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Development of Wide Connection Method for Vertical Joints
of Precast Concrete Walls

Eun-Gyu Choi” and Yeong-Soo Shin"*
" Dept. of Architecture Engineering, Ewha Womans University, Seoul 120-750, Korea

ABSTRACT This research analyzed the structural efficiency and application by improving the 100 mm width vertical joint
to 150 mm and developing three connection methods to reduce the difficulty in assembling and handling PC walls. Moreover,
nonlinear finite analysis was used for analyzing. From the analysis results, when double width connection was applied, the PC
wall showed larger load capacity and ductility due to the steel bar sharing loads efficiently. Moreover, as the dimension of loops
and the number of bars increased, the maximum load capacity increased as well. Also, among the double width connections,
the largest capacity showed in the order of welding, ring and C type loop. However, in case of welding type loop connection,
the ring type loop is more stable due to changes in different site conditions. Therefore, thorough quality control of welding is

necessary.

Keywords : PC panel system, wide connection, vertical joint, connection bar, shear wall
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Fig. 1 Detail of specimen and test set-up (unit: mm)

Table 1 Test specimens
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Specimens No. of loop bar Loop bar size Width of connection (mm) Connection type
VTED10-H* 3 D10 100 Loop type
VTODI10-H* 2 D10 100 Loop type
VTEDI15-A 3 D10 150 Welding type
VTEDI15-B 3 D10 150 Ring type
VTEDI15-C 3 D10 150 C type
VTERI15-A 3 Dl6 150 Welding type
VTERI15-B 3 D16 150 Ring type
VTERI15-C 3 D16 150 C type
VTODI15-A 2 D10 150 Welding type
VTODI15-B 2 D10 150 Ring type
VTOD15-C 2 D10 150 C type

* Typical type
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Fig. 2 Types of the vertical joint (unit: mm)

Table 2 Properties of materials

Steel
Concrete | Mortar
D10 D16
Compressive
strenggl (MPa) 26.3 24.2 i i
Tensile strength | o 2.7 5974 | 5433
(MPa)
Elisflcof&‘;d;lus 221 223 | 1518 | 19.69
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(MPa) & - - 5433 476.5
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G V,, BAEEH FAGSH 9% S s
V2 e Ak dA AgAela] 2713¢9-S Table 3
oo} o] Huf st °F 85~99%clA LA SH3ITE
A¥H vy el Fig 3o JeRiATh % e
T A7lolA WA AP A AtdEl AR
o] Ao, st5o] FIHEe wep Fx 2ol 3l
= U A= T"F‘I‘Ol skl ol Heek A
7] Atolol A Ulllﬂiﬂ o] WAsHA o E T
o]F ALKAHOZ FFS letd® WEH-2 1 ol F7t
shA] @2 AE7E AT 239E AR5 9y =
< 2 FAYES #¥, vy og F, £
o] He] & Fo= Qs Wgo] astHA 2y
7t A ST

Fig. 4= 7} A3A Alg|z2d sl5-ie #AE Jehd
Zelth. Fig. 4 A *"6‘%11«1 Sto-w 9] AN Het
B Zo] 150 mme! AEA7F F 100 mme] A A H Tt
Aol A dehdaL ok o= DIANA 314 Z 3ol
oatd FEY JPFol FHoRE wj2ek whe Fo]
100 mm % H3H AgA 9 FHd2w S o ¥

o] A WA Ade S LA
A & 5 Aok "W Il me A 8=
o A7 AY(EA ), BI(FD), CI(CI) A= 1
bt 28y £ 29 =7)7F g2 VTED ¥ VTER
e BY AR AY HYo] s sle=

velted ol 848 &3 A7) %l?it Ao
BrrE ok AR 43 AsS #9E F e
Setes BlasiEske o, &5 oa HoE AR

f\l?éxﬂﬂ 7 =A vebs

f

oft

32F U= H =

o
o

&t

Table 37} Fig. 4(a)e] FXZo] 37§¢l VTED A& A<
Al HdisteS dF &9 EAE s BRE(FF)-AT
(slxh‘sﬂ)c—aﬂ(czsﬂ) Fo 2 HYdl=o] & RO Z e+

Sk 28y Feetse AY-BY-CE 22 YEe
dl, ol Huisls olF §Ho= Qs Tz dAA

lo

ZAHAE BI2|E SR SR BEY AT N | 551



Table 3 Test results

Speci Load (kN) Shear stress (MPa) Compressive strength (MPa) | Displacement (mm)
pecimens P, Prax P, 7. Tax T, PC panel Joint o, Omax
VTEDI10-H 467 471 269 2.78 2.80 1.60 34.3 242 5.25 5.43
VTOD10-H 259 283 245 1.54 1.69 1.46 26.3 21.6 4.11 4.70
VTEDI15-A 372 451 415 2.21 2.69 2.47 343 24.2 4.07 5.17
VTEDI15-B 437 501 309 2.52 2.99 1.84 34.3 24.2 3.86 4.70
VTEDI15-C 378 402 303 2.17 2.39 1.80 343 242 4.00 4.64
VTER15-A 450 472 419 2.16 2.81 2.50 343 24.2 4.12 4.65
VTERI15-B 528 567 431 2.42 3.38 2.57 343 24.2 4.58 5.57
VTERI15-C 444 496 360 2.31 2.95 2.14 34.3 24.2 5.51 6.58
VTODI5-A 314 375 269 1.87 2.24 1.60 26.3 21.6 3.20 13.21
VTODI15-B 290 333 217 1.72 1.98 1.29 26.3 21.6 2.65 3.18
VTODI15-C 265 295 241 1.58 1.76 1.44 26.3 21.6 2.60 3.06
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A N = 400 | N VTEDTS-C
- “E 300 | | -1
_____;.{-" ______________ . § 200 } -
/ | 100
/A T 0 - .
0 5 10 15 20 25

(a) VTED 15-B

VTER1IS-C

(b) VTED15-C

Fig. 3 Typical failure patterns
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Fig. 4 Load-displacement relationships
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Fig. 5 Comparison of max. load by loop bar type
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Fig. 6 Comparison of max. load by loop bar size
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Table 4 Comparison of calculated results by codes and test results

Specimen | Test results KCI CEB-FIP PCI ACI
type (kN) Result (kN) |Relative ratio| Result (kN) (Relative ratio| Result (kN) |Relative ratio| Result (kN) (Relative ratio
VTOD10-H 245 209 0.85 20.1 0.82 66 0.27 77 0.31
VTODI15-A 269 209 0.78 201 0.75 66 0.26 77 0.29
VTODI15-B 217 209 0.96 201 0.93 66 0.30 77 0.35
VTODI15-C 241 209 0.87 201 0.83 66 0.27 77 0.31
VTEDI10-H 269 247 0.92 259 0.96 98 0.36 116 0.43
VTEDI15-A 415 247 0.60 259 0.62 98 0.24 116 0.28
VTEDI5-B 309 247 0.80 259 0.84 98 0.32 116 0.38
VTEDI15-C 303 247 0.82 259 0.85 98 0.32 116 0.38
VTER15-A 419 456 1.09 581 1.39 276 0.66 324 0.77
VTERI15-B 431 456 1.06 581 1.35 276 0.64 324 0.75
VTERI15-C 360 456 1.27 581 1.61 276 0.77 324 0.90
Table 5 Comparison of calculated results by proposed formula test results
. Test Cholewicki Hansen et al. Chakrabati Hashim Tassios
Sp:;:ll)r:en results Result Rela.tive Result Rela.tive Result RelaFive Result RelaFive Result Relaj[ive
(kN) (kN) ratio (kN) ratio (kN) ratio (kN) ratio (kN) ratio
VTODI10-H 245 132 0.54 188 0.77 123 0.50 75 0.31 296 1.21
VTODI15-A 269 132 0.49 188 0.70 123 0.46 75 0.28 296 1.10
VTODI15-B 217 132 0.61 188 0.87 123 0.57 75 0.35 296 1.36
VTODI15-C 241 132 0.55 188 0.78 123 0.51 75 0.31 296 1.23
VTEDI10-H 269 139 0.52 226 0.84 143 0.53 94 0.35 326 1.21
VTEDI5-A 415 139 0.34 226 0.55 143 0.35 94 0.23 326 0.77
VTEDI15-B 309 139 0.45 226 0.73 143 0.46 94 0.30 326 1.06
VTEDI15-C 303 139 0.46 226 0.75 143 0.47 94 0.31 326 1.08
VTERI15-A 419 178 0.42 435 1.04 254 0.61 197 0.47 493 1.18
VTERI15-B 431 178 0.41 435 1.01 254 0.59 197 0.46 493 1.14
VTERI15-C 360 178 0.49 435 1.21 254 0.71 197 0.55 493 1.37
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Table 6 Empirical formula and variable codes

Type

Code and proposed models

Characteristics

Cholewicki

Vu = O7ﬂkAk
V,=0.9f, A, + 1000

Unstrengthened connection
Strengthened connection

6
Hansen et al.®

V,=0.094,+ Af, + N

0.01<7<0.08

£, > 6000kg/cm’
02<4,/4<0.5

height | depth of shear keys> 8

Chakrabati, Nayak & Paul”

V,=0.09634,f., + 0.53244,f,
V= Apfou J(0.37=0.76717,)0.76 17,

For n,20.104
For Ny <0.104

, . V,=0.04424,f,, + 0.49014,f, For 1>0.051
9) u cu hi
Hashim & Sinan Vy=Agf J0.TT=0.7770)0.77, For 17<0.051
T.P.Tassios & S.GTsoukantas'” | V, = 0.154,f,, + 0.84, 1, + 1.8fcM//7y
Vi = AVL = 20.53 [, 1L 2=10

KCI Code Ve = 02414, or V,, = 5614, = 1.4(Monolithic casting)
P, = 0.85f,, A, (sum of the minimumvalue and V) | p=1.0(Rough surface)
Vs = HAsf, 1 =0.7(Smooth surface)
_ 1 .
VRa = }‘,;;[ﬂ(Asfy(l +cotd)sin 0+ Ny) +0.14; /] Vra = 1.3(Opened connection)
CEB-FIPModel Code nty, b, yfk Vra = 1.5(Closed connection)
e eyc
VRa<0.34 gfcka Vra< 31}r}1—¢k Yea = 1.6(Normal connection)
ey
PCI Va=pucdd,
Nomal connection p=10.6
ACIT 318-05 V,=
u= HASy Connection with shearkey pu=1.0
L A 600
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