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Synopsis

In recent years, the importance of heightening existing breakwaters has increased due to sea-level rise

and intensified wave conditions associated with climate change. For dowel bars used to integrate the

heightened section with the existing structure, concrete cone failure verification generally requires all rows

to be considered in the design. However, the verification process can impose a significant practical burden

because the governing row may vary depending on the bar arrangement and other design conditions.

In this study, focusing on dowel bars used in breakwater heightening, the effects of design parameters,

including bar arrangement, embedment length, and concrete strength, on the demand-to-capacity ratio for

concrete cone failure were investigated. The results showed that the row exhibiting a relatively high

demand-to-capacity ratio is either the foremost row counted from the seaward side (first row) or the

adjacent inner row (second row), depending on the design conditions.

Furthermore, the conditions under which this reversal occurs were classified in terms of heightening

width, embedment length, and bar spacing. Based on these findings, a chart (the B—dsim graph) was

proposed to efficiently identify the rows that require priority consideration in concrete cone failure

verification.
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-xvb -4vb -4vb F-4vh F-4vh F-4vh F-4vh F-4vh F-vb
B P Wy Py P Wy Py P Wy Py
(m) | (kN-m/m) | (kN-m/m) | (kN-m/m) | (kN-m/m) | (kN-m/m) | (kN-m/m) [ (kN-m/m) | (kN-m/m) | (kN-m/m)
2.0 152.210 64.618 | 188.783 41.692 48.459 97.232 2.660 22.480 31.303
4.0 152.210 ] 268.019 | 755.417 41.692 | 197.617 | 389.073 2.660 90.291 | 125.258
4.3 -- -~ -- -- -- -- 2.660 | 104.358 | 144.749
6.0 152.210 | 606.960 |1,699.476 41.692 | 446.186| 875304 = = =
8.0 152.210 |1,081.514 |3,021.102 41.692 [ 794.294 ]1,555.999
10.0 152.210 |1,691.803 |4,721.003 41.692 |1,241.700 |2,431.522
12.0 152.210 |2,437.434 16,797.904 41.692 |1,788.546 |3,501.216
14.0 152.210 |3,319.127 |9,252.372 41.692 [2,435.173 |4,765.374
14.5 - -- -- 41.692 |2,612.294 ]5,112.200
16.0 152.210 |4,336.026 | 12,085.540 - - -
18.0 152.210 |5,488.525 | 15,295.284
20.0 152.210 16,776.624 | 18,882.595
21.1* 152.210 |7,542.877 | 21,017.828

* 1 21EBcuDIHAE D HEE
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LA N EIEREA 02 LR ds O A
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IZED 1 5B OERERBORBORBEEZYERT 5720 T
»H 5.

N=1
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VAN =
- Ct
00

®2.9 15EO»S50 ((ZLHE) a1 ORFRE

ZLMFI1FIBEZRAE LT, 25BLBEEZE LGN
W& ds D —E IR CHENMICEE Lz, 2O, Nidsk
T B I E D515 EIRTHS. & EITFIE B 2kt L
T, ds & 0.50m,1.00m [ME¥E L OEDHH & 7222 Rk &
LEEBRIC EREZD N BUTORX(2.6) 22T 289
LTk,

¢ +ds(N-1)<B (2.6)

Fie, ZOFERIMBO NIZOWTHRF L.
BRI QD RO ZHAMEHMEL Y, d=0.66m
ML L. 20X 2L THELND 3 /3% — L ZEE



[k 82 00 /& b

DXD+

*gETD.
_ 2 _2 dSlldSZ
ds3 L+L ds1 +dg; 2.7
ds1 * ds
ZIZT, da: ZLHMREO (=0.50m) , ds: 7= LA
fE@ (=1.00m) , ds: i GRFER) o= LR T
5D

6 DOE FIFETFAWEIZE VT, 3 ¥ —2DOFIE N
DOREFMRZR2. 4 1TRT.

®2.4 VEREAFMOELGINN OFEM

o 7= L5505 7= LR
5% No.
N [F] ds [mm]
No.1 24, 36, 48 1000, 660, 500
No.2 19, 29, 38 i
No.3 5, 8§, 10 n
No.4 20, 31, 41 N
No.5 14, 21, 28 n
No.6 4, 6, 8 "

(3) ELMEREL LORERMEICE T 537 A —4

B 2. 10 (I{ERREA GO % LR d O EHFIEE
RLTZbDTHD.

FP, QTRELLFIENZBEET 5. KRIZ, d L
DIRT A—=H (ly, L) 1%, T —EHPE CHE S
ELUTRE Lz, IEREAT Moz UG I i 250, 5
00, 750mm ® 3 7 — A, 2 LAOHEAR 113Fk 2.1 127
4 100~350mm D 6 7 —ATH 5.

T XD REMIIRL, dDOR/EREE 100mm & L,
ds % 10mm T 2EIN S & T EIFIE B ICINE A HPH T d
s R 1.0m IR & 2D L9 ZLMZEEL TV L.

HHT 22 Lo SR LOHHIAR) 344
WICBWTH— &L, B2RDHEOELGHPRET 2R

TREELRWLDET 5. 27 LAKRFHZBWTIX, &
BMEATHMDONED (N HE) 2 ITFE S BE RO M
PIXFBEL TV,

4) HREmMTo=a 27 Y — R fu

BERX EHToay 7 U — MgEICE L CIE, —Iic

EREh2BEEZSHZL LT,
36N/mm? D 7 77— A L L7z,

P EDM)~@HIrRT et a8 E 2T, Hig% No.l 205
No.6 DRIk LT a— R Dl itIicE R/ L
TRAT R Y 7o 0 SRR T 5.

18, 21, 24, 27, 30, 33,
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B DE LMD = — R (B3 2 Bt/ AR - MrE E%
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A
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b
L
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BN
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[ &

= = (o |eb [
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= lal 504 \

B B
PN

(b)N=6, ds=500mm ( F-[R%7E)

B2.10 JEMRE A 7 O 7E UFHRLE ds DR E T ik

3. WREINT A -2 DEERE

3.1 ERM AL DHERITT T H/E/NT A — 2D
ARETIE, 2. TRLEFENNT A =N E EFET LD
WHRSME A~ 2 DB ONWTHRHT S, & EFET L
Wk L CTHREDRRF T A =X OB m B EE, hofE
ZEE LB OEREA TR OZELUHRRd & 2— 0k
WIEEOERAM o BfR &2 B LTz,

Z OB, ERm o EDOZLTIER <, WiiEg
& 72 D IERRE A T D7 UG IR daim DEAIZEB L
2. ThIE, EBERFICRB W T d O E OB B
Bim<, EO XD e CERM AR K & 72 551 (2L
T, XEFIEEFL. ) DANBDLLINERET DL LI
BRUAEBICESTHHATHD EEXTTOTHD. Kt
WCHWAERIL, FFCWo N2 nRY R 2.2 1IR3 5144
THEE L.

Flo, RXHPTEENRT A—=ZITHT 20WRERD S
HLRETFr—Z2Z2RLTEY, TRUNOFERBERIZON
TIFFERB & L CHEBE Lz,
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(1) EREAT o7 UGN L3 X OHLA R L No.3, 1d:300mm
B3 1HBLUR3.2IC, AWHMBLT LT A—F % 0.014 M No.3s  B—2.00m
BT AT J5 1 03 LG 135 X O3 LI OHIIAR 1y & 0 012 Lr300mm_N=3
L8 O At B o — B4 E 3.1 ROE 3.2 08T .
ZZT, B3.1, fiEi No.3, B=2.00m, l4=300mm, N %U o
=3, 3.2 %, Mazk No.2, B=8.00m, /;=250mm, N=8 & 0,008
L7EBORETH S, MNP ORIEREA TR OZEL 0. 006
RARE ds, MEERNIZAA SRR RTR T 5 1 FIBE £72X 2 5 R 0. 004 5 700 5% 0 20
DELBGOEHRMATH 5. ds
KRBT D WL L 72D dam (T @H]) 1255 «: 15=250(1 51 E) 1s=500(1 FUE) = : 1s=750(1 FI )
BY oL, £37 A2 OEAIE LT dam bEALL T °:1s=2502 1)  © +1s=500QFIA) = :1s=7502 HH)
INLORERNG [ BIO LT WESEA RS
AT ERbND. 3.1 ERTATHMOZE UGN L & daim OBIFR
I, LBXR LA REMHOYELE THAEEICKT
DEMIE HBMET 257 A= THHEDTh Vo2 1e-250m
Bl WKEL 2D L REMOEEARA L, HHEEH S — | MR N2 B800m
BRINT 5%, WIS BEBER 2 F5 > 2 51 H ~o B4 U309, paestst™” “
SHNCKRE L 2D, —J5, I WREL 25 LB & O v“ :
EREBMAT B2, 2 5IH OB IS T2 &R S h K 204.6
B. ZORR, dum 1, &0 NEREICE(T BHR L S I T T e
e e B
¥, #EHO@HID dumlE, ds% 100mm 7> 5 10mm 01 I
RER CHIIN S 7= B 1 FIE & 2 51 B O fE T H b s it L
B B I AT - B0 2 S A BRI L TR LS diiE T ——
RELTZry LTS, o :ld= wowua) © :1d=250(2 FIH)
1d=130(1 7 H = :1d=300(1 FIH)
tld= 130(2&|JE|) 1 1d=300(2 41H)
(2) ZELMFEN = :1d=200(1 31 H = 1d=350(1 F1H)
S LIBIBN 7Y duin | RIETHBERAT 5725, d | l-200iaFH @ -SE0GHER)
s Od/EFE 100mm 2> S IEK 10mm O8N =&, 1751
&2 5IH ORI AN EZNZRT B b L, dm 3.2 ik la & daim ORISR
Z LI N OFW L DB OFEZ RS L=,
B 3.3 1t, MiTRI%E T 587 A —4 3k LS N st oo 14200
L LGB omFHERO—E (figk No.5, B=14.50m (& HiZ% No.5  B=14.50m
#§) , 4,=500mm, /;=200mm (D19) o N=14, 21, 28) 0.14 ' 7 ;::5&07“‘;“1’ ;‘:200“““
T . dun (ATOF) ISHATHE, ZHEDRT A oM PP
— 5 U5, AR O REB OO (T ) SR 5 b 00, ool T '
dstim DIEITZEAL LTV ERbn 5. = i
Z O, Wik No.1~6 1251 5 (R Fh9 72 b e 3 (L= 0.081 : ST cazevet
750mm, l4=250mm, & EIF0E B=Be D5fF) 23K 3.112 T il A
R BRI, 2 UBHIEN OBV, dun O 1001502000 2% 30030 400
W BE RIF SR\,
SOBEE LT, EUBSEAELLE L LTHEL CNCMOAR L NSGAD N

ﬁ% 1 2&&’)7‘: D OER TS —RICHEBT 20 THD Z L
, VERM A o 22 Ui FIIC 3810 2 AR 72 B4 &

%ééﬁ“é%lﬁ R bhnltThsr EEZOLND.



B R0 RT3 LA 0 =t —  ARTEMIRAEIC BT 5 B AR T - 4113 T

(l5=750mm, l4=250mm)
7}4@5’; d:lim
IH
No. " @ @ ® 21k
N 24 36 48
No.l [ 7L
© R ds | 294.0 294.0 294.0 +
N 19 29 38
No.2 [ 7o L*x
-2 Iins ds | 2877 | 2878 | 2877 | °©
No3 N 5 8 10
0 s ds | * x
N 20 31 41
No.4 [ 2L
O | i ds | 290.1 290.1 290.1 ¢
N 14 21 28
No.5 [ 7L
© R ds | 279.0 279.0 279.0 +
N 4 6 3
No.6 [ 7o L **
© R ds | 217.7 217.5 217.6 +

L HETREENHERSNTODIDELH A RE
R R Y, WHERRE dom (ICREZEITH D

3) =7 U — NRE fu

IR G L T DRF T A — & B BB RO =
7V — NREE fu & LToRER A RT. B 3. 4 13F OB
RDO—E (Jfig% No.l, B=12.00m, I,=500mm, l;=300m
m (D25) , N=12) THY, a7 U — FEE fu DA%
AL SRR, ERE A GO ZE LR ICxET 5
ERMm It ZE7a s N UERRTH D, Z LR d T
R/ EIRZ 100mm (FIHIE) 22 HIEK 10mm § 2%k
(B EFTWD. falX 2.1TR LB, 18~36N
mm?® 7 r—Z (B 3.4 FizkB\\Tix 18, 24, 30, 36
N/mm2 D 4 r—ADOHHER) & L=,

bR L RIS RS L 22D daim DEALICER TS
L, AR T EBY, av s U — FNREOE(LITHE
Ve o VE TR ) ST T 2 b DD, doim OEILZEAL
LTW2Ru,

F2, TOMOEME (I,=500mm, ,=300mm, & kif
W& B=Be) ZHHH L, Mig% No.1~6 IZ8B T 5 hifi £ %
3 2ITRTD, dam ERBRICELR A SN0 272
i, vz U — FREOTAIZE NN DM B — I
B SE D ICEE D700, 1EHM IO 2= LSO K
INEAR ORI AR b T ERICAR L RN ThH
HEEZLND.

4) & EIStEB

B Lo JEEE B 13 B LoERICET 5%
HETHD. BITEHEMNRELTHONRT A= LTV
WS, BAME S S B D BREE D SRR BT A ik,
FEFGEOEIE LD L, BRE LT don lHEE S
2D A REMENH 5.

No.1_2, 1s:500mm, |d:300mm

0.40
7% No.1 ~ B=12.00m
0.35 [=250mm  /;=300mm
N=12

_8-

200 300 400 500 600 700
ds
= :fck=18(1%1H) = fck=30(1%1H)
o fck=18(2 5 H) o fck=30(2 41 H)
: fck=24(1 5 H) = fck=36(1 % H)
: fck=24(2 5 H) ot fck=36(2 %1 H)
R3.2 fu\ZHKT D daim D HLEGEF O — B
(ls5=500mm, [;=300mm)
it 7% Jex stim
No. 18 21 24 27 30 33 36 | &b
No.l [503.3 [503.3 [503.3 |503.3 |503.3 |503.3 |503.3 | 2L
No.2 [496.3 [496.3 [496.3 |496.3 |496.3 |496.3 |496.3 | 72 L
No.3 * * * * * * * .
No.4 |498.9 |498.9 |498.9 |498.9 [498.9 [498.9 (4989 | 72 L
No.5 |486.3 [486.3 [486.3 |486.3 |486.3 |486.3 |486.3 | 72 L
No.6 |413.2 [413.2 [413.2 |413.2 |413.2 |413.2 |413.2 | 72 L
4570 h=1.10 +5.70 .70 _
D] h=1.10 E Eh L
B=14.30 B=7.15 B=2.20
Wi i O Wi @ ale)
0.40 = :(DB=14.30m(1 5IH) = : @B=2.20m(1 5 )
0.3 + (DB=14.30m(2 51 H) + 3B=2.20m(2 51 H)
. : (2B=7.15m(1 5| H)
0.30 - + @2B=7.15m(2 % H)
g0z e
§0>20 T [=250mm
PO . 1=300mm
i 372,82, [500.6]
aqol e e ey
0.05
100 200 300 . 400 500
3. 5 %LCf¢EB & dslim O)Blé'f??\‘

3.5 IIMEEOERO~BITBNT, RNTA—F% [
=250mm, [;=300mm & L7=3F4 OEBRIEA IO L
MG do ot T 21EMAmM Ok E ey LEERERTH
Do B OEICEY, dam DERD T EDRHER SN
70, ZOREBIIONWTIT L ICBWTEET 5.
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3.2 ERHDZELIZf S ME KM DK ET

Wiz, && EFWrEE T vz LC, R(2.3) EHIC
HOWDENE—AL S P, BEE—A Y N B L0
JENE—A 2 N Pux DWHHITHE K L GEO YIRS &
2% dsim ®HEL, VEMMEI172 EOER OB 151 H
E 250 H D daim \ BT D0ENERFT L.

T IZTIE, R2. 2RI ERFSRMFICE ST, BE,
BENCE->TAELLZEE—A L FOEME, £3.31C
R K DICER, 26%, 3Bk, ZOBAICE
W, K ds\iZxt9 5 158 & 25 B OEAMIEE 7 2
v b L REO—E 2R3 61T, 22T, W3.6T
i U=4eh & LTIk, No.l, B=4.00m, [=500mm, [~
300mm (D25) T 5D. 728, ds DEALITHEIZ OV TILAT
B R LEFIELRETH D.

BlUZRT LB, BEHOEIMIMEY, EUHICHT
HYERM AL EHMT 5. L, #oMU 1518 & 251
H® dam OE (KT @H) X, A—DOMEIZCEE->TEH
D, TNHDHTINNTA—=FIZEALTH 14IH & 2%H
D dsiim \ NI BE 52N ENZ D,

Condition: 1s=500. 1d=300

®3.3 HEHET—AY MOME

R _ FePEE [KN-m/m]
x1.0 (%1%) x2.0 x3.0
Py 140.619 281.238 421.857
Wi 97.252 194.504 291.756
Py 388.752 777.504 1166.256

3.3 AMBEROELYD
DL EDBESHTICEESE, K37 A —F PNififinds
FETRBOFEE RS 4IZEAT 5.
AREOHGIICEY, ZLHFIBRNBIR=2 27U — ]
TR fo bk, TERIH I ZBBSE5 00, HRg: L
72 B IBERRE A 5 M O 75 U R TG ds O F 50 72 BIER IS 1T
WRELERITSRNWEBZOND. 2, BHIE—AU b
Pur, BEE—A Y Wi, BIESET—A Y b Pu b \oiz

A1z

ERICET 537 A= {225\ T b, RIS dum I3
BAERIES RN LRI,

T, ERREA GO LGEEd OFEICE
W, ELHOa— RIEICE Téf’?ﬁﬁf(ﬁﬁtt@ 1%

H&L 28 HDOXRINBANE DD il OFEEI
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W -- AL WX ECHY 7
i PU - nL | mEED 7
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5. FBET D ERERBROEERR NF — A OW I LI
IZEEm 2 T

A2 MARYIZKBER

ZONRZ—ryDOREL LTUL, S5 (ILHE o,
DB E ) TRV IERIEA - WERTAT T 0 O —H 2 PEER
TELHETHD.
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(A.11)
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Sy (Xs2,¥s2) = (xm - hj,ym + hE‘) (A.13)
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DUUTFET A ENTEA.

Li(x)=ax+b; (A7)
Vs2 — Vs

a;=———— (A.15)
Xs2 — Xs1

b; = ys1 — iXs1 (A.16)

IHI, WEEE D LBRZET DALE (i 38 LT Xprign) 13,
Z DERROBIENS Lx)=0 Zied 2 L E NG L 75,

a;x + bi =0 (A17)
INE XL TERET S ERA 18) DN ELNS.

__b AI8
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THEUTORERD.

- -
——

_RP+ x4yl -1t

b, i
' 2y;
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Ai=s 2x;5
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ds



E B E No. 1351

« &4 ; B=16.0m~20.0m ([=250mm, l~=200mm)

FL1

B18.0(col. 1) = B20.0(col.1)
B18.0(col.2) = B20.0(col.2)
B19.0(col. 1)
B19.0(col. 2)

= B16.0(col.1)
= B16.0(col.2)
= B17.0(col. 1)

B17.0(col. 2)

o = 0o =

Xcol.1 : 1 5IH, col2:2%H

o
«n e s "o
L o 0O
e o
. : ;
ORI LS
o, ", 8 355 2 cocooo000ooEoEEEEeeaaasn!
" v, B ) 00000000000000C
- ® T L]
", GooooeoaooanoooceggggRRNRRRRRERRARaanaa)
: )

QEoo
" 000000000000000C00D00RRRRR Qg
{350, J}oocassassasssaseaais

ﬁﬁﬁﬁﬁ

23

Tid/Ted

Tid/Ted

No.1

1.4

1.0

CoeENERRREEaEE

Jgt00000000!

oog
SEEFEEETD

u
O L
[3)

500

600

700

100



=3

=1

B S >

B.2 a¥¥)— hAE fck
(1) ¢;=500mm

« &t fu=18.0~36.0N/mm? (B=3.00m, [=250mm, l~=200mm)

LFRENCBY 53 L0 =2 — > R A BT 5 BT - 11(E T

600

No.1
0.8 = =
= fcki8(col.1) =  fck30(col.1) >
= fckl8(col.2) =  fck30(col.2) -0.6
= fck21(col. 1) =  fck33(col. 1) =
fek21(col.2) =  fck33(col.2) 30.5
«  fok24(col.1) =  fck36(col. 1) =
o fck24(col.2) fck36 (col. 2) 0.4
= fck27(col. 1) :
o fck27(col.2) 0.3
¥col.1 : 1 51H, col.2 : 24!
col.1: 151B, col2:25H 100 200 300 400 500 600
ds
No.2 No.3
0.30 M 0.0030 ° oo
0.25  Tteas teesie’s 0.0025
LT 294.0 .
K . 212000, ettt 3
50200 i :;éa Blegaarnerrtiices 350- 0020
3 s S
- = 5@*8 -
0.15 BT 1 0.0015
0.0010
100 200 300 400 500 600 100 200 300 400 500 600
ds ds
No.4 No.5
0.6 — 0. 200 —
.., sttt 0.175 : -
lis :.2,[294.0] ..__....- .......
§04 b PR X O LT L §°'15° ...... aueeh®
<l sl ¥3.2502 N 3 i artiiaes
0.3 —f—— o T 0.100 Rt e e
0.075
100 200 300 400 500 600 100 200 300 400 500
ds ds
No.6
0. 0250 —— — =
0.0225{  *a,tea,t0ne 2941 e
-.. - .., 555522@.'.'.....l ...... . ..'.-
0. 0200 “eogy d420® 7| .
3 - Iy
— "a,
50.0175
=
0.0150 “!Ea;;;nf)aéuéj?c
00125 %p 45000000000
100 200 300 400 500 600
ds

4



(2) ¢/=250mm

E B E No. 1351

« {5 f=18.0~36.0 N/'mm? (B=3.00m, [=250mm, [~200mm)

FL1

fck18(col. 1) =
fck18(col.2) =
fck21(col. 1) =
fck21(col.2) =
fck24 (col. 1) =
fck24 (col. 2)
fck27 (col. 1)
fck27 (col. 2)

fck30(col. 1)
fck30(col. 2)
fck33 (col. 1)
fck33(col. 2)
fck36 (col. 1)
fck36 (col. 2)

¥col.1 : 1 %JH, col2:2%IH

o

2e2.:[294.0)
2290,

- - T L Lo
.gé .

100

No.4
0.6

400

100

200 500 600

o
ooogooopoo0ec®

100

25-

No.1
0.8

100

No.3
0. 0030

500

0. 0025

0. 0020

Tid/Ted

0.0015

0.0010

100

No.5
0. 200

0.175

0.150

Tid/Ted

i=0.125

0.100

0.075

100



Tid/Ted

Bii s o i LR EHT I T 278 L O = — R IR A IT B 3 2 MR/ AR E B - B IET

B.3 ZLAIEN
(1) ¢/=500mm
« & ; N=34,5 (B=3.00m, [=250mm, [~200mm)

LB
= N3(col.1) = N5(col.1)
@ N3(col.2) = N5(col.2)
= N4(col. 1)
N4 (col. 2)

Xcol.1 : 1418, col2:2%IH

No.2
0.30

0.25

Tid/Ted
4
N
o

0.15

500 600

No.4
0.50

0.45 Se

0.40

Tid/Ted
o
&

0.30

0.25

100 200

500 600

No.6
0.0250

0.0225 fe.
0. 0200

0.0175

0.0150

0.0125

100 200 500 600

26-

No.1
0.6
0.5
3
<
o
i=0.4
0.3
100 200 300 400 500 600
ds
No.3
0. 0025
0.0020
o
2
S
=
0.0015
0.0010 150 i =5 0 - 4
ds
No.5
e E -{9470 ........ L 5
§ 012 T e 5040
S | | T]Teeeeess (T o*
= 293.9] Teeat
0.10f  """*eseecsscnnneens CTLLTEN
0.08
100 200 300 400 500 600
ds



E B E No. 1351

(2) ¢/=250mm
« &Mt ; N=3,4,5 (B=3.00m, /=250mm, [/=200mm)

FLA
= N3(col.1) = N5(col.1)
s N3(col.2) = N5(col.2)
= Nd(col.1)
N4 (col. 2)

¥col.1 : 1 %H, col2:2%IH

No.2
0.30

0.25

Tid/Ted
o
S

0.15

300
ds

500 600

No.4
0.50

0.45
0.40

Tid/Ted
o
&

0.30
0.25

500

No.6
0. 0250

0.0225{  *x,
0.0200
o

K
50.0175
=

0.0150
0.0125

400 500 600

27-

No.1
0.6
0.5
3
=
o
=0.4
0.3
100 200 300 400 500 600
ds
No.3
0.0025
0.0020
3
=
©
=
0.0015
0.0010 100 200 300 400 500 600
ds

Tid/Ted

0.08

100 200 400 500 600



Bii s o i LR EHT I T 278 L O = — R IR A IT B 3 2 MR/ AR E B - B IET

B.4 EABFETHARMDE LAnMRR s
(1) ¢;/=500mm

- &5 15=250,500,750mm (B=3.00m, [=250mm, [~200mm)

JL

= |s:250mm(col.1) =  Is:750mm(col. 1)
o 1s:250mm(col.2) =  Is:750mm(col. 2)
15:500mm (col. 1)
I's:500mm (col. 2)

¥col.1 : 1 5IH, col2:2%IH

No.2
0.40
0.35 o e |
0.3 U e
S| e, 219.6) e
30.25 Oy aaanenett
L d . o , i
0.20 e, f24.00 PRLL
0.15
100 200 300 400 500 600
ds
No.4
I
oot | et
B | Sewesy 219.5) | et
50.5 L TP
0.4{ Tt Jfo9a.0
0.3
100 200 300 400 500 600
ds
No.6
0.040
0.035]  ° ..
S0.030{  CTEEC e
€ | e 2194 e
S0.025 "‘.-‘ ...........
= ., A.lr‘ oaul o
e, 9204, 1
0.020 R T
0.015

100 200 300 400 500 600
ds

8-

No.1
1.0 el
0.8  Leer=8T ceasenseeeens T
- R e A R R
L B PR 219.5) | Leeeem"’
o Bt TTTT T T L L i
=0.6 I
............. 294.0)
Rl TV L L
0.4

100 200 300 400

0. 0035

500 600

0. 0030

0. 0025

Tid/Ted

0. 0020

0.0015

No.5
0.30 v

0.25 = .

Tid/Ted
o
3

0.15

0.10




(2) ¢/=250mm

« At 5 1s=250,500,750mm (B=3.00m, [=250mm, [~200mm)

JLB1

Is:250mm (col. 1) =
1s:250mm (col. 2) =
15:500mm (col. 1)
Is:500mm (col. 2)

1s:750mm (col. 1)
1s:750mm (col. 2)

¥col.1 : 1 %5IH, col2:2%IH

No.4
0.7 el
- e

B | e 219.5) et

go 5 s !?: ..........

e R " .
" e, 294.00 0 Leeesent
0.3

100 200 300 400 500 600
ds

300
ds

400

29

E B E No. 1351

No.1
1.0
0.8] et =L
sogggeeg®®®®it e
K i T
E | v 9.5 e
20.6 ‘
0.4
100 200 300 400 500 600
ds
No.3
0. 0035
0. 0030
=3
éO. 0025
=)
0. 0020
0.0015
100 200 300 400 500 600
ds
No.5
0.30
025 0 e

Tid/Ted
S)
S

0.15

0.10




0.006

0.005
<0.004
2
30.003

0. 002

B.5 AR Id
(1) ¢/=500mm
« &5 1d=100mm~350mm (B=3.00m, [=250mm, /~200mm)
JLB
= 1d:100mm(col.1) =  1d:250mm(col. 1)
o 1d:100mm(col.2) ©  1d:250mm(col.2)
«  1d:130mm(col.1) =  1d:300mm(col. 1)
1d:130mm(col.2) ©  1d:300mm(col.2)
= 1d:200mm(col.1) =  1d:350mm(col.1)
o 1d:200mm(col.2) ©  1d:350mm(col.2)
*col.1 : 1%1H, col2:2%H
No.2
0.6
0.5
0.4
=
350.3
=
0.2
0.1

400 500

600

400 500

0. 001
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E B E No. 1351

(2) ¢/=250mm
« &Mt ; No.1~6 (B=3.00m, [=250mm, /~200mm)

FL1

= 1d:100mm(col. 1) =  1d:250mm(col. 1)
o 1d:100mm(col.2) ©  1d:250mm(col.2)
1d:130mm(col. 1) =  1d:300mm(col. 1)
1d:130mm(col.2) ©  1d:300mm(col.2)
= 1d:200mm(col.1) =  1d:350mm(col.1)
o 1d:200mm(col.2) ©  1d:350mm(col.2)

*col.1 : 1%1H, col2:2%H

0.006
0.005

0,004

3

50.003

1554 5]
0.002 tsnsgglguw e
0.001 Hh it b
L 100 200 300 400 500 600

No.6
0.06

0.05
50.04
°
50.03
=

0.02

0.01
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8% C FEFMHDREHIHRE
C.1 MRY (IEL&HE) : ¢;=500mm

Relationship between B and ds (/s = 250, Id = 100)

Relationship between B and ds (/s = 250, Id = 250)

1501 Facility No. 460 4 Facility No.
—o— No.l —o— No.l
1454 —®— No.2 ~&— No.2
—o— No.3 4401 —e— No3
—o— No4 —o— No.4
—&— No.5
4 —®— No.5 2
1o —8— No.6 420 —o— No.6
1354 400 A
« <
130 380
125 360
340
120 4
320
1154
: : ) ' y 5 10 15 20 25
5 10 . 15 20 25 -
X|— — & p/ = =
®-C.1 di—B 75 7 DEE (1,=250mm, l;=100mm) C.4 d—B 77 7DfE% (I,=250mm, [~250mm)
Relationship between B and d; (Is = 250, Id = 130) Relationship between B and ds (Is = 250, /d = 300)
Facility No. 550 4
—o— No.l1
—o— No.2
2101 —@— No.3 525 4
—o— No.4
—— No5 500
—e— No.6
200
475
“ <
S 450
190 4
425
180 4 400 A
3751
170
350 4 : i : ; !
. . . ; . 5 10 15 20 25
5 10 . 15 20 25 .
- s = “ _ B
B-C.2 d—B 777 OE (,=250mm, [=130mm) B-C.5 &—B8777ORA (1:=250mm, I~300mm)
N ’
Relationship between B and ds (Is = 250, Id = 200) Relationship between B and ds (fs = 250, I = 350)
S - ’ -
- 650 1 Facility No.
360 4 Facility No. o= Wb
—— No.l T
~&— No.2 — 63
SR 600 1 —8— No.4
340 1| =9~ Nos e No5
—&— No.5 o NGE
—o— No.6
550
320
“ <
o
500
300 4
450
280
400
260 T T T T u
- . T y v 5 10 15 20 25
5 10 . 15 20 25 s

XK-C.3 di—B 77 7 OfER (,=250mm, [;=200mm)

XK-C.6 di—B 77 7 OfER (,=250mm, [;=350mm)

-32-
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@

d.

EfRiF &kl No. 1351

Relationship between B and ds (/s =500, Id = 200)

280 A

260 -

240 A

2204

200 -

5 10 15 20 25
B

K-C.7 di—B 77 7 OfER (,=500mm, [;=200mm)

Relationship between B and ds (/s =500, Id = 250)

400 + Facility No.
—e— No.l1
~o— No.2
3804 —@— No.3
—e— No.4
—8— No.5
3604 —® No.6
340 A
320
300 A
280 A
5 10 15 20 25
B
2-C.8 di—B 77 7 OfER (,=500mm, [=250mm)
Relationship between B and ds (/s =500, /d = 300)
| Facility No.
25 —o— No.1
—o— No.2
4754 No.3
—o— No.4
—o— No.5
4504 —® No.6
425
<
400 A
3751
350 A
325 B T T T T T
5 10 15 20 25
B
®-C.9 di—B 777 DOfER (I,=500mm, [~300mm)

-33-

“

d.

w

s

Relationship between B and ds (/s = 500, /d = 350)

600 4 Facility No.
—o— No.l
—e— No.2
—o— No.3
—o— No.4

5501 —e— No.5
—e— No.6

500

450 A

400 A

5 10 15 20 25
B

®-C.10 di—B 77 7 D&% (,=500mm, 1,~350mm)

Relationship between B and ds (/s = 750, Id = 200)

108 4 Facility No.

—o— No.1l
—o— No.2

107 4 —®— No.4

106

105 A

104

103 4

102

18 19 20 21 22 23 24
B

B-C.11 d—B 277 7 OfEH (,=750mm, [=200mm)

Relationship between B and ds (/s = 750, Id = 250)

300 A

275

250 A

225

200 A

1754

150

125

5 10 15 20 25
B

®-C.12 di—B 77 7 OfE%E (,=750mm, [,/=250mm)
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Relationship between B and ds (/s = 750, /d = 300)

425
400
375 A
350 -
°
325
300 -
275 A

250 -

B

®-C.13 di—B 77 7 D&% (,=750mm, 1,=300mm)

25

34-

Relationship between B and d; (/s = 750, Id = 350)

500

450 A

ds

400

350 4

5 10 15 20
B

X-C.14 d,—B 77 7 OfER (I;=750mm, [~=350mm)

25



EfRiF &kl No. 1351

C.2 mMRY (ZL&HZ=) : ¢;=400mm

Relationship between B and ds (/s = 250, /d = 100) Relationship between B and d; (/s = 250, Id = 250)
150 460 4 Facility No.
—e— No.1
145 ~&— No.2
4401 —o— No.3
—o— No.4
—o— No.5
140 4201 —o— Ng.ﬁ
135 400
< <
130 380
125 360
120 340
320
115
s 10 15 20 25 s 10 15 20 25
B B
X-C.15 d—B 7 7 7 OfEFR (,=250mm, [=100mm) X-C.18 di—B 77 7 OfER (I;=250mm, [;~250mm)
Relationship between B and ds (/s = 250, Id = 130) Relationship between B and d; (/s = 250, /d = 300)
210
200
<
190
180
170
5 10 15 20 25 s 10 15 20 25
B B
X-C.16 di—B 7 7 7 OfEFR (,=250mm, [=130mm) X-C.19 d,—B 77 7 OfER (I;=250mm, [;=300mm)
Relationship between B and ds (/s = 250, Id = 200) Relationship between B and ds (/s = 250, Id = 350)
360
340
320
<
300
280
®-C.17 di—B 7 77 OfEFR (I,=250mm, [~=200mm) X-C.20 di—B 77 7 OfER (I;=250mm, [;~350mm)

-35-



Bii s o i LR EHT I T 278 L O = — R IR A IT B 3 2 MR/ AR E B - B IET

Relationship between B and ds (/s = 500, /d = 200)

X-C.21 di—B 77 7 OfER (I;=500mm, [;~200mm)

Relationship between B and ds (/s = 500, Id = 250)

400 1 Facility No.

—e— No.1

—o— No.2

3804 —@ No3

—o— No.4

—o— No.5

—e— No.6
360
< 340
320
300
280

5 10 15 20 25
B

X-C.22 di—B 77 7 OfER (I;=500mm, [;~250mm)

Relationship between B and ds (/s = 500, Id = 250)

400

380

360

< 340

320

300

280

®-C.23 di—B 77 7 OfE%E (,=500mm, 1,~300mm)

36-

Relationship between B and d; (/s = 500, /d = 350)

600

550

« 500
<

450

X-C.24 d,—B 77 7 OfER (I;=500mm, [~=350mm)

Relationship between B and d; (/s = 750, Id = 200)

108 4 Facility No.
—e— No.1
—o— No.2
—e— Nod
107
106
$ 105
104
103
102
18 19 20 21 2 23 24
B

X-C.25 di—B 77 7 OfER (I;=750mm, [;~200mm)

Relationship between B and ds (/s = 750, Id = 250)

X-C.26 di—B 77 7 OfER (I;=750mm, [~250mm)



425

400

375

350

300

275

250

EfRiF &kl No. 1351

Relationship between B and ds (/s = 750, Id = 300) Relationship between B and ds (/s = 750, Id = 350)

.21 di—B 77 7 OFER (I;=750mm, [~300mm) X-C.28 di—B 77 7 OFER (I,=750mm, [;=350mm)

-37-



C.3 MARY (IFLHZE)

150

145

140

135

d

130

125

120

210

ds

190

180

170

-G

360

340

320

ds

300

280

=-C.

Bii s o i LR EHT I T 278 L O = — R IR A IT B 3 2 MR/ AR E B - B IET

: ¢/=300mm

Relationship between B and ds (/s = 250, /d = 100)

.29 di—B 77 7 OfEE (I;=250mm, [~100mm)

Relationship between B and ds (/s = 250, Id = 130)

.30 di—B 77 7 OFEE (I;,=250mm, [~130mm)

Relationship between B and ds (/s = 250, Id = 200)

31 di—B 77 70%ER (1,=250mm, [;=200mm)

-38-

460

420

380
360
340

320

-G

550
525

500

425
400

375

-G

575
550
525
500
< 475

450

400

Relationship between B and d; (Is = 250, Id = 250)

Facility No.
No.1
No.2
No.3
No.4
No.5
No.6

thedds

.32 di—B 77 7 OFEE (I;=250mm, [~250mm)

Relationship between B and d; (/s = 250, Id = 300)

.33 di—B 77 7 OFER (I;,=250mm, [~300mm)

Relationship between B and ds (/s = 250, /d = 350)

.34 di—B 77 7 OFEE (I;=250mm, [~350mm)



EfRiF &kl No. 1351

Relationship between B and ds (/s = 500, /d = 200) Relationship between B and d; (/s = 500, /d = 350)

280

260

<
240
220
200
s 10 15 20 25 s 10 15 20 25
B B
X-C.35 di—B 7 7 7 OfEFR (,=500mm, [=200mm) X-C.38 di—B 77 7 OfER (I;=500mm, [~350mm)
Relationship between B and ds (/s = 500, Id = 250) Relationship between B and d; (/s = 750, Id = 200)
400 1 Facility No. 108 Facility No.
—e— No.1 —e— No.1
—e— No.2 —o— No.2
380 ] —@ No3 —e— No4
—o— Nod 107
—o— No.5
—e— No.6
360 106
S 340 < 105
320 104
300 103
280 102
5 10 15 20 25 18 19 20 21 2 23 2
B B
®-C.36 di—B 7 77 DOfEFR (I,=500mm, /~=250mm) X-C.39 d,—B 7 7 7 OfER (I;=750mm, [;~200mm)
Relationship between B and ds (/s = 500, /d = 300) Relationship between B and ds (/s = 750, Id = 250)
500
480
460
440
< 420
400
380
360
340 i i
5 10 15 20 25 5 10 15 20 25
B B
®-C.37 di—B 7 77 OfEFR (I,=500mm, /=300mm) X-C.40 d,—B 7 7 7 OfER (I;=750mm, [~=250mm)

-39-



420

400

380

360

S 340

320

300

280

260

Bii s o i LR EHT I T 278 L O = — R IR A IT B 3 2 MR/ AR E B - B IET

Relationship between B and ds (/s = 750, Id = 300)

Facility No.
—o— No.l
~&— No.2
—o— No.3
—o— No.4
—o— No.5
—o— No.6

B

K-C.41 di—B 77 7 OfER (I,=750mm, [~=300mm)

-40-

450

Relationship between B and ds (/s = 750, Id = 350)

Facility No.

—o— No.l
—o— No.2
—o— No.3
—o— No.4
~o— No.5
—o— No.6

5 10

B

15

25

X-C.42 d,—B 77 7 OfER (I;=750mm, [~=350mm)



C.4d MRY (ZL&HZ=) : ¢;=200mm

150

145

140

135

d

130

125

120

Relationship between B and ds (/s = 250, /d = 100)

EfRiF &kl No. 1351

X-C.43 di—B 77 7 OfER (I;=250mm, [;=100mm)

200

190

180

Relationship between B and ds (/s = 250, Id = 130)

X-C.44 d,—B 77 7 OFfER (I;=250mm, [;~130mm)

360

340

320

300

280

Relationship between B and ds (/s = 250, Id = 200)

25

X-C.45 d,—B 77 7 OfER (I;=250mm, [~200mm)

41-

Relationship between B and d; (Is = 250, Id = 250)

Facility No.

—o— No.l

3801 - No:2

—o— No.3

—o— No.4

—o— No.5

3607 —— No.6
< 340
320
300

X-C.46 d,—B 77 7 OfER (I;=250mm, [;~250mm)

Relationship between B and d; (/s = 250, Id = 300)

5 340

320

300

X-C.47 di—B 77 7 OfER (I;=250mm, [;=300mm)

Relationship between B and ds (/s = 250, /d = 350)

380

3 340

320

300

X-C.48 d,—B 77 7 OfER (I;=250mm, [~=350mm)
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Relationship between B and ds (/s = 500, /d = 200)

260

ds

240

220

X-C.49 d,—B 7 7 7 OfEH (I;=500mm, [;~200mm)

Relationship between B and ds (/s = 500, Id = 250)

340

320

ds

300

260

X-C.50 d,—B 77 7 OfER (I;=500mm, [;~250mm)

Relationship between B and ds (/s = 500, /d = 300)

380

360

340

d

320

300

®-C.51 di—B 77 7 D&% (,=500mm, 1,=300mm)

4D

380

360

5 340

320

300

108

107

106

105

104

103

102

210

200

190

ds

180

170

160

Relationship between B and d; (/s = 500, /d = 350)

.52 di—B 77 7 OFEE (I;=500mm, [~350mm)

Relationship between B and d; (/s = 750, Id = 200)

Facility No.
—o— No.l
~o— No.2
~o— No.4

.53 di—B 77 7 OFEE (I;=750mm, [~200mm)

Relationship between B and ds (/s = 750, Id = 250)

Facility No.
No.1
No.2
No.3
No.4
No.5

beetd

7.5 10.0 12.5 15.0 17.5 20.0 2255

X-C.54 d,—B 77 7 OfER (I;=750mm, [~250mm)
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Relationship between B and ds (/s = 750, Id = 300) Relationship between B and ds (/s = 750, Id = 350)
280 Facility No. 340
—e— No.1
—— No.2
—e— No.3
—o— No.4
2701 —e— No.5 320
260
3 3 300
250
280
240
260
75 10.0 125 15.0 175 200 25 50 75 100 125 150 175 200 225 250
B B
®-C.55 di—B 77 7 OfER (I,=750mm, [=300mm) K-C.56 d,—B 7' 7 7 OFEHR (I,=750mm, [,~350mm)

43-
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C.5 MRY (XL&HZ=) : ¢;=100mm

150

145

140

135

d

130

125

120

180

175

170

ds

165

160

155

-G

195

190

185

ds

180

175

170

®-C.59 di—B 77 7 DOfERE (,=250mm, 1,=200mm)

Relationship between B and ds (/s = 250, /d = 100)

Relationship between B and ds (/s = 250, Id = 130)

.57 di—B 77 7 OFEE (I;,=250mm, [~100mm)

Relationship between B and ds (/s = 250, Id = 200)

.58 di—B 77 7 OFEE (I;=250mm, [~130mm)

25

44-

195

190

185

180

175

170

-G

195

190

185

180

175

170

-G

195

190

185

180

175

170

Relationship between B and d; (Is = 250, Id = 250)

Facility No.
No.1
No.2
No.3
No.4
No.5
No.6

thedds

Relationship between B and d; (/s = 250, Id = 300)

.60 di—B 77 7 OFEE (I;=250mm, [~250mm)

Relationship between B and ds (/s = 250, /d = 350)

.61 di—B 77 7 DOFEE (I;=250mm, [~300mm)

®-C.62 di—B 77 7 D&% (,=250mm, 1,=350mm)
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