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ABSTRACT

The KMRR 4-wheel crane which has a span of 30.6m long shall be designed to maintain its
structural integrity during and after seismic shocks. Horizontal and vertical FRS for
OBE and SSE conditions at the crane support are wused as seismic inputs ; horizontal
ZPA of SSE and OBE are 0.73g and 0.5g, respectively. The material dampings used in the
analysis are 4% for OBE and 7% for SSE. The crane consists of girder, saddle, main
and auxiliary trolley, and accessaries. They are modeled as beam elements and lumped
masses for the following 4 cases ; trolley at center of the crane with and without the
rated load, trolley at end with and without the rated load.

The static anmalysis as well as the linear dynamic analysis including frequency and
response spectrum analysis are performed for the seismic qualification of the crane
using the Finite Element Method. For the simplicity of the analysis, the decoupling
criteria are considered for the crane rope and the crane supporting beams. The main
sections of the crane are stiffened until the calculated stresses satisfy the allowable
limits. The seismic resultant loads are used to design the seismic restraints of the
saddle and the trolley to protect the crane from the seiswic uplifting loads. The
study results have shown that the seismic design of the KMRR crane is governed by the
OBE condition, not by the SSE condition. This paper briefly describes the analysis
procidure used in the seismic design of the KMRR crane, and summarizes the analysis
results.

1. INTRODUCTION

A 30/5 ton overhead crane is required to be
installed in the Reactor Building of the 30MWTh
Korea Multi-purpose Research Reactor (KMRR).
It will be used for handling shielding slabs,
manbridge and neutron experimental facilities,
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etc., during construction, normal operation and
maintenance of the reactor.

The crane shall be designed to maintain its
structural integrity when subjected to the
Design Basis Earthquakes such as Operating
Basis Earthquake (OBE) as well as Safe Shutdown
Earthquake (SSE) : the crane shall not fail
under the rated load of 30 tons.

The crane consists of a box type girder,
saddle, trolley saddle and trolley. The crane
shall be designed and fabricated according to
the CMAA specification #70 [1].



The Floor Response Spectra (FRS) curves
typically shown in Fig.1 for the horizontal OBE
and SSE are given at the crane support. Hori-
zontal ZPA for SSE and OBE are 0.73g and 0.5g,
and vertical ZPA for SSE and OBE are 0.35g and
0.2g respectively.

The damping values used in the analysis are 4%
for the OBE case and 7% for the SSE respec-
tively.

The static and dynamic load combinations are
summarized as follows.

Static case s S=D + 1L
Seismic cases

OBE 1.333 =D + L + E (0BE)
SSE  1.65 =D+ 1L +E (SSE)
where S : Combined Stresses

D : Stresses due to Dead Weight &
Rated Load
L : Stresses due to Live Load
E : Earthquake Stresses
The material of the crane girder, saddle and
trolley is carbon steel (ASTM A36).

2. MODELING AND ANALYSIS OF CRANE

The crane is decoupled from the rigid crane
supporting beams which have a fundamental fre-
quency much higher than 33Hz. Beam elements
having 6 d.o.f. (3 translations & 3 rotations)
are used for modeling the crane. The finite
element computer code ADINA [2] is utilized
for the analysis.

Mathematical models representing the loca-
tion of trolley (at the center and the end of
the girder) and with or without the rated load
are used for the static, OBE and SSE analyses.
The boundary conditions used in the analysis
follow the requirements of the ASME NOG 4000
[3] as shown in Fig.2.

Concentrated masses are considered for the
distribution panels, cables, walkways in the
girder, and for the wheel assembly and the
driving mechanism of the saddle, and for the
main and the auxiliary driving mechanism of the
trolley.

Geometrical properties of the girder, saddle
and trolley are simplified as a uniform box
section. Design changes are made to the crane
members as shown in Fig.3 to meet the allowable
stress limits.

The pendulum effect of the rated load is
considered in the analysis model by decoupling
the crane rope from crane for a simplified ana-
lysis, and equivalent masses which include the
pendulum effect are applied at the points where
the rated load is hanged. The analysis model
ggr Zhe trolley at center is typically shown in

ig.4. : .
The static analysis is carried out first to
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check the deflection limit and stresses of the
crane, then the frequencies and mode shapes are
calculated.

The SRSS method is used for the modal combi-
nation for each earthquake direction, then the
spatial combination for all three directions is
made to obtain the resultant forces and moments
for each element.

From the calculated resultant forces, the
crane equivalent stresses are calculated using
the post processor [INPUT] which is written in
accordance with the equivalent stress formula
as follows :

Equivalent stress = (bending stresses + 3

shear stresses)%

For the load combination, the resultant str-
esses for static, OBE and SSE loads are combin-
ed as described in the section 1 and compared
with the code allowable limits.

The runway reaction forces at the crane sa-
ddle and at the trolley saddle are used to de-
sign the seismic restraints to prevent them
from derailments of the crane supporting beams
and the crane girder.

3. RESULTS & DISCUSSIONS

A design change to the crane section members
is made as shown in Fig.3 due to insuffi-
cient stress margin of safety for the original
design. Table 1 shows the comparison of natural
frequencies between the original and the modif-
ied analysis models for the trolley at center
with the rated load.

The significant frequency of the original
model is 8.28 Hz and the peak accelerations of
the FRS are accordingly 3.5g for OBE and 4.2g
for SSE, while for the modified model is 11.1Hz
and the peak acceleraitons are remarkably re-
duced to 1.4g for OBE and 1.8g for SSE.

Based on this result, the analyses for the
modified model for various loading conditions
are proceeded.

The natural frequencies for the wmodified
design are shown in Table 2 for all cases. The
cutoff frequency used in the analysis is high-
er than 40Hz. The significant mode shapes when
the trolley at the center of the crane are
shown in Fig.5.

The fundamental frequencies of the trolley
at center are 2.83Hz (vertical-z), 3.4Hz (hori-
zontal-y) and 11.1Hz (horizontal-x) with the
rated 1load, and 3.11Hz (horizontal-y), 3.7Hz
(vertical-z) and 9.8Hz (horizontal-x) without
the rated load. And those of the trolley at
the end are 4.97Hz (vertical-z), 5.1Hz (hori-
zontal-y) and 12.8Hz (horizontal-x) with the
rated load, and 5.11Hz (horizontal-y), 5.6Hz
(vertical-z) and 12.6Hz (horizontal-x) without
the rated load.



The natural frequencies when the crane is
loaded are lower than those when the crane not
carrying the load, and the crane frequencies
for the with load case in the vertical direc-
tion are lower than those for the without load
case, and vice versa in +the horizontal direc-
tions.

By the way, the crane frequencies for the
trolley at end 1is higher than those ‘for the
trolley at center in all directions. In
comparison of the accelerations especically in
the horizontal-y direction between trolley at
center and trolley at end, the former are 0.7g
for OBE and 1.0g for SSE, the latter are 2.1g
for OBE and 2.5g for SSE.

The summary of the maximum calculated str-
esses at each section of the modified crane de-
sign is shown in Table 3. The maximum stresses
are obtained at the center of girder for the
static condition, and at the center of trolley
main beam for the static and OBE conditions
when trolley at end with the rated load, and
at the trolley saddle for the static and SSE
conditions when trolley at end with the rated
load, respectively. All stresses are within the
allowable limits.

4. CONCLUSION

The dynamic characteristics, natural frequ-
encies and mode shapes and the seismic
results of the KMRR crane are investigated for
various loading conditions of the trolley posi-
tions with or without the rated load. For the
simplicity of the analysis, the decoupling cri-
teria are considered for the crane rope and
the crane supporting beams.

Based on the correlation between the dynamic
characteristics of crane and the input FRS, the
design change is applied to avoid the peak
acceleration zone of FRS. The study results
show that the loading condition for the trolley
at end with the rated load is severer than that
for the trolley at center with the rated load
and the OBE case is governing the crane design
rather than the SSE case, which are due to the
higher acceleraiton level for the trolley at
end and the stricter allowable stress level
for the OBE condition.

Therfore, a linear seismic analysis proce-
dure for the overhead travelling crame is appl-
ied to the KMRR crane, and the structural
integrity of the crane subjected to the Design
Basis Barthquakes is verified. In order to
minimize the conservative approach used in the
analysis, a realistic dynamic analysis to in-
clude the pendulum effect of the rated load,
and to improve the boundary conditions used at
the trolley and saddle wheels needs to be
studied further.
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Table 1. Comparison of Frequencies
between Original and Modified
(Trolley at Center With Load)

MDE Original Yodified

. .

REQ. Dir. FREQ. Dir.
18+ J244EH01 Stz &L 52
2 J25EH0L oIy JHEHL -y
3 601 UL 4MEHL %l
4 8BEH] X J1EHR X
S 9001 By 1232 ¢
8 . 109EK02 2L 1452 51-1
1 J2E402 2¥ . JBTEHQ2 By
8 Bk - JRZEHR X
9 142N a-v J9BEHR Ay
10 1506402 1-X JZEHR By
u .J62EH02 32 20BEH2 X
2 I00EH2 Y | 2R [23
B 1926402 -z 2R -1
14 2A2EHR Ay BEH2 -7
15 Z0EHZ -2 BIEHR [y
16 Z5TEMZ 147 JUEH2 %I
7 ZREHR 2z 2TEHR 47
1 0TEHR ¥y JEHR &1
19 BBEH2 %Y SSTEHR %7
2 HER By BTEHR &1
a 3BLEH02 2-Y 40BEH2 [y
2 .3T6E0L 40-v 412 Bz
pA] JHEHZ %2 AZTEHR 2
A HIE 407 S2EH2 2y
5 AA9E0 i ASEHR 2y
% AT+ AUY TTEHR X

Table 2. Natural Frequency for Analysis

Models
e Trolley at Center Trotley at Ind

N, Vith Load Vithout lowd Wt foad Withoat Losd
REQ. Dir, Freq. Dir. Freq. Dir. Freq, Dir.

1 ZBEAL | ST L 0E | 35Y TN | BT | SEML ) %t
2 CSA0E0D | STY | I0EN | 357 | LBI2Ee0D | XY | LSGREWD | %2
3 AMEAL | A2 | 41BN | 472 | LBBIEND | Y | LBRENL | Y
4 JLIEKR | 2K | JSBREHL -1 f TS &Y LTRBEM | &2
5 TR | MK | LT X 0 JOSEMR ) Tl IR ) 2X
[ JZBHE ¢ ST | ATEMZ | R2-Y | JJ2eeR | 2 | L13EMR | X
7 JOTEHR | By 1 LISIEMZ | Z7-Y | LDMENRR | X | IBORMR | BY
8 JIREHR | 2R | L165EHR Y | IS%EH2 | MY | G2 | Y
9 JOEAR DY ) IOTEKR 32 | G2 | ML ) TRRMR | 32
QEHE | By | IMER | 3X | B2 | Y | JdoER [ A

It B2 [ X[ LI9BEHR -2 | J89ER | 22 | 2062 | T2
12 ZXENR | ZY | LATEMR | 2T § LE2 [ %Y | MR | IX
EEME ) BT | BEMR | T | DBNE ) 1R ) WBEMR | %2
02 | 57 | LZ0eMR |-3-V-| 23R | M3 | L2%HR | 142
K | 1Y | AR | 172 | LW | 1 | TS | 542
JBAEMR § T | LZTEMR 3 | L2TNR L AT | R | 1
R | A2 | BB -2 | REHR | BY | JXER | B
SR | BT | LR | B | D002 | B2 | B | Xy
DR | ST | IBEHR -1 | J0EHR | B-Y | TR | 2
JBTEHR | B2 | LISEHE XY | LISEH2 | BY | JUIENR | A2
ABEHE [ ¥ | 8RR 2 WOGEHZ | A7 | D2 | H-2
AR | BZ | EMR | 2Y | 62 | 4z | L3EWR | 42
AZTEHR | 2 ) AEENR | 0L | WJMENR | %I | BEMR | X
AER | 2Y | MR | 7Y | JD0fEMR | 2x | AEke | uy
ORME | 2 | OER | R | ZEHR | 7 | M0 | 52
ATREHR | 2X | 479EMR Y | LGA0EH2 | AU-Y | .45EWR X




1]

ACCELERATION

Table 3. Summary of Max. Calculated
Stresses at Each Section

Section Actual Stress (Pa) Alloweble Stress
Static SOODEHB 0.49 Sy (= 121 wa)
Girder  [Static + (BE 1200E409 0.6 Sy (= 149 W)
Static + SE . J400e+08 0.9 Sy (=~ 223 #Pa)
Static S3OSEHB 0.49 Sy (= 121 ipa)
Saddle Static + 0BE 13406409 0.6 Sy (= 149 1)
Static'+ SSE 15906409 0.9 Sy (-~ 23 1pa)
Static TA62EH8 | 0.49 Sy (= 121 #Pa)
Trolley (Static + 0BE . 14006409 0.6 Sy (= 149 tPa)
(e Static + SSE 15206408 0.9 Sy (= 223 1)
Static .J0%HB 0.49 Sy (- 121 Mpa)
{A‘Z‘(}ﬁy Static + (BE . 1070E409 0.6 Sy (= 149 Mpa)
Static + SSE 1170E+09 0.9 Sy (= 223 pa)
Static 4435EH08 0.49 Sy (= 121 #pa)
SI:;}:Y Static + 0BE 1510eH09 0.6 Sy (= 149 Ha)
Static + SSE .I650€+08 0.9 Sy (- 23 e}
7
6.3
— : 0BE
5.6 --- 1 SSE
4.9 i
4.2
3.5
2.8
2.1 <
4 N
1.4 i N
.7 —+ e
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Fig. 1 Horizontal FRS for KMRR Crane,
OBE and SSE
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Fig. 2 Boundary Conditions Used in

Analysis
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Fig. 3 Typical Geometry of Crane
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Fig. 4 Crane Analysis Model for
Trolley at Center
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Fig. 5 Typical Mode Shape for
Trolley at Center
(a) Mode 1 (Vertical Z-Dir.)
(b) Mode 2 (Horizontal Y-Dir.)




