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ON SEVERAL BOUNDARY VELOCITIES OF THE FLOW
. OF SAND AND WATER MIXTURES IN A PIPE
(JSCE Aug. 1953)
Hajime Ogawa, C.E. Member

Synopsis Head loss of the flow of sand and water mixture in a pipe depends deeply

on boundary velocity of that flow. The writer in this paper has investigated that

relation and researched several kinds of boundary velocities by two-inch pipe.

And he describes a method of getting head losses under voluntary conditions.

BE HRI>PERckTAEoMEL, &R
BkOFRNOBRMEOMECIZT 5 & ki, 27
EiICB W IEBORAREE RS T, chick > TH
Bomico —RiciEfid ke 2 HEEXR L2 DT
5%,

1. BRREFEDE

WIS~ 2 L 5 IeBEic ko T, DR ¥ 3
VR RNORBBIC L 5 d D TH L & 3BT
LT, EOREERET HRAFEOMECE
BrHt. E—1~4 DL O KEXRIEEELLDEL
THET 5 LV CE . RIEERER 300 ET, %
B, BOBRTOMBAMD LRRTEHS, BF
R (cm/sec) iR L, BERRILOLEN T
HBMR, WEARELY—TK LTW2 D THBROE

WL, ReOTHOER, £ OIS UCHEs
s,

Frh TobB) 2R HFEEE U ok aid
£V TRk U TR 2308, M@ 2 il L
TR AERE & fRIEE) LTk T2 80 e { i
OF-REOFHE, T2 BER LR+ T
BHEYHOHTH BB EoK KOS, MRaen
B, 213, BRSNS ERE —REICOTT RO
REFLTh S, MBEERL WS OB LT 5%
A%, B LEEEBEH LBy DETRETS

FEoT THE BEBASRL, M8 TRERT
D EOERERTRETHY, THEe TEF &
TTHRE b TERAO) L3 BEEEEA R ONE T

F=-1~4 B R & &F (cm/sec)

1. BB A 200~250 g/sec, W 5~3% 2. ) 580~610g/sec, W/E 12~6%

oM BB BB #E  ReAH B R % W OB BB | maamn
No. 1 95 120 40 . 180 No. 1 125 140 160 | 220
No.2 | 145 150 195 290 No. 2. 155 170 200 | 280
No.3 | 150 150 180 | 280 No. 3 150 150 200 | 280
No.4 | 150 160 ‘ 190 a2 No. 4 150 160 1% | 3
No.5 | 140 e | 20 | 30 No, 5 140 150 a0 | 300
3. @) 970g/sec #E, 19~9% 4. ® 1140g/sec, JE 20~10%

wom o ®OE B | @ R N EEIEEE RN

 No.z . w0 | 1m0 | 20 200 No. 2 175 190 215 220
No. 3 185 | 160 220 290 No. 3 16510 17520 220 (320;
No. 4 1501 175> | 220 (3201 No. 5 165 175 220 (320;
No.5 | 140 10 | 20 | 30 D G (A 1) RS

1) 120 poiEE (A1) 2 150 2088 (EEE

* Lo AR, TRHEIATREE

2) #® (AP 0.17) niE2



352 + k¥ 2

ik 388, 72.28-8

H—1 ShodREE & RFE

|

- NoZ
* NO.3
- No.4
- No.§

24 200 ~250 $fsec
. BBG NEM o
-1 7

o f140

B 420 145 160 40 200 o 160 180 200
R 2 e

»5, WEID ERIFELEL DT LB TES, BE
EIC 0T 2 T { B % DT, £EDHHEI
W LBERHEROCEREHEE L TR Th S,
HEL (No.3,No.d) ORREE T TEEIHm+5 %
TRELT, EE22 DR LT 5HETS Lk
SRBERURDLETHDR, ( YR Licd D
5 ThB,

F—1~4 »RNt+5: B-1 ks,

2. FHOIREE LIBKE

NG OBRRAEET AL RDL D Thb,

TEDHE LTSI BRI Lo TR INALIK
THERKDEE L T %, HEBREIN T E
ERER KBNS 5, COGRBEN—ELBIT
EHR—Eefien s b, SEERSOS%T 5
frEZRb TR BN T 2l B,

EFTBET A, BNOMIMESLE LOn 3T
L RECEES 2 WREBE L TN 53 02ib b, F
BRRE LT T EBIEE LT D T 25880,

E-5~8 =

5. BiEA 200~250g'sec

46 eC IBO 200 220 240 260 230 300 a0 34¢

U LTEE L O SANTGE L TWAEL Y b Fodias
B, EHEFHELTWEBETLHETH LTl
M LIATE L b Wl 3E N, T SEHORE
IR —2 D72 THHI LfEEIN SN ZIVL
ROERTZIOTILIKERIOND LELNS,
B2 SBRBCHITIEROMEST Tk
T EkAE
mLTEN
TEDHEA
' WhEAT
B, WENHED, TOFEDRREIC X > THERE TS
HNDOREN L E DD TH B0, FoFEOEbEY
KoTRBLFE5~8 O & {WIF~ETEHS.
IR FEEEDOEY cm/sec TR L, EEIXE—1
~4 TREFE LTS, CoRRTD Mg e
B ER, RATRAREIERELTN3,
IOERRETHARNKCRS L, KKKk nTgEs
—ETH 5. TichbRoRBEr L oCiEE/p 2R

HE £ ‘cm'sec)

B. 7y 580~610g/sec

R | ‘@No.l‘No.Z}No.S"No.44No.5‘2]3 #3

i % @WNol No.2  No. 3 } No.4 ,No.5 4 1)

!

wo® 8 9 P71 78! 83 w ®| 1 w2 , 2319 18.4
) . | Py ‘ 22,23 18,21
® W5 | | 186,97 7.0 w oo 2Bl oy | e 194
‘ (18)(16) -‘ ; ‘ 26,26 ‘
@ o 3 (6 87, 12 997 74 # SO @ | s ) 21
! ! i i
: ; - 10,2 i i ! ;
HERA | 13- 7 : g2>5 6.3 TP | % | l 24 ©24.0

1. % 970g/sec

8. % 1140g’'sec

" No. 4 ‘ No.5 ' 3

% % |@®No.2| No.3 s ®No2! No.3 | No.5 w
wom o 2829 | B4 | 2 | 26 A a | u 31.7
W8 (6)33,%8 22 | 28,26, 2.1 ® W 2% | £835% | %63 | 20
% | ©® | % | 37 [uus a1l B om0 27 ®,3 24
etk | 2 2023 (192619 23.0 zesm % | 2 0 omz

— 16 —



HAOB AT 50 ARMRRIMEI oL T 35

FEAYEDLRNZ L Sbh5, T IThE () %
M L7 10 {8 (FHgk 104) DREBREYRWTHB DRk
BINEEELTARD, 5L LOVEET1RPT
BRULEEHHR L, ZOoKEIDEFRZEHRNTS
Z, BT B DR SIREEIC X oTh, HidE
T A BTN 23T B NRG, AREAER
RBERLRLDOBCLBZITE S, 2oz L RFHER
HRIY, B AEBIR X oTESKTT, BETHE
BEHXEBIIOTELZ T THOT, OHDOKONR
HIETHORNARETITIZE A XBR LRV 2 )

ZEERLTWS, S0koEE T L itiEEr 5
LIE U THTHUBIC X 5 I B s e,

OB DOWTI ERBIETER WS, HERN
TIRDZ RS,

SELIFH LT B RO Rl DI S Wi S CiE 3
75 WE L TW AR O IR R — B Tnlp
WX TE S, L3I OlFEDRDENLE Link
2, MBLTH 280 LR TEEEL b 3 A
THRFIE b\, S £ 5 B ssis
RNZEBENTEDT, v~/ A2 2y 7RBD L
F2HEMTBA LT 255, s X AR5k
Feh s, HRL TS8R MARREIR/INTS S
PHEFUIRD KR E L, HEICSH 2 B SEFRASE
FSEEWE & ORI B O THEI OBMINE S Forh
HOWEELE S,

—HHEEC L DT DRI LB o@AS, Th
DEICBL UL, BEA—ETHIUEHIC—E TS
DLEBRBRINTWE0b, 180T I OXETRIR
SHIHEI, MoREECIIEERIC—EIRIn5
ERHEREING, LD T USHEEER o B AH
RSN I o TET B Tl , ke
CEOTETEEDOTH Y, MERNRILOREECS
BLETED, IPTELIHED DL FRAREA RS
724 DTS %, '

I BEFLOWBENL, EAPCHEEATSE, B
BEENT AHARID LTRD, 5 ThuiEs
S ERE, TR EEEESEDINLTHS
35 TOFRORENIL, ToFEOEKOER I
ANATE G, FOBEWEFRD X S FibKkohESE
Ly Wi Dk s, EoM bR, thid
MR BT S ES sAEC bR Th B,

3. BETFSEOBBE

F1~ 220U LT2E,

i REET X DIRAREOE L o &lx ek
L, Nol ZEFRWTHEIC I LB R, 58

E0HHMOH Nod DERZPRICIOTHS, Th
WREIFE 0.3mm YT (No.l) iwh s & BRHE A
CZT 5%, 0.3mm Pl F 1.2mm ¥ CORET
RRBCIDZEMISEI RV EERLTNS,
SEENHOFED KR, Kgkr b (Nod) K
Kindh, TOBREIZOBEEOWENRNM D KE
Tz, {OBHITRIT 213 VIEIIZba b, =
NHOZENBIIE—T kBT Nol 2 48D
HoOl#iNz L A LAERE LW 2 2t ko THIET
F5,
RIEELPITRD L, BORENREN ¢SV ORE
WTER L TH L htsbh b,
MIEE)) VRO TR, R IO TR
BHF TN EIR LTS b, TE0T TE#E 2
b Mg FCUEERTHS, ik oTHEER
5 & No.liddxEhsk 20, No.2 LTt 30~70cm, sec
T Nob5 23R e K&V, Tibbotd 0.3mm
(No.1l) oBERNPAET, 0.3mm L TORIIZD
M TR HEBIRELE T, FHELTWAEMALRIT
WEARELRPTVWI 2 RRELTWS, No.2 LTtk
PR LAEISEDED BRI,
H—1%H2L Nol iAo sEn gk <, LIEHR
ATHD, ?f:éﬂ%%mﬁﬁﬁﬁ%%@ﬁ%::@%i
TOWRRRL RN 2335,
Wt B L BIIZ X BB B, B EEENE No.
3DEZHAR % L 150, 150, 155, 165 T2, DL
S LTEHFR KL TA5 2, KEEDZEL 10~20
cm PIPITEBH, Bt XoT 40, 50cm 2.3
DD, INBLEEHKTSRE, ROXIHERIN
%, '
(1) /fiopk (No.1) Ml OB E N,
(2) % 207 T CRIEBRFEICKR S
WAL VET S 27 ) Al 5T B,
(3) KiEiowb (No.3,4,5) REE K X 2% krnD
AN
B—1 2% LB J L OB KERVTEEHT5 L5
ThoHH, Wk 1140g/sec BT, TOMEDE
DD INT 2 e 0T, BEOTEIDINT EH
THINS, RBEERRHTERLTWD L5
HBHA, T WMTEBEKR TTResm) MTERN
fcin 50T, s T AT cE—1~4 DlEFET
WEERRZEOTNS,
i, WEEEAIC LB B Nob ik No. 1, 2,3
OMDORETES, IR L B LHAOFELEbh
BHDOERHETZENTE D,

— 17 —



354 Sk ¥ 2 5k 388, 1288

KizXoT No. 5 oip#ipgisks 52 50cmsec
(IR 5~4%) 60 (B 12~9%) 70 (Y2EF 19~13
£ 45 (B 19~15%) THOTHOW X b KE s,
No.5 D 2RAEEXBEST 5 &, Wpkih bJEcEE
B 5 W LIRS T HROEET S —IHTERE)
S3VREEL T3, MFEIRCTLCHBER,
EBOEEYVSEAIIFEYKRDFET, ORI
TV AREA O D OREHEERY, KEELEOTREE
255, CRBE—DFEOGR LR VEBRELD
DT, MHEGOBAIMRIARCENE BN T
Rk BRI ET 5 b0 2 Bbs, #E2oT No. 5
CEEBER T OHIRFROEEEL S vhboe
B, BAEL LB, LHLIBIK No3 Xk NobsSiz:
LizEARE L.2mm ThHAH L 2hbb 3, (KEE
123\ Tit No.5 O3 EElEiEs kS, £k
EEERE V. FORHIE Nobs HHES LTW5
Frd (KR No.3=0.72 mm, No.5=0.49mm)
ST L R RO X2 5w Th D L B
Bhb, BRECKD LENERD Voo X OF RN
HM—3 EbORoOERE (EB VD

Hx5,

P b Lo THBIE S LizBans, EEisiahiee
OWDENEHEE LA D2/ sh, EEBEOEAIT
BENRUECEE LT tHLEL%, CDEEL
OREOHEETORENRAREL LT L5 X &
2, B X o TRRSTHL 2% WL T)
FOREIVW, KEHER, SBEEOMBEEREE
X BRI A8 L B s e T h 201
BEREJDICIOTHETRETES S,

4. EEREICHTBIEHNE

ERINEIE GIRERCERE B3 LD, 18
PRATERCRT T 2 R 2ok Thb & KfkE —
DI s (BEIGELZbOELS), ZOE

Y ARSI EWERSDIE (cm/séc)

HNo. | 1 2 3 ' 4 . 5

I

woOE| 160 245 250 270 260

HERSRE & L U T & B L TN b B L 582 07

M5, LnLT No.l & No.2 i
DHIENA, No.3 & Nod BEeTmoHic
W, L Lzt No.d ek GEEEER)
TRETHVBE T LoD, EfECITbh b
T2,

b5
T4
L3
L2 =~
!
Lo z00
g |
i
T8
oL,
- .
. &
i Oy, o,
> s
El o5 =
» X
LIS NC. 3 ek
43 V0.2 o
£ 2
K
~H
ar00 — - :
90 ) 2 3 4 5 7T 8 2@y 23456739 (234
i 2.00 : 369
Fo.09 ;
| .
! %y
Lsos b ™ /sec
s.0r
006
e w.i
Loos ® A2
® HNo3
O 40 4
® 4z 5
* 0,
004 KFuka %
1
i
i
7003

ENRBERBRDIENRELD,

R DIEPUE, BISERAm Lisikb 2Kk
LR TKIEICIT LA %, UL LTHEDDEL
RV, RO b OUIEERFREICL <, i
FORINI VR BERECKRS,

DT LAY, IBLERCTHINBER
B/, RURIFCT Lok oERK L 236 E, &
N Lo TEREE (20%LT), (LEREDORK
DESE T EBICKD B ENTES, Tihbb
52 b BECKE T HEERREEL R D
kb, THHBORXVvEEE L THODHT A5
HAED S, FzbhkefidEront b FOBS
RHECE OB ERAL—E L, TOHAIL
ZTODEE-ECHEENS, L DIALDEHOWD
BNAREEDL e bichnb, KEFRR RV
B — R OFPEREARE ViU I v,

YR Lo THKDEROWREITIZIFH LT
I T35L0THSH, Thit 27 Fiwon
TTHD, ~ROBRECOWTRIBITSEBEDHF
HEL %, )

B EOBRRFHDEIL, WFEROBRENT
IoTEBLhLOTHY, HFELEELOHE

Eolg WEOMEOFEIEE L HRLLE

— 18 —



TOECE VORI TRING, TR L TH LK LN T HERELDTH D,
CHEE LTREBELEDIRDLELZ TS, B U EOREOERIBHTIL X BITERAEDTHE
EAEERE 27 HEET, NEOREIAARD R bkl KEREREERIR RO OB S0
BHTh 5, Y EBboT T L ATE 2 ERETH 5.
5 & & B2 EXLB
BRI DI, BD7dInZ bk LimkDH S D M 24y FEC L B EREOENIC
EHDRDICEFZ DT, ik brnizis, TREE, LAV, R B ER LT,
WEWEHE L, T2 A B EA AU X (FR. 28.4.12)
27 ) — VT —~FEORBWMEILJIZOWT
TR TEME gk B B et
=} E W OB KM

ay 2y~ N7 ~-FRBOBEFMER TS WT

ON THE LATERAL LOAD STRESSES IN CONCRETE
ARCH BRIDGES
(JSCE Aug. 1953)
Dr. Iing., Takaaki Misuno, C.E. Member, Ryoji Hikosaka,
CO.E. Assoc. Member

Synopsis In this paper, for the purpose of wind stress calculation in reinforced con-

crete arch bridges, these structures are treated as a space rigid frame and their
panel moments are obtained by the generalized slope-deflection method. Two joint
rotation angles as well as one member rotation angle being taken as unknowns
at each panel joint, a set of linear equations with 3n unknowns for n panel points

are written. For the symmetrical structures, the process can be much simplified

355

by combining the symmetric and polar-symmetric loadings.
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