Nat i onal Radi o Astronony
Socorro, New Mexico
3-5-97
VLA Test Menp No. 203

Wavegui de Crossi ng

G A. St anzi one
L. Serna
B.Broilo

J. Thunborg

Cbservat ory



1. I ntroduction

Crossing the waveguide, with any vehicle, has always generated concern
The wavegui de systemis the only nechani smfor comruni cating wi th antennas and
danaged wavegui de woul d seriously effect the VLA's ability to operate. |In recent
years wavegui de crossings have increased. The concern is real and every
precaution should be taken to avoid danmagi ng the waveguide. Any deformation,
t hrough physically deform ng or collapsing the walls, will affect the wavegui de

oper ati on.

2. Hi story

A 1973 report prepared by Bechtel reviews suggested wavegui de
installations. The report discusses and analyzes various locations of the
wavegui de, with respect to the track system |n one of the proposed | ayouts the
wavegui de parallels the main Iine crossing (at 2 foot bel ow the surface) under
the spurs to each antenna station. Wth this approach, a |loaded transporter
(600000#) woul d cross the wavegui de each tinme an antenna was set at a station
Bechtel indicated little concern, for the crossings, referencing the I|oad
distribution effects of the soil, at the proposed depth. Wth two transporter
trucks over the waveguide (waveguide depth of 2 feet) their calculations
i ndi cated i nposed soil pressures of 1.3 psi on the wavegui de. The wavegui de was
eventual ly installed away fromthe track and antenna foundations.

The Bechtel report was nmore concerned with the proper placenent of the
wavegui de, proper radius of curvature, and stability of wavegui de i n conpressi on.
These were areas where higher stresses were expected to occur. A separate
anal ysis discussed the stability of waveguide in conpression, due to thernal
expansion. It assunes a wavegui de operating tenperature 20 degrees hi gher than
the wavegui de tenperature at installation. Conpressive |oads were expected to
be on the order of 4200 pounds.

Wth the present situation we have vehicles crossing the waveguide with
much | ower | oads. The water truck or a gravel truck have estinmated tandem whee
| oads ranging from 8000# to 14000#, conpared with transporter truck |oads of
150000#. At depths of 2-4 feet the load distribution effects of the soi

m ni m ze i nposed pressures on the waveguide. Wth the water and gravel trucks,



soi |l pressures over the wavegui de range from3 to 6 psi.
3. | ndependent Field Test

To see what stresses could be devel oped; we ran a vehicle over a buried
pi ece of waveguide. A 32" piece was borrowed from Cryo. Strain gauges were
installed, at the center of the waveguide, in both the circunferential and
| ongi tudinal directions. The gauges were 6mm 1200hm encapsul ated and were not
tenperature conpensated. Data was recorded on a conputer once per second and
each reading represented 500 samples over half a second averaged together.
Before each test the the readings were zeroed to renove drift caused by
tenmperature effects. A protective coating of silicone was placed over the
gauges.

The wavegui de was placed in the ground at 36 inches (Sketch attached page
6), with the gauges faci ng down. The soil was re-conpacted, gradually, using the
backhoe. The water truck was filled with water, and ali gned so one set of tandem
wheel s (approxi nately 9000 pounds) would cross the wavegui de on center. The
truck crossed over the wavegui de a m ninumof three times. Strain gauge readi ngs
were recorded and saved. The wavegui de was uncovered and placed at 12 inches,

the soil compacted and the readings recorded. Sanme for the surface test.

4. Test Results
Reduced data are attached (pages 6-9), in chart form wth the mcro

strain readings on the |l eft and the stress readings (psi) ontheright. Wth the
wavegui de at 36 inches recorded stresses ranged from 300-500 psi, in both axial
and circunferential directions. At 12 inches the stresses averaged 1425 psi in
the axial direction and 1780 psi in the circunferential direction. At the
surface stresses ranged from 4300 psi to 10000 psi in the axial direction, and
about 3500 psi to 4275 psi in the circunferential direction, the range is
contributed to poor conpaction. As the soil compacted the stresses dropped
substantial ly. The final reading of 4300 psi is the stabilized reading. Al
the recorded stresses are well below the maxi num allowable stress of the
wavegui de material; 42,700 psi. The wavegui de was inspected by Cryo, and there

were no visible signs of damage indicated.



5. Concl usi on

The wavegui de i s not harnmed when vehicles cross over; with mninmal stresses
devel oped in the 1-3 foot range. Exposed wavegui de shoul d never be crossed
Strain gauge plots are attached for review  Wavegui de profile drawi ngs were
reviewed to check installed depths. The drawi ngs indicate buried depths rangi ng
from3-10 foot. There were a few spots in the 2-3 foot range. On the west and
north arms there are sandy areas. In these areas the top soil shifts
dramatical |y and t he wavegui de coul d be deeper or nearer the surface. Mst roads
and areas where the transporter mnight cross are cased. The draw ngs do not show

any casing at the center of the we (under the track) and at State Route 52.

6. Reconmendat i ons
Intuitively it seens we should avoid, wherever possible, crossing the

waveguide. In lieu of the test results, | recommend the follow ng:

1. \Wenever possible do not cross the wavegui de.

2. If no other path exists, and the waveguide is 2-3 feet deep
vehicles can safely cross it.

3. In sandy areas where the top soil tends to shift, and the exact
dept h of the wavegui de is unknown, only smaller vehicles such as
pi ckup trucks and cars, should cross the waveguide. Larger
vehi cl es such as the water truck, gravel truck or sem-trailers
| oaded with rail related supplies should not cross the wavegui de.

Exposed wavegui de shoul d never be crossed.



Sone addi ti onal concerns suggest 1)longtermsettlenent woul d i npose defl ections
on the wavegui de. 2) that stresses and deflections would be inposed due to
seasonal changes in the natural noisture content of the soils. 3) any ponding

of runoff near wavegui de coul d cause |arge, detrinental novenents.

The soil pressures over the waveguide with a truck |oading of 150000#, can

range from 5psi to 15psi depending on the distribution angle.

As a test we decided to borrow a piece of waveguide fromCryo, bury it and run
a | oaded water truck over the waveguide. Cryo said the wavegui de was a good
pi ece. Lserna, Bbroilo, Jthunborg and nyself installed strain gages on the of

t he wavegui de.



