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TABLE 1. Test Parameters of Beam-Column Subassemblages {Oka and Shiohara 1992)

Beam EBars pe {%) £, f: “] Vi R, Failure
Top Bottomn Top Battom {MPa) (MPa} T8 {MPa) (%) mode
(2) 3) (4) (5) i) (7} (B} (9) {109 {11)
9.DI3 7-D13 1.92 1.44 638 £1.2 3.0 14.2 2.7 T
8-U13 8-U13 1.66 1.66 1,456 £1.2 6.9 15.3 2.8 ]
10-D13 10-D13 2.16 2.16 515 728 2.6 14.5 3.] BJ
9.D13 7.D13 1.92 1.44 839 72.8 42 16.3 3.0 BJ
5-D13 7.D13 1.89 1.43 676 79.2 3.2 15.1 29 BJ
7-Di3 5.D13 1.43 0.98 676 792 32 12.0 30 BJ
4D 7-D19 4.27 3.24 370 79,2 26 171 1.8 Bl
9-D13 7-D13 1.89 1.43 700 30.2 47 10.8 19 7
9-D12 7.D1% 427 324 372 392 3.7 127 2 f

sile reinforcement ratio; f, = vield poinl strength: £ = concrete compressive strength; w = bond index = (/T Ndy/D.) (f, and [ in
iy = nominal diameter of beam bar, and D, = column depth); U = MAXimMUm joint shear obtained from definition of Eq. (2): R, = story
i story shear; BJ = joint shear failure after beam flaxurel yield; J = joint shear failure without beam flexusal vield.

TABLE 2. Test Parameters of Beam-Column Subassemblages (Teracka 1997)

Beam Bar pr (%) 1, o f: Vo, R, | Failre
Top Botiom Top | Bottom {MPa) ] ({MPa) " {MPa) {%e} moge
{2} (3) (4) (5) (6} ) (B) (3] 1 {11) (12}
22; 209 | 2-D22; 2-DI19 216 2.16 411 {D22); 406 (D19) 1.2 33.6 52,45 10.5 20 ]
122; 2.D19 | 2-D22; 2-DI9 2.16 2.16 411 (D2ZZ); 406 (D19 1.8 136 5.2; 4.5 10.1 2.0 J
122 2-D19 | 2-D22; 2-D19 216 216 411 (D22); 406 (D19} 1.2 34.5 5.2, 44 111 20 ]
122 4-D22 248 248 411 1.2 366 30 123 20 J
122 4-D232 2,48 2,48 411 1.8 36.6 5.0 12.4 20 ]
22 4-D22 248 2,48 411 1.2 96 4.8 12.8 20 BJ
22 4.022 248 248 411 1.2 46.7 25 13.1 20 BI
22 4-D22 248 248 411 1.8 46.7 4.5 13.2 2.0 BJ
22; 2-D19 | 2-D22; 2-D1g 2.16 2.16 411 0.8 30.5 55,43 9.4 2.0 ]
2@ 2019 | 2-D22: 2-D19 2.16 216 369 1.2 0.5 55.43 o2 20 i
22 4-D22 248 2.48 396 0.6 322 |52 10.3 2.0 I
22 4-Da22 248 248 396 1.2 322 52 10.6 20 J
tations a8 used in Table 1, except p, = Uansverse reinforcement ratio in Jjoint core.
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Relation of Story Shear to Story Drift at Load Peaks
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FIG. 6. Typical Relation of Story Drift versus Tensile Stress in
Tensile Reinforcing Bar in Outer Layer
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FIG. 7. Comparison of Typical Relations of Story Shear versus
Joint Shear in Outer Layer Tensile Reinforcing Steel Defined by

Two Different Joint Shears
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culated from Observed Moment and Stress in Reinforcing Steel
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N, (Thrust force in columns)

M, (Thrust force in beams)

V. {Celumn shear; story shear)

V, [beam shaar)

L, (distance of beam inflaction points)
L, (distance of cofumn inflection points)

(Uit for length = column denth)
0 =45

Figure 4: Definitions and notations for external forces acting on a beam-column joint subas-
sembledge
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Figure 27 Tensile strain distribution and elon-
gation of beam bars passing
through a beam-column joint

{2) Beam mods {b} Joint mode

Figure 22 Overall behavior of beam-column
cohnection subassembledge
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N, (Thrust force in columns)

M, (Thrust force in beams)

V., {Celumn shear; story shear)

V, [beam sheaar)

L, (distance of beam inflaction points)
L, (distance of column inflection points)

(Unrit for length = column death)

Figure2¢ Definitions and notations for external forcas acting on 2 beam-column joint subas-
sembledge
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Figure 25 Definitions
and notations of internal
forces acting on the criti-
cal sections considering
B-mode deformation

o ol oS-V —F-Y

L ol Sy o abaii 45 sl by LS el 45 Al o go0e > 5| ke S Y5 S
aS 05 b e BT YA S 5 ol oo 00uisS prgeal 4 (g dw glad 0 T, 3 T slo usio
J s B sy o s g 3 Ty —T, S gl Gl 38 y JLal 2y Conli
805 Cenglie s 631 Jlasl sloails e el ol il e T



Figure 25 Anexample of numenical solution for
strength of I-Maode
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Figure 27 Comparison of mechanism for
the new model and existing
models
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Figure28 Definition of internal forces and their notations for J-mode
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Figure 30 : Calculated joint shear stress for J-mode by the
new model
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s pseudo joint shear stress  o,=0.85 oy ( og: concrate comprassive strangth )

0.3 4

02

o1 4

Ty=0.04 (constant) T;= 010 {constant)
less joint hoops mavre joint hoops

Figure 31: Calculated joint shear stress by the new model
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Figure 32 : Interaction of anchorage strength joint shear
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Table : Parameters of test specimens

Specimen RCJ1 | RCJ-2 [ RCJ-3 [ PCJ4 [ PCJ-5 | PCJ6
Cross section (mm*) 200 x 300
Longitudinal bar (SD390) BD19 4D19
Reinforcement ratio __4.60% 2.13%
Post tensioning steel bar - 1923 126
Post tensioning steel bar s 0.67% 1.1
ratio § i
Lateral reinforcement 2D6@50, 2D6@30* jggggg.
Beam | | ateral reinforcement ratio 0.64%, 1.07% e
Location of longitudinal
reinforcement and‘;{:rage QOutside Inside Qutside
plate
Location of post tensioning :
| steel bar anchorage plate — D"its'de 3
Prestressing | Designad - 359 359 459
force (kMY™ | Obtained** - 255 260 323
Column axial load 250 kN {Constant)
Cross section (mm*) = | 250x250 | 250x300 250x250
Longitudinal bar [l_JSDﬁEﬁ} 12013 BO13 12013
Column | Reinforcement ratio 2.44% | 2.03% | 1.35% 2.44%
Lateral reinforcement 4D6@50 4D6E@30
Lateral reinforcement ratio 1.4% 2.3%
Joint lateral reinforcement (SD345) 4-DB0 - 4-D80
Lateral reinforcement ratio 0.85% - 0.85%

* In the beam plastic hinge region
** For each post tensioning steel bar
*** Measured at the moment of loading starting

Anc ! Sk o Anchorage i
r“{ @15 Flata | § f01.
=19 = | =10, txionm r
o o =4 R R AN
2=
| |
Jri A 111 u..lt mm A ;
(a) RCJ-1 elevation (b) RCJ-2 elevation {c) RCJ-3 elevation
e "y : " -
Anchora r Bplr:w Anchor min am:sm Ancheea Spﬁm
Pate | =t ¥ Plate : D13 Plate
t=25° = =[EE= e === (=
- S DSt
same el iy __|_ P E!i:TE{;g
LI L RO
- — | f = = —
= !
{d) PCJ-4 elevation {e) PCJ-5 elevation (f) PCJ-6 elevation

Fig 33 Reinforcement detail of test specimen
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(A)RC.-1 column  (bIRCJ-Z column

(c)RC beam
Fig 34 Column, beam and anchorage plate details
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Table 2 Mechanical properties of steel

Steel Yield point Tensile strength Young's modulus
oL strength f, (MPa) f, (MPa) E, (GPa)
D19 (SD390) 428 573 185
D13 (USDEBS) 45 728 185
D6 (SD295) 333 475 185
@4  (SS400) g 459 497 198
Table 3 Mechanical properties of concrete
Compressive Tensile strength Young's modulus
TSR specanto strength os (MPa) f,(MPa) E, (GPa)
RCJ-1, RCJ-2, RCJ-3,
PCJ-4, PCJE, PCJ6 v il 969
1
Table 4 Mechanical properties of post tensioning steel
) Yield point Tensile strength Young's modulus
Post tensioning steel ype | gyrongih £, (MPa) f, (MPa) E (GPa)
a3~ 1160™ 1270 200
d26* "7 1284 201
~ Standard C-1 type SBPR 1080/1230
** Stress at 0.2% off-set strain
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FIG 37 Crack patterns at story drift angle 2.7% rad
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Tahble 5 Summary of test results

Test specimen RCH | RCJZ | RCI3 | PCJ4 | PCJ5 | PCJB
; 7 o s S e e B K
Story drift (% rad 27 27 27 27 27 4.0
Story drift (% rad 27 2.7 27 e ! 27 40
Story drift (% rad _ 4.0 40 40 40 | 40 40
Story drift (% rad) 40 4.0 40 | 40 | 4D a0
Story shear at beam flexural ' i
alding (kNY= 142 145 145 126 126 131
- Not :
Story drift Column long. bar +4.8 -36 20 yiekiad -5.1 20
at  steel [ Beam long. bar 2.3 23 25 +2.2 3.4 +2.3
yielding Beam post " o 5 Mol Mot Not
point tensioning steel yielded | yielded | yielded
(% rad) Joint lateral
el ; +2.5 +1.9 +2.0 +26 - +3.5

* Failure mode: A - joint shear failure.
** Calculated values based on bending theory.
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TABLE#  Description of Test Specimens

Specimen
numbear Fealures
1) (2)

1 Built-up beam (g, = 241 mm), FBF, two #13 stimups in

2 Wﬂ?ﬂ beam {deer = 222 mm), FRP. twn #13 stirmaps in
jioint

3 Euilxjm-up Beam (e = 241 mm), steel fiber concrete, FEP,
two #10 stirmups in joint

4 Built-up beam (d,.... = 241 mm), bearing bars, FEF, two #13
stirmups in joint

5 Built-up beam (dy = 241 mm), stzel CP around joint, no

stirrups in joint

& WI4%3% beam with CP (d,.., = 390 mm), FBF, three #13
stirTups i joinst

7 W14 38 beam with CP {d,.... = 3% mm), FBP, steel band

plates, three #13 stitrups in joint
£ Wid% 3% beam with CP (d,.... = 330 mm), FBF, ECC, no
stirmups in joint

Mote: FOI* = face bearing plate; CF = cover plate.
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