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Construction of over-track buildings must be done safely and 
without affecting train operation.  Steel frame construction in 
such construction involves risk of dropping steel frames or other 
loads onto the track level under artificial ground while hoisting 
and moving those, and thus it is often done in a short time at night 
when no trains are operated.  But, such work process in a limited 
time slot is not efficient, being a major factor that increases the 
construction period for large-scale over-track buildings.

In order to secure safety on the track level under artificial 
ground even if a steel frame is dropped, and consequently to 
expand the time in which work is done, we proposed measures 
using covering plates against to protect against damage in a 
possible drop of a steel frames, and we carried out drop tests and 
analytical verification of that method.

Outline of Measures to Protect 
Against Damage from Dropping2

When hoisting a load on artificial ground in steel frame 
construction, measures are taken as a rule to prevent dropping 
of the load.  As a measure to protect against damage from 
dropping whereby train operation would not be affected even 
in the unlikely event of dropping, we proposed a protective 
construction method whereby temporary covering plates are laid 
on the permanent slabs (Fig. 1).

Introduction1 Fig. 2 shows a cross-sectional view of that construction 
method using covering plates for protection against damage.   On 
the artificial ground, temporary short supports of joist frames are 
set on girders at the interval of binding beams and on binding 
beams at intervals of 2,000 mm.  On those short supports of joist 
frames, temporary joists are placed at a right angle to binding 
beams, and covering plates are laid on those joists.

The shape, dimensions, and material of the members assumed 
for the measure to protect against damage from dropping are as 
follows.
·  Covering plates: 1,000 mm wide × 2,000 mm long × 200 mm 

high (SM490)
As shown in Fig. 3, a covering plate has five steel H-beams laid 

within an outer frame of flat plates.
· Joists: H-beams 400 × 400 × 13 × 21 (SS400) @2,000
·  Short supports of joist frames: H-beams 300 × 300 × 10 ×  

15 (SS400) @2,000 × @2,600
·  Clearance from the lower surface of covering plates to upper 

surface of slab: 530 mm
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Steel frame construction of over-track buildings involves the risk of dropping steel frames onto the track level under artificial 
ground while hoisting and moving.  As such an event might cause disruption of train operation, steel frame construction is often 
done in a short period of time at night when no trains are operating.  But this results in longer construction periods with large-
scale over-track buildings because work in such a limited time slot is not efficient.

In this research, we proposed a protective construction method whereby covering plates are laid as a measure to protect against 
damage due to dropping of hoisted loads in over-track building construction, and we carried out drop tests and analysis based on 
the test results.  The results of the tests proved that the analysis method was valid.
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Fig. 1  Damage Protection on Artificial Ground

Fig. 2  Damage Protection Using Covering Plates

Fig. 3  Shape of Covering Plate
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Fig. 4 shows the tests being carried out.  We used a rough 
terrain crane in Cases 1 to 3 and a temporary tower in Case 3 to 
drop the load on the center of the covering plates.  Fig. 5 shows 
the how the covering plates are set up.  Both ends of the covering 
plates were supported by joists, and the joists were reinforced 
with plates to prevent deformation by drop impact of the load.  
The covering plates were not secured to the joists, simply being 
laid on the joists as that makes for better workability in actual 
construction.  To prevent impact absorption by the ground, we 
laid concrete slabs on the ground in Cases 1 to 3 and steel plates 
in Case 4.

In the tests, we measured two types of displacement: 
maximum displacement that reaches a peak at the moment of 
impact and residual displacement that remains at a certain value 
even after the test.  The maximum displacement was measured 
using a high-speed camera, and the residual displacement was 
measured with a scale after the test.

3.2 Rough Examination
In order to calculate the displacement of the covering plates in 
advance of testing, we conducted a rough examination referring 
to reference document 1.  As shown in Fig. 6, we assumed the 
covering plate to be a simply supported beam, and we calculated 
displacement δp in the case when a load of weight mg freely falls 
from height h and strikes the center of the covering plate.  We 
also supposed that two plastic hinges would be generated at an 
interval of 500 mm, the width of the load, and that those would 
prevent significant local impact fracture.  For the examination, 
we used Case 3 where the potential energy of the load was large.  
The examination results are as follows.

The target performance of that protective construction 
method using covering plates was to keep deformation of the 
covering plates to within the above-mentioned clearance of 
530 mm.  That means the covering plates would not directly 
contact the permanent slabs, even if they were deformed by 
dropping and impact of the load.

Drop Tests3
3.1 Test Plan
We conducted drop tests to confirm the displacement of covering 
plates when a hoisted load is dropped.  In the tests, we assumed a 
column of steel frame construction dropping while being moved, 
and we set up test cases with the load weight as 6 t and 10 t 
and the drop height as up to 10 m, which is the height of two 
stories of an over-track building (see Table 1).  Drop height is the 
parameter in Cases 1 to 3, and the load weight and drop height 
are changed in Case 4.  The impact surface of the load is unified 
to be 500 × 500 × 22 mm square.  The outer peripheral faces of 
the column are welded to the plates in Cases 1 to 3, and the steel 
H-beams used for the column other than the impact surface are 
bolted to the plates in Case 4 to adjust the weight.

Cases 1 to 3 Case 4

Dropping of load (Case 4)

Joist (SS400) H-beam
400 × 400 × 13  × 21

Joist (SS400) H-beam 
400 × 400 × 13 × 21 Covering plate (SM490) 

1,000 × 2,000

Plate (SS400) 
t = 12.0 mm@200

Plate (SS400) 
t = 12.0 mm@200

Covering plate (SM490)
1,000 × 2,000

Planar view

Cross-sectional view

 2,000

Hoisted load
Weight Drop height Potential energy

Case 1 58.8 kN (6 t) 1 m 58.8 kNm
Case 2 58.8 kN (6 t) 5 m 294.0 kNm
Case 3 58.8 kN (6 t) 10 m 588.0 kNm
Case 4 98.0 kN (10 t) 6 m 588.0 kNm

Table 1  List of Drop Test Cases

Fig. 4  Drop Tests Fig. 5  Arrangement of Covering Plates
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Assuming potential energy = internal work by plastic hinges, 
the following formula can be proposed:

mg (h + δp) = 2Mp × θp
Here, assuming load weight mg = 58.8 kN, drop height h = 10 m, 

flexure of covering plate δp, full plastic bending moment of covering 
plate Mp = 578.5 kNm, and plastic rotation angle θp = δp/0.75 m, 
we are led to the following formula.

Flexure of covering plate δp 
  = m · g · h/(2Mp / 0.75-m · g)
  = 58.8 × 10/(2 × 578.5 / 0.75 - 58.8)
  = 0.396 m = 396 mm ≤ 530 mm
We therefore predicted that the displacement of the covering 

plates could be kept within a clearance of 530 mm whereby the 
covering plates would not contact the permanent slabs, even in 
Case 3 where the potential energy of the load is large.

3.3 Test Results
3.3.1 Displacement of Covering Plate
Fig. 7 shows the displacement of the covering plate and Table 2 
the test results.  Fig. 7 and Table 2 demonstrate that maximum 
displacement and residual displacement both increased as load 
weight and drop height increased.  In Cases 3 and 4, where 
the potential energy of the load was large, the covering plate 
became greatly doglegged.  The results of Cases 3 and 4 lead 
us to anticipate that, with larger load weight or drop height, 
the covering plate would fall from the joists instead of the load 
penetrating the covering plate.  In Cases 3 and 4, where the 
potential energy of the load is the same, we measured an 80 mm 
difference in the maximum displacement.  And, comparing the 
rough estimation for Case 3 with the actual test results, the rough 
estimation proved to be larger than the test results by approx. 
130 mm.

3.3.2 Bounce of Load
In Cases 3 and 4, the load moved together with the covering 
plate after the impact as if it had penetrated the covering plate, 
with almost no bouncing movement.  However, it bounced on 
the covering plate immediately after the impact in Cases 1 and 
2 with low drop height.  In Cases 3 and 4, where almost no 
bounce of the load occurred, the covering plate is assumed to 
have absorbed most of the potential energy of the load.  In all of 
the cases, we found almost no damage to the load and the joists.

FEM Analysis4
4.1 Analysis Model
We carried out FEM analysis in an attempt to reproduce the 
test results.  Fig. 8 shows the analysis model.  With this, only 
the load, covering plate, and joists were modeled, and a contact 
surface involving contact and detachment was set up for the 
interfaces between the load and the covering plate and between 
the covering plate and the joists.  For the load, we created a 
simplified model and adjusted its density according to the 
weight.  The model for the load was elastic, and the models for 
the covering plate and the joists were elasto-plastic.  For the yield 
strength of the covering plate, we adopted material test results 
for materials of the covering plate with taking into consideration 
variation according to the materials.  We also specified a bilinear 
stress-flexure relation after yielding.

Hoisted load
mass m

Case 1 Case 2

Case 3 Case 4

Covering plate

Hoisted load

Joist

2,000 mm

Fig. 7  Deformation of Covering Plate After Test

Fig. 8  Analysis Model

Fig. 6  Mechanism of Covering Plate Deformation

Displacement of covering plate
Maximum displacement Residual displacement

Case 1 31 mm 11 mm
Case 2 121 mm 106 mm
Case 3 265 mm 235 mm
Case 4 345 mm 309 mm

Table 2  Test Results
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4.2 Comparison of Test and Analysis Results
Fig. 9 shows the deformation of the covering plates, Table 3 
the analysis results, and Fig. 10 the time-displacement curves.  
Fig. 9 and Table 3 indicate that the deformation shapes of the 
covering plates were almost equal, while both of maximum and 
residual displacement in analysis exceeded the actual test results.  

Furthermore, Fig. 10 shows that the relation between time to 
maximum displacement and amount of displacement in testing 
and analysis tend to be close to each other, so we believe that the 
FEM analysis could reproduce the behavior of the covering plate 
after the hoisted load is dropped.

Fig. 11 shows the relation between potential energy of the 
hoisted load and displacement of the covering plate.  The figure 
indicates that potential energy of the hoisted load has a largely 
proportional relation to maximum and residual displacement 
of the covering plate.  Comparing the displacement in Cases 
and 4, however, the difference between maximum and residual 
displacement in the analysis was not as large as that in the test 
results.  The reason for such small difference in the analysis could 
include the fact that elements such as strain hardening range 
of the covering plate after yielding and energy loss at impact 
between the hoisted load and the covering plate were not 
properly reproduced.

While the analysis results showed larger displacement than the 
actual displacement, they could generally reproduce the behavior 
of the covering plate after impact.  We thus could confirm the 
validity of the FEM analysis results.

Conclusion5
We proposed a protective construction method as a measure 
against damage of using covering plates in possible dropping of 
hoisted loads in over-track building construction, and we carried 
out drop tests and FEM analysis for that method.

The test results allowed us to identify how the covering 
plate deforms at upon impact by the dropped load.  We further 
reproduced the test results by FEM analysis and confirmed the 
validity of the analysis results.

We will further proceed with FEM analysis of that method 
using load weight, drop height and other parameters to study the 
scope in which this method can be applied.

Reference:
1) Nobutaka Ishikawa, Tomonori Ono, Kazunori Fujikake, Masuhiro 

Beppu, Kiso karano Shogeki Kogaku [ in Japanese], Morikita 
Publishing Co., Ltd. (March 2008)
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Fig. 10  Time-Displacement Curves

Fig. 11  Energy-Displacement Curve

Case 1 Case 2

Case 3 Case 4

Fig. 9  Deformation of Covering Plate in Analysis

Displacement of covering plate
Maximum displacement Residual displacement

Case 1 41 mm 25 mm
Case 2 147 mm 135 mm
Case 3 313 mm 301 mm
Case 4 351 mm 334 mm

Table 3  Analysis Results




