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EXECUTIVE SUMMARY 

The seismic evaluation of the 221-8 canyon structure is part of an ongoing 
safety review associated with continued operation of B Plant. The objective of 
the seismic evaluation was to ~xamine the feasibility of demonstrating adequacy 
of the canyon structure to current DOE facility seismic requirements. If seismic 
adequacy could not be demonstrated for the existing facility, specific fixes 
were to be identified which would result in compliance with the seismic 
requirements. 

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 Pl ant canyon structure departs from convent i o_na 1 reinforced concrete 
design in the sense that the walls and roof are relatively massive and lightly 
reinforced . Conventional linear seismic analyses resulted in significant 

· 9verstress in local regions. Increasingly rigorous option-s 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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B PLANT CANYON STRUCTURE SEISMIC EVALUATION 

-1.0 INTRODUCTION 

1.1 OBJECTIVES 

The initial objective of the seismic evaluation of the B Plant canyon 
structure (Building 221-8) was to establish the feasibility of demonstrating 
that the unmodified structure could meet current Department of Energy (DOE) 
seismic standards. If demonstrating seismic adequacy was not feasible, the 
fallback objective was to identify potential fixes which would permit seismic 
qualification of the canyon structure with modifications. 

As the evaluation progressed, it became obvious that the initial objective 
could not be met with conventional linear seismic analysis methods. Preliminary 
nonlinear analyses provided positive indica~ions that a more rigorous approach , 
involving inelastic modeling, would be succ~ssful in demon~trating the seismic 
adequacy of the canyon structure. The rigorous nonlinear option was pursued · 
and is documented in Section 8.0 . The objective of this report is to provide 
the documentation necessary to demonstrate canyon structure compliance with 
the Hanford Facilities Design Criteria, SDC-4 . 1, Rev . 11 (WHC 1989). 

Compliance with SDC-4 . 1 seismic requirements assures that the structural 
capacity of the canyon building will not be exceeded (i.e . no collapse) during 
a Design Basis Earthquake (DBE). However, t~~ough-wall cracking in the 
CQ_nfi_ll~IJl~r:i . .Lboundary, is not precluded. Corf 1nement boundary leakage is not 
qu anti tat i ve 1 yacfo re-fi·ea -rn- tf, fsreport . _ ---
1.2 PROBLEM DESCRIPTION 

The B Plant canyon structure was designed and constructed during World War 
II. Since no design calculation documents have been found, it is not clear if 
the canyon building was designed for earthquake loading of any magnitude. 
Subsequent structural evaluations performed to relati vely recent seismic 
standards, indicated several locations of local overstress and a low probabil ity 
of demonstrattn-g-aaequacy with convenffonai_ methods. --
---·--·-

B Plant seismic adequacy is being addressed in order to develop a safety 
pos it ion for 8 Pl ant usage as a p_retreatment faci 1 i ty for th~ Hanford Was t e 
Vitrification Plant (HWVP} . The current definition of the Design Basis 
Earthquake (DBE) and assoc i ated allowable stresses for Hanford facilit ies is 
found in SDC-4.1 (WHC 1989). Analys i s guidelines and structural aQequacy 
criteria are discussed in Section 1.4 of this report. 

1 
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1.3 CANYON STRUCTURE DESIGN FEATURES 

The basic structural design features of the canyon bu il di ng are shown in 
Figure 1-1 . A discussion of the structural design, with respect to seismi c 
concerns, follows _below. 

The canyon building design significantly departs from conventional 
reinforced concrete design in that the wall and roof sections are very thick 
(3 ' to 8.5') and lightly reinforced . (less than 0. 5% steel). Even the more 
heavily reinforced sections do not meet current AC! minimum flexural steel 
requirements (ACI 1987). rhis_l~ck of reinforcing st.eel is partially compensated 
for in the strength and stability contributed by the massive sections. For 
example, the bending strength"7>'rtne walls- n - rrgnff1cantly increasea by dead 
weight "prestressing" and the overturning resistance of the thick walls adds to 
the structural stabi l ity. 

Another design feature affecting seismic capacity is the seven foot th ic k 
wall separating each of the process cells. These cell divider walls act as 
"shear walls" and offer considerable stiffness and strength to the lower half 
of the building . Primarily because of these cell wal l s , the signfi cant se i smi c 
stresses all occur above the deck level . 

A design trait which is not shown in Figure 1-1 is the divis ion of the 
. canyon i n~o 40 foot segments with an "exp_ansi"o~jnt" separating ·each segment. 
Ib_e_~_Le~R~.n~J.9.n_j_pjnt_s_ are . · . :. 

1
: · . whi~h f rces t~e 4~ foot 

segments to move t<!_gether dur1n_g a se1s111' even Also not shown 1n F1gure 1-1 
ar~ adJacent structures, including7ncter'tor stairwells on every other 40 foo t 
segment. In the seismic analysis, no credit was taken for the additional 
strength provided ~Y these adjacent structures . 

Note i n Figure 1-1, that a bridge crane spans the full width of the canyon 
below the roof. For seismic analysis purposes, the crane dead weight (300,000 
lb.) was assumed to be concentrated at the crane railsin a minimum cross sect ion 
segment of the canyon structure. 

1.4 SEISMIC EVALUATION CRITERIA 

The basic criteria document specifying facility loads for natural phenomena 
at the Hanford reservation is SDC-4.1 (WHC 1989). Section 8.3.a.(3) of SDC -4.l 
provides the current definition of the Hanford Design Basis Earthquake (DBE), 
which is discussed in Section 5.0. For the canyon structure, the appropriate 
load combinations and allowable stresses are given in Section H.2 of SDC-4.1 . 

SDC-4.1 was recently revised to reflect recent changes in the Department of 
Energy (DOE) General Design Criteria 6430.lA (DOE 1989) and associated 
guidelines document UCRL-15910 (Kennedy et al. 1989). A brief discussion of 
these documents, as they relate to the B Plant canyon structure seismic 
evaluation, is provided below. 

2 
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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.lA. DOE 6430.lA provides general direction and 
refers to UCRL-15910 for more detailed seismic loading and analysis guidance. 
Specific sections 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 that 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 following 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 ul timate or yield 
values". If the demand/capacity ratios are below unity for the entire structure, 
the facility is seismically adequate. If thLelastically_ ~~lcul~ted 
demand/capacity ratios exceed unity, inelastic anmses may be performed, 
allowing for a redistribution of the local peak demands. A •direct integrat i on 
time history analysis explicitlly modeling inelastic behavi or 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 t~e need for establishlng the as-built 
conaition of the facility_. It specifically states that the "in-place strength · .. ,. 
of the materi a 1 s" should be determined. The approa·ch taken in meeting this· 
requirement for 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 r~qu,rements of a new facility. 

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) Current As-Built Assesment 

A detailed 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 analyses 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 estimate the dynamic seismic capacity. 

- - ·--------· 
(3) Nonlinear Static Capacity Analyses 

A nonlinear finite element model was then d·eveloped in order to perform an 
inelastic analysis of the canyon bui1ding. 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. 

(4) Nonlinear 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 assessmen t 
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 
(NOE) of the structural elements of the 45-year-old canyon building. The NOE 
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 the 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/structur~ 
interaction (SSI) of the canyon structure and the adjacent soil. The Design 
Basis Earthquake (DBE) specified in SOC-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 applied to a detail model of the canyon 

' building. 

Initial elastic analyses indicated that there were several locations of 
local overstress and that an elastic .analysis was -insufficient to demonstrate 
seismic adequacy . As various non 1 i near opt i ans were_p_ursued .it was noted tba t 
the overstress..ed areas coincided .with the "pr~~t~cked" ~onstruction joints . 
This observation led to tneaecision 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 0. The time history results ind icated 
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 le_~_s __ ~_h_~~--i%. The expected 
minimum ultimate strain for the Grade 40 rebar is 12%, indicating a significant 
margin against rebar failure. The occurrence of gapping and yielding at 
construction joints indicates the probability of an increase in confinement 
leakage. However, as indicated in Section 1.1, leakage concerns are beyond the 
scope of this report~------------- --- -_._ -····-------- - - ---- --- - - --------- ---
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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. Th~~~ 
demand/capacity comp_~r.Jsons_ indiq.ted_J_~~~--~he bending mome_~!LP.r~gj_~te_9_py the 
inelasfic ... t fine ~hi story ana lys_i s _are wi t~i n the -structura 1 capacities as _ defined 
by-UCRL-1591,0 (Kennedy et al. 19?9) . - -- -- - --- -. --

---- --------- ---- - ~----- - -.... .. . . - --- . 

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 regi ans, the cracks_m.ay_not _ pass .Jhrough-~the~enlire .. sect.ion. However , 
sin~the concrete compression zones are small, some through-wall cracking is 
likely. 

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 ti me 
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 SOC-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 evaluati ng 
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 nondestruc ti ve 
evaluation (Section 4.1) to determine concrete strengths and to verify rebar 
placement. It was concluded from this evaluation that the basic structural 
elements (reinforcing steel .and concrete) were in "excellent" condition . 

Sect ion 4.2.3 of UCRL-15910 outlines the steps recommended t o 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 faci lity. Elastic analyses indi cated that some local capacit ies 
are exceeded leading to the conclusion that an inelast ic anal ys is was neces sary 
as permitted by UCRL-15910. No specific limits are mentiOIJ~~Lwhen_a_io.ela.st_i_c. 
analysis is performed . For tffe canyon structure, it was found t hat the 
redTsrr, outed demand va 1 ues, from the i ne 1 ast i c ana iys is. wer_g_wi th i !J.._J._he ~J_emen t 
·capacities • . Th i s led to the conclusion that inelas ic analysis adequately 
demonstrated compliance with the UCRL-15910 guidel ines . 

Although not required by UCRL-15910, seismic anal yses beyond the 0.2g DBE 
event were also performed in order to estimate t he sei smic capac i ty of t he 
canyon structure . It was concluded that an earthquake magnitude of approxi ma t ely 
0.4g i s requ i red to produce a general structural col lapse. Thus, the canyon 
structure col lapse margin for the specified 0.2g DBE is approximately 100%. 
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4.0 CANYON BUILDING STRUCTURAL DETAILS 

4.1 CANYON STRUCTURE NOE 

In accordance with the guideline given in Section 4 . 4.5 of UCRL-15910, an 
assessment of the was-built condition of the existing facilityw was initiated 
with a nondestructive evaluation (NOE) of the canyon structure. Sp~ciric 
objectives of the NOE were to (1) estimate the current strength and stiffness 
(i .e. 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 NOE/drawing 
descrepencies, some visual confirmation of roof rebar was necessary in November 
1989. · The Muenow report and follow-pn roof rebar work are provided in Appendix 
A. A sunvnary of the results is provided below. 

4. 1.1 North and South Canyon Walls 

The concrete in the north and south walls is in good to excellent condit iDn . 
The nominal 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 (horizontal ind diagonal) on the exteriors .have maximum de_12ths of 6. 
to 9 _jJ:i_ches. These appear to be shrinkage cracks which <level opecfauri ng the 
TTiftial concrete cure . They have progr~ssed little, if any , since . 

Pulse echo NOT with the 90° transducer vertically down the wails from the 
roof confirms that unbonded co_r1struct i Qn_ joints exist at sever a 1 1 eve 1 s in 
the north. ·ana-· soutn··waffsand are descri bedfndefafl be 1 ow. 

The construction joint at the crane rail level (elevation 737 .25) is 
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, based on pulse echo 45° transducer NOT in the 
electrical gallery on the north wall. 

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

10 
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The vertical reinforcement bars in the north wall are continuous (unspliced) 
through the construction joint at the pipe gallery floor 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 slab area). 

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

The vertical reinforcement bars in the south wall are spliced at the 
construction joins at the crane rail level and wall to roof slab juncture 
(exception, in section 18 splices were also detected 3 to 4 ft. above the 
canyon deck level). Overlapping vertical dowels are detected near the Ho t 
Pipe Trench floor level . 

No evi dence of reinforcement steel corrosion was found in the north and 
south walls. 

4. 1.2 Roof 

The concrete in the roof s 1 ab was found to be in good to exce 11 ent 
condition . The nominal concrete compressive strength gnd modulus of . 
elasticity were est i~ated to be 5340 psi ·and 4.71 X 10 psi, respect~ vely . 
Cracking and degradation were not detected in the reinforced concrete roof 
slab . 

Apparently due to the__,_gu sten~e of a ~reviousl~ unkno_w_o_J_~y~i:_of_roof 
insulation, the roof NOE erronously reported a north-south rebar 
conffguration di fferent than that specified on the drawings . To resol ve 
this descrepency, small portions of the roof surface concrete were removed 
and the rebar was visually inspected. The visual inspection confirmed the 
rebar configuration specified by the drawing. 

Top and bottom layers of east-west reinforcement were detected which show 
agreement with the design drawings. No evidence of reinforcing steel 
corrosion was found in the roof slab. · 

4.1.3 Galleries 

The concrete in the gallery shielding wall is i n good to excellent 
condi ti on . The nominal concrete comgressive st rength and modulus of 
elastici ty is 6000 psi and 4.87 X 10 psi, respectively. Cracking and 
degradati on were not detected in the concrete gall ery shieldi ng wal l . 

Generally intermittent, bonded construction joints were detected in the 
shielding wall at the base in the electrical gallery, the -pipe gallery fl oo r 
level, and the operating gallery floor level . __Q_~s .:i gn _ _draw_ings .also -show a 
shielding wall construction joint at the crane gallery floor level, but th is 
area is not readily ·accessible for a NOT co~fimat_ion: · · ···-- --------- · 
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The radar NOT was only able to detect reinforcing steel on the front face 
(gallery side) of the 7 ft. to 9 ft. thick shielding wall. Vertical 
reinforcement bars 24 in. on center were detected in the operating gallery 
shielding wall . These bars are unspliced at the operating gallery fl oor 
level. Therefore, it is likely that they are continuous down to the pipe 
gallery floor level. In the electrical gallery, vertical dowels 24 in. on 
centers anchoring the base of the shielding wall to the base slab were 
detected . · 

Radar NOT for the Operating and Electrical gallery fJoor slabs detected 
north-south reinforcement steel layers which closely agree with the design 
drawings. The top layers of wire fabric detected in these slabs are not 
shown on the drawing (Note: Concrete core drilling in the electrical gallery 
floor slab, .subsequent to the NOT, for installing compressor anchors did 
encounter 1/4 inch diameter wire fabric) . 

No evidence of reinforcing steel corrosion was found in the gallery 
shielding wall, and the floor slabs . 

4.2 STRUCTURAL MATERIAL PROPERTIES 

4. 2.1 Concrete Propertie~ 

As indicated in Appendix A; concrete strength estimates varied .from 4800 
to 6500 psi . The minimum strength estimate of 4800 psi was assumed in the 
canyon structure analysis . Appendix A also presents estimates of the Young's 
Modulus for the canyon structure concrete. Values range from 4.39 to 4.95 
million psi . A conservat ive value of 4 million was used in the seismic analyses. 

4.2. 2 Reinforcing Steel Properties 

A review of the canyon structure documentation produced no rebar material 
specification . Based upon a review of other older Hanford facility construction 
specifications, the most likely rebar used in 8 Plant was a Grade 40 rebar . 
Therefore, a minimum yield strength of 40 ksi was assumed in the seismic 
analysis. The conservatism of this assumption was recently confirmed in part 
by testing a segment .of rebar obtained from some earlier coring activities. 
Two small specimens were tested, with both specimens indicating yield strengths 
of about 50 ksi. For the _BIAX2 calculations (Appendix 01), an ultimate strength 
value of 63 ksi was assumed. A typical low carbon steel value for Young's 
Modulus of 29 million psi was assumed. 

4.3 Drawing List 

The majority of the important structural details of the canyon structure 
are found in· Drawing No. W-69566. Additional details can be found in the basic 

12 



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

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

Drawing No. 

W-69330 

W-69332 

W-69334 

W-69333 

W-69565 

W-69566 

W-70064 

Table 4-1. B Pl~nt Canyon Structure Basic Drawing List 

Rev. No. 

60 

1 

81 

85 

. 86 

64 

13 

Drawing Title 

Cdncret~ Front Outside Stairs 

Concrete Covers 

Sections 1 & 2, Concrete Plans and Details 

Sections 1 & 2, Concrete Sections & Details 

Standard .Sec·t i ans, Concrete Pl ans 

Building 221 T-U-B Standard Sections 
Concrete Sections and Details 

Structural Key Plan 
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5.0 DESIGN BASIS EARTHQUAKE (DBE) DESCRIPTION 

5.1 RESPONSE SPECTRUM DEFINITION 

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

Section B.3.b of SOC 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 reinforce9 concrete. Generally, the dominant damping parameter 
in reinforced concrete structures is hysteresis in the concrete. For the lightly 
reinforced, massive walls in the B Plant cartyon 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 disctissions with UC-Berkeley ci~jl_~ngineering professors, 
a relatiYely conservative~5%-danip.fog-·waf-as-suiiiecf forall of the canyon- structure 
DBE analyses. ~ 

5.2 TIME HISTORY DEFINITION -- -

Ten second time histories were generated for the SOC-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 o 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 El 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 SOC-4.1 specified spectrum. (2) The average of the ratios of the generated 
spectrum to the reqijired 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 PSO 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 
\_ __ 
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spectrum dipped slightly more than the si 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 si damping applications. Thjs judgement 
was influenced by the fact that the ASCE Standard _fo_r _ seismic ana lysfs--(ASCE -
l 98-6Tal lows 10% dips to occur, if the average j-~tio _requirement is met. 
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6.0 SSI -EVALUATION 

The Design Basis Earthquake (DBE) for the Hanford Site is defined in SOC 
4.1 (WHC 1989) and sunvnarized 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, the base-slab motion may be significantly less than the 
des ign ground motion at the soil surface. 

One method fo~ evaluating SSI is the finite element technique , where the 
so i l mass is separated into finite two-dimensional elements. The structure i s 
also deta i led 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, f inite 
element program which uses the complex response analytical procedure to sol ve the 

· equations ~f motion of the soil-structure system in the frequency _doma in. 

Deconvolution is the method used to compute sub surface ground mot ion 
from a given motion at the suiface in the free fie l d. 

6.2 SOIL COLUMN STUDY 

In FLUSH, the nonlinearity in the soil material is . approximat ely accoun ted 
for by i terating 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 16 1 
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: 

where: 

hm =- Vs/(Sfm) 

hm =- maximum height of the soil layers 
Vs • shear wave velocity in the layer 
fm • highest frequency in the analysis (30 hz assumed ). 

The maximum width of the so i l elements beneath the structure was 
establ ished using recommendations speci fied by the American Society of Civi l 

20 



!Layer I 
1 
2 
3 
4 
5 

6 

7 

8 

9 

: 

10 
, 

; 

11 

12 

13 

14 I 

15 

.16 

17 

: 

18 

. 
19 . 

Spacing 

4@4' = 16' 

1@6' = 6' 

3@10' = 30' 

5@10' = 50 ' 

. 6@10' = 60' 

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

Density 
(KCF) 

0.11 

0.12 

O. l2 

·• 0.125 

Poissons 
Ratio 

0.20 

0.24 

0.29 

0.36 

\~\\\.\\\\\~\ 

FIGURE 6-1 Soil Profile for Soil Column Study 
21 

Low-Strain 
Shear 

Modulus 
(KSF) 

1111 

4513 

5731 

18780 



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

Engineers (ASCE 1986), which states that at least eight horizontal divisions be 
used within the width of the structure foundation. 

6.3 STRUCTURAL HODEL 

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 prov ided 
in Appendix 8. 

The canyon structure has a 300,000 lb. bridge crane which moves in the 
E/W direction and can be located anywhere along its length . The crane bridge 
is supported o~ 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 pound s , 
9400 po_unds on each rail • The weight of the canyon ce 11 co·ver b 1 ocks were 
determined and included in the model as concentrated mass points. 

6.3.1 Damping 

The sel ection 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, SOC-4 .1 (WHC 1989) specifies that damping values 
should be taken from UCRL 15910 (Kennedy 1989), which specifies a value of 10% 
for reinfor_ced concrete. The 1~ damping was judged to be too high for the 
relatively thick-walled, lightly-reinforced construction of the canyon 
structure. 

A literature 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) report s 
that damping values ranging from 2 to 10 percent have been experimentally 
extracted from tests on dams ~ with the higher levels reported for "higher level s 
of exitation" . This provides some ev idence that relatively high damping is 
possible for lightly 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 loaded 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 FLUSH model was assumed for all analyses . 

6.3.2 Construction Joint Details 

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 account 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 eval4ations of the detailed ANSYS model 
having linear rotational springs (see Section 7). The moment-of-inertia . 
properties •from the simplified ANSYS .model that resulted in the best · 
approximation of the fundamental fr~quency of the detailed ANSYS model were 
used in ~he 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 bounq spectra were obtained 
by varying th_e soil properties as indicated in the prev_ious paragraph. 
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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. Motion 
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 model adequacy (Figure 6-3) . 

The resulting response spectra for the three bounding soil moduli 
evaluation conditions 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 corresponding 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 approximate 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 n9rth 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 
C. 

7 •. 1 CONSTRUCTION JOINT STIFFNESS DETERMINATION 

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 rig id 
construction joints. Spring stiffnesses for the model were estimated from 
hand calculations to be 198El/l where I is the gross stiffness of the uncracked 
concrete section and Lis the distance to the adjacent construction joint . The 
hand calculated stiffnesses of the joints ranged from 3. lEII to 8.IE12 inch 
pounds per radian (ippr}. A uniform spring stiffness of O.IEI~ 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 as 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 construction 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 compressi~n 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 the iterative procedure discussed below . 

7.3.l Nonlinear •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
li.near response. The analysis technique used in this approximate non -li near 
analysis was to iterate on; a linear •secant" stiffn~ss for each of the sprin~s 
until the calculated moments and joint rotations for all springs conformed to 
the construction joint -non-linear property curves. The term •secant" stiffness 
comes from the geometry definition of a straight line (the linear stiffness) 
intersecting a curve (the moment ~rotation capacity} 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 stfffness (flexibility) in the north horizontal direction than in the 
south horizontal direction. 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 ~ausing 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 resul ting 
construction joint moments are shown in Figures 1-2 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 north 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 tw ice 
the 0.2g DBE in order to estimate a collapse load or a safety margin aga inst 
collapse . The results are also shown in Figures 7-2 to 7-10. As i ndicated 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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a.a 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 model 
with the nonlinearities limited 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 ~nalysis evaluati6n 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. The primary reason 
th is option was not pursued was because the capability of treating the bond 
slip and associated rebar yiel ding at the construction j oints, 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 gapping, rebar 
straining and bond slippage, and a complex compressive deformation pattern and 
potential spalling in the concrete. · For dynamic modeling purposes, there are 
three ~ajar 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 essent ial features of the computer model include: (1) gap elements to 
restrict the tensi le loading to the rebar (2) elastic/plastic truss elements 
to carry the tensile rebar loading and limit the tensile loading t o the rebar 
yield strength and (3) gap/rebar element spacing equal to the center-to-cen ter 
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 01. 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 reba-r 1s an attempt to _si_mulate 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 stres s 
and strain distribution in the rebar adjacent to a joint. 

1 
FrombUndiversity ohf . Illino

1
is tests(fcjt)ed5by Lai (Lai et al . 1984), thed 

u timate on strengt 1s equa to 14 c o •• By assuming a constant bon 
stress (Figure 8-6) equal to the ultimate bond strength, a bond stress 
development length can be expressed as 

where, 

As a rebar area 
fs • max. steel bar stress (between concrete sects.) 
Cs• steel bar circumference 
u • concrete/rebar bond strength• 14(fc')0.5 . 

The development length, 1g, increases as the stress, f~, is increased. 
This results in a nonlinear . rear response as shown by the Theoretical" curve 
shown in Figure 8-7. An approximate linea~ response can be obtained by assuming 
an effective length equal to one half of the yield stress development length, 
which gives the linear approximation i~ 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 Illinois (Takeda et al . 1970). A computer model 
of the cant~lever beams was developed using the Figure 8-2 approach for the 
local response. The beam deflection contribution was simulated using the cracked 
section moment of inertia. A comparison of the measured and computer model 
predicted cyclic response is shown in Figure 8-8. Note that the computer model i s 
in general more flexible (lower force for a given applied displacement) than the 
experimental response. The one exception to this is the elastic response follow ing 
a series of plastic cycles where the model is overly stiff. It was concluded from 
this test comparison, that the "effective rebar. lengt_h" model was conservative with 
respect to bending strength a~d provided a reasonable estimate of the local cycl ic 
stiffness. 

Using a rebar effective length for simulating stiffn.ess results in an 
unconservative estimate of the peak rebar strain. The truss element simulat ion of 
rebar response produces a uniform strain distribution over the effective length. 
Typical strain distributions measured in the laboratory are shown in Figure 8-9 
(Popov 1984). Using the effective length approach to Case 7G in Figure 8-9, a 
un i form strain prediction of 2.1% was obtained (0.276" deflection, 12 .93" effective 
length} . The measured peak strain for C"ase 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 Structural Hodel 

·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 substruct4re element (ANSYS STIFSO} as ·indicated in Figure 
8-10. Model details, including node and element plots , are provided in Append ix 
03. Between construction joints, gross-section moments of inertia were spec ified 
for the initial nonlinear runs. Later runs were made with reduced momen t 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 As per Circumference Effecti ve 
Location Rebar, in. Foot in2 cs, in. Length, i n. 

' 

North Wall @ Roof 
- Outside 40.0 2.206 7.059 12.89 
- Inside 40.0 0. 10 0.785 5.25 

South Wall @ Roof 
- Outside 40 .0 2. 206 7.059 12 .89 
- Inside 40.9 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 
- Outside 31.0 0. 219 1.386 6. 52 
- Inside 31.0 0. 10 0.785 5.25 

N. Wall~ Above Crane 
Gallery Fl oar 

- Outside 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 7.7 1 
- Inside 55.0 · 2. 667 10 .67 10 .31 

s. W., 3' Above Deck 
- Outside 55.0 0.311 1.663 7.7i 
- Inside 55.0 4.167 13.33 12.89 

s. Wall, Top of Pipe Tr. 
- Outside 55.0 0.311 1.663 7. 71 
- Inside 55.0 4.167 13.33 12 .89 

s. Wall, Bot. of Pipe Tr. 
- Outside 97 .0 0.000 0.000 No Re bar 
- Ins ide 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 seismi_c uplift 
with dead weight, resulted in a net downward g level of 0.85g. 

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 unifor.mly applied horizontal acceleration, 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. Assuming 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 an~lysis. 

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 directiqn, static capacity is reached at a horizontal 
defJection 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 . l Time History Loading 

In Section 6.0, a soil-structural interaction time history analysis is 
described. · From . this analysis, acc~leration time histories were generated at 
various locations in the FLUSH model . The acceleration time histories generated 
at the canyon structure foundation l~vel are shown in Figures 8-13 and 8-14. 
Note that the largest horizontal accelerations occur in the one to two second 
time range, whereas the peak vertical accelerat i on 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 hist-0ry 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 (or the applying the time history loading went as 
follows: (1) A dead weight analysis w.as performed with the foundation 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 the dead weight at . 
time zero ; At the next time.step (slightly beyond zero), the constraints were · · 
removed and replaced with dead weight react.ion forces . (3) ihe 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 I/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 H 
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 sufficiently small to 
adequately describe the input motion. Also, the presence of gap elements 
generally require·s a smaller time step. 

Another factor affecting time step is solution stability. A 2.5 mill is econd 
time step was found to be necessary to meet t he 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 5i structural damping was assumed . For a 
time history analysis, damping is specified using alpha/beta parameters which 
results in a frequency ~ependent 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 init i ation moments would 
be exceeded in the roof region. A precise accounting for concrete cracking in 
a dynamic analysis is difficult. A colll1lon approach in the industry is to use a 
percentage of the gross section properties. One ASCE recolll1lendation 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 momeDt 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 reduced roof section properties. 

In the NOE report (Appendix A),· a few surface shrinkage cracks were reported 
in the north and ~outh 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 secondar.y and did not influenc~ ~he structur-al model. _ 

As indicated in the next section, the 0.2g DBE predicted 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 the 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 History Results l 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 mea~ingful 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 proyided 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 second 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 01, the bending· capacity of the crane 
level construction joi·nts is limited by the minimum rebar ultimate strain of 
12%, indicating a large margin against exceeding joint bending capacity . 

This relatively low peak pla~tic strain is related to the fact that 
plasticity occurred at only the crane levels. In order for a collapse to occur, 
the structu-re has to become unstable. At least three "plastic hinges" must 
form in order to achieve a "mechanism" associated with an instability. With 
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 achieved until the yield momen t 
is reached at a roof 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 about 27 ksi occurred in this 
rebar at a time of 1.66 seconds. Since this stress level is well below the 40 
ks ~ 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 north deflections 
stay below about 0.75 in. and south deflections are below about 1.25 in . The 
predicted roof displac;ement time history is provided in Figure 8_-18. _ Note that 
peak north and south displacements of 0.22 in. and 0.48 in. were predicted, 
which are well below the.pending instability displacements. 

As mentioned in ·section 8.1, the joint shear histories need to be evaluat ed 
to assure that the shear/friction capacities are not exceeded. The assoc i ated 
potential collapse mode is a horizontal shifting at a construction joint. 
Section 11 .7 of ACI 349-85 (ACI 1987) addresses shear-friction for evaluat ing 
"shear transfer across a given plane, such a~ : . . . , or an interface between two 
concretes cast at di fferent times". Section 11.7.4.3 specifies a friction 
coefficient of 0.6 for "concrete placed aga inst hardened concrete not 
intentionally roughened". For concrete surfaces intentionally roughened, a 
coefficient of 1.0 is given~ 

Shear-to-normal force ratios were calculated for each construction jo int 
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 for~e of 17,1~0 lbs. was predicted. For the 18 inch wide shear 
key , the corresponding shear stress is 17 ,150/(18xl2) ~ 19 psi. From Section 
11.3 of ACI 349, the allowable shear stress is 139 psi for 4800 psi concrete, 
if no credit is t aken for t he comprP.ssi ve 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 sec . ). As mentioned above, a friction coefficient of 0.6 is readily 
justified. For the B Plant canyon structure, wh ich has many design feat ures 
for minimizing leakage, it is likely that some sort of joint preparat i on occurred 
before 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 
of the joint ·is 30 kips, whi~h is well above the maximum shear force of 15,670 
lbs. 

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 (Fig~res 8-20 through 8-22). These curves 
were generated, in part, to evaluate the initial assumption that the 
nonliryearitiei 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 04, 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 contribut ed 
by the dead weight restorjng moment. The "crack initiat ion moments" are aJso 
shown based-upon -~q . (9-8) of ACI~349 using a modulus of rupture of 0.15fc . 

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 capaciti es 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 result s 
in maximum moments which 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 t he 
0.4g earthquake was close to collapse capacity. The Section 7.3 approach used 
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sectional capacities .with strain hardening (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 rebar bend points on the north end (approxima te 
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 reb~r bend points at 
both the north and south locations. 

The 0.4g time hi story run was then repeated for the modified model with 
the resulting roof demand/capacity curves shown in Figure 8-24 . As indicated, 
t he resulting demand moments are within the roof capaci ty. Introducing hi nges 
i n the roof increased the peak rebar strain at the crane level (element 19) 
f rom 3% to over 6r. for the 0.4g event. The crane level construction joints are 
highly under-reinforced, indicating that the moment capacity is limited by t he 
rebar rather than- the concrete compressi ve strength. The BIAX2 joint capaci ty 
evaluations (Appendix 0) of the crane level joints predicted that the rebar in 
these joints would reach ult imate strain levels at joint capacity (12% assumed 
in the BIAX2 calculations) for monotonic loading . 

Under a cyclic seismic loading, rebar strai ns at fa i lur~ could b~ 
significantly less than the material ult imate strain. Thus crane level rebar 
fai l ure is .likely for the 0.4g event. Further modelling efforts to account fo r 
crane level rebar fa i lures was cons idered, but it was judged that the analys is 
effor t had reached a point of dimi" i shing returns and that t he 0. 4g event was 
close td the dynamic capacity . This judgement, coupled wi th the quasi -li near 
results discussed in Section 7.3, led to the conclus ion that the 0. 4g event is 
a reasonabl~ estimate of the sei smic capacity of t he canyon structure. Based 
upon th is estimate, the collapse margin for the specified 0.2g DBE is in the 
neighborhood of 100%. · 

72 



0 .4g DBE Roof Demand/Capacity Curves 

Moment, 1000 in-k 
4.-----------------------------------, 

3 

2 

1 

__ .. . •· ····••+ 

'-I 
w -1 

.. 
-2 -

- 3L---------<--------~-------~------~ 
0 200 · 400 600 800 

Distance From North Wall , in. 

Neg. Mom. Crack In. ·· + · Pos. Mom. Crack In. -+- Max . Neg. Moment 

-a- Max. Pos. Moment -A- Neg. Mom. Capacity -E- Pos. Mom. Capacity 

F igure 8-23. 0 .4g Roof Dem and/Capaci ty 

' .. , 

:E: 
:c 
n 
I 

VI 
;:i::>CJ 
11) I 

<:E: 
. :3: 

I 

OVI 
)> 
I 

0 
0 
<.n 



0.4g DBE Roof Demand/Capacity Curves 

Moment, 1000 in-k 
4..--------------------------------, 

3 

2 
--------- + 

1 

0 

" -1 
~ 

-2 

-3 
0 200 400 600 800 

Distance From North Wall, in. 

Neg. Mom. Cra<?k In. -- +- · Pos. Mom. Crack In. ~ Max. Neg. Moment 

-a- Max. Pos. Moment Neg._ Mom. Capacity --£- Pos. Mom. Capacity 

Figure 8-24. 0.4g Roof Demand/Capacity 
with Roof Hinges · 

:e: 
::c 
n 

I 
VI 

;oO 
'1) I 
< :e: 
· 7 
0~ 

I 
0 
0 
U1 



9.0 References 

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

ACI, 1987, Cod~ Requirements for Nuclear Safety Related Concrete Structures , 
ACI 349-85, American Concrete Institute, Detroit, Michigan . 

ASCE, 1986, Seismic Ana1ysis of Safety-Related Nuc1ear Structures and Comment ary 
on Standard for Seismic Ana7ysis of Safety Re1ated Nuc1ear Structures , 
ASCE 4-86, American Society of Civil Engineers, New York, New York . 

DOE, 1~89, United States Department of Energy Genera] Design Criteria, DOE 
6430 . lA, United States Department of Energy, April 6, 1989. 

DeSalvo, G. J. and R. W. Gorman, 1987, ANSYS Engineering Ana1ysis System User ' s 
Hanua7, Swanson Analysis Systems, Inc~, Houston , Pennslyvan ia. 

Dreher, K. J., 1981, "Seismic Analysis and Design Cons iderations for Concrete 
Dams~-"· Proceedi ngs of the Conference on Dams and Earthquakes , London , 
October 1980 . 

Kennedy, R. P., et al . , 1989, Design and Eva 1uation Guidel ines for Department of 
Energy Facilities Subjected to Natural Phenonmena Hazards, UCRL -1 591~, 
Lawrence Livermore National laboratory, Liver~ore , CA . 

Lai, Shing~$ham, G. T. Will and S. Otan i, 1984 , "Model for Inelast jc Biax ia l 
bend ing of Concrete Member~," ASCE Journal of Structural Engineering , V. 
110, No . 1 I. . . · . 

Lysmer~ J., T. Udaka, C. F. Tsai, and H.B .· Seed, 1975, FLUSH: A Computer Program 
for Approximate 3-D Analysis of Soi7 -Structure Interaction Problems, EERC 
75-30 , Earthquake Engineeri ng Research Center, Uni versity of Cal i fo rnia , 
Berkel ey , California. 

Popov , E. P., 1984 , "Bond and Anchorage of Reinforcing Bars Under Cyc l ic 
Loadi ng," ACI Journal, No. 81-31, July-August 1984. 

Seed, H. B., and Idriss, I. M.~ 1970, Soi1 Hodu1i and Damping Factors for Dynami c 
Response Analysis, Report No. 70-10, Earthquake Engineering Research Center , 
University of California, Berkeley, . CA . 

Takeda, T., M- A. Sozen, and N. N. Nielsen, · 1970, "Reinforced Concrete Respo nse 
to Simulated Earthquakes," J. of the Structural Division, Proceedings of 
the American Society of Civi1 Engineers, Vol. 96, No. ST12, December , 1970. 

URS Consul t ants , 1981, Se i smic and Tornado £valuations of 202~A PUREX Buil dings, 
URS/JAB 8068 , URS/John A. Blume & Assoc . , San Franci sco, CA . 

URS Consultants, 1989, · "Time Hi story Generat ion for Building 234-5Z (East ) , " 
URS/John A. Blume & Associates , Engi neers , April 1989 (Draft). 

Wallace, J . , 1989 , "BIAX2 : A Computer Program for the Analysis of R-C Sect ion s, " 
UCB-SEMM-89/12, University of Cal i fornia, Berkeley, Californ i a. 

75 



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

WHC, 1989, Standard Arch-Civi7 Design Criteria - Design Loads for Facilities, 
SDC -4.1, Rev . 11, September 6, 1989 • 

. 76 



.. -.. 

· WHC-SD-WM-SA-005 
Rev. 0 

APPENDIX A 

NONDESTRUCTIVE EVALUATION OF CANYON STRUCTURE 

CONTENTS: 

A. Muenow NOE Report • ••••••••••••••••• Page A2 

B. Ro_of Rebar Survey Report •••••••• ••• Page A69_ 

Al 



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

----------- MATERIALS ANO NONCESTRUc:TIVETEST!NG -----------
3940 HUNTCUFF ORIVE 

OiARLO'TTE. NORTH CAROLINA 2822S 
(704) 377-1()42 • (704) 542.2223 • (312) 537-0855 

NONDESTRUCTIVE EVALUATION 

OF 

JOINTS., CRACKS AND QTHER 

DISCONTINUITIES 

IN .THE WALLS ., ROOF .AND SH I ELD WA L L S 

OF 

BUILDING 221B 

HANFORD SI T E 

BY 

R I CH ARD A • MU EN OW., P • E. 

and 

F • R • V O ·L LE RT ., P • E • 

I\"' 



INTRODUCTION 

OBJECTIVES 

WHC-SO-WM-SA-005 
Rev. 0 

TABLE OF CONTENTS 

PULSE ECHO THEORY 

GROUND PEPENTRATING RADAR THEORY 

TEST LOGISTICS 

TEST RESULTS 

SUMMARY ASSESSMENT OF STRUCTURAL CONDITION 

REFERENCES 

TABl,..ES 

A3 



•• 

INTRODUCTION 

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

From August 22 through August 26, 1988, reinforced 

concrete nondestructive testing ( NOT) was conducted for the 

221-B Canyon Building structure at the Hanford site near 

Richland , Washington. The NOT was authorized by Westinghouse 

Hanford Company (WHC) ( reference 1) . The necessary structural 

engineering technical direction and assistance from WHC was 

provided by F. R. Vollert, Principal Engineer. The required NOT 

equi pment. instrumentation , technology, and procedures were 

PfOvided by Richard A. Muenow, and James Ramsey, Muenow and 

Associates, Inc:. 

The reinforced concrete 221-B Canyon Building is 810.5 feet 

long, 68 feet wide and 77 fe~t high . The structure was constructed 

in 1943. The reinforced concrete structural features are re-

latively massive. They include the north -and south canyon wal!s, 

roof slab, galleries, gallery shielding wall, process cells, and a hot 

pipe trench . The building has complete cross section exp~nsion 

joints spaced at 40 feet. The concrete walls in the structure have 

cross section or thickness changes over their height, and were 

placed in lift s with horizontal and vertical construction joints 

(reference 2) . 

OBJECTIVES 

Updated seismic ana\y~es ar~ plann~~ - by W.HC for the 221-B C_anyon 
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Building which m!ght be able_ to account for the adde~ bending 

strength in the walls due to the tensile strength of the concrete 

where the walls are monolithic or uncracked in the bending plane. 

Previously, a limited number of the construction joints were 

investigated with NOT. Some were found to be unbonded ( refer

ence 3 l. Therefore, this thorough -NOT investigation of the 221-B 

Building was completed to: define the locations in the reinforced 

concrete walls and roof where concrete tensile capacity exists or 

where structural repairs might be implemented to ensure concrete 

tensile strength; determine the in-situ concrete compressive 

· strength and modulus of elasticity; locate and eval_uate the 

construction joints. potential for cracking and concrete degradation; 

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

and assess the extent of reinforcing corrosion, if any. 

AS 
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PULSE ECHO T EST THEORY 

Pulse echo NOT testing is based upon the propagation of 

stress waves { mechanical energy) through a solid and the reflection 

of such energy at changes of density within the material of pro

p~gation . All basic theory for this test met hod is founded upon 

the laws of r efl ection an_d _refractio n as st ated by _Snell . In pract ice, 

pulse echo tests are conducted by introducing energy , containing 

a s ide frequency spectrum , by impact with a variety of hammers ; 

with the main consideration being as sharp a wave front as poss ible . 

As this energy proi;,agates through the material , both dispers ion 

and divergence occur, Oispersion controls the total lengt h energy 

will travel, wh ich is currently in excess of 350 feet in one direction . 

Divergence controls the cone of influence or the beam of energy 

with in the material, which is current ly a I :2 ratio for freq uency 

used. As the energy propagates through the material, if no 

internal material density changes are encounted, the energy 

will impinge on the opposite side or surface of the member. an 

air/ solid interface with a 15 to 1 accoustic density change, and 

up to 95% of that energy will be reflected back towards the 

energy sour ce . If internal density changes ar e encounter ed , 

such as cracks, honeycomb , low density material, voids and / or 

disruptions of cement matrix around reinforcement steel bars , 

then the identical reflection process takes place as with an air / solid 

interface. However, with internal reflections, a signature, based 

' " . . ' ~ 
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upon frequency, attenuation, risetime and ringing, is developed 

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. This 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 the data which characterizes internal discontinuities , 

longitudinal and shear wave velocities are also calculated by mea

suring transit time in microseconds a,:,d knowing the path length 

of travel. FronJ these longitudinal and s~ear velocity v~lues, 

estimated and ·correlated in situ concrete compressive strengths 

are recorded ·as well as values for Passions ratio and Modulus 

of Elasticity . 

Mapping the extent, depth and characteristics of an internal 

discontinuity is accomplished by conducting pulse echo tests on 

a regular grid system and then developing a computer generated 

model. 

A7 



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

GROUND PENETRATING RADAR 

Pulsed r-adar is a geophysical tool that h~ many appHcatic,ns 

in engineering and construction. This tool is an impulse r-adar 

system which radiates repetitive short time duration electromagneti~ 

pulses into materials from a broad bandwidth antenna placed 

in close proximity with and electromagnetically coupled to the surface . 

The equipment functions as an echo sounding system using radar 

pulses of only a few nanoseconds in duration and is able to detect 

and measure the depth of reflecting discontinuities in materials 

to within a few centimeters or millimeters depending upon the 

·electromagnetic parameters of the various media_. 

Pulsed radar has been used for an exploration tool. for

the shallow subsurface in geophysial and material applications. 

The technique is also known as electromagnetic subsurface profiling 

or subsurface interlace radar, and it can be considered •the 

electromagnetic equivalent of the acoustic methods used for marine 

sub-bottom profiling. In practice. continuous profiles are generated 

by towing a transducer over the area of interest while running · 

• 

the system's graphic recorder. These profile recor~s are immediately 

available for observation and interpretation in ,-eal time, and 

survey tactics can be adjusted or modified as conditions dictate. 

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

and playback . 

1\0 
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The radar system is composed of a control unit, which 

contains a built-in microprocessor programmed for real-time or 

off-line signal enhancement, several transducers for various range 

and resolution capabilities, and a high speed scanning graphic 

recorder for data presentation. · The transducer is connected 

to the radar control unit by a standard 30 meter long control 
. 

cable. although cable lengths up _to 200 meters can be used . 

The system power supply Jurnishes a regulated de voltage 

to the transmitter which, when triggered, generates a base band 

volt~ge pulse of approximately 3 nanoseconds in duration. This 
.. 

pulse is shaped to quasi-gaussian form and· radiated into the 

mate.rial by means of the broadband antenna. The radiated 

signal is a brief electromagnetic transient having a bandwidth 
. . . . 

of approximately 120 MHz in the low VHF range (30MHz) . The 

transmitter pulse repetition rate is SO KHz. and the average 

radiated power is about half a milliwatt (0.42mw). 

The reflected signals are received by the same antenna 

used for transmission and the receiver electronics amplify the 

incoming pulses . and translate the high frequency waveforms to 

the audio frequency range by means of .1 time-domain sampling 

technique. Progressive amplitude samples are taken from each 

successive received waveform and used to reconstruct a waveform 
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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 

repetition rate of 50000/3125 or 16 pulses per second. The resulting 

frequency content 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 th~ rate of a moderate walk { about 

100 cm/see) then the antenna moves _! 00/16 or about 6cn during 

the time interval between each cqmposite sampled ~aveform . 

Therefore high resolution horizontal profiles are obtainable while 

moving at moderate speeds. allowing the detection of fairly small 

subsurface targets such as small 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 pulse input 
' 

to the antenna during the_ transmit cycle is a short monopulse. 

the filtering effect ·of the finite-bandwidth antenna and the subsurface 

media · results in the sinusoidal appearance of the refleeted signal. 

The recorder- is an intensity modulated device, with the 
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sweep of the stylus across the chart paper synchroniz~ with 

the transmit pulse trigger. Signal amplitudes above a preset 

threshold level are printed as varying levels of grey and black 

but weaker or lower amplitude signals remain white. The paper 

moves as the stylus is scanning, producing a profile or vertical 

section showing surface and subsurface reflections or interfaces. 

Dark bands occur at signal peaks, and the narrow white lines 

are the "zero crossings 11 of the signal between peaks . The chart 

paper is calibrated in nanoseconds . but can be also calibrated 

in tenns of depth once the relationship between depth and pulse 

travel t_ime is known • . 

The VHF frequency range dielectric constant and conductivity 

of the material being probed determine the electromagnetic pro

pagation velocity ( depth calibration ) and the propagation loss 

( depth of penetration l of the subsurface radar system., 

Depth Calibration 

In order to calibrate the radar system for accurate depth 

detennination. it is usually necessary to obtain the measured 

echo travel time of a pulse from a conspicuous subsurface interface 

or other target and then drilling down to the level of the re

flection to measure the actual depth. From this information, the 

effective propagation velocity. Vm, through the overlying material 

can be derived from the following equation: 

Vm = 20/t 

All 
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where D is the measured depth to the reflecting surface, and t 

1s the elapsed time between the transmitted and received pulse . 

The effective relative dielectric constant , Er , of the penetrated 

earth material can also be derived from the relationship : 

Er = ( c/Vm J2 

where c is the propagation velocity in air ( about the velocity 

of light . i'x10 8 m/ sec), · or about · 1 ft/nanosecond . 

Knowledge of the effective relative dielectric constant 

of the material is useful in broadly estimating the type of discon

t inu ity being- ·probed_ and/or the moisture content of the materials . 

J"able 1 _ lists the relative dielectric ~onstants and conductiv ities 

for several types of materials as determined by various investigators . 
. . 

It must be not ed that these electromagnetic parameters are de-

pendent to varying degrees upon temperature, . pressure. freq uency 

and the presence of impurities; and upon the particular measuremen t 

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 dielectric constant 

and conductivity. Since the dielectric constants in the table vary 

from to 81 , the velocity of propagation varies from 1 to 9 and 
; 

thus a different depth scale is used on the radar data for ice, 

water and saturated sand . 
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TABLE 1 

Approximate VHF Electromagnetic Parameters 

of Typical Earth Materials 

,, 

Material Conductivity ( mhos/m l Dielectric constant (Erl 

Air 
Fresh Water 
Sea water 
Sand (dry) 
Sand (saturated) 
Silt (satu~ted) 
Clay l saturated J 
Dry sandy coastal soil 
Marshy forested land 
Rich. agricultural land 
Medium hills,. forested 
Fresh water ic;e 
Permafrost · 
Granite (dry) 
Limestone (dry) 
Asphalt 
Concrete 
Peat (dry) 
Peat (wet) 
Coal 
Dolomite 
Ferrous oxide 
Quartz 
Toluene . 
Snow 

o· 
10-4 to 3X10-2 
~ 
10-7 to 10-3 
10-4 to 10-2 
10-3 to 10-2 
10-1 to 1 
2X10-3 
8X10-3 · 
10-2 . 
SXl0-3 
10-4 to -10--2 

·10-s to 10-2 
. 10-8 

10-9 

' · 

1 
81 
81 
4 to 6 
30 
10 
8 to 12 
10 
12 
15 
13 
4 . . 
·4 to 8 • 
5. 
7 to 9 
3 to 5 
6 to 7 

. S to 8 . . , . 
·so to 60 
4 to 5 
6 to 8 
15 
4 -
2 to 3 
1.2 to 2.3 

Another method can . be used to determine the velocity of · 

propagation · directl_y without the need for subsurface drilling. 

This technique Is known as ·.the Common Depth Point ( CDP J 

method. one that is used extensively in seismic exploration. 

Briefly, this method entails the placement of two separate antennas 

(one for transmitting and the other for receiving) at a close spacing 
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over a detected horizontal subsurface 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 pulses 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 

propagati·on velocity. Vm. in the medium is given by : 

X 
VM=-------

[t(xl2- t(dJ 2] ·5 
where: X = the horizontal distance between the transmitting and 

receiving antennas. 

t( x} = arrival time of a reflection from an. interface at X 

antenna separation. 

t(d l = two-way vertical travel time to the 1:eflecting 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 Depth 

The penetration depth of subsurface radar is dependent 

upon the effective conductivity of the earth material being probed, 

which in turn is dependent primar-ily on the water content and the 

amount of salts in solution. Conductivity is also influenced by 
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temperature and density as well as the frequency of the electro

magnetic waves being used. Conductivity is related to loss tangent 

( dissipation factor l by the following equation: 

where: 

C 

. tar-i(1) = ------

c = conductivity in mhos/rneter 

f = frequency in Hz 

2 pi f Ee Er 

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

meter 

Er = r-elative dielectric constant 

tan ( 1 ) = loss tangent 

pi = 3 .. 14159 

l:Jsing the above infonnation. the appr-ox.imate attenuation. A. 

for various materials. as listed in Table 11. can be calculated from 

the following r-elationship: 

A=12.863 X ,o-8 .. f(Er) O.S((tan 2 c+1) o.s~1 l 0.5 db/m 

AlS 



Material 

Pure water 

Sand Soil 
(moist) 

Clay soil 
(dry) 

Clay soil 
(moist) 

Sea water 

Cranite 
(dry l 
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TABLE II 

Attenuation in Decibels/meter (cib/m) 

Frequency in MHz 

1 10 100 

0.025 0.039 o.~s 

0. 471 . O.S13 0. 773· 

0.013 0. 075 0. 425 

0.780 3 . S03 . 17 .93 

34 .50 108. 54 326.54 

. . . - 5 

500 

16. 191 

4.047 

1. 649 

53 . 75 

592 . 03 

• .,,,--------. Oi32X10 ·, ---------------------------
Since the " in situ11 electrical properties of soil, rock. concrete 

and water vary greatly. it is diff'icult to estimate the · radar' s 

performance before a specific survey. However. as a gaide to 

the prospective penetration deptt,s in various materials. results 

u~ing subsurface radar indicate that penetration depths greater 

than 30 meters have been achieved. 

A.I ..• . ·-·-· ___ J J ,, __ .,_J., .a_~ 
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Nondestructive testing (NOT) was con.ducted a~ the 221-B 

Canyon Building on the accessible major reinforced concrete 

structural elements. These elements are the north and south can

yon walls, the roof, the gallery shielding wall, and gallery floors. 

The crane gallery shieldi~g wall , _and the interior east-west wall 

separating the cells from the hot pipe trench and wind tunnel are 

unaccessible for NOT . 

Pulse echo NOT with 90° straight beam and 45° angle beam 

transducers was conducted to: determine the compressive strength 

and modulus of elasticity for the concrete; and locate and evaluate 

construction joints, potential cracking and degradation, including 
. ' 

degradation due to reinforcement corrosion , and voids. 

The straight beam transducer data is used to c;ietermi ne the 

concrete compressive strength and modulus of elasticity, and to locate 

in-plane cracking, laminations, degradation, and voids . The com

pressive strength values are obtained from velocity vs. strength 

curves for concrete similar to that in the 221-B Building. These 

curves do not include concrete core sample test data from the 
. . . ' 

221-B Building, but concrete test data from the Hanford site 

are included. The modulus of elasticity values are calculated 

using the relationship: 

Al7 
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E = v2d (1-u) (1-2ul 
( 1-u l 

E = Modulus 
V = Velocity 
d = Thickness of Concrete 
u = Poisson's Ratio (0.12 l 

The ~5° beam transducer data is used to locate and evaluate 

construction joints, through thickness cracking, and deterioration 

of crack and joint surfaces . 

The pulse echo NOT locations. data . and r esults for the 

221-B Building are given in Tables la, lb , le, 2a , 2b , and 2c . . 

Ground penetrating radar NOT was used to confirm the 

locations and spacing of reinforcing steel .in the 221-B Building 
. . . . 

walls, r·oof. and gallery · floors. It was particularly applied a~ 

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 NOT indicated the absence of. 

serious reinforcement steel corrosion in the 221-8 structural 

members examined. The ground penetrating radar NOT locations 

and results are given in the Tables 3a, 3b, 3c, and 3d: 

M .. . .. -, .. • · .. J ,1 ,, ... : ~,. , C .... 
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NORTH AND SOUTH CANYON WALLS 

The results of the pulse echo NOT using the 45° transducer 

for the canyon walls are compiled in Tables 1a and 1b . The results 

using the 90° transducer, _ in_cluding the obtained values for concrete 

compressive strength and modulus of elasticity , are compiled in 

Table 2a . The ground penetrating radar NOT locations , results , 

and observations for these walls are in Tables 3a and 3b . The 

conclusions about the conditio!'I, concrete strength properties, and 

construction details for the north and south walls tr·om the NOT 

data are : 

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

is unbonded in both walls ; 

Generally intermittent, weak bonded construction joints are 

located in the north wall at the pipe gallery f loor, the 

top and under sides of the crane gallery floor slab, and 

the wall to roof slab juncture. 

Generally intermittent, weak 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. 

Al9 
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The construction joints at the base of these walls with 

· the foundation slab are generally well bonded. based on 

pulse echo 45° transducer NOT in the electrical gallery on 

the north wal I. 

Ther_e are vertical ,:~i!"forcemen_t layers on both the interior 

and exterior surfaces of the north wall over the full 

height . 

The vertical reinforcement bars in the north wall are . . 

continuous ( unspliced l through the constru·ction joint at 

the pipe gallery floor level . The vertical reinforcement 

is spliced at the other north wall construction joints 

( exception, in section 16 vertical reinforcement spl ices· were 

!!£! detected in the crane gallery floor slab areal . 

The radar NOT 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 
. I 

below the canyon deck level. 

The vertical reinforcement bars in the south wall are spliced 
. 

at t he construction joins at the crane rail level and wall to 
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roof slab juncture (exception. in section 18 splices were 

also detected 3 to 4 ft . · above the canyon deck level l . 

Overlapping vertical dowels are detected near the Hot Pipe 

Trench floor level. 

The concrete in the north and south walls is in good to 

excellent condition . The nominal concrete compressive 

strength and modulus of elasticity for these walls are 

5980 psi and 4.86 X 106 psi, r~pectively. These walls show 

minimal concrete degradation and cracking. The relatively 

few visible cracks ( horizontal and diagonal) on the exteriors · 

have maximum depths of 6 to 9 inches. These appear to be 

shrinkage cracks ~hich developed during the initial concrete 

cure . They ·have progressed little, if any since. 

Pulse echo NOT with the 90° transducer vertically down the 

walls from the roof confirms that unbonded construction joints 

exist at several levels in the north and south walls. 

No evidence of. reinforcement steel corrosion was found in 
,. 

the north and south walls·. 

The results of the pulse echo NOT ( 90° transducer only) for 

A21 
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the roof. including the concrete compressive strength and modulus 

of elasticity. are compi[~ in Table 2c . The ground penetrating 

radar NOT locations. results, and observations are in Table 3c . 

The conclusions about the condition, concrete strength properties 

and reinforcement bar placements for the r oof from the NO T 

data are : 

The roof slab has top and bottom layers of north- south 

reinforcement bars , but the top layer could only be 

detected tQ extend about 10 feet in from the edges ( not 

. * 18 feet .as the the drawings depict) . . · 

At the top face extending 10 feet in from the edges , a 

layer of wire fabric was detected. The wire fabric is 

not shown on the design drawings. 

Top and bottom layers of east-west reinforcement were 

detected which show agreement with the design drawings. 

The concrete in the roof slab is in good to excellent 

condit ion . The nominal concrete compressive strength and 

modulus of elasticity are 5340 psi and 4 . 71 X 106 psi, 

' respectively. Cracking and degradation were not detected 

Th is apparent drawing contradiction was later found to be in error . Seep . A69 
and Secti on 4. 1. 2 of the body of the text. 

' ~ 
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in the reinforced concrete roof s lab . 

No evidence of reinforcing steel corrosion was found in the 

roof slab . 

GALLERIES 

The results of the pulse echo NOT for the gallery walls and 

floors using the 45° and 90° transducers are compi led in Table 1c 

and 2b, r~pectively. The concrete compressiv-e strength and 

modulus of elasticity values obtained 'a~e included_. The ground 
. . 

penetrating radar NDT locations, results, and observations for 

the galleries are in Table 3d. In· the pipe gallery on the shielding 

wall , there is ~ sufficient accessible surface area for conducting 

radar NDT. The crane gallery is not accessible for NDT without 

special radiation work procedures. The conclusions about the 

condition, concrete strength properties, and construction details 

for t he gallery walls and floor slabs from the NDT data are: 

Generally intermittent, bonded construction joints were 

detected in the shielding wall at the base in the electrical 

gailery, · the pipe gallery floor level, and the operating 

gallery floor level. Design drawings also show a shielding 

wall construction joint at the crane gallery floor level, but 

this area is not readily accessible for a NOT confirmation. 
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The operating gallery and pipe gallery floor slab construction 

joints at the north and shielding walls are unbonded. 

The radar NOT was only able to detect reinforcing steel 

on the front face (gallery side) of the 7 ft. to 9 ft . 

thick shielding wall. Vertical reinforcement bars 2ti. in . on 
.. , : ·~ . . . ·- :: . .· .. 

center _were detected in the operating gallery shielding 

wall. These bars are unspliced at the operating gallery 

floor level. Therefore, is is likely that they are continuous 

down _to the pipe · gallery floor _ level. In the electrical 
. • •. • ; • ! . '!• 

gallery, · vertical dowels 24 in. on centers anchoring the · · 
' , , 

base of the shielding wall to the base slab were detected . 

Radar NOT for the Operating and Electrical gallery floor 

slabs detected rio~IJ:lR4th reinforcement steel layers which 

· · •, closely agree with the design· drawings. The top layers of 

wire fabric detected in these slabs are not shown o:i the 

drawing I Note: Concrete core drilling in the electrical 

gallery floor ·slab, subsequent to the NOT, for installing 

compressor anchors did encounter 1 /4 inch diameter wire 

fabric. Reference _4). 

The concrete in the gallery shielding wall is i_n good to 

excellent condition. The nominal concrete compressive 
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strength and modulus of elasticity i$ 6000 psi and 

4. 87 X 106 psi, respectively. Cracking and degradation 

were not detected 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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ASSESSMENT 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 concrete and· reinforcement 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 member intersections w_ere identified in an earlier 

stu.dy. 

The single maj~r _ apparent structural deficienc;:y in the 

221-8 Building is the alrn_o_s_t t_ptal lack of concrete bond at 

most horizontal construction joints in the north. south, and gallery 

shielding walls. Either continuous or spliced vertical reinforcem~nt 

is located at these construction joints, however, ttie reinforcement 

is for the most part. in excellent condition with no reduction in 

section due to corrosion. 

There are two generally accepted industry methods or concepts 

for repairing reinforced concrete nonbonding, and restoring structural 

load paths if required. The two methods frequently used in con

junctjon. are epo?(y . adhesive injection and exter-nal post tensioning. 

Epoxy injection 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 rep~ir:: areas become 

stronger than the nominal concrete capabilities . 

External post tensioning is an old repair technique for 

reinforced concrete structures . Modern appl ications are gaining 

due_ to advancements in the materials , hardware and post 

tensioning techn iques required . The application of external 

post tensioning to restore structural stability has been recently 

used for buildings, bridges and pressure ·tanks such as concrete 

water storage and concrete silos used for mass storage, such as 

at central terminals . 

In summary , two methods used in conjunction could facilitate 

an effective restoration and establish bond at all the open hor

izontal joints in the 221-B Building walls, if required . Epoxy 

injection and external post tensioning to effectively bond horizontal 
' I 

joints in walls could greatly increase the c;urrent 221-B Building 

earth resistance and seismic 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 materials during p9st tensioning. 
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TABL~ .la 
PULSE :CHO. 45~ 8E.~M TRANS~UCE~ 

221-3 ~lORT.i CANYON ~AL:. 

ITST L0C~TI0N/0E~~ rPTION 

Sec:ions 8 & 9, Pipe Gailery 
Fioor Le'le1 (Eievation 698 ) .:. 
ies-: Points, Wave ?rocagat~on 
Down 

Sec: i or: 8, Ocera'ti ng Ga Iler:; 
Fioor Levei (Eleva'tion 712 ) 2 . 
Tes-: Points, Wave Prooagation 
Down 

Sec:ion 8, Under-side of Crane 
Ga 11 er;,, F1 oar S1 ao { Ei evat ion 
724) 3 Tes·t Poi n'ts, Wave 
Propaga'tion Up 

Sec:ion 8, Crane Galle~y Floor 
Le.,el (Eie•,uion 723) 2 Test 
Points, Wave Propaga'tion Down 

Sec.:ion 8, Crane Rail Leve1 
(Elevation 737.25j 2 Test 
Poin'ts, Wave Propagation Up 

Sec:ion 8, Roof ~o Wail 
Junctur! (Eleva'tion 750.67) 2 
Test Points, Wave Propagation 
Up .· 

Sec:ion 2 at RR Tunnel, 
Underside of Crane Gallery 
Floor Slab (Elevation 724), 
Wave Propagation Up, 2 Test 
Points 

Section 
Gallery 
728), 
UnabJe 

2 at RR Tunnel, Crane 
Floor Level (Elevation 
Wave Propagation Up. 

to E;camine·Full Deptn 
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RESULTS/RE?-4ARK~ 

Horizon't~l Joint LocJt;a in 3' 
Thi c:< :.la i 1 Sec: ion, Unconaea at 
2 Tes-: Pointz, rnt:rior 18" 
Weaxly 3onaea at Otner 2 ies: 
Points 

.Possibie Horizont3l Joi~-: in 3~ 
Thie;: ',la' l Sec: i on, Sol~~ :i-,na 
at lies: Point , WeaK 3ona at 
Otner Tes: Point 

Possible Hori::on~Jl ,l,:ii.r,1: iri 3.' 
Thic:c lilail Sec:ion sond t•c~~ _at 
one test po1nt, 7G~ unb9naea at 

. on~ test p6fcf. and 40~ ~e~k ~on 
a t On e t e·s t p O i n t . 
Horizontai . Joint· Locat;d •in 5' 
Thick Wall Sec-;ion, Bot~ Tes: 
Points Unoonciea 

Horizontal Const:-uc:ion Joint 
Confirmea at 5' to 3 1 Thickness 
Change, Unbonded, Ranaom 
Fractures on Joint Surfacas, 
Botn Tes: Points 

Horizontal Joint Located in 4' 
Thie!< Wail Section, Mostly 
Unoonded, Some Intermittent 
Bond, Both Tes: Points 

Possible 
Ins.ide 21 

Sec:ion Has 
good- :bond 

Horizontal Joint, 
of 3 • Thick Wa i1 

Good Bond, inside : 1' · has 
at one test point 

Horizontal Joint Located in 51 

Thi ck Wall Section, Weak Bond 
Over Depth Examined 
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TMBL:: la 
PULSE EC:-iO. 45° 8EM" TRANSOUC~:t 

221-3 NORrrt ~NYON \olALL 

O!-, ... - -I -~ Lnc •-·0·•10E~--.,·P::,••,.,•1 ,.----, •- • ..- ,"\ I !. rt ,_\..'\ •• ! ~ U1 

8/25i38 Sec:ion 2 at RR Tunnei. Crane 
Galler-1 Fioor- Le.,el (Eievation 
728), 2 ies.: ?oi n'tz. \.lave 
Pr-ocagation Down 

8/23/88 Sec~ion 2 at RR iunnei, Crane 
Raii Le•,e1 (Eie•,ation 737.2: i , 
\.lave ?rooagation Down 

8/23/88 Sec:ion 2 at RR Tunnei, Roof to 
Wail Junc:ur-e (E:ie•,ation 
750.57), Wave ?r-opagati on Up, 2 
Test Points 

8/23/88 Sec-:'i on 2 at RR Tunnei , Visible 
Hori zoni:a 1 Crac:cs Near Roaf to 
Wa ll Joint, 2 Places, \.lave · 
Propagai:ion Up 

8/25/88 Sec:ion 16, Visible Pour Line 
30'" Above Graae ( E1 e•,at i on 
695), \olave Propagation Dawn 

8/25/88 Sec:ion 16, Pi pe Ga11ery Fl oor 
Levei (~levati on 698), \.lave 
Prooagation Up 

8/25/88 sec-=ion 16, Oper-ating Galler""/ 
Floor- Level (Elevation 712), 
Wave Propagation Down 

8/25 / 88 Sec'tion 16, UndeMide of .Crane 
Gallery Floor- Slab (Elevation 
724), Wave Pro.pagation Down · 

8/25/88 Sec:ion 16, Crane Gallery Fl oor 
Level (E1evati on 728), Wave 
Propagation Down 

8/ 25/88 Section 16, Crane Rai1 
(E1evation 737.25 ) , 
Propagation Dawn 

Level 
. Wave 

Hor-i zontJ 1 Joint Loc.1taa in 5 • 
Thic:c Wail Sec~i on. Interi or 
20-30: Weakly 3anae-J, ~~er-i or 
De!J~:i iias Intar.:n~~=!'l~ 1..iea;< aona 

Hor-izantal Cons.:~uc: i on Jo int 
Conf~r.:te'J at :' to 3 ' Tn i c:<ness 
Change, Unoonae~ 

Horizontal Joint LocJta,j i n 4 ' 
rnic:c :.la i 1 Sec: i on, Unoanae~ at 
l Tes.: Paint , so: !,,/ea~ 
rntar::ti t .:ent Sona at Second Tes.: 
Point 

Unoonded Const~uc:i on Jo i nt, 
Leet~ in 3'. rnic!c Wa 11 .sei:: i on 

Possible Hori zontal Joint, Solid 
Bond, 3' rni c:< wa I 1 Sec: i on 

Poss1ble Horizontal Joint, Sol id 
Bond, 3' rnic!< \ilall Sec:ion 

Interior 30: of 3' Thie:< Wall 
Weai<!y Bonae1 

Possible Hor-izontal Joint, ~e l l 
Sanded, S' Thick Wa l l 

Horizontal Construction 
Confirmed at 5' to 3' 
Thickness C~ange, Unbonded 

Joint 
Wall 



~AT: 

8/26/88 

8/24/38 

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

TABLE la 
PULSE ECHO, ,s 0 SEAM TRA~SDUCER 

. 221-B ilCRTH cA:Ho;: ~-IP.LL 

TEST LCCATION/DESCRIPTION 

Saction 16, Roof to Wall 
Junctur~ (~levation 750.67), 
Wave Propagation Up 

Section 12, Roof to Wall · 
Juncture (Elevation 750.5i), 
Wave Propagation Up, Crossing 
Visible Horizontal and Diagonal 
Cracks, 2 Test Points 

' -· .... , .. ' 

A31 

RESULTS/REMARKS 

Horizontal Joint Located in 
4' ihick ~Ja11 Section 

Horizontal Joint Located in 
4' 7:<1ick Wall Section, ,o :; 
to 80% Unbonded, Cracking 
is Shallow or Superficiai 

,_·-:• 



DATE 

8/23/88 

8/23/88 

8/23/88 

8/25/88 

8/25/88 

8/23/88 

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

TABLE lb 
PULSE ECHO. 45° BEAM TRANSDUCER 

221-S SOUTH CANYON WALL 

TEST LOCATION/DESCRIPTION 

Sectior_, ~-- Hot _Pipe Trench Floor 
Level· ( Elevation 701). 3 Test 
Points. Wave Rropagation Up 
and Down 

' •, .. . . . . .. _,. ": .... . . : •· .. ··-,, ... ... :=-- .. 

Section 8, Top of Hot Pipe 
Trench. ( Elevation 707 l. 2 Test 
Points ; Wave Propagation Up 

Section 8. 15' .. Belo.w Cr:arie. 
Rail Level ( Elevation 720 l . 

· Wave Propagation Up 

s~-tion. 8,. Same Level as Above. 
( E,Jevation 720 l , 2 Test Points , 
Wave Propagation Down 

Section 8 , 3'-4' Above the 
C4nyon·· Deel< Level ·. ( !:levation 
715) . 2 Test Points. Wave 
Propagation Down · 

Section 8. Crane Rail Level 
( Elevation 737 . 25 I ~ Wave 
Propagation Down 

RESULTS/REMARKS 

Horh ontal Joint Located in 81 -6 11 

Thick Wall Section. Only the 
Mid 1 /3 of the Thickness Bonded 
Strongly at 2 Test Points. the 
Interior 2/3 of the Thickness 
Bonded Strongly ··at trt'e Third ·· 
Test Point 

Horizontal Joint Located in 81-6 11 

Thick Wall Section. Interior 2/ 3 
Bonded Strongly at 1 Test Point , . 

' On ly the Mid 1 /3 Bonded Strong- . 
ly at Other Test Point · 

~- Pour Line Located -in 5' Thick 
Wall ' Section·. The Back ( or Inter 
ior) 2/3 is Bonded . Th is Pou r 
Line Only Found in Section_ ,8 

70% to 90% of the 5' Thick, Wall 
Section H.-s Strong Bond at This 
Po1:1r Line 

Horizontal Joint Located in .S' 
· Thick Wall; Sectiol'\, The· ·sack 
· (~r Interior) 1/3 is Weakly Bond

ed. The Outer 2/3 Has lr,termitt
ent Areas of. Weak Bond 

Horizontal ; Construction Jo int 
Confirmed at · 51 to 3' Thickness 
Change •. Unbonded. l':l~merous 
Discontinuities Noted 



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

TABLE: lb 
PULSE ECHO, 45° BEAM TRANSDUC2. 

221-a SOUTH CANYON WALL 

DATT IT~ L0C.:.7L0~l/DESw :?TION 

8/22/88 Sec:ion a, At Misce11aneous, 
Visible Horizontal ana Diagcnai 
Crac~s Above tne Crane Raii 
Leve i , 2 Tes: Points, Wave 
Prooagation Up 

8/22/38 Sec:ion 8, Roof t~ Wai1 
Junc:ures, ( ~i e•,at~ on 750.5i:, 
Wave Prooagation Up ana Down 

. . 

8/ 25 / 88 Sec:~on 18, Hot Pipe Trenc~ 
Fioor Leve l , (Eievation 701), 
Wave Propagation Down 

8/25/88 

8/26/88 

8/26/88 

8/26/88 

Sec:ion 13 , Top of . Hot Pipe 
Trenc~ ,. (·Ei evati on . 707_) ;· Wave . 
Propagation Down · 

Sec:ion 18, 3•.~• Above t~e 
Canyon Decx Levei (Elevation 
715), Wave Propagation Down 

Sec:ion 18, Crane Rai1 Level , 
(E1evation . 737.25), Wave 
Propagation Down 

Sec:ion 18, Roof 
Junc:ure, (Ele~ation 
wave Propagation Up , 

to Wall 
750.6.7), 

8/25/88 Sec:ion 16, Hot Pipe Trench 
Floor- Level, (E1 evation 701) , .: 
Wave Propagation Down 

8/25/88 Sec~ion 15, Top of Hqt Pipe 
Trench, (!levation 707), Wave 
Propagation Down 

A33 

RE~UL:Si RE~AR!<S 

Ciacx Oe~tns from tne E.~terior 
Surface are 5" to 9" 

Hor~zontal Joint · Locateo in 1' 
rni c:, Wa i1 Sec: ion. Mos:! y 
Unconae~, Int er:ni ~~ent WeaK i y 
Bonaea Areas 

HoM :onta 1. Joint Located in 
8 ' -5" · Thi c!< Wa i1 Sec: ion • On i J 
t~e Bacx (or Interior) l' is 
Bonded Weakly, Re.~ainder 
Unoonaed · 

Hor-1 zonta1 · Joint Loc.1:cea in 
8 1 -5" Thi c:c· · Wa i1 · · Se~i on, Some 
Weak Bond Near Interior 
Surfaca, Re.~ainaer is Unoonaed 

Horizontal Joint Locatad. in 5 ' 
Thie:< Wail Sec:ion, the aac!< (or 
In~erior) so: is Bondea 

Horizontal Cons~juc-:ion Joint 
Co"firmed · at s• to 3 1 rniciq1~ss 
Change, U_n9onded 

Horizpntal Joint Located.· in 4' 
Thi.c!c Wall Sec;ion, : 60: to. 70: 
Bonded from , the ·, Bae!< · · ( or 
Inter1or) Surface .. ; 1 

Hor'; zontal Joint Locatad in 
8'-o" ·Thick Wall Sec~ion~ the 
Back· (or ·Inter:jor) ·213 is Weakly 
Bonded, Ou~er l/3 is Unbonded -. 

I 

Horizontal Joint Located in 
8 1 -6" . Thie!< Wall Section, th_e 
Back (o·r Interior-) 70: is 
Strongly Bonded, •There are 
Intermittently Bonded Areas in 
the Outer 1/3 



.. .. ~· -. : · .. ~. 

I . 

; ' ; 

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

TABL.:'. lb 
PULSE ECHO, 45" BEAM TRANSOuc:::~ 

221-3 SOUTH ~NYON WALL 

DA i: ITS7 LOCX7'!0N/OESC~ I?1"!0N 

8/25/88 Sec:ion 15, 3'-J' Above the 
Canyon Dec:, Le•,et, (Eie•,ation 
71:j, Wave Procagation Down 

8/25/88 Sec:ion '16, Crane Rai1 Le•,et, 

8/25/88 

(E1evation 737.251, Wave 
Propagation •own 

Sec:ion lo, Roof 
Junc;~r!, ' (Eievatton 
Wave Propagation Up 

to Wail 
71:,'T '' ••-) ' .. u.:, I , 

8/25/38 Sec:ion 7, Hot Pipe Trenc~ 
Floor Levei, (Elevation 701), 
Wave Propagation Down 

' .... 

8/25/88 ,Sec:ion 7, Top of Hot ·Pipe 
Trenc.,, (Elevation 707), Wave 
Propagation Down 

8/25/88 Sec:ion 7, 31
-~• Above Canyon 

Deck Level, (Elevation 715), 
Wave Propagation Down 

8/25/88 

8/25/88 

Sec:i on 7, Crane Rail Le•,e1, 
Wave (Elevation 737.25), 

Propagation Down 

Section 7, Roof 
Juncture, (Elevation 
Wave Propagation Up 

to Wall 
750_.57), 

A34 

HorizontJT Joint Loc.1taa in 5' 
Tnic~ Wai1 Sec:ion, Unoonae-J 

HorizontJI Cons~:-uc~ion Jo t~~ 
C.:.nfi r.ne-J at 5' to 3' Tn i c;rne~s 
C~ange, Unoonae~ 

HoM.:ontJi Joint LocJt:!I in J.' 
Thfc:c \.Jall S"ec: i on, ::te 3a'd (or 
!nt:rior; SO~ is St:-ong i :, 
Bonae-J, t~e Outar SC: is 
Unoonae-J 

Hori zontJ I . Joint Loca1:aa in 
8 1 -0'° Thie!< Wail Sec: ion, Bonaea 
Strongiy .ucept for the Fron~ 
( or Ext;ri or) · 18,. o·r Thi c:<ness ' . . .... 

Horizontal Join't Locatad in 
8 1 -0 11 Thie!< Wall Sec:ion , the 
Bae~ · (or !nteriorj 60: is 
Strongiy Bonded, the Remainder 
is Unoonde!I 

Horizontal Joint -Locat~ in S' 
Th i c:c \Ila 11 Sec: i on 9 the aac:< (or 
rm:arior) so: is Strongly 
Sanded, the Outar SO: Tni c:<ness 
is Unoonded 

Horizon1:al Construc~ion Jofnt 
Confirmed at ..5' to 3• · Tfiickness Change , 
Unboruied , __ .,.._ ·-

Horizontal Joint Locatad fn 4' 
Tnick Wall Section, Unoonaed 



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

TABL.: 1c 
PULSE ECHO~ 45° BE.-~M TRANSDUC~~ 

221-a GAL!.E:RIE:S 

OA7'.: 

8/2i/88 

TE!7 LCC.!.T!ON/OE~•::H?:!ON 

Ooerat~ no Ga 11 e!'"·, at Ce i 1 5, , 
Nor-::, Wai 1 anc 

1 
Fi oor S1 ab 

Junc:ure, Wave ?rocaaation Down 
Wail anc In F'l oar To~ards ~ail 

8/24/88 Ooer:t~ng Ga11e!'";, at can S, 
Shi e i ding ;.Ja i 1 anc .Fi oar ·S1 ao 
Junc:ure, Wave ?rocaaation Down 
Wai 1 ana In Fl oar Towar.:s l.a i 1 

8/24/88 Ooerat~ ng Ga 11 e'!'"y at Ce l1 9, 
Nor:~ Wall . and Floor Slab 
Junc:ure, Wave Pr-ocaaat~on Down 
Wail ana · in Floor To.;artis · Wai 1 · 

8/24/88 Ooerating G~lle!'"y at Cell 9, 
Shielding Wail arid Floor Slac 
Junc:ure, Wave ?r-opagation Down 
Wail and In Floor Slac Towar~s 
Wall 

8/24/88 Operating Gallery at Cell 11,. 
Nor-:li Wa 11 and . Fl oar -- S1 ab 
Junc:ure, Wave Propagation Down 
Wa 11 and In Fl oar· Towards Wa 11 

8/24/88 Operating Gallery at Cell 11, 
Shielding Wall and Floor Slab 
Jun~ure, Wave Propagation Down 
Wa 11 -and In the Fl oar Towards 
Wall 

8/24/88 Operating Gallery at Cell 16, 
North Wall and Floor Slab 
Junc:ure, Wave Pr-opagation Down 
Wa 11 and In F1 oor Toward~ Wa 11 

A35 

RESUL :S/RE?'.AR!<! 

~a Horizontal Joint in 3' 
Nor-::, Wai 1 at c:. 1 e'lati on 
Oce!'"at~ng Galle!'"y Floor 
Keys Into Nor-:!1 Wai 1 S1 ao 
at Wa 11 Unoanaed 

Thi c:, 
nz, 
S1ao 

Joint 

HorizontJ1 ·Joint Locatad in 7' 
Thie:, Shie1dina Wail a-r: 
E1evation 712, ·Joint is 50: 
Bonaed !ntei-:nittent1y, Unoonae~ 
Construc:ian Joint Betwe~n ~ioor 
Slab and the Shieiding Wa i l, No 
Slab/Shieid . Wall Key Oetec:aa 

·Same as Cell 5 
Junc~:ire. but 
Oe,;:ac:aa 

Tes: a't this 
No S1 ab Key 

Same as Cel 1 5 Tes: at . this 
Junc:ur!, Exceot Horizontal 
Joint in Shieiding Wail is 14" 
Above Opera'ti ng Ga 11 ery Fl oar 

• I 

Same as Cell 9 Test at t~is 
Junc.ture 

Horizontal Joint Located. in 7' 
Tnick Shielding Wall About 14" 
Above Floor, the Back (or 
Interior) z• is Strongly Bonded, 
the nuter !' is Unbanded, 
Unbonded Constr-uc:ion Joint 
Between Floor Slab and Shielding 
Wall, No Slab/Shield Wall Key 
Detected 

Same as Ce!l 1 9 Test at this 
Junc-:ure 



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

T~BL:: le 
PULSE: EC:-iO. 45-2. BEM~ TRANSCUCZ:t 

2:1-a GALLE:H::s 

OA~ T::!7 !.CC~i"!ON/IJE!C~ r?;'!ON · 

8/ 24/88 Ocer-l't ~ ng Ga 11 e!"y at Ca 11 lS, 
Shie!aing Wall ana Fioor S~ac 
Junc:~r~. Wave Pr-ooaaa-c~on Down 
Wail ana rn Floor Ta~ar-=s ~ail 

8/23/88 

8/23/38 

Pice Galler-:, at Cal1 2Z. Nor~!'! 
Wai 1 ana Fi oar· S1 ac Junc::.ire, 
lilave Procaga't'fon Down \.la i 1 ·ana 

· !:J ·Fioar--'iowar-as :.Ja il • · ·- · · ··- .. 

Pi oe Ga 11 er:, at Ca 1i 22. 
Shielding :ilail and Fiooi" S1ac 
Junc:ure, \olav~ ?r-ocag.ation Down 
Wai 1 and rn Floor Towards \.la i l . 

, .. , ' 

Si 23/88 P1~e ·· Gafle!"y ;at ·can l': . .. Noi-':li 
.Wail ana· Fioor s.1ac Junc:ur!, 
Wave Propaga-ti on ,Down Wa I 1 and 
In Fl oar Towaras Wa i 1 

8/23/33 Pipe Galler-/ at Call 15, . 

8/25/88 

Shielding Wall and Floor Slao 
Junc-::.ir!, · Wave Propagation Down 
Wal 1 and In Floor Towards \ilal 1 

El ect:"i caJ Ga l1 ery at Ca 11 22. 
No r-t!"l Wa 11 and Bas a S lac.· 
Junc-::ire, . '..Jave Propaga-ciun Down · 
Wall . 

8/ 25/88 El ec:rical Gallery at Cel l 22, 
Sh i :elding Wall . and. Base Slao 
Junc:ur-e, Wave Propagation Down 
wan 

8/25/88 . Electrical Gallery at Cel1 23, 
North Wa l l and Base Sl ab 
Junc:ur-e, Wave Propagation Down 
Wall 
'. : ;, 

Same as Ca!l 9 Tes~ at t~is 
Junc:ure 

No Hori zon-::a i Join-: i:, 2' Td c:: 
No ~ :i Wa il a-c Ei ent ion 6~2 , 
Pioe Galler~ Fioor Siao Kevs 
Irrco ·· Nor--::, ~a l1 , S1ao Jairit at 
Wai 1 Unoonaea 

Hori zontJ i Joint Lo cat ea in 9 ' 
Thic:c Shieidina Wai1 a-c 
El e•,atf on 698, - Inta!":':ti!: e!'! t 

• Bonding, Pipe Gailery Fioor Keys 
Into Shie i di ng Wall, Slab Jo i ~: 

. at \Ila l 1 Unbonaed 

Po·ssi bi e -1· , Hoi-i ionta:r· . ... Jo'i nt 
Loca.tc':l . · in 3' Th i c:~ N i-la i 1 at 
Elevat i on 698 , Inte:.n i ::e!l t 
Bonding, Pipe Ga ll ery Flaa,- Keys 
Into Nor--:!"l Wa il, S, ao Jo i nt at 
Wa 11 Unoonaea 

Same as Cail 22 Tes: at t~is . 
J unc-:ure 

, I 

Ho,-izon-cal Joint Located at 3asa 
of . 3' Thi c!< Nor-::1 Wa i 1 
(Eieva-cion 683.S), We l l Banded 

• . • L ;. 

Horizontal Joint Located at 3ase 
of 91 Th i ck Shiel di ng Wa I1 
(Elevation 683i5), .the Bae'.< · (or 
Interior-) 1/3 f s Wel:l Bonded, 
Canter 1/3 Unbonded, Outer l / 3 
Intermittently Bonded : 

Horizontal Joint Located at Base 
of 3 1

' Thiele Nor-t.h Wall 
(E1evation 683.5), Unoonded 

' " 



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

·, .;.~.-~ 

TABL! le 
PULSE ECHO. 45° BEAM TRANSOUCZ~ 

221-2 GAL!.ERIE·~ . 

OA7: 

8/ 25/88 E1 ec::-i Cl l Ga i1 er·, at Ce i 1 2~. 
Sl'lieiding Wall ana . Base Slao 
Junc::ire. Wave ?r~oagat i on Down 
Wai 1 

8/ 25 / 88 Eiec::-ic:il Gaile!'":, at Ceil 25. 
Nor-:., Wa i 1 ana Base Si ao 
Junc:ure, Wave ?ropagation Down 
Wa ll 

8/25/88 E1ec::-ical Gallery at Cell 25, 
Shieiaing Wa11 and 3ase S1ao 
Junc:ure, Wave ?ropagation Down 
Wail 

A37 

RE~UL7"S/RE~ARK~ 

Horizontal . Joint Locatea at 3ase 
of 9' Thie:< Shieiainc Wa T1 
(E~evat~on 633.5), the §acx (or 
Interior ) 1/3 is \ileaK1y Sonae-:, 
the Outar 2/3 is Unooncea 

Same as Ceil 22 Tes~ at t~ i s 
Junc::ir'! 

Hori zontal Joint Lo~atea at 3ase 
of 9' rnii:!c Si'lieldi-ng Wail, t:1e 
Bae:, ( or Inter'i or) - 20: is 
St:-ongiy Bonaed, the Outer ao: 
~as About so: Effec:ive Bona 

. -. ~ ' ., ~ 

I • 



TAP! £ 2a crn...suct~~EAILil!AUSntU:f llc::?2..LJLUtul.n l WLUALl ~ 

f.OHPRESSIVE El ASHC 
TIIICt(tlfSS VEI.OCI TV Sfllflllilll •1ni1111 11S • o. OAT£ I.OCATION .(ff[[L_ _( F_T /SEC). J ,)~ n .n~_,•~n f.Ot-11-tf tH S - t- --·-· 

I 8/22/88 Section 8 Horth lla 11. 68 14.620 s.noo 4.112 Edge of Roof Slab 

2 8/22/88 Sectton 8, North Wall. 68 14.620 '• s.noo 4.112 Edge of Roof Slab 

3 8/22/88 Section 81 North Wall 1 

Below lloof Slah 
4 15,430 6.301) 4.9f 

... 4 8/22/80 Section 8 1 North Wall, 4 15.430 6,300 4.91 Below Roof Slab 
_-:E 8/22/08 Section 8 1 North Wall, 3.5 15.150 :c 5 6.300 4. 91 n 

I 21 Below Roof Slab 
(/) 

:00 
(1) I 6 8/22/88 Section 8, North Wall. 3 14.370 s.200 4. 70 < :E 

l> 

. 3: 
w 

I 

CX) Above Crane na ii 
0(/) 

):a 
I 7 8/22/88 Section 8 1 Horth Wall, 3 15 • l 50 6 . 300 4.91 0 

0 Above Crane Ra tl 01 

8 on2100 Section 0, North Wall. 
Below Crane Rail 

5 15.430 6.300 4.91 

9 0/22/88 Secti on O I Horth lla 11 1 5 15.190 . 6 • 300 4.91 r Be low Crane natl 

10 8/22/88 Sectton 8 , Horth Wall. 22 15,720 6.500 4.95 Edge of f.r a11e lia 11 Hy 

l floor Slab 

~ - 11 8/.22/08 Section O, Horth Wall. 3 14 1 370_ · 5.200 4. 7n 
~ - Delow Crane Gallery 

l floor Slab 

i 



COMPU[S'.S~ VE fl .AS Tif. 
Hf8HIESS Vft0cl H' SlltHHtill - Mt111111:t1 NO OATE I.OCATION JrfttL_ _{ F_T / Sf.f.)_ {PS I) _( !~-~·~ ! ) f.OflllftHS . ·--· --- - ··· - ·-···---

I 8/22/80 Section o. North \la 11. 3 15.150 6.301) 4.91 
Below Operating 
Gallery Floor 

1 8/22/88 Section e. North Wall. 3 15,150 6,300 4.91 Below Operating-
Ga 11 ery Floor 

1 8/22/08 Section 8, Horth Wall, 3 15.430 6 • 301) 4.91 
Above Pipe Ga 11 ery 
Floor 

·1 8/22/08 Section 8, North \fall, 3 15,430 6 ,·300 . 4. 91 Oelow Pipe Gallery 
::E: Floor ::c 
n 
I. . 

l/) I 8/23/88 ~ectlon 8, South llall, 60 14.340 5,200 4. 70 ;:QC:, 
It) I . Edge of Roof Slab . < :E: )> . 3: w 

I . \0 
C)l/) 1 8/23/88 Section 8, South Wall, 3 15,0lll. 6,300 4.91 )> 

I Above Crane Rall l.evel o · 
C) 

C.11 I 8/23/88 Section 8, South Hall, 5 15D431) 6 , 300 4.91 
Below Crane Rall I.eve) 

1 8/23/00 Section 8. South Wall, 5 14,670 5,001) 4 .112 Below Crane Rall l.ev~I 

r2 8/23/80 Section 8, South \.la 11, 8.5 15,720 6, 50_0 4. 95 Top of llot PI 11e Trench 
. !, ' I ' ! ' 1 1, 

~ 2 8/23/00 Section 8~ South Hall, ~,. 51 : I 15.430 6D3(){) ·,4. 91 l _ Ootto111 of llot P l11a 
Trench 

f 2 8/23/88 Section 8, South Uall, 0.5 15.430 6.301) 4.91 

1 Bottom of llot Pipe 
Trench 

t 



COMPllfSSIVf EI.ASllC 
= .. TUJC~E.SS-.\11:L0C I l'I ~WbWG-lll UUIHIU1€ Nj • DATE 1.0CATION . ".H!!J.L jff/Sfq_ {PSI} .U!!_ ~)~! )_ f.llllllf NTS - -•·-- -- -·· - ·-··. 

3 8/23/88 Sect ion 8 1 South Wall. 22.5 15.430 6 1 lflO 4. 91 
Under llot Pl11c Irench 

4 8/23/88 Section 2, North Wall. 68 13 1 660 4.800 . 4. 59 
Edge of Roof Sldh .. -. 

. 5. 8/23/88 Section 2, Horth Wall, 60 I 3,660 4,800 ~ 4. 59 
Edge of Roa r Slab 

6 8/23/88 Sett Ion 2, North Wa 11. 4 14,670 s.oon - 4 .n2 
Below Roof Slall 

'1 8/23/88 . Sect ion 2, Horth -Wall, 4 14 ,340 5,200 4.70 
Below Hoof Slab 

:la: '8 8/23/88 Section 2, Horth Wall, l 14 ,340 5,200 4.70 ::c 
n Above Crane Rall ' V) 

:::00 
ro ' I> ,9 0/23/88 S~ctton 28 North Wall, 3 14,030 5,200 - 4. 70 < :la: p. . 3: :::> Above Crane Ital) I 
OVl, 

;t> 
I ~o 8/23/88 Sectton 2, "orth Wall, l 14 ,340· . s.200 .· 4. 711 0 

0 Above Crane Rall U1 

n 8/23/08 Section 2, North Wall, 3 14,670 !i,Ron 4.02 Above Crane nail 

r ~2 8/23/80 Section 2, North Hall, l 15,430 5,201) 4.70 Above Crane nail 

u 8/23/88 Section 2, North Wall, l 14,620 5 1 000 4.02 ~ .. 

Above Crane llall 

l 

t 
~ 
~ 



a:rn-0rnu~ YE_flAHlf. 
TIii f.KUE S S VEI.Of. I TY smnmrn t-llll 1111 II S 

NI • llATf 1.0f.ATION _(Jf[J)_ _( F_T /,SH}_ _(!~~n .H!! _!1~n f.OI-IJ.lftHS --··-·- • ••• • - · - · • • • 

4 8/23/88 Section 2, ttorth Wall, 3 14,800 5,nnn 4.112 
At Joint At Crane ltall 
E1 evat ton 

5 8/23/88 Section 2, North Wall, 5 14 ,o·no s,nno 4.02 
llelow Crane ltatl 

6 8/23/88 Section 2, North Wall, 
llelow Crane ltall 

5 14,340 5,200 4.70 

1 8/23/88 Section 2, North Wall, 5 14,670 5,000 4.02 
Below Crane Ra 11 

,8 8/23/88 Section 2, Horth Wall, 5 14,340 5,200 4.70 ~ 
Delow Crane Rall :c 

n 
I 
V, 

9 8/23/88 Section 2, Uorth Wall, 22 15 I 4 311 6, 31)1) 4.91 :::0 CJ 
11) I , )> Edge of Crane Gallery <~ 

~ . 3: ..... Slab I 
OV, 

)> 
I 0 8/23/88 Section 2, North Wall, .3 14,340 ' 5,200 4. 70 -0 

0 Under Crane Gallery 01 
/ 

Floor Slab 
- ··· -

11 . 8/23/88 Section 2, ttorth Wall, 3 I 4,610 . 5,800 4.02 
Above RR Tunnel 

r 12 8/25/88 Sect.lon -8, South-·Wal I, -5 14,340 · 5,200. 4. 70 Above Horizontal Joint 
3'-4' Ahove Canyon 
(leek 

I I J \ , , I 111 I 

l 
I 1,., I. 

1 I I I I 

t 
I 
~ 
~ 



,:OMPUESSIVE EI. AS HC 
i,, i N-'flH ~ftflC IT~' Sfl<HH1tl1 Ht1tllU-rfi 

. NO. DATE LOCATION jf!fJL JFT/Sff) · .,,~~u .( ~~ - ,·~~ } . f.lltU·tftnS - - ··· - ·- · •· -
43 8/25/88 Sect Ion 8 • South Wall . 5 15.0IO s.non 4. fl2 Below llnrl zon ta l Jotnt 

J'-4 ' Above Ciinyon 
Deck 

• 
4~ 8/25/88 S!!ctton 8 . South Wall. 5 14 .OJO s . 200 4. 70 Above llorlzontal ,Joint 

J'-4' Above Ciinyon 
Oeck 

~5 8/25/88 Section 8, South \bl l. 5 14 ,670 5.nnn 4 .112 Bu!ow ilorlzo11tal ,Jotnt 
31 - 48 Above C,rnyon 
Deck 

,6 0/25/88 Section 2, Horth Hall. 5 14 8 340 5.200 4. 70 
Above Crane Gallery 
floor . ::i:: 

:x: 
n 

' 1 8/25/88 Section 2. North Ha·11, 5 14.670 5.noo 4.02 
I 
Vl 

Above Crane Gallery :::o a 
Cl) I 

floor < ::i:: 
3: 
I 

OVl 

•O 8/25/88 Section 2 • Horth Ha 11, 22 14.340 5.200 4. 70 ):> 
I 

Edge of Crime lial lery 0 
0 

Floor Slab (J1 

j ~ - 8/2_5/88 Section 2, Horth Uall. 22 14 . 340 5. 200 4. 70 
Edge of Crane Ga llery 
floor SI ab 

0 8/?6 / 08 S~ctton 18. South 60 14.670 • 5 ,ono' 4 . 112 
Wall, Edge of Ruot 
Slab 

I 8/ 26/08 Section 18 . South 4 14.030 4.onn 4. 59 
Uall , Below Roof Slab 

2 8/26/88 Section 18, South 5 14.671) 5.nno 4.ll2 
i1a 11. ll elm-1 f.r ane ll a ll 
l. evcl 



COIIPUESS I VE fl.ASIIC 
Tlllf.l<NfSS V[l OC:!l~lllUlliW !-llll!!IUIS 
(HET)_ Jot~f~l .{P_~n J~(! _ !,~~) f.fl 1111 rt IT S NO Ul\lt lllLAt !OH 

·-• .. - ·- .. • · 

5 8/26/88 Sect ton 18, South 5 14,670 5,nnn 4. 02 
Wall, l'-4' Ahove 
Canyon Deck 

5 8/26/08 Sect ton JO. South 8.5 14,670 5.non 4 .112 
Wall, Above llot Pipe 
Trench 

5 8/26/00 Sect ton 10. . South 0.5 14,340 s.200 4. 71) 
Wa II, llot Pipe Trench 
Wall 

5, 8/26/08 Sectton )6. South 60 14,670 5,800 4.02 
Ha II, Edge of Roof 
Slab 

::E: . 
::c . 
n 6 I 8/26/88 Sect ton 16, South l 14,340 5,200 A. 70 I 
Vl Wa II, Above Crane na 11 :;o c:, 

(l) I ):,, Level < ::E: 
• ::3: 

.i,. 
w 

I 
OVl 5J 8/26/80 Section 16, South 5 14,670 5,800 .4 .02 ):,,. 

I Wall, Below Crane Rall . o 
0 level 01 

5 ~ 8/26/00 Section 16, South 0.5 I 5,360 6,300 4.91 Wall, Above llot p I Ill! 
Trench r fi! 8/26/88 Sectton 16. llot Pipe 0.5 14,34(} 5,200 4. 70 · 
Trench llall 

Section 7, South W~II, I "\ 1611 -~, 300 
I ~ 6J 8/26/88 15.0IO :4. 91 ·l Edge of Roof Slab 

'I' 

-- ~ 61> .8/26/08 Section 7, South Hall, 4 15,0IO 6. 3110 4.91 

I De 1 ow Hoof S lah 

(.o 
.· ~ 



.. ,.AST IC 
-- "i"ttt~NB ~ Vltfte . . - I Ill- 1111111 --•anrmrn:) NO. DATE LOCATION 1n~n __ .{ UL~f fl . _{p~ !) .H~_,•~n f.ntlllf HTS - -- ,0•-··· - ·- . •• -

6. 8/26/88 ·section 7, South Wall. 3 15, 010 6 . 300 4.91 
Above Crane Rall l.~vel 

. 
6, 8/26/88 Section 7, South Uall. 

Below Crane Rall Level 
9 15 . 010 6 • 301} ~. 91 

6f 8/26/88 Section 7. South ~lall. ~ 8.5 15 , 010 6 .300 ' 4.91 Above llot Pipe Trench 
Wall 

61 _ 8/26/ 88 Sect ton 7 a South Wa 11 • 
llo t Pipe Trench Uall 

:· 0. 5 14. 340 - 5 . 200 :1 . 10 

6 0/26/88 Section 7, South Hall. --?2 . 5 15. 360 6. :mo ~.91 
~ Slab Under llut Pipe 
:c 
n Trench 
I. 

V, 
:;:o c:, 61 8/ 26/80 Sec t ton 16 • Horth 60 14 .670 s. nno 4. ll2 It) I 
<~ Wal l . Edge of flouf . ::3: 

I Slab ov, 
~ l> 

I 
0 6' 8/26/88 Sectton 16. tlorth 4 15 .010 6 , 300 ~4. 9 I 0 
U1 Wa ll~ Pel ow Roof Slah 

71 8/26/80 Section 16 • North 3 15.010 6.300 4. 91 Wa II. Ahove Crane na II 
Level 

t ' 8/26/88 Sect ton 16 • North 5 15. 010 6 .300 4.91 : 7 
• Wall. Bel ow Crane Rall ' ~ level 

~ 1 8/ 26/88 Sec t ion 16 • tlorth 6 15.010 6 .1on 4. 91 ~ Wa l l, Uelow Crane Rail 
kl,.. Leve l .. .. 
) 

' .. ~ ... • .. 
0 

' ' 



f.01-11 '11[ SS ! VE H AS I IC 
TIIICKHE SS YEUll:JJ'I srnumrn urn 111 w " _!!(. DATE 1.0CATION I; .HI~U- _(UL ~~f). .{ !).~ ! ) _(! !! ·- !'~ n. f. Ol ll lf tHS - -·- ·-· ·· .. ·- .... -

l 8/26/88 Section 16, North 22 15,0IO 6 • )Ill) 4 . 91 
Wall, Ed9e Cranl! 
Gallery Floor Slab 

4 8/26/88 Section 16 I North 22 15,010 6 . 300 4.91 
Wall, Edge Cranl! 
Gallery Floor Slah 

5 8/26/00 Section 16 I North J 14,800 5,800 4.ll2 
Ha 11, · Below Crane 
Ga 11 ery Floor · 

6 8/26/80 Section 16, North l 15 , 940 6,500 4. 95 
Wall, Below Crane 
Gallery Floor 

~ 
:I: 
n 1 8/26/08 Section 16, -North l 14,150 5, 20fl . 4. 711 I 
Vl Wall, Be low · Crane ::00 

It) I )> Gallery Floor <~ . 3: """ 
I 

U1 

OVl 8 8/24/88 Section 11, Horth 60 15 , 430 6 , JOO 4.91 )> 
I llall, Edge of Roof 0 

0 Slab CJ1 

g 8/24/88 Section ll, . · North 4 14 ,030 5,201) 4 . 70 -. 
Wall, Below Roof Slab 

r 
~o 8/24/08 Section 12, . tforth 4 14 ,030 5, 200 . 4.7 11 

Hall, Below Roof Slab 
.. n 8/24/88 Sec~lon 12i North 4 14,340 5, 201) 4. 70 

Wall, Below Roof Slab 

t I ' ~2 0/24/08 16N )( 29" )( 17 ' 17 14,670 s.nno 4.02 ll eferencc fo st 
- ~ - Concrete Beam on 271-R -, Roof . I 

t 



NO IJA!f lOCATIOH 

8 8/24/88 16 11 
X 29., X 11• 

Concrete Beam on 271-8 
Root 

8 8/24/88 16 11 
X 29., X 17• 

Concrete Oeam on 271-8 
Roof 

8 8/24/88 16., X 29., X 17 1 

Concrete Beam on 271-0 
Roof 

81 8/24/88 16 11 
X 29., X 11 • 

Concrete Beam on 271-0 
Roof 

8 8/24/88 )611 I!( 29 11 
X 17. 

Concrete Bua111 on · 271-0 
)::,, Roof 
~ 
0\ 

81 8/24/88 )611 X 29., X 17 I 

Concrete Beam on 271-8 
Roof 

8~ 8/24/88 Section 13, North 
Wall, Bulow Roof Slab 

COt·IPUE SS I VE rwn:w=ss \IEUltl I¥ SlUbH~lU 
.ffHJ)_ _(fl/SH). _, ,~~u 

2.4 15,730 6,500 

2.4 14.670 _ 61 000 

2. 4 15,360 6,301) 

l. l 14,670 61 000 

l . l 14,670 5,1100 

I. l 14,670 5,800 

4 14 1 340 5,800 

El AST IC 
UIIUIIHIS 
.O!!_!'~O. 

4. 95 

4.82 

4.91 

4.82 

4 .112 

4.02 

4.02 

r.om1nns 
·- ··· - ·- ·· ·-· 

lief erence Test 

Reference Test 

Heference Test 

Uof erence Test 

Reference fosl 

ne ference Test 

:e: 
::c 
n 

I 
V> 

:::oc 
l'D I 
< :e: 
• 3: 

I 
OV> 

)::,, 
I 

- 0 
0 
U1 



l An l f ?h - cm~•U!J~:.J![ruunrumm~UlJ~Il_;fiJ!!! ! LD ! UUJJALU U. Ifs 
.. . 

COMPRESSIVE El.ASllC 
TIIIUNESS VELOCITY SHIUllilll 111111111 IIS 

1!! • OATE LOCATlotl JJtfU_ .ffJ/S~~l .,!~~ n JIil __ PSI) f.OIUIFIITS --·- ---· - ·- ---- -

l 8/23/88 P1pe Gallery Shielding 9 15,430 6 , 300 4.91 
Wall at Cell 2l 

2 8/23/88 Pipe Gallery, North 3 15,720 6,500 4.95 
Wall at Cell 22 

3 8/23/80 Pipe Gallery, :· 9 14,670 · 5,nno 4. fl2 
Shielding Wall at Cell 
15 

4 .8/23/88 Pipe Gallery, __ fforth - 3 14 ,·340 5,nno 4.ll2 
Wa 11 at Ce II 15 

~ 
. ::c 

5 8/24/88 Operating Gallery, l 15 I 360 6 , 300 n 
· 4.91 I 

V) Horth Ha 11 at Cell 15 ~? )> <~ ~ 
6 8/24/08 Operating Gallery, 3 I 5,360 6 , 300 

. 3: 

" 4.91 I 

Horth Wa 11 at f.el I 15 OV> 
)> 
I 

;- 0 
1 8/24/08 Operating Gallery, 1 )5_,730. 6 , 500 4. 95 0 

U'I 

Shielding Uall al· Cell 
)5 

8 8/24/88 Operating Gallery, 1 15,730 6 ,500 4. 95 

r 
Shielding Wall at Cell 
15 

9 8/24/88 Operating Gallery, 7 . )5, 730 6 , 500 · 4 . 95 
Sh 1e Id I 119 Ila 11 at Ce 11 

l 15 ,1, ' I • 

~ 0 8/24/88 Operating Gallery, . 3 I 5,360 6 , 300 4. 91 

I Horth Ha 11 at Cell II 

,n 
~ 



. . . . 
COMPUESSIVE fl.ASllC 

TUJC~HESS VELOCU~-lULU~IU UOllllUJ&: 
_NO. DATE -LOCATION jJf[[}_ .{U!~ffl 1!)~ tl J~!! __ !'~ ! l f.lltUlf 11T S -· ·· - ·- .. . -

lJ 8/24/88 Operating Gallery, 3 15,360 6 I 3(1() 4.91 
North Wa 11 at Cell 11 

p 8/24/88 Operating Gallery, 
Shielding Wall at Cell 

1 14,670 5,800 4.02 

11 .,,. ·~ 8/24/88 Operat Ing Gilllery, 1 16,360 6 • 3110 4.91 
Shielding Wall at Cell 
11 

14 8/24/88 Operattng Gallery, .3 16. 360 6,300 4.91 
North I.Jail at Ce 11 9 

)5 8/24/88 Operating Gallery, 3 15,0IO 5,800 4.82 :e: tlorth Wall at Ce 11 9 :c 
n ~ 

I 
(/) 116 8/24/88 Opera t Ing Gallery, .1 15,360 6, 3110 4.91 ;;:o CJ 

(0 I )> Shielding Wall at Cell < :e: ~ 
3: 00 9 I 

OVl 
)> 

I 17 8/24/88 Operating Gallery, 1 15,360 6, 300 4.91 0 
0 ShtelJtng Wall at Cel 1 01 

9 
.. 

8 8/24/88 Operating Gallery, l 15,731} 6,501} 4.95 
North l-lall at Ce II 5 

r 9 8/24/ 88 Operating Gallery, 3 15 e 360 6 9 300 4.91 
tlorth l-la 11 at Ce 11 5 

0 8/24/88 Operating Gallery, 1 1 s. 73n 6,501} 4 .95 
l Shielding Wall at Cell 

5 

t :-

l 8/24/88 Operating Gallery, 7 15 , 3611 6 , 3111) 4.91 

I Sh I el d I ll!J Ua 11 at Cell 
5 

t 



- - ---

q:ng. rm: ss I VE El AST IC .. . 
f~flE 33 VE-tfle I l't' Sttct tmttt Htll111111 · 

NO OATE 1.0CATIOH J!t!JJ_ _(FJ/_Sf t: } . _(!~~ ~) .U!! __ !'~ ! l f.Ollllf tns --·· · - .... . ··-

. 8/25/88 Electrical Gallery, 9 I 5. 4 30 . 6 1 300 4.91 
Shielding Wall at f.ell 
25 

8/25/88 Electrical Gallery, 
Shielding Yall ~t f.ell 

9 14,670 5, 1101) 4. H2 

25 

' 8/25/88 Electrical Gallery, l 15,010 5, HOO 4.112 
tlorth Wall at Cell 25 

8/25/88 Electrical Gallery, 3 14,670 5 ,1100 4.112 
tlorth llall at Cell 25 

8/25/88 Electrical . Gallery, 6 14 ,670 5, llOlf 4. ll2 :e: 
:z: Dase Slab at Cell 25 n 
I 

V, 

Gallery . :oo ·- • • 1 8/25/88 Jlectrlca 1 6 14,340 5,201) 4. 7(1 (t) I 

< :e: .i,. Dase Slab at Ct!I I 25 . 3: · lO • I 
ov, 

:t> 8 8/25/88 Electrical Gallery, 9 14,670 5,000 . 4 .112 I 
0 -Shleldlng Wall at Cell 0 
01 23 

9 8/25/88 .E.lectrtca I Gallery, 9 14 ,670 s.nnn 4. ll2 
Shleldlng Wall at f.ell 
23 

r 0 8/25/88 Elect rt ca 1 Gallery, 6 14,020 4,nno 4.59 Dase Slab at Ce 11 23 
I ' I I I . , 

1 : ' 8/25/88 nettttca 1 Gallery, I i I 6 I 14,020 - 14,800 4.59 l na·se SI ah at Ce 11 23 

·· t 2 8/25/88 ~Jectrlcal Oallery, 3 l~.670 5, HOO 4. n2 
tlorth Wall at Cell 23 

I 
~ 



COI-IPII[ SS I VE HASrlC ... SI Ill llli 111 1-1011111 llS ATE LOCttffiN jHn-1_ ~:- : 7r~U _, rn-=~~. .1•.·=---·· ·· 

3 8/25/88 £1ectrtcal Gallery. 3 14 .670 5.noo 4.112 
Horth ~la 11 at Cell 23 

3 8/25/88 Electrical Gallery, 9 158360 6 • 301) 4.91 
Shtel~tng Wall at Cell 
22 

3. 8/25/88 Electrical Gallery, 
ShlelJlng Wall at Cel I 

9 14.670- 5.ooo 4.112 

22 

3 . 8/25/88 Electrical Gal)ery. 6 l 5 ,Ol_O : 5.800 ·4 .112 Dase Slab at Ce 11 22 

3 8/25/88 Electrical Gallery, 6 15.0l~ 5.oon 4.02 
:e: ilase Slab at Ce 11 22 
::c 
n 
I 31 8/25/88 Electr t·ca l Gallery, 3 15,0)0 51 000 V) . ·4.02 :::0 CJ Horth Wall at Ce,I I 22 (D I 

< :e: J::,, . 3: 
t.n 

I 
0 

3 8/25/88 l:lectrlcal Gallery, l 15.0)0 s.oon 4. fl2 OV> 
)::,, Horth Wall at Cel I l2 I 
0 
0 
c.n 



. -, 
TAOI £ ?.c PIii .Sf ff.110 90° flfAt-1 THANSllllf.[H 221-0 111111 lllflr. IIOOf 
-··· - --- ------- __ L.;: ______ ·-··· · ··· · ··· ·· ·- - ·· •--- . - -· · ·••·· . . . ... . . .• · ··· ····• 

. COMPllf SS I Vf fl .AST If. Tlllf.KNfSS VHOf. ITV SHll tlliTII Hfllllll IIS NO OATE LOCATION Jrrru_ jf_T/_Sff.) _{f~!l _( Ill _PS I) fOllllfffTS ---
- ·· ·· .. ·- ... -1 . 0/27/00 fast End of Roof (See 11 14,000 4,1101) 4.59 Multiple Reflect tons frCl II Key Plan Attachlld) 
llpl!II ,Ill I II ls In the llurth Wal I 2~ 8/27/0 fast End of Roof ( See 11 14,490 5,200 :~. 70 tlu It t ll I e Hl!flect Ions frCl II Key Plan Attached) 
llplln ,lolnts In the 11,,rth Wal 

lr 8/27/00 East End of Roof ( See 11 14 • 950 5,200 4. 711 •1111t t p le Reflections fro 1 Key Plan_ Attached) 
llpen ,Ju I nl s In the llorth 1-lal 4. 8/27/80 East End of Roof (See 11 14·.490 5,201) 4.70 tlultlple Reflect Ions fro, :c 

:c 
key Plan AttachmJ) 

ilpen ,Jo Int s In lh11 ll'1rth Wa I n 
I 

V) 
5. 8/27/80 East End of Roof _(See 11 14,490 5,200 4. 70 •1111 t t p I e Refh!ct tons fro 1 

:::0 c:, 
It) I 

< :c 
Key Pi an Attached) 

llpl!n ,lnlnls In llrn llorth Wal . 3: 
I 

)> 

CV, 

-c.n 
fiJ 8/27/00 East End of Roof ( See 11 14,71tl 5,000 ·4 .A2 t-lult -Jple Reflect Ions fro I 

)> 

..... 

I 
Key Plan Attached) . -- .. 

llpe1i ,Ill Int s In the 11,lrth Wil 1 0 
0 

· . , • 

(J1 

.... . 
7i . 8/27 /08 East End of Roof ( See 11 14,490 5,2110 4. 711 flu It Ip 1 e Reflect tons fro1, Ke.v"-Plan Attachud) 

llpen ,Joints In the th>rth W.il Oi 8/27/08 £a.st End of Roof ( See 11 14.291) 5,200 4. 711 Mui t 111 I e Reflect Ions fro, Key Plan AttachtHI) 
llpen ,lolnls In lllt! ll11rth Wal r 9, 

8/27/88 East End of Hoof ( See 77 14. 710 5,ono 4.02 ltultlple Reflections fro, Key Plan Attached) 
11,.en ,Joints In the florth Wal 

r I s i 2no r 

~ 11 A 8/27/08 East End of Roof ( See , , I ?7 I 14 .290 4. 7n Mult Ip 1 e Reflect Ions fro, ti Key Plan Attach~d) 
llp,rn ,lnlnts I II l h tl flo rt h Wal . •• l JA 0/27/88 East End of Roof (See 11 : 14.490 5,200 4. 711 Hult Ip I e Reflections fro, t ~ey P Ian Attached) 
llpe11 ,111 Int s In lhe llilrlh Wa J .. .. ~! Ill 0/27 /88 East End of Roof (See 3 14.7IO 5,nno 4.112 key Plan Attached) 

t 



. . · : . . 

f.llllPltfSSIVE U. ASI IC 
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- • u ••• - • • • -

~e 8/27/88 £ast £nd of Roof (See 3 14,290 5,200 4.70 
Key Plan Attached) 

8 8/27/88 £asi End of Roof (See -.3 14,490 . 5,200 4. 711 
Key Plan AttachtHt) 

18 8/27/88 fast End of Roof (See 
Key Pl a11 Attache,j) 

3 14,290 5,200 4. 7ll 

t>8 8/27/88 ~ast fnd of Roof ( See l 14,290 5,200 4.7n 
Key Plan Attachud) 

>8 8/27/88 fast £nd of Roof . ( See - : ~ 14 • 49{) 5,2110 ·4. 70 
key . Plan Attac~ed) 

:E: 
::c 
n 
I '8 8/27/88 fast fn·d of Roof (See _3 14.290 5,200 -4. 70 V, 

:;:o C, Key Plan Attached) 
(t) I 

<:E: . 3: 
I ~o 0/27 /88 · East End of Roof (See 3 14.290 5,200 4. 70 C)(/) 

Key Plan Attached) .:: 
)> 
I 

C) 
C) 8/27/88 East End of !loot_ .. ( See ~ 14.490 5,200 U1 J8 4. 70 Key Plan Attachcil) 

l lO 8/?7/80 fast End of Roof ( See 3 14.710 5,000 4.02 Key Pl an Attachect) 

~ HD 8/'1.7/80 East End of Roo(.;-( See .l 1'1.290 · · 5,200 4.70 ::: Key Plan Attached) "" ~ 
~ IC 8/27/80 fast End of Roof (See 3 14,000 4,nnn 4.59 ~ Key Plan Attachecl) ~ 
~ 

~ oc ~/27/80 f~s-t End of Ooof (See . 3 13,700 . 4,000 4.59 ' Key Plan Attached) ,._ 
~ .... .. 
-~ -;:-,.. 
-0 
~ 
~ 



cm-wnlE s s ~ VE H ASl IC 
VWCkUESS--.V~l CBlV n GH! ,mu 11, ,~ NO OATE LOCA TI ON .(r!fO_ _( t fL~~f t {P SI} _( ! ~! _J' ~ ! ) t:fll-lllFUTS ····- · --- - ···· .. ·- .. . -

C 8/27 /88 East End of Roof (See 3 13.330 4 .6110 4. 39 
Key Plan Attached) 

•C 8/27/80 East End of Roof ( See 3 13.700 4.onn 4.59 
Key Plan Attache1I) 

!C 8/27/88 fast End of Roof (See 3 13.160 4.6no 4.39 
Key Plan Attached) 

l C 8/27/88 fast End of Roof _( See 
Key Plan Attache,t) 

3 13,700 4,000 4.59 

C 8/27/88 fast End of Roof (See 3 13.510 4.601) 4.39 
Key Plan Attached) 

~ 
::c ,C 8/27/88 East End of Roof (See 3 13.990 4.ono 4.59 n 
I Key Plan Attached) 

Vl 
:::0 CJ 
(t) I 8/27/88 End of Roof (See <~ . )> 'C East 3 13,700 4.nno 4.59 . 3: 

I . 

t.n 
Key Plan Attached) 

OVl 
w 

)> . 
I 8/27/88 fast End of Roof ( See 0 )I C J 13.990 4,000 4. 59 0 Key Plan Attached) 01 ~ -

l C 8/27/88 East End of Roof ( See J 13,700 4.oon 4. 59 Key Plan Attached) 

r 
0 8/27/88 fast End of Roof ( See 3 14.290 5, 200 4. 7n Key Pl an Attached) 

0 8/27/88 East fnd of Roof (See l 15,150 . 5 .nno 4. fl2 Key Plan Attached) i I i I 
' ) ·-t ,0 8/27/88 fast End of Roof (See J • 14,490 s. 2on 4. 7n 

f Key Plan Attached) 

0 8/27/80 fast End of Roof ( See J 14,490 5,200 4. 7n f Key° Plan Attached) 

~ 
~ 



CotlPlll:SS I VE HASTlf. 
TlHiltJESS V fl.OC U '1-,--.S l l! L ~~ 111 IUIUlll 11& ... 

NO OAT£ LOCAIJ!!J~ .{ntn __ .{fl/ Sf C)_ _{ !~ ~ !l .{ ! !! __ !· ~ ~ } rn1111r rn s l · --· ·· - •• · ... -
pO 8/27/88 fast fnd of Roof (See 3 14,490 . 5,200 4.70 

Key Plan Attache,t) 

~D 8/27/88 fast fnd of Roof (See 3 14,490 5. 2nn 4. 7n 
Key Plan Attached) 

.. 
WI) 8/27/88 East fnd of Roof ( See 3 14,710 5,onn 4. ll2 

Key Plan Attached) 

~o 8/27/88 fast fnd of Roof (See 3 14.490 5,200 4. 7n 
Key Plan Attached) 

DD 8/27/88 fast fnd of Roof ( See l 14,490 . 5,200 4. 70 
Key Plan Attached) 

::c 
:c 
<l 8/27/88 End of Roof (See l .. 14,710 s,ono 4 .02 . I llO fast 
Vl Key Plan Atlactw,I) :;:oc:, 

11) I 

< ::c ):,, . 3: 
I 

U1 1 D 8/27/88 fast End of Roof (See 3 14,490 5,200 4. 70 OVl 
+>-

):,, Key Plan Attache,J) 
I 

0 
0 1 t>I) 8/27 /88 fast End of Roof ( See l 14,490 5,2tl0 4. 70 U1 

Key Plan Attached) . 
lE 8/27/88 East End of Roof ( See 71 14,490 5.200 '1.70 Mu It t1> le Uefl ect fans tr, Ill Key Plan Attached) 

lljlcll ,Ill Int s 111 S1111lh Uall 

r 2£ 8/27/88 fast End of Roof (See 11 14,490 5,200 4. 70 tlultlple Reflect Ions fr, Ill Key Plan Altaclwd) 
llpen ,lo I nl s In Suulh Uall 

3E 8/27/88 fast End of Roof ( See 11 14,710 5,onn 4.112 1-111 It Ip I e Reflect Ions frt ill l Key Plan Attache,t) 
tlpl.!11 ,lo Int s In S,rnth Ual 1 

t ~E 8/27/88 fast fnd of lloof ( See n 14,71() 5.011n 4 .112 H11ltlple lleflecttons f rt II Key Plan Attacht!1I) 
tlpc11 ,111 Int s in South Ual 1 

I 

1 
if 
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pf 8/27/08 East End · of Roof ( See 77 14,490 5, 200 4. 711 •ti•lt t p 1 e Re fl ectt ons fr, m Key Plan Attached) llpen ,Joints In South lla11 
pf 8/27/00 East End of Roof (See 77 14,930 5,000 4.02 M11lt t111e Ueflect Ions fr1m Key Plan Attached) 

- :-- ·· llpen ,h>lnts In South llall 
7f 8/27 /88 East End of Roof ( See 77 .. 14, 110 · 5.noo , 4 .02 t-111ltlple Re f1 ect I ans fr,m Key Pl an Attached) llpen ,Ju Int s In South Uall 
lJE 8/27/08 East End of Roof ( See 77 14,930 5,nnn 4 .112 M11ltl11le , Reflect tons frc 111 Key PI an Alt ached) llpen ,Int nts In South Ila 11 
9E 8/27/88 East End of Roof (See 11 14,490 5,200 4 •. 70 Multiple Re f1 ec t I ans fr1 Ill Key Plan Attached) llpen ,Joints In South Uall 

:e: JOE 8/27/88 East End of Roof (See 11 14,290 5,200 4. 7n l-l111t lple fleflect Ions frc Ill 
:c 
n Key Plan Altac.:111.H.I) llpen ,lt>lnts In South llall I 
V, 

::00 
(1) I llE 8/27/80 East End of Roof (See 11 14,710 5,001} 4. n2 •tirl t It> I e fle fl ectt ons fri Ill,::~ )> 

Key Plan Attached) llpen ,lulnts In South Ual 1 I 
U1 

ov, 
U1 

)> ; 
I IA 8/27/08 West End of Roof (See 11 14. 710 .. 5,000 }4 . 02 M111t lple Reflect Ions · tr, m 0 

0 Key Plan Attaclfed) 
llpen ,lnlnts tn lli>rth lla11 01 ._ 

2A 8/27/88 West End of Roof (See 11 14.290 .5. 200 ·4. 71l Mult lple lteflect Ions fr, IR Key Plan Attached) ~- llpetl ,lulnts In tlorth llall ' -
JA 8/27/88 West End of Roof (See 11 14,710 5,000 ·· 4.ll2 11111 t tple Ref1ect1ons fr m r Key Plan Attached) Open ·,1,>lnts I II flo r l h II a 11 -· .,. 

4A 8/27/88 West End of Roof (See 11 . 14,490 5,200 4. 70 t-111ltlple Ueflect Ions fr, Ill Key Plan ·Attached) 
llpen ,lolnts In lh1rlh Ual 1 

' l .. 5A 8/27/88 I-lest End of Roof (See 11 14,290 s.wn .. 4. 7n l·h1ltfple Ue flecttons fr, m ~ t(ey Plan Attached) -. llptin ,lu Int s In flu r lh IJal 1 . . ·: < .. ; . -

I 
t 

- .. . -· 
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IA 8/27/88 West fnd of Roof ( See 11 14 ,290 5,200 4.70 Hult tpl e Reflect tons fro 1 k~y Plan Attached) llpun ,lotnts tn Uorlh Uall 

8 8/27/88 West End of Roof (See 
t:ey · Plan Attached) 3 14,710 .5,flOO 4.fl2 

o. 8/21/88 West fnd of Roof ( See• 
Key Plan Attached) 3 14,290 5,200 :4. 70 

18 8/27/08 West End of Roof ( See , l 14,490 5,200 4.10 
Key Plan Att achi!il) 

8 Q/27/88 Uest . End of RoQf (See :--· l . 14,710 5.800 4.112 
Key P 1 an Attached) 

::E: 8 8/27/88 Uest End of Roof (See 3 14,0UO 51200 4. 70 :c 
n Key Plan Attached) ' (./) 

::00 
ct) ' 0 8/27/88 Uest fnd of Roof . (Se~ .3 14.290 -5. 200 4.70 < ::E: 

t> I . 3: 
'.J1 

Key Plan Attache<ll 
' 

:n 
0 (./) 

):a -
I C 8/21 /08 .. West . Ena of Roof .. . (See . . 3 - 14 ,290 5,200 4. 70 0 

0 Key Pl an Attache<l) 01 

C 8/27/88 West fnd . of Roof (Se~ J 14,490 5 1 2flll 4.70 
Key Plan Attached) 

IIC 8/27/88 West End of Uoof (See . 3 14. 710 5,000 -4. n2 ~ t:ey Plan Attached) £. 

. ,c 8/27/88 West End of Roof (See . J 14,490 5,200 4. 711 Key Pl an Attache,l) 

~c 8/27 /88 West End of Roof ( See . J 14,290 5,2011 4. 70 · Key Plan Attached) 
. , . .. 

• 
,C . 8/27 /80 Uest fnd of Roof ( See ., 3 14,490 s.20n 4. 7n ~ey· PLrn Attacheil) .. 

,) 
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ID 8/27 /88 West End of Roof (See 3 14,710 s.nnn 4.112 
Key Plan Attachecl) 

20 8/27 /88 West End of Roof ( See 3 14 I 290 s.2110 4. 70 
Key Pl an Attached) 

30 8/27/88 West End of Roof ( See l 14,710 5, flllO 4. ll2 
Key Plan Attache.d) 

40 8/27/88 West End of lloof ( See 3 14,290 1 5,2011 4. 711 
Key Plan Attachecl) 

50 8/U/OO West End of ~oof (See 3 14,490 5,200 4. 711 
key Plan Attached) 

8/27 /08 Roof (See 3 14,490 5, 201) 4. 711 :E: 
60 West End of 

:I: 
n Key Pl an Attached) 

• I 
Vl 

::00 8/27/88 West End of Roof ( See 71 14;290 5,2110 4. 70 t-111lt Ip le ~Reflect Ions fr (t) I 
IE 

,n < :E: 
• 3: 

)> Key Plan Attached) 
ll11c11 ,lolnts I n So II l h ll a 11 · I 

01 

OVl 
_, 

)> 2£ 8/27/88 llest End of Roof (Sec 11 14,490 5,?PO 4. 7n ttult lple Ile fl ect Ions fr 
I 

Ill 0 Key· Plan Attached) 
llpen ,Joints In Sl111lh Ual 1 O · 

U1 

JE 8/27/88 West End of Roof ( Sec 11 14,710 " s,nnn . 4.112 Mult lpl e Reflect Ions fr --,n Key ·pla,f Attached) 
llpl!II ,Joints In Suulh Ual 1 

4E 8/27/08 West End of Roof (See 11 14,490· 5,200 . 4. 70 Multiple Reflect tons fr rn 

"' 
Key Plan Attachecl) 

.. llptHI ,Joints In South Ual 1 
5E 8/27/88 West End of Roof (See 11 14,290 5,200 4. 70 M111t I pl e Ile fleet tons fr m ... . . ~ Key Pl an Attached) 

Clpt.!11 ,lolnts In South Uall l - . 

6E 8/27/88 Hest End of Roof (See 11 14,490 5,200 4. 711 Multiple Reflections fr Ill i Key Plan Attached) 
llpen ,lo lnts In South Ila 11 

I -

'1) 

~ 
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TABL= 3a - P:'.~IETrtATVIG RADAR :mi 
22:!.-a" BUI!..DI~IG NORr..; :JAL.L 

ON EffC::HOR SURF . .;c;; 

DATE TT!T LCC~7!0N/OE!~r?TTON 

8/22.'88 Sec:i on 8. "At Pipe Ga Tl er-:, 
F1oor- L2vei (Elevation 598) 

8/22.'38 Sec:ion a. ,a· Above Pipe 
Ga 11 er-:, Fi oar- Le•,e 1 

8/22!38 Sec:1on a. JO ~ 3e1ow Pip~ 
Gail er:, Fi oo,. L2•1e 1 

8/21/38 

. ' I 
I 

Sec:ion 8, The 
Galler-~ Floor- Levei 
71 .,' --.. ,. 

Ooer-at i ng 
(Elevati on 

8/21/38 Sec:ion 8, 31 Below Underside 
of Crane Gallery Floor- · Slao 
(Elevation 72!) 

8/-22/88 S-ec-:ion . 8,° Unaerside or ·· c·rane 
Galler-/ Floor Slac (E1evation 
724) 

8/22/88 Sei:::ion a. Mid-Oept~ of Crane 
Ga 11 ery S1 ao 

8/22/38 Sec:ion a. l ' Below Topside of 
Crane Gallery Floor Slab 

8/22/88 Sec:ion 8, Above the . Crane 
Gallery S1ab (Ele•,ation 723) 

8/22/ 88 Sec:ion 8, At Joint at · Crane 
Rail Level (Elevation 737.67) 

8/22/88 Sec:ion 8,. l ' Below Crane Rail 
Level 

8/22/88 Section 8, 2· Below Crane Rail 
Level 

8/23/88 Sec:ion 2, 2° Below Underside 
of Crane Gallery Floor Slab 

I\CO 

Ve!"":i c.1 T Bars 18" a.::., Eac: 
• Faca (E:='), Unso Ti cai:I 

Ye!"":i :.1i Bars 18" a.:., c:.:- ' Unsol ica'J 
I 

Yer-: : cJi aars 18" Oo:., e-= -· ' Uns9 ii caa 

Ye!"": i Cli Bars 18" o.c., E:=', 
Sciicad, S?iicas ~l~ana J' to~• 
Above ana Seiow Cons~~uc~ ~cn 
Joint at Gailer:, Floor L2•1e! 

I 

ver-: i cJi aars, 18" o.:e , ---l:..i", 

Unsolicad 

Ye~icai s·ars 18'° Oo: . ~ 
,._ ,._ -· , 

Unspiicea 

Vertical Bars 1a~ o.c., Oe!ac~ed 
on Outar Face Oniy, Unspliced 

' ' Vel"'tiCll Bars. 18 11 o.c., 
Oetec-:ed on Ou-car Face Oniy, 
Spl i ce<t 

Yel"'ti ca T Bars, 18 11 o.c., EF, 
Spliced 

1/el'"":icll Bars 18" O.C. 
(Average) EF., 10 of 12 Bars 
Oetec~ed ·EF are Spliced 

Same as at Crane Rail Levei 

Vel'"'tiCJl Bars, 18 11 o.c. EF, 
Unspliced 

Vertical Bars , 18" O.C. E:=, 
Spliced 
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TABLE 3a - PENEi~AiING RA.DAR NOT 
221-3 SUIL!l!NG NORTH WAL!.. 

mt EX'TE~IOR SURFt\C! . · 

D·-,._ I :. 

8/23/38 Sec-;~on 2. 3' Beiow Unaer-sice 
of Crane Gailery Fioor _Siao 

8/23/88 Sec:::on 2. Mid De~~n of c~ane 
Gailery Fioor S1ao 

8/2~/28 Sec::on 2. l' Above Unae~ide 
of Crane Gailer-v Fioor S1ao 

~ 

RE~ULTS/ RE?-4ARY.~ 

Ve~ical 3ars 18" a.:. (Poss i bly 
Cioser-) EF, Unsplicad 

Ve~-:cJl aars 18" o.:. De1:ec::e(l 
2 Laye~, Uns::,.i i ce(l 

Ver::icJi aar:. 18'' o.: . . De,;ec::ac 
2 I ' •• , .. ayers, . -O 1 1 C:"J 

8/23/38 Sec::i on ' z'~ 1·· 8Ei1ow SoTrr( ai" ., ·ve!"'";-;cal Bars 24" ·:a: :.''(?ossib i;, 
Cra·ne Ra i 1 Le'le i Closer-} EF, Soi ice~ 

8/23/88 

S/23/38 

Sec::~on 2. l' Above Joint at 
Crane ~ail Le'lei 

Sec::'fon 2, 3' Above 
Crane Ra i ~ Leve i 

,, 

·, 
-

Joint at 

Ve~"!cJl Bar:. 24" O.: . 
GPo~s1bl~ Closer-) EF, S~liced 

Ver-:ical Bars 24" o.:. (Poss'fbiy 
Closer-) EF, Unsoiiced 

; . 
8/23/88 . Sec::io·n· ~2.· 'i,•· ·selow Joint 

Roof S1ac (Eie•tation 750.57) 
at· . . Vei-:i ca 1 Bars ,. 24" · · o:t: -·· · -!?-,· · 

8/23/88 Sec-:ion 2, l' Above Joint at · 
Roof Slab (Elevation 750.5i) 

8/23/38 Sec::ion 2, 2 •, .Above Joint at 
Roof Siao 

8/24/88 Sec::ion 12, 3' Below Joint at 
Roof S1 ab ' . 

· ' 

8/24/88 Sec:ion 12, S' Below Joint at· 
Roof· S1 ab 

8/24/88 Sec-:ion 12, 7'. Below Joint at 
Roof Slab , 

: I I 
I 
•. 

8/25/88 · Section 2, 2' Above _Topside of 
Crime Gallery Floor Slab 

8/25/88 Section 2, At Topside of Crane 
Gall er-y Floor Slab (Elevation 
728) · 

8/23/88 Section 2, 3' Below Joint at 
Roof Slab (Elevation 750.67) 

A59 

Spl ic~ ; 

Ve~icJl Bars 24~ O.C. Two 
Layer-s Oe,;ac;-:ed, Sp i icea .. . 

Same as l' Above this Joint, but 

Ver:ica 1 Bars, 24" 0. C. 
(Possibly. Closer-) EF~ Splic~ 

Ver-:ical Bars, 24" O.C. 
(Possibly C1os~r) EF, About Half 
the aar-s are Scliced 

I I I • . 

Ver-ti CJ 1 Bar-s, 24" a:c. 
(Possibly C1 oser--) . EF., Some 
Splices Oetec-:ed 

Ver-ti cal Bars, 1a· · o.t . . .EF, 
Unspliced 

I 

Vertical Bars 18" o.c. E:=', 
Unspliced 

Same as 1' Below -this joint, but 
not all Bars Splic~d ~ 
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TA8L£ :Ja - P:'.~IITrtATING RAOAR NOT 
22!-8 SU I~ rnG NORTH \i/AL!. 

ON E:<Tc:~ roR SURF.:;cz 

. ! 

8/2:/88 Sec:ion 2. 2' Below Toosiae of 
Crane Ga 11 er-:, Fi oar Si ao 

Ve!'"':i cJ r 
Two Laye!'"S 

Bars. 18" O.:. 

I 

8/25/88 S~c:ion 16. At Pour Lfne 20" 
Above Graae (Eievat~on 59~) 

8/25/88 Sec:ion 16, l' Be1ow Pipe 
Gailer:, ~ioor Lev@i 

8/25/88 Sec:ion 15, Mia •eotn of Crane 
· Ga ~Ter-y S1 ao: 

Oecec:aa, Uns.Jlica'l 

Ve:":~ CJ i Bar~, 13" a.:. --'-• ' Uns.Jiice-:: 

'/e!'"':iCJi Bars, 18" o.:. ="= -· ' Uns.Jiica'l 

Ver--:icJT Bars, 18" O.:e ,.,.,o 
Laye!'"S Decac:aa ~ Uns:, ii ca'l · •· 

I 

8/26/88 Sec:ion 16, At Toosiae of C:-ane Ver--: i cJi Bars, 18" o.:. 
Ga.iler-:, S1ao (Eievation 72g=) · . · · -Uns~lica-.i · 

--~:- ' 

8/25/88 Sec:ion 16, 2 1 Beiow Joint at .. Ver--:ica i aars 211." a.,:. 
Crane Ra i,1 L::ve 1 - · , C1 dSe!" j E~, S!l 1 ic.:d 

8/25/88 ~ec:·io-n 1"5, z•:,. Alfov:e. Joint -at . 
Cr~ne Rai1 Ls•,ef ', . . : • 

8/25/ 88 Sec:ion 16, 21 Beiow Joint at 
Rot?f S1ao 

. . 

8/25 /38 Sec:ion 16, At Roof S1ao to 
Wall Joint (E1evation 750.Si), . , 

8/25/88 Sec:ion 16, 2' Belo~ Underside 
of Crane Ga 11 er-y F1 oor Sl ao 
I •. 

8/26/88 Se~tion 16, 2' Above Operating 
Ga.11 er1 . Floor Leve 1 

i ' I • 

Sec:ion 16, 4' Be1ow Operating 
I 

Ga 11 ery FJ oar· Leve-i, ; . · •. 
8/25/88 

I 

8/25/88 Sec:ion .' '15 ~ 2' Above Pipe 
G~ lT ery Floor·~ Lfie l 

:· I ' 

8/ 22/88 Sec! i o.n 8 , At Roaf Slail to Wa 11 
Join1: (E1evatjon 750~57) . 

,, 
8/22/88 Section 8, 2• Above Roof Slab 

to \ilall Joint 

8/22/88 Sec:ion 8, 2' ' Be1ow Roof st ao 
to lilall Joint · 

Ver--:i ca J- B~rs .. 2d." .. . o~·c; ... .. 
Unsp~icad · 

' Ver-ticJ1 aars 24" a. c. 
Splicaa 

Vertical Ba~ 2d." O.Cc 
Splicaa 

1/er-ti Cl l . Bars 2ti11 0. C. 
Unsplice,j 

'. 

,--•· .. c.:- , 
I 

E:=, 

El=, 

EF . 

1/er-;icai -' Sars · 2u.11 O.C. EF, Spliced 

Ver--:'fcal Sars 18" O.C. Er, 2 of 
5 Bars Decac:aa Spli~a,;i 

Ver-t i cal Bars 18" o.c. EF, 
Unsp-l iced 1 :-

Ver-::ical Bars 18'" o.c. --' e.:-' 
Spliced 

Ver-ti ca.l Bars 18" o.c. 2 ·Layers, 
Spliced -

Vertical Bars 18'" · O.C. 
Spliced 

Er, 

l!,J 1 " · ·- · · - • . ~ 
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TABL~ 3b - P:'.NQAirnG RADAR ND7 
22:!.-a BUILDI~lG sourn \IIALL 

ON EXi"ERIOR SURFAC::'. . 

CATE r::~ LOC.~ i70N/DESw !?'T'ro~, 

8/23/88 Sec-:i on 8, At Joint· at Too of 
Hct Pi oe Trenc:, ( Ei e•,at i'on 
707),, 2 ies-:s 

8/23 / 33 Sec-:~on 3. 3' Beiow Joint at 
Bot-:::m of Hot Pipe Trenc:, 

RESUL :S/RE:• ARKS 

Ver:ic:Jl Bar-s 18" O.:. E:=-, 
Uns.Jl ic2d 

No 'le::i cal i<einfor:emen~ 3ar:; 

8/23/88 Sec-:~on 3, 3' Beio~ Joint 
Top of iio: Pipe Trenc:, . . 

a: 1/er-:icai aar:; 
. . Spl i c:a 

1a" a.:. -· , 

8/23/88 Sec~i on a, 5' Beiow Joint 
Top of Hot Pipe Tr-enc~ 

at I/er-=~ ca 1 Bar:; 
Unsolic:a 

1a" a.:. --:.:- ' 

8/23/88 Sec-:ion a: 6' to 3' Above Joint 
u Ta'p of Hot Pipe Trenc::, 

8/23/88 Sec-:ion a, l' Above Joint at 
Crane Ra i .1 Leve 1 

8/23/88 Sec-:i on 8, · 2 1 Be i ow Joint at . 
. Crane Ra i 1 Leve 1 

8/23/88 Sec-:~on a, 3' Above Joint at 
C:-ane Ra i 1 Leve 1 

8/23/88 Sec-:ion a, 2' Above Joint at 
C:-ane Rail Level 

8/23/88 Sec-:ion a, 1-1/2' Beiaw Raaf ,to 
Wa 11 Joint 

8/23/88 Sec-:ian 8, l' Above Roof to 
Wall Joint 

8/23/88 Section 8, 2' Below Top of Roof 
Slab 

8/25/88 Section 8, 21 Above Joi.nt 3' to 
4' Above Canyon Deck 

A61 

Same as 5' Bei ow This Jo i :,: 

Ver:ical Bars 18" O.C. EF', 10 of 
14 Bars Detec-:ea are Solicad . . ' 

Ve,-.:;ical Bars 18" · O.C-. 
Spliced 

Ve::ical Bars la" O.:. 
Unspiice,j 

EF" • 

EF", 

Ver-:ic:al Bars 18" O.C. EF, 8 of 
14· Bars Oe'tec-:e,j are Splicaa 

Ver-:ical Bars 24• 
Spliced (Drawi ng 
W69566 Show Bars 24• 
and Bars 8-112• O.C. 
Unsp 1 iced-) 

O.C. EF, 
\i/69333 and 
O.C. Inside · 
Outside Ali 

Ve~ic:al Bar-s .18• O.C. 2 Layers, 
Spliced (Drawings W69333 and 
W69566 Show Bat"'S 24• O.C. Inside 
an!] .Bars 8-1/2 11 O.C. Outside All 
Unspl iced) :1 

Ver!ical Bars is• O.C., Front 
Face Only Detected, Unspliced 

Vertical Bars 1s• O.C, == ... ' 
Unspliced 

I . 

• •• • I 
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'TASL.:'. 3b - PE:~l• AiING 'RADAR ~:OT 
221-a BUILDI~IG sourr1 '.IALL 

ON E::CTE~!OR SURF.:\C~ 

8/2:/ 88 Se~ion 3, On Jotnt 3' to 4' 
Above Canyon De~~ 

8/25 / 33 

3/25/88 

8/25/38 

Sec:i on 18 •. ~t joi n-c 
of Ho-c Pipe irgnc:: 
701 ~ 

At 3ot::m 
( Ei e•,at i on 

Se~: i on 18, 2' Above Jo i nt at 
Bot::m of Hot Pi pe Trane~ 

Se..:-:1 on 18', --.~t t op'r of Hot ' Pi p~ 
Ti"ertc:!'t 

8/25/88 Sec':ion 18, 41 Beiow Top of Hot 
Pipe Tr~nc:i 

8/ 25/ 88 Sec:jon 18, J ' Above Top of Hot 
Pipe Trenc:.'1 

8/ 25/88 Sec:ion 18 , 2' Above Top of Hot 
Pi pe Trench 

Ve!'""!~Cl i Bars 18'' 0.::. 
Unse r tcaa 

E?, 

Ve!'""! i Cl T Bar~ 18" 0.::.. Fr-~r, : 
Faca On i :, De~ac:~. Uns:lica~ 
(Drawtngs ',169133 ana ~69::o Show 
No rteinfor:i ng ) 

' ' ' •I -

Ve!'""! i cJl aars, 24" O.C., Fron: 
• Faca Unsoiicad (Drawings Sha~ 

Unso 1 i caa Dowe 1 s 17" Oo C. , \olhic:: 
Cou 1 d 9e E:noe<idea t o ttii s L2'le i ) 

Ve~ i cal Bars, . 24" . O.C ~ 
(Possi bly Cl oser} Front · Faca 
Oniy Oeta~aa~ Spl i caa (Drawings 

1 Snow So li e~ aars 17M O. C. Front 
Faca ana Unso i icaa Bars 4-U2'' 
O.C. Back Faca i 

Ver:ic.a T . Bars , 24" a. c. 
(?ossibly C1oser) Front Face 
Only, Spiic2d (should ae the 
Same Results as Tes~ 2' Above 
Sot-:cm of Hot Pipe Trenc~ Ah i c~ 
Oe~~-:ed Unso li cad Bars. A 
Possible s~olanation for this is 
that the ies~ at the Sot~om of 
t he Trenc!i Shows Reinfor~amen~ 
NC!t on Drawings. Thus, t!iere 
cou ld be Splic~ VerticJl Bars 
at: th i s Leve l .. · 

Ver-ti cJ1 Bars 24M O.C. (Possib ly 
C1ose~) Front Face On ly 
Detected, Unsplfced · 

Vertical Bars 24M O.C. (Possibly 
C1osar) Front Face Only 
Ceta<::ed, Splicad 
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TABLE 3b PE:NE:RATING RADAR NOT ' 
22:!.-8 BU!LOntG SOUTH WAL!.. 

ON EXTERIOR SURFAC! 

8/25/38 Sec:fon 18, 3'. · to 4' Above 
Canyon Deck Level 

8/25/88 Sec~~on 18, 2' Below Crane 
Ra i 1 Le•,e 1 

8/25/38 Sec~~on 18, 2' Above Crane Raii 
Leve] 

RE!UL:;"S/i:lE:-'.~RK~ 

Ver--:i ca i Bar-z 18" a.:. 
Sp l i caa 

Ver--:~ CJ l Barz 18" a.: .. 
Soiicaa 

Ver--:~cJi Barz 18" · a.:. 
Soi i c:2a 

EF, 

--,:;- , 

i:-= .... , 

~ f , . .. ~ ~- ~ ~- !' , . .• ,.,, • - • · .,~-•: ..... ~ . ., ;~ . .. . ; - · .. .., ... . . : ·· .,..,.. •• _. ,,, . • _., . , · .. ., . . I ;"'' .. .. 

8/25/88 Sec~ion 18, 2' Above 'Roof :o Ver--:~c::il .Bars 24" a.::. (?ossit::i -, 
Wail Join't Closer-} EF, Serie~ (Diffe~iii 

· -: Than Shown• 'by Drawings. See 
Sec-=ion a Tests for Tnis Ar-ea.) 

· ;-.. 

' 8/25/88 · Sec:ion 18, AT Roof to ~an 
Join't 

8/25/88 Se~~-ion : 1a·;··,·z-; ... Belen,; ·· Roof to . 
Wail · Joint 

8/25/88 Sec:ion 16, At Bo't:om of Hot 
Pipe Tr-enc::, 

8/25/88 Sec:ion 16, 2' Below Top of Ho.t 
Pipe Tr-enc:, 
' ·• 

,;, ' , . 
' 

8/26/88 Sec:ion 16, At Top of Hot Pipe 
Trenc:, 

8/25/88 Sec:ion 16~· 2' ~elo~ Crane Rail 
Level 

8/26/88 Sec:1on 16,. 2• Above Crane Rail 
Level 

8/25/88 Section 16, 21 Above Roof to 
wa.1 l . Joint 

A63 

Ver-:~c:Jl Bars Same · as 21 Above 
This; Join't ' 

·., :• . 
Ve'i"=:ical Baf-"s" Same ·•as z-r·• ··Ab·ove-· 
This .Joint 

.• 

Ver-:ic:al Bars 24" O.C., Fron: 
Face Oniy De~ac-=ed, Unspiiced . 
(Drawings Show No Reinforcement 
at This . Level) 

Ver-:i ca 1 Bar-s 24" o.c. 
(Possibly Closer-) Front Face 
Only Oete.c::ea, 

' ' ' 
Unsp 1 i c:ed . 

Ver-ticJl Bars, 24" ' o.c . . 
(Pqsjibly · Closer-) front Faca . 
Only· Detec:ed,l, Unspl i c~ 

Vertical Bar-s 24" O.C. (Passibiy 
Cl os~r-) EF, Sp l i cect . 
Ve.,.icf~al Bar-s 24" O.C. {Possibly 
C1oser) EF, Spliced 

Ver-tic:a•l . Bars z4• o.c. (Possibly 
Closer) 2 Layers, So 1 iced 
{Different ·Than Show~ · By 
Or-awi ngs. See Sec-=i on 8 Tests · 
for- This Ar-ea.) , 



•Ai~ 

8/25/88 

8/26/38 

8/25/38 

8/26/88 

8/25/88 

8/25/88 

8/25/88 

8/25i88 

8/26/88 

8/25/38 
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iABLS 3b - P:;IQA T!~IG' RAOArt N07 
221-a SUILDI:IG sour:; \iiAL:. 

ON E:rr::~ !OR SURF.~c:: 

TES7 LCC.~7'TON/QE!• r?,.!0~1 

Sec-:i on 16. 2' Beiow Roof :o 
\.laI1 Join't 

Sec-:~on 7, 2' Above Roof -... .. .., 
\.la i 1 Join-c 

Sec-:i on ~ 2', 3eicw Roof to 
I ' 

'..la i 1 Join't 

Sec-:ion 7, ... , 
.J Above Crane ~ai 1 · 

Le•,e 1 

Sec-:ion 7, 3' aeiow Crane ~ail 
Le•,e i 

Sec-:ion 7, -6 ' tC 7' Above · 
Canyon Dec!c Le•1e1 

Sec-:ion 7, 3' to 4• Above 
Canyon· Dec!c Level 

Sec-: i on 7, 3• Above Top of Hot 
?i pe Trane:, 

Sec:ion 7, 2' Below Top of Hot 
Pipe Trenc:t 

Sec:ion 7, 2· Above Sat-:cm of 
Ha't Pipe Trench 

Ver:icli Bars Same as?' Above 
This Joint · 

Ve!"":~c~i aars Saine .1s Sec-:-:on :5 
Tes-:s far This Ar:: 

'ler-:~:.li 3ars Same ,ls Se~-:~an , ;: 
Te~-:s for Tn is Are: 

Ve!"":~cl l Bars 2'1." a.:. (?-:ss ib i~, 
Closar) ~~. so: Jf Detac-:aa 3ars 
Spi ica~ 

'ler-:1cai Bars 2a." u.:. (?oss~biy 
C1osa!'") E~, .25! of Detac-:a~ 3ar-s 
Sp l i ca!l . 

Ver-:icai Bars 2a.·• O.C.· (Passibij 
C1osar} EF, Uns~iica!l 

Ve!"":i cll Sars 24" a.::. (Possibiy 
Closarj EF, Unspltcad 

'le~ic:ai Bars 2d." OoC. (?ossibly 
Closar) Front Faca On iy 
Detac-:ad. Unsplicad (OrJwi~gs 
Show Sp ii cas at This Le•,e i ) 

1/e!"":ical Bars· 2a.·• a.:. (?assibly 
C1osa!'") Front Faca Oniy 
Oetec:ad, Unsplicad 

Ve~ical Bars 24" O.C. (Possibiy 
C1osar-) . Front Faca Oni-1 
Oetec-:ed, 30: or ·ears Detac:~ 
are Spliced (Drawing Show No 
Bars) 

8/25/88 Sec:i on 7, , Bottom of Hot Pipe 
Trench 

'le~ical Bars. 24" OoC. (Possibly 
Closer) Front Faca On l y 
Oetec-:a-d, 40: of Bars Detec:ed 

A64 

are. Spliced (Drawings Show No 
Bars I This Leve 1) 
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TA8L~ 3c - PENQATING RAD~R NOT 

221-8 BU !L!l ING ROOF 
SE:Ci!ONS 12 ANO q : 1 • 

' RE!UL "."S/RE~AR!<~ 

·'· 

I' 

8/24/88 l' , From Nor-:~ Edge• of Roof W 1 

E-',,/ Tes: To ue-cac: N-S Bars 
2 Laye~s of Spl i cec N-S Bars 18" 
0 ... (D . .. .. :1--3 •·-~---••• raw1nas ~o-~~ anc i'IO~=== 
'Show aa~ Unsoi icec) 

8/24/88 4' Frcm Nor-:~ Edge of Roof 30' 
E-• Tes: io De-cec: N-S 8ars 

Laye~ of ~ire Faerie Too 
ana 2 Laye~s of Soiic2c ~-1-S 
18" o.:. (Drawi nas :./69333 
W695:6 Snow · Bars -Unsoiice~ 

Face 
3ars 
anc 
ana 

.. ·· ·· No \iii re Faor; c) 

· a124i88 

·8/24/88 

8/24/88 

8/24/88 

8/24/88 

6 ' From Nor-:~ Edge of Roof, 30 ' 
E-',,/ , Tes: To De-cec: N-S aars 

5' From Nor-:!'l ·Eaae of Roof, 30• · 
E-W Tes-: To De,;2c-: N-S Sars 

• • p •• • • • 

10' From Nor-:!'! Edge of Roof, 
30' E-W Test To Detec: N-S Bars 

7-1/21 From North ·Edge of Roof, 
30' E-:.1 Tes: io Oei:ec-: N-S Bars 

Mid Span of Roof, 30' E-~ Test 
To Detec-: N-S Bars 

8/24/88 31 Nol'":h of Mid Span, 30 1 E-~ 
Test To Detec: N-S Bar-s 

A6S· · 

Laye!"'S of Wir~ Faerie Too Face. 
2 Layer-s of Unsoiiced N-S Sa:-s 
2a." 0 - (D . w-- 0 .,.,-. .~. raw1ngs o~~-~ anc 
Wo95oo Snow Sars at 17" O.~. ana 
No! Wi r-e Facr-i c} 

'· ' 
Layer or Wire Faor-ic Top Face, 2 
Layers of - Spliced. N-S Bar-s 17" 
o·~:. (Dr-awi n·g·s \.169333 aria ws;·:oo 
Show Unsoliced Bars and No Wire 
Facr-ic} · 

Layer of Wi r-e Mesh Top Face. No 
Top N-S Sars Detected, Bo~:crn 
Layer of N-S Bars De,;ected, bu: 
Unaole to Determine Scacing 
(Dr-awings W69333 and W69566 Show 
2 ·Layer-s of ~-s Sars and No Wi r~ 
Facr-i c) 

Layer- of Wi r-e Mesh Top F'ace, . 2 
Layer-s of Unsp 1 iced N-S Sars. 
24'' to 36" O.C. (Dr-awings \1169333 
and W69566 Show N-S Bar-s l7u 
O.C. and No Wir-e Fabr-ic) 

Bottom Layer- of N-S Bar-s 
Unspl iced z4• O.C. .(Dr-awings 
Wi69333 and W6956o Show Bottom 
N-S Bars 17• O.C.) 

Same as at Mid Span 



- _. _; 

8/24/8-8 

8/24/83 
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TABL~ 3c - PE~IE"irlATVIG RADAR ~IOi 
ZZ!.-8 BUIL~rnG ROOF 

SC:C7!0NS 12 ANO 13 . . · 

I' 

6' Nor-;~ of Mid Scan. 30' E-~ 
Tes: ia De,;ac: ~,-s 3ars 

Same as a't Mi ci Span 

N-3 Te$: Ac:-oss Roof t:J De1:ac: 
E-;.. aa~ 

• • .l. 

• .. 

601:-:c:n Lay~r of E-• Sars 2:1." 
O.:. Ac~ss F~11 :.iiat~, rao Fae: 
Has :'.-~ 3ars 24 .. o.::. · E;~-:ana'ing 
l,! ' Inwar~ From Nor-:~ ana Sou::i 
e~ge$. No iao E-~ Sta~ 1 i n 
Ccn't:r 32 ' of ~oaf Siao 

• . ; • I 

r, 

.. ~- ' ~' '' .1 .. . 

' 

I A • • " . • I " ~ 
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TABLE 3d - PENEiRATING RADAR NOi 
221-a surLOING GAL:..ERrEs 

~--
"'"' I :, 

8/2!/88 Ooe!"':?t~ ng Ga i 1 e!"'y at Ce 11 16 On 
Shieiding Wall 11 Above 
Cons":l'"'JC:-:ion Joint 

8/2.i/88 Ooe!"':?t-: ng Ga i1 er-:, Floor Ne:c: to 
.Shieiaing ~ai1 at Cell 16 

8/24/38 Ooe!"'at~ ng Ga 11 er-:; F1 oor on ~-;./ 
Center-:ine at Ce11 16 

8/24/88 Ooer-ating Galler-:, at Cells 9 
ana 10, On Shielding Wail 5 1 

Above Fioor 

8/24/88 Ooerating Gailer-y at Ceils 9 
and 10. On Shieiaing Wail 2' 
Above Floor 

8/24/88 Ooertt1ng Galle!'"'J at Cells 9 
ana 10. On Shielaing Wall 11 

Above Floor · 

8/24/88 Operating Galler-/ Floor Slab l' 
Fr-om Snielding Wall at Cells 9 
and 10 

8/24/88 Operating Galler-y at Cells 5 
and 5, On Shielding Wall 51 

Above Floor 

8/24/88 Operating Gallery at Cells 5 
and 5, On Shielding Wall Above 
Possibie Cons-:ruc-:ion Joint 2' 
Above F1 oar 

8/24/88 Oper-ating Gallery at Cells 5 
and 6, On Shielding Wall l' 
Above F1 oor-

8/24/88 Operating Gallery Floor Slab 11 

Fr-om Shielding Wall at Cells 5 
and 6 

8/25/88 Elec-:rical Gallery at Cell 22, 
On Shielding ~all at Base 

A67 

RE!UL';S/~E~ARK~ 

Ve!'"-:ical Bar-s 18" O.C. Front 
Face Only Dete~ed, 'unsolfce~ 

N-S Bars 12 11 a.:. ioo and 
Bot:=m. Unsoiice~. Wire Faor~c 
at Top Face 

N-J Bars 12" a.:. Too ana 
Bot:om Faces, Unspiice~ 

Ver--:ical Bar-s 18" a.:. Front 
Face Oniy De~ec:ed. Unsplice~ 

Ve!""':~cal Bars 18" O.C. {?ossibiy 
Close!"'} Front Face Oniy 
Dete~ed, Un,spiiced 

Same at 2' Above_ Fl oor 

N-S Bar-s 8" O.C. ,. Top and 
Bo-r:om, Some Spl i ced 

Ver:ical Ba~ 24" O.C. {Possibiy 
Closer) Front Face Only 
Oetec:ed, Unspliced 

Ver--:i cal Bars : 18" O.C. Fron: 
Face Only Oetec:ed, Unspiiced 

Ver.tical Bars -24• o.c.~(P-ossibly 
Clos e'r} F rent F.ifee ,. On 1 y 
Detec.ted. Unsplip!d 

N-S Bars 12" 0~ C. 
0 

~op and 
Bottom, Unspliced 

Vertical Bar-s 24" O.C. Front 
Face.Only Oetec:ed, Unspliced 
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TA8L£ 3d - P::~E7RATI~IG RADAR NDi-
221-a BUILD I~IG ~LL.:'.:H::3 

8/25/88 Eiec-::ric.lI Gailer:, at Ce11 22. No 'ler-:i CJ T Bars Detac-::e~ 
On Shieiding Wail S' Above 
Fi 00,. I 

8/25/ 28 Eiec::-ic.lT GaITer:, at Ceil 22. 
On i'lor-:::, '.tla i 1' 2' Above i=i oar 

8/25/88 E: ec-:::-i c.1 l Ga 11 er-:, a't Can 22, 
On No~:, Wai1 at 3ase 

Ve!'.'"":i CJ i 
Uns.:iitca'l 

Vei-;: c:i 1 
Sci i C:'l 

I 

aar'.i 13 11 a.:. 

Bars !a" a. :. 

t I 

--~- • 

--... t 

8/2:/88 Eiec::-ic.:iT° ·GaiI°er:, · at catf'z:z. · 
On Shieiding ~aI1 at aase 

ve·r-:~ ca 1 Bar~ 24" OoC. Front 

8/Z:/88 Eiec-:::-ical Gailer:, 
On Shieiding Wai1 
Fioor-

at Cel1 23, 
5' Above 

8/25188 E1e-=-:::-ica1 Galler:, at Ce i l 25 , 
On Shi ei ding \ilali at 3ase · ··· 

8/25/88 ·E, ec-:::-tca l Ga 11 ery. at · Ce 11 25, 
On Nor--:h Wall at 3ase 

8/25/88 Elec:rical Gailery at Cell 2~ , 
On Nor--::, \ila 11 5' Above Floor 

8/25/88 E1ec:ricJl Gallery 
On Shielding Wail 
Floor 

u Cell 2:!, 
2' Above 

8/25/88 Elec-:: rical Gallery at Cell 2~, 
ATE-~ Centerline of' Sase Floor 

8/25/88 Eiec-::r-ical Ga ll ery at Cell 2~. 
On 3ase Floor- l' From Shield ing 
Wa11 

8/25/88 Elec::-ical Gallery By the 
Compressor Floor Mounts On Sase 
Floor 

Face Oniy Dei:ec-:e'l, Uns.il ice~ 

No i 1/er--: i Cl 1 3ars · Dei:ec-:::1:i 

Ver-tica l aar-5s 24 11 a.c. Front 
Face On iy Oei:~-::ed , · Uns.il i ce'l 

Ver-:i CJ l Bars 24 11 o.c .. E:=' , 
Sp licea 

Ver-:~cll Bars 24 11 . o.c. E~, 
Unsp licea 

Ver-tkal Bar-s z4.•• O.C. Front 
Face Oniy Detec~ea, Unsplic:':i 

Wir! Mesn on tap Face Oetec-:ed, 
No N-S Bars Oetec~ed 

Same as~-~ Centerline of Base 
Floor 

N-S Sars 10~ O~C. Under Wire 
Mesh Oetec!ed on Top Face 



WESTINGHOUSE HANFORD COMPANY Survey Report 

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

To: t · r.... , '! ~ • :"'·· • • •• ·• ~. • !" . -~ From: C. R. Cruz SG-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 221-8 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 length of the 1-1/4" sq. 
rebar with the details of Construction Drawing No. W69333 approved in.1943 . 

-
,• -o''. s'-o" 7'- 0 11 

t:~PO<.;E.~ Rt.e,~~~ \~ T~EN(~~S 
-~sc J..LE : ,,;;a= 11-011 

Eng . 

Date: l'Z-7.0-8'-[ 

Witness , /J:;~4?J--
R 1 chard~ ciayton QA 

Date: 1z./zo/6j 

Cog Eng. Manager: /)~ /: _/)~.._ 
B Plant Design Eng. 

Date : rZ-Z0-89 

A69 
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1: 1 1 
2:221-B PLANT CANYON HORIZONTAL BLUME, 0.2g, 
3: 198 24 0 274 262 23 1 1 
4: l 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 o 8 3 5 0 
14 : 0 
15 : 20. 
16 : 0 
17: .02 .05 . 07 
18: 202 010101 000001 
19 : 57 010101 000001 
20: 51 010101 000001 
21 : 49 010101 000001 
22 : 47 010101 000001 
23: 45 . 010101 ·000001 
24.: 43 . 010101 000001 
25 : 39 010101 000001 · 
26 : 1 1 2 21 20 1 1 0.2000 
27 : 2 2 3 22 21 2 1 0.2000 
28 : 3 3 4 23 22 3 1 0.2000 
29: 4 4 5 24 23 4 1 0.2000 
30: 5 5 6 25 24 5 1 0. 2400 
31: 6 6 7 26 25 6 1 0.2400 
32: 7 7 8 27 26 7 1 0.2400 
33: 8 8 9 28 27 8 1 0.2400 
34: 9 9 10 29 28 9 1 0.2900 
35: 10 10 11 30 2910 1 0.2900 
36: 11 11 12 31 3011 1 0.2900 
37: 12 12 13 32 3112 1 0.2900 
38: 13 13 14 33 3213 1 0.2900 
39: 14 14 15 34 3314 1 0.3600 
40: 15 15 16 35 3415 1 0.3600 
41 : 16 16 17 36 3516 1 0.3600 
42 : 17 17 18 37 3617 1 0.3600 
43 : 18 18 19 38 3718 1 0.3600 
44: 19 19 262 263 3819 1 0.3600 
45 : 20 20 21 54 53 1 1 0. 2000 
46: 21 21 22 55 54 2 1 0.2000 
47 : 22 22 23 56 55 3 1 0.2000 
48: 23 23 24 51 56 4 1 0.2000 
49: 24 24 25 57 51 5 1 0.2400 
50: 25 25 26 58 57 6 1 0.2400 

B~ 

7%, 10 SEC 
19 0 

110 .0 1111. 460. 0.0320 
110 .0 1111. 345. 0.0620 
110.0 1111 . 273. 0.0880 
110.0 1111. 227. 0 . 1060 
120.0 4513. 1580 . 0.0500 
120.0 4513. 1426. 0.0600 
120 .0 4513. 1254 . 0.0760 
120 .0 4513. "1124. 0.0870 
120.0 5371. 1351. 0.0860 
120.0 5371. 1255. · 0.0930 
120.0 5371. 1175. 0.0990 
120 .0 5371. 1116. 0 . 1050 
120 .0 5371. 1068. 0. IlOO 
125 .0 18780. 6613 . 0.0490 
125 . 0 18780. 65 14 . 0.0510 
125 .0 18780 . 64 15 . 0.0520 
125.0 18780. 6324. 0.0540 
125 .0 . 18780 . 6240. 0.0550 
125.0 18780. 6158. 0.0560 
110 .0 1111. 460. 0.0320 
110 .0 1111. 345. 0.0620 
110 .0 1111. 273. 0.0880 
110 .0 1111. 227. 0. 1060 
120 . 0 4513. 1580. 0.0500 
120.0 4513. 1426. 0.0600 
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51 : 26 26 
52 : 27 27 
53 : 28 28 
54: 29 29 
55: 30 30 
56: 31 31 
57 : 32 32 
58: 33 33 
59: 34 34 
60 : 35 35 
61: 36 36 
62: 37 37 
63: 38 38 
64 : 39 57 
65 : 40 58 
66: 41 59 
67: 42 60 
68 : 43 61 
69 : 44 62 
70: 45 63 
71: 46 64 
72: 47 65 
73: 48 66 
74 : · 49 67 
75·: 50 68 

· 76: 51 69 
77: 52 70 
78: 53 72 
79: 54 73 
80: 55 74 
81: 56 75 
82: 57 76 
83: 58 77 
84: 59 78 
85: 60 79 
86: 61 80 
87: 62 81 
88: 63 82 
89: 64 83 
90: 65 84 
91: 66 85 
92: 67 96 
93: 68 97 
94: 69 98 
95: 70 99 
96: 71 100 
97: 72 101 
98: 73 102 
99: 74 103 

100: 75 104 

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

flush .i np Page 2 

27 59 58 7 1 0. 2400 
28 60 59 8 1 0. 2400 
29 61 60 9 1 0. 2900 
30 62 6110 1 0. 2900 
31 63 6211 1 0.2900 
32 64 6312 1 0.2900 
33 65 6413 1 0.2900 
34 66 65i4 1 0.3600 
35 67 6615 1 0.3600 
36 68 6716 1 0.3600 
37 69 6817 1 0.3600 
38 70 6918 1 0.3600 

263 264 7019 1 0.3600 
58 73 72 6 1 0.2400 
59 74 73 7 1 0.2400 
60 75 74 8 1 0.2400 
61 76 75 9 1 0 . 2900 
62 77 7610 1 0. 2900 
63 78 7711 1 0. 2900 
64 79 7812 1 0. 2900 
65 80- 7913 1 0.2900 
66 81 8014 1 0.3600 
67 82 8115 1 0.3600 
68 83 - 8-216 1 · 0 .3600 
69 84 8317 1 0.3600 
70 85 8418 r 0.3600 

264 265 8519 1 0.3600 
73 97 96 6 1 0.2400 
74 98 97 7 1 0.2400 
75 99 98 8 1 0. 2400 
76 100 99 -9 1 0.2900 
77 101 10010 1 0.2900 
78 102 10111 1 0.2900 
79 103 10212 1 0.2900 
80 104 10313 1 0.2900 
81 105 10414 1 0.3600 
82 106 10515 1 0.3600 
83 107 10616 1 0.3600 
84 108 10717 1 0.3600 
85 109 10818 1 0.3600 

265 266 10919 1 0.3600 
97 112 111 6 1 0.2400 
98 113 112 7 1 0.2400 
99 114 113 8 1 0.2400 

100 115 114 9 1 0.2900 
101 116 11510 1 0.2900 
102 117 11611 1 0.2900 
103 118 11712 1 0.2900 
104 119 11813 1 0.2900 
105 120 11914 1 0.3600 

B3 

120.0 4513 . 1254 . 0.0760 
120 .0 4513 . 1124 . 0.0870 
120 .0 5371 . 1351. 0.0860 
120 .0 5371. 1255 . 0.0930 
120 .0 5371. 1175 . 0.0990 
120 .0 5371. 1116 . 0. 1050 

· 120 . 0 5371. 1068 . 0.1100 
125 .0 18780. 6613 . 0.0490 
125 .0 18780 . "6514 . 0.0510 
125 .0 18780. 6415. 0.0520 
125.0 18780 . 6324 . 0.0540 
125.0 18780. 6240 . 0.0550 
125.0 18780 . 6158 . 0.0560 
120 .0 4513. 1426 . 0.0600 
120 .0 4513. 1254 . 0.0760 
120.0 4513 . 1124 . 0.0870 
120.0 5371 . 1351 . 0 . 0860 
120.0 5371 . 1255 . 0.0930 
120.0 5371 . 1175 . 0.0990 
120.0 5371 . 1116 . 0 .1050 
120.0 5371. 1068 . 0. 1100 
125.0 18780. 6613 . 0.0490 
125.0 18780 .· 6514 . 0.0510 
125.-0 .18780. 6415 . 0.0526 
125.0 18780 . 6324 . 0.0540 
125.0 18780. 6240 . 0.0550 

·1 25.o 18780. 6158 . 0.0560 
120 .0 4513. 1426 . 0.0600 
120.0 4513 . 1254 . 0.0760 · 
120.0 4513 . 1124 . 0.0870 
120.0 5371 . 1351 . 0.0860 
120.0 5371 . 1255 . 0.0930 
120.0 5371. 1175 . 0.0990 
120.0 5371. 1116 . 0.1050· 
120.0 5371. 1068. 0.1100 
125.0 18780. 6613 . 0.0490 
125.0 18780. 6514. 0.0510 
125.0 18780. 6415. 0.0520 
125.0 18780. 6324. 0.0540 
125.0 18780. 6240. 0.0550 
125.0 18780. 6158. 0.0560 
120 .0 4513. 1426. 0.0600 
120.0 4513. 1254. 0.0760 
120.0 4513. 1124. 0.0870 
120.0 5371. 1351. 0.0860 
120.0 5371. 1255. 0.0930 
120.0 5371. 1175. 0.0990 
120.0 5371. 1116. 0.1050 
120.0 5371. 1068. 0 .1100 
125.0 18780. 6613. 0.0490 
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101: 76 105 106 121 12015 1 0.3600 125.0 18780. 6514 . 0.0510 
102: n 106 107 122 12116 1 0.3600 125.0 18780. 6415 . 0.0520 
103: 78 107 108 123 12217 1 0.3600 125.0 18780 . 6324. 0.0540 
104: 79 108 109 124 12318 1 . 0.3600 125.0 18780 . 6240. 0.0550 
105: 80 109 266 267 12419 1 0.3600 125.0 18780 . 6158 . 0.0560 
106: 81 111 112 127 126 6 1 0.2400 120.0 4513. 1426. 0.0600 
107: 82 112 113 128 127 7 1 0.2400 120.0 4513. 1254 . 0.0760 
108: 83 113 114 . 129 128 8 1 0.2400 120.0 4513. 1124 . 0.0870 
109: 84 114 115 130 129 9 1 0.2900 120.0 5371 . 1351 . 0.0860 
110: 85 115 116 131 13010 1 0. 2900 120 .0 5371 . 1255 . 0.0930 
111: 86 116 117 132 13111 1 0.2900 120 .0 5371 . 1175 . 0.0990 
112 : 87 117 118 133 13212 1 0.2900 120 .0 5371 . 1116 . 0. 1050 
113 : 88 118 119 134 13313 1 0.2900 120.0 5371 . 1068 . 0. 1100 
114 : 89 119 120 135 13414 1 0.3600 125 .0 18780 . 6613 . 0.0490 
115 : 90 120 121 136 13515 1 0.3600 125 .0 18780 . 6514 . 0.05 10 
116 : 91 121 122 137 13616 1 0.3600 125 .0 18780 . 6415 . 0.0520 
117: 92 122 123 138 13717 1 0.3600 125 .0 18780 . 6324 . 0.0540 
ll8: 93 123 124 139 13818 1 0.3600 125.0 18780 . 6240 . 0.0550 
119: 94 124 267 268 13919 1 0.3-600 125 .0 18780 . 6158 . 0.0560 
120: 95 126 127 142 141 6 1 0.2400 120 .0 4513 .. · 1426 . 0.0600 

• 121 : 9.6 127 128 143 142 7 1 0.2400 120 .0 4513 . 1254 . 0. 0760 
122: 97 128 129 144 143 8 1 0. 2400 120.0 · 4513. ll24 . 0.0870 
123 : 98 129 130 145 144 9 1 0.2900 1-20 .0 5371 . 13.51 . 0. 0860 

. 124 : 99 130 131 146 14510 1 0.2900 ·]20 .0 5371. 1255. 0.0930 
125: 100 131 132 147 14611 1 ~.2900 120 .0 5371 . 1175 . · 0.0990 . 
126: 101 132 133 148 14712 1 0.2900 120 .0 5371.- 1116 . 0.1050 
127 : 102 133 134 149 14813 1 0.2900 120 .0 5371. 1068 . 0.11 00 
128: 103 134 135 150 14914 1 0.3600 125 .0 18780 . 66 13 . 0.0490 
129 : 104 135 136 151 15015 1 0.3600 125 .0 18780. 6514. 0.0510 
130 : 105 136 137 152 15116 1 0.3600 125 .0 18780 . 6415 . 0.0520 
131: 106 137 138 153 15217 1 0.3600 125 .0 18780 . 6324. 0.0540 
132 : 107 138 139 154 15318 1 0.3600 125.0 18780. 6240. 0.0550 
133 : 108 139 268 269 15419 1 0.3600 125.0 18780. 6158. 0.0560 
134: 109 141 142 164 163 6 1 · 0.2400 120 .0 4513. · 1426 . 0.0600 
135: 110 142 143 165 164 7 1 0.2400 120 .0 4513. 1254. 0.0760 
136: 111 143 144 166 165 8 1 0.2400 120.0 4513. 1124. 0.0870 
137: 112 144 145 167 166 9 1 0.2900 120.0 5371. 1351. 0.0860 
138: 113 145 146 168 16710 1 0.2900 120 .0 5371. 1255. 0.0930 
139: 114 146 147 169 16811 1 0.2900 120 .0 5371. 1175. 0.0990 
140: 115 147 148 170 16912 ·1 0.2900 120 .0 5371. 1116 . 0.1050 
141: 116 148 149 171 17013 1 0.2900 120 .0 5371 . 1068. 0. 1100 
142: 117 149 150 172 17114 1 0.3600 125 .0 18780. 6613 . 0.0490 
143: 118 150 151 173 17215 1 0.3600 125 .0 18780. 6514 . 0.0510 
144 : 119 151 152 174 17316 1 0.3600 125 .0 18780. 64 15. 0.0520 
145 : 120 152 153 175 17417 1 0.3600 125 .0 18780 . 6324. 0.0540 
146 : 121 153 154 176 17518 1 0.3600 125 .0 18780 . 6240. 0.05 50 
147 : 122 154 269 270 17619 1 0 .3600 · 125 .0 18780. 6158. 0.0560 
148 : 123 163 164 179 178 6 1 0. 2400 120 .0 4513. 1426. 0.0600 
149 : 124 164 165 180 179 7 1 0.2400 120 .0 4513. 1254. 0.0760 
150: 125 165 166 181 180 8 1. 0.2400 120 .0 4513. 1124. 0.0870 
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151: 126 166 167 182 181 9 1 0. 2900 120 .0 5371 . 1351 . 0.0860 
152: 127 167 168 183 18210 1 0.2900 120.0 5371 . 1255. 0.0930 
153: 128 168 169 184 18311 1 0.2900 120.0 5371. 1175 . 0.0990 
154: 129 169 170 185 18412 1 0. 2900 120 .0 5371 . 1116. 0 .1050 
155: 130 170 171 186 18513 1 0. 2900 120 .0 5371 . 1068. 0 . 1100 
156: 131 171 i72 187 18614 1 0.3600 125 .0 18780. 6613 . 0.0490 
157: 132 172 173 188 18715 1 0.3600 125 .0 18780 . 6514. 0.0510 
158: 133 173 174 189 18816 1 0.3600 125 .0 18780. 6415 . 0.0520 
159: 134 174 175 190 18917 1 0;3600 125 .0 18780 . 6324 . 0.0540 
160: 135 175 176 191 19018 1 0.3600 125.0 18780 . 6240 . 0.0550 
161: 136 176 270 271 19119 1 0.3600 125 .0 18780 . 6158. 0.0560 
162: 137 178 179 211 210 6 1 0.2400 120 .0 4513 . 1426 . 0.0600 
163: 138 179 180 212 211 7 1 0.2400 120 .0 4513. 1254 . 0.0760 
164: 139 180 181 213 212 8 1 0. 2400 120 .0 4513 . 1124 . 0.0870 
165: 140 181 182 214 213 9 1 0.2900 120 .0 5371. 1351 . 0.0860 
166: 141 182 183 215 21410 1 0.2900 120.0 5371 . 1255 . 0.0930 
167: 142 183 184 216 21511 1 0. 2900 120 .0 5371 . 1175 . 0.0990 
168: 143 184 185 217 21612 1 0. 2900 120 .0 5371 . 1116. 0. 1050 
169 : 144 185 186 218 21713 1 0. 2900 120 .0 . 5371. 1068 . 0. 1100 
170: 145 186 187 219 21814 1 0.3600 125.0 18780. 6613 . 0.0490 
171: 146 187 188 220 21915 1 0.3600 .125.0 18780. 6514. 0.0510 
172 : 147 188 189 221 22016 1 0.3600 125 .0 18780. 6415 . 0.0520 
173: 148 189 190 222 22117 1 0.3600 125.0 18780 . 6324 . 0.0540 
174: -.149 190 . 191 223 22218 1 0.3600 125.0 · 18780. 6240 . o. 05·5c 

· 175: 150 191 271 272 22319 1 0.3600 . 125 .0 18780 • 6158. 0.0560 
176: 151 206 207 225 224 1 1 0.2000 • 110.0 1111 . 460. 0.0320 
177: 152 207 208 226 225 2 1 0. 2000 110.0 1111. 345 . 0.0620 
178: 153 208 209 227 226 3 1 0.2000 110 .0 1111. 273 . 0.0880 
179: 154 209 204 228 227 4 1 0. 2000 110 .0 1111 . 227 . 0.1060 
180: 155. 204 210 229 228 5 1 0.2400 120 .0 4513 . 1580 . 0.0500 
181: 156 210 211 230 229 6 1 0.2400 120.0 4513 . 1426. 0.0600 
182: 157 211 212 231 230 7 1 0.2400 120 .0 4513 . 1254. 0.0760 
183: 158 212 213 232 231 8 1 0.2400 120 .0 4513. 1124 . 0.0870 
184: 159 213 214 233 232 9 1 0.2900 120.0 5371. 1351. 0.0860 
185: 160 214 215 234 23310 1 0.2900 120.0 5371. 1255. 0.0930 
186: 161 215 216 235 23411 1 0.2900 120.0 5371. 1175 . 0.0990 
187: 162 216 217 236 23512 1 0.2900 120.0 5371. 1116. 0.1050 
188: 163 217 218 237 23613 1 0.2900 120.0 5371. 1068. 0.1100 
189: 164 218 219 238 23714 1 0.3600 125.0 18780. 6613. 0.0490 
190: 165 219 220 239 23815 1 0.3600 125.0 18780. 6514. 0.0510 
191: 166 220 221 240 23916 1 0.3600 125.0 18780. 6415. 0.0520 
192: 167 221 222 241 24017 1 0.3600 125.0 18780. 6324. 0.0540 
193: 168 222 223 242 24118 1 0.3600 125.0 18780. 6240. 0.0550 
194: 169 223 272 273 24219 1 0.3600 125.0 18780. 6158. 0.0560 
195: 170 224 225 244 243 1 1 0.2000 110.0 1111. 460. 0.0320 
196: 171 225 226 245 244 2 1 0.2000 110.0 1111. 345. 0.0620 
197: 172 226 227 246 245 3 1 0.2000 110.0 1111. 273. 0.0880 
198: 173 227 228 247 246 4 1 0.2000 110.0 1111. 227. 0 . 1060 
199: 174 228 229 248 247 5 1 0.2400 120.0 4513. 1580. 0.0500 
200: 175 229 - 230 249 248 6 1 0.2400 120.0 4513. 1426. 0.060(, 
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201: 176 230 231 250 249 7 1 0.2400 120.0 4513. 1254. 0.0760 
202 : 177 231 232 251 250 8 1 0. 2400 120.0 4513. 1124 . 0.0870 
203: 178 232 233 252 251 9 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 2_5412 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 . 0.051 0 
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 18780 . 6240 . 0.0550 
213 : 188 242 273 274 26119 1 0.3600 125 .0 18780 . 6158 . 0.0560 

I 214: 189 51 57 72 71 5 0 0. 2000 150 .0 260000 . 260000 . 0.0500 
215: 190 71 . 72 96 94 5 0 0.2000 150.0 260000. 260000 . 0.0500 
216: 191 94 96 111 110 5 0 0. 2000 150.0 260000 . 260000 . 0.0500 
217 : 192 110 111 126 125 5 0 0. 2000 150 .0 260000 . 260000. 0.0500 
218 : 193 125 126 141 140 5 0 0. 2000 150.0 260000. 260000 . 0.0500 
219 : 194 140 141 163 161 5 o 0. 2000 150.0 260000. 260000 . 0.0500 
220 : 195 161 163 178 177 5 0 0.2000 150 .0 260000 . 260000 . 0. 0500 
221: 196 177 178 210 204 5 0 0. 2000 150 .0 260000 . 260000 . 0. 0500 
222 : 197 90. 92 159 157 0 a 0.2000 · 48 .0 83000. 83000 . 0.0500 
223: · 198 92 94 161 159 o 0 0.2000 48.0 83000. 83000. 0.0500 
224 : 199 39 40 41 · 42 a 0 0.2000 · 150 .0 260000. 260000 : 0.0500 
225 : 3. 50 1. 4 0.833 
226 : 200 41 42 43 44 0 0 0.2000 150 .0 260000. 260000 . 0.0500 
227 : 3.00 0 . 100 0.833 
228: 201 43 44 45 46 o a 0.2000 150 .0 260000 . 260000 . 0. 0500 
229 : 5.00 4.00 0.833 
230: 202 45 46 47 48 0 0 0.2000 150 .0 260000 . 260000 . 0.0500 
231 : 3.00 0. 90 0.833 
232: 203 47 48 49 so 0 0 0. 2000 150. 0 260000. 260000 . 0. 0500 
233: 3.00 0.90 0.833 
234: 204 49 so 51 52 0 0 0.2000 150 .0 260000. 260000 . 0.0500 
23 5: 3. 00 0.90 0.833 
236 : 205 39 40 86 87 0 0 0.2000 150.0 260000. 260000 .- 0.0500 
237: 3.50 1.40 0.833 
238: 206 45 46 88 89 0 0 0.2000 150.0 260000. 260000 . 0.0500 
239 : 4. 00 2. 00 0.833 
240: 207 47 48 90 91 0 0 0.2000 150 . 0 260000. 260000. 0.0500 
241: 1.00 0.033 0.833 
242 : 208 49 so 92 93 0 0 0.2000 150.0 260000. 260000. 0.0500 
243: 1.00 0. 033 0.833 
244: 209 88 89 90 91 0 0 0;2000 150. 0 260000. 260000. 0.0500 
245 : 7.00 11. 4 0.833 
246: 210 90 91 92 93 0 0 0. 2000 150 .0 260000 . 260000 . 0.0500 
247: 9.00 24.3 0.833 
248: 211 92 93 94 95 0 0 O·. 2000 150 . 0 260000 . 260000 . 0.0500 
249 : 9.00 24 .3 0.833 
250 : 212 86 87 155 156 0 0 0. 2000 150.0 260000. 260000 . 0.0500 
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251 : 3.00 0. 90 0.833 
252 : 213 157 158 159 160 0 0 0.2000 150 .0 260000 . 
253: 6.00 7. 20 0. 833 
254: 214 159 · 160 161 162 0 0 0.2000 150 .0 260000 . 
255: 7. 00 11.4 0.833 
256: 215 155 156 192 193 0 0 0.2000 150.0 260000. 
257: 3.50 1.40 0.833 
258: 216 159 160 202 203 0 0 0. 2000 150 .0 260000 . 
259 : 7.00 11.4 0.833 
260: 217 192 193 194 195 0 0 0. 2000 150.0 260000 . 
261: 3. 50 1.40 0.833 
262: 218 194 195 196 197 0 0 0.2000 150.0 260000 . 
263: 3.00 0. 100 0.833 
264 : 219 196 197 198 199 0 0 0.2000 150.0 260000. 
265: 5.00 4.00 0.833 
266 : 220 198 199 200 201 0 0 0. 2000 150 .0 260000 . 
267 : 5.00 4 . 00 0 . 833 
268 : 221 200 201 202 203 0 0 0. 2000 150 .0 260000 . 
269 : 8.00 17 . 0 0.833 
270: 222 202 203 204 205 0 0 0. 2000 150.0 260000 . 
271 : s.oo 4.00 0.833 
272 : 1 SEED AND IDRISS (1972) - - SAND 
273:1.000 .984 .934 .826 . 656 .443 .246 .115 .049 - .049 .049 
274 : -0~5 0.8 1. 7 3. 2 5.6 10 .0 15 . 5 21.0 24 .6 24.l 24 .6 
275 : 1 -22 . 0 22 .0 0 0.0000 
276: 2 -22.0 18 .0 0 0.0000 
277 : 3 -22 .0 14 .0 0 0.0000 
278: 4 -22 . 0 10.0 0 0. 0000 
279: 5 -22 .0 6.0 p 0.0000 
280: 6 -22 . 0 0.0 0 0.0000 
281: 7 - 22 .0 -10.0 0 0.0000 
282: 8 -22 . 0 - 20 .0 0 0.0000 
283: 9 -22 . 0 -30.0 0 0.0000 
284: 10 -22 . 0 -40 .0 0 0.0000 
285 : 11 -22 . 0 -50 .0 0 0.0000 
286: 12 -22 . 0 -60.0 0 0.0000 
287: 13 -22 .0 -70.0 0 0.0000 
288: 14 -22.0 -80.0 0 0.0000 
289: 15 -22 .0 -90.0 0 0.0000 
290: 16 -22.0 -100.0 0 0.0000 
291: 17 -22.0 -110.0 0 0.0000 
292: '. 18 -22.0 -120.0 0 0.0000 
293: 19 -22 .0 -130.0 0 0.0000 
294: 20 -11 .0 22.0 0 0.0000 
295: 21 -11.0 18 . 0 0 0.0000 
296: 22 -11 .0 14.0 0 0.0000 
297: 23 -11.0 10.0 0 0.0000 
298 : 24 -11.0 6.0 0 0.0000 
299: 25 -11.0 0. 0 0 0.0000 
300: 26 -11.0 -10.0 0 · 0.0000 
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301: 27 -11.0 -20.0 0 0.0000 
302: 28 -11.0 -30.0 0 0.0000 
303: 29 -11.0 -40.0 0 0.0000 
304: 30 .-11.0 -50.0 0 0.0000 
305 : 31 -11.0 -60.0 0 0.0000 
306: 32 -11.0 -70.0 0 0.0000 
307: 33 -11.0 -80.0 0 0.0000 
308: 34 -11.0 -90.0 0 0.0000 
309: 35 -11.0 -100.0 0 0.0000 
310: 36 -11.0 -110.0 0 0.0000 
311: 37 -11.0 -120.0 0 0.0000 
312: 38 -11.0 -130.0 0 0.0000 
313: 39 · 0.0 75.5 0 0.0000 
314: 40 a.a 75.5 4 0.0000 
315: 41 0.0 60.3 0 0.0000 
316: 42 0. 0 60.3 4 0.0000 
317: 43 0.0 60 .0 0 9 . 4 
318: 44 0. 0 60.0 4 0.0000 
319: 45 0. 0 48 . 5 0 0.0000 
320: 46 0. 0 48 . 5 4 0.0000 
321: 47 0. 0 34 .0 0 0.0000 
322: · 48 0.0 34 .0 4 0.0000 ,' 
323: · 49 0.0 20 .0 .0 0.0000 
324: · 50 0.0 20 . 0 4 0.0000 
3-25: 51 0.0 6.o · 0 0.0000 
326: 52 0.0 6.0 4 0.0000 
327: 53 0.0 22 .0 a 0.0000 
328: 54 0.0 18.0 0 0.0000 
329 : 55 0.0 14.0 0 0.0000 
330: 56 0.0 10 .0 0 0.0000 
331: 57 0.0 0.0 0 0.0000 
332: 58 0.0 -10.0 a 0.0000 
333 : 59 0.0 -20.0 0 0.0000 
334: 60 0.0 -30.0 0 0.0000 
335: 61 0.0 -40 .0 0 0.0000 
336: 62 0.0 -so.a 0 0.0000 
337: 63 0.0 -60.0 0 0.0000 
338: 64 a.a -70.0 0 0.0000 
339: 65 a.a -80.0 0 0.0000 
340: 66 a.a -90.0 0 0.0000 
341: 67 a.a -100 . 0 0 0.0000 
342 : .68 0.0 -110.0 0 0.0000 
343: 69 a.a -1 20 .0 0 0.0000 
344: 70 0.0 -130 .0 0 0.0000 
345 : 71 8.5 6.0 0 0.0000 
346: 72 8.5 0.0 0 0.0000 
347: 73 8. 5 -10 .0 0 0.0000 
348: 74 8. 5 -20 . 0 0 0.0000 
349: 75 8. 5 -30 . 0 0 0.0000 
350: 76 8. 5 -40.0 0 0.0000 
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351: 77 8. 5 -50 .0 0 0.0000 
352 : 78 8. 5 -60 .0 0 0. 0000 
353 : 79 8. 5 -70 .0 0 0.0000 
354: 80 8. 5 -80 .0 0 0.0000 
355: 81 8.5 -90 .0 0 ·0. 0000 
356: 82 8. 5 -100.0 0 0.0000 
357: 83 8. 5 -110.0 0 0.0000 
358: 84 8 .5 -120 .0 0 0.0000 
359: 85 8. 5 -130.0 0 0.0000 
360: 86 17 . 0 75 . 5 0 0.0000 
361: 87 17 .0 75 . 5 ·4 0.0000 
362: 88 17 .0 48.5 0 0.0000 
363: 89 17 .0 48.5 4 0.0000 
364: 90 17 .0 34.0 0 10 . 5 
365: 91 17 .0 34 .0 4 0. 0000 
366 : 92 17 .0 20 .0 0 0. 0000 
367 : 93 17 . 0 20 . 0 4 0.0000 
368: 94 17 .0 6. 0 0 0.0000 
369 : 95 21.0 6.0 4 0.0000 
370 : 96 17 . 0 0. 0 0 0.0000 
371 : 97 17 .0 -10 .0 0 0.0000 
372: 98 17 .0 -.20 .0 0 0.0000 ' 
373 : 99 17 . 0 -30 .0 . 0 0.0000 
374 : 100 17 . 0 -40 .0 0 0.0000 
375 : 101 17 .0 ~so.a 0 0.0000 
376: 102 17.0 -60 .0 0 0.0000 
377: 103 17.0 -70 .0 0 0. 000_0 
378 : 104 17 .0 -80.0 0 0.0000 
379 : 105 17 .0 -90 .0 0 0.0000 
380 : 106 17 .0 -100 .0 0 0.0000 
381: 107 17 .0 -110.0 0 0.0000 
382: 108 17 . 0 -120 .0 0 0.0000 
383: 109 17.0 -130.0 0 0.0000 
384 : 110 25.3 6.0 0 0.0000 
385 : 111 25.3 0.0 0 0.0000 
386: 112 25.3 -10.0 0 0.0000 
387: 113 25.3 -20.0 0 0.0000 
388: 114 25.3 -30.0 0 0.0000 · 
389: 115 25.3 -40.0 0 0.0000 
390: 116 25.3 -50.0 0 0.0000 
391: 117 25.3 -60.0 0 0.0000 
392: 118 25.3 -70.0 0 0.0000 
393: 119 25.3 -80.0 0 0.0000 
394: 120 25.3 -90.0 0 0.0000 
395: 121 25.3 -100.0 0 0.0000 
396: 122 25.3 -110.0 0 0.0000 
397: 123 25.3 -120.0 0 0.0000 
398: 124 25.3 -130.0 0 0.0000 
399: 125 33.5 6.0 0 0.0000 . 
400: 126 33.5 0.0 0 0.0000 
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401: 127 33.5 -10.0 0 0.0000 
402: 128 33.5 -20.0 0 0.0000 
403: 129 33.5 -30.0 0 0.0000 
404: 130 33.5 -40.0 0 0.0000 
405: 131 33.5 -50.0 0 0.0000 
406: 132 33.5 -60.0 0 0.0000 
407: 133 33.5 -70.0 0 0.0000 
408: 134 33.5 -80.0 0 0.0000 
409: 135 33.5 -90.0 0 0.0000 
410 : 136 33 . 5 -100.0 0 0.0000 
411: 137 33.5 -110.0 0 0.0000 
412: 138 33 . 5 -120.0 0 0.0000 
413: 139 33.5 -130.0 0 0.0000 
414 : 140 41.8 6.0 0 0.0000 
415: 141 41.8 0. 0 0 0.0000 
416 : 142 41.8 -10 .0 0 . 0.0000 
417: 143 41.8 -20.0 0 0.0000 
418: 144 41.8 -30.0 0 0.0000 
419: 145 41.8 -40.0 0 0.0000 
420 : 146 41.8 .. so .a 0 0:0000 
421 : 147 41.8 :.so.a 0 0.0000 ' 
422: 148 41.8 -70 .0 0 0.0000 
423: 149 . 41.8 -80 .-0 · 0 0.Q000 
424: 150 41.8 -90.0 0 0.0000 
425: 151 41.8 -100.0 0 . 0.0000 
426: 152 41.8 0 110.0 0 0.0000 
427: 153 41.8 -120.0 0 0.0000 
428 : 154 41.8 -130 . 0 0 0.0000 
429: 155 50.0 75 . 5 0 0.0000 
430: 156 50.0 75 . 5 4 0.0000 
431 : 157 50.0 34.0 0 15 .9 
432 : 158 so.a 34.0 4 0.0000 
433 : 159 50.0 20 . 0 0 0;0000 
434: 160 50.0 20.0 4 0.0000 
435: 161 so.a 6.0 0 0.0000 
436: 162 so .a 6.0 4 0.0000 
437: 163 50.0 0.0 0 0.0000 
438: 164 so.a -10.0 0 0.0000 
439: 165 50 .0 -20.0 0 0.0000 
440: 166 so.a -30.0 0 0.0000 
441: 167 so .a -40 . 0 0 0.0000 
442: 168 so .a -50 . 0 0 0.0000 
443: 169 so.a -60.0 0 0.0000 
444 : 170 50 .0 -70.0 0 0.0000 
445: 171 so .a -80.0 0 0.0000 
446: 172 so.a ~90 .0 0 0.0000 
447: 173 50 .0 -100.0 0 0.0000 
448: 174 50 -. 0 -110. 0 0 0.0000 
449: 175 so .a -120 .0 0 . 0.0000 
450: 176 so .a -130 .0 0 0.0000 
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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: 180 57 .S -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 0.0000 
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 0.0000 
465: 191 57.5 -130 .0 0 0.0000 
466: 192 65 .0 75 . 5 0 0.0000 
467: 193 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 65 .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 ·o 5.4 
475: 201 65 .0 34.0 4 0.0000 
476: 202 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 -50.0 0 0.0000 
490: 216 65.0 -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 65.0 -100.0 0 0.0000 
495: 221 65.0 -110. 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 18.0 0 0.0000 
500: 226 76.tl 14.0 0 0.0000 
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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 ·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 
511: 237 76.0 -80.0 0 0.0000 
512 : 238 76.0 -90 .0 0 0.0000 
513: 239 76 .0 -100 .0 0 0.0000 
51 4: 240 76 . 0 -110 .0 0 0.0000 
51 5: 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 81 ;0 -10 . 0 o 0.0000 
524: 250 87 .0 . 20 .0 0 0.0000 
525: 251- a1.o -30.0 a 0.0000 
526: 252 87 . 0 -40 .0 0 0.0000 
527: 253 87 .o -so .a o 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 -1 00 . 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 a.a -140.0 a 0.0000 
539 : 265 8. 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, ZPA=0.2G, 2000 PO INTS, DT=0.005 SEC 
550 : 0. 014141 0.015267 0. 015951 0.016336 0.016758 0.016979 0.016954 0.016629 
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551: 0.016387 0.014176 0.012741 0.012053 0.012072 0.013171 0.014876 0.017093 
552: 0.01984 0.021099 0.023141 0.026073 0.029939 0.037493 0.045393 0.05311 
553: 0.06014 0.06091 0.059508 0.055398 0.049001 0.037907 0.026378 0.014272 
554: 0.001441 -0.00677 -0 .01338 -0 .01761 -0.01990 -0.01439 -0 .00808 -0 .00104 
555: 0.006429 0.012848 0.018841 0.024301 0.029027 0.034387 0.038556 0.041552 
556: 0.043204 0.042491 0.039895 0.03584 0.031054 0.026087 0.021089 0.016132 
557: 0.01135 0.006611 0.002235 -0.00184 -0.00566 -0.00886 -0.01144 -0.01315 
558: -0.01381 -0.01283 -0.00985 -0.00415 0.004511 0.016791 0.030787 0.045693 
559: 0.060681 0.073881 0.085265 0.094298 0.10078 0.10586 0.10828 0.10854 
560: 0.10743 0.099773 0.091325 0.082144 0.072774 0.060798 0.049628 0.039169 
561: 0.029597 0.022669 0.017903 0.015289 0.014354 0.017219 0.02086 0.024616 
562: 0.027679 0.030691 0.032532 0.033329 0.033026 0.029921 0.026439 0.02358 
563: 0.021906 0.023391 0.025428 0.027969 0.03118 0.035398 0.039848 0.044269 
564: 0.048323 0.053083 0.056118 0.057932 0.059805 0.045853 0.030447 0.012098 
565: -0.00802 -0.04041 -0.07013 -0.09856 -0.12732 -0.13763 -0.14449 -0.14655 
566: -0 . 14507 -0 . 13217 -0 . 11847 -0 . 10416 -0.08990 -0.07835 -0 .06819 -0 .05979 
567: -0.05395 -0.04765 -0 .04442 -0 .04291 -0.04212 -0.04422 -0.04824 -0 .05424 
568: -0.06112 -0.06946 -0.07723 -0.08476 -0.09199 -0.09783 -0.10186 -0. 10388 
569: -0.10425 -0 . 10403 -0.10263 -0.10052 -0 .09864 -0 .09453 -0.09178 -0 .09016 
570 : -0 .08947 -0 .08805 -0.08727 -0.08651 -0.08492 -0.08225 -0.07819 -0 . 07344 
571: -0.06886 ~0 .06435 -0 .06082 -0.05857 -0.05807 -0.05861 -0.05987 -0.06021 
572: -0.05828 -0 .05260 -0.04369 -0.03127 -0.01547 0.002165 0.020401 0.037552 
573; 0.052543 0.065438 0.074942 0.080607 0:082711 0.081845 0.080291 0.079037 
574: 0.0_78"263 0.078916"0.080944 0.085248 0 .. 091849 0.098656 0.10578 0.11357 
575: 0.12335 0.13698 0. 15169 -0. 16498 0.'17556 0.-18212 0.18122 0·.17632 
576: 0.17065 0. 16412 0. 15822 0.15447 0.15272 · 0.2 0.14403 0.13623 
577: 0.13238 0. 13297 0. 13592 0.13886 0.14099 0.14301 0.1462 0.15176 
578: 0.15391 0.15342 0. 15132 0.14713 0.14372 0.09985 0.05871 0.015343 
579: -0.03387 -0.05317 -0 .07290 -0.0917 -0.11191 -0.10793 -0.10694 -0.10617 
580: -0.1034 -0.11177 -0 . 11725 -0.12081 ~0.1245 -0.11521 -0.10683 -0 .09761 
581: -0.08761 -0.08534 -0.08618 -0 .08861 -0.08937 -0.08298 -0.07344 -0.06224 
582: -0.0501 -0.04108 -0.03075 -0.01980 -0.00955 0.001083 0.010458 0.019357 
583: 0.027549 0.032723 0.034824 0~035142 0.036391 0.039454 0.045406 0.052987 
584: 0.060168 0.068784 0.074023 0.078624 0.087285 0.076087 0.066732 0.053456 
585: 0.035166 -0.01344 -0.05908 -0.10375 -0.15238 -0.14338 -0.13559 -0.12458 
586: -0.11021 -0.11389 -0.11867 -0.12308 -0.1247 -0.10939 -0.09127 -0.07275 
587: -0.05666 -0.04892 -0.04437 -0.03996 -0.03384 -0.02184 -0.01246 -0.00624 
588: -0.00062 -0.01846 -0.03492 -0.05171 -0.06869 -0.08951 -0.10701 -0.12281 
589: -0.13979 -0.13467 -0.12981 -0.12317 -0.11463 -0.1114 -0.10978 -0.11091 
590: -0.11487 -0.11704 -0.1195 -0.12092 -0.12082 -0.11817 -0.11247 -0.102 
591: -0.08590 -0.06542 -0.04249 -0.01931 0.002564 0.022328 0. 038801 0.051288 
592: 0.059384 0.062803 0.062503 0.059657 0.055638 0.052055 0.049549 0.048618 
593: 0.048914 0.048999 0.048277 0.046563 0.04408 0.040725 0.035995 0.030222 
594: 0.024863 0.013962 0.005742 0.000264 -0.00218 -0.00194 0. 001463 0.006745 
595: 0.012477 0.016899 0.020495 0.022402 0.021659 0.02228 0. 020458 0.016544 
596: 0.010334 0.006712 0.000955 -0.00629 -0.01483 -0.02664 -0.04011 -0.05471 
597: -0.06936 -0.08042 -0.08842 -0.09207 -0.09103 -0.08632 -0.07788 -0.06579 
598: -0.05034 -0.03170 -0.01282 0.004337 0.018346 0.027584 0.032927 0.035129 
599: 0.035029 0.033055 0.028724 0.022628 0.016595 -0.00261 -0.01996 ~o.03684 
600: -0.05421 -0.06420 -0.07293 -0.08025 -0.08700 -0.08468 -0.08129 -0.07542 
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601: -0.06649 -0 .05902 -0.04980 -0.03985 -0.03013 -0.01718 -0.00521 0.005792 
602: 0.015197 0.020207 0.022028 0.021871 0.021967 0.025485 0.031382 0.038908 
603: 0.04692 0.053524 0.059644 0~065705 0.071684 0.076125 0.07762 0.076248 
604: 0.074536 0.05535 0.039579 0.025241 0.009967 0.010209 0.009576 0.008196 
605: 0.005200 0.006306 0.006404 0.007003 0.008499 0.003900 -0.00044 -0 .00319 
606: -0.00263 0.011082 0.028327 0.047776 0.067487 0.076787 0.083788 0.08993 
607: 0.096717 0.11244 0.12395 0.12937 0.13129 0.080407 0.031112 -0.01958 
608: -0.07339 -0.08886 -0.09833 -0.10028 -0.09909 -0.08579 -0.07621 -0.06714 
609: -0.05513 -0.04665 -0.03730 -0.03029 -0.02751 -0 .02119 -0 .01464 -0.00384 
610: 0.012131 0.029471 0.043533 0.052974 0.060981 0.036901 0.015012 -0.00773 
611: -0 . 03294 -0 .03904 -0.04177 -0.04020 -0.03673 -0 .02186 -0.00852 0.004418 
612: 0.0179 0.024227 0.02967 0.032661 0.031634 0.032906 0.029738 0.023559 
613: 0.015677 0.003860 -0 .00842 -0. 01999 -0.02933 -0.03323 -0.03310 -0.02856 
614: -0. 01972 -0. 01149 -0.00233 0.005643 0.011447 0.00577 -0 .00184 -0.01129 
615 : -0.02212 -0 .01983 -0 .01591 -0.00953 -0.00127 0.001995 0.003935 0.003 403 
616: -0.00011 -0 .00307 -0.00871 -0.01671 -0 .02671 -0.03925 -0. 05089 -0 .05927 
617: -0 .06291 -0.05969 -0 .05316 -0 .04473 -0 .03569 -0.02868 -0.02342 -0.02022 
618: -0 .01865 -0.01930 -0.02127 -0.02470 -0.02913 -0.04095 -0 .051 98 -0 .06186 
619: -0 .07035 -0.07519 -0 . 07830 -0.08020 -0.08141 -0 .08123 -0.07968 -0.07628 
620: -0.07098 -0.05606 -0 . 03957 -0.02218 -Q.00506 0.007921 0. 019003 0.027953 
621: 0.034438 0.041506 0.046225 0.049089 0.049908 0.04651 2 0.040442 0.03343 ~ 
622: 0.027883 0.027035 0.029172 0. 03389 0.041106 0.04952 0.061157 0.07639 
623: 0.094819 0. 11441 0. 13263 0. 14769 0.15966 0. 14614 0.12965 0. 10874 
624 : 0.083204 0.068622 0~05417 o.040987 o.~28477 0.025148 0.022598 0. 022282 
625 : 0.024985 0.027227 0.030343 0.032935 0.034565 0.030174 0.026041 0.022168 
626: 0.017938 0. 016762 0.015419 0.014815 0.015315 0. 022082 0.028856 0.035255 
627 : 0. 041 109 0. 042755 0.042888 0.04091 0.03676 0.034526 0.031992 0. 030062 
628: 0. 029073 0. 027056 0.026716 0.028752 0.033201 0.041554 0.050064 0. 057733 
629: 0.063946 0.066209 0. 066508 0. 065519 0.064557 0.067024 0. 07117 0.076589 
630: 0. 082474 0.086258 0.08989 0.093516 0.097018 0. 1021 0. 10684 0.1117 
631: 0. 11675 0. 11539 0.11311 0. 1109 0.11093 0.1 1773 0.12728 0. 13713 
632: 0. 14465 0.14301 0. 13694 0. 12797 0. 1187 0. 10605 0.093288 0.078541 
633: 0. 06236 0.019662 -0 .01860 -0.05337 -0 .08754 -0 .07648 -0.06428 -0.04955 
634: -0 .03395 -0.02829 -0 .02663 -0.02676 -0 .02495 -0.02062 -0.01378 -0.00713 
635 : -0 . 00266 -0 .01363 -0.02645 -0 .03979 -0.05227 -0.05946 -0.06618 -0 .07424 
636: -0 . 08426 -0.09859 -0.11135 -0.122 -0 . 13157 -0.12284 -0 . 11394 -0 . 10477 
637: -0 . 09614 -0 . 09254 -0.00991 -0 . 08686 -0.08244 -0.01230 ~o.06257 -0.05487 
638: -0.05070 .-0. 05323 -0 .05960 -0.06801 -0 .07609 -0 .07743 -0.07401 -0.06453 
639: -0.04932 -0 . 03246 -0 .01348 0.006791 0.027902 0.051105 0.071285 0. 086202 
640 : 0. 094841 0. 095445 0.092598 0.089683 0.089377 0.091582 0.094163 0.0957Z4 
641: 0. 097514 0. 066759 0.037868 0.008212 -0 . 02363 -0.02982 -0. 03268 -0.03088 
642 : -0.02619 -0.01 290 -0.00030 0.011912 0.02407 0. 03 1598 0.037897 0.041589 
643 : 0.041339 0.042843 0.043216 0.045616 0.050674 0. 05447 0. 055657 0.054355 
644 : 0.053227 0. 054563 0.059149 0.066133 0.074023 0.083818 0.092539 0.10203 
645: 0. 11488 0.11069 0. 10537 0. 094796 0.079889 0.03 21 74 -0.01 139 -0 .05277 
646: -0 . 09617 -0.09225 -0. 08867 -0 . 08276 -0 .07531 -0.07619 -0 .08054 -0.08780 
647: -0 .09560 -0 .0972 -0.09481 -0.08883 -0.08180 -0 .07279 -0 .06595 -0.05875 
648: -0.04846 -0 . 05334 -0 .0591 9 -0.06945 -0.08405 -0.10085 -0 . 11564 -0.12816 
64.9: -0 . 14011 -0.1329 -0.12606 -0.11887 -0 . 11139 -0. 11 235 -0.11335 -0.11 386 
650 : -0. 11353 -0 . 10542 -0.09608 -0 .08561 -0.07526 -0.06986 -0 .06785 -0 .06855 · 
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651: -0.07000 -0.06852 -0.06568 -0.06155 -0.05614 -0.05042 -0 .04323 -0 .03466 
652: -0.02544 -0.02164 -0 .02115 -0.02528 -0.03327 -0.0521 -0 .07075 -0.08837 
653: -0.10451 -0.10893 -0 . 11035 -0.10883 -0.10528 -0.09990 -0 .09443 -0.08957 
654: -0.08596 -0.08424 ~0.08316 -0.08184 -0 . 08008 -0.07212 -0.06414 -0.05577 
655: -0.04678 -0 .04120 -0.03565 -0.03027 -0 .02551 -0.01614 _-0.00953 -0.00476 
656: 0.000692 -0.01313 -0.02575 -0.03988 -0.05661 -0.07366 -0.08937 -0.10374 
657: -0.11873 -0.11218 -0.1066 -0.09993 -0.09102 -0.09302 -0 . 09389 -0.09401 
658: -0 .09315 -0.08085 -0.06618 -0.04918 -0.03115 -0.01855 -0.00758 0.002513 
659: 0.012931 0.027089 0.040969 0.053502 0.063995 0.070227 0.074561 0.077967 
660: 0.081409 0.083471 0. 08483 0.084933 0.08422 0.074272 0.064652 0.055241 
661: 0.046218 0.039919 0.034246 0.02816 0.020858 0.013536 0.006871 0.001973 
662: -0.00074 0.006960 0.017568 0.031079 0.046541 0.060089 0.073063 0.084823 
663: 0.094677 0. 10454 0.11114 0.11448 0.11474 0.11085 0.10493 0.098458 
664: 0.092931 0.090137 0.088987 0.089124 0.090173 0.090831 0.091976 0.094029 
665: 0.09732 0.10146 0. 10549 0.10904 0.11265 0.10442 0.095895 0.086295 
666: 0.076029 0.065527 0.056226 0.047249 0.037597 0.030555 0.024269 0. 019299 
667: 0.015221 0.019518 0.024206 0.029277 0.034105 0.03714 0. 038996 0.040187 
668: 0.040992 0.041947 0.04165 0.040298 0.038535 0.030978 0.022871 0.013961 
669: 0.004804 -0 . 00452 -0.01291 -0.02097 -0.02932 -0.03415 -0. 03787 -0.03968 
670: -0.03964 -0.03615 -0.03151 -0.02565 -0.01864 -0.01339 -0.00809 -0. 00335 
671: 0.000392 0. 004383 0.007077 0.008398 0.008426 0.009130 0.009417 0.009633 
672: 0.009852 0.010095 0.010663 0.011791 0.013383 0.017079 0.021072 0.025641 
673 : o.o30691 .o.o35853 0.040536 0.045243 ·0.0500-0.055904 0.062874 o. 068234 
674: 0.072837 0.0692 0.06468 0.058743 0.051496 0.044146 0.036834 0;029293 
675: 0.021015· 0.0110~0 0.001494 -0.00126 ~0.01535 -0.01307 -0.01022 -0.00669 
676~ -0.-00300 -0.00103 -0.00018 O.U00041 0.000295 -0.00094 -0.00323 -0.00733 
677: -0.01308 -0.02691 -0.04092 -0.05483 -0.06841 -0.07458 -0.07880 -0.08052 
678: -0.07994 -0.07680 -0.07201 -0.06527 -0.05633 -0.04545 -0.03340 -0.02113 
679: -0.00959 0.001179 0.010516 0.018765 0.026148 0.031664 0.035157 0.03643 
680: 0.036136 0.028058 0.019568 0.010576 0.001349 -0.00488 -0.00978 -0.01332 
681: -0.01592 -0.01624 -0.01575 -0.01430 -0.01202 -0.00633 -0.00027 0.005914 
682: 0.01182 0.016294 0.019841 0.022758 0.025442 0.026338 0.026868 0.026897 
683: 0.026664 0.025366 0.024709 0.024764 0.025334 0.028922 0.032531 0.035888 
684: 0.038603 0.039665 0.039326 0.037465 0.034086 0.029761 0. 024158 0.017529 
685: 0.010091 0.001852 -0.00691 -0.01580 -0.02425 -0.03476 -0.04464 -0.05383 
686: -0.06169 -0.06890 -0.07346 -0.07573 -0.07622 -0.07318 -0.06844 -0.06242 
687: -0.05615 -0.04639 -0.03798 -0.03097 -0.02535 -0.02369 -0.02349 -0.02461 
688: -0.02698 -0.02992 -0.03417 -0.03948 -0.04539 -0.05167 -0.05795 -0.06407 
689: -0.06974 -0.07354 -0.07566 -0.07549 -0.07286 -0.06658 -0.05882 -0.04979 
690: -0.03941 -0.03561 -0.03135 -0.02759 -0.02486 -0.01820 -0.01204 -0.00625 
691: -0.00109 0.003697 0.007425 0.010325 0.012843 0.013481 0.014247 0.015016 
692: 0.015737 0.017693 0.02044 0.024309 0.029109 0.034502 0.039644 0.044201 
693: 0.048098 0.052596 0.056387 0.059295 0.061179 0.061862 0.062094 0.062243 
694: 0.062316 0.063372 0.064123 0.064845 0.065809 0.066497 0.067618 0.069378 
695: 0.071833 0.078101 0.084593 0.091415 0.09854 0.10109 0.1018 0.1002 
696: 0.097194 0.084165 0.070865 0.05623 0.039816 0.024856 0.010722 -0.00210 
697: -0.01430 -0.01793 -0.02136 -0.024 -0.02568 -0.02752 -0.02880 -0.02932 
698: -0.02891 -0.02591 -0.02220 -0.01773 -0.01256 -0.01176 -0.01154 -0.01224 
699: -0.01353 -0.01728 -0.02140 -0.02643 -0.03245 -0.03848 -0.04404 -0.04905 
700: -0.05389 -0.05438 -0.05431 -0.05339 -0.05193 -0.04783 -0.04361 -0.03900 
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701: -0.03417 -0.03035 -0.02748 -0.02551 -0.02415 -0.02287 -0.02204 -0.02130 
702: -0.02009 -0.01861 -0.01603 -0.01206 -0.00647 -0.00039 0.006403 0.013296 
703: 0.020023 0.020572 0.020168 0.018274 0. 01506 0. 011525 0.008080 0.004551 
704: 0.000417 -0.00091 -0.00252 -0.00405 -0.00572 -0.00562 -0.00659 -0.00868 
705: -0.01162 -0.01857 -0.02548 -0.03204 -0.03804 -0 .04040 -0.04160 -0 . 04147 
706: -0 .04025 -0.03825 -0.03596 -0.03334 -0.03021 -0.02626 -0.02216 -0.01825 
707: -0.01477 -0.01221 -0.01017 -0.00857 -0.00743 -0.00615 -0.00562 -0.00574 
708: -0.00624 -0.00939 -0.01278 -0.01629 ~0.01954 -0.02382 -0 .02735 -0 . 03055 
709: -0.03375 -0.03589 -0.03753 -0.03849 -0.03892 -0.03456 -0.02954 -0 .02373 
710: -0.01754 -0.01140 -0.00619 -0.00164 0.002728 0.004317 0.005331 0.005769 
711: 0.006400 0.002951 0.001074 0.000612 0.001348 0.006142 0.011729 0.017398 
712: 0.022383 0.026039 0.028443 0. 029454 0.028987 0.028981 0.0283 17 0.027437 
713: 0.026411 0. 026246 0.026071 0.026206 0.026748 0.027034 0.027339 0.027707 
714 : 0.028357 0.0313 0.034996 0.03965 0.045328 0.051169 0.057603 0.064293 
715 : 0.07084 0. 077453 0.083191 0.088041 0. 092148 0.093507 0.094159 0.0941 74 
716: 00093704 0.090788 0.087033 0.082189 0.076541 0. 072163 0.068415 0.0653 11 
717: 0.062382 0.06216 0.062407 0.064006 0. 067308 0.072247 0.077339 0.082138 
718: 0.086884 0. 083255 0. 079661 0.075602 0. 070739 0.071412 0.071 295 0. 070537 
719: 0.069362 0.062592 0.0552 0.046848 0.037748 0.028864 0.020659 0.012938 
720: 0.005016 0.000381 -0.00426 -0 .00828 -0 .01162 -0.01648 -0.021 96 -0.02838 
721: -0.03546 -0.04042 -0.04491 -0 . 04883 -0.05226 -0 .05588 -0 . 05865 -0.06028 
722; -0 .06079 -0 .05902 -0.05658 -0 .05366 -0.05041 -0.0478 -0.04481 -0.04158 
723: ~0. 03867 -0.03059 -0.02373 -0 .01756 -0.01167 -0.00887 -0.00739 -0.00706 
724: -0.00674 -0.01457 -0.021 61 -0 .02860 -0 .03561 -0.-04030 P0 .04336 -0.04500 • 
725: -0.04613 -0 .04374 -0 .04129 ·-o.03841 -0 .03505 -0.02845 °0.02186 -0.01541 
726 : -0.00927 -0 .00682 -0.00518 ~0. 00440 -0.00448 -0.00341 -0.00325 -0.00388 
727: -0.00515 -0 .00845 -0 .01210 -0.01589 -0 . 01 952 -0002197 -0 .02422 -0.02655 
728: -0.02920 -0 .03296 -0.03683 -0. 04039 -0 . 04326 -0.04538 -0 .04690 -0 004810 
729: -0 . 04916 -0.05123 -0.05345 -0 .05622 -0. 05987 -0.06281 -0 .06649 -0. 07071 
730: ·-o.07526 -0 . 07881 -0.08129 -0. 08181 -0.07991 -0007493 -0 .06779 -0.05886 
731: -0. 04884 -0 .03832 -0.02851 -0.01987 -0 .01261 -0.00659 -0. 00249 -0.00024 
732: 0. 000672 -0.00152 -0 .00395 -0.00625 -0 . 00801 -0.00855 -0.00786 -0 .00594 
733: -0.00306 -0 . 00057 0.002212 0.00536 0.009155 0.014183 0.01 9574 0.024668 
734: 0.028872 0.030557 0.030886 0.029947 0.028133 0.027382 0.026915 0.026747 
735: 0.026391 0.022266 0. 017537 0.012948 0.009414 0.011 728 0.015408 0.0199 
736: 0.024624 0.026691 0. 029055 0.032383 0.036813 0.045991 0.053356 0.058106 
737: 0.0611 53 0. 041923 0.022146 0.000590 -0.02298 -0.03574 -0 .04667 -0.05541 
738 : -0.06323 -0.06385 :0.05400 -0 .06258 -0.05924 -0.05490 -0 . 05034 -0.04667 
739: -0.04472 -0.04221 -0.04112 -0 .04072 -0.04087 -0.04217 -0 .04473 -0 .04812 
740: -0.05149 -0.05323 -0.05393 -0 . 05360 -0 . 05256 -0.05181 -0.05127 -0.05123 
741: -0.05190 -0.05301 -0. 05491 -0. 05713 -0 . 05889 -0.05970 -0 .05842 -0 .05 427 
742: -0. 04689 -0 .03655 -0 .02457 -0.01213 -0.00012 0.00738 0.012905 0. 015822 
743: 0.01617 0.013755 0. 01021 7 0.006000 0.001470 -0 .00082 -0.00180 -0 .00102 
744 : 0.001088 0.006478 0.011612 0.016534 0.021608 0.024645 0.027565 0.030 163 
745: 0.032853 0. 033613 0.035518 0.037889 0.039692 0.045337 0. 050486 0.055492 
746: 0. 059876 0.064431 0.067768 0.070851 0.074233 0.076867 0.078498 0. 0796 
747 : 0.0819 0.087804 0. 097086 0. 1086 0.1 1982 0.1301 4 0. 13569 0.13769 
748: 0. 13872 0.12383 0. 1067 0.085081 0.060124 0.012221 -0 .03154 -0 .07 146 
749 :· -0 . 10949 -0.10279 -0 .09266 -0 .07816 -0.06102 -0.05634 -0.05396 -0.05312· 
750 : -0.05186 -0 .04482 -0.03665 -0.02884 -0.0226 -0.03161 -0.04115 -0 .04994 
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751: -0.05751 -0 .04930 -0.04134 -0 .03444 -0 .02901 -0.02868 -0 .02969 -0.03141 
752 : -0 . 03282 -0.03490 -0.03582 -0.03693 -0 .03956 -0.04051 -0 .04046 -0.03763 
753: -0.03246 -0 .02117 -0.01151 -0 .00375 0.002562 0.005789 0. 007585 0.008365 
754: 0. 009244 0.015969 0.02593 0.040236 0.05842 0.07673 0.093955 0. 10917 
755: 0.12307 0. 11644 0. 1067 0. 091541 0.070847 0.049975 0.0298 0.012654 
756: -0.00079 0.000932 0.005904 0.013904 0.024355 0.024144 0.022504 0.017131 
757 : 0.007116 -0.00226 --0.01408 -0.02731 -0 .04134 -0 .05819 -0.07352 -0.08570 
758: -0.09358 -0.09524 -0.09337 -0 .08964 -0 .08561 -0.08237 -0.08017 -0.07965 
759: -0.08142 -0.08053 -0 .08115 -0.08304 -0.08661 -0.08673 -0.08725 -0 . 08674 
760: -0.08478 -0.08055 -0.07556 -0.06978 -0.06386 -0.05972 -0 . 05763 -0.05651 
761: -0.05400 -0.04640 -0.03490 -0.02035 -0.00452 0.012612 0. 028989 0.045797 
762: 0.063917 0.078834 0.090114 0.095953 0.098273 0. 066872 0.037276 0.008423 
763: -0.02080 -0.01728 -0 .01071 -0.00053 0.011237 0.016062 0.018338 0.018401 
764: 0. 017227 0. 017891 0. 017939 0.016807 0.014011 0.010818 0.008321 0.008513 
765: 0.01194 0. 021353 0.031507 0.041981 0.0527 0.060793 0.066634 0.06992 
766: 0.072254 0.056813 0.041671 0. 024753 0.005082 -0 .00654 -0 .01628 -0.02283 
767 : -0.02723 -0.01923 -0.01105 -0.00221 0.007303 0.010202 0.011305 0.009725 
768: 0.005525 0. 001819 -0.00243 -0.00631 -0.00944 -0 .01241 -0.01425 -0.01438 
769: -0.01256 -0.00616 0.001047 0.008402 0.015478 0.020231 0.024472 0.028513 
770: 0. 032727 0. 037288 0.042218 0.047633 0.053572 0.057638 0.061176 0.063692 
771: 0. 064925 0.060608 0.053696 0.043918 0.032264 0.019275 0.007336 -0.00313 
772: -0.01175 -0. 01748 -0.01961 -0.01841 -0.01532 -0 .00747 -0.00106 0.003104 
773 : 0. 004794 -0 . 00339 -0.01395 -0.02704 -0 .04255 -0.05329 -0.06388 -0.07302 
774:- -0.08033 -0 .07983 -0:07746. -0 .01285 -o.·06599 -0.05916 -0 . 0508"8 -0.0412°9 
775: -0.03086 -0.01839 ~0;00101 0.003390 0.013588 -0.011024 0.007750 0.003070 
776: -0.00261 -0.00330 -0.00291 -0 . 00162 -0 .00022 0:004242 0.007870 0.010597 
777: 0.012417 0.009389 0.005219 -0.00030 -0 .00698 -0.01383 -0.01969 -0.02351 
778: -0.02495 -0.02409 -0.02131 -0.01689 -0.01113 -0.00093 0.009607 0.019839 
779: 0.029333 0.038224 0.046418 0.053729 0.059815 0.065411 0.070334 0.074779 
780: 0.078061 0.081753 0. 083301 0.083662 0.083697 0.083398 0.082539 0.081405 
781: 0.080635 0.080847 0.081717 0.083482 0.086621 0.090481 0.095105 0.099959 
782: 0.10508 0. 10042 0.095925 0.091082 0.085759 0.078881 0.071588 0.063644 
783: 0.055429 0.046404 0.038935 0.032806 0.02736 0.032727 0.038975 0.046021 
784: 0.052783 0.056981 0.057948 0.055408 0.05014 0.03291 0.014721 -0.00465 
785: -0.02537 -0 . 0383 -0. 04958 -0.05772 -0.06281 -0.05883 -0.05366 -0.04739 
786: -0.03995 -0.03358 -0. 02688 -0.02030 -0.01415 -0.00620 0.001416 0.008986 
787: 0.016261 0.019097 0.02036 0.020307 0.019463 0.018825 0.017145 0.014755 
788: 0.01265 0.005708 -0.00050 -0.00638 -0.01156 -0.01718 -0.02121 -0.02460 
789: -0.02837 -0 .03063 -0 .03304 -0.03532 -0.03757 -0.04016 -0.04280 -0 .0454 
790: -0.04794 -0 .04971 ·-0.05108 -0.05173 -0.05174 -0.04891 -0.04655 -0.04481 
791: -0.04339 -0.04530 -0.04776 -0.05140 -0.05645 -0.06312 -0.07045 -0.07832 
792: -0.08667 -0.09507 -0.10299 -0.11011 -0.11655 -0.12101 -0.12452 -0 . 12685 
793: -0.12833 -0.12435 -0 . 12065 -0.11723 -0.11394 -0.11212 -0.11029 -0.10828 
794: -0.10583 -0.10053 -0.09404 -0.08588 -0.07601 -0.06871 -0.06102 -0.05319 
795: -0.04495 -0.03877 -0.03244 -0.02657 -0.02158 -0.01569 -0.01094 -0.00709 
796: -0.00360 -0.00300 -0.00290 -0.00413 -0.00665 -0.01016 -0.01187 -0.01145 
797: -0.00990 0.000482 0.011943 0.025291 0.039875 0.051142 0.060003 0.066652 
798: 0.072342 0.079718 0.086291 0.091277 0.094522 0.095728 0.096315 0.096697 
799: 0.097009 0.094396 0.091645 0.089001 0.08675 0.07806 0.069304 0.030445 
800: 1 010101 
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801: 5 
802:0 
803:eof 
804: 
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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,t46.00,414.00 · 
,51 , 560 .00,282 .00 
,52 , 560.00 , 354 .00 
,53,560.00,408 . 00 

·'· 
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,54,743.00,282 . 00 
,55,743 . 00,318 .00 
,56,743.00,354 .00 
,57,764 . 00,354.00 
,58,764.00,354 .00 
,59,764 .00 , 399 .00 
,60,764 .00,444 .00 
,61,18.000,414.00 
,62,18 .000,450 . 00 
,63,18.000,486 .00 
,64,18 .000,522 .00 
,65,18.000,558 . 00 
,66,246 .00,414 . 00 
,67,246.00,450.00 
,68,246 .00,486.00 
,69,246 .00,522 .00 
,70,246.00,558 .00 
,71,764 . 00,444 . 00 
,72,764 . 00,472.50 
, 73,764 .00,501 .00 
, 74,764 . 00,529 . 50 
,75,764.00,558 . 00 
, 76,18.000,558 .00 
,77,30 . 000,582 .00 
,78,30.000,606 . 00 
,79,30 . 000,606 .00 
,80,30.000,643 . 00 
,81,30.000,680 .00 
,82,30.000,717 .00 
,83,18.000,717 .00 
,84,60.000,582.00 
, 85,204 .00,582 .00 
,86,246 . 00 , 558 .00 
,87,240.00,582 .00 
,88,240 . 00,606 .00 
,89,240.00,717 .00 
, 90,764 . 00,558 .00 

. , 91,764.00,597.75 
,92,764.00,637.50 
,93,764.00,677.25 
,94,164.00,717.00 
,95,776.00,717.00 
,96,48.000,717.00 
,97,746.00,717.00 
,98,1a.ooo,111.oo 
,99,16.875,757.25 
,100,15.750,797.50 
,101,14.625,837.75 
,102,13.500,878.00 
,103,776.00,717.00 
,104,777.12,757.25 
~105,778.25,797.50 
,106,779.37,837.75 
,107,780.50,878.00 
,108,13.500,878.00 
,109,13.500,902.00 
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,110,36.000,902.00 
,111,78.000,903.50 
,112,120.00,905.00 
,113,162.00,906.50 
,114,204.00,908.00 
,115,252.25,908.00 
,116,300.50,908.00 
,117,348.75,908.00 

·,118,397 .00,908.00 
,119,445.25,908.00 
,120,493.50,908 . 00 
,121,541.75,908.00 
, 122,590.00,908.00 
,123 , 632.00,906.50 
,124,674 .00,905.00 
,125 , 716 .00,903.50 
,126 ,758 .00,902.00 
,1 27 , 780.50 ,902.00 
,128,780 . 50 ,878.00 
DENS , 1,. 00022465 
OENS,2, .00007863 
DENS ,3, lE-9 
EX , l , 4.00E6 
EX , 2, l. 40E6 
EX ,3, 4.00E6 
ET , 1, 42 ,,, 3 
ET, 2,5.4,,,, ,,1 
ET,3 , 14 ,, 6 
et , 4, 21, ,, 4 
mat,l 
type ,! 
real ,! 
e, 1,2,6,5 
,2,3,7 ,6 
,3,4 ,8,7 
mat,2 
e,19,23,24,20 
e, 20,24,25,21 
,21,25,26,22 
, 45,26,27,46 
,46,51,52,47 
, 47 ,52,53,48 
mat ,3 
typ~ , 2 
rea1 , 2 
e, 1, 5 
mat , l 
e, 9,10 
,10,11 
, 11, 12 
, 12 ,13 
,13,14 
mat,3 
r eal ,3 
e, 2, 6 
mat, l 
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e,19,20 
,20,21 
,21,22 
mat,3 
real,4 
e,3,7 
mat,l 
e,23,24 
,24,25 
real, 17 
e,25,26 
mat,3 
rea 1, 5 · 
e,4,8 
mat,l 
e,30,31 
,31,32 
real,18 
e,32,33 
mat,3 
real,19 
e,13,15 
mat,l 
real,6 
e,16,17 
mat,3 
real, If 
e·,18,22 
,26,28 . 
mat,l 
real ,4 
e,28,29 
mat,3 
real,19 
e,29,33 
mat,l 
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,17 
e,26,27 
rea 1 , 4 
e,"51,52 
,52,53 
real,18 
e,33,34 
real,7 
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e,54,55 
,55,56 
mat,3 
real,19 
e,56,57 
mat,l 
real,5 
e,58,59 
,59,60 
mat,3 
real,19 
e,39,41 
mat,l 
real,6 
e,42,43 
mat,3 · 
real,19 
e,44,48 
mat,l 
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 
, 71, 72 
,72,73 
,73,74 
,74,75 
real,19 
e,76,77 
, 77, 78 
real,5 
e,79,80 
,80,81 
,81,82 
mat,3 
real,19 
e,82,83 
,82,96 
,77,84 
mat,l 
real ,8 
e,84,85 
mat,3 
real,19 
e,85,87 
mat,l 
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,l 
real,9 
e,98,99 
real,10 
e,99,100 
real, 11 
e,100,101 
real,12 
e,101,102 
mat,3 
real,19 
e,108,109 
mat,l 
real ,8 
e, 109,110 

' real,13 
e,110,111 
real,14 
e,111,112 
real,15 
e,112,113 
real,16 
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,10 
e,123,124 
real, 11 
e,124,125 
real,12 
e,125,126 
real,8 
e,126,127 
mat,3 
real,19 
e,127,128 
mat,l C7 



real,13 
e,107,106 
real,14 
e,106,105 
real,15 
e,105,104 
real,16 
e,104,103 
type,3 
real,21 
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,31 
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,41 
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,96 
real,45 
e,97 
real,46 
e,47 
real,46 
e,48 
real,47 
e,52 
real,47 
e,53 
real,48 
e,58 
real,48 
e,59 
rsize,8 
r,1,12. 
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r,2,432.00,46656.,18.000,18.000 
r,3,1296.0,0.12597E+07,54.000,54 . 000 
r,4,1008.0,0.59270E+06,42.000,42 .000 
r,S,720.00,0 . 21600E+06,30.000,30.000 -
r,6,144.00,l728.0,6.0000,6.0000 
r,7,1224.0,0.10612E+07,51.000,51.000 
r~8,576.00~0.11059E+06,24.000,24.000 . 
r,9,432.00,46656.,18.000,l8.000,459.00,55962 .. 
rmore,19.125,19.125 
r,10,459.00,55962.,19.125,19.125,486.00,66430. 
rmore,20.250,20.250 
r,ll,486.00,66430.,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,l9.125,432.00,46656. 
rmore,18.000,18.000 
r,17,1008.0,0.lOOOOE+l0,10.000,lO.OOO 
r,18,1224.0,0.lOOOOE+ll,10.000,lO.·ooo 
r,19,720.00,0.lOOOOE+l0,10.000,lO.OOO 
r,20,0 
r,21,0.10000E+l3 
r,22,0.10000E+l3 
r,23,0.10000E+l3 
r,24,0.10000E+l3 
r,25,0.10000E+l3 
r,26,0.10000E+l3 
r,27,0.10000E+l3 
r,28,0.10000E+13 
r,29,0.lOOOOE+13 

*ell4 
*ellS 
*ell6 
*ell7 
*ell8 
*ell9 
*el20 
*e121 
*el22 
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r,30,0.10000E+l3 
r,31,0.10000E+l3 
r,32,0.lOOOOE+l3 
r,33,0.10000E+l3 
r,34,0.lOOOOE+l3 
r,35,0.10000E+l3 
r,36,0.lOOOOE+ll 
r,37,0.20000E+l0 
r,38,0.12 E+ll 
r,39,0.50 E+lO 
r,40,0.2 E+lO 
r,41,0.1 E+l3 
r,42,0.10000E+l3 
r,43,0.lOOOOE+l3 
r,44,0.10000E+l3 
r,45,9.7000 
r,46,6.8000 
r,47,10.300 
r,48,3.5000 
cp,l,UX,5,9 
cp,2,UX,6,19 
cp,3,UX,7 ,23 
cp,4,UX,8,30 
cp,5,UX,15,16 
cp,6,UX, 17, 18 
·cp, 7, UX, 22 , 45 
cp ,8,UX,2·7 , 51 
CP,9,UX,43,44 
CP,10,UX,49 ,66 
CP,ll,UX,70,86 
CP,12,UX,14,35 
CP,13, UX,40,61 
CP,14,UX,65 , 76 
CP,15,UX,78,79 
CP,16,UX,83,98 
CP,17,UX,102,108 
CP,18,UX,128,107 
CP,19,UX,95,103 
CP,20,UX,75,90 
CP,21,UX,60,71 
CP,22,UX,57,58 
CP,23,UX,34,54 
CP, 24,UX, 41, 42 
CP ,25,UY,5,9 
CP,26,UY,6,19 
CP ,27, UY,7,23 
CP , 28,UY ,8, 30 
CP,29,UY,15,16 
CP,30,UY,17,18 
CP ,31,UY,22,45 
CP,32,UY,27 , 51 
CP,3-3,UY,43,44 
CP,34,UY,49,66 
CP,35,UY,70,86 
CP ,36,UY , 14 ,35 
CP,37 , UY,40,61 

*el23 
*el24 
*el25 
*el26 
*el27 
*el28 
*el29 
*el30 
*el31 
*el32 
*el33 
*el34 
*el35 
*el36 
*el37 
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CP,38,UY , 65 , 76 
CP,39,UY,78 , 79 
CP,40,UY,83 , 98 
CP,41 , UY , 102,108 
CP,42,UY,128,107 
CP , 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,l,ux,,,4,1,uy 
total,20 
sed,l 
svtyp,2,386.4 
freq,.1,.25 , 1.6,8,33 
sv,5, .01, .065, .43, .43, .20 
afwrite 
finish 
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B-PLANT CANYON 
CONCRETE SECTION EVALUATIONS USING THE BIAX2 COMPUTER PROGRAM 

C.l 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. Th~ cross section and steel 
distribution can be asymmetric. Both uniaxial and biaxial bending can be 
accoinmodated. 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 condit ions. 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 loads . 

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 
also calculates non-linear concrete section capacities. The test problem 
incorporated all features used in the 8-Pltnt 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 Evaluation 

The BIAX2 program was used to determine the ult imate strength capacity 
of the 8-Plant cold joints for use in the non -l inear structural analysis. 
The concrete tensile strength was set to zero and the axial load was set to 
the dead weight load on each section. The BIAX2 predictions ~ere 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 TRSP 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 reinforcement . These results 
indicate that for the extremely lightly 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 8-1 capacities are conservative for the 
extremely lightly 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 evaluations for cold joints with greater 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 limit 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-

.linear and limit analyses are 1ndicated in Table C-1.with an (*) asterick . 
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TABLE C-1 CONSTRUCTION JOINT CAPACITIES FROM BIAX2 

Dead Width Compression Table B-1 ACI 
File location Load,k (in) As, in2 Zone,in Hu, in-k MutFd/2 Allow. 

North Wall @ Roof 
TR5P - Outside 15d 45 .0 2.206 3.6 5.42* 6.19 3.54 
M-I N5P - Inside 15.7 45.0 o. 10 · 2 .1 o. 72 0.58* 0.43 

South Wall @ Roof 
TR5P - Outside 16 .1 45.0 2.206 3.6 5.42* 6.20 3.55 
MIN5P - Inside 16 .1 45.0 0.10 2.1 0.72 0.60* 0.44 

North Wall @ Crane ~ 
:c 

- Outside 22 .9 36.0 0.219 0.66* 0.49 n 
I 

- Inside 22.9 36.0 0.10 0.56* 0.44 V) 

;;o CJ 
(t) I 

South Wall @ Crane <~ 
• 3: 

I 
C) - Outside 23.3 36. 0 0.219 0.67* 0.50 oVl . O'I )> 

- Inside 23.3 36.0 0.10 0.57* 0.44 I 
0 
0 

N. W. • Abv Cr Gal Fl 
U1 

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 
lOAOMIN - Outside 34 . 2 60 .0 0.311 2.3 2 .18 2.09* 1.49 
lOAOMAX - Inside 34.2 60 .0 2.667 4.7 9.43* 10.67 6.24 

s. W. , 3' Abv Deck 
3AOMIN - Outside 44.2 60.0 0.311 2.4 2.45 2.37* 1. 74 
3AOMAX - Inside 44.2 60 .0 4 . 167 6.4 12.44* 16.41 9.52 

s. W., 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 9.7 1 

s. W., U. of Pipe T. 
- Outside 61.1 102 .0 0.000 2.99* 2.70 

BTMAX · - Inside 61. l 102.0 2.885 6.2 18 .80* 21. 37 12 .87 

* f.;in;iritv u::il11i>c:: uc::nrf fn..- t ht> nn"- 'U in0>::iYo ~in ,-0 11 -im • ll- · ;i n ::d 11<" P '( 
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Figure C.3 - BIAX2 steel stress-strain data 
Intermediate grade reinforcement 
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APPENDIX 02 

NONLINEAR MODEL DETAILS 

02-1 Node and Element Plots 

02-2 Substructure Creation Input 

02 -3 Static Capacity Run Input 

02-4 Typical Time History Input 

012 



.)..'~· ,:..-, -._ • : ~ •• - -:. ..: : ..: ··~-- .:.·: •• - - • p • 

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

02-1 Node and Element Plots 

013 



• t -I -• • 0 
-' ... 

WHC-so.:.wM-SA-005 
Rev. 0 

Nonlinear Finite Element Model 
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Sep 26 16:32 1989 ansys.µ,p Page 1 

1:# USER=.v91968 
2:# @$-eo 
3:# @$-lM 1.0Mw 
4:# @$-lT 1:00 
5:# @$ 
6:set -x 
7:ja 
8:m:i 
9 :mkdir /tmp/bplant 

10:o:l /tmp/bplant · 
11::rm output 
12: nasa /w/W91968/bplnl/substr >>outp.rt: 
13:cat >input <<'eof' 
14:/prep7 
15:/title, generation of super-element no. 
16:kan,7 
17:kay,6 , 2 
l8:n,1,1s . ooo,o 
19:,2,258.00,0 
20: , 3,566.00,0 
21:,4,764.00,0 
22:,9,18.000,72.000 
23: , 10, 18 .• 000 , _114. 00 

· 24: ,ll, 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 : ,39,18.0O0,408.00 
50:,42,36.000,408 . 00 
Sl:,43,204.00,408 . 00 
52: , 45,258.00,240 . 00 
53 :, 46 , 258.00,282 . 00 
54 :, 47 , 258.00,354.00 
55:,487246.00,408.00 
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Sep 26 16:32 1989 ansys.inp Page 2 

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. 
95t,3078,57.,606. 
96:,79,30.000,606.00 
97:,1079,3.,606. 
98:,3079,57.,606. 
99:,80,30.000,643.00 

100:,81,30.000,680.00 
101:,82,30.000,717.00 
102:,83,18.000,717.00 
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 
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 
ll9:,1095,76l.,717. 
120:,3095,791.,717. 
121:,96,48.000,717.00 
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:,ll02,-6.5,878. 
131:,3102,33.,878. 
132:,103,776.00,717.00 
133:,ll03 ,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 
152: , 117,348. 75,908.00 
153:,118,397 . 00 , 908.00 
154: , 119,445.25,908.00 
155: , 120,493.50,908.00 
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 

-JrnoDial 150 pcf concrete 
*35% for shear walls rV )('\ 
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169:EX,l,4.00E6 
170:EX,2, l.40E6 
171:EX,3,4.00E6 
172:El',l,42,, ,3 
173:El',2,54,,,,,,l 
174:El',3,21,, ,4 
175:El',4,14_, ,1 
176:El',S,14, ,2 
177:El',6,14,,6 
178:El',7,40,,,2 
179:ET,8,39,,l,6 
180:nat,l 
181:type,l 
182:real,l 
183:e,1,2,19,9 
184:,2,3,23,19 
185:,3,4,30,23 
186:nat,2 
187:e,19,23,24,20 
188:e,20,24,25,21 
189:,21,25,26,45 
190: ,45,26,51,46 
191:,46,51,52,47 
192:,47,52,53,48 
193:mat,3 
194:type,2 
195:real,2 
196:e,l,9 
197:nat,l 
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,l 
207:e,19,20 
208:,20,21 
209: ,21,45 
210:mat,3 
211:real,4 
212:e,3,23 
213:mat,1 
214:e,23,24 
215: ,24 ,25 
216:real,17 
217:e,25,26 
218:nat,3 
219:real,5 
220:e,4,30 
221:nat,1 
222:e,30,31 
223: ,31,32 

*4800 psi concrete 
*35% for shear walls 
*4800 psi concrete 
*solid 
*beam 
*gen mass 
°"lDc spring 
'Irey spring 
*rotation Z spring 
'Irey spring-gap 
*Non-linear rotation 

021 
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225:e,32,33 
226:ma.t,3 
227:real,19 
228:e,13,16 
229:ma.t,1 
230:real,6 
231:e,16,17 
232:ma.t,3 
233:real,19 
234:e,17,45 
235: ,26,28 
236:ma.t,l · 
237:real,4 
238:e,28,29 
239:ma.t,3 
240:real,19 
241:e,29,33 
242:ma.t,l 
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:ma.t,3 
263:real,19 
264:e,39,42 
265:ma.t,l 
266:real,6 
267:e,42,43 
268:ma.t,3 
269:real,19 
270:e,43,48 
271:ma.t,l 
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 

022 
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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,l 
289:real,8 
290:e,84,85 
291:mat,3 
292:real,19 
293:e,85,87 
294:mat,l 
295:real,19 
296:e,86,87 
297: , 87 ,88 
298:real,5 
299:e,88,89 
300:rsize,12 
301:r,l,12. 
302:r,2,432.00,46656.,18.000,18 . 000 
303:r,3,1296.0,0.12597E+o7,54.000,54.000 
304:r,4,1Q08.0,0.59270E+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:r,7,1224.0,0.10612E+07,51.000,51.000 
308:r,8,576.00,0.ll059E+o6,24.000,24.000 
309:r,9,432.00,46656.,18 . 000,18.000,459.00,55962. 
310::rm:,re,19 . 125,19.125 
311:r, 10,459 . 00,55962.,19.125,19.125,486.00,66430. 
312::rm:,re,20. 2so,20.2so 
313:r,ll,486.00,66430.,20.250,20.250,513.00,78128. 
314::rm:,re,21.375,21.375 
315:r,12,513.00,78128.,21.375,21.375,540.00,91125. 
316::rnore,22.500,22.500 
317:r,13,~0.00,91125.,22.S00,22.S00,513.00,78128. 
318::rm:,re,21.375,21.375 
319:r,14,513.00,78128.,21.375,21.375,486.00,66430. 
320::rm:,re,20.250,20.250 
321:r,15,486.00,66430.,20.250,20.250,459.00,55962. 
322::rm:,re,19.125,19.125 . 
323:r,16,459.00,55962.,19.125,19.125,432.00,46656. 
324::rnore,18.000,18.000 
325:r,17,1008.0,0.l0000E+l0,10.000,10.000 
326:r,18,1224.0,0.l0000E+ll,10.000,10.000 
327:r,19,720.00,0.lOOOOE+l0,10.000,10.000 
328:c;ir** define master degrees of freed.am 
329:m,l,ux,,,uy,rotz 
330:m,4,ux,,,uy,rotz 
331:m, 24, ux,,, uy 
332:m,45,ux,, ,uy 
333:m,34,ux,,,uy,rotz 
334:m,78,ux,,,uy,rotz 
335:AFWRIT 

D23 
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337:/:rnRJl',27 
338:FINISH 
339:eof 
340:ansys <input >>outp.It 
341:1sf -f I nasa >>outp.rt 
342:lsf -f 
343:mv FIIEOS savea 
344:cfs store bplant;saveS 
345:ja -st I nasa I tee -a >>outp.It 
346:nprint -c -rR:32 outpit 
347:nn FIIE* fort.* core 

D24 
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l:/PREP7 
2:/title,"B PLANT CANYON NONLINEAR MODEL, SOUTH ACCEL." 
3:KAN,O . 
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:,~0,30.000,643 .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:,97,746.00,717.00 026 



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:,102,13.500,878 .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 . 5, 720 .26 
67 :, 104,777 . 12,757 . 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:,111,78.000,903 . 50 
79:,112,120 . 00,905 .00 
80:,113,162.00,906.50 
81:,114,204.00,908 .00 
82:,115,252.25,908.00 
83:,116,300.50,908.00 
84:,117,348.75,908.00 
85:,118,397.00,908.00 
86:,119,445.25,908.00 
87:,120,493.50,908.00 
88:,121,541.75,908.00 
89:,122,590.00,908.00 
90:,123,632.00,906.50 
91:,124,674.00,905.00 
92:,125,716.00,903.50 
93:,126,758.00,902.00 
94:,127,780.50,902.00 
95:,128,780.50,878.00 
96:,1128,760.5,880.62 
97:,3128,800.5,884.45 
98:C***** MATERIAL PROPERTIES 
99:C*** CONCRETE= MATl 

100:DENS;l,.00022465 *normal 150 pcf concrete 
101:EX,1,4.00E6 *4800 p~i concrete 
102:C*** Rebar & Rigid Links= MAT2 
1-0-3 iOENS-;2-,-1-E-9-· *l-ow-dens+ty- fut t ig id 1 i11ks & r ebar 
104:KNL,1 027 



105:EX,2,29.E6 
106:NL,2,13,10 
107:NL,2,19,0.,100. 
108:NL,2,25,40000.,40000. 
109:NL,2,31,l.OES,l.OES 
110:C*** Gap Ele = MAT3 

WHC-SO-WM-SA-005 
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111:MU,3,0.0 *Gap Element . Friction 
112:C*** Element Types 
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113:ET,1,3 * Beam Element 
114 :ET,2,21,,,4 *gen mass 
115:ET,3 , 12 *2-0 Interface 
116 :ET,4,l *elastic/plastic truss 
117:C***** REAL CONSTANTS 
118:rsize,12 
119 :r,l,,l.E9,,l.O * 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" beai 
124 :r ,6,144·.oo , 1728 .0,12.0 * 12"- beam 
125 : r ,7 ,1224.0,0.10612E+07 ,102.0 * 102" beam 
126 : r,8,576 .00,0.11059E+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" t ap . beam 
129:r,ll,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. beam 
134:r,16,445 .5,51309 ,37 . 13 * 38.25"-36 .0" tap. beam 
135:r,17,l . E3,l.E7,l . , l. *rigid link 
136:C*** Rebar Element Areas 
137:r,18,.527 * N. Wall above Cr. G. Flr, outside steel 
138:r,19,l . 50 * N. Wall above Cr. G. Flr, inside steel 
139:r,20,0.219 * Outs ide Steel ~ Crane Level 
140 : r,21,0.10 * Inside Steel, Crane Level & Wall/Roof Jt. 
141:r,22,2.206 * Outsi de 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 Ins ide Steel , 3' Above Deck & T. of P. Trench 
145:r,26,2 .885 * S. Wall Ins ide Steel, B. of P. Trench 
146:r , 27,24.30 * Crane Mass 
147 : r , 28,6.21 * Corner Mass 
148:C***** ELEMENTS 
149 :C*** Cr. Gallery Flr. Jt. 
150:C*~* Rigid Links 
151 :mat,2 
152 : real,17 
153 :type,l 028 
154:e,1078,78 



Rn\. - .;,u-nn - -1n - 1,11,1v 

155:,78,3078 
156:,1079,79 
157:,79,3079 
158 :C*** Left Rebar 
159:type,4 
160:real,18 
161:e,1078,1079 
162 :C*** Right Rebar 
163 :real,19 
164 :e ,3078,3079 
165:C*** Gap Elements 
166 : type,3 
167:real,l 
168:mat,3 
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169 :e,1078,1079 
170 : ,3078,3079 
171:C*** Cr . Gallery Wall 
172:type,l 
173:mat,l 
17~:real,5 
175:e,79,80 
176: ,80,81 
177: ,81,82 
178: real , 17 
179:mat,2 
180 :·e, 82 ,83 
181 : ,82,96 
182:C*** N. Crane Level Jt . 
183 :C*** Rigid links 
184:mat,2 
185:real,17 
186:type,l 
187:e,1083,83 
188:,83,3083 
189:,1098,98 
190:,98,3098 
191:C,** Left Rebar 
192:type,4 
193:real ,20. 
194:e,1083,1098 
195:C*** Right Rebar 
196:real,21 
197:e,3083,3098 
198:C*** Gap Elements 
199:type,3 
200:real,l 
201:mat,3 
202:e,1083,1098 
203:,3083,3098 
204:C*** N. Wall Above Crane Level 

Rev. 0 
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205:Type,l 
206:mat,l 
207:real,9 
208:e,98,99 
209:real,10 
210:e,99,100 
211:real,ll 
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,l 
220:e, 1102, 102 
221:,102,3102 
222:,1108,108 
223:,108,3108 
224:C*** Left Rebar 

WHC-SO-WM-SA-005 
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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,l 
240 :mat,2 
241:real , 17 
242:e,108,109 
243 :e,109,110 
244 :mat, l 
245 :real, 13 
246 :e, 110,111 
247 : real , 14 
2 48 : 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 



255:, ll5, 116 
256:,ll6,117 
257:,ll7,ll8 
258:,ll8,ll9 
259:,ll9,120 
260 :, 120,121 
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,12 
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,l 
278:e,ll07,107 
279:,107,3107 
280:, ll28, 128 
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281:,128,3128 
282:C*** Left Rebar 
283:type,4 
284:real,21 
285:e, ll07, ll28 
286: C*** Right Rebar 
287:real,22 
288:e,3107,3128 
289:C*** Gap Elements 
290:type,3 
291:real,l 
292:mat,3 
293: e, ll07, ll28 
294:,3107,3128 
295:C*** S. Wall Above Crane 
296:mat,l 
297:Type,l 
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:e,104,103 
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306:C*** S. Crane Level Jt. 
307:C*** Rigid Links 
308:mat,2 
309:real,17 
310:type,l 
311:e,1095,95 
312:,95,3095 
313:,1103,103 
314:,103,3103 
315:C*** Left Rebar 
316:type,4 
317:real,21 
318:e,1095,1103 
319:C*** Right Rebar 

. 320:real ,20 
321:e,3095,3103 
322:C*** Gap Elements 
323:type,3 
324:real,l 
325:mat,3 
326 :e,1095,1103 
327:,3095,3103 
328:C*** S. Wall Below Crane Level 
329:mat,l 
330:type,l 
331:real , 17 
332:e,94,95 
333:, 94,97 
334:real,5 
335:e,94,93 
336:,93,92 
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337:,92,91 
338: ,91,90 
339:C*** S. Wall 10' Above Deck Jt. 
340:C*** Rigid Links 
341:mat,2 
342 :real , 17 
343 :type,l 
344 :e,1075,75 
345 : ,75,3075 
346:, 1090, 90 
347 : ,90,3090 
348:C*** Left Rebar 
349:type,4 
350:real,24 
351 :e,1075,1090 
352 :C*** Right Rebar 
353 : real,23 
354 :e,3075,3090 

'· 
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355:C*** Gap Elements 
356 : type,3 
357 : real , 1 
358 :mat,3 
359 :e,1075,1090 
360: ,3075,3090 

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

361 :S. Wall, 3' to 10 ' Above Deck 
362 :type,1 
363 :mat,1 
364 :real,5 
365 :e,75,74 
366: , 74,73 
367 : ,73 , 72 
368:, 72, 71 
369:C*** S. Wall 3' Above Deck Jt . 
370 :C*** Rigid Links 
371:mat,2 
372 : real,17 
373 :type,l 
374:e,1060,60 
375 : ,60,3060 
376: , 1071,71 
377 : , 71 , 3071 
378 :C*** Left Rebar 
379 : type,4 
380:real,25 
381 :e, 1060, 1071 
382 :C*** Right Rebar 
383:real,23 
384 :e,3060,3071 

4 

385:C*** Gap Elements 
386 : type,3 
387 : rea1;1 
388:mat,3 
389: e, 1060, 1071 
390: , 3060, 3071 
391:C*** S. Wall , Deck Level 
392:type,l 
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393:mat,l 
394:real,5 
395:e,60,59 
396:,59,58 
397:C*** S. Wall, Top of Pipe Trench Jt. 
398:C*** Rigid Links 
399:mat,2 
400:real,17 
401:type,1 
402:e,1057,57 
403:,57,3057 033 
404:,1058,58 



-.-.. • 
~ ._ .. 

405: ,58,3058 
406:C*** Left 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,l 
421:real,17 
422:e,57,56 
423:real,3 
424:e,56,55 
425 : ,55,54 

WHC-SD-WM-SA-005 
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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*** left Rebar 
436: type,4 
437: real , 26 
438:e,1034,1054 
439 :C*** Right Rebar (None) 
440 :C*** Gap Elements 
441: type,3 
442:real,l 
443:mat,3 
444:e,1034,1054 
445:,3034,3054 
446:C*** Crane 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 :e,109 
454 : , 127 034 



1327$ 

455:C*** Begin Load Step 
456:iter,-10,10 
457:cp,l,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,all ,O. 
467:d,34,all,O. 

WHC-SD-WM -SA-005 
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468:acel,,170. * Partial Dead Load 
469: lwrite 
470:iter,-20,20 
471:acel,,328.4 * 85% of Dead Load 
472:lwrite 
4 73: i ter, -20, 20 
474:acel,-96.6,328.4 * 0.25g hor. acel . south 
475: lwri te 
476: iter, -20, 20 
477:acel,-116 . ,328.4 * 0.3g hor . acel . south 
478:lwrite 
479:iter,-20,20 
480:acel,-135 . 2,328.4 * 0.35g hor. acel . south 
481: l write 
482:iter,-40,40 
483:acel ,-154 .6,328.4. * 0.4g her. acel . south ' 
484:lwrtte · · 
485:iter,-40,40 
486:acel,-173.9,328.4 * 0.45g -hor . acel . south 
487: lwrite 
488:iter,-50,50 
489:acel,-193.2,328 .4 * O. Sg her . acel . south 
490:lwrite 
491:iter,-50,50 
492:acel,-212 .5,328.4 * 0.55g her . acel. south 
493: lwrite 
494:iter,-50,50 
495:acel,-231.8,328.4 * 0.6g hor . acel . south 
496:lwrite 
497:afwrite 
498:finish 
499:/input,27 
500:finish 
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1: # USER=w91968 
2 : # @$:-q day 
3:# @$-eo 
4:# @$-lM l.OMw 
5:# @$-lT 15:00 
6:# @$ 
7:set -x 
8:ja 
9 :mkdir /~jbplant 

10: a:i /~jbplant 
11:nn output 
12:nasa /w/w91968/bpn/canyon.sub >>output 
13:cat >input <<'eof' 
14:/Pm;P7 
15 •./ti.tle, 11""---1,-..:i n-f, ~•'"'---•----·- • .:_ 0 to l 5 sec 0 2g DBE" ~Cl\,,,l\,l:1J ru.AJ w~l--.-1.A.'-4.U.Cr 1....1.UIC = O O f O 

16:kan,4 
17:kay,5,2 
18:Ck·H Nooe tefinitions 
19:n,34,743.00,282.00 
~0:~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, ?91.5,288·.45 
25:,55,743.00,Jl8.00 
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 
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57:,3083,33 . 5,714.38 
58:,90,764.00,558.00 
59:,1090,736.5,563 . 15 
60:,3090,791. 5,561.85 
61:,91,764.00,597 . 75 
62:,92,764.00,637 . 50 
63:,93,764.00,677.25 
64:,94,764.00,717.00 
65:,95,776.00,717 . 00 
66:,1095,760.5,714.38 
67:,3095,791.5,713.74 
68:,96,48.000,717.00 
69:,97,746.00,717.00 
70:,98,18.000,717.00 
71:,1098,2.5,720.26 
72:,3098,33.5,719.62 
73:,99,16.875,757.25 
74:, 100,15.750, 797.50 
75:,101,14 . 625,837.75 
76:,102,13 . 500,878.00 
77 :., 1102,-6.5, 871 . 15 
78:,3102,33.5,875.38 
79:,103,776.00,717 . 00 
80: ,1103,·760.5, 719.62 
81:,3103,791.5,720.26 
82:,104,777.12,757.25 
83:,105,778.25,797 . 50 
84:,106,779.37,837.75 
85:,107,780.50,878. 00 
86:,1107,760.5,875 . 38 
87:,3107,800.5,871.55 
88:,108,13.500,878.00 
89:,1108,-6.5,884.45 
90:,3108,33.5,880.62 
91:,109,13.500,902.00 
92:,110,36.000,902.00 
93:,111,78.000,903.50 
94:,112,120.00,905.00 
95:,113,162.00,906.50 
96:,114,204.00,908.00 
97:,115,252.25,908.00 
98:,116,300.50,908.00 
99:,117,348.75,908.00 

l00:,118,397.00,908.00 
101:,119,445.25,908.00 
102:,120,493.50,908.00 
103:,121,541.75,908.00 
104:,122,590.00,908.00 
105:,123,632.00,906.50 
106:,124,674.00,905.00 
107:,125,716.00,903.50 
108:,126,758.00,902.00 
109:,127,780.50,902.00 
110:,128,780.50,878.00 
111:,1128,760.5,880.62 
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113:~**** MATERIAL PROPERl:.I.ES 
114:~** CONrnE'.I'E = MAT1 
115:DENS,1,.00022465 *normal 150 :pc:f concrete 
116:EX,l,4.00E6 *4800 psi concrete 
117:~** Rebar & Rigid Links= MAT2 
118:DENS,2,lE-9 *low density for rigid links & rebar 
119:I<NL,l 
120:EX,2,29.E6 
121:NL, 2, 13, 10 
122:NL,2,19,0.,100. 
123:NL,2,25,40000.,40000. 
124:NL,2,31,l.OES,l.OES 
125: C,.** Gap Ele = MAT3 
126:MU,3,0.0 *Gap Element Friction 
127: ~** Element Types 
128:EI',l,3 * Beam Element 
129:EI',2,21,,,4 *gen mass 
130:E'I',3,12 *2-D Interface 
131:EI',4,l *elastic/plastic tJ:uss 
132:EI',5,50 
133:~**** RFAL CONSTANI'S 
134:rsize,12 
135:r,l, ,l.E9,·,l.O . * spi;in;J/gap element 
136:r,2;432.00;23380.,36.0 * ~6" beam 
137:r;3,1296.0,0.12597E+o7,108.0 * 108" beam 
138:r,4,1008.0,0.59270E+o6,84.0 * 84 11 beam 
139 : r,5,720.00,0.21600E+o6,60.0 * 6011 beam 
140:r,6,144.00,1728.0,12.0 * 12" beam 
141:r, 7,1224.0,o·.10612E+o7,102.0 * 10211 beam 
142:r,8,576.00,0.ll059E+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"/40.511 tap. beam 
145:r,ll,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. beam 
148:r,14,499.5,72279,41.62 * 42.7511-40.5" tap. beam 
149:r,15,472.5,61196,39.38 * 40.5"/38.25" tap. beam 
150:r,16,445. 5,51309,37.13 * 38.25"-36.0" tap. beam 
151:r,17,l.eJ,1.E7,l.,l. *rigid link 
152:~** Rebar Element Areas 
153:r,18,~527 * N. Wall above er. G. Flr, outside steel 
154:r,19,l.50 * N. Wall above er. G. Flr, inside steel 
155:r, 20 , 0.219 * cutside steel, crane Level 
156:r, 21,0.10 * Inside steel, Crane Level & WalljRoof Jt. 
157: r, 22, 2. 206 * cutside Steel, WalljRoof Jt. 
158:r, 23 , 0.311 * s. Wall outside steel, 3' & 10 1 Above Deck & P. Trench 
159:r,24,2.667 * s. Wall Inside 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 * Comer Mass 
164:r,29,l.OE6 * Base Mass 
165:~**** EI.EMEN1'S 
166: ~** er. Gallery Flr. Jt. 
167:~** Rigid Links 
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169:real,17 
170:type,l 
171:e,1078,78 
172:, 78,3078 
173:,1079,79 
174:, 79,3079 
175:Cir** left Rebar 
176:type,4 
177:real,18 
178:e,1078,1079 
179:Cir** Right Rebar 
180:real,19 
181:e,3078,3079 
182:Cir** G3p Elements 
183:type,3 
184:real,l 
185:mat,3 
186:e,1078,1079 
187:,3078,3079 
188:Cir** Cr. Gallery Wall 
189:type,1 
190:mat, 1 
191:real,5 
·192:e, 79,80 
193: ,80,81 
194:,81,82 
195:real,17 
196:mat,2 
197:e,82,83 
198:,82,96 
199:Cir** N. Crane level Jt. 
200:Cir** Rigid Links 
201:e,1083,83 
202:,83,3083 
203: ,1098,98 
204:,98,3098 
205:Cir** left Rebar 
206:type,4 
207:real,20 
208:e,1083,1098 
209:Cir** Right Rebar 
210:real,21 
211:e,3083,3098 
212:Cir** G3p Elements 
213:type,3 
214:real,l 
215:mat,3 
216:e,1083,1098 
217: ,3083,3098 
218: Cir** N. Wall »x:Ne Crane Level 
219:Type,1 
220:mat,l 
221:real,16 
222:e,98,99 
223:real,15 
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225:real,14 
226:e,100,101 
227:real,13 
228:e,101,102 
229: ~** 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 
237: , 108 , 3108 
238:C*** Left Rebar 
239:type, 4 
240:real ,22 
241:e,ll02, ll08 
242:C*** Right Rebar 
243:real,21 
244 :e,3102,3108 
245:C*** Gap Elerrent.s 
246:type,3 
247:real,1 
248:mat,3 
249:e,ll02,ll08 
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,lll 
260:real ,11 
261:e,lll, 112 
262:real,10 
263:e,112,113 
264:real,9 
265:e,113,ll4 
266: real , 2 
267:e,114, US 
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 

041 
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281:rea1,12 · 
282:e,125,126 
283:real,17 
284:mat,2 
285:e,126,127 
286:e,127,128 
287:CH* S. Wall to :Roof Jt. 
288:C*** Rigid Links 
289:e,1107,107 
290:,107,3107 
291:, 1128, 128 
292: , 128, 3128 
293:C*** left Rebar 
294:type,4 
295:real,21 
296:e,1107,1128 
297:C*** Right Behar 
298:real,22 
299:e,3107,3128 
300:C*** Gap Elements 
301:type,3 
302:real,l 
303:mat,3 
304:e,1107,1128 
305:,3107,3128 . 
306: C*** S. Wall N:x:Ne Crane 
307:mat,l 
308:'fype,l 
309:real,13 
310:e,107,106 
311:real,14 
312:e,106,105 
313 : real, 15 
314:e,105,104 
315:real,16 
316:e,104,103 
317:C*** s. Crane Level Jt. 
318:C*** Rigid Links 
319:mat,2 
320:real,17 
321:type,l 
322:e,1095,95 
323:,95,3095 
324:,1103,103 
325:,103,3103 
326:C*** left Rebar 
327:type,4 
328:real,21 
329:e,1095,1103 
330:C*** Right Rebar 
331:real,20 
332:e,3095,3103 
333:C***· Gap Elements . 
334:type,3 
335:real,l 

' · 
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337:e,1095,1103 
338: ,3095,3103 
339:CH* s. Wall Bel.CT.ti Crane Level 
340:mat,2 
341:type,l 
342:real,17 
343:e,94,95 
344:,94,97 
345:mat, 1 
346:real,5 
347:e,94,93 
348:,93,92 
349: ,92,91 
350: ,91,90 
351:C*** s. Wall 10' Above Ceck Jt. 
352:C*** Rigid Links 
353:mat,2 
354:real,17 
355:type,l 
356:e,1075,75 
357:,75,3075 
358:,1090,90 
359: ,90,3090 
360:C*** ' Left Rebar 

"361:type,4 
362:real,24 
363:e,1075,1090 
364:C*** Right Rebar 
365:real,23 
366:e,3075 , 3090 
367 :C*** Gap Elements 
368:type, 3 

. 369 :real,l 
370:mat,3 
37i:e,1075,l090 
372:,3075,3090 
373:S. Wall, 3' to 10' Above Ceck 
374:type,l 
375:mat,l 
376:real,S 
377:e,75,74 
378: , 74 , 73 
379: ,73, 72 
380:,72, 71 
381: C*** s. Wall 3' Above Ceck J t . 
382:C*** Rigi d Links 
383 :mat,2 
384:real,17 
385:type,l 
386 : e,1060 , 60 
387:,60,3060 
388: ,1071, 71 
389: , 71, 3071 043 
390:C*** I.eft Rebar 
391:type,4 

' · 
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393:e,1060,1071 
394:C*** Right Re.bar 
395:real,23 
396:e,3060,3071 
397 : C*** Gap Elements 
398:type,3 
399:real,l 
400:mat,3 
401:e,1060,1071 
402:,3060,3071 
403:C*** S. Wall, Deck level 
404:type,l 
405:mat,l 
406:real,5 
407:e,60,59 
408: ,59,58 
409: C*** S. Wall , Top of Pi pe Trerx::h Jt. 
410:C*** Rigid Links 
411:mat,2 
412:real, 17 
413:type,l 
414:e,1057,57 
415:, 57, 3057 
416:,1058,58 

· 417: ,58~3058 
418 : C*** Left Re.bar 
419:type,4 
420:real,25 
421:e,1057,1058 . 
422:C*** Right Re.bar 
423:real,23 
424:e,3057,3058 
425:C*** Gap Elements 
426:type,3 
427:real,l 
428:mat,3 
429:e,1057,1058 
430:,3057,3058 
431:type,l 
·432:mat,2 
433:real,17 
434:e-,57,56 
435:mat,l 
436:real,3 
437:e,56,55 
438:,55,54 
439:C*** S. Wall, Bottom of Pipe Trench Jt. 
440:C*** Rigid Links 
441:mat,2 
442:real,17 
443:type,l 
444:e,1034,34 
445: , 34, 3034 044 
446: ,1054,54 
447: ,54,3054 
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449:type,4 
450:real,26 
451:e,1034,1054 
452: CJt** Right Rebar (None) 
453:CJt** Gap Elements 
454:type,3 
455:real,l 
456:mat,3 
457:e,1034,1054 
458:,3034,3054 
459:CJt** Crane Mass Elements 
460:real,27 
461:type,2 
462:e,96 
463: ,97 
464: CJt** Corner Masses 
465:real,28 
466:e,109 
467: ,127 
468:CJt** Base Mass 
469:real,29 
470:e,l 

- 4 71: C'Jt** Lower canyon SUbstructure 
472:type,5 
473:e,l,8 
474:dof,ux,uy,rotz 
475:C"'** Begin Load step 

· 476:iter,3,3 · 
477:cp,l,ux,83,98 
478 :,2,ux,102,1os 
479:, 3,ux,107,128 
480:,4,ux,95,103 
481:,s,ux,75,90 
482:,6,ux,60,71 
483: , 7, ux, 57, 58 
484:,a,ux,34,54 
485: ,9,ux, 78, 79 
486:cp,l0,ux,l,4 
487:cp,ll,uy,l,4 
488:d,l,ux,o.,,,,uy 
489:acel,,386.4 * static Dead Load 
490:betad,.000838 * 5% structural danpirq 
491:alplad,l.984 
492:postr,2,4,5 * save plas. strains for post pr. 
493:kbc,0 
494:lwrite 
495:iter,l,l * replace constr. with reac. ·forces 
496:time,.00001 
497 :ddel,l,ux 
498:ddel,l,uy 
499:f,1,fx,0. 0 
500:f,l,fy,0.386745E09 
501:lwrite 

. 502:afwrite 
503:FINISH 

· 045 
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505:/prep6 
506:nsteps,300 
507:ntable,10 
508 :data,2,1,300,1,8 * table 2 = v . acc., n 57 
509: (8F9. 0) 
510:eof 
511:cat >>inp.It </w/w91968jbpl.nljvacn57.lp5 
512:cat >>inp.It <<'eof' 
513:data,3,1,300,1,8 * table 3 = h. acc., n 57 
514: (8F9. 0) 
515:eof 
516:cat >>inp..rt </w/W91968jbplnljhacn57.lp5 
517:cat >>inp..rt <<'eof' 
518:fill,4,l,300,l,0.386745E+09 * n 57 ver. reac. 
519:cambin,6,2,,,19657.06 * tab 6 = v. force, n 57 
520:cambin,6,6,4,,19657 . 06,1 
521:cambin,7,3,,,19657.06 * tab 7 = h . force, n 57 
522:cambin,7,7,,,19657.06 
s2J:fill,1,1,Joo,,.005,.oos * table 1 = time 
524:time,l 
525:fill,5,1,300,10,2 * load step print interval =_10 
526:nprint,5 
527:nitter,,2 . 
528:prvar;l,2,3,6,7,5 
529:fy,1,6 
530:fx,1,7 · 
531:LFWRIT 
532:FINISH 
533:/ImUI',27 
534:/input,23 
535:FINISH 
536:eof 
537:cfs get bplant/saveS 
538:mv saveS FilE08 
539:/p/ans'fS/test/tan.sys <inp.It >>outplt 
540:lsf -f I nasa >>outplt 
541:lsf -f 
542: cfs store bplantjFilE21 
543:mv FilE12 savel2.lp5 
544:mv FilE03 save3.lp5 
545:cfs store bplant/save12.lp5 
546:cfs store bplant/save3.lp5 
547:ja -st I nasa I tee -a >>outplt 
548:nprint -c -rR32 a.iq:ut 
549::rm FilE* fort.* core 

046 
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POST26 SUMMARY OF VARIABLE EXTREME VALUES 
VARI TYPE IDENTIFIERS NAME MINIMUM AT TIME MAXIMUM AT TIME 

2 ESTR 5 3 5 SIG -195 .8 1.820 -4.510 1.615 
3 ESTR 6 3 6 SIG -799.1 1.935 0.2102E+05 1. 130 
4 ESTR 18 3 18 SIG -0.3987E+05 1.010 0.4079E+05 1.645 
5 ESTR 19 3 19 SIG -0.3987E+05 3.410 0.4037E+05 1.845 
6 ESTR 30 3 30 SIG 3238 . 1.625 0.2098E+05 1.850 
7 ESTR 31 3 31 SIG -353 .8 1.850 -119 .4 1.620 
8 ESTR 58 3 58 SIG -443.6 1. 650 -175.4· 1.145 
9 ESTR 59 3 59 SIG 8301. 1.145 0.2687E+05 1. 655 

10 ESTR 70 3 70 SIG -201.4 0.8950 -66.89 3. 775 
11 ESTR 71 3 71 SIG -0.3976£+05 3. 000 0.4033£+05 3. 500 
12 ESTR 84 3 84 SIG -59 . 16 1.165 6052°. 1.660 
13 ESTR 85 3 85 SIG -240 . 3 1. 640 -63 .92 1.155 
14 ESTR 96 3 96 SIG -120 .6 1. 765 0.1167E+05 1.625 
15 ESTR 97 3 97 SIG -389 .5 1.640 -65 . 44 1. 160 
16 ESTR 106 3 106 SIG -190 . 5 1. 770 0. 1840£+05 1.620 
17 ESTR 107 3 107 SIG -310 . 5 1.610 -35.90 1.160 
18 ESTR 117 3 117 SIG -57.89 4.495 0. 1884£+05 1.605 

POST26 SUMMARY OF VARIABLE EXTREME VALUES 
l/ARI .TYPE IDENTIFIERS NAME MINIMUM AT TIME MAXIMUM AT TIME 

2 ESTR 5 8 5 EPPL 0.0000 10.00 0.0000 10 .00 
3 ESTR . 6 8 6 EPPL 0.0000 10.00 0.0000 10 . 00 
4 ESTR 18 8 18 EPPL 0. 0000 0.7850 0.7900£-02 1.700 
5 ESTR 19 8 . 19 EPPL 0.0000 1.065 0.3672E-02 1.905 
6 ESTR 30 8 30 EPPL 0.0000 10.00 0.0000 10.00 
7 ESTR 31 8 31 EPPL 0.0000 10.00 0.0000 10.00 
8 ESTR 58 8 58 EPPL 0.0000 10.00 0.0000 10.00 
9 ESTR 59 8 59 EPPL 0.0000 10.00 0.0000 10.00 

10 ESTR 70 8 70 EPPL 0. 0000 10.00 0.0000 10.00 
. 11 ESTR 71 8 71 EPPL 0.0000 0.7450 0.3281E-02 3.765 

12 ESTR 84 8 84 EPPL 0.0000 10.00 0.0000 10.00 
13 ESTR 85 8 85 EPPL 0.0000 10.00 0.0000 10.00 
14 ESTR 96 8 96 EPPL 0.0000 10.00 0.0000 10.00 
15 ESTR 97 8 97 EPPL 0.0000 10.00 0.0000 10.00 
16 ESTR 106 8 106 .EPPL 0.0000 10.00 0.0000 10.00 
17 ESTR 107 8 107 EPPL 0.0000 10.00 0.0000 10.00 
18 ESTR 117 8 117 EPPL 0.0000 10.00 0.0000 10.00 

048 

.1 
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WHC-SO-WM-SA-005 
Rev .· 0 

Peak Wall Moments, 0.2g DBE 

POST26 SUMMARY OF VARIABLE EXTREME VALUES 
VARI TYPE IDENTIFIERS NAME MINIMUM AT TIME MAXIMUM AT TIME 

3 ESTR 
4 ESTR 
5 ESTR 
6 ESTR 
7 ESTR 
8 ESTR 
9 ESTR 

10 ESTR 
11 ESTR 
12 ESTR 
13 ESTR 
14 ESTR 
15 ESTR 
16 ESTR . 
17 ESTR 
18 ESTR 
19 ESTR 
20 ESTR 
21 ESTR 
22 ESTR 
23 ESTR 
24 ESTR 

· 25 ESTR 
26 ESTR 
27 ESTR 
28 ESTR 
29 ESTR 
30 ESTR 
31 ESTR 
32 ESTR 

9 3 
10 3 
11 3 
11 6 
22 3 
23 3 
24 3 
25 3 
25 6 
62 3 
63 3 
64 3 
65 3 
65 6 
76 3 
77 3 
78 3 
79 3 
79 6 
88 3 
89 3 
90 3 
91 3 
91 6 

100 3 
101 3 
101 6 
111 3 
112 3 
112 6 

9 MOM! -0.2782E+07 1.080 
10 MOM! -0.2045E+07 1.080 
11 MOM! -0.1326E+07 1.825 
11 MOMJ -0 . 5405E+06 1.625 
22 MOM! -0. 5259E+06 1.800 
23 MOM! 0. 1221E+06 1.800 
24 MOM! 0. 5060E+06 1. 705 
25 MOM! 0.5603E+06 1.620 
25 MOMJ -0. 2206E+07 1.850 
62 MOM! 0.9987E+06 l ol 45 
63 MOM! 0.7868E+06 1.145 
64 MOM! . 0. 5601E+06 1.870 
65 MOM! 0.3160E+06 1.865 
65 MOMJ -0.7026E+06 0.8950 
76 MOM! -0.45S7E+05 3. 775 
77 MOM! -0 . 2744E+06 ·. 3.S55 
78 .MOHi -0.8777E+06 1.650 
79 MOHi -0. 1525E+07 1.645 
79 MOMJ -0 .1099E+06 1. 155 
88 MOM! -0 .2187E+07 1.640 
89 MOM! -0.2671 E+07 1.640 
90 . MOMI -0.3163E+07 1.635 
91 MOM! -0.3664E+07 1.635 
91 MOMJ -0.2785E+06 1. 160 
100 MOM! -0.4175E+07 1. 630 
101 MOMI -0.5020E+07 1.615 
101 MOMJ -0.5012E+06 1.160 
111 MOMI -0.7198E+07 1.610 
112 MOM! -0.7931E+07 1.610 
112 MOMJ 0.3013E+06 1.155 

049 

0.9642E+06 1.615 
0.8070E+06 1.620 
0.6655E+06 1.620 
0.6457E+06 1.800 
0.6434E+06 1. 560 
0.8169E+06 0. 7900 
0. 1048E+07 007200 
0. 1546E+07 1.850 

-0. 5739E+06 1.620 
0. 2791E+07 1.650 
0. 2258E+07 1.655 
0. 1703E+07 1.655 
0. 1155E+07 1.605 

-0.4886E+05 3.775 
0.5590E+06 0.7550 · 
0. 1912E+06 0.3250 
0.9135E+05 1.150 
0.8910E+05 1. 155 
0. 2186E+07 1. 640 
0~1107E+06 1. 155 
0. 1391 E+06 1.160 
0. 1770E+06 1. 160 
0. 2236E+06 1.160 
0. 4176E+07 1.625 
0.2776E+06 1. 160 
0.3801E+06 1. 160 
0.5899E+07 1.610 

-0.5540E+06 1.160 
-0.4394E+06 1.160 
0.8689E+07 1.610 



VARI TYPE 

2 ESTR 
3 ESTR 
4 ESTR 
5 ESTR 
6 ESTR 
7 ESTR 
8 ESTR 
9 ESTR 

10 ESTR 
11 ESTR 
12 ESTR 
13 ESTR 
14 ESTR 
15 ESTR 
16 ESTR 
17 ESTR 

VARI TYPE 

2 ESTR 
3 ESTR 
4 ESTR 
5 ESTR 
6 ESTR 
7 ESTR 
8 ESTR 
9 ESTR 

10 ESTR 
11 ESTR 
12 ESTR 
13 ESTR 
14 ESTR 
15 ESTR 
16 ESTR 
17 ESTR 

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

Peak Roof Moments, 0.2g DBE 

POST26 SUMMARY OF VARIABLE EXTREME VALUES 
ID ENT I FIERS NAME MINIMUM AT TIME 

36 3 36 MOM! 0.3083E+06 1.625 
37 3 37 MOM! -0.1608E+06 1.630 
38 3 38 MOM! -0.5574E+06 1.635 
39 3 39 MOMI -0.8778E+06 1.640 
40 3 40 MOMI -0 . ll l 7E+07 1.645 
41 3 41 MOMI -0 . 1299E+07 1.645 
42 3 42 MOM! -0.1380E+07 1.650 
43 3 43 MOM! -0 . 1361E+07 1.655 
44 3 44 MOM! -0.1245E+07 1.660 
45 3 45 MOM! -0.1032E+07 1.670 
46 3 46 MOMI -0.8442E+06 4.450 
47 3 47 MOMI -0.6600E+06 ~l.835 
48 3. . 48 MOMI -0.4566E+06 1.830 
49 3 49 MOMI -0.2251£+06 1.825 
50 3 50 MOMI 0. 7357E+05 1.825 
51 3 51 MOMI 0.4460E+06 1.820 

POST26 SUMMARY OF VARIABLE EXTREME VALUES 
IDENTIFIERS NAME MINIMUM AT TIME 

36 6 36 MOMJ -0.1657E+07 1.850 
37 6 37 MOMJ -0 . 1152E+07 1.845 
38 6 38 MOMJ -0.7131E+06 l.845 
39 6 39 MOMJ -0.3338E+06 1.845 
40 6 40 MOMJ 0.5005E+05 1.840 
41 6 41 MOMJ 0.3444E+06 1.160 
42 6 42 MOMJ 0.5442E+06 1.145 
43 6 43 MOMJ 0.6623E+06 3.385 
44 6 44 MOMJ 0.6698E+06 3.405 
45 6 45 MOMJ 0.5332E+06 3.430 
46 6 46 MOMJ 0.2445E+06 1.640 
47 6 47 MOMJ -0.2522E+06 1.645 
48 6 48 MOMJ -0.7474E+06 1.650 
49 6 49 MOMJ -0.1315E+07 1.650 
50 6 50 MOMJ -0.1954E+07 1.650 
5.1 6 51 MOMJ -0.2670E+07 1.650 

D50 

MAXIMUM AT TIME 

0. 2238E+07 1.850 
0. 1657E+07 1.850 
0. 1152E+07 1.845 
0.7131E+06 1.845 
0.3339E+06 1. 845 · 

-0 .5019E+05 1.840 
-0 .3444E+06 1.160 
-0.5441E+06 1.145 
-0 .6626E+06 .3 .385 
-0.6699E+06 3.405 
-0.5333E+06 3.430 
-0 .2444E+06 1.640 
0.2523E+06 1.645 ... · ~ . ..... --~ 
0.7475E+06 1.650 -~~_\/ •" 
·o .1315E+07 1. 650 
0. 1954E+07 1. 650 

MAXIMUM AT TIME 

0.1607E+06 1.630 
0.5573E+06 1.635 
0.8777E+06 1.640 
0.1116E+07 1. 645 
0.1299E+07 1.645 
0."1380E+07 1.650 
0.1361E+07 1.655 
0.1245E+07 1.660 
O.l032E+07 1.670 
0.8445E+06 4.450 
0.6600E+06 1.835 
0.4566E+06 1.830 
0.2251E+06 1.825 

-0.7358E+05 1.825 
-0 .4459E+06 1.820 
-0.8724E+06 1.145 



.. 

VARI TYPE 

2 ESTR 
3 ESTR 
4 ESTR 
5 ESTR 
6 ESTR 
7 ESTR 
8 ESTR 
9 ESTR 

10 ESTR 
11 ESTR 
12 ESTR 
13 ESTR 
14 ESTR 
15 ESTR 
16 ESTR 
17 ESTR 

. 18 . ESiR 
19 ESTR 

VARI TYPE 

20 OPER 
21 OPER 
22 OPER 
23 OPER 
24 OPER 
25 OPER 
26 OPER 
27 OPER 
28 OPER 

WHC-SO-WM-SA-005 
Rev. 0 

Peak Shear and Nonnal Forces, 0.2g DBE 

POST26 SUMMARY OF VARlABLE EXTREME VALUES 
IDENTIFIERS NAME MINIMUM AT TIME MAXIMUM AT TIME 

9 1 9 NFOR 0.3311E+05 4.205 0.4581E+05 1.765 
. 9 2 9 SHRF -O.l993E+OS 1.080 4265. 1.615 
22 1 22 NFOR 0.1902E+05 4. 200 0.2765E+OS 3.670 
22 2 22 SHRF -0.1715E+05 1.850 777.8 1.620 
34 1 34 NFOR 0.1316E+OS 4.195 0.1977E+05 4.435 
34 2 34 SHRF -0.1567E+OS 1.850 -155.3 1.625 
62 1 62 NFOR 0. 1319E+05 1.145 0.2063E+05 1.645 
62 2 62 SHRF 5217. 1. 140 0. 1321E+05 1.650 
76 1 76 NFOR 0. 2821E+05 5.000 0.3819E+05 0.8850 
76 2 76 SHRF 1039 . l ol60 0.1559E+05 1.640 
88 1 88 NFOR 0.3687E+05 5.000 0.4911E+05 0.8850 
88 2 88 SHRF -1031. 1. 165 0. 1763E+05 1.610 

100 1 100 NFOR 0.4295E+05 4.995 0.5699£+05 0.8850 
100 2 100.SHRF -2278. 1.160 0.1936E+05 1.600 
111 1 111 NFOR . 0.4771E+05 ,. 4.990 0.6321E+05 0.8850 
111. 2 l-11 SHRF . -3356 . 1.140 0.2060£+05 1.600 
112 4 112 NFOR' -0.7170E+05 0.8850 -0.5524E+OS' 4. 990 
112 5· 112 SHRF -0.2135E+05 1.600 4150 . · 1. 135 

POST26 SUMMARY OF VARIABLE EXTREME VALUES 
IDENTIFI ERS NAME MINIMUM AT TIME MAXIMUM AT TIME 

20 ABS SHF/NORF 0.7191E-03 3.475 0.5306 1.130 
21 ABS SHF/NORF 0.5521E-03 1.650 0.7313 1.835 
22 ABS SHF/NORF 0.1066E-Ol 1.625 0.8900 1.845 
23 ABS SHF/NORF 0.3604 3.050 0.6431 1.655 
24 ABS SHF/ NORF 0.3604E-Ol 1.160 0.4269 1.665 
25 ABS SHF/ NORF 0. 1053'E-03 1.845 . 0.3803 1.585 
26 ABS SHF/NORF 0. 2629E-02 1.825 0.3595 1. 590 
27 ABS SHF/NORF 0. 2407E-03 1.820 0.3448 1.590 
28 ABS SHF/NORF 0.1537E-02 4. 555 0.3135 1.590 
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VARI TYPE 

2 ESTR 
3 ESTR 
4 ESTR 
5 ESTR 
6 ESTR 
7 ESTR 
8 ESTR 
9 ESTR 

10 ESTR 
11 ESTR 
12 ESTR 
13 ESTR 
14 ESTR 
15 EST_R 
16 ESTR 
-17 ESTR · 
18 ESTR 
19 ESTR 
20 ESTR 
21 ESTR 
22 ESTR 
23 ESTR 
24 ESTR 
25 ESTR 
26 ESTR 
27 ESTR 
28 ESTR 
29 ESTR 
30 ESTR 
31 ESTR 
32 "ESTR 
33 ESTR 

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

Peak Surface Stresses in Roof, 0.2g DBE 

POST26 SUMMARY OF VARIABLE EXTREME VALUES 
IDENTIFIERS NAME MINIMUM AT TIME MAXIMUM 

36 7 36 SDPB -1189. 1.850 -163.1 
36 8 36 SDMB 156.7 1.625 1131. 
37 7 37 SOPB -983.5 1.850 88.02 
37 8 37 SDMB -97.16 1.630 924.5 
38 7 38 SDPB -771.4 1.845 352 .5 
38 8 38 SDMB -365.1 1.640 711.7 
39 7 39 SDPB -546.6 1.845 627 .2 
39 8 39 SDMB -643.3 1.640 485 .5 
40 7 40 SDPB -286.6 . 1.845 850 .1 
40 8 40 SDMB -869.l 1.645 227 .9 
41 7 41 SDPB 10.63 1.840 989.3 
41 8 41· SDMB -1011. 1. 645 -66.65 

. 42 7 42 SOPS 240.2 1.160 1049 . 
42 8 42 SOMB -1075. .. l .650 -290.1 
43 7 43 SDPB . . 395.5 1.145 1033. 
43 8 43 SDMB -1062. 1. 655 -442.2 
44 7 · 44 SDPB 488.9 1.145 - 942.2 
44 8 44 SDMB -974.3 1.660 -529.4 
45 7 45 SDPB 496.9 3.405 777.3 
45 8 45 SDMB -811.9 1.670 -534.6 
46 7 46 SDPB 390.3 3.430 627.3 
46 8 46 SDMB -672.6 4.450 -430.9 
47 7 47 SDPB 168.7 1.640 487.4 
47 8 47 SDMB -528.8 1.835 -207.7 
48 7 48 SDPB -204.1 . 1.645 311 .8 
48 8 48 SDMB -349.5 1.835 161.1 
49 7 49 SDPB -502.9 1.650 128.8 
49 8 49 SDMB -160.9 1.825 459.l 
50 7 50 SDPB -779 .0 1.650 -56.70 
50 8 50 SDMB 28.03 1.825 734.9 
51 7 51 SDPB -1035. 1.650 -243.9 
51 8 51 SDMB 218.6 1.820 990.8 

052 

• .1 - . 

( 

AT TIME 

1.625 
1.850 
1.630 
1.845 
1.635 
1.845 
1.640 
1.845 
1.645 
1.840 
1. 645 
1.840 
1.650 

.1. 160 
1.655 -· ·. - . . 
1.140 
1.660 
3.385 
1.670 
3.405 
4.450 
3. 430 
1.835 
1.640 
1.830 
1.645 
1.825 
1.650 
1.825 · 
1.650 
1.820 
1.650 

- ----- ---
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WHC-SO-WM-SA-005 
Rev. 0 

Peak Roof Manents, o.4g m 

· POST26 SUMMARY OF VARIABLE EXTREME VALUES 
'E IDENTIFIERS NAME MINIMUM AT TIME 

l 36 3 36 MOM! -0 . 4509E+06 1.635 
{ 37 3 37 MOM! -0.7824E+06 1.640 
~ 38 3 38 MOM! -0.1059£+07 1.645 
l 39 3 39 MOM! -0 . 1309E+07 1. 660 
~ 40 3 40 MOM! -0.1518£+07 1.665 
R 41 3 41 MOM! -0 . 1684E+07 1. 675 
R 42 3 42 MOM! -0 . 1779£+07 1.370 
R 43 3 43 MOM! -0.1857£+07 1.365 
R 44 3 44 MOM! -0.1793£+07 1.360 
R 45 3 45 MOM! -0 . 1573£+07 1.360 .R 46 3 46 MOM! -0.1201E+07 1.355 
'R 47 3 47 HOM! -0.8392E+06 1.105 .R 48 3 48 MOM! -0 . 7544£+06 1.115 
;R 49 3 49 MOM! -0 . 6328£+06 . 1.120 
fR 50 3 50 MOM! -0.4401E+06 .1.120 
rR 51 3 51 NOMI -0 . 1789E+O& 1.140 

053 

MAXIMUM AT TIME 

0.3430E+07 1.150 
0.2770£+07 1.155 
0.2183E+07 1.160 
0. 1672£+07 1.170 
0. 1232£+07 1.180 
0. 7793£+06 1.185 
0.4253£+06 1. 210 
0. 1815£+06 1.225 
0. 1561£+05 1. 235 

-0.9389E+05 1.240 
-0.1566£+06 1.245 
-0.4962E+05 1.635 
0.4597£+06 1.655 
0.9986£+06 1.660 Q 

0. 1627£+07 1. 670 
0. 2352£+07 1. 675· 




