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Experimental Study on the Methods of Explosion Venting (4th Report)
—On the Behaviours of Flying-off Type Explosion Relief —

by Tosummro HayasH

Abstract; Explosion venting is one of the useful method of explosion protection , which is applied
to various industrial equipment of light structure such as dryers and dust collectors processing
flammable gases, vapours or dusts. There are two prototypes of relief vent; one is the rupture
diaphragm type and the other is called here as flying-off type. In the latter type, a vent cover
flies off when it is subjected to an explosion pressure generated in a vessel to be protected, so
that the combustion products are expelled through a vent opening. Characteristic features of the
rupture diaphragm type vent were reported in the previous paperl). For the relief vent of
flying-off type, an empirical equation has been proposed by Simmonds and Cubbage? through
tests with cubical drying ovens of satisfactorily large internal volume (0.2~14m%. 1t seems,
however, that the weights of vent cover they tested were rather small (0.15~3.4g~ cm® and
that the vent openings were relatively large (K=1~3), both from a viewpoint of practical use.
The preéent report describes the effect on vented explosiori pressure of vessel size, vent ratio
and the weight of vent cover through gaseous explosion tests in smaller vessels with a wide
range of vent opening covergd by heavier vent covers. The pressure range of vented explosion,
up to lkgf/cmz, is far higher in this paper than that in the cited paper.

Three cylindrical vessels with internal volumes of 0.92, 6.8 and 94 litres are used for tests,
the ratio of the height to the internal diameter of each vessel being unity. The circular vent
opening on the top of vessel is covered with a disc-shaped weight which simulates a vent cover
(Fig. 1). The diameter of bottom surface of the weight is just slightly larger than that of the
vent opening, so that the weight of vent cover per unit area is assumed equal to W, /S, where
W is a weight of vent cover and S is a vent area, respectively. A 4.5% propane-air mixture is
ignited at the center bottom of the vessel, and a peak pressure (P) of a vented explosion is
determined.

Simmonds and Cubbage derived their equation on the assumption that P is proportional to
W /S for a constant volume (V) and constant K; vent ratio K is defined as (D/d)z, where D
and d are diameters of a test vessel and a vent opening, respectively. Their assumption is
apparently not valid, as shown in Fig. 2, except for very small W /S, but P and WS are most
suitably related, for a wide range of WS, by a linear relation on a logarithmic plotting. Thus,
an eq. (1) stands for each vessel and for a given K; the constants A and B: are functions of
vessel size as shown in Fig. 7, while A is independent on K when a vent opening is not so small
(see Fig. 3). .

P = B K-W) M
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Introducing a factor K%, P can be closely related to K-W by eq. (2) for a given vessel (Fig. 5).

Further introducing V¥ as a factor of vessel size, P is expected to be predicted by eq. (3).
P/KY* = Bs (K-WY* - ()
PV¥? /KE = By (K-W)A ®

The result shows a fairly good agreement, as seen in Fig. 6, but is not so satisfactory as to
predict vented explosion pressures in larger vessels than tested. The reason is attributed not to the
process of derivation of equations, but to the dependency of power constant A on vessel size; that is,
the venting behaviours of flying-off type relief vent is somewhat dependent on the vessel size. In
other words, the same W /S and K will give a relatively higher vented pressure as the vessel size
increases, especially for a larger range of W /S, probably because of an increase of inertia of vent
cover itself with an increase of vessel size. The pessimistic conclusion is that the prediction of
vented pressure in a large vessel based on explosion tests in a smaller vessel is not reasonable.
However, it is found, as shown in Figs. 8 and 9, that there exists a limiting value of WS or K- W,
less than which a vented explosion pressure in a smaller vessel is higher than that in a larger vessel.
Such a limiting value of K-W will be of use in designing relief vents, and then is related to the
reference volume V; and R; V; is a volume of the vessel in which explosion venting tests are made,
and R is a ratio V-V, where V is a volume of a larger vessel to which the result of test in a
reference vessel is to be applied. On the assumption that the equation derived in the present work
could be extrapolated to a vessel volume of 1 m® a relation is obtained which enables to estimate the
effect of vessel size on limiting K-W (Figs. 10 and 11). As is seen from these figures, limiting K-W
is large enough for practical use, but decreases rapidly with an increase of R.

Discussions are also made on the comparison between empirical equations by Simmonds and
Cubbage, eq. (9), and by the present work, eq. (10), where a, b, A and B are experimental constants.

PV = a-K (W,/S)+b ©)
P-v¥3 K% = B (S-K)* - (W,/S)* 10

Assuming A=1, then eq. (10) leads to eq. (12), and eq. (11) is derived from eq. {9) for a given
vessel volume; a;, b; and B; are constant values.

' P=a; - KW/S)+b (1n
P=B -K"*W/8 (12

Taking into consideration the low value of b;, eqs. (11) and (12) have substantially the same
meaning especially when the value of K is nearly unity. This fact suggests that the power constant
A increases with an increase of vessel size but that it would not be so larger than unity. If this
could be proved true, the design of relief vents for industrial equipments would become more easier
by the method described in this paper.

The effects of the weight of vent cover and vent ratio on venting behaviours have been
explained through the present work, even though the effect of vessel size is not yet certain.
Experiments in larger vessels than tested here with vent covers heavier than tested by Simmonds
and Cubbage will clarify whether V% or V¥? is a more suitable factor of vessel size.

Key words; Gaseous Explosion, Pressure, Safety Device,Venting



BEBBRCETHHE F4H0

1. #

HETHABRERH CABRLETHRThDOD S
EBEYBENOSYETLIFEOO L OBEKED
Bbb, BENTFOHOEETEEVCOERLEEY
B, RERI, EBO—IICREIRT
B (GEOERLE) MERENC Lk LCHO
PETHEHR BBER) &, HBoxB-Tw5%
Re (RV b - HA=) PEREDC L VBT 55
XD B, BERZIDK, I A—REBMSEB LT
LESHEBARE, BB X v A—REBAEIL
HPEBRACHEIhD, WThOHARLCENTH, B
O%4EF2ENRCHAOOKE INFHLTHIE, B
OhbRELARYERETAZEC XV EBR LS
ENx+oeE iz, EEOHE L ThicH s K&
LT A ERARETH D, 2D 5 HOPWHERK
OO F B OWTIRECHE LY,

BB BB O oWTi, BERRFAY RS S L
Simmonds 5 D3’ b b, WERK0.2~14m’, »
A—EE 0.15~3.4gcm®, IO K (BB®B) 1~
3, HEBEEDBIIET 0.28kef /cm’ LIF OB A D
WTERBRRY 52 T35, £ ORR CIXBER R Kk
MXBRENREL ML 5D HETEHHATH BB,
KA LB AE»DIT, KEREOARTI LA VWEES
R, WA—DHEENELILEEORITT -2 b 0EE
Exbhb, TIZTIX, KEIDRL=FED/|H
BREACT, FABRCHT AR RSO OY
COWTERBRWITBRHA T o ERE2HET 5,

2. EBRHE

KBREE S Fig. 1R, AP THREREZELEL
DHEBEBIAREE IO 0DAGERTH Y,
W& DIL10.5, 20.5K 09, 2cm, ABSKIZEhERY
0.92, 6.8KR VU D=FETH 5. BRIDERERT
3, BEREROWM7 5 v IERC (cm) OMEEQ
ETA7IVvY GAR7S V) 2xoEBL,
D A INZERL.Smm O/MNE BT RV IELY
= v—1 (BE&0.lmm) 2FR, LI A v
FEALCE 7S v AL MED L, BRI T
b, BBENEHEREL LEDD, 4.5% 7 av-225F
BEVAZENHPKRIEL D RREL 85 X 5k
T, B75 v RESNTERBREAVELE = -
= FDINLEER T sV TF—TTHEIE, O KT
$hL EHBOOHA—HLTE) 2RED, B

il

LOETEL, BERdd+4 (mm), EX0.3cm D7
NVIREL, TOLCHMBMAREEAERTHEDCE
BLT5., 2OBE, FAROFLIZE LickF 2 O
*F v P THDOTC, BAERCHRS—K L
THRTA XI5 L, Akid=7rafge—2% (H
MEBE3V) X7\, MAMNEIRZEFZTHOFL
Eli, BRAMEBERHONLECTORRRE LicHE
iz, BRI Lo, BEOEMb X hE
NHEBOBEELTEMBLL T THLDTHY, o
T, AMOBRIERA LOTRTOBERICEHTE S
O TR, AKBOENORMPELOEEHFK
X, EY-—CRARENERB (FE30,5KV 2 kgl /
cm®), BEHEEROBHA Y 75 7h b sHE
F USERERS00HZ) % iz,

Weight ‘
~ Flange with a
/ circular opening
IZ - |
1 RSN —:\Gasket
Pressure
—3_/ transducer
D¢ ]
*/————- Ignition source
— g —

Fig. 1 Schematic showing of test apparatus.

RBREE

ik, AR CTHVWAREEROCZTDOERIKRD L ED
ThHbH,
K (Bok= (D/d)* (Fig. 18R
P . BREORAIIZEREN BRETD (kef
/‘em®) '
S EnmEE=7d/4 (cm)
V [ ABRASE REOERFE cm’®, A3F
D .
W:sdlL (A1) 0EE" (g)

*] SERER, ERYBES> A A-0BEEE, 2 A-ORELEM
% e DAY F 5, Simmonds & AEERIZH V- h A — D
HER, EEOEB~NDOBHEVWSIBENDADENETE
5B 25,



3. RERERRUEER

3.1 ERAOFHFZE

Simmonds 5 DAL, VEOCKHAFEUTHIIE
HA—-DRNEHBEY Y DEEw LBRENPOBI—
ROLBIBEGRDE DB L2 RIRE LTV 50, AER
XiE, W,/ S il BRI R, FOEA
KR KELL VIARNIWBEZELWZ EWRER
¥, V=0.920 DEREBTE WS E P OEE
% Fig. 210R¥, W/ SH+Hk&EwhiE, Pix
Kb s BRLYER LI L E0BRE I
RATHETTHHH, BERBRORSEE LTI
kgf /om’ BEUTOEN®E 2 E+5Th 5.

1.5

1.0

P (kgf/cm?)

EOeO
w
©
I3

(V=0.92 litres)
1 1 1 L 1

100 150 200
W/S (g/cm?)

Relation between explosion pressure and the

Fig. 2
weight of vent cover per unit area.
R b AN—EE (BUERYY) LBREHD
Baf%

W,/S 53:3100g,/cm’ LI F ¢4, Fig. 3R+ X 5
W,/ St PREREY S 7 FOEBEGE LT 5
ZENRTE, VEOK (BBWILS) BR—EDOBEEID
WTKRANEIND, 72751, By, B;, B R AIXE
BTHo, ChOOEROBICIE, Bi=By/S", B:=
Bi/K* 1 EDBAGRI D B,

P=By(W /S)*=B, - WA=B,(K - W)* (1)
WTRHOBERCOWTS, K BB kE W (20

*¥2 AHTRw=W/S L LTRBLTTDS,

ERRETIRPTHRHE RIS—RR—88

EESTIZ20LL B) 2BIE, P4 L kel Sem BEUT
THIIE, REBAZKE LB —EEE BT
ERTED, BTOHBEKH16.8T, Po 1ket/
cm’ BELTOBEYHE LT 5,
RDOREKARBBRIC L VBN D, K=1.250%
BEDOWC, ZHEEOBERCHTHXEHEHEK L
DM Fig. 4Thv, ROELUEROEE (REHA
BV OHETIREREWZ L35, SOXTIRER
BB T B iy W L Lich, R(Drbb
PB LS EEE W,/ SELTLEREOEZREAL T
H5b,

101 I
frii ]
- K - s
. 0 125 AT
. e 286 et
O 855 //>/
10— m 2755 o iy
& F(V=6.8 litres) =i imi. gt g
§ R // A
?EO /!’ " _aul ‘g
~ : s 3
_ : // /zl/m
10—1 A
i/l
102
100 101 102 103
W/S (g/cm?)
Fig. 3 Logarithmic relation between explosion pressure

and the weight of vent cover per unit area.
<2 b NA-EE BEERYY) LBEREND
£ £

Fig. 513, V=6.8/ D BB D>V TK- W& P
/K DBEE R L b D TH B, R () TE X
51, VRUKR—ED L ZILPIE (K-W)Ne sl
+%, KRPERETEEYRTIRTE LK 2
ALTDi, BHERAKE O RT 2 ZORFOE
BEEB LENDSTHS, :
WFEROBEBIEZE\NTL, K-WEP/K 2 DBHRIZT
NEZT 7 ECEHBROGEPTES Z b, KANE
b, i l, BRCARBSRIZL VBERKBERT
H5,



BERBOCET5HE & 480

10 9 y 2
iy ; P
R d!r' ) ”ﬂ"'
N@m—1 il E
: ’: V (litres) =
E} A e 0o
Q, ;- 6.8
4 ,(""‘,l 4 i e 940 I
(=125
10-2 V4 A H I S R R
102 103 104 105 106
W (g
Fig. 4 Relation beteen explosion pressure and the
weight of vent cover for different vessels.
R b AN—EREBERENOBR
10 0
E
Q
~
E 1071
§ ; % . ‘ e t
R W’ Yo V=6.8 litres
= K=1.25~16.76 |
—-/@/%f 5 o ::6:::§
10-2 B R L i
103 10* 10°
K-W (g)
Fig. 5 Explosion pressure as a function of vent
ratio (K) and the weight of vent cover (W).
K-W & P/K'Y? OB
P/KY% = Bs (K-WY* @

VIR—EE WS &HDS LTI, BieBFBRTIIVE
LBHERE LTREADPBENLTHDT, WTFhOFHIT
ST P-VY KL KW OBRIFENEK Y 5 7
FCERCELIIRS,

PV /KYE = By (K-WY* 3

2T, VOREBOAXIOBEYRTRT TS
BH, CORFEREA LD, 55— OBMERY
DOEELBHRNOBRENNHDED &\ 5 &M

FENOREBM S nDOEE®RT &SRB E T
W3, Thbd, IBRLEIDVZELVWABGERIEBL
T, P=W,/S &\ 5 BARIZ %R

P-VY? = g K-W (2L, qiZER)

EEX, ZOXDELIL, REELBRFERQ 0L
BEACHEE2BZERERB L,

RO)DER T EZBBICOVWTE/INRAELER &
DRDIKERIL, ERBRBEBORELLEBIER
0.05785, 0.015275%0%0.002782CTH v, XK AXH
120,736, 0.860%01.032TH - 72,

Fig6 1%, =BEOEBRIZOWT, K=1.25~16.76
T ARERYRLELOTHS, M5 7LD
F e 2B EODBEBIEAI DT WE R B L
bb, BBROKESOBBY RTRFL LTV 2 A
W, PV, K, WoBHRERQ)TEbTZ LEERW
REE DR VWEEZBN, REB)DNEK A HNES
WX TREBZ END, REZDODELHIERTHT
DRERYEHERLO EDDERANTRTZ EITEEN
HHIOCBZB,

104
&
103 S
E
2
B
o
E 100
&
o ST :
BN V (Qitres) -iiil
A >y (o 0.92
. e A * 68
- s o i o 94-0 e
_..o..... o
e
100 )
102 108 104 - 105 108
KW (g
Fig. 6 Explosion pressure as a function of vent

ratio (K), the weight of vent cover (W) and the

volume of vessel (V).
K‘W aP‘VZ/a/KI/z 0)@{%

Fig. T2ix, e VY (cm) & LTASBOAE X
ERQ)DEROBARER LA, EROEHEA TR



—B8—
10 0.1
B,
\o
o}
< 1 " 0.1 W
L )
A _—
A
0.1 L 0.001
1 10 100
2% (cm)
Fig. 7 Constants A and B¢ in equation (3) as a func-

tion of the vessel volume (V).

ERBICHTIRRACCHIIER AL LU B,

ZhHDOBERIIERT I WRAKER LI,
3.2 AHROKRZELHBAOKHETF

ARV TENCERARZKDO L STEL IR
T&%, 22T, R, GARC®BIEZK, ThEth
0.92, 6.8KR VU ODERIHNTHERATH S,

P; = 0.05785 (K-W)*™® . k12 v¥3 (g
LKV
K72 v (6)

FHELID K=@V,/ ) /&, ¥t-S=nd’/4
THHEND, ERFOKWik KW= (z/HUV/
) (W/S) kB, FLTCIRLORO LK &
B, ERRRW, /St o THELT BN KIZITERS
BTHDHIENREIND, LE2FTRWDEGOHY
ERIERDBEBRNRELR B,

P,/P; = C W,/ S) " (o121, CER

COBIRIL, BAEOW, /SKtxt LTP,/Pr=—%
Lich, ¥ /57 LTCREBEO VIERT B P
L P DFEEE (BIFR) R KBELLTIES,
Fig. 81k, Toz &xHALT, REEKRV®K LS
EDEARDC L 55T BEEL EOREENH 50 %,
BxDOW/ SEOWTRLESDTHB, KT,

P> = 0.01527 (K-W)*®
Ps = 0.002782 (K-W)'% .

B LS P RPTHF S RIS—RR~88

PR LTHBELTHY, PIRKZ L > TR S
DT, PréEPeBHBNNIPs EOREMTEZPIITED
Rigd, W/SHPNEEZEP L P:DEDHD T
Pl PsDEZENDZERNbME, BitARiT,
W,/ S=149 (g/cm®) TRRWD L@ X HEHD
EIxZELL k5,

@
s
O
L v
8 2
=
[= 2w
g 8 ~C
g8 ~
S =
25
o 3 by eq. (4)0
& eq. (5o
eq. (6o
1 H 1 ]
5 10 20 50 100
Vl/a (cm)
Fig. 8 Comparison of explosion pressures in three

vessels calculated for different weights of vent
cover per unit area.

W/SHRERDBED, ZBEOERRRICLIER
FEH D Lk

IhBORRIE, NEWEBRTRHVCIKRTOED
BENRI D RECERFTOEDCE L WEABLT
KEVCEBOKBEOERIT2HSL, WS &)
B TABEREENRL LD ERRRT 5,

wZ, KWEEBLT, ARCERDOREILED
DANBERIZDOWTEE TS, Fig. 93=FOK-WK
DNTERG) RO BSRDIENER D L 55
BEIEBELLLOTHD, HECiX Fig 8 LRI
BEOREBIEL L TH D, K-WHHIWEFE, K
D LBEHERO)IHZORLIHFHEMELD
LAEWZ ERELELObRBED, KW RHHER
L IEZOEHNOANERIZFET B, E X
KW EG)DHE T,

P/ Ps = (28367,/(K-W))**®

L b, K-W 54928300 (g) BT TR XDHE
Ps tith, )



BEKBOCETAHER (E4H) —69—
1~ 1 1~ ©
o
o
5 K-W=5,000g °[ K-W=10,000g ° [ K-W=20,000 g
K=2.88 K=1.72 K=1.25
F W=1,736¢g W=15,815¢g W=16,0008
5
B 2r 2t . 2t
a
5
o
% 0.1 0.1 0.1
a
=}
.
w3
g st 5t 5 ¢ Y
: 3
= [°) \
\
o o\
L A \
2 \ 2 F 2 + by eq. (4} O
\
' eq. (5) O
\\ eq. (6) &
0.01 ! ! L 0.01 L—1 L L .01 = . :
10 20 50 10 20 50 10 20 50
V13 (cm)
Fig. 9 Comparison of explosion pressures in three

vessels calculated for different K-W.

K-WHhERDBED, ZBEEOXRBRICLDER

EHD L

Thobb, RQADOER B NEROKREL e BT
RTRE, NEHARNFEHEINT B 61X (Fig. &
B, NEVWAEBEZOWTELhAEERRNCIBESN
D>, REVEBRFCTETIENL D SELRS
BAD K-W BNFEET S, €T, TORFEUTD
KWEonwtiz, MNEWEEFTOENRZR I D
KEVWEBPCTRETHEN & A7 UCTHkE D& &t
FTHZIERFEINS, 1L, ZOFEEZIHRDR
FEEE, K-WHRRAMEL D /NI B0 T,
EBIAETHEALRBENL D bEL S FBEE
HNEBREHMT S Z L B) B, M BAEkE
OO LI ELAOBEREL LT LS, It
¥, KEWOFEELY—TBL LEBERIEZ, TOFtk%
BRALTREEDEZFHLLS ETHBERIAEL R
BEONTHA—DENERYIVEEW / SERTS
DERIBZE, RO, KWHRZELITHIZKHB R -
ThH W,/ SHELL KRB ZLRERTEINS,

3.3 BROK-W [CRIFTERBOKESOEZE

R R L S5, ABEEV.OFHBL, ThiM
PHONERV, DBBHTCETHIENE FThERP,,
Pyl Lick & (722U, Vo<V, &% 5), P.>P, %1
RETBEBROKWEHMBZ ENTERIE, MEWE
BERAWKERTELhD P2t AEVWERF
DEHP, 5T 5 ENTES, KT, K-W
DEFMER V. BBV, Lo TED X 5 E(LT
DhEERETS, LIEL, ERTBLRT — 21207
TRBLCAWOT, 22T Fig TOEZBE®RAN
BREI000l OBFBRCFEF TABTCESZ LD LEREL TR
N5, ZORECITHEELBIIZIN DT, AEHOR
Bz, ABCER LI D IAREVWERCRTEED
BEOEFHZEL FHUTHIDO TR WA, K-W
DRFREABBOAEICL>TED LSBT S
PEERETLCIERATHELEE LS,



REWX X D, V=0.92, 6.8,94K 1000l iz LT,
ABDERA KO B kX TELOIBET S,
A = aV”, Bi = b/V"
(a=0.449, b=5.06, m=0.0729, n=0.656)

HAEE VROV DBRBERT HERANLRES
EDxEthZh P, Pz &THIE,

&z(b/v'}) L (K-WHaT
P2 \p Sy (K-W)avF

e, PiI=Pe ks b ED KW (BRDO K-W)
W, R=V,/V, (FFEL,R>1) L LTkATEZD
hs,

K-w=Rrn/(aV/i" (R"—1)) D

Fibd, BROK- W= 20B8BRONEED L
RO TH B, Fig. 1011V,=0.92, 6.8% 94U DB
SEOWTREBRDODK-WOBHFEERLELDTH
5, Mo ey PEHNIGT S RIZI000 2ED
WEEHOBBHEONAEROLTH B, ok 2iXR
FOAIR, V= OFBFOEN L V.=10000 DA%
FOEINZELLBDIE (R = V2V = 10.64),
KW 23929000 & ETHBHZ L ¥ EW®RT 5,

105 : S oF LIRS S
N V1 (litres) i
® 092
R m 6.8
i A 94
B N
% \\\ \-\ \\\
x 104 . “~-.
="}
k= %
B
3 e
it
108 \”‘N-..
10° 10! 102 103
R
Fig. 10 Effect of volume ratio (R) on limiting K-W,

which gives a same explosion pressure in a
vessel V; as that in a vessel of volume V-R.
K-W OIRREICEETARBLER OFE

o=z W TFh b EIrCTHCHOHBE TS
b, ¥, KRB IMEZASOMEIZ R AT

ERREPRTEHE RIS—RR—88

RNTHECERT S, ft-T, ThbOgr T
Bl 0ERERLZLIZTERVWE, Ihbbhsb
Lok, HhHE—EHEER oL ERILTh LD
BEWCETTHDEARTIERTES, T
i, V= 6.8R UM RT A YV, = 0.920 (£
BRICHWI S B TR IVER) CHT5HECE
headb¥®5s, ¥, ViH6.8l DBEASICIE R M
#510~150, V204U DBHET X RBWIDHEEHE
ETHEN, TROEDOROEFHEIZ L » TRRIZESMHE
5,

Vi=0.92, 6.8ROUKxT3KWHFhEFh
KW, KW ED» (K-W)s& LT, R=13.8 (=
94,6.8) BUO'R = 147 (=1000,76.8) &2\ Tik
(K-W); & (K-W)22%, ¥z, R=10.6(=1000,94) ®
BEE KWk KW, ThEhESIEVE
LB X5 ERNZFILUIRIIE, FTBEBOLD
CERFREGRE f KA TELO RS,

f = V1,/920""

ZZw, 920 (em®) EEBRICE W RBR/NOBEBEDN
BETHD, Vi=9200 L &k f=1THh 5. Fig
11 Z%RARTELONS KW EROBEGERLILD
‘—C\‘%éo

K-W = (V1,/920)" - R @V ®=D) gy

106

Vi1 (litres)

e 0.92
C) = 63
A A 94
i 105 B
£ X
[

P
\\\\.
104 ¥
10° 10! 102 103
F@R, V1)

Fig. 11 Limiting K-W as a function of volume ratio (R)

and reference volume (V)
NEEIER) LEERNBR(VOOBHELLTO
K-W ORR{E

MOBEGRIL, £ROWEEV: OB LAV EKR



BERBOBET5HE E48

CInBOLALERGOHOERALHVT, NEHR
BRXV, ODBEBRITOREENZFRLICEET, 8
HEDOBBRTPOENVHIZEDORHZFOEN 2B LIS WIR
ROKWEaEL2D, RO ITERERL/E Lo BE
I ACTE NSO THY, EALOEELL
TREZYRERT I ELD AP, BROK-WEVI R
CROBHELTRTZENTEDLTHASENVSF

HREHEHODORFANDIGHECSBRNLERTH S,

7t3, RVHERIZBAD K-W AR5 &5 B RIT,
BEEOENEE L TAHRIZROETIEORTH
N—DBENEELVEEW / SERTHILERSDZ
CEBWRT AR, THERHCR<LZELHELS
THH5, ‘

3.4 BEBERHECO O

BWHEXBEBE D OBEIE, A 3— (RV - A
A=) DEWENBBERE D ONEEREZLYTHRTFT
B, BB ETIHROATHEREVEEETS
TERLD, BOEPEBROKNEIOEELFMT S
zEnTEe’,

Lo, BEBRREBEDOBEIE, 25 LRy
AP BB TRTZ LR TE R o, FOEH
FHERBRAFEORBIZRDIE, RQDOREHK AR
ERABORERELDEFLLIZ LD D, B
DREIZEBREHADOE(L, EHMTIIRD L
SIHHPTE S,

BEOOFHEL, EVWEICRNTAEREDY4
THIEREDHD, BWHAFERBE AT, FAoE2ECK
BEDORBEDOYEAL S RFEHF ADEREEL D D,
B DBRHBEEDE > BRAETHIE (bbb,
BN +a Kk &ThE) REENRA A —OWEE
DNERIEFTZENTE S, BERRKE DI CEE
DOREBBRESBDIL, A —-REEER L CBHD
DEEBH LEETH A, ThI—Biiiy S —
DEEW BN IVWHEEHY TS, WHEKELkh
i, BB RIIBRC I D I A EE FHICE
PEFELELIEDDL, TOMNBRETTS, f£-C, &
BEER A ADKBHFETHHNORE IR, » -
DEECHR T BT L CRENKE LLHAT
%,

BRANOEIR I A-DENHEBFY I EEW, Sk
Bl BRI A —-PRELCER 5 & B EET
E, W/ SBELThEREEDIBEROKE I
EBRTH D, W/ SHTHPITFHEZDEEDR

ST ATUEMAD S, AROER T, REEIHE
FICHE LI g EAhXniod W/ SHst g /em’ K35
55— 2w, BERBIZOVWTOERA G
28 HHEHAELTCE.8l LU DEBFOEDN
PKBAELWBECOWTHE TS E, W,/S 450
(g/cm®) BELLT CIi26.8l DEBHEDESDIE D A
B, K4 DT CirF 02130, 02kef /em’ AT T
B, EELZEFEELWERTIW, W/ SH50%
ZMIEU BBRFDENDEINELIth, MEDE
ZW,/S OHTIEoORTIARS, Zhix, KBELW
BE&wx, W/ SHELTRIEA A —-DEBIEHD
RKEWBEFEL KB RIBEALIRS, Titb
b, ACENEZTTL, EENEVWRE Y A-RE
BLic, »o, BETAEHL VO T, BN
OHEIGHT O h B, ZORR, BROKEWVERD
B, W/ SOBKZLAENDOHEMOESRKERD,
ThizR@)DORER A DML EKRT 5,

kR, BERPFOREEHIIA—-DOW,/SEHLE
5FENE 0 HEBEEN T, fo& 2IE6.8K VU D
BRIZENTW,/SH50 (g/cm®) UTOHEIE,
K51.5TIREHN kel /em®) 3W,/S (kg/cm’ BE
B DHAfE, KPL2TRARCHSETH -,

3.5 Simmonds 5 DR & DB

Simmonds 5 DEBRA A AR DB L TUREE
R@DEh, RBOERAIRXADD L 53 1ELC
EBTES, BRI A, SAME, BooBREER
Bigscd, MR ISENEYERZCHET S L
BTETWHR, TROHEE & h FIkSePET5
RAFEo>WTEETE, (RKBORFDOEREEILHT
¥ CLIZEBERETS)

PV = a K (W/S)+b (a, bixEH) @
PV¥3 K = B (S-KY* - (WS
(A, BRER 1

AN BT, A= 1 EThEkArnE»rh, E
HPRKEW/SEI-TEED, BROKEITIZ
BBl &b, HE, AN 1 TEDTEWE
it o9 DEBITE UL, WTho Kiex LT
LPEW/SIZ—ROLHBBEGRERL, ZOHETIL
PV LK (W/S)DBEGRS ¥ FARETH 5.

P =B-KPW,/S) Brae ab
—7, ZROEBTV=—=agLThIFTUhXELE5.



P = a;-KW/8)+b; (a1, by ) (12)

Thbb, HBOLODEBIEDOWTIL, P o
W/ SIHBIT 5 05 JTRO) &) IR—FKT 5,
RADDOEH b2, W,/ S=0Th->ThPIAEEL
Ex LB LEEH®RT BN, ThHILEAMBOEE
1550 THEHL™, bIW,/S=0DLEDEHT
BEPDLERDE D KRELMBECIZEST, R(OD1 B
bhrb X5, TOENPIZEETEEIIV OB
DRTIWT S, WERRK b;=0 &3ThE, KA 1R

VWESRAAD EADBRELEEE2L D Z Litis B,

Simmonds 5 DOEBRABRIITIHEKTH S, BEBR
DEEERTIE, KBOERZH VLD SRE
CAEWEBRM W TABOAE IL b LTR
ADHBEILT B LW FERIZ, RADDODREHFK A
WTRDZ EHRBT B, Tibh, XEHARES
NEBDOHE T R THEINT 55, WNOESIIKRE
CEALTICELL, d5RBHEHULETIZA=1L
B ERTFHEZN B, (Fig T3, NEBEO#E T3
EADHEMENRTAHZEERLTWS,) ZOTFH
BDELTRERR RN AFHEOBHIBES LD,
NERPIBEOEBZ AV LERY b LI, K
m’ ORBEOEBATRET 5 E % 27 h HEC
HETXZ2WEMEADS, L, AANEBORKLS
CEDOHEBYED T, KROW,/SHAKEWEEK
b A=1 L ABRBENENIRSBOBRIABRETH 5,

ORI A—DEEMHEOOHRZED L 5

*3  AKEHBE DT, BOATFOREEIhTHTHH
EEARE bRV ERA5RT W5, KBOKR
TRAKMNBEEOIDEE> OME Licicd, W,/ 8=
0DLEDREFNIRELE e ZELVWEWIHKRTR-
Tuwb,

*4 Simmonds 5 D ERABOAERKIZN0.2, 1.5, 2.8R T
UM’ THB, L, BEOFBC L HERER 1 ARG T
b5,

*5 BMEEY DO A-BEIABEHEChI-Th, VORE
YEHETE S EBLETH B,

EEL LT RITTRH S RIS—RR—88

WEEBT AMIEEHEL - Toh, BEROKERD
B8y RTETIE Wk VA L VR v Fhng
YThBNTERLES™, FrEREYRELTOR
BHALETHS, Simmonds HOERS BT OXN S &
THBE, ROOEH a, bBRTHERELHBRT
L OETHSH LB RERETHLERDS D,

4. # B

BEBEDI, TheRT L& T2EBYAVE
BEERE L LR THLEREE LA, —KK
%5 LIt ERIIERETH S, A3k o
FRBELT, NIBEBEACIET ABRERY D
LR LTCHALOEBOKB O 2RI T 5 B2 B
Lz,

ERIZIAREEIOZ LW EBEOMGAR Y A
VW, BRNESE, BoERORVE c aA-EBLE
AFENOBEFRERTRBRA LB, WThoRRECE
WCh, EA LTS REBEOMR RO A —ERIZ
DWTREENEFAUTHROBIFACTHER, &
BOKEIDEES B CRTIEIXTERD
foo ZHIEIA—-DERECEETSIDEEbLAS
B, BRI A-EENIKEVESIIZ, FBokE ¥
EHRY ) I A—BENE L THERHIATTHIER
EEDERCE LB E VIR D L,
BERBRZVBEOREEN X TFUT B0, B
OHEBHELZEALT, REVWERFTOENINIZ
WEBHOEN B VCRAKHECOWVTER L,
KB TR FHER, WEER I’ BEEX CTOERE
ZHTARBODORFCEIFETCED EELSD,

(PRI 3 A31A  HE)
2 E XK
RIIS-RR-

D M FE, EXLZEWETHARS
85, p.11 (1986) '

2) Simmonds, W. A. and Cubbage, P. A., 5
R, YZETe v ADOKEHIEL” , p.149, I H
kR (1967





