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BEZLTWBDT R-30, R-37 oFfFBFLHEDOE X
OEA WL, FIERY Unihidn b,
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FR DR THETEE— 2 v NEERTS, oF
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BEMICEDS L - VIEROBRRE LY, ZoBa
DO v — v OUIE A RECE A4 2UE £—20 0 &3
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LIRRBNTWBZ EHHEBLTC, H0kg v—o, &
37kg v—VOETEFBZETYE 37ke v—i, ¥ 30kg
v — v OETEFEREICH M 355 0 & Lk,

Teds, REBCMHEHR LEBEEME FEIEH L ©
TR, MErsWT2PoERS AR URE
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UboBlEzAv, ERERT 28

i <8 VB-24 MU-29
ey - v 50kg 37kg
H ¥ 4§  150x150

HE L CoMl 7 — F TR Lo ER IR st
WEoE % I/H,=20 L Lkpb s - D&
B ThHBo

COROHFFRIFMEOR IR, EREZEEEL O
ToWASETTERERE 0SS, R-30, R-37 RwEE
2 LTWBDT, HR-37, HR-50 0L A LHED

K19 SHEICLIFELIHEOTE
, I . FgOE X B OE o & &
[T T A S -
Arch ] Post
= e 7 ) T 3 e 3 T = | B |ane ey | LA T — | BRF |zpmepop| 25
T i Ji R WRTHIAR AL | W 2 R B | o FEILN| T P2 R et % FEIEH EE
% {arch|post{ c¢cm®| cm?| cm | cm | kg |kg-cm|kg/cm?{kg/cm?| m kg |[kg-cmkg/em? | kg/cm?
i
i elix{eliv| Wx | Wy | ix | iy N Mp o ag H, | N M, a 73 H,y
VB-24 30.8 30 96 65.2) 69.3 | 8.28 { 3.75 | 7670! 32320 745 2240 3.0 { 7520] 16576 498 1085 2.2
MU-29 37.0 25 80 97.4) 95.8 | 3.96 | 4.14 | 7670 32320 545 2240 4.1} 7520| 15622 364 1485 4,1
FR-30 38.3 25 80 108.0} 28.0 | 3.98 [ 1.98 [ 7670 32320 500 2240 4.5 | 7520| 15576 340 1485 4.4
FR-37 47.3 22 70 149.0| 37.0 | 4.49 | 2.17 | 7670| 32320 379 2240 5.9 | 7520| 15186 261 1695 6.5
¥i¥EH 150 x 150 38.9 16 50 202.2; 67.6 | 6.23 | 3,61 | 7670 32320 357 1820 5.1 17520| 14945 268 1608 6.0
K20 F, &L - UHEREFREER
- w9 2B kg 30 kg 3T kg 50 kg
#OE Hv o~ | HV~—a | HFro— ﬁv—wla@?unw HV - Hov—
A 31.4 32.8 38.3 38.5 47.3 54.1 | 64.3
Ix 412 456 604 654 952 1231 ‘ 1744
Iy 81 136 152 198 227 342 i 377
Wy 86) 82 (104) 82 (116) 108 (137) 104 (163) 149 (229) 165 | (261) 225
Wy 16 25 28 32 37 53.9 59.4
ix 3.6 3.6 4.0 4.0 4.5 4.7 5.1
iv 1.6 2.0 2.0 2.3 2.2 2.5 | 2.4
() A:WERE (cm?) EHFROH LV —AREREE LV —VELOEHER 0keg V— 9mm, 37kg v— ik 4mm, 50kg v~ it 16 mm

& LTEE L,

I 8 2E—4 >} (cm?*) 30kg v— 9mm, 37kg L—ik 14dmm, 50kg —aid 16mm & L CFHE LI,

LY BREGE (em®) () AL Y et sl o
i A/TA Wil 2 k%A% (cm)



b YR ADIRT —FETICBT 505

17

K21 REICEAShI@E7 —FHRIO®RE
RS hsEmESHE | Bshs o
bt Ei | FE 5 (IZ:J; =) l i TH:(fZ.mﬁ)ﬁ =
VB— 24 1.8 1.8x2.0=3.6
MU~ 29 2.5 2.5%2.0=5.0
Hr—n 37 3.6 3.6X2.0=7.2
Hrv—n 50 4.6 4.6x2.0=9.2
H 150x150 4.1 4.1x2.0=8.2

BIXOEAC W, s EELY LEdhudE bl
Vo

(1) #|M7—-FHEIOILEDLE

BE TR 587 - FERToBmEL L Lt LT,
VB-24, MU-29, H150x150 #{#if LSS okis 1
BHEH7 - FXRToTH LK Uiz,

722 L, HR-37, HR-50 3 & M EWERB OB,
BB LU lzDch v A VERIM E UTAEY & Eo,
T TR U

) FHRIOHEM #Mr-—s5ZHBRT1ES2D OBE
FEMMA RS EMT o BE Lz,

LA 36 48 HTTRMEM (BEXE) b5
M VB-24, MU-29, H150%x 150 y:piFmmT, 0+ s
{AFMBEER Lz, NEME, SIEMTR, EH,
K= b, BEMRE-cin LEINT, W, FEME
Do EchB WMy -FXHEIT, LELRD OBk
=2 DO THS,

x-22 ¥R ITER

TRT 1 E 70 b BEAIRTD) o
o . %@
@8RS nre E
VB— 24 18730 2890 0 21 620=21 600
MU— 29 22 440 2 890 0 25 330==25 300
H150 x 150 26130 2890 0 29020==29 000

() M OB TR L 7 (R 36 458 5 1 ABAER o

VB-24 W 53000 f/t (AdiFinTd)
MU-29 TR 53 000 H/t (KefiFind)
H150 x 150 WML 57 000 [0t (EEnT)

b ITHoHYW ZHELoBER—22H,
THRTOBREERR JOCERIoITEPEH L, H 150x
150 Lo TELHB LEL onE—23 thhe

(8> #

FESEER & 2 v o2 EIEEU RS > — 7R L oA
BHEBATT o 2R, 2D Ehvbd o,

® (v, By —-FIZRIHE L TVB-24, MU~
29, 31— 1 30kg, B - 37 ke, VAT H150 <
150 2w T I WV IRAER SO ERER L 5

=

HEIWESZ N THhRD, ¥R ToHETHEOE
IELLT Hx—E 2E,

® 4)cix, #Wy—FZRIH L L TVB-24, MU-
29, ¥ —w30kg, Fr—iv 3Tk, HEEEH H150x
150 W TR ER DT EME I X 3 WMERB 1T
o, XRTOWEINZITHEOEI & LT &x—11
i =N

® (BT, 7y ool Ld, 7v colE
2, XRIoBEKs JIET#Ey, MU-29 2T
ERL 21T 2R, sy rofolsloryEn
NMEIRIOBEIERCHEE DS C L &R L,
@ (8O, EBEA LMY —FZ R LomeE
POEENCER 287 - F ZRIHMoBEL LT %
—21 %587,

® (i, #fr-FXRToOIEYHEL, F—
23 2187,

2. ESFREERFRILOMT —FHET

DEERHITIZE
B E Lo tlixie k5 BEmgksE b oiov
o7 —FERILOEBNRE LTI o D¢, FIEHE

WTEREB LA OF M E R RIEN b v % v o KEEIE
HHM? - FZHRLowT, FRE L v vigna
EC, A 36 ZE4 H~6 Aickhizhis 80kg v -,
FFAEHTEZER 160150, 200% 200 o 3 B c>\WC 52
ERIC I VBREAYEEL, SHRIEAYS D TomRE
%ﬁ‘ﬁ? 5Tz,

CU)-cid, EBMEIE LT 50kg v—ov, HEH
150 x 150, 200200 &t 3 FEEHA Ao &, FEEE

FE—-3 H g

x-23 T B o Kk &
i P N peshyt HRTHE L rpram | Eoxite
Wx Wy (m) (%) (mny Cor
VB-24 65 69 1.8 45 21 600 165
MU-29 97 96 2.5 60 25 300 145
H 150 x150 218 75 4.1 100 29 000 100




18 o o

WX HE E88E (#.87.12)

LT 1. EERRCERET AR T, KRB
BRSNS IO5EM s V- b oBERH WD &
(BE—3 2, Bl kEB i3y v SR IR
% BLWTHARARE Lk tieonwTilikiz, (2) T
1, BAHEC L AR TRy 3+ CNBET B
FEBRIC L D RdE, (3D, (LIoHEHROELH
WIHERLOFREHEOE I RD I, (4)Thk, B
BB T, TRISFEEINS IHEEOE I EZR
Wiz, (5)Trk, EBRICHERT 2ZRIMO®RE LR
fo, (B)Tlt, BENCEAT 2 ZRIMEOWTOTH
B Uiz, (1), CoEBRLDESHINEHE
oWz,

(1) =HBWME

a) EEE EBRMEE LT3y VR 1EE H
M 2 T8, SE SEBAEMA LA,

HEH & Ui, H150 % 150 (31.4 kg/m), H 200 x 200

P
AN

b) EEE EREER 1. LERCZRIOW,
T BAEITCLHE Y » v ¥ 2 HWTEA 50 t o B
*EBH LA, BEB0em @iz r s v — rEEcHlE
M7=AIE 11.60x9.00m o k > % VT OGSy &1
oz (BE—3, B—65),
TR LEBRCRZRI 0 7 EBIERD Y
+ER Rz, Koy ¥ ek 3 EEMER L » T
TREHICERDB D B icD T, XEFMEOR

E—65 XRTHERES

(49.7 kg/m) o 2 B R BEF L, |
1. CEBICHE Uk HI50 %150 rriFs L CT/rM Lk g
X DTH o 12h5, AERITIZ H 150150, H 200x 200 :3"[
iy = A0,
& B IZEESA E LTSI NI 8 ORER L, & %m 11,600 155
B LS o, BrEssRE, BEs Lotnx © 600 305'2.0
-~ 11,60 2!
ik £ ch B, s
B 5 TR T O TR AR b o VR = S ali
MELLTEBITEX 0cm #Z2 7, H—6 0k iE
WDice XRTX2HEM I VY, 7—-FEHECy b B8 W M R H &
Tad b L, IRIEMWMOZ R »VERD LI
EB—64 EREM7—FIBET = & P~
HIBEF 0
S 3
=114 © t :
- 160
§ 200
oy
g -A——a200— 4200 5 A LTy b fbmm 15, 100X 200X 12
- 200 T e
(<355 IEmzAHEemm Hq P -
— 7 i l
| L 19 T
gf %ﬁ . (vd)woo = k'
= T~ FL1Z20.5mm BESE:
*ﬁTE?f%—AZ
}—24 ERRICHEA LB OREEEY
| wEp | MESR wom R | s gk oA # oo ‘
] b Wx: Wy wEAR S |SEEA| T B
kg/m mm Wx l Wy cm? kg/mm? | kg/mm? %
H150 x 150 31.4 150 % 150 218 75.1 2.9:1 39.96 41~50 230 2301 & i\f]ﬁﬂﬁfﬁKK] 1961 ¥
H200 % 200 49.7 200 %< 200 470 160 2.9:1 63.32 41~50 2300k 23 ] |ARERSKK] 1961 ®BEmT
H R-50 47.3 138127 202 57.3 3.5:1 60.40 65 36 9 W




b Y ERADT —F S RTET AR 13

B B Bz, BERIIKR (B—66) & 5tpxsy
2= Yy 3R HELEAIHE EE-D 2V,

B-—B7 1 23RICBUR, AR (), WER IR s v
EERER LSS oMELEiEch b

SRTIRE DZ @K%%Hﬁﬁ;ﬁﬁ%ﬂk D DTz,

o FRIES] KREBHEA LR ToFEST
1. (1), o FBEISH e d & e, BERL
W7 - FERLOBEARDLEE

I JE4H : 0,=1300x1.4=1 820 kg/em?
ER-50 : 04=1600x 1.4=2 240 kg/cm?
SEIVMT - TR IoBE YR 285,
HIES : 0,={1300—0.06(//ix)*)x1.4
< 1300x1.4<1 820 kg/cm?
B R-50:0,=[1700—-0.1(1/ix)*)x1.4
< 1600%1.4=2 240 kg/cm®
(1) WEICKIM7—FHEETOLEROAE
a) H B (DD cEZRINETE (EHEIZRT

BE—4 oY emOBMYEREE

H—67 FEERHR

T\lPI rtP !t}“ HP <]t P~

88 H 150150 pyilo> B
s (kglem®

CHDENC DD o T2 f) ok, @HE (IHERL
RLBRT 1D 25T 2R REE&0mEL» RS S
TeDOEREEL LT, (2D, XHELo 12 »Fio
sy EE (K-8 2) o3 1 s ZHEL
BELNTHE R O-cHEENL 6 53D whHREa T, TR
Too#s 3 CNECAETBIE 2 ERIC X DRz,
b)  WIEEMHR LURE G AES B oM
D&M H LCHESAG KR8, B8 0lrb Tdbd,
RSB W TR IR & b, BARIG% LR
BERed 5 X5 LissbE Sk W TR L.
= W R

AV,208,4,5,6 O ) b1

i

1

w B %ﬁ?iﬁ:’al:%ﬁ#&ﬁ'&jjﬂ?bh%%ﬂ&w&m
KT RS 11, 4-B¢, 4-5 B0 3 AT

7y e g |17,2,8,4/,5%,67,1,2,3,4,5,6 © % LATEMA 2K 21150 F
A

Bh5Li

17,27,8/,4/,5",67,1,2,3,4,5,6 D5 %, SMUIO24HF

o ICHOHE SHOHETER L OCEBRERD T
— BT, (2) ) IEHNOIUE &L FERETH 5 T,
FOEFE LcRELR Lizonr B—88~13 Th %,

(3) BERRORDIH7—-FIRLOBE

a) B 1 Afichlk, EECEZRLEYBALLSE
CHEEO lm oilipd s 2VMRRE & REHEo L
FELXLULCEs v EAPBUTERTN s LiE+
CEOVERE L, ToABREDL & cXRIO®Y

P EEET BB 2 (L) DR LD Reb 7o B8R
AnTEs, XLIR LoFALHEDRS (B
ZRDILDOTH D

E-—69 H 150150 AEOTE
fsH (kglem®

P-lt P-lzu Pru Pt =it P-it

{ T

— ) i B

— FHE m)

AR SN S I
5

i

i
L
i i

L

I




20 TR % 4G L E B 88 5 (HE.87.12)

b) m &\ 1. (3) b)) WEcBRZEAMKC Im <hb,
OHl D@ % 2 a2, Proctor and White FpJTik EEICAWAEHER. (DoBE £-18 o Fofd
T, MOBEMAREES 2.7t/m* L L, %2 PRk %, 2(4)0EEE K286 O F Oz, sk
Ve 2 LB E L0 B—14 100 K—26 oMWESEINC, 55 0REEINCER LRE,

%26 1m LHECLLEER

T 7 % e A \ \ 5 (il
o = S 1 2 3 | 4 ‘ 5 6 \ 7 \ 2 (D
W(t) 2.59 3.24 2.92 [ 2.54 2.13 1.56 ‘r 0.59 31.14
BEWORHOWE F(t) 2.58 3.10 2.66 2.40 2.10 1.65 | 0.69 30.36
Sy 5 B RTE Fr(t) 3.45 4.07 4.10 ‘ 3.5 2.70 2.50 | 0.69 a1.72
E—70 H200x200 AEIOEE BE—71 H260x200 HAIDEE B—72 HL— 0ke AEIOEE
#is7 (kg/em?®) #s A (kglem®) #5797 (kg/em®)
}TltPrllPlfuPrliPT:IlP:It PRl PP PP Pt FpipwrpE i
o i i : i i ! [
RERRy EERRE BERE
—i)-rsoo A J 14 1 ‘
0 i |
\ A Tl
" 1L — 100 )__
AR
AV N D
SRS AT R TR il e ) ‘5
100
- |
[ # ]
2o J R
i : — :
Pyl i ! ] o
QO i
W )
H73 #L—i Sike SMUOEEREH (giomd) E-T4 1m $HECSHER
P11 Pt P11 P=1} P=lt P )
R 02 079 084 108 . 120 0.9
Lot b 05 ! A

r,

T S S Y




by R OWT —F EET BT 20 21

T—75 HI150xI150 D 1Tm OFED B—16 HIOX150 D 1m OFED E—771 H20x200D1m OBFXD
TREBICKBED (BED THECLBESD GHED TEEICL S (READ
G
¢
®
D @
1500 ® 1560 1 ' 1 15003
71 / % ( 3
‘ E g 4 ’
_ — 100077 ) 58 —1000cp),
5 1000 £ ® 7% =
pal ) 7]1 \;1" Lan @ Pzl ‘(%
(kg /en?) g /en®) kg /en?) )
—500 —442 —500
—500 : i
| 1 —u4 I )
1 318
5 ;i 7 ! 0 i
a9 = 3 il 6 +14
B PR puovy i1
J | ﬁémi\L // | & , ¢ | :
1~ i A ¢ 3 - an b
SCE +500 2 ; ; 500"
H50 B s
Eo N AN # 5
# N ¢ 16} E em (kg fem?) (kg /em?)
ke Jen?) ® @
+1000l—C | 3 +1000 +1000;
- N
+1500 ‘ -t +1500 +1500.
E—718 H200x20001m OBED H—79 HZR0kgD 1 mOBED H—88 ERSked ImOSED
TEEICLBEHD GMED TEEICKBEH (RED THECLBES GHAD
-
¢
o [0
@ &
—1500 —————— p—— e = 1500 S () —1500 @
| © @ @ } .
| 1 ‘ ) 5 a @
| | 4 ) (2 ‘ ®
RTINS S S ~1000 5@ ~1000 i
E & © EC & a 3 XN® ¢
7 & @ & bl ) 0 (5) @ @ n B/ k.70
ke fen?) : @ g /en?) ® 8.6 & & ke /)5y e
B 00( RS —500 S S e . 300 —1%
IC J\'Eﬁ§m—51ax BHED—Max |~ 8y, BHEO—Max
l 25 ‘ ‘E ﬁé@ﬂ; t —u BHE /K‘ ; a1 I WT;
20+ Max B EN+Max
W \Q[:w H 05\(5 5 A U e
P T — T .
] 3 @ é/) ER 5 l st ; ’ 2 \M : K
® F Yy & FEEN+Max /*330 4 :
£ +500 F———— ) FE sgobst e L FE 4500 L ——
sl ‘ 7 = \ Ny 7 by :
: (kg/cw?) & T \ @ Aeie (kg /em?) ;
(kg /en?) ! ® |
1000 [t R ] — )——‘ —® +1000 ;
Lo |
I | i
+1500" : : +1500 150 !
EHEBOBEOWTHREH L, ISIIER L U WEMB AR Lico 28 B—15~080 %

e HERIYROEMT-FIRTLOBE Im o %, ‘
THEDPRHEBLICRWE S UUEHR LSS, F B—15~80 O oW BTk, RHE o HHIEH
TiEST AR, 1. (DO BRIV RAHy— 2R LEHEMBYTT,
FRRLoOME 2K, (2) ) [SHoHlEcRb 1 B—15~80 X h &7 9 O6E < 31056005 KE
tRBRELDIEI0ER, 28 0 FORBDHEYE  42HE, RAEIR Lz %27 bbb,
CTRdiz, £-2 0% ERCBTAREE, &WEE o &
lm OB IOLHEXEHEL LTCRIEBEORT]  KEAOHET, F0EIERDS O E—W~29 ¢
BIUCRHEL LT BBEONT, BbUTK, 30 35,




22

AR SR AE FEE (H.37.12

£—21 £HE, FHECK3RXEN

- 5 R EIC L BHERIE) (kg/cm?) @RI & BEAIES (kg/cm?)
6 5 4 3 2 1 6 l 5 ’ 4 3 2 1
H 150 x 150 —772 | —1085 | —1068 ~671 —948 —932 | ~—1181 —863 —859 —866 —929 —635
H 200 %200 463 645 —575 —413 ~595 360 —687 —526 — 469 —503 —601 318
#H R-50 —552 | —1047 759 —496 | —1182 —687 —730 —879 —712 712 —891 —703
K28 FEHELZSTEESOR IV EAICBIARRGHEHFBITENEX
FRAISTS g kK K H o L W B o &
1 # | (kg/cm?)
. o | we | e | m | e | me | e | hy | o | A | o | ar | ¢ | #un
F150 X 150 1820 |—1181| 1.5 | —83| 2.1 | -89| 2.1 | —86| 2.1 | —929| 2.0 | —635| 2.9 6 1.5
H200 X 200 1820 —687| 2.7 | -526| 3.5 —469 | 3.9 | —-503) 3.6 | —601| 3.0 | -—318| 5.7 6 2.7
# R-50 2240 —730| 8.1 | —879| 2.6 | —712| 3.1 | —72| 3.1 -891| 25 | —-703| 3.2 2 2.5
%28 EHEEZIHLBEORIYEALBI 2RARNEFEIHEDST &
. BT s K B H o £ ®H OB o W &
O ! (kg/em?) T
oy og hg d5 75 a4 A a3 ka oy h, 0y foy C Bmin
H150 X 150 1820 —772| 2.4 |{-1085| 1.7 |—1068| 1.7 | —671| 2.7 | —948| 1.9 § —932| 2.0 5 1.7
H200 X 200 1820 —463| 3.9 | —645| 2.8 | —575| 3.2 | —413| 4.4 | —595| 2.1 | —360| 6.1 5 2.8
#  R-50 2240 —552 | 4.1 |—1047| 2.1 | —759| 2.9 | —496| 4.5 |—1182| 1.9 | —687 | 8.3 2 1.9
) 0 2 B L A~ 6 ROBRIC BT M OHFEITSH (kg/om?)
of~og!:1m DEHECRFHED & BB VRS E L S~E6 A0KH 8 B EKIEH (kg/cm?)
oy~0s i 1m DIFHECEMED & SEERLORDLE L G~F6 SOERCH T 2HBANICT (kglem?)
Bl ~he' DRHEOL &, B1E~H6 KOOSR TCHESNLHENEE (m)
hy~he: EREOL &, HIA~E 6 HOZITHEShZLHEORS (m)
Homin BHEEO: FFBINHIWELEE OE/ME (m)
Amin: 2HEO L EFESRBLHEOE S OF/MYE (m)
CRHED L SHFRINRNEREOE & 2 4£7 5 WENE
C: 2ENL THFESNSBNINEDE & 2T 5] 4

(4) BEERIORDIMT-FXELORE
a) H M 2WEK ISR o BIEEER & 1

"Jt 1.
VW, IRTOWEEN A DREOH S LR, HEHR L LD Lizs

DRpIFBFLIHMESI LRI el b FEL ®
A Lz
T X HHEEaRAEE (3) o RER LY

by

RO FTRLOBE -CBARIFER L LT DD, &5

LR ¢ IR
L, RIS RCHEEEA &4 5E0 & ol
L, CoOHBORMA TR LOWERE S Lz, BE—
B 12 80kg V- v BEIEN 0L o©, WAOEEE

ATE LR 0B

A

171

T, WESORI 2039 U SO ¢ R—18 0RAE
R HNESLDREME F oRES0HETHENK 12 8

wEOA

x-0 H B £ # K

MEEEC W WRT LT, RAESEHEE LUTF w w P P e &
ALz é ¥ oXRIWEAR LT 5720 #WOE M| 1,2,3,4,5,6,1,2,3,4,5,6 © 12 # P

@ TEOEMR I OCHE XAk L CHE IRE R KR | L, 4~57, d~b OREO 3 35
LB ollekr, B—8l, £330 0Ly Th s 1,2,%,4,5,6/,1,2,3,4,5,6 © 12 F i COKPEE

ZIBREL | Gy
%o
g ST 2 R TR — — g =08
ROASRRIS A ORBIC bR THERAS o SH-S E RWke Lol OZHEMEER

Bl—81 F B

i




bR ADET ~FFERTICET B R
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BE—6 H200x200 OLEEmiEsn

HZLTWwW5b,
¥z, BE—
A

©

6 vz H 200200 mHN BT

FRL T

WEHEY lm o LW E L FOfER & 2285 -
O 41.72t CHR LAY EC L 3R LolEx
NALHEOEI L Lz,

(8) M7—FERIOMEDGRS

a) RENCHE ey —-FXRToMmE

PRt H Tz H 150x 150, H 200x 200
Hr—w 50 kg

EHALTOZRToFEIN AT HEOE X (K18,
28 2D, 5 IR LOWEIh A EHED T X (&FE—
02 B Lzt orn %38 ¢i 5,

H150 % 150, H200%200, 15 50kg L — v 3 BisE -
DNTTn - RRBEHEOEIIE—N 0LBh th s,

x-3 B & EF B
i B mEmECH E =
H 150x150 | 145 oW Omom
H 200% 200 \ 235 HOW OB om
#  R-50 | 165 HN, TSMEREZE

R HFELLSCCHEBELIHEODE (m)
BELHEOLS (g %o R

BN WNE| eWE | 24 W E | 2RE
‘ H, Hy Hy Hy/H,
H 150 % 150 7 3.5 2.0

H 200x200 2.8 ‘ 5.6 2.0

& R-50 1.9 | 3.9 2.0

EMBEIZLIWELHEOGS H, L &HTE0BE0
nmimﬁ@m‘s H, J:@H:%Z"@b”%«@ 2.0 05
fHE 7o,

b FEIbRHEHMT-FEEIOWRE 1. 6

(7 -5 ZRLToOBEOMHED b) Gtk b z‘éaw:

AL T b SR A — TR TRIE AR TR . . )
RS 0 R OB R0 T 2, 3 GRS 7 LR 8 5 E-Th e )
5D % (B3 B,
@&Mf-ﬁé 3 20 DR LR B3 < B,
£ WEIHEORY e) FEHCHEAIT Ay - F BT OMWME  Soho(d
o p e | SWEmEEMoR | BT s RN L ERCEER U IR TH & ol IS
o B : Bl e ,
) g Wx ! Wy ‘ (Z;O) } (Ft)’) ; <}ri) F’@E’ (oA ’CWA <'E]14<VCZD%7J B Fl Dokg L=
H 150 x 150 218\‘751’ 145 | 41.72" 3.5 DWW TEZORE, REREOHEERSDDTIR
H 200x200 470 | 160 = 235 | 41.72| 5.6 | _ . S MR B 50 kg L~ VY — 7R
# R-50 210' 165 i 41.72| 3.9 %ﬁgg@;ﬁ TEBL _’ ‘le{ et 8 N e i
—= - ; T osE A Lize
G¥) P HEc2 s tm oL HELZO/RE L 22HF e oH
C DI, B 3Tkg L— g SR ol DT 50
Pyifes EoREsolkgT — ok SR % LoVl
2 ST (1) kg v jujﬂ}l{\fkﬁbfcég _)O)m 50 kg ViR
H: . F—U VR L2 Dk, BIEERENE 3Tke v — v
T3 HELORDIHW7 —FHETORE
Wooo®m B B K H#E LR T 0 E &
- g (TR eme | wow & ow | wmevepr | B 02K Vw5 e maen] ge
cm? 2 cin? ! cm? cm cm cm* cm? ! kg kg-cm ;kg/cm2 kg/cm? m
‘ i\ Wy [ Wy ix iy Iy Iy \ N . My o g H,
H 150x150 | 39. 96} 19 218 | 75.1 | 6.40 | 3.75 | 1sd0 563 18850 | 55260 —725 | —1785 2.5
¥ o200x200 | 6382 14 470 160 | 8.62 | 5.03 | 4700 | 1600 | 18850 55260 —~416 | —1805 4.3
#R-50 (FFR-37) 1 47.3 ‘ 27 149 87 | 4.49 | 2.17 952 227 | 18850 | 55260 —~770 | —2240 2.9

R385 EERICERULICE R-50 LHEHCERT 5T R-50 & OWERMOE

= , | wmE&E% ' = 8 3 R-37T DUFEIRME 100 2 Lze | HR-VWOFEL 100 % Lror 0
i BT e gy | SOMBRHOEAE () FROEAE (%)
#r R-50 225 50.4 151 136
HR-50 (FEHD 202 47.3 135 127
o R-50 (BBREHRD 149 37.2 100 100




% kA Z am B W8S (F.37.12)

CHLTREBEL O DT, TEH 37Tk v —
NOBIFICEE T 5 R/ oeBh Lind,
EENCHE Uiz 50keg L — v oW ERE G A
357 50kg L - (B 37kg v — i) 2B
~, 135—100=35% l¥doTinkb.

UEpZE & %33 2HWT, #ihcEAIh L #
7 - FYRIoOWEBIHEDHIY, £-8 oL
HEE Lz

KW BEHEREIHhBM7 —FHRIORE
= s FEINZEWEORS | BEIN S RO
h_(m) H (m)
H 150X 150 1.5 1.5%2.0=3.0
H 200200 2.7 2.7X2.0=5.4
% R-50 1.9+1.35=1.4 1.4x2.0=2.8

(8) #M7—-FXRIOIEBODLE
FETCHER T Ay - F R LOBEL L LI LT,
H#4 150 <150, 200x200, 15 50kg L — L2 fEH L
2O OFTR R AL MR AM Y - S ZR T oL

B Uiz,

© @7y -FEXBRIORM : My - FZR T 1 ES
720 OBULvE, T, NERENTECOSFEE L.
EMPIIHFIS6E 8 H oTHRMRE (FERE) <b 5,
HES] 150 x 150, 200200 yxdFinT, kx5 <A
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RESEARCH ON TUNNEL STEEL ARCH SUPPORT

By Dr. Eng., Sadao Sakamoto C.E. Member

To decide beforehand the design of the thi-
ckness of tunnel lining suitable for the earth
pressure is a difficult problem at the present
stage of engineering. As a result it is mostly
practised to decide the thickness of the lining by
estimating the earth load through the extent of
load acting on the timbering during the excavation
work. Moreover, considering the fact that we
rely on the actual measurement and experience
to-day, it is a matter of course that the grasping
the strength of timbering is important for the
design of timbering and that it can give on
important clue for the estimation of earth load
necessary for the decision of the thickness of
lining.

With respect to the whole-section steel arch
of JNR single track and the upper half section
steel arch for the drouble track  of the new
Tokaide line, using various kinds of steel,
the stress influence lines due to unit load were
prepared by conducting an experiment on actual
object and their strength was cbtained and at
the same time the economic comparison was
carried out. In order to make the experiment
easier the support was assembled horizontally
and thus a structure 50 cm deep conforming to
the cross section of tunnel and being surrounded

with concrete wall was constructed so that a
maximum load of 50t may be applied by means
of oil jack.

A unit load was applied to every point of the
support where a wedge is driven in and the
stresses caused inside and outside each wedged
point were measured and the stress influence
lines were prepared and the stress in the support
was obtained by multiplying these stresses by the
load resulted from the case the load due to the
1 m-deep earth load acts as an eccentric load and
the total load, and the quotient obtained by
dividing the allowable stress of the support
members by the maximum stress at the wedged
position, was made the depth of earth that
causes the earth load allowable to the support.

Moreover, in order to compare it with the
strength obtained from the influence lines, the
rupture test of the support was conducted under
the condition that the load including the pressure
received from the entire wedged points is applied
simultaneously and the earth load acts as the
total load.

The allowable stress of the support was set
at 1.4 times as much as that of the permanent
structure, so that it is within its elastic limit
and yet the factor of safety against failure is

Table. 1 Strength of steel arch support used for design.

Kind Height of earth causing allowable earth load Height of earth causing rupture earth lcad
£ (m) H (m)
vB 24 1.8 3.6
MU 29 2.5 5.0
H 150x150 4.1 8.2

Note : The used rails of 37kg and 50 kg were omitted because they buckled and ruptured at the time of rupture test under

full load and were deemed unsuitable for the tunnel support.

Table. 2 Strength of steel arch support used for design.

Height of earth causing allowable earth load

s Height of earth causing rupture earth load
Kind A (m) H (m)
H 150x 150 1.5 3.0
H 200x 200 2.7 5.4
Used R 50 1.9+1.35==1.4 2.8

Note : The section modulus of the used 50 kg rail used for the experiment has been determined, taking into consideration
that it exceeds the section modulus of the used 50 kg rail (corresponds to new 37 kg rail) to be used for the design

by 35%.
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2.0 or more, taking into consideration the pur-
pose of the use of support which is a temporary
structure.
a) Whole cross-section steel arch support of
single track Type.
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Fig. 1 Single track Type support.

b) Half-cross-section steel arch support of
double track Type for the new Tokaido line.
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Fig. 2 Half cross-section steel arch support of double
track Type for the New-Tokaido line.

The experiment proved that the occurrence of
buckling rupture is extremely abrupt and makes
the support unsuitable for its purpose and there-
fore the steel arch support, too, should be so
designed as to avoid the occurrence of buckling
rupture.  Consequently the design was made,
excluding the case where the buckling rupture
So, if

the case of buckling is excluded, the ratio of

accurred from the experimental results.

the height of earth causing the rupture earth-
load to the height of earth causing the allowable
earth-load becomes about 2.0. Therefore, the
allowable stress 1.4 times as much as that of
permanent structure which was applied to various
steel materials, and the factor of safety are
considered reasonable. In the light of the fact
that only the rail, of which the ratic of the
section modulus with respect to X-axis to that
with respect to Y-axis is large, buckles at the
time of rupture and breakage occurs very fre-
quently during the cold working, it is concluded
that the steel material of which the ratio of
section modulus is small and the elongation is
large should be used its support, rather than
using the used rail at random.

As a result of the experiment and study
mentioned above, at present H-streel is generally
used for the tunnels whose aggregate length
reaches 66 km on the new Tokaido line of JNR,
although the used 50 kg rail was utilized at the

beginning of the work.
(Received by the Society May 7, 1962)






