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Subject: Calculation/Design Check of the Alternative BT Guided Support Designl

The CCB accepted CB&I's proposed alternate Beam Tube guided support design with the quali-
fier that a careful review of is structural adequacy be conducted. The purpose of this memoran-
dum is to convey the results of this review. The CB&I calculations in support of the alternative
design are documented in section 7 of CDRL 10 and 24 (LIGO document no. C960366-00-B).
Attached is a marked-up copy of CB&I's calculations and additional calculations performed in
the course of the review which ausment CB&I's calculations.

In summary I find that the design meets the requirements and is adequate structurally; I see no
reason not to proceed with the CCB's recommendation to adopt the alternative design. In addi-
tion, I offer the following comments:
1) It is stated in CB&I's document that only main members of the guided support have been ana-
lyzed and that at alater date other details will be designed (e.g. bolts, welds, etc.); To date no fur-
ther information has been submitted by CB&I. I have addressed (attachment 1) the weld stresses
for the cable attachment fittings to the BT stiffener ring and the clamp plate used to transfer load
from the horizontal cable to the vertical columns and find these elements to be structurally ade-
quate;No further analysis seems warranted.

2) I do have a couple of concerns regarding the design:
a) The clamping plates used to transfer load from the horizontal cable to the vertical columns are
not fixed in place, but "float" presumably to better align to the BT as it is adjusted vertically.
However, this would seem to be prone to lateral mis-alignment. I suggest that the clamp plates be
fillet welded to the vertical columns at their nominal height (i.e. corresponding to the middle of
the range of vertical adjustment).

b) Rather than using a torque wrench to calibrate the anchor bolt pre-load, CB&I proposes to use
spring washers. The embedded bolt bond strength is only 20Vo higher than the preJoad (2210#
vs. 2000#) and the pre-load is only 25Vo higher than required to prevent slippage/re-alignment
under the seismic loadz. It seems unlikely that the accuracy with which the bolt pre-load can be

1� This version has minor changes from the original version (L960370-00-E) issued with limited distribu-
tion on 16 May 96:
a) Item (3) was reworded for clarity
b) Extraneous calculations on one page of Attachment #2 were deleted.

2. Contrary to CB&I's supposition, their calculated value of required friction force is not conservative, but
realistic given the reduction in coefficient of friction which can be expected with an oxide film.
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set with a spring washer is well within +/- 2OVo. CB&I may want to revisit this approach.

c) On sheet 4 of section 7, it is stated that there will be no bending of anchor bolts because there
will be a base plate under the horizontal beam where it is clamped. However, this base plate does
not appear in the drawing (#19). In addition, the analysis on the following pages appear to explic-
itly exclude such a plate. Furthermore, it is difficult to see how such a plate will help mitigate/pre-
clude anchor bolt bending. CB&I should clarify.

d) While thermally and electrically insulating grommets are used in three of the four cable end
connections, they are not used at the horizontal cable to clamping plate connection at the vertical
columns; these grommets should be added to the design.

3) The compression buckling of the web of the lower structural tube was calculated incorrectly. A
correct calculation in accordance with the AISC's "Manual of Steel Construction: Allowable
Stress Design (ASD)I", then it appears to be in adequate. However, further analysis indicates that
the web will not buckle. as shown in the attachment.

4) The drawing does not contain all of the necessary dimensional details and should be revised.

DCC:dcc

Attachments:
1) D. Coyne, Structural calculations of CB&I's Alternate Guided Support for the Beam Tube
(augments CB&I's calculations, i.e. attachment #2)
2) CB&I, Structural Calculations of the Alternate Guided Support, Section 7, CDRLs l0 and24,
LIGO Beam Tube Contract. CB&I reference no.953571. dated 3112196.

cc with attachments:
Chronological File
Document Control Center

cc without attachments:
W. Althouse
M. Coles
G. Stapfer
A.Lazzarrni
R. Weiss
S. Whitcomb

Manual of Steel Construction: Allowable Stress Design, ninth ed., American Institute of Steel Construc-
tion Inc., 1989.
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