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ABSTRACT: High Strength Friction Grip (HSFG) property class 8.8 bolts are widely 

used in construction of steel structures. When fully tensioned, they enable rigid steel 

systems to be built without the need for site welding. In new developments, the design 

and behaviour of a generation of seismic energy dissipaters such as the Asymmetric 

Friction Connection (AFC) in the Sliding Hinge Joint (SHJ) are also dependent on the use 

of tensioned HSFG bolts, albeit to a lower level of tensioning. 

According to NZS 3404, HSFG property class 8.8 bolts, when installed in the Tension 

Bearing (TB) and/or Tension Friction (TF) bolt modes, must be tensioned based on the 

part-turn method of tightening or by using a direct-tension indication device. The part-

turn is identified by NZS 3404 with respect to the bolt length-to-diameter ratio and 

contact angle of the outer faces of the bolted parts. There is also a requirement identified 

by the most recent (2007) amendment to NZS 3404 regarding the minimum number of 

clear threads run out beneath the nut after tightening for fully tensioned HSFG bolts. This 

necessitates the existence of five, seven, or ten free threads at nut loaded face with respect 

to different bolt length-to-diameter ratios. 

These aspects have been the subject of experimental and analytical research and this 

paper presents the results of that research and proposed changes to the existing NZS 3404 

recommendations as follows: 

 Relaxing the minimum number of clear threads run out beneath the nut after 

tightening, to level that will deliver dependable performance but will make 

installation easier. 

 Proposing a more precise definition for the bolt length when determining the 

required part-turn of the nut. 

 Proposing a method of pre installation bolt inspection to increase the reliability of 

the installed bolt tension. 

1 EXISTING NZS3404 RECOMMENDED PART TURN METHOD OF TIGHTENING 

According to NZS3404 (1997/2001/2007), the HSFG property class 8.8 bolts, when installed in the 

Tension Bearing (TB) and/or Tension Friction (TF) bolt modes, must be installed based on the part-

turn method of tightening or using a direct-tension indication device, to be fully tensioned i.e. reaching 

the minimum tensile strength (fuf) of 830MPa. The TF bolt mode guarantees the joint to remain rigid 

under a defined level of loading in the operating condition and thus is a Serviceability Limit State 

(SLS) design, rather than design for Ultimate Limit State (ULS) loading. The TB bolt mode is for ULS 

design and makes the joint very likely to remain rigid under both SLS and ULS loading, however the 

joint may slip if overloaded e.g. by a severe earthquake. Those friction-type connections that are 

expected to undergo stable friction sliding e.g. the Asymmetric Friction Connection (AFC) in the 

Sliding Hinge Joint (SHJ), should be designed based on the TF mode and stable sliding shear capacity 

for the SLS and ULS respectively.  

The part-turn method of tightening first requires bolt tightening to snug tight, intended to bring all 
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plies into direct contact, followed by rotating the item to be turned (typically the nut) by a specific 

amount i.e. part-turn to ensure reaching the code specified minimum bolt tension. The minimum bolt 

tension at installation is specified in (NZS3404) and is approximately equivalent to the minimum 

proof load given in AS/NZS1252 (1996) (Table 1). 

Table 1. Minimum bolt tension for HSFG property class 8.8 bolts to (NZS3404)&(AS/NZS1252) 

Nominal bolt diameter (mm) Minimum bolt tension, (kN) 

M16 

M20 

M22 

M24 

M30 

M36 

95 

145 

180 

210 

335 

490 

The part-turn is identified by (NZS3404) with respect to the bolt length-to-diameter ratio and contact 

angle of the outer faces of the bolted parts. Table 2 shows the (NZS3404) specified part-turn to fully 

tension the HSFG property class 8.8 bolts. Additional notes to table 2 are given in (NZS3404). 

Table 2. Nut rotation from the snug-tight condition to fully tension HSFG property class 8.8 bolts to 

(NZS3404) 

Bolt length (Underside of 

head to end of bolt) 

Disposition of outer face of bolted parts 

Both faces 

normal to bolt 

axis 

Once face normal 

to bolt axis and 

other sloped 

Both faces 

sloped 

Up to and including 

4 diameters 
1/3 turn 1/2 turn 2/3 turn 

Over 4 diameters but not 

exceeding 8 diameters 
1/2 turn 2/3 turn 5/6 turn 

Over 8 diameters but not 

exceeding 12 diameters 
2/3 turn 5/6 turn 1 turn 

There are two other requirements identified by (NZS3404) for bolting. One is the projection of all 

types of bolt from the nut face to be one clear thread following tightening. This provision intends to 

ensure the full thread engagement over the total nut depth. This is accepted practice for snug-tight 

bolting categories, but is of critical importance for tensioned bolting categories (8.8/TF and 8.8/TB), 

where the achievement of the specified initial bolt tension necessitates the full thread engagement. The 

other requirement is the minimum number of clear threads run out beneath the nut after tightening for 

fully tensioned HSFG bolts. This requires the existence of five, seven, or ten free threads under the nut 

loaded face with respect to different bolt length-to-diameter ratios and is based on avoiding excessive 

plastic strain demand in threaded region of the grip length when the bolt is fully tensioned. 

2 BOLT FRACTURE AND VARIABLE INSTALLED TENSION OBSERVED IN THE BOLT 

TIGHTENING RESEARCH 

Ramhormozian, Clifton et al. (2015) observed a larger than expected variability in the HSFG property 

class 8.8 installed bolt tension during the first round of the bolt tightening tests of the SHJAFC with 

and without Belleville Springs. They also observed a few unexpected bolt fractures, during tightening, 

at a measured tension far below the yielding point e.g. 50% of the bolt proof load. The following 

investigations were performed to identify the reason behind the underachievement of code specified 

installed bolt tension as well as unexpected bolt fractures (Ramhormozian, Clifton et al. 2015). 
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 Undertaking the bolt tightening tests on the bolts purchased from two different New Zealand 

based specialist suppliers and continuously monitoring the bolt tension during the tightening 

by a specialist load cell. 

 Using additional hardened washers under the head of the bolt for a few samples to show 8 

threads in the grip length in compliance with minimum threads requirements of (NZS3404). 

 Performing the tensile tests on three bolts to ascertain the mechanical properties of the bolt 

and comparing the bolt behaviour in direct tensile test and tightening test. 

Based on the following observations and comparisons, Ramhormozian, Clifton et al. (2015) discussed 

and concluded that the poor thread and finish quality was the main reason for the underachievement of 

the specified installed bolt tension and the bolt fracture. 

 The material properties of the bolt steel were identified to be in excess of those specified by 

the bolting standard by the tensile tests. 

 The bolts with rougher galvanized surface and/or more resistance against turning the nut 

before installation and/or no visible lubrication, showed much higher tendency to show poor 

behaviour during tightening. 

 All of the bolts, that had been tightened up to their elastic range, were subject to the 

permanent elongation after untightening. 

 The applied torque as well as nut turn for a given bolt tension were higher than expected. 

 The bolt tension vs length curves were nonlinear while the bolts were being tightened in their 

elastic range. 

 Necking was observed in all tensile tests showing a ductile behaviour. Additionally both 

modes of fracture i.e. in tightening and pure tensile tests were ductile, but different in 

appearance, suggesting a different mode of fracture. 

The abovementioned research and conclusions led to define and perform another research which is 

explained in section 3. 

3 A RESEARCH TO INVESTIGATE THE EXISTING NZS3404 RECOMMENDED PART 

TURN METHOD OF TIGHTENING 

Ramhormozian, Clifton et al. (2015) performed a research to explore the practical and theoretical 

concerns about the current (NZS3404) recommended part-turn method of HSFG bolt tightening. A 

practical concern is that the joints’ grip lengths are quite variable in practice and, as a result, satisfying 

the minimum thread length requirement at the nut loaded face has been an issue reported frequently by 

the industry. The research investigated whether the minimum number of clear threads run out beneath 

the nut after tightening introduced during the 2007 amendment of NZS 3404 could be relaxed to 

remove the difficulties that erectors have been faced with in order to comply with the current 

minimum thread provisions of (NZS3404). 

It is worth noting that the minimum thread requirements were introduced in the amendment in 

(NZS3404) in 2007 to overcome examples of bolt fracture reported at that time in bolts which had 

been correctly installed, which were attributed to too short a threaded length within the grip length. 

However, based on (Ramhormozian, Clifton et al. 2015), it is more likely that bolt fracture was 

generated by the poor quality of the thread finish, bolt surface cleanliness, and lack of lubrication 

supplied and not the bolt threaded length within the grip length. 

As for the theoretical concern, the applied part-turn imposes a longitudinal strain significantly beyond 

yield on the loaded parts of the bolt to reach the required bolt tension. The free unloaded bolt threaded 

portion beyond the nut is the only part of the bolt which does not contribute in accommodating this 

applied strain. Hence, a more precise criterion should exclude this part to identify the required part-

turn, otherwise the applied part-turn can lead to excessive tightening of long bolts with short grip 

lengths. This is discussed in section 4. 
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Ramhormozian, Clifton et al. (2015) performed 12 tensile tests on M20 and M24 bolts purchased from 

two New Zealand based specialist bolt suppliers, to validate the bolt material quality according to 

(NZS3404) and (AS/NZS4291). All of the bolts behaved as expected in the tensile tests according to 

the inspection certificates provided by each bolt supplier, and the fracture surfaces of the tensile tested 

bolts confirmed the ductile fracture of the bolts in tensile tests. 

The researchers developed a bolt tightening test setup to allow the existence of 1 to 8 free threads at 

the loaded face of the nut and tested 84 HSFG Property class 8.8 M20 and M24 bolts purchased from 

two different specialist bolt manufacturers. They concluded each test by tightening the bolts to 

fracture, to investigate the required turn of the nut after snug tight condition to fracture the bolt. They 

also undertook a pre-installation check and preparation for all of the bolts before the tightening tests in 

accordance with the recommendations of (Ramhormozian, Clifton et al. 2015). They used specialist 

donut load cells to continuously monitor the bolt tension during tightening. Figure 1 shows two typical 

bolt tension-time graphs of the tightening tests with their associated data analysis tables. 

  
Figure 1 - Typical bolt tension vs time graphs of the tightening tests (left) and associated data analysis 

tables (right) (Ramhormozian, Clifton et al. 2015) 

All of the tested bolts were also fracture tested i.e. tightened up to the snug tight condition and then 

bolt nut was turned to tighten the bolt until the bolt was fractured to record the amount of the nut turn 

from the snug tight condition up to the point of fracture. 

The results of the research are being used to support proposed changes on NZS 3404 specified part-

turn method of tensioning (HSFG) property class 8.8 bolts. These results are presented in 

(Ramhormozian, Clifton et al. 2015; Ramhormozian, Clifton et al. 2015). The proposed changes are 

presented in section 5 of this paper. 

4 CALCULATING THE REQUIRED NUT TURN BASED ON A BOLT LENGTH 

DEFINITION TO REACH THE BOLT PROOF LOAD 

Ramhormozian, Clifton et al. (2014) proposed a set of equations to calculate the required turn of the 

nut to tighten the bolts with Belleville springs up to an arbitrary amount of the bolt preload. The 

equations were modified for the case with no Belleville spring and re-presented in (Ramhormozian, 

Clifton et al. 2015) to calculate the required turn of the nut to tighten the bolt up to a certain amount of 

the elastic bolt preload. A detailed analytical model is proposed by Ramhormozian, Clifton et al. (In 

prep.) taking the flexibility of the joint plies, the bolt head, shank, thread, engaged thread with nut, nut, 

and hardened washer into account to calculate the required nut rotation to tighten the bolt. This 

analytical model has been applied in this paper to the whole bolt length ranges of HSFG property class 

8.8 M20 bolts included in the table 2.2 of (AS/NZS1252). This includes the bolt length from 45mm to 

150mm. It is worth noting that the (AS/NZS1252) defines the bolt length as the distance from 

underside of the head to end of bolt. Tables 3 and 4 show the characteristics of the bolts, nuts, and 

hardened washers calculated based on the information given in (AS/NZS1252). 

 

 

 

No DATA ANALYSIS OUTCOMES Unit Values

1 Snug tight tension kN 121

2 Proof load kN 145

3 Bolt tension after applying the part turn kN 201

4 Bolt tension drop after tightening % 3

5 Applied turns (After snug tight) Turn 0.25

6 Applied rotation (After snug tight) Degree 90

7 Required turn recommended by NZS 3404 Turn  N/A 

8 Required rotation recommended by NZS 3404 Degree  N/A 

9 The turn required after snug tight to just reach the proof load Turn 0.08

10 The rotation required after snug tight to just reach the proof load Degree 27

11 The turn to fracture after snug tight Turn 1.3125

12 The rotation to fracture after snug tight Degree 472.5

13 Nut turning condition before tightening test Free

14 Nut turning condition during untightening Free

Part-turn 

Snug-tight 
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Table 3. Characteristics of the bolts according to (AS/NZS1252) used to apply the analytical model 

 

 

Table 4. Characteristics of the bolts, nut, washer according to (AS/NZS1252) used to apply the analytical 

model 

 

 

The theoretical nut rotation required to take the M20 bolts just to the proof load i.e. 145kN from the 

point at which the bolt’s head underside, plies, hardened washer, and bolt’s nut underside are all 

initially perfectly in contact with zero tension in the bolt, has been calculated for all bolt length ranges 

and is shown in Figure 2. This calculation was performed for each bolt length, and over the whole 

possible (ply+washer) thickness ranges being able to be clamped by the bolt. The lower (ply+washer) 

thickness is considered as (shank length+one pitch), and the upper (ply+washer) thickness is 

considered where there is only one free thread beyond the nut according to (NZS3404) 

recommendation. The graph shows the required nut turn versus the length from head’s underside to the 

nut’s underside. 

Although the part-turn of the nut to be applied after snug-tight condition is different from the required 

turn which is demonstrated in Figure 2, it still shows the behaviour of the bolts with different lengths, 

shank to thread lengths ratio, and grip lengths in tightening. This helps to present a robust definition 

for the bolt length while specifying the part-turn. 

Nom. Min. Max. Average Ls (min) Lg (max) Average Max. ( NZS3404 provisions ) Min. ( Shank )

45 43.75 46.25 45 10 17.5 13.75 31.25 18.6 13.75 3.48

50 48.75 51.25 50 10 17.5 13.75 36.25 23.6 13.75 5.48

55 53.5 56.5 55 10 17.5 13.75 41.25 28.6 13.75 7.48

60 58.5 61.5 60 10 17.5 13.75 46.25 33.6 13.75 9.48

65 63.5 66.5 65 11.5 19 15.25 49.75 38.6 15.25 10.88

70 68.5 71.5 70 16.5 24 20.25 49.75 43.6 20.25 10.88

75 73.5 76.5 75 21.5 29 25.25 49.75 48.6 25.25 10.88

80 78.5 81.5 80 26.5 34 30.25 49.75 53.6 30.25 10.88

85 83.25 86.75 85 31.5 39 35.25 49.75 58.6 35.25 10.88

90 88.25 91.75 90 36.5 44 40.25 49.75 63.6 40.25 10.88

95 93.25 96.75 95 41.5 49 45.25 49.75 68.6 45.25 10.88

100 98.25 101.75 100 46.5 54 50.25 49.75 73.6 50.25 10.88

110 108.25 111.75 110 56.5 64 60.25 49.75 83.6 60.25 10.88

120 118.25 121.75 120 66.5 74 70.25 49.75 93.6 70.25 10.88

130 128 132 130 70.5 78 74.25 55.75 103.6 74.25 13.28

140 138 142 140 80.5 88 84.25 55.75 113.6 84.25 13.28

150 148 152 150 90.5 98 94.25 55.75 123.6 94.25 13.28

Maximum possible

number of free threads
Thread length (mm)

Bolt overal length (mm) Shank length (mm) Theoretically possible ply thickness (mm)

Min. Max. Average Min. Max. Average

19.40 20.70 20.05 11.60 13.40 12.50

Min. Max. Average Min. Max. Average

37.29 39.26 38.28 19.16 20.84 20.00

Min. Max. Average Min. Max. Average

33.00 34.00 33.50 22.00 22.52 22.26

Min. Max. Average Min. Max. Average

3.10 4.60 3.85 40.40 42.00 41.20

Bolt proof load (kN) Thread diameter (mm)
145.00 17.66

Nut OD (Average) (mm)

Shank area (mm^2)

35.89

314.16

Pitch (mm)

2.50

Washer OD (mm)

245.00

Washer ID (mm)

Washer thickness (mm)

Head height (mm)

Shank diameter (mm)

Nut height (mm)

Nut Max OD (mm)

Nut Min OD (mm)

Stress area of thread (mm^2)
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Figure 2 - Nut rotation required to reach the HSFG property class 8.8 bolts just to the proof load 

It can be concluded from  Figure 2 that the required nut rotation is mainly related to and governed by 

the (ply+washer) thickness and not the bolt length or shank to thread lengths ratio. For a given 

(ply+washer) thickness to be clamped by two bolts with different lengths and shank to thread lengths 

ratios, the bolt with longer shank requires slightly less rotation, as it is stiffer. However, this difference 

is very small, being less than 2 degree. On the other hand, for a given bolt length, the nut rotation 

required to reach the bolt to the proof load, when for example, the bolt is used to clamp the minimum 

and maximum possible (ply+washer) thicknesses, are considerably different. 

According to (Kulak and Eng 2005), the laboratory based specified part-turn is identified based on the 

bolt length, however it is expected that the end of the bolt will either be flush with the outer face of the 

nut or project slightly beyond it, and if the combination of  bolt length and grip is such that there is a 

large "stick through", then it is advisable to treat the bolt length as the distance from the underside of 

the bolt head to the outer face of the nut for the purpose of selecting the proper turn to be applied. The 

specified part-turn values identified in (NZS3404) are the same as the Canadian code (Kulak and Eng 

2005). 

In conclusion, an appropriate definition for the bolt length to determine the part-turn should be 

(ply+washer) thickness (or grip length) plus/minus a constant value. This constant value may be the 

nut thickness, resulting in defining the bolt length as underside of bolt head to outer face of nut, with 

the purpose of extracting the part-turn value from Table 2. This definition is supported by the 

analytical and experimental results. 

5 RECOMMENDATIONS FOR NEW ZEALAND BOLTING PRACTICE AND PROPOSED 

CHANGES TO NZS 3404 

It is highly recommended to follow all of the recommendations presented in Ramhormozian, Clifton et 

al. (2015) and Ramhormozian, Clifton et al. (2015) in New Zealand bolting practice to assure the 

reliability of the bolted connections. These include the recommendations on the bolt storage and 

lubrication conditions, bolt inspection and preparation prior to installation, and method of bolt 

tightening. The following recommendations have been proposed to be included in the next amendment 

of NZS 3404: 

Addition to clause 14.3.6.1.1: 

Nuts shall run freely when part of a bolt/nut assembly. This shall be checked by running the nut 

along the bolts threads by hand the full length of the thread before being used in a connection. 
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Only bolt/nut assemblies that pass this test shall be used. Once a bolt/nut assembly has been so 

tested neither component shall be substituted. 

Change on clause 14.3.6.1.2: 

(c) For tensioned bolts to either 15.2.5.2 or 15.2.5.3, at least two clear threads run out shall be 

clear beneath the nut after tightening. 

Change on table 15.2.5.2: 

The bolt length is defined as underside of bolt head to outer face of nut. 

It is recommended to consider the current NZS 3404 recommended minimum number of threads only 

for the bolts in Moment Resisting Endplate (MRE) connections. MRE connections can increase the 

plastic tension strain on the bolt if the system including the connection is put into inelastic action 

through severe earthquake actions. If the governing mode of endplate failure is mode 1, there will not 

be expected separation at the bolt line but there will be an amount of rotation of the bolt head or nut 

depending on which is in contact with the deforming plate. If the governing mode of failure is mode 2, 

there is expected separation at the bolt line i.e. additional plastic strain on the bolt. Fortunately, MRE 

connections involve large grip lengths, so meeting the current criteria for these is straightforward. 

Figure 3 shows the plastic elongation accommodated by the free threaded region under the loaded face 

of the nut from the proof load to the point of fracture. This is calculated and plotted for the three 

longest HSFG property class 8.8 M20 bolts i.e. 130, 140, and 150 mm based on the following 

simplified assumptions: 

1. The strain associated with the proof load in HSFG G8.8 bolts is 0.003 i.e. 600MPa/205GPa. 

2. The strain associated with the point of fracture in HSFG G8.8 bolts is 0.12 (Blendulf). 

3. When the bolt reaches the proof load, the weakest part i.e. threaded part under the loaded face 

of the nut, yields while the shank, head, and nut engaged with thread remain elastic. 

4. From the proof load, by increasing the distance between underside of the head and underside 

of the nut, the bolt tension does not increase and the displacement will be on a flat line i.e. 

assuming a perfect elasto-plastic behaviour for the bolt. 

5. All of the additional strain mentioned in item 4 will be accommodated by the weakest yielded 

part mentioned in item 3. This is conservative as the other parts will also contribute in 

accommodating the required plastic elongation in reality. 

6. A minimum number of 2 to 11 free threads are considered at the loaded face of the nut. 

 

 
Figure 3 - plastic elongation accommodated by the free threaded region under the loaded face of the nut 

from the proof load to the point of fracture, for 130, 140, and 150 mm long HSFG property class 8.8 M20 
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The maximum of the calculated additional elongation among the three bolt lengths is 3.13mm 

achieved by existence of 11 free threads at loaded face of the nut. The maximum additional elongation 

for a shorter bolt e.g. 120mm, is 2.6mm when there is 9 free threads at loaded face of the nut. 

According to (Ramhormozian, Clifton et al. 2015) for the M20 bolts which had more than two threads 

at loaded face of the nut (what has been proposed by this paper) the minimum achieved post snug-tight 

turn to fracture was more than 300degree. The code specified part-turn associated with the bolt 

samples, based on the new proposed definition for the bolt length, is 1/3 turn. Hence, there is 300-

120=180 degree of turn that the bolt could accommodate prior to fracture after installation. This may 

be ((180/360)*2.5)=1.25mm of additional elongation if a constant value for the pitch is assumed. 

Additionally by turning the nut the bolt is being shortened, so the situation is worse compared with 

directly stretching the bolt e.g. in MEP. The condition for fracture tested M24 bolts by 

Ramhormozian, Clifton et al. (2015) is slightly better as they could accommodate more turn to 

fracture, roughly associated with 2.5mm of additional elongation. Although by increasing the number 

of threads the turn to fracture increased, there is not a robust correlation between the number of free 

threads and turn to fracture based on the experimental results of (Ramhormozian, Clifton et al. 2015). 

Additionally, as is shown in Figure 4 there is a considerable difference between the bolt capacity to 

accommodate the additional plastic strain in torqued tension and direct tension. This relies in the 

torsion and tension interaction that decreases the bolt capacity to undergo plastic elongation compared 

with the direct tension. 

 
Figure 4 - load versus elongation relationship of A325 (equivalent to G8.8) bolts tested in torqued tension 

and direct tension. (Kulak, Fisher et al. 2001) 

Figure 4 shows the importance of the pre-installation “free turn of nut” check in preventing plastifying 

the bolt in torsion during tightening causing to decrease its capacity to accommodate additional plastic 

elongation in MRE connections.  

6 ONGOING AND FUTURE RESEARCH PLAN 

The following research is being undertaken by the authors: 

 An analytical discussion on the torque-tension interaction during HSFG bolt tightening to 

determine the torque limit to just yield the bolt material under a combination of torque and 

tension. 

 An experimental HSFG bolt tightening research to determine the required torque to turn the 

nut up to a certain level of bolt tension, for the cases which the bolts are lubricated and are not 

lubricated, but all have passed the proposed “free turn of nut” check. 

 An analytical and experimental research may be undertaken to determine how many threads 

are needed in the grip length of the MRE connections’ bolts to accommodate an extra 3mm or 

an extra 5mm “considering an additional factor of safety” of bolt extension. It is also worth 

noting that the grip lengths in bolts in MRE connections are typically relatively large so with 

the proposed new definition for bolt length, the accommodation of additional threads, i.e. the 

current provisions, should be readily implemented. 
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7 CONCLUSIONS 

This paper provided a review on the current NZS3404 recommended method of tightening the High 

Strength Friction Grip (HSFG) property class 8.8 bolts. A brief review is also presented on the 

research that showed some significant issues with the current method of HSFG property class 8.8 bolt 

tightening in practice. A research to investigate the existing NZS3404 recommended part turn method 

of tightening is reported followed by theoretically calculating the required nut rotation to tighten the 

HSFG property class 8.8 bolts with different lengths and shank to thread lengths ratio included in 

AS/NZS1252. The recommendations for bolting practice and proposed changes to NZS3404 are 

outlined followed by the potential further research in this field. 
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