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Prefabricated steel cages
(on- or off-site)
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SD685-D25* 1 4 55 3+ 1¢ 2%

Yield Tensile

. ke
Ggie' Strength Strength Elo?((;:]/a)tlon TS/YS %E;g?g%
(N/mm2)  (N/mm?) ; R
Criteria 685~785 =860 =10 =1.25 =0.014
SD685,D25 703 907 16 1.29 0.022
SD685,D25
(Retest) 713 932 15 1.31 0.0216
1050 1050 .
900 900 ’ﬁ] —
< 750 T 750- ~ f,.=907 N/mm?
£ 6001 E 600-[f,+=703 Nimm f,,=932 N/mm?
< < f,,=713 NImm?
@ 4504 J E=223,369 N/mm? @ 450
£ a00] [ E=196.481 Nimm?’ £ 3001
i i . (=) =S
= 15 D25-SD685 M -|
07— 0 D685 D25

0 0.005 0.01 0.015 0.02 0 002 0.04 006 0.08 0.1 0.12 0.14 0.16 .
Strain Strain Tensile tests
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-rC' SD785F Bl (EseiEEy) R{MEK EE (2013.11.8)

(T T Il Il I
(N/mm®) | (N/mm®) (N/mm?)
HoF B =785 =930 =0.08 —
1 858 1040 0.13 191,165
D10 2 858 1044 0.14 190,408
3 878 1045 0.14 195,685
AVG 865 — 0.14 192,419
1 882 1097 0.13 200,585
D13 2 895 1120 0.13 200,473
3 880 1068 0.11 199,082
AVG 886 — 0.12 200,047
1 827 1013 0.12 199,119
D16 2 841 1025 0.13 196,545
3 840 1021 0.13 198,555
AVG 836 — 0.13 198,073




O sp7est s s REEER 2013118
P PRER | PR | E
(N/mm?*) | (N/mm?) (N/mm?)
HodeE =785 =930 =0.05 —
4(P) 875 1052 0.13 200,720
D10 5(P) 871 1056 0.14 178,144
6(P) 859 1043 0.14 191,569
AVG 868 — 0.14 190,144
4(P) 872 1127 0.09 195,037
o13 |5(P) 872 1095 0.11 179,382
6(P) 859 1091 0.13 196,322
AVG 868 — 0.11 190,247
4(P) 805 1020 0.12 160,148
D16 5(P) 830 1029 0.15 190,864
6(P) 820 1017 0.12 187,761
AVG 818 — 0.13 179,591
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SD6854k 5% 4 4 B i B2 F (2013-2010)
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FrE Esa E, Ej/Esa
ACE JOINT i 226,076 | 216,844 | 0.96
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Frame Mechanisms
“strong column —weak beam”

4y 4 4

(a) Story Mechanism (b) Intermediate Mechanism (c) Beam Mechanism

« Avoid story mechanism
 Avoid joint failure
T IO s ol

e

Inadequate
confinement

&R

' Required Column Moment Strength

-:"';4:.{“ i‘i;‘“}

M+ Mt > 2 (M, + M

M ;‘;p Beam Section

M,

M bot
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Sway Right Sway Left

sl
it
Al

Figures courtesy of Jack P. Moehle
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M . +M?

prl pr2

Tl

6.1.1 &HEFT+ § &
F[Beam yielding JBeam yielding

(]
W, |

I]

Over-strength factor for bar f,

MFHTREER | SDA90LLT SD550 SD685
OB (R E a=1.25 a=1.20 a=1.15

000 005 010 0.15
Strain

020 025

60, 80, 100 ksi ZF&f Bl N 5l
e e Hh AR EEEL

160
---------------------------- - 140
------------ a— - 1 120
------------ =1 100 B
-------- - 80
R e R - 60
--------------------- - 40
--------------------- - 20

T T T T T T 0
0.00 0.01 0.02 0.03 0.04 0.05
Strain

Stress (k

1%FFIAIEEE(L > 5% EERIREP—1F
bEn4y 24 ksi (165 MPa) 5% strain
BNy 30 ksi (210 Mpa) F RS
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Database investigation

C! Qm Qf i + * SS90
Q- fr 13— .o -
‘E‘LQ * -__‘_—‘__‘__'_""‘-—-—.._ o+ *
4N = ‘01"“‘:-—-—-___ . » M — ¥
0, 6,6 L O sz 0| $
B . * - _‘_O_ﬂ_"—_‘ = ’_._______ v
n - Y * ‘E ‘t * o : ‘.‘ -_1__‘_“0_'_""3-
o + ’:: * * : .
L ct . . FE 5 : . s L * :
1 1 |. al ) ol 1+
300 oo 500 G00 700 00
QB Fyb
*XNn
SD290 SD390 SD490 SD590 SD685
fy,measured
MRHE & AT & mat 1.14 1.10 1.08 1.05 1.07
Hi [&| R 58 N Hirie 1.17 1.15 1.13 1.12 1.10
ORI [ o R Qo 1.35 1.26 1.22 1.17 1.18
2r- 2L 24
6. 1 2 3}3‘&’- —?. 3" 4 fw}: ) & (I) I/;z
<¢V,
6.2 BB A EBRA,
AR V, for f/ inpsi | V, for f{ inMPa |V, for ! inkgf/cm?
Eiim Y ET 20y/7.4, 1.67/f4; 5314
His
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s FROwEARBERG ZEFRF AT P
R R ARG LFALES o

c FRTFREIUVARERGER S V- BRIFE
TRV AR 2 W R 7 Fl &k i o

Effective joint co‘c’@
—h.* 5
area, Aj=bj*h @e‘b | XEE T o T
Effective joint width, b; ©
"\ (S5
) s
Reinforcement LA The transverse beam width
generating shear /! A is at least 0.75h to be
° ° /\~ considered confined

Effective Joint Area Aj = bj 'hj
bj = Dpeam + X1 + X3 < b,y

Hbx B mr # AR ARG EEEZIER(H63)  AALAMHE
B 0 X R AR F R Bheo/4 o [F i F A(2014)]

Joint effective area Joint effective area

21



:‘ﬂ BT 4 HE(/2)
e A5

B5 B3
Drift -4% Drift -4% Drift -4%

7 /jfﬁ/ Tl T

\/ﬁ \'/A//O TV (o e =2

)//}/ié?// 1, NAXi Ve

7 : o /
:jﬁl” i?f>< h /X ??% 7 /

/ ///; == // o =t2/ 4 S : y //3
e A T W T ’ =i
e B A By ]

- ——

T‘Q/ o - 140\9;5
™~ JMT

— N == — N — N==

227 215 215 207 227

A5 s N~ B [N

Drift £4% “‘)E@\ == Drift £4% ’Eg T =—r Drift+4% == 1=
s R 3t .

S NIy , |

.
L /<’T |
T
o) ‘\

RSPAL
i)ﬁ \\’\\ l\O\K b e .."
\ ., *

N N

)
AR //f( 7

=1 N




2.5 2 . :

Type| Int.(176) Type |[Ext.(145)

B 0

.......... BJ o

J °

o o0

jh,m 20 O

b.h.{f '

' Joint Shear Strength-Ductility Trends

“s" 'Experimental joint shear force, normalized to effective joint area#rfgi in MPa
* There is no J failures below the y-value of 15 for interior joints, but quite a few

below the y-value of 12 for exterior joints. (To be evaluated later)
2.5

Type] Int.(176) 2

jh,m

b, F.

1.25

Ductility 0,/60,

ﬁﬁm‘ .

h

. 'Obviously improved, but...

Ductility 6./6,,
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Seismic Testing for Interior
Beam-Column Joints

. -
- : \:‘,
| il _gd |

1500
1500 ‘ ‘ ‘ ‘ ‘ ‘ ) : ‘ ! ! !
C19 J-type plo 20 3 1200 B24 BJ-type ul 2 3
1200 Y ®ielding of beam bars | Qn ' of N[O OYielding of beam bars | 1 g 0 1021kN] 4
900 | @Yielding of joint ties 900 -|@Yielding of joint ties ‘ . '
®Maximum load ' ®@Maximum load ! )
P [ Y /7 Y =t = 600 {@Joint distorsion | 1) 4
2 6001 4 3 05 z Dlomntdistorsion ;. Wy 4 Los
o 300 o 300
= | s E i PO
g o 2« L 00 O 3 04 -00 O
< e} ﬁ g
7
<. -300 > 300 ! !
S 2 “fooes ERS PR g Y
? -600 < L 05 0 -600 +
-900 7 Yield 1251 2.60 1.00f 9007 V77 | Yield 1021 233 1.00| 4,
Max. -1228 -2.98 1.15 _|-1021k 1 1 Max. 1056 2.98 1.28|
1200 - L 10 -1200 , I
0 Failure 979 5.99 2.31[ s 5 ¢ Failure 845 6.48 2.78
1500 F——f—E———— — -1500 T —
8 -6 -4 -2 0 2 4 6 8 8 6 4 2 0 2 4 6 8
Story Drift (%) Story Drift (%)
1500 ‘ ‘ ‘ ‘ . 1500 — ‘ ‘ ‘ ‘
G -BJ-tvpe |- etk 15 ; T —_—___ [ L15
1200 A\24 BJ-type 12 1 1200 A24T B‘J-typé R
®Yielding of beam bars IJ; ! ; r 00 1 @Vielding of beam bars o M ; r
900 J@Yielding of joint ties__[=N__\_om 918N 900 |@Yielding of joint ties - |- — . R9KNY o
®Joint distorsion ! 4 ®Joint distorsion :
Z 600 {@Maximum load | < 600 {®Maximum load 1
< D S et 0.5
o 300 o 300 |
g 5§ & 5
0 g S o too 9
2 g 2 o
) n
> 3007 > -300 f o
S 7] --05 g e e Feooee F-05
& 600 & -600 7
-900 91-8RN ¢ ! Yield 918 2.35 1.00[ -1.0 -900 + —- - AQ", == Yield 929 2.37 1.00f -1.0
| Max. 938 3.81 162} I e e Max. -948 -4.00 -1.69|
12009 il I railure 750_6.87 292 s 2009 s 2 1 Failure 758 7.07 299|
-1500 +——fF——F——F— — -1500 +——F——F——+— e e ’
8 6 -4 =2 0 2 4 6 8 4 6 -4 2 0 2 4 6 8
Story Drift (%) Story Drift (%)
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WP B S T F
: 30
1 1st
1 <% C19 .
: —a— B2 Q Beam flexural capacity
L [ e ae A
0 T T T T T o AuT| J-ty c19
‘ | - | | = B24
th | LS : R ! = BJ_W\M A24T - A24
= 125 -~~~ R o Gy NG| 15 Y 0_ BJ-type
b.h [T, B G a e S &
B 7 AN . - Joint shear capacity
2
(7]
0 L I B B E A L R 0 > 6
0 1 2 3 4 5 6 7 8
Story Drift (%)

> RFET 4 SR R RET LR
PR S &Efr BT ACI R o2 He 2 i’e?ﬁ‘é‘f* 42ty ah
B iie™® 1R 5 R IREL FFTT’?: IVE
ﬁ;'JT‘ ’&_2%/%1 B A 4 9 gm e L e 4%-6% K

Trark

S Seismic Testing for Exterior
Beam Column.lomts
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Discussion of y value

Story Drift (%) S
o 1 2 3 4 5 6 7 8 ‘xﬁ%l'“ .
Y N RNV NI U N R N —— ¥’ S‘,.‘,‘
by~ a s
Envelope Curve vy =17.38 ~ x%,o’f'
Ash,ratto = 1.00 g

v =13.39
12 Ash,ratla = 1.00

v =9.45
) Ash,raﬂo = 1.00 sl
sl
0 — T T T T T T 17 0 ; |
0 30 60 90 120 150 180 210 240 ol
Displacement (mm) *.{ 0
Story Dirift (%)
0 1 2 3 4 5 6 7 8 1y \'f\
2 P PR NP RN SR RN RN R 24 :\*,\:.
e : %
=13.39 :
Y &Ndf;‘
il [ Ashratio = 1.67 *.‘ S
v, N o T T " v =13.39 4y
b A S, Ahratto =100 [ 5isss,

oy'l'l'l'l'l'l'l'o
0 30 60 90 120 150 180 210 240

Displacement (mm)
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Tension lap splice

AL Concluding remarks - effective joint depth

A Cat
V, =v4 fbh; (f/inpsi) or Al
| | 1
Y : '
V. =—_/f'b.h. (f'in MPa I ]
" 12 C”(C ) %| I 1
. T
y-values for special frame P o )
joints |
% Y =20 FIR TR SE I I
TP e [t
y=12 B9 8 90 W W O
00 S;IJ SIO 9%::'—;;2%20 1;0:%(;:‘;;0 240021
Displacement (mm)
(W 6.2 #FH I (34 HLIRFER)

BERERBELZERN  REMHEGEHAR

0 h’l4

h, 4

- 6d,

52 T 7T s0
i

6d,
15cm

|

hl
h,
l, 6
45 cm

[

AT

15em>s, =10 +(35;th > 10 cm

W ih 2 ol mAKA, R DI T AZAEME

A, =0.2sb.k,

P

0

l A !
fo %y >0.09sh, £

yt Ach yt

L (30+hX]
" ng—-2 50

f,, <800 MPa




ACI

BRIE—RHMHEFRFLEARVARLE
Z.3/4 s QIR R T @ RS REEE N
TERERVZIED  EHEENERLRILS
cm: BERMAEHBAEH 2 G aHEL D
%Lﬁﬁiﬁflshi* e

Story Shear, Q (kN)

-2 0 2

" Confinement Requirements

« Confinement reinforcement in
the direction of loading may be
reduced by 50% for the joints
confined two opposite faces.

2.5

» Ash is adequate for
exterior joints without
transverse beams.
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Modified Ash ratio

Loy > 0.75h,
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Barfy | SD420 | SD420 | SD550 | SD550 | SD685 | SD685
Ai i 0.10 0.25 0.10 0.25 0.10 0.25
e (psi) |fe (MPa)
4000 28 24 21 32 28 40 35
5000 34 22 19 28 25 35 31
6000 41 20 17 26 23 32 28
7000 48 18 16 24 21 30 26
8000 95 17 15 22 20 28 25
9000 62 16 14 21 19 26 23
10000 69 15 i 20 18 25 22
11000 76 15 13 19 17 24 21
12000 83 14 12 18 16 23 20
13000 90 13 12 18 15 22 19
14000 97 13 11 17 15 21 19
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fd fd _
(4 = \/VfJ \/ny (f.in MPa)
* Ty<420 MPa > 700 MPa £k R
* Minimum bar spacing 3d, > 2d, SR e
« f’c<42MPa » 70 MPa
O[O PN .72 ;
(ACI 318-14) , o Brerromis
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' Further study

* To develop a deformation-based model of the
degradation of the joint shear strength.

* In 2014-2015, we plan to test 8 beam-column-slab
connections made with HS reinforcement and concrete.

2014 2015
4 4
sﬁ

4
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Ongoing Test v
for Specimen
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Beam unit e Beam unit
i 5 === (LTI =
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Bl 6.1 iy E4ig 45 7 2 g 1 4 F KV, [Moehle et al. (2008)]
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262 BEFVIFERAY,

BEEpe V, for £/ in MPa V, for f! in kgf/cm?
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Joint effective area Joint effective area

OLERT IR T8 .4

Bl 6.3 ZE7F»<H A2 FA
6.2 &5 fa 5
R R OIEMRT 6 hl,2 PRI > RRFPHGLLE FEES FE (1) #
HEG B T B2 U4~ (2)6 B 8E S % (3)RF Es,=10+(35-h)/3 <15cm >
oM NP S AP AR L 2 ¢ RN R P AZiE 35 eme iR R R K R LA

B S REA 10cm 1 15¢em -

AEEMARTE B flo2 P RIN 0 BB L 552 RS2 BT AP T

c™n
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e a5 A, =02sb.k P A but not less  0.09sh, :° [Hwang et al.]
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op =1+—= (Al)) or 0.95+0.

gfc
1.0 < «p < 1.25
F k! = 15f MPa = 18/f! psi = 477! 24

cm?
(R FH A &k )
#eb ik oo Vg SR AR

% 6.3 BRI HPLE S 2 bl JUER

Barfy | SD420 | SD420 | SD550 | SD550 | SD685 | SD685
: 010 | 025 010 | 025 | 010 | 025
Agf!
fe (ps))| fe (MPa)
4000 | 28 24 21 32 28 40 35
5000 | 34 22 19 28 25 35 31
6000 | 41 20 17 26 23 32 28
7000 | 48 18 16 24 21 30 26
8000 | 55 17 15 22 20 28 25
9000 | 62 16 14 21 19 26 23
10000 | 69 15 13 20 18 25 22
11000 | 76 15 13 19 17 24 21
12000 | 83 14 12 18 16 23 20
13000 | 90 13 12 18 15 22 19
14000 | 97 13 11 17 15 21 19

DIEENA A HE Y o b4 520 0.10-0.25A,fFF 5 MIEPIE o
6.3.2 % i BRI ER
30 ACI 318 ity Aot B2 i B L g 23

fd fd
¢, =0.016 === (f/inpsi) or 0.192—2 (f’in MPa)

. Jr
EAFTBGERYFRERE > Py A R o WP New RC # i@ * L8

ém’ﬁ%piﬁﬁﬁawm'*/ PTGk BB DR
1. 4k 55 2R 2 "% R & f, 7 (F42:F 700 MPa (10,000 psi) °
2. P Ear L ARer 2 \[f) 57 7 428 /10,000 psi - [ {7 ACI 318 i

O gy T A S W B R R AT Y 2 \/f_c’ BEE AT AL 1/61000 psi ]
3. Gy T ERA4E S5 2 R EEA (B0 2dy o [ 17 ACI318 %%@ 2 A 53 3dy)]
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LD (WARNEZE T 4R)

ACI Committee 318, Building Code Requirements for Structural Concrete (ACI
318-14) and Commentary, American Concrete Institute, Farmington Hills, M,
2011, 520 pp.

+ 22 ErwinLim, $#2, 22, "% SRE KBo R REFZ AT AR
R BHa A 29(2): 5-23, 2014,

Lee, H. J.*, and Hwang, S. J., “High-Strength Concrete and Reinforcing Steel in
Beam-Column Connections,” Structures Congress 2013, ASCE, Proceedings
ISBN: 978-0-7844-1284-8, American Society of Civil Engineers, Pittsburgh,
Pennsylvania, United States, May 2-4, 2013, pp. 1606-1615.

FEE A CRRESFLE S, TFRAHSRRI DHBFT S B AR
P B BT g ¢ w4F 4 > NCREE-14-008 » & #* o

Lee, H.-J.*, Chang, J.-R., and Hwang, S.-J. (2014), “Experimental Investigation and
Database Construction of Seismic Performance of New RC Exterior
Beam-Column Connections,” The 5th Asia Conference on Earthquake
Engineering, October 16-18, 2014, Taipei, Taiwan.
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New RC BB+ MzHEE

iz B < BEEREE IRAS R
Aggregate Interfacial Bulk

Transition Zone Cement Paste

1= 5 J2 5l e s New RCERSK e e
&dE, March 25, 2015

New RC &zt T MiFHZEHIE =
RISEE

1. (ERMESMEERE K
- HRESBEERTIPHAKER—KREBERIRENZ K7/
MBS LMY - AN ENESXRKEEERITRIRENE -
EURKE (ORKERRI0% ) ~ WRYRE - BRIMARABGE
he G B 2 KSR KB B £ -

2. FR{EKEBLE

- R rESEVERLTP50nmIERIEIS - KIBELRSZEH]7£0.3811
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i BIIEBAR National Taiwan University,

New RC &z T MiHEHIE =
- RICEE

3. EREAEYER
—  HeBAEYHBEELERETE ol 1£6000cm?/g#]15000cm?/g LA
Bk - 12040 EHEAE AR - BAmERK « BAH A
- AR K - BAAKAMNE - HBEEYEBEERBES ME
EUE M IE - BRI/ ) - BEAMAWEEEREE - WEEIET R
TP AAMAYZERR - WIRRIENC-H-SBEE = - REER LT

fLIR=R - BINHEE - g

1= 5 J2 5l e s New RCERSK e e
&dE, March 25, 2015

|
New RC &zt T MiFHZEHIE =

- BEERME

Transition zone with
large CalOH), crystals
and ettringite needles

1. FEORBTHNREEAK e hme
B - KR mwicth B EE

25 -
2. HC,S, C,SKC,AKIER A
ettringiteEACH Bulk cement

3. ERBwc ERESEEE
BASIE - RS ILINES
. BCH2AREYR - EETA
REBMNER -

4. C-S-H, CHEettringite£4& 7t
{poor structure. [+

30-50 microns
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B EBA% National Taiwan University

New RC }E);E:t*a‘ﬂ?"’%lli

- BEEMEREE
REFHEEERTI TEBRERHN
an,“nEﬁF SEN 7= -

Kie+® | 4 f 2 S+
7K1 g K2 gl
3 t, t,
7515? » W+ A > Rt
iy t4 . t t3 Sy
A A T - 2
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K3 t t w s i
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=5 JZ S B B = New RCEL KR E

&dE, March 25, 2015

New RC &zt T MiFHZEHIE =

- BEEMEREIE
EcEEEB RS (HZ=a 1t L&, 15000psi)

e 7J<5E3 n:‘-‘:ES ﬁw3 697»73 ?rﬁﬂﬁl?ﬁ*: A 1=1‘I’r: H§7}<§; 3&2&"&? H?;HEEB
(kg/m”) | (kg/m”) | (kg/m") | (kg/m") | (kg/m") | (kg/m") | (kg/m”) | (kg/m”) | (kg/m")
12K-20 400 200 50 851 692 165 14.3 20
12K-15 400 200 50 851 692 165 14.3 15
12K-10 400 200 50 851 692 165 14.3 10
12K-5 400 200 50 851 692 165 14.3 5
12K-0 400 200 50 851 692 165 14.3
10k-20 400 170 50 851 720 165 13.6 20
10k-0 400 170 50 851 720 165 13.6
8k-20 350 140 70 838 777 165 8.96 20
8k-0 350 140 70 838 777 165 8.96
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New RC &zt £ MitHZEHI ER

- BEEMEREE
AcLEE R A (HZ=a1bmLUES, 15000psi)

El—Rg5@fE SCC =5l

1. HMEFE220~240% ( B—AZRSCCR60# )
2. BEZEEARMZIE (BR—HIRSCCEH2A)
3. B/SEUHERRTE24m3 ( ER—ARSCCIEZI10m3)
4. EEEE
st T E mE ER2E UBIFIR Vil S}
°C cm % cm sec
25 65 2.6 33.5 15

\
A B . . : ) =haE R L New RCEX RS
B E8 X% National Taiwan University 24t March 25, 2015

A |
New RC j&st L MiEHIE =

. HIREE
160

100MPafigiE 5t + 1 Ex3a
[E ¥ FERTRME B T IR

Concrete Strength (MPa)
3

y =5.7307x°%° , R®=0.79

40 @ 160 200 240 280
Strength (MPa)

A. Kilic, C.D. Atus, A. Teymen, O.Karahan, F.Ozacn,C.Bilim,M.Ozdemir,”The influence of4]4regate type on the strength concrete”, Cement and Concrete Research”,P290-296,2008.
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Ml |
New RC i@ izl E =
. HURMEE

EEWET S FEX

T HEZEE MR 7K 2= MEREE

(g/cm?) (%) ( N/mm?2)
ZlE 2.62 2.55 190
BEEWE 1 2.65 0.44 315
BEBWE 2 2.72 0.68 164
AxE 1 2.68 0.92 113
AXE 2 2.69 0.49 116
AERE 2.61 0.92 262

|
o : . : . = 5 J2 #f e e = New RCEEZR K E
B EB AR National Taiwan University 4t March 25, 2015

: \

New RC i@ T EHFERERE
. HIMNRE

1. HIRERE

2. HIRERE
3. MNSKERZTEE
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B 2B A% National Taiwan University
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&dE, March 25, 2015
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New RC

New RC

1 BUE

|
BAR National Taiwan University

et T EEH

LR =
REA - B - BREUX (EEE - KRESFMWEM ) RIERKIR

ARG EEESE
BRI E HRER

— N N=D
. _BEXKR

Sample: HEES Sample: EEES 325
Compound [Value Unit Compound |Value Unit
Si02 84.917|% Si02 83.988(|%
AI203 13.629|% ARO3 13.961|%
Fe203 545|% Fe203 7.107|%
Ca0 0% Ca0 0|%
MgQ 1.396|% MO 1.731|%
SO3 0.349|% S03 0.346|%
K20 1.628|% K20 1.653|%
Na20 0.721\% Na20 0.752|%
P205 0.064|% P205 0.056|%
Ti02 0.643|% TiO2 0.74|%
S0 0.027|% S0 0.022|1%
MnO 0.08|% MnO 0.133|1%

B E8X% National Taiwan University

e T EEH

RIS (bt B AR RE

MIBHE ( MAfc= 90MPaZ Al )
1. B&E8#EL0 > 100MPa -
2. B HEFEEE<30% -
3. Hftiksl HBcEbERRIRHERE
160 -
__ 140 4 .
&
f—- 120
2
£ 100 -
% 80 100MPafty B EL & &
§ FEEEE IR
© 601 X y =5.7307x°% , R*=0.79
40...®. .......
40 80 120 160 200 240 280
Rock Strength (MPa)
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EEHER

Abrasion (LA %)

=58 2 8 A et New RCEZR B E
&dE, March 25, 2015

RIHEREEER  2uiisictEERE

Sample: EEEL 212

Compound |Value Unit

Si02 85.826|% Si02 9.23|%
A203 11.542|% AlRO3 2458|%
Fe203 4.458|% Fe203 0.224|%
Ca0 0|% Ca0 86.254|%
MzO 1.042|% M:zO 0.892|%
SO3 0.317|% SO3 0.184|%
K20 1.308|% K20 0.119|%
Na20 0.951|% Na20 0.093|%
P205 0.054|% P205 0.026|%
TiO2 0.54|% Ti02 0.082|%
S0 0.028|% Sr0 0.111/%
MnQ 0.097|% MnO 0.028(%
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Objectives

ACI 318-11 and Taiwan (2011) Codes

Straight Development length in tension (unit : SI)

f
- A =091 g

l P ¢ ~ Y .
7[+ usd, JE [tk

Limitations for Equation

— . . S S S S S S S e e

y = 412 MPa /K _40A, \
. = 70 MPa

I
I
I
c, + K, ! ATy
K =
§ 10< )32.5 I\ " =70 38n (Taiwan, 2011)
m

A

12.1.2 — The values of Jf used in this chapter shall @
not exceed 100 psi. From 1989 .
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! Parameter of Threaded Rebar

Relative Rib Area RE

Height of ¢
rib h,

Sbaciné o]
rib s,

| eeTile Ales] B
slieal dled ™ s,

Force

Data
Measurement

> Step
. ——— Loading Protocol
Frame = Loading Procedure
1400 ) il
A Lm = 7 J:Ick Load
; X d,jost Cell
I -
: { Specimen
Kl 2 = o= l : ! B s
450 |1 v L |
mm Em—
lllllllll — "._-
: IS |
I I
m 1! 1000 mm H 1000 mm L @
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Design Variables of Specimens ()

1-D25 for 160 mm

1-032 for 160 mm Unbonding Zone Unbonding Zone
2-D25 for 230 mm 220 mm L, region
2-D32 for 260 mm — Bonding Zone

| T c=40mm

I

S, = 3d, 1400 mm E mm

Design variables :

1. Bar size : D25, D32

2. Number of bars : 1, 2-(3d,)
3. Lytest / Ly gem - 0.6, 0.8, 1.0
4.h /s, :0.126,0.143

5.f. : 70 MPa

J3}DN

Design of Specimens (1)

D. Length |Ratio

Width| dpp | dbs fe' fy c Sh Se Kir
(mm) [(mm)|(mm)| (MPa) |(MPa)|(mm) = (mm) [(mm)[(mm)|Ld.dem| Ld,test ﬂ
(mm) (mm) Ld,dem

0 |200(25.4| 762 | 750 | 0.98
0 |200|25.4] 762 | 600 | 0.79
0 |200(25.4| 762 | 450 | 0.59
100 |50.7| 762 | 750 | 0.98
0 |200(|25.4| 966 | 950 | 0.98
0 |200]25.4] 966 | 750 | 0.78
0 |200]25.4] 966 | 600 | 0.62
96.6 | 100 |50.7| 966 | 950 | 0.98

Spec.

BE1| 160 | 25 |12.7| 70 | 685 | 40
BE2| 160 | 25 |12.7| 70 | 685 | 40

BE3| 160 | 25 |12.7| 70 | 685 | 40
BE4| 230 | 25 |12.7| 70 | 685 | 40

BE7| 160 | 32 |12.7| 70 | 685 | 40
BE8| 160 | 32 |12.7| 70 | 685 | 40

LW W]

BE9| 160 | 32 (12.7( 70 [ 685 | 40

(ORI IV N N I NI (R N
\l
o
(§)

BElOI 260 | 32 (12.7] 70 | 685 | 40

m Depth : 300 mm
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Design Variables of Specimens (ll)

450
mm

J3j}DN

|
|4

1400 mm

L4 region
Bonding Zone

N (R —

Design variables :
1. Bar size : D32, D39
2. Geometry : Thread, Plain
3.1, : 70,100 MPa
4.1, : 280, 420, 785 MPa
5. R=h,/s,:0,0.13,0.16, 0.18

Design of Specimens (ll)

D. Length | Ratio
SEe Width| dpp | dbs fe' fy fyt Ch Sq Kir L
pec. (mm) [(mm)|(mm)| (MPa) |(MPa) |(MPa|(mm)|(mm)|(mm)| Ld.dem | Ldtest | —dtest

(mm) (mm) I-d,dem
SP1 ]| 160 | 32 | 13 70 685 | 420 | 77.8| 180 [28.2| 945 | 950 | 1.00
SP2 | 160 | 32 | 13 100 | 685 | 420 |77.8|180|28.2| 945 | 950 | 1.00
SP3 | 160 | 32 | 13 70 685 | 420 | 77.8| 150 | 33.8| 945 | 500 | 0.53
SP4 | 160 | 32 | 13 100 | 685 | 420 | 77.8| 150 | 33.8| 945 | 500 | 0.53
SP5 1160 | 32 | 13 70 685 | 420 [77.8|175(29.0| 945 | 750 | 0.79
SP6 | 160 | 32 | 13 100 | 685 | 420 |77.8|175[29.0| 945 | 750 | 0.79
SP7 ] 160 | 39 | 13 70 490 | 420 |77.6|188 |27.0| 813 | 800 | 0.98
SP8 | 160 | 39 | 13 100 | 490 | 420 |77.6 188 |27.0| 813 | 800 | 0.98
SP9 | 160 | 32 | 13 70 490 | 420 |77.8|183 |27.6| 676 | 600 | 0.89
SP10| 160 | 32 | 13 100 | 490 | 420 |77.8|183 |27.6| 676 | 600 | 0.89
SP11| 160 | 39 | 13 70 490 | 280 |77.6|180 |28.2| 813 | 950 | 1.17
SP12] 160 | 39 | 13 100 | 490 | 280 |77.6|180|28.2| 813 | 950 | 1.17
TD1 | 160 | 32 | 13 70 685 | 785 [ 77.8|170[29.8| 945 | 950 | 1.00
TD2 | 160 | 32 | 13 70 685 | 785 | 77.8/170/29.8| 945 | 950 | 1.00

rnapth : 450 mm
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Actual Concrete Strength

Specimen

BE1~BES3
BE4
BE7~BE9
BE10

J3}DN

f.’, Testing Day

(MPa)
64.3

62.7
90.9

91.8
80.4

110.6
84.8

110.7
90.7
106.2

Specimen

P 1

Only BE1-BE4
f,’ = 70 MPa

f.’, Testing Day
(MPa)

93.8
109.0
86.6
106.4
91.4
102.3
71.8
71.8

Actual Reinforcement Strength

Group Spec. Name

. BE1-BE4
Series

(0 BE7-BE10

SP1-SP2
SP3-SP4

SP5-SP6
Series

(11 SP9-SP10

SP7-SP8
SP11-SP12

TD1-TD2

I
m

Bar
Size

D25

D32

D32

D39

D32

Type
SD685

Hot Roll

SD685

Hot Roll

SD685

Hot Roll

SD685
Milled
SD490
Plain
SD490

Hot Roll

uUSD685

Hot Roll

h, S Relative  Yield Ult.f,,
(mm) (mm) of Area, R, f,,(MPa) (MPa)
1.44 10.0 0.143 738 932
1.50 11.9 0.126 742 966
1.56 11.88 0.131 710 924
2.21 12.06 0.183 716 e
221 12.01 0.184 e 971

X X X 503 698
237 1438 0.160 534 701
222 12.34 0.180 693 925
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! Test Results - Strength

X #10-8D490 )& & -Rr = 0
W#10-SDG8O AL 4L T ALAF -Rrm 0,127
W#10-8D600 # 4L 37 ALA-Rr = 0.132
@#12-8D490 % 438 A ffi-Rr = 0.160
+#10 -UBDOBO AR 4L IR A i -Rrm= 0.160
A#10-8D6B0 AL AXFi-Rrm 0,183

77 (fea' = TOMPa) |
0

i m) U

fi-Rra 0.

[510.8D685 8 91,4 6% f-Rr = 0.163 ) :
N#10.8D68 4 5 4k 6xfh-Rr m 0.184 A#10-SDOBEALAF 4R AR AT-Rrw 0.184
1.2 1.2 T
+
. (K ‘:. 1 4
Q’ 0.8 o A 0.8 4 &&
hé 0.6 o 0.6 4 A
f 0.4 A X 0.4 - o« X
0.2 + 0.2 -
0 r r Y Y Y 0 r r r r r
0 0.2 0.4 0.6 0.8 1 1.2 0 0.2 0.4 0.8 0.8 1 1.2
Laa,test / Laa,imt L da,test / Lga,unimt
T Limit for f’ = 70 MPa No Limit forf’ = 70
[
Bond Stress
rd,’
x f
A, x T 4 "
u e S OO N S ——
' fcla d 1~2.5)f.
- b o ( : ) ca
p 3.6 3.6

=,
@
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! Bond Stress

1Ea u test o u test/u dem
0 Al ., A
%.Ei Y. ] XRrmQ
t.a B.'_g 1.2 - $— "R = 0,128
0 1.0 R = Rr = 0,132
.0 g 0.8 _eat” : oRr = 0,143
’4.& 0.6 il oRr = 0,160
3.0 o S ! oRr w0177
2.0 % X "] +remois0
1.0 0.2 i ARr = 0,183
e 0.0 tetmtonbonbentontontonbentenkobesbesbesbeslentend = ARrw0,184
0.000 0.030 0100 0150 0.200 0 005 01 015 0.2
Relatlve Rlb Arsa (R,) Relatlve Rlb Area (R,)
ﬂ'd - . Cb - Ktr
= AXxI 4b x1, fe [ d, J = 2-5)\/f7§a
Uger = = = =
wxlexle o 091 %0, 3.6 3.6
& 6 +K
f b tr
u == &
Bond Stress
1.4
y =4.8761x+0.3312 A
1.2 R2=0.9238 l
A
1.0
E z
= 0.8
w —
-5}
S 04 ,,,.ff"’f
0.2 1
e 0.0 L-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—L
0.000 0.050 0.100 0.150 0.200
Relative Rib Area (R,)
m Gl
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Test Results — Splitting (1)

cp + Ky,

Specimen dp
(np=1) Top Side Top Side
cover cover cover cover

Splitting

BE1-BE3 ,3.64 4.22 |
BE7-BE9 /294 3.29 | |
BE1 — Bf BE7 — BE9

Test Results — Splitting (1)

Cb + Ktl'

Specimen dy, Splitting
(np =2) -
Top Side Ba_r o | Sk
cover cover spacing
BE4 464 463  4.03
BE10 3.73 3.65 3.58

02 W~365 isaupper bound for splittin
[ d. J PP plitting  G&ff)
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Test Results — Splitting (1)

Cb + Ktr

d, Splitting
Specimen _ _
Top Side Top  Side
cover cover cover cover
SP1-SP6 336 3.43 | |
SP7 — SP8
E I o] e I R

SP1-SP6

SP7-SP8, SP11-SP12

a... Cb + Ktr ~ 3_65

8 s a upper bound
for splitting

i

Test Results — Splitting (1)

Cb+KtT

dp

Top Side Top  Side

cover cover cover cover

TD1-TD2 3.34 341

Splitting

Specimen
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Interim Proposed Bond Model of

—h

Threaded Rebar within HRC

Development length in tension

ollowing ACI 318 code (unit : SI) Limitations for

o fom AV b 7.V

fy 1

\/TC' Cb + ktr

|, =0.9 d,

o el e e e
Spacing of
rib s,

Bond Equation

(*'f, < 685 MPa )

+ f,, < 420 MPa
. f. < 100 MPa

L IR
db
f
K, = h
\ 10.3sn

10= =729

&P

Summary (I1)

3

i EEEA SBARLEY

Taiwan Concrete Institute

Taivan Canerere beatituie

48 AR SEL A AR

Steel bars for Concrete Reinforcement

R 22 M A o G FE R4 5
5B 0 v A 55 AERED2201
BLiaE 8
U &4 S ALEAD2202 F > H 2 g R T
ol F @2 E § T 35 2 18% o

ot H S EET aE 2.10% ;

—SDS50W - SDG85 ~ SD785

4 BOEMBZRTAR - BUER - BREAEROZREE

]

e Wi | B | EpEs i B R
HE | Bz | om | BR e
B it E) H—EREE
FLhEEETARLAEER RS " (W) (d) (5) £ EiE T B
s BrE | ®OME BRE ®
£t ® (k) fi:s) mm
Ea | o kg'm mm mm? mm mm mm mm
D13 | 4 | 08e4 | 127 1267 ) 64 0.8 13 5.0
B E R R -
) DI6 | 5 | 136 | 159 198.6 50 80 10 17 6.2
s AWE -
N D19 (] 2125 121 2865 60 06 12 20 75
# ¥R #LE -
- = 5 > aaud 28 D22 ERCY 22 3871 1] 11.1 13 22 8.7
E 3 A: 74 iy £ 4
_ D2s 8 308 254 506.7 20 127 16 26 1000
Risd AR BTR i
D | o | sos | 287 | 6469 %0 144 17 28 113
BE R W R
. - D 10 | 630 | 322 | 8143 101 161 19 32 126
RER Nits HLE
o - D36 | 1 | 790 | 358 1007 13 179 Y 141
Bk as
D30 | 12 | 957 | 304 1210 124 197 24 40 155
MEME TN (sasegas) - -
D43 | 14 | 114 | 430 1452 135 215 42 169
WEEWAELRE
Dso | 16 | 155 | s02 1070 158 251 30 50 197
D 138 02 573 570 180 17 35 58 s I
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Design Variables — 2014 Y.

SALIEAETIRE - SELSRBU C, ETTHRE

_ D. Length
Specimen db,b h, Sy I:zr,ave fe' fy fyt Cb,top Cb,side Ss G Ktr [P .
Name (mm) (mm) (mm) (h/s;) (MPa) (MPa) (MPa) (mm) (mm) (mm) d, (rﬁm) (n{m)
D25C4F56 56 384 821 750
D25C4F8-V 80 70.7 : 687 750
D25CAF10 25 2.03 10.4 0.194 100 80 614 750
D25C7F8 80 100.7 4.21 687 750
D32C4F56 56 1050 750
D32C4F8-V 80 74.2 3.11 879 750
D32C4AF10 32 228 133 0.172 100 80 286 750
D32C7F8 80 104.2 3.29 879 750
D35C4F56 56 1149 750
D35C4F8-V 80 75.7 2.89 961 750
D35C4F10 35 246 14.0 0.176 100 685 785 80 200 860 750
D35C7F8 80 105.7 3.01 961 750
D38C4F56 56 1247 750
=D38C4F8-V 80 77.2 2.70 1044 750
‘D38C4F10 38 272 15.2 0.178 100 80 933 750
r D38C7F8 80 107.2 277 1044 750
mm D41CAF56 56 1346 750
# D41C4F8-V 80 78.7 254 1126 750
nD41C4F10 R e 100 80 1007 750
D41C7F8 80 108.7 257 1126

750 9

I Cross section of specimen : 160 x 450 mm

Verification Test Results

X#10-80490-Rrm O
m#10-8D686-Rr m 0,132
@#12.80490-Rr m 0.160

W#10-8D685-Rr m 0,127
¢#e -8DGBE-Rr m 0,143 (foa' < TOMPa)
<#8 «8D6BG-Rr m 0.177 (foa' = TOMPa)

J3AON

o

o

b Y
g -
=

o

+#10-USDG8S-Rrm 0,180
4#10-8D688-Rr m 0,184

A#10-U3DGES-Rrm 0172
+#12.USD685-Rrm 0178

A&#10-8D685-Rr m 0,183

@#8 -UBDGBS-Rrm 0,194
@#11-U3DG83-Rr m 0176
©#14-U2D685-Rr m 0177

1.4
1.2 -

1 -
0.8 -

0 02 04 06 08 1

1.2 14
Ld.test / Lda.unlmt
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Verification Test Results

18 = — !
1.6 | =rr=0.126 -
mRr=0.132
14 +Rr=0.143
& 1.2 | eRr=0160
T aRr=0.177
S 1.0 | ‘rr=o.180 ,
e aRr=0.183 '
E 0.8 aRr=0.184 ]
0.6 | m#8-UsSD685-Rr=0.194 :
=S 0.4 | A#10-USDGBSRr=0.172 :
' @#11-USD685-Rr = 0.176 ]
0.2 | +#2USDESSRr=0478 R = (17 —
0.0 &#14-USD685-Rr = 0.177 0.

0 0.05 0.1 0.15 0.2 0.25
Relative Rib Area (R)) @

J3R}DN
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