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I. INTRODUCTION
The Georgia Institute of Technology was requested by Cottrell, Inc. to
make a structural evaluation of two new designs of automobile transport
trailers. These trailers have been designated as CS-11A and CS-11B. The
analytical model developed for this program is a two dimensional finite
element model with plane frame * and plane truss * type elements. The
trailer and truck structures are modelled as plane frame elements and the
car tracks and hydraulic lifters are modelled as plane truss elements. The
truck and trailer models for the CS-11A are shown in Figures 1 and 2
respectively. The trailer model for the CS-11B is shown in Figure 3. Two
assumptions have been made: (1) there are no out of plane forces or
moments, and (2) the structure and loading are symmetric with respect to the
center line of the truck. These assumptions directed the analytical effort
and are the basis for a two dimensional model.

II. BOUNDARY CONDITIONS
Structural restraints for the model are located at the wheels and
restrain horizontal and vertical motion. When comparing the calculated
reactions with the actual reactions the calculated reactions at the trailer
axle #1 and axle #2 are on the order of five times smaller than the actual
reactions for the empty CS-11A model and three to seven times smaller than
the actual reactions for the empty CS-11B model. This load difference is
partially due to the load omitted by modeling only the side frames and none

* By definition plane frame elements transmit axial force, shear force, and
moment; plane truss elements transmit axial force and shear force.

of the structure between the frames. Also the omitted structure will
increase and alter the trailer stiffness which could change the load paths
of the dead load to the supports. The calculated reactions for the eleven
car load, not including trailer weight, are on the order of 1.3 times larger
for the CS-11A and axle #1 is 1.8 times larger and axle #2 is 1.6 times
smaller for the CS-11B. The discrepancy between the calculated and actual
reactions in the CS-118 is a result of the omitted stiffness of the
connecting structure.

III. STRUCTURAL
Structural members are modelled as specified on the drawings provided.
The members which are composed of two plates are modelled as tubular cross
sections with the same area and moment of inertia as the plates. This was
done so that these members could be qualified to the A.I.S.C. code using the
GTSTRUDL computer code checking routines.

IV. LOADINGS
There were two loadings prescribed for the structure. Loading one
(Load Case 1) consisted of an eleven car load configuration where each car
has a weight of 3000 pounds. This is the maximum total amount of weight to
be carried by the transport. The second loading considered was a partial
car load (Load Case 2) with the trailer still in the eleven car load
configuration. The difference between the partial and full car load is the
partial loading has the last three cars removed from the trailer. In
addition, both loadings included the dead weight of the side frames. The
load from the structure between the side frame and the car tracks was not

included. Only half of the 3000 pound car weight was applied to the
structure at each car location, 1000 pounds at the front axle and 500 pounds
at the rear axle. The reason only half the load is applied is because the
structure is assumed to be symmetric with respect to the truck center line
and half the load is distributed to each side. Loads from the first
elevated car after the king-pin were applied directly to the trailer CS-11A
at nodes 36, 39 and 93 due to a numerical stability problem. All other
loads were applied directly to the car tracks.
An additional loading was performed on the CS-11A to try and match the
dead load reactions supplied by Cottrell. This loading consisted of
increasing the dead load by a factor of 5 to account for the omitted
structure between the side frames. Reviews of the stress results shows
qualification problems with members 73, 74, 78, 79, 87, 88, 93, 102, 103,
and 120. The problem with members 73, 74, 79, 87, 88, 102, and 130 is that
the unsupported length of the member is too long. This is not a problem in
the actual structure since these members are laterally supported along their
entire length. The problem with 78, 93, and 103 is high stress, but only
one member 93, exceed the A.I.S.C. elastic allowable stress limit.

V. STRESSES
The member stresses developed in these structures have been qualified
to the A.I.S.C. code requirements. A review of the stresses shows the CS11A to have stress ratios of 70 percent and less in 90 percent of the
members. The maximum stress ratio is 95 percent and is located at joint 65
in member 79. The CS-11B has stress ratios of 70 percent and less in 88

percent of the structure. The maximum stress ratio is 93 percent and is
located at joint 43 in member 87. These stress ratios are based on a
prescribed static load which is 24 percent higher than the actual load. *

VI. DISPLACEMENTS
Review of the displacement plots show the trailer to be adequately
stiff to prevent any displacement problems. The largest displacements of
the CS-11A occur in the section of the trailer between the king pin and the
first set of wheels for both loadings and in the rear of the trailer for the
eleven car load. Plots of these displaced shapes magnified 20 times are
shown in Figures 4, 5, 6 and 7. The maximum vertical displacement for the
CS-11A trailer is 0.95" at node 52 which is located in the rear section of
the trailer. The maximum horizontal displacement for the CS-11A trailer is
0.26" at node 52 also.
The largest displacements of the CS-11B occur at joints 34, 45 and 52
for the eleven car loading and at joints 34 and 45 for the partial loading.
Plots of these displaced shapes magnified 20 times are shown in Figure 8 and
9. The maximum vertical displacement for the CS-11B trailer is 0.78" at
node 34. The maximum horizontal displacement for the CS-11B trailer is
0.33" at node 45.

VII. SUMMARY
The results of the analyses of the CS-11A and CS-11B show the trailer
side frames to be of adequate stiffness and strength to carry the prescribed
static loads. These analyses considered static loads which act in the plane
of the structure. Dynamic loads and out of plane load effects have not been

* The actual 11 car cargo load was taken from a data sheet on the CS-11
trailer.

considered. The static loads considered are the weight of the side frame
and half the weight of the cars. The weight of the structure between the
side frames and the weight of the car track assembly have not been included.
When the additional load of the structure between the side frame and the car
tracks is included the adequacy of the structure becomes marginal as some of
the members are near or have exceeded the A.I.S.C. elastic limits. This is
a moving structure subject to multiple dynamic inputs from the road and
wind. These loads can dramatically increase stresses making the adequacy of
the structure questionable when subject to an actual road environment.
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Figure 1. Truck Model CS 11A.
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Figure 2. Trailer Model CS-11A.
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Figure 3. Trailer Model CS 11B.
-

52

UNDEFORMED SHAPE
DEFORMED SHAPE
---- ----(MAGNIFIED 20 TIMES)

Figure 4. Truck CS-11A Displa:ements due to Load Case 1.
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Figure 5. Trailer CS-11A Displacements due to Load Case 1.
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Figure 6. Truck CS-11A Displacements due to Load Case 2.
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Figure 7. Trailer CS-11A Displacements due to Load Case 2.
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Figure 8. Trailer CS-11B Msplacements due to Load Case 1.
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Figure 9. Trailer CS-11B Displacements due to Load Case 2.

