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1. Introduction 

 
In recent decades, steel reinforced concrete (SRC) 

columns have been applied in high-rise buildings in the 
earthquake zone. Owing to the good performance of 
encased steel section, the SRC columns possess 
considerable advantages such as high load-carrying 
capacity, larger stiffness, good fire resistance, as well as 
easy to delay the local bucking of steel elements (Uy and 
Bradford 1995, Hajjar 2002, Xue et al. 2014, Pereira et al. 
2016). However, because of the relative complex 
construction process, the application of SRC columns was 
not welcomed and widely applied as expected. These years, 
the use of the precast concrete columns has extensively 
increased because of the significant saving in labor costs 
and construction time (Tam et al. 2007, Xiao et al. 2017). 
For this reason, precast SRC columns which wholly 
prefabricated in the shop have been proposed and are 
introduced to achieve high quality and have been widely in 
Japan and some countries. But the new problems such as 
difficult to transport, lift and install because of their larger 
sectional dimension size and the heavy weight are also 
presented (Yang et al. 2017). Furthermore, the integrity of 
beam-column joints in entire precast SRC structure is more 
difficult to guarantee, which always become the biggest 
problem (Karim et al. 2012). 

To solve the problem of the entire precast SRC columns, 
an innovative partially prefabricated steel reinforced 
concrete (PPSRC) column is proposed in this study (Hwang 
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et al. 2016). As shown in Fig. 1, this kind of column is 
composed of a precast outer-part and a cast-in-place inner-
part. The precast outer-part comprises high strength or high 
performance concrete, steel section, reinforcing bars and 
stirrups. The outer-part can be prefabricated well in some 
precast factory or shop. After lifting and installing the 
precast outer-part on construction site, the normal concrete 
was cast into the outer part, and then these two parts are 
well joined together to form a wholly member. To 
sufficiently ensure the bond on the interface of steel shape 
and precast concrete as well as inner concrete, a set of high-
strength bolt shear connectors are introduced on the steel 
flange of the steel shape (Yang et al. 2016, Agheshlui et al. 
2017). Therefore, compared with the entire precast SRC 
columns, in the PPSRC columns, the weight of the precast 
part was reduced because only the outer part was precast 
and then the transport problem was solved, and the outer-
part and inner-part were better jointed together for the inner 
concrete was poured on site. Furthermore, compared with 
SRC columns, several construction procedures such as 
reinforcement binding and formwork are omitted, which 
effectively simplify the construction process and reduce the 
energy consumption of construction. 

In PPSRC column, the compressive strength of the 
concrete in the outer-part could be different from that of the 
inner-part. It means the prefabricated outer-part could be 
made of high strength and high performance concrete, while 
the inner-part can be made of normal strength concrete or 
lightweight aggregate concrete, and recycled concrete. 
Therefore, the effect of different materials on the shear 
behavior of specimens is of great importance. 

Shear of SRC column and RC column is a complex 
phenomenon that is still not very well understood 
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(Albegmprli et al. 2015, Kang et al. 2015, Trentadue et al. 
2015, Vora and Shah 2016). To investigate the shear 
behavior of this new kind of column, a set of tests on 
PPSRC and hollow partially prefabricated steel reinforced 
concrete (HPSRC) columns were conducted. The 
parameters including the shear span aspect ratio and 
difference of concrete strength of inner part and outer part 
were focused and investigated. Based on the test results, a 
formula for calculating the shear bearing capacity of the 
PPSRC and HPSRC column was put forward and presented. 

 
 

2. Test program 
 
2.1 Test specimens 
 
A total of seven composite column specimens were 

manufactured and tested, including five PPSRC columns 
and two HPSRC columns. Parameters including the shear 
span aspect ratio (1.0, 1.5 and 2.0) and the strength of inner 
concrete (C20, C40 and C90) were considered in the 
experiment. The tested specimens were classified as PPSRC 
groups and HPSRC groups. The details of all specimens are 
tabulated in Table 1. 

All the column specimens had a square cross section of 
size 350×350 mm and were longitudinally reinforced by 8 
bars of 32 mm diameter high-grade steel (PSB1080). Hot-
rolled plain steel bar with diameter of 8 mm was used for 
stirrups. Details of specimens section are shown in Fig. 2. 
The thickness of concrete encasement in all the specimens 
was 87.5 mm, which was determined by the cover thickness 

 
 

 
 

and arrangement of reinforcement. The cross-steel shape 
section in all specimens was fabricated with two H-shaped 
steel sections welding together, HN175 mm × 90 mm × 5 
mm × 8 mm (dimensions in mm for depth, width, web 
thickness, and flange thickness, respectively). Four riffled 
plates and the steel flange were acted as formworks for 
inner concrete. Furthermore, to ensure the composite action 
between the precast concrete and the cast-in-place concrete, 
high strength bolts connectors were interlaced on the steel 
flange of steel shape, as shown in Fig. 2. 

 
2.2 Material properties 
 
In the experiment, reinforcing bars of 32 mm in 

diameter and PSB1080 in grade were used as the 
longitudinal reinforcement, and its average yield strength 
and ultimate tensile strength were 1103 MPa and 1211 MPa, 
respectively. B8 bars of 8 mm in diameter and HRB335 in 
grade were used as the stirrup, and its average yield strength 
and ultimate tensile strength were 416 MPa and 520 MPa, 
respectively. Coupons were cut from the flange and web of 
the rolled steel shape HN175 mm × 90 mm × 5 mm × 8 mm 
with Q235 grade according to Chinese steel standard (GB/T 
700-2006). For the flange of steel shape, the tested yielding 
strength was 312 MPa and ultimate strength was 418 MPa, 
respectively, while for the web of steel shape, the tested 
yielding strength was 273 MPa and ultimate strength was 
520 MPa, respectively. 

The strength grade of the concrete in the outer-part of 
PPSRC columns and the inner-part were designed to be 
different. The strength grade of the precast concrete in 

 
(a) Sketch of PPSRC column (b) Cross-section (c) Hollow-core cross-section 

Fig. 1 The schematic diagram of PPSRC column 

Table 1 The details of all specimens 

Specimen No. l / mm h0 / mm a / mm λ = a / h0 fcu,out / MPa fcu,in / MPa Loading modes 

PPSRC-1 1370 320 320 1.0 104.61 21.2 Two points loading 

PPSRC-2 1750 320 480 1.5 104.61 21.2 Single point loading 

PPSRC-3 2130 320 640 2.0 104.61 21.2 Two points loading 

PPSRC-4 1370 320 480 1.5 104.61 44.6 Single point loading 

PPSRC-5 1370 320 480 1.5 104.61 104.61 Single point loading 

HPSRC-1 1370 320 480 1.5 104.61 0 Two points loading 

HPSRC-2 2130 320 640 2.0 104.61 0 Two points loading 
 

*Note: l denotes the length of the column, ho denotes the effective depth of section, a denotes the shear span, 
and λ denotes the shear span aspect ratio and λ=a/h0 
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outer-part was designed as C90, while the inner-part was 
designed at three levels as C20, C40 and C90. Standard 
concrete cubes with dimensions of 150 mm × 150 mm × 
150 mm were used to determine compressive strength in 
accordance with the code for design of concrete structures 
(GB/T 50081-2010), and the average compressive strengths 
of concrete cubes obtained for different specimens were 
listed in Table 1. 

 
2.3 Test setup and procedure 
 
The loading equipment and setup for columns 

specimens are shown in Fig. 3. The loading equipment was 
an electro hydraulic servo-testing machine with a capacity 
of 5000 kN. Two loading methods were adopted in the 
experiment including single point loading at the mid-span 
of column and two points loading by a distribution beam 
and two cross beams. The load was applied on the 
specimens at a constant displacement rate of 0.3 mm/min in 
a monotonic manner. To ensure uniform pressure distribu- 

 
 

 
 
tion, a layer of sand was placed at the surface of loading 
point of the specimens. During the test, linear variable 
displacement transducers (LVDTs) were used to monitor 
and record the displacement of loading point and two 
supporting beams during the test. Strain gauges were used 
to measure the strain responses of the web of the steel shape 
and stirrup. The details of the loading scheme and the 
layout of LVDTs are presented in Fig. 3, and the layout of 
the strain gauges is plotted in Fig. 4. 

 
 

3. Experimental results and discussions 
 
3.1 Observed behavior and failure mode 
 
All the specimens failed in shear and the similar failure 

modes were observed for HPSRC and PPSRC column 
specimens. In the experiment, there was no obvious 
slippage observed at the interface between the precast 
concrete and the inner concrete, which indicated that the 

(a) Cross-section of PPSRC columns (b) Cross-section of HPSRC columns 

Fig. 2 Schematic diagram of column specimens 

 

(b) Two points loading 
 

(a) Cross-section of PPSRC columns (c) Single point loading 

Fig. 3 Diagram and photo of test setup 
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outer-part concrete of PPSRC columns was bonded well 
with inner cast-in-place concrete. Moreover, the ductile 
failure modes were achieved due to the contribution of steel 
shape and were depended on the shear span aspect ratio of 
the columns. Photos of the crack patterns and the failure 
modes of the specimens are presented in Fig. 5. 

For specimen PPSRC-1, the shear cracks developed 
prior to flexural cracks, and diagonal shear crack initiated at 
the shear span of the specimen at approximately 0.2Vu. 
Then the new diagonal cracks developed with the load 
increasing, but the bending cracks developed slowly. When 
the load reached about 0.8Vu, the diagonal cracks in critical 
section occurred, and these cracks expanded gradually as 
the load increased. Finally, the failure mode was dominated 
by the crushing of concrete in critical section. 

For the other specimens, the flexural cracks initiated at 
about 0.2Vu, and then some minor shear diagonal cracks 
appeared in shear span with loading increasing. 
Subsequently, the critical diagonal crack formed and 

 
 

 
 

gradually stretched to the loading point at about 
(0.70~0.85)Vu. Meanwhile, the height of the shear 
compression zone decreased and the concrete in 
compression zone failed with a complex stress state. 
Finally, the diagonal cracks developed and resulted in 
significant drop of the shear capacity. 

 
3.2 Shear force-displacement curves 
 
Results obtained from the experiment are presented in 

Table 2, in terms of cracking load Vcr, ultimate load Vu, 
yield displacement δy, ultimate displacement δu, and the 
ductility coefficient μ of all specimens. Fig. 6 shows the 
shear force-displacement curves at the mid-span point of the 
column specimens. From the shear force-displacement 
curves, it can be observed that both the ultimate strength 
and initial stiffness of specimens increased with the 
decreasing of shear span aspect ratio. The shear behavior of 
HPSRC columns was similar to that of PPSRC columns, in 

 
1—Steel web strain gauges  2—Stirrup strain gauges  3—Longitudinal strain gauges 

Fig. 4 Layout of strain gauges of specimens 

(a) PPSRC-1 (b) PPSRC-4 
 

(c) PPSRC-2 (d) HPSRC-2 

Fig. 5 Typical failure modes and damage patterns of specimens 
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Table 2 Test results of specimens 

Specimen No. Vcr (kN) Vu (kN) Δy (mm) δu (mm) μ = δu/δy

PPSRC-1 442 2055 4.01 12.89 3.21 

PPSRC-2 376 1446 5.00 17.28 3.46 

PPSRC-3 196 1154 5.07 16.57 3.27 

PPSRC-4 412 1525 2.89 8.96 3.10 

PPSRC-5 512 1815 5.36 17.56 3.28 

HPSRC-1 314 1459 5.62 16.89 3.01 

HPSRC-2 136 1124 6.05 19.52 3.23 
 

 
 

Fig. 6 Shear force-slip curves of specimens 
 
 

 

Fig. 7 Definition of yield displacement 
 
 

which the initial stiffness was just slightly higher. It also 
can be seen from the curves that the force for all the 
specimens did not drop significantly after peak load, which 
indicating both PPSRC and HPSRC columns exhibited 
highly ductile shear behavior. To evaluate the deformability 
of the columns, a ductility ratios μ of all specimens defined 
as the value of ultimate displacement in mid-span of 
specimens δu divided by the yield displacement δy was used 
and the calculation results were tabulated in Table 2, δu was 
the displacement corresponding to the peak load, and δy was 
defined by the energy equivalence method mentioned in 
reference (Xu et al. 2015). As depicted in Fig. 7, to ensure 
that the area of OAB was equal to that of AYU, the straight 
line OA was drawn to intersect the shear force-displacement 
curve at point A, and OA was extended to the intersection 
(point Y) with a horizontal line corresponding to Vu (point 
U), then the displacement corresponding to the point Y was 
the yield displacement δy. From the calculated ductility ratio 
listed in Table 2, the ductility ratios of all the columns 
including PPSRC columns and HPSRC columns were 
greater than 3.0. Clearly it is because the steel shape 
provided not only the shear stress but also the concrete 
confinement. Consequently, both the PPSRC and HPSRC 
columns perform outstanding deformability. 

 
3.3 Shear force-strain curve 
 
The relationships between the shear force and the strains 

of the steel web and stirrup are illustrated in Figs. 8(a)-(b), 
respectively. It could be seen that the strain developed 
slowly at the beginning, and this is because the load was 
mainly carried by the concrete in this stage, and almost no 
shear force acted on the stirrups and steel web. As the load 
increasing, the cracks appeared and resulted in the 
redistribution of the shear stress in cross section, then the 
shear force was transferred from the concrete to the stirrups 
and steel webs, which was validated by the rapid increasing 
strains of stirrups and steel webs. Finally, the strain results 
of the stirrup and steel web in shear span almost reached 
yielding strain when the specimen reached its limit. 
Furthermore, the strains of steel webs were much higher 
than that of the stirrups at the same load, therefore, it can be 
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Fig. 8 Shear force-strain curves of specimens 
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considered that the steel web yielded prior to stirrup and the 
shear capacity attributed to steel web was greater than that 
of the stirrups. 

 
 

4. Analytical work for shear capacity 
 
From the experimental results and the shear force-

displacements curves, the results of the shear capacities of 
the specimens were obtained and listed in Table 2. Some 
significant factors which have effects on the shear capacity 
are discussed as follows in this section. 

 
4.1 Effect of cross-section forms 
 
All the specimens were classified into PPSRC groups 

and HPSRC groups in this study. The ultimate load of 
specimens PPSRC-3 and HPSRC-2 were 1154 kN and 1124 
kN, respectively. As presented in Fig. 9, the shear capacity 
of specimen PPSRC-3 was approximately 2.7% higher than 
that of specimen HPSRC-2, which has identical cross-
section dimension and shear span aspect ratio with PPSRC-
3. Similarly, the shear capacity of specimen HPSRC-1 was 
0.9% higher than that of specimens PPSRC-2 but 4.3% 
lower than specimen PPSRC-4. However, the shear capacity 
of specimen HPSRC-1 was 19.6% lower than that of 
specimen PPSRC-5. By comparison, it could be found that 
the shear capacity of the HPSRC column and the PPSRC 
column was comparable and was not effected significantly 
by the cross-section forms when the strength of cast-in-
place concrete was less than 44.6 MPa. On the other hand, 
for long columns, the mechanical behavior of them were 
dominated by the stability factor, therefore, the stability of 
HPSRC column and PPSRC column was not much 
difference because of their comparable stability factor. 
Moreover, for column with large eccentricity, the 
mechanical performance of column was dominated by the 
bending bearing capacity, consequently, it could be 
concluded that the bending capacity of HPSRC column was 
almost identical with that of PPSRC column. However, for 
column with small eccentricity and column subjected to 
axial loading, the axial capacity of HPSRC column was 
slightly smaller than that of PPSRC column, therefore, the 
HPSRC column can be applied to the column with smaller 

 
 

Fig. 9 Comparisons on shear capacities 

 

Fig. 10 Shear capacity vs. inner concrete strength curves
 
 

axial compression ratio, such as the column in upper stories. 
 
4.2 Effect of strength of inner concrete 
 
High-strength concrete was employed as the outer-part 

of specimens in the experiment, but the strengths of inner 
concrete were designed to be different. For the specimens 
PPSRC-2, PPSRC-4 and PPSRC-5, the cross section and 
the shear span aspect ratio were same, while the strengths of 
inner concrete were 21.2 MPa, 44.6 MPa, and 104.61 MPa, 
and the tested ultimate load were 1446 kN, 1525 kN and 
1815 kN, respectively. Consequently, it could be concluded 
that the strength of cast-in-place concrete had a significant 
influence on the shear capacity of PPSRC columns, and the 
shear capacity increased proportionally to the increasing of 
the concrete strength, as shown in Fig. 10. 

 
4.3 Effect of shear span aspect ratio 
 
Fig. 11 showed the relationship of the shear span aspect 

ratio and the shear capacity of PPSRC and HPSRC column 
specimens. From Fig. 11, it can be observed that the shear 
span aspect ratio had a direct effect on the shear capacity of 
column specimens. For instance, specimens PPSRC-1, 
PPSRC-2 and PPSRC-3, which were identical in sectional 
dimension and concrete compressive strength, the shear 

 
 

Fig. 11 Shear capacity vs. shear span aspect ratio curves
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span aspect ratio were 1.0, 1.5 and 2.0 respectively and the 
corresponding shear capacities of them were 2055 kN, 1446 
kN, and 1154 kN, respectively. In addition, the 
developments of shear capacity for specimen HPSRC-1 and 
specimen HPSRC-2 were similar with PPSRC columns. It 
is evident that the shear capacities of PPSRC columns and 
HPSRC columns decrease as the shear span aspect ratios 
increase. 

 
 

5. Calculation of shear capacity 
 
A calculation formula for the shear capacity of 

composite columns was proposed on the basis of the 
experiment and analyses. The proposed equation was 
expressed by adding the shear capacity of the steel shape to 
the shear capacity of reinforced concrete 

 

rcau VVV   (1)
 
Where: Vu is the ultimate strength of the specimens; Va 

is the shear capacity of the steel web, and Vrc is the shear 
capacity of reinforced concrete. 

 
5.1 Shear capacity of steel shape 
 
As mentioned in literature (Zhao 2001), the bending 

moment of column is mainly carried by the steel flange, 
while the shear force and the compression force are carried 
by the steel web. To evaluate the shear capacity of steel 
web, it is assumed that the steel web is in a pure shear state, 
and the effect of shear span aspect ratio is also considered. 
Therefore, the shear capacity of the steel web can be 
determined by the following formula 

 

ww
a

a ht
λ

f
V

3
  (2)

 
Where, tw, hw and fa are the thickness, the height and the 

yielding strength of steel web, respectively. 
 
5.2 Shear capacity of reinforced concrete 
 
As with AIJ design equations, the truss-arch model was 

adopted to calculate the shear capacity of reinforced 
concrete (AIJ 1998). This approach suggested that the shear 
force carried by the transverse reinforcement due to the 
truss action and diagonal concrete struts due to the arch 
action should be taken into consideration when calculating 
the shear strength of the reinforced concrete (Safa et al. 
2016), thus 

 

cuturc VVV   (3)
 

where, Vtu is the shear bearing capacity of transverse 
reinforcement, Vcu is the shear bearing capacity of concrete. 

 
(1) Truss model 
In the truss model, the shear capacity is composed of the 

contributions of stirrup, the longitudinal bar and the 
concrete. The longitudinal reinforcement is considered as 

Fig. 12 Truss model 
 
 

stringer, the stirrup is considered as vertical tensile bar, then 
the concrete on diagonal section is considered as an inclined 
compression chord. Fig. 12 shows the mechanism details 
for the truss model and the vertical component of inclined 
compression chord is given by 

 
θθjbσV ecc sincos  (4)

 
Where, be is the effective width of the cross-section, θ is 

the inclined crack angle with respect to the longitudinal axis 
of column, and j is the distance between upper and lower 
chords of the analogous truss. 

When the stirrups yield, the shear force Vtu carried by 
the transverse reinforcement is given by 

 
θjbfρV eyvsvtu cotcos 1  (5)

 
Where ρsv is the ratio of transverse reinforcement, fyv is 

the yield strength of transverse reinforcement. Considering 
that the angle φ1 between stirrup and vertical directions was 
extremely small and the value of cosφ1 could be taken as 
1.0, therefore the Eq. (5) can be converted as following 

 
θjbfρV eyvsvtu cot  (6)

 
Finally, the corresponding compression stress on the 

concrete can be determined combining with Eqs. (4) and (6) 
 

)cot1(
sincos

cot
2 θfρ

θθ

θfρ
σ yvsv

yvsv
c   (7)

 
For the truss model, the inclined crack angle θ has been 

defined in various specifications, and its value varies from 
26.6° to 45° according to the CEB-FIP Model Code. 
Priestley suggested that the angle θ should be taken as 30° 
(Priestley et al. 1994). In Chinese code (GB50010-2010), θ 
= 45° was usually adopted to calculate the shear force 
carried by the stirrups according to the truss model. 
Furthermore, θ = 45° was also recommended by ACI design 
approach (ACI318 2011), which is the basis for most of 
reinforced concrete design in US. Therefore, θ equaling to 
45° was also preferred in truss model in accordance with 
the recommendation above. 

 
(2) Arch model 
In truss model analysis, the optimal failure mode is that 

when the stirrups yield, the concrete also reached 
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Fig. 13 Arch model 
 
 

compressive strength fck (Pan and Li 2013). It means the 
concrete and the stirrups achieve the maximum load 
synchronously. But in reality, when the stirrup yields, the 
strength of concrete σc is still less than the compressive 
strength fck, here the strength of concrete in arch model 
between them could be expressed as σa = fck – σc. 

The load transfer mechanism of the concrete in arch 
model is shown in Fig. 13. It can be seen that the 
compression strut subjected to tensile stress is perpendicular 
to the compression direction, and the concrete strength 
could be reduced to γfck compared to uniaxial compression 
state (Collins and Mitchel 1986), where γ denotes the 
softening coefficient of concrete. Therefore, the diagonal 
compression stress of the concrete in the arch model can be 
expressed as σa = γfck – σc. However, few reliable methods 
are available to be used to estimate the value of softening 
coefficient γ. It was suggested that the softening coefficient 
could be taken as γ = 0.7 – fc/200 (Nielsen 2011). 
Furthermore, It was considered that the diagonal 
compression stress was nonlinear with the strength of 
concrete, and γ = 4.1fc

-0.53 was proposed on the basis of 
experimental results and theoretical analysis (Chen and 
Nielsen 1988). In this paper, a constant value of γ was 
determined as 0.6 according to ACI design method and the 
relationship between the cylindrical compressive strength 
and the prismatic compressive strength (Zhang et al. 2014). 

The shear force Vc carried by arch action is based on an 
assumption that the compression zone depth is half of the 
member depth, as shown in Fig. 13, and thus 

 

α
bh

σV ac tan
2

  (8)

 
 

Where α is varied based on the accurate condition 
shown in Fig. 14. Considering the confinement effects 
contributed from the steel shape, the concrete in the cross 
section of the column specimens is divided into three parts 
and its shear transfer mechanism in arch model can be 
simplified as shown in Figs. 14 (a)-(c). 

In arch model, the shear capacity of the concrete on the 
left and right of the flange can be determined by 

 

11 tan
2

)2(
α

hthb
σV fw

a


  (9)

 

Similarly, the shear capacity of the concrete inside the 
steel flange can be calculated by 

 

2

2

2 tan
2

)2(
α

tth
σV wfw

a


  (10)

 

Considering the confinement effects contributed from 
the steel shape (Chen and Lin 2006, Wang et al. 2016, Chen 
and Wu 2017), the softening coefficient of the concrete γ 
was determined as = 1.0 in Eq. (10). 

The shear capacity of concrete on the upper and lower 
sides of the steel flange can be expressed as following 

 

 
3

fwfw
a3 tan

2

2)2


）（（ thhth
V


  (11)

 

Therefore, the contribution of concrete to the shear 
capacity of PPSRC column can be obtained by 
superimposing the shear capacity of these three parts 

 

321cu VVVV   (12)
 

Then, the shear capacity of PPSRC column can be 
estimated by Eq. (13) 

 

2
2

wfwyvsv

eyvsvww
a

cutuarcau

tan)2)(2(
2

1
 

3
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


tthff

jbfht
f

VVVVVV

ck 





 
(13)

 

 
(a) The concrete in left and right sides of the steel flange 

 

 
(b) The concrete inside the steel flange 

 

 
(c) The concrete in upper and lower sides of the steel flange 

Fig. 14 Arch model in PPSRC column specimen 
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Finally, the shear bearing capacity of PPSRC column 
can be obtained by Eq. (13). It should be noted that the 
shear capacity of the concrete inside the steel flange should 
be eliminated when calculating the shear bearing capacity 
of HPSRC column. In Table 3, the shear capacities 
predicted by the proposed method, Vup, are compared with 
the experimental results, Vu, in terms of different specimens, 
and the average value of the ratios of the strengths predicted 
by the proposed method to the test results is 0.86 and the 
corresponding coefficient of variation is 0.03. Meanwhile, 
the results from Chinese specification (JGJ138-2016) and 
Japanese specification AIJ are also calculated and compared 
with experimental results, the final results are also listed in 
Table 3. It can be found that both existed methods 
excessively underestimate the shear capacities of all 
specimens. Compared with the shear capacities calculated 
by JGJ138-2016 and AIJ methods, the strengths obtained by 
the proposed method match well with the experimental 
results, with smaller and allowable deviation. These results 
show that the proposed method provides a reliable method 
for predicting the shear capacity of PPSRC and HPSRC 
column. 

 
 

6. Conclusions 
 
This paper provides the experimental and analytical 

results of PPSRC and HPSRC columns subjected to static 
monotonic loading. Seven column specimens were tested to 
investigate the shear behavior of PPSRC and HPSRC 
columns. Besides, Parametric study including the effect of 
shear span aspect ratio and the strength of cast-in-place 
concrete was performed based on the experimental and 

 
 

analytical study, some valuable conclusions could be drawn 
as following: 

 

 In the experiment, there was no obvious slippage 
observed at the interface between the precast 
concrete and the inner concrete, which indicated that 
the expected composite action was achieved and the 
type of cross-section proposed in this paper is 
feasible. 

 The shear behavior of the PPSRC column specimens 
is similar to that of the HPSRC column specimens. 
All of the specimens developed expected shear 
failure mode, and the failure mode was ductile 
because of the steel shape. 

 Both the PPSRC column and HPSRC column 
specimens demonstrated a high shear capacity, and 
the shear capacity would increase with the 
decreasing of shear span aspect ratio and with the 
increasing of the strength of cast-in-place concrete. 
However, the bearing capacity of HPSRC column 
specimens is comparable that of PPSRC column 
specimens with identical dimension when the shear 
span aspect ratio ranges from 1.5 to 2.0 and the 
design strength of inner concrete is below C40. 

 Equations for predicting the shear capacities of 
PPSRC column and HPSRC column were put 
forward on the basis of truss-arch model. 
Meanwhile, results calculated by proposed approach 
were compared with experimental results. In 
addition, calculated results from AIJ and JGJ were 
compared with tested results to better demonstrate 
the reliability of proposed method. Consequently, the 
comparisons indicate that the proposed method could 
provide more reliable prediction of shear bearing 
capacity of PPSRC and HPSRC columns than AIJ 
and JGJ methods. 

 
 

Acknowledgments 
 
The experiments were sponsored by the National 

Natural Science Foundation of China (Program No. 
51578443 and No. 51778525), National Research and 
Development Program of China (Program No. 

Table 3 Comparison of test results and calculated results 
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Average ratio of measured to calculated value 0.51 0.62 0.86 

Coefficient of variation 0.08 0.11 0.03 
 

*Note: Vu is the tested shear capacity, Vc1 is the shear capacity obtained by JGJ method, Vc2 is the shear capacity 
obtained by AIJ method, Vup is the shear capacity obtained by proposed method 
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