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Analysis on the Behaviors of Precast Concrete Beam-Column
Connections Subject to Cyclic Loading

Hyung-Soo Song” and Sung-Yong Yu?

" Dept. of Civil and Environmental Engineering, Dongguk University, Seoul 100-715, Korea

¥ Dept. of Architectural Engineering, Dongguk University, Seoul 100-715, Korea

ABSTRACT The precast concrete beam-column connectors for the high-rise office buildings were investigated experimentally in this
study. The specimens of general precast beam-column connector which is used in a domestic site, specimen of DDC(dywidag ductile con-
nectors) of Germany, and specimen of DDC with post-tensioning and modified DDC with post-tensioning were constructed and tested
to verify the safety. The DDC with and without post-tensioning showed reliable joint strength and ductility but failed in critical inclined
shear crackings at the column. The modified one showed better behaviors in tests because they did not show critical column crackings
at failure. The use of prestressing did not helpful significantly to increase the strength and ductility of connectors but helpful only to

develop self-centering behavior for stability.

Keywords precast concrete, beam-column joint, dywidag ductile connection, cyclic loading
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Fig. 1 Isometric view of a ductile connector”
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Table 1 Properties of test specimens L34 ol JAAAFHY BlEle] Z7)7F AAHE ©
Specimen Connecting bar Column | Beam o] At}
Upper : 2-D32, D35(hook)
PBC 1 . > 762 % 600|360 % 600
Iéower .22-DDS2,.1D35((jhook) 292 PRC2
pper : 2-Ductile ro L _ . .
PBC 2 Iy iver - 2-Ductile rod 7626001360 600 PBC 2 /\]‘ﬂxﬂ(Flg 3)& Englekik’7} #¢Fshs DDC
1 2- i ¥ A1 A Z 3
pRC 3 |pppen Lover 2Ductle 1od gy cqoofsgoxeon A1 DAFE Ful Aol W Az @A,
Uoer T S i 71% el Jeld 22X (ductile rodys Aste, B &
ppet, Lower : 2- _ N K
PBC 4 | post-tension strand(10-12.7 mm) |/6% 7600360600 Fole B FHZE AZAZ HA LS (ransfer block)
< AAet Bet V|5E BE AR I AlFE
2.2.1PBC1 e AlEA eIt
PBC 1 M &A(Fig. 2y =wollA Fxp, w7, otz
EY T4 So duido® 857y g §U% T 2.2.3PBC3
NEE SI2E R.715 Q2 Kot o] 2% e +4 PBC 2 A&A(Fig. 49 TLF AldA ] T2EAA
I A28 #WEst ARgehe AAHoH, 7|Ee 3 (post-tension)& 285k AlgA| 0|t} E2EHAML] Yo
SFAYE AAF Hls| HAA ] AR L, FA& W RI)s 445 vAE %S EAsa st
5362
{ 300 i 2000 762 - 2000 300
3?0 Loading '
!
' D16@70 i -
, : i
1050 3»n|a@|25r ‘ b ! Splice connection
Fomainders D13@60 - T‘f ﬁ'r)/' 6016670 -Topping concrete
; A%y a-oiserd 3010‘ =0 Froee o
K “h I L‘f r: ;i' = = 2 3 peugag s } Tzt i
3300 600 i}‘ 4 b = ! i
b ' 4 =H o a ‘ E # &
é—usv 7-D13@150 A4 - | 6-013@100 &;:;t _qJ 3-0‘6@70\_2‘032 ?%;Duc‘ st
eam Duct ! — . .
1050 i ”% i 14-D16@125 TJ——‘—D/
| LA — BB
| e - ull
#105 Column Duct 2 ~ ~——_, 8 S [
} - S Ramainders D16@70 Wl
300 i S - _j L e
! USSR 2- 837 Stowi Duct
k‘z-l)@ A-A Beam Section Beam Duct
Fig. 2 Basic details for specimen PBC 1
: 300 ~ 2000 5136622 2000 .. 300 1
S0 . Loading > \ - : ; “’;’:
n 3 Dige12s : ) : * / 2-Ductile Rod
Remaindors D13@60 Transfer Biock T a /—e D16@70
erandes 2 3-015@?0\ o - y / T;;;T;(S;goaz Dvwv\daa Thread bar 2-E36
safieeii + poow o BT =V s i ; T R F
3300 600 ‘]’r*' a W/jﬂé o ‘} ¥
stpe ' A '»_:‘: Qiiﬁ t vy s
L — ks Dyvadag T:":d bar Z;ELSG :(‘E*?:g -
1050 *‘ d 4-breenzs . - e Duitin Rod = i“f
- Fl— o fgﬁsh s 2 €3 ‘
105 Golumn Duct 2 Ril - : 4 Rematnders D166 70 m: \‘:\:‘; .
o S==il ¥
Tl 53?2 A-A Beam Section Beam Quct
Fig. 3 Basic details for specimen PBC 2
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L loadino gy
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15075

10-12.7mm Seven wire strands
Gr 270 {No grouting)

2-D16@70 ]
— Tie Rod 2—-[)32 Dywidag Ttwead bar 2-E36
4/ ——71-D13@100

— , ~— 2-Ductile Rod # 67 Duct
3-ms@\25{ .
Transfer Block -
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S ey s

33 T T

N

“‘ 2-8 37 7-DI3@150 3-D13@100 4: ; L - ]370‘2?(:::@70 o8 \ Beam Duct
| Beam Duct | - - ‘l DywldaoThrealobnv 2-E36 »
1050 H— 4-DI6@125 G s JETRENE!
‘ =’ i R
E #105 co!umnDchZH\?;: 016870 ‘ [=) Jm
: ! ! < - Lz
00 : X S J: o] S
gzgﬁ‘: A-A Beam Sectio:’mw - Beam Duct
Fig. 4 Basic details for specimen PBC 3
5362
J| 300 ' 2000 762 2000 300 1
31;0 = zl ’ '
; Loading i !
I Remainders D‘6@70{7 ;
| B
1050 # 67 Duct
’ Remainders D13@50 Transfer Blo;(m@‘25l: 1‘ L 'r*-" " Hex Nut 604150 Gr 270 tho orovting)
; . e»mls@m‘_?; ,,,;;j;,fT‘ /——7—m3@mo/ Thread bar 2-E36 -
! N ] e T T
3300 600 4 2z A : Bx Y . 2z
| NI RN = =—=udEEREEN]
i ( = 2-016870 o9 2-a37 20 | uts
; el R = . jfj _Z‘G@m \Tmm::j:jf/( Jus)
10‘50 1 e s ' la-ms@‘zs !’v‘g%rl:%s_ﬂf\_.i}
- R S T
| $105 Cotumn Duct 2 ———_1§ o [ s :mz:w
¥ - - - ' Remainders DI6@70 . - -
3(.)0 : = [me /-l-‘ s
e A:A_B§ammses:7i.n
Fig. 5 Basic details for specimen PBC 4
2.2.4PBC 4 Table 2 Mechanical properties of material
PBC 3 Al&A(Fig. 5)9 A3 AAdR X Ygdd Area (mm’) |[Yield strength (MPa)
% E(ductile rod) DA AT B(thread bar)S AH8-3H Reinforcing bar(D32) 794.2 400
o2, 9 2 (ductile rod)e] BAto] Q= Aol A Reinforcing bar(D35) 956.6 400
SER=8 Thread ’bar(E32) 804.0 823
Ductile rod 1,154.0 400
Bolt(A490 1,139.0 877
23M=E M ( : ) -
Low relaxation 7-wire 08.7 1.890
strand(12.7 mm) ’ >
A A AZ AMEE AAE AAHES] G54 54 Transfer block - 490
< Table 29 2ot L3 AMRE ZEPfAE A ES
Ales 59 = EE gl A Table 3 Compressive strength test result
PBC 19 };L ELO Laj_a i}E] }] Ki F 24(:301] (Unit: MPa)
ZAA=E A RS kS Al ZAH A A - :
[_q-a]- el = j_’ ?}04 ] ‘jﬂ}j} °=w ‘_‘oﬂ 194 Specimen Precast concrete | Topping concrete
sigle olee $AAE 215 AR A9 A KS F — = ——
24050 w2t 245l Table 39 UFHEE AU 47 PBC 2 379 )
M AR ZePfiE FadES B FAEY wig PBC 3 37.7 -
H] & Table 49} 2t} PBC 4 47.7 -

% Average of 5 tests

500 | =232 |ESE =2F M183 M4% (2006)



Table 4 Mix proportion

; ; Unit mass (kg/m’
Specified concrete Maximum size of Slump Sfa W/C m (kg/m)
strength coarse aggregate (mm) (%) (%) Water | Cement Fine Coarse Super
(mm) (W) © aggregate(S) | aggregate(G) | plasticizer(SP)
Prez;a)sst I\s{c}))r;(;rete 25 80 40.0 41.5 128 469 724 1,079 4.69
TOPF(’;ngI‘,’Z)"“’te 25 80 405 46.0 134 385 736 1,144 -

24 43 2y

AR A 7)1Esol A7 100 mme] AE-S AR
gto] HAUFS FEsADL, B & dH= Fig. 6904
&} o] @RAA HES At FAHAYMY S F&He=
A2 FEatrh v 3 sEg AlgA A A ststazt
9 8-o] £250 mm<! 1,960 kN Hydraulic actuatorE 7]
T el T3 oE Fig. 60412 SR F3Fsiitt. &
s A Al vHE 3 &tF AR QS AIRAE AA B
AE HtERe] v RE HLSAT A 20009
EE o]§3le ZHolEE #F9d 93l nlghytol)
AR}, shEAle Wale Fig. 73 22 HYA ot

o]

2 F7HAM|(F A R/71 A el HE, Story drift
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7
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-
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Fig. 6 Photograph of test setup

Positive
—

Story drift ratio (%)

4 b bbb LU Lt o wnowae e uwow

Loading cycle
Fig. 7 Loading pattern

gt=stlEE

ratio)s A WA F 0.1%E 3l3L 2 o] F 0.1%Y F
7HNF e, Z7HALMN| 7 1.0% ol Flle FZ7HESNE
0.5%4 F7HNZA T Zhzhe] F7HhA U vttt 3 Ale] &
(Cycleyd wHE Ajsletalon, g ojg wi7tA] dHst
b=

=
M 71Ee] sETels AAREAM 27)FEo] FHEWY

PBC1
800

600
400

200

Load(kN)

-200

-400
-600
-800

Story drift ratio(%)

Fig. 8 Load-displacement curves for PBC 1

800
600
400

200

Load(kN)
o

-200

400

-800

-1000

Story drift ratio(%)

Fig. 9 Load-displacement curves for PBC 2
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Load(kN)
(=3

Story drift ratio(%)
Fig. 10 Load-displacement curves for PBC 3

Load(kN)

Story drift ratio(%)
Fig. 11 Load-displacement curves for PBC 4
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goz Fgo] WA o] A 4EL
ZAYE 7| B LEgo]E HE A AR

ghol2 RZElE2E 1 AW(interface)S FEEHA Hedl,
o] Agg AFgto|x REEETE AW Z7) 403 MPaE
B7YE 60 MPao) mIXA] Fste] el d4oR #

27}

ol
> >
e |m

fir

B¥7
GET PBC 1 Algale] 2diskEa S7HE 9] 2.5%0
A argsl o, HEAy AL Fig 129 o] AA

2}
F2A B R 2aYE] Ei st dojus A
& & 7 Uk d2F vehd FAEL] EH =
PBC 1 Al@Ae] Ho]F dARI A2oant dZeo],
S7hagele] ot M2 2% A sl JFEt
of Aol Fatug Aztez R vt dojvpe A
o7 wutErt, olgigt R A4 AlgAle A=

Z AFA7IE 9elo] "o E B AR )&

502 | st=RIBESE =&

1ka}

| M183 H45 (2006)

S A EA 2§ Alede old gt Adg A=V &

8% Ao FHokdn} A Fig. 1894 PBC 1 AlgA] 2

A4 wAZ HYES B, B dAZANd HAAEES
Q.

°
(transfer block)S AF8-§ PBC 2~4 A|FAIEA VeRd
ol A E(core concrete) T FHAFTIH TEA
Z7has)e wel AFE AAel g SYTEE Ve
Witk olH e AZF uH29 AF-E Figs. 12~15904]
o} 7+o] PBC 1 Al@A9F PBC 2~4 AEA ] 1] § o]

27 Yehbe 9l 2 dAdE

PBC 2 Al@A= 7]G9 HEFAARTE] S 94|
LO0%ANAMFE 2R, A Y] F7te) wet Al
& st 7MY 35%lA e o EAES
(transfer block)? He] FE 2ol AAE Fjof #do] A
A=o] A EQ Bieto] A|AEQon, o]R gl He
FHZo] =&Y Al&stAT o] &5 stellA BAEE
(transfer block)s} 715Atelol X AH A ()] AZ
Fio] WEanyl dojyith o] W 2ES HAES
(transfer block) Aleloll= ©olv] 2mmel’de] §-4-& HE
th AEEe 2709 5.0% (736 kNl A EAY 81
3, HF9APFE Fig. 133 o] AZ o] FAES]



Fig. 14 Failure of PBC 3

Fig. 15 Failure of PBC 4

uteto] QJojipom, Hel 7lFAtold] {7o] wAysldt).
Bol 7lFAelo] WG f-4L 27hHH| Y Foto) w)
2 HEd 2=(ductile rod)?]l 9ZE BE} AAH A
oz g MelolH, ol2fdt WlE AAR AAAE
< FIA7IE ZozE #adEy. o) 7 ted,
DDC A =®2 Al3e] dejdot A, Uy
o3y EA4o] 7)E4 zLE ZIE AF
1 Al@Ael AMEE FYPRT S8 THOR HAct
et tRE] PAA WA A5, oF

o}-ﬂ 1

ir @
ol

ol
Lo,

PB

@]

E
=Y

o ~E O
EE;{EJEOW

oF- k=
o2 B u Ro oURE BAATF|A] &3, AZFA
ANAUAE DATA FHA, HFele Fig. 1374 o] 7
Ao g 3] 3 WAYF] FHeFe o2 eyt
Eok o]lg AZAFoAM e oA &ARS Fig, 1994
PBC 2 AJEA9 ¢4 WEAZ HYES T3, 2o
T2 E(core concrete) 792 HZF Fao]l =ZA U
Elube A 918 = i

PBC 3 A|@A= S7HHH] 1.0%5-E] B o 2A
E-E (transfer block) ¢]ll 2717 <go] WA}, 7| E9
BEAAGFE] 1.5% A28 EAstr] Algste, 2.5%
M= FE Zo] Imm oo AHT. HF5LS F

ZFH ] 3.5%(838 kN)ol| A LENG O, HF o] gt
Fig. 149} Zteo] AZRFo) Fa8|E9] vtgo] TA 3T}
9 PBC 3 A1EA7} PBC 2 AlEA] B} HieEe
A AR, Hdisks o] AATEL A "oAle
Aoz Yehidth olgig 4L getYd Z=(ductile rod)
o ¥2EEAY EYo g ¢ty d4F dAHZ
‘dol F7tE AT Boll YA E 4R T71A] eaL, A
g NUAE 2NN A =), HFol= Fig 149 72
o] BZESZ 3] PBC 2 APA S} o] =3 wHY
Fo] FHokst Ao = FdHETh. Egk PBC 3 AlgA A=
PBC 2 AlgA|eA YeEhd HEFY Z=(ductile rod)S} 2
Eo] e o3t AAFl LAslr] Mol AAE
AHEA FEHYFo| LA, Fig 100149} Zo] F
ols o]Fol AATH] HiEe Ao eyt
PBC 4 AlgAI= S7HHSY] 0.75%FE 2o ] &
29 Rgdo] BABH O, 1.5%AAMFE Ho| ¥ &
3} 715 EF AArtgEo] T AlFEEA T
2 Z7hH9Hl 3.0%(679 kN)ollA] sl a, HE
3L Fig. 159 Zo] Vet PBC 4 A 8A & PBC

AgA el Geld Z=(ductile rod) Al 774 %
J%2 (thread bar)S A E-Z(fransfer block)dll AZAA7A
o, AZF Wi Held ZE(ductile rod)t 72 A
To] glera AZG oA oA F47F PBC 29 v&
ol A A}, olHgt EAOZ <lete] AFF 7
< PBC 2 AIEA B} A Yebgov: Fig 119 3%
-SRI A B kel Zo] HEE o] & I
AEE e o2 Yel

Z A|g A2 g 28 dbe] HiE Table 594
Zdon, g 23 A#4E vwdt A% PBC 1 Al
HA7E 7% Z=E712 B9k PBC 2 NFAE 46%
o] FEF7HE vl 7 9 dFF g
Hel vt XAERMAS =93 PBC 3, PBC 4 AEA
PadlgE R A9 238 53 A=F7r T2ER
EYsHA Z2 AlgAe sl B dHe B
t} olele Ae Z2E FZIAME BHI|F A
A E4sHl EHH A7EEA (self-centering)
& B9 AN kA & AP FUhe 7
g S7hele Bz olA 2e
Aoz velgtl $HH B Aol oauEs 43d
o] wlae ZF AEA e AZE QaUEe AFA A

el

ML

i

R

¥

)

Table 5 Theoretical and experimental strength beam-column
connections

Moment (KN'm Shear (kIN)
Specimen Expected Expected |Experimental| Experimental
strength strength strength | /Expected
PBC 1 458.8 404.6 4742 1.17
PBC 2 572.6 505.0 735.9 1.46
PBC 3 988.5 645.7 836.9 1.30
PBC 4 1,006.8 657.7 679.1 1.03
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A TS e w Zi]ﬂo};q oo, B AT m
o] A@Aet o A T W 4 FES 2
g Zog wddEn

32odsy A Uy

zk A @A 9 stE-Fhasr] 4o 2AS xgEA
(envelop curve)* H] 2.3k J»L_ Fig. 163} 7t} A&
A== Fig. 169149} o] A A E-S(transfer block)
89 Alfﬂzﬂ(PBC 2, PBC 3, PBC 4= 947} =
AoR Uesth &, 89 HFo] 71sHRe 71F W
A A B-Z(transfer block)&i EAxug HBU)% A4
Ho] ANEE PINATE 2oz FaEr. &3 DDC
A Z"HIPBC 2)9] ZAAE FHHE dd3Ho| Al
oA HEEHI e ZAE EFE FH(PBC
DET A5 S50 4FHAUT. 4 ARA L] Hst
Fofl it *l-:—% Hlwsh A3 FHojsts A vebd &
7P 9Hl= DDC Al2="E A§3 PBC 2(5.0%), PBC
3(3.5%) A&E l 7t ZA veRdt. o]t d4-2 DDCY
Alo] YR # HA| B2 (transfer block)S & A& 2
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Table 6 Comparison ratio of accumulated energy dissipation

Story drift ratio(%) | PBC 1 | PBC 2 | PBC 3 | PBC 4
1.0 1.00 1.36 1.43 1.13
2.0 1.00 1.18 1.79 1.39
3.0 1.00 | 091 1.52 1.16

300

250

200

150

——PBC |
100

~=PBC 2

Energy Dissipation(ﬂf kKN-mm)

50 —=PBC 3

~e—PBC 4

0.0 Lo 2.0 3.0 4.0 5.0 6.0 7.0
Story Drift Ratio(%)

Fig. 17 Comparison of accumulated energy dissipation
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