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Abstract

An Experimental Study on the Applicability of Curved Wale

using Earth Retaining Structure

Kim, Hyeon—-Tae
Advisor : Prof. Ahn, Jong-Pil, Ph.D.
Department of civil engineering,

Graduate School of Chosun Univercity

Establishing many struts in the existing earth retaining structure
brings about the increase of construction cost as well as construction
period.

There are many researches on the earth retaining structure and as a
result, many new construction methods have been developed to be used
in the field. However, the methods have limits to their application
because of the secondary use of rigid materials and subsidiary materials.
Consequently, it is urgently needed to develop new construction methods
to satisfy construction, safety, and economical efficiency at the same
time.

For this reason, this study analyzed the behavioral characteristics of
the curved wale to complement such problems, and compared the virtual

base and virtual section with the existing methods in order to examine



the application of actual base. Finally, the following results were
obtained.

Based on the 10-meter curved wale, the rigid material of 350%350 had
the max. allowable displacement of 5 c¢cm in the center within allowable
tensile stress. The max. transverse force was estimated at 16.25 tf and
resisting moment, at 81.24 t-m.

The behavior of the curved wale was analyzed with the increment of
random external force by step. While bending stress ratio was found to
become more stable with the displacement of a curved beam, shear was
less stable than bending stress. It suggests the need of shear
reinforcement in the part of exceeding shear.

Available span length associated with applied load of general and
curved wales was compared. The rise width of load which the curved
wale could resist was increased 215%, compared with the general wale
in the rigid material of 350%350.

After virtual section was established, the curved wale was applied. In
the application of digging depth of 5720m, the safety rate of allowable
bending stress ratio was found to be increased average 3.53 times, and
allowable shear stress ratio was found to be increased 1.23 times,
compared with the existing method. On the other hand, the safety rate
of bending stress by base condition was found to be increased 2.59
times, and allowable shear stress ratio was found to be increased 1.20

times, compared to the existing method.

— viii -
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4 (328 MRS xol Wate] A AEHE 4 (33)e] Ark,

3 2
EIS =FI6 = % - % +C (3.3)

A (33)3 A B = AT G GE T A= BAxAE o8
too] Afel= AR Aol 062 F, x=00A d=00°]a BAAA HHo] 0=

wl’

=, x=Lell A} d=00] "tk AAZAS o] &stel A B4 mdstel 2W G=TF R
G,=00°] #Ht},
AEdT G GE 2 (33)7 24 (34) 747 tidste] 24 (35) ¥ 2 36)3F T2

ARzl g A3 AQe] U@ AL AFHow drr)

_31_



3 LfL’Z wLB
plo=Y%x _wir L Wl
el ey (35)
1 3 3
Lx wl'x
pry=Yr _wihr WL
24 12 * 24 (3.6)

Aol el Az (e )& Ft7] Hel A (35 x=0= Hdstd tso 4 B.7)%
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fr= By = Lo (tonffem®) (3.9)

0217]}\1, Mcw : —_?_'l/‘\_tq%]—g] %‘oo]‘l?“ E@E(tmf' m)
fcw : 'Ele &

o]
fo © FA P WA 8§48 (tonf/m’)

% 34 FAY uFge] FoFHF FH e 8w #(350x350)
9] 28(cm) lem 2cm 3cm 4cm ocm
Al Ak
T 6cm Tcm 8cm 9cm 10cm
LR wl 0.183 0.367 0.550 0.733 0.917
©) 24ET 1100 | 1283 | 1467| 1650 1.833
R SN 6.50 13.00 19.50 26.00 32.50
Wew(kgf/cm) (oL L
24 12 24 39.00 45.50 52.00 58.50 65.00
Wl 8.1 162 | 244 | 325 | 406
Mcw(t_m) M., = ?
48.7 56.9 65.0 73.1 81.2
) M 3532 | 7065| 10597| 14130 17,662
fcw(t/m ) f‘“ = T
21,194 24727 28259 31,791 35,324
& eogew O0.K OK OK O.K O.K
_]O Lﬁo—,]_ o fcu‘ = fsa
HEA NG| NG| NG| NG| NG




@9 vgel 29 35% A9 FAL 747 geste Ao WPl g Hgad
<EH S A A=A 250x250 FAANAAY AW HEWHYHFLS Sem7tA 7HEEk
Ao @ eI, 300x300 Aol A Ao & &MWL gemtA stsE Ao

Bk 0w, 350x3503 400x400 Al A= Hol &9 F Sem7hA HEE Ao
237958

40,000
B 290X250 A 300X300
@ 350X350 & 400x400 fow =4 max
0,00 |
E ow = 46m
3
| o 5005
KO
‘od
1O,m i fow = 2,511 38max
0 1 2 3 5 6 7 8 9 10

4
A2 RS max( Cm)

19 35 AFE A F g

=48 wAe] Fesfol & AFEUEE 2 (3100 o AbE L, o] bzt
49 o] 3% 35% AREA Al Eﬁ}% =49 o

9] sto] Lhebdl Aol k.

El (3.10)

_36_
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RC w LL’ w

> (3.11)
AZNA, R, - T4 wFo iz E
M., 343 g Hdgo o ZuE
We - AT WG] HYgH o3 5
L, @ 343 we] 4o
% 35 FAY wFY SRAEE 2 A 3R E(350x350)
9] F6(em) lem 2cm 3cm 4cm 5cm
7] AL
T 6cm 7cm 8cm 9cm 10cm
O.K O.K O0.K O0.K OK
fow AEZAT} foorfow= O.K
N.G N.G N.G N.G N.G
T 325 | 650 | 975 | 13.00| 1625
2 19.50 22.75 26.00 29.25 32.50
16.25 32.50 48.75 65.00 81.24
M,cw (t m) M,c\v:Rchcw/z
97.49 11374 129.99| 146.24| 162.49
st a9 362 A T 2 W Fe mE FAHAY uFgY AIIYERWES AHAE)
of 2gog Yeld Ao =Z A 2504250 F A Ae HEAFSH B WelA Ho A

81.24t - m, 4004007 A = 134.27t - m = AFA &}

=z =

3484t - mo g2 LA o™ 3004300 7 A= 49.468t - m, 350+350 7 Al =

T3 Oy 375 A FF ZE WY mE g4y o] di zeds AkA
sto] g o® Yeld ZozH 2504250 A A4 3 EAHeE "Rl w9

Ao 4g8e

= =

40054007 A = 26.85tf = AFA ¥ A}
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sele] og BRWES A4 dnFos wFd s 4§ 43 27§ @
dale] A gsigon, F THAZ PR WAER 37 Felste G
Agogel os) FAY wgol Puscl & AF AALNEE Lo 4@ F WA
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M, = M- Been g (3.12)
S ,mw:Snw_Scw (313)
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i 36 Agege e gAY Hg IRWE

350%350|  40tf-m 65tf-m 90tf-m | 115tf-m| 140tf-m| 160tf-m| 190tf-m
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% 37 9Fe] W 2HY wge Tz ebd A E(350x350, My =40tf - m)
W Z#S5(em) RN lcm 2cm 3cm 4cm Bcm
=" = 6cm 7cm 8cm 9cm 10cm
AA RUE . . 24 8 -9 -25 -41
(tf-m) M=M= M 57 ) 90 106 | 122
3 oo PR 1.033 326 380 | -1.087 | -1.793
(kgt/cm?) 7 2500 | -3206 | -3913| -4619| -5326
06 0.2 02 07 11
g &H AR | Ffi/fu 15 19 24 28 32
] 0K 0K 0K 0K 0K
oA AFR(H) | fiu>fr = OK OK OK OK OK OK
26.75 2350 | 2025 17.00 | 1375
yS| IR == f e S =S s
27 AHH | S S Sewmax 02 795 4.00 0.75 250
dded ag | 71448 | 62768 | 54083 | 454.08 | 367.28
(kgt/cm?) s max/ £s 28048 | 19368 | 10688 | 20.08 | -66.72
‘ 0.60 052 0.45 038 0.31
A S8 dE) Fervm, 0.23 0.16 0.09 0.02 ~0.06
oF A A ‘_ 0K 0K 0K 0K 0K
Ag(aw) | WTO0K 0K 0K 0K 0K 0K
% 38 9Fo] wE THY wge rx obdA 7 E(350x350, My =65tf - m)

H 9] ##5(em) A 22 lem 2cm 3cm 4cm 5cm
B = 6cm 7cm 8cm 9cm 10cm
AA mHE ,_ ‘ 49 33 16 0 16

(tf-m) Mu"=My~Mew 32 49 65 81 —97

3 oo 7 AL 2.120 1413 707 0 706
(kgf/cm®) Z, ~1413 | -2119| -2826| -3532| -4.239
13 0.9 04 0.0 ~04

g &Hn AR | Ffi/f 09 13 17 21 26
] NG 0K 0K 0K 0K

oA AFR(H) | fiu>fr = OK OK OK OK OK OK
4550 | 4225 | 3900 | 3575 | 3250

yS| IR ==] f e S =S s

27 ARH | S S Sewmax 50 o2 26.00 | 2275 1950 | 1625
dded ag | 121528| 112848| 1041.63] 95488 | 868.08
(kgt/cm?) s max/ £s 78128 | 69448 | 607.68 | 52083 | 434.08

‘ 1.01 094 0.87 0.80 0.72

A S8 dE) Fervm, 0.65 058 051 043 0.36
ot 4] . NG 0K 0K 0K 0K
Ag(aw) | WTO0K 0K 0K 0K OK 0K
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# 39 e me 4% wge 73 g E(B50x350, My =90tf - m)
W Z#S5(em) RN lcm 2cm 3cm 4cm Bcm
=" = 6cm 7cm 8cm 9cm 10cm
A mHE , ‘ 74 58 41 %5 9
(tf-m) M =My~ Mew -7 -24 -40 -56 -72
4 59 o= M. 3,207 2,500 1,794 1,087 381
(kgf/cm®) Z, -326 -1,032 | -1,739| -2445| -3,152
19 15 11 0.7 0.2
3 o@n 7 F=f,/fn
eul A= fio/f -0.2 0.6 1.1 -15 -19
] N.G N.G N.G 0K 0K
ot A Ax(F) | fu>f, = OK 0K OK 0K 0K 0K
64.25 61.00 57.75 54.50 51.25
yS| IR == f e S =S s
27 ARH | S S Sewmax 000 44.75 41.50 38.25 35.00
adsd ag [ 1716.08| 1629.28| 1542.48| 1455.68| 1368.88
(kgf/cm® s max/ A 1282.08] 119528| 110848| 1021.68] 934.88
1.43 1.36 1.29 121 1.14
X‘] ?_]_— ‘_O“E—:]l H 7:. = ‘S a
A oo A% Pt/ 1.07 1.00 0.92 0.85 0.78
oA A - N.G N.G N.G N.G N.G
Ag(aw) | WTO0K NG 0K 0K OK 0K
¥ 310 g & FAY wFo] Fx kA E(350x350, My =115tf - m)

H Y =#S5(em) A2 A lcm 2cm 3cm 4cm Bem
Z8 = 6cm 7cm 8cm 9cm 10cm
A mHE o 99 83 66 50 34

(tf-m) M =My~ Mew 18 1 15 31 A7
3 %9 P 4,294 3,587 2,881 2174 1,468
(kgf/cm®) . 761 55 652 -1,358 |  -2,065
26 2.2 18 13 0.9
3 o@n 7 F=f,/fn
euN A= fio/f 05 0.0 -0.4 0.8 13
] N.G N.G N.G N.G 0K
or4g A Ax(F) | fu>f, = OK 0K 0K 0K 0K 0K
83.00 79.75 76.50 73.25 70.00
A % %E—‘ﬂl ,max =Omax  »Dcwmax
27 A Slmax S5 66.75 63.50 60.25 57.00 53.75
dagd ag [ 2216.89| 2130.09] 204329 1956.49] 1869.69
(kgf/cm®) . max/ £ 1782.89|  1696.09] 1609.29| 1522.49| 1435.69
1.85 178 1.70 163 156
Atk o2n 7 -1 T,
de oo A8 F=rym 1.49 141 1.34 1.27 1.20
oA A - N.G N.G N.G N.G N.G
Ag(aw) | WTO0K NG NG N.G NG NG
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¥ 311 9 g w2 FAY ugde] Fx obdAFH E(350x350, My = 140tf - m)
W Z#S5(em) lcm 2cm 3cm 4cm Bcm
A 42
TR 6cm Tcm 8cm 9cm 10cm
A mHE N 124 108 91 75 59
(tf-m) M=M= Mew 43 2% 10 6 0
3 %9 P 5,380 4674 3,968 3,261 2,555
(kgf/cm®) Z, 1,848 1,142 435 -271 978
3.3 28 24 2.0 16
3 own 7 = £,/ fra
sl A= | F=f/f 11 0.7 0.3 0.2 -0.6
) N.G N.G N.G N.G N.G
44 A7) | fu>f, = OK
d A | fuf N.G 0K 0K 0K 0K
10175 | 9850 95.25 92.00 88.75
A IR == L S =S s
27 ARH | S S Sewmax T ge o) 82.25 79.00 75.75 72.50
adsd ag [ 2717.69| 2630.89| 2544.09| 2457.29| 2370.49
(kgt/cm® s max/ A 228369| 2196.89] 2110.09] 2023.29] 1936.49
2.26 2.19 212 2.05 1.98
At o=@y A =1‘'J/T.
de oo A8 Forvm 1.90 1.83 1.76 1.69 161
oA A - N.G N.G N.G N.G N.G
Ag(aw) | WTO0K NG NG N.G NG NG
% 312 9o wE 3y o] Fx obAA  E(350x350, My = 165tf - m)
H Y =#S5(em) A2 A lcm 2cm 3cm 4cm Bem
Z8 = 6cm 7cm 8cm 9cm 10cm
A mHE N 149 133 116 100 84
(tf-m) M=M= M 68 51 35 19 3
3 %9 P 6,467 5,761 5,054 4,348 3,642
(kgf/cm®) . 2935 2,229 1522 816 109
3.9 35 3.1 26 2.2
3 own 7 =1,/ fra
seul A= | F=fi/f 18 14 0.9 05 0.1
) N.G N.G N.G N.G N.G
AR AT(F >f, = OK
A | fuf N.G N.G 0K 0K 0K
9A A%E | 5 S S 120.50 11725 | 11400 | 11075 | 10750
0425 101.00 | 97.75 94.50 91.25
dagd ag [ 321849| 3131.69| 3044.89] 2958.09| 2871.29
(kgf/cm®) s 72 mad s 2784.49| 269769 261089 2524.09] 2437.29
2.68 261 254 2.47 2.39
X‘]l:/l— *O‘E—:}H e = ‘s a
de o dR] Pt/ 232 295 218 210 2.03
oA A - N.G N.G N.G N.G N.G
Ag(aw) | WTO0K NG NG N.G NG NG
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F 313 9Ho] w2 ZAY wAe T kA A E(350x350, My = 190tf - m)
¥ 9] ZS(cm) A 2 2 lem 2cm 3cm 4cm 5cm
T2 = 6cm 7cm 8cm 9cm 10cm
AA mE . ‘ 174 158 141 125 109
(tf-m) M =My~Mew 93 76 60 44 28
3 59 fb:%“/ 7,554 6,348 6,141 5,435 4,728
(kgf/cm?) Z, 4,022 3316 2,609 1,903 1,196
46 4.2 3.7 3.3 2.9
3 o&dpn A = ;
B HN AE | FL/ 2.4 2.0 16 1.2 0.7
N.G N.G N.G N.G N.G
?__X‘] }\(5] 71?:‘_—' 6\‘: (L> b = .
© HE) | fuzfi = OK N.G N.G N.G N.G 0K
A Aoe | s s g | 13925 13600] 13275 12950 | 12625
123.00 | 11975 | 11650 | 11325| 110.00
dasd g o 3719.29| 3632.49| 3545.69| 3458.89| 3372.09
(kgt/cm® s ma/ S 328529| 3198.49| 3111.69] 3024.89] 2938.09
3.10 3.03 2.95 2.88 2.81
Ad 84 A& =T'y/Ta
] F=r'/1 274 267 259 252 245
oF A A o N.G N.G N.G N.G N.G
An(dg) | WTTOK NG NG NG NG NG
334 343 WA fa AZo HE
¥ 314 ¥ 29 382 AAEFE L5 WE dut Ao {3 XFAHolE U
9 A0RA mAFY Aol Aol we mHEFY FAR A% WHe] A
F 9 sFol 4% da9e %+ Ak
¥ 314 4yt Ao FEslFo] mE Fa XA (FH L t/m)
Sk A A] 7F
5m 6m 7m 8m 9m 10m 11m 12m 13m 14m 15m
A7 A
250250 204 | 108 | 63 | 40 | 27 | 18 | 13| 09 | 06 | 04 | 03
300%300 322 | 172 | 103 | 66 | 46 | 32 | 24 | 18 | 13 | 10 | 07
350%350 55.0 29.5 17.9 11.8 8.1 59 4.4 3.3 25 1.9 1.5
400%400 80.2 43.2 26.4 175 12.2 8.9 6.6 5.1 39 3.1 25
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—— 250250
—— 300300
—a— 350%350
—a— 400%400

1=

Aol 10m4¥

315 2@ 19 3.
= waLste] vhEhd

[e]
45

250x2507 A =

x1 &} s}

=

o~
T

92 A% WA (Emax lem) o] 28315l
Aoty 4% wHo]

A ko] i)

0] =
AN -

39%,

300x3007 A =

350x3507 Al = 42% B 400x40074 Al = 47%7H A F7bstE Ao 82 GERR T

41%,

3% 315 AEstsel mE 49 WA F& Ao (nax=lem, ©H ¢ t/m)
SkA A 1F
5m 6m Tm 8m 9m 10m | 11lm | 12m | 13m | 14m | 15m
A8 A
250%250 978 | 317 | 136 | 7.0 4.0 2.5 1.6 1.2 0.8 0.6 0.3
300300 1784 | 56.8 | 24.0 | 124 | 7.1 45 3.0 2.2 15 1.1 0.8
350350 344.0 | 107.8 | 45.0 | 22.8 | 13.2 8.4 5.7 4.1 3.0 2.2 1.7
400400 5576|1727 71.1 | 35.8 | 20.7 | 13.1 89 6.4 4.8 3.6 2.8
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) —— 250*250
—a— 300300
80 —e— 350%350
—~ 70 —e— 400*400
£ —O— 250+250cw
@ —— 300+300cw
i 50 —o— 350*350cw
oo 40 —O— 400*400cw
KT
30
20
10
0

® 3163 19 3105 99t gd A WA (Snw 3em)e] FgeFol wE FE
ArAol & AR Hlaste] Vel Aol

FAY mAgol AFF & A& AT FFEL 0F Aol 0mY A5 A
wl g divl o 250x2507 A= 117%, 300x3007 A= 122%, 350x3507 A=  129%,
400x4007 A = 1429% Z7}at= Ao = eyt

% 316 #AEatsol M2 343 WA dFA A A o] (Smax 3cm) .
@9 t/m
<Al A 3k
6m Tm 8m 9m 10m| 1lm| 12m| 13m| 14m| 15m
47

250%250 7377 28.0] 129 6.8 3.9 2.4 1.6 1.0 0.7 0.5

300300 514| 234| 122 7.1 4.5 2.9 2.0 1.4 1.0
350350 449 233| 135 8.5 5.6 3.9 2.8 2.1
400+400 721 373 215 135 9.0 6.3 4.6 34
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—— 250*250
70 —aA— 300*300
—e— 350*350
60 —e— 400400
— —— 250*250cw
£ 5 —A— 300+300cw
= —o— 350*+350cw
L —0— 400+400cw
10
oo
KM 30
20
10
0
6 7 8 9 10 11 12 13 14 15
[Llél"lc')r-ﬁ-jelol L(m) (6max SCm)
% 3179 29 3112 dutrg A 348 WA (Smax bem)d 2 E3Fol WE Fa
ArAol g AR Hlaste] Vel Aol
FAY Wgol AT F U= 5 FFZL wPe] Aol 10mY A Ak

W oiH] 250x2507F A= 189%, 300x3007 Al &= 203%, 350x3507 Al &= 215%, 400x400

FA= 236% F7tste A ow UERT.
F 317 ZgetTol e A9 wAe] FA A7 Aol (Snax Sem) e

A A zE

a7l 8m 9m 10m 11m 12m 13m 14m 15m
250%250 18.8 9.4 5.2 3.1 2.0 1.3 0.9 0.6
300%300 17.3 9.7 5.8 3.8 2.5 1.7 1.2
350%350 18.6 11.2 7.2 4.8 3.4 2.5
400%400 29.9 18.0 115 7.8 55 4.0
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30
—m— 250%250
—a— 300%300
—e— 350%350
—e— 400+400
—O— 250*250cw
0 —— 300%300cw
—o— 350*350cw
£ —O— 400%400cw
Ko
o
10
0

! 0] (Smax 5Cm>

=

% 311 A stwol mE 49 WA fE1 A

E 318 B 1% 312+ 350x350 Al AFEAl Wl 2 AT wE Ay o
el F4% wFde] 5 A FAEFE JHEd Ao ZAlem~ Sem¥ A FA]

10m A+ A% sts57FFS 51t/m ~ 127t/m HHE e

F 318 Mo H AR BE A 55 7FFE50+350, ¢ ¢ t/m)

gAA

5m 6m Tm 8m 9m | 1I0m | 1lm | 12m | 13m | 14m | 15m

Eﬂi_ ‘?4 %]:Smax

lem 289.00| 78.33 | 27.14 | 11.00 | 511 | 250 | 1.36 | 0.83 | 0.46 | 0.29 | 0.13
2cm 156.67| 54.14 | 22.00 | 10.11 | 5.00 | 2.73 | 1.58 | 0.92 | 057 | 0.47
3cm 3313|1522 760 | 4.09 | 233 | 1.38 | 0.86 | 0.53
4cm 20.22110.10| 545 | 317 | 1.85 | 1.21 | 0.73
5cm 1270 | 682 | 392 | 231 | 1.50 | 0.93
6cm 818 | 475 | 277 | 1.79 | 1.13
7cm 955 | 550 | 3.23 | 2.07 | 1.33
8cm 6.33 | 3.69 | 2.36 | 1.47
9cm 423 | 264 | 1.67
10cm 469 | 293 | 1.87
Prax 289.00/156.67| 54.14 | 33.13 | 20.22 | 12.70 | 955 | 6.33 | 4.69 | 293 | 1.87
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Siml S U= O 50

HEE
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SL=) 2 s
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Simd G- 5 50

Simd G U 800

Siml GLU=) 5 50

Simd G L) 10 S0

Simd S Uy 1300

Sl G U= 300

Simd G L) 1550

Sim G L) 1800

S G U= 1050

Sl S L) 13 o0

(c) 15m =3

(d) 20m =%
29 41 A we A (%)

AEFAE 419 23, SdEe] Auzde E 4
Foll o3 AEFAe 4PN eARSH S E 4

4.2
4.33}

2o
Eias s

o
)

5m H-300%200%9%14 | H-250%250%9+14 | H-250%250%9%14 55400
10m H-300%200%9%14| H-300%300%10%15| H-300%300%10*15 55400
15m H-300%200%9%14| H-300%300%10%15| H-300%300%10%15 S5400
20m H-300%200%9%14 | H-350%350%12%19| H-350%350%12%19 55400
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X 44 4Nty oA EFEITHe 288 9 BRAE A AN
24315 (w) (tf/m) 4.289 7.566 10.954 18517
Ad) IRWE (M) (tf-m) 27 450 48.422 70.107 118507
24 #1359 (f,) (kgf/cm’) 3,166 3,560 5,154 5,152
H ) Ak (Spax) () 20.587 36.317 52.580 88.880
A4 Ag (1) (kgf/em) 1,030 1,345 1,947 2,373
¥ 45 9vty uF EFY TR xR odA HEAY

e 2265>1.0 | 2.309>1.0 | 3.343>1.0 | 3.132 >1.0
S AP A =f
A8 BeH AR Fofi/hn NG NG N.G N.G
4 dvean A8| o, | 0858<LO | 1120>10 | 1622>10 | 1.978>10
‘ T 0.K N.G N.G N.G
F=ty/1, stiffner 2.7 - 3264 af | 16817 i | 36.627 ar

422 A3 Ao EfY HE

¥ 462> 4% uFe ZaRZold 28y H RUE AMAAAZA JHAYPu]A
FTHE WYHFe tmuE 2 1I0mEFAE 4demZE 7FASER 2, 16m = 3F A& 6.5cm
2 A9, 20mEF A E 55emE A WA A H S Faledn)

E 478 2AY @A P& A4 AEARE dud Ao2H 548
AS BE FRUANA AFE Ao et HEASHN Y A9 smE
10m =2 ZoloA = g Aoz Yeytow 1om=2 2 20m= 2o s ATE
TS AANTE A dANES SR Aoz YElgoy dnkyg waFF el nis dgR
7 A2t 50%7HE FaEE & & Ak
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TR WY HF (Smax) (cm) 4.0 4.0 6.5 55
AR SR A7t (o) 0.733 0.733 1.192 1.008
IR 2g wE (W) (kgf/em) 6.97 13.16 21.39 35.75
FAr o] Ho] FEWE (M) (tf-m) 87 16.5 26.7 44.7
S8 45 (f,) (kgf/em®) 1,004.5 1,209.6 1,965.6 1.942.8
TR g ukE (Re) (tf) 3.48 6.58 10.69 17.87
2R 7t BRlE(M ) (tf-m) 17.42 32.90 53.5 89.37
A% A EM',) (tf-m) 10.03 15.32 16.6 29.1
H% #F$49(f) (kgf/em®) 1,157.1 1,126.39 1,223.7 1,266.6
HF AFE(Stha) (tf) 17.10 29.58 41.89 71.00
A% A4 Ad$E(ty) (kgf/em’) 856.05 1095.73 1551.38 1896.40
E 47 349 W4 EF9 e T2 4y PEAD

i 0.478<1.0 | 0576<1.0 | 0.936<1.0 | 0.925<1.0
?_FEL.Q_E_:]' 71214E =lew/Ia
48 © F=fen/t 0K 0K 0K 0K
] 0.828<1.0| 0.740<1.0| 0.794<1.0| 0.770<1.0
5 3 o@An A =f
A8 BEHY AR Fefi/h 0K 0K 0K 0K
HE AdeHn HE | may 0.713<1.0| 0918<1.0| 1.293>1.0] 1.580>1.0
‘ 0K 0K N.G N.G
F=1/1, stiffner 2.7 - - 7.908cr 21.726cn
4.3 Atz A mE Fx AFAAH HAE
4.3.1 49ty oo ExY HE
Fdewel FAZolt 10mE AT Frtolw wuA e e RS
A AdEd EAes Ao AAgeen], Awe) FEALE SHAR Pl A
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TN AZIAA AN HES A I Y. HE R #3042 I0m=2 AASA L,

N
of\

A9k 1 1.7 0 25 H-350+350%12%19
A9k 2 1.8 0 30 H-350+350%12*19
A9k 3 1.8 1 30 H-300%300%10%15
A uk 4 1.9 1 35 H-300%300%10%15
Ak 5 1.9 2 35 H-300%300%10%15

W

F 495 dwrd WA Antzdd z2EH 8 RYE AAAdEA ARke] A=A

Ok HE B FE AEAF FAFel A AYE G F don, MyYhe 170

Zg-sts (w) (tf/m) 15.75 13.15 9.58 8.01 5.28

Hg FRIE (M) (tf-m) | 100.85 84.21 61.36 51.27 33.80

28 #159 (f,) (kgf/cm®) | 4,384.99 3,661.64 | 4512.31 3,770.03 2,485.34

H o) A (Spax) () 75.64 63.16 46.02 38.45 25.35

g A () (kgf/em’) | 2,020.33 1687.05 | 1,7.04.65| 1,424.24 938.90
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411 $4Y w3

=50 MAF (Smax) (cm) 4.0 3.0 5.0 4.0 2.0
AR G 347 (o) 0.733 0.550 0.917 0.733 0.367
AR 28 vk (Wey) (kgf/cm) 26.0 19.50 16.45 13.16 6.58
TR FHo FEWE (M) (tf-m) 32.5 24.2 20.6 16.5 8.20
1.9 ¢ (fey) (kgf/em’) 1,413 1,059 1,521 1,209 604.8
AR G 9 (Rey) (t) 13.0 9.8 8.2 6.58 3.29
SAEe 7 ERlEM ) (tf-m) 64.99 48.75 41.1 329 16.5
HE EWEM') (tf-m) 35.86 35.46 20.23 18.37 17.0
HAZF LA (kgf/em’) 1,559 1,542 1,488 1,350 1,276
HET A (Sha) () 62.64 53.41 37.79 31.87 22.06
HAF A4 AdsE(ty) (kgt/em’) 1,673 1,426 1,400 1,180 817
£ 412 349 09 B Anzady T2 a9y JEA}

] 0672<1.0 | 0504<1.0 | 0.630<1.0 | 0504<10 | 0.252<1.0
0] %} 0.7 A —
A8 AR BEFL/b 0K 0K 0K 0K 0K
o 0948<1.0 | 0937<1.0 | 0965<1.0 | 0.876<1.0 | 0.827<1.0
& BN AE Pk
A8 HeE AR P/, 0K 0K 0K 0K 0K
. 1394510 | 1139510 | 1.167>1.0 | 0984<10 | 0.680<1.0
54 Aden gg | TEL NG NG NG 0K OK
F=1'y/1,
stiffner® 7 | 14.76cn 7.06¢cm 4.49cnt - -
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F 51 % 29 512 AHSAAE W 2 AAAZ ] wE dut g gy 54
g we 35 AY FUES JErA Ao 2A SecmW A A ZA] 10m A Fe] A5

3.4t/m, 300%3007% A& 65t/m, 350+3507% A& 12.7t/m,
400+400% A & 21.0t/m F7bskE Ao 2 vEbdT

¥ 51 ZEstFol mE FA48 gy A A3 Aol (Spax dem) .
@9 t/m
e FAAY e | om | 10m | 1im | 12m | 13m | 14m | 15m
gk | 4.0 2.7 1.8 1.3 0.9 0.6 0.4 0.3
250%250 =XAu] | 18.8 94 5.2 3.1 2.0 1.3 09 0.6
o ol 46 3.2 2.4 1.8 1.3 1.0 0.7
300%300° 17y oy 173 | 97 58 38 25 17 1.2
o kol 5.9 44 3.3 25 1.9 15
330%350 Iy oy 186 | 112 | 72 48 34 25
, ko] 4 8.9 6.6 5.1 3.9 3.1 25
400400 T4 0% 29.9 18.0 115 7.8 55 4.0
30
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—e— 400%400
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