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ABSTRACT

The main objective of the study was to investigate the effect of precast cold joint formed
between slab underside and beam web on the seismic behavior of New RC cantilever
T-section beams. Two RC short cantilever T-beams (a/d=2.4) were fabricated using
ultra-high-strength steel reinforcement (SD685MPa #8 screwed type for main bars, and
SD785MPa #4 deformed type for stirrups) and 60MPa high strength concrete. One beam with
cold joint and the other beam without cold joint were tested under cyclic loading to observe
the difference of seismic performance due to the formation of precast cold joint. Meanwhile,
the assess results from empirical equations of frictional shear provided by design codes and
previous researches were compared with the test results.

According to experimental results, the overall seismic behavior of the New RC T-beam
with precast cold joint resembled the T-beam cast monolithically. However, the effective slab
width in negative moment (i.e. the contribution of slab bars) for the beam with cold joint is
1.4 times wider than that for the beam cast monolithically, which is the same conclusion as
obtained from the experimental study on the normal RC cantilever T-beams[2]. The values
predicted from the equations proposed by the previous researchers [7 ~ 8 ~ 10] agreed the
experimental results well. The assessment attained from code’s equations [3 ~ 4 ~ 5~ 6] showed

conservative as expected.

Keywords: precast, cantilever T-beams, ultra-high-strength steel reinforcement

,seismic behavior, frictional shear stress.
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% 3-3 #8-SD68S5 &3 X &4 55 2. & F & & jF

& % (cm) &4 fE(cm)
=< e ¥ = Bl * = W * = Wl BEAE
1 1.4 1.4 1.55 9.3
2 1.35 1.4 1.6 9.4
3 1.4 1.4 1.55 9.65
4 1.35 1.45 1.6 9.8
5 1.4 1.45 1.6 9.75
6 9.45
7 9.6
8 9.7
9 9.55
10 9.65

1.38 1.42 1.58
T35 9.585
1.46

53




BT

F 34 R PR R

FERE,E

(kgflem?)

-
e

¥wx

b N

(kgflem’)

259,038

259,038

341,300

341,300

172,701

242,829

246,322

341,016

323,486

172,701
(1):HTIb(E - EEFME =T oy = 5 RE 2 T %R
E(2): HTIbj(= =R 45l B g i sk d < R4 92 X % A
E(3): HTIbj(= x4 E w7 % d X AR T4 X B R

A ILHE 254k B, =4270wrS [ ks B £ W g Rl 2.2(H/m3) -
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% 4-1 LM s TR

C o R A e R

A B S Al FAFL Apy Kim
Pn(kN)

(mm) (kN/mm)
T1b I $4E 278 14.3 19.5
(a/d=2.44) i 5taE 402 20.5 19.6
T1bj I $aE 283.2 13.6 20.8
(a/d=2.44) i ostaE 402 13.3 30.2
HTI1b NI o35 458 8.4 55.3
(a/d=2.44) i ostaE 607 10.3 58.8
HT1b;j I $4E 455 7 65.7
(a/d=2.44) i 5taE 669 9.8 67.9
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% 4231 $apid L DR(O)FZ L& F 85 E

235 F A3 & DR(%)M 2 4 £ (mm)

LR
1 1.5

T1b[2]

T1bj[2]

i 1:Tlb 2 T1bj ;&4 & DR=0.25%% DR=5%F* > 4 £ -] B3> § F #c o
L 23R DR=4%1s cnfic B & # fE T prds 0 e d R F o
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% 433 f et L DR(DFZ L& FHE

2 F A E & DR(%)PF 2 f # £ (mm)

AR ME | BN RE
-0.25 -0.5 -0.75 1 1.5 2 2.5 3 4
DG -0.09 0.24 0.07 0.4

T1b[2] DG2 0.01 0.18 0.43 0.72 1.07 1.59 2.7
DG3 0.04 0.15 0.58 1 1.34 1.8 3.19

DG 0.1 0.19 0.34 0.41 0.43 0.49 0.42
T1bj[2] DG2 0.2 0.41 0.77 1.19 1.91 3 6.06
DG3 0.13 0.22 0.5 0.65 1.09 1.4 3.79
DG1 -0.014 0.089 0.249 0.452 0.725 0.849 1.055 1.488 2.187
HT1b DG2 0.042 0.13 0.272 0.306 0.58 0.836 1.096 1.338 2.238
DG3 0.065 0.19 0.325 0.525 1.03 1.445 1.64 1.82 1.86
DG 0.027 0.13 0.391 0.638 0.945 1.277 1712 2.054 3.465
HT1b; DG2 0.0099 | 0.0299 0.171 0.281 0.349 0.497 0.739 0.919 1.296
DG3 0.015 0.045 0.105 0.28 0.48 0.645 0.795 0.91 1.13
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% 4-4 245 FH £ & 0.25mm £ 0.5mm FF

THEG FHE 0.25mm THEF FHE 0.5mm TG FHE-0.25mm T HEw A E-0.5mm
R L | R A
DR(%) 7 34 (kN) DR(%) 7 34 (kN) DR(%) R (*N) | DR(%) 74 (kN)
DGl 2 -276.6 2 -296
T1b[2] DG2 1.5 -195.7 2 -276.6 3.5 235.1 4.5 246.1
DG3 1.5 -202.7 1.5 -250.1 3.5 235.1 45 245.6
DG 1.5 -264.6 3 -451.3 3.5 190.2 4 236.6
T1bj[2] DG2 -1 2113 1.5 264.6
DG3 1.5 -264.6 1.5 -290 2 117.8 3 219.2
DG1 -0.75 241 1.5 294 0.75 213 2 346
HTIb DG2 -0.75 238 -15 -375.7 1 241.5 2 3773
DG3 -0.75 211.1 -1 -285.9 4 380.3 45 459.5
DG -0.75 -259.4 -1 -316.3 2 333.844 3 469.1
HTl1bj DG2 -1 -331.4 2 -557.4 3 484.548 4 445.6
DG3 -1 -343.2 2 -451.1 5 451.613 5.5 4412
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2 A5EM ) SRR AFE LR TR

E TR vy(MPa)

L RoE

EARVEE

0.5mm

L f{j‘;g\“

EARVEE

T1b[2]

-395

2.8

4.4

4.4

T1bj[2]

-453.3

2.9

4.9

5.1

HTI1b

-666

7.3

7.5

HT1bj
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TR vy,(MPa)

0.5mm | "% K jF§ Jfé”\’ﬁi\"

2.8 3.2 3.3

2.5 3.1 3.3

53 5.6

5.2 5.5
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4 4-7THTIb ¥ - S5 4 g

Hew Hew Hew Hew e
DR 4r ;\‘. = @
AR AR, PR B4 B 45
0.25% N ofi5 0.1 0.1
A i @ - 0.18
0.5% it 4 F 0.15 0.15 0.3 —-
¥ - - - 0.45
0.75% it 4 4E 0.3 0.25 0.45 0.2 --
A -- -- -- -- 0.75
1% it 4 5F 0.3 0.35 0.45 0.25 --
e -- -- -- -- 0.85
1.5% it §4E 0.32 0.35 0.7 0.35 --
A -- -- - - 1.1
204 it 4 4E 0.4 0.45 0.85 0.35 --
¥ - - - -- 1.5
5 50, it §44F 0.4 0.45 1.5 0.4 --
i -- -- -- - 2.0
39 it 44 4E 0.45 0.55 2.4 0.45 -
i ¥ -- - - - 2.4
350 it 4 5F 0.45 0.45 -- 0.45 -
j i E -- -- -- 0.06 2.6
49, it 448 0.6 0.4 - 0.9 -
A 0.35 0.2 - 0.35 2.8
4.5% e oEis 0.8 0.55 - 1.5 0.06
f e 0.4 0.7 - 0.8 2.6
50, it §44F 0.9 0.7 -- 2.5 0.08
A i 0.45 1.8 - 1.35 2.5
5 50, g ok i - 0.7 - 3.8 0.06
i - 2.2 - 2.3 2.8

B> %EB 4160 A4 5 R HE = :mm
(D :amO\)* & H éré A IR
FE(2) R R WP & e GAE
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# 4-8 HT1b ¥ -

PR N LT (H)

bR i e @ Hew i 4 T 4 3 4
2 5 6 A A AR 5| 4 2 743
0.25% L¥E
0.5% o s
A
0.75% g ok i 0.15 0.25 0.2
A i 0.15 0.25 - -
1% it $44F 0.2 -- 0.25 0.22
A 0.06 0.36 - -
1.5% it 44 4E 0.2 - 0.25 0.23
A - 0.55 - - 0.1
2% it §44F 0.25 - 0.2 0.3 —-
f e -- 0.85 -- -- 0.2
5 50, it 44 4F 0.35 -- 0.06 0.35 --
A ko -- 1.2 - - 0.2
39 it $44F 0.06 - 0.04 0.4 —-
A i 0.1 1.3 -- -- 0.3
3 50, N ok 0.08 - 0.06 0.4 -
A 0.1 1.1 - - 0.2
4% it 44 4E 0.08 0.08 0.04 0.5 --
A i 0.1 1 0.2 0.06 0.35
4.5% it 4 5F 0.08 0.15 0.1 0.4 --
j e 0.08 0.9 0.06 0.04 —-
50 ok i - 0.3 0.15 0.85 —-
A e 0.06 0.55 0.08 0.04 --
5 50, it 4 4E 0.06 0.3 0.2 1.3 --
i 0.08 0.15 0.08 0.3 —-
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% 4-10 HT1bj = = 45305 4%

B % B 4-38 0 HWH A H = mm
(D)~ 4 4 fsﬂs A AR
F~<2> kT E Lk R
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B % B 4-38 0 HWH A H = mm
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251 g PETT RS R

A A5iE 0.25mm PF | DSR4 046 FF | L B4 0.6 pF

LR

)

T1b[2]

T1bj[2]

HT1b

HT1bj

5’)?‘ #
T1c[20
o120 0.25mm""

A#E KT
T1aj[2
- 0.25mm""

AR AET
HT1a[18]
0.25mm""

AR AT
HT1aj[18]
0.25mm""

R AT
HT1c[19]
0.25mm""

(1) 4% H B 57 5 New RC 248
HQEF 54 AR Y P ET 86 8 B4R T 0.25mm
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PR e

Rt Foww R

3 5-2 FEMHFLRE B (MPa)

a8 kA B (#8)

Ja 5578 R38R (H4)

S5 YE KA B (#3)

T1b[2]

15

480

557

491

T1bi[2]

20

480

557

491

HT1b

59

733

804

451

HT1bj

53

733

804

451

Tlc[20]

37

485

551

491

Tlaj[2]

20

480

557

491

HTla[18]

36

754

841

433

HT1aj[18]

33

754

841

433

HTI1c[19]

42
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% 53 & 32483 & & # ED(¥ #:kN-mm)

DR(%) T1b T1bj HTI1b HT1bj
Ist 2nd Ist 2nd Ist 2nd 3rd Ist 2nd 3rd
0.25 49 29 36 30 83 59 56 79 76 64
0.5 161 94 172 99 228 101 83 244 118 107
0.75 313 187 330 173 339 188 157 335 159 145
1 461 243 467 287 454 291 237 471 258 210
1.5 906 508 1193 609 1113 595 489 1013 501 494
2 1522 914 1653 988 1437 1119 993 1621 1134 870
2.5 2002 1290 2795 1717 3001 1804 1784 2371 1655 1493
3 3878 2261 4452 2759 5229 3664 3110 6308 4533 3348
3.5 4834 2998 5997 3902 8901 7082 5700 8848 7023 5812
4 5828 4134 6573 4904 10409 8682 7559 10963 8741 8126
4.5 5996 4482 7445 5731 12229 10427 8830 13741 11447 10316
5 6296 4801 7684 6068 14179 12337 11023 15826 12269 11480
5.5 6035 5246 7902 6793 14031 12200 11440 13410 9812 7997
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% 5-4 New RC 1 4p 43

HT1b

it b (a/d=2.4)

HTI1bj

Ah(kN-mm)

R DR

3rd

E DA

Ah(KN-mm)

2nd 3rd

3575

0.50

2874

0.58 0.52

6809

0.46

10404

0.44 0.32

17345

0.33

19272

0.36 0.30

25757

0.29

27503

0.32 0.30

36174

0.24

38096

0.30 0.27

47187

0.23

45217

0.27 0.25

52936

0.22
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DR(%)

3055 &5 R EMAD S A (a/d=2.4)

T1bj

Ah(kN-mm)

R TR

Ah(kN-mm)

k) BT ¢

11446

10903

16956

15937

22030

22366

25915

27292

29957

33236

34449

71

36257




% 5-6 £ 7% 2% 4 B (DR=3%)

GI1MIREEAT N MR

0-200mm Jiw 200-400mm Az | 400-600mm v | 0-300mm e | 300-600mm

59° 44° 45°

46° 34° 34°
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45° 36° 36°

45° 44° 39°

47° 30° 30°
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48° 38° 30°
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20%
0% | ‘ ‘ ‘ ‘
H%)  ($15%) (2%) ($2.5%) (+3%) (£3.5%) (H4%) (+4.5%)
Bl 4-70 HT1bj =48
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mDI1 3 A1 58
ODI14% db fir £5
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80%

T0%

60%

50%

40% mD2A ) A 4%
O D24 b 4ir 5

30%

20% 0%

0%
I (]'] (] 1894 pa
Yo 0o 0%
11% 0% 0% 0% O - 2
0% = 29, BN o), TS 30, == 09, I 2% B pos, B
1.0% 1.5% 2.0% 2.5% 3.0% 3.5% 4.0% 4.5%
DR

D3(500-700mm)
80%

70%
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40% m D33 A 4 %

O D34 dh fi £8
30%

20%

10% A%
o 0% 6% 4%
= = 8% - 6% <%E4% -
0% 4% 4% 5% 1% i 204 4%
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2% 0%
0%
mDI 3 A4 f8
OD1#% db fi £
49% 50% 48% 47%
39%
1.0% 1.5% 2.0% 2.5% 3.0% 3.5% 4.0% 4.5%
DR
D1(300-500mm)
mD2U H 4 5
OD24% dh 4 £
1% 0%
0% 0% 0% s 076 e 1% 1%
B 3% Bl 1% m—r 19;,—1_30’0_1_ 204 6%
1.0% 1.5% 2.0% 2.5% 3.0% 3.5% 4.0% 4.5%
DR
D1(500-700mm)
m D34 H 4 5
O D34 dh 4 £
1% 1% 5 o
0% Ld 0% 0% 0% 1%

e 10 el 5% SENPE 5% SR 5% SR 4% IS 39 Bl 0, e 3% B0

1.0%

1.5% 2.0% 2.5%

3.0%
DR

3.5%

4.0%

4.5" (L]

B 4-73 HT1b & F B f v 4¢ i\l (a5 AT
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1% 99 9oy, | Qo | 10%
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2% o 4% 2% 1% T B
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DR

B 4-74 HT1bj & ®H. & = 4o i\ [l s AT
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DR
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®D2H A 18
O D243 dh £ £5
1% L% e 4% 4%
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12% 13% 14% 12% 11% 8% o= 9%
1.0% 1.5% 2.0% 2.5% 3.0% 3.5% 4.0% 4.5%
DR
D1(500-700mm)
BD3 3 H 4 F5
O D34 b 1 £%

3% 3% 394 20

2% 2% 2% 3%
6% 6% 6% 405 304 % 1% 12, I

1.0% 1.5% 2.0% 2.5% 3.0% 3.5%

DR

4.0% 4.5%

B 4-75 HT1bj & Fe B f v Se it 28 & 1
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Tlbj #EMf =T 4 A i R
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e A & RRIRALE R PR E

- ~HTIb ¥ - #4522 (a/d=2.4)
e
b;=30cm ° b,=30cm ° b=230cm ° t=10cm °> L,=85cm ° d=34.8cm
d'=5.2cm
385 top 4-#8 0 4K L 16-#3 0 Ja 55 #4 > bot 3-#8
AR RE A
& 5 f,,,=4200 kgf/em® » f,,4=8000 kgf/cm” » f,4=7000 kgf/cm’
3 f1=490 kgf/em®

AR R R

& 5 f,4,=4600 kgflcm® ~ f,,=8210 kgf/cm® » f,4—7468 kgf/lcm” -

R e £, =600 kgfiem® » iR 5% 2 £ =600 kef/cm’
TSR R R FERATE)

I S AE(F PR BB b=4b,=120cm > & $A5=6-#3):
Cc =0.85x%x0.65x 600 x 120 x x = 39780x kgf

52—x

Cs(Ag' =4 —#8+ 6 — #3) = 24.5x 6120 X

779688

= 222 — 149940 kgf

T,(As = 3 — #8) = Agf, = 15.2 x 7468 = 113513 kgf
§ CECAT(2 A 512 4)
¥ 1/ x=4cm > a=2.6cm

C, = 159120 kgf ’ Cs = 44982kgf

d My =T,(d - %)+ C; (d — %) = 3978115 kgf — cm
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Py =~ = 46801 kgf = 458 kN

i E(F R B P bedby=120cm 0 R 85 As=6-#3):
Cc = 0.85 X 0.65 X 600 X 30 X x = 9945x kgf
C.(Ay =3 — #8) = 15.2 X ((6120 x X= 52) 0.85 x 600)

_ g7y _ 483725 kgf

Ty(As = 4 — #8 + 6 — #3) = Agf, = 20 X 7468 + 4.275 X 4600
= 184116 kgf

4 CotC=T,

¥ % x=13.5¢cm »a=8.775

C, = 134585 kgf + C, = 49531kgf
d My = C,(d—5)+Co(d — d') = 5271330 kgf — cm

P, = 7% = 62015kgf = 607 kN

n
JEES R (U R RTE)
WAEA TG KT 4§ (T R f§HE)
d 3N EEEA NG 85cm: it #H,%#Rfi2 i 22 7% (2h=80cm) i Bl % 5
TR 0 FP R 1& SRR P U RFORTTIpRE o
R RAAFRL Vo R RFILT T

Ay fyd
&V =V, = ”gy = 62015 kgf

. , - a
S=11cm > Rt R TE LT Spax = " =8.5cm

g R SRS 8.5em
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= ~HTI1bj = =% #4E % (a/d=2.4)

X IO I

b,=30cm ° b,=30cm > b=230cm ° t=10cm °> L,=85cm : d=34.8cm >
d'=5.2cm

A S5 AR R

85 top 4-#8 0 4K 85 16-#3 0 Ji 55 #4 > bot 3-#8

BAHA R R

4 55 £,,=4200 kgf/em® » f,,=8000 kgf/cm’ » f,4=7000 kgf/cm’

R 53 fI=490 kgf/em®

PR ER AR

& 5 f,4,=4600 kgf/cm® ~ f,4,=8210 kgf/cm” » f,4—7468 kgf/lcm” -
R4 =599 kgf/em® » R 4 f =539 kgf/em’

;é%ﬁﬂ;ﬁfﬁﬁ‘gé B REE)
I 5458 (F 2T 5 P~ b=db,=120cm > K 55 As=6-#3):

C. = 0.85 % 0.665 x 539 X 120 X x = 36560x kgf

5.2—x
X

Cs(As' =4 —#84+ 6 — #3) = 24.5 X 6120 X

= 772%%8 _ 149940 kgf

T(As = 3 — #8) = Asf, = 15.2 X 7468 = 113513 kgf
d Cy=Co+Ty(+ K 552 1)

¥ #x=4.14cm > a=2.757cm

C. = 151629 kgf - C; = 38123kgf

d M, =T, (d - 3) +Cq (d' - g) = 3939148 kgf — cm

2

P, = ’Z’—: = 46342 kgf = 455 kN
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f $445(F »<iR BB b=5.6b,=168cm » i §5 As=12-#3):
Cc = 0.85 x 0.65 x 600 X 30 X x = 9945x kgf

C.(As’ = 3 — #8) = 15.2 x <(6120 x "‘;'2) —0.85 x 600)

_ ggo7y _ 483725 kgf

Ty(As = 4 — #8 + 12 — #3) = Agf, = 20 X 7468 + 4.275 X 4600
= 190691 kgf

¥ # x=14cm> a=9.1 cm

C. = 139821 kgf -+ C, = 50870kgf
d My = C,(d—2) + C,(d — d) = 5808923 kgf — cm
Py =~ = 68340 kgf = 669kN

PORIESE (R R A
ARG R SR )
d TEEEEA R F 85em AR T2 B FF(2h=80cm) S BN ¥
L4 H o T RE SRR R AR PR T AR
RPRAURD Vo B RFR T TR
Avfyd

&V, =V, = = 68340 kgf

=8.5cm

Sl

S§=10.5cm » =R TH 4% Spax =

L BCRJ SEE S 8.5cm
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LRWRG VR I E CLRF ACI T4 RS 0))

- ~H& ¥ HT1b - 44w R (a/d=2.4)

ACLT 4 Bk [3]

TEAe RPN A v,
Vo = Appfyp < 0.2f/A 2 (33.6 + 0.08f)A 2 1124,
=14 (F €052 - Wik
V, =2 %10 x 1.27 X 8210 X 1.4 = 291948 kgf

T = 2209 _ 115 keflem?
byL,  30x85

Up =

B R FY, F *LiEd (33.6 + 0.08f)A x4 - v, =81.6 kgf

LEVRAL 2B LA T RA v,
I AR
(a)d =3¢ 3-13
P, = 46801 kgf =V,
ll)/_d = 4482 kgf/cm’
(b)d =3¢ 3-14

T, = Asf, = 3 X 5 X 7468 = 112020 kgf

Ts

Vh2 = b Ly

= 43.92 kgf/cm’
g
(a)d =3¢ 3-13

P, = 62015 kgf = V3

%
Vs = bwié =59.4 kgf/cm®

(b)d =3¢ 3-14
YRR RT R
T, = Asf, = 4 X 5 X 7468 = 149360 kgf
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Vpy = bTi — 5857 keflem’

¥ BB R T RE(F PR T 4by)
Ty(As = 4 — #8 + 6 — #3) = Agf, = 20 X 7468 + 4.275 X 4600
= 184116 kgf

vy = 72.2 kgf/em®

bWLn
v, = Max(Vy1, Uiz Vhz Ve Vns) = 72.2 kgflem®
B E PRI AZTHERPFL LR

V(2425 T i 4 81.6 kgflem®) > v, (2426 T R+ 72.2 kgflem®)
il PERFRL > FHT AL Ve T4 B
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-~ #P HT1bj - = 45w % (a/d=2.4)
ACLT 4 Brgpasiz 3]
FEAR TN Ay,

Vo = Apsfylt < 02f!A. % 564,

=06 (¥ £REI - St 2 2HEG A SRkEAID)
V, =2x10x 1.27 x 8210 x 1.4 = 125120 kgf

Vn 125120 .
byln  30x85 49 kgflem’< 0.2 & 56 kgf/em’

Un =
Rpe v, tUE S 49kgf
PEVRALZE A AT RS vy

B
(a)d 2% 3-13
P, = 46342 kef =V,

%
Vpy = bw% = 44.38 kgf/em®

(b)d 23 3-14

T, = Asf, = 3 X 5 X 7468 = 112020 kgf

Vpp = 7o = 43.92 keflen’
wktn

foEE
(a)d 2 5% 3-13
P, = 68340 kgf = V3
Vpz = ZA = 65.45 kgf/cm’
w

(b)d 2 5 3-14
4R E T
T, = Asf, = 4 X 5 X 7468 = 149360 kgf

Ts

ha =7, 1 = 5857 kgf/em?

v
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LR ERT (G R T db,)
Ty(As = 4 — #8 + 6 — #3) = Agf, = 20 X 7468 + 4.275 x 4600

— 184116 kgf
T
Vps = ﬁ = 72.2 kgflem®

v, = max(Vp1, Vha, Vinzs Vi Vps) = 72.2 kgflem?
B TR AZHRERPL L

V(2 B T i 4 49kegflem®) < vy, (2425 T4 72.2 kgflem?®)
ALERY O FHE AL LG T4 BUR -
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g N
0 6Asfy
- 04Asfy !
New RC "l‘?— ’]‘ﬁ’f’!' < v, = 1.5MPa + 0-1\/5
g J

R 1 ¥ :

LAKESTEU RSS20

173



LEME T PET ARG TR R

- .= RC%&'}E » & F i\‘ifs =O'6fy

1. Tlb - #8458 2% (a/d=2.4)

L A0 IR

AR F 4-H8 Y E 4RSS o "R R B 480MPa R 2 FUR 5 B 15MPa
2% 300mm - &£ 850mm

i e FETXTEALIPHE NG LT N
0.64f, 0.6 X 2026 X 480

Ac 850 x 300 ~2oMPa

1.5MPa + 0.1V15 = 1.89MPa

2.29MPa > 1.89MPa

B R P ET AL VA KT A
2. Tlbj = = &4k 1 (a/d=2.4)

EL EEE AR
A SR 4-H8 a4 S5 0 T Rap R 480MPa > iR G2 FUR 5 K 15MPa
2 % 300mm ° ¥ £ 850mm

Bt » €T LT EALPE GG kT A A
0.6Asf, 0.6 x 2026 x 480

= 2.289MP
Ac 850 x 300 ¢

1.5MPa + 0.1V15 = 1.89MPa

2.29MPa > 1.89MPa

TR Y PET £ F D LG kT A
3. Tlaj = = #edE+ £ 95 L 2 (a/d=5.4)
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LR
AR 4-HB ¥ &4 5 "R R5E R 480MPa > R R FURSE R 15MPa
2 % 300mm ° &£ 1900mm

Bf T PETELIE RS PR LG KT A A
0.645f, 0.6 X 2026 X 480

Ac 1900 x 300 02MPa

1.5MPa + 0.1V15 = 1.89MPa

1.02MPa < 1.89MPa
BUNRYPETA LA PR KT N

4. Tlc - #4847 £ %L % (a/d=5.4)

ER EEE AR

a 550 % 3-H#H8 &4k A5 0 " iR5p B 485MPa v R 4 R 5% B 37MPa
2% 300mm ° ¥ & 1900mm

e PETIAT AL PR G KT A

0.6A5f, 0.6 X 1520 x 485
Ac 1900 x 300

= 0.776 MPa

1.5MPa + 0.1v37 = 2.1MPa
0.776MPa < 2.1MPa
B R PET A E AL LRA KT A
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= NewRC 24 » & * £ £ f; =0.4f,
1. HT1b - #4457 % (a/d=2.4)

Bk A R I

DS A#8 P4 0N E 4 5 > % K55 B 733MPa
R 3 FUR SR B 5S9MPa

2 % 300mm ’ & 850mm

e * PETIAT AL PR G KT A

0.4Agf, 0.4 x 2026 x 733
Ac 850 %300

= 2.32MPa

1.5MPa + 0.1V59 = 2.26MPa

2.32MPa > 2.26MPa

BT P ET AL UG KT A
2. HT1bj = = #&4w % (a/d=2.4)

E VRN
A5G 4-#8 B g4 LR a4 St > " iR5g & 733MPa
Bt 3 FUR % B 53MPa

2% 300mm > £ 850mm

PR PETLFEALP NG KT A
0.4Asf, 0.4 X 2026 X 733

= 2.32MP
Ac 850 x 300 @

1.5MPa + 0.1V53 = 2.23MPa

2.32MPa > 2.23MPa
B R PETEAL ARG KT

3. HTla - #8458 % % (a/d=5.4)

HAERE <
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AR 448 B4 RG4S 0 'F (R3s B 754MPa
R+ FUR 5 B 36MPa
2% 300mm > BE 1900mm

B ek PETET AL PG RT A
0.4Asf, 0.4 x 2026 x 754

Ac 1900 x 300 -07MPa

1.5MPa + 0.1v36 = 2.1MPa
1.07MPa < 2.1MPa
B R PET A E AL LRA KT A

4. HTlaj = =x %4573 # %1% % (a/d=5.4)

Bk A R I

3SR AHS B P4 LR A E k3E R 754MPa
A3 FUR % R 33MPa

2% 300mm ° BE& 1900mm

e P ETIAT AL PR G KT A

0.4Agf, 0.4 x 2026 X 754
Ac 1900 x 300

= 1.07MPa < 2MPa

1.5MPa + 0.1v/36 = 2.1MPa
1.07MPa < 2.1MPa
BHGTR T PET A VA KT A

5. HTlc - R 453 £ %7 £ 2 (a/d=5.4)

R AR Z R A

AR 3H8 A MR a8 0 " R R 754MPa
R 3 FUR B R 42MPa

2% 300mm > BE 1900mm
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P ek PETIHIEALIP IR KT N
0.4Agf, 0.4 x 1520 x 754
Ac 1900 x 300

1.5MPa + 0.1v42 = 2.14MPa
0.8MPa < 2.14MPa
B R PET A E AL LRA KT A

= 0.8MPa
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D #BERBH

PRSP ACT 2 %0 AR E 5449 (Thead) X 245 51 0 B & & 5

B <0.075fy‘lje7\> 4 — <0.075 X 7468 x1x1
dh Ji b %00

FHpe® £ & 105cm > 58cm > # & RFR L

) 2.54 = 58cm

N , . c Atrfyt 2X1.27%X8210
SR 4k 55 3:[ LK, = BA = /.
& GHER  4 5 B A g oKy 105sn  105x8.5%3 7.78

(Cb + Ktr> _ (3 +7.78

N T ) =42>25

s , " . Atrfyt 2%X1.27%x8210
kS Ry =5 Ao % 4 — iyt _ = o.
AR 4 50 I dp Ky 105sn  105x8.5x4 5.84

(25er) = (2222) =34 > 25

dp 2.54

y (cb;Ktr)gﬁ;ﬁu’;ﬂ W2SF AT FMA LT ERRL 2 A SRl
b

AP R TN BEE R el RPEET AR 68 4 ERB
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4k E Loov % A [7]9F %k B % #cdi

Spacing of
Area of #3 stirrups Yield
Width of Length of lomgitudinal Effective crossing strength, 1, Clamping
Beam interface, b, Mange steel, A, depth, d interface, s MPa | stress, o f
No, mm mm mm? i mm Longitudinal Stirrups MPa
] 75 F200 2000 292 190 &£97 135 4,36
2 75 TN 16060 205 506 454 438 1.66
i 75 320D 2NN KR L1 454 432 273
4 75 31200 2565 282 135 LR 430 6.03
5 75 320K 1600 208 5060 £54 430 1.63
6 75 3200 1600 205 5001 £54 428 1.62
7 75 3200 2400 281 135 &497 432 6.06
B 1500 3200 | KD 205 500 54 407 077
q 75 2400 20060 283 500 431 428 162
10 150 2400 2000 288 500 #31 409 0,77
11 X 24000 2500 297 500 497 420 .40
12 5 2400 2300 280 100 455 408 7.72
13 150 2400 2000 288 500 431 431 0.82
14 150 24000 200K) K8 500 431 431 0.2
15 150 24000 2000 IRR 500 431 420 0.x80
16 150 2400 2000 | 288 500 431 420 (.80

B E-1 348385 (7]

400 400
-~ 2 v X
f U s R 5
i % o 1 b'-;:gn for Beom11)
=
2% e

F.i.{ }-L-f All Dimensions are in mm

(300 for Beam11) (1mm = 0.0394")

(o) Beom Section with Thin Web (b) Beom Section with Uniform Web Width

B B2 48455 [7)
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Flange

Web

{0) Test Beam with Full Length Flanges

400

Flange

Web

with Short Flanges

(b) Test Beamn

-

All Dimensions are in mm

20350

ot

(1mm = 0.0384")

15d ‘ssang Jeays [BIUOZLIOH
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Beam 4
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Beam 14
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(
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+ 1501 s [

Beam 13
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8
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P R (R Sae e S
‘| Beam 1
Ll L1

BJJA ‘Ssang Jeays [BIUOZLIOY

0.1 mm or 0.004")

Slip (1 Division

B E-4 % %% [7]
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Slip (1 Division = 0.1 mm or 0.004")
51 4
B E-5 9 2% & %74
Horizontal shear stress, v,
Concrete Load, kN MPa
Beam 255 8 stremgth, fi. | At D13 | At0.S At At 0,13 At 0.5 At
MNo. MFPa MPa mm slip | mm slip Ffailure | mm slip | mm slip | failare
1 436 37.4 179 282 202 4.81 7.50 776
2 1.66 33.9 121 151 2 3.22 4.00 427
3 2.73 30.5 120 218 251 3.32 5.95 6.82
4 6.03 34.7 160 it 289* | 4.55 o 8.10%
5 1.63 348 110 104 211 295 5.08 5.54
6 1.62 37.1 110 192 201 2.95 5.04 TS
7 6.06 35.8 160 307 331 4.55 B.ST .25
8 0.77 35.6 178 2M) 238 235 2 R9 312
0 1.62 a7.1 131 167 171 3.59 4.54 4.6
10 0.77 37.0 181 256 256 | 246 3.46 3.46
11 0440 32.7 306 384 3ot 2.0 2.3 2.3T%
12 7.72 4.6 200 284 126 571 8.04 Q.20
13 0.82 19.2 151 211 211 | 2.10 2.52 292
14£ 0.82 19.6 121% 125% 137¢ 1.70% 1.76% 1.93%
15 080 44.0 226 —= 294+ 3.04 —F 3.04*
16 0.80 48.3 204 206 300+ 2.76 3.06 4.01%*

B E-6 F 2 2% [7]1%
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Ay

® Kahn push off test data
0 0.05 01 0.15 02

DR
W E-7 5§ - S MR R Edp(7 8 9]
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