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ACI 318-19 TR S RIZIERE Y,

Grade 40 or Grade 60 1.0

Reinforcement Grade 0 115
grade v,

Grade 100 1.3

» Modification in general development length equation 25.4.2.4(a)

3 fy lptlpelpslpg
40 A\/— (Cb + Ktr)

» Provision 25.4.2.2, Ktr> 0.5db for fy= 80,000 psi, if longitudinal bar spacing < 6 in.

fd_

dp = 12 in. (#=4])




ACI 318-195,%?133%?)‘_ Q'F'é'i:-%)

(f¢ and f,, in psi)

No. 7 and
larger bars

No. 6 and
)=1.5 Spacing and cover smaller bars and

deformed wires

dp

Clear spacing of bars or wires being
developed or lap spliced not less
than d,, clear cover at least d,, and fylptlpel/)g fy¢t¢e¢g
stirrups or ties throughout £, not less dp dp
than the Code minimum 251 fc 204/ f¢
or
Clear spacing of bars or wires being
developed or lap spliced at least 2d,
and clear cover at least d,

3fy¢t¢e¢g 3fy1/Jt1Pel/Jg
501/, 400,/ £

Other cases




ACI 318-19 #higy , Z3EH

» Canbay, E., and Frosch, R. J., 2005, “Bond Strength of Lap-Spliced
Bars,” ACI Structural Journal, V. 102, No. 4, Jul.-Aug., pp. 605-614.
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Test Bar(s)

—

Moment Diagram ~ v

Test bar placed under

varying moment.

T Test Bar(s) T
. - R
/ Test bar placed under R“‘x
conastant moment.

Moment Diagram

dx

: Hydraulic Load . Test
React
eac\c:n ..i.. Ram CVHDS Bar
Concrete
Stub Beam
IJ'_.
|
Reactions

Strong Floor

ASTM A944 Standard Test
Method for Comparing Bond
Strength of Steel Reinforcing
Bars to Concrete Using Beam-
End Specimens

& 5 25 @ Thompson, M. K. (2002). The Anchorage Behavior of Headed Reinforcement
in CCT Nodes and Lap Splices. PhD. The University of Texas at Austin.
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Design Parameters

PR 1000 mm

A 4 v

1= = = -
1)
A

mm
490 mm

450 mm

Specimens : 20

1. Bar size : D32

2. Geometry . Deformed bar (Parallelogram, Diamond)
3.f.7: 28,49 ,70, 85 MPa

4.1, : 420, 550, 690 MPa

5. f,, 1 420 MPa

6. Splitting index : 3.87, 4.92




'Design Parameters of Specimefis

|"|"|I BF100F69S75DE-BC

. fc’ fy db Rr Cb,s Cb,t Ss (Cb + Kt?‘) Ld,14 Ld,test
Specimen (MPa)|(MPa)|(mm) (mm](mm)|{(mm) 4, (mm) | (mm)
BF28F42S150DE 28 | 420 | 32 [0.097]| 90 | 90 [150| 3.87 730 | 450
BF28F55S150DE 28 | 550 | 32 [0.094] 90 | 90 [150] 3.87 956 | 600
BF28F42S150Di 28 | 420 | 32 [0.154| 90 | 90 [150] 3.87 730 | 450
BF28F55S151Di 28 [ 550 | 32 [0.133] 90 | 90 [150] 3.87 956 | 600
BF49F42S150DE 49 | 420 | 32 [0.090] 90 | 90 |[150| 3.87 607 | 450
BF49F55S150DE 49 | 550 | 32 [0.097] 90 | 90 [150] 3.87 795 | 600
BF49F42S150Di 49 | 420 | 32 [0.145] 90 | 90 [150] 3.87 607 | 450
BF49F55S151Di 49 | 550 | 32 [0.138] 90 | 90 [150] 3.87 795 | 600
BF70F42S150DE 70 | 420 | 32 [0.087] 90 | 90 [150] 3.87 578 | 450
BF70F55S150DE 70 | 550 | 32 [0.094] 90 | 90 |150| 3.87 757 | 450
BF70F42S150Di 70 | 420 | 32 [0.134] 90 | 90 |150| 3.87 578 | 450
BF70F55S151Di 70 | 550 | 32 [0.130]/ 90 | 90 [150] 3.87 757 | 450
BF85F55S75DE 85 | 550 | 32 [0.099] 90 | 90 | 75 4.92 757 | 450
BFS85F69S75DE 85 | 690 | 32 [0.102] 90 | 90 | 75 4.92 950 | 450
BF85F55S75Di 85 | 550 | 32 [0.121]/ 90 | 90 | 75 4.92 757 | 450
BFS85F69S75DE-BC 85 | 690 | 32 [0.101] 90 | 90 | 75 4.92 950 | 450
BF100F55S75DE 100 | 550 | 32 [0.093] 90 | 90 | 75 4.92 757 | 450
BF100F69S75DE 100 | 690 | 32 |0.095| 90 | 90 | 75 4.92 950 | 450
BF100F55S75Di 100 | 550 | 32 |0.136] 90 | 90 | 75 4.92 757 | 450
100 | 690 | 32 |0.099] 90 | 90 | 75 4.92 950 | 450
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Test Results with ACI 318-14
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ef f, unlmt — dunlmt
7 Ry imt P, ¢ Ld 31814
f! <100 MPa 1
C(Cb + ktr) L _ 09 fetels
1.0 < g < 492 d,318-14 A (Cb + Ker aci 318) b
b dp
ACIl 318-14 Model
2
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Test Results with ACI 318-19

R Ptest R Ld test
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1.0 < a, <25 ,318-19 A/ (Cb +KtrACI 318) b
dp
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100 Z % 1.3 y,ly
X g 3
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30 cm
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v, =1.00 7#EMH f,<4,200 kgf/cm? [420 MPa]si N \
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RC2 MEfimSHIOREBIERE - £, BfiI : cm

, 5 57 SR 82X
Iy Je w3 wma  ws  we  #7 #8  #9  #10 #1
kgf/cm?® kgf/cm?® D10 D13 D16 D19 D22 D25 D29 D32 D36

FEKEIERE « —ARAUMAD * €5t other

280 47 63 79 94 137 156 177 198 220
350 42 56 70 84 122 140 158 177 197
4200 420 39 51 64 77 112 128 144 162 180
560 39 44 56 67 97 111 125 140 156
700 30 40 50 60 8 99 112 125 139
280 72 96 121 145 210 240 271 304 338
350 65 86 108 130 187 214 242 272 302
5600 420 59 79 98 118 171 196 221 248 276
560 51 68 8 102 148 170 192 215 239
700 46 61 76 92 133 152 171 192 214
420 83 111 139 167 242 277 313 351 390
560 72 96 120 145 209 240 271 304 338
7000 700 65 86 108 129 187 214 242 212 302
840 59 79 98 118 171 196 221 248 276
980 55 73 91 109 158 181 205 230 255
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420-550 MPa il 5 Z eRIE1ERE R

(b 47 = RF
MO RBEEEREE (cm)
5, £ w7 | #8 | #o | #10 | #11
wiem® | kgt | D22 | D25 | D29 | D32 | D36 |
280 | 137 | 156 | 177 | 198 | 220 4/ T R |\
4ooo | 350 | 122 | 140 | 158 | 177 | 197 ﬂﬁﬂﬂ = EJ’//{E4
420 | 112 | 128 | 144 | 162 | 180 267T/kgIE &
560 | 97 | 111 | 125 | 140 | 156
280 210 240 271 304 338 l
ceoo | 350 | 187 | 214 | 242 | 272 | 302
420 | 171 | 196 | 221 | 248 | 276 A7 AR A (7T
\ = JU
560 | 148 | 170 | 192 | 215 | 239 IR (70)
f, £ #7 #8 #9 | #10 | #11
wton® | kgt | D22 | D25 | D29 | D32 | D36
280 | 100 | 149 | 215 | 304 | 418
 (E4E e %2 /N %0 350 | 89 | 134 | 193 | 272 | 374
BBz aRT 25?4200 420 | 81 | 122 | 176 | 248 | 341
560 | 71 | 106 | 152 | 215 | 295
280 | 166 | 248 | 358 | 505 | 694
ccop | 350 | 148 | 222 | 320 | 452 | 621
420 | 135 | 203 | 292 | 412 | 567
560 | 117 | 175 | 253 | 357 | 491




%23)%‘7<¢Eéim‘ltszilz%ﬁﬁ1§u (P,=0.504,f")

< B 110 cm x 110 cm ~ % 3+ f) =42 MPa (420 kgf /cm?)

56 igBZ (SQ)420) 56 Sz D32 (SD420) 4437 D32 (SD550)
EHLE 3.8% EA5EE 3.8% E/tE 3%

a5 D13@10 cm  fye =420 MPa (4200 kgf /cm?)

sh 11 11
=0.010 Dsh _ — =
5. b, —0.0187 sb, =0.0137
fe
= 0. — = 0. c
= 0.09% - = 0.009 > 0.09L & 0.2k, —22— = 0.0125 -0.0127
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(MPa) Y Eg
420 0.00210 0.0126 0.0252
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690 0.00345 0.0138 0.0275
E; = 200,000 MPa
0.00249 0.00343 0.0142 0.0283
1000 J [ 1] 0.01271 1 0.0247 I
goo{ Il | | S
600 - B +' e e o B o s i R
400—- Legend
- 550-11R
200 ——— 420-11R
0
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Gerr = 0.2E; (Elwood and Eberhard 2009 recommended)

A, = gAg (retangular sections)
dbf:e,zmax 1

8E,u (d—c)
u=1,/f'c MPa (Lehman and Moehle 2000 and Sezen and Setzler 2008)
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pas 004 008 012 0.6 0.
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To, D. V.; and Moehle, J. P., "Special Moment Frames with High-Strength Reinforcement--Part
1: Beams," ACI Structural Journal, V. 117, No. 2, 2020.
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0.06- 006
-SBHGO ,’, —— SBH6O
005 _sBH100 4 T — sonoo
- SBL100 0.04 -
004 -SBM100 S~ =
S 0.03 © 0.03
n &
002 T 0.02
001 e 0.01
00 0.01 0.02 ~0.03 0.04 % 0.01 0.02 0.03 0.04
Drift Ratio Drift Ratio
Measured Model
B 1k R &k 2% D.R. 3% D.R.
SUER A P
€y Measured Model Measured Model
SBH60 420 MPa 0.0021 | 0.0152 (7ey) 0.0241 (11¢,)|0.0252 (12¢,,)|0.0404 (19¢y)
SBH100 | 690 MPa 0.0035 | 0.0148 (4ey) 0.0188 (5¢y) | 0.0263 (8¢y) |0.0351 (10¢&y)
P B IN TR F2n i [ e
420 MPa 6 12 8
550 MPa 5 10 8 N :
690 MPa 4 = 3 synRppEREEDE
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M, 1 R R SR

0 B b=600 mm '
0.05 —— B.60X90 28 420 2.0 0.1 (#11) | |RP~oATT
004t — B_60X90_28_550_1.6_08 (#10) &
g ool B_60¥90_28_690_13_065 (409) § / bt i g g LN
" oo , kkadd
0.01; L0 Moment-Curvat
Oo ‘0.61 A 0.62 | 0.63 ‘ 0.64 ‘ 0.65 1 0.06 :j- **_cr;“e%ﬁq%mvﬁg‘%: :EEEEESEEEE,
Drift Ratio ;
(3% + % 2021) 13.5cm (3%)
WA R %o %se Ashear+Aslip+Aflexure= Ay (D.R.) Ap (D.R.) ®
B 60x90 28 420 2.0 1.0 0.16+0.77+3.06=3.99 (0.89%)  |9.66 (2.15%)| 0.03289
B_60x90 28 550 1.6 0.8 0.18+41.16+3.87=5.21 (1.16%) 8.29 (1.84%) [+002905 7'
B_60x90_28_690_1.3 0.65|  0.18+1.57+4.67=6.42 (L.48%4)«:+++| 7.08 (1.3400) | Gel
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0.06 b=1000 mm
005l — C_100X100_28_4203.22.02 (#11) J|RF— 11T
0.04 S C_100X100_28_550_261_02 (#10) g $ | Transverse Bars #4@100 mm
s 3 |l / #4-A,=126.7 mm? » d,=12.7 mm
: C_100X100_28_690_2.07 0.2 (409) % |f c /
= 0.03 o
wua L N o
0.02 -
0.01 <107 Moment-Curvature
o o0l 0oz of3 004 05 006 )| g TR s
Drift Ratio Zsf
o : " Cunatae (lom) ’ T et
(3% =+ # 2021) 5.4cm (3%)
€S
W% % Ashear+Aslip+Aflexure= Ay (D.R.) | Ap (D.R.)
C_100x100_28_420_3.22_0.2| ~0.18+0.30+0.48=0.96 (0.53%) | 4.44 (2.47%) [0.03744
C_100x100 28 550 2.61 0.2| 0.19+0.45+0.61=1.25 (0.69%) | 4.15 (2.31%)+J0,03558k

C_100x100 28 690 2.07_0.2

+3.87 (2%15%):
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0.0283

0.0127, , 0.0247,

| 10.0147 |

10.0285

— 550-11R
— 690-12R
— 420-11R

Stress (N/mmg?)
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3
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Base Bar Compare

£
420 ~ 550 ~ 690 Mpa 4k 552 H F 12 B4 % M2 R
2 4} f % 420 550 690
R FN 6 5 4
A 0.0126 0.0138 0.0138
2418 "% R % (nS))
7 0.0127 0.0146 0.0147
A 0.0252 0.0275 0.0276
32" K% (2nd,)
F 0.0247 0.0283 0.0285
AR AP LA RAET R ERERT LAGEL > T RRA
BB KRS e R LR o R AR LR
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