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ABSTRACT

The integrity of electrical raceway systems in nuclear facilities must be manteined to ensure proper
functioning of safety-related systems in the event of an earthquake. In order to determine the actual
seismic behaviour and capacity of cable tray systems, including hangers, an extensive testing and
analysis experimental test program was undertaken on components, on single hangers, on cable
trays and on a complicated cable tray system configuration.

Both static and dynamic tests were preliminary performed on components and on single supports,
to valuate their static and dynamic characteristics. Then shaking-table tests were carried out on full-
scale three dimensional cable tray systems. Random low level tests were used to determine the
dynamic characteristics of the system, before and after high level bi-directional seismic tests.

The structure was monitored by displacement transducers, accelerometers and strain gages. The
continuity and isolation resistance of electric cables were tested before and after seismic tests.

Transfer functions (module and phase), response spectra, strain and displacement time-history
were obtained from the seismic tests.

Non-linearities were found in the dynamic characteristics of supports. Some damages occurred
during seismic tests on mechanical components as cable trays and clamps: these components were
changed and new design reinforced clamps were used. Other additional seismic tests were performed
oon the modified system: no damage occurred.

The experimental results were used to set up and validate a simplified analytical model of cable
tray systems.

INTRODUCTION

Cable tray hanger systems carry electrical cables used for control and operation of nuclear power
plants. Many of this cables are safety class systems and must not fail to function even during severe
earthquake (Safety Shutdown Earthquake, SSE)

For the Italian PEC fast reactor (Masoni et al., 1985, Martelli et al., 1988), (now its construction
is suspended), a modular type of cable tray system was developed by Ansaldo. Hangers are made up
of standard parts: vertical legs, horizontal cross members, braces (if they are necessary), joints.
Vertical and horizontal members are cold-rolled steel open sections. Joints are connected to the
members by T-headed bolts (Fig. 1 and 2). This solution was chosen to simplify the assembly. To
avoid long and expensive calculations, for the design of cable raceways composed by equal and
regularly spaced hangers, seismic (response spectrum) analyses were carried out on elementary
structures. They were made up of one hanger for each type with the mass of cable trays concentrated
in the middle of horizontal cross members. In fact, analytical calculations (using ANSYS code)
showed that a change in geometric lay-out of the raceway (as a bend or a change of elevation) affects
only a few hangers near the change and that the stresses evaluated on a simple hanger model are
correct, if all the hangers have the same stiffness.

In order to assure the safety of mechanical components and the correctness of the design method,
the actual seismic behaviour of full-scale cable tray systems was tested.
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OBJECT

The main aims of the experimental and analytical research program were: - to analyze the static
and dynamic behaviour of bolted joints; - to assess non-linearities due to bolted joints and cables; - to
assess the conservatism of analytical design method; - to seismically test the mechanical components
of cable tray system.

This paper is focused on the experimental part of the program. It summarizes a very extensive
work, performed (beside the Authors), by many people, among whom : G.Pizzorni, V.Muratorio
(Ansaldo Sistemi Industriali), F.Vannucci, S.Cecconi, G.P.Dernetti, L.Cornaggia (Ansaldo SpA),
V.Brancati (Enea DISP).

EXPERIMENTAL TESTS

Three experimental test phases were undertaken at the Enea-Ansaldo laboratory in Boschetto,
Genova (I), where a bi-directional shaking table is available. Both static and dynamic test were
carried out on single components, simple hangers and on full-scale three dimensional cable tray
systems. Random low level tests were used to determine the dynamic characteristics of the system,
before and after high level bi-directional seismic tests (OBE and SSE level) and high level random
(fragility) tests. Experimental models were monitored by strain gages, accelerometers and
displacement transducers. Transfer functions (module and phase), response spectra, strain and
displacement time-history were obtained. Tab.1 summarizes the test program.

(*) J2= bolted hanger 's anchorage

PHASE TESTS SPECIMEN SCOPE RESULTS
NO. |PERFORMED
STATIC 41 () [to determine: : '\ijTiteload O;Jl_f?t"mti)teload °_fd mgb{er% ,
-- |« the limit load of J1(*) |* J1: enough stiff to be considered rigid in

Phase 1 DYNAMIC 14 hangers with|, o siifiness of J1 E*g the analysis

seism, random, | simulated |,y ittness of J2(+*) [*J2: Kx =3 E8 Nirad *Ky=1E9 Nirad

fragility (***) cables mass sstrain gages and accelerometers records

.| toassessthe - indipendence of Kx and Ky from:
DYNAMIC 4 “s‘}‘:q%?;fe‘g““ f:bpggiybﬁfz;i o « load (for Mx<3450N.m and My<2450 N.rm)

Phase 2 . 101l * natural frequency of hanger

seism, random | cables mass | stiffness value of | constanozq of va%es for d%fferent hangers

fragility (***) J2(*) *strain gages, LVDT and accelerometers
records
» to assess the .
DYNAMIC braced cable | effects of cables * new design pf clamps
tray system and hardware * no damage in the final tests

Phase 3 . (with 5 trays | « lidate th * natural frequencies, strain gages t.h.,

seism, random y lo validate the displacements, damping to be

fragility (~++[ 2and5 analitical design compared with analitical results
hangers) method ‘

notes: (*) J1=bolted joint between vertical and horizontal struts of the hanger

(***) Random at high level

Tab. 1 - Experimental program: tests, aims and main results.

First phase
The following tests were carried out in the first phase:

a) static test to determine the unthreading load of the joint between vertical and horizontal members

(1) (Fig. 1), its collapse load (moment), the correctness of representing it as rigid in the analytical
models for static and dynamic calculation.

The unthreading and collapse load were founded to be adequate: indeed, the joint J1 is more
resistant than the members connected. Furthermore, it is sufficiently rigid.
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Fig. 1 - Joint J1 Fig. 2 - Joint J2

b) dynamic tests on 4 simple hangers, to characterize the joint between the vertical leg and the floor
J2) (Fig. 2).

The hangers were 1045 mm high, loaded with a dummy mass of 112 Kg to represent the span
cable tray mass. Bi-directional seismic test (two hangers were excitated in X-Z directions, two in
Y-Z directions), with increasing level were carried out, with research of natural frequencies
before and after each test. A first natural frequency of 12.4 Hz in Y direction and 11.8 Hz in X
direction were founded. Similar values were obtained in analytical calculation using ASDIC code,
with J2 schematized with a hinge and two rotational springs, kx = 3x108 N.mm/rad and ky =

1x109 N.mm/rad (kx is the stiffness for rotations perpendicular to the hanger's plane, ky is the
stiffness for rotations in the hanger's plane).

Second phase

The aim of the second test phase was to assess the constancy of dynamic characteristics of J2
(Fig. 2) by varying the natural frequency of the hanger and the level of excitation.

Two different types of hangers were tested: one, 1045 mm high and loaded with a dummy mass
of 160 Kg (the same height of the hangers tested in Ph. 1); three hangers 1350 mm high and loaded
with a dummy mass of 112 Kg (the same mass of the hangers tested in Ph. 1). Also in this phase,
seismic tests with increasing level were carried out, with research of natural frequencies before and
after each test. In Tab. 2 the first natural frequencies of the hangers (including Phase 1 results) are
summarized.Fig. 3a shows the transfer functions between table and accelerometers in position 3Y,
for the three different hangers of type 3 (see Tab. 2), before and after the SSE and after the 1st and
2nd step of fragility; Fig. 3b shows the relationship between maximum acceleration and maximum
displacement (measured in position 3Y) and in Fig. 3¢ are indicated the 3Y accelerometer position on
the hangers.

N°_ | height | mass [axis of exc] _freq. For type 3 (three hangers) the maximum
deviation from the mean value was 0.4 Hzin Y

1 1045 112 X 11.8 direction and 0.1 Hz in X direction, showing a

1 1045 112 Y 12.4 good repeatibility. Natural frequencies are in

2 1045 160 Y 10.3 good approximation with the theoretical values,

3 1350 112 Y 8.4(*) showing the independence of kx and ky from

3 1350 112 X 8.1(%) natural frequency of the hanger. The linearity of
the response of the hangers was also evaluated

(*) mean value for three different hangers by comparing the maximum acceleration and the
maximum displacement (fig. 3b). For hangers

Tab. 2 - Natural frequencies of tested hangers excitated in Y direction, after the third step of

fragility a variation of the first natural frequency
was founded, due to a reduction of thigteinig torque of T-headed bolt of J2.
Third Phase
A full-scale model of cable tray system (five braced hangers, with five cable trays) was studied

(fig. 4). The main aim was to experimentally evaluate the actual behaviour of a representative section
of real cable tray system (ANSI/IEEE, 1987), taking into account the effects of cables. Furthermore,
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it was assessed, by a comparison of the analytical and experimental data, in which degree the design
method, in presence of a geometric discontinuity as a 90° bend, were conservative. The continuity
and isolation resistance of electric cables were tested before and after seismic tests.

During the SSE test some clamps failed and some permanent deformations were founded on cable
trays. However, electric tests did not show any damage on cables. Some changes in hardware
components (as the clamps) have been introduced. The so-modified cable tray system successfully
passed seismic test at SSE level.

Tab. 3 summarizes the comparison between experimental and analytical results: the design
method gives conservative results.

excitation | Hanger natural freq. "
direction (Hz) G (N/mm2) Response spectra ()

exp. |dsgn
P g A% « structural damping of 15% is a good estimate of

axis Y (°) [10.5( 11 42 [174(C") | real damping ( experimental and analitical spectral
119(***)] acceleration in good agreement)

* better agreement between experimental and

17¢°) | 19.67 | 15% | 27 ggg:)_) analitical RS for frequencies below 10 Hz

axis X(°)

notes:

(") All response spectra, experimental and analitical, are calculated for a damping of 4%. Analitical RS are
calculated for a structural damping of cable tray system of both 4% and 15%.

(*) pos. 2Y fig. 4 (**) structural damping =4% (***) structural damping=15% (°) see fig. 4 (°°) pos. 4Y and 6Y
fig.4

Tab. 3 - Comparison between experimental (Phase 3) and design (analitical) results.

CONCLUSIONS

The aims of the study were attained: the analytical models of hangers and the design methodology
were validate. In particular J1 was founded to be rigid and more resistant than the members
connected by it, J2 was founded to be modeled as an hinge and two rotational springs, values of
which were determined, and the limit load value for linear behaviour of J2 was also determined. The
cable tray system, after minor changes in hardware components, was demonstrated to be capable to
substain the SSE without any damage.

The present study should have been continued on lightened structures: tests on straight models,
composed by two hangers and three cable trays, were carried out. But, after the Italian
Government's decision to renounce the use of nuclear power, the research program was suspended.
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d response spectra

- Tests on a full-scale cable tray system:
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