaction curves for a concrete section, and for plotting
bending moment-versus-average curvature curves for constant axial Toads.

C.3 Modifications and Verification

The version of BIAX2 used for these calculations is saved as NEWBX2.
NEWBX2 is an IBM-PC FORTRAN executable file. This version contains minor
changes in the fortran code that allow plotting of moment versus steel
strain and moment versus neutral axis location. These changes were made by
Westinghouse with assistance from the program developer John Wallace.
Verification to date includes checking the program results against hand
calculations for very simple geometries and a direct comparison to a
different computer program (RCCOLA) which was developed independently and
¢ so calculates non-linear concrete section capacities. The test problem
incorporated all features used in the B-Plant section evaluations. The
RCCOLA analysis verified the BIAX2 results. The differences in the capacity
calculations were consistent with the limits imposed by different
calculation procedures and variations in the material property curve
fitting.

C.4 Application to the B-Plant Structural Evalu-*‘on

The BIAX2 program was used to determine the ultimate strength capacity
of the B-Plant cold joints for use in the non-linear structural analysis.
The concrete tensile strength was set to zero and the axial Toad was set to
the dead weight load on each section. The BIAX2 predictions were based
solely on the strength of unconfined concrete. The steel and concrete
stress-strain relationships used for these evaluations are shown in
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Figures C-2 and C-3. Figures C-4 and C-5 show moment versus tensile steel
strain plots for the cold joint at the north wall at the roof. The section
plots are TR5P which evaluates the section with the outside steel in
tension. The MINSP plot evaluates the section with the inside steel in
tension.

Results of all the BIAX2 cold-joint capacity evaluations ( Mu ) are
listed in Table C-1. This table also compares the BIAX2 capacity values to
the rigid concrete model, F*d/2 + Mu, capacities from Table B-1 and ACI code
allowables for concrete sections with.similar reinforcemer . These results
indicate that for t : extremely 1ightly reinforced sections ( ie. tensile
steel area ( As ) less than 0.6 square inches ), the capacity is dictated
by the ultimate strength of the tensile steel acting across the full
section width. Therefore the Table B-1 capacities are conservative for the
extremely 1ightly reinforced sections. It should be noted that the steel
ratios for these sections are below ACI minimums. These allowables are shown
to compare the BIAX2 capacity values to the ACI values used in previous
seismic evaluations of the building capacity.

The evaluatior for cold joints with greai ' reinforcement show that
the distance from the tensile steel to the neutral axis of the section
decreases with increasing steel ratios. The concrete compressive strength
was found to Timit the ultimate capacity for the sections with more steel . -
reinforcement. ~Therefore, the stronger section capacities should be based
on the BIAX2 predictions. The capacity values to be used for the non-
‘lTinear and 1imit analyses are indicated in Table C-1.with an (*) asterick.

D5
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TABLE C-1 CONSTRUCTION JOINT CAPACITIES FROM BIAX2

Dead Width Compression Table B8-1 ACI
File Location Load,k (in) As,in2 Zone, in Mu,in-k  Muifd/2 Allow.
" North Wal)l @ Roof »
TR5P - Outside 15.7 45.0 2.206 3.6 5.42* 6.19 3.54
MINSP - Inside 15.7 45.0 0.10° 2.1 0.72 0.58* 0.43
South Wall @ Roof
TR5P - Outside 16.1 45.0 2.206 3.6 5.42*% 6.20 3.55
MINSP - Inside 16.1 45.0 0.10 2.1 0.72 0.60* 0.44
North Wall @ Crane ° =
- utside 22.9 36.0 0.219 ' 0.66* 0.49 S
- Inside 22.9 36.0 0.10 0.56* 0.44 ]
. 2
South Wall @ Crane . <=
- Outside 23.3 36.0 0.219 0.67% 0.50 ogg
- Inside 23.3 36.0 0.10 . ‘ 0.57* 0.44 L
: o
N. W., Abv Cr Gal F1 : <
ACGMIN - Outside 33.9 60.0 0.527 2.2 2.92 2.87% 1.92
ACGMAX - Inside 33.9 60.0 1.500 3.1 6.26* 6.41 3.88
S. W., 10’ Abv Deck
10ADMIN - Outside 34.2 60.0 0.311 2.3 2.18 2.09* 1.49
10ADMAX - Inside 34.2 60.0 2.667 4.7 9.43* 10.67 6.24
S. W., 3’ Abv Deck .
3ADMIN - Outside 44.2 60.0 0.311 2.4 2.45 2.37* 1.74
3ADMAX - Inside 44.2 60.0 4.167 6.4 12.44* 16.41 9.52
S. H., T. of Pipe T. .
TTMIN - Outside 55.0 60.0 0.311 2.5 2.74 2.67% 2.01
TTMAX - Inside 55.0 60.0 4.167 6.6 12.49* 16.71 9.71
S. W., B, of Pipe T. ' .
- OQutside 61.1 102.0 0.000 - 2.99* 2.70
BTMAX - Inside 61.1 i02.0 2.885 : 6.2 18.80* 21.37 12.87

* Canaritv waluwac ncnd Favr thae nan_lineay and 1im3? analvenc
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D2-4 Typical Time History Input
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D2-1 Node and Element Plots
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Nonlinear Finite Element Model
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D2-2 Substructure Creation Input
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SERW91968

$-1M 1.0Mw
$-1T 1:00

WOoOoNOWMbEWN PR
ee 60 68 00 00 8 08 00 os
ug**###
mﬁ@@@@
<
K
’

\Ei

p/bplant

10:d /tamp/bplant -
ll1:xmou &

12:nasa /w/w9l¢ i, Inl/substr >>0 aut
13:cat >input <<'eof'

14:/prep?

15:/title, generation of super-element »>. 1 - lower canyon structure
l16:kan,7

17:kay, 6,2
18:n,1,18.000,0
19:,2,258.00,0
20:,3,566.00,0
21:,4,764.00,0
22:,9,18.000,72.000
23:,. ,18.000,114.00
24:,11,18.000,156.00
25:,12,18.000,198.00
26:,13,18.000,240.00
27:,16,36.000,240.00
28:,17,204.00,240.00
29:,19,258.00,72.000
30:,20,258.00,135.00
31:,21,258.00,198.00
32:,23,566.00,72.000
33:,24,566.00,135.00
34:,25,566.00,198.00
35:,26,566.00,240.00
36:,28,608.00,240.00
37:,29,692.00,240.00
38:,30,764.00,72.000
39:,31,764.00,135.00
40:,32,764.00,198.00
41:,33,743.00,240.00
42:,34,743.00,282.00
43:,1034,695.,282.
44:,3034,791. ,282.
45:,35,18.000,246.00
46:,36,18.000,286.50
47:,37,18.000,327.00
48:,38,18.000,367.50
49:,39,18.000,408.00
50:,42,36.000,408.00
51:,43,204.00,408.00
52:,45,258.00,240.00
53:,46,258.00,282.00
54:,47,258.00,354.00

55:,48,246.00,408.00 D18
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57:,52,560.00,354.00
58:,53,560.00,408.00
59:,54,743.00,282.00
60:,1054,695. ,282.
61:,3054,791.,282.
62:,55,743.00,318.00
63:,56,743.00,354.00
64:,57,764.00,354.00
65:,1057,737.,354.
66:,3057,791.,354.
67:,58,764.00,354.00
68:,1058,737.,354.
69:,3058,791.,354.
70:,59,764.00,399.00
71:,60,764.00,444.00
72:,1060,737.,444.
73:,3060,791.,444.
74:,61,18.000,414.00
75:,62,18.000,450.00
76:,63,18.000,486.00
77:,64,18.000,522.00
78:,66,246.00,414.00
79:,67,246.00,450.00
80:,68,246.00,486.00
. 81:,69,246.00,522.00
.82:,71,764.00,444.00
83:,1071,737.,444.
84:,3071,791.,444.
85:,72,764.00,472.50
86:,73,764.00,501.00
87:,74,764.00,529.50
88:,75,764.00,558.00
89:,1075,737.,558.
90:,3075,791. ,558.
91:,76,18.000,558.00
92:,77,30.000,582.00
93:,78,30.000,606.00
94:,1078,3.,606.
95:,3078,57.,606.
96:,79,30.000,606.00
97:,1079,3.,606.
98:,3079,57.,606.
99:,80,30.000,643.00
100: .,30.000,680.00 °
101:,82,30.000,717.00
102:,83, }.000,717.00
103:,1083,3.,717.
104:,3083,33.,717.
105:,84,60.000,582.00
106:,85,204.00,582.00
107:,86,246.00 ,558.00
108:,87,240.00,582.00
109:,88,240.00,606.00
110:,89,240.00 ,717.00 D19
111:,90,764.00,558.00
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113:,3090,791.,558.
114:,91,764.00,597.75
115:,92,764.00,637.50
116:,93,764.00,677.25
117:,94,764.00,717.00
118:,95,776.00,717.00
119:,1095,761.,717.
120:,3095,791. .717.
121:,96,48.000, . _7.00
122:,97,746.00,717.00
123:,98,18.000,717.00
124:,1098,3.,717.
125:,3098,33.,717.
126:,99,16.875,757.25
127:,100,15.750,797.50
128:,101,14.625,837.75
129:,102,13.500,878.00
130:,1102,-6.5,878.
131:,3102,33.,878.
132:,103,776.00,717.00
133:,1103,761.,717.
134:,3103,791.,717.
135:,104,777.12,757.25
136:,105,778.25,797.50
137:,106,779.37,837.75
138:,107,780.50,878.00
139:,1107,761.,878.
140:,3107,800.,878.
141:,108,13.500,878.00
142:,1108,~6.5,878.
143:,3108,33.,878.
144:,109,13.500,902.00
145:,110,36.000,902.00
146:,111,78.000,903.50
147:,112,120.00,905.00
148:,113,162.00,906.50
149:,114,204.00,908.00
150:,115,252.25,908.00
151:,116,300.50,908.00
i2:,117,348.75,908.00
153:,118,397.00,908.00
i4:,119,445.25,908.00
155:,120,4¢ .50,908.00
156:,121,541.75,908.00
157:,122,590.00,908.00
158:,123,632.00,906.50
159:,124,674.00,905.00
160:,125,716.00,903.50
161:,126,758.00,902.00
162:,127,780.50,902.00
163:,128,780.50,878.00
164:,1128,761.,878.
165:,3128,800.,878.
166:DENS, 1, . 00022465
167:DENS, 2, . 00007863

*mormal 150 pcf concrete
#35% for shear walls

[atela}
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,4.00E6 *4800 psi concrete
+1.40E6 *35% for shear walls
,4.00E6 *4800 psi concrete
42,,,3 = d

154000001 *beam

,21,,,4 *gen mass
)14,,1 *ux spring

,14,,2 *uy spri

,14,,6 *rotation Z ¢ -ing
/40, ..2 *uy spi g

,39, .6 *Non-1.: rotation

181:type, 1
182:real,l
,19,9
184:,2,3,23,19

i8s5:,3,4,30,:

186:mat, 2

187:e,19,23,: .20

188:e,20,24,25,21

189:,21,25,26,45

190:,45,26,51,46 . o

191:,46,51,52,47

192:,47,52,53,48

193:mat,3

194:ty. .2

195:real,2

196:e,1,9

197:mat, 1

198:e,9,10

199:,10,11

200:,11,12

201:,12,13

202:,13,35

203:mat,3

204:real,3

205:e,2,19

206:mat,1

207:e,19,20

208:,20,21

209:,21,45

210:mat,3

211:re |

212:e, )

213:mat,1

214:e,23,24
- 215:,24,25

216:real,l?7

217:e,25,26 *

218:mat, 3

219:real,5

220:e,4,30

221:mat,1 .

222:e,30,31 D21

223:,31,32
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225:e,32,33
226:mat,3
227:real,19
228:e,13,16
229:mat,1
230:real, 6
231:e,16,17
232:mat,3
233:real,l9
234:e,17,45
235:,26,28
236:mat,1-
237:real,4
238:e,28,29
239:mat,3
240:real, 19
241:e,29,33
242:mat,1
243:real,2
244:e,35,36
245:,36,37
246:,37,38
247:,38,39
248:,39,61
249:real,3
250:e,45,46
251:,46,47
252:,47,48
253:real,4
254:e,48,66
255:real,17
256:e,26,51
257:real, 4
258:e,51,52
259:,52,53
260:real, 18
261:e,33,34
262:mat,3
263:real,19
264:e,39,42
265:mat, 1
266:real, 6
267:e,42,43
268:mat,3
269:real,19
270:e,43,48
271:mat,1
272:real,2
273:e,61,62
274:,62,63
275:,63,64
276:,64,76
277:real,4
278:e,66,67
279:,67,68

D22
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281:,69,86

282:real, 19

283:e,76,77

284:,77,78

285:mat, 3

286:real, 19

287:e,77,84

288:mat,1

289:real,8

290:¢,84,85

291:mat,3

292:real, 19

293:e,85,87

294:mat,1

295:real, 19

296:e,86,87

297:,87,88

298:real,5

299:e,88,89

300:rsize, 12

301:r,1,12.

302:r,2,432.00 46656.,18 000,18.000
303:r,3,1296.0,0.12597E+07,54.000,54.000
304:r,4,1008.0,0.59270E+06,42.000,42.000 .
305:r,5,720.00,0.21600E+06,30.000,.30. 000
306:r,6,144.00,1728.0,6.0000,6.0000
307:x,7,1224.0,0.10612E+07,51.000,51.000
308:r,8,576.00,0.11059E+06,24.000,24.000

309:r,9,432.00,46656.,18.000,18.000,459.00,55962.

310:rmore,19.125,19.125

311:r,10,459.00,55962.,19.125,19.125,486.00,66430.

312:rmore, 20.250,20.250

313:r,11,486.00,66430.,20.250,20.250,513.00,78128.

314:more,21.375,21.375

315:r,12,513.00,78128.,21.375,21.375,540.00,91125.

316:xmore,22.500,22.500

317:r,13,530.00.91125.,22.500,22.500,513.00,78128.

318:rmore,21...5,21.375

319:r,14,513.00,78128.,21.375,21.375,486.00,66430.

320:rmore, 20.250,20.250

321:r,15,486.00,66430.,20.250,20. 250 459.00,55%962.

322:rmore,19.125,19.125

323:r,16,459.00,55962.,19.125,19.125,432.00,46656.

324:rmore,18.000,18.000
325:r,17,1008.0,0.10000E+10,10.000,10.000
326:r,18,1224.0,0.10000E+11,10.000,10.000
327:xr,19,720.00,0.10000E+10,10.000,10.000
328:c*** define master degrees of freedam
329:m,1,ux,, ,uy,rotz

330:m,4,ux%,, ,uy,rotz

331:m,24,ux,, ,uy

332:m,45,ux, , ,0y .

333:m, 34,ux,, ,uy,rotz D23
334:m,78,ux, , ,uy,rotz

335:AFWRIT

*rigid link
*rigid link
*rigid link
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337:/INPUT, 27
338:FINISH

339:e0f

340:ansys <input >>ocutput
341:1sf -f | nasa >>cutput
342:1sf ~-f

343:mv FILEO8 save8
344:cfs store bplant/saves
345:ja -st | nasa | tee -a >>output
346:mprint —c -rR32 autput
347:m FIIE* fort.* core

D24
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1:/PREP7

2:/title,"B PLANT CANYON NONLINEAR MODEL, SOUTH ACCEL."
3:KAN, 0 :
4:n,34,743.00,282.00
5:,1034,694.5,275.55
6:,3034,791.5,275.55
7:.54,743.00,282.00
8:.1054,694.5,288. 45
9:,3054,791.5,288. 45
-10:,55,743.00,318.00
11:,56,743.00,354.00
12:,57,764.00,354.00
13:,1057,736.5,350.15
14:,3057,791.5,347.55
15:,58,764.00,354.00
16:,1058,736.5,357.85
17:,3058,791.5,360.45
18:,59, 764.00,399.00
19:,60,764.00,444 .00
20:,1060,736.5,437.55
21:,3060,791.5,440.15
22:,71,764.00,444.00
23:,1071,736.5,450.45
24:,3071,791.5,447.85
25:,72,764.00,472.50
26:,73,764.00,501.00
27:,74,764.00,529.50
28:,75,764.00,558.00
29:,1075,736.5,552.85
30:,3075,791.5, 554.15
31:,78,30.000,606.00
32:,1078,2.5,600.81
33:,3078,57.5,600.85
34:,79,30.000,606.00 °
35:,1079,2.5,611.19
36:,3079,57.5,611.15
37:,80,30.000, 643.00
38:.81,30.000, 680.00
39:,82,30.000,717.00
40:,83,18.000,717.00
41:,1083,2.5,713.73
42:,3083,33.5,714.38
43:,90,764.00,558.00
44:,1090,736.5,563. 15
45:,3090,791.5,561.85
46:,91,764.00,597.75
47:.92,764.00,637.50
48:,93,764.00,677.25
49:,94,764.00,717.00
50:,95,776.00,717.00
51:,1095,760,5,714.38
52:,3095,791.5,713.74
53:,96,48.000,717.00
54:,97,746.00,717.00 ‘ D26
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55:,98,18.000,717.00
56:,1098,2.5,720.26
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57:,3098,33.5,719.62
58:,99,16.875,757.25
59:,100,15.750,797.50
60:,101,14.625,837.75
61:,102,13.5 ,878.00
62:,1102,-6.5,871.15
63:,3102,33.5,875.38
64:,103,776.00,717.00
65:,1103,760 5,719.62
66:,3103,791 ,720.26
67:,104,777.. ,757.25
68:,105,778.25,797.50
69:,106,779.37,837.75
70:,107,780.50,878.00
71:,1107,760.5,875.38
72:,3107,800.5,871.55 : .
73:,108,13.500,878.00
74:,1108,-6.5,884.45
75:,3108,33.5,880.62
76:,109,13.500,902.00
77:,110,36.000,902.00
78:,111,78.01 ,903.50
79:,112,120.00,905.00
80:,113,162.1 ,906.50
81:,114,204.1 ,908.00
82:,115,252.25,908.00
83:,116,300.! ,908.00
84:,117,348.75,908.00
85:,118,397.00,908.(
86:,119,445.25,908.00
87:,120,493.50,908.00
88:,121,541." ,908.00
89:,122,590.1 ,908.00
90:,123,632.1 ,906.50
91:,124,674.00,905.00
92:,125,716.00,903.50
93:,126,758.1 ,902.00
94:,127,780.50,902.00
95:,128,780.. ,878.00
96:,1128,760.5,880.62
97:,3128,800.5,884.45
98:C***x*  MATERIAL PROPERTIES
99:C*** CONCRETE = MAT1
100:DENS,1, .00 22465 *normal 150 pcf concrete

. 101:EX,1,4.00E6 *4800 psi concrete
102:C*** Rebar & Rigid Links = MAT2 . .
--- }03 :DENS,, 251E~9- - 3 w-densttyforrigid—Hmks & Tebar
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105:EX,2,29.E6
106:NL,2,13,10
107:NL,2,19,0.,100.
108:NL, 2,25, 40000 ,40000.
J9:NL,2,31,1.0E5, 1 0ES
110:C*** Gap Ele = MAT3

111

112:

:MU,3,0.0

*Gap Element Friction

C***

Element Types
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113:E7,1,3 Beam _.er 1t
114:€T7,2,21,,,4 *gen mass
115:ET,3,12 *2-D Interface
116:ET,4,1 *elastic/plastic truss
117:C*****x  QEAL CONSTANTS
118:rsize,12
119:r,1,,1.E9,,1.0 * spring/gap element
120:r,2,432.00,46656.,36.0 * 36" beam
121:r,3,1296.0,0.12597E+07,108.0 * 108" beam
122:r,4,1008.0,0.59270E+06,84.0 * 84 " beam
123:r,5,720.00,0.21600E+06,60.0 *-60" beam
124:r,6,144.00,1728.0,12.0 * 12". beam .
125:r,7,1224.0,0. 10612E+07 102.0 * 102" beam
126:r,8,576.00,0.11059€E+06,48.0 * 48" beam
127:r,9,445.5, 51309 37.13 * 36"/38.25" tap. beam
128:r,10,472. 5 61196 39.38 * 38.25"/40.5" tap. beam
129:r,1 499.5,72279,20,81 * 40.5"/42.75" tap. beam
130:r,12,526.5,84626,21.94 * 42.75"/45.0" tap. beam
131:r,13,526.5,84626,21.94 * 45.0"/42.75" tap. beam
132:r,14,499.5,72279,20.81 * 42.75"-40.5" tap. beam
"133:r,15,472.5,61196,39.38 * 40.5"/38.25" tap. | m
134:r,16,445.5,51309,37.13  * 38.25"-36.0" tap. beam
135:r,17,1.€3,1.E7,1.,1. *rigid link
136:C*** Rebar Element Areas
137:r,1 * N. Wall above Cr. G. Flr, outside steel
r,l
r,2
r,2
r,2
r,2
r,2
r,2
r,2
r,2

0,
1
2
3
4
5
6
7,
JS¢
8, .527
9
0
1
2
3
4
5
6
7

138:r, ,1.50 * N. Wall above Cr. G. Flr, inside steel

139:r,20,0.219 * Qutside Steel, Crane Level

140:r,21,0.10 * Inside Steel, Crane Level & Wall/Roof Jt.
141:r,22,2.206 * Qutside Steel, Wall/Roof Jt.

142:r,23,0.311 * S. Wall Outside Steel, 3’ & 10’ Above Deck & P. Trench
143:r,24,2.667 * S. Wall Inside Steel, 10’ Above Deck

144:r,25,4.167 * S. Wall Inside Steel, 3’ Above Deck & T. of P. Trench
145:r,26,2.885 * S. Wall Inside Steel, B. of P. Trench

146:r,27,24.30 * Crane Mass

147:r,28,6.21 * Corner Mass

148:C*****  F| EMENTS :

149:C*** Cr. Gallery Flr. Jt.

150:
:mat, 2
152:
:type,1

:e,1078,78

151

153
154

C***

Rigid Links
real,l17

028
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205:Type, 1 Rev. 0

206:mat,1

207:real,9
208:e,98,99
209:real, 10
210:e,99,100
211:real, 11
212:e,100,101
213:real, 12
214:e,101,102
215:C*** N, Wall to Roof Jt.
216:C*** Rigid Links
217:mat,2

218:real, 17
219:type,1
220:e,1102,102
221:,102,3102
222:,1108,108
223:,108,3108
224:C*** | eft Rebar
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225:type, 4
226:real,22
227:e,1102,1108
228:C*** Right Rebar
229:real,21
230:e,3102,3108
231:C*** Gap Elements
232:type,3

233:real,l

234:mat,3 :
235:e,1102,1108
236:,3102,3108
237:real, 19

238:C*** Roof
239:Type,1

240:mat, 2

241:real,l7
242:e,108,109
243:e,109,110
244:mat,1

245:real,13
246:e,110,111

247 :real,ld
248:e,111,112
249:real, 15
250:e,112,113
251:real,16
252:e,113,114
253:real,?2
254:e,114,115 030
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255:,115,116 ‘Rev. 0

256:,116,117
257:,117,118
258:,118,119
259:,119,120
260:,120, 1
261:,121,122
262:real,9
263:e,122,123
264:real, 10
265:e,123,124
266:real,ll
267:e,124,125
268:real,l12
269:e,125,126
270:real, 17
271:e,126,127
272:e,127,128
273:C*** S_ Wall to Roof Jt.
274:C*** Rigid Links
275:mat,2
276:real,17
277:type,1
278:e,1107,107
279:,107,3107
280:,1128,128
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281:,128,3128

282:C*** | eft Rebar
283:type, 4

284:real,21

© 285:e,1107,1128
286:C*** Rjgt Rebar
287:real, 22
288:e,3107,317R
289:C*** Gap lements
290:type,3

291:real,l

292:mat,3

293:e,1] ',1128
294:,3107,3128
295:C*** S Wall Above Crane
296:mat,1

297:Type,1

298:real, 13
299:e,107,106
300:real, 14
301:e,106,105"
302:real, 15
303:e,105,104
304:real,16 , 031



305:
306:
307
308:
309:
310:
311
312:
313:
314:
315:
316:
317
318:
319
.320:
321

323:
324:
325
326:
327:
328:
329:
330:
331
332:
333:
334
335:
336:

WHC - SD-WM-SA-005

e,104,103 - Rev. 0
Cx** S  Crane Level Jt.

:C*** Rigid Links

mat,2
real,l7
type,l

:e,1095,95

,95,3095
,1103,103
,103,3103

C*** |Left Rebar
type,4

:real,21

e,1095,1103

:C*** Right Rebar

real, 20

:e,3095,3103
:C*** Gap Elements

type,3
real,l

:mat,3

e,1095,1103

,3095,3103

C*** S_ Wall Below Crane Level
mat,1

type,l

:real,l7

e,94,95
,94,97

:real,b

e,94,93
,93,92
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337:
338:
339:
340:
341:
342:
343:
344:
345:
346:
347:
348:
349:
350:
351:
352:
353:
354:

,92,91

,91,90

C*** S_ Wall 10’ Above Deck Jt.
C*** Rigid Links

mat,?2

real,17

type,l

e,1075,75

,75,3075

,1090,90

,90,3090

C*x** Left Rebar

type, 4

real, 24

e, 1075,1090

C*** Right Rebar .
real, 23

e,3075,3090 D32




355
356

361
363

369
371

379

381
382

384
385

389

391
392

WHC-SD- 1-SA-005

:C***  Gap Elements Rev. 0
:type,3

357:
358:
359:
360:

real,l
mat,3
e, 1075,10¢
,3075,3090

:S. 111, 3’ to 10’ Above Deck
362:

type,l

:mat,1
364:
365:
366:
367:
368:
:C*** S Wall 3’ Above Deck Jt.
370:
:mat, 2
372:
373:
374:
375:
376:
377:
378:

real,5
e,75,74
,74,73
, 73,72
,72,71

C*** Rigid Links

real,l17

type,1

e,1060,60
,60,3060
,1071,71
,71,3071

C*** |eft Rebar

:type,4
380:
:e,1060,1071
:C***  Right Rebar
383: .
:e,3060,3071 _ ,
:C***  Gap Elements
386: '
387:
388:
:e,1060,1071
390:

real,25

real,23

type,3
real,
mat,3

,3060,3071

:C*** S, Wall, Deck Level
:type,l
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393:
394:

395
397
399

400
401

mat,1
real,5

:e,60,59
396:

,99,58

:C*** S, Wall, Top of ipe Trench Jt.
398: :

C*** Rigi Links

:mat,?

treal, 7
:type,l
402:
403:
404:

e,1057,57
57,3087 D33
’1038, 58
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405:,58,3058 Rev. 0

406:C*** |eft Rebar
407 :type, 4

408:real, 25
409:e,1057,1058
410:C*** Right Rebar
411:real,23
412:e,3057,3058 .
413:C*** Gap Elements
414:type,3

415:real,l

416:mat,3
417:e,1057,1058
418:,3057,3058
419:type,l

420:mat,1

421:real,l7
422:¢,57,56

423:real,3

424:e,56,55

425:,55,54

426:C*** S, Wall, Bottom of Pipe Trench Jt.
427:C*** Rigid Links
428:mat, 2

429:real,17

430:type,l
431:e,1034,34
432:,34,3034
433:,1054,54
-434:,54,3054 . -
435:C*** jeft Rebar
436:type, 4

437:real, 26
438:e,1034,1054
439:C*** Right Rebar (None)
440:C*** Gap Elements
44] :type,3

442:real,l

443:mat,3
444:¢2,1034,1054
445:,3034,3054
446:C*** (rane Mass Elements
447:real,27

448:type,2
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449:e,96

450:,97

451:C*** (Corner Masses

452:real,28 ‘
453:¢,109

454:,127 D34



13278

455:Cx**
456:iter,-10,10
457:cp,1,ux,83,98
458:,2,ux,102,108
459:,3,ux,107,128
460:,4,ux,95,103
461:,5,ux,75,90
462:,6,ux,60,71
463:,7,ux,57,58
464:,8,ux,34,54
465:,9,ux,78,79
466:d,78,al1,0.
467:d,34,: 1,0.
468:acel,,170. *
469:1write
470:iter,-20,20
47]1:acel,,328.4
472:1write
473:1iter,-20,2
474:acel,-96.6,328.4
475:7write
476:iter,-20,2
477:acel,-116.,328.4
478:1write
479:iter,-20,2
480:acel,-135.2,328.4
481:1write
482:iter,-40,40

483:acel,-154.6,328.

484 :1write -
485:iter,-40,40 :
486:acel,-173.9,328.4
487 :lwrite
488:iter,-50,50
489:acel,-193.2,328.4
490:1write
49]:iter,-50,50
492:2cel,-212.5,328.4
493: arite
494:iter,-! /50
495:acel,-231
496:1write

497 :afwrite
498:finish
499:/input,27
500:finish

,328.4

Begin Load Step

* 0.25g hor. acel.

*

*

*

*

WHC-SD-WM-SA-005
Rev. O

Partial Dead Load

* 85% of Dead Load

south
0.3g hor. acel. south
0.35g hor. ac |. south
0,4g hor. acel. §outh\
0.45g -hor. acel. south
0.5g hor. acel. south
0.55g hor. acel. south

0.6g hor. acel. south

D35
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1:# USER=w91968

2:%# @$—q day

3:4 @$-e0

4:% @S-1M 1.0Mw
5:% @$-1T 15:00

6:4 @3

7:set -x

8:ja

9:mkdir /tmp/bplant

10:cd /tmp/bplant

1l1:mm ocutput

12:nasa /w/w91968/bpn/canycn.sub >>cutput

13 t nput - £

14:/PREP7

15:/title, "Cracked Roof, Substructure, time = 0. to 1.5 sec, 0.2g DEE"
16:kan, 4

17:kay,5,2

18:C*** Node Definitions
19:n,34,743.00,282.00
20:,1034,694.5,275.55
21:,3034,791.5,275.55
22:,54,743.00,282.00
23:,1054,694.5,288.45
24:,3054,791.5,288.45
25:,55,743.00,318.00
26:,56,743.00,354.00
27:,57,764.00,354.00
28:,1057,736.5,350.15
29:,3057,791.5,347.55
30:,58,764.00,354.00
31:,1058,736.5,357.85
32:,3058,791.5,360.45
33:,59,764.00,399.00
34:,60,764.00,444.00
35:,1060,736.5,437.55
36:,3060,791.5,440.15
37:,71,764.00,444.00
38:,1071,736.5,450.45
39:,3071,791.5,447.85
40:,72,764.00,472.50
41:,73,764.00,501.00
42:,74,764.00,529.50
43:,75,764.00,558.00
44:,1075,736.5,552.85
45:,3075,791.5,554.15
46:,78,30.000,606.00
47:,1078,2.5,600.81
48:,3078,57.5,600.85
49:,79,30.000,606.00
50:,1079,2.5,611.19
51:,3079,57.5,611.15
52:,80,30.000,643.00
53:,81,30.000,680.00
54:,82,30.000,717.00
55:,83,18.000,717.00

037
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113:C¥*%%x*  MATERTAI, PROPERTTES
114:C*** CONCRETE = MAT1
115:DENS, 1, .00022465 *nmormal 150 pcf concrete

116:EX,1,4.00E6 *4800 psi concrete
117:C*** Rebar & Rigid Links = MAT2
118:DENS,2 ~— 9 *1low density for rigid links & rebar
119:KNL,1
120:EX,2,29.E6
"121:NL,2,13,10
122:NL, 2,19,0.,100.
“~3:NL,2,25,40000.,40000.
124:NL,2,31,1.0E5,1.0ES

Cr*k Gap E£ = MAT
126:MU,3,0.0 *Gap Element Friction
127:C*** Element Types
128:ET,1,3 * Beam Element
129:ET,2,21,,,4 *gen mass
130:ET,3,12 *2-D It rface
131:ET,4,1 *elastic/plastic truss
132:ET, 5,50
133:Ch*%%*  REAI, CONSTANTS
134:rsize,12

135:r,1,,1.E9,,1.0  * spring/gap element
136:r¢2;432.00,23380°,36.0 * 36" beam
137:r,3,1296.0,0.12597E+07,108.0 * 108" beam
138:r,4,1008.0,0.59270E+06,84.0 * 84 " beam
139:r,5,720.00,0.21600E+06,60.0 * 60" beam
140:r,6,144.00,1728.0,12.0 * 12" beam
141:r,7,1224.0,0.10612E+07,102.0 * 102" beam
142:r,8,576.00,0.11059E+06,48.0 * 48" beam
143:r,9,445.5,25654,37.13  * 36"/38.25" tap. beam
144:r,10,472.5,30598,39.38 38.25"/40.5" tap. beam
145:r,11,499.5,36140,41.62 40.5"/42.75" tap. beam
146:r,12,526.5,42313,43.88 42.75"/45,0" tap. beam
147:r,13,526.5,84626,43.88 45.0"/42.75" tap.
148:r,14,499.5,72279,41.62 42.75"-40.5" tap. beam
149:r,15,472.5,61196,39.38 40.5"/38.25" tap.
150:r,16,445.5,51309,37.13 38.25"-36.0" tap. beam
151:r,17,1.E3,1.E7,1.,1. *rigid link

152:C*** Rebar Element Areas

153:r,18,.527 * N. Wall above Cr. G. Flr, cutside steel
154:r,19,1.50 * N. Wall above Cr. G. Flr, inside steel

* % * ¥ ¥ ¥ ¥

155:r,20,0.219 * Qutside Steel, Crane Level

156:r,21,0.10 * Inside Steel, Crane level & Wall/Roof Jt.
157:r,22,2.206 * OQutside Steel, Wall/Roof Jt.

158:r,23,0.311 * S. Wall Outside Steel, 3' & 10' Above Deck & P. Trench
159:r,24,2.667 * S, Wall s : Steel, 10' Above Deck

160:r,25,4.167 * S. Wall Inside Steel, 3' Above Deck & T. of P. Trench
161:r,26,2.885 * S, Wall Inside Steel, B. of P. Trench

162:r,27,24.30 * Crane Mass

163:r,28,6.21 * Corner Mass
164:r,29,1.0E6 * Base Mass

165:Ch**x*  ELEMENTS

166:C*** Cr. Gallery Flr. Jt. 039
167:C*** Rigid Links
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169:real, 17
170:type,1
171:e,1078,78
172:,78,3078
173:,1079,79
174:,79,3079
175:C*** Teft Rebar
176:type, 4 :
177:real, 18
178:e,1078,1079
179:C*** Right Rebar
180:real, 19
181:e,3078,3079
182:C**%* Gap Elements
183:tv 3
184:r 1,1
185:mat,3
186:e,1078,1079
187:,3078,3079
188:C*** Cr. Gallery Wall
189:t 2,1
190:mac, 1
191:real,5

. 192:e,79,80
193:,80,81
194:,81,82
195:real,l7
196:m 2
197:e,82,83
198:,82,96
199:C*** N. ( e Level Jt.
200:Cx** Rigid Links
2( " .e,1083,83
202:,83,3083
203:,1098,98
204:,98,3098
205:Cx**x Ieft Rebar
206:type, 4
207:real, 20
208:e,1083,1098
209:C*** Rigi Rebar
210:rx ,21
211:e,3083,30
212:C*** Gap |ements
213:type,3
214:real,l
215:mat,3
216:e,1083,1098
217:,3083,3098
218:C*** N. Wall Above Crane Level
219:Type, 1
220:mat,1
221:real,l6 D40
222: },99
2232 215
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225:real |
226:e,100,101
227:real,13
228:e,101,102

229:C*** N. Wall to Roof Jt.

230:C*** Rigid Links
231:mat,2
232:real, 17
233:type, 1
234:e,1102,102
235:,102,3102
236:,1108,108
7:,108,3108
238:C*** Jeft Rebar
239:type, 4
240:real,22
241:e,1102,1108
242:C*** Right Rebar
243:real,21
244:e,3102,3108
245:C*** Gap Elements
246:type,3
247:real,l
248:mat, 3
249:e,1102,1108
250:,3102,3108
251:C*%* Roof
252:Type, 1
253:mat, 2
254:real,17
255:e,108,109
256:e,109,110
257:mat,1
258:real,12
259:e,110,111
260:real,ll
261l:e,111,112
262:real, 10
263:e,112,113
264:real,d
265:e,113,114
266:real,2
267:e,114,115
268:,115,116
269:,116,117
270:,117,118
271:,118,119
272:,119,120
273:,120,121
274:,121,122
275:real,9
276:e,122,123
277:real, 10
278:e,123,124
279:real, 11

D41
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. 337:e,1095,1103
338:,3095,3103
339:C*** S, Wall Below Crane Level
340:mat,2
341:type,1
342:real,l17
343:e,94,95
344:,94,97
345:mat,1
346:real,5
347:e,94,93
348:,93,92
349:,¢° ¢°
350:,91,90
351:C*** S, Wall 10' Above Deck Jt.
352:C*** Rigid Links
353:mat,2
354:real,1?
355:type, 1
356:e,1075,75
357:,75,3075
358:,1090,90
359:,90,3090 .

. 360:C*** 'Ieft Rebar
‘361:type, 4 '
362:real, 24
363:e,1075,1090
364:C***x Right Rebar
365:real,23
366:e,3075,3090
367:C*** Gap Elements
368:type, 3

. 369:real,l
370:mat,3
371:e,1075,1090
372:,3075,3090
373:S. Wall, 3' to 10' Above Deck
374:type,1 .
375:mat, 1
376:real,S
377:e,75,74
378:,74,73
379:,73,72
380:,72,71
381:Cx** S, Wall 3' Above Deck Jt.
382:C*** Rigid Links
383:mat,2
384:real, 17
385:type, 1
386:e,1060,60
387:,60,3060
388:,1071,71 -
389:,71,3071
390:C*** JTeft Rebar
391:type,4

D43
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449:type, 4

450:real, 26

451:e,1034,1054

452:C*** Right Rebar (None)
453:C*** Gap Elements
454:type,3

455:real,l

456:mat,3

457:e,1034,1054
458:,3034,3054

459:C*** Crane Mass Elements
46Q:real, 27

461:type,2

462:e,96

463:,97

464:C*** Corner Masses
465:real,28

466:e,109

467:,127

468:C*** Base Mass
469:real, 29

470:e,1 .
-471:C*** Iower Canyon Substructure
472:type, 5 L
473:e,1,8

474 :dof,ux,uy,rotz

475:C*** Begin Ioad Step

- 476:iter,3,3

477:cp,1,ux,83,98

478:,2,ux,102,108

479:,3,ux,107,128

480:,4,ux,95,103

481:,5,ux,75,90

482:,6,ux,60,71

483:,7,ux,57,58

484:,8,ux,34,54

485:,9,ux,78,79

486:cp,10,ux,1,4

487:cp,11,uy,1,4

488:d,1,ux,0.,,,,uy

489:acel, ,386.4 * Static Dead load

490:betad, .000838 * 5% structural damping
491:alphad,1.984

492:postr,2,4,5 * save plas. strains for post pr.
493:kbc, 0

494:1write ’
495:iter,1,1 * replace constr. with reac. forces
496:time, .00001

497:ddel, 1,ux )
498:ddel,1,uy
499:f£,1,£x,0.0
500:f£,1,£fy,0.386745E09
501:1write
'502:afwrite

503 :FINISH
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TIME HISTORY POSTPROCESSING RESULTS
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VARI TYPE

ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR

ESTR

ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR

POST26 SUMMARY OF VARIABLE EXTREME VALUES
AT TIME

WHC -SD-WM-SA-005
Rev. O

Peak Wall Moments, 0.2g DBE

IDENTIFIERS NAME

DAWWAWWAWWWWOAWWWWLWAWWWWOAWWWWOWWW

MOMI
MOMI
MOMI
MOMJ
MOMI
MOMI
MOMI
MOMI
MOMJ
MOMI

MOMI _

MOMI
MOMI

‘MOMJ

MOMI
MOMI

_MOMI

MOMI
MOMJ
MOMI
MOMI

. MOMI

MOMI
MOMJ
MOMI
MOMI
MOMJ
MOMI
MOMI
MOMJ

MINIMUM

-0.2782E+07
-0.2045E+07
-0.1326€+07
-0.5 S5E+06
-0.5259E+06
0.1221€+06
0.5060E+06
0.5603E+06
0.2206E+07
0.9987E+06
0.7868E+06
0.5¢ 1E+06
0.3160E+06
-0.7026E+06
-0.4557€+05

-0.2744E+06 .

-0.8777E+06
-0,1525E+07
.1099E+06
-0.2187E+07
-0.2671E+07
-0.3163E+07
-0.3664E+07
-0.2785E+06
-0.4175E+07
-0.5020E+07
-0.5012E+06
-0.7198E+07
-0.7931E+07
0.3013E+06
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1
1
1

Pt Pt Db pomd Pt o P

.080

.080
.825

.705
.620
.850
.145
.145
.870

865

0.8950
175

.650
.645
.155
.640
.640
.635
.635

Ot et fmd ot fmd Pt P Pt Pt ot fud Gt Pt b (aD (AD

.160
.630
.615
.160
.610
.610
.155

OCOO0OO0O0ODO0OOOO0DO0OOODDODODODOOOO0OOO

MAXIMUM

0.
0.

9642E+06
8070E+06
6655E+06
64577

.6434t+06
.8169E+06
.1048E+07
.1546E+07
.5739E+06
.2791E+07
.2258E+07
.1703E+07
.1155E+07
.4886E+05
.5590E+06
.1912E+06
.9135E+05
.8910E+05
.2186E+07
.1107€E+06
.1391E+06
.1770E+06
.2236E+06
.4176E+07
.2776E+06
.3801E+06
.5899€E+07
.5540E+06
.4394E+06
.8689E+07

AT TIME

1.615
1.620
1.620
1770
1.560
0.7900
0.7200
1.850
1.620
1.650
1.655
1.655
1.605
3.775
0.7550 -
0.3250
.150
.155
.640
.155

.160
.160
.160
.625
.160
.160
.610
.160
.160
.610

bt b b ot Gt Pt Pt ot Pt b Pk d b pt






VARI TYPE

VARI TYPE

ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR
ESTR

ESTR

ESTR

OPER
OPER
OPER
OPER
OPER

OPER -

OPER
OPER
OPER

POST26 SUMMARY OF VARIABLE EXTREME VALUES

NHC-S%;%@-SA-OOS

Peak Shear and Normal Forcés, 0..J DBE

IDENTIFIERS NAME

POST26 SUMMARY OF VARIABLE EXTREME VALUES

OV B PN 0t PN 0=t N =t PO b=t N\ 0= N = NX = N =t

9 NFOR
9 SHRF
NFOR

112 SHRF

IDENTIFIERS NAME

ABS
ABS
ABS
ABS
ABS
ABS
ABS
ABS
ABS

SHF/NORF
SHF/NORF
SHF /NORF
SHF/NORF
SHF/NORF
SHF/NORF
SHF /NORF
SHF/NORF
SHF/NORF

MINIMUM

0.7191E-03
0.5521E-03
0.1066E-01
0.3604

0.3604E-01
0.1053E-03
0.2629E-02
0.2407E-03
0.1537E-02

051

MINIMUM AT TIME
0.3311E+05 4.205
-0.1993E+05 1.080
0.1902E+05 4.200
-0.1715E+05 1.850
0.131A£+05 4.195
-0.15( i+05 1.850
0.1319E+05 1.145
5217. .140
0.2821E+05 5.000
1039. 1.160
0.3687E+05 5.000
-1031. 1.165
0.4295E+05 4.995
-2278. 1.160
. 0.4771E+05 - 4.990
.-3356. 1.140
*-0.7170E+05 0.8850
-0.2135E+05 1.600

AT TIME

A bt pd pt bt (A et et (0D

.475
.650
.625
.050
.160
.845 .
.825
.820
.555

MAXIMUM AT TIME
0.4581E+05 1.7L.
4265. 1.615
0.2765E+05 3.670
777.8 1.620
0.1970 05 4.435
-155.3 1.625
0.2063E+05 1.645
0.1321E+05 1.650
0.3819E+05 0.8850
0.1559E+05 1.640
0.4911E+05 0.8850
0.1763E+05 1.610
0.5699E+05 0.8850
0.1936E+05 1.600
0.6321E+05 0.8850
0.2060E+05 1.600
0.5524E+05 4.990
4150. - 1.135
MAXIMUM AT TIME
0.5306 1.130
0.7313 1.835
0.8900 1.845
0.6431 1.655
0.4269 1.665
0.3803 1.585
0.3595 1.590
0.3448 1.590
0.3135 1.590
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Peak Roof Maments, 0.4g EQ

- POST26 SUMMARY OF VARIABLE EXTREME VALUES .
't IDENTIFIERS NAME  MINIMUM AT TIME MAXIMUM AT TIME

l 36 3 36 MOMI -0.4509E+06 1.635 0.3430E+07 1.150
1 37 3 37 MOMI -0.7824E+06 1.640 0.2770E+07 1.155
R 38 3 38 MOMI -0.1059E+07 1.645 0.2183E+07 1.160

R 39 3 39 MOMI -0.1309E+07 1.660 0.1672E+07 1.170
PR 40 3 40 MOMI -0.1518E+07 1.665 0.1232E+07 1.180
"R 41 3 41 MOMI -0.1684E+07 1.675 0.7793E+06 1.185

R 42 3 42 MOMI -0.1779E+07 1.370 0.4253E+06 1.210

R 43 3 43 MOMI -0.1857E+07 1.365 0.1815E+06 '1.225

R 44 3 44 MOMI -0.1793E+07 1.360 0.1561E+05 1.235

R 45 3 45 MOMI -0.1573E+07 1.360 ~-0.9389E+05 1.240

R 46 3 46 MOMI -0.1201E+07 1.355 -0.1566E+06 1.245

R 47 3 47 MOMI -0.8392E+06 1.105 -0.4962E+05 1.635

R 48 3 48 MOMI -0.7544E+06 1.115 0.4597E+06 1.655

R 49 3 49 MOMI -0.6328E+06. 1.120 0.9986E+06 1.660

R 50 3 50 MOMI -0.4401E+06 1.120 - 0.1627E+07 1.670

R .51 3 51 MOMI -0.1789E+06 1.140 0.2352E+07 1.675
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