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Criteria for Analysis and Design Modifications
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MODIFICATION OF THE COLONY TOWER FOR THE RIO BLANCO DETONATION
(ANS PRESENTATION)

John A. Blume, Lloyd A. Lee, Sigmund A. Freeman, Kenneth K. Honda
John A, Blume & Associates, Engineers, San Francisco, California

introduction

’

As part of a structure bracing program for Project Ri0 BLANCO, CER-

Geonuclear (CER) employed the serviceé of John A. Blume & Asscciates,
Engineers (Blume), through an existing contractual relationship with
the US Atomic Energy Commission (AEC), to conduct structure response
analyses and to design and implement a structural bracing program for
the Colony Development 0il Shale Retort Tower (Figure 1), situated on

Parachute Creek near Grand Valley, Colorado (Figure 2).

The tower is a 180-foot tall steel-frame experimental oil shale pro-
cessing retort structure with heavy process equipment on various levels.
Lateral forces are carried by a horizontal floor brace-system to ver-
tical diagonal bracing in the exterior frames. The emplacement well
Jocation for the RI0 BLANCO detonation is approximately 29 kilometers
northwest of the tower.

The analysis of the Colony Tower to predicted RI0 BLANCO ground motion
was based on structural data supplied by Colony Development and The

0il Shale Company (TOSCO) and on response spectrum predictions provided
by the Environmental Research Corporation for the median predicted
ground motion and corresponding standard geometric deviations. The

structure was analysed with the aid of a two-dimens ional computer pro-

gram (FRMSTC). A three-dimensional computer program (SAF) was used to

MASTER

Criteria for the analyses and the design modifications, which would pro-

check the results.

vide an adequate margin of safety, were agreed upon by AEC and CER. The

main provisions of the criteria are the following:

® Analysis and design were based on one geometric standard devi-

ation (+ lo) times the median predicted response spectrum
(Figure 3).
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® The median predicted response spectrum was derived from the
maximum values of two orthogonal directions of herizontal

motion.
e Damping was assumed to be 2% of critical.

e Natural periods of vibration were considered to have a + 10%
variation from the calculated value. The maximum spectral
response value within this period band-width was used as the

demand value.

e The capacity of the structural members was based on the yield
limit of the material. Where the yield limit was difficult

to define (e.g., friction connections of high strength bolts),

the capacity was taken at 1.5 times the allowable working stress.

The + lo level of predicted response spectra is considered to provide
an 84% probability of not being exceeded. The median prediction was
based on the maximum values of two orthogonal directions of horizontal
motion because of the uncertainties of directional effects. The 2% of
critical damping’criterion was considered to be a reasonable compromise
for design purposes. Field measurements indicated 1.25 to 2% of critical
damping at small amplitudes and experience indicated that damping (or an
effective damping value to relate to the re§ponse) would probably in-
crease at high amplitudes of motion, to as high as 5% of critical damp-
ing. The + 10% variation in period was used to account for complex-
ities of the structure and uncertainties in masses and mass distribu-~

tion.

All of the above criteria tended to increase the probability (above the
84% value) that the design criteria would not be exceeded by the R0
BLANCO event. Some of this apparent conservatism was offset by nec-

essary approximations in the structural analysis which may result in

underestimation of stresses in some structural elements and overestima-

tion of stresses in others.

The object of the modification program was to assure, within reasonable

limits, that no damage would occur to the structure. Therefore, the



modification design criteria should not be confused with a predicted

response solution.

The results of the analysis of the then existing structure are {1lus-
trated in Figures 4 and § by showing the peak calculated story shears.
As is shown in Figures 4 and S, the median predicted motion would have
caused overstress at the top level in the North-South direction only.

Motion at the + lo level would have caused overstress at the top 3
levels and the bottom 3 levels in the north-south direction and top

3 and bottom 1 levels in the east-west direction. To provide an ade-
quate margin of safety, CER directed Blume through the AEC contrac-
tual relationship, to proceed with a program to design the instalia-
tion of adequate permanent bracing and to modify existing bracing so

as to assure that no significant overstress would occur at the + lo

jevel.

An initial bracing program was designed and the probable effects on the
response of the tower determined by analytical mean. This procedure
was repeated until the calculated response and stresses satisfied the
design criteria. Upon completion of the two-dimensional analysis
(using computer program FRMSTC) a three~dimcasional analysis (using

computer program SAP) was performed on the final modified structure as

a check.

The results of the analysis of the modified structure are illustrated

in Figures 6 and 7 by showing the peak calculated story shears. A
comparison of the pre-modified structure results and the modified struc-
ture results (Figures 4 and 5 versus Figures 6 and 7} show that some

.of the increase in structure capacity was offset by similar but smaller
increases in demand. These increases in demand occurred because the
shorter periods of vibration of the structure resulting from the stiff-

ening effects of the bracing intersected higher response accelerations

on the predicted response spectrum,



Field Implementation

Stearns-Roger Inc. was selected by CER, as the contractor, because the
firm had worked extensively on earlier tower modifications and security
agreements were still in effect. On April 19, 1973 the Blume Resident
Engineer met with representatives from Stearns-Roger at the Colony
Development on Parachute Creek to inspect the tower and the facilitles

available to the contractor.

During the tower inspection it became evident that removal and replace-
ment of existing bracirg members with heavier members should be avoided
if at all possible. Bracing members were too long and there were tco

. many obstructions from piping and process equipment to make member
removal and replacement feasible. Instead it was decided to stiffen

the existing double angle bracing members by the addition of steel chan-
neis, tees and wide flange shapes as appropriate for each particular
vertical brace panel. All fastening of stiffening members to brace mem-
bers would be accomplished by welding, with details supplied by the

Resident Engineer.

All bolred and welded connections were reviewed in the field for ade-
quacy and, if found inadequate, welding details were supplied by the
Resident Engineer. The AISC Specification for the Design, Fabrication
& Erection of Structural Steel for Buildings allows welds to be pro-
portioned to function in conjunction with high streagth bolts used in
friction-type connections in resisting the transfer of stress across
faying surfaces; however, every effort was made to provide compiete re-

liance on welds if existing bolts were inadequate for postulated loads.

In generail, basic sizes and lengths of stiffener members were developed
.in the office. Final sizes were dependent or the immediate availability
of structural steel shapes from suppliers in Grand Junction or Denver,
Colorado. As it developed, the required steel was available from

Grand Juncticn., A)l steel was shipoed unfabricated but cut to length
and marked for the particular bracing panel. The first locad arrived on

May 2nd after initiating the steel order on Monday, April 30, and the

}



final load arrived Friday, May 4th. all fabrication and replacement
of stiffening members was accomplished in the field from sketches

developed by the Resident Engineer.

Fabrication of stiffener members involved cutting members to length,
burning slots in channels to clear existing gusset plates, coping
flanges, and burning 1" & holes at 12" centers for plug welds in the
stem of structural tee shapes. Material would then be carried by the
crane to the materlal hoist and lifted to the proper level of the tower.
From this point small tugger hoists and snatch blocks were used to
slide and 1ift the stiffener member into position for tack welding to
the brace members. Chain hoists were often reguired to further assist

in the placement of members.

In developing field fabrication drawings every effort was made to
utitize welds in the down hand and horizontal positions. This meant
that stitch welds and plug welds would provide the principal means of
attaching stiffener members to existing bracing. Welding stresses used

to proportion welds attaching stiffeners to braces were normal working

stresses allowed by applicable code.

Oue to the high slope of the diagonal brace panels the welders operated
from hanging scaffclds. Four of these scaffolds were of the one~-man
electricaily operated "Sky Climber’ type and two were electrically
operated platform scaffolds 12-feet and 24-feet long respectively. In
addition four more one-man scaffolds utilizing chain hoists were built
on the job. The constant interference of piping and process equipment
with scaffold movement and steel erection and several days of inclement
weather {snow, rain, cold) made steel erection and welding production
_less than ideal. Regardless, the work progressed according to schedule
and with a 1002 safety record. The wo.k involved fabricating and plac-
ing approximately 21 tons of structural steel shapes (134 pieces) and
750 pounds of welding electrode to strengthen the existing vertical

bracing system for the tower.

The horizontal bracing system at each floor level was reviewed in the

field by the Resident Engineer. In general the existing horizontal



bracing had been placed to carry lateral loads back to the outside
columns, however the alignment of the horizontal bracing generally suf-
fered due to conflict with vertical pipes and process vessels which
penetrate each level. Due to the number of large floor penetrations

it is questionable that a better horizontal bracing system pattern

could be provided. Hcrizontal members reviewed in the field were felt
to be marginal but adequate, with the possibility of some minor slippage

in the friction type bolted connections.

The work was conducted on a 10-hour day, 7-day working week schedule,
and was completed on May 4. The Project Ri0 BLANCO detonation oc-

curred at the scheduled time on May 17.

Following the detonation of R10 BLANCO, the tower structure was closely
inspected by the Resident Engineer for Blume. No damage and no indica-

tion of adverse tower response could be found.

To provide immadiate post shot visual verification of tower response
the Resident Engineer had gone through the tower prior to the detona-
tion and placed sealing wax tell-tales. About 30 tell-tales were so
placed to indicate movement, if any, by cracking of the brittle sealing
wax. Heavy equipment mounts, boited structural connections and free

hanging pipe quides were so marked throughout the tower.

The location of each of the wax tell-tales was pointed out to the post
shot inspection party. The condition of the wax markers was closely
examined and photographed by the several engineers present. While a
few of the wax markers were cracked, no visual evidence of damage or

adverse response could be found.

Response Evaluation

Seiection of design criteria for the modification of the tower struc-
ture was made with a view toward assuring that no damage would occur

to the structure. Conscquently these c¢riteria establiished a reasonable
but clearly conservative approach to the prediction of response and

stress in tower clements.



Therefore, in order to make a meaningful comparison of actual response
(Figures 8 and 9) with that predicted (Figure 3), it is necessary to
compensate for the conservative weighting of the pre-shot design cri-
teria and assumptions. The resulting values are called '"unweighted"

and were obtained as follows:

e Instead of using the spectral values at the upper statistical
level of + log, a value was selected which represented an
average between the upper and lower bounds of the median
response spectra envelope derived from the two orthogonal
directions of horizontal motion. This average value is the

one with the highest probability of actual occurrence.

e Instead of using the highest response value in the + 102 range
of each of the calculated natural periods, a value was selected
which represented an average value within the + 10% period

range.

e Damping was assumed to be 2% of critical, as before.

Table 1 shows a comparison of predicted tower response, using 3 dif-
ferent sets of prediction assumptions, with actual recorded values.

The prediction assumption sets are (1) the conservative pre-shot pre-
dictions, weighted to assure the tower's safety (2) the somewhat less
conservative pre-shot predictions using the median prediction of mo-
tion instead of the + 1o level but retaining other safety aspects and
(3) the unweighted and statistically most probable response value se-

lected as described above.



TABLE 1: COMPARISON OF TORP LEVEL RESPONSE.

LONGITUDINAL (N/S)

TRANSVERSE (E/W)

15y 2ND IR0 RMS % 18T 2ND 3IRD RMS»
MOLE MODE MODE SUM MODE MODE MODE SUM
PERIONS (SEC) :
1 MODEL MO 1,017 0,344 0,215 1,20 0,374 0,207
2 MODEL Mé& 0,916 0,261 0,171 1418 0,239 0,169
3 MEASURED 1,02 0,34 0,21 1,22 0.36 0,20
SPECTRAL ACCELERATION FOR 2% DAMPING (G)
DESIGN CRITERIA o
4 AT «1 SIGMA 0,06 2,99 1,49 0,04 3,01 1,50
& AT MEDIAN 0,03 1,20 0,60 0.02 1,20 0,60
ENVELOPE
6  UNWEIGHTED 0,024 0,SS 0,40 0,013 0,72 0,40
7 FROM RECORDINGS
a A, MEASURED T 0,009 0,29 0,51 0,009 0,42 0,75
b B, CALCULATED T{o0,n1da 0,64 0,49 0.011 0,50 0,39
SPECTRAL VELOCITY (CM/SEC) .
8  UNWEIGNTED 3,3 22 10 2.3 32 10
9 FROM RECORDINGS
a A, MFASURED T 1,5 14,9 16,0 1.9 24,5 24,0
b B. CALCULATED T|1,9 26,0 13,5 1,9 22,0 9.6
TOP LEVEL VELOCITY grngSEC)
10 UNSEIGHTED 4,6 3 1S 3.3 20 2.4 ein
N FROM RELURDINGS
a A, MEASURED T 2.1 9,5 4,8 f1n 2.7 15.4 5,8 17#
b By CALCULATED T{2,6 16,5 4,4 {7% 2,7 13,9 2.3 1U%
12 MEASURED 14,6 6,04

& 10,3




Notes (following Table 1)

l.

8.

10.

Periods listed in the row following ""Model MO'" are those calculated
for the first 3 modes of response in each direction of the tower
before it was modified. (These periods agree well with some ob-

tained from field measurements of the tower before modification).

Periods listed in the row following '"Model M6' are those calcu-

lated for the modified tower. The periods shortened because of

added stiffness.

Periods obtained from the recordings made during RI0 BLAN O,

Spectral acceleration {(in g) at each period using the + lo spec-
tral response prediction, and therefore weighted for tower safety

purposes.
Spectral acceleration (in g) at each period using median predic-
tion response spectrum values and therefore less weighted for

tower safety.

Unweighted spectral accelerations, which were obtained as described

by taking the average of the upper and lower envelope of the pre-
dicted spectrum at each period band. These represent the predicted

spectral values with the highest probability of actual occurrence.

Spectral acceleration value at each period from the spectra con-

structed from the recorded ground motion.

a. Using measured periods from row 3
b. Using calculated period from row 2

Unweighted predictions of spectral velocity.
Recorded spectral velocities.

a. Using periods from row 3
b. Using periods from row 2

Unweighted predictions of roof level motion corresponding to spec-
tral values shown in rows 6 and 8. Columns 4 and 8 present com-

bined modal response values using a root-mean-square (RMS) proce-

dure.




11. Roof motion based on spectra from recordings. These correspond
to spectral values shown in lines 7 and 9 and would be the tower
motion values predicted from a perfect pre-shot prediction of

the response spectrum at the tower location.

12. Recorded roof motion.

Comparison of predicted and recorded motion (rows 10, 11 ¢ 12} is
resonable. Comparison of the RMS response with actual measurement

at the roof level with those predicted in rows 10 and 11 show that

the tower model was quite good in the longitudinal direction but over-

predicted response in the transverse direction.

Table 2 shows a comparison of responses at other levels of structure.
The M6 series of mathematical models were subjected to the recorded
ground motions and the responses at various levels were obtained and
compared with the recorded motions at these levels. in the longi-
tudinal direction the comparison is quite good for all levels. In

the transverse direction it is not as good, although within reason.

The inaccuracies in the prediction for the transverse direction are
probably caused by the extremely irregular placement of large equip-
ment weights in the tower resulting in response with torsional com-
ponent - additional complexities occur because of flexible floor
diaphragms and resulting internal relative movement of these large
equipment masses. Additional study would be required for a definitive

evaluation of the translational response velocities.

10
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TABLE 21 COMPARISON OF RESPONSE AT VARIOUS LEVELS (c7Ysec)

LONGITUDINAL (N/S)

TRANSVERSE (E/W)

MEASURED MEASURED

LEVEL | AT CENTER| PREDICTED | N END CENTER S END | PREDICTED
804 14,6 16,7 10,3 6,04 14,1
781 7.78 5,7 6,75 5,10 f 740
735 7.71 7.6 3,83 13,5 7.99 11,2

' 685 11,8 1343 5,25 7.25 6,85
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