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SUMMARY 
 

On the seismic design of the joint of precast concrete structure, design method based on the concept 
about maximum shear strength of the joint has been used. But establishment of the seismic design method 
based on the concept about ductility of the precast joint is required recently. 

On this study, for example of the ductile precast joint between shear wall and beam, the authors 
thought the joint which had connecting bars under inclined arrangement. And the authors purposed to 
make clear the shear characteristics of that ductile precast joint. 

To attain that purpose, the authors performed shear experiments and analytical calculations about the 
ductile joint. 

From shear loading test and finite element analysis, the authors were obtained the following results, 
1) The joint which had 30 degree of the inclined connecting bars arrangement had well characteristics 

about maximum shear force and about ductility. 
2) The shear resistant mechanism of the inclined connecting joint bar was constituted by its axial stress. 
3) The shear strength of the joint which had inclined connecting bar could be measured by the formula led 

by the past studies about precast joint with partly amendment. 
 

INTRODUCTION 
 

In Japan structural design of the precast member-to-member joint has calculated by the method based 
on allowable stress concept. But the new design method based on inelastic displacement concept is 
required. 

Reinforcement bars have ductility for shear force better than that of concrete. So shear behavior of 
connecting bars across the precast joint will have large influence on design method based on inelastic 
displacement concept. Authors have performed studies to establish of new design method for precast joint 
under shear force. In this paper authors performed experiment of precast joint under shear force that have 
connecting bars under inclined arrangement, and investigated the relationship between shear behavior of 
the joint and inclined angle of connecting bars. 
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OUTLINES OF EXPERIMENT 
 
Outlines of specimens 

Specimens were planned as a model of the small element of precast beam-wall joint (horizontal 
joint). List of specimens is shown in Table 1 and Detail of specimens is shown in . Inclined angle between 
connecting bars and joint, pattern of arrangement of connecting bars and crossing position of connecting 
bars were selected as parameter of the specimens. Two or three specimens that had same parameter were 
planned as a consideration of observational error, so 50 specimens were made. 

Specimen name “I” in Fig.1 means that right connecting bars and left connecting bars had same 
inclined angle against joint, also “L” means that right connecting bars and left connecting bars cross at 
right angle, “W” means that right connecting bars and left connecting bars cross at right angle and both 
connecting bars were welded each other at that cross position. Specimens named “W” used welded mesh 
bars. Specimens name “A” means that right and left connecting bars cross at the point on the joint area, 
and “B” means that both connecting bars cross at the point of 35mm above the joint area. 

Order of the forming of specimens is as follows; 1) Steel form of “Former forming part“ (FFP) was 
assembled, 2) Connecting bars and shear reinforcement bars of FFP were arranged and filled concrete into 
FFP form from the position of joint area, 3) Joint area was leveled by using trowel, 4) After two or three 
days from filling concrete into FFP form, steel form of “Latter forming part” (LFP) was assembled, 5) 
Shear reinforcement of LFP were arranged and filled concrete into LFP form, 6) All steel forms were 
taken off after 28 days from filling concrete into LFP form and specimens were all formed. 

6mm thick steel plate was welded to connecting bars in order to anchor to concrete perfectly. 
 

Using materials for specimens 
All connecting bars were used by D10 and 

those bars of specimens named “I” and “L” were 
made by cutting off from welded mesh bars which 
was used for connecting bars of specimens named 
“W”, so all connecting bars had the same 
mechanical properties. Mechanical properties of 
connecting bars are shown in Table 2, and 
Moment-curvature relationship got by 3 point 
bending test is shown in Fig. 2. Mechanical 
properties of concrete are shown in Table 3. 
Because of difference of compressive strength of 
concrete between used for FFP and that of LFP the 
compressive strength of concrete to estimate the 
result of experiment (σB) is calculated by average 
between compressive strength of concrete used for 
FFP and that of LFP. 
 
Shear loading experiment for joint area 

Shear loading apparatus is shown in Fig. 3. 
Cyclic shear force was subjected to joint area by 
using S-shape loading frame. In order to keep FFP 
and LFP parallel the link mechanism were 
attached to the both side of loading frame. Screw 
jack was attached to loading frame to prevent to 
separate between FFP and LFP. 
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Table 1  List of specimens 

Specimens 
Name 

Type of 
connecting bars 

Arrangement 
 

Inclined 
angle (θ)*** 

Crossing point of 
connecting bars 

Welded **** 

I-A-30  1-2 30° 
I-A-45  2-3 45° 
I-A-60  1-2 60° 

On the joint area 

I-B-30  1-3 30° 
I-B-45  1-3 45° 
I-B-60  1-3 

 
 

same angle* 

60° 

35mm above the joint 
area 

L-A-30  1-3 30° 
L-A-60  1-3 60° 

On the joint area 

L-B-30  1-3 30° 
L-B-60  1-3 

 
 
 
D10 
Cut off by welded 
mesh bars 

60° 
35mm above the joint 
area 

 
 
 
 
Not welded 

W-A-30  1-3 30° 
W-A-45  1-3 45° 
W-A-60  1-3 60° 

On the joint area 

W-B-30  1-3 30° 
W-B-45  1-3 45° 
W-B-60  1-3 

 
D10 
Welded mesh 
bars 

 
 
 
 

right angle** 

60° 

35mm above the joint 
area 

 
 

Welded 

* same angle：Right connecting bars and that of left one has same angle against joint area 
**  right angle：Right connecting bars and that of left one cross at an right angle 
*** θ：see detail in Fig. 1 

Measuring system of displacement and 
strain 

Slip displacement between FFP and 
LFP (δH) and opening displacement 
between FFP and LFP (δV) was 
measured. From last studies specimens 
would not rotate in loading frame. 
Displacement δH and δV were measured 
by two directional displacement 
transducers. 

Strain of connecting bars was 
measured by strain gage. 
 
RESULTS OF EXPERIMENTS AND 

DISCUSSION 
Results of shear loading experiment 

are shown in Table 4, and relationship 
between shear force (Q) and δH of typical 
three specimens are shown in Fig. 4. 
 
Shear failure pattern 

In first loading cycle that δＨ was 
less than 1mm, 13 specimens (which 

were I-B-45  1-3, I-B-60  1-3, L-A-30  3, L-B-30  3, W-A-30  1 and 3, W-A-45  3, W-A-60  2 and 3) had 
growth of shear force without δH increasing, probably by means of chemical bond force of concrete in 

Table 2  Mechanical properties of connecting bars 

Yield 
strength 

σy 

(N/mm2) 

Tensile 
strength 

σt (N/mm2) 

Young 
modulus 

Es 

(kN/mm2) 

Shear strength 
of welded point 
σw (N/mm2) 

376 509 183 174 
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Table 3  Mechanical properties of concrete 

Specimens I-A-30  1 
I-A-60 

I-A-30  2 
I-A-45 

I-B-30 I-B-60 
I-B-45 

L-A-30 
L-A-60 

Compressive 
strength 

σB(N/mm2) 

39 34 
 

38 32 34 

(σB)0.5 6.2 5.8 6.2 5.7 5.8 

Specimens L-B-30 
L-B-60 

W-A-30 
W-A-60 

W-A-45 
W-B-30 

W-B-60 
W-B-45 

Compressive 
strength 

σB(N/mm2) 

31 35 34 29 

(σB)0.5 5.6 5.9 5.9 5.3 

joint area between FFP and LFP. On another specimens influence of chemical bond of concrete in joint 
area would not occur and δH increased with growth of shear force. Ultimate failure pattern was slip failure 
on the joint area in all specimens. But in some specimens crack along connecting bars were occurred on 
the side of FFP and LFP. This crack would be occurred by split of concrete from connecting bars. 

Yield of connecting bars occurred when δH became during from 0.03mm to 0.05mm. In almost 
specimens δV became about 0.2mm when δH was equal to 1mm. 
 
Maximum shear stress 

Average value of maximum shear stress is shown in Table 5, and relationship between maximum 
shear stress and inclined angle of connecting bars is shown in Fig. 5. Maximum shear stress τmax was taken 
from dividing Qmax by area of joint A (=30000mm2). In consideration of compressive strength of concrete 
the value of (τmax/σB

0.5) were adopted. 
In specimens of named “I” and “L”, value of (τmax/σB

0.5) in specimens named “B” were slightly larger 
than that of specimens named “A”. Also in specimens named “W”, value of (τmax/σB

0.5) in specimens 
named “A” were slightly larger than that of specimens named “B”. Value of (τmax/σB

0.5) were influenced 
by inclined angle of connecting bars, (τmax/σB

0.5) increased according to decrease of inclined angle. So it 
will be said that inclined angle of 
connecting bars change a stress 
condition of connecting bars. 
 
Shear force born by connecting 
bars 

Dowel force and axial force of 
connecting bars were measured by 
strain gage attached to connecting 
bars on the point which are shown in 
Fig. 2. Those gages were attached at 
15mm intervals. Shear force born by 
connecting bars (SQ) and axial force 
of connecting bars (SN) when 
connecting bars became yield and 
when δH was equal to 1mm were 
calculated by using the experiment 
result and mechanical properties Fig. 3  Loading setup 



shown in Fig. 1 and Table 2. The ratio of SQ and SN are shown in Fig. 6. In this section SQ was calculated 
as follows; shear force distribution among strain gages were calculated in all gage intervals each other by 
using the result of experiment and moment-curvature relationship in Fig. 2, and calculated the average of 
those shear force distribution, this average was called SQ. “When connecting bars became yield” is the 
time when either right or left connecting bars become yield. 

When connecting bars became yield, SN of right connecting bars became from 52 times to 85 times as 
large as SQ of right connecting bars. And SN of left connecting bars became from 192 times to 261 times 
as large as SQ of left connecting bars. Also when δH was equal to 1mm, SN of right connecting bars 
became from 44 times to 162 times as large as SQ of right connecting bars. And SN of left connecting bars 
became from 179 times to 255 times as large as SQ of left connecting bars. For example relationship 
between shear force and strain of connecting bars of specimen W-A-30 2 is shown in Fig. 7. It seems that 
connecting bars act axially and not seems that connecting bars suffer dowel action. 
 

Table 4  Results of shear loading experiment 

Specimens 
name 

Qａ 

(kN) 
Qｙ 
(kN) 

Qmaｘ 
(kN) 

Shape of 
Q-δＨ curve 

Specimens 
name 

Qａ 

(kN) 
Qｙ 
(kN) 

Qmaｘ 
(kN) 

Shape of 
Q-δＨ 
curve 

I-A-30  1 2.29 44.69 71.56 SP+Y I-B-30  1 2.45 47.00 66.97 SL+N 
I-A-30  2 4.41 40.21 48.83 SP+Y I-B-30  2 4.01 40.92 62.72 SL+N 
I-A-45  2 3.58 39.80 52.85 SP+N I-B-30  3 3.33 40.91 70.65 SL+N 
I-A-45  3 2.29 36.62 42.81 SP+Y I-B-45  1 57.17 44.87 56.89 SL+N 
I-A-60  1 7.21 50.72 55.01 SP+N I-B-45  2 46.57 42.41 54.83 SL+N 
I-A-60  2 3.19 37.66 42.95 SP+Y I-B-45  3 53.59 45.52 57.61 SL+N 
L-A-30  1 1.12 41.37 56.27 SP+N I-B-60  1 38.63 34.17 44.27 SP+N 
L-A-30  2 0.59 31.15 44.94 SP+Y I-B-60  2 70.37 37.66 50.26 SP+N 
L-A-30  3 27.28 30.76 43.97 SP+Y I-B-60  3 53.74 43.97 51.98 SP+N 
L-A-60  1 2.91 36.05 40.10 SP+Y L-B-30  1 6.17 34.02 57.60 SL+N 
L-A-60  2 3.42 35.47 47.69 SP+Y L-B-30  2 8.42 30.34 58.82 SL+N 
L-A-60  3 2.66 34.17 42.39 SP+Y L-B-30  3 62.51 39.55 55.02 SL+N 
W-A-30  1 47.28 43.55 58.92 SL+N L-B-60  1 4.01 32.47 37.50 SL+Y 
W-A-30  2 9.91 37.36 51.83 SL+N L-B-60  2 2.75 30.47 48.10 SL+Y 
W-A-30  3 57.75 34.18 50.10 SP+N L-B-60  3 9.19 36.77 43.36 SL+Y 
W-A-45  1 2.14 31.06 41.82 SP+Y W-B-30  1 12.53 35.21 44.80 S+N 
W-A-45  2 5.47 29.57 40.23 SP+Y W-B-30  2 7.66 35.63 46.58 S+N 
W-A-45  3 44.41 35.76 48.57 SP+Y W-B-30  3 2.88 35.19 42.91 S+N 
W-A-60  1 2.75 30.33 38.06 SP+Y W-B-45  1 2.74 30.33 43.66 SP+Y 
W-A-60  2 32.03 32.33 41.06 SP+Y W-B-45  2 1.73 26.63 38.20 SP+Y 
W-A-60  3 48.43 25.81 39.08 SP+Y W-B-45  3 2.15 26.70 42.65 SP+Y 

W-B-60  1 4.51 31.45 41.82 SL+Y 
W-B-60  2 5.33 29.15 41.95 SL+Y 

 

W-B-60  3 7.35 21.58 33.20 SL+N 
Qa: Shear force when δH occurred. 
Qy: Shear force when either right or left connecting bars yielded. 
Qmax: Maximum shear force when δH was less than 5mm. 
SP: Shape of Q-δH curve looks like ductile. 
SL: Shape of Q-δH curve looks like slipping. 
S: Shape of Q-δH curve looks like S-shape. 
Y: Shape of Q-δH curve in positive loading and that in negative loading look like symmetric. 
N: Shape of Q-δH curve in positive loading and that in negative loading look like asymmetric. 
 



Table 5  Average value of maximum 
shear stress τmax/(σB)0.5 

 Specimens 
named “I” 

Specimens 
named “L” 

Specimens 
named “W” 

Specimens 
named “A” 

τmax/(σB)0.5= 
0.29 

τmax/(σB)0.5= 
0.27 

τmax/(σB)0.5= 
0.26 

Specimens 
named “B” 

τmax/(σB)0.5= 
0.33 

τmax/(σB)0.5= 
0.31 

τmax/(σB)0.5= 
0.25 

 

Shear strength 
Comparison with the calculation formula of 
AIJ designing standard 

Comparison between shear force when 
δH was equal to 1mm (exQ1) and calculated 
shear force by using the formula of AIJ 
(Architectural Institute of Japan) for precast 
joint (calQi) is shown in Fig. 8. calQi were 
calculated for two patterns as follows; 1) 
inclined angle of connecting bars was 
considered, 2) that angle was not 
considered. On pattern 1) total section area 
of connecting bars (Σah) is assumed that Σah 
is 2ah/sinθ in specimens named “I”, and that 
Σah is (2ah/sinθ+2ah/cosθ) in specimens 
named “L” and “W”. In pattern 1) Σah is 
larger than ah, so calQi became larger than 
exQ1. In pattern 2) calQi became similar to 
exQ1, but inclined angle of connecting bars 
was not considered into the formula. 

So the shear strength formula of AIJ for 
precast joint was not suitable for those 
specimens. 
 
Accumulation of shear force born by each 
shear resistant mechanism 

In well-known calculation formula of 
shear strength for precast joint, those consist 
of accumulation of shear force born by 
plural shear resistant mechanisms. Shear 
resistant mechanisms are consist as follows 
for example; 1) dowel action of connecting 
bars, 2) so-called “shear frictional 
mechanisms”, 3) frictional force caused by 

compressive force from outside, and so on. 
Comparison between exQ1 and 

cumulative shear force calculated by as 
follows (calQii) is shown in Fig. 9. calQii was 
calculated as follows; calQii is calculated by 
following formula, 
 
calQii=(SQh+SNh)+µ(SQV+SNV+N)   (1) 
µ=1.73((σB

0.5)/30)   (2) 
 

where SQh is a horizontal element of SQ; 
SNh is a horizontal element of SN; SQV is a vertical element of SQ; SNV is a vertical element of SN; N is 
compressive force against joint area led by screw jack. Each term is shown in Fig. 10. 
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When (SQV+SNV+N) became less 
than zero, (SQV+SNV+N) considered as 
zero and it was considered that so-called 
“shear friction” was not occurred. µ is a 
so-called “shear frictional coefficient” 
and formula (2) was led by the authors 
past studies. 

From Fig. 9 accumulation of shear 
force born by each shear resistant 
mechanism shown in formula (1) would 
calculate the strength of the specimens 
moderately. 
 

CONCLUSION 
Following knowledge is 

taken from this study; 
1)  To incline connecting bars against 
joint area lead precast joint ductile.  
2)  Inclined angle of connecting bars had 
influence to the shear strength of precast 
joint. Specimens which had 30 degree of 
inclined angle of connecting bars had the 
best shear strength. 
3)  Connecting bars which were inclined 
against joint area acted mainly axially, 
and not had dowel action. 
Shear strength of precast joint which had 
inclined connecting bars was able to 
calculate by using the cumulative 
strength method for shear force born by 
each shear resistant mechanism. 
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