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Photo.1 Specialized truck for cultural property
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Fig.2 Transport route from the restoration facility to the

preservation management facility.
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Photo.2 Data logger for temperature and humidity set on the

pzlckaging box.
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Table 1 Specifications and recording protocols for acceleration
data logger and GPS data logger.
U”"i‘. 27:“ ¥y —/)f’—‘ k GPS 7_"_ ‘5/ o 7]”‘—(7)“ ~_. nI ”lJuA/L.

Acceleration data logger

Model Saver 3X90

Company Lansmont Corporation (USA)
Size 95 x 74 x 43 mm

Weight 473 g

Accelerometer type Tri-axial piezoelectric

Sampling rate 5000 samples/s

Time triggered sampling 2s
Recording window 1.6384 s
Sample size 8192

GPS data logger

Model i-gotU GT-600

Company Mobile Action Technology Inc.(Taiwan)
Size 46 x 41.5x 14 mm

Weight 37g

GPS SiRF Star IV Low Power chipset

Time triggered sampling 1s

Photo.3 The acceleration data logger set on the loading platform.
it IR L /o i 7 — g a A —
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Photo.4 The acceleration data logger set on the packaging box.
P EE T — & 0 A —

L= A L

Polyethylene foam
Cardboard(3layer) X 1
Cardboard(2layer’ x 2
plywood

Platform base of truck

Fig.3 The cross section figure of packaging box and position of
data loggers.
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| : — { & L |
No | West 50 Skg 18 7kg 129 2kg No5' East 55 Tk 77 Skg 132 6kg |
No 2 Ceiling 720kg 87 kg 159 Thg
No 3 South 23 8kg 46 4kg 70.2kg. No 4 North 25 9kg 46.5kg 72 4kg

No.1-5

Fig.4 The appearance shapes and contents of all of the packaging
boxes for five times transports.
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Table 1 #1® Recording window (23424 L, 1.6384s (25%
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Table 2 (&, FEOMIFENIZHKE L 72IMEE T — ¥
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DR TORKIMEE (BEINEE— 7 JEE & R)
DO, 4N FEBLIRAOMEE, 3TN
FTTEFLEDLDTH b, MEFEDFEEREZ & GPS
=R T Y IVEIE H D\ ILEF BN ELER S o TEER
DOMETRYEET LI LN TELOTELE CRR
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FAECTEHI S N7z ¥ — 7 IR EE O R K fE 3B 0.5G
BEICNEIoTB), EFZELRAMET 167G T
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D RFETRETRELTVEH0DL VI L1450
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ENEETHD EEZ, WAFHEIRELICMEET— 4
O A =0, HMICKE R Y- 7 IEES KR S
FBAFEOT— s x5 H e LT, FElLBETEITI L

Table 2 The largest peak G of three direction of each transport
and content of operation.

SR BT BEHMOE — 7 NEEDRKEL 2 OMEEAE

Position | Direction | Peak acceleration(G) Operation
1 0.16
Truck 2 0.27
No.l 3 0.39
1 0.42 Loading to the truck
Box 2 0.30 Loading to the truck
3 0.33 Running
1 0.25
Truck 2 0.30
No.2 3 043
1 0.75 I Loading to the truck
Box 2 0.56 I Handling in preservation facility
3 0.98 B [Loading to the truck
1 0.20
Truck 2 0.29
No3 3 0es I
1 0.44 Loading to the truck
Box 2 0.25 Loading to the truck
3 0.65 I Handling in preservation facility
1 0.17 |
Truck 2 0.44 1
Not 3 0.48 ]
1 1.67 . Loading to the truck
Box 2 1.48 - Building the packaging box
3 1.16 B [Building the packaging box
1 0.16 |
Truck 2 0.36
No.5 3 0.46
1 0.41 Loading to the truck
Box 2 0.31 Running
3 0.51 Loading to the truck
L7z
(2) TRMEHERR AR DFEATZNT 72N BE DT 12D
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O G DR 5340

Y= 7 R L E Y R BRI O 8 S R ITE LR
T, FTREBCNLMEED L N ZHRT 5 LT
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WM R SN BAS, L NEE 22 CTHEBT S
r—A3tmicErzonb, 2F 0, MEET—S 0

—ZEFIND I ARV MELERELAE, -2
MEESEAA XY FOFP) A7 ELTHALDGE
WEBRS T, E— 7 MEEE L TIEV2E L TdH
AREEOMBEZBBEEALZEEL LTERTNE A X
YNOFD, XACBICEZAREBE L TEREVWI LD
%> (Davit Thickett:2002) o 4F (2R S IR ED &
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&5 e LNV HE < (S.Paul Singh et al:1992)
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Fig 5 Change with time of G..(Vertical) and speed.
,,,,, w & TEITHEE DB RYI AL

a8 L TR ENTBY, FighbhZNHIZA 25
FORS%MH L7 A2S F OBEFEIThbNIEE
IZ2oWTit, ERLAEBT -7 2 EIli ) Z20AE%:
YET A I ENSTE T, Table 3RS L 205
MABEEZFLOLDTHS, 29 LT GuDEERTS
fi (Figh) 7OFETHEAXSG L, FETIRONE LB
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Table 3 Time sections and operation contents.

HEFRIX 7 & MR AR

Section Duration Operation

A 09:58:20-10:00:08 |Closing the packaging box.

Changing the direction of the pakaging box for preperation

B 10:21:12-10:21:28 | ¢ loading to the truck.

Moving the packaging box from restoration studio to the

¢ 10:50:08-10:53:27 preperation room and laoding the truck.

After arriving at the exhibition hall, low the packing box

D 11:15:24-11:16:02 from the truck.

Moving to the exhition room and put the pakaging box on

E 11:26:04-11:29:34 the floor.

F 13:37:18-13:38:28 {Opening the pakaging box.

R 11:00:00-11:11:24 | The truck ran on a public road.

@%TH#ED PSD
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Fig.6 PSD plot for Sec. A(Closing the box)
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Fig.7 PSD plot for Sec.B(Changing direction of the box)
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Fig.8 PSD plot for Sec.C(Loading to the truck)
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Fig.9 PSD plot for Sec.D(Unloading from the truck)
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Fig.10 PSD plot for Sec.E(Moving to the exhibition room)
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Fig.11 PSD plot for Sec.F(Opening the box)
Sec.F (HHWHiDME) (235155 PSD




(TR A ELEFIZoWT

CNSIEHOMMT (TR A) LK (TREF) L)
HAEDLETH S, 10Hz LT OFEBII/NS L, 20005
200Hz 31 H) OFEHSKEVE W) HRALS AL N D, {E
EIFELIREICRE L KETELAL2H 5 3BT
5, BEINYLVTERARFEDDLHHVIEHBD B, Lo
LZENELRNEE LD, Eo TEZ L HBRIIARME
TOBNHYREL, BB F) V2SI EER I IREAT
FEHET 5. 100-200Hz (213 2 (&, B VO D) RS
(B 5:1985) EAHNTwBEEZ LN S, PSDIZid
2 LS ORENEN TV LA, RELNLVE L
TS T,

(i) T# B. C, D, EiZ2WwT

INSIEEEBPHMEME FTRHDL LT GOEE
(L# B, E), EHE~OKAAL (THEC), EXHEDNH
OEAL (T D) PELHNELRL TR THL, I
NoHA4OOERELRICBT H0IE, TELXHEDLT, &
EOBE DA EFCIAFEL V) HTH B, HHAFEESE
PR AEEMPLEREEXZENORTE ZTIDHI LI2LS
EEBIZLVEINTVDLEEZLNDD, BRI
20Hz LA O FE RO A E— 7 BN L L)
MRS 5,

Dk, BEmEELETF DO IR IEERICBWTHEE S
IR IEE X T 5 BT Ch B o WRIEERIZI, HNE
BEE L CIIEEMIIKRE RESB T, ZOMHEER
WO TN ol Fio, MREELERICBITS Gl
EERR T D EEEE AT OEE KE R ERIFEL Do
72 772U, WIRVESER AT RN ERREM & BT B
EIEFEIZF D, LRI B FE L AV OIRENC &

LZEBETHNIERMIEAT2MEOHTIFRKREEER
b,

bbAA, T LBEIISULEEY V& OO
PIHENNELSHELLLDOTH D, —HHIZ—EL N
WELEDIEEZFDN LIRS H LV HITRTE L2
&, SEEONF— 7 h oL, FREERICBV T,
FIZROF LITREA TS, FMOMIL L BARRFIZBIT5
FEA L VEEITHIZETREDY A7 IZEMTE S
EEZOLND, LB LIZR L 50, — KW ERET

66

ik SN DA HERIDOEREL LT, IEE
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bHoTHHBIZHET S (FHES:1998) 0 ILMELD 3k
WEDE VM TEEIMEE LT o 2 ROMIEEEE
KENRENIZIEB VL DOTH B0V EBICHETD
b,

Table 4 Average G, of each direction in each section
FTRIZB A HAEBIOFL Gl

) Grms(Ave.)
section
longitudinal lateral vertical
A 0.030 0.045 0.058
B 0.015 0.016 0.027
C 0.028 0.025 0.040
D 0.020 0.020 0.049
E 0.024 0.023 0.033
F 0.024 0.043 0.043
R 0.020 0.022 0.048
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Grms/Speed vs Time (Section R)
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Fig12 Change with time of Gm(Vertical) and speed for Sec.R
(during transport of wall painting).
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Grms/Speed vs Time (Tokyo-Chiba)
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Fig.13 Change with time of G..(Vertical) and speed for public way
transport in Ref.6.
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Fig.14 Change with time of G.m(Vertical) and speed for high way
transport in Ref.2.
Ref2 OEFRERKETHRIZBIT S Gm & EITEREORRYIEAL

Table 5 List of other transport as comparison samples of wall
painting transport. Specialized truck for cultural
property was used in each transport, and measurement
settings of the acceleration data logger were also the
same as transport wall painting. Because the number of
data was not enough, highway of Ref.1 and public load of
Ref. 5 were excluded as comparison data in this paper.
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D Root Date of Highway Public road
from " Transport data data
Ref.1 Tokyo Tokyo 21-Dec-16 - [ ]
Ref.2 Tokyo Kyoto 8-Mar-17 [ J [ ]
Ref.3 Kyoto Tottori 9-Mar-17 [ ] [
Ref.4 Tokyo Kyoto 29-Jun-17 [} [ ]
Ref.5 Kyoto Nagasaki 30-Jun-17 [} -
Ref.6 Tokyo Chiba 29-Jun-17 [ ] [ ]
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Longitudinal Vibration Profiles (Public road vs Sec.R)
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Fig.15 Comparison for PSD of longitudinal direction of wall
painting transport (Sec.R) and public road transport
(Ref.1.2,3.4,6).
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Lateral Vibration Profiles (Public road vs Sec.R)
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Fig.16 Comparison for PSD of lateral direction of wall painting

transport(Sec.R) and public road transport(Ref.1.2.3.4.6).
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Vertical Vibration Profiles (Public road vs Sec.R)
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Fig.17 Comparison for PSD of vertical direction of wall painting

transport(Sec.R) and public road transport(Ref.1.2.3,4,6).
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Longitudinal Vibration Profiles (Highway vs Sec.R)

10801 ‘ | ) 0 O Y )|
1.0E-02 Highway
1.0E-03 ‘ — Sec.R
) l
< 10604 |
2 joe0s N |t et |
) b 3 ‘A/' |
& 10806 | LIV AN 1 e i oot
| L‘i,\'J \\N/ \ |
1.0E-07 ‘ ‘
1.0E-08
1 10 100 1000
Frequency(Hz)

Fig.18 Comparison for PSD of longitudinal direction of wall
painting transport (Sec.R) and highway transport
(Rel.2.3.4.5.6).
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Lateral Vibration Profiles (Highway vs Sec.R)
1.0E-01 I 1
1.0E-02 Highway
A\ — Sec.R

1.0E-03 /

1.0E-04

1.0E-05 ==

PSD(G¥Hz)
7
§

1.0E-06

1.0E-07

1.0E-08

1 10 100 1000
Frequency(Hz)
Fig.19 Comparison for PSD of lateral direction of wall painting
transport(Sec.R) and highway transport(Ref.2.3.4,5.6).
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Fig.20 Comparison for PSD of vertical direction of wall painting

transport(Sec.R) and highway transport(Ref.2,3,4,5.6).
WEIER A (Sec.R) & @ MUEEETTI (Ref2.3.4.5.6) D710
128317 % PSD DX




E#%H, —AER, =EERKO PSD (J3#T % 1-3Hz
EEUITIZERAEC, 4Hz DL E 58S CREM # 35 b
e _THEL TS, 72720, BiEARNEZFLF
IREN L NOVAMK C, BEBEEE T O T — & AP - THEW
LAWERLAEDDOTIE RV EAFANCEL T, #*
A B2 3B T d 5% v o> PSD I3 ET #2710 & R RE O AR
MzRL TV 5, FRIC—HER, SHEER TIIET>T
W5 20Hz DY — 7 5BEm ik P CTIE K& CE

L, E=27 L LTIRIIBEAL TRV, ZHIGEEOM
A& S AN TR BICRETIHERLES (0—
VARED) DETEEOVETIEVEET A2 LICL b8
REEZZOND, BERE T O PSD C4& &k HEE I
BOWTRE L NIVORT A b B ICEN - OHEE
MTd ), 1-200Hz {1 F TOEBUZBNT, K&
ELTW5h,

Table 6 2> 5 4 \IEHE L 72 7 — & A CHX T 5
&, BEEEEH O GnfEITEE AR TROBEINKE
42 80 km/h TEITT % mE B ETHOK 4 4
(2, 1545 km/h TEITY 5 —MBEMETHEOH 35D 1
BEOLNIVIIHEUT DI e ghot. 72, BEHK
WERELTRAGE, EEHMIZEBIT 5 20Hz DIRE)
LAV E R E R E TR, — A ERREITRED PSD &
BY5HE, HIIRKRTI00 BRERELTWA I L2
ho THIIHMEEL NILTH 105D 1 DRMAIIHY
¥ 5,

ENOBEREFLEADL L, BEREBIIEMEEOS
WEDEERS —RER L D b RIFTH S, fEo THED
LETDIREREHREY E 2 HAICE, —RERO S

REBRLIDOKREVLNVOLONPELLELEZS
Na75, TNETOFHLSIE, BEEBETHOHA
KRELBRHENTWE, CORKEELAHTERTFO—>
ELT, ETEEOENEZOND, HEELIREIL NV
DREFREIZOWTIE, ERIMIEIEEETHIRTEICRE
BT HIREOESEDOL NUHHEML, b—F L TRKER
IANKF—E b0, BHERETHITIREL NV EEL
RO ERTELZVEEZLNTWS (EA)I:2008)
EHILIZTHARY Y a VDO T v 71200 T,
HE L G & DBBRIZB VT, 45km/h L EDBEI11E
HE EFITHECEZE LTI R SN wAY, 45 km/h L

Table 6 Average G... for each direction calculated from PSD wall
painting transport(Sec.R), public road transport, highway
transport

B Ei%HE (SecR), —RxBEHEETH, &#E

PSD 2> &6 5l L 7= 41 B D1 G fB

BETRIZ BT S

public road | Longitudinal Lateral Vertical
Ref.1 0.040 0.056 0.100
Ref.2 0.052 0.123 0.175
Ref.3 0.049 0.119 0.173
Ref.4 0.059 0.183 0.189
Ref.6 0.030 0.066 0.107
Sec.R 0.020 0.022 0.048

high way | Longitudinal Lateral Vertical
Ref.2 0.078 0.152 0.213
Ref.3 0.081 0.134 0.229
Ref.4 0.048 0.173 0.202
Ref.5 0.050 0.214 0.232
Ref.6 0.037 0.098 0.164
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Table 7 I"r'u:ilil\' of military equipments and industrial products
SR P O GFE IR EE (2 X 2 WGPk

Fragility (G) Equipment

Missile Guidance Systems,
15-24 Precision Aligned Test Equipment,
Gyros, Inertial Guidance Platforms

Mechanically Shock-Mounted Instruments,
25-39 Digital Electronics Equipment, Altimeters,
Airborne Radar Antennas

Aircraft Accessories,
40-59 Most Solid-State Electronics Equipment,
Computer Equipment

60-84 TV Receivers, Aircraft Accessories

Refrigerators, Appliances,
Electro—Mechanical Equipment

85-110

110- Machinery. Aircraft Structural Parts such as Landing
Gear, Control Surfaces, Hydraulic Equipment
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Shock wave of dolly process
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Fig.21 Shock waveform including the maximum acceleration
generated during the transport process by Dolly (vertical
acceleration only)
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In addition to protecting cultural properties from vibration and shocks by employing effective packaging
techniques, methods to reduce vibration and shocks during transportation and handling must also be
developed. It is expected that vibration and shocks can be minimized by transporting items slowly and
carefully. However, there is a lack of quantitative analyses examining the extent to which vibration can be
reduced by the careful transportation of cultural properties. Furthermore, scant numerical data are
available describing the vibration and shock levels generated by handling operations. Thus, objective data
on the transportation and handling of cultural property are insufficient.

We were involved in transporting the Kitora Tomb wall paintings from a restoration facility to a
preservation management facility. We measured acceleration during packaging operations and
transportation using an acceleration data logger.

The analysis of handling operations shows the following trends: (1) sudden, large accelerations may
occur, but are infrequent; (2) based on G..., the vibration level of handling operations is approximately the
same as the vibration level of the cargo area of the truck during driving; (3) the vibration level in the
vertical direction is high; (4) the use of tools, such as drills, infrequently creates vibration frequencies below
10 Hz; and (5) vibrations caused by manual labor are generally below 20 Hz.

During transportation by truck, the wall paintings were transported at a very low speed (about 15 km/h).
The comparison between low-speed transportation to highway transportation (about 80 km/h) and public
road transportation (15-45 km/h) for other cultural properties using the same type of truck revealed the
following trends: (1) G for the very low speed transportation of the wall paintings was approximately one-
quarter that for highway transportation and one-third that for public road transportation; (2) vibration
levels in the vertical direction were considerably reduced over the entire frequency range; (3) 20 Hz
vibration in the horizontal direction was considerably reduced; and (4) vibration over 500 Hz was negligible.
This study establishes a methodology for assessing the handling and transportation of cultural property.
We would like to continue accumulating data in order to ensure safety in the packaging, handling, and

transportation of cultural property according to a scientific basis.



