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Quantitative Analysis on Effective Stiffness of Horizontal Joints in
Precast Concrete Large Panel Structures
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Abstract

Though stiffnesses of joints in precast concrete(P.C.) large panel structures are known to be
generally less than those in monolithic reinforced concrete wall structures, designers have very
little information on the quantitative values with regards to these stiffnesses. The aim of this
paper is to provide this quantitative information, in particular, on the compressive stiffness of
horizontal joints, based on the analytical results derived from several experiments. Also, it is
shown that the approach from the contact problem to determine this stiffness gives a value very
simular to those obtained above.
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Fig. 1 |-Type 6-Story P.C. Shear Wall

Table 1 Roof deflections(4-node shell element of ADINA)
(unit : mm)

Model i Deflection
By~ h. 1.05
By l/5En 5.3
C Bys2/9B, L 430 i
=1 Jat )El i 536
Evy ’/‘) Zp.Eiyy - l/l)f} 5.74

Ey, @ Young’s Modulus of Vertical Jomt
E,” : Young’s Modulus of Horizontal Jomnt
E; : Young’s Modulus of Panel
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Fig. 5 Detail of horizontal joints
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Table 2 Natural periods and damping ratios of 1/ 3-
scale 3-story wet-jointed P.C. model

Free vibration test Ambent Test
Tisec)| ¢ [Ttsec) & [Tisec)[olEa)
- + 7 ~ -
before test 0.0795 | 40% | 0.0789 [12.3%  0.07% | 136
after PGA 6%, . o ‘
before PGA 1% 0.0824 |10.5% | 0.084 | 8.67%
after PGA 12%, N VO o _
before PGA 95% 0.063 | 5.9% } 0.0838 | 8.1% | 0.077 |, 1298
after PGA 2%, | . ~ i
before PGA 10% 0,077 | 7.8% 1 0.07% ; 00772 1 1295
after PGA 40%, Lo | 79% Looss 1042 .
before PGAfSO% } b | 7.3% 1 0.0876 . 104% 0084 1 1190
after PGAB, | | L0088 | 1136
Tabie 3 Natural period
(unit : sec,)
T experiment __analysis(SAPY0)
natural 0.063(Euy=(1 /10)Ep)
) (.0795
period 0.097 (Enyj=(1/40)Ep)
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Fig. 10 Analytical modeling 1/ 3-scale 3-story P.C. model
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Fig. 14 Natural periods and modes of 8-story P.C. apart-
ment building( Analysis)
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Le=8ft L;==0.67ft 2==0.0773

Table 4 Change of lateral and rotational stiffness due to
the variation of height of dummy story H

EW NS
H . KLAT | KROT | H  KLAT | KROT
(ft) | (Kips /ft) | {Kips ft | (ft): (Kips /ft) | (Kips ft
» rad) ' /rad)
EXPERIMENT ! 87x100 | 37x10 | 15xl0F | 1810
30 el | 22wl | 3 e | 1!
B oR3x1 L LHx1 ) 6 ) Sl | K8k 10"
W 410 | G4xll 1 | SERI0 | A8k 10?
P el | a4 | W | 1Tl | st
B s | R | LEae | 23t

ANALYTICAL
MODEL

Table & Comparison of analytical and experimental

results
Ep=576000KSF  Eq==340000KSF (Unit : sec)
% | Hp=0 = Hp=20ft Ho—20ft | EXPERIMENT
© | B=Ep |E=EpEp=Ep|E=EqEy=Ep | Forced | Ambient
1] 0261 0.202 0.3%7 0373 0.366
2 1 020 0.268 032 1 03% | 033
3 017 0.219 0264 | 0310 | 0305

Ep : Modulus of Elasticity of Panel(See Fig.13)

Ep : Modulus of Elasticity of Dummy Story

E. : Equivalent Modulus of Elasticity of Whole Story
(See Fig.13)
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Table 6 Deformabilities of different joints in compression

in m/ MPa
Grade of mortar or corcrete
T;/petof Joint diagram in contact of precast elelr(r)lehr;t; -
oin a an
; up to IMPa 5 MPa
more
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03m, E.=32GPa, H=2.7m, 2 28] 7% 10MPa
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(i) =28 & (Fig.15 oAl j=1 =) ol 3l

by =0.4X107* 1 15—(Table 6l la})

(i) eH B 2208 (Fig.15 A j = 23)
ek, 4 (3) 2 (4)ell 23
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