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Abstract

ABSTRACT

Keywords: high volume fly ash concrete, bond strength, druability
1. Purpose of Research

In the design of reinforcement concrete, the bond strength
between reinforcing bar (BR) and concrete is an important design
factor. Because the stress is transmitted by the bond between RB and
concrete, the good quality of bond strength is important to design
the reinforcement concrete successfully. In order to ensure the
bonding quality between RB and concrete, adding fly ash to concrete
could improve the interfacial strength between RB and concrete,
improving the bond strength. However, whether the current
regulations limit the amount of fly ash is too conservative. If the
amount of fly ash can be increased and the bond performance
between reinforcing bar and concrete is still maintained, the cement
can be reduced. The goal of energy saving and carbon reduction of

green concrete can be achieved.
2. Methodology and Process

In this study, two kinds of compressive strength of HVAC (210
kgf/cm? and 280 kgf/cm?) are designed to the trial mixing test, and
five kinds of fly ash replaced cement dosage, which are 0%, 25%,
50%, 60% and 70%, the experimental ages of compression test are
3-day, 7-day, 14-day, 28-day, 56-day and 90-day. The experimental
items have the tests for setting time, slump and compressive

strength of concrete. Then, based on the test results and the

XIII



recommaditions of experts and scholars, it is increased one of
concrete strength for test. Therefore, there are three kinds of
compressive strengths (210 kgf/cm?, 280 kgf/cm? and 350 kgf/cm?)
in the bond strength and durability tests, and three kinds of fly ash
replaced cement dosage (0%, 25% and 60%), two types of bond
specimens (with and without confinement), three test ages (7-day,
28-day and 56-day), to investigate the bond strength of RB and
HVAC. The tests about the durability of concete include concrete
permeability test and rapid chloride ion permeability test, and the

ages are 28-day and 56-day.

3. Important Findings

Due to the high amount of fly ash added in HVFAC, the
properties of fly ash and chemical agent (such as High Range Water
Reducer) affect obviously the performance of HVFAC. It is
necessary to pay attention to control the qualities of fly ash and
chemical agent for the designing of HVFAC. It should be tested to
confirm that their properties meet the design requirements of

HVFAC.

According to the results of pull-out test at the early age (before
28 days), regardless of bond specimens with confinement or not, the
bond stress is mainly related to the compressive strength of concrete,
however, it is not obvious related to the amount of fly ash. At the
later age (after 28 days), the compressive strength and density of
concrete increase by the increase of fly ash, resulting in a
significant increase in the bond stress, especially in the case of high
content of fly ash (60%), regardless of bond specimens with

confinement or not.
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Abstact

The measured load versus slip relationship for pull-out test
specimen shows that non-confined specimens have little related
displacement after the load reaching the peak load, and the bond
stress has been greatly reduced. The confined specimens have
obvious related displacement between reinforcing bar and concrete
when the load reaches to the peak load, and it does not appear
obvious cracking yet. After peak load, the related displacement of
specimen 1is still obvious, and the bond stress decreases slowly.
The specimen containg lager amount of fly ash has higher ultimate
bond stress at the peak load, no matter whether the specimen is

confined or not.

In the water permeability test, the permeability of concrete
specimen decreases with the increase of compressive strength at the
age of 28-day. However, the phenomenon is affected by the amount
of fly ash was not obvious. At the age of 56-day, the influence of fly
ash is gradually obvious, and the permeability of concrete
specimens decreases with the increase of compressive strength and
fly ash. However, it should be noted that the concrete specimens
with large amount of fly ash have the better impermeability in the

later age.

The results of rapid chloride ion permeation test (RCPT)
indicate that ordinary concrete (without fly ash) has a decrease
amount of chloride ion permeation with the increase of compressive
strength or age. Regardless of the ages of 28-day or 56-day, only the
specimen C350-F00 has the better impermeability, and the other
specimens have poor impermeability (low durability). As the amount
of fly ash and the age increasing, the impermeability of concrete
against chloride ion is further improved. However, the effect of

increasing the amount of fly ash against chloride ion permeability
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will also decrease.

4. Major Recommedations

1) Immediate implementation:

Sponsor Agency: Architecture and Building Research Institute,

Ministry of the Interior
Co-sponsor Agency: Taiwan Power Company

The bond mechanism between HVFAC and RB involves many
factors, such as the mechanic behavior of reinforced concrete, the
diameter, the spacing and the number of reinforcing bar, and the
quality of of fly ash must be also strictly controlled. In the further
study, it can consider the production of reinforcement high volume
fly ash concrete beams, and incorporate fly ash produced by

different thermal power station to invesgiate the bond behavior.
2) Long-term implementation:

Sponsor Agency: Architecture and Building Research Institute,

Ministry of the Interior

Co-sponsor Agency: Architecture and Building Research

Institute, Ministry of the Interior

HVFAC is a kind of green concrete. It has many advantages
such as energy saving, carbon reduction, environmental protection
and reuse. Besides being used as reinforcement concrete materials,
it can also be made into various concrete products such as roof tiles,
floor tiles and permeable concrete. If it can further study the mixing
design, engineering properties and durability of these concrete
products, which can effectively reduce the amount of cement and
increase the reuse value of fly ash. It can also echo the government's

promotion of green buildings and buinding materials.
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3 2ok (2 NaO 3+) 0 % (B * 1) 1.5 1.5 | 1.5% 1.5% 3.0 40 | 1.5 1.5
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classes —————————— BS 3892 classes
Austria. - FandC 1 2 Japan  Korea  Turkey Part 1 Fand C
Pozzolanic index
With cement (min. % of control, 28 d) 80 KA — &0 85 70 — 5
‘With cement (min. % of control, 7 d) — 68 — — — — — 75
With lime (min. MPa) — — 4 3 — 56 — — 55
Compressive strength (min. adjusted %, 7 and 28 d) — — 80 (28 d) — 100 100 — —
Water requirement (max. % of contrel) — —_ - 102 105 105 o5 105
Soundness
Auteclave expansion (max. %) — 0.08 — — 0.5 _ — 0.8
Other tests — — — — — 10 ¢ — —_
Drying shrinkage (maz. %, 28 d) — 0.03 0.15 0.1 — — — — —
Drying shrinkape (increase over control %) — — — — .03 — — 0.03
Alkali reactivity (max, % expansion, 14 d) —_ — — — — — — 0.02
Alkali reactivity (max. % redn. of expansion) — 60 — — —_ — —_ —

NOTE: From references 343, 344, and 345.
? Le Chatelier expansion test,

(FALJ iR 0 54 < pr[11])

v';gk‘_?

i



PRRI BT ERER L]
% 2-3 CNS 3036 $f & % chy F & &
7P A ¥ C F
78 = 5 )
#R% ] 2R BF
it | Si02+A1203+Fe203 & B 50.0 70.0
# 1= § itz (SO3) B 5.0 5.0
+ %4 £ (LOL) BoX i 6.0 6.0
PAS ‘\ ]\__, 5 X R o 3.0 3.0
w;; (29 & No325 & &) B ’ 34.0 34.0
lei,pw#pﬁ: B i 75.0 75.0
@@ﬁ%mé s B+ B 0.8 0.8
ol BrdlE ok B F BB 105 105
E.b?&ﬁa- B £ 2 m A
Ml EeH 10 BEE (B2 210 B
Tl e 23ns iR ) 2 ok T 04 B @ :
mB e & 45um 48 (CNS | |,
386) B~ B 5 5
2. W E STz 5 5
§ 4 (MgO) BoX i 5.0 5.0
% »odg (12 Naz0O+0.658K20 3+ 8 ) | &4 & 1.5 1.5
AF Flic D EA 8 4A5um G AR o
P LB — 255
’\%7&!
- vkﬁ£¢ﬁir%s B (P28 ) | R4 E o 0.03 0.03
ELI AT LN Ry
% AR (0 14 7) B 0.02 0.02
T
h?ﬁ%a,%%ﬁﬁi%%ﬁé
kit #) R pk 2 18%p > i f AR L
bt’au'l-‘*é,%;"'—‘}c(li—l-'tfﬁﬁ Bt B 20 20

MFHR) LR @

(FH KR 24 2 ge(11])
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L S S
£2-4 L7 REH KBTI B R F LA

PN Capdtk F 8 & %
% A LG & TF A
= i*# (Si0) 44.5 38.6 49.4
= § =48 (ALOs) 18.3 19.2 235
Z§ =4 (Fe03) 5.6 4.8 14.8
§ 45 (CaO) 18.1 24.2 1.2
= § it#n (S0s) 1.7 1.6 0.9
§ it48 (MgO) 4.4 4.1 1.0
Y g 0.7 0.5 29
PkF (%) 0 0.2 0.1

(FALJ iR 0 54 < pr[11])

bt P2 EEE R E REFE Ao BRI R AR IR
2 BB RORRE S R RIS R R R E R (W/B) BT
FL R RR et B g AR R RS RSP F NS PR R
V1ﬁiﬂﬁyﬁ@ﬁ%%ﬂﬁi%?i&?ﬁl@&a#%ﬂﬂiﬁ&&
A o P RRAI IR EFRBEAE SR ER DA TR
RERTIREF R GRS L b R R ﬁ*ﬂ?mﬁ%*ﬁg
AR MR R BB L KRBRER > B 3 RAB B2 AT A0E 25

S B R e T ORI B 0 25% ¢
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225 AR B ARTH Y FUHL R (ACI318-95)

A BRREEE g .
kS s (ognpeg)| FEEP

IR T 25 CNS 3036
QBT 50 CNS 12549
(3)# # 10 ASTM C1240
@D=D)tQ)E st d s T EpEk 50 CNS 3036
wg (&4 3 1'4‘"‘ 25% %R A E) CNS 12549
GA(D)+G) xR &5 @ - nra' B Pk CNS 3036
BE (HF 9NN HPE) 33 ASTM C1240
’é— RS *ﬁi"ﬂ‘ﬁ IR E AIERER BB BEE -

T2 %t TR R 2 ’%%H;iiﬂ{” BEIE o CHFRACRES

"?L %%JF KRR R E KRR TR A2 “ﬁ‘*ﬁﬁ—ﬁf@hf' BRE2ZN
EHE KR FHRADNBERIE (-7 5%) HEFE kg
R o

/.ﬂ

\\\?{r

(F#L 1,),;—, T X 4 v/?%[ll])

12




PO RRIAGSDERES

| \

EAFE AL L R G RS LR o e SRR AT 0 H
BRSEPHC RBEFERRIZES TG 2ZFERS F M[14] FIERES K
RS RPN RL D REIETRELES LR A RRS e 2

&
%g\

BTGNS mEFH SRR a2 o ET L SAAMA
TE R A

- CREIBEESERS PRI

S SRR i st BRAGRY chip SRR RD B eniE R ke
7 > 95 ACI Committee 408[15]ce & » ¥ R4 A4k S {oiR g B gk %
4 (Adhesion) ~ A& #x 4 (Friction Resistance) ~ fré% 2 © & 7L -k 4 (Rib

Support)#r F 2 & g 4 [16] -

PR e i R A TER 3 e R 222 1 0 & 4 TR s

l?"?ﬁ}ﬁg—; i ] P’-l é«ﬁé:,zl_\’% ,ﬂ.b“Tr’;%;yi;&J 7 #%K/}‘f‘ﬁ‘_fafiéii}ﬁ%i
o ERARLED PR TRE S PAERRRY 20
200~300psi[28]2- ¥ o % 4% 5 /F $pF > 2 fE G L RIS T 4 o 7

i B AR TAE RS Gl & LIR(17-18] -
(2) 4msriR 3 B2 Bge4  (Friction)

B e AP E R L et JLG BERS o - B SRR Y ST S
GE S AR ek B A TR s AR E L o P
R TG EMFRF R E RS R B 2R FF N

13



W
ﬁ;
Jae
%
&
o
o3
&
p )
fEA
P
(\x
it
o+

i R 2 S R g

(3) 4 s g2iR R 2+ 454

LSRR 2 - BT AT > Ui S R0k
PR BRI IR o T AR SERES DB KR oA B
4 2 B HRRR RS R EFE[9]

CONCRETE COVER

¥4 7
Friction.
Radial Splitting Force Bearing (-IUNPGDE:\
EBond Strength Resultant

Rib Face Angle

TENSILE ANCHORED BAR

FORCE

Friction

Concrete Key

Bearing Component.

Resultant Rib spacing

Bond Strength—
Radial Splitting Force

Bl 2-2 FERA chie

(FH kR 24 < j2[20])

EAE2Zkasp S adE R4 0 - s A REY kiR ﬁjﬁ‘frﬁj& 55 2

am%“4%§$ﬁoﬂﬁ’%ﬁ%ﬁiﬁﬂ&@ﬁ%@J’AQ%iW

‘3\

B b h o 3 N4 S frR R AR S AR > S AR R 2 R

Hoom FRFFE R B RAFUE ST FIRRL 2 88 o
PEAE SRR BRSO FEAEEE FRED H A LKA B

PAERA LR KR B AR S oA 2 o A SRR P

LA REL R SERS R FRA K TR AGS SRR A B

k=
M
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Iy
el

v';gkwéﬁ

FAREES > SRS BRERY LB B ot kS kB
[21] o 5 M3 S dh 55 el 4 0 R T o SRR G BRI > S B
WA R R d Aok R BEERRA 0 RS E A RES R IVR
R B o @ H A KA A A R E AL - Edwards and Yannopoulos 987

TEGT[22] 0 koA S i B R K 5 a4 55 e 35%~50% o

=~ HERA A

Kemp[23]% % LOK-TEST % i sad @3B+ s R fchiimd 2 Feh
SUMRE 0 o FIU AR TIE R R GRS PE S R MR A 5 R AIE Bl - Ko
VLR RS R R HESUFE LT

R LA T IR RS M R - b R RS LR
BEHREFZERS AT RE-HSBRRITOERGTL > AR
$ERS T - RITASERS PR A RSP RRRE
FREEdm e S R E - a g RS I 5 s e e S
ﬂi%%ﬁ%J’ﬂﬁﬁﬁwwmy

CALA

q b
u= —2 Af 2-1
5 %, 4 ¢ &1

0

U= R4
Y= s E LR pend Fecd
Zo— gy 5 8 £ R HEALE 5 A
AN Y ¥ § e
A —m 5 g5 4

B —tw s gt iz
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Bd FROPE L THER > B ERAPEDF IR HERS A4

# P 5 4F 32 o Orangun & A 3t 1977 & 1295 KR ILIL[25] » 48 334k 55 R 8 1 &2

7

ZERRA AT KA FERE N S FIEE SR kLU R4 SRR
A X RIE- e S T IR N A A I T LE
G SR E Sl A g O N ROERS gt E o
C d x :
u= 12+3——+5O—L+—fiﬂ—-JE (2-2)
d, | 500Sd,
He
C=iith 5 R gtz
hemonxer AN=puag
W:ﬁﬁ%m@J S =4 & BB
¢

=i Ed WA

s 35 R R

G SRR R RBE A R T U A A8 Rl BFA B (Side-split
failure ) ¥ 4 #4428 3% (Shear pullout failure) [26] - 4% &5 @R H 4 37
AP i ARRPE S ERG Pt KS c BnEaag d
At e - A A HAKSBALABAL 5 4o 2-3 977 o B 4 il
wihA 4 fL L jS e & 4 (Radial component) 0 € i =4k 55 5 & L AR R
BORE o A RRAI LI MS S e AL BH I o FE5 Rl B A

LTS S S AR S RV EUSE ER S EE

=N

bbb B hRle MM ¥ - B4 S s A 4 (Tangential

16



component) - ZIFE R4 i & KR o pdhe A 4 & 4SS a i auR R
SRS A RIS RN L EE NN S R EE

RO LA RE B L o PM- AUE A AR R U IR B 4

N

5 %%%j&[ y Z J’]m, i3 q\ﬁ,‘ljéi[@iﬁ E'T”"]"%“J‘:’z °

EX S
g _'g ImES
N

(a) xR M LAt

AN

(b xARAhERERRL

xRN

Boa¥

b mas

OFLSITINT TS |

B 2-3 4 5582 R B chd i
(FR %R %4 FE127D)
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b
&
“Z’l.v
o3
&
o
WJ
W
(\x
it
o+

CHABEHRRL Sa O THERER PP
BIER = & endh SR GE B0 20 FIE R 2 AR 2RI ek
ST AR R AR BRESF DR Ry BB

R A Y ORIV RERREL SRR o L RRI EHS TR g %

é%ﬁ&%%%#ﬁﬁémﬁ*ﬁﬁ%ﬁﬁ%ﬁ&$$’Piﬁ%ﬁ
BgESEERRTED LERKI Z% RS
jﬂﬁiumﬁoéﬁp%lﬁ$ﬁ\%%¥?L@TH%%
AL P EUHEY EHERBROPT AL S Rl TR
Wt TR oo G TG MRS REH S DERBA

S|
e
&
w=oAr
= S
el
m
I 4

TR0 AP R T0% KR B RS et o R
Bl 5 502 kg/m® 2 337 kg/m® > 17 18 mhp SR 9 B F < A B
WS ERBAERR  REET3EABERR I a0 FERY
Bt - AR F EIRGRE F o v RR[321R Y T0% R AP R R G e B
#iE& (pull-out test) » A3 B R ! > FRABERRL B ERBR S

SRR F AR A FRAB R PINRR S ol SRR A R
5 o

¥ RRB3RR AP R Y £ 60 0% ~ 20% ~ 30% ~ 40% ~ 50% 2 60%
X ORI e o ITSAXFE R 2 GBI 36 2 PR S BHES
é%’?%ﬁﬁﬁi%Eﬁi?%ﬁ@%%ﬁiﬁ%$opiﬁ%%ﬂ %
AP RRGD 2oy 8BRS SR - SR KAp i 7 Y
Jo M AT R AR R 85 B RN 0 R S 9 Bl T v A 4T 0
AR ENB L OERS R ER-FHM G T uaGF BT
B R fos SR ERE S
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el
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$Z & BRI et

-~ BRI PINEF A F M 3F MEEBAE O EKEB RN
Ao A ER G BRI PERE G L MERDETT T
M §UENRGRE TR R AL o B R TR el
PeikIna R fiTREY > BB F AT AT bFokapkiRT R ER o
4N E 4 R B

hesy

F VAT R ATV M AR RBE O B/

PRGBS ARG AR A S AR AN i M
BRG WA BB E % 97 5 0 2 RBAIRBIZ e A LR 0
%zkm&&mwmﬁiiwaﬁ@ BB E L 60% A sk

2B EEE o AR A B R KL 20~50%1%[§1?¢ g
B b BAPRFERF A G AT FEEL R G o a afy (i
ar},L};)@ pq;i?,,J\;ﬁ,gﬁ

ZOREI Y Bt 2 oo AR R YRR L e KR

o j
G oo SERABEASIR A

|

PN
o
2
N
[l
<l

AR Ffr itz a4 o

< BS54 Bk % (0320420540.620.7)0 % 3 F & § £ (0%
20% ~ 40% ~ 50% ~ 60% ~ 80%) » W FR F L FM T e FERE R A

{?Q;-
’
Ay
=
—_

AW st E R BORE s Lom TIEF 2 Pid & R B EHER 0 R
FRHRRI R EMA PSS S DRGSR Z A A R E 2
FRPURS R RKS RN S @Y T X2 28 ) B ARKD PR

BRgWEARERZI Mo R 1 £2 15 F)E R\ A RREL R

i
&
&

2B RN R A R 4o 2 AR A9 17.24%~25.17%2 FF o

EORR R B RS RRET AR AFIAFEFE R EERD
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<ok

&

A

6

lf“kﬂ

Rt B S FH R

w
ki
o+

= et ARG BT AT R 1000 & %~4000 B i 0T pER 45
L2 AR T ELRVFREER S B B R
FRRs@r-py TREFRARBAZ WALREL RN E

¥ RRBOJF T A ARG A peig & A BB RKRRCPT)FL T 2375 1
BRI REURRIAFTELIHE PR G e 7 @& 4+
% % 3% % (Rapid chloride penetration test: RCPT) ~ # &+ 2448 it @
(Chloride migration coefficient from non-steady-state migration experiments:
RCM) ~ 4vi# & 3% 1% 385 (Accelerated chloride migration test: ACMT) % p~
i#5% (Ponding test) o :RZe S % BT R A AWM ALY 91 X {5 BARE
AR E L% T o HEA R F PRI IE BRI IZE CZEFRE G
ﬁa?J Gl AT R £ 15 ‘/,"J‘ e ARG & Ris B By Ak
ik F o

FHAET A EFEE B EE BAA G T HOR B R 2A KR 24
RS TR et Ao 2 RBTIRRE G RATR A T B
FeRRL R FRR R NBy TR REL By izt i
FEfmMad aApRPRET > {A BT HREBR R 2Z RS T §E
FRBRE S R EE - FHACE S T
KR ZRES ookt daRE A KE T B2 BP0 RS 2 VKNG RE Y B
Mow e S R MRS RS P R 2§ W Tl & A Ak
~ AP ¥ A 4o o

PR 2 ok F R IENE BB

DR Al EIE i L LR ﬁ%*ﬂﬁi*%ﬁ?\%ﬂﬁ@
2t AT R F AR PUR RS TR RER Sk SRR
%%%Eﬁ%\§$4%%$$£ﬁ%$$§°F2%%%ﬁ’¢ﬁLﬁT
Ptz RS Flsr M aduR s R T HRF 0 27 A 2 (20% & 1 +20%%
F)hE o B N 30~40% 0 T TG B R ok FE M § W%
& GHCE I o &R AT g e AR R G R oy
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i A e (10%E 4 3 40%% )5 B it o FadE S > &d k9 0.60
FE 0 e b MR R R AR S RN R ek R (10%) 5 B
F o oe Bkt 0452 035 o B et idle

¥ RE[3O1I ™ it & dp 7 SRR A RFBERA KL E R R
AL ML S LR E R A E R R R
T RS (035045055065 Hmp B £ 2

RAREERR A 0~55%2 F c kS Ao o RuEd P % Se g 3T 1

a5

FHEFREIFTEES  BAPNE S 25%FF 0 & 313 78 Gl o RiR%
P‘}v/,] e A5%FRCRIEER2ZRES T GlkE ) THRBARRT B2

ﬂﬁiﬁ“i?%ﬁ&@ﬁ?ﬁbﬁ’%§¢%“T@ﬁ&$1ﬁ??@

Ba FRHPBREPRRAER 2R TEREEPRBRRF O F
U BB R 5% KR E R BRI E B A A BRI A R

\F‘

?%HMU%ﬁmﬁ4mm%ﬁ”yéﬁﬁ$%~§$4%&ﬁwaﬁ
BRSO S R T BAKRBCRE ) FI g R R G Rt e
BH R g RINE § S o B § S BERRELY 0 R
TEE T T HReE L EAFEFRREFDLE KD
HET

*E_év’ﬂ“‘v;é’ﬁ%’%fgf/‘*ﬁs;m‘*%j\ C BB Gk ] hF S

LIS G 73 | AN ) SUBNSVI S o0 - NEANE S itg"ixﬁl”ﬁ—fiﬁ”’ﬁﬁqﬂ’

FAEAPEE 50% kBt 5 0.55~065 FF > MR R RE T R
?ﬁ%&??fﬁmtﬁ’%w$ﬁﬁﬁkﬁ g%ﬁéﬁﬁ%%iy&
fod EEFHREE Rg 0 F AP EORE A 30%~40%PF > d & B RER B
TR etk ks 2 o
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e E Rp G HARLF YR

PP 3 EABERAITFETE S > L 5 L3 HERARALH

M1 B FHRL[0-13] FREEREF ALY A5 FHE BAR RS
[20, 28-29] - 2 * BB E R AR B PFE R 202 5 > &
RER AL fAd P RS HiF2 8 8 > T g 23R a0 Bz 8% > %3
BABERFD Bt 52011 E372 7 B3 g7 7 A HECF 2-4 9t )l
FEH A2 AR @ EERGE D 9Kt e B S 310kgfom? o A ARINA B A
280kgf/em? » "RiE B KA * $oF 11 2P w5 - B3 R
REI T R H[41-42] B REREFEREASTESALT VR
AHEE AP TR Y RO B R RE

Bl 2-4 ¢ #1277 <
(FA kiR 4 %% P K3 https:/taiwaninterior.blogspot.com/)

B3 @B RREL PR RO S BRI EE e
EWEBLEVELF R AP AP T AR FRE R LS
BEE o 2 A E o T AR AR ERRD B TS AL

i (T
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1. % RWp s ||;§€ g ¥

FRHEE VRE LB 2-5)FTERE i H 4,500m3 % & A 4B R RS
p Ak BAeT 4 gl B0 9008 CO2 gt > H kKR R eni R G
4050 k50360 KA S 27TMPa -

F2-5 i Wik g 6 ¥
(FHR KR - A7 F > https://zh.wikipedia.org)

2 ARV AE A FREFRVBELHAEY o

At g 3 B W pEAL AT ¢ (CITRIS Building > B 2-6)#TiE pF > @& *
7000 m® B E AR R TE A T4 Bl B0 CO2 4 1400 HE e
o HoRR B Rt £5 1010 k5 035 ~0370 2R 150 ~

200mm > 7 % E 5% &R 5 20MPa ~ 28 * 5 30MPa ~ 56 = 5 40MPa ~ 90 = 3
50MPa -

B12-6 4e g RS FALEF B RPEREFAFE Y o
(FH &RIR © 4p 5 % ~ 8 3k http//www.berkeley.edu/map)
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£ 1:1h

LRSI (R 2-T)ETEPE o R PR Y £ 1

r

Bl 2-7 A5 ¢ & TAR S RIS
(FA Rk : AR # - https://zh.wikipedia.org)

4 4v £ %5 4032 5087 Purdy’s Warf < &
Purdy’ s Warf * #([] 2-8)i& * & A B~iL KL * £ 55%:h3 B AHBE R

FEA 0 T T 62 A ARG iU 0 A 22K B PR AL

] 2-8 Purdy’s Warf ~ &
(FH kiR @ A F 4 https://en.wikipedia.org/wiki/Purdy%27s_Wharf)
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1
il

R

MG AT 2 LR E H ‘]“i’%f'f%ir"f L7

1.

Ki-dmp ok o 8 ONS 8 kg £ o
kiR c kiR A P A A Type I Fa ok o HILFE & CNS
61 & 4 -

B A0 LB DAL AR B (R 3R AR
B LS drk 3-1 A1oT e

feimd R AR o et L A MET RS A
324 .

[t

wAH A RRD FERBRET BT RN LS TR
AR E A CSC-T00F » d SRR EF & 546 ERF Tl

<l
1€
=
o

3

|

7
~

_\g_.

2o F 5 1.05+0.03g/em’ > H A A 5 1843% 0 pH=T+3 5 #

R

ASTM
C494 2 CNS 12283 ¢ F 4|34 -

A B SRR A R B S ERER A RRE LE
W R GRS SR R Y R fom o P 4 &« HICON HPC 1000
£ 54 A > % & % F ASTM C494 TYPE-D 2 4% » g ¢ % iF4h¢ > PH
Bs THlo v £ L1 FHEE S > 4242% o
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B 3-1 5¢ V483 B2 A F &84

(FAL kiR 0 AF7f L)

ESEERREE S S A -t

R P CNS3036 &4 (%) WL (%)
1. SiO, 50.00
2. ALO; Min. 70.0 2841 85.39
3. Fe,05 6.98
4. S0; Max. 5.0 0.47
5. 58 Max. 3.0 0.13
6. 4§ Max. 6.0 4.62
7. F »cég (as NayO) Max. 1.5 0.18
8. Na,O 0.09
9. K>0 0.13
10. CaO (% &%) 5.99
11.MgO (% &%) 1.39
1. % & g/lem’ —- 2.31
2. R (No.325 B i%) % Max. 34 13.24
30 FERFE R (T 2)% Min. 75 86.78
SRR (28 2)% Min. 75 97.84
4. Fk2HH % Max. 105 96.69
5. R (BBWIRRR) % Max. 0.80 0.056
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EE
232 ¥FEFHAALY

¥ 1 Fa5E N SN ;

%%k}_%& A= T )
ww £ (SSD.) 2.61 2.60 2.60
ok & (24h) 1.05% 1.31% 1.9%
F.M. - - 2.20

Fe L 3
(2 2 A& 2) 1470 kg/m -

(FH &R ~g BE)

R P S

AP ACT211.1-91 RfeiEzk » 5 B2 K308 & AR E

S RE[IRE) 5 AT Rk B(ERBR) > 285 0% 25% ~ 50% »

60%3% 70% > R K FFURB B 5 210kgf/cm? 3 280kgf/em? » FZh#s ) 4

3E 7% ~14 % ~28 %% 56 > FRETRAEENRE LY FET

R H R R FRURG B R o SRR S B R F e 3-3 997

PR G L fet placd 34 ST o

%33 LR R

AR HEABPRREE | #8(R)
0% 3=
210 kgf/cm? 30% 73
50% 14 =
) 28 =
280 kgf/cm 60% 56 =
70% 90 =

(FAL KR+ 257 F FFIL)
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4 3-4 BpPERHEFL R (Im)

s | Wi k| kiR | A | mEH | REH | B H A
kg
C210-FO0 | 0.72 | 202 | 280 0 780 1000 0
C210-F25 | 064 | 179 | 210 70 790 1020 05
C210-F50 | 0.45 | 126 | 140 140 810 1110 3
C210-F60 | 044 | 124 | 112 168 820 1100 3.9
C210-F70 | 038 | 106 | 84 196 830 1130 4.2
C280-F0O0 | 0.60 | 204 | 340 0 740 980 0
C280-F25 | 0.53 | 180 | 255 85 750 1000 0.8
C280-F50 | 0.40 | 136 | 170 170 770 1070 2.8
C280-F60 | 037 | 124 | 136 204 780 1080 3.3
C280-F70 | 0.28 | 95 | 102 238 800 1120 4.9

HnBEELP 1 12 C280-F50 % &) » C280 i £ R &4 HR 3 B 5 280kgf/em? » F50 % & 8 & B~ %
KR Ee50% o
R LIPS RN AU S

(FHR KR A4=g )

ﬂ»L?F )

\\ﬁr
ol
-

AR - XL FEF AR EEEEFAL 0 kAT B R
PR R RABEHREI RA DTG PR VR - BRFRA D
MRS AR AR AL RERR SV ERRE R AL 3 H
BABR R B(ERBR) 285 0%~ 25%3% 60% > R4 K HUR 5
B % 210kgf/cm? ~ 280kgf/cm® 2 350kgf/cm? » iRk &2 5 7 = ~28 < 2 56
TORRIFBEIPLEIRIZEEIAALRER U AR REWES
RE o EHEYF 28 % £ 56 % o AL RMATER BB L 3597 > &

BRI G fertdod 3-6 1T e
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% 3-5 mERFHREK

Wit Ak | AR FURGERE Y| RS2 R RE
Kk £ ) kAL
0%
210 kgf/cm? 7 % )8 =
280 kgf/em? 50% 28 = 56 =
350 kgf/em? 56 =
grem 60%

(FHkh: AP ] ER)

% 3-6 SEEH A AL pb (Imd)

kiR | Eh [t ¥ ] k| % EAB
kg
C210-F00 | 072 [ 280 | 0 | 780 | 1000 [202] 0.0
C210-F25 | 0.64 | 210 | 70 | 790 | 1020 [179| 0.5
C210-F60 | 044 | 112 | 168 | 820 | 1100 |124| 3.9
C280-F00 | 0.60 | 340 | 0 | 740 | 980 [204| 04
C280-F25 | 053 | 255 | 85 | 750 | 1000 |180| 0.8
C280-F60 | 036 | 136 | 204 | 780 | 1080 |124| 323
C350-F00 | 042 | 450 | 0 | 850 | 850 |189| 4.5
C350-F25 | 0.38 | 338 | 113 | 850 | 850 [171[ 4.5
C350-F60 | 0.28 | 180 | 270 | 875 | 875 [126| 74
(FH kR A7 )

M. | W/B

58 B Egir
AETREABEHRAI EHESTERR R DR AT I Fi
A= RN EE3 BABERKS 0 U EHE H T ¢ 100mm*x200mm
Pl R348 2 2 2538 33 (R 3-2) ~ PVC # % FI3k @ ¥ ¢ 100mmx50mm
e ¢ 150mmx50mm %A Rk R iR & AR R RERE o Ao 3-3 1T e
ERFRUEE AT S FE 150mm eh 2 8 HE SR P &
B—-3F 735 »—- 13L& 1000mm 2 #7 + & 4% &5 s 2 %+ 4% 45 (B
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34y e b H A RSk 2 E T R RIFRAR T 0 MRE 2 R
AERFOEREG FOFLA L boR 35 90 F o

Ay SRS PIGEH BER R RS R R E R AT
#E o FEMWE S M 5 150mmx150mm > ;fr“,f HHT 45845 12 R B A&
N 3RMAEE 7 SRRSO PIGEH B RAT &S R ERR
44K K 25mm R H3 4 SR S H (B 3-6) e R HIERB A
ML R R SRR TR PR PR

7~ &
p—

Bl 3-1 FURBHRBWIL () P RBRBENIEL(
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B 3-4 4 24 RFM R
(FHKR: A7 FR)

1 3-5 Fld(28)% & B & (& B)FRFMEE
(FRJm AR )

F13-6 Fld* 2 dwsidi
(FA KR A5 FR)
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4, BB > B L Sk o
5. b AL T frdb o P PR R e e E B o
6. BB ol o Pfo— A4 o

S EL A S 0 Bl - IR SRR A B R (F 3-7) HARE R Al
W REL A REEE T RGO 2 WITFUREH(F 3-8) R
RE(F] 3-9) ~ %3280 (F) 3-10) ~ & 35 R B3 5% 2 &K% EMW(F 3-11)
LR GRS ) #4 & e e F ewa (60 TR A B RBE - LRk
PR SR E R AR N (B 3-12) ) FERHRBDPFETE%K -
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F3-9 fog e
(FHR KR A5 )

Bl 3-10 & F%EM(2)% §F B+ BB RB%RFH(T)
(FHRKR: 27 FE)
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B 3-11 G5 de
(FHR &R : AT ER)

W 3-12 sea8 %
(FHR &R : AP ER)
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LR g

RFT R GRS vt R 0 R R A RR i §

+FERBRIFERHR LB DRERRBRA WP AT

(1

2)

3)

4)

)

(6)
(7

Al URT i LR R T bR e N AL g
Fohx#£525901Im’ 4o 3-13 #7F -

FaoRskds B A P E L I809 ) T BN Bt 4
Bl 3-14 %97 c }TAEXF e AR~ > PURBRERT RES
EEE R L R

FURGESRYS D B U E 5 2009 04 Baraglae o kRskiR R
SRR 0 do ] 3-15 9T o

Pt § 4+ 5 2%RE D F%R KR F4oB 3-16 77 > HF 60V BN
TR BREHHTINETE 6P RLET R R #
Menf i 3= B g e ~ &al 4 g i o

e BE KRR K FRREACR 3-17 A7 0 FE S RBRA S 0~50
kgf/em? o

R A B RREKR R KRR B4R 3-18 A7om o

FH T3 HACH(SEM) @ R &k BacB] 3-19 #r7 o
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B 3-13 5 4155 kT g phitfo i
(FH KR Ay BIL)

B 3-14 F it ask s
(FH kil 2F g )
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B 3-15 FuRiEsk
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B 3-17 & ko &
(FH kil A L)

Bl 3-18 Bt 4~ % iRk &
(FR KR 27 ER)
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B 3-19 #Fds 3 T+ M AcsL
(FHR KR AT EIL)

2. e
(1) PR 5 R %

AR L AT 307 1402856 2 90 X #4 4 pF > i CNS 1232
TR PHREIURE R %2 L R FRR R RERER LI
RSB PIFEH T~ 1428 2 56 % L5 0 4o ff] 3-20 45T o 3SR SR

Yo
(a) MR RREEE T P00 R AR Ak F018 AR TR o
(b) A RRAIGFIEGTE > =P FL L o
() #F F k43 > BFFEMAEIN FIRBW LI E RBEF e 2

SERTE B KT o

(d) %+ 15467 Ficts > %oy virf -
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(e) H-FIHzEfcndhw B30 a0 3% KRS E P iy S B3 F iR
& 150 kg/sec > #%R I R HMAUR G L o HTX L B A PE o B
é”ﬁ‘f"*@mfa T EERBFRL ZFRRAE o

Bl 3-20 2 FUR S R R
(FH Joh: ~A g RTL)

(2) ¥R

W REM B pr g 0 TR AR A KR EE(30cm) 0 £ R
& £ B2 4 th(FBE 10cm) AR RERE T 384 2 0 0 2 SRR E S Ut
(ASTM C78 » iRt 2 Hed 5 & 2 R B2 52) > 4of] 3-21 #771 o RFH
Bk SUEUTG R 2 M BUR O FIIERP LR 1Y e 2588
IE R ok A
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EEEEEEES

Bl 3-21 30 Fiten B
(FHR KR 277 EER)

(3) #HF R B RE%k

REELE L 728 % 56 % 0 ik CNS 11152 M2354m 4R 582 R 4 v
PORGR D M BeRE ) 2R TR TSP IGRR > ERENE KAcR 3-22
#7570 - F LVDT (100 mm) *c % A i RS2+ pliF + 2 16 1
#-LVDT P4+ 78 A3 B 2 ™ & 4h s F el 7 > Pl 2 B Y BFIFLE 2 K
T § — & LVDT % 3515 -2 P 478 G40 J8 B2l b 304k 55 A=A »
Blag S5 epie 0 3L LVDT 7 g » Rl o ivgs > B e
LVDT i i 4 3] TR 4 e B(RI 3-23) 0 [ R 16 7 & 17335 - R
WA F 20 2T 2 PAGER S L E A S o Hoedt E R 4 S iR R
Beng# € 2 3f e e 1R ARG 1 o
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(FH KR 2] ER)
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APomRwT
EN] 001 ssseasss am

Bl 3-23 FAEmsE

(FR KR AL FER)

(4) Rt BER%

W AR R RE 0 RS A S R B%R R(F 3-24) 0 B
RFEBRRA R P T AR e R G B RAR S -"l?f?ﬁiiﬁﬁiﬂéi
F AR ARGV R P T AR G
LLO

CE SR RS R
iR 0 k) 6~7 kgffem? AR RPIEERRAS P TG RGEE BT

kp mFENRE > £ F 4R 3 kgflem? KR IE
FokFEERs2ZEE
f;v?f'T-T?f Y R R i T S Tont i

NEWTE O FFR 3
JOpE s B R R R S R R R

R T @R B
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Bl 3-24 iR B EER
(FHR &R A ER)

(5) P-iF & #+ 2B #% (RCPT test)

S TR Rt Q%%(NSMWS%# SRR I

¥ oo ONS Afe > @Rt FRMP AL AR ERMTH 2 7 E 08

Lk R s T

AL FH ST

AFET E* B D 100mm ~ BB SOmm 2 iREiE 7k & aF R
Ao AT RSP TR R N R (Ao 325 9Tm) 0 5 a0

IH

BRRA KT 120Pac T A E TR A PR B R R R ) pF
BN o fg EEALKE IR TR E
T

B S j"f"pf:"?ﬂ' EEYE e

60 IR RER nd § ok~ E iR
FRFpQFEE | PFUEHP - B3R
kP18 ] PES AR (T 1S Rk o

o

B. % L& g0

WK ATE B ) BTl M R R R ) o BBk A Y

BB HFTORT TR ABE AR R FEMLZ
F 1 BAFRETAR (20 BLET) 0 4ol 3-26 7m0 - RF B2 03N
T F 4 (NaOH) i3 rsE > £ 5K ¥ - R 3%% 4 (NaCl)
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RSt A B2 Bt 60 RED AR I HI B4
Fe 30 ~4Eedr ] scTnE > — B P86/ BFL L o
C. o2 sd

W sE 3048708 0 VREdR S O TS (2-1) TE EE AR
i T EL

o
o LB

Q =900y + 2I39 + 2Igg + 2I9¢ + -+ 21; + -+ + 21390 + I360)

(3-1)
FPrQ A

3 3 T £ (coulombs)
Io % 47 4> & 7w (amperes)

ti & PRt P end i (amperes) o

7 £ 95mm pFood N (2-1) PrER

LLETEF
UL e BRFAr A (32) B E R ET R R REEE S
e E

AT ff ot o R

N

Q=@ x(2)

“ % 95 mm FEEY i

(3-2)
¢ Q= iEE T T E (RiK)>
Qx =1 FE [T 5 x mm FAY i3 iF

2 (&)

F At IR B R TR

Rk WER S DRTFT GG R

4o 3-7 97 o
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B 3-25 RCPT %4 £ % §F 7 %
(FR KR AT ER)

B13-26 Bi4 HFNE g Bobry
(FA KR ATy )
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%37 F43 5542 RCPT A7 01
wA BT R ¥ TS
<100 L
100~1000 H s
1001~2000 [
2000~4000 i
>4000 *

%4 CNS 14795

(FH kb A L)
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S AR A B T RIRIRGK > F BNIRGE Y h1 (R AR

# ORI 0 DR GRL AeR AL o 7 i
Bt R RABENRGD B RO E R B RR TS € R
BLEt om A e TR GRGED AR E L S M- 1 TR S F R e
P58 5 A IR R G S TR o R PR LR K S A AT B
FoMAE SR § AR RERGD AT R A
Feag R ERT IR RS B R el AR £ P 28

BEnRGE S o AR E BN E KAt DT ERHEL R -

=1
TE
=
o
&
&~
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1

1 F¥Edm iRyl

AT EFREIR R et B AT CFRBABE L 60%E 70%
eRNE AU SIS L S E IR e £ A S
AAEGintts A B R X RS A AR > R R BT i
ErZEUER o 0o d LAl T BABE 60%E T0%HEL . o G
PR G S eI g > BRTIR % MR ~ F 458 chpet i C210-F60 %
C210-F70 # 5 P &f > 4o 4-1 #757 > B A_Ma & & 7] eR 3 4 et (C210 4
AR RIS RS B - RS LG R bR S

CRERE LIPS ERE R IR R LA T 2 L F:

AP %R AR R fet (C280 i) & o B AR RS ih C280-F60
2 C280-F70 fie vt f2 » 5 RIR § 4p > C210-F60 2 C210-F70 % 7 P & > 4
Bl 4-2 5770 o 7 RoRE* RS et AR B HABE Ofe st RIS 3
LR S e EEE R S IR RS R S
AETIELE RE ARG G S RO RABERRS BPR
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FHRABERAI EOHIFHERBR LY
BAMA O TRI KRR BARED TR NG F R RABEHRR
2wty o Mt AN B ERFRE WAL ERFRHRH R R
350kgf/cm? ehg A B ERFD T L R%R S -
R A L

% 4-2 2 B 4-3 *77 &
BHEE T F
K g
C280-F60 & 370 ~ 48 » {3 & - SRR R EPFF 8 3 10

SRR A I RRET 2
PR AR 60%2 & 5Nt B GEPE L SRR G R et

s PE R C210-F60 = 377 4~ 48 ~C280-F60 % 339 4 45 ~
g foo P H
BTN F o RIS BRI G D ot A & L ]
VIR R A A T2 5 % H B
FRER R R AFTRE AL ZE
BRRI A BEPEEARIT R A B 3 Y R FNRE D A BE R gl
PR T ARABEARS R R P AARSRE  TAREAR KA B

R PE o IR 5 A i e

p%_/"“ /)‘{ 4 %fr%l

£ ﬁf?‘?‘]iﬁ%
ERE e ks 3 ‘@}EJ{[II]’:"—?‘Q" e

0%% 25%:hfiett o > 3L Z 5%

I

Fo4-1 BN AT T Rk S %

50

FR %I | B A (ecm) | A7 #&(mins) | % 3 (mins) | 3 % FH A(%)
C210-F00 10 315 440 0.0%
C210-F25 13 345 485 0.2%
C210-F50 14 425 680 1.1%
C210-F60 15 860 1055 1.5%
C210-F70 13 920 1320 2.0%
C280-F00 11 195 430 0.4%
C280-F25 15 340 475 1.0%
C280-F50 13 405 570 3.0%
C280-F60 15 525 690 3.0%
C280-F70 10 605 810 3.6%
(¥ poR Kk AFFY EEIR)




P % (mins)

F A2 B ERREI AT T RR S

skl s | P R(em) | 47 5(mins) | ¥ (mins) | 3 %A B(%)
C210-F00 14 300 434 0.00%
C210-F25 16 329 472 0.18%
C210-F60 18 211 377 1.39%
C280-F00 15 257 355 0.12%
C280-F25 19 263 387 0.24%
C280-F60 20 202 339 0.97%
C350-F00 15 245 334 1.00%
C350-F25 18 216 304 0.99%
C350-F60 21 209 370 1.64%

(FH kR : *AF 7 EFE)

1400

1200 —

1000

800

[ 4~ %
B #3

600 |

400 |

200 — ]

C210-F00 C210-F25 C210-F50 C210-F60 C210-F70
L L

Bl 4-1 F4ERE S C210 47 & Vet 4~ B RPFR

(FHR KR AT L)
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1200

1000

800

600

400

M4 5
Beg

200

C280-F00

C280-F25 C280-F50 C280-F60 C280-F70
ki

B 4-2 ;#3R e 2 C280 4 71 & Vet 4~ B g pr Y

(FH KR AETAR)

450

400 -

350

W

(=3

(=]
T

[

[=3

(=)
T

150

100

50

P & (mins)
5
S
[

C210-FO0 C210-F25 C210-F60 C280-FO0 C280-F25 C280-F60 C350-FO0 C350-F25 C350-F60

FA 5

Bl 4-3 Seim gt &Nt o 2 RE B
(FH kR ApT g 7D
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SR SR

£ 8 R PURSER

BRI e e d A0 R R i SRR S Rk
R AR ARES > RS FURG R § MO HIRGL F S i
W R 7T ENALBAB A BAFRES o b d B EARE T F R
PE o g ) 4ok ik ok i A4 Ca(OH) (5 F 1+ 45) > 2 # £ 5 &« C-S-H B 4
(FF Badt B al) » F e 4o iR B2 chiR B2 B3 B o

LG iR

2043 2 [l 4-44cB 45 5 4EF BB BRI ot hPUR S B R
BE o4 RHEET o0 A B et 2 C210-F00 2 C280-F00 5 4 1p
ARG F 14 2 )pURag R BB B A hpet e #0 28 X pF o et e
C280-F25 ek 55 B ¥ #4217 f 4% 4 A ehfie vt 2 C280-F00 ; #£ 8 58 = pF » fie
ke C210-F25 e035 B © 4738 A 43 8 A ehfie vt 2 C210-F00 » C210-F50 s
5 R B 4%37 C210-F00 > & #a B 4 % 48 £ et 2> C210-F60 2 C210-F70
FUR 5 R (0 1430 C210-FO0 & - 7 @ H FUR 5 & © Baxang K #d 90
P C210-F25 ey ss & 4 I & 7| fert @ B0 ~ C210-F50 =t 2. » C280-F70
RS R S ket @ BB ~ C280-F60 = 2 o

peb ot g C210 2 C280 & e fie it cnFuR g B E ¥ o0 ¥ X35 B C280
Flfert > AR R FEG 2 14 ) F # 4 # 2 pert e C280-F50~C280-F60

2 C280-F70 ¢35 B 3 B 4 C210 % i e @ A48 £ kel 12528 < d gy pr
fievt C280-F50 2 C280-F60 2 5% & RI4&3iT3K 3% & > C280-F70 fie vt &t 28
THH PSR AR G L L st e il mASH 56 % 2 90 X P
HPpURERMF A2 E > 00 X &H2 FURGB A © QBH # et o 4o
45 #07 c xBEETBEFBABRE LR LAY B R AL R
wood MR S arRE Y AR R BT A4 B4 Ca(OH) 0 S B i

FUER R s 0§ ook R GRS R
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® A 43

S
=k

RREL SRR R

2. BTE AR D

b SR WA ERRTH Y LRBRRL o 2 h 0 A 442
47 2B AT AT SRR FURBEERE R -

\\?{r

YRR L R AR
FEI KM g R [11]Ap e 605 R B T 0t K3t FUR R %
B & et RE D chss B BABSTIE R et C210 57 28 X 4 FUR B A
% 245 ~274 kgf/lem? ~ C280 & 7| #B 55 & % 309 ~ 358 kgf/em” ~ C350 4 712
B o B G 495~ 571 kgf/em’ > 3975 £ 28 X PR BR3P R o

W IR R AFIF 28 X 2 56 AP FURBRFIR P KRR
R e it C210-FO0 2 C280-F00 - 28 % #44p 2 /B % & 5 Ik
et ¥ g o B R e kAR C350-F25 5 ks et P B F 5 56 %
£ pE s P M BIR GRS et C210-F60 2 C280-F60 2 B 35 B 4 F % 7]
fert ¥ BB o BT B BABEO0%)FEF F R ARSI RDER 0 B W
Bfert g F| R w2 C350-F25 5 F % 7ifie it @ B g o g 2 &0 8 e 5 4o o
BEABE R C350-F60 F 15 ¢ i & £ FATARR A5 |fie it B B e ih
5 R e

i ikRs R oo AY F A C280 2 C350 fiedt k7|0 437 &
sPfe it FUR 3 R 56 X #2828 X S Hp R 4o 2t R e B C210 fet kA
&g > C210-F25 3 4¢ 34kgf/cm?® ~ C210-F60 3§ 4r 46kgf/cm® ~ C280-F25 # 4
64kgf/cm? ~ C280-F60 3 4r 75kgf/cm? ~ C350-F25 # 4¢ 60kgf/cm? ~ C350-F25
#4e 67kgllom? » ¥ AR B s e o B KT SR RS R R B h
AEPEARP R D RE B S BAT UBEKGR ME G 50 1p

qﬁi""i}g‘"} R éiﬁuﬁig o
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43 GRS PR A

>
>

i

=+
=

(FAJh : 2] BE)

55

e 2
- FB % & (kgf/em”)
3 7 14 28 56 90
C210-F00 171 202 259 274 284 305
C210- F25 125 186 232 256 294 322
C210-F50| 102 164 212 245 280 318
C210- F60 64 114 145 177 230 267
C210- F70 52 71 112 155 213 224
C280-F00 222 269 310 336 358 366
C280- F25 167 208 243 302 310 353
C280-F50| 129 167 215 276 293 367
C280-F60| 104 156 206 257 284 382
C280- F70 70 140 193 210 293 393
(FH &R ATy FEIE)
F 44 BRFBFFKNF I FURE R
FuR s B (kgf/em?)
i
7 14 28 56
C210-F00 220 249 261 279
C210- F25 172 205 247 281
C210- F60 135 171 245 291
C280-F00 293 322 358 366
C280- F25 236 272 309 373
C280- F60 | 209 269 339 414
C350-F00 421 468 527 563
C350- F25 430 465 571 631
C350-F60 | 297 414 495 562
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=—(C210-FO0 =i~ C210- F25 =&=(C210- F50 =@=C210- F60 =%¢=C210- F70

S
o

& 3 (Day)

B 4-4 384052 C210 7] & 54 oot PUR 3 B
(FH kR A7 ER)

=4—(280-F00 == C280- F25 =#—C280- F50 =i~ C280- F60 == C280- F70

,&”’/*”7

14 28 56 90
#~ #p (Day)

B 4-5 R4t C280 4 7l & Vet FuR 55 R
(FH Jom: A L)
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7 14 28 56
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(FHRKR: 27 FE)
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400 /4

o
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[~} [oe]
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Bl 4-7 Shatipshin il C280 i 7 & 30t R 5 B
(FHR &R : A ER)
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I8 YRR ERKESE
APFERTFEERLIALL > RYFBABERRI PR AR F
AR HEABEHERI TR PP RERE S AoL 452 [ 4-9 3 Bl 4-11
T IR R R RRE ST v LRI R 2 BABEERPERR
R B IR R R ESRS RAP I TR F D T e 0 B A2 RED D
ﬁ?mﬁir’%*“ﬂ%ﬁ%ﬁ’iiﬁ °

BT A R R FRVREIFRERREEABER AN
Br#7 $AE YRR A PR F R R TR 28 A& E 4B E
PR R RE A WA RRED S G o0 et C210-F25 2 C280-F25 5
GOR|fet P FRg R R B0 B ARG Bl fiet C350-F60 cnfdtas B B
;56 % &2 s ¢ 38 R GRS et C210-F60 1060 kegf/em? 2 C280-F60
0 59 kgflem® % Bk Ffert @ BB o B s ARR D et C350-F60 77
kgflem? 5 b 5 7]fie st @ B s a2t e k| H @ A mpet C350-F25 %
C350-F60 thn 3 B 4237 "EF P chiF TR 4> BRFPFBRRPF E R T

%45 RAI SRR

e 3
- s & (kgf/cm?)

7 * 28 % 56 %
C210-F00 48 49 51
C210- F25 33 39 52
C210- F60 30 48 60
C280-F00 50 58 59
C280- F25 38 53 57
C280- F60 36 58 59
C350-F00 67 74 80
C350- F25 65 76 83
C350- F60 47 60 77

(FH KR : ~mg HE)
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TRk R  RFT R
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FL¥ 58 R (kgf/em?)
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& #§ (Day)

Bl 4-10 fert C280 & 73R 452 5 &
(FH &R A7 )
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L5 5 & (kgf/em?)
[3*] w S W D - o0 Ne)
(=] (=} o o o (=) o o

—_
(=1

(=1

R L

0 C350-F00 E1C350- F25 BC350- F60
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& 37 (Day)

W 4-11 fiert C350 5 ) 2 4 ab &
(FHFim R g )
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ABERRS B BERER LAY
Fu s SRR RS A
*ES kY £ R ASTM C 234 2 ¥ RF 73EF CNS A 3129 # 2 @p >

AR AR BRI BN ERE Y FREAR R R

denlhip o LR DHHRER LA RERG L o L E BHRES SIS L 2

SRR ERL GRS T R REIFEEFRABE TR S

WHTRERL S A AT LA o BREE FRAcd 4-6~3 411 7 0 ¥

AUHEEUPET LIRS RS P e GE - A

JoF

F04-6 E5H S B A4 SRR PRFERES FRES (T 38Y)
gy | o R RIUTLERES ) SEE ;;g??ig oy
(kgflem?) | (kgf) | (kgflem?) | ( kgflcm?) (omy | (mm) | A4

C210-F00-F1 220 7787 74 74 2.82 3.74 |Splitting
C210-F25-F1 172 5191 50 50 2.27 2.63 |Splitting
C210-F60-F1 135 5416 52 52 1.19 1.59 |Splitting
C280-F00-F1 293 8277 79 79 3.27 3.55 |Splitting
C280-F25-F1 236 8130 78 78 2.26 2.80 |Splitting
C280-F60-F1 209 7069 66 66 1.81 2.14 |Splitting
C350-F00-F1 421 11431 109 109 2.35 2.59 |Splitting
C350-F25-F1 430 9925 95 95 3.14 2.80 |Splitting
C350-F60-F1 297 9725 93 93 2.39 3.09 |Splitting

(TR Kk AAmg L)
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147 3 EOF A SRS PRIERES FREE (73 29)

(kgfiem®) | (kgf) | Ckgffem?) | (kgfiem®) | (s | Cmm 47 3
C210-F00-C1| 220 8872 85 85 334 | 3.69 | Pullout
C210-F25-C1| 172 7464 71 71 3.66 | 4.01 | Pullout
C210-F60-C1| 136 7745 74 74 1.61 | 2.63 | Pullout
C280-F00-C1| 293 10546 101 101 296 | 3.32 | Pullout
C280-F25-C1| 236 11921 114 114 2.00 | 3.01 | Pullout
C280-F60-C1| 209 10844 104 104 484 | 5.15 | Pullout
C350-F00-C1| 421 15035 144 144 2.19 | 2.60 | Pullout
C350-F25-C1| 430 13390 128 128 2.53 | 3.31 | Pullout
C350-F60-C1| 297 11007 105 105 3.13 | 1.83 | Pullout

(FHR AR+ ] ER)
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ABERAI AT ERRR LY
2 4-8 EiH S B A4 SRR PRERE FHREF 28 &)
o 24, g = 0 N RSN 3 E‘] L',% \‘iﬁ% a
FRHE | BUFE | HRRES | Tor |P FER| oy
A : 2 NEE2 3E I 2
(kgfiem®) | (kgf) | (kgtfem?) | (kgflem®) | ey | (mm) B
C210-F00-F1 7232 69 1.76 | 221 |Splitting
261 70
C210-F00-F2 7432 71 2.16 | 2.86 |Splitting
C210-F25-F1 8726 83 2.62 | 3.10 |Splitting
247 75
C210-F25-F2 6922 66 2.12 | 2.57 |Splitting
C210-F60-F1 7836 75 2.29 | 2.57 |Splitting
245 78
C210-F60-F2 8407 80 2.65 | 3.03 |Splitting
C280-F00-F1 9550 91 2.27 | 2.68 |Splitting
358 88
C280-F00-F2 8791 84 1.92 | 2.40 |Splitting
C280-F25-F1 9338 89 1.73 | 2.36 |Splitting
309 89
C280-F25-F2 6795 65 1.72 | 1.99 |Splitting
C280-F60-F1 10827 103 1.98 | 2.19 |Splitting
339 102
C280-F60-F2 10546 101 1.92 | 2.18 |Splitting
C350-F00-F1 9534 91 2.07 | 2.22 |Splitting
527 98
C350-F00-F2 11047 106 2.99 | 3.24 |Splitting
C350-F25-F1 10023 96 1.67 | 2.17 |Splitting
571 99
C350-F25-F2 10786 103 2.03 | 232 |Splitting
C350-F60-F1 14149 135 1.81 | 2.54 |Splitting
527 123
C350-F60-F2 11578 111 1.65 | 2.14 |Splitting

(FHR AR+ ] ER)
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249 7 5 S B A SRR PRERE FREF (28 2 &)

pd g

4 F 2

FERAE | BUFE | HEREY | TEE B

SEA : 2 NEE2 3E I 2

(kgfiem®) | (kgf) | (kgtfem?) | (kgflem®) | ey | (mm) B

C210-F00-C1 10227 98 1.46 | 2.12 | Pullout
261 107

C210-F00-C2 12243 117 2.81 | 3.17 | Pullout

C210-F25-C1 9342 89 2.59 | 2.82 | Pullout
247 89

C210-F25-C2 9191 88 2.04 | 2.54 | Pullout

C210-F60-C1 11098 106 221 | 249 | Pullout
245 104

C210-F60-C2 10632 102 2.58 | 2.98 | Pullout

C280-F00-C1 12794 122 1.93 | 3.00 | Pullout
358 115

C280-F00-C2 11256 108 2.13 | 2.86 | Pullout

C280-F25-C1 12484 119 1.53 | 2.01 | Pullout
309 118

C280-F25-C2 12170 116 2.7 | 3.23 | Pullout

C280-F60-C1 15018 144 2.79 | 3.19 | Pullout
339 139

C280-F60-C2 14125 135 328 | 3.51 | Pullout

C350-F00-C1 16296 156 232 | 2.74 | Pullout
527 156

C350-F00-C2 16279 156 2.47 | 2.65 | Pullout

C350-F25-C1 16043 153 2.41 | 2.69 | Pullout
571 155

C350-F25-C2 16288 156 2.9 | 3.61 | Pullout

C350-F60-C1 18610 178 3.7 | 4.86 | Pullout
527 184

C350-F60-C2 19805 189 1.89 | 3.31 | Pullout

(FHR AR+ ] ER)
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ABRERAI ST HERSRLFT
% 4-10 EiF S F R4 IR PRERES BREE (56 2 #1))
o a4, g = 0 N RSN 3 E‘] L',% \‘iﬁ% a
FRHE | BUFE | HRRES | Tor |P FER| oy
A : 2 NEE2 3E I 2
(kgfiem®) | (kgf) | (kgtfem?) | (kgflem®) | ey | (mm) B
C210-F00-F1 7522 72 1.66 | 2.36 |Splitting
279 71
C210-F00-F2 7244 69 1.12 | 1.96 |Splitting
C210-F25-F1 7289 70 1.07 | 1.17 |Splitting
281 80
C210-F25-F2 9521 91 0.89 | 1.13 |Splitting
C210-F60-F1 10040 96 1.85 | 2.18 |Splitting
291 91
C210-F60-F2 9032 86 1.17 | 1.61 |Splitting
C280-F00-F1 7779 74 239 | 3.03 |Splitting
366 74
C280-F00-F2 7775 74 1.25 | 2.01 |Splitting
C280-F25-F1 8791 84 239 | 2.56 |Splitting
373 94
C280-F25-F2 10799 103 1.89 | 2.34 |[Splitting
C280-F60-F1 11794 113 0.95 | 1.16 |Splitting
414 113
C280-F60-F2 11790 113 1.31 | 1.64 |Splitting
C350-F00-F1| 563 10284 98 98 0.78 | 2.15 |Splitting
C350-F25-F1 11044 106 0.93 | 1.35 |Splitting
631 114
C350-F25-F2 12774 122 1.95 | 2.45 |[Splitting
C350-F60-F1 13043 125 0.6 | 1.32 |Splitting
562 130
C350-F60-F2 14055 134 0.88 | 1.13 |Splitting

(FHR AR *FP ] ER)
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o411 GRS B A SRS PRFERES BREE (56 2 &)

pd g

4 F 2

FRBAE | BUFE | HEREA | TBE o8
S : 2 NEEE AL 22 3 ey
(kgflem*) | (kgf) | (kgflcm*) | (kgflcm?*) (mm) | (mm) e
C210-F00-C1 10546 101 1.36 2.09 | Pullout
279 91
C210-F00-C2 8546 82 1.56 2.21 | Pullout
C210-F25-Cl1 10999 105 1.51 2.27 | Pullout
281 109
C210-F25-C2 11770 113 1.11 1.61 | Pullout
C210-F60-C1 13272 127 1.95 3.06 | Pullout
291 121
C210-F60-C2 12035 115 2.55 2.71 | Pullout
C280-F00-C1 11263 108 0.58 1.14 | Pullout
366 107
C280-F00-C2 11027 105 2.25 2.8 | Pullout
C280-F25-C1 14529 139 2.53 2.9 | Pullout
373 140
C280-F25-C2 14786 141 2.27 2.79 | Pullout
C280-F60-C1 17055 163 2.44 2.84 | Pullout
414 159
C280-F60-C2 16271 156 1.25 1.74 | Pullout
C350-F00-C1 563 15039 144 144 1.28 1.99 | Pullout
C350-F25-C1 18010 172 2.13 2.53 | Pullout
631 183
C350-F25-C2 20271 194 1.55 2.88 | Pullout
C350-F60-C1 21548 206 1.28 2.86 | Pullout
563 201
C350-F60-C2 20548 196 2.88 4.18 | Pullout

(FH km 247 L)

67




L EREA

dRRERY AR RZPERRE T RERTESS R EE
L TEREA

P
u, =—— 4-1
N db- La &1

Uy - THEHERERAS (kgflem?)
P £ (kgf)

do ° AR SSIRALE I (2.22cm)
La -4mss@¥ £ & (15cm)

PRypd S P RFEREE 0 BRSSP FQY 2 W) B35 &G S F L
SEEHIN O FREY LB RIPAEIFREAE T RPAEZM G BB
I ERPIREP MG AR RFSEd 2NE-DAE B2 ERES R
FehE 0 SRS B PTERET MO BRED 2 6 e gk

s o @d v AR oo FERES L R KRG E LK g
APUREY FURB ARG P AESOE VR G IR EAZEZRE SR

APREEBRR2ZARY > FIEZF R AH S PIGERZE R OE G
Foom ARBBIEE d N RARFIRAI DR RERE > REFERRE?
ARG A H A FREA(COWIRET B HA N BT L AER
e s PR o

FOHE@RAL NI ARRBARTOERT > 75 RF R B AR
A ox ETRFOERRES A ERT B FEOBAREL > HigR
SHRG SR FMF BARS PERES L ERPEEAFRRER I

et RIAR S PR -

68



e

2. PE-EAHM G

S SRR PRIERES FR AP E B R FZEL
B SRE A TAcE 4-12 2B 4-13 - Bl A2 =HBE & Fpd B2
¥ # £ (free-end slip)® % 4 42§ # & (loaded-end slip) = p & =Hif# & £y
ARG B AR 4 RIE Bd 4 & P (dial gauge)E 2 4 55 1R R 4

AR A R SRR S ER AR 2RSS PR RO

BEGESERAENID > F P EEIEUERES P 4 8T FIR R
2 A2 BRI ARG L RARERE > PRGN E — A WL (] 4-12) 0 VP R
BT AR RSB T L > A B A e R 2 %R

RIZ BRI EIREERD2Z Lm0 FF

M %‘%é@lﬁ]é\g—ﬁgﬂ@g , ;\—Ec FIEIUE R P 4 SRR AR R
1A PR R R AP R R R ENRGPERRE
4 fﬂl«“ﬁﬂf‘i—&ﬁ B (R 4-13) > VLR T aie'Tin B 1S5 0 B2 P AE 1

#Foed ETHERARLIER  FPBRE A HRRIZENTE I EERY

|

2 EE S P ERIET F BN K

FH B GRS S EH B PRE G USRS
YoBl 4-14 2 Bl 4-15 %777 o §F RB BABEORES > BEGRE T iE
Bl 2 APHORF > T HENT RFARL B RRHEF RIS - MR -

MR RERE B FEAR AR ’ﬁéfﬁyuw%%’wiﬁﬁﬁﬁm

RR G EE T S ApIT A 2 BRSO B RRIUERES 5 R

)._“r-
lf“kﬂ

l:g o

69



120

5
S 80 /"
(@)]
X \
= / \
A _ / \
&L 4 \
17) / \
ho) 40 ] d \
S ' \
o] ?’ \ C280-F00-F1

— y \ FreeEnd

Vs & — —o— — —© LoadEnd
</
0 I | I | T
0 2 4 6

Displacement (mm)
Fl4-12 g f# SRR PHERFRLP L - B M G
(FHRKR: 27 F FEL)

120
] /7 <= Rl
—~ 4 =~ ~
N / =~ -
E / - = =~ S~ -—
S 80 P -
(@)]
4 /
~ _ /
7 /
[¢5] o
- I
@ /
ho] 40 — /
S '
v} 7 C280-F00-C1
) FreeEnd
,I & — —o— — -o LoadEnd
0 = T | T | T
0 2 4 6

Displacement (mm)
Bl4-13 5 fo S B RRAL PRERFRL L — 2B M LF
(FH &R Ay A1)

70



ok 2

120

Bond stress ( kgf/cm?)

Displacement (mm)
B 4-14 2 F &4z HEHSFRRAL PRFERBPRLPT
(FHR KR 2L FRE)

160

L 120 —

S

Y—

(@)]

Y4

n 80 —

)

(¢5)

=

wn

2

o 40 —

m G—Q—QO%
C——O6—O 25%
F—F—% 60%

0 |

0 2 4 6 8
Displacement (mm)

@415 P P\?"R‘Jj\ ’_%_ Jjﬁ:ﬂélﬁq\/w/ﬁiiﬂ##ﬁﬁvé% g 3,?3
(TR KR 277 FL)

71



>

[k
"
b
&
“Z’l.v
o3
&
o
WJ
W
(\x
it
o+

3. FRALR

&N RFEMBUR 4o B 4-16 3 B 424 407 o KRY T HE R > £
RIEREM S 5 B A BUR T SRR BT > 0 S B IR
WS RS2 2 RS PERES A RUR o B T R anEsk kKT
AR ~ P d ~ AR B R TR REI RARTR
gy 58 X BFA AT R IR BB b 0 F LR AR RRR Y
W1 TR N OB R A R A R OE A 4L B Y T

Rk 55 enied o R D S MBI R R G NIER R T -

PR S R 210 kgflem? & et e E R EA @ 3 (B 4-16 1 B 4-18) > &
B Ao fie ot SR B A B > B AP ROKR B RS R BB RURTS
HOME R FUR S R B e o Bl sk | 2 B e 1 F B R AR
WP R A SR B T A ERAB AR FURB R A A F P BT
AR % RIS BITRSE- BLRE D SR e B R 4
R e~ o et C210-F60-C %] ~ C210-F25-C = 2 ~ C210-F00-C # + -

FUR 55 B 280kgf/cm? & fie vt g A5 4c 8] 4-19 3 B 421 #5770 &
Rf A R R B S 1 0 3 WAt C280-FO60-N & d2 8 Bk A5 54
PR B fod SR I g o d NRAIFRRAERE B RALBE
(60%) %4 SR EH 00 F H 4o TS S F B R FHAERE 26 0 R
Tk SRR > P RIME AR S RAIR R AR AR M AT % RUR
3 4aRgeh % ] s et C280-F60-C B | ~ C280-F25-C = 2. ~ C280-F00-C #

)
= o

Bl 4-22 % [ 4-24 #7177 5 #UB 5 B 350kgf/om? & fe vt e g 25 0 & F
AP R S BB o SR BRI A E RS FUR R
Fecl e o S SRR D E TR S 2 0 R R A0 RIRRS R

EHCL BN RIS S § B 4R A B 0 7 1§58 B R M 210kgf/em? fie

72



Yr i FEREFEESG

Vo RMAUR R T REF R 7 R AR HAUEE S e 0 R SR
)} 3
¥

po

DB 37 A PR MBI A S Bl R AR 5 Y = B

AP R E A e R GRS AR ] G A AR d

= 2,

2%k Pt %

BRI FURG R B de F B AR S eniTr > (8 F A SRS P endg

73



" e

WAuHERL 28 = &4 (G %)

T

S e BERL) 56 = &8 (5 Bl &)
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M28K
B 56K

FERFI S TERBREZTY
% 4-12 REI RERHRES
FEELE R EE #EE PR ER
WYL |28 % |56 |28 % \ 56 % |28 % |56 % |28 % |56 =
g %
C210-F00 | 1815 | 1760 | 1693 | 1649 | 122 | 111 7.2 6.7
C210-F25 | 1842 | 1831 | 1712 | 1733 | 130 98 7.6 5.6
C210-F60 | 1792 | 1888 | 1658 | 1812 | 134 76 8.1 4.2
C280-F00 | 1779 | 1736 | 1671 | 1643 | 108 94 6.5 5.7
C280-F25 | 1788 | 1683 | 1662 | 1595 | 126 88 7.6 5.5
C280-F60 | 1869 | 1873 | 1743 | 1811 | 126 62 7.2 3.4
C350-F00 | 1793 | 1818 | 1716 | 1743 | 77 75 4.5 43
C350-F25 | 1821 | 1857 | 1756 | 1797 | 65 60 3.7 3.3
C350-F60 | 1801 | 1765 | 1712 | 1706 | 89 59 5.2 3.5
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% 4-13 A RES RCPT T m#@%k %% (28 2 &)

WA T F(E G Coulombs)
B iR FHF TS
PO P2 @Fu3 | I

210-F00 6936 6951 7055 6981 ®
280-F00 6373 6300 6286 6320 ®
350-F00 3874 3812 3860 3849 v
210-F25 2321 2370 2401 2364 v
280-F25 1735 1666 1779 1727 [
350-F25 1249 1248 1150 1216 [
210-F60 2034 2039 2099 2057 v
280-F60 792 819 800 804 H i
350-F60 619 639 600 619 d

( L& R C %Fi?/@l‘)

% 4-14 FA RS RCPT &7 sk it % (56 = &21)

WA T im(E % Coulomb)
ELEROL FYRFFTHM
WA M2 | B3| T

210-F00 6015 6001 6100 6039 B
280-F00 4865 4877 4900 4881 %
350-F00 3455 3410 3500 3455 v
210-F25 1015 1048 1017 1027 [
280-F25 806 852 875 844 H =
350-F25 520 495 493 503 =
210-F60 752 730 708 730 d g
280-F60 305 370 359 345 d i
350-F60 222 272 193 229 H =

( L i oc ﬁpiﬁf )
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