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ABSTRACT

Key word: RC Column, CFRP strengthened, Non-ductile reinforcement

1.Purpose

Ministry of the Interior implement a policy, seismic-resistant
inspect for buildings-a home for the peace of mind, on 2018. For this
we adopted and develop a strategy of short-term strengthened before
the comprehensive strengthened and rebuilding. During reconstruction
or comprehensive strengthened or planning stage, provide local
strengthened to avoid weak layer damage and reduce collapse risk by
the earthquake. Carbon fiber reinforced polymer composite (CFRP)
strengthened. It has the characteristics of simple construction, short
construction period, no space occupation, low cost and high tensile
strength of materials. Under the supervision of professional technicians,
it can quickly provide houses with safety concerns, make the RC
column not easy to break, and increase the chance of people's escape.

The results show that the CFRP strengthened can effectively
increase the ductility of the RC column, if the low-rise RC building is

reinforced by the "ductility” theory, the drift ratio of the column
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member can meet the requirements of 3% of the specification. The
CFRP strengthened should be applied to the entire column to avoid

damage at unintended locations.

2.Method and Steps

The purpose of this study is to investigate the effect of the CFRP
strengthened on the seismic performance of rectangular RC column
members. This study plan 4 of 2 series specimen including RND and
RNDC. All specimens have no crack damage before the test; the
loading axial force ratio is 20%, and the lateral loading test was
performed under the fixed axial pressure. Observe non-ductility
reinforcing column specimen with the strengthened design based on
CFRP ductility theory, to understand the effect of CFRP strengthened

on the ductility benefit.

3.Main Finding

(1)Comparing the results of the specimen RND and the specimen
RNDC2L, they show that two layers of carbon fiber (i.e. 600 g of
carbon fiber per square meter) make plastic drift ratio can be

increased by 2.92 times, and the ductility improvement effect is

XX



obvious.

(2)Observing the failure mode of the specimens. The non-ductility
reinforcement (insufficient transverse reinforcement), its failure
mode of the original is shear damage control. After using CFRP
strengthened, the failure mode can be converted to flexural damage
control.

(3)Under the low axial force ratio 20%, the drift ratio of the RND
specimen is 2.71%, and the theoretical ductility design is 8.88%,
indicating that the value of the theoretical ductility design
conforms to the specification for the drift ratio of the column
members. However, it must still be evaluated and supervised by
professional technicians and architects.

(4)Comparing the test results of RNDC2L, RNDC4L and RNDCS8L, the
results show that the average ductility efficiency of each CFRP
layers be decrease with the increase of the number of CFRP patches.
It means that the benefit of increasing ductility will stable with
increase the number of layers.

(5) The corner of the rectangular RC column specimens are chamfer
angle of radius is 3 cm. When the RC column specimen reaches the

limit deformation, the carbon fiber does not break due to the stress

XXI
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concentration of the corner. Moreover, the lap bond (length is 20
cm) was applied along the carbon fibers, they have no damage by

the insufficient bonding of carbon fibers.

4. Major suggestion

Immediate adoption suggestion- For low-rise RC buildings, if the
"ductility”™ theory is wused for
strengthened design, the drift ratio
of the column members can meet the
requirements of the specification.

Major Office : Architects Association, Structural Engineering

Technician Association, Association of Civil Engineers

Associate Office : Architecture and Building Research Institute

Ministry of Interior
When the low-rise RC building below the 4th floor (axial force ratio
is less than 20%), if the strengthened design is based on the ductility
theory, the drift ratio of the specimen after strengthened is 8.88%, which
can meet the requirements of the specification for column members

should be greater than 3%, but The contribution of CFRP strengthened to

XXl



lateral strength is limited.Although the column member only reinforces 2
layers of carbon fiber, its drift ratio is 7.91%. However, considering the
domestic CFRP construction quality and the difficulty in grasping the
actual status of the column to be reinforced.lt is recommended that under
the assessment and supervision of professional technicians and architects,

it must be reinforced according to the ductility theory.

Immediate adoption suggestion-When carbon fiber composite patch is
used to reinforce the column member.
The CFRP patch should be applied to
the whole column to prevent the
damage from occurring in an
unexpected position.
Major Office : Architects Association, Structural Engineering
Technician Association, Association of Civil Engineers
Associate Office : Architecture and Building Research Institute
Ministry of Interior
The  non-ductility  reinforcement  (insufficient  transverse

reinforcement), its failure mode of the original is shear damage control.

XXl
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After using CFRPstrengthened, the failure mode can be converted to
flexural damage control. When the RC column specimen reaches the limit
deformation.The corner of the rectangular RC column specimens is
chamfer angle (radius is 3 cm), and the lap bond (length is 20 cm) was
applied along the carbon fibers.Carbon fiber patches should avoid

unintended damage.

Immediate adoption suggestion-The ductility of the column members
is enhanced by the carbon fiber
composite patch, which will tend to
stable value.

Major Office : Architects Association, Structural Engineering

Technician Association, Association of Civil Engineers

Associate Office : Architecture and Building Research Institute

Ministry of Interior
The average ductility efficiency of each CFRP layers be decrease
with the increase of the number of CFRP patches. It means that the benefit

of increasing ductility will stable with increase the number of layers.
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£ i = # #5241 # 5 (Displacement Control Mode) 4e §* 2. = # frps > £ ¢

Rl de i 2 2 @ F 5 1 mm/sec o

3.1.1 #4 RND

@FH RND R & 4 enk 3t 5 & f) 5 140 kgf/em? > 1 &

\\\?{r

TR
Bl eE A et R 4 2 5 5% (14, 15] - 4 RND 2 %35 > 4 ]
23 97 0 HETH e 8 S ERIRIE G 90 R ¥4y 0 2l A RRE P B
Bow 4d 85 B EEP- 20cm 0 FMET G FR 5 30em > AR 5 50cm > 14
ERFARAGFEA T X EMRIRCEZAAR ¥ L2 BRI

B4 0.25%PF o A RPN aE R 2 AR B N MR
R 2 el kT e M K E 2RI NG 255 3 gk
ook T BB s U PET 0 -2 5% LM B L KR R4 L -
135.3kN > 4o % 3.6 777 o A1t i 0.5%PF » v e o B
ALY 30 3 50 &4 F R NIRRT 45 R A Bk L i
AP RIVAEF 201 80 2 A G 3T 4 HMA S o F i
1.75%P% » L Rl Z2 A Rlehd > p RAIMA T 2 3024 F > 5 L OR
EAHNL 2B NT 23 e ¥ 0810 & 250F W R de

BoahéF BHIRTAENYLIE 20magE38 A ¥ebaa I m

-~

BRI BN T4 HE e A 3% LEmMad ARk
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FZd ReLRBn

Eooop ARIALLY 30 25RO RAPER S TR 2R 0
Pt 0t +3% % B R B X K h 4 L +139.9KN v 4o 3.6
ETR oo @ § At iE 35%PF 0 LRI A Rk E o FANRA KRR
2HF O BF BRI 4% h LT s R 2 3RS
I A KRG AT o Bofs o it 45%pF 5 p RN 20 3
70 & g A B T 4 B Ji 4 00 R $ 4 9w
ARl SRR BB ARG EMR S B F %

EA ORND & 2244 ] 2 M) » 3% & - FH BB Y 0 dodf
B 320 A Ea R 2R EEHECEHBREGR S 0 oot
T B 32 B 35 L FEMWMRND 2% S k2 By - B 3.3 % 3.4

BT A RND ek e B (R4 2B FPd @) B ke 8-
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ZRRCH AR G B2 A RN T

31 Rk EE R

kg kT EELI S v EF % Pl S
G 8L g_ﬁ
waRE | THE | ERxRE | TEE | #&RE | THE Pk T iaiE
329 497 29 -
D13 SD280 335 331 527 513 30 31 - -
328 514 34 -
482 667 20 1.38
D19 SD420W 478 481 662 666 20 20.7 1.38 1.38
483 668 22 1.38
H i+ : MPa
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232RWAF 28 A Y2 FIRLBFERAREAR

2% REmBEEENG

A MR P a&iﬁ %1§§f@ ”*iﬁiéﬁﬁ
1 2018/07/02 25.4
2 2018/07/02 26.1
3 2018/07/02 27.3
4 2018/07/02 1 25.5 237
5 2018/07/02 23.9
6 2018/07/02 26.2

3 A& 2% [F] 41 150300 mm

2 33 L HFWEL 28 2 Y2 NHFRERRA

S5 RY ok TSN a&iﬁ %1§§f§ ”*iﬁiﬁﬁﬁ
1 2018/07/17 21.0
2 2018/07/17 14 21.2 20.6
3 2018/07/17 19.6

30 R 2% [F] 42 150%x 300 mm
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2344 REIFRLERARBRRER

Mgt g | TERRI R
Flir2 M %5l | R &9
(MPa) B (MPa)
1 28 21.0
2 28 21.2 20.60
3 28 19.6
4 104 18.7
5 104 18.9 18.80
6 104 18.8
7 105 19.3
8 105 22.0 20.67
9 105 20.7
10 106 21.1
11 106 19.0 19.57
12 106 18.6
13 107 19.4
14 107 20.7 20.07
15 107 20.1
16 108 19.1
17 108 21.8 20.63
18 108 21.0
19 111 21.3
20 111 22.1 21.43
21 111 20.9
22 112 21.4
23 112 22.3 21.70
24 112 21.4
T o s 20.4
% 35 LREHMHEHRLERYY
ki Wk P R
RND 2018/10/30 106
RNDC2L 2018/11/02 111
RNDC4L 2018/11/06 112
RNDCSL 2018/11/01 108
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2% REmBEEENG

%36 tRLBHERLEL2LBAR LR
+ + - + + — + - + - R
=8 H peak 6H peak H peak 6H peak 5y 5y §u 5u ep ep -

&Ny | @M | ey | M|y | ) | mm) | mm) | o) | o) | %)

RND 139.9 47.8 -135.3 | -39.7 23.9 -18.0 65.1 -63.5 2.57 -2.85 2.71

RNDC2L | 143.0 63.7 -154.3 | -47.3 23.6 -16.6 133 -160 6.85 -8.96 7.91
RNDC4L | 150.1 48.1 -149.1 | -56.1 24.1 -19.6 152 -176 7.99 -9.77 8.88
RNDCSL | 144.7 56 -168.1 | -56.1 26.5 -18.0 165 -192 8.64 -10.9 9.76
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P2 REHRLFEUS

Moment, M (kN-m)  Eorce-Displacement Envelope

> Displacement (mm)

, \ 0.75A} A}

Initial Stiffness , K

0.75Mnp
¢ ———— Mnb

\
W 3.23 iF ZA,(=8))2 T &k

(F# kA %43 8 [20])

55



ERARCH G R RAFs2 RN 4 A

(b) 8=-0.25%

i

(e) ©=0.75% (f) 8=-0.75%
W 324 #F#FH RND &2 2R 2 2B BFBEFFHRY

56



BZE REREE S

(k) @ =1.5% ()9 =-1.5%
W 325 FHMRND & &2 2 RIA L BV EBHBEFHR Y (XK)
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min 155 % [ = :
Displ. 28 mm ot 1B % B
Cycie 19 :

pispl. -28 mm 8
cycle 19 :

it 2 %
Displ. 32 mm g8
cycle 22

Drift
pispl. -32 mm §8
Cycle 22 :

(p |

o 25 %
Displ. -40 mm
cycle 26

l;ﬂl'l 25 % 8
Displ. 40 mm &
cycle 26 :

1

(q) © = 2.5% (1) 8 = -2.5%
W 3.26 3#H RND & &2 2 Rt & =B ZHBEKFHBER T (K)
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P2 REHRLFEUS

TE
i
i

prit 35 % ‘ e
min 35 %
Displ. -56 mm g

cyeie 31

Displ. 56 mm &
cycle 31 :

[/

T - 12—

=
ey

(W) 0 = 4.0% 0=-4.0%
Bl 3.27 38 RND & S 44 2 @ % & 48 0 2 H BB HFT B 2 (%)
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ZARCHRE R BTS2 MR 4 Y

L
By

%!f

-

Ul

g

e 45 %
Displ. 72 mm g
cycle 36 :

i
P

(y) 6 = 4.5% (z) # 5% & &
W 3.28 8 RND & 224 2 @3 & =B B H BB FGE P (F)
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$2F BB EHG

il

(e) ©=0.75% (f) 8=-0.75%

W 329 M RND A& a 2R EEHBBHABFFIIRY
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(k) © =1.5% ()6 =-1.5%
W 330RND #H K &1 a 2R & B FHAKFHRY(X)
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$2F BB EHG

(p) 8 =-2.0%

() 6=2.5% (r) =-2.5%
W33IRND #H A & a 2R EEH B HAZFIHRE (X)
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ERARCH G R RAFs2 RN 4 A

(w) 8 = 4.0% | (x) 0 = -4.0%
W 332RND # R Kk 223 2R3 L 2BV B HBRKFHR Y (X)
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FZd ReLRBn

(y) =4.5% (z2) 5% & &
W 333 #M RND K & 2 R* & =B FHARFVRY(X)
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AN :
7 ﬁ“ e ; oo ® A AR

- e - : A 42 3 - & S TR et R

Yoy LR . : 4 : R A

(b) 48 RND # ]2 gt 3% § 75

W 3.34 34 RND *» #E% % & 2 23§35
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Drift ratio (%)

32 64 96 128 160 192 224

32 0

-64

Displacement (mm)
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3.1.2 34 RNDC2L
A=At 1.5%% > 248 RNDC2L 4 & BE % 9 CFRP > 35 4 % 3.4

WAL ooF ML 175%:p 0 E s RIE AR p RN 22

fon

36 2~ 4B P CFRP % & MM ET RN 1 2m il kTR o =4
ik 2%pF o R e Rlp AISAL 201 25 2 A g R MR ARl K
ALY 355 37 22§ R CFRP % 6 i | kT B 34wk
Toreat 3R ARE T R o F A 3% > H BRI E S K
s ehpl4 5 -154.3KN: 4od 3.6 “77F o & F = v i 3.5%F 0 EH e
RIp AL 83 10 24 K> CFRP £ 6 7= H LM &k T 5 4
PR R GEARARIP RN H 0 35 24 FEHES R RMALL Y
0% 2024 #F>CFRP £ 6 % 2 & jicchg hkde o 3 F =810 1 4%
P A R RRA Y K 10 DA Ao 4 NP AR MR prikde oh
oG > PP AW > H R FEME A S KK R4 L +143.0
KN dr# 3.6 #757 o & F § =4 9%pF » FH A Rl p RINJLE Q
00X 402~ fERFEs Rlp AFRALH0Z 3024 FEF IR S
KT M AT e M PRI LRZET RS RIS
03 40 22 BN S A TR R 10 2 30 24
Fo0 0 CFRP 4 6 P A5 2 5 b ibdecnIL & o (5 =t 5 10%P% >

A R Y Y CFRP Bide ) p BRIV 5 16 24 28 » kT w

i
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Aam g~ > BHET RS 15 28 > 7 ¥R PR 5
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¥ d RREEFEHG

K e & 354 CFRP RE 2 8 2 S AL o & s > =y 11%pF » 3
BRI RINA L Q15 2 A KT o MU TAEH L 20208 5 5§
1 22 % &k2 CFRPRER » B4 @ apdr; #8s flp RINAL Y 8
N % 11 2 A S A CFRP RS S a5 R % 05 24 » gL g

A BE A RMR e R AR EEN S B R

4 RNDC2L & £ 4 i) 2 ] » 3% & = vb 95 gl AR % 0 4
TR Rl 320 A AL e R 2 B0 N E BB RRFVER S A
#0537 B 3.2 B 3.5 % 348 RNDC2L *t 3ok & k2 sLH B & - B 3.3 &
B 3.4 % 7 :#% RNDC2L ek jFw B (Rl + 2B FREFd R) 2% R
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ERARCHMBR R GAB 2 AEN AP

it 025 % =

Displ. 4 . ;

cycle 1 ] - Displ. -4 mm;
cycle 1

bt 05 % = - i ‘ W M——
Displ. 8 : Drift 05 % =
; : ‘ ) ) :
Cycle 4 pE Displ. -8 mm
. s Cycle 4

(c) 6 = 0.5%

min 75 %
Displ. -12  mm;
cycle 7

Dt 075 % O
Displ. 12 mm
Cycle 7

(e) 6 = 0.75% = 0= 0.75%
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F S T - S N P | >
FIF BHREBEFEES

pispl. 16 mmj . T e . prit 1 % C
cycle 10 ‘| Y pispl. -16 mm§
Cycle 10

it 125 % L 1} e ,

Displ. 20 mmE sl | - prit 125 %

tycle 13 : ; Displ. 20 mm
cycle 13

(K) O = 1.5% (; = -15%
W 3.38 3#4 RNDC2L & &2 4 2 RI* & =8 v FHAKFILR ® (X))
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mit 175
| Displ. 28 mmEs
Cycle 19

Displ. 32 mmig

72

(@) 6 = 2.5%
#4 RNDC2L & &2 2 I*t & =B v 2 H AR P (X)

BAT 2 R 4 Y

Uonnt
pispl. -28 mmE
Cycle 19 :

ot 2
Displ. -32 MM
Cycle 22

Lo 25 % =
Displ. -40 mm
tycle 26

(r) 8 = -2.5%




| Drift 3
Displ. 48 mm
Cycle 28

it 35
Displ. 56 mm
tycle 31

Drit 4

Displ. 64 mm@g

Cycle 33

(W) 0 = 4.0%

oin 3
Displ. -48 mm
Cycle 28

Drift
Displ. -56 mm
Cycle 31

min 4 %

Displ. -64 mmgs

Cycle 33

F S T - S N P | >
FIF BHREBEFEES

()6 =

-4.0%

W 3.40 #% RNDC2L & &2 2 R*t & = # v ZH AFFHR L (X)
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ERARCHMBR R GAB 2 AEN AP

n_rm 45 % E : f Drift  -45
Displ. 72 i = o Displ. -12 mm
Cycle 36 3 ’ Cycle 36

bt 5 | bt -5
Displ. ZI; : : — pispl. -80 mm 8
Cycle : == : == Cycle 38

it -6 %
Displ. -96 min 38
Cycle 41

=

(ac) 6 = 6.0% o (ad) 0 = -6.0%
W 3.41 &4 RNDC2L & g4 2 @*t & 8 v 2 H BN R 5 (X)
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Displ. 112 mmig

Drift 8

Displ. 128  mum

Cycle 47

Drift
Displ. 144
Cycle 50

Y2 F RS

Drift
Displ.
Cycle

Driit -8
Displ. -128 n
Cycle 47

P ‘w e
PR TR

(aj) 0 = 9.0% - (ak) 0 = -9.0%

FH RNDC2LG & 2 A2 B v 2 Hh A FHR S (X)
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ERARCHMBR R GAB 2 AEN AP

Drit 10
Displ. 160 mm
Cycle 53

Drift
Displ. -160
gycle 53

o

PR v

(al) 6 = 10.0% o (am) 0 = -10.0%
W 3.43 @ H RNDC2L & 87 2 B3 & 4 v i % s ) B

¥R

Lt
o
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$Z % RBREREHG

ir | |
pit 025 %
pispl. 4 Wm

cycle 1

Ecn

(c) 0 = 0.5%

ot 015 %
pispl. 12 mm
cycle 1 ~

Displ. 12 mm
cyele 1 ~ I =

(e) 0 = 0.75% | (f 0=-0.;
W 3.44 #H R 3 o
 RNDC2L & a 2 R* 2 B ZHBHFFGR T (X)
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1 RC AL R & Rt 552
v G Rz RN A Y

Dt A
pispl. <16 mm :
cycle 10 =)

b -

pin 1
pispl. 16 mm B
cycle 10 ~

{onn 425 %
Displ. -20 Wm
gycle 13

pin 125 %
pispl. 20 mm
cycle 13

| B
e

0 = -1.25%

(i) 0 = 1.25%

pispl. 24 mm
gycle 16

(k)0 =1.5% () 0=-1
W 3.45 & 3 i
#A RNDC2L K &7 s 2 RI* & B B HRRKFHR P (X)
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£23% RHEr2HH

Displ. 28 wm - ! | pritt 15 %

cle 1 E - : i »

Cy 9 ‘ | B o pispl. 28 mm B
gycle 19 -

pispl. 32 mm =
8 e ; it 2 %
3 < e pispl. -32 Wm

cycle 22 -

(g 25 % W i S

pispl. 20 mm (B { - J Ju pin 25 %

cycle 26 4 i — e pispl. -10 mm [
cycle 26 :

|
(9) 0 = 2.5% ()
W 3.46 ## RN 3 s
DC2L £ 2 d 2 @* 2 2B L 2 HBAFFHER P (X)
/ t{ 33 ] -
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L._!_;_%‘iRC > 1 sl b2y 2 [T
B B w4 Py

pispl. 48 mm I ey i . foin 3 % W=
cycle 28 E pispl. -48 WM g
tycle 28 -

gt 35 % :
pispl. 56  mm P |
S '3 [ 1 - Displ. -56 mm
Ry 5 e cycle 31

| ot -
8 pispl. -64 mm
gycle 33

B ont LR
(X)0 = -4.0%

W 3.47 #H R 5
NDC2L R g&r @ 2 @+t & = # v 2% L a8 ¢ ()
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pit 85 %
pispl. 72 mm
cycle 36

3 5 n/;
pispl. 80 mm
cycle 38

S

pispl. 96 :

cycle 41 : !
N/ -

(ac) 0 = 6.0%

P U .
$Z % RBREREHG

nm‘ Q5 "f'n
pispl. 12 mm
gycle 36

pispl. -96 WM
cycle M :

(ad) 0 = -6.0% )

W 3.48 #H R 3
NDC2L R g&r @ 2 @+t & = # v 2% L a8 ¢ ()

81



=8 R N o 2 e
ARCHmptgdas GaA B2 mEN4 T

LS
Displ. 112 mm

orift
pispl. 112 mm
cycie 44

mit 8
pispl. 128 mm
gycle 41

nrift
Displ. -126 mWm
tycle 41

(ah) 0 = -8.0%

pit 9 %
pispl. -144 mm
gycle 90

it 9
Displ. 144 mm
Cycle S50

l;l . 9 =X R L 2 2t L iR lF .0;_1/1 L ei—
3 4 VAL -

)
N
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$2F BB EHG

Drit -0 %
lllisnl. -160 mm

it 10 %
Displ. 160 mm

cycle 953 Cycle 53

[ N M/ e——
(ak) 6 = 10.0% (al) 0 = -10.0%

W 3.50 #48 RNDC2L % # 4 2 ®* & =4 v 3% % Bk 75 % & ()
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FERARCH AR R Rt wm R g

(b) 3% RNDC2L # ]2 B3 7

W 3.51 #=4 RNDC2L * 35 2 ¢ 2 L3k {5
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* 2%

L
7

Drift ratio (%)

10 12 14

8

-12 -10

-14

-224-192-160 -128 -96

100 + - -

100 - - -
-150
200

(NM)d ‘@2104

32 64 96 128 160 192 224

64 -32 0

Displacement (mm)

#% RNDC2L &7 & B

=
2

W 3.52

Drift ratio(%)

-12 10 -8

14

0
50 + - -

NM)d ‘82104

-100 - -

32 64 96 128 160 192 224

-96 -64 -32 0

-224-192-160 -128

Displacement (mm)

B 3.53 # % RNDC2L B ¢ & &
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ERARCH USRS G2 A RN 3 7Y

3.1.3 # % RNDC4L

it 3%% 0 A4 RNDCAL 2 % cn CFRP > 32 A I A 4 2
ghds > F AL +3%FF > H R EME S S KR 4 5 +150.1 KN
drd 3.6 47oF o F A G 35%FF > FEM e w 2 e o op R ALS

¥ 3 24 CFRP % & SR fic s o B4 chal % o

AN

=1

B ook A0t 0 -3.50 0 0 $ bR Al i b4 KR 4 5 -149.1 KN
ded 3.6 %7 o B 3 A5t 5.5%2 7 0 A F M CFRP £ & kT o B

enifa, c ¥4 =B E 6%F FMas P FFp RINALF H 13 o

=K

Al B CFRP KT w B A » ¥ W I G 2 a6 » Wi Aia &
A AR 918 2 A ESCFRP 26 NIE R A1 DR ] A
Boo A TURF > ERA R A ORI G 12 240 E AR
KT BAHGOR S HAETARAN2 2R > TR T LEFAG o F
Frrd ) 9%PEF c 3w % G CFRP B WP B4~ v kT Bk =
RN I5 2R METFEANAERRIBRN BN
o10%PF 0 A G op ALY 01 20 24 R NP G ik
A2 R o T F A 11%PF 0 FER A G p KINAL 01 30 4
PR S RN KT e M A G A SRR §

AAABRT BT Bl Y A 120%PF o AR A R A AL 9 12 2

B kT e M TR L 100895 2@ % &2 CFRP ALY »
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$ZF REBEEEHG

PR AT EA e R RN 9 183 24 B CFRP REY 4 &
FokT e A ARZE s RRT e H BN D LEE e R 28
pUEEAC R A S e R o FM R R R AR M B R

A RNDCAL & g2t Rl 2 30 & v EH BORFA R T - 4
B 3.2 AN B g Pl 2 B A EHILEHABEFGREY 0 A

2757 Bl 3.2 B 3.5 5 F 1 RNDCAL *t %k B 2 B v - B 3.3 &

Bl 3.4 &g ¢ :#48 RNDCAL ke B (R4 & =8 fFrd &) &5 &
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ZARCHE MRS E: B B2 AR 4 Y
S 1

- @

(e) 0 = 0.75% (f) 8 = -0.75%
W 354 RNDCAL #Had &4 2 p* B BHRAKFVRY
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£23% RHEr2HH

bt A2 %
Displ. 20 WM B
cycle 13

) 6 = -1.5%

) LS% ( 5%

W 3.55 RNDCAL 340 & 2244 2 @]+ & =4 1 & % &t ;
b BB R E (W)
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ERARCHMBR R GAB 2 AEN AP

0= -1.75%

(a) 0 = 2.5% (N0 = -2.5%
#® 3.56 RNDC4L %é“!ﬂﬁ" f."' A 2 fgl]"i? %, > 5 1t kp.ﬂ;ﬂ%,ﬁ_giw u (ﬁ)
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$2F BB EHG

(x) 0 = -4.0%
W 357 RNDCAL R ad 24 2 @ 2 2B B2HBLEFHR Y (X)
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92

SR RCH RS R W R4

iﬂ
s 55
% 1
: 3 e
fow il i
e =Tl
o &
= - .,"
) 2l
) 53 :
e

(_%a)r eir 5.0%
Y. " .’,_. I 1 k:

(ab).
- =

-5 0%
P \ 2
S
R it
e 2 1
- .'_ .‘1. -
- T =
iR 8 % T o b
II\SBI, 9§ mm % ‘ :
gycle 41

(ac) 6 = 6.0%

—
B 3.58 RNDCAL 34 & &1 2 @3t & =4 w2 % B R 2 (F)



$Z % RBREREHG

pispl. 128 mm g
tycle &1

( |) =9.0% ‘ ) -
| al) 6 —— 9 09 aj 0 9.0%
3.59 R ) ﬁ': t g > 5 v 1% ’/I ﬂi& 'lg ;” 1 (3‘)
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L-_!_:;;‘iR > 1 sulh 4oy 2 oo
Chrmpaasr Bz min+ &7

Displ. -128 WM g
tycle &

(an) 6 = _;HOO .
W 3.60 RNDCAL 3 fg a g4+ 2 3 & =4 1 3 o
PR B EH BB R (X)
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P S TR T

Dt 025 % i
Drift

Displ. 4 mm SEE =i s
i : B Displ. -4 mm e
\ § [N cycle 1 & B
= 0 N .
a) 0 =0.25% b) 6 = -0.25%

-
prit 05 %
pispl. 8 mm SR
Cycle 4

} ) :

prin 05 %
Displ. -8 mm
Cycle 4

it 015 % SRR
pispl. 12 mm R
cycle 7

B
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