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Ratio of behavior

Table 1 Class of behavior

Class Behavior Direction
1 Standing position front side
2 back side
3 left pointing side
4 right pointing side
5-8 Sitting position Do,
9-12 | Walking toward pg.
13 Sidling left forward diagonal
14 left backward diagonal
15 right forward diagonal
16 right backward diagonal
25 - %)
20 = Discrimination by programming calculation

= Discrimination by visual observation
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Fig.2 Discrimination of behavior from controlled image
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= / Al Steel plate without peinted 3mm
Wall material sample i A2 Steel plate with coatin 3mm
I o Radiatipn sensor coatinp thickness100 rﬁicro meter
Thermocouple sensor ! / (Both shdes) g . 3 ,
Thermal flow Semcor | all / / A3 Steel plate with heat shield coating, ~ 3mm
iy i / / ﬂ coating thickness100 micro meter
£ g
(Arranged at both ﬂf‘ : Thdrmocouple A4 Aluminum plate 3mm
Jferin et et : El senpor Bl Clear float glass(CFG), only 3mm
h Thernjal flow B2 CFG with heat shield film (Sterling 60) 3mm
surfaces) Thermal data logger .
aah -- ( Asrgr?ge datall B3 Do. (Sterling 40) 3mm
D =L . P Al 5 extgenal surfaces) B4 B (Sterl%ng Sy At
L Z / BS Do. (Sterling 60) 8mm
VAR Cl CFG in window frame 8mm
[ /Heat shield material with heat shield film (Sterling 60)
Thermal flow sencor (polyurethane foam @) Do. (Sterling 40) 8mm
Thermocouple sensor material 100mm C3 Do. (Sterling 20) Smm
Pyranometer (Arranged at all 5 internal surfaces) lined with aluminum fOll)
Fig.1 Experiment.al setup for tl'aermal chargcterist‘ic 1’(%80 i T 1§ hdiation \
under solar insolation using thermal insulation box = 1,000 ;
<
Q
fa 800 Qin+Qout
§ 600 AT
© RUNKEREDE LRI - | AT 20
= ZRiEfe (RS, JUNRFRZER LF) < d
) YR vy BB BRRYSRE, UMK TIER) =
ERSSAF FR23E4H 8B 10:00 10:3(')1"ime 11:00 11:30
AR b\fuﬁﬁ P23 55 A 19,20 H Fig.2 Consideration of heat balance on experimental value
© B A finfiaiE s L5 '
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100

(%) .
= Reflectance ratio
80 = Transmissivity ratio
= Absorptance ratio
60
40
20
0
Al A2 A3 A4 Bl B2 B3 B4 B5 Cl C2 C3
Denomination of sample
Fig.3 Thermal characteristic of material sample
under solar insolation
(kW) (m3/h)
35 —— 5,000
Air-conditioning load
a Air volume
=30 {1 4,000
2
& £
£25 4 L 3,000 5
g S
= >
= 20 - L 2,000 Z
8 |
LI) 3
<15 - I L 1,000
10 i o
Al A2 A3 A4 C1C2€3C4

Bl B2 B3 B4 D1 D2 D3D4

Fig.4 Calculating examples of air-conditioning and air volume

4:Ceil. 6:Back
(kiNZ) f\ A/:\Stb. sideLl/.lA5:l"0rt s1d¢
ES:O / ‘\ , \\ leace' \ ;s\\\
o A AV
P ROAT NI
<w~9§§\j£§§ _;éé&g@@g&%@

0 12 24 36 48
Time (Hour)
Fig.5 Calculating examples of dynamic thermal load

by methodology of response factor
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- ]
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== Total JEEMB4E T HE T L 72 HBA 1T 14%,

T, QaUIBEGERNEIOZEROEE, QsslIH T AD
EH QrlIB0BERIIRINENIBAETH Y AL I,
ShOBERINT 5 TIZHE - AR X 2 FHAECH B,

F70, QrilIH T AANEKED b OGRS,
Z AR D B DA RS,

QcilIH T RAEEITFHAET DXVERLT & T 5,

QralxH 7
Qr3XFERNERED D O KE,

(D) REW7- L, BEREMRBOMEICRE LR

U OFEER Qr1, Qc1, Qr,

QrsDEFHMEL 72D

LD IR, RINE, BRREZZLELED, ThE

REL OB 2 WMEE L T 5 (Fig2 B ),

3. MMBERICE TS EMIRERG

VLCC DEEMEEET LV ERMRIT, FERTHIERME
BERMEOBEHBERET AVWCERNRAMGFEZITY, h
EZEFREICR VD AATEERM R IE R RET 5.

Table | \ZFHE &M L EERE T
(1) ERNEAMOE

ZEREEORHITIL, KEREOEEEZZITLLD 1

Table 1 Condition of calculation and material of wall

Denom. Composition of material of wall ~ (Thickness)

El1  Steel plate without coating(SPN, 7mm)
+Clear float glass(CFG, 15mm)
E2 SPN(7mm)
+CFG with heat shield film (Sterling 60)
E3  SPN(7mm)+CFG(Sterling 40)
E4  SPN(7mm)+CFG(Sterling 20)

F1  Steel plate with coating (SPC,7mm)+CFG(8mm)

F2  SPC(7mm)+CFG(8mm, Sterling 60)

F3  SPC(7mm)+CFG(8mm, Sterling 40)

F4  SPC(7mm)+CFG(8mm, Sterling 20)

G1 Steel plate with heat shield coating (SPH,7mm)

+CFG(15mm)

G2 SPH(7mm)+CFG(Sterling 60)

G3  SPH(7mm)+CFG(Sterling 40)

G4  SPH(7mm)+CFG(Sterling 20)

Hl Aluminum plate (AL,7mm)+CFG(8mm)

H2 AL(7mm)+CFG(8mm, Sterling 60)

H3 AL(7mm)+CFG(8mm, Sterling 40)

H4 AL(7mm)+CFG(8mm, Sterling 20)
Dimensions of navigation bridge

Breadth:13,600mm, Depth:7,200mm, Height:2,850mm
Window:Front 2,300 x 800mm, Flank:1,000 x 600mm
5 persons staying in the cabin

HR OB » FETOERNIEATIRRKOMAWZE
HTA0ERHD, £, KBEOBHREZ%ZT 5 HERLN
RIEEZ PO FRERERERIIKGEHNEAOREELZ ITHKIE
EIVELS DI D, ZZTIAYNRKEELZ A
TR OBEREN L ERZToL, —FH, BEhbOER
BAICIE, BB, T, BB T CHHRICERL
7o 6T, B D OREFHTIZERR Al DS EEZ AW,
BEBMCEFE~OREDOEEIIIERIIAMT =V —I1C
TEHILZEZ AWV TEHEICEE Lz, Table | TOHKRE
EOHETOHEREL Figd (R T, — RS IZBHE -
S vu—+rHT
Z1Z ST60, ST40, ST20 % fii L L 7= 41T, JEIZ 10%,
18.7%, 26.4% DE T X NENMFCTE BT 0o T,
Q) VARV AT 77 BRI X DEREE A
ISBESERIT T B MK T X - THMR O BB EERC H SRR
LD EENG 2 L ED>TL B, TOTDNERTE
FEOBBAWELELT D, 22T, AEPLA—
2T UTIZAPOMBEEE LLHEO | KEEORE
E-RE, KBEE - FiAZROBEFEZEHL, 8
HBAMSEFETHDI VARV AT 77 X —iEE AN
Ty aIb—var%fTo7 (Figs 28), M FT522
nitmEx O BHEXAEINLEREOANENRDT S,
THUTHEW, HrICEE] LEE2 TORBAENRKE AL
LTWBZ EBSN5,

4. #E8

WrEME % AV EBRIC L v B S EVERE A RIE L,
MEETT LV TORERAMTEORS 21T, it —
ZFT U T COBNBEROFENDOE TR LF —
PEREDZNRIZ OV TRET EIT 272,

23 3Tk
1) Bl BERE 1%, H EERE, 2008
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A Methodology of Evaluation of Thermal Environment
and its Improvement for Working under the Summer Heat at Shipyard
by Jun Takeuchi, Member Nobuyoshi Fukuchi, Member
Takeshi Shinoda, Member

Key Words: Thermal environment, Storage of body heat, Contour line of thermal storage

1. % = S ONEBEMFRALY, ANOBREEEY S &

LWI%T@¢¥H ICE 2Rk L B BRES T2 LHRATESH, BOEER LN TOBHEITE, S

WCIR X3, ABOEEL - W%?QOJTW%L: L BEERD = oAk,
wmﬁ%@%wﬁT,&%ﬁﬁrmié%@m%@%i, ,
&S ITIEBAE VORIE B IR 0 B 5720, AMEZBRIEF S=M-W-C,, —E, ~C—R-E,+E,, [Wn’lQ)
EBIRRPUCHER 5 72D DB DR D & 5 Bkt A
BRETED. SNED, B H AR S ORI L 720

AW CIE, 13 USRI ERB OB R RER KL B,

BExITo-TCEOEREHUETA L L bIL, mAITRX—H ,

R )R IER - M KD BE R & A L H, = [S(cYz ') (3)

EREBLEH L. £, ANOHIEHEET COME

IZRBWT, BWIER & AFERE L OBFREH LN 3. ASIBETOEMIBIETIHE - ANASHTER

L, BHURETOEZCRB 28WEZEEE23 T 57 3.1 BEOISIEEE

HOEERERE ZAFR L. EIRFTAN LT BT 2 B R ORFHOIEEE O A

BEOTHZITH 20, FRRICBNT, 5B, &

2. RERRERE AMARTE B, HEER Y OBMBEIRG L CEEOET, WA,

2.1 AEDEINE

AEIEFEBYRCH VBRI TH S, KN TER LR 42.0
WEEE (178) , MRk AHE, KD LRR%E 400
B L CORHR - Bz & 0 ANBRERIC A L T % IS
Bh, AMEESTOEELZ —EITHE> TWE DI, @ 380

TONELBEL ORI EE 5L BERE -g%o
TIHEEGREEER Y L O, %@EEE&&WE,%K% g
99, BREIEE, BERE, SiE HEHEETHS. £ 340

2.2 \FBEHHEX LERE §3u>}

MNEOBERFRRIIARHE M IS L, S~ tE I Time
W, PRI K DR L BRI (CustE) » EENLD 300 b Lttt
SR L EERHE (C+R) , # L CREIRM L RITR I 10:00 11:00 12:00 13:00 14:00 15:00
5B R ERE OEC LD IEBEEN B, DA ST Fig. 1 Variation of Air temperature
ARTESNS ONY, L, BEEE T TOMEETI,

NEICHBS Sh 5 ARBELZET BUERD Y, A i
I ASIC L AZEE,, ¥ ML CEHE AT 7. 160
350 i
M+E, =W+C, +E, +C+R+E, [Wm] (1) D 310 _jvﬂwﬁ%“r__~_~____
5 33.0 VA

¥ MR TA A FTA vV ot ATy R 320 |

o SUNRZEREBE TSR (B985 310 | \

s U K2R TR 2ERe gg

FREA TR 2344 A 8 A 280 boeiriess — DU Time

FERHERI u\fuﬁﬁvéﬁ TRk 2345 A 19,20 H 10:00 11:00 12:00 13:00 14:00 15:00

© A ARRREMEEE L Fig. 2 Variation of WBGT
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F ORI 72 K OFREE T o 72, Fig. 1IIK
\Z WBGT DOFHRIFERZ =T,
FEUHITFEATEDENVEBETCH-7-2 0 H Y,
FETR L RIEN 35 CTEB X, WBGT OFEHEL 326T
Tholz. Zhid, BAREEBEICI eV T E
BHIERIFIE ] & SN TWS WBGT D31 CERB A TED,
EHRREPBRICELWVERE TS D Z LRGN D. 25,
WBGT i3KIE GZHEE) , Fu—7RE, BEEED
LEHEN, KB, BXHEE, FHUHEE (@XKAH
), JEERA L-EREETHD 9,

Fie, BEGEE LUGELRY PBRRLNATEY, #
DEIZA-TWD EFROBE L EH X TOLEFRD
BETIH 2000 EOERH . ZOZE1LY, #E
Fy MIBHBETCOERREKE LTHEFICEATHS
LEZ LN

32 ANAEBEER

WP OROH DB RERET D0ITIE, RH
B, BEREER L AMEEROBREZIEET 2LERD
3. 0D, BERETIZRBVWTZAIA—F—%
AW EFBH AT, (FEATOREERICE U AMED
FEREREZFHAIL T, AMEEZCKT LT OERDRE
BEFHAD NEEREREIToT-.
(1) BAZIZET HEER

EENC L B EERESCAGREREOE T T DEA
ERHRT A0, 4 A\OEBREIZ DN T /LT A4
—DET 160W OEBNZ1T 5 ERE1T o7, Fig. 3 ITHBR
#A, B, C, DOEEEEDANE L EREFEORE
2

{E%, Fig.2

38.5
380 F e
[ 375 fL‘**IA—« e

.5375 % f&igxiﬁ//,4> ‘\‘ti*éii:L
g%ﬁ ?ﬁd// TR
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360 E£
=
355 ¢
£ Time(min.)
35‘0 F SRR YN YT TN [UUNY TN S TR SN NS TONK S TN R S WO 1 ST TN TR T N SN SO W TN 1
0 5 10 15 20 25 30
(a) Temperature of body skin
0.16
& 0.14 Examinee A s
Eo12 % T e
el
2,010 | T
2006 | .
EQM fi?fﬁp
002 ¢ Time(min.)
0'00 R SN VU JOON NN TN SUOE JUNSE SO TR TR SR NN T TN WONC NON SO SO TS NS SN OO JOUNC T S 1

0 5 10 15 20 25 30
(b) Storage of body heat
Fig. 3 Variation of temperature of body skin
and heat storage of examinees

BB OVHEERELENHD OO, EERE
OEFEREIIFRETHY, REERED EFEEIIIME

AEITHEVEN. EREIZHONTIL, BEERRKE
BECESRLD LI bLT, £EBREORBE (B
BEOEINE) ZZERULT, 20EBETHLIEHE
DI R RBIENS R, L2 - T, EEEI
BLTHLEAZI DN EEZ NS,
(2) KBI=ICEHT 56
EEAWMOBEEL IR T A-DICT LT A—F —Di&E
AR, OW (1.12Mer) , 110W (2.02Mer) , 160W (2.48Met)
IZERE L CRHAIT 2 EREITo 7.
EXAFEPZVBRETOER TR, RHENSE 2D
WHEWERE LML TV, L, £@XKARERD
RVEEDERICBWOTIE, AT OW & 1100 TlIERE
BHEE L TODRENELL, BRFEOEEITIE, B
BRERPEREICRESEETILOLHREIND.
(3) BEtEICEET X8
AROERE~DEELITET 72D, 2RAHE
ME, 1, BOBSICBVWTCEREZITI EREITo 7.
Fig. 4 IZ#BRE A OEREHBORREETT.
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(b) Metabolic heat : 110/ (2.02Mex)
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(c) Metabolic heat : 160/ (2.48Mer)

Fig. 4 Storage of body heat in experiment
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for varying radative heats of skylight
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ERAFENEL RBIEEERENEL RDERNA
LD, AT 160 OESTB O TTLK B S EN P,
EOESIITEREDOEITIT L A LEL, EREIIHT
HERAFEOEEIZNZERE {ENA TR,

Zhicxt L, £@XKAHENE, FoBEIE, KBk
COENMENTH T VDIZITEBRAEICKRE RENRRD
, E-AR 10w OERNCBWTIE, €K ANENS
KRBIFEEREHEML TS, ZHLH6DZ b,
2K HEEIZ ANEBBUCHT LIEER TRV, 27D
DEEBERRIETHLDOEELLND.

(4) KFEICET H5ER

BBV TERIITo TWAEstED 12 LT,
BEBZRTT-DODBEHE 7 7 L AERNRHD. 0k
5 IR ANEOHBITH L ENIE EOEELE RIFTO
PEEBTS 72012, BEWSIZ X 2 XRO R CEE %
THEREITo.

EREBICEHL UL, £RXEFREOZDITIIbLT,
TrUVELETZFURD EOMICBELNRENR LI,
REEUZ L EOMES L, FEOMHI E TS,

33 EREROER

ERIZBWTELN-E 2 ORBEREEROFRT —
&, BHENANFERAEL OBRERAL TS
WIZ, HEFEEZRAVTEE L.

(1) @S

FEASHT DEIT ORI, BEEEERMAEEOEERY
MET 572D ICRBEEGREE AWV TRIEL, AMSERE
FEMEHEIC LY, REE, KRB, WHENEE, VR
BE, S, FERE, 2RANERCOEIREE
&AL E Lz,

RBEIZENERE LT 2ERMWEEIINZT,
R fEFTHE C OB ESCE D b ORI S
TAHRBR I OCEYKGFEECEREIZ S 2 HHEITK
XV B, HBRE CTORESCABN S DBSIZE D
BB E T ARMECEBIREX, b BT
TUTEREDS BT WO ADOFMERREN TS,

HBEEBIOCSRAFNEICE L CiL, EREL O/
WZERVVERIBIMRIZ R bR o 223, T, EBREIT
STOREETHY, ZhOOFBHEII K E 28372
Moll-béEZILND.

2) ERRAHT

ATy T A DB LD EERRHH DEiTok. BH
Tk L USRS BIIFBE ST & Mk & Lz, Table1 i
ElR R & OEERE, BIUOEBCRIRREERT.

Table 1 Regression coefficients of the thermal environmental
factors

Objective variable : Storage of body heat | Regression coefficient | Normarized
Standard | regression
deviation | coefficient

Explanation variable B

Metabolic heat [Met] | 0.974 0974 0.974

Air temperature ['C] 0.949 0.949 0.949
Relative humidity [n.d] 0417 0417 0417
MRT ['C] | 0916 0916 0916

Air flow velocity [m/s] | -0.554 -0.554 -0.554

Skin temperature [C] -0.900 -0.900 -0.900

Skylight radativeheat [W/m’]| 0319 | 0319 0319

(Constant) [nd] 1319 1319 1319

FRRASHT & FRRIC, NMEDEBEICKRE REEE RIE

TEBEEERE UL, KB, (HE FORFRE
TH Y, AMEKEBREZIGHT B0, RPEECKE, F
YIRGHEE, KEEPRET I EBREDHENTHS.
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FEENELNZN, 5B L VL RBESRFIIRBVLTE
BREITV, MAETDALERDS.
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Fig. 5 Storage of body heat in case of work
using several measures
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Evaluation for Safety Assessment by Gait Analysis on Walkway at Shipyard
- Application to Working on NC Cutting Machine Conveyor Line -
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3800mm  Thickness:9mm

Height:150mm
Experimental Area Length:3300mm
Fig.1 Experimental setup in actual shipyard

for human walking on the slat conveyor

Tablel Experimental conditions

(a) On the actual slat conveyor in shipyard

Nominal designation Condition
Flat Horizontal condition
SY - Travel angle Slat space (mm) | Travel angle (deg.)
(ex. SY-90deg.) 150 90, 60, 45, 30,0

(b) On the mock-up of slat conveyor

Nominal designation Condition

Flat Horizontal condition
Slat space (mm) | Travel angle (deg.)
150, 120, 90, 60 90, 60, 45, 30,0

l 2 Okgf/em®
| 0.0kgf/cm?
Gait Cycle 1 Gait Cycle 2 Gait Cycle 1 Gait Cycle 2

(a) Condition: Flat (b) Condition: SY-30deg.
Fig.2 Change in the peak point of pressure

Slat space - Travel angle
(ex. 150mm-90deg.)

by inner sole type sensors on examinee C (worker)
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(b) Examinee B (worker)
Fig.3 Standard deviation of the peak point of pressure
on toe of walking on the actual slat conveyor
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Fig.4 Gait pattern of walking on slat conveyor
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=== Right foot
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(b) Slat space:60mm
Fig.5 Standard deviation of the peak point of pressure
on toe of walking on the mock-up of slat conveyor
for examinee Y (university student)
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Study on Work and Safety Observation by Network Camera at Shipyard

by Takeshi Shinoda, Member
Toru Kumata, Member

Takashi Tanaka, Member
Saori Zeze, Student Member

Shiki Yanagihara, Member
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