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STUDY ON SEISMIC PERFORMANCE OF JAPANESE STEEL
BUILDINGS CONSIDERING SITE AMPLIFICATION EFFECT

Yuri OTSUKA*!, Hisahiro HIRAISHI*2

ABSTRACT

Recently, steel-framed buildings were severely damaged by earthquakes, as well as reinforced
concrete buildings and wooden buildings in Japan. According to earthquake damage investigations,
the damage rate of steel-framed buildings significantly differed depending on the area or district, and
severe damages were particularly found for middle- and low-rise steel-framed buildings.

Most Japanese buildings have been designed by regulation of the calculation of lateral load-carrying
capacity (Enforced in 1981) more than the calculation of response and limit strength (Enforced in
2000). In this calculation, the site amplification effect is taken into consideration by the vibration
characteristic coefficient. This coefficient classifies site amplification into soil type 1, soil type 2, and
soil type 3. However, it was reported that for steel-framed buildings, the response analytical results
were remarkably different depending on areas in soil type 2, and those in soil type 3 were possibly
larger than expected ones.

In the calculation of lateral load-carrying capacity, the elastic response period is used as the period
of the building, and for low- and middle-rise buildings, the vibration characteristic coefficient is almost
constant and the ground type is irrelevant. As a result, the site amplification effect is not reflected in
the design input seismic motion.

This paper evaluated the seismic response of Japanese steel-framed buildings, considering the site
amplification effect. In the evaluation, the response analysis was performed focusing on the structural
characteristic factor as a variable. From the time history analytical results, it was proved that the
seismic performance of steel-framed buildings was significantly influenced by the site amplification.
And the paper investigated this influence from the viewpoint of the acceleration response spectrum

and equivalent period.

*1  Research Engineer, International Institute of Seismology and Earthquake Engineering,
Building Research Institute

*2  Prof. Emer., Dept. of Architecture, School of Science and Technology, Meiji Univ.
(Visiting Research Fellow, Building Research Institute)
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14 0.35 0.0026 0.0039 0.0051 571.26 1039.61 1715.95 0.15 0.27 0.45
0.40 0.0030 0.0045 0.0059 687.39 1307.62 2309.44 0.18 0.34 0.61
0.45 0.0033 0.0050 0.0066 816.48 1635.58 3159.33 0.22 0.43 0.83

11



Q (kN)

le = Qy2 X077 K2

K,

Ry R,=1/100

yl
28 LEMBED O—REfR

Q (kN)
400 D¢s=0.50
350 D4=0.45
300 | D=0.40
D.=0.35

250 D.=0.30
200 | D.=0.25
150 |
100 |

50

0 . . . R (rad.)

0 0.005 0.01 0.015 0.02

29 3WETETILD O—RBZR
(1 FEsh g - 2 FEihig - 3 FEthig)

12

R (rad.)



Q (kN)

800
D.=0.50
el D=0.45
600 [ D.=0.40
D.=0.35
>0 D.=0.30
400 D.=0.25
300
200
100
0 . . . R (rad.)
0 0.005 0.01 0.015 0.02
(@) 17EHhAR
Q (kN)
1000 D.=0.50
L =Y.
o9 D.=0.45
800 D.=0.40
o T D.=0.35
600 D.=0.30
500 | D.=0.25
400 r
300
200
100
0 . . . ,R (rad.)
0 0.005 0.01 0.015 0.02
(b) 2 7EHhfE
Q (kN)
1000 D.=0.50
%00 r D.=0.45
800 r D<=0.40
700 | D.=0.35
600 | D.=0.30
500 t D.=0.25
400 r
300
200
100
0 : . . R (rad.)
0 0.005 0.01 0.015 0.02

X 2.10

(c) 3iEihfg

SEETETILD O—R Bi%
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Q (kN)

700
D.=0.45
600 r D<=0.40
500 Dq:035
D.=0.30
400 1 D.=0.25
300 |
200 |
100
0 1 1 1 IR (rad.)
0 0.005 0.01 0.015 0.02
(@) 1 iEHnAE
Q (kN)
1000 1 D.=0.45
900 r D.=0.40
800 1 D.=0.35
700 ¢ D.=0.30
000 T D.=0.25
500 |
400 |
300 |
200 |
100
0 1 1 1 IR (rad.)
0 0.005 0.01 0.015 0.02
(b) 2 FEihiE
Q (kN)
1400
oo | D.=0.45
D.=0.40
1000 | D.=0.35
500 D.=0.30
D.=0.25
600
400
200 r
0 : " " R (rad.)
0 0.005 0.01 0.015 0.02

(c) 3FEih#E
211 14BETETILO O—RBEE
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24 BEEYORALEMA R DETE

KA TIE, BEYOLREMTMOIEE L LT, BEMORALEEA R, 2R ET 5, R
REFA R X, REEFFMEARE Ds ZEIZxnTob D& L, IR u LRBIRERA R,

(1/100(rad.)) & U2 Z LI KV ROz, WERHMERE Ds & MR 1 ORIMRIZ, SCHk 19
O ERREZ S BITRIE Uiz, WOERHERE Ds & & O u LIRFETEA R, 2% 2.4 (TR
T ¥, MEERMAREL Ds % 045, 0.5 DA DRALIA R, OEIEN RV L O
DIETIEH DM, BEYOLEMOFEIE L L TR 2.4 OEEHE L, 7ok, %l 3 &5
TERFEARE Ds DR E W ERETEA R, 2 2 DT R 2% < 72 2 D%, BET HERAE
T Ry 2 AR KR S 3R OBLE & FERIZ, MRS RS Ds TIPS KRB L7272
Th b,

R24 BEFMGRHE D CEDBME, ERAENMA R,

D, i Ry(rad.) | Ry(rad.)
0.25 3.0 1/33
0.30 2.3 1/43
0.35 1.9 1/100 1/54
0.40 1.5 1/67
0.45 1.2 1/82
0.50 1.0 1/100

15



3. HZIEGEBRTOER
3.1 BtAMAh-BEERAREZRDOH

B 3.1122 BIZBW TR LR EOMESR) & RS a2 V< RIS B IRT 217 - 72
FERO—BIE LT, 3BT, MEERERREL Ds 28 025 OBAICK T 2 EMARA R L @Y
AT O ORRE RT, T, Teds. AMUERERIO—FIE LT, A (M) . I (2
FEHA) . MR (3 M) OFERERT,

34 XV ISEOFFYNRLNT T, ARG TIIRFZBISE TR R L v 156
EADRRIGEERAD I B, RENWFOMERKEMEA Ruw & Lo, 2B, IWED
R FVIZOWTIHER 3.5 HiTRT,

Q (kN) Q (kN)

250

1R (rad.) R (rad.)
002 004 006 -0.06 -0.¢ | 0.02 0.04 0.06

-0.06 -0.04 -0.02

(a) &= (1@ (b) & (2 F2H0AR)
Q (kN)

250

iR (rad.)

-0.06 -0.04 -0.02 002 004 006

(c) #iE (3HEHhAE)
3.1 3FEET. Ds=0.25 DHFEIZHITHEERITHER (—H)
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32 3MWET (EE) ETILOILEMHEITHER

3 PR CE T WS T D SRR EL Ds T & O KIERIE TS R & HIFE D 1 REEEE
W T, OBIR T, B 3.2 1277, B, K OEMRIIMERELREL Ds Z & ICHEE LT [RRAE
AR ZmrT, £, RINIZLUTOELOERT,

3.2(a) L 0 HEIERFELRE Ds 3 0.25 D6 I KIEMZE T Rpar 75 1 FEHIE T 1/78(rad.)
~1/65(rad.). 2 FEHIE T 1/75(rad.)~1/24(rad.), 3 FEHIAE T 1/66(rad.)~1/29(rad.) T o7z, F
7o, 2 FEHUE O IR, JEA, W, 3 FEHAE OFERT . JII O ARALETEA R, Td 5 1/33(rad.) % #
R DfEREIRST,

3.2(b) & ¥ HEIERFELRE Ds 73 0.30 D6 e KIEMZE T Rpar 75 1 FEHIE T 1/83(rad.)
~1/76(rad.), 2 FEHAE T 1/81(rad.)~1/21(rad.), 3 FEMAE T 1/89(rad.)~1/28(rad.) T~ 7=, F
7o, 2 FEHMEOFME, IR, JEAR, THE, Wil AREH, W, RAE., KE (GFE). 3 fHEi
MEOWZE, HErE. WL O BRAETEA R, Th D 1/43(rad. )& B2 DFER & 72072,

3.2(c) &V MEIERHESREL Ds 2 0.35 DY G e KIE M ZE I Ruax 75 1 FEHIE T 1/80(rad.)
~1/76(rad.), 2 FEHAE T 1/79(rad.)~1/21(rad.), 3 FEMAE T 1/92(rad.)~1/26(rad.) T~ 7=, F
7o, 2 FEHUBROFME, IR, JEAR, A TH dhili, REH, |, FERE. KE ).
KA. B, 3 FEHBEOMZ, dim. BB, JIDOBRALIA R, TH D 1/54(rad) B 25
R Lo 7,

3.2(d) LV AEERHEARIL Ds 3 0.40 DGE e KB ZE T A Rinax 5 1 FEHIVEE T 1/81(rad.)
~1/73(rad.), 2 FEHIE T 1/80(rad.)~1/24(rad.), 3 FEHE T 1/94(rad.)~1/30(rad.) TH > 7=, F
o, 2 FEHUBROFME, I, EAR, BE. B RE, R, TEE, e, Wi, AREE,
NI BE) . FBEE, K &E). PRk, Al 88, S0 K BE. 41, X
M. B, B2, 3 Mg oM, JEm. )0, IO B3RRERA R, ThH 5 1/67(rad.) & i
2 DHRERE o T, —T, 3EMEORE, /NHE, AEIZBW TN S RERIGEERA
Ruax DIEZ R LT, FRC, BRI e b /N S T KIGEZETE A Rnax DI R L2,

3.2(e) LV MEERHEARIL Ds 3 0.45 D6 e K ZE T A Rinax 5 1 FEHIVEE T 1/81(rad.)
~1/68(rad.). 2 FEHE T 1/79(rad.)~1/28(rad.). 3 FEHIE T 1/94(rad.)~1/29(rad.) TH > 7=, F
7o, FEREBR < & TOMHTHS D RAETEA R, TH D 1/82(rad )& 2 DR L IpoTz, —
7. 3 FEHUBRORIEI IR b/ SR EKRISE LA Ruwe DIEE R L, £ OEITRALA R,
FThoT,

3.2(f) & O HEERFELREL Ds 3 0.50 D556 i KIEMZETEAA Ryar 23 1 FEHUEE T 1/75(rad.)
~1/71(rad.), 2 I T 1/74(rad.)~1/30(rad.), 3 FEHAZ T 1/90(rad.)~1/32(rad.) T o7, F
7o ETOMHTHLSERZE A R, TH 5 1/100(rad. )& B 2 DFER L 72 o 77,

32 L0, 3WETET NLVOHA, 2 N b RE 2R KEBEFA Ruw DIEE R
L7c, E£70, 2 fli, 3 FEHAR IZ 3T, [ CHERFAREL Ds, A CHBFERI CTH > ThH |
ZDBKIBHEIETEA Ruax \ZATXBE R RPN E T DER L o7z, 3 R TET L TIEFRC,
2 AR & 3 R OB U Y 72 5 R A RO RARA AT R A2 DGR & 7o T,
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EABRZEM AR, (rad.) EABRZEM AR, (rad.)

RARBHEZEMR AR, (rad.)

32 BRABMZEMA Rw EHBEED 1 REHWEY 7, DEFE CEETETIL)

3/50

1/20

1/25

3/100

1/50

1/100

3/50

1/20

1/25

3/100

1/50

1/100

3/50

1/20

1/25

3/100

1/50

1/100

X 174
r A 2fEthig
1%
O 3@ iz %
I Bk w0 R, (=1/33(rad.))
§E"5f‘>_‘ AEEBE)
wi m A
A 2 % o . D/ﬁg
= NEE
" INAE
i AEZE
I ' ! Tg(s)
0 0.2 0.5 0.75 1 15
(a) Ds=0.25
X 1 I
i A 2 £
O 3@ ig
I L EAX E( i)
Bk -
| %@A {L“A\AA/ 7 a(iﬁéj)” E/( = nn R, (=L43(a))
£
I a ’ A&
XF A A A WA A Tz MR e \:(
ORGP VY T .
‘ =f
I ' 'Tg (s)
0 0.2 0.5 0.75 1 15
(b) Ds=0.30
[ X 1780 i
L A 2@ Y 1115
O 3fEh iz
I . £
BEE m o e
ﬁ*i /AK Bl ﬁi
i ] I A
rt i REEE) R, (=1/54(rad.))
i i3 Sl AE®
mmﬁa\:&%&\ TUFR aER s o
L BHF N m@mpr Pen
L L , Tg (S)
0 0.2 0.5 0.75 1 15
(c) Ds=0.35
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3/50

5 X 178348
g 120 A 2fE g
% 1] 0§
g O 3t A
o  1/25 R
Jﬂi\Z Ep ! o
AN
B KE(EE
i i R, (=1/67(rad.))
ﬂﬂ%@ 1/50 F&
X =
0¥ 1100 f Gl nag S E\ag
0 L L |Tg (S)
0 0.2 0.5 0.75 1 1.5
(d) Ds=0.40
350
S X 178
8 120 | A 27808
’I& O 3iE i
i & .
& U i/a b ?ﬁ
N =P £ no
B 3100 b XF ﬁfﬁim)\mﬁ*ﬁﬁg =N
g by & e
R, (=1/82(rad.))
[ 1/50 KE(HE) MER nE
5 ' A <
17100 F
iR
0 . : Ty (S)
0 0.2 0.5 0.75 1 1.5
(e) Ds=0.45
350
— X 1508
8 100 L A 2fEshE
‘fgg O &
[a L
®! 1/25 REZ b e
R B pe i
= i
g 3/100 | i T EE =l ?ﬁf .
g 7<¥\A e R, (=1/100(rad.))
Bl 150 | 4 E'iAA xé;(iﬁzy\mlﬁ nE
R nmwi& i T
I8 1/100 0
- pid
0 . : Ty (S)
0 0.2 05 0.75 1 1.5
(f) Ds=0.50

32 XAEBEZEMA Rw EHBED 1 XREWEL 7, 0BFR GBETETIL)
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=31 BEEBMEREDsCEDRKREBEZEMRA Ruw ERRERA R, X -fEiTHhA
GEETETIL)

SRBEER AR
HER M RED, = s BRLEM AR, (rad.) BREMAR, EEZ HEATHA HES
min(rad.) | max(rad.)
178 i % 178 1/65 1EMEE |G L
0.25 2% ih g 175 1/24 1/33 2fEMEE (NI, EA. R 3.2(a)
37& i 8 1/66 1/29 3f&HAE  |SBFAI. IO
178 ih % 1/83 1/76 EMEE |G L
HlE. G, BER, FE. MHF.,
0.3 27& it % 1/81 1/21 1/43 2fEhAE  (KREE, 1@, FEH. 3.2(b)
XE (HE)
3 i A 1/89 1/28 fE MM [ER. EE. W 0
1ig i 1/80 176 EMEE |G L
HE. G, BEX. 8F. FE.
035 273 it % 79 121 1/54 AEIMAE  |mhiR. AREE. W, H B, ®3.2(c)
KE (BE) . XF. BF
3f@ ih g 1/92 1/26 stEhAE AR, S, BB e
178 it % 1/81 173 FEMEE B L
HE. G, EX, FAH. 8.
RE. EB. TE. ®BE. Mg,
AREZE, B, /NI (FE) . HEE. 2
0.4 27% h g 1/80 1/24 1/67 2FE A x= (5E) . FR. B, %@, [3.2(d)
EH. XF. BB, 1. KA.
HEf., BR
3FE i i 1/94 1/30 SiEMEE W%, $Rm. W) D
17 ih % 1/81 1/68 VEE |2 TOBMitha
0.45 27 tth A% 179 1/28 1/82 MBI (2 TOMRFHA 3.2(e)
37 Hh i 1/94 1/29 @A |WEER R TOEMMR
17 i % 175 171 EHEE |2 TORFA
0.5 27 th 174 1/30 1/100 2f@ihAE (£ TOREMTISR [(3.2(f)
37& tth A% 1/90 1/32 3FEMAE (2 TORITHA
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3.3 8RBT (FE) ETILDICEHEITHEE

8 WA CE T MBI D REERHMAREL Ds Z & DI RIBR AT Ruax & AR D 1 R LBE
W T, OB T, B3.31TRT, 728, P OSEBIIERMEIRE Ds Z & ITHE L2 [RAAE
AR, ZmrT, £, RI2IZLUTOELOERT,

3.3(a) L 0 EIERFELR I Ds 73 0.25 DYy & e RIEHIZETE A Rinax 73 1 IR T 1/137(rad.)
~1/128(rad.), 2 FEMAZ T 1/129(rad.)~1/64(rad.), 3 FEHIE T 1/95(rad.)~1/75(rad.) TH > 7=,
F7o. R TOMITHLUE DS IRALTEAMA R, TH 5 1/33(rad) LA FER LT,

3.3(b) L ¥ HEIERFIELRE Ds 73 0.30 DYy A e KIEHIZE T A Rinax 73 1 TR T 1/152(rad.)
~1/142(rad.), 2 FEH1E T 1/138(rad.)~ 1/86(rad.), 3 FEHAE T 1/108(rad.)~1/80(rad.) T - 7=,
F o, WEERHEREL Ds Y 025 ORE & FERIC, 2 TOMITHRSRALEA R, TH 5
1/43(rad)LA T 2= L7,

3.3(c) L 0 HEERFMARI Ds 53 0.35 DA e RKIEMIZETE A Ry 5 1 FEHIE T 1/143(rad.)
~1/139(rad.), 2 FEHIAE T 1/136(rad.)~1/75(rad.), 3 FEHIHE T 1/100(rad.)~1/74(rad.) T > 7=,
F 7o, WEERHERREL Ds 23 0.25, 0.30 DA L RIERIC, 2 TOMITHSRALIEfA R, TH
% 1/54(rad )L F a2~ LTz,

3.3(d) & O AEERHELREL Ds 3 0.40 DIGE | e KIEHIZE T A Ryax DY 1 FEHIA T 1/140(rad.)
~1/135(rad.), 2 FEHIAZ T 1/126(rad.)~1/54(rad.), 3 FEHIHZ T 1/96(rad.)~1/66(rad.) T - 7-,
Fo. 2 FEHMEO)IIR, 3 FEHAE O, ) NSRRALEFSA R, TH D 1/67(rad.) & X Dk
Rilpot-,

3.3(e) & VO AEIERHELREL Ds 3 0.45 DIGE e KIEHIZETE A Rinax DY 1 FEHIA T 1/136(rad.)
~1/132(rad.), 2 FEHEE T 1/114(rad.)~1/44(rad.), 3 FEHET 1/91(rad.)~1/58(rad.) T > 7=,
o, 2 MR OJIIR, JEAR, TH, AREE, I, FHE, Ke Bk, 3 fHio/~NAE,
W22, SR, AE. NODBRALEEM R, Th D 1/82(rad )& 2 DR & o7z,

3.3(f) & 0 HEERFIELREL Ds 23 0.50 DG e KB HIZETE A Ruax 2 1 FEHIA T 1/128(rad.)
~1/125(rad.). 2 FEMEE T 1/102(rad.)~1/40(rad.), 3 FEHIE T 1/81(rad.)~1/52(rad.) TH > 7=,
Fo, &2TO 1 FEHRIIIRAZEA R, TH 25 1/100(rad ) LA F A28 L72hy, NEA, FEER,
R, KE KW0). &M, BE. /D, fiEER< 2To 2 FElg & 2 To 3 3R
RIS R, B2 DRER L Ia Tz, BRI, 2 FEHE DI, JEARICBW TR E 2 KEM
BFGA R DB R DAL,

33 LV, 8MEETET NDOYE, MIEREREL Ds 2% 0.35 DG £ TlLRKEMAR
£ R 13 1 FEHORE, 2 FlEHORE, 3 FEHUERONEIZ K ZWMEZ R L, #ED 1 R AR T, 15K
VNI ERKERIZETCA Ruax DREL R DM Z R LTz, LU, #EERHELREL Ds 75 0.40
VL EOSA T, 3 BETET /L& RERIC 2 B i b K& 2R KEMZEA Ry OE
LT, £io, 3WETET LV EMERIC 2 MMk, 3 AR ICH T, A U SRR
Ds. [Al CHUEFER ] CTd o> CTHZ DRKIEMEFA Rue DIEIZITIEE 2 ZRB A BT,
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3/100

5 X 1B
g A 2iE i R, (=1/33(rad.))
D:E O 3@
1/50
€ 15
AN 5
E:Q( mr £ B8 o -
= x; \%E“B FEE o A&
o W o
B 1/100 AN O
D . “,“.M%MQWMA NEE AR R
mlg(r AEGE)
FE
0 . - ' Ty (S)
0 0.2 05 0.75 1 15
(a) Ds=0.25
3/100
g X 1iE#h# R, (=1/43(rad.))
g/ A 2fE i
’I& O 3@
1/50
8
)
B AEZ T=
i EEJ&K EPN MEE sz an AE
ury L D/
o <k N Kl o
B 1/100 N - /fA D\ﬁﬁ
® acaaiadndioo BA e & 1N g
o
KEEE)
0 . : Ty (S)
0 0.2 05 0.75 1 15
(b) Ds=0.30
3/100
—_ X 15E 8%
©
a A 2FE g
% O st R, (=1/54(rad.))
1<)
o 150
8
N o .
E:( say TR m@/*% sz 0 -
Iy = \]%A* /AR { o E(g
i A *§ 2 Mo
B 1/100 b L&A\%AQ o_ BE g
K i w1l
o T KE@EE)
0 L L |Tg(s)
0 0.2 0.5 0.75 1 1.5
(c) Ds=0.35

33 HKBEZERA R. EHBD 1 REHER 7, 0BEE%R BBEETETIL)
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SR, (rad.)

KEBREZEFR

=
BX

RARBHEZEM AR, (rad.)

RAEBHEZEWAR,,(rad.)

3/100

1/50

1/100

3/100

1/50

1/100

3/100

1/50

1/100

23

X 178188
A 27@ 58
O 3iE i o
i £ R, (=1/67(rad.))
- ENE ®E N0
’;i'l AEE
B &A cha(iz?f/)DEk o
Wj\mﬁﬁm ‘:k RE
‘MM’RA )1
. . .T (S)
0 0.2 0.5 0.75 1 15°
(d) Ds=0.40
X 17818
A 27808 )|l
O 37&thig Ex K
I . 2 = o
Fag /*E;’? E e
BEHEE 4
F, % Akg(ﬁ)g(ﬁm
X7
I £ wAa YNNI EN
mﬁmﬁ W.%Jll *ﬁ/E R _
. (=1/82(rad.))
. . .Tg (s)
0 0.2 0.5 0.75 1 15
(e) Ds=0.45
[ X 10
Azamm FR g zs
O sfEse s 4 /{E;‘z
=
- REGE) o
E-J=E:T / MR EE 2E
ﬁ H m B o
*E N o E(mg
ki@e: Ame%AA A INEE
R, (=1/100(rad.))
. . .Tg (s)
0 0.2 05 0.75 1 1.5
(f) Ds=0.50

X33 HSARBHEEMA R EHBD 1 REBEL 7, DER BHEETETIL)



32 HEBEEBMREDsCEDRRKEBHEZEMRA Ruw ERRERA R, A -fEiTHhA
BEETETIL)

HERMHRRD, %ngﬁwmm BREMAR,(ad) RALEMAR, EHB2 5 BATHSE &S
min(rad.) | max(rad.)

138 th % 1/137 1/128 1EMEE |L

0.25 278 th % 1/129 1/64 1/33 2fE AR (A L ®3.3(a)
3FE Hh A 1/95 u7s 3B (4L
178 i % 1/152 1/142 EmE |L

0.3 2E i 1/138 1/86 1/43 2R (4L 3.3(b)
378 it % 1/108 1/80 M@ (4L
178 ith % 1/143 1/139 EmE |2l

0.35 2% Hh % 1/136 175 1/54 2% &R (4L [43.3(c)
3fE 1/100 174 MM (A L
178 ith % 1/140 1/135 FEmE |4l

0.4 278 th % 1/126 1/54 1/67 2B AR ()1 [3.3(d)
3iE i A 1/96 1/66 st [ER. O
138 th % 1/136 1/132 1EMEE |4 L

0.45 2FE Hh A% 1/114 1/44 1/82 27& 1 % gﬁﬂgiﬁtﬁ ‘i;kEi?\ e £3.3(e)
3fE i A 1/91 1/58 3f@iAE  [NERLHER. EE.AE. )0
18 i 1/128 1/125 EmEE |gL

NEF. R, R, XE GFH) .
05 2% ih % 1/102 1/40 1/100 2fEMAE  [RE. BEE. /MU, BTE [3.3()
RS TORNHA

3E it 4F 1/81 1/52 3MEMAE (L TORMHA
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3.4 14ABET (8B ETIOLEHERITHER

14 BEECET VISR DAEERMELREL Ds Z & O KBMEA Rue ZHAED 1 RELEL
JAH T, DBIR T, B 3.4 1277, 2B, X ORISR Ds Z & BE L RA
LA R ZRT, £lo, RIJIWLUTOELDHETRT,

3.4(a) &V MEERMAREL Ds 3 0.25 D56 A RIERIZETE A Ruax 7 1 FEHYEE T 1/130(rad.)
~1/126(rad.), 2 FEHAE T 1/137(rad.)~1/80(rad.), 3 FEHIAE T 1/104(rad.)~1/72(rad.) TdH > 7=,
F7o. R TOMITHLUE DS IRALTEAMA R, TH 5 1/33(rad) LA FER LT,

3.4(b) & AEERHELRE Ds 3 0.30 DA e RIEHIZETE A Riax DY 1 FEHIAE T 1/146(rad.)
~1/143(rad.), 2 FEHIE T 1/147(rad.)~1/96(rad.), 3 FEHVEE T 1/119(rad.)~1/61(rad.) T > 7=,
F o, WEERHEREL Ds Y 025 ORE & FERIC, 2 TOMITHRSRALEA R, TH 5
1/43(rad)LA T 2= L7,

3.4(c) LV HEERFMARI Ds 53 0.35 DA e RKIEMIZETEA Ry 5 1 FEHIE T 1/143(rad.)
~1/141(rad.), 2 FEHIAE T 1/146(rad.)~1/94(rad.), 3 FEHIAE T 1/120(rad.)~1/59(rad.) T & > 7=,
F 7o, WEERHERREL Ds 23 0.25, 0.30 DA L RIERIC, 2 TOMITHSRALIEfA R, TH
% 1/54(rad )L F a2~ LTz,

3.4(d) & O AEERHELREL Ds 3 0.40 DIGE e KIEHIZE T A Ryax DY 1 FEHIA T 1/144(rad.)
~1/141(rad.), 2 FEHIE T 1/143(rad.)~1/97(rad.), 3 FEHVEE T 1/112(rad.)~1/58(rad.) T > 7=,
F7o. 3R ORGR, NEE, AERRALEEMA R, THD 1/67(rad) 2 B2 DfER L 72>
77

3.4(e) LV MEERHELREL Ds 23 0.45 DA e KIERIZETZ A Riax DY 1 FEHIA T 1/147(rad.)
~1/142(rad.), 2 FEHIE T 1/135(rad.)~1/100(rad.), 3 FEHIHE T 1/91(rad.)~1/57(rad.) T > 7=,
F7o. 3RO, NER, W2, KENRAERA TH D 1/82(rad) 2 DGR & 72
D 7”:0

34 10| 4ARETETNVOGE, RKRIBHIZETEA Ruw 75 | FEHEE, 2 FHAR 3 M
MEDNAIC R EVEZ R L, #HARD 1 REEEH T, AR EWE ERKERETEA R DR E
<IpBfdEmZER LT,
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