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ABSTRACT 

 

Over the last few decades, the use of precast concrete components have been significantly 

increasing in building and bridge construction due to their quality, durability, and speed 

of construction. Precast components need to be fully connected to ensure the integrity, 

serviceability, and durability of the completed structure. Several grout-filled sleeves are 

currently being used to splice reinforcing bars of the adjacent precast components. These 

sleeves require very tight tolerances in precast production to ensure the alignment of the 

spliced bars, which usually results in using larger and more costly sleeves than needed. 

The objective of this paper is to introduce a reinforcing bar splice sleeve that 

accommodates current production tolerances in addition to being economical and easy to 

produce. The design method of the proposed splice sleeve and experimental investigation 

conducted using two alternatives of the proposed bar splice sleeve are presented. 

Eighteen specimens for splicing #8 (No. 25) and #9 (No. 29) bars were tested using 

different sleeve lengths. Test results indicated that the proposed bar splice sleeve have 

adequate capacity to fully develop reinforcing bars while being simpler to use and more 

economical than current splice sleeves. 
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INTRODUCTION 

 

Precast concrete construction usually requires connecting precast concrete components, 

such as wall panels, columns, and pier caps, to form the completed structure whether it is 

a building or bridge. Several grout-filled sleeves are currently being used to splice the 

reinforcing bars of adjacent components. Examples of commercial patented systems are 

NMB Splice Sleeve, Sleeve Lock by Dayton Superior, and Lenton Interlok. In these 

systems, sleeves are inserted around the reinforcing bar in one component during 

fabrication, while reinforcing bars are extended from the other component at the same 

location of the sleeves as shown in Figure 1. During construction, the components are 

erected by inserting the projected bars from one component into the sleeves in the other 

component. Then, the sleeves are filled with high strength non-shrink grout using grout 

vents and grout pump as shown in Figure 1. Current sleeves are designed to allow a 
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maximum tolerance of ½ in. (13 mm) in the alignment of the spliced bars, which is a 

challenge to many precast producers. In these cases, they use the sleeves designed for one 

or two bar diameters larger than the diameter of the spliced bars to provide additional 

tolerance, which results in less efficient and more costly splicing. In addition, the use of 

larger sleeves than the corresponding bars does not guarantee the claimed structural 

performance.  

 

 
Figure 1. Two precast concrete components before (left) and after (right) connecting 

using bar splice sleeves 

 

The main objective of this paper is to introduce a non-proprietary reinforcing bar splice 

sleeve that accommodates current production practices with respect to tolerances in 

addition to being easy to produce and more economical than existing splice sleeves. This 

includes conducting the necessary analytical and experimental investigations to evaluate 

the performance of the proposed splice sleeve.  

 

 

PROPOSED SPLICE SLEEVE AND DESIGN METHODOLOGY 

 

The proposed bar splice sleeve is simply a grout-filled round HSS (i.e. pipe) that has 

specific length, diameter, and thickness depending on the size of the bars being spliced. 

The sleeve is designed using the shear friction theory to transfer the force from one bar to 

the grout, then from the grout to the steel pipe, then from the steel pipe to the grout again, 

and finally from the grout to the other bar as shown in Figure 2. The bond between the 

bar and grout is developed primarily by friction due to deformations on the bar surface 

and enhanced by the conferment effects of the pipe. The bond between the inside surface 

of the pipe and grout is developed primarily by friction through the threading of HSS 

inside surface using 1/8 in. (3 mm) threads as shown in Figure 2.  Two 3/4 in. (19 mm) 

diameter grout holes are provided: one to pump high strength non-shrink grout, and the 

other for air venting and quality assurance while grouting [1]. 
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Figure 2. Proposed bar splice sleeve and force transfer mechanism 

 

To determine the required embedment length (lb) of a bar with given diameter (db) and 

force (P), the following equation is obtained based on equilibrium of forces: 
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where, Fb is the bond strength between the bar and the surrounding grout. 

  

Based on the shear friction theory, this bond strength can be estimated as the radial 

confinement stress (Fn), which is normal to the bar direction multiplied by the coefficient 

of friction (μ) between the bar and the grout, which can be assumed 1.0 for design 

purpose due to roughened (i.e. deformed) bar surface [2].  
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To estimate the radial confinement stress (Fn), the equilibrium of forces in one unit-long 

section of the half sleeve shown in Figure 3, results in [3]: 
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where, Fs, t, and d are the yield stress, wall thickness, and inside diameter of the sleeve 

respectively.  It should be noted that the radial confinement stress should not exceed 

0.2f’c, (f’c is compressive strength of grout) to limit the bearing stresses and avoid 

crushing failure of grout [4].  
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Figure 3. Equilibrium of forces in the proposed bar splice sleeve 

 

Therefore, the required embedment length of spliced bars using the proposed splice 

sleeve can be predicted using equations 1, 2, and 3 and simplified as shown below: 
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The required sleeve length (ls) will be at least twice the embedment length (lb) rounded up 

to the nearest inch. For example, the embedment length of a Grade 60 ksi (420 MPa) #9 

(No. 29) bar in a round HSS 3.5 x 0.25 (89 x 6 mm) sleeve that has a yield strength of 42 

ksi (290 MPa) and filled with 10 ksi (69 MPa) grout is calculated as follows: 
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EXPERIMENTAL INVESTIGATION 

 

To evaluate the performance of the proposed bar splice sleeve, 18 pullout specimens were 

fabricated and tested at the structural laboratory of the University of Nebraska-Lincoln 

(UNL) at Omaha campus. Specimens were made using A615 Grade 60 (420 MPa) #8 

(No. 25) and #9 (No. 29) bars with different splice lengths. Bars have a minimum yield 

strength of 60 ksi (420 MPa) and minimum ultimate strength of 90 ksi (630 MPa). All 

specimens were made using A500 Grade B round HSS 3.5 x 0.25 (89 x 6 mm) sleeve that 

has a minimum yield strength of 42 ksi (290 MPa), minimum ultimate strength of 58 ksi 

(400 MPa), and nominal wall thickness of 0.25 in. (6 mm). All specimens were grouted 



using a cement-based metallic-aggregate mortar that has non-shrink, high strength, and 

high fluidity properties. Figure 4 shows the development of grout compressive strength 

with time using the average of testing three 2 in. (50 mm) cubes. The average 

compressive strength at 28 days was 9,812 psi (67.7 MPa). 

 

 
Figure 4. Grout compressive strength development with time (1000 psi = 6.9 MPa) 

 

Two types (alternatives) of bar splice sleeves were investigated as shown in Figure 5: 

type “T” which represents sleeves that are internally threaded from both ends; and type 

“P” represents sleeves that are internally threaded from one end only, while the other end 

has a welded square steel plate with a centered hole for the splice bar. Type “T” sleeve is 

symmetrical and, therefore, can be used in either side. Type “P” sleeve has to be used so 

that the threaded end is located at the face of the precast connection where tolerances are 

needed. The end of the welded plate is embedded in the precast component where the bar 

is pre-installed and no tolerances are needed. This type was developed as a lower cost 

option as the cost of welded plate is slightly lower than that of threaded sleeve. Table 1 

lists the description of the 18 specimens in terms of bar size, sleeve length, and sleeve 

type. Figure 6 also shows the labeling system used for specimen identification. It should 

be noted that the use of a smooth sleeve without threading or welded plate was 

investigated at the early stage of this study. However, this option was eliminated due to 

the premature slippage of the grout from the sleeve at very low loads. 
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Figure 5. Two types of the tested bar splice sleeves 
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Figure 6. Specimen identification system 

 

Table 1. List of specimens and their description (1 in. = 25.4 mm) 

Specimen 

ID 
Bar Size Sleeve 

Length (Ls), 

in. 

Sleeve 

Type 

Number 

of 

Specimens 
8T16 # 8 (No. 25) 16 T 2 

8P16 # 8 (No. 25) 16 P 2 

8T18 # 8 (No. 25) 18 T 2 

8P18 # 8 (No. 25) 18 P 2 

8T20 # 8 (No. 25) 20 T 2 

9T16 # 9 (No. 29) 16 T 2 

9P16 # 9 (No. 29) 16 P 2 

9T20 # 9 (No. 29) 20 T 2 

9P20 # 9 (No. 29) 20 P 2 

   

TOTAL 18 

 



Specimens were fabricated in three main steps: 

a. Cut the HSS section to the required sleeve length and thread the inside surface of the 

sleeve from one end for type “P” specimens and from both ends for type “T” 

specimens. Then, weld the end plate for type “P” specimens. 

b. Install the bars to be spliced, then, pour the mortar to grout the sleeves. At least six 

grout cubes are made to evaluate the grout compressive strength. 

c. After the grout reaches the required compressive strength, two electrical resistance 

strain gauges are placed on each end of the sleeve: one gauge is placed in the 

tangential direction to measure the hoop strains, and the other gauge is placed in the 

longitudinal direction to measure the tensile strains in the sleeve while pullout testing. 

 

Specimens were tested as shown in Figure 7 using Tinius Olsen universal testing 

machine. Bars were gripped using wedges and pulled out gradually at a constant rate of 

0.001 in/min (0.025 mm/min). Strains and displacements were recorded as the load 

increased using 16-channel MEGADAC data acquisition system. Maximum pullout 

forces, corresponding stresses, and failure modes are listed in Table 2 for the 18 

specimens. The table also presents the calculated ratios of maximum stresses to yield and 

ultimate stresses. These ratios indicate that the proposed bar splice sleeve did not only 

achieve the yield stress of the bars, but also the ultimate stress of the bars in all 

specimens. Two modes of failure were observed in this investigation: pullout and rupture 

of the bars as shown in Figure 8. Specimens with pullout failure mode are highlighted in 

table 2, which indicates that this mode of failure was limited to specimens with short 

sleeve length (16 in.) Figures 9 and 10 plot the test results for different bar sizes and 

sleeve types respectively. Figure 10 indicates that maximum stresses in #8 (No. 25) bar 

are almost constant and independent of the sleeve length, while maximum stresses in #9 

(No. 29) bars are scattered and increases as the sleeve length increases. Figure 10 

indicates that type “P” sleeve is more effective than type “T” sleeve for short sleeve 

length and vice versa for long sleeve length.  

 

 
Figure 7. Pullout test setup 

 



Table 2. Summary of test results (1 kip = 4.45 kN, 1 ksi = 6.9 MPa) 

Specimen 

ID 

Failure 

mode 

Maximum 

Load (P), 

kip 

Maximum 

Stress, ksi 

Ratio of 

Maximum-to-

Yield Stress* 

Ratio of 

Maximum-to-

Ultimate Stress* 

8T16 Pullout 87.1 110.25 1.84 1.23 

8T16 Rupture 87.4 110.63 1.84 1.23 

8P16 Pullout 87.3 110.51 1.84 1.23 

8P16 Pullout 87.3 110.51 1.84 1.23 

8T18 Rupture 87.6 110.89 1.85 1.23 

8T18 Rupture 87.2 110.38 1.84 1.23 

8P18 Rupture 87.7 111.01 1.85 1.23 

8P18 Rupture 87.5 110.76 1.85 1.23 

8T20 Rupture 87.6 110.89 1.85 1.23 

8T20 Rupture 85.0 107.59 1.79 1.20 

9T16 Pullout 92.0 92.00 1.53 1.02 

9T16 Pullout 89.2 89.20 1.49 0.99 

9P16 Pullout 102.6 102.60 1.71 1.14 

9P16 Pullout 101.4 101.40 1.69 1.13 

9T20 Rupture 104.3 104.30 1.74 1.16 

9T20 Rupture 104.2 104.20 1.74 1.16 

9P20 Rupture 97.9 97.90 1.63 1.09 

9P20 Rupture 97.9 97.90 1.63 1.09 

Minimum 89.2 1.49 0.99 

Maximum 111.0 1.85 1.23 

Average 105.2 1.75 1.17 

Coefficient of Variation 6.7% 6.7% 6.7% 

* Yield stress is assumed 60 ksi (420 MPa) and ultimate stress is assumed 90 ksi (630 MPa) 

  

  

  
Figure 8. Failure modes: bar rupture (left) and bar pullout (right) 

 



 
Figure 9. Maximum bar stress versus sleeve length for different bar sizes (1 in. = 25.4 

mm, 1 ksi = 6.9 MPa) 

 
Figure 10. Maximum bar stress versus sleeve length for different sleeve type (1 in. = 25.4 

mm, 1 ksi = 6.9 MPa) 

 

By plotting the maximum tangential strains in the tested sleeves for types “T” and “P” as 

shown in Figure 11, it can be clearly observed that strains in type “P” sleeves are higher 

than those of type “T” sleeves. This can be attributed to the restraining effects of the 

welded plates at one end of the sleeve, which results in a non-uniform distribution of 

strains along the sleeve. Table 3 presents calculated values of average bond strength and 

coefficient of friction based on the maximum tensile forces obtained from testing 18 

specimens. In designing the sleeve, coefficient of friction was assumed to be 1.0 and the 

confinement stress was limited to 0.2 fc’ in order to achieve the yield strength of the 

spliced bars. However, all spliced bars have achieved or exceeded the ultimate strength, 

which means that either coefficient of friction, confinement stress, or both are higher than 

predicted. Table 3 lists the coefficient of friction for each specimen assuming that the 

confinement stress is limited to 0.2 x 9.8 = 1.95 ksi (13.7 MPa).  

 



 
Figure 11. Tangential strain measurements for types “T” and “P” sleeves 

 

 



Table 3: Calculated bond strength and coefficient of friction based on test results (1 in. = 

25.4 mm, 1 kip = 4.45 kN, 1 ksi = 6.9 MPa) 

 

Specimen 

ID 

Bar 

Diameter 

(db), in. 

Sleeve 

Length (Ls), 

in. 

Maximum 

Load (P), kip 

Average Bond 

Strength (Fb), 

ksi 

Coefficient of 

Friction (μ) 

8T16 1 16 87.1 3.47 1.77 

8T16 1 16 87.4 3.48 1.77 

8P16 1 16 87.3 3.47 1.77 

8P16 1 16 87.3 3.47 1.77 

8T18 1 18 87.6 3.10 1.58 

8T18 1 18 87.2 3.08 1.57 

8P18 1 18 87.7 3.10 1.58 

8P18 1 18 87.5 3.09 1.58 

8T20 1 20 87.6 2.79 1.42 

8T20 1 20 85.0 2.71 1.38 

9T16 1.128 16 92.0 3.25 1.66 

9T16 1.128 16 89.2 3.15 1.61 

9P16 1.128 16 102.6 3.62 1.85 

9P16 1.128 16 101.4 3.58 1.82 

9T20 1.128 20 104.3 2.94 1.50 

9T20 1.128 20 104.2 2.94 1.50 

9P20 1.128 20 97.9 2.76 1.41 

9P20 1.128 20 97.9 2.76 1.41 

Minimum 2.7 1.38 

Maximum 3.6 1.85 

Average 3.2 1.61 

Coefficient of Variation 9.6% 9.6% 

 

Figure 12 plots the relationship between the average bond strength (Fb) calculated in 

Table 3 and the sleeve length (Ls) for different bar sizes. This plot indicates that the 

relationship is linear and has a constant slope of 0.16 ksi per in. (0.043 MPa/mm) 

regardless of the bar size.  



 
Figure 12. Relationship of bond strength and sleeve length for different bar sizes (1 in. = 

25.4 mm, 1 ksi = 6.9 MPa) 

 

 

 

CONCLUSIONS  

 

Based on the experimental and analytical investigation results, the following conclusions 

can be made; 

1- The developed splice sleeve is non-proprietary and easy to produce, which makes 

it more economical than patented commercial splice sleeve systems. 

2- The developed splice sleeve provides an average tolerance of 1.0 in. (25 mm) 

around the spliced bars, which is more favorable to precast producers than the ½ 

in. (13 mm) tolerance of the current commercial splice sleeves. 

3- The developed splice sleeve is capable of developing 100% of the ultimate 

strength of the spliced bars using a sleeve length of 16 times the bar diameter and 

using commercial available non-shrink high strength grout.   

4- Splice sleeves with internal threading of 1/8 in. (3 mm) deep threads are easy to 

fabricate and prevent the slippage of the grout from the sleeves. Different thread 

depths could result in different performance and need to be tested. 

5- Coefficient of friction used in designing the splice sleeve can be conservatively 

assumed 1.0. Average measured coefficients of friction is approximately 1.6. 

6- The shear friction method proposed for designing the bar splice sleeve is 

adequate. 
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