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Compressive Strength of Horizontal Joints in Precast Concrete Large
Panel System
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Abstract

The compressive strength of horizontal joints in precast concrete large panel structures
depends on parameters such as grout and panel strength, detail of joint, joint moment, width of
grout column, and etc. 44 specimens were tested to investigate the effects of parameters that in-
fluence the compressive strength of horizontal joints, The design formula specified in Korean
Code for compression horizontal joints must be reviewed, because it was based on the test
results of the joint types not used in Korea, In this study comparing the test results, therefore,
the validity of the design formulas was evaluated and a suitable formula was proposed to predict
the ultimate strengths of compression horizontal joints,

The increase of ultimate strengths was not observed, even if confined the horizontal displace-
ment of slabs and reinforced the wall edge, when the grout strength is lower than panel
strength.

From the comparison of test results and those by the proposed formula, it was shown that
proposed formula was suitable to predict the ultimate compressive strength of horizontal joints.

Keywords : compressive strength, horizontal joint, grout and panel strength, detail of joint,
width of grout column, design formula
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1 A'i 2 Table 1 Test specimen properties
- [

e Siab | tg fo Wall | No. of
Specimen Type | (mm} |(kg /cm?)| Section |Specimen
g #2agE Jdex FPYE- 7|z 2
o ° v ! T qese] 718 INGAO | N | 60 210 [ Noloss | 3
Sl A ARz R dAsiA e o 315 Interior | IN60 N |60 210 | NoLoss| 5
tf&te] A gstes Ao}, ol gt FHEFL ek joint |INGOCEL | N | 60 210 | No Loss 3
Eégl’ % HE %6‘]’05‘ -3}}13‘1:}119_33_ ‘zi E;&‘] x} 8l ,’a‘_ INGDS*2 N 60 210 No Loss 3
EC6AR C ! o6 210 Loss 3
A H o z] A i "¢ .53_.1:‘29 717 " 1}1:\1 e
el A2 e e cepiRel g, WAk el ECHBR C | 60 27 Loss 3
Ze, @he] BB Gl met T ey v g C3BR L C | 30 | oz | Less 3
k=) 7] wFoll alA] FEAA A o] & uky &}y BC6BO C | & 270 | No Loss 3
9_1 5“ }\1 = O]Oﬂ {]_—tj} O] EH 7}_ _,OLUPQ t:}- g—_;] ‘:Hi%, EN)AR N 50 210 Loss 3
- & guoiz 2z - o Exterior| ENGAR N 60 210 Loss 3
O3] E 3 oty Sk - - =
ZAaYE date SRl et Al fE joint | ENGAQ N | 60 210 NoLoss 3
AW 3 Ao] 2A7) &a ol 4] A} 5L Q) EN3R N | 30 20 Los 3
B Alzgahs gay] gl ol g g ENSROSLY N | 0 ) a0 | Los | 3
ENSRS*2 | N | 30 210 Loss 3

B7l7t auslE= A Aol : : -
4717k £ = et %1 Specimens with edge reinforcement

whehA], B Aol Al A4 E gl +EA *2 Specimens that horizontal displacements are confined
Hof] A 2] 6}%— Mg Aae] olse} AgsH e 9
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ol )%l g, Hydle] vy 7 Adof T] — — e
3 Qg sotetv] kel F 440 A EAE S Slab edge
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2 71eb Ak B v, HESte] 1 g3 ol @4 8 = Eay J
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- 40 40
X
2. & ¥
- (amterior joint
2.1 MEH AE
200 140 200 140 340
@ B PRAL A B D .
E $ o jaloE - Slab edge Slab edge
7! o]d s, AEA AR s & S| Ctype 10 Ntype 10
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Table 2(a) Test results (Interior joint)

Specimen to | Compress_iye strength (kg /cmz) fw Test Failure K
Name (cm) | Upper | Grout | Lower | Upper fo Result Pattern Eq.(5)
mortar Concrete{ mortar ‘l‘ wall (t) J— !
IN6AO-1 [ 6 187 | 290 | 258 372 1.28 90 | Lw 0.82
IN6AO-2 6 187 290 258 372 1.28 80 Lw 0.82
INGAO-3 | 6 | 187 | 200 | 258 372 1.28 7% | Lw L 0.82
IN60 -1 6 313 205 342 277 1.35 33 G 0.80
IN60 -2 6 313 205 | 342 275 1.34 57 G+Lw 0.80
INGO-3 | 6 313 205 ‘ 342 300 1.46 50 G+Llw 0.76
IN60 -4 } 6 253 205 253 | 313 1.53 39 G+Uw+Lw 0.73
IN6O-5 | 6 397 | 205 | 397 313 1.53 91 | Uw 0.73
IN60C-1 6 313 205 342 | 275 1.34 48 G+Lw 0.80
IN60C-2 6 313 205 342 291 1.42 45 G+Uw 0.77
IN60C-3 6 313 205 342 300 1.46 57 G+Lw ; 0.76
IN60S-1 ¢ 6 313 205 342 277 277 1.35 38 i G ‘ 0.80
IN60S-2 6 313 205 342 300 | 300 1.46 53 Lw L0076
IN60S-2 } 6 | 313 205 | 342 291 | 291 ' 142 75 L G 0.77

* Uw : Upper wall sphttmg failure
G : Grout compressive failure
Lw : Lower wall splitting failure
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Table 2(b) Test results (Exterior joint)

Specimen te Compressive strength (kg /cm?) fw Test Failure K
Name (cm) | Upper | Grout Lower | Upper | Lower fc Result Pattern Eq.(5)
mortar |Concrete! mortar wall | wall (t)
EN3R -1 3 313 205 342 277 277 1.35 46 Lw 0.37
EN3R -2 3 313 205 342 313 313 1.53 59 Lw 0.34
EN3R -3 3 313 205 342 300 300 1.46 66 G 0.35
"EN3RC 1 3 313 205 342 300 300 1.35 47 G+Uw 0.35
EN3RC-2 3 313 205 342 300 300 1.35 46 G 0.35
EN3RC-3 3 313 205 342 275 275 1.34 44 G 0.38
EN3RS-1 3 313 205 342 277 277 1.35 31 G+Uw 0.37
EN3RS-2 3 313 205 342 313 313 1.35 62 Uw+Lw 0.34
EN3RS-3 3 313 0 205 342 300 300 1.46 66 G 0.35
EC6AR-1 6 187 200 258 1 325 328 1.12 70 Lw 0.89
EC6AR-2 6 187 290 258 | 309 309 1.07 45 G+Lw 0.92
EC6AR-3 6 187 290 258 . 372 372 1.28 48 Lw 0.82
EC6BR-1 6 426 334 258 286 286 0.86 80 Lw 1.00
EC6BR-2 6 187 290 258 372 372 1.28 75 Lw 0.82
EC6BR-3 6 187 290 258 372 286 1.28 68 Lw 0.96
EC3BR-1 3 187 290 292 446 446 1.54 59 Uw 0.34
EC3BR-2 3 258 334 258 309 309 0.93 97 Uw+Lw 0.51
EC3BR-3 3 258 334 258 372 372 1.11 69 G+Lw 0.44
EC6BO-1 6 426 334 292 309 309 0.93 104 Lw 1.00
EC6BO-2 6 187 290 292 309 372 1.07 72 Lw 0.82
EC6BO-3 6 426 334 292 286 325 0.86 100 G+Lw 0.97
ENSAR-1 5 426 334 258 286 286 0.86 55 Jw 0.88
EN5AR-2 5 426 334 258 309 309 0.93 67 Uw 0.84
ENSAR-3 5 258 334 258 323 446 _0.97 63 Uw 0.66
EN6AR-1 6 187 295 258 388 328 1.32 50 G+Uw 0.90
EN6AR-2 6 426 334 258 388 388 1.16 83 Lw 0.87
EN6AR -3 6 426 334 258 446 446 1.34 81 Lw 0.80
EN6AO-1 6 187 295 258 446 446 1.51 64 Lw 0.74
EN6AO-2 6 258 334 258 446 328 1.34 105 Lw 0.97
EN6AO-3 6 426 334 258 286 328 0.86 87 Lw 0.97
* Uw : Upper wall Splitung failure
G : Grout compressive failure
Lw : Lower wall splitting failure
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Table 3 Previous formulas

Investigator | Formula
Lee, S. W., ~ 2.5 tg L
et al."” _ In(11.2te /t,+1)
min,
: 5.0fw-t-L
] ! (1-te/t)n(1l.2tc /i +1)
Pélim "Closed joint
| Pu=g-fo-Ltct/toHPueem
Open joint
Pu =fc - Ltct+Pyconn
| Here

¢=07V1/tg <2

’ (confinement factor)
Pu.conn, = 0

iﬂ_ (without mechanical conn,)
Lo £6(0.240.75 to /t)
Compressnvc fallure of grout

Larsen &
Nielson ! Py = to-Lofe
Spiltting failure of wall

uz 02w Lt/ -tg /)

kim, SVSv 'Interior joint
et al,*® Py == ts-L-fw/K
Exterior Joint
Py == fu-L-t"/(t+6e)
Here, e={tg—t(1—-K)} /2
_K==0.617In(4.062t; /t+1}

[

CEBFIP™

_ 1
RJ G Aw-dw Ya¥n

= factor of joint type
o \Yd Ynr = factor of brittle failure
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Table 4(a) Estimation of previous formula (Interior joint)

Specimen Test Test result /Formula
result

Name 3 CEB-FIP LN Lee PCI-1 PCI-3 KCI
HPU* 135.0 2.01 3.00 2.11 1.60 147 2.16
HPUR 99.8 1.49 2.22 156 1.19 1.09 1.60
HPUEL-A 97.4 145 2.17 152 116 1.06 156
HPUE1-B 69.2 1.03 154 1.08 0.82 0.75 111
HPUE2-A 83.0 1.24 1.85 1.30 0.99 0.90 1.33
HPUE2-B 104.0 1.35 231 | 163 1.24 113 1.33
IN6AO-1 89.7 0.97 152 107 0.99 1.25 0.95
IN6AO-2 79.2 0.86 1.34 0.94 0.88 110 0.84
IN6AO-3 75.8 0.82 1.28 0.90 0.84 1.05 0.80
IN60-1* 33.0 0.48 0.79 0.55 0.52 0.65 0.40
IN60-2 57.0 0.83 1.36 0.96 0.89 112 0.69
IN60-3 50.0 0.67 1.20 0.84 0.78 0.98 0.61
IN60-4 89.0 114 213 150 1.39 175 1.08
IN60-5 91.0 117 2.18 153 1.42 179 111
IN60C-1 480 0.61 115 0.81 0.75 094 | 058
IN60C-2 45.0 0.54 1.08 ) 0.76 0.70 0.88 0.55
IN60C-3 57.0 0.67 1.36 0.96 0.89 112 0.69
IN60S-1* 380 0.55 144 ‘ 0.64 0.59 0.75 0.46
IN60S-2 53.0 0.71 1.86 0.89 0.83 1.04 0.65
IN60S-3 75.0 1.04 211 | 126 117 147 0.91

MEAN 0% 172 | w5 | e 114 0.96

STDV. | oz 051 | 028 0.23 027 | 023

VAR. | o471 o0l | o2 0.03 010 | 057

HPU series specimens were tested by Kim, S. |
* Test results of these specimens are excluded to compare the computation results, because of too much variance and poor

grouting, respectively.
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Table 4(b) Estimation of previous formula ( Exterior joint)

Specimen ;(I:;filtt - Test result /Formula
Name (t) CEBFIP | LN lee | PCI1 | PCI3 KCl
EC6AR-1 69.2 o2 | L7 1.64 077 L 0.96 1.29
EC6AR-? 45.2 0.71 0.88 LoT 1 050 0.63 0.90
__ECBAR-3 47.9 0.62 o8l 1u | .53 0.67 0.81
EC6BR-1 79.5 1.34 167 | 192 0. 76 0.96 | 170
EC6BR-2 74.7 0.97 L6 om 0.83 Lo+ | 1%
EC6BR-3 67.8 115 1.42 163 . 075 0% | 145
" EC3BR-1* 58.6 0.63 1.98 1.39 ; 092 | 118 | 18
EC3BR-2 97.2 1.52 2.85 217 1.3 169 385
EC3BR-3* 685 | 089 2.01 141 093 | 119 226
EC6B0-1 1041 | 163 2.02 2.32 I S o206
EC6B0-2 719 093 1.22 1.71 080 | L0O 1.22
EC6B0-3 1004 | 149 18 | 213 09 121 1.89
ENSAR-1* 54.7 0.92 126 T 13 0.58 0.74 1.41
ENSAR-2% 67.2 1.05 1.47 150 071 080 | 160
ENSAR-3* 628 | 0683 111 130 0.66 08¢ L1l
EN6AR-1 50.2 0.74 0.92 117 0.55 069 094
EN6AR-2 82.6 1.03 1.28 1.70 079 | 100 1.30
EN6AR-3 80.5 0.87 118 166 0.77 0.97 1.18
EN6AO-] 636 | 069 1.06 1.49 0.69 0.87 1.06
EN6AO-2 105.1 1.55 1.92 221 o1 127 1.96
EN6AO-3 87.1 128 | 159 183 0.84 1.05 163
EN3R-1 46.0 080 | 220 1.55 1.02 1.31 1.98
EN3R-2 59.0 091 2.82 1.98 1.31 168 - 254
EN3R-3 66.0 1.06 316 222 | 146 188 | 285
EN3RC-1 47.0 0.66 2.25 1.58 1.04 134 | 208
EN3RC-2 46.0 0.64 220 155 1.02 131 198
EN3RC-3 44.0 0.67 2.10 148 0.97 1.25 1.90
EN3RS-1* 31.0 0.54 148 1.04 069 088 1.34
EN3RS-2 62.0 0.96 2.97 208 17 1.76 2.67
EN3RS-3 | 66.0 1.06 3.16 222 | 146 | 188 2.85
MEAN 1.01 [ 1.84 76 | 094 1.19 1.77
STDV. 0.31 0.56 035 021 0.28 0.66
VAR. 0.05 045 008 044 0.45 012

* Test results of these specimens are excluded to compare the computation results, because of too much variance and poor

grouting, respectively.
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P. = 0.5%XPs(1—t¢ /t) (6)
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