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Shear Strength of the Vertical Joints in Precast Concrete
Large Panel Structures
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Abstract

The strength of vertical joints of precast concrete large panel structures depends on the many
factors, such as the bond strength of grout concrete (or mortar), the interlocking of the shear
keys, the dowel action of horizontal bars, Many experimental studies have been conducted to in-
vestigate the shear strength of the vertical joints. In domestic, a few design formulas to predict
shear strength of the vertical joint were proposed by some mvestigators, but formulas were
based on limited experimental results.

The objective of this paper is to propose a suitable formula for the shear strength of vertical
joints with 94 vertical joints experimental data using the modified Mohr-Coulomb’s yield theory
and regression analysis. From the comparison of the proposed formula with others, it is shown
that the proposed formula can be used economically for the design of vertical joints,

Keywords : shear strength, vertical joint, interlocking, concrete grout, shear key, dowel action,
horizontal bar, Mohr-Coulomb’s yield theory.
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Table 1 Ultimate shear strength formuias for vertical joints

Investigator Formulas
Cholewicki! V, = ()_7' o Ag : urlreinforced joint -
ewicki Vo= 0.9 - Ac + 1000 - A, : reinforced joint
o Vo= 0.09 Ac- £+ A £, 0.01 <5< 0.08
Hansen®' A - o,
" AT
Tassios and i o o
tsoukantas” V=015 A e 08 A - o+ L8 - Vi
Chakrabati, Vi, = 0.0963 - Ay - fo + 0.5324 A, - 7 = 0.104
Nayak, and S
Paull V, = Ay - £VI0.37 — 0.767) 0.7y 7 < 0.104
o /;;(;u] VL = 0.0442 Ay - £+ 04901 A - 1, n = 0051
Wahab"” Vi = A+ £3017 = 0.7 0.7 n < 0.051
. , f,
, " Ve G Al o 0z in(i0P) — 301 |
Kim, et al.’ min.,
Vo= A e+ 07A-£,/V3
Vo= u Ay
ACI 318-83" _ plane joint : 0.6
F keved joint : 1.0
- v, = LA b+ cotasina + No] + 0.1A - T
min., 7
Vo= 0.3A -1,
14 Ay
CEB-FIP AT > 0.01
u — plane joint : 0.6 YRd open Key = 1.3
[ keyed joint : 1.0 ( closed Key =1.5
L - plane Key = 1.6
Vu= V. + V,
V.= 085-053VF t-L
min, =0.85-0.2-f.- Ac-or 0.85- 56 - Ay
Korean code™ V. =07-085-f.- A
V.= 085pu-fy- A
plane joint = 1.0
[ keyed joint = 1.4

Proposed

V. = 0.85(0.119 Ac - £ + 0.764 A, - £,)

n = 0.097

V, = 0.85( Ay - £v(0.494 — .9557) 0.955¢)
y < 0.097
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Fig. 1 Mohr-Coulomb’s Failure criterion
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Fig. 2 Slip at joint
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Fig. 3 Mohr-Coulomb’s Criterion applied to joint
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Table 2 Details of test specimens

. Horizontai Wall B
(rrout o Number of
Investigator Jomt type reinforcement thickness
strength , . specimen
. L o - ) tem) L (cmy - B
v | oint concrete® LG8 y _
om a1 kg Jem R ‘ L
Kim, et al.” losed joint concrete? 168 T‘ 7.5 t
jm, eﬁj N Lisi join 181 - 62kg /om’ 5 7.5 ) ) 5
K C Al oint mortar 0, 1.57. 14, 16 47
i, ek 4 openjom 11 -33tkg /om? | 314, 471 18, 20 ) )
Lee, et al open joint mortar 310, 471 14, 20 10
e e pen 244 - 293kg fomt 0 T be
Lo mortar 0. 142
Chone. 0 ORI o7 - otk e 281 . ’
Kim. S. S.12 semi-closed mortar T 15 19
- joint 248 - 398kg /'’ st 208 N
* Cylmdu’ Strength is converted to cublc 5trength
Joint Joint Joint Vo = ¢#(0.119 A - £.+0.764 A, - 1) (17)
7=0.097
b BB 7R 3= 2400 kg /em® o] &F & g},
gugpitol gl A A
Vu = (0.118 Ak ‘ f,c (18)
¢ = 0.85
plan plan
4. 71E M|etalntol H|1
(a) A Type (b) B Type
Fig. 4 Types of specimen o] Aol AgrAlyt 71& ArlEof gls] AAE
A3 4l g ulwsla] Table 301] Vel o st ol

0.1‘//;% e
P x Ref. (11)
= Ref. (12)
% 0.1 0.2 03 0.4 0.5 0.6
A-fy
n= Ak'f‘c
Fig. 5 t/ f'c—# Curve
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Table 3 Average strength ratio of formulas for test results

Investigator Ch()lt\hlL K1y Hcmsen \ Tassios (,hdkrdhd[l Abdul  KimS.S..  ACL ICEBFIPT KCl  Proposed
B, 1 | b i
Yoon, et al.’ 1.3 (.62 } 1 (.86 1.97 150 | 0.99 1.18 .99 1 0.92
Kim, et al.™ oL 0.53 ‘\ 037 1 075 LO9 o056 sl 1.03 087 | 0.87
. 4 ! i i ¢ . k
Kim, et "]“, 178 } Lot o0y 135 21| L8 LT 179 | 13u L
Ixc et d] ] -
Chung, 1. 1.63 1.22 0.8 1.39 2.53 2.18 1.79 1.79 124 li.lt?
Kim, S, 8" 1.97 1.16 (.85 1.52 2.36 264 1 216 | 2.03 1.63 1.4(7)”
MEAN 1.74 1.02 (.76 1.32 1 204 1.94 1.4] ‘ 1.76 1.39 1.26
Total | STDV 0.517 0.338 © 0.229 007 (.76 | 0761 1 0515 0395 0.36
VAR 0 s | 0.01 0.014 0017 0051 0.0 0.0 (L01% 0
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Test rcsultx (()mputauon re sults

Table 4(a) Reinforcement required for vertical joints

(t=14cm)
‘ Reinforcement Aﬁ (Lode
Formulas reqmted e
. T - s ,(P d
A((m) i ¢1u A' orpose )
Korean Code 3.949 3 1.33
ACI 318-83 10.50 7 3.50
CERB-FIP 3.88 ‘ 3 1.29
Hansen rez | 1 041
Chakrabati 330 3 1.10
Abdul-Wahab 10.37 7 3.46
Proposed Eooson 2 1.00



Table 4(b) Reinforcement required for vertical joints

(t=20cm)
Reinforcement AQ( (code
Formulas required AP d)
Ty Sp Qrpose
Ajlem®) | 410 ‘ pirerpe
Korean Code 5.90 4 ' 1.46
ACI 318-83 8.99 7 ‘ 2.23
CEB-FIP 5.93 4 | 1.47
Hansen 1.72 2 0.43
Chakrabati 4.80 4 1.19
Abdul Wahab | 15.12 10 ‘ 3.75
Proposed 4.03 3 | 1.00 B
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