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ABSTRACT: Connections have very important role in pre-cast concrete structures, especially in seismic zones, and grout connections increase strength and resistance of pre-cast concrete structures for lateral forces. High performance grout connections (HPGC) provide new opportunities to design cost-effective pre-cast concrete structures. HPGC have been proposed to decrease cost of insulation, erection and crane cost of pre-cast concrete structures and to overcome weakness of traditional pre-cast concrete structure connections .This research focuses on properties of grout materials properties which produced in Iran and the effect of propylene fiber on the performance of grout connection. In the first stage, more than 65 MPa (28 days) compressive strength was achieved for Iranian traditional grout which the results (failure in the rebars and performance of the sleeves) demonstrated sufficient strength of the grout. New type connections (sleeve) were examined and the results are reported in this paper .The experimental results demonstrated better performance of these types of connections. These connections are also considered to be more suitable for pre-cast concrete construction in regarding to failure of the rebars (ultimate strength) in stead of the sleeves connection.

1  INTRODUCTION

Many connection elements for pre-cast concrete were designed and tested. The splices play important role in pre-cast concrete construction connections (especially in seismic). Commonly, it is a difficulty of pre-cast concrete constructions performance in seismic. This experimental work propose a new type of splice for pre-cast concrete construction in seismic. Some types of tensile grouted sleeve connections were investigated and tested to determine their performance. The investigation consisted of the   determination of the ultimate load capacity and the complete force-deformation behavior of the connection until failure occurred.


Transmission of external forces acting on a splice connection element is based on friction, keying (bearing) and bond agents. To activate friction resistance (between internal surface of sleeve wall and grout, and between surface of rebar and grout), an expansion force has to be produced which expansion of grout plays this role. For keying activation, supporting forces must act locally by 

means of sleeve wall and rib deformation of rebar, and for bonding action an adhesive mortar(grout) produces the bond between rebar (or strand) surface  with grout and sleeve wall surface with grout. 


Therefore, grout was injected into the sleeve. Each component of a connection system (the grout, the sleeve and the rebar) itself and in interaction with others influences the strength and   behavior of a connection, and makes the mechanical behavior of connection system. Therefore, improvement of mechanical characteristics of grout, shape of rib deformation and sleeve strength would   lead to an increase in the ultimate load of connection and change failure process and force-deformation curves.

2 EXPERIMENTAL PROGRAMME

2.1 Grout sellecting
In regarding to commonly, lower strength of grout mortar which produced by adding expander additive to ordinary mortar which  mixed in site, and more cost of epoxy grout, powder ready mix grout (which supply by manufacture) was selected in this study. In regarding to high strength and suitable performance of S220 grout of Sarapoush Company, for final specimens was prepared. General properties of this product are shown in table1. 


For improving of mechanical characteristics of grout especially volume expansion of grout and increasing of toughness, synthetic fibers were used. Grout was used, it was made by adding chopped fibers of Glass FRP, Carbon FRP and Polypropylene (PP) fibers (general properties of used PP fibers are shown in table 2), for which the compressive strength is presented in table 3.

Table 1. General properties of grout
	Color
	Grey Powder

	Compressive Strength

	3-Days
	33.5 MPa

	7-Days
	42.5 MPa

	28-Days
	70 MPa

	Bending Strength

	3-Days
	6.5 MPa

	7-Days
	9 MPa

	120-Days
	12.5 MPa

	Mix - Water
	140-160 ml/kg

	Powder Density
	1700 kg/m3

	Grout Density
	2200 kg/m3

	Maxi Agg. Size
	2.0 mm


Table 2. General properties of PP fibers

	Description
	White Chopped Fibers

	Density
	910 kg/m3

	Length
	6,12,19 mm

	diameter
	20 µm

	     Tensile Strength
	350 MPa

	Melting Point
	160˚C


Table 3. Mechanical properties of 5 cm cubic specimens

	Type of Fibers
	GFRP
	CFRP
	PP

	3-Day Com. Str. (MPa)
	36.4
	35.5
	33.2

	7-Day Ten. Str. (MPa)
	2.3
	2.2
	1.9



The results show that 19 mm PP fibers (table 4) with mixture ratio 1.6 kg at cubic metre of grout (table 5) have optimal efficiency.

Table 4. Mechanical properties of 5cubic specimens

	Length of Fibers
	6 mm
	12 mm
	19 mm

	7-Day Com. Str. (MPa)
	40.2
	42.7
	44.3

	7-Day Ten. Str. (MPa)
	1
	1.2
	1.7


Table 5. Mechanical properties of 5cubic specimens

	Volume Ratio (kg/m3)
	1
	1.2
	1.4
	1.6
	1.8
	2
	2.2

	3-Day Com. Str. (Mpa)
	33.5
	33
	32.4
	33.1
	34.2
	30.1
	30.2

	7-Day Ten. Str. (MPa)
	1.4
	1.6
	1.6
	1.9
	1.8
	1.8
	1.6



Thirteen grout sleeve specimens in three types (according to rebar or strand size and getting minimum grout cover) were made with tapered steel cone shell elements by E60 welding electrode and full penetration weld. Sleeves increased from a smaller to bigger diameter at mid length and then decreased to the same smaller diameter symmetrically. 

2.1 Specimen design
After preparing the steel sleeves, rebar or strands were placed and fixed inside the sleeves. Firstly rebar was passed from middle of sleeve, secondly anchorage length of rebars was symmetry to sleeve and thirdly rebars were in the same alignment Figure 1. A kipping cap was used at the bottom end to prevent the grout exiting and to centralize the rebar and the strand. Grout after mixing was injected from upper sleeve opening in type I specimens immediately and in type II and III specimens with 15 minutes stop time (delay time for decreasing of grout air entrain). 5cm cubic control specimens were prepared at beginning and end of grouting. General description of sleeves is illustrated in table 6.            


The possible failure modes of corrugate elements are:

Pull out rebar or strand

Rebar rupture

Breakage of grout

Breakage of sleeve

or combination of manner. Each of them has a specific failure process.


The aim of these tests was to study the influence of various rebar diameters on the behavior of the existent connection. The tests should reveal probable changes in force-deformation characteristics, the ultimate load and the corresponding failure modes. For this reason, connection elements were tested under static tensile loading with three type of sleeve connection and a range of 16mm to 32mm of rebar diameter.
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Figure 1. Sleeve types

2.2 Test setup

All sleeves were pulled by a 1000kN capacity computerized universal machine with defined stroke rate. The machine drew load-stroke graph for each test. S12.7mm strand (S2S13) chopped and slipped between wedge grips and the machine could not continue to ultimate strength (Fu). In addition, the 5 cm cubic specimens of grout were compressed with defined stroke by that machine. All test results are shown in table 7, Figure2, Figure 3 and Figure 4.

Table 6. General properties of sleeve specimens

	Item
	sleeve
	Sleeve Type
	     Rebar-

      strand
	Rib Type
	Diam. Variation* (mm)
	Overlap
	Rebar Fy (Mpa)
	Rebar Fu (Mpa)

	1
	S1P1
	I
	Φ14
	Parallel1
	41 - 63 - 41 
	250 mm
	486.4
	701.9

	2
	S1P2
	I
	Φ14
	Parallel
	41 - 63 - 41 
	250 mm
	423.9
	609.2

	3
	S1P3
	I
	Φ14
	Parallel
	41 - 63 - 41 
	250 mm
	443.6
	622.4

	4
	S1P4
	I
	Φ14
	Parallel
	41 - 63 - 41 
	None
	450.3
	648.9

	5
	S1P5
	I
	Φ14
	Parallel
	41 - 63 - 41 
	None
	443.6
	635.7

	6
	S1P6
	I
	Φ14
	Parallel
	41 - 63 - 41 
	None
	476.8
	662.2

	7
	S1P7
	I
	Φ14
	Parallel
	41 - 63 - 41 
	None
	397.3
	595.9

	8
	S3P8
	III
	Φ20
	Parallel
	53 - 78 - 53  
	None
	417.9
	672.8

	9
	S3H9
	III
	Φ25
	HRRA2
	53 - 78 - 53  
	None
	540.0
	681.1

	10
	S3H10
	III
	Φ28
	HRRA
	53 - 78 - 53  
	None
	504.9
	672.8

	11
	S3H11
	III
	Φ32
	HRRA
	53 - 78 - 53  
	None
	418.2
	662.6

	12
	S2S12
	II
	s 12.7
	7x0.4 Strand3
	35 - 53 - 35  
	None
	​-
	1511**

	13
	S2S13 
	II
	s 12.7
	7x0.4  Strand
	3.5 - 53 - 35  
	None
	​-
	​-


1: Parallel rib type steel rebar             * Inside Diameter

2: HRRA rib type steel rebar            ** Maximum Stress

3: Strand 12.7mm
Table 7. Test result

	Item
	Sleeve 
	Ultimate Load (kN)
	Sleeve Length (mm)
	Anch. Length (mm)
	ACI  Ld (mm)
	Grout 28-day Com. Str. (MPa)
	Mix Water (ml/kg)
	Failure Description
	Performance

	1
	S1P1
	106
	680
	460
	328
	71
	140
	Failure in Rebar*
	​-

	2
	S1P2
	92
	680
	460
	328
	71
	140
	Failure in Rebar*
	​-

	3
	S1P3
	94
	680
	460
	328
	71
	140
	Failure in Rebar*
	​-

	4
	S1P4
	98
	680
	340
	328
	71
	140
	Failure in Rebar*
	​-

	5
	S1P5
	96
	680
	340
	328
	71
	140
	Failure in Rebar*
	​-

	6
	S1P6
	100
	680
	340
	328
	71
	140
	Failure in Rebar*
	​-

	7
	S1P7
	90
	680
	340
	328
	71
	140
	Failure in Rebar*
	​-

	8
	S3P8
	196
	680
	340
	4666
	67
	160
	Pull Out Rebar
	137%

	9
	S3H9
	328
	680
	340
	631
	67
	160
	Failure in Rebar*
	more than 185 %

	10
	S3H10
	390
	680
	340
	6777
	72.5
	140
	Failure in Rebar*
	more than 199 %

	11
	S3H11
	540
	680
	340
	7936
	67
	160
	Failure in Rebar*
	more than 233 %

	12
	S2S12
	136
	750
	375
	​-
	67
	160
	Pull Out Strand
	​--

	13
	S2S13
	​-
	750
	375
	​-
	72.5
	140
	​-
	​-

	*The force-deformation of connection was the same as steel rebar behavior.   


3 TEST RESULT AND DISCUSSION

3.1 Sleeves

3.1.1 Type I


Setting: Three specimens with perpendicular ribs rebar Ф14 were made and three of them had 250mm overlap. The specified compressive strength of the grout was 71 MPa.


Force-deformation curve: For all specimens, in relation to bond between grout and rebar, and outstanding performance of the connection, failure of connection was rebar rupture. Thus the force-deformation of connection was the same as steel rebar behavior.


3.1.2 Type II


Setting: Two specimens were made with particular Post-Tensioning strands. The specified compressive strength of grout for one was 67 MPa and for other specimen was 72.5 MPa. 


Force-deformation curve: The force-deformation behavior of number 1 specimen (figure 2) consists of two main parts. In the first part, load-stroke behavior of the specimen was elastic until the load reached approximately 130kN. As the surface of the strand was plain, the bond between strand and grout was weak. Therefore, strand pull out from connection and curve continued with cyclic process in the 

second part. When the load level reached 140kN, adhesive bond between strand and grout was lost and when the test was continued, the maximum load of each cycle decreased smoothly. For the helix shaped strand, in each cycle the pull out was 3mm approximately and the specimen got twisted. At a   Constant minimum load value (70kN approximately) strand pulled out. Grout did not fail but the adhesive 

bond between the strand and grout failed. With the decreasing of anchorage length of   the strand, the maximum capacity of each cycle decreased.

3.1.3 Type III


Setting: Results of type I tests illustrated grout sleeve connection have a great bearing ability. For Ф32 rebar and getting minimum grout cover (10mm), increase of sleeve dimensions was necessary. Specimens were made with Ф20, Ф25, Ф28 and Ф32 without overlap. The specified compressive strength of grout was either 67 MPa or 72.5 MPa.


Force-deformation curve: Transmission of external forces on a connection element is due to friction, keying (bearing) and adhesive bonding. For better activation of friction, an expansion force should be produced. For keying bonding acting need an adhesive mortar produces the bond between rebar (or strand) and connection element. Therefore, grout was appointed to injection into sleeve. Each component of a connection system _the grout, the sleeve and the rebar_ itself and in interaction with others-influences the mechanical behavior of connection system. Therefore, an improvement of mechanical characteristics of the grout would lead to an increase in ultimate load capacity of the connecting element and would change the failure process and the force-deformation curve.

Ф20:(Figure 3)- The force-deformation curve of this specimen consists of three parts. In the first part, rebar bear load and force-deformation of connection was the same as rebar actions. In the next part, grout adhesive bond and bearing (keying) were lost and rebar pull out and the process continued in part 3. With the decrease of anchorage length, force decreased. Rebar’s rib caused a rough surface between rebar and grout. As a result, an unsmooth form was produced in part 3 of the curve. 


Ф25, Ф28 and Ф32: For all specimens, in relation to better bond between grout and rebar, and excellent performance of connection, failure of connection was rebar rupture. Therefore, force-deformation of connection was the same as steel rebar behavior. 

3.2 Grout

Grout is an expansive mortar suitable for any place that needs expansion with high strength. Grouts are of various types but three types of them are usual: ready mix grout (cement base), epoxy grout and grout admixture. The epoxy grout needs water for mixing. The advantages of the epoxy grout consist of very high strength and suitable expansion, and the disadvantages consist of high cost and difficulty to work with. The grout admixture which mixed in site   produces an expansion (by grout additive) in ordinary cement mortar that is controllable by mixture ratio but it has low strength. Therefore, in view of the availability, cheapness and ease to work, ready mix grout was selected.


For improving the mechanical performance of the grout, especially to increase the of toughness and expansion control, synthetic fibers were used (19mm chopped polypropylene fiber) and compressive and tensile specimens were tested. Results have shown that, Glass and Carbon fibers did not distribute homogeneously. Also 19mm PP fibers had better tensile performance than 6mm and 12mm fibers (table 4). For the determination of an optimal mix ratio, a range of volume ratio 1kg to 2.2 kg fiber in cubic meter of grout was tested and it was found that the volume ratio 1.6kg fibers in cubic meter of grout have the optimal efficiency in grout mortar (table 5). In addition, using fibers through mix water produced homogenous mixture compared to adding fibers in dry mixture or after adding water.


For control specimen, after molding, a flat glass plate was placed at the top of mould that produced closer condition to test specimen. The control specimens were tested with a loading rate 5 kN per second.


Finally, three 5cm cubic specimens, with two different slumps were tested for the determination of the grout force-deformation curve. The force-deformation curves were the same for all specimens and they consisted of three parts. In the first part, the   matrix and fibers had an elastic behavior. By increasing the load and crack propagation, force transmitted to fibers in the second part. Increasing of load in the third part was due to an increase in contact surface under loading (Figure 4).
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Figure 2. Graph of sleeve type II and strand (S2S12)
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Figure 3. Graph of sleeve type III and Φ20 (S1P8)
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Figure 4. Graph of 5cm cubic grout reinforced with PP fibers

3.3 Anchorage length calculations


ACI 408.3-2 
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 ACI 408.3R-01 COMMENTARY R4.2 (higher value of the parameter correspond to pullout failures).


ACI 318 12.2-3
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where

Strong sleeve (none destructed) 
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 ACI 12.2 COMMENTARY (a pull out failure is expected and an increase in cover or transverse reinforcement is unlikely to increase the anchorage capacity).

4 SUMMARY 

· Test results (table 7) prove acceptable performance of traditional ready grout mixture.

· Test results (table 7) prove a satisfactory performance of the sleeve.

· Only Φ20 ordinary rib deformation rebar and S12.7 strand were pulled out during the test.

· All Φ14 ordinary rib deformation rebar, and Φ25, Φ28, Φ32 high related rib area rebar failed as rebar.

· The maximum bond stress between a rebar and the surrounding grout in a sleeve is more than possible in reinforced concrete for comparable compressive strength.

· Performance index which is defined as predicted anchorage lengths to anchorage length of tests ratio, showed excellent performance (more than 233%) for Φ32 rebar (table 7). 

· High relative rib area rebar depicts more efficiency than ordinary rib deformation.

· Ordinary rib deformation has low performance index (137%) for Φ20 (for the same length and diameter sleeve). 

· 75cm length sleeve can produce 1511 MPa for S12.7mm strand.

· S12.7mm strand (S2S12) presented good cyclic ductile behavior after maximum load (Figure 2).

· Figure 1 illustrates that load rise sharply 196.7 kN (adhesive bond and bearing stress between grout and rebar) and drop to 62.1 kN (friction stress between grout and rebar); then load decreased gradually due to a decreasing of the embedment length of rebar in sleeve. The second part of th curve had demonstrated no brittle behavior of sleeve for S1p8 specimen.

· Figure 2 demonstrates load grow dramatically 128.7 kN (adhesive bond and bearing stress between grout and strand) and drop to 69.7 kN (bearing and friction stress between grout and strand); then continue satisfactory cyclic load-stroke (ductile) behavior with slowly decreasing load capacity due to decreasing of embedment length of strand in sleeve for S2S12 specimen.

· Other specimen load-stroke graphs are the same as rebar load-stroke graph with no significant slip of rebar in sleeves.

5 CONCLUTION  

The test results and the performance of splice demonstrate that this type connection satisfy type 2 mechanical splice of ACI 12.14.3.2, and it can be used in special moment frames constructed using pre-cast concrete according to ACI 21.6.b
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