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D/NEW LT FIEEKIEEELS T 572 EORENR LI L b b,

BIKEE & B fg L O EYEMEIL, AT D X S ITHlET 5,

1) JRMrE RS F ik, FRIE LTLOBLEET 5, 72720, kO Q72X b)DGE
I, 1O R & T2 ENTE S,
() X216 CERINDIHKEHEZHT 54,
(b)  FKERHAED L TL2WELET 550, 205G, N7y T OmE MG
ABRIEIC L D MBI A RS Z &
2) MWTEAELL Fid, FEUKIE (05 H) LLUFOEKES OFHE LT 5,
F=AJA; (2.1-1)
Z iz,
Ao EEIKIRLLT MY R T F
Ar o EEIKIRLLT O i A
[H; DR ER]
EKE (Hso) FHY DAL (Psp=9.8Hs[Pa]) MMER L7z & &,

FREEEIKIE © Hr= PsoXF/(1+F) (2.1-2)

HAKEL H,= P50/ (1+F) (2.1-3)

_11_



F=1 D& ZOREEKEEIKELTDH &,
F=1® éf %\ HR1:(1/2)H50

FEF DL &, Hee={F/(1+F}H
Hro=Hge & F2UE RED HidBko b s,

Hi ={(1+F).”(2F)} Hs

#l) F=09 DL x|
F=08 D& X,
F=07 DL X,
F=06 DL X,

(2) EREEH

TNTOMKIE, HLEFOEREZF->TEY ., £ORROIREIEZEARBEE VWD,
NT o TEKIZEWT, BARBEIIEIKRRICL > TIRIESH D, EKRENELI 2D &
AIREEI ER L, #2, RS20 LEARBEITET 25, BARBEIZE OETHHE
ORI R N E N A D & RBG A U TREIOIRIESZICKRELS Y, SEIER
RIENREAET D720, REER LR BEE QAT A=F—D—2L 2 5D,

(3) HEE

ENZIE, TR & O (CHErE CGealE) LR o 2 fEN D 5, A
FETIE, WE O & LRI 2 DT D,
1) BHRAREES o EUKZEBIRE, B KIEA T 4 v il 5 KR
2) WEHRE CEaE) - EKEB®ROFHIRREBICEWN T, #KEAT 4 v T XD T

Hro.o
Hros
Hro7

Hros

AED L L2 72 B KRR

UINEGREUFIREID B)

=52.78=53mm
=56.25=57mm
=60.71=61mm
=66.67=67mm

_12_



2.2 BNEINZEOHENTICET SEREE
AEITrX, PEKRENOIENEEBNRE, BEXOENEEN T v TEKIC KT T LB
ST ABRICHND AT RV OFRERIZOWTIRR B,

2.2.1 ARY MILOBEE

AR MVE—RENCERT D & MR Z R b O & Bl i afi L., 0
%, ENEREMAT 5 H 2 BOR/NDIRIZ LR > TIER7ZH D) Th b,

BlzIE, KEefiE, —RT2ERA0BERVABKRTH LN, 7 U XLEmiET 5
ETE GRSk H B8 — IR K B8000A~400047) IR,
AHFFEL, T OMENENENTHD, 2% 0, PKENICAECDIENEEZ, IRE)
e LTiRA, ZOPICEEND EABRIRBER S DTN, b7 v TEKICEEST D
MEBNIT D7D, AT MR 4TV, JEKENOE BB R R 5,

222 J7—YI - ARY ML

o DIRENZIZE EN DB DR L RIBORBRREHI N7 7727 = « 27
ML eV, IRERE ORERSIT — 2 02 DX, £ ORI & A R IREERR > D B D
ML, EOXIBRGOLEDOBREB L TWD00, £2id, ZOEDOZRLF—(ZO1T
FBALLTRY, TREHLNIT L2007 =V T « A7 ML ThHD,

AIFIENT IS B AT MVIRIT O B IR, EHEZRE NE ) OIREE ORFRYNT — # %
IRF R R > © I AR I~ B M UL IREVE Oy A et 9°2 2 & T, [TENEED T v TE
KIZHGR DB T DBROFHN D 2H52 L THD, UUTIZ, 7= =« AT |
N FEAZRZTAT 5,

& 2 BRI REEL x () OERIFOEAME X, (m=12,--+,N-1) B2 bhizé &, ERKE
N, BEARSHRE At &30,

N/2-1
X Ab+ Z(Akcos ;i<t+B . 27zktj+AN,2CO827z(N/2)t

2 NAt 2 NAt
N-1
A = 2 X cosZﬂK—m (k=1,2,- -+, N/2-1,N/2) (2.2-1)
N = N
N-1
B, = szm sin 27K (k=1,2,-++,N/2-1)
N = N

L0, x 1A LB, (HIRT—U TR E N 5) BRI S T AR AR TR SND,

.13.



(Y
(Y

fo=—o (2.2-2)

LB L X OB B IR ORI T, 15

(N/2) 1
- - (2.2-3)
NZTUONAE 24t

L2 T IREEE S AR TTE DR (OfiFRE) TH D, ZORE f,, 2T A
F 2 MEEEE VD,
F7-.

X, =/A’+B’ (2.2-4)

EFhE, X 1E KR OIRIEZ KT, 26 OB OIREEL & IRIE & OBRIFR 2 #iv
7T 7% 77— T« AT fLEND,

223 BEI—)IEH (FFT)

R 7 — U =Z5¥#h (Fast Fourier Transform, I L FFT) & MEEH D FiEIL, MO
A IRICH T D NEOEAREDOHS| X DWW T ARESE 7 — Y =455 C, (k=1,2,--+,N-1)
BRODHZEEFAMNET D, 22T, EAEOEEN 2 DRETHD & RFIENK L
NERET D,

FT. NEOERENLR2BHIX, & RO K DI, Fom BPMEEDO LD LETHDOLD
(RS D,

ym = XZ]
(j=0,1,2,- -+, N/2-1) (2.2-5)
Zm X2j+1
InNHoENEFND T — Y TEHIT,
(N/2) 2 N& {2 m/(N/2)}
-1
Y, == > y.e
N m=0
(k=0,1,2,- -+, N/2-1) (2.2-6)
w2 NEY e
Zk - < sze—l{Z m/(N/2)}
N m=0

.14.



Thd, ZZTHREY, . Z,ORIHTTHD () 1Z, BIIOEZOMEETHY . £/,
ZOEINOT — I 2 L > TRO OGN DR T — ) 2EBOEKEZ R L TV D,
LEITAHT,

1 N-1 i
Ck(N) :szme_l(Zﬂkm/N) (2.2-7)

THDHN, Xy =Yy +2, THIEH, EXROGFDILY, 2, IZ2NTT— Y =& WAE1T -
7ebhT, RBLADETHRY, Lo T, B

1 N/2-1 F i
Ck(N) _ Z [yme RKEMNY | 7 g |{27zk(2m+1)/N}] (2.2-8)
o

Thod, ZOXEEET L,

1 N/2-1
C Ny _ y e g H2AMN/2} | e—l{zzk/(N/Z)} 7 @ HeAm(N/2)}
“ N mzo i N mzo (2.2:9)
1 (N72) 1 —i{A(N/2)}> (N/2)
:EYk +Ee Zk (k:O,1,2,°°°, N/Z_l)

LB, BT, kORPVIZK+ENR2 T35 L,

/2-1

(N/2) 2N 2 (N 2)mI(NI2)}
Vo™ =275y e
m=0

_ yme—i{anm/(N/2)+2/zm} (2.2-10)

—i{2 km/(N/2)+27m}

25
N

25
N

I AT LY, e7@ —cos2zm—isin2zm=1 TH Db,

(N/2)

/2-1
_ o H2AMI(N/2)}
Yo = D Y€

2"
N m=0
(2.2-11)
_ Yk(N/2)

FREC LT, Zy 2 =2, NP e,

.15.



L7=723-> T,

n 1 w2 L iteganiaine (N/2)
Ck+N/2 :EYk+N/2 + g rle /AN )}Zk+N/2
1 1 (2.2-12)
(N/2) —i{AI(N2)} o—i7 (N/2)
:EYk+N/2 +§e N2 e Zk+N/2
STITC, A T—DERLY, e =coszr—isint=—1 THHND,
(N) 1 (N/2) 1 —i{zkI(N/2)}> (N/2)
Ciinrz ZEYk _Ee Z, (2.2-13)
Eh, bExFE LD L,
ZCK(N) :Yk(NIZ) +ei{77zkl(N/2)}Zk(N/2)
(k=0,1,2,++, N/2-1) (2.2-14)

(N) _ v (N/2) {-I(N/2)}— (N/2)
2Cne =Yy —€ Z,

Eled, ERED . BIIX, 07—V =R, HEILIESTo08sy, 2, DT —Y
TN, MEICHE CE 52 L8005, RLEBROIET, 7—2ENRN=2"D
BHIX, & P RIGET DL HESNIBINOERITT T LETOICR->TLE), H
ENLEZ T 07— 2BHT, TOERLZOLDOTHD, £ T, RITHEDNEFZZE
VRN DH, WAIZEALOT7 =) 2P ER L TS & P BIORET, kKL 7—U =
ZHC, DED KD NS, LLER, mE7—Y = Z&H# (FFT) OFETH S,

2.2.4 INT—ARY k)L
& % W BEIE x () O RBROIAME X, AN (m=1.2,--+,N-1) Hxbhio&x, R
D 2 DI

1 N-1
X
N m=0
ThHY ., ZOEZ I RT =L, 2O AT =2 FRER 7 — U =25 C, TRT L,
N-1 N-1
15%2=Yc,[ (2.2-15)
N m=0 k=0

L%, ZIZT, ARER T —U R C, 12T
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Cyv.=C."  (k=12---,N2-1) (2.2-16)

EVOMEND D (RITHIEER T ERT), ZNEFHT L L AT =0

N-1

N/2-1
1 Xn” =|Co +2 > |C,[" +[Cya|’ (2.2-17)
N 7= k=1

LEIZENTXS, ZORIT., WITET/S—E 77/ (Parseval) DOEFRIZE LU,

N 2 NJ21
%Z (X Zx + NZ’ZJ (2.2-18)

X 2.2-17 1L IRENE O FLE) R T — e BT D F G0 LI b D Th D, LTehi - T,
X 2.2-17 OELDOHEEE Z I ENDRITIEDIREEI K L THE< &, SERT—D 5 6|
EOBBFICBETHHLONRRENVDLPHER T OB HELNS, LorL@EFix, X22-17 D
MALT, HREDE OMEBEREH T = NAt 235 U C,

N-1 N/2-1
> X - AL=T|C,|" +2 Z (T|C|f +TICy |’ (2.2-19)

m=0

L. K22-17 O DOIEE

f = KAf (2.2-20)

@, = 27KAf

PR L THEW T & T — 227 N VEEEESS AR L A TNV B

2.2.5 ARY MLDOFEEE
WEE O L 5 2 AHANRE DR D — 227 hVEBEESARIL, % O£ £ Tl A % Ft A B
DI Wb, AT MAEELNIT D CHEbT2) Z&T, KRENRBEMAZHR~<D
ZEBD D, TORLEMARIEO—DE LT, BEVEEIEE WO FERS L, BEIEY
BEX, HOEARZ OIS, WY 7eEO I o HEEARE O % KD, & Ol % il
CBITOEAEE L, ZOfEE, FLEEZRLZIZTH LRI TV D ThH D,
R =27 MvE GE)E L, 2, & HIREEEIRAE U RN o BEN R EZ & 5T

.1’7.



W HOETHIUE, FIHE SN T — 287 MUE, ROBGHTET Z LN TE 5,
G(f)=[G(g)-W(f —g)dg (2.2-21)

(72720, g3+ 2 LHATLE SBENERKL T D)

ZITWHEANY RV g Ry BN,

THILEAT 5 BICIE, TRIRO b0 — Fib b8 — Ay MAOEEEZ
WZ L (ERRENE) & H5RICET L PHfERD D & i, ZOMMOEDOHENIT
ABIBEDE RN L GEARAR) 2R bNE, TOT L ERTETE, KOEI I
7%,

fw(f)df =1
(2.2-22)
W(f)=W(-f)

FRO XD R EATABEKIIEHICH DT, AT ML U4 YW BT
HIEDZENTE, ZLOMRFICL T, SEIERFEHOU 1 FUBRESI LT
%o UTFIZ, BBRIZELEDLRTVWDEEDE N 2hvRd, 2B, #XFD bk, vy
RoolE ON2 Rig) 2R3 ERTHY ., b BDREWVIZEFHE L DHPHNLL 20, /8
T — AT MU LD SERICES 5,

1) BG4 Ko

_sin2zbf
rf

W(f) (2.2-23)

2) =27 (Hanning) 71> K¥
sin 27zbf 8b* f

W(f)=0.50 -0.25 sin2zb f (2.2-24)
(f) Tt XﬂszfZ—li "
3) ~I 7 (Hamming) 7 1> R

H 2
SIN270T 5 23— 1 gin2rbf (2.2-25)
rf m\4b -1

W(f)=0.54x

AFETIE, ZHNEDART ML T4 RdH L, BbhifE Tl HOLNLA N NS
Y4 RO EERT S,

.18.



2.3 +FSYTHAKEFODETIVILIZCEAT HEBEEIF
AKHITIZ, N7 v TOEKEEBOET MLIZEET 5 BE#EERRIC OV TR~ 5,

2.3.1 FKIREN & (LHIRED

KETIX, FEFA R AEHICHE T D T v TEKOZEEET LV GEEFRER) OEH
AT 9. BWNIENEBNEKITIERT 2 & BRFICEKIZISE L CEET 5, ZOBRIL,
BENEDZm@E D E L, SKkEZSE R e+ 2HIRE B S (1 ABRERKRE) LAkdTZ
ENTED, BEMOMBINE LRI CHETH D,
ZOERSETEMRB TERIND, ERNET) (BE) PRIy FITEALIZE &,
HARLL y 1IX FALICEEN TS (K231), ZDE&E (t=0) ODyZy &L, Bl ticBiTsy
T D, YollBWT, BRENRER (KXUE) OREBTHIUT, FHKITITIZRES X
NSy X EAZICEB L, O AL, BALICHRE) L7 s HASEh L, 2 O 828 0 K723,
ZOEBE (RIE) 1TRcIhs< R0, RN THEHIETD (v =0),

ZOHEBIRENT, X 2.3-2 17T &5 72 BEm OMENITRES Kk OIXRICH D S,
FEEE yo (t=0) OAREEDD, BHREIT 2BIG L FERTH 5,

ENES
(BE)

W .
per— HoraRea
HK AL k
0 Yy

|
—
()

2.3-1 HKE#HTET L 5.2-2 JEETTETL

.19.



2.3.2 [FRIREBIZH1T5EHERSBDESHHEX

(1) E#EE GRS

IRENRZRIL, 58 D726 o H RS & 861 0 O & 2 sl R s b, —fk
OIEHGTEHEIRE TH 25, A HRIRENL, EAEHY - RKEEL BoRREC - e & ORE)
Rt DAz T BRI b5,

THIRENC BT % B HIRBER R OER) AT =2 — 05 21501 (EEBRFO
ERD 24 T30 bNnd, ZOBRUTERT D0, W\, B 5 BIOE
ThThHD, BREE m FRELEL k. FyvaRy b (BEREE) (XA T ¢
k#ék\ﬁﬁﬁ@nm(m%;)?%éhéoik\%ﬁﬁﬂ\ﬁﬁﬂwwﬁé%®k

L. c%‘(“i‘%éﬂéo MTEANE. AR K LIy OO ky CEEN S, Lo

<, EE) A REA(ER(2.3-1) 3 AT D,

2
m9%+C$L+ky = 0 (2.3-1)
dt dt

BRI, RIS, ¢ BSRE W THRVEGEE GBEGEE) (©©>4mk) . ¢ 23O 55005
2 (cP<amk) 1. ¢ DD T/hE W TERRRE (CC=4mk) ] 1231 bd, kBRI (55
VIBGE | ICHEYS T 5, ZORERENCEIT 2 (2.3- )0 —ERixX(23-2) L b, B, Z
OIEF HFEXIVEMETH Y | WIS EZRETIUTER SO D,

y=e *(Acos o't + Bsin o't) = Ge™* cos(w't — ) (2.3-2)

(1
(1
&
®
I

2,
+

%

.20.



(2)  WE

BRI SN T, Je?-m? =0 &72% ¢ ZRBERRE ¢ L, X(2.3-3) TES

Do

c=<(a

(2.3-3)

(2.3-4)

(2.3-5)

Jedlk U7z ToRu ez ). M99VisaR ). TR ) 13, Rk 1 Ik TH R TE 5,
Tbb, BRVEE (BEE) ] 1X1<d TH0VEE] 1X0<<1, R E] X=07T

b5,

(2.3-2)% AT, FlziE, G=1, a=01, 0 =2, 6=0 & L, #I#%KMHEt=0 & LI=5HA.

IERRE O B BIEENK XX 5.2-3 DX H 12725,

1.0
0.8
0.6
0.4
0.2
0.0 — T
-0.2
-04
-0.6
-0.8

Tfry

-1.0
0 5 10 15 20 25 30 35

W5 ¢

X 2.3-3 1 HHERBEREO B BIREEE

.21.
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(3) [EA A & A IREE
B AIRENEL o 133(2.3-6) TR =1L D,

@y = % (2.3-6)

B S IREV 0o & BEABY : ToB L OEAEEEK : fh oBRIIX23-7)THHrDT, BEfH
JEIER(2.3-8), EAHEEHITIN(2.39)TEIND,

w, =24, :2t—” (2.3-7)
0
2
T, = (2.3-8)
° Jk/m)
fo = “(;/m) (2.3-9)
T

.22.



2.4 KWXIZEI HHE
AEHTHEIARBLTHEA SN TOWDOHFED S H, BB TH Y, »oREZPAMIC L Tk
SRBERHD EH BT S DIT DOV TR L7,

b5y THEREER AR E

(1) WENVERE (BHAKEE) PKERNICIEE, b L <IERESECLERD b7 v T OEKEEE
BN ZRT,

(2) 5 KB £ FEVAFRAAL, HFEROBACHKCEIIACYA R A, &%, b
LBEBMEBRRLE VST Z EWBFRAT T v TOERKBBO 252 &,

(3) O—/SRA T 4 LR — (LPF) I : jizBW\W T, 55— EDMBEE L Lo R Hod ik 4 B
DERE, ZOREELLT OB O AT 2 0B, ARiHSCTIE LPF LB EFR L TN 5,

(4) By A DIREIE . 0 — A7 ¢ L2 =AU AT 5 BRO B B < JEREEIR OB UEDIRE)
¥rart, BzIE. Iy N TIEEE 3Hz O — 2T 4 V2 —E L 13 FORFICEBT
53HZ U DR B RE, BY DO 3HZ AT O ZHET2 L 0W) Z L 2EB%T 5,

(5) EHIRME : JEAWLF L Vo OB, A REBEES PO Lo TS, %
OHRTH, BENTVEIENSZVEREERTZHET, 8ENTWDEENZWVIAICE 1 {75 E
B, 2 (LIRS, 5B 3 A siERENR, - EWHZELb D,

(6) BHEBE WAL HHITRE) S W72 & TR S5 IREIL,

.23.



() H£RI|ER - 1L L TODWEDR, £ OMKOBEARBIEICEWERBEORE 250 5 &
kL TWEiEZ O b0 b BEAREE TIRE & 460 D84,

5 ) —XERESE

(8) RAHKKERE 7 — : EFROEMITE W THARMTON RO PR EN ORI Z FHE S 5
ZENTE D ERMER, I TERNENEBOT —ZREKEBOT =2 25T 5,

(9) SDF L R T L PR THE & RIS ORMFITRERPEKIETE (1238) & F W7k 27 A,
SDF (% Special Drainage Fitting M #%,

(10) JISF L AT L« YIRS TE ERBCE OFETFIC NS fiEF (k) MW Tegiks 2T 4
JISF I%, Japan Industry Standard Fitting D&,

(11) BERURME : ERYPKFER Y U — THKRERZAT O BROBEEBIR 2. KO AR 3R
LREBAT O,

(12) o TY U TERE oL EOREEZ 2 Ea—F —2 AWV TEET 572012,
T URNEREITDR TR B, TOBEO 1 BRICEIRT 27 —% 0%z Ed, il
002 BT LT —4ZWADEA. 1 MIZ0 BT —4 25T 25 2 L2250 T, 7Y

(13) MEPRO: A2 THEH L TWA, BT Y 7 b, ESIEEHCKMEBDETEE 4 FR S
BB, AT MAENT, B— "R T 4 VW E B EE(TH T ENTEX D,

(16) %ZkitF : MhaRE KT ORI TEIZRB T, BENEN 2R S 25 BB THRENKRE
AL EE, ar ba— I OHREEZ b O, FIERIBIROMKT OMFF, FREkIERME T

.24.
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3.1 ﬂg*ﬁ- B g4 27.28),29)30)

2R - AR T BURS SHASE-S 2182008 [ BEEDOHKIL TE T AT A OHEKEE
AERIE] TR, R FHER S 27 & (RRBREEAKIETF 2 W2 — e TR ) OFKEE
71 GFRPKIRE) ZRET HRBAIENHE STV L0, ZORBRHESMEE LT,
FEAEKIRZ 25mm & A NIE S £400Pa O & ERPEH S TWAS, T L, EHkE
FKORFEIZIBNTIL, AMGER D L ICEKOMFENMLIEL 220 | BRFRE ORI E1F%
WIEMEL 72D, 20720, EBEORBRTIX, b7 v 72T, YRS OREEIZ PVC
¥ v 7 THEL LR THEZIT, BANENORIZ K > TRERHENR 2 STV D,
—J, BHEORFRIZE Y. MT v IR SNLD & PVC ¥ v v THEHRIREBIC R
NIE A3 10%RI8 T 5 = L AR S TW5b, F7-, 8kt Lz b v 7oBEAES O
I TENENEB O /T — AT MM OB KR E RBADB A BT, 2k
. b7y T OEKEL, ENENEECKT2ISEBRTHY . MAICEELZ RKITL
BObDEHEE LT,

RETIT, BEEOHETHEGE SN N T v TEKBNENES) £ XD — 2T N VEFE Sy
M Z KIETHEREZASNNCT D720, JBIRORZRD T v T E2MRICERIAZ U
—FEBREITV ., BWNIESRNT 21T > 7,

.26.



3.2 EXHKZT—EBOBE
3.2.1 XEEREM

SHASE-S 218 505 {2353 < L EHEKEAM &2 5 2 T2BE, SHEOPAREEICR T 5 T v
TEEGRLEBAEE N T v T EER L TCORWEADENEE & B LS - T
v T OEKEIE L OEREEKEOT -2 21552 L2 A E L TEREIT- 12,

3.2.2 EEHKIRTL

FBHK Y AT LAOMEZM 3.2-1 12, ERPAZ UV —DFHAZTH 32-1 1T d, K
AT MIMTHESK AT, 16 B O h & @B 2 A L 2Rtk Rk 27 5 L35,
Rk T2 55 32-2, /N7 A—H %X 3.2-2 [T T, EBRPEKT AT MR WNT, 2~12 [
DOYERBERAE DR, N7 v TR LOBEAIZIIPVC v v 7, b7 v 7HY OFAICIE
FHMER N T v TR L, N Ty TERLE N T v TR OBE OPKEE ROk
FAEFH 323 1rT, M7y THEYVOEE, RERIIM 3.2-1 IR T X 512 2~12 Bl e
B ET DAL 2, 7. LLBICOARBET 2HED 2 32— THEL, b7 v 7 EHKD
IR AKALIE TR T ACIRRE TRE L7z, JE/ B P 2~12 BEO A&, Khit v Hhid 2, 7,
11 BEIZERIE LTz,

323 #EAIIYT

R~ T v T oMK 2K 3.2-3 12, NTA—F&2FK 32-1 1TRT, HEFT v 7T
AEET5A L 30ADP F Iy ST v, BANT T WbANT YT DAy
Th 4O LTcb D (BHE 32-4 28 LT, 4 bAk\nd), Rffiges L7z, R£ 75A
EB30ADP T v 7iE, T5A & 30A D 90°Y 3 — bR ERANWTENRENAER L=, 75A
DP rFZy 7L dbh b7y, KMEGOEKEEZSEIC, HKEDODZWVERNT v T L
FRBERN T v 7 EWVWIRETIER LT, G N7 v 7 ORRESRFEE 3.2-2, REREBORKT
% 5H 3.2-5 277,

3.24 ERAE

(1) At

SHASE-S 21808 12550 < BV PR AN 21T o 72, AfiiiiX, 4.0Ls & 6.0L/s & L
770

(2) HE S

FeBR - FHAM R A B E 3.2-6, FEBRARF & RIEZ K 3.2-3 [T d, HIKBESE (HEAKSLTF
DE DB 500mm ONALEDTEER) OESEE & 3K T v T OEIKEE I L OFEHEE K
WAERE Lz, o7V 7T 20msec (50Hz) & L., HEKFEENSEFIRREIZE L Th
51 4. m—="AT7 4 VL ORETRHEEZIT o 7o, HEE, KIEZRERERE OS5
AICBNTE [, ZALUADZLRFITIBN TR IEFT OB IR o0,
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TAEOEFN Th 5 EiRESKPERA SN TWD, ol L LT, SAEdKICET
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TODOMEENL N ENETOND, DFEV ., EREIKEROWEZARKTEL &
ETEBHAME NS Z LI D,

WA DX EBIFRIZBI T 28F781%, < RSN TV DA, Fal oK HZREOEITE
U<, B HEKIR B KR 72 E O ARFE LI EIC L o TRES HAY | 5FT
ORIGEMER L TITE L RWVBA b EZ LN D,

ARETIT, HABRKMEIRIC K 5w BHK AR & ER &K ARIC L HENET) & EKE
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B ORNT 24T - 72,
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4.2.1 ZEEREM

SHASE-S 218008 (= 550 < E it EHEK AT & FiAKBI R X 2 Bk AR % 5 2 T2 B,
BREOHPAKMEE BT DIENET & BPEICRE LMK 7 v 7 OEKE# L LW
BREKREOT — 2 255 2 L2 HIE LTEREZIT- 1,

4.2.2 EEBRHKISATL

PR AT LOBE AN 4.2-1, 422 1257, AT AT LIMTEES T T, 15 B O
W e ORI K S AT A & T 5, EBRICHEH Lo ERPKER ¥ U —i6 LU
ETIT, 3.2 LRKECTH D, EBRPEKT AT A1%, 8, 9 IR N7 v 7 &2 B L, 2~7
B & 10~12 BEIIPERAREAS ORIHIZ PVC % v 7 TEETHHE L 2~12 DT T
W% PVC v v 7 THELEZTIHHAD2 42— L Lz, TNENE T THY, bT v
THEELET D, HOKAMBEIE 13~15 AR5 L L, ARJERE - AWMEIC L > TEE L,

4.2.3 #HABEHRLHEA IS VT

HERESR R N T v T OEREEZGE 4.2-1, G F T v T OWRER & XT XA —F &K
423, NTA—H &R 422 \IZENLHURT, MEMERRIL, R ook &25 6.0L/E D
YA B A SE (Mrr— RS &L, 387 v 7 id, HEER & RO KERS
KXOWbANT 7 E L, Kilgsd 9 M, WbA b7 v 7% 8 BT ACKRIE TRRIE L7z,
PR & HEA N T o FICBIT DK Y O ERI A TE 4.2-2 12T,

424 EBRAEE

(1) Ak

AREBR TN L7 AR ITELZ R 4.2-1 177, EREIKOERIEL SHASE-S 218 500 (25D
&, Affhiia 150/s, 3.0L/s, 45L/s & L7z, aRBHEKDOBIIRMERR O ORBEHIK E L,
1+ (150, 21H (14, 150), 3/ (13~15F) ke L7z, Hkoz 1 170, JIE
BltG 0 5 % & U SR OGA 1T B D 1 BRICE PO KEZROPEKE1To 72,

(2) MEHE

B PEDOPEKRER S HEAKSL TE DO 25 500mm OALEOTERS) DJEHZEE & | 3k b
7 v T OEKREEF L OREEKEEZRE Lz, o7 v 7 JE#IIE 20msec (50Hz) & L.
0= N2 7 4L H L ORECHEZTT - 72, BIERRIL, EiREdKkoRE, A
ENEFIREIZELTHS 1 oM., SEPEKOEAIZIE, 40 B L Lz, BIEE, &5 5
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F422 HABEREHA LT Y TOEKRNS A4

PR ER BRI P FRGE EAKE MwrmAgt | EAEESR | 2K E
A hT v [] [mm] [mL] [] [Hz] [L/s]
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4.3.1 fEWEM

SHASE-S218.2008 THLE S 4L TV D E TR EHEK & iR REzR 2 Fl W o gr BRI T 5%
WNIE DB K OB KA Eh % g L7z,

4.3.2 FRWAE

FERTHONLT — X EHWT, EMEYK E & EIKICB T 2 ENENEEEE & &
KRB 2 el Uiz, Fio, BNIES & KO ZEBEZ & EMIHIET 5 72 DI R
72 L ERS (K431 2RO TIHEEEIToT,
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o(x) : FEERE
X D EE

4.3.3 FEFTEER

JE T ZEE TR & BKEENE 21X 4.3-1, X 4.3-2 127,

WHEKARICBO T, EREENIENEIISE L 278 L2, T O IIT AR
FEREIZ X » CR& < Bie oo, @YK TIE, HIE 2 Bt U7 @ IRIERE O & NE 11,
M., 9FE L BICTAIEME 22> T, —J7, #BHKTIZ, 10 B T Prax (IEE), 16
FOAFUEC Poin (JE) &720 0 25 BMAHEDDIFENEBN A LN o T, o, FHAKE
CB L CHEMEPIK T, EFIRREICE L GUERMGEE) (T4 o ki
LTWBIREETH o723, EEHKTIX, PR EIBT HEAT & B 2 DD EEFAERD,
HAKITENENISE LTHREIL, 0%, #BREETE,

MHKAMFICIT D, BKE#BZ T 5 &, 8EICRE Lo T v 7 DEIKES)
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R LT EKEB OIEERZE & BERE O b LN Th D, Wb F 7 v 7 OFEHERZET,
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= 4.3-1

HAKEBORERE L LBRY (HK)

T _ HEHE (R 7 [mm] _ EERE
8F (WibA) | 9F (KfEzZR) | 8F (WbA) | 9F (Kf#zR)
1.5L/s 1.4 0.6 0.19 0.09
TE s K 3.0L/s 2.7 1.4 0.27 0.15
45L/s 48 23 0.25 0.12
14 21 0.7 1.23 1.10
#rELHEK 26 3.0 15 1.03 0.71
36 43 18 0.90 0.75
=432 ENENEBOEELERELZERY (ERNEN)
T : FEAE {25 [mm) : EERE
8F (WibA) | 9F (KfEER) | 8F (WibA) | 9F (Kf#gs)
1.5L/s 18.7 18.0 -0.41 -0.33
TE it K 3.0L/s 335 32.4 -0.66 -0.51
45L/s 56.9 53.8 -0.56 -0.48
14 275 28.3 -4.53 -3.69
Zr Rk 26 36.3 37.6 -5.53 -4.63
36 43.1 44.6 -5.24 -4.22
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4.4.2 FRWAE
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Fio, EIREHK & ZREPIKIZIT D AR R & R/ NE ORBRA MK TRL, 2D
—WIENFRD I 21T o 72, RRRIC, AfREZ AT M/NESMEO MR & #F L7z,

4.4.3 METHEER
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EFEMIC X DMEMICH Y . AT D RKESMEITE TREOD 285, A7 Sf/NEEIT 10
PEE/ITNLETRAEL TWe, £TO—F5 T, #EJKTIE, TRIZR 51> TR
fill + BRI AN D o 7o, EifEPK TIEER IR LR Sk’ Thh
L DR LT, ZREHKIT R DB X > T HER L TERN A Bl 5720,
HHETHRAET DHK - RNEIMEOHEMBARIERIC L > TR R EZHND,
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ZO—WRANFROIRERBRZZ E L Db DEFK 441 ITRT, 2B, dmEHKOAKT
HIL, SRR OEHAMEE L, TOD, ATk, 8B (KESR) 1 BdKkoGE
DAL EE 2.2Ls, 2 BHKDGE % 4.4Ls, 3 BHEKDEG% 6.6Ls & L1z, & 441 &
0. WERE RITEREDK, #FEPKE $120.64~0.93 & K& <, AffiiE & /NET)
@B S D 2 L R STz, £i2, FAMGTEO—REVFROEIF{R a & F
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dy? dy
= pAL—L-+c—2+2pAgy=0 (5.3-1)
y=p ai2 at PAYY
X(5.3-1) DO — i 1E0(5.3-2)12 7 5,
y = Ge ™ cos(@"t - 5) (5.3-2)

ZZIT. G ISR B EE DR EM
C C
o =—=
2m  2ApL

o _\/ﬂ _ [2pAg-c
m ApL

& = fiAH
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2 #HRArT7
N7 o TRO—fFlE LT, KS53-11ICR-T LIS bTvT (B 2xtilds, £
DGR T A= %5 53-1 IR T, HEERD X 3em &35, FEEEKGEIZEKGED 12 O
3em & 95 & CEKER LIX3.0+(1.5+4+1.5)+3.0=)/2+2x3=13cm. Wi HifE 4 1% zD?/4=3.14x3%3 "
4=28.3/4=7.07cm? £ 725,
72, BB m=pAL=1x7.07x13=91.9g (0.0919kg), 1X12EE : k=2pAg=2x1x7.07x980
=13,900g/s2 (13.9N/m) & 72 %,

130 40 } 30
5.3-1 ik 7 v T DR

2531 W NT v TORRAT A—

 mwmRet] n& | WS | EAE | BAE | HAR
P7 TR mm] | [omdl | om] | [mom] | [mL]

Shc7v7 1 30 707 60 130 368,000

(3)  BELRE ¢ DIRTE

() DWIEFREL ¢ 1T(2.3-3) TR D HAL D 23 Wb (135 A RIREN RO F2H] 7 — & (J

) ICXVRdDDHZ L7 b,

B b7 TR () & L CTHIEIKAML=15cm %5 272 & & O H BIEEHOKAE

A 5.3-2 127,

20

15 A
10 A

P VA

o

1
—
—
—
—
—
—
—

Y

AAADN aln o N

-10 A
-15 A
-20

IVAAAAAAN

Wiy

10

15

20

25

FREfE
532 M FT v 7OEAIEBEE (ERE)
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PR H HARBYEE OIRMEIZX 5.3-2 O & 5 ITHREPEEICHET %, BEY & S RO ko
MU —EME L7220 . BEY & S IRIED O B2 Z G BIRTR o LW o), AEEESE o

IHG33)LVRkOHND,

(5.3-3)

X 5.2-5 £ D HRIE F1~Fo 1T (5.3-4)I1272 0 | GE3-DITAT B &L K(GB3-55D L H 1725,

F ~F, =152, 13.0, 11.2, 10.2, 8.6, 7.6, 6.4, 5.8, 5.0[mm]

15.2 13.0 11.2 10.2 8.6 7.6 6.4 5.8
+1In +In +1In In=—+In—+In=—+In=—"—
13.0 11.2 10.2

In +
8.6 7.6 6.4 5.8 5.0

o =

9

0.157+0.148+0.0953+0.174+0.122+ 0.174 + 0.0953 + 0.148
9

=0.124

W - CIEEEER s 2V TRG3-60) L0 ELND,

o 0.124
l=—

= =0.0197
2r  2x3.14

(5.3-4)

(5.3-5)

(5.3-6)

B R AR . 13K(Q2.3-3)D L TR BN DD T, ZnEXQR3-5~MUAT D L, B=ERR

e lTXGB3-8)TROBND,

¢, = 2J/mk = 2,/91.9x13,900 = 2,/1,280,000 = 2x 1130 = 2,260

c=¢C, =0.0197x 2,260 =44.5

.97.

(5.3-7)

(5.3-8)



(4) HHIRBEIE

m=91.9, ¢=502, k=13,900 T % DT, R(5.32)D a. 0 ITZNFNH(53-9). #(5.3-10)
272 50T, K(532)IFKG3- 1)L D,

c 44.5

a=—-= =0.242 (5.3-9)
2m  2x91.9

oo |K_C z\/k_c :\/13'900_44'5 =J151=12.3 (5.3-10)
m m m 91.9

y =Ge %** cos(12.3t — 5) (5.3-11)

MWEAL OKAL) % 15cm & LT G=15, fiiff : 6=0 & 95 &, H(5.3-11)1FH(5.3-12) &£ LT
KIZENTED,

y =1.5e %% c0s12.3t (5.3-12)

X (5.3-12) ZHWTHIWE b T v 7EKO B BIEENK I 5.2-6 DX 97D, WX
IFE—H L Wb AT enTE, KX (53-12) OBFEIIEWEHETE S,

20 20

15 | —— 15 -

10 FHB 10 RAT BT

5 5
i>—1 0 MM nAVAVAVAV""V i\é‘ 0 ,,,,,,, e
& 2 [ < 2

-10 -10 |

-15 -15 F

-20 -20

0 5 10 15 20 25 0 5 10 15 20 25
HF[H] e ]

5.3-3 [T v 7k 5 B mIRE) O ENE & FHEE

.98.



(5) EARE%

BA AR : o= T 5 &, BEAREEHIL, BAAREEITNQ2.3-6)TRD 5
D DT, H(2.3-6) & H(2.3-8) % WV TH(5.3-13) & Ri(5.3-14) L ¥ L 1.96Hz 3k S 5,
T, BEAEY T7,13:05.3-15L 0 0.51s & 72D,

k 13,900
= = =2 _ 151=123 (5.3-13)
% =\n =\ org ~ V15!
= 123 123, 46 (5.3-14)
2r 2x3.14 6.28
1 1
T,=—=—+-=051 (5.3-15)
f, 1.96
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532 BEFSvTIZBITHEHKIREIDES HFIEX

(1) EE K

BENT v 7OEET. WEOBREMBNRERD DT, AL OKAL) 12X DKM FEITZENL
D2 fHZIT B2, b Ty T EFRAM, KK, WEEO 3 EICEMBEL. 2o

&% Lo, Li. L (=L, WmfEz Ao, Al. A2 & 55 (X5.3-4), ABNCZENL KAL)

y N5 & & GEAMDZERL KAL) 1% - (%jy LB DT (M 5.3-4)  IKALEE Ay 133(5.3-16)

TEIND,
Ay = [1+%jy (5.3-16)
Lo : ilAKEEE [cm]
Lo AMIE fom] _
——— - == Ao : K OWIHEAE [em?] - [1+ﬁ

At AW [em?]

) _
Ao : T OB E AL [em?]

L Ao
534 HEFELNTvTORKET IV 5.2-8 WBEE LT v TEN (KAL)

7 A A L O MR O T LD b LT L [Al ; AZ) LLCH

SRNBEOT, KQE3DD m. e, k ixzhzEnm=p(AL +(A+A)). c=c.

k= p(1+ %J(%)g L0 R@ADERGIINO L S ICEE L BS,
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(AL, +(A&+A2)L1)dl %+p£1+%J(A&;A2jgy 0 (5.3-17)

72k, RGE3-INTBWT, 4o=41=4,=A, Lo+t2Li=L ¢ THLRRNT T LD, Z0O
Ak, KGE3-18)D LTy, ZHIEKG3-DERCICAR D, T7hbbh, &X(5.3-17)FH
£, BAEOWTIICHEHATE 5,

dy? dy
= pAL——+Cc—2+2pAgy =0 (5.3-18)
y = pi ai2 at PAQY

R(5.3- 1D DfFITR(5.3-19I2 72 5,
y =Ge “ cos(w't — ) (5.3-19)

2T, G RN D E L DR EE

c c
2m 2p(AL, +(A +AL,)

o [EAT

m m

o =

(2) H MRS E#HE) H R

N7 FRIRETAHIE LT, BT v 7 EEEL, Li=70. Li=L,=3.0[cm] & T 5,

2

Do = Di = 30[cm] . Dy = 40[cm] & 4 %5 & | A =A-= D ”:7.07[cm2] N

2
A2=D247[=12.6[cm2]<‘:f£%>0 7E, ¥:

mlgl& kg/s?liE. Fh2nR(5.3-20), X532 725,

197 _g840em?] 2:0.561T“3?> Do &

m = p(AL, + (A + A )L, )=1x(7.07x7.0+19.7x3.0) =109 (5.3-20)

k:p( A&J(A& Azjg 1[ 707)><9.84><980:(1+5.61)><9.84><980:15,000 (5.3-21)
AN 2 12.6
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WEMEEER R T v 7 LR TH D ET25 L, BRI (=0.0197 £ 720 | BEAEESR
¢, = 2J/mk =2,/109x15,000 = 2,/1,640,000 =2x1,280=2,560 T & % D T |

o= R
c=¢6, =0.0197x2560=504 £ 725, ZHb XV, K(53-18)IFF(5.3-22) L 72 %,

2
1009 +50.4% 15000y = 0
dt dt

(5.3-22)

EoT, o o¥E, R (5.3-23), K(5.3-24) 720 WAL (KAL) % 15em & LT G=15,
PifH :6=0 £ 95 &, KGE3-1NTXGBH E D, T2, H(5.3-25IC L B-HTIETE 2 X 5.2-9
2R,

o=t 904 o3 (5.3-23)
2m  2x109
@ = k_¢ - \/k —C_ \/15'000_50'4 =138 =117 (5.3-24)
m m m 109
y =15 %% cos11.7t (5.3-25)

20
15
10 |

JKAL

210 b
-15 ¢
-20

20 25
IR ]

5.2-9 BT v TR DENIIF
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(3) sl H=mh o> ) 52

NSy FEAKDOEBERSIT, IZENENLEEIC L > CEBT AmEIESRE THD,
NIEF P OB [Palid S BT R D T, cgs HATRICERT S &, KICASD,

[Pa]=[N/m]=[kg + m/s?/m]=[kg/s?]=[L000g/s?]=10°[g/s?]

BNIES P w5gilh &3 s R o iR, X6G.3-102HWTH(5.3-260D X H 1
720, 5.30#BREHNTXGB.3 2D L cEEIND,

PAL + (A + ALY c%p[u’*](’* A?)gy AP

at A (5.3-26)
= dy +cy+2ky AP=0
d2 dt
109‘2:'y +568(;y+15000y 12.6x10°P =0 (5.3-27)
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SR AMER T 5856 OEKEB O %8 2 X36) Z AW THET -0, o
HARGN N T v 7O 27 %82, TO—EHNH L, EKERNEC LB E25E L
TR SR, ZOHREITFKOBEENHT L Z LIk 50 T, FEFRG (EIESR
%) L L THELRTNER B2, FEFRZO—KMEITHELNRVDO T, BUEAIE
eI, BIEMTEZ BT 2 0ER D 5, BEMEHTEL LT, KmTiirn s I07
S FEIZ1T VBA(Visual Basic for Application) & VY, /Lo 77 o Z kAR Lz,

KE32NX 2 BEOEWS FHRXNTHLOT, Vb7 v ZIETIEMIE % 2 SO HRK
N LTS 221225, ko T, (5327 L W (532803 F 641 5,

dy dv_ 12,600 , 56.8 15,000
v = P- V-

dt dt 109 109 109

=116P -0.521v -138y (5.3-28)

HK(5.3-28)D P DIEIZFERYEAKFER Y U —ICBWCTHIE LEFEENEAZ2EA LT, Kl
FEMT 24T o 7o, FRNTICH W EZENEIOWRIE &, EIUTkhh L7z EBEOEKESR), B X
OBEMEAT OFER A K 52-10 17T, b7 v T OEKEEBIEENLENILE L T D
BLieo Tz, ZAUTxt LT, BUBEMETHER & NEDEBENR L TR LTk & 72
DT EDHERTE L, 2L, BUEMRNT BiX. N T v T OEKIBIERE 2 L 2 LA L
TS U T m OEPET DB 2 BT ET A~ S 538, EBRIZIEH £ 0K
WHAEL, HAKNY =T % EE 52 OEENTRCHEET 200 TIXRVwo T, 20
U =7 % ERlo 7o OB IR L CTHEAEEEA LT\, ZORIEREOREIZLY .
BKBRPREEND Z LD DT, SH%ITZOMIERBOBENNIE L 72D,
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JE71E[Pa]

JKAZ[mm]

JKAZ[mm]

¥

KE N ZEE)

0 20 40 60 80 100 120 140 160 180 200
R[] [sec]

] HRZS) (L5

0 20 40 60 80 100 120 140 160 180 200
R ] [sec]

KL (FETE)

T AN

0 20 40 60 80 100 120 140 160 180 200
FE R [sec]

5.2-10 SHIE & Mt E O e (EFTEPEK 1.6L/s)
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JE71E[Pa]

ZKAL[mm]

JKAZ[mm]

200
150
100

50

-50

-100
-150
-200
-250
-300

0 20 40 60 80 100 120 140 160 180
REfH [sec]

200

20

15 A
10 1

-10

-15 4
-20 4
-25

;

KA (BRI

" ——

-30

0 20 40 60 80 100 120 140 160 180

5 [sec)

200

EKZES) (AR

0 20 40 60 80 100 120 140 160 180

HRF ] [sec]

5.2-11 FEHlfE & fEtTiE o beie CEWESEK 4.5L/s)
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[T ) fE[Pa]

ZKAL[mm]

JKAZ[mm]

-30

-10
-15

200
150
100

50

-50

-100
-150
-200
-250
-300

0 5 10 15 20 25 30 35
g [sec)

40

20
15 A
10 1

o

HAKZES) (R

] g g i
dan MMWWWWWMWWWWWWWWW

-10 4
-15 4
-20 4
-25

0 5 10 15 20 25 30 35

Ii¢ i [sec]

40

20
15
10

-20
-25

HKZES) (i)

WMWMMMWNWM%MWMWWW

-30

0 5 10 15 20 25 30 35

FE R [sec]

5.2-12 SEME & EpTiE O i (BREHK 1 &)
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[T ) fE[Pa]

ZKAL[mm]

JKAZ[mm]

0 5 10 15 20 25 30 35 40
g [sec)

I
| il ‘M‘Mw ,
T Y

HAKZES) (R

' ' PRI R YRS KUY T
k”WNMMhgnNﬁmﬁﬁwVw@MAw«uwwwwwmwwWWWMMﬂw e mu A

0 5 10 15 20 25 30 35 40

Ii¢ i [sec]

KL (FEHTIED

0 5 10 15 20 25 30 35 40

FE R [sec]

5.2-13 S & EpTiE O i (B3 EHK 3 &)
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6.1 XFEXDEED
K LIZBWTELNZMRZRIZE L D D,

F3E FIYTDEENERNENICRIFTEE

ARETIE, b7 v TOEKNENENEECHEL KFTERNEZHLNCTHZ L E2H
& LT, BIROERD NT v T EBRERYPAKRY U —EBRICHAWTHIKRERZIT), IS
NIEENENLEE & EKEEBOT — 2 Ot 21T o7, JHoNlfRaELedH L. LT
272 5%,

(1) ENES~D %

fREE N T > 7138 N7 v 7L bl U CTENIE ) ORBUMEADBBEE I A DT Z &0 b,
WREE N v T OHPENENZIRBSELFEARRENEEZL LD,
BNENEBOEEREZ KT S L, BHKEDOZW T v 7Tk, EERAENNS <
7R BB NEE RN, EKEODIRNNT v 7T, AR ER SO A D
inolole, FHRKEPENE ORI EEZ RIFTHEROVOLSE LTELLND,
VAT LR - BUNEEORBEA KT 5 & N Ty T EEET D 2 &I K DR
FiX, K085~0.95ZHEE L TEY ., N7 v T OERICE > T AT ARK - R/NEJE
3K 10%IEH T2 B2 bnb, £, BRIy L LTCIREE N T v 728 L=
A BRBEE DR E oo 2 Enb, BEENT v 7138 N7 v 7T, VAT ARk -
BAOENMEZ RS LERARREVWEEZ NS,

(2) EEHREN S~ DR

ENENEE % T — A [V LT R, SRS O S mEAIT N T v ik
STRELERDFERL o7z, FT v 7 HEH L TORWEGE O EBIREISIL, 2~3Hz
WA LTV D DI LT, FREE & T v 7245 L7235 A 13, 2~3Hz OFE2Y 0 12V M &
ORI B BN, —T P N7y 7T, ZOMERNRHELNRNoT2Z b, FERT
AL N7 v 7 OEAREENENIEEEO AR O NI EBEL Tnb LB X
HILD, ARFBRTEM LI-WREE R 7 v 7 OEAIREEA, 2~3Hz ([T M L TW5H—J T, P
L7 v 7 OEAIREEIL 1~2Hz Th o7, b7 v T EEER L TV ARWES (BRIREE) o
BNIENZEETIE 2~3Hz DIRENR DN EZ VT2, IRENEA &I 5 N7 v 728 L
AN EBRNREL BN EEZOND,

LinL, REBRTHEMALE S M7 v 7OEAREEIT 2~3Hz I[25 T 525, REER T v
7L RO DB DN 0T, TDT, FEEIRE AL RFTERICIE, T
v 7 OEEREEEFHKENEZHND,
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(8) M7 v TREFRMICE D

BNENEBOEERFEEZ KT H L, S T v TERWIZTRTO T v 71280 T,
N7 v 7 LORE & L CRERAEMERT 203 S AT AR TH LT, Rk
DLT7yFICBNT 1 BICBIT o BEEEE 2 LI E5 & REMEEOZNGED TR
AT AERTHEERZOKBARE S AN, 2LV, N7 v TEHKEIZENENE
BB L, N7y T ORI CENEN RS EERARDH L LB D,

IRT =AY MVIENTIZE T, [RBE N T > 7Tl 2~3Hz OIREEIR T/T — R~
RLDY 0 ISV M & 72 DA B LTz, FRIC 1 BEICRET 2 N7 > T OEENR L WA
W2, HEEG Lo e LR LT, 0 &R DIRENEDIL HH oz, Tk, Ty 7o
EARENERS L OEKENREE L CWD LB LND, £72, BB N T v TRER ORI
BHCIBIT DT — AT NVBEZHZRRD & b7 v TRERE & REOBEM R B
oo TOZENDL, N7y T OERNENENLETDODABIRTIICE 2 281X, My
TREREUMCL RS EEZ BN,

RABERITE AR BEARE < EARENED 2~3Hz 12554 L TV AR, BNENEB O
REE O AEFNCLEALR R o Tz, 2D END, b T v FOEKER X OEAIREIEK
DH T, b7y TAEBOIIR G ENENEB O A BIREIEICHEL KT LTS &F
XD, TILEY ., B GRD NT v TBET DB NEINEMTE R KIF T ERIZIL,
KR (Z0GE, ERRKEW), BAEREE 2~3HZ 1204 L TWD5E) . ik (FRiC
fREE N T 7 ThHDHGE) BET LD,

B, AREBRCHER L KESI—FECTH Y . BEEOHITE TENE S DR 4 5 1
TmbD LIRS,
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F4E HKERHENENENES EHKEBICRIETEZE

5 4 TR PR AT AT 2 AMTEREEDSE NI DL KIE T RISV TG
THZLEHME LT, ERYKFER Y U —I280 T SHASE-S 218 {2 &S 7o & it &bk
AT & RIEERC K DB BHKAM 2 IO TR FERZITV, TRIRS NI ENENLE) & &
IKEBOT — 2 O 2T o 72, BONTFREELDD & UTICR5,

(1) BEWNENLESH) & EHKEH)

HHERARIZIBN T, BEREEIEEINE LB 2R LTe, £ O BITAN
JREIZ L o TRELS Epo7c, BUKEENCE L THEREHIK TIX, EFRIRBIZE LR
(I TIZER D L TOWBIREETH - 72728, BEHEK T, BERA Y CE 2 EiRT 5
BT & B 2 HALD EEFERIC, EKITENENISE L TREIRE L, 20k, K
Lz F77. SPHIRE LT-WbA T v FOEKEED TN, 9FHIHRE L= KELED b
DL L TRENARE S Ro TRV, FKREHOREERELHKT 5L, FDAKNT v
TIIRMEEROK 25 L 72 o T, N T v 71T L o TEAKOZEEIRA 72 - 72 7K &
LT, M7y 7OMEREKENE X biLd,

(2) BRES~DE

EMEYEK T, VAT LARKIEDEITR THEO 2 B, > A7 Afi/NEE 10 BEFE 72
FUPETEREL TV, TO—FH T, &EPUKTIE, TRICAR DI > TER/IME - &
KT T DA -T2, EFREYK TIZ, EFANTH EREED HHR T2 O
W2 LT, #R BRI RMERR OVEEIC K o T—REICHEKR S CENZ BT 5720, &
PECRAET DHRAN « RNEIMEOHANR R >ToEFZZBND,

FREOEF K & BRI T D AR & R/ NED ORISR EZ AR TE L, £
—REYFADOPRIEFREL R2 23K 5 & IRERE R ITETLEYK, & Bk & $120.64~0.93
EREL AMTE & R/DNETNITE BN H D Z LB S e, £z, —KIEYR
KXoERteEa 725, ZEHAKISH 3 2 EREIKORRRELL o 25RO 5 & | BlntaEdt
0 1L 1.94~2.68 Ligo7cZ b, AR @R TPHFPKRE) BREOCSLE, EitEdE
KIZEBWTRAET Di/NEEIE, SHEKOBIZ 2~25/5& 5 ZENTHITE %,

£z, AR E VAT AR/NEEOBRICIIT 2 —KENFEAD D, & BHEKITS
% LRI K DRYRERELI o 2R 5 & | FFEORIFRELL & FERIC, BIFREIL o 13 1.96
=2 2R L2 Z &6 BREIKICBWTRAET L VAT AR/NEMEIL, #EHKDOE
KE2fE LMD LM THITE D,
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(8) He/NES & EKIBRORfR

ETTEYEK &8 EPEKIZRBWT, 8 E 9FHICERE L% b7 v 7 OEKBRZ HET 5
&L EMREHAKOEKBROIGRREVH N & Ipodz, o, EREHIKIZHBNTIE, 9
CRRTE L 72 RIEER O 7 AEKIBLIT R E VW oIx LT, BP0k TiE, 8 B E L=
IR T TOHREKBRIIRELS eolz, 2O &L, HKARFREIZEL>T, M7
> T OMEDHREIZ R D Z ENBEZBND,

HHEOETREYEK & EPEKIC BT D E/NEIME & FKBROBIR A — R IEFA TR S
&L ERE R ITEmRESK, FREPEKE $120.64~0.90 & K& < HR/hNES & EKER
W@ WHEBIER 5 Z E B ERR T 72, F7o. SEPKICH T 2 it EHEK D[RR iRER
old, Wb b7y 7 (B8R T132, Kffigy (9F) T291 &7xolz, ZTDOIZEMND,
[FRRE DB/ NEDRAE LT2BE, EEdKIZs T 2 8KERIEL, WbA o7 vy 7o5EE
BEELIFLERY REROLARBLZ3IMHFLRDZENTHTE 2, /NEE L EK
BEDEIRAEEICIE, R T v I Lo TRERERH -T2 LS, PR ERD
FEITHOZEITHE LW EE X DD,

(4) N7y TOREIZL D PR

ARERTIX, WHKAMIBNT, N7y 7OREIZLENEIORE BT HS
Niginotz, TORKE LT, EREHK CTIIAMBEN NS o722 b gEHKTIE
JESZEB AT DA N &, E5ITE, VAT AICHBELEZF T v TN 8L 9
BEOHTHSTZI EMBEZLND,

EEHEAKICEB T DENENEB O /R — AT MVEESAAICIE, N7 v 7T OFEC
L DENRB LN, FRZ, 2~3Hz DIRENRICE VT, b7 v 7R LOBAIITILAL L 72 5
RN H DB, ZDO—T, b7 v 7 A0 OBAIIIFERENE CRBL L 2 AN H -T2,
iU, 3EORERLFEERIC, BRE L N7 v T OEFAREEEN 2~3Hz I[TFET D720,
BRNENEB~OISENBEE RN LD EEZ NS, #MEPPKICBIT T —2~7
MLTHE, AREREED 1 BOBEOHR, ETREHIKD X 5 el R A bnizn, 25, 3
BOHFEIIE, TDO X 5 AN A Lo T, KEZREA OENEHEE RIS EIA
EEZHND,

ENENEBE X OEKEB O — A7 NVEESAELY . KFEROF 1 sHES)
KrFlwdl, EMEHKICEITS 8 BICHE LZWbDA N7 v 7 OEKESO LR
AL 2~2.5Hz 1254 LT e, F7o, EREHIKICKEIT 5 9 BEORER TIX. BEKEB) D
EEHREEUL, (X0 SRR LR o7, 9 BECERE L- KRR 2K O LB IIE
ICHEMETH D720, FEBRICL DM RICEN B NS, WEPPKTIE, b7
v TH Y O%56 O SIRENIAS 2~3Hz DIRBEIRIC BT 5 Z L 3D ipinoiolod, NT
> T OFBENENTE SO SR RIETHBL R T H 2 LN TE eh ol 4
HYKOBICRAET 2ENEAS) &R &K T 2ENENDEETIX, IREIRD
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RIDZLMBBEZALND,

UbDZ vt b7y 7 ORENENENLBO SR B 2 KT T T2 012id,
RETH N7 v TELOEE TRET2ENENLBHOABIREK L RETD N7 v
DEARBED, MR BT 28BN H D EVR D,

FBH5E FSyTHKEHOEEETIL

FHHETIIMR N7 v FYOFKLEEZ 1 AHEROWEE) & Al L, EKOZEEE T LV E1ERK
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Abstract

In the design of a drainage system, allowable drainage flow quantity (drainage
capability) is defined for each pipe diameter in order to prevent seal water from
breaking. In Japan, SHASE-S 218 (Heating, Air-Conditioning, and Sanitary Standard)
stipulates the evaluation standard for drainage capability. There are two types of test
criteria in the standard: One specifies that pressure in pipe should fall within + 400Pa,
and the other that seal loss should be less than 25 mm. Nevertheless, no detailed
requirements for trap connection have been set forth in them, and nearly all judgments
are made based on pneumatic pressure in pipe alone because of the ease of experimental
procedures. However, there is a possibility that seal water fluctuation in traps has
influence on pneumatic pressure vibration in drainage pipes.

In view of this, we conducted discharge experiments based on SHASE-S 218 with and
without traps using a real size drainage experimental system to clarify how trap
connection might influence pneumatic pressure.

Keywords

Drainage system, trap, induced siphonage, vibration reply phenomena, experiment
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1. Introduction

In designing a drainage system in Japan, allowable drainage flow quantity (drainage
capability) is defined for each pipe diameter in order to prevent seal water from
breaking (SHASE-S 206). Targeting at induced siphonic effects, drainage capability of
stack pipe is determined based on allowable seal loss or allowable pressure in drains. It
is stipulated that allowable seal loss should be 25 mm, a half of the minimum seal depth
of traps, that allowable pressure in drains == 400Pa, and that water fill ratio (the ratio of
the discharge section area to the pipe cross-sectional area) 0.2 ~ 0.3 (varies depending
on the type of ventilation) when circular flow is produced in stack pipe. SHASE-S 218,
Heating, Air-Conditioning, and Sanitary Standard, stipulates the drainage capability test
method with allowable pressure in drains and allowable seal loss as the main test
criteria. However, as the measurement of seal loss involves some cumbersome steps
such as replenishment of seal water and judgment of instantaneous seal break, pressure
in drains is normally measured without connecting traps but with PVC caps attached to
the ends of horizontal drainage branches, and judgment is made based on allowable
pressure in drains alone.

However, fluctuation in traps is considered a response phenomenon to pressure
vibrations in drains, and it is conceivable that they interact with each other. In addition,
considering the fact that traps are always installed in actual drainage systems, testing the
capability of a drainage system without traps can hardly produce results that adequately
predict the system’ s capability.

In view of this, we conducted discharge experiments based on SHASE-S 218 with and
without traps to clarify how the presence or absence of traps might influence pressure in
drains

2. Outline of Real-scale Drainage Tower Experiment
2.1  Purpose

We conducted experiments to obtain data on pressure fluctuation in horizontal drainage
branches on each floor and seal water fluctuation / residual seal depth in each type of
test trap when steady discharge load based on SHASE-S218 was applied.

2.2 Experimental drainage system

The outline of the experimental drainage system is shown in Figure 1 and schematics of
the end sections of horizontal drainage branches in Figure 2. We prepared two types of
experimental drainage system; one using special drainage fittings for mid-to-high-rise
buildings up to 15-story (referred to as SDF-SL system below), and the other using
special drainage fittings for super-high-rise buildings (referred to as SDL-HF system).
Drainage capabilities of test fittings on each floor are shown in Table 1. Experiments
were conducted using these systems both with and without traps.
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Figure 1  Outline of experimental drainage system
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Figure 2 End sections of horizontal drainage branches

Table 1 Drainage capability of special drainage fitting [L/s]

Type of special Size of Drainage stack [F]

drainage fittings 8 10 12 14 16 20
SL type — — — — 10.0 9.7
HF type — 7.6 7.0 6.5 6.0 5.8
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2.3 Method

In experiments with traps, test traps (contrary bell traps) shown in Figure 3 were set up
full filled on floors 2 ~ 12 with SDF-SL system, and on floors 2 ~ 10 with SDF-HF
system. The parameters of test traps are shown in Table 2. In experiments without
traps, PVC caps were attached to the ends of horizontal drainage branches on the floors
where discharge was not loaded. Discharge loads were applied at constant flow rates
shown in Table 3 to the systems both with and without traps, and data on pressure
fluctuation and seal water fluctuation were collected with the sampling cycle of 20 ms
and without low-pass filters (referred to as LPF below). Measurements were made 5
times in each condition for 40 seconds after discharge flow became stable.

90

Figure 3 Outline of test trap

Table 2 Parameters of test traps

Test trap Rat}o of leg’s Seal depth [mm] Seal volume [mL]
sectional areas
Contrary bell trap 1.07 50 330

Table 3 Discharge flow conditions for each experimental drainage system

Steady discharge load [L/sec]
20 | 3.0 | 40 | 5.0 | 60 | 65 | 7.0 | 8.0 | 10.0 | 12.0
SDF-SL System o o o o o o o
SDF-HF System o o o o o

Experimental drainage systems
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3. Comparison of Waveforms of Pressure Vibration in Drain
3.1 Purpose

Fluctuation of seal water in trap is considered a response phenomenon to pressure
vibrations in drains, and it is conceivable that they interact with each other. In view of
this, we compared waveforms of pressure vibrations in drain with traps and without
traps to elucidate the effects of seal water fluctuation on pressure vibrations in drain.

3.2  Method

We compared the waveforms of pressure vibrations in drain by superimposing those
with traps on top of those without traps for the same time periods. Standard deviation
(SD) was obtained to compare quantitatively the changes in waveforms of pressure
vibrations in drain with traps and without traps. However, normalized standard
deviation (SD’) obtained by dividing pressure vibration by discharge flow load was
used for comparison since waveforms of pressure vibration tended to grow larger in
proportion to discharge flow load.

33 Result

An example of graphic representation of superimposed pressure vibrations in drain is
shown in Figure 4, and comparison of SD’ with and without traps in Figure 5.
Waveforms of pressure vibrations in drain did clearly show differences with and
without traps. SD’s were more or less constant regardless of the floor from which data
were collected, and they were larger without traps. Next, SD’s were averaged out and
discharge flow loads on each floor were compared with or without traps. Comparison
of SD’s with and without traps for each discharge flow load is shown in Figure 6, and
the damping factor of SD’s due to connection of traps in Table 4. SD’s turned out to be
larger without traps than with traps at all discharge flow loads in the both experimental
drainage systems. This tendency of SD’ was prominent when discharge flow load was
large for the drainage capability of the system. In addition, the mean of SD’s damping
factor was 0.88 for SDF-HF system, and 0.90 for SDF-SL system. Consequently, it can
be estimated that waveforms of pressure vibrations in drain damp approximately 10% if
traps are connected.

0 IJ “ M,,'l“lu ] " “i i].‘ ..ﬂﬂ |“ 14l ‘l“ l“ ‘ sl M,lhl ‘IM‘ '\ “‘l‘i ‘H

Pressure[Pa]

With traps
Without traps

Time[sec]
Figure 4 An example of superimposed waveforms of
pressure vibrations in drain
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Figure 5 Comparison of SD’ normalized with discharge flow load
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Ni f
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Figure 6 Comparison of normalized standard deviation SD’ by flow rate

40 50

1.0 20 3.0 6.0 7.0

80 9.0 100 110 120 13.0

Flow rate[L/sec]

Table 4 Damping factor of normalized standard deviation SD’

Drainage system Flow rate [L/sec] |SD’ Damping factor a;[, e::p‘ii;:]nr:;[gs)fg(i:)% d am]i\idne : l;a ctor
4.0 0.94
6.0 0.96
SDF-HF System 8.0 0.88 0.88
10.0 0.81
12.0 0.82
2.0 0.94
30 0.98 089
4.0 0.95
SDF-SL System 5.0 0.91 0.90
6.0 0.84
6.0 0.84
7.0 0.84
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4. Comparison of Maximum and Minimum Pressure in Two Systems
4.1 Purpose

As stated above, SHASE-S218 stipulates that allowable pressure in drains should be
within £ 400Pa in order for a system to fulfill the criterion. It means that maximum
pressure Pg gy and minimum pressure Pg ,;; must not exceed the + 400Pa range. In
view of this we checked the decreasing rates of P 4, and P ,,;,, when traps were
connected.

4.2 Method

Py oy and Py, in each experimental condition were calculated and their differences
were compared with or without traps for each experimental drainages system. The
system’s maximum pressure with traps is noted as P yqx, minimum pressure with traps
as Py in, maximum pressure without traps as P’ 4y, and minimum pressure without
traps as P’s min. Their decreasing rates were calculated and compared. Also similar
comparison was made with processing with 3Hz LPF.

4.3 Result

Changes in maximum and minimum pressures are shown in Figure 7 and decreasing
rates in Table 5. By and large, the decreasing rates for the both systems were lower
than 1 when traps were connected. However, P .., values were unstable, and some
fluctuations were seen in decreasing rates. The mean values of Py ,,;; were about 0.90
for both with LPF and without LPF. Therefore it can be assumed that the minimum
pressures were declined by about 10% if traps were connected.

Depending on the discharge flow load, some experimental results without traps
exceeded the criterion of SHASE-S218, and some with traps fulfilled the criterion.
Considering this, we think it necessary to prepare separate test criteria, one used for test
with traps and the other for test without traps.
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Figure 7 Changes in system maximum / minimum pressures
with and without traps

Table 5 Decreasing rates of maximum / minimum Pressure

Decreasing rate

Decreasing rate

Decreasing rate

Decreasing rate

with traps
Pressure Data processing Exsj;esrtiemnfnt Decreasing rate decri\g:i:n rate
Without pro SDEHF 9 0.98
P .
s max SDF-HF 0.96
SHAPE SDF-SL 0.96 096
Without processing ggi‘-.];{ ggg 0.90
Py 3
s min SDF-HF 0.90
3HzLPF SDFSL 088 0.89
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5. Power Spectrum Analysis
5.1 Purpose

Power spectrum analysis was conducted on the data of seal water fluctuations of traps,
and pressure vibrations in drain with and without traps that were obtained in the
experiments, and distribution of dominant frequencies were checked.

5.2 Method

Power spectrum analysis was conducted on the pressure vibrations in drain with traps,
pressure vibrations in drain without traps and seal water fluctuation, and their power
spectrum density distributions were compared. The range of spectrum analysis is
shown in Figure 8 and spectrum processing conditions in Table 6.

<00 ‘ Range of power spectrum analysis ‘

600 -
400

" N[l“IhllI.u”h_hln[l‘mlhmll.||lldl.tl.ui,.l..JIMNMYHM‘LIM#.mhl_l
Time [sec]

Figure 8 Range of power spectrum analysis

Table 6 spectrum processing conditions

Algorithm Sande-Tukey
Window function Hanning Window
Smoothing band width 0.15Hz
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53 Result

An example of power spectrum density distributions is shown in Figure 9. The
distributions differ greatly with and without traps. While dominant frequencies without
traps fall within the 2 ~ 3 Hz range at all discharge flow loads, those with traps drop
close to 0 in the same range. In view of this we checked how often the primary
dominant frequency PS; appeared in each frequency range. Histograms of PS; with and
without traps in each experimental system are shown in Figure 10. The results show
obvious differences in the distribution of PS; in the SDF-HF system. PS; appeared
infrequently in the 1.5 Hz ~ 3 Hz range (characteristic frequency of general traps) in
conditions with traps, but more often in the same range in conditions without traps.
This tendency was also seen in the SDF-SL system with no primary frequencies seen in
the 2.0 ~ 3.0 range in conditions with traps. This seems to indicate that the
distributions of PS; vary with and without traps.

6. Conclusion

In this study we conducted experiments using a real-scale drainage tower, and analyzed
pressures in drain and seal water fluctuations to clarify the effects of traps on pressure in
drain, which are associated with discharge load. The results can be summed up as
follows:

1) Pressure vibration waveforms in drain damped by 10% if traps were attached to
drain pipes.

2) System minimum pressures also decreased by 10% in the same way as pressure
vibration waveforms if traps were attached to drain pipes.

3) The presence or absence of traps greatly affected the power spectrum density
distribution as well as the primary dominant frequency distribution.

Although the present study has clarified the changes in vibrational amplitudes and
frequencies of pressure, which were brought about by the presence or absence of traps,
it did not go far enough to unravel the mechanism of producing such changes.
Therefore, further studies based on detailed experimental conditions in a real-scale
drainage tower and analysis of pressure in drain and seal water fluctuation are called for
in the future.
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Abstract

In Japan, SHASE-S 218 (Heating, Air-Conditioning, and Sanitary Standard) stipulates the method for
evaluating the performance of drainage system. The standard exclusively makes use of steady discharge
load, and two test criteria have been laid out: one that allowable pressure in pipe should be £400Pa, and
the other that allowable seal loss within 25 mm. However, discharge made from actual drainage system
such as WC is mainly fixture discharge load, and as a result of recent development in water-saving fixtures,
average discharge flow rate and time began to vary greatly depending on the type of fixture. Therefore, the
existing method based on steady discharge load is far from being practical although it provides evaluation
of systems on the safe side.

In view of this, we carried out an experiment with a real-scale drainage tower to clarify the effects that
steady discharge load and fixture discharge load exerted on pneumatic pressure vibration and seal water
vibration.

As a result, pressure vibration waveforms and power spectrum distributions have been found to vary
depending on the type of discharge load.

Keywords

Drainage system, trap, induced siphonage, vibration reply phenomena
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Abstract

In the design of a drainage system, allowable drainage flow quantity
(drainage capability) is defined for each pipe diameter in order to prevent seal water from
breaking. In Japan, SHASE-S 218 (Heating, Air-Conditioning, and Sanitary Standard)
stipulates the evaluation standard for drainage capability. Regardless of presence or
absence of connection of the traps, there are two types of test criteria. One is that pressure
in pipe should fall within + 400Pa, and the other that seal loss should be less than 25 mm.
Nevertheless, recent studies revealed that connecting of traps attenuates pneumatic
pressure in pipes and causes a tendency of power spectrum distribution to change. This
phenomenon may be attributable to the fact that seal water vibration is a response
phenomenon to pneumatic pressure vibration, and that they affect each other.?)

In view of this, we conducted discharge experiments based on SHASE-S 218
with and without traps (including WC) using a real size drainage experimental system to
clarify how the connection of WC might influence pneumatic pressure.

Keywords

Drainage system, trap, induced siphonage, vibration reply phenomena
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1. Introduction

In Japan, SHASE-S 218 (Heating, Air-Conditioning, and Sanitary Standard)
stipulates the test method for drainage capability of drainage stack system. The judging
criteria consists of the following two conditions: one that allowable pressure in pipe
should fall within = 400Pa, and the other that seal loss should be less than 25 mm.
Although discharge is made from fixtures with varying flow rates in actual drainage
system, constant discharge has been the standard discharge mode used in testing to
circumvent the problem of selecting a representative fixture for testing. However, there
has only been a few quantitative comparisons of pressure vibration in pipe and seal loss
in water-saving sanitary fixtures widely used today and in constant discharge in test
conditions, and therefore drainage capability may not have been properly evaluated.?

In view of this, we conducted discharge experiments in a real-scale drainage tower to
analyze pressure vibration in pipes and seal water fluctuations, and clarified the effect of
WC connection on pressure vibrations in pipes, and the relationship between pressure
and seal loss as they occur in constant discharge and fixture discharge.

2. Outline of Real-Scale Drainage Tower Experiment
2.1  Purpose

Experiments were conducted to collect data of pressure vibrations in pipes in
horizontal branch drainages on each floor and seal water fluctuations and residual seal
depths in various test traps when constant discharge load based on SHASE-S218 was
applied.

2.2  Experimental Drainage System

The outline of the experimental drainage system is shown in Figure 1, and dates of
experiments and weather conditions in Table 1. The system used in the experiments is a
special fitting drainage system equivalent to a fifteen-story building. Test WCs were
installed either on each floor between the 2" and 12" floors, or on 2™, 7" and 11"
floors. When a WC was used in combination with a contrary bell trap, the trap was
placed on the 8™ floor and the WC on the 9™

PVC caps were placed at the ends of horizontal branch drainage on the floors where
no traps were connected. Discharge load was made from the 13" ~ 15" floors, and load
variations were made in terms of load type and flow rate.

Table 1 - Dates of experiments and weather conditions

Experiment WCs wWC
condition Between the 2™ and 12 2M 7t and 11t Contrary bell trap
Dates of September 14, 2015 November 7, 2013 |  September 15, 2015
experiments
Weather conditions Cloudy Cloudy Cloudy
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Figure 1 - Outline of the experimental drainage system

Table 2 - Basic parameters of test traps

Ratio of leg's cross | Characteristic _Average
Test WC Seal depth | Seal water X drainage rate of
sectional area frequency fi
2 Hz] ixture
Test trap [mm] [mL] [ [ [L/s]
Contrary bell trap 50 330 1 2.34 -
WC A 58 2,400 0.16 1.27, 2.47 2.2

2.3  Measuring Conditions

Based on SHASE-S218, constant discharge loads (1.5L/s, 3.0L/s, 4.0L/s, 4.5L/s,
6.0L/s) and fixture discharge loads from one to three WCs were applied. Discharge was
made 5 seconds after measuring commenced. Pressure vibrations in pipes, seal water
fluctuations and residual seal depths were measured at a sampling cycle of 20 m/sec (50
Hz) without low-pass filters. Measurements were made for one minute after the target
flow rate was reached in constant discharge, and for 40 seconds in fixture discharge. In
both conditions discharging started 5 seconds after the beginning of measurement.

3
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24  Test WC and Test Trap

The cross-sectional views of a test trap with a water level sensor and a test WC are
shown in Figure 2, their basic parameters in Table 2. WC of siphonic drainage type with
6.0 L per flush was used as test WCs. All traps were filled as default.

Contrary bell trap WC A [mm]
Figure 2 - Cross-sectional views of a test trap and a test WC A

3. Effects of Load Type on Pressure Vibrations in Pipes and Seal
Water Fluctuations

3.1  Purpose

Fluctuation wave patterns were analyzed to clarify the pressure vibrations in pipes for
each load type and the characteristics of seal water fluctuation.

3.2  Method of Analysis

The wave patterns of pressure vibrations in pipes and seal water fluctuation were
compared for each load type. Standard deviations (SD) were calculated and pressure
vibrations in pipes and seal water fluctuation were quantitatively compared.

3.3 Results
3.3.1 Constant discharge Load

Figure 3 shows the representative wave patterns of pressure vibrations and seal water
fluctuations when WCs were placed on all the floors and three floors. Figure 4 illustrates
SD of seal water fluctuation when fixed flow rate load was 4.0 L/s.

The ranges of seal water fluctuation wave patterns for each discharge type increased
as the discharging floor got lower. This can be clearly seen in Figure 4. SDs of seal
water fluctuation on the 2" floor for both all-floor WC placement and 3-floor placement
were approximately 2.5 times larger than those on the 11" floor. This can be attributed
to the fact that the pressure vibration in pipes on the lower floors mainly consisted of
positive pressure as opposed to that on the higher floors that consisted of negative
pressure.
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Figure 3 - Examples of pressure fluctuation wave patterns and
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Figure 4 also indicates that the range of seal water fluctuation wave patterns in all-
floor WC placement was smaller than that in 3-floor placement. It can be assumed that
in all-floor placement, seal water on each floor had an influence on pressure vibration in
pipes, and as a result pressures in pipes were made to reduce near the floors where traps
were connected.
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Figure 4 - lllustrates SD of seal water fluctuation(4.0L/s)

3.3.2 Fixture Discharge Load

Figure 5 shows some examples of the wave patterns of pressure vibration in pipes
and seal water fluctuation. The wave patterns of seal water fluctuation corresponded
with pressure vibration as seal water fluctuated in response to pressure in pipes when
maximum pressure was produced right before discharged water passed through, and
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then seal loss occurred. Seal water in contrary bell trap had larger range of fluctuation
than WC.

400 40
C (9F) Fixture discharge 3WC T
E 200 F {20 £
= o
5 0 0 >
:
S 200 | 420 £
=

-400 -40
400 40 —_
— ‘ Contrary bell trap (8F) ‘ Fixture discharge 3WC S
a, 200 | 420 E
(] —
= [
2 0 - ”“""@WWV - p— o 3
[
400 40 3

0 5 10 15 20 25 30 35 40 45
Time [sec]
Water level Pressure

Figure 5 - Examples of the wave patterns of pressure vibration in pipes and
seal water fluctuation

3.3.3 Comparison Between Constant Discharge Load and Fixture Discharge Load

SD of seal water fluctuation is shown in Figure 6. Seal water fluctuation wave patterns
differed greatly depending on the load type. Figure 6 clearly shows this with SD of seal
water fluctuation in contrary bell trap being two to three times larger than that in WC.
The structure and water seal of trap may have been the cause of difference in seal water
fluctuation among traps.
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Figure 6 - SD of seal water fluctuation
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Figure 7 - Scatter diagrams of SDs of pressure vibration in pipes and
seal water fluctuation, and their primary regression equations

The scatter diagrams of SDs of pressure vibration in pipes and seal water fluctuation,
and their primary regression equations are shown in Figure 7. The regression coefficient
a and the ratio of regression coefficient of constant discharge to fixture discharge « are
shown in Table 3. Form Figure 7, it was found that there is a high correlation between
SD of pressure vibration in pipes and SD of seal water fluctuation as the determination
coefficient R2 was 0.95 ~ 1.00, which is quite high for both constant discharge and
fixture discharge. The ratio of regression coefficient « was 1.13 for contrary bell trap
on the 8" floor and 1.45 for WC on the 9" floor (Table 3).

Table 3 - Regression coefficient a and the ratio of regression
coefficient of Constant discharge to fixture discharge « Table 4

Regression coefficient (a) Ratio of regression
Floor fficient
Constant discharge Fixture discharge coefficient (a)
8(Contrary bell trap) 11.38 10.06 1.13
9(WC) 25.29 17.42 1.45

4. Effects of Load Type on Pressure in Pipe and Seal Loss
4.1 Purpose

We conducted experiments in a real-scale drainage tower and analyzed pressures in
pipes and seal loss to clarify the relationship between discharge type and seal loss on
each floor according to the number of WCs installed, and to quantitatively compare
pressure in pipes and seal loss between fixture discharge load and constant discharge
load.
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4.2 Method

Seal losses in each type of discharge and load were compared. The correlation of seal
loss of trap with minimum pressure on the floors where traps were placed was also
examined.

4.3  Results
4.3.1 Constant Discharge Load

The relationship of seal loss on each floor in each type of discharge is shown in Figure
8. In constant discharge of 4.0 L/s, seal loss was largest on the 2" floor and smallest on
the 11" floor. This may be explained by the fact that positive pressures dominated on the
2" floor, and as seen in Figure 3, that seal loss as a result of locally produced positive
pressures of 300 Pa overrode seal loss produced by negative pressures. In constant
discharge of 6.0 L/s, seal losses tended to be roughly equal on the 2", 7" and 11" floors.
This seems to have been caused by the comparable negative pressure produced on these
floors when discharge flow rate was 6.0 L/s.

4.3.2 Constant Discharge Load
Seal loss on each floor for each discharge type is shown Figure 9. For both contrary
bell trap and WC, seal loss in constant discharge was larger than that in fixture
discharge. The scatter diagram and primary regression equation for minimum pressure
in pipe and seal loss in each load type are shown in Figure 10. The regression
coefficient a and the ratio of regression coefficient of constant discharge to fixture

discharge « are shown in Table 4. Figure 10 shows that the determination coefficient

Seal loss [mm]

2F TF 11F 2F F 11F

Constant discharge Fixture discharge

W(Cs between the 2™ and 121" Il WCs2“ 7"and 11"

Figure 8 - Relationship of seal loss on each floor in each type of discharge
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R2 was high (0.72 ~ 0.92) indicating a high correlation between minimum pressure in
pipe and seal loss. In Table 4, the ratios of regression coefficient for contrary bell trap
(8" floor) and WC (9™ floor) were 1.63 and 1.98 respectively. From this it can be
expected that seal loss in contrary bell trap would be about 1.6 times, and that in WC is
about 2 times as large in constant discharge as in fixture discharge given a similar level
of negative pressure are present. Also there seems to be a significant difference in the
ratio of regression coefficient o among the test traps.
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Figure 10 - The scatter diagram and primary regression equation for
minimum pressure in pipe and seal loss in each load type

Table 4 - Regression coefficient a and the ratio of regression
coefficient of constant discharge to fixture discharge o

Floor Regression coefficient (a) Ratio of regression
Constant discharge Fixture discharge coefficient (o)
8(Contrary bell trap) 0.062 0.038 1.63
9(WC) 0.083 0.042 1.98
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5. Conclusion

In this study, pressure vibration in pipes and seal water fluctuation data collected in a
real-scale drainage tower experiments were analyzed. The results can be summarized as
follows:

1) The greater the number of WCs installed, the less likely the occurrence of seal loss.
The factor here seems to be the water seal of traps that are connected.

2) The range of seal water fluctuation wave patterns tended to be larger on the lower
floors than on the higher floors.

3) Seal loss in contrary bell trap is approximately 1.5 to 2 times larger in constant
discharge than in fixture discharge. However, no significant differences in seal loss
due to load type were observed in WC.

The problem of reducing seal loss and seal water fluctuation SDs with increasing
water seal is yet to be resolved in the future. We also need to give consideration to the
method of evaluating the effects of seal loss on pressure vibration in pipes.
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1. Introduction

SHASE-S 218 (Heating, Air-Conditioning, and Sanitary Standard) stipulates the method for evaluating
drainage system with special fittings. Steady discharge is mainly used as test load, and the test criteria are
based on two conditions: one that allowable pressure in pipe should fall within + 400Pa, and the other that
allowable seal loss should be less than 25 mm. However, in real life conditions, discharge from drainage
system such as WC is exclusively fixture discharge load. Though a number of studies have been conducted
on steady discharge and fixture discharge and their effects on and relationship with pressure in drain
and seal fluctuation, the results of those studies may not be applicable to all situations as more and more
advanced water-saving fixtures with varied drainage capacities and discharge time have been developed. In
addition, SHASE-S 218 does not specify criteria for selection of fixture discharge that is exclusively used in
the performance test as part of a completion inspection.

In view of this, we conducted discharge experiments in a real-scale drainage tower and analyzed pressure
vibration in pipe data to clarify the correlation between conventional steady discharge load and fixture
discharge load from water-saving WC.

2. Outline of Experiment
2.1 Experimental drainage system

The outline of the experimental drainage system is shown in Figure 1. The system consists of a 15-floor
equivalent drainage system with special fittings, which makes possible steady discharge flow rates of 1.5 L/s,
3.0 L/s, and 4.5 L/s based on SHASE-S 218. We collected data of pressure vibration in pipe and seal water
fluctuations when fixture discharge load equivalent of one, two or three 6L WCs were applied. We also
examined the effects of filth discharge on pressure in drain by measuring pressures when substitute filth was
discharged form test WCs.

2.2 Conditions of measurement

Based on SHASE-S 218, discharge load was applied from the top floor and pressure fluctuation data in
horizontal drainage branches (at the top of the pipe 500 mm from the center of stack pipe) on each floor
were collected. Measurements were made with sampling intervals of 20 msec. (50 Hz) for one minute after
discharge rate became steady for steady discharge, and 40 seconds (discharge starting 5 seconds after the
beginning of measurement) for fixture discharge. No low-pass filters were used. Measurements were made
5 times under each condition. Substitute filth was discharged from a WC located on the 15" floor.

2.3 Test WC and Test Trap

Cross-sectional views of a test WC and a test trap are shown in Figure 2, and parameters in Table 1. The
same types of 6 L WCs were used as a test WC in fixture discharge and in steady discharge. The trap was
installed on the 8" floor, and a WC on the 9" floor, both filled with water. The setup of a WC and a trap is
shown in Figure 3.
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Figure1 Outline of the real-scale drainage tower
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Figure2 Outline of test trap and test WC

Table1 Parameters of test traps and test WC

Ratio of leg’ s

Average flow rate

) Seal depth |  Seal volume Natural frequency
sectional areas of fixture
[mm] [mL] [Hz]
[-] [L/s]
WwC 0.16 58 2,400 1.27. 2.47 2.2
Contrary bell trap 1.07 50 330 2.34 -
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Contrary bell trap

Figure3 Installation conditions of the test WC and test trap

2.4 Substitute Filth

As stipulated in JIS P 4501, four 90 cm long toilet tissues were folded and bundled together to make a
standard substitute filth (referred to as a standard below). A standard was placed in the center of the WC
where water is half full with the substitute's cut side facing the front of the WC. After the first bundle
soaked in, the second one was thrown in; when all four of them were in, discharge was made with a "large
flush." Another set of experiments using bundles 1.5 times the size of a standard (six tissues folded and
bundled, referred to as a standard X 1.5)) was conducted to examine the effect of filth on pressure in drain.

3. Analysis of Pressure Vibrations in Pipes

3.1 Pressure Vibration Waveforms

3.1.1 Purpose

Steady discharge and fixture discharge are significantly different in their discharge time and instantaneous
maximum discharge flow rate. Therefore, we compared pressure vibration data obtained from steady
discharge, fixture discharge and filth discharge.

3.1.2 Method

Based on the data of pressure vibration obtained in a real-scale discharge tower, we examined steady
discharge flows with 1.5 L/s, 3.0 L/s, 4.5 L/s, fixture discharge flows from one, two, and three fixtures, and
standard and standard x 1.5 filth discharge flows by superimposing their waveforms.

3.1.3 Results
An example of pressure vibration waveforms from steady discharge and fixture discharge superimposed on
graphs is shown in Figure 4.
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Form Figure 4, it can be seen that average pressure values tended to continue vibrating on the negative
side in steady discharge while in fixture discharge considerable positive pressures were produced first
and then they made a large sudden swerve to the negative side before becoming stable near “0.” This can
be explained by the fact that in fixture discharge water passes through the drain pipe only for a moment
recording a positive pressure on a measuring device and then pressure dies down quickly while set amount
of water continues to flow through the pipe in steady discharge. It has also been observed that pressure
fluctuation went up in tandem with increase in discharge load from 1.5 L/s, 3.0 L/s to 4.5 L/s in steady
discharge while the maximum and minimum pressures in pipes rose as the number of fixture increased in
fixture discharge. The minimum pressure of steady discharge was larger than the minimum pressure of
fixture discharge, but the maximum pressure was smaller than that of fixture discharge. In filth discharge
larger maximum pressures were recorded as the number of filth increased, but no significant changes were
observed in the negative pressures. This may be attributable to small amount of filth matter.

3.2 Pressure Profile

3.2.1 Purpose

Previous studies have demonstrated that pressure in drain decreased when test traps were attached (referred
to as with traps below) to drainage systems compared with when PVC caps were attached (referred to as
without traps below). In view of this we compared pressures in drain with traps and without traps.

3.2.2 Method
We compared pressure in drain profiles with traps and without traps by applying 3 Hz low-pass filters to the
data obtained from the experiments and making graphs by the type of discharge load.

3.2.3 Results

Pressure in drain profiles by the type of discharge loads are shown in Figures 5 ~ 7. In this experiment
test traps were installed on the 8" and 9" floors, but there have been no differences between pressure in
drain with and without traps. It can be assumed that relatively small discharge flow rates applied in the
experiment produced only minimal pressure in drain, which wasn’t large enough to create fluctuations
in pressure attributable to the presence or absence of traps. The fact that test traps were installed only on
two floors may also have contributed to the less than significant differences. It has been observed that
fixture discharge load produced larger maximum positive pressure than steady discharge load. Generally
speaking, upward air flow occurs inside drainage stack while no discharge is being made due to temperature
differences. Large positive pressure can occur when this upward air flow comes in contact with downward
air flow produced by fixture discharge.
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Figure5 Pressure profile by steady discharge load
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Figure6 Pressure profile by fixture discharge load
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Figure7 Pressure profile by filth discharge load

4. Power Spectrum Analysis

4.1 Purpose

Power spectrum analysis was conducted on the pressure vibration in pipe with and without traps, and the
distributions of dominant frequencies were examined.

4.2 Method

Power spectrum analysis was conducted on the pressure vibrations in pipe with traps and pressure vibrations
in pipe without traps. As shown in Figure &, the largest peak in the power spectrum density distribution is

called the first dominant power spectrum (referred to as First PS), and the second and third largest peaks
Second PS and Third PS respectively.

4.3 Results

The dominance order and frequencies of pressure vibrations in pipe in steady discharge and fixture
discharge are shown in Figures 9 and 10.

As can be seen in Figure 9, there have been no significant differences in First PS distribution with or without
traps on both 8" and 9" floors at discharge loads of 1.5 L/s and 3.0 L/s. However, at a discharge load of 4.5
L/s, first dominant frequencies aggregated in the 1 ~ 3 Hz range without traps while no prominent patterns
in distribution were seen with traps. The characteristic frequencies of the traps connected may have been in
that range in the first place.

Figure 10 indicates that there were no differences in distribution of first dominant frequencies with or

without traps in fixture discharge load. However, second dominant frequencies showed similar tendencies
to those in steady discharge load at a discharge load of 4.5 L/s.
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Figure10 Dominant frequency by fixture discharge load

5. Conclusion

In this study, we have analyzed pressures in pipe and seal water fluctuations measured in experiments

conducted in a real-scale drainage tower. The results can be summarized as follows:

1) There have been no differences in pressure in pipe with or without traps as discharge loads applied in

the experiment were not large enough pressure to produce noticeable effects.

2) As a result of power spectrum analysis conducted on pressure vibrations in pipe, the distribution of first

dominant frequencies with trap in steady discharge load showed some difference from those without traps

at a discharge load of 4.5 L/s. There has been no such tendency seen in fixture discharge load.

Further experiments with various types of test traps are called for in the future to quantitatively assess

fixture discharge and steady discharge.
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