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Application of Fiber Reinforced Concrete to Loop Splice Joint

TADAOMI TAKEYAMA MASAHIRO KOKUZAWA WATARU SASAKI

HIROO SHINOZAKI
MASANORI HIGUCHI

Key Words : Loop Splice Joint, Fiber Reinforced Concrete, Perpendicular Reinforcing, Bearing Force
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Development of the Splice Joint of Precast PC Slab Using “Trunc-head”

TAKASHI SANGA NAOKI ARIKAWA  YOSHIKAZU SUZUKA  HIROO SHINOZAKI
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Application of Fiber Reinforced Concrete to Loop Splice Joint
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This paper describes the influences of the amount of the perpendicular reinforcing bars and of usage of
fiber reinforced concrete to the joint position on the flexural properties of loop splice joint. The result of
bending test of joint member showed that there was little effect of decreasing amount of perpendicular
reinforcing bars in loop bars on proof strength and on deformation behavior. But, if those reinforcing bars
were decreased, some splitting cracks along the straight position of loop bars were appeared in the
ultimate force level and bearing stress in the loop bars tended to increase. On the other hand, using fiber
reinforced concrete at joint position, that phenomenon was improved and it’s showed the possibility of
omission of those perpendicular reinforcing bars in loop splice joint.

Key Words: Loop Splice Joint, Fiber Reinforced Concrete, Perpendicular Reinforcing, Bearing Force
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Development of the Splice Joint of Precast PC Slab Using “Trunc-head”

HAfrgEsr - =m SANGA TAKASHI
Heiearsepr - A 2 ARIKAWA NAOKI

aom E
il

TRRREHR &R 1 SUZUKA YOSHIKAZU
eAihrger & #/E  SHINOZAKI HIROO

BUE, EFME LG Lo RCIKMOBEARED N TE Y, MAEELBELTT ¥ ¥ 2 & PC IR
HASN TS, ¥ ¥ A~ PCRIROHTACIE, M—THFER—HBOICANLNTWER, V—THFL,
R AE#HE 372 Z L1t LTHIKIR & 5 2 Lo — T HHNICHMEENLER EOMREET 5, FELIL,
INHESFETLHHEE LT Trunc-head 1 K AR O FEE 2 FIR LT & 70, AikFMEOVER % MR
B7I, T AT 2 Erg BRI & O T EE TR Z M L7z, £ DfER, Trunc-head % MV 7k
FHEEIL, VTR EREEOWREELE T LI & 2R LT,

F—T—F: FLx v A bPCRIR, #MF, SHAMTRER, i ETRER

Many replacement projects of the deteriorated RC slab on steel girder bridges are ongoing, and precast
PC slab structure is adopted for those projects due to its durability. Loop joints are generally used for
joints of each precast PC slab, but there are some problems such as limit of slab thickness and reinforcing
bar arrangement in the loop. The authors have developed a joint structure with Trunc-head re-bars for
purpose of solving those problems. In order to confirm the performance of this joint structure, a static

bending test and a wheel load running test were carried out. Those test results showed that the joint

structure using the Trunc-head has the same performance as the loop joint.

Key Words: Precast PC Slab, Joint Structure, Bending Test, Wheel Load Running Test
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Proposal of the New Bridge Maintenance Technique Utilizing ICT
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This paper proposed a new bridge maintenance technique for reduction of maintenance cost and

rationalization of diagnosis evaluation. The ICT tool, which effectively supports visual inspection by
distant view, was developed. High durable optical fibers are attached to a structure to enable higher check
diagnosis under progress of deterioration. The systems were applied as an inspection of a deteriorated

bridge due to ASR and confirmed that the condition of the target bridge haven’t changed dramatically

under the present conditions.

Key Words: Maintenance Technique, Inspection Support System, Monitoring
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The Influence of Mineral Admixture or Volume of Aggregate on Shrinkage Behavior under
Reinforcement Restraint of the Concrete with High-Early Strength Portland Cement
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This paper describes a study of the influence of mineral admixture or volume of aggregate on shrinkage
behavior under reinforcement restraint of the concrete with high-early strength portland cement in order to
investigate the crack resistance behavior of concrete for PC members with design strength of about 40
N/mm?. As a result, the followings were obtained; 1) the influence of mineral admixture on drying shrinkage
of unconstrained concrete was small, 2) the age at occurrence of a crack became longer with absolute
volume of unit coarse aggregate, and there had been a possibility of influence of changing the effective
elastic modulus, 3) with the case of using fly-ash, the influence of mix proportion of concrete was small on
compressive strength, age of cracking occurs, aging of effective elastic modulus and creep coefficient at
occurrence of a crack.
Key Words: Mineral Admixture, Absolute Volume of Unit Cement Paste, Effective Elastic Modulus, Creep
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Effect of Differences in Shape and Dimension of Bubbles on Fresh Properties
and Strength Characteristics of Ultra-high-strength Concrete
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This paper describes the effect of air control agent on fluidity and compressive strength of ultra-high-
strength concrete. Samples with different air content where both AE agent and antifoaming agent
addition amount was changed were manufactured and various measurement was carried out. Fresh
concrete showed less fluidity as the additional amount of both AE agent and antifoaming agent increased.
Focusing on the change in bubble’s shape and dimension by adding both AE agent and antifoaming agent,
the image analysis was employed for hardened sample. It was confirmed that, when both AE agent and
antifoaming agent were added, the amount of distorted air bubbles increased. This result is considered to
be one of the reasons of deterioration of fluidity.

Key Words: Ultra-high-strength Concrete, Air Content, Fluidity, Compressive Strength,
Distorted Air Bubbles
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Centrifuge Model Tests on Mitigation against Liquefied-Soil Deformation by Pile Type Improvement

HANBFZEET il €M% FUCHIYAMA MISATO
HAN 2T @ifG  EfP  TAKAHASHI NAOKI
HAWWFgEET P4 iR TOMURA GOJI

TARBGEH® W fE AT TSUDA WAKAKI

WA LE S MG T Eh 2 M3 25K & LT, EHFLIIMMKBREROMAURORE HF ka2 TRT L2 LI
£V, REEIOBIRMEITIFE L o> b AGRE 2 Ml 7 5 GBI 5 RIS T~ 2 Mt 247V, B ZEm &
PRI DBELE GIE L T ORRICHAT 2ERFHELRE Lz, A, IRbIic L0 B = NRGE R IR PAE T
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The authors proposed the irregular placement method of the deep mixing piles, or DM piles, to prevent
lateral flow in various directions and the design method for that structure was established. In the present
study, centrifuge model tests were conducted to clarify the improving effect of the DM piles against the
deformation of ground due to liquefaction. The results showed that the improvement by the DM piles
made the ground deformation dramatically reduced. There was no damage to the cement treated piles and

the shallow mixing layer, which were designed by using the proposed design method, after the excitation.

Key Words: Liquefaction, Lateral Flow, Deep Mixing Method, Centrifuge Model Test
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Blasting Fracture Controlling Technique
Using Stress Wave Interference Induced by Disposition of Blank Dummy Holes

HAfrprgter i =& YAMACHI HIROSHI
A miEs AR #i—BEF NAKAMORI JUNICHIRO

BT & DREEMIRIEIZ IV T, RO — B A B EG ) O IR Lo WErE, RIFEEIZ MO T
FAVWREEET 2 TES LIZLIERAINDS, LLRR 6, ZOREELEIL RCHEMEICHTT 52 L N#EL
<, FZOBTaA MRETHMMOE CTHHERH 5, EHLIE, RCHEMTLELSITHE L TE 56 =20
mm FREDOZEAMARET D2 & T, BRICK 28RO NEASE AT 5 2 & DR 28 LW RREER T 4
BHIE L7o, AHEIT, TOZEAREEDOREEEL, £ ORBENRD FZRNI L OMITHIMGER RE R~ T b0 Th
%o
F—7—F : SMart-BD, ZEFLEE, IGTNIEFEELAN, JROOEFLHIE

When some area of structural body needs to be protected from blasting damage, isolation technique
with enclosed thin grooves is often employed. However it is difficult to apply this isolating techniques to
RC-structure demolition and there are also problems in its application cost and period. The authors de-
veloped the new isolation technique which was capable of blocking tensile stress wave propagation by

blasting with disposing a group of about 20mm diameter holes which can easily executed even in RC

structures. This paper describes the practical arrangement of the dummy holes and the results of experi-

312 & BB UEI N I B

mental and numerical verification about the effect of this isolation method.

Key Words: SMart-BD, Empty Dummy Holes, Stress Wave Guidance Technique, Fracture Control
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Building the Observation Network for Prevention of Ground Disasters
And the Proposal of the Method for Evaluation of Slope Stability

BeAfedfsepr K fE— OTSU SHUNICHI
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Some earth works are carried out around disaster black spots such as landslides and monitoring systems
are necessary to confirm its safety. Although the observation network with effective arrangement of
monitoring devices is useful for monitoring ground disasters, there is some difficulty to put enough number
of conventional monitoring equipment due to its cost and/or those setting trouble. The authors solved those
problems by using the notable ground clinometer that it is low cost and easy setting. This paper describes the
building observation network for prevention of ground disasters by using the ground clinometers and the
results of the test observation. And, the stability evaluation technique of the whole slope by using that
observation data is proposed.

Key Words: Ground Disaster Prevention, Safety Management, Stability Evaluation of Slope, Kriging Method,

Self-Supporting Observation Network
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Experiment of Three-dimensional Frame with Soft First Story and Sliding Yield Type
Multi-story Shear Wall Using Different Concrete in Strength

Bk 3 T ik
BN 3 T JLEH L
F AT SE T ko SHINJO HIROSHI
LA PESHEED SEEF BN HIRANO HIDEKAZU
GRS PEGHIS AN =—HE  MATSUI KOICHIRO
AESEAPEGHEES 2T YR SAKO JUNII

F A N S KOSAKA HIDEYUKI

EGASHIRA HIROSHI

1~4 B E COMFHEZRITERET, HE—BERM TOW 0 BRERUE LB EREOMT &, 1Hicyr T
A &AL, 2~4 BB 2 AR EE LRV REE I 2 > TV DAk & THERL & 172 SEARZRRE TR 1K %
FL L, RUNANHERT 2KVINNFERZ FHM Uiz, EBROMR, M EREE O 3 —BERH 07 v FRR
B, ©nuT 4 ObHOHEEIT 1 B - Ao ER E 220, SARZTEMA T 1/50rad £ TOLETEEREZ R
Lic, E72, BE—ATTHAIICER L Y BIRWEMFREORTZ THO=a 7 ) — b 24T L, RfEmE =

7 U — b TIEOREE BT LR, SHORBEa 7 U — M ToREREGIIR ORI oT,
F—T— 8 EEERE, EoT o, SCRZERE, W0 E, dhi R

Shear loading tests of three-dimensional frame composed of multi-story shear walls designed as sliding
yield between column and wall with soft first story were conducted. All horizontal reinforcements of
these walls were not anchored into the perimeter column. As a result, sliding failure between column and
wall panel occurred at multi-story shear walls and flexural yielding occurred at soft first story. This

specimen showed deformation performance up to 1/50 radian at total drift angle, and the layer whose
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compressive strength was lower than that of shear wall was not damaged.

Key Words: Multi-story Shear Wall, Soft First Story, Three-dimensional Frame, Sliding Failure,
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Development of RC Columns with Semi-Rigid Base
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This development aims to realize rational RC buildings by controlling the stress distribution of the
bending moment of columns by reducing degree of fixation of the legs in the RC 1 story columns. In
order to investigate these purposes, stress analysis, structural experiments, finite element method analysis
and other methods are employed. As a result, it was confirmed that the buildings where the reduction of
degree of fixation of the legs is effective for the buildings having a large aspect ratio and large influence
of total bending deformation. In addition, it showed that reducing the degree of fixation by providing a

tapered column reduction part at the column base is effective.

Key Words: Column, Semi-Rigid, Stress Distribution, Aspect Ratio, Reduced Part, Tapered Part,

Finite Element Method Analysis

1. [FLBHIC

&M & A PRI EREH T B 72 0121E, BE A RS
B OER T, BEPRETNAT A L P 54
BWRRE LW, SN %) 2EEEOISIREEE, M)
BB CIEEICEM ORIPEID, KEEE CIEEH o
AN AET %, @HE O RCERY TIX, TRER IS5
UCkE, M OB AECE A B2 I 5720, [l
T, WAHZEETLHRFIEBEETLTLHRE 20,
BB OEPECTT HOMBAESICEETE L, Lo
FLWIGTRETED T D ENFREE D,

ZOLXDRBE TIThN I BATHIZE L LT, FisEEE
B EEICT B89 DR SN 5, Wb TR
2[5 E YR IATIAES O B E 2 K35 = & ChURICAE
C2OHIFE—A Y MEFAEITT L THELL, stk
DI ERBFNRRFHEREIL 0D,

ABAFIX, RC D 1 MEFEICHE L, MO EEE %

BT 22 & THoOmTFE—A L OIS SI5E 2 HIE L,
G RCIEEYZETTH RC EHEOHEEITI b
DTH D,

(1) BAREBEOME

ARETIE, FAREIEOME, HEEDHE, 2oV
WA AE IOV TR D, 2k, A THRARD
MEE &, R CoTEIME (ED 25 12 L L
LEOWEAMED Z L Th b, ABEOMELR-1 2
A, KT, | BoEERL s LT, @ oM 0%
A, MEICEEEIEREEE LcGE, £ oXEETR
EREBICRHTAHEEEIR LTV, BERYEOY
G, i — 2 2 b O E D72 REEERNIC T
T 5, XEAEAWAZELETIC, WEHICHEEE O
FlfRIERZRT 5 & R EN T30, fE8E, o
HIFE— A MRS E, ISR BELT 5, 72721,
MEZRMEOBEND, EEOLEET 47— LT

77



SIHEACREBARAMTAIZEB W 55 15 5

Sl A h/2 XY Ew h21ZE 5T %
HIFE—ACF  Mb>>Mt Mb=MtIZIF3F %
I I I
v2G . _._ IME I i L
=3 e FE
BB A
T
L T
vlG _ . a__ ‘_‘_,@TZ?@*%“
Mb : .
[ EE IR
H-1 AEEOE
ofgp| AR HR|  2MKFIEA
1608 5.51mm 1738 6.73mm
2G
WO L ——— |
743 /| 2WE% (1.401)1048 [2PEH
1608 1738 (1.081)
oy R
192 A FEm
3855 1G 3457(0.897)
I K
1927 1729 (0.897)

BRI oM E— A > FoOfEE (kNem)
() PIEEEICKRT 2 B EE OIS &~
[ E FEE (EEKE0.5)
-2 JEAIEE

VAR Ol 77 2 B RKIRIR S B a2 EBRETH D,
A2 EE & LG E & EEE & LIZGE oIt o —
Bl P&R-2 ([TRT, ’@%@;5’&%Eﬁéﬁ#&
O EWEEEIZIE, #ETEIME EL 234 o E XAl
@,Ew@@i%wf/bmlﬁﬁgﬁﬁbfwéo%
BEOBFHIZBWT, 1 BIOS KBRS EAE R ES
LB,

PEROFEIZET MBS EZE-3 (279, HO KR

PEENE L, O IFE—2 2 PRI WHEIZIT,
W 2@ oERn2ENTWS, KLY, s 11

B & 2 BE DAL ﬁbfﬁwﬁﬁﬁézﬁﬁé%m
ThbH, ZOHE, 2 MEOREREATICKE DU 25
WREL 720, BFHOT 4 T*wﬁ:i}i%’ﬁk nh, ZDiz
W, mIL@W%%ED%ﬁw KIS 20%, 1PEE 2 B
D FEWr R A 3 ¢6%®T%60_ By, 1HAE
Il ﬁkﬁét TIE, 1 PERERE 0B A BN &
LMEENH Y, I%WV”%%%?% EREELL 2D,
Z ORI EBET DI 2 K& T HRENET
Do AR, MRS REBr AL A S U7 B N oy &
AT, FEE &AM NSO EMH AU D 2 TR OT
WazlTo5bDTH D,

78

00000

50008 30008
[ S 9 ! S 9
| 00000 | 00000
Al CIrifi
| A | ’¢ | C % .
i N i N v i v
I = 1 . 1
Mt ; ! : !
v2G _ ____! —— i _:_ _,5 _____ — - _._; ____________
\ i / i
;;7 Tsebe g B
i ML D j i
f}:ﬁkg' : oooey : 006600
Mb T 1A ER Iy { ° ° ! 0000
e e e \M! 82,38
! 00 O O O B ‘:' oo‘;ooo
N T
B|| i D/ i |
v 1 2 i i i
v 1G B SN O | W A N IS
Mb ! ! RS
ghFfE—2 2 K Fapnsl KERE2
B g lE U flfn %
Wi K Wi [ U
-3 [EE R M
e NEZAVRN
@® @ :%ﬁ ©)

B-4 -l E o Bl

(2) FEEDAHZE

ORI EZ LEEIZT 5T « 7 — /Ol % B-4 (2R
T MIMARI OB 2 J51L, @OLSD 6 ik 34 & I
ZAEWNEAE 2/ & < L7ARRR/ NS A T 5 b DO TH 5,
Z OREREAINEE OB FIC & o THIME A& L T 5, Zh
WZxf LT, DI, EfoMfEE —HRET 52 & TN
IR LTS, Mo EEOOD, @, O, ZhEh,
FEff/ N D 2> 7 U — NIREZ N 256, FEME/ R
EHINR LT 25, RN A S TR T 2 B A AR
LTCnd, ZNHIEWTIBIN &R 5720 D)7k
Thbd, £z, @, ®, G®IF, O, @, ODOFZHFITM
%7, H%m%’%éﬁﬁwk%é%ﬁkﬁ FE oo NS
I Sy O GEE A D, AR 2R IS K D A AR
LTWo, @k, FEfE/ NG & Ao Ml uﬁmﬁ%a}ﬁé%



®K-1 T NT A =4

AN

JHRD 2 4 [E E & 9% RC IEHEDBESE

@ﬂmu

No. 1~
aa 5 : 16-D19
S Y E S (m) s (SDA0)
i (m) 6 4 3 2 k¥ AP D s
36 24 18 12
60 180 5. 00 7.50 — —
48 144 4. 00 6. 00 8. 00 — s b
36 108 | 3.00 [ 4.50 | 6.00 [ 9.00 TR Y5 16019
24 72 2.00 3.00 4. 00 6. 00 - - = §E:@ o $Sp490)
12 36 1.00 | 1.50 | 2.00 | 3.00 B N TToT (08
6 18 0.50 0.75 1. 00 1. 50 Kl
3 9 0.25 0.38 0.50 0.75 § 00000 gﬁa 5
F= 1 T R A e glle o * (sbago
KEPOETFILT ALY Mz T BN No. 502 3’7 Sooon ﬁg-aégﬁgé{;g
o | fERE & ™
e KHild Y e
RERREE(h/h) HEFHFFIRET RS R
1.30 - gllo o (85400)
® GOPE m A8 50000
1 b o
120 I ‘?g% S g%‘,[fé ,,,,,,,, 3 w0
0 22 ® 3% SESiES L
110 S . HEARRRIHEH
1.00 s AEEOERFHKR (No. 2~5) MR/ NEBDEC AR RA (No. 2~5)
050 deem i R . B-6 BRI L Ok
: ISRE B it 1,
o
0.80 -7 -
S = =
070 AAA A =| ;E_z Eﬁgﬁﬁgé%
' oo =
[
0.60 M s | WE | 2r-tEE L3 AL
ol1R grMb=Me M e 1T %% | BxD Fo X AR
050 mm N/mm’ p, (%) pw (%) n
TRARYR L No.1
0.40 No.2 | 450 16-D19 5-D6@45 025
0 1 2 3 4 5 6 7 8 9 10 No3| x 60 (SD490) (SHD685) N
., = Nod| 450 p=2.16% pw=0.79% _—
B-5 7 A7 bk Sl AT S ORISR Nos ) B0
BB/
e [ MIE | UI9MAE Bfn ME B
. N . N % |BrxDr|  oFc L i ol
DTHY, HMNESOD VAR ZIETD2RE0WRH D, p EH ik B WAL
mm N/mm v
No.1 - - — - - —HREa% A
No.2 2-D6 28| SHD685 |F 5™k
. 24 300 100 16-D19
(3) AH%HEMBIEHE Nosl %0 || (Sosan) [ 2005 TR0 [0S
N . . . - 300 pe=3.54% y
AMEVED A 2 M A IR 5010, BYE No.5 100 300 X 300 X9 | (STKR400) |8 E+{F75ERE

S LR EXEBLSVTIEBAEOEMET TR L CHEMEAE
Braftvy, RFEWR 1 ¢H@ﬁ@ﬁmé%%wibto
%WN?%%&%§4_m¢ W SIEAA M S A 3m
L TEETHD, FREMORIE, FANUE
6m & L7z 4 BB TH D, RPOMENRT AT AR
LT,

BB OT AT N EARER R 1 BERFEO SRR
SORRAER-S IR, M, SRR EEEo
fEb7my hLTWD, KHE&E S 0.5 DA,
SHEFEMOETE— A hRE LI RBH/AETHY, T
ST OMNFERD 0.5 L LD AR St E 2o T D,
Flo, TANZ MRl EE S EICIEEOHEBEN A5
n, TAXZ MEBRKREL 2D &R ELENS L7
BricH v, T —2A 2 MIFEEN DS FEEA X
SABERLD LD, FEORFEMHIZB N T
BeAMEmNA RO, 7T AT MERKREL, 2fihFE
TEORBENKE 2@ I, FEMZLEEE LR E
HWOWFE—2 2 MBS T5ZLICL-T, 77X

AR DN E 2T LT &Y KIE RIS ) o3 B A W]
REL 72D, AMHEOEMZRNPRENEZZLOND, Fr
27 A7 B 1.0 BA R TiR s S HeidA 0.75 BLE
Lo TRY, AEDOAY v FREL L RN SV
L bhD,

2. HH/INREET HHEOEERER

K%T@,ﬁ%%f@@%%ﬁ@ﬁﬁ@%ﬁﬁﬁf
XDLT 4 T IVERINT L7201, EEICE~ 2RO
%m%%%ﬁtﬁﬁ%W%@WL,@fﬁhﬁ%ﬁ%%
i L7=, ZOfRERERET D,

(1) ABRAB L UVRBRAE
ﬁ%%lkioMﬁﬁ&%lec,ﬁ%W A&k
(2, MOBRRBRE R A2 R-3 (ORT, REBRAIT, My
ﬁﬁﬁ%ﬁ#%@é*%%ﬁ@Nolt,W%K%&%
ZHTDHH No2~5 DEF SIENS 725, FEEMHEIE 450

79



SIHEACREBARAMTAIZEB W 55 15 5

®-3  AOBEBRER

A 2L Bikm |BRUOTH| R
AR L] N/mm? | (x107%) [(x10°)N/mm’
E37] (sglgm 540 3180 1.93
7—7 (Sngss) 745 5960 1.90
e (STE;iOO) 391 3750 2.06

M | ERERE | BIRGRE | YUURE
25 N/mm? N/mm? | (x 109)N/mm?

)t || 577 3.05 353
239k 1175 3.35 4.81
R(rad)

4.0E-02 ¥
3.0E-02 I\
2.0E-02 A A I \
1.0E-02

—~e—em A A A
0.0E400 |-~ NN/ N
-1.0E-02 £ £ 6 8\ \*1q
-2.0E-02 $A70|
-3.0E-02 \
-4.0E-02

Cycle| +12] +34 [ +56 [ +78 [+910[ +11]
R(rad)[ 1/800] 1/400] 1/200] 1/100] 1/50 [1/25]

®-7 YA n

IEE 1E 70 EHE T

No.1 No.3 No.1 No.3

E_ K al[[=E |l
%@% o —— N
% I ’@‘l LB wml e &x

ey B p=id S

K-8 MO OVEIFL (R=1/50rad)

mm A, HE/NEETE T 300mm A TH Y, M S
45mm Z GO MR ETOE &% 1500mm & L, & C
ORI CHUTFRR AT D L HICFhm L7z,

AER R ILE Th 2O EM T 16-D19 (SD490) &
L, ##5X D6 (SD685) % 45mm [HIf@ CHL L 7=, £
Liz=av 27 U — hOJEMEREE, FHT 57.7N/mm’ T
B o Tm, MENER O FE I FEES & R BRI 16-D19
(SD490) & L, HE#EEINIC 760mm (40d) DEHEZE &
Ste, £, a7 V=MbY ERES T 7 R a2
ML, ZOEMEEDO AL 117.5 N/mm* TH - 7=,
FERE/ NG O WA % 1L, No.2 TIXHAG (D6, SD685) %
TR 2% %, No3 & No.5 IZFERME/INER AL JE ( di e
( STKR400, t=9mm ) % Kl L , No.d % 8 &
(SS400,t=19mm) % 2 FELQATEEL T\ 5, i,
No.2, No.3 & No.5 DHiEN, No.4 OHlD T L
EMHIIZIZ T T U bE TR Lz, £72, Nos IXHEHA
WWEFELTWDEMOMEFEEZ, E=—AEZHNT
300mm FRZE L, B2 5 EEEOKEEIREE D o7,
MAYA 7 VvEB-T (23, ML, TEHIZHHBTO
fili 77k 0.25 Y O EIM N x5 %2, KRS AYA 2
VAt - TR G N IEA LMD B Uil 217 2 72,

80

R{>10Prad)
40 &p

T VROV A F E IS
A REOTE
o it
%Uozlm

+ AT EIN,
- — Eﬁab‘mﬁm SHEE

X-9 EAW - AR (No3)

Bt K, B 1@ (kM
No.| kN/rad "q‘r?]'lé 600 G —_—
x10° | El& (%) 500k
1| 1566 200 - - =l 1z
R0 e e
e me2 [Tsn 300 ff rra
5 | 842 54%
KR ARAND1/800 adﬂﬁi'ﬂ200 Bf'
100 R{510Fred)
20 40 6
Mo 1 (— DT
- = =No2(FT0r)
No.3 (EHRE)
— — No 4 (5EtR)
— = No 5 (HEHTHERRE)

E-10 &AW — Mk ABEMR (TLiERE R S)

(2) EEB#HER

No.l & No.3 OO UENAZE-8 12, No3 DFA
Wy — S A BARR (P-ARIRBIE) #B-9 12, 2B
RO /U 77— E b £ BAGR o al ik (P- A;JJ%%F@)%
X-10 (2, EBRERBLOMAOFHEE Eas&-494
BT, TRTORBKIZE W THITERRNETL, n@
1/18rad @j@‘“%ﬂ%ﬁifﬁﬁébt)@ﬁﬁ%%% L7z, U
FeTix, FalBikoEZREEZ2 R~ 5,

FEYERBRIAD No.1 1%, 1/400rad FFIZHIERIC HRHIF OO
Eli (©), 1/200rad W fERETmEAE 225 12D (D :
FER V) BN E I ARTOOEIRL (@), 1/100rad
FRICAEICHEOOEIN (@) &4 UBICHIESME T L,
1/50rad L2 FE 75 23 EfEF L OB RFAR LT E 2N TIE—
e lrotz, v (D), 1/200rad B G BRI E AL E A S
12D (D : HHW) BN LEICEABOUER (©),
1/100rad FREIZAEBICHEOOFIIL (@) %4 U7t
PMETF L, 1/50rad BRI EFH2EAER L OB REEAR LTT
ENIIE T ERoT,

770 N ERWTZAEME NN & S No.2 X, 1/400rad
R AR /NI Bl O OYFIRL,  1/100rad FRELZ ISR o 18 i
FRAEICHEO BN AL L, Z OEEIC L5 OJEMHRE
RIZTE B WER A ITRIMPEDME T L, 1/50rad REIZ EfH 23
JEAE 3 L OB BREER LATENZIE—E Lo,



JHRD 2 4 [E E & 9% RC IEHEDBESE

x4 FERAERE L O EH R

VUEIN ES:1EN =Kt A it HEt BB
SER [BRIF(GE) | BRI (B) |[HAME) | A E) [#H(E)™*? #t(@) |FEHGE) | FiHEE) (1E) (&) BT [ ARR
®&| Q |[R¥| aQ R|Q| R| Q R |Qa|R| Q R|Q| R| Q R Q R| Q R [cQmu|cQsu
kN | rad[ kN rad | kN | rad | kN rad [ kN |rad| kN rad [ kN [ rad | kN rad kN rad [ kN rad kN kN
No.1 || 272| 1.5| -288| —1.7| 453| 5.0/ -403| -3.8 567| 9.4| -542| -8.7| 581| 12.5| -582| -12.0| 614[ 39.4| -652| -35.4] 576
No.2 || 170| 1.5| -166] -1.3| — — | -407]| -20.0] 350| 8.7 —328| —7.7| 359| 10.0{ —354 —10.0| 411| 19.0] -412| -38.7
No.3 - |1 - - - 429] 18.7| -451| —-38.0] 251| 2.9] -270| -4.0| 356/ 8.4] —-300| -7.0{ 460| 56.1| —453| —-36.0 377 918
No.4 - | - - - 376| 14.7| -414| —18.4| 173| 1.7) -175| —1.7] 319 8.3] -301| -7.3| 413| 37.4| -461[ —38.0
No.5 - | - - = - - - - 122| 1.6] -182| -1.6] 370| 25.4| -397| -24.0/ 376/ 36.1] -412| -40.0
¥1:RIEX107 32 No.LIFAFOHEOOEIN  cQmu : BEH OEIERIR I LETE (2015) ZEALA O fhT &R iR

cQsu : #kfH = 7 U — N IEEY) O BRI R R RS - FIfEE A MRE L (Rp=1/50)

MNo.3 No.4
il i T R(X10%rad)
OO T T 1
0 10 20 30

40

E-11  #hZEIEOHER

sHAE

FEfE/INERICHAE 2 OV 2 No3 1%, 1/200rad B2 JHIER
Wi R AL IS HEO VB A T (D),
ERPERERIRL, Z20t%, HOOEINhE 4 T 2otk
T LIZ U, 1/50rad BEICBIERM R ORI & b
RWATEMEFE E LT, K-8
BRI BT 2 HE O O REIN AL, Nol &~ T
No.3 I 7 <, HM/BICHEERERLTND Z R

DPMND

FIREICHRE 2 DT EfH O —ERIC

W3 8L9

F72 No.5 I&, 1/400rad FEIZHEOOEINLAZ AL,
RELZ I EAERF KOV 9RA 0 =75 23 1 &
HEN—E Lo 7, No3 LA THOWE L OIEAEN

BHICAEL D Z L, HIFBEROBEMANE 252 &, B
ZxP LTI EDRS /ST &
EHOMNEREDOEBETH D,

FERE/ INER I SRR 2 FI V- No.4 1 1/400rad B IZHEOOY

FZOINF M 7> & i AR AR

BINNA L, 1/100rad BHZ /N

1 [l

JEAERIR L,

PEOMET U 1/50rad FF oD 45 0 5 8ERERIZ

MN—EE o7,

1/100rad Ff(Z

(2R Z8

78 T 25 X T % 7%

1/25rad

\ZRRAR L Cff

j:y

2 (I

& B RN E

E B R O M (505 1/800rad T O REA)

ZR-10 IZRT, MO H %

BRI No.2~5 Dl

PEARIBSN R, 54~69%REThH o7, TOHTHE
W DI E R E4T - 7= No.5 DRIVEREE) 1% 54% & fih
RERIKITH L TRE DT,

WA OHER 2 B-11 127, WATEIE, WE» S

1500mMm

WO KN L 15000 4

480 1 1000

N E]-JM@TE ; 5 ]

1920

EBRETIL(No.T) ERET L No 1)
(ERHDAR BB E)
®-12  fighre 7 AR
1000
AV
Fc60 c [
8
<83 ;Zé il
700 700
FEKNo. 2
G RAS L ET)
%x %x
(F—713—, _L‘BJ:IH?JU) (7—13—, _L‘EJ:H&L,)
H-13 figdres v —5
1500mm O S SR E L 72 ZNLRF OSIETTAZENL T 5,

Twaﬁ%%T,%ﬁ% THEEA A OHEE & 1/100rad
DB DRIZER TOMY K LIZ X - THINT 2 E 1[I &
Too NN T i D R fE w51WMd%Tﬁif@%
I OEMEX, No.l (0.54mm), No.2 (0.70mm),
No.3 (1.04mm), No.4 (1.04mm), No.5 (0.87mm) T
bole, TNHOMEMG, FRIZFEMINIZ S 2 O E
ZHWTWD No3 (B%), Nod (HMR), No.s (FHE+
O ERE) X, Nod ITH_XTREREL 2> T
B, HHEORE-CHROMIMEAL 2 7 U — hOHE
fili T C O JRER I Ao Tl A — R & b b,

81



SIHEACREBARAMTAIZEB W 55 15 5

700

500 Q (kN M EFHIRR (EER) N _“A_‘_*l\l_fﬂ_‘_**_‘
%1—._ AR pATAT
500 & MBERRR N2
. (R #step9) I R iy
400 e A
G & [ 3 ;
300 |- 3
200 i€ Elh (R Eif RRER |
- R +
100 L& RO U B (Riistep2) R BITER
3 R (x 107°rad)
0=
0 10 20 30 40

R-14 &AW — b BEGR O Lk

a) FBRIFHEO-UHIN

b) Gl FIE SI#RIX

K-15 FHIOHEOOFIFRIL O bz (No.2 1/200rad)

3. AR 1 DR HIARES

AREETIL, HEM/NEZ AT D HOWNE G JIREE 4 2
L, 2 TR L 2o 7ot OFINL O R A B 6 22
THIEEEME LT, EREINLZRBRED S b,
WD No.l &R/ NG E 7 Z D b & L7z No.2 iZD2Wn
T, AREERIEIC K DHBIIERIE AT 24T > 7o fE T
WTCIRR %, Fie, HEOOEINZBG 1T 2 $ii- 2 i e
RERBEL, MITEITO 2 & T, AR/ ik
DVNTHRT LT,

T IcIE, MRS HENT Y 7 K MIDAS/iGen % VY,
FEEmEIC—Edh ) 2B SR8 AN &N Z 550
WA 21T o 7,

(1) @BHFETIL

fiRATET VOB ZR-12 12, FHi-2EEpkzat
T ET N —EE2R-13 o7 T, v 27 U—RMEV Y v
FES, $kihE 7 AEETET UL L, MEHEERIEM
WMEitTolz, 207 ) — b ESMOMEIZFHLHD
EL, ok LIzl Lz, a7 U —h
DFEARAEIZIL Mohr-Coulomb ORFEEILYEZ, §45 D%
TR I Von Mises DFERGMEZ AV, 8- OREK %
DORIPEIZFMAERIMED 1/100 & LT,

fEfrETF L MNE, 2D No.l, No.2 DEBREZHHLL
722 —% (EBREF L EB No.l~2) &, Hi-/of
ERROBFHIHWE 5 7y — A (EREFL  EX
No.1~5) OFt 7 r—2Th b, £72, EREF /ML O,

82

SR IR
[N/mm?]
5.37
| srousin
T T [ | 0.00
AIZEEY ENERLS
B 5a g

3000

QN S A S | Ak
2500 1/’ ‘*‘{;‘w
2000 ll, /' "l . 5 .' 3 :77 .vr\/ - "
I 4 4 H P
1500 ' S i R iTaisiiAelal
o —&— No.1
1000 |—/-@3 5 —8—No2
’ EBHED UEIN N4 No.5 —#—No3
[ H (stepd) —8— No.4
200 I { No.5
0t IR0 U'E14L.No.2,No 3 (step2) R (X 107rad)
[
5 10 15 20

R-16 A7) — 56 A B4R O bl

FEfE /N O 220 — R 722 FE T 5 FEK No.l, FEHE/NER
EE % 100mm & L7=FEK No.2, Wbl Bai@E (L
T B & @ < L THEOOYEIN RS AT E o dh 1 £ —
AV M EIET DK No3, &Y EHCT — —%& {5
THZETRIMAME AL & 2 < LIZ9EK Nod, FEAE
B EPET — /=% H EIF 722K No.s THEK S
THEL, WENL, 2EOEREREERET VICLED
ENTAE R CHUMEZ AR LT b O H T,

(2) fRITHER

EBRE T L L EBRIER O AW — 5 A BRSO
a2 RE-14 1273, 25 No.l, ZEBR No.2 & bz, FEBR
AR EFMTRERN L —K L TRV, MIreT L%y
HERHERTE D,

FH OHEOOFFVIRIL O i 2 B-15 (RT3, fif#r ¢
OREOVFINIE, SIETR N a2 U — b OFIZEE
EBATHAEICEL, TOFMIEMEIS D & RFHT
bbH, FRTHE, RITREREOHEOOEII D ) E <
JBEL TV, EBRIZA RO ZDICOUEIN ORI E
NLMMZHY, EEFTBERIV ERNWY A I 7 TO
CENRNEC T LD LR TED, L, OUE
NOFAEFTC )70 72 X ERBRFOMONEN L < —
BT HREENG LN, FHTIC L 2 EBRGE RO
AR N R Y oV (I

WIZ, HEERIRIC X D HRRF 21T 5, T 217>
T2 FER No I ~51ZBIT D, F AW —E 4 B4R O b
ZE-16 (2R T, %K Nol I LT, &TO¥ETE
TV CHIPEKIBZD RN MR T & 7=, SMARKEE (Lo H
59EK No.2, ER No3IZk LT, 7—"—%ffH L]
FEK Nod, ERK No5SIE, MOOHNOEAENELS 2D
I ® 57z, F72, HEOOFRTE AW — 544 B
RO REERIPE (B E) CRAEL VWD, £IT,
IE CILBMERRAT IC X DMt 6, MR X D HE0
DEINFEAEDE N A ERICHIET 5,



ERFRE
= =

e e e
N Ao

o

HTAEHQ GRS

S TSV
[N/mm?]

28.86
2.56
1.40
0.80
o.o0

-37.97

FK No2 K No3 Sk Nod K Nos

B-17  FeKEIS 5340 O g

KEIZEH o ymax [N/mn*]

o = N W

=
EX.

EEE LD
#IFE—A M H
71N | — W ARG A=5.D
VI LA TN (& ]z: FEHTELRA 2 = BD?f6
%w ° | V% a=d/D
- b T A~ M /D
% F——fal + (D) (2hs)
FEfE/ANERE LM
B-18 fighr /T A —%
0.2 ——r
2015
e o - S N N RO P B
= ——T--1T ’ 3
B I gume]| & O RUEO 6
#y=0.7H R 0.05 BY=0.7
~-==-- #5430, 8 [1 . S VLR
0 02 05 075 1 0 02 05 075 1
HEINERT A RS RE h /d HEINER T ARY ke h /d
E-19 FRRE k & FEERR O BAR
I L — T
D i 08 T
D % : § % 0 6 //jl/ ,’
7 h/d 0SB || & 0.4 ®YE0 6
! hd 0125 f1 & o, [ CUE
—mem- h/d 0 i 'O - - - Y %08
0 05 1 15 2 o 05 1 15 2
F—/X—fE (D-d)/(2h) F—/\—fE 0-d)/(2h)
E-20 AR EL ¢ & AEEFAIR O BIR
=5
S iEE TETrere Sy = 4 |
o .t
#1248/ £
A BYUE 06| &
" VEXRIE:
e |-o--wyz o] B
100 300 500 700 ® 3/12 4/12 5/12
Y #57 <hs [m) F—r—fE 0-d)/(2hs)

B-21 &R L D0 0B o

(3) MABIRIENDHEER

[ & A W 7 IRF O J5e KIS T 5347 O bl & B-17 120
9, K No2~3K No.5 2@ L ¢, HEOOVEIIN DR
K & 72 2 BIRIS 103, AR OGN E_E A e K
ELTHALTWD, £72, EKR Nod, FK No.5 Ik
K No.2, FEK No3 IZH_TRRIIERLANNEL, it
ODOFEINORAEL A IV TRELS D, 2O 1L, wl
B DOFRHT & MR R Th D, UUBETIL, RKRBIRIET
0 ymax (COWTC, B-18 (R TMRMT /3T A — 2 (THD W

JHRD 2 4 [E E & 9% RC IEHEDBESE

®-5 ARk

AR
avyy—k
SERlk WTE mE B2
BID[Le| Fo ok
— EH (AR
mm | mm [ mm N/mm
No.6 1740 16-D19 | 5-D6@45
No.7 | 450|450 [1785 60 (SD490) | (SHD685) AIEEERE R
No.8 1650 pg=2.16% | pw=0.79%
AEfEANER
avy)—k
e e 5 2ot
B D Lot Fo_ i ap |lusmimsans
mm | mm | mm N/mm
No.6 180 16-D19 | 0. T—/\—FE3/12
No 1°%°]%% g5 100 (SD490) (58,_?[?6@;?) Y08 HffT—/\—FAE4/12
No.8 [360]360 270 pg=3.54% Y08 T—/\—%L
Leg: MEEERNORBRARLBETORS, Ls: HEHALHELEERETORS
X1 T/~ ERREDOMEIZIF45mmDITE EAYEEEITE
%2 HfiT—/\—fAE =D —#/ D). (2Ls)
BCAREEH Mo B Mo 7 No.8
‘III P ‘
1L A
Jiie P

58 %

Hr—s B

5B
14
SR T2 Fc100
R-22 FERIKX
N M
Oy max =k1 'tlz+k2 't27 (%mz) @

NEEBO(N) AR ()

M AL OM T E— 2 > M(Nemm)  Z KEOWTHERE (mm’)
bk, HE Y L AERRINIBO T AT R B YE D IIRRE
foty T — AR B E B IEBRE (2 LOBAIT1L0)

T 120 23N — U OFEMEMNT 217\, #EEX(D) & ST,
ZIZT, b BEO HIFKY LM INBO T AT K
FEIZE W IREDRRBETHY, 4 BLY pI1FT7—s3—
B LTH AT — R — A I L0 IR E D IRERE T
HY (T =R WEAET 1.0), FRENE-19 B X
OE-20 # W Tk b5,

KD ZEHWTHE L SR IR0E W X 00
BN OBRFHERAR-21 173, RRSER I3 &
ST SF EEBITZ T 20D, T —AEICRELE
AT DI ENHERTE T, &I, T—/R—AEN
4/12 LT & LEBAITE, SKRBIRNEIZIEE L v
INEL T2, MEOVDHFINEZIH TETWDLZ ERbnbd,
Fio, RYBOENL, BRIRGNIIEEALEEER
HZ2720 2 Ebhotz,

4. T—N—HZEFT HHEDEERER
JAVES 2 - [E AE 2 & 9 2 MR/ N & R T2 2 B D SEBRAS

BTIE, EHMA R=1/400 FLEE CREME/NEE O LERIZHEO Y
BN ETTWND, ZE3ED FEM AT T H [RIERIC

83



SIHEACREBARAMTAIZEB W 55 15 5

F-6 MEERBRERE 1T Nob 7l aan P
(8B#) 0.0 | o SHEE).
e w5 BERm 5I5R3ARE MR | BRUOTH| Y V- 3 == et it
B N/mm’ N/mm? | (% 109N/mm? | p (x10°%) % o »
EX7 D19(SD490) 533 697 1.94 2920 19 00 / ANy
B ABTH#ER AT | D6(SHD685) 724 950 1.86 3890 10 -
EZIES) 9 R(Ki0rad)
:)7')_" 0O 0O Ia} 4 / A
EBGL [EHERE R | BIRRE ~ d = / “)’ £ _
N/ mm? 4 2 2 O (FUOUEIN (HE/INER) |-
‘mm (X10HN/mm” | N/mm / / -
[ 69.0 331 405 iﬁtzﬁiﬂﬁsm -
F—5— 92.8 379 481 4 #
OEFHEIK (BI3R)
=-1 ERER—E 69
HHE T ~la N ﬂijrgg
e | U | C AR | BTEGIRKE|  BARR ixmm%g) MR 900 T posg = g g
KN KN FH NG . j
o ™ s [ Ewn | Ewn | fms (X 10%N/rad 00 / /
No.6 404 —-446 476 -4717 1.03 10.7 /
No.7 463 561 444 -408 496 —451 1.02 109 0, ry
No.8 406 | 401 | 420 | 421 0.92 96 / R (X 107rad)
_07 G)‘ Z 4 6
/ OO (/D) |
EREOTEIn
Mo 6 Mo.7 MNo.8 -- —-==%056 1 XEHAOUEIN
A SHBE (R
IE | OfE | F@ | EWHE | F@ @ E6R6 : 700 =
—> — — | @ | No.8 d | MY (77} 7
{ - - NO 8 | KN i i
: 00 HEE
{@' ? ‘ | - (1/50rad) - B e e e g g
| v-
@ o 53) [ bl ke b 00 ~/ 7
A/ e
— 0h7AME 00/ R (x107rad)
®-23  FIHIOOE U R X ; ; /¥ ‘ N
O IFUOUEIN (HE/NED)
i O#EOUEIN i
= - S S ~ N S 2 Y piiaiu 500 X B K
RBEINTWD, ZOHEOOEIIIZ LY, ARG ?{g}ﬁi b SEmEA(EE
FTHIE " ° % (3138)

I LIAEND T2, —HOOERNELD E, L
AENDBRIIZOEFERTLIHRICHD, £, 3
O FEM fRHTIZ XY, Z OO OERUTFEES & FEfE /N
O T — =8 &2, Wiz oz 2
ZETEMTELZEERLI,

AREECUE, B &R/ N ORI T — N = &3S
TG & AEME NI 2 i S AN E R L7356 OMEO OV
NOHIEZ RS L OEEE B R EET 2 2% H
& LT L7 ERIZOWTHET 5,

(1) ERABLUVERAE

ARBIA -T2 R-5 1O~ d, RBRIKIL, 2 =OREIA
ORI E O MIC T — A= a2, T—/ 8
DRAERIEZ T2 2 (R LA/ 2 EARMICIER L7z 1R
DEFIERTH D, SFRBRIKOH, T — 33—, #i/h
HOIAR & i 2 B-22 (2R T, KO BRI TH Y,
TEEPET — /"= &N TH D, B ORI,
bEHERYE FORF FIEESBIZL 0D, 72, &
1T D19(SD490) T v, H AWML D6(SD685)T
b5, &5, B-22 LV, FHEBEL BITHBICHT S
FEfE/ NSO R S )ik 0.8 THDH, #HITRLE
EFLY, No.6 OEAli7 — S—fAEIT 3/12 TH Y,
No.7 1% 4/12 TH 2D, T, WRBRIEDONH EBX D O
X 45mm THDH, 27 U— MEEE, FEED Fe60

84

X-24 E AW —EMABER (R=1/50 FFO-OEINL)

ThY, HMNRE T —/S—A Fcl00 TH Y, E-22
DO HEHNT FEIR T Fel00 277 LTV 5,
MERBRERE - EA2K-6 (ST, ORI
533N/mm’ TH Y, AW IL 724N/mm’> TH 5,
Fzar s Y — FEREIIAEERDS 69.0N/mm?, FEfE/ B2
92.8N/mm* TH 5, MAFiEE, 2 &L R R
EXObLDOTH D, HHOFFLAERE TR LT 0.25
O—TE S AT L, EAEMRD K UMHE T 217 -
oo MAAFY 2 — B XOGHIEE X, 2 =LRET
»H5b,

(2) RBRHR

FEEFER B A2 R-T 12, IO OER O AR %
B-23 iz, SAW) — AR LM A R=1/50 FFD
VDO LR 2 B-24 (254, E-23, E-24 LY,
No.6 (X UNALERE /N EB It F O (D) BAEL,
FEWCTHEMM D 2> 7 U — kDA ERICHET [0 O UE IR
(@) BAET, BB LT — =BT THROW
i (@) BAEUE, OB NOAE U EHMAIX
R=1/186 TH Y, 2 EORBIKD 1/400 LY KEZMET
HDH, ®-T X0, BKAMAE, IS 476kN, &S



700
Q (kN) Kho 1 (BF
600 P
500 / o BFFAL TR
WA e S
400 ///fr‘ -------- i VO
300 4 e
0,4 J o AN S S Nod -
wo b ‘ Mo 8
o R (% 10%red]
0 20 40 60
X-25 &R Hiig
3
& wimm)
25
2
15
1
M p———
05 T N
. I---A--- MNo8 | IR(%10%rad)
0 20 Ely

-26 @AY O ik

-477kN Th b, B EMEMREE YOG HEm 1 & O kix
1.03 Thoiz, F£7z, PRI, EIJEamhoz
NENICK L CEM 4 R=1/800 DI CTREMiL, Z D
E1E 10.7 X 10*kN/rad TdH - 7=,

No.7 I EANAEM /T O 0ER (©) AT,
BEWNTHERS & 7 — /S —FBI2 T THEO OEIL (@) 23
U, wBICEMM O a7 ) — s OBEICHET oUW
i (@) BAEUKE, HEOBENOE U =5 A1
R=1/306 Th 5, F-1 £V, RKNIMINLEIMT] 496kN,
AMJI-451kN ThH VY, FEM )L DOiE 1.02 Th o7z,
ZOfEIE No.6 LIZIERETH D, £z, PIHIREINET
10.9 X 10°%kN/rad TH Y, No.6 LW #HETRE W,

No.8 1 EANAERE /N EB I T O vElR (D) 254
L, SEWTHIICHEOOEN (@) BET, REBIC