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A B S T R A C T  A R T I C L E   I N F O 
 

A grouted sleeve’s efficiency in splicing steel bars makes it a po-

tential choice for connecting precast elements. While most studies 

have focused on the feasibility of grouted sleeves under tension, 

only a few have investigated the real response of precast concrete 

members connected using grouted sleeves. In this study, Tapered 

Head Sleeves (THS) were utilized as connections for precast walls. 

The objectives were to examine their behavior under incremental 

lateral loads and assess the feasibility of THS as a wall connection. 

Five test specimens and one control specimen were fabricated, 

each comprising two walls joined by THS. The load was applied 1.8 

m above the joint until specimen failure. Specimens that experi-

enced bar fracture failure exhibited a relatively large drift upon 

failure, while those failing due to bar bond slip showed smaller 

drift. Factors contributing to wall drift included horizontal slip, 

rocking displacement, cantilever bending deformation, and com-

pressive settlement. The ultimate load increased by 71% as the 

embedded length increased from 75 mm to 175 mm, and it in-

creased by 50% as the sleeve diameter decreased from 75 mm to 

50 mm. The sleeves' performance was evaluated for feasibility 

based on the strength ratio, drift ratio, ductility ratio, failure mode, 

performance ratio, serviceability ratio, and length ratio. Only THS-

8 met all the criteria, suggesting that the bar's embedded length 

should be at least 11 times the bar diameter. 
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1. INTRODUCTION 

Precast concrete walls are structural 
systems made up of factory-prefabricated 

panels. It is commonly used in building 
construction, offering the benefits of 
shorter construction time, less labour, less 
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energy usage, and better-quality control 
(Zheng et al., 2018; Lu et al., 2019; Lin and 
Zhao, 2020). The structure relies heavily on 
the connection for structural integrity and 
stability (Li et al., 2022). 

Grouted sleeves can be used to join 
precast walls. It consists of a sleeve and 
grout. The sleeves implanted in a wall are 
used to splice the steel bars extruded from 
another wall. The grout bonds with the 
bars, preventing them from being pulled 
out (Sun et al., 2021; Ling, 2011). The 
sleeve confines the grout and limits the lat-
eral expansion (Ling et al., 2022). It con-
trols the splitting cracks and enhances the 
bond (Untrauer and Henry, 1965; Moosavi 
et al., 2005; Ling et al., 2012; Ling et al., 
2016; Einea et al., 1995).  

The bar’s embedded length in grouted 
sleeves is typically shorter than the con-
ventional bar-lapping system, ranging from 
8.5 to 16 times the bar’s diameter (Haber 
et al., 2015). Recent studies proposed even 
shorter lengths, ranging from 5 to 6.4 times 
the bar diameter (Wang et al., 2021; Huang 
et al., 2023; Lu et al., 2019).  

Grouted sleeves can be made from 
various materials. This includes mild steel 
pipes (Einea et al., 1995; Henin and Mor-
cous, 2015; Abd. Rahman et al., 2010; Ling 
et al., 2012; Alias et al., 2014; Alias et al., 
2013; Lu et al., 2019; Zheng et al., 2018; 
Huang et al., 2023), high strength steel 
(Seo et al., 2016), cast iron (Xu et al., 2019), 
aluminium tubes (Ling et al., 2008; Tullini 
and Minghini, 2016), spirals (Aldin Hosseini 
and Abd. Rahman, 2013; Aldin Hosseini 
and Abd. Rahman, 2016; Aldin Hosseini et 
al., 2015; Sayadi et al., 2014; Hosseini and 
Rahman, 2013), square hollow sections 
(Ling et al., 2014) and glass fibre reinforced 
polymers (Sayadi et al., 2015; Koushfar 
0065t al., 2014; Tastani, 2002; Tibbetts et 
al., 2009). The load-resisting mechanism, 
structural performance, and efficiency of 

different connectors vary substantially de-
pending on the material properties and ge-
ometric parameters.  

Researchers have studied variables 
like rebar diameter, grouted sleeve type, 
grouted compressive strength, rebar an-
chorage length, rebar tensile strength, and 
sleeve outer diameter-to-wall thickness ra-
tio (Ma et al., 2023). Among the findings 
were: (a) tensile capacity increased with 
rebar diameter (Lu et al., 2019); (b) bond 
strength improved with higher grout com-
pressive strength and increased rebar an-
chorage length (Ma et al., 2023); and (c) a 
bigger bar size required a greater bar’s em-
bedded length (Al-Jelawy, 2022).  

Grouted sleeves generally perform 
well under tensile loads. The tensile 
strength is governed by (a) the tensile 
strength of the sleeve, (b) the bond 
strength between the grout and the 
spliced bar, (c) the bond strength between 
the grout and the sleeve, and (d) the ten-
sile strength of the spliced bars, whichever 
is weaker (Abd. Rahman et al., 2010; Ling 
et al., 2014). This leads to failure modes of 
grouted sleeves like rebar fracture, rebar 
slip, grout slip, and sleeve fracture (Huang 
et al., 2023; Al-Jelawy, 2022; Abd. Rahman 
et al., 2010). A good, grouted sleeve should 
have a tensile strength greater than 1.25 
times the spliced bar’s nominal yield 
strength (ACI-318, 2008; AC-133, 2008). 

Most studies tested grouted sleeves 
under tensile loads, focusing on assessing 
their feasibility as connectors for steel 
bars. However, few had tested them to-
gether with precast concrete members to 
evaluate their actual responses. The 
grouted sleeve’s response under tension 
may not adequately represent the behav-
iour of the precast members it connects, 
especially when forces other than tension 
is also involved. 

Furthermore, a grouted sleeve may 
not be effective under a lateral load that 



3 | Indonesian Journal of Computing, Engineering, and Design, Volume 6 Issue 1, April 2024 Page 1-16 

 

 

acts perpendicularly to it. The behaviour 
would be distinct from that of a tensile 
load. Despite the pullout force, the 
grouted sleeve must also withstand the lat-
eral load. Thus, it is vital to analyse the con-
nector's behaviour under lateral load. 

This paper presents an experimental 
study carried out on a grouted sleeve 
known as the Tapered-Head Sleeve (THS). 
The connector was used to join precast 
walls that were subjected to lateral load. 
The objectives were to investigate the be-
haviour of THS under incremental lateral 
load and to determine the feasibility of THS 
as a wall connection.  

2. EXPERIMENTAL PROGRAM 

2.1.  Grouted Sleeve 

Tapered-Head Sleeve (THS) was made 
of mild steel pipes, with a nominal yield 
strength of 250 N/mm2. The pipe diame-
ters were 50 mm, 65 mm, and 75 mm (Fig-
ure 1 and Table 1). The length and thick-
ness were 360 mm and 45 mm, respec-
tively. The pipes were made into a tapered 
shape with an opening diameter of 35 mm 
at both ends. 

 

Figure 1. Tapered Head Sleeve (THS) (units in 
mm) 

Table 1. Dimension of Tapered Head Sleeve (THS) 

Specimen  
Bar embedded 

length, lb (mm) 

Sleeve diameter, 

dsi (mm) 

Control - - 

THS-2 75 65 

THS-4 125 50 

THS-5 125 65 

THS-6 125 75 

THS-8 175 65 

Steel bars of 16 mm in diameter were 
spliced in THS. The nominal yield strength 

of the bars was 500 N/mm2. THS was used 
to splice the bars, which had embedded 
lengths of 75 mm, 125 mm, and 175 mm. 

High-strength and non-shrink grout 
was used in THS. The grout had a nominal 
compressive strength of 70 N/mm2. It was 
used in a pour-able state with a mixed pro-
portion of 4 litres of water to 25 kg of 
grout. It was poured into the sleeve before 
the insertion of the steel bar. 

2.2. Wall Assembly Specimen 

Five test specimens and a control 
specimen were fabricated. Each specimen 
comprised two walls and a layer of drypack 
(Figure 2). Two THSs were embedded in 
the lower wall. The two steel bars extrud-
ing from the upper walls were then in-
serted into the THSs. 

Both the upper and lower walls were 
(a) separately cast in the laboratory, (b) 
cured by using wet jute sacks and plastic 
sheets for 7 days, (c) vertically assembled 
after day 7, and (d) tested with lateral load 
after day 28. 

The details of the specimen are: 

• Load: horizontally applied at 1800 mm 
above the drypack 

• Upper wall: 1200 mm (width) x 150 mm 
(thick) x 2100 mm (height) 

• Lower wall: 1200 mm (width) x 150 mm 
(thick) x 600 mm (height) 

• Reinforcements in both walls: 2 layers 
of Y10-200 in both directions (nominal 
yield strength = 500 N/mm2) 

• Spliced bars: Y16 (nominal yield 
strength = 500 N/mm2) 

• Concrete: Ready-mix concrete, Grade 
40, slump 75 ± 25 mm, 20 mm crushed 
aggregate 

• Drypack: 25 mm thickness, cement-to-
sand ratio = 1:3 

• Grout: Sika Grout-215 (nominal com-
pressive strength = 70 N/mm2) 

• Connection: 2 units of THS embedded 
in the lower wall 

175 175 10 

16 

4.5 lb 

dsi 
35 

Sleeve 
Bar 

Grout 
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Figure 2. Details and instrumentation of wall specimens (units in mm) 

2.3. Test Setup and Instrumentation 

The equipment and instrumentation used 
include: 

• two hydraulic jacks with a load capacity 
of 500 kN that applied forces to the 
specimen 

• two load cells of 500 kN capacity that 
measured the load induced by the hy-
draulic jacks 

• ten linear variable differential trans-
ducers (LVDT) that measured the dis-
placement of the specimen 

• five strain gauges that measured the 
strain of the sleeve and the spliced bar 

• a data logger with 30 channels used for 
data acquisition 

• a laptop used to monitor the data 

The regional displacements of the 
specimen were measured by LVDTs H1 to 
H10 (Figure 2). The differences between (a) 
H1 and H2, and (b) H3 and H4 resembled the 
horizontal displacements of the upper 
panel at the connection. H5 and H6 under-
lay the tilting movement of the entire spec-
imen. H7 to H10 measured the horizontal 
displacement of the upper wall at various 
heights. The strain gauges were installed 
along Bar 1: (Figure 2) 

• S1 was installed longitudinally at the 
mid-length of the sleeve to measure 
the elongation of the sleeve. 

• S2 was installed transversely on the 
sleeve at the midpoint of the embed-
ding bar to measure lateral sleeve de-
formations caused by the splitting ex-
pansion of the grout in the sleeve 
(Einea et al., 1995; Henin and Morcous, 
2015) 

• S3 was installed on the spliced bar at 50 
mm from the drypack to measure the 
bar’s regional elongation (ASTM, 
2005). 

• S4 was installed on the spliced bar at 
200 mm from S3 to measure the bar’s 
regional elongation.  

• S5 was installed on the spliced bar at a 
200 mm distance from S4 to measure 
the bar’s elongation. 

2.4. Test Procedure 

The test was conducted following 
ASTM E564 (2006). Before testing, all read-
ings were initialized to zero. The specimen 
was preloaded to 10% of the estimated 
load capacity. The load was held for 5 
minutes to consolidate the test setup. The 
load was then released for another 5 
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minutes for recovery. The process was re-
peated twice before the test started. 

The load was progressively increased 
in three cycles. It was held for 1 minute be-
fore the readings were taken. The load was 
slowly reduced upon reaching 1/3 and 2/3 
of the estimated load capacity during the 
first two cycles. Readings were taken 5 
minutes after the removal of the load. In 
the third load cycle, the specimen was 
tested until failure.  

The test started with the load-con-
trolled mode, with readings taken every 10 
kN of load. At the later stage of the test, 
the drift-controlled mode was adopted, 
and readings were taken every 2 mm drift. 

3. TEST RESULTS 

3.1. Material Properties 

Table 2 shows the compressive 
strengths of concrete, mortar, and grout. 
These materials were used in walls, 
drypack, and sleeves. The results were ob-
tained from the cube samples tested 
alongside the wall specimens. 

Table 2. Compressive strengths of concrete, mor-
tar, and grout 

 Compressive strength (N/mm2) 

Specimen Concrete Mortar Grout 

Control 59.6 21.4 73.1 

THS-2 71.2 27.0 96.1 

THS-4 64.5 18.6 71.2 

THS-5 62.6 29.4 77.8 

THS-6 69.1 34.4 73.7 

THS-8 67.4 23.1 85.9 

Table 3 presents the properties of the 
steel bars used in the study. The main and 
secondary reinforcements in walls were 
Y10 bars, while THS was spliced with Y16 
bars. 

Table 3. Tensile strength of steel bars 

Steel 

bar 
Sample 

Yield 

stress 

(N/mm2) 

Ultimate 

stress 

(N/mm2) 

Strain 

(%) 

Y10 

A 740 777 3.6 

B 722 814 4.3 

C 678 670 4.8 

Y16 

A 570 667 9.7 

B 571 663 10.8 

C 560 655 10.2 

The quality of the materials was con-
sidered acceptable as: 
• The concrete, mortar, and grout 

strengths were consistently greater 
than the required strengths of 40 
N/mm2, 20 N/mm2, and 70 N/mm2, re-
spectively. 

• All the steel samples met the nominal 
yield strength of 500 Nmm2. 

3.2. Load-Drift Response 

Figure 3 shows the specimen condi-
tions before and after testing. In the ulti-
mate state, the upper panel was uplifted 
and tilted, causing horizontal drift in the di-
rection of the lateral load. The uplift led to 
the detachment of the upper panel, 
drypack, and lower panel, resulting in large 
cracks at the construction joints.  

Figure 4 and Table 4 present the load-
drift response of each specimen. The re-
sponse was based on the horizontal dis-
placement of the upper wall, where the 
lateral load was applied. The specimens re-
sisted the load by having tensile stress in 
Bar 1 and compressive stress in Bar 2 and 
its surroundings. The tensile stress in Bar 1 
created a pullout force on the grouted 
sleeve. The specimens’ performance was 
governed by the ability of the connector to 
resist this pullout force. 
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Figure 3. Response of specimen THS-5 before and after testing 

 

Figure 4. Load-drift response 
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Table 4. Compressive strengths of concrete, mortar, and grout 

Specimen 

Yield state Ultimate state 

Yield load, 

Py kN 

Yield drift, 

δy (mm) 

Ultimate load, 

Pu (kN) 

Ultimate drift, 

δu (mm) 
Failure mode 

Control   72.5 9.0 Failure of lower wall* 

THS-2 45.2 3.78 45.2 4.0 Bond slip at bar 1 

THS-4 62.7 3.16 79.0 24.4 Bond slip at bar 1 

THS-5 61.8 4.89 72.0 22.0 Bond slip at bar 1 

THS-6 52.6 4.07 52.6 5.8 Bond slip at bar 1 

THS-8 64.0 4.14 77.4 42.0 Fracture at Bar 1 

*The specimen failed prematurely due to excessive stress at the base that resisted the movement of the lower 
wall. The results did not represent the full capacity of the specimen. 

Two main types of responses were ob-
served. Specimens THS-2 and THS-6 exhib-
ited brittle failure. The upper walls of these 
specimens drifted slightly (not exceeding 
5.8 mm) and failed suddenly. Specimens 
THS-4, THS-5, and THS-8 showed ductile 
behaviour. The specimens drifted consid-
erably (22 mm to 42 mm) before failure.  

The concrete around the grouted 
sleeves was removed to assess the spliced 
bars’ conditions. The spliced bars of speci-
mens THS-2, THS-4, THS-5, and THS-6 
slipped out of the grouted sleeve, while 
THS-8 experienced bar fracture (Figure 5). 
Notably, all failures occurred at bar 1 
within the drypack area, as it was sub-
jected to tension resisting the uplifting of 
the upper panel. 

Table 5 highlights the role of the 
grouted sleeve bond strength in governing 
the response of the specimens. Specimens 

THS-2 and THS-6 demonstrated brittle bar 
bond-slip failure, with bond strength be-
low the spliced bar’s yield strength. THS-4 
and THS-5 experienced bar bond-slip fail-
ure with some ductility, as their bond 
strength exceeded the yield strength but 
fell below the tensile strength of the 
spliced bar. Specimen THS-8, with bond 
strength surpassing both the yield and ten-
sile strengths, exhibited failure by bar frac-
ture with a high level of ductility. 

Responding to the lateral loads, the 
specimens generally started with high stiff-
ness (Figure 4). The load-drift curves were 
relatively steep initially. The upper walls 
drifted slowly as the load increased. The 
specimens showed close-to-elastic behav-
iour before reaching the yield point. This 
was owing to (a) the strong bond in the 
grouted sleeve and (b) the elastic response 
of Bar 1 at the initial stage.

 

Figure 5. Typical failure mode  

Table 5. Comparison of specimens’ response 

Grouted sleeve 

Bond 
slip 

Spliced 
bar 

Grouted sleeve 

Bar fracture 

Spliced bar 

(a) Bar bond slip (THS-6) (b) Bar bond slip (THS-8) 
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Specimen THS-2 and THS-6 THS-4 and THS-5 THS-8 

Response Brittle  Ductile  Ductile  

Load capacity Low Moderate / High High 

Total dis-

placement 

Low Moderate / High High 

Failure mode Bond-slip of Bar 1 Bond-slip of Bar 1 Fracture of Bar 1 

Characteristic Failed suddenly. Post-

yield stage (plastic re-

sponse) was not no-

ticeable or unclear. 

Drifted significantly before failure. 

Post-yield stage (plastic response) 

was noticeable. 

Drifted significantly before 

failure. Post-yield stage 

(plastic response) was no-

ticeable. 

Toughness Low (small area be-

low graph) 

Moderate / High (large area below 

graph) 

High (large area below 

graph) 

Cause of fail-

ure 

• Bond strength < 

yield strength of 

the spliced bar 

• Bond strength > yield strength 

of the spliced bar 

• Bond strength < tensile 

strength of the spliced bar 

• Bond strength > yield 

strength of the spliced 

bar 

• Bond strength > tensile 

strength of the spliced 

bar 

Yield strength 

of the speci-

men 

• Yield strength of 

specimen < yield 

strength of the 

spliced bar 

• Yield strength of 

specimen ≈ ulti-

mate tensile ca-

pacity of the 

specimen 

• Yield strength of specimen ≈ 

yield strength of the spliced 

bar 

• Yield strength of specimen < 

ultimate tensile capacity of the 

specimen 

• Yield strength of speci-

men ≈ yield strength of 

the spliced bar 

• Yield strength of speci-

men < ultimate tensile 

capacity of the speci-

men 

Specimens THS-4, THS-5, and THS-8 
exhibited symptoms of yielding before ulti-
mate failure. The stiffness started degrad-
ing at around 60 kN load. This was due to 
the yielding of Bar 1, which was counter-
acting the lateral load. After yielding, the 
bar experienced plastic deformation and 
elongated significantly. This subsequently 
accelerated the drift of the upper load. 

Specimens THS-2, THS-4, THS-5, and 
THS-6 failed as Bar 1 slipped out of the 
sleeves. Their bar-embedded lengths were 
125 mm or less, which was inadequate to 
generate sufficient bond strength to resist 
the pullout force. Among the specimens, 
THS-2 and THS-6 failed in a brittle manner. 
The ultimate capacities and drifts were rel-
atively low. The bond strengths in the 
sleeve were insufficient to yield the spliced 
bars. On the other hand, THS-4 and THS-5 
had bond strengths exceeding the yield 

strength of the spliced bars. This led to 
considerable plastic elongation of Bar 1. 
Thus, the specimens endured more drift 
before failure. 

THS-8 failed due to a bar fracture. The 
bond strength in the sleeve exceeded the 
tensile capacity of the spliced bar. The 175 
mm bar-embedded length was adequate 
to generate a sufficient bond to prevent 
the slippage of the bar. The spliced bar 
yielded and elongated significantly. This 
caused the specimen to drift significantly 
before failure. 

3.3. Drift Response 

The first and second load cycles ended 
at 25 kN and 50 kN, respectively. The lat-
eral loads were released before the yield 
point of the specimens. Despite this, the 
specimens were unable to regain their 
original states. There were permanent 



9 | Indonesian Journal of Computing, Engineering, and Design, Volume 6 Issue 1, April 2024 Page 1-16 

 

 

drifts not exceeding 3 mm (Figure 4). These 
permanent drifts were due to the non-re-
coverable deformations of specimens 
caused by the load. 

Theoretically, the drift was due to the 
combined effects of (a) the horizontal slip, 
(b) the rocking displacement, (c) the canti-
lever bending deformation, and (d) the 
compressive settlement of the upper wall 
(Figure 6 and Table 6). These components 
took place once the load was applied. The 
horizontal slip was not recoverable once 
the upper panel slid. The consolidation of 
cold joints was also not recoverable once it 
took place. This happened before the spec-
imens reached the yield point. The perma-
nent drifts at the end of the first two load 

cycles were believed to be due to these 
two components. The rocking displace-
ment and the cantilever bending defor-
mation would be permanent if Bar 1 and 
the reinforcements in the upper wall 
yielded. 

 

 

 

 

 

 

Figure 6. Factors contributing to wall drift 

 

Table 6. Descriptions of the factors that contributed to wall drift 

Components Description  Factors influencing the 

magnitude  

Recovery after load removal 

Before yield 

point 

After yield 

point* 

Horizontal slip • Horizontal displace-

ment of the upper wall 

in the direction of the 

lateral load.  

• Triggered as the sliding 

force exceeded the fric-

tional force at the joint 

• the magnitude of the 

lateral load  

• the frictional resistance 

of the joint. 

Not recovera-

ble as the up-

per panel slid 

Not recoverable 

Rocking dis-

placement 

• Rotational movement 

of the upper wall due to 

the moment generated 

by the lateral load. 

• Increased with the elon-

gation of Bar 1. 

• the magnitude of the 

moment acting on the 

upper wall 

• the elasticity of Bar 1. 

Recoverable Not recoverable if 

Bar 1 yielded 

Cantilever 

bending defor-

mation  

The bending deformation of 

the upper wall as a cantilever 

member. 

• the magnitude of the 

moment acting on the 

upper wall,  

• the moment of inertia 

of the reinforced wall 

section.  

Recoverable Not recoverable if 

the reinforcements 

in the upper wall 

yielded. 

Compressive 

settlement 

Consolidation of cold joints • the space between the 

drypack and walls 

• the compactness of 

drypack 

Not recovera-

ble after the 

consolidation. 

Not recoverable 

Elastic shortening of the con-

crete, mortar drypack, and 

Bar 2 under compression.  

• the magnitude of com-

pressive stress,  

• the elastic modulus of 

the materials  

Recoverable Not recoverable if 

the strain limits of 

the materials were 

exceeded 

*conditional to yielding or failure of the materials 
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In this study, the upper and lower 
walls were quite heavily reinforced. No vis-
ible crack on the upper wall was observed 
throughout the test. The cantilever bend-
ing deformation would be quite minimal. 
Since the reinforcements in the upper wall 
did not yield, the drifts caused by this com-
ponent should theoretically be recoverable 
if the load was released before the ulti-
mate state. Similarly, no crushing of con-
crete or drypack was noticed. The elastic 
shortening of the materials should also be 
recoverable upon the removal of loads. 

The load capacity increased notably 
when the bar embedded length in the 
sleeve increased. This can be seen in spec-
imens THS-2, THS-5, and THS-8. As the bar 
embedded length increased from 75 mm 
to 175 mm, the ultimate load increased 
71% from 45.2 kN to 77.4 kN.  

On the other hand, the sleeve diame-
ter also influenced the load capacity of the 
specimen. This was demonstrated by spec-
imens THS-4, THS-5, and THS-6. When the 
sleeve diameter decreased from 75 mm to 
50 mm, the load capacity increased by 50% 
from 52.6 kN to 79 kN. 

 

 

 

 

 

 

 

 

 

Figure 7. Typical drift profile of the upper wall at 
different load levels (THS-8) 

Figure 7 shows the typical drift profile 
of the specimens under lateral load. The 
curves were based on the horizontal dis-
placements of the upper wall at different 

heights, as measured by LVDTs H5 to H10. 
The displacement at the drypack joint was 
relatively small. Higher up from the joint, 
the displacement increased. 

The drift developed quickly at the 
early stage as the load increased from 0 kN 
to 11.8 kN. This was mainly due to the con-
solidation of the joints of the walls when 
the lateral load was first applied. This was 
followed by a slow increase in drift after 
the consolidation. The drift increased mar-
ginally when the load increased from 11.8 
kN to 31.3 kN. Due to the slight elongation 
of the spliced bar, small rocking displace-
ments developed. After that, the spliced 
bar yielded and elongated significantly. 
This resulted in an accelerated drift after 
45.4 kN. The drift was the highest in the ul-
timate state when THS failed. 

The drift profile exhibited a non-linear 
curvature initially. Reaching the ultimate 
state, the curvature became relatively lin-
ear. In the beginning, the entire specimen 
resisted the lateral load with good integ-
rity. The cantilever bending deformation 
was relatively high. After that, the spliced 
bar yielded and lost its stiffness. High stress 
was concentrated at Bar 1. As a result, the 
upper wall tilted and the cantilever bend-
ing deformation decreased. 

3.4. Uplifting Response 

Figure 8 shows a typical uplifting of 
the upper wall along the drypack joint. The 
overturning rotation of the upper wall 
caused by the lateral load led to (a) the up-
lifting of the upper wall, (b) the tensile 
elongation of Bar 1, (c) the tensile or com-
pressive deformation of Bar 2, and (d) the 
compressive deformation of the drypack 
(Figure 9). Bar 2 was in compression when 
the lateral load was 26.4 kN. Reaching the 
ultimate state of around 72 kN, it trans-
formed into tension. 
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Figure 8. Typical uplifting profile of upper wall at 
different load levels (THS-5) 

 

 

 

 

 

 

 

Figure 9. Uplifting response of the specimen 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. The neutral axis of rotation shifted 
with the flexural load 

As the lateral load increased, (a) a 
larger lift of the upper panel developed, (b) 
a smaller compressive deformation of the 
drypack was observed, (c) the axis of rota-
tion moved slowly from Bar 2 towards the 
restraint load (Figure 10), (d) the compres-
sive region of the drypack narrowed down, 
and (e) the stress in Bar 2 transformed 
from compression to tension. In general, 
the rotational axis was close to Bar 2. 

4. FEASIBILITY EVALUATION 

The feasibility of THS as a connection 
for precast walls was evaluated based on 
the following assessment criteria: 

a. C1: The tensile strength of THS should 
be at least 25% greater than the speci-
fied yield strength of the spliced bars 
(ACI-318, 2008; AC-133, 2008). Hence, 
the strength ratio, Rs, should be at least 
1.25 (Equation 1). 

𝑅𝑠 =
𝑓𝑢,𝑏1

𝑓𝑠𝑦
≥ 1.25   (1) 

where fu,b1 is the ultimate stress in Bar 
1 (N/mm2), and fsy is the spliced bar's 
specified yield strength (N/mm2). 

The bond stress, fu,b1, was calculated 
per unit area of the spliced bar, as ex-
pressed in Equation 2. 

𝑓𝑢,𝑏1 =
4𝑃𝑢,𝑏1

𝜋𝑑𝑏
2    (2) 

where Pu,b1 is the grouted sleeve’s ten-
sile capacity (kN), and db is the spliced 
bar’s diameter (mm). 

Assuming the axis of rotation was lo-
cated at Bar 2, the tensile capacity of 
Bar 1, Pu,b1, was estimated. Pu,b1 was 
considered the pullout force acting on 
the grouted sleeve. Based on the static 
equilibrium principle, Equation 3 was 
derived (Figure 11). 

𝑃𝑢,𝑏1 =
𝑃𝑢𝐻𝑙−𝑊𝑤𝐵𝑙

𝐵𝑏
  (3) 
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Figure 11. Forces acting on the upper wall 

b. C2: The connection should be ductile 
for survival purposes (ACI-318, 2008; 
BS8110-1, 1997):   

(i) The drift ratio, Rdf, should be at 
least 0.5% (Equation 4) (Hawkins 
and Ghosh, 2004). 

𝑅𝑑𝑓 =
𝛿𝑢

𝐻
≥ 0.005  (4) 

where δu is the drift of the upper 
panel at the ultimate state (mm), 
and H is the height where the lat-
eral load was applied (mm). 

(ii) The ductility ratio, Rd, should be at 
least 4.0 for a low-moderate seis-
mic region (Equation 5) (Soudki, 
1994). 

𝑅𝑑 =
𝛿𝑢

𝛿𝑦
≥ 4.0  (5) 

where δu is the ultimate drift of 
the upper wall (mm), and δy is the 
yield displacement of the upper 
wall (mm). 

c. C3: The bond strength of THS should be 
greater than the tensile capacity of the 
spliced bars. Thus, bar fracture failure 
was preferred. 

d. C4: The load capacity of the specimen 
should be comparable to the control 
specimen. Thus, the performance ratio, 
Rp, should be at least 1.0 (Equation 6). 

𝑅𝑝 =
𝑃𝑢

𝑃𝑢,𝑐
≥ 1.0   (6) 

where Pu is the ultimate capacity of 
the specimen (kN), and Pu,c is the ulti-
mate capacity of the control specimen 
(kN). 

e. C5: The service load should not be too 
low compared with the ultimate load. 
Thus, the serviceability ratio, Rsv, 
should be at least 0.75 (Equation 7) 
(Ling et al., 2017). 

𝑅𝑠𝑣 =
𝑃𝑠𝑣

𝑃𝑢
≥ 0.75   (7) 

where Psv is the service load of the 
specimen, which was considered 
equal to the yield load, Py (kN), and Pu 
is the ultimate capacity of the speci-
men (kN).  

f. C6: The required embedded length of 
THS should be less than that conven-
tionally lapped in the wall panels. Thus, 
the length ratio, Rl, should be less than 
1.0. 

𝑅𝑙 =
𝑙𝑏

𝑙𝑙
≤ 1.0   (8) 

where lb is the required bar embedded 
length in the sleeve (mm), and ll is the 
required bar lapping length in con-
crete (mm). 

The specimens were evaluated for fea-
sibility in Table 7. The specimen that ful-
filled all the assessment criteria was con-
sidered feasible. Only THS-8 was found fea-
sible. It required at least 175 mm of bar 
embedded length to meet the require-
ments. This was equivalent to 11 times the 
diameter of the spliced bar. 
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Table 7. Feasibility evaluation of specimen under flexural load 

Criteria C1*1 C2(i)*2 C2(ii)*2 C3*3 C4*2 C5*2 C6*4 

Score*5 

Re-

marks 

*6 

 

Pu,b1 

(kN) 

fu,b1 

(N/mm2) Rs Rdf Rd 

Failure 

mode Rp 

Psv 

(kN) Rsv Rl 

Ref.  Eq. 3 Eq. 2 Eq. 1 Eq. 4 Eq. 5 Table 4 Eq. 6 

Table 

4 Eq. 7 Eq.8 

Req.   

≥1.2

5 ≥0.005 ≥4.0 F ≥1.0  

≥0.7

5 ≤1.0 

THS-2 85.7 426 0.85 0.002 1.06 S 0.62 45.2 1.00 0.16 
1/7 N 

THS-4 153.3 762 1.52 0.014 7.72 S 1.09 62.7 0.79 0.26 
5/7 N 

THS-5 139.3 693 1.39 0.012 4.50 S 0.99 61.8 0.86 0.26 
5/7 N 

THS-6 100.5 500 1.00 0.003 1.43 S 0.73 52.6 1.00 0.26 
2/7 N 

THS-8 150.1 747 1.49 0.023 10.14 F 1.07 64.0 0.83 0.36 
7/7 A 

*Note: 1Dimensions of upper wall, Bw = 1.2 m, Hw = 2.1 m, and Tw = 0.15 m; Unit weight of concrete, γc = 25 

kN/m3; 𝑊𝑤 = 𝐵𝑤𝐻𝑤𝑇𝑤𝛾𝑐 = 9.45 kN; Bl = 0.45 m, Hl = 1.8 m, Bb = 0.9 m, db = 16 mm, fsy = 500 N/mm2,  
2Py, δy, Pu, and δu refer to Table 4, Pu,c = 72.5 kN, Psy = Py,  
3F – bar fracture failure, S – bar bond-slip failure  
4lb refer to Table 1, 𝑙𝑙 = 30𝑑𝑏 = 480 mm (concrete grade 40) (Eurocode 2, 2004; Eurocode Applied.Com), 
5Score = number of criteria fulfilled / total number of criteria 
6Y – Feasible, N – Not feasible  

5. CONCLUSION 

In this study, Tapered Head Sleeves 
(THS) were used to connect precast walls. 
The specimens were tested with lateral 
loads until failure. 

From the study, the following conclusions 
are drawn: 
a. The upper wall drifted when subjected 

to the lateral load. The drift was due to 
the combined effects of the horizontal 
slip, rocking displacement, cantilever 
bending deformation, and compressive 
settlement.  

b. The load capacity of the specimen was 
influenced by the bar embedded length 
and the sleeve diameter. The ultimate 
load increased by 71% as the embed-
ded length increased from 75 mm to 
175 mm. The ultimate load increased 
by 50% when the sleeve's diameter de-
creased from 75 mm to 50 mm. 

c. Only THS-8 was found feasible as the 
connection for precast walls. It re-
quired a bar embedded length of 11 
times the diameter of the spliced bar. 

Notably, this study was only a prelimi-
nary exploration. The main purpose was to 
test the feasibility of a grouted sleeve as a 
precast wall connection. The study covered 
two parameters, namely the sleeve diame-
ter and bar embedded length. The other 
governing factors such as the bar diameter, 
grout strength, and sleeve thickness were 
not investigated. Moreover, only one spec-
imen was tested for each configuration. In 
this study, the control specimen failed 
prematurely. Thus, the result obtained did 
not reflect the full capacity of the speci-
men. This, to some extent, made the find-
ings of this study to be less persuasive. 
More experimental studies are needed to 
accurately clarify the working mechanism 
of the specimen. 
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