R SR R
KR 2 P L IRBETFY

S

pPFIRE R Y TR L R4

v

H






PG 9303-0128
093-301070000G-1013

Gl G I
2 ),L,LFL‘?@; AR F@%&o}i’%&fﬁi J

% 4 —F‘Lﬂﬂi PP EARSRETTHRRIERE

et

=T 3

¥ %

~ o~

Woooa
» *jﬂﬂ\'

Rl o C\%‘

;ﬁ:

gt
o+
g
&~
(=R
P
1
M

~ Bk P






ARCHITECTURE & BUILDING RESEARCH INSTITUTE
MINISTRY OF INTERIOR
RESEARCH PROJECT REPORT

Fire Performance, Thermal Insulation and
Building Code Requirements for

Reinforced Lightweight Aggregate Concrete

BY
Tsong Yen
How-Ji Chen
Chao-Wei Tang
December 2004






p =

ré

........................................................................................

>
g
N
>

%rh
oy
AN
I
[t A
L. ™
k\i— ‘3\
%
’V‘q}
o
I
3¢
W N

>
>

Iy
el
d
=
/‘—‘-
7
=
o

%rh
)
g

BB AT B e 5
KR BT E oo 7
B IR s 8
BB HREL LT TS e, 12
g AR RS AR B K TR s 13

>
g
>
>

o S
1= IR TR
BT A

>
g

J~4
g

Foood BB s 23
B T B R B A ettt 28
FZE EFH MR PR E 29
P oA BB IT s 31
T8 FRBR T e 32
F A FRER T E 33



Fr R OETF MR 2 AT 51

§ORET IR ZIEFERE R e, 51
BEEF R R T 4 BB e, 54
ETEHREL RS EEG R BB e, 57
g MR AR R AR Z T 58

I S N
[ |
AN

Ji
4

)}r}
=)
9

FIF EFFHERIZPVEERETRES 81
B & BRI ZABERBC e 81
FoE ETFHREI BEAS R EEEEAS T e, 81
FZE EFTHRRLBHURF IO FREE s 82
Frod EEFEHEEI L VT T 83
FIE TP HBREIEZ VT T s 84

EEH oo e 97
Bl oo 99
BpAe 4R € SRR BT D) e 105
B P AR 6 R E AT e 107

M
o

W
e

=
W
|

=
T
[

EZ BRI ERITEE AILTT) e 109

II



% P &

0P

PRI SRR T T RTR N 16
2-2CNS 2 ASTM $HEFHF R B R T, 16

23 EFA MR A B ERZECE S FURB R M T 17
3-1 FEREERA DI LY e 37

3-2

e
w2
o0

A g A AR [ % 3= R T NS

3-3 A SRR S BRZRRE ALY e 39
3o U 2R B 2] e oo, 39
3-5 Al 85 TR BRZRBH e 39

3-6
3-7
3-8
3-9

B A BIRRE DT 2 e, 39
PR 2 T B BB TIE T e 40
AR s 2 B A e, 41
TARFE S 2 2 G A 3T e, 41

3-10 7 PP oK B K 20 18 B 42
311 $EH A H 2 2 A B 42
312 4 85 20 K AT e 42
3-13 Bl T iRt 2 ek £ (ASTM C330) .. 43
3-14 $EH A H R GFEL Ferb (KG/M) oo 43
3-15 F FIRGEE FErt (KG/M) oo 43

4-1
42
4-3
4-4
4-5
5-1
52

P R BB U 2B 2 % e, 61
FE T 2B B 5 B ettt ettt 62
T4 g BiER SR 2 ACICODE T2 8 B 63
TIoRF Rl R EFURGE R T 3432 (e 64
EEEREA BRI LB E B, 64
TR A B IR B S T e 86
R BHR LT TS FURE R s 86

III



v



Bl P &

Bl P A

BBl 1ol T F T AR BB] oottt 4
Bl 2-1 s T RS 5 M 0 B E Z P IR M 18
Bl 22 #2 5 4 H BB 5 & € EF IR % e 18
Bl 2-3 i 115 BHHEFE HIR L K B2 B e 19
B 24 ki B B R BB R M e 19
Bl 25 EFFHRAIFBRRER S J\J’»P/J\ 4w B Bk o 20

Bl 2-6 42 FH HIRGED A8 B35 B oo 20
B 2-7 $ > R 2 38 B B B oo 21

Bl 2-8 Eo~ By~ EuZo BB ATl oo, 21
Bl 2-9 S @Rt 46 %] (W/C=0.33 ~ 20 MM R[5 % 4% ) oo 22
B 2-10 R X BRITHPPEF > B B 2 37 e 22
Bl 3-1 48 B3R BE T R B oo 44
B 3-2 F 4o di S5 AR R T B B 44
BBl 323 00 4 2R BB e, 44
Bl 3-4 ' VBT THREGRBEA A FHF e 45
BBl 3-5 FF 0 2B HR e, 45
Bl 3-6 FF N ZREE W28 B oo, 46
Bl 3-7 BE S A R B T D G B0 e 46
Bl 3-8 FF B 2RBE 2 B 77 B B e, 47
B 3-9 4% S50 R 3 BE2 T 4 ZRERE B oo 47
Bl A1 FE R A0 S e 65
W42 TRl R AL G SRR B s 66
B 4-3 WAEgE om0 SBEAEZ M 0 e 67
Bl 4-4 Tt 5 R % R B FURBE R B Z o 68
Bl 4-5 B A95 Jon B R 2 FUBR SR M e 69



Bl 4-6 H 4R 5s & 2 HRfIE R R B RED FURR R PM G 70

Bl 4-7 303k 4 K4 BRI FURE B M (R e 71
Bl 4-8L20 FEREF € 427 & B o 71
Bl 4-9LA0 FR P E 4R & B o 72
Bl 4-10 160 R £ -7 & 228 Bl 72
B 4-TIN20 R L -0 L 2 B e 73
Bl 4-12NA0 G RE U £ 27 & BB B oo 73
Bl 4-13N20 3ERE £ 422 % A B 74
Bl 4-14 TR v  Him FiR s RT3 B R 2Z B8 e 74
Bl4-15 T  HF¥ E£RBEIIPBIT 4 B R 2 B8 75
Bl 4-16 Rt 3 5 R T TR T 4 SR 2Z 75
Bl 4-17 RE FRBBREFTEREIBEIT 4 BR2Z BT 76

B 418 082 T4 MBS B A ] oo 76
B ST R R AU A 72 oo s r e 87

B S-2 LINK 32 #1 8 H 5 F oo ees e s s 87
Bl 5-3 R R R BB HEEA F5 2 % oo 88
= S A gl - S 88
S-S5 FEHEFRBL SELPFE2ZRAY Fieooeeen, 89
Bl 5-6 RS R B R R P P B B e 89
B 5-7 SR BREIE B B oo e e e 90
Bl 5-8 7R AR AT I 1Y 0 B 90

VI



5P &r

BT T TR e 48
3-2 FAREITE (TVIAM) 2 L35 3 R % s 48
33 4SRRI PR T4 FEREE e, 49
4-1 Rl BEBI B 22 80 P TR e 77
42 IEHEF EREI ZIE BB s 77
4-3 $ R G R AR (A/D=15) e 79
4-4 F £ R R AR F A (A/DZ15) e, 79
4-5 3= F R G 3 AR AR A5 (A/D=3.0) e 80
4-6 ¥ £ R R HBIEF 5 (A/DZ3.0) e, 80
5-1 BRI HRZ B VBB R s 91
5-2 REA R VB EE ) e 91
53 oM iEBk s o T F HREL LB 92
54 B LS A EF HREI B2 EEF e, 92
5-5 BRI RZ P VBB EE s 93
5-6 RE AR VIR HZ B D) e 93
5-7 B fE N SRBRIEALT 2 BB e, 94
5-8 ; A G 2 BRI e 95
5-9 B G 2 B 96

[

-
£
|4

34
P4
|4

34
&
|4

-~
peul
~.
Ly
£}
)4

vl



Vil



K &

BEgter tdm R ~ ERRE WV - BB R Gk

u'ﬂ
&
J4=

1|

FAG KRR (A1) 2 EH (ERAR) Be A 240
SRR i S R ’*’*ﬁ‘ﬁ CAESE S 2 S LN
Rt d 4 pEd KRR ]\’tf”P WP 5 R J\/f“?/ 3’1’?%”]‘7}/*
dRAPEARGAER FRETTHAE T mﬁh‘%ﬁ—ﬂﬁ |58 R R s
R R R B A ixfﬁﬁﬁﬁﬁﬁiﬁﬁf%%ﬁ’ﬁﬂﬁﬁﬂﬁ
BE RIS KA T RS 2 IR Gk R

a4

;iLﬁ,gﬁgmﬁjiﬂjnqﬁgﬁqugHAﬁwﬁ4»aﬁ%«
ﬁ&%%ﬁﬁﬁiﬁ%%ﬁ{%%%?ip@ﬁﬁvﬂﬁﬁﬁmﬂﬁ%
HREI 23 FPFREFERREIF a5 04 R 3 8000 RiFR
BRI XA F ) FRE - BRK #«*&L%b ok ST i
?%HMﬁim%ﬁﬂl géfﬁﬁﬁgﬁﬁﬁéﬁﬁﬁlﬁ%ﬁﬂﬁ
Bloh B be i3 7 0 RUEL B4 SRR R K 23T R 2 0.85 & 0.75
KT o B¥E A MR e I o @R ES s R s 0
TR EFRPL DR * g B L& o blde o 48500 5 f#fi AR Hed
T A A R A A A G B4 B (stress block) s H 74
LRHEBREBERFIE LR LT o LK BEA R %M&{@ g
«z?ﬁrz%‘f;ﬂ;ii ARG T AR AP o & RILE ACE 318 gE ki ok B

PR R RS TR RC 2 45y A B 7 S FEkRE

4 o

=\

a4

;‘_\‘\

=t

—HA T FRSZARFE PP T REAR VR v R AT
ARG A B R 2B AD VR K Rgp ASTM e AR M AP
VRIS R 2R RN FHE T MRt 22 g kR E T (b

IX



AR e B A AT 1093°C e b B IR ) i eng B E g Fop
Il oo BELG BRETFHREL GefR AR ) Bt
B e PP 8RR ¥ ERBIHE G > S HAEEF
FHRAI RPN EAL SR > DRFHE R VLR i e s {1
BB A ARPEAR L2 21

PRGEBE R R AE A it snF > BN 520 1980 & (& TR
ZRG RS o F T2 ot d R ALY LR AT FIH TR
- BRERSPRRT KD A ﬂ?? et R e AR - AL F £ MR
FOETEFHRRI EF R L GHEMN > HEDBE GHRTZ -
S £ RS e o Fp ammtﬁwwtmgi@ﬁﬁéi
T r 2% KIEFRAIEREELAFLRF &M 73
FEF g G

‘pi eI R A
Tﬁ’%F””iﬁﬁ&mmﬁﬁp&1W#@%Twﬂ

(). B FP TR E R BT SHE e
ﬁ%aaﬁ?Jﬁﬁ’ﬁﬁw?%ﬁﬁiiﬁﬁ%@Jﬁi{w

B
o HFETt Heiprmt g M g ke
Q). FHRFIEFFFPECEETEHRRI 2 £ G E G-

Q. MIEFEFERAL BB ABRTI DV R AL
L0 SRR S 2 R R RS 2R
B2 NG E L LDV R L EREE

@, AEFA FERRL BT RP LR T BB B T
F\ ’l‘ ;}_ﬁ;@ Ifi ’ _11' I}‘?‘Eﬁ“‘é‘-% pL ﬁ&%pﬁ—i o

Z~ERER

AT RENLETEFHRAL > BFEHERELERAD Y



Barg  FHEFERRIEF R d PR RRES: ) B E R g
;itfe\;-‘;rflmlh—)’lj-&\:"—r :

(). 7LF PR R AR SRR S g A TR o MR

B TR L B AR 2 R L R
(2. FREIHAEAEA0MPa £ s b pEFo h?ﬁﬁtwﬁiﬁWiﬁﬁ&%-

Wy R B aﬁbzgi?kag)iﬁri’%ﬁ‘,wg{idm,J\/ﬁ]\, Hok A
i m R RERBRRERE o 20MP33@»§T;%¢’E"}2L/W/}£,_ 2 FRA
Bleg Mt F £RE 9 159 o

%
=k
=

Q. EFHRE Y LWL T4 BRAMAPY - 350 ACI o2 323
ACIL #ge 1t fet/6.7 B~ Jfo 3 X34 > s FREE fet/6.7 95
0.75fc' » d= it £ A%~ o

(4. 20MPa i B S5 friR i 2 R B4 BFRSFEIL NS 077 3
% PCA $HE iR gt 2 £ B4 BER 28 [ =076" % =R
2R BE AOMPapr > 3 BT R AL B ERA BIFR S
85 % 0732 3> PCA i FiR &L ZRE 0.70 F]p PCA $Hig
FRAIZEZERSLFRFELFEFTZT 0 2 FHEFTRK
R = ol S

(5). ¥ MREEFTFHRAI DR BEGHEA 0.690 keal/m.hr.C ~
0.750 kcal/mhr."C2 B » m ¥ £ R &2 B 43 1.330 kcal/m.hr.C ~
1.425 kcal/mhr’"Cz B » ¥ B2 3% B d 20MPa % % 3% % 2 40MPa
FapF o Rt ABE R T~8% T EFIRAI ABESR
BEEEF LRI FNS3B%=w 057 TPRAL S ORHDE

5se

Ay ©

©6). @ P ERBEREELS T UFR Ao R4 P TIEER 6
PERREET o dEEREL S RAPRE BRI R ERERY SR
SR R E 3~5C o W ERES L INRED S E FER R

[e]

T AL

(7). EFRRIFFHNEEFANALEFP VRERF > FREBALEFR 2

XI



Weip o K€ FIEARA A F L Lo HE DA H T
B o ¥ ERAD R ORFMART g2 L5 AT
SRR Pl E R R VR R Y LIRS o
(8). & I FRGY R G E BRI AR TR R OD LR
%%’ﬂaﬁﬁﬁjﬂﬁﬁ$@&’&é£%$1—oﬂﬁﬁ#ﬁ
PEEE I s ]y AR 2= R E & = s A I N 2=
T3 BERFA
2TV 72 E ik
AFHBHE
PR M SARIURTNE R REF BT R N RN AR T
pPEIREEE CRRFELR €
d AT T A S HORENEES 2 M B R MR
OB AR TR L M SR SRR
HIRsd2 g2 ENFTREIY 2840 { RN FEHESAHE
LAY R FRIAAPDTZEARE -2 L& F ‘«&%ﬁ@ﬁ%
Hz A8 FF Lipavk Bk o EFFHRK: 2R %ﬁﬁmia
2o L EE Y AR E B L et o ARG A TRIR
FRRSLOREAE TR AT ERAL 4 K1 F %ﬂ¢,%
R RPOREGAY R M REED ROk RS REF
HFALFT R ELELREE ARG EmT PR RK
DEORE Y FlEE QAR A gt P IRF RORATE 2 BRT RO e
IR 2B ER A ERBIFE ] TES o VW RLE
FoRn iR ry s Rl g2 A ERRERE HEREFR
o g R g c BR AR REMEANLI T2 ETEH 0§
BEFRfaB L E Rl B LS R ARE A T

hAd e

-\\

d ARG RPN b v g R T RS B AR
W € s B R SRR E B iﬁﬁ’wé“#iw *ﬁbé
AR AR TR > FRARRRN S EEA CFIRE R I A ]

=

XII



PR 2GR R R KX BT R o BEIIE A B NE SR
“iﬁi’ﬁﬁﬁéﬂﬁﬂmLﬁﬁééﬁiﬁoﬂ‘zﬁ%ﬁé%@
BANEEFNEFIAER O FAMERALARNBLRE Y 224
ﬁﬁo%ﬁ@ﬁ@?%ﬁﬁﬁiﬁ@?%%nmﬁﬁ’ﬁﬁ&«4ﬁ%
P e AR AGKE AT AT s A g
%ﬁﬂﬁiiﬁ%lﬁ’%@¢ﬁmﬁ%$?%ﬁwﬁiiﬁﬁiﬁ%
IAE s~ PFIREFE FREFERETEIHRAL B A AT T
M2 1 ARFE B MH R A TR MRS R S e e R
HREI 2R o
£ fRad 3k
ERSS Y B e i
PR AR PR R RN PR R R F LR ¢
KRR ET R S oFETEFHRAL ZADIIITRH >
WRPEAG - ERLoETFFHRRIZAZR REETF HRR
dEcEET A IR 0 d SR B AR > S
FHRREI LEPPF R Fr 2 iRe: B AL T E > 4od
R 73 es h 4 i T M2 iR (2 §137) L@ IN4ad @ * 4
FAHRRI N ABERIBG R 5 RFAFREFL IR P redi@ ey
YRR IR P EER R TR AF LR R R
G Al F2 AR 2L el T RRETY MM E
FrRAFFRDHFRM G Ao AR REEZE - T RBP4
EFEEF PR AESSHET T RS 8L SN 1 e
- A U R TR HRES AL AT s B

X



XIv



ABSTRACT

Keywords: lightweight aggregate concrete, bond strength, fire resistance, thermal
conductivity coefficient

Concrete can be regarded as a composite material composed of aggregates
(filling materials) and cement paste (matrix). For the normal-weight concrete, most
of the cracks are bond cracks at the aggregate-cement paste interface because the
elastic modulus and strength of the aggregate are greater than those of the matrix.
While for the lightweight concrete, the failure mechanism depends on whether the
elastic modulus and strength of the lightweight aggregate are greater than those of
the matrix and therefore its strength growth, stress-strain relationship, and
mechanical properties are quite different than those of the normal-weight concrete.
Current concrete design code is derived from research conducted primarily on
normal-weight concrete of 20 to 40 MPa. However, numerous studies dealing with
mechanical properties have shown that significant differences exit between
lightweight and normal-weight concretes. In view of this, the current design
recommendations should be examined for lightweight concrete members. Some
modifications have been made to take the properties of lightweight concrete into
account, such as the bond length and shear strength of lightweight concrete
members is 1.3 and 0.85 (or 0.75) times the specified values of the normal-weight
concrete members respectively. Notwithstanding this, in view of the strength and
constitutions of lightweight concrete are different from normal-weight concrete,
there is a great need to check the practical applications of current regulations. For
example, previous research on high-strength lightweight concrete has been
inconclusive as to whether the equivalent rectangular stress block recommended
by the ACI Building Code for flexural design is acceptable or needs to be revised.

Therefore, the validation of ACI 318 for flexural strength of the reinforced

XV



lightweight concrete beams made with sintered fine sediment lightweight

aggregates should be verified.

Generally speaking, the requirements of structural fire protection contained in
most building codes represent the minimum levels of fire safety deemed acceptable
to their countries. When tested according to the procedures of ASTM Method for
Fire Tests of Building Construction and Materials, structural lightweight aggregate
concrete slabs, walls, and beams have demonstrated greater fire endurance
periods than equivalent thickness members made with normal-weight aggregates.
Superior performance is due to a combination of lower thermal conductivity, lower
coefficient of thermal expansion, and the inherent thermal stability developed by
aggregates that have been exposed temperature greater than 1093°C during
preprocessing. Notwithstanding this, to promote the applications of lightweight
concrete in the domestic building and construction industry, there is a great need to
take fire resistance testing for structural elements made of lightweight concrete.
Then, the excellent fire performance of lightweight concrete is indeed applicable to

the fire resistance of building elements.

To promote and ensure energy efficiency in buildings, the building energy code
has been developed in Taiwan since 1980. In other words, improving energy
efficiency is an important topic because it helps to reduce a nation’s energy needs
and leads to better utilization of existing limited energy resources. In comparison
with ordinary normal-weight concrete, lightweight aggregate concrete exhibits
relatively high thermal insulating value, of which the thermal conductivity can be
half as much as that of normal-weight concrete. Therefore, there is an urgent need
to take advantage of lightweight concrete’s thermal characteristics to reduce

energy consumption while its use has been gradually increased.

To sum up, the main objective of this proposal is to:
(1). collect previous research and provide experimental data regarding the bond
strength, shear strength, and equivalent rectangular stress block for flexural

XVI



strength of reinforced structural lightweight concrete to modify the current

provisions;

(2). study the thermal conductivity of lightweight concretes having different bulk
density

(3). implement fire resistance testing for structural and non-structural elements
made of lightweight and normal-weight concretes to assess and compare their
fire behavior; and

(4). bask the closed module made with lightweight and normal-weight concretes in
the sun and produce experimental and numerical simulation reports of the
temperature difference between external and internal surfaces of the closed
module.

In this research, the structural behavior and fire performance of lightweight
aggregate concrete, of which the lightweight aggregates are made from fine
sediments collected from the Shih-Men Reservoir, were tested and compared to
ordinary concrete. The main conclusions derived from this study may be

summarized as follows:
(1). The lightweight aggregates made from fine sediments collected from the
Shih-Men Reservoir possesses proper qualities, and thus can be used to

make structural and non-structural lightweight aggregate concrete.

(2). For the compressive strength above 40 MPa, the bond strength of lightweight
aggregate concrete is better than that of ordinary concrete. This reason may
attribute to the fact that the water-to—cement ration of the paste in lightweight
aggregate concrete is lower than that of ordinary concrete. As for the
compressive strength of 20 MPa, however, the bond strength of lightweight
aggregate concrete is about 0.85 times the value of ordinary concrete.

(3). The shear strength of reinforced lightweight aggregate concrete beams is
almost equal to that of reinforced ordinary aggregate concrete beams, and
both are higher than the analytic values obtained by the ACI 318-99 code.
According to the ACI 318-02 code, the analytic value is f4/6.7 in stead of (f.)*?
for ordinary aggregate concrete. As for lightweight aggregate concrete, the

analytic value is also f/6.7, but it is more conservative since it is

XVII
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(3.

(6).

7).

(8.

XVIII

approximately 0.75(f.)"2,

For lightweight aggregate concrete, the [ parameters of equivalent
rectangular stress block are 0.77 and 0.73, respectively for compressive
strength of 20 and 40 MPa, while the recommended values are 0.76 and 0.70
by the PCA code. This reveals that the PCA code is on safe side, and thus it is
no need to modify the B parameter of equivalent rectangular stress block for

lightweight aggregate concrete.

For compressive strength of 20 MPa, the coefficients of thermal conductivity
are from 0.690 to 0.750 kcal/m.hr."C and from 1.330 to 1.425 kcal/m.hr."C,
respectively for lightweight and ordinary aggregate concrete. As for
compressive strength of 40 MPa, the coefficients of thermal conductivity are
from 0.690 to 0.750 kcal/m.hr."C and from 1.330 to 1.425 kcal/m.hr.’C,
respectively for lightweight and ordinary aggregate concrete.

After basking in the sun under an average temperature of September in
Taiwan for six hours, the experimental investigation and numerical simulation
on the temperature difference between external and internal surfaces of the
closed module made with lightweight aggregate concrete is lower (in the
range 3-5°C) than module made with ordinary aggregate concrete. This
demonstrates that lightweight aggregate concrete possesses better

performance on preventing heat and moisture transfer in buildings.

According to the fire test results of concrete slabs and beams exposed to an
ISO 834 cellulose fire, lightweight aggregate concrete has better fire
resistance than ordinary aggregate concrete when the test sample is at fully
dried states. While lightweight aggregate concrete compared to ordinary
aggregate concrete is more severe spalling due to higher moisture content if

the test sample is not at fully dried states.

In an ISO 834 cellulose fire, the temperature rise rate on the surface opposing
to fire exposed surface in lightweight aggregate concrete is slower compared
to ordinary aggregate concrete due to the lower coefficient of thermal
conductivity. But both the fire resistance of lightweight and ordinary aggregate
concrete can withstand a one hour ISO 834 cellulose fire without considerable
spalling.
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FoSiEEH S 3045-60mm 2 B S EmA e e B ] L HIE2 B
WA 348 A M AR A 341

“1"3

2R MR ART 4 R 2 PHT
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BETF R K RFE P VRRETFE

é%iJ? BATHCR T 0% KR RC PR 4 580 7 5 A &
1 R EREK A SR G M TR BT e R gl B B R T

SRS 0 10 K2 B en 3 BERE TR S g o s
%Qﬁﬁﬁi%%ﬂ’gﬁﬁRC&@ﬁW?JQEWF%ﬁéﬁﬁ%ﬁ
et 4 i VofriR i ok i aE T 4 R Ve fro sl AT

V, =V, +V, (3_1)
45 ACLAR[61] 5 % 864 53R R 2 R IFHRI LT 4 5 R 7 3 B 4o

[016\/_ 1725 Y de+pvf bd (mm-N) (3-2)

FF b= R d =Rt SRR U =REL FURR A S, =0
52 "% K3 R 5 p=Hre s 55 S py =H AR S SV, =TRA %o T 4
M, =R &6 hg* e o $OT R SRR R R B2 T 4 R MY A (3-2)%
0.85 RATi o BITE K » M F A B AR EREIITL 202 0 5 T AP
B SETRAI R T4 R 0 A B L ARRN G BT e

B ET I R EL AT A ST BARA 2 BT A2
B AuTd 8(3-3)2 (34 R E
(==t (-3
.- D2 (-4

AP VT BAHR PR T BB L L VR
PR PR

SR SETEFERAIBATA FL IR AHAT R
BA GBI E F £ R R MR F T 4 A% o R 7
7 j 52 H % RC %ﬁ B34 RRmBIFALAD 2 BRFT 4 BURHG 2
UrisiF R R R Y R RS EER TR ERIT 4 R R B8 ACL o 5
z Q}Ekmﬁzé‘;\ FRLE CERSVE S LT B T ’F.‘r,w 4 ’Fﬂf#_p- 7 iR
Moo P4 Ry BRI RAI BREBIRY  BHORILA T
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¥k E&RV R

UERNPY r 4R E Dok SEES T S - E

R T 4 R fe SR A R ARECR] 3-3 2 & 32 47m o RE)
AR EM 5 0.12¢x02x15mehE EEdE TR E S RO BFUR B AR S 20
40 2 60 MPa = % > 3 85 5 442 4 507 &4 550 ¥ 2 fe B i 85 00 AT R
oY A4 BRHG - e P RIT2 B £ 12 AR niEF T
IR o AW P-2.052553.0 35w Y BB TR R B e
FREA BT 4 R LB o

3 fEFRED $ R B SR TR R R A B 2 BT

G ARG R RORX Y TTH TA 2 PREA A GG R
(stressblock )’ 3T B 7 5 L&'V R EFE R E £ & ché & o 4o 3-4
ST B ARRIUPFAEEY T B RS RAORES A G T I
Pl (ki c ko k) Rfpid 2 Sk R B RTERES SRR 2
WE ~ky Bd R4 R Ac B R £ 4 FH B RRE Y BEIER 2
ME ks R BREA 2RRS PR AR R R L E

dR3A7 e IRAFRI GHFIRES 2864 CTFHE40T

C =k k,f bc (3-5)

;ve be#fii%)i ye=P MHEhZ JER o WA M IR IRT o 4SS
4 T :f}

T=Af, (3-6)
__AT i
“Tkk,fb (3-7)
Bz EAEFERRNT AT 5
f
Mo =A@ ko) = AT, @~ ) (3-8)
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R HRE L KRR B U RRRETE

R (G3-8)7 o Ak i (kokiky) TEE DR RAEERR A
7 FR ki ko ky2 £ WHRE 0 2 T A [62] 0 ko/kiks * £ 43¢ 0.5 3
0.63 2 [ o 2k » ¥R H A 3 0 BB R YR E kP E -
2 ACI 4% 7 4 Whitney 2. % #4875 ¢ i £#[63] » 2 ff * & B4

:*E'ﬂé}i&?"% ° ',E’ ¢ ),@;4 ﬂo/;‘:)%. a=Blc ; Bl f%;é‘,%;ﬁ:$3:°

VR TR = 8 S U %—‘,5 HaFpdRgLEEEy 0 &
Ay g plR R l}"*l%ipé%*"mf@*‘ f@%‘ﬂr dH S Y RE LR

HEiEMz k& k#ikiE -

m%pa.wiﬁﬂ“h%i.&mﬂr“’?’r«w ER RN S A T A &SN A

874k ’Fﬁ/w—- 2R Rk o T Qﬁ)‘?'f Sy ”f‘“’gl’ﬂ’ﬁ  RC £
*%wRCﬂmme*WJ?%’pE%WW’tﬂﬁw”uﬁwﬁz£PF
Prec A u BAL D AEESRY o p 0 P S RS TR 2 B

MBS RS o B BT e R BT AR ERF it
T B% o YRS AR SRR BRI P EO o AR
FrFFEMORRGT ACI I8 R B T4 BR K 2TRPF* 2 i i
BBk -2 o

=

W bR B 5 0.15x0.2x1.5 m R RS HR S BRBR R A S 20
MPa 2 40 MPa & % % > i & 5 4474 505 & dn 55 > fa 555 2 50 &4 55
HEFER 5 100 mm > & o 2 B 0% 2 B4 0 &3 8 LR 0 TR
SRR AR VT DU LSRR BREEELE Y M o 4R
R4 PR fe SRR ERARG] A BlAeR] 3-5 2 & 330 ¥ TR ¢ 100x200
mm OF AR 0 ARG e d 340 PRRE LT R SRR AR R

4 ﬁ]‘z %ﬁ’g‘ *7]- /“‘/}i'l Fj; ]\»} b LE?“'E@%FE%_

Wﬂ§ﬁﬂﬁﬂ+“*%ﬁnwﬂ£éw“%’ébk%#ﬁﬁ(Wﬁﬁﬁiﬁ)

Moo ? b R AMERERY  REERER AL AL T RTE §
TR S %T’%g $7 i AHERE o B LR SD L
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¥R WV

ORI MER L FEREC ) VA FHARRBFER Y o

B X ELE R °$$%@%%’%Wﬁ£&{ﬁ%CMH%M
PRRARY R Az AP RREARRT L 840 Co - R T
925 C » #Ets BLAEAR ¢ LA 1Y 2 gk i) o

& “‘lffi:‘m*ﬁ“‘“g‘/‘mﬁi“ﬁ%kﬁﬂﬁm‘éiﬁ’.&ﬁipiﬁé%?f
[64-68] » 2 % i Az *HE R R 0§ 31ARE PEA TR AT
ag%”bﬂfr,%iﬁﬂﬁlm)ﬁ]ﬁﬂ‘)ﬁ P HA S EE XA s AL P
B G oTAwn o 23R FEPUEBETE S OPE Pl L e BPE - |
A FURS R YT R S PR YRR A 2 3 B B R BE
ARG o BAGHTA BT R AT | e

i CNS 12514 shz 5 » ¥l e #ud G i B a L Rk AT %
PlZ A ME - G X VP G - TR -,115*54\:7%@&‘}5“.}?75 AR TE
Zoe B oo FET 2 /T}K\:i—k’g Fla fdd L éﬁ’iﬁ_)ﬁ%é‘éﬁi@%%f%%

%
T2 BB B TIIE o4 CNS 12514 T3z iz - -2 )8 B % {8 <32 210C »
hl—rF /?J%’ .Ii".l )i]u ’;5/\ 17OOC o

Foo s VESHERAIERr AP VL 220 L R
AR Y p%viuﬁ—rﬁ-J B REIEE 2 W LR R P s U
e A2 MR FEP VR 2NN L BE%k%E R
R 2 AR 3-5 2 & 3-3 47 odf X AR B T iR J5 CNS 12514 2 @t X
TR ARRR-PFEY B AT E R Vs VRt EA
BRI L B4 5 03x0.1x1.0m 0 PR GE Y BUR R A L 20 MPa
2 AO0MPad $% 0 F0ER Y LB A S Bl 3RS SASE MmO R
FER S 200 mm 0 £ HiEF 7 FIRGED AR o 2URGEA SRR L K2 @t
LR o A S5 IRGE D R 2 e SRl B EREALE) A W Ao 3-6 2 & 3-50 o R
FHED R AR R RKEL P 4 R BB AT L R
FRAREECHEHTY o
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R HRE L KRR B U RRRETE

SR E R IR 2 Rk

AR RBEREL ATl P RE Y ER
AR MBS TR G M69-70] - B AR RS hR B E GHTE w
FH N A R R FREL PR BE GRS R A2 0.1~08W/mC -
¥ E R :Eﬁﬂy(f’“ISf\GSW/mC<>r’LL WERR S B g
P MY LR > &d FaBBES G meRG Fpy L i
£ oo By APTEREFET/Y a‘,w,;@ BT AR AN 2 PR RE -
PPl R rEr pE et m Tt HRAL 22 B ik 5% CONS
—%Fl,yp&ifé & 0 B 1T 200x200x50 mm 2. = R 1 HEAE > & e ip e FUR S
Bz R+ L EE3 BREM 52 12 BADE AHEMN > FHALE
% 3-6 ¢

B Gl TR F £ R B RP LR - RS B 0
Rt Bp bR R 2 %1 o 3B EH 4+ 5 0.8mx0.8mx1.2m ¥
SRR ZEREZS0mme ¥ pES E LR E 20mm s F 40mm o

E’E’?)Smm B20mmeg ES BHEC o Hog R BlACE 3-7 577 o M R

FFBRBAEP20MPa g g TR MR A BV EFHRRLWFIRFD

SE O EF2RPESE

¢ \

Y- 3G oo Y EESES RBEFET/Y LRRS R
ZWHE o MR BEGRIE S FEN G THEERPI T TGS o A
3R E ASTM C518 2 IS0 8301 53 vt T 451t g2 = 34 2 plas /%
TR 2 FAGE G-

58 R

AR P e Bk ok s X et b A 5
2w e E 0 BT i

LKkt SRR 2P 4 R a4 Type 1 1K > # i frfe i 42
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=IO |

\n
s
-\

)Fﬁ”j_yl 70
2. 7J( . —ﬁ;):LE] %7}{0

3. Rk stmbH R R HE T RS T o X R HBp §E
k) FM. 5 2.67 « HEH 7]50 4 3-8 fr 4 3-9 -

4 EEEH EFF M ST PORREMNE G RREATER S R AT R
oo R 2 B ek 3-10 #5F o oTMERl A F 2 KRR ET T
A hZ A A B 3/4"~1/2" S 1/2"~3/8"fr 3/8"~#4 » H fe 32 {4 AT
P& 3-1lod 29 PR FHP ARSI HE L Ag2 MK 18
BF e BSAETF M PR EELIEE DT b (efil 25 - 88
BE SR IRBEEEAINE) AR AFTEETHE
Eg* 2 e SRR ko RELRET R R IR 5 F v g 8
A0 MR IR ET 0 R o tdm [ A2 SRR o

TYPE-G 2 44 » H P F e

= X PH i& : 7 #1
w12 FRE S A 142 £2%

6. 455 1 RFTF ER T H2 H3 BH6 chv A 5 WP F A A 34120

DN ERF L Bk 2 MAERE L2 B P HR R 3R
REH S RERRTHEFORETLR  BRETI AR B2 RRY
ERFIFEIFE SRR AT UM EEARLEFET T R
2Rt R DR TR MR R RIATERRL S R B i
R R R R o MRS ERT MRS 2 ft o T S EF R
RGRD et WA
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W R RS )’L)J'Lﬁafi R TR iy

Rl R T

(ki it £ 1y

(b) & e de ¥ H e d = (0,0 020 p3)% 30mins 5ok % (@

17 @27 @3)°
3/47~1/2” o, (kg/m®) » w1 %
1/27~3/8” 1 p, (kg/m’) » ©,%
3/8~#4 1 p; (kg/m’) > w3%
(0)* Zrvv £ (SSD.) : 75
2. K3
Stepl. K-z if itz -7 :
(a)ek 348 R
b)E*ZF 7 £ °air%
OLE R E S il
Step2. % H =k * ® 1 F 7ok ¥ £ C (kg/m’) £k & o

Step3. AT H =K+ *LE ! R ACIZ2d XFERER P HEa PR T
*3H ok E Wy (kg/m’)

Stepd. 3+ 5 #7%  HHAEA ¢ LG HRARAT L ¥ HAA Va o

Va =1000—( £+\iv—g+air(%)><10]

Yc
StepS. A+ FH)F 2 LRFEETFHT 25 & ASTM C330 B #=
B RS R MR R (% 3-13) o A R
BAFET 2 blde™ o ¥ ik ACI 232 R A2 % Rwmb 275 (S/A) -
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\

I

i
v

a%

i

3/47~1/2” - WHE* £

b %

i

1/27~3/8” : ¥k * £
38~HA I REHT B L c%

Step6. 3+ & 4z JF H % (LA, ~ LA, ~ LA;)% 30mins &k £ (W, ~
Wz N W3) °

3/47~1/27 : LA1=Va><(1—S/A)><a%><1§60 » Wi=LAlx@; %

1/27~3/8” : LA2=Vax(1 —S/A)xb % le)% » W=LA2X @, %

3/8~#4 1 LA3=Vax(1 —S/A)xc % x 1550 ' Wy=LA3% @3 %

2 Wiomins= WitW+W;3
Step7. & x A&+ £ 1 W

Wg =VaxS/Ax 7s

0=C+Wy+LAl+LA2+LA3+Ws+ X Wiomins

RpEd amkitaa B (fc') A 5 204060 MPa = & > d it EoeriE
ﬂl‘gja e, g *Q;}j‘%\;é;f}_é}% 4o 1) ;@,Eﬁ ) ﬁ;%‘r% R R AR FF3 4 3-14
A wlrd 120 ~ L40 ~ L60 £ 2. o ¥ £RE L 2 fert Ko 4 1R A

ﬁ@ﬁjal’b ;‘L-Er ’ # d ;f:‘#‘—“‘g'?% 4t,“1€%f§ ’ 7#‘ :E":/,Fb'éii ]‘fjabb ;3_;,].;;«%\ 3-15 >
A& w12 N20 ~ N40 ~ N60 & % 2_ o

oo FEREYE

R R R L E S F ERRS 2 LA R - e
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BRI RBE T

BEM B A B LA TR S L BRI« AR T H
2Bk EFRI AT AT ABIRETE LY oW 2 A2 BRSOk

24 ) PER F 20 25%3 30% 0 @ 30 A4E S F ek e g
Js T ek AR R AR E T B B KGR

B

\

w2 P L BIRBE AR o R AN R T bl & R R
AL ZRE AT

L2 4 0 LM HRAE 24 ] RIS BACRE - %3 R s it
wawﬁﬁscmﬁﬁw#@o

—_t

2. MoKEE A BHE A REEPER R AFEIEIDG R E -

3. Boke g AR LFEEISG S @A EELEBERN S FELEY 60~90 #; -
%ﬁ*éﬁﬁwﬁo

4. Bfsdfe b HE 2B E PN o FE G I0~120 F) 0 T RTEIR F S o

RERIFEER A AR R BARNEE FW 0 A5 RIERT
MiRE RS FZOETFITHRERI AR RURERGE  EALIRTE
&%ﬁﬁ?%ﬁ_%kf %T AR B2 R o R R
PO R E > B bR GRE PR g T R SR Rl e B R
G R R AR B - X (S4THC o DINIERMISE Y £ %
EoEIFRIFICFEE O ERFRERLE Aot FT 7 SRR
Koo ARTSE BRI PR oA SRR PR A28 T 454 -

I & FHREA

(ﬂd\

AR L1 RRA

p

Lo sa 438 KT FEghdt & 4 -
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=IO |

\n
s
-\

2. 600 # MTS # it :#% % (Material testing system ) % ¥4 % %8 @ * 1035
ok SR RS PRI R Y B2 $B ;\.ﬁ- o

3. 900KN i it 7 i % /it (7R 82 bR % B & Blci L 2 B R
P AR -

4 PRSP LR FIRGED P R RS -

5. 10mm LVDT ( Linear variable differential transducer ) % =3+ : £ BlIE R
PR S E R B R 0 R R GRS 2 [Fl R b
B o

6. 50mm LVDT ( Linear variable differential transducer ) % =3+ : & ip|4#% 5%
R BB Y A e B2 A

7. A R B FRE RS REGEER o AR P 3-1 1o o

8. Tl FEAE (TVIAM) 2 L3237 @ % ki feg w2 % P~ F £ >
AR § e A R

9. B4 4xte B 5 80mm 2 4kte 0 * 1B MTS & it 3% 152 T T

SSRGS R o

10. % & BAS0mMmM 2 41 % B 20 mm 2 4 4F s 0 Ldm SRR R
2 THR B Y PA L RRE A A o

R - S

B ARPFHRH SRR PO RBEROP LT 2 T A
Pd LA TREHFP T AE X RBH A THZ e FIENES
FURMESR o F M LITRR D 2 40T 0

1~ #iﬁ-?&gé‘:%%
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W R RS )’L)J'Lﬁafi R TR iy

i ASTM C234 L3S » (7R 54 FME RF% o #% KB 4o Rl
3-8 #15% » 121 20 kg/sec 2. F Fik ’?w4t§\"€""§]?ﬁsaF » T b‘i\"\f"’k’l“ﬁym
Hlco EIEMAURG L .

2~ R

¢ 100mmx200mm 2_ [F] 4 3% 48 = CNS 1232 MR 5 4 Flo R FuR % &
Z Wiz | 2R EE TR FESR o FUR R B KFW T KA G }j‘é’t’l
ﬁﬁ)ﬁ*l EMNEFHRARFT > 2 {6 B-FlHLE 4 cndhoo B 30 8 & Bk ok
Rfhet P oo B H Ao R F R EHF A 1.3 mm/mine 315 1 R A 5 0
Toiedrd At 2 oA Lo
3~ #lE G Rk

0 GolcEsk Lk B CNS 7332 A3121 2 3fe#7ie {7 0 325 ¥ B i it

4T

A, REX

«3:%

(1) #-3 & 4% 2 (0.5mm 52 ¢ w8 b naRER RS

Q) WEFEZ MGEERER-KH FI MBI AL EL o &
RSB R RURR LS 80C 0 MU IR K K ZE 50T -

() HERAF kR 8k BB ML -
(4) #FGEPGERY 2 BT B BB E
B\ Eé‘:%?ﬂ}'% :

(1) #-500R 3 20 32 48(200x200x50 mm) > B >S4 24 /] PFid i % 2 %4t
AECFRAFIZECEPFHBERIER R ORBERER -

(2) #-BEZ ERBERRHED
(3) B FaiuBiet ® o

(4) #MEAT X B2 range K T_s Smv e
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i

(5) #1&F 10 » 45153 B @ channel 2 fr 5 % 4> 2.0mv = § -

(6) 554 4RFmEct B2 INPUT 1 INPUT 2 BB - & %
AVE 2 ON i § -

(7) #FEBRERE THERRP TR e FE 0 EPRIE -

(8) #orRIFA > gl DA AR R EHBE G 2L
Kcal/m-hr-C -

C. # 10 Al o
Ryt h B 7 B F14 Bhdyps i

(1) RECORDER(1): 2e45-4t b 25 & T 4 g 2 #4450 > T Elmy---e-
0,C (424 JIS C1602-1981)

(2) RECORDER(4): zedicg i 32 ¥ & 47 o2 it > E2my-----
,C (4235 JIS C1602-1981)

(3) RECORDER(2) : F & B # % s 5@ B » T E3myv -
E3/K1=Q, (Kcal/m™) »

(4) RECORDE(S) © A& & M # (& 4 A & » T Edmy -
E4/K2=Q, (Kcal/m*") o

(5) Cray 1-1— A}I% * —\ = E’_;i_r y ;LE :}é‘.f\%ﬂ [k %ﬂ/f‘ﬁik (kcal/m."C.hr)

(6) k:Q1+Q2X T
2 0,-9,

(7) #° TEiRBERPPEREY M 2 5 =

4~ 55 R GRS PR2 T 4 R

AR E T AR IR EFRAIBEFTERRIEE 240
Rt R A HAN - RRIFRBARZ TRV (B FRIIHRTAK
PR a HHEE G G R R d gt E) o SRR Rkt R 20~ 40 ~ 60
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R HRE L KRR B U RRRETE

MPa = & > §gsit » 5 1.5~2.0~25 %2 3.0 = f& o 3#% 2 £ % 4oB 3-9 #7
T T RRRHMERE R Y A R B i A g E S i
B Lok o B ER AL FREN 0 B P 33 97T o EREART ’f‘
£ 205 e R I e Ui F % 0.02mm/sec’ & § p BT A &
RPN F RN ZPEE S RS E RS L BB E R EF A
AR HRE 2 i\"é' fEP L B P-A)BE W B BAR A 2 B~ B TG
S50mm > >t 4efliAey o BB ETZER > REHR TR -

=
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$2% wmv
3.1 FR R AL 2 e
R R ¥ e
B it fe | Jestpedrd L L witfe | J@stpedrd B
S Hh (MPa) (mm) ;3 B (MPa) (mm) i %
30 2 30 2
45 2 45 2
L20 20 50 > N20 20 60 5
£ i 5 2 & i 5 2
30 2 30 2
45 2 45 2
L40 40 0 5 N40 40 50 >
£ Ji 5% 2 £ i 55 2
30 2 30 2
45 2 45 2
L60 60 0 > N60 60 50 >
£ Ji 55 2 £ i 5 2
2 3-1(H) BRBMWPREL fort (kg/m))
LWAC |W/C|Cement |Water| Natural sand LA S.P Absorption
cment) Water) Raturatsand 437 19 T 9~13 [ 5~9 |>| (30min)
(mm) (mm) | (mm)
L20 [0.65] 297 194 734 179 213 175 0 29
L40 [0.40| 480 194 664 166 197 162 0 29
L60 [0.26] 580 151 760 0 207 277 | 19 19
Normal Absorption
Conecrete W/C| Cement | Water | Natural sand Coarse aggregate S.P. (30min)
N20 {0.70| 280 197 781 1056 0 —
N40 [0.48| 410 196 672 1056 0 —
N60 [0.42| 450 189 659 1056 4.5 —

% L40 : Lightweight aggregate concrete at a 40 MPa strength level

% N60 : Normal weight concrete at a 60 MPa strength level

% S.P. : Superplasticity
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BT PR R R DR R A

38

% 3'2 ‘/‘VEE" ;}ii ’EPJ'_ fi 3. Fﬁ ‘}\' F&_%@gﬁ’%}%%q‘%%%

e R RS
" ]‘7} '}\’ ?‘-1%‘5@ _
BRI R | T4 pRask \ - - PR
Rk BREE R
W B
- * 20 ~ 40 ~ 60 20 ~ 40 20 ~ 40
# | (MPa)
Z I ERE R A R 3 - w55
g e s B mE S| 2R = s ”
¥ . 20~25 B ~
3.0+35
B RE
(cm) 12%20%*150 12*%16*120 30*%10*100 80*80*120
cm
i 12*2 4 4 1
¥ ERAES
N . . R S
ERIEP EORE o) : : PR %
Rk BREE R
W B
- * 20 ~ 40 ~ 60 20 ~ 40 20 ~ 40
# | (MPa)
e o | AR AR | A D45 s o
| BOEEN| BN 2R S -
¥ . 20~25 B ~
3.0+35
B RE
(cm) 12%20%*150 12*%16*120 30*%10*100 80*80*120
cm
i 12*2 4 3 1




¥R WV
F. 3-3 4 S5 IR GR D PR G] A
R RS R ¥EREL R
# %3t fe # #Fi K3 fe! #
3 (MPa) i B 3 (MPa) i #
LWAC20 20 2 NC20 20 2
LWACA40 40 2 NC40 40 2
# 3-4 FUREMARL A
EEE HRD ¥ E RS
B %3 fie EL ! Bk %3t fe i
Kot (MPa) i #ic S5 (MPa) i
L20 20 9 N20 20 9
L40 40 9 N40 40 9
# 3-5 4S5 RED REPEY
MR R ¥EREL R
=L % e =L =L i %A =L
B (MPa) i #ic S5 (MPa) B #ic
LWAC20 20 2 NC20 20 2
LWACA40 40 2 NC40 40 1
% 3-6 G H GHEMAL] £
EEE MRS ¥ERES
£ % e EL ! Bk %3 fe! i
e (MPa) i ¥ B (MPa) i e
LWAC20 20 3 NC20 20 3
LWACA40 40 3 NC40 40 3
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BT PR R R DR R A

40

%037 kiR W BB w4 AT

A, TCBE

%P 5 R%)
Si0, 20.90
ALO; 5.65
Fe,05 321
Ca0 63.63
MgO 2.52
8Os 2.16
Na,O 0.10
K;0 0.52
CsS 48.76
S 23.14
GA 9.54
C4AF 9.77

B. # I
o £ 3.15
R (m’/kg) 344
® A (%) 0.92
%A A 0.11
i A 0.055
7 = (kgf/em?) 362
PR A

28 = (kgflem’) 472




238 X g b H A AR

i
v

S.S.D. S.S.D. A S F M. i
L —é: &4 7J( _1;% (%) (kg/m3) JAVELIED
X R F 4 2.62 1.19 1544 —
X RawmF 2.64 0.60 — 2.67

% 3-9 X R ~ w2 AL

\

B

2 g ¥

s | gagesen | PHEIFET e e g0
1" 0.00 0.00 100.00
3/4" 7.03 7.03 92.97

1/2" 45.39 52.42 47.58
3/8" 25.63 78.05 21.95

#4 20.45 98.50 1.50

Pan 1.50 100.00 0.00

R H

G | g BT A %) ffgé) BT A F (%)
#4 0.42 0.42 99.58

#8 12.99 13.42 86.58

#16 16.62 30.04 69.96

#30 23.16 53.20 46.80

#50 24.39 77.59 22.41
#100 14.68 92.28 7.72
#200 5.59 97.87 2.13

Pan 2.13 100.00 0.00




BT PR R R DR R A

42

% 3-10 F P -REMNE 2B

A= VA B A (%)
Si0, 60.65
Al O3 20.47
CaO 1.12
MgO 1.62

SO; 0.07
Fe,0O; 6.56
K,0O 0.08
Na,O 0.01
LOI 5.49
7B 2.90
H i 3.93
N 100

2311 fEFH H2 AT

e S H ?Eﬁ w3(? ?in ] 24hr
(kg/m’) =k 5 (%) =k 5 (%)
3/4"~1/2" 1461 8.77 13.47
1/2"~3/8" 1304 3.13 7.76
3/8"~#4 1430 5.12 8.92
F03-12 w2 AP
" ERLE T | ARG | T kE 5
woite | f (%;m)l Jf (itmzj F (MPZ))i %1\/1}::1))?i
#3 9.5 71 281 476
#4 12.7 127 283 482
#6 19 287 445 611




¥R WV

% 3-13 St I HiR R 2 apet £ (ASTM C330)

Percentages (by volume) Coarse aggregate
passing sieves 1" to No.4| 3/4" to No.4 | 1/2" to No.4 | 3/8" to No.8
lin 95-100 100
3/4 in 90-100 100
1/2 in 25-60 90-100 100
3/8 in 10-50 40-80 80-100
No.4 0-10 0-15 0-20 5-40
No.8 0-10 0-20
No.16 0-10
% 3-14 = FF R s pert (kg/m)
S xR PR A i B ,
o | ko [k | kg [BTEH30 KEMRETIH o som
PR E | wmd A | 1/2"-3/8" | 3/8~#4
L20 0.65 | 269 | 175 28 757 261 262 3.50
L40 0.40 438 | 175 26 699 241 242 5.25
L60 0.28 580 | 163 24 663 228 230 6.96
SEERGELL S AR MR o (45 el A 353 R (20 ~ 40 ~ 60 MPa)
% 3-15 ¥ £RE S et (kg/m')
xR i ,
A N A B S KE O, (i 5. % A
¥ 20 E | ZAF
N20 0.70 250 175 836 535 535 2.50
N40 0.48 365 175 738 535 535 3.65
N60 0.42 417 175 693 0 1069 4.17
EIEMEHEENAERTERAS > S n gl F AR5 R (20 ~ 40 ~ 60 MPa)
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B 3-1 FERFHT LB
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4+
S

150mm / Z 150mm
40mm—$ /
¥
» N
70mmI /
) 150mm .
|

40mm—f 150mm

HEH T

%:

150mm

1 3-2 F 4 fi 8 i BT 5

o 150mm
HG AT

150m:

3T

B3-3 T4 25

1500 X

<N

130 200

N
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Bl 3-4 {& ' UHFERIE* THEDRES S G
Ecy = crushing
b strain "3'{':
. 4. 0_-_“'.
"a a0 :‘I’_ ! kyc
_a_' .
g g | 9 ; l C = kykjflbe
[isine | onati) ¥ na. ]
A ///}
*°e e = —— T =Asfyy
Esu
Strain Actual stress variation
Bl 3-5 B V& e
% L 1200 J
r gl
160 [] 90 160

OOI
N
N

1130
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BT PR R R DR R A

B 3-6 B ViR RN

. 1000 g
300 ) 7
k——
10@ 150I 300
0
L N|
) 200@4 g
L N|
) 930 7

B 3-7 R BERFLIRD Rk

800

[ L L E T TP

heccccccccccccc e
-

-
-~
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R EmVE
B 3-8 HERFHLE T LA
LOTAD
Reinforcing
b
" \ Cross-bar attached
to reinforcing bar
N&&N;;Nww&\\\
A\
Testing machine Testing machine
fixed head fixed head
Cube specimen
for Pullout Test
Bl 3-9 4k 558 % 2 22 T 4 R % KB
Load from
50 kN MTS
’—.—‘ I—Spreader beam
] ]
Specimen
@ @
Support Support
100 mm LVDTs
o o
] ] ]
< <.
le—>le >l
7|5 mlln 1350 mm 7|5 mrln
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e d EFEHRRS 21 R FER
Fre g ETFHRED 21 RETEFEH

AR SET AL L BRI R ELREREH ¢ 3
WEER SHR2ZT4 %R N2 XEFARA BLEE > LRk 2% A
#

$o W AR MRS L E R A

hES R P ASTM C234 3f5385 » B8k gl A 5 4 » fi 852 2§
Seor f A ERA GRS AR - 2 FIERMAR R o 4 r J 8
o HE e Sl 3-10 F A R S L 2 A EIF3 R
PR FEME 3 BY ERAIFN NEFRIGER SHE - 5

BEF LR BHETEHRRSLAFET FHEY 1 RE R
BAE R s FERB RS R F o RED R R ARET 20
40 ~ 60 MPa = #& » @ F RleR G2 FURGE B BFIE A 4 4-1 > H 28 X pulRsg
BEITRTRAEARa o {3 60MPacuR g3 a2 > HF Pl A Tk g
3 50MPa v & AETR e R R > B U ARESR TR Y vk BEIANE
Fh4 2 2 £ATs R EFTFHRRD -

PEEMERRRS R RENL 420 4 L0 T e HR G
LR ERA S —F—!’fﬁ’ﬂ‘}f‘ﬁgﬁ % 0.60 mm I 2.32mm’ 7 #&'VFE R R 3
Al 5 9.0~16.5 MPa; ¥*+ 7% o 4\2;}131 SevREd A 3 v H R /ﬁt.ﬁ £ 3% 1.00

7] 6.83mm: EVFERERA B 5 12.1~20.7 MPa - 3 »* iU o 7 A
FHBREAIERGFTLZARE > VT EAHERBRAN  HERRA —f A
MR OFREBEHFERBRRZPEE J IS e hdoT
1~ KRB A 5N

— P FCPEERE A L Rl A B R E RS AR 0 4
PB it 4-1 %751 o P BF A BRI BN A & H o A0 R P4 55 L S 4k S pE o 4 45
G R P S T 4 P T EA B E 0 % R
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R HRE L KRR B U RRRETE

EURY G S S G I gr‘é%\éﬁqéi’% FlRAS w bR A &m @28 8L
pho i k4 0 @ 2 pR A S BB (R Y 4-1(a)) F i «fU A
B ARG LR WP TR R MDA A A S
P B ERAR (B Y 4-1()  BHB*HT 0 2F ) 4u1’§v %ﬂlﬁ@’é
W 2Hm¥ iﬁﬁ?f%ﬁiﬁlﬁi o HIF BB S w“«fii ] BF B
BHomE Tt HRAIEFERAI AR PLB LR A T H
B3 F B MR Y &N :é? TR TR on g s B Fle RR
3B A G R T Ao R 42 KR TR RES B E G
A HnEYHEAe O RERAIAFRIVLA T o BRE T LIRS
FIRLE A A FEFP Rl TF ST e > S FR s S plRf
RARIT o0 M PRI RN T o EF PRI 2 ERR
FHERAME DL R fobUR % R EURESGUARAE 02 0 2% % % ASTM R
P P RGERFR R BT T B G b M Ja S iR GRS EE
Gl Ji SRS 2 60 mm B iiE A G g S e B B R Hapy
SRR 300 R F A B ROR  BREE R AR {4 p
doo FPILRGED P e r Ji 85 10 P RGEAE 2 BOR AR T B 4 RAUR

’ l:\'l”t"—r

?*‘"\

2 HERBA FHE R

Mathey fr Watstein[71]% =& & 3& & r2 4 55 4p $0 38 2 7 #> 0.01 in.p*
PR E RS R TR ¥R A (critical bond strength) » ¥R & & %
BRA &8s M FHERBAIINEAERRAFE > 5 8R
AL EFAZ DB PP MR R2Z P 0 E I R 2R ER
BREAFEIRFERRE P ERRE? BB T EEFRLIERR
B2 ARFERBR -

Bl 4-1 G4 Fd iRt & o £0R 52 BMAERES —FH Y AR
TR RS v—f’ﬁ: LR DEREA FH Y KR

o XRFPROLIEIEGT A FEERE DAY o BURBRE S
40 MPa e 84 > 2w FROER A —F A 4&‘,5"}3 P &g et IR EE
HIT o R4 G5 13 MPa > b "% RELE 4 304k 55 cn'% (k2L (420 MPa)
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3 i SRR R R 2 B

BB SEER AR FEOY I AN o2 Bl FEEe d F 42

FRERGENT A HmF LR AETEHRRL PRAERBRE 0 &
LSS AR ERBASHEL ) > TR ATLRAEREA

BEOX Py SRR Bt BRI B B A 4::?\;}1&:%1’ EA RS R
AR FEI FaritBEEE4 > Fla 7 ?&,,’Iﬁpséﬁﬁ,ﬁﬁy % ] ,4E/\;Ir;,,s;§¢
TRAERBAEST A Ra W RAERBAA 2 MBERIPE
doBl 43577 o ¥ EHE TR MR L Bt M i 5 PR R R >
Ade » S S5 2 BALERB AR TI5E 0
S e A2 R ZFARIR BEFREI RIS F AR E 2
Bt o A2 ERRE D AR
2 jEe A o REHED S e g R 2T ER A~ JE 5 R g RO
B B R E R -

b 20% 0 pt - R AT e M i 8508 fi

A
X
P4

.:.l' v m%ﬁf’gﬁ ’ 7]‘/47\47&4 /yb/}r{‘l’ %KAD\

4 RS PPURSE R HERBR LB
Bl4-4 32 Bl4-5° F 805 = TApFBEHRDTEHEd B 4-4-4-5 81>
T RS AR OR R  FUR G R (<40 MPa) FF o Heph iE R R 2
AR R Ry LR ke £ 3]0 BRI FRRR (=40
MPa) p¥ » 42 58 HHR 4 chTe R 5 R5h A SRR R @wﬁéﬁém%

O ARBAAIFARBAFETRAIERBRE A LRSI RS
—£°éJ%iQWa%%?iv’%ﬁ&;@40Mﬁn¢§?%+ﬂﬂﬁjgﬁﬁ§
T

B2 vnipkiiRa RSz F£RAI KESH > A1 LR LRA
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W R RS )’L)J'Lﬁafi R TR iy

('

a’ﬂ

£d Bl4-6BEFF MR FUBRR R (<40MPa) B0 F £
FHERRIPRBE R EDEAFE R R ETEHRRS AEF
R FURB AT F 0 (=240 MPa) BF o e MRS Y ER
AT A2 RS €K ERAY R FE o BREFR L
EFFHRAL I HF ML RAIFRRE ETEHREL P R
e d T2 7 s F M Sodg k4 L st R
HR D 2 FE R TS 1%#;#1%?«;‘/’»1/)5}]%4 o ¥ R 2ZHFERA
B oo MR RS FUR R PR E S tiRe B H T AR
HEHAHETE L AR ERF LK > Fa k1 FHOERS
B3 RAl FURBARY £RES 2R RE Tt HREL 4
RARI O B ¥ L AET R AT B M i 2 K AR
BT ﬁm«l&j&ﬂ;h&m_u_ FAIFF B 5 RER) 1\4 o oa AP R
AR R T R PRGSO R T R R R
AR F ERGED kR R R o Tl G F RS SR R
PEo R MRS 2 RER) ]\ﬂbﬁ.'*ﬁ& 24 i(l%’ﬁ&%‘rﬁ"ﬁ,wg{
JERBREERNTFTERRS  HEET T AR 4T o

4
7R
8

=1

B8 TR R T R

A WY AR RN EFRAIEEY ERAI L 24 12
etz BB 3 F MR RS FURB AR Z T (B PR IIRT LK
FEH a HHER G IR A dant ) o RS gkt A 20~ 40~ 60
MPa = #& » $ gt £ 5 1520252 30w f8 - & @0 T 4 % R FE%
f% 2 AClcode I3 & 3 4 4-3°L20 ;3880 4 S RAET 4 - g1
iif?g Bl /i %% 21.00~75.15 kKN » L40 %48 /i >t 30. 86~82.50 kN » L60 #%8 4 >+
40.20~90.00 kN 5 N20 z#%8 4 >t 22.35~76.54 kKN » N40 :#48 4 3+ 28.91~82.78
KN » N60 48 4+ 40.95~9537 kN = o % ¢ Hcfhv ~ RELRE I » f& TP 4
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B R T HRAL 21 AEE T

MR F T 2 FURR R 2 W A W 4r 2 4% o 2 ¢ ACI code ¥
P AcE T4 2 fapz s HRES T4 RARV)ZFE N sl R
T
V,d
W:mﬁﬁﬂﬁ%mwmswﬂﬁm (kg) (4-1)

;\ﬂ ’ fC'_/w/j{‘J’&,’m}& }i(kg/cmz) ’ a[-rrJ é_-}}ﬁg_g Lo V "I“)J- ’au
MR 280 B b AL bk AR EA
(JTe) ~ #4882 Fr(p,) 1 2 a'*rr%nb(“ 209y

M, V,a
d % ¢ 754 ACI code B3 B fdr TR s 2 #E2 ¥ £ 1 %
+,ﬁﬁﬁwﬁ4%?4ﬁ§W@WMJwA@ﬁ*IA%ﬂﬁ’ﬁﬁ#
LRI T 4 5 R E(Vend/ Ve aa ) i 3 1.46~5.35 < ¢4 #F > ACI code 32
HE A PR R 0 d a/d=3.0"% 1 a/d=1.5> T 4 R E EH
A I 1% d TR ) 2 FORERS 2T 4 0 Bor ACI code $H3%
TRy RO 2R T o TR 2 R AR R Y g E S
PR g 2% > rlico

ppuu

&

%@

AR L R R R SRS T 2R i
@%é}iéi'(ﬂ/}ii HlJ 3 5E}'i7 /?, QK?Ef’I ’/‘ ’ —F)IL_%T ?ﬁ/w ‘]_ ’Pﬁ"’%#'é_/w%
ER RN € FCI- A 45 AN DALY 3

1~ R A B0

LR 4 R R 2 P-AM G R 4oBl 4-8 3 Bl 4-10(d TR

AL HE)E R 4-11 3 B 4-13(F £iRE )7 o d BT 9 kR
PRELIR 2 ARE g EIR G AR 000 2 e A ST B P-Ad S0 K
Bt By ZIHRNT I RAL A2 KP4 6 &
AR S 4-3 2 BT 445 a/d=1.5) c EEFT L i 40 o A2 P-AW
ﬁiﬂ$ﬁ+’?Ei?4ﬁ&ﬁ%%’ﬂﬁﬁ&§41%@ﬁ%#§o
PA T R BRSNS RLRGR rARIT HEY B o L AR 2 R
v‘i‘%"ﬁ“ﬁi S VENEE=T I N I R S AL Nl R S
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EFFHRALIZFRFEED VRBETF T

Al rd RERLRPE S A PUEE ARBETRE T AT A Hu o
RT3 LT A 2 R 23 AR T 45 2
5 4-6>a/d=1.5) e B RBREM2 BORENd 4 B S A o ptth
@*@?ﬁﬁiﬁ@%#ﬁﬁﬁi%*@%iﬁﬁﬁ&’%ﬁgm B
P2 PR Fla e A P P-AW SR B2 A S0 MO EIR A
i%’&E%W@ﬁ%ﬁy4W@&ii%ﬁ’?ﬁﬁzﬁﬁﬁiﬁﬁi
BT B -

wl

2~ T R 4 R 2 B

TR R 4 R 2 B 4o 4-140E TR R )2 B
4-15 (¥ 2R AT )77 cBlY Br o EFRAIBETELRFAIBEE G
GRS NS ERRE XL SRR R E N s
BE s A BT R RETE A R b2 I§R (R Y ML
M2 AIVET R (A F=-33) 27T HEAT 4 B R 26 AAF
AR KPR AL L ER > A HRR 2 B BASHPI AP
2_ B B3 o

3 ARRRRWOERRE TS O BRI T R RB R 2
B R EED TR B (T ViEVe) o R 2 BRSNS P 4 R G A 0 - R
SRR IEFHY §RET S S URFT S RAE > RIEFHL BURES
VR B G A LAY BAEEZ T R o A R E T 4 S
HR 2 BN T B 4-14 2 B 4-15 20 MIF oMY E AFEE 10 cm
2 #3 T 4 5(V=65.84 KN)E 6 » PR LR EFRFEL 2T 4 55 R0 T
3855 BR(Ve<S V) i 4 S5 WEpRgg < 300 2§ 4 5 Fp irda 2
BN Ay B A ERIBEATRREIZTS RRFNT I SRR
(V> Vo) T4 82 = 2 RERFHTZ 254 > B4 #d Rl
i A R BURBN R € T A B S A o deRl 4-14 ror o =R
AR P TRhE o 943 1.51~2200 A 4cB 4-150 ¥ £ 2
TR gl B 943 1.52~2200 ARRCGTIE R I REP 2L LR o

T

Nu-
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R EFEHRAS 2 1R TEH

3 R FRBAEFHEIT S BAE LB

bo ] 4-16(4E FR 522 H2) 2 B 4-17 (F €503 #8577 » fEi i 2 &2

?4€§€%ﬁﬁiﬁ@ﬁ§iﬁ%ﬁﬁﬂoﬂ%?JK@L%iiﬁﬁ
BMASTA @ AP Rd rrd 22 208 X E R sea 3 0 74

ETY
BRZ.A ) RIBASNERY APPSR R L) 0 - BRI 2 Fd s
fo A ot G2 B o iR G2 2 PURSE R 4] B P R R B e

4

A
pis
a‘

J€ 4-1 238 2 > ACI code $3% — SR 3 R T 4 5 B (Vo) 23

B ffc* vt 5 ACIE code ™23k ¥ 1% £,/6.7 Bt [fo k3 B ¥ 4 R R
(Voo 2P g T TEHRAT EFFARARRER B FRERT T H
R 0T B i B A R R(VoZ ™ I o @B K Ard 4447
CH SRR AR R R E R RS > EF RS FHLEM /6.7
g ffo vt o B MR R 543 075~077 2 B RAFEHEY BFARAR
f)FRiEfRAL 2T BREAZRITHE -HRITI ERRL 5%
AP R B2 RS S AMAE RS EEE /671 [0k
ARRBREBERL MR FERRR B EREI T4 R

PR ASTE RO ACTHHE TR AL R T4 P E 2R LT 7 7o

—,\\

BZE PR R R KR

s d Ptz FUR B Y EFRES 2 B4 BRd R-F 3-18
o d WY AT R G R MRARIT T E A A R
% (40MPa) L ZP A Bt B 2% B2 (53 MAFRIH~
Fﬁ“«ww # RPABT P R o d WY T ER o LAk R R
Bz PERTRGRA B HCEE MY £ > R AR ST L
A H 12~148 4 B 7 frﬁl‘i’;ﬂf’iﬂéii BE2 Hed TR £iRE 4
o w A BRRIRENY ERED K

AESd LR FURER Y EEREY 2 B4 By & FFER
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W R RS )’L)J'Lﬁafi R TR iy

afApl R e HORZ EEEGRA BB LI U BMEERA &
BTHER R EUER GIREE S LA P zrfii)’ RS
Bt B Me RS (T5EK=1.0) 7 FELF2 ZEERA
BB S Bched 4-5 977 220 MPa S § £RES 2 Kj & Ky s %5
0.74 ~ 0.41 > ¥2 ACI R 22 072 2 0425 4p § 4237 > % & 5 40 MPa
Bz K2 KA s s 067039 4 481730 ACL #4p 2 0.64 ~ 0.375
B HA &R FIEACIRFTR* 24 URE 2 0003 27 %7 2 4
* 2 AEPURSEF Y 0.003 0 Flpt ki en Kyvg < g & Ky B E P AR
FRTRFE > AR BRZFERS BFER $ ([=2%) #E%
EARIT ¥ RF e 0.85 2 0.75 & f o

20 MPa % & S g iR g2 2 Ki& Ky EA4 5 5 068038 358 2
EERABFERFELHE 077 B> PCA (" HF K g) HiETR
Bt 2 FERABIFR F8B (0.76) 0 F RS AR B E 40 MPa B
FEATE LT ERA BIFR S BB HE 073> 2 32 PCA $Hig iRt &
FHiE 070> d p v PCAHIETFRFZL 2 EER/A IFR LKLY HF
TV A FHETRRS RPN o

B T HRRD MR
I~ R e 50 B £ B

G ACTE Y IS Mgt P2 S35 S o S8 o MRS 2 A AW
BERMDEWRD » NF RiETird €MmI B2 L8 > 20 Flikes

: , y 1.8y f'c
(a) ’g’ fct oA —ET'B?): ’ I%_ﬁ l‘;:]g(: ; >1.0 °

ct

(b) ¥ f AP > B Fl#c=13-

d % - @RSk s @ EFPHREAY ARMERIFARER
(<40 MPa) p& > ﬁﬁ—?fp-#f’f_i&ﬁg)iﬁ&’# TR ke, R E DY BRI
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e d EFEHRRS 21 R FER

%d—
N

E

RERE (= MM%)% A RS SRR R R AP E T
4

AL > T RBIURER EFRAIFERREE Y EREL TR

e

—

|

Flpt e ACT 445 ® > E R GRE P2 2P 7 S S A Fra N E 2 A
AR EEROBE FHE I3 HEGHKET > AH A FRARE  ET
HRAI P EHmS2ZWELRTHEY ACIY £RAL hat @ 2 Fi3 0

7 o
~

2 EFH MR BT 4 R

ACIARFPHIFRL Y 4 2 Pape fp it 1RGL ¥4 5 R (V2 E
3538 ooV 4-] Ao e

fc'b,,

V,d
\Q=®5ﬁ5+ﬁimd

u

(4-1)

A1 287 dvs ACT Mg 43— SUR G2 PRt 4 % B (Vo) 23+
B e &t s ACL ge 2R T 1 /6.7 Bt o kP E T4 R
(Vo) o 2F 7 £ 5 T H HRED 2 /6.7 B [fo 3+ 5 3 4 55 B (Vo= il
*ﬁ@ﬁ?%’ﬁﬁﬁﬁ%*wkﬁﬁiﬁiﬂﬁi RS R
B en /6.7 &2 [fo W B0 B s BR G gt B4 0.75~0.77 2 % > &
REHY BFABAEC)ERETRAL 2T AL FIFF o

HREITA BRE%RL 5% 0 ACI R LT 4 R B TR iR
Py A R E(Verd/ Ve aa) 1730 1.49~525> @ & 2RI BT 4 % R
LB (Veone/Ve, aar ) 11 %% 1.46~5.355 ACI L'F"LJ#?’“L B R4 B R
FERRIPFRE] Br ACITRFHEFEVERRI 2T 4 5 R
FERR S E > Gl AR R AR F BRS04 %K/?ﬂfi%,‘riﬂéii

PREFE* /67 Bk Jfo B3 E T4 R ERL M F B2 BN
’ﬁﬁﬁmﬂ4&1@4ﬁ&#ﬁéﬁ%@w@’Mjﬁﬁﬁm dp

2P AL EERIRTT T
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W R RS )’L)J'Lﬁafi R TR iy

3 EFHHRRIBEEEETR RS

\\\?{y

#

$ BB BB A RER LR T 020 MPa S5 ¥ £RE4 2
Ki & Ky, BEA %5 0.74~041 &2 ACI =R 22 0.72 2 0425 4p % #517 >
%R 5 40 MPa %2 K22 Ky A 5 5 0.67 039 » 48353 ACI R4
2. 0640375 & >+ REHEERSHIFR S8 ([=2%) Fpi R
0.85 % 0.75 & F o

20 MPa % B F sdg Bt 2 Ki g Ky E4 9 5 0.68~0.38 325 2
SRS BFERSEBLYL 077 F3 PCA (E-KEEE) sz R
2R ERABIFR FEL (076) g TRAL BA R E 40 MPape >
PEATE LR ERS HIFR SHB NS 0730 F 0 PCA SRR L 23k
B 070> d 7 PCASIERTRFI 2ZFERA BFRESFELY BFT
TR RHERTRRS MRS T o
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% 4-1 FERFWARBHR S 5

Frd ETETHRA 2B THEH

9 20 MPa level 40 MPa level 60 MPa level
(%) LC20 NC20 LC40 NC40 LC60 NC60
(MPa) (MPa) (MPa) (MPa) (MPa) (MPa)
19.6 19.5 39.9 37.8 43.3 453
7 23.1 (2L.7)] 19.1 (20.0) | 39.8 (39.6)| 41.3 (39.4)| 454 (443) | 435 (44.7)
22.5 21.5 38.9 39.2 44.3 45.4
26.9 24.6 43.2 44.0 51.9 52.4
28 | 275 (27.4)]23.7 (23.1)|44.6 (43.5)|44.6 (43.77)| 52.0 (519) | 54.0 (53.9)
27.8 224 42.9 42.9 - 54.9

LN L0
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BT PR R R DR R A

242 FERFREH

N SR d | TRRERRRE | BUERRAE F#HE =l 2\
P 'gﬁ? o ;]:Eb ! 7
WA (mm) (MPa) (MPa) (mm) PR
30 6.1 12.6 1.46 P
120 45 6.3 12.1 1.37 P
60 6.1 11.8 1.20 S
oo 5.9 9.0 0.60 S
30 7.8 18.3 5.22 P
L0 45 7.5 18.0 4.77 P
60 8.1 17.6 3.29 S
0 7.4 14.8 1.85 S
30 11.4 20.7 5.14 P
45 10.7 20.2 6.85 P
L60
60 10.5 19.9 5.98 S
o0 10.4 16.5 2.32 S
30 7.0 12.9 1.62 P
4 . 12. 1.4 P
N0 5 7.3 8 5
60 7.3 12.6 1.30 S
o0 6.6 10.1 0.87 S
30 8.3 17.7 4.17 P
N4O 45 7.9 17.3 5.16 P
60 8.1 17.6 4.56 S
o 7.6 14.4 2.14 S
30 10.4 19.7 6.53 P
45 9.9 19.4 6.33 P
N60
60 10.6 19.6 6.10 S
o 9.8 15.9 2.24 S
il SRR AL il i
20 BRGNP R A RS R R S & e B R
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Frd ETETHRA 2B THEH

343 T4 55 B E%RES 2 AClcode 12345 4 i

a/d P, (kN) Vc(=Vi=Pu/2) (kN) Ve, act (kN) | Ve,e/Ve aar | Vene/Ve, ac
150.30 153.08 75.15 76.54 4.72 5.05
L20 N20 L20 N20 14.32
135.27 144.65 67.64 72.33 5.25 5.35
165.00 165.56 82.50 82.78 411 3.68
1.5] L40 N40 L40 N40 20.06
159.00 147.82 79.50 73.91 3.96 4.13
180.00 190.74 90.00 95.37 3.52 3.90
L60 N60 L60 N60 24.46
172.00 178.40 86.00 89.20 3.68 3.65
99.00 112.61 49.50 56.31 3.49 3.96
L20 N20 L20 N20 14.20
89.10 108.92 44.55 54.46 3.14 3.83
114.40 131.02 57.20 65.51 2.87 2.91
2.0] L40 N40 L40 N40 19.94
109.00 116.15 54.50 58.08 2.73 3.29
152.71 147.60 76.36 73.80 3.14 3.03
L60 N60 L60 N60 24.35
141.40 140.12 70.70 70.06 2.90 2.88
69.00 83.00 34.50 41.50 2.33 2.94
L20 N20 L20 N20 14.13
66.00 79.49 33.00 39.75 2.44 2.81
83.67 89.60 41.84 44.80 2.11 2.03
2.5 L40 N40 L40 N40 19.87
83.00 80.84 41.50 40.42 2.09 2.25
99.66 99.00 49.83 49.50 2.05 2.04
L60 N60 L60 N60 24.28
91.00 92.00 45.50 46.00 1.87 1.89
44.00 45.83 22.00 22.92 1.49 1.63
L20 N20 L20 N20 14.09
42.00 44.70 21.00 22.35 1.56 1.59
63.34 62.00 31.67 31.00 1.60 1.46
3.0] L40 N40 L40 N40 19.83
61.72 57.81 30.86 28.91 1.56 1.56
82.49 86.95 41.25 43.48 1.70 1.69
L60 N60 L60 N60 24.23
80.40 81.90 40.20 40.95 1.66 1.79
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304-4 TR R SPURBAET 90 @

BATE | B R . TR Pl
(kgf) (psi) 6.7 fe (psi) \/f_c
6558 297 44.27
L20 6413 290 4330 | (43.62) | 3183 56 0.77
6413 290 43.30
8279 374 55.89
L40 8644 391 58.36 | (57.91) | 6011 78 0.75
8808 398 59.46
7913 358 53.43
N20 8375 379 56.54 | (56.00) | 3453 59 0.95
8596 389 58.04
10413 471 70.30
N40 11202 507 75.63 | (72.25) | 5855 77 0.94
10490 475 70.82
245 FEEES BRASES ST
N20 N40 L20 L40
Bt &4 243 412 224 423
T % 0.0041 0.0033 0.0049 0.0034
Bt % 0.006990 0.003389 0.007000 0.004580
K1 0.74 0.67 0.68 0.61
K2 0.41 0.39 0.38 0.37
K3 1.00 1.00 1.00 1.00
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Average bond stress (MPa)
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Nominal bond strength (MPa)
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Nominal bond strength (MPa)

Nominal bond strength (MPa)
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