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ABSTRACT: The Asymmetric Friction Connection (AFC) is an energy dissipating 

component consisting of five steel plies all clamped by the High Strength Friction Grip 

(HSFG) bolts. The AFC is the integral component of the Sliding Hinge Joint (SHJ) 

connection, a low damage solution for the seismic Moment Resisting Steel Frames 

(MRSFs). The AFC can provide a unique pinched form hysteresis loop and is cost 

effective and simple to build. It is now being used in practice as well as being improved 

through ongoing research. In current practice, the AFC uses two abrasion resistant shims 

at both sides of the cleat (the only AFC plate with slotted holes), all sandwiched between 

the cap and beam flange plates. Except for the shims, the AFC plates are made of mild 

steel. However, a concern with the AFC is its post sliding elastic strength reduction. A 

significant reason for this is the post sliding degradation of the AFC sliding surfaces. 

This paper presents the results of the following experimental studies on AFC 

performance: 

 AFCs with abrasion resistant cleat and no shims  

 AFCs with Titanium Nitride (TiN) coated shims 

 AFCs with abrasion resistant shims and cleat 

These studies were part of a larger research programme that aims to assess the influence 

of the surface treatments of the contact surfaces on minimizing the post sliding 

degradation of the AFC components while maintaining or improving all other AFC 

characteristics. 

1 INTRODUCTION 

The Asymmetric Friction Connection (AFC) is the key energy dissipating component of the Sliding 

Hinge Joint connection (SHJ) (Clifton 2005). The SHJ is a low damage alternative for the traditional 

seismic Moment-Resting Steel Frames (MRSFs). The AFC is simple to build, cost effective, capable 

to dissipate energy under the Ultimate Limit State (ULS) earthquake loading, and able to provide a 

pinched form hysteresis curve for the moment-resisting connection which is being used. These have 

made the AFC as a suitable friction component to be introduced into different types of low damage 

seismic resisting systems comprising steel/concrete or steel/timber components. The possibility of 

using the AFC in other types of low damage seismic resisting systems than the SHJ is also the subject 

of ongoing research at the Universities of Auckland (UofA) and Canterbury (UofC) as well as 

European universities. Figure1 shows a schematic layout of the AFC which consists of five plies, 

including the beam bottom flange, cleat with slotted holes, cap plate, and two shims in between, all 

clamped by the pre tensioned High Strength Friction Grip (HSFG) bolts. 
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Figure 1 - Schematic layout of the AFC bolt and plies (Ramhormozian, Clifton et al. 2015) 

However, the AFC post sliding behaviour is different from its pre sliding behaviour (Ramhormozian, 

Clifton et al. 2014). This is due to the loss of part of the AFC bolts’ installed tension, resulting in a 

need to retighten and/or replace the bolts following a severe earthquake to restore the AFC to its as-

built conditions. One of the main reasons for the AFC bolt tension loss is the post sliding degradation 

of the AFC plies’ sliding surfaces. Reducing this degradation is also beneficial in producing more 

consistent sliding behaviour and enhanced stable sliding shear capacity. 

This paper presents and discusses three sets of tests on new ideas which were performed using an AFC 

test setup on the 500kN MTS machine. These were to investigate the possibility of minimizing the 

AFC sliding surfaces’ degradation using Titanium Nitride (TiN) coated shims or abrasion resistant 

steel shims and cleat. One set of tests also was performed to investigate the behaviour of the AFC with 

abrasion resistant cleat and no shims. The following sections explain these experiments, along with the 

significance of the results. 

2 THE TEST SETUP, LOAING REGIME, AND MEASUREMENTS 

Figure 2 shows the AFC test setup on the 500kN MTS machine. The test rig was designed to impose 

only vertical force i.e. along the AFC sliding surfaces, with minimal prying forces. This is the 

behaviour of the AFC at the SHJ web bottom level bolts. Additionally, the focus in this research was 

on the pure sliding behaviour and not the prying forces generated in the SHJ beam bottom flange AFC. 

Another test setup is being developed by the authors to realistically represent the SHJ beam bottom 

flange AFC. 

         

Figure 2 - AFC test setup on the 500kN MTS machine 

The structural steel base plate of the test rig was bolted to the strong floor. Two shear keys with 

stiffeners were welded to this base plate, the beam bottom flange plate was then bolted to these shear 

keys. The cleat was bolted to the cleat’s base plate that was attached to the MTS machine arm. The 

cleat was also held by a circular shear key. An intentional eccentricity was considered to design the 

cleat base plate to impose no bending moment on the MTS arm during AFC stable sliding. All of the 

test rig plates were made from Grade 350 mild steel. 

 High Strength Friction Grip (HSFG) property class 8.8 M20, zinc coated, bolts were used. The bolts 

were inspected and prepared according to (Ramhormozian, Clifton et al. 2015) to ensure consistent 

Cleat 

Beam Flange 

Shims 
Cap Plate 

BeS 



3 

bolt quality when tightened. The bolts were installed to approximately 50% of the proof load for most 

of the tests, which equates to 73.5kN. Belleville springs were located at both head and nut sides of 

each bolts according to (Ramhormozian, Clifton et al. 2015). 

The 500kN MTS machine imposed the displacement controlled dynamic loading regime which 

consisted of SLS-ULS-SLS-ULS-SLS loading. The SLS events were a quasi-static rate of loading. A 

wind down period followed SLS loading to bring the connection back to the neutral state. Figure 3 

shows a wind down followed by the first ULS event. The ULS event was specified initially by the 

SAC Joint Venture for moment resisting frames (SAC-Joint-Venture 2000). This  was altered by 

(Clifton 2005) for the SHJ experiments, and was further modified by (Ramhormozian, Clifton et al. 

2015) and final modifications were made in this research. Additionally, for these experiments, the load 

frequencies were decreased so that the loading was within the limitations of the 500kN MTS machine. 

Previous AFC research (Khoo, Clifton et al 2012) has shown that the behaviour is effectively 

independent of the loading speed so the reduction in frequency required would not be expected to 

effect the results. 

 

Figure 3 - Wind down following the quasi-static, and then ULS loading 

The parameters of interest throughout the testing were: 1) applied load on the cleat, 2) bolt tension on 

each bolt and, as a result, total clamping force on the AFC plies, 3) relative displacement between the 

AFC plies, 4) thinning of the AFC plies, and 5) the change in surface roughness of the sliding 

surfaces. The 500kN MTS machine had an internal load cell that measured the force applied to 

generate the specified displacement. The clamping force that is applied to the sliding components by 

the bolts is calculated by summing the bolt tension for each of the four bolts. Using a donut load cell 

“Transducer Techniques TT-LWO-60” on each of the bolts it monitors and records continuously the 

installed bolt tension (Figure 4a). The donut load cells were sandwiched between two hardened 

washers to protect the load cell and also to give more accurate readings.  

The bolt length was measured using an ultrasonic bolt tension meter “G5 Bolt Monitor” (Figure 4b) 

before being installed in the test rig, after being fully tightened, after applying the loading regime, and 

after being fully removed from the test rig. The BeS height was also measured after installation and 

after applying the loading regime using an electronic height gauge (Figure 4c). These were to identify 

the changes in bolt length and BeS height with the aim of determining an indication of the total 

thinning of the AFC plies. 

To determine the surface roughness parameters of each sliding surface, the Mitutoyo SJ-210 surface 

roughness tester was used (Figure 4d). The left and right sides of one top and bottom bolt hole, and the 

center of the sliding surfaces were measured. The Mitutoyo SJ-210 recorded 10 different types of 

surface parameters indicating different ways to define the surface. These include Ra value which gives 

the average surface roughness, which is the average distance of each point along the surface profile 

with respect to the centerline. The cleat temperature was measured before and after the test using a 

laser gun temperature measurer (Figure 4e). The AFC plies relative displacement was measured using 

portal gauges (Figure 4e). 
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   a)                                                                   b)                                    c) 

  

                  d)                                                                        e) 

Figure 4 - AFC on MTS test measurements: (a) donut load cell, (b) bolt tension meter, c) electronic height 

gauge, d) surface roughness tester, and d) laser gun temperature measurer and portal gauges 

The following sections outline the experiments and report the results, along with the ongoing related 

areas of research. 

3 THE AFC WITH ABRASION RESISTANT CLEAT AND NO SHIMS 

One of the influential parameters on the AFC behaviour is the shim material. Clifton (2005) used brass 

shims during the original development of the SHJ. This was to remove the instability in sliding 

between mild steel surfaces in accordance with the findings of (Popov and Yang 1995). MacRae, 

Clifton et al. (2010) compared aluminium, mild steel, and brass shims and concluded that mild steel 

and brass shims show similar force-displacement behaviour and stable sliding shear capacity for the 

AFC. The benefits of the mild steel shims compared with the brass shims are being cheaper, more 

readily available, eliminating dissimilar metal corrosion issues at the interface, and being able to be 

tack welded in place. Khoo, Clifton et al. (2012) showed that sliding between surfaces of different 

hardness improves the AFC sliding performance. The high hardness shims gave much better 

performance and the same benefits as mild steel over brass in construction, and have become the 

material of choice in newer AFC building construction and research, despite being slightly more 

expensive than mild steel shims. 

A shim-less AFC was also considered in this research, with the cleat being made from high hardness 

material. The test rig was designed to be able to accommodate the shim-less AFC configuration by 

turning the MTS arm by 180 degree. If a high hardness cleat is used and the shims removed, sliding 

will occur between the abrasion resistant cleat and the mild steel beam flange and cap plate. This was 

expected theoretically to produce the same frictional behaviour as the currently recommended mild 

steel cleat and high hardness shims. The seismic behaviour was also expected to be very close to the 



5 

current AFC given existence of two sliding surfaces and a floating cap. A potential benefit of the 

shim-less AFC is simplifying the connection making the erection of the SHJ easier as it would 

decrease cost and complexity. Additionally removing the shims may decrease the bolt tension loss by 

decreasing the lever arm of the shear force couple applied on the bolt body (Ramhormozian, Clifton et 

al. 2014) which is used to determine the stable sliding bolt tension. The plastic theory based bolt 

model was initially proposed by (Clifton 2005). 

Figure 5 shows the coefficient of friction versus cleat relative to the beam flange displacement under 

the first and second ULS loadings for two experiments on the shim-less AFC. The sliding surfaces 

were prepared to the mill-scale free condition. Although the shim-less AFC showed a stable and 

acceptable sliding behaviour as was expected, the average stable sliding coefficient of friction was 

0.28 and 0.35 for the tests 1 and 2 respectively, which was less than that with shims. The bolt tension 

loss was 59% and 61% for the tests 1 and 2 respectively, which was higher than that with shims. This 

may be due to the shorter bolts of the shim-less AFC which have higher longitudinal stiffness and are 

more vulnerable to the bolt tension loss factors compared with the bolts of the AFC with shims.  

  

Figure 5 - Coefficient of friction versus cleat relative to the beam flange displacement for the first (left) 

and second (right) tests on the shim-less AFC 

Additionally, another concern about a shim-less AFC in the SHJ is the weldability of the high 

hardness cleat to the mild steel column flange. This is dependent on the Ultimate Tensile Strength 

(UTS), Yield strength, and Vickers/Brinell/Rockwell hardness values of the cleat’s steel to be used. 

The most common types of hard wearing steel are the Chrome/Manganese range, such as Bisalloy 500 

or 600, which are extremely difficult to weld to mild steel, due to differences in weld shrinkage and 

grain structures. A possibility is to use a “buffer weld layer” first, before the final weld, however this 

is not recommended under a sensitive circumstance to take a high risk in designing a seismic resisting 

system such as the SHJ. 

Welding lower grade steel types than high hardness steel, e.g. grade 500 steel, to a mild steel, e.g. 

grade 300, is not problematic provided the combined weld plate thicknesses are below around 60mm 

total, to remove the need to pre-heat the steelwork. A 500 grade electrode for this purpose then is 

required. However, the 500 grade steel is not expected to be as beneficial as high hardness steel. 

Consequently, the test results indicate that the use of high hardness shims in the AFC instead of a high 

hardness cleat without shims is recommended. 

4 THE AFC WITH TITANIUM NITRIDE (TIN) COATED SHIMS 

As the high hardness shims gives better seismic performance in the AFC compared with the mild steel 

shims, it was decided to use the high hardness shims with much higher hardness value for their sliding 

surfaces to increase the dissimilarity between the sliding surfaces’ hardness. This was achieved 

through Physical Vapour Deposition (PVD) coating the high hardness shims by Titanium Nitride TiN 

to provide the high hardness shims with an extremely wear resistant sliding surface.  

TiN coating has become a popular choice for general machining and wear applications. It works very 

well for machining carbon steels and stainless steels. Injection moulders find it works superior to 
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chrome and nickel wet bath electro-plating for release, wear, easy clean up and corrosion protection. 

Rubber moulders have found the coating to provide better release and corrosion properties than wet 

bath electro-plating. Punch and Die sets, Chopping and Slitting Blades, Wear Components and all 

Tungsten Carbide tooling are just a few of the functional applications for this process. The hardness 

(Hv) value of a TiN coated surface is expected to be around 2200. 

Four high hardness (Raex 450 Grade) shims were PVD TiN coated by a New Zealand based PVD 

coating specialist Company. The surface of the shims after the treatment became very smooth giving 

an average Ra value of 0.68µm,  0.55µm, and 4.56µm for the coated surfaces of the shims of the first, 

second, and third tests respectively. A pair of new coated shims was used for each of the first two 

tests. For the third test, the shims which had been against the cap during the first and second tests, 

were used. This is because the “shim against the cap” interface has the minimum wearing among all of 

the AFC sliding interfaces. However the Ra value of the third test was higher than the first and second 

tests. Figure 6 shows the AFC which is assembled using the PVD TiN coated shims. 

         

Figure 6 - The AFC assemblage with TiN coated shims, front view (left), and side view (right)  

The AFC with PVD TiN coated shims showed a stable and acceptable sliding behaviour similar to the 

conventional AFC. The average stable sliding coefficient of friction was 0.55 and 0.48, and 0.43 for 

the tests 1, 2, and 3 respectively. The bolt tension loss was 56%, 64%, and 68% for the tests 1, 2, and 3 

respectively. The “AFC with PVD TiN coated shim” tests produced comparable maximum frictional 

resistance to the current AFC configuration. The bolt tension loss was also slightly higher than that of 

the current AFC configuration. Figure 7 shows the coefficient of friction versus cleat relative to the 

beam flange displacement under the first and second ULS loadings for the first out of the three 

experiments on the AFC with PVD TiN coated shims. 

 

Figure 7 - Coefficient of friction versus cleat relative to the beam flange displacement for first test on the 

AFC with TiN coated shims 

Moreover, as can be seen in Figure 8, the TiN coating wore off under the loading. The coating is also 

costly and would add further complexity to the connection.  
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It could also cause corrosion due to being a different material. When dissimilar metals and alloys are 

in contact in a corrosive environment, due to having different electrode potentials, one of the metals is 

subject to an accelerated corrosion rate. The contacting metals form a bimetallic couple because of 

their different affinities (or attraction) for electrons and when two or more come into contact in an 

electrolyte, one metal acts as anode and the other as cathode. The electro potential difference between 

the dissimilar metals is the driving force for an accelerated attack on the anode member. The presence 

of an electrolyte and an electrical conducting path between the metals is essential for this to happen.  

The metal which is higher in the galvanic series of metals, i.e. the anode, sacrifices itself and provides 

protection for the metal which is lower in the series, i.e. the cathode. The galvanic potential between 

the TiN and the Fe surface would drive this corrosion. 

Based on the above mentioned points the use of TiN coated shims, as is tested in this research, is not 

advised for future implementation, unless more development work is undertaken to address the 

abrasion of the coating.  

   

Figure 8 - TiN coated shim before the test (left) and after the test (right) 

Developing the most efficient possible coating for the sliding surfaces of the AFC, to give the least 

wearing as well as bolt tension loss and high coefficient of friction, is being researched by the authors 

in conjunction with the Page Macrae Engineering Company. 

5 THE AFC WITH ABRASION RESISTANT SHIMS AND CLEAT 

This section reports the results of the AFC experiments using a wear resistant cleat against wear 

resistant shims. These were expected to give less favourable results according to (Khoo, Clifton et al. 

2012) due to the similarity in sliding surfaces’ hardness, however a verification seemed to be required. 

High hardness (Raex 450 Grade) shims and cleat were used for each one of two tests on the AFC with 

abrasion resistant shims and cleat. The sliding surfaces were prepared to the mill-scale free condition. 

Figure 9 shows the coefficient of friction versus cleat relative to the beam flange displacement under 

the first and second ULS loadings for two experiments on the AFC with high hardness cleat and 

shims. The AFC with abrasion resistant cleat and shims showed a relatively stable and acceptable 

sliding behaviour. The average stable sliding coefficient of friction was 0.38 and 0.45 for the tests 1 

and 2 respectively, which was almost same as that with conventional AFC. The bolt tension loss was 

38% and 80% for the tests 1 and 2 respectively, which shows a considerable difference. 



8 

  

 

Figure 9 - Coefficient of friction versus cleat relative to the beam flange displacement for the first (left) 

and second (right) tests on the AFC with abrasion resistant shims and cleat 

While there is no specific benefit observed in using a high hardness cleat against the high hardness 

shims, the concerns with weldability of a high hardness steel cleat to the mild steel column flange that 

discussed in section 3 are still the case. Additionally using a high hardness cleat is more expensive 

than a mild steel cleat. Therefore the use of a high hardness cleat against high hardness shims is not 

recommended. 

6 CONCLUSIONS AND ONGOING RESEARCH 

This paper reported the results of three sets of experiments on the Asymmetric Friction Connection 

(AFC). These include the AFC with abrasion resistant cleat and no shims, the AFC with Titanium 

Nitride (TiN) coated shims, and the AFC with abrasion resistant shims and cleat.  The aim was to 

investigate the possibility of minimizing the post sliding degradation of the AFC while maintaining or 

improving all other AFC characteristics. 

The AFC with high hardness cleat and high hardness shims or with no shims were shown to provide 

no specific benefit regarding the AFC seismic behaviour. They may impose extra complexity and/or 

cost to the conventional AFC in Sliding Hinge Joint (SHJ). Hence are not recommended to be 

implemented in practice. The AFC with Tintanium Nitride (TiN) coated shims was tested and showed 

no considerable benefit because of the wearing of the TiN surface. However this is being researched 

by the authors in conjunction with the Page Macrae Engineering Company to reach a solution for 

eliminating the wearing of the AFC sliding surfaces. If this can be achieved, this would potentially be 

beneficial. 
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