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ABSTRACT 

The multi-bolted joint is commenly used in various machine 
design problems, such as the joint between the base and the 
culumn of the milling machine. The paper deals with the design 
parameters of the multi-bolted joint and their effect on the 
joint stiffness. An optimal mathematical method to calculate 
the static joint stiffness has been chosen. The effect of the 
bolt diameter, number cf the bolts to be used, and thickness 
of the members to be jointed on the magnitude Of the normal 
stiffness of the joint have been anal,Ised and discussed. A 
proposed design diagram for the bolted joint loaded with the 
normal external force are developed and it can be simply used. 

1.INTRODUCTION 

The function of the bolted joint is to generate the fixation 
of two or several parts with optimum stiffness. The stiffness 
of such joints greatly depends on the large number of design 
parameters. These parameters may be summerized as: 

1. Magnitude of the preload and the external load and 
the relation between them. 

2. Number of the bolts to be used and their dimensions. 
3. The dIstance between the bolts. 
4. The flange thickness. 
5. The compliance of the contacting surfaces. 
6. The elasticity of bolt and flange material. 

Fig.(1) represent the configuration of the multi-bolted joint, 
which consists of several s ngle-bolted joints. Due to large 
initial tightening force (Fv), the stiffness of the joint is 
usually high. Also, the relation between the external force 
(FB) and elastic deflections, caused by these forces, is close 
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to non-linear, as the external forces are significantly lower 
than the tightening ones. There are many methods have been 
developed to calculate the static stiffness of a single-bolted 
joint (view A in Fig.l). The main recently methods have bee ll 
reviewed by LEVINA, Z.M.[3] 	SHEHA, G. [5-6] and PLUCK, R 
The effect of the distance between the bolts on the deflection 
in a tightened joint has been illustrated by the exa OA of the 
joint of plates of the slideways (Fig.2) on the bed 1-2i . The 
distribution of the deflection and pressure over the ength of 
the joint is not uniform, being higher in the cross-sections 
under the bolts ( d max. in Fig. 2-b) than in those between them. 
The rate of this uneven distribution depends on the thickness 
(hf) of the way and the distance (L) between bolts. The mean 
pressure derived by the holt tightening stress in the joint is 
assumed to he 30 kp/cm2. It is cleare that, the distrotions of 
the ways are not large if the distance between the bolts is 
small. As soon as the value of (L) exceeds a predetermined value 
determined by the size of the thickness (hf) , the value of the 
distorsion sharply increases. But, this diagram has not been 
considered the holt diameter, number of bolts and the magnitude 
of the joint stiffness.These parameters have not'been studied. 
Reference [51 has been derived a mathematical model to calculate 
the static s iffness of the multi-bolted joint. Also, this 
models have not been considered the effect of the bolt-distance. 

It is apparent that there is no comprehensive study for the 
relationship between the joint stiffness and the main joint 
parameters such as bolt-diameter; number of bolts to be used; 
flange thickness and the bolt distance. Therefore, a great deal 
of this work was done to decide the optimal calculation method 
for the stiffness of the bolted joint, which enable to establish 
a proper design diagram. The effect of the joint design para-
meters on the magnitude of the joint stiffness was also inves-
tigated. 

27OPTIMAL METHOD TO CALCULATE 

THE JOINT STIFFNESS 

The correct determination of the bolted joint stiffness is ,_of 
extreme importance in the design of joint elements (See Fig.l) 
There are many trails for approximate determination of the 
static joint stiffness based either on experimental or theore-
tical approaches. The most important of these methods are due to: 

1.LEVINA, Z.M.[3] Who sugusted the following formulae to 
calculate the bolted joint stiffness; 

AT 
C3   (Fv-FB+Fsz)l-m 

cNe.m 
F 	= C, sz 	4 

  

(FB-Fsz )   (1) 

0
3 

Am 
(F 	F - F ) v B sz  N•M 

CJ 	02  . FB/Fsz  (2) 
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2. SHEHA,G. [5-6] who derived 	the following equation to 
estimate the value of the single-bolted joint. 

Fv  FR 
Cj = C2  + Fv-FR + 0°1  iFm -F R

m 

	

m 	‘11-  c3 	A- 

3. FLOCK, R.[41who surgested the following equations to 
calculate t e joint stiffness. 

FD M 
(L 	F - 	= (T1-- - 1.4)FR-0(e -FB/C3 	(4) 

C3 C2  v Am 	-3 -2 k j. 
=R 	

Fv 	( v)m 
	 (5) 

B C3 Ak  c3 	Ak 

CJ= FBB 
  (6) 

The three methods can he solved by the iteration calculations 
using the computer. The program has been developed to include 
the following main elements: 

1. Summery of the required data. 
2. Solving of the equations of the three methods to deter-

mine the value of the static stiffness of the joint(CJ). 
3. Checking o 1,he maximum static and dynamic stresses in 

the ,joint N. 
4. Summery of the results. 

To decide the best method to calculate the joint stiffness, 
which gives the designer the proper and more safe joint design, 
the comparison between the three methods may be useful. Fig.3 
represent a relation between joint stiffness (Cs) and the 
preload on the bolted joint (F,). The curves have been made 
based on the following main data: 

C
s 

= 107 Kp  Axm ; Ak 
 = 122 Cm2 ; Cl 	532 KP 

 /Atm.  

0‹ - 0.8 ; m = 0.5 	Fv  = 1000,2000, 3000 Kp  and 

FB  = 40C' , 600 , 8co K . 

The curves have been presented that, in all methods the increas-
ing of the preload (Fv) produce greatly increasing in the joint 
stiffness. The effect of the external load (FB) on the joint 
stiffness has be6n made in (Fig.4). The curves show also the 
deviation in the calculated joint stiffness accord_ ing to LEVINA-; 
SHEHA- and FLOCK-methods. It has been:shown that the PLOCk-_ 
Method gives the best stiffness vnlue,which can be used safely 
by the designer. 

( 3 ) 
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3 ,EFFECT OF THE DESIGN PARAMETERS 

ON THE STATIC JOINT STIFFNESS. 

To represent the systematic variation between the stiffness of 
the multi-bolted joint and their main design parameters (biAt 
diameter; bolt distance and flange thickness), the following 
assumptions may be useful to use: 

1. The two connected members are to be simple geometry 
with the length 1 m. and thickness 34, 41.3 and 60 mm. 

2. The external load is a pure normal force with magnitude 
10000 K,. 

3. Constant cross-section of the bolts to be used 
(n. As  = 1575 mm2). 

4. The angle of the effective frustum cone A is 45, 50 and 
55 degree. 

5. Material : St. 50 for the two connected members and St. 
42 for the screw bolts to he used. 

6. The external load is devided equally on the bolts to 
be used in the joint. Thereoff, the total normal joint 
stiffness can be calculated using the following formula: 

Cz = 211 	(C)   (7) 
1=1 	u i 

Fig.(5-a) shows the effect of the number of bolts to be used on 
the magnitude ofthe normal deflection at a constant flange thick-
ness (hf,  = 60 mm) The points a and b have the bolt arrangement 
n=7 bolts; M 20 and n=15 bolts; N 14 respectivily; distributed 
on 1 m. flange length (See Fig. 5-b). The optimal tendence of 
the calculated deflection has large number of bolts with small 
bolt diameter. This result meant that to produce high joint 
stiffness must he used the large number of bolts with small bolt 
diameter. But the designer should firet of all decide the minimum 
required distance between the two bolts. 

Fig.(6) represent the relationship between the number of bolts, 
minimum bolt distance and the flange thickness. In the bolted 
joint, the bolt distance and the flange thickness are usually 
related with the effective frustum cone (angle 13). 
Fig.(6-a) 	represents 	the relationship between 

the design parameters through the ang1ef3. Thereoff, the reduc-
tion of the flange thickness (hf) requires large number of 
bolts (compere between case a and cas b) , while at constant 
number of bolts the bolt distance becomes high with higher angle 
f3 and the reduced flange thickness (compare between case a and 
case c). 

It is clear that, the systematic variation of the parameter 
r= 45 , 50 and 55 degree leads to proportional relationship 
between the calculated normal deflectionJ , the flange thickness 
(hf) and the number of bolts (n). Also, at the large number of 
bolts, reduced flange thickness and owing tc the joint configura-
tion-Chp magnitude of the normal deflection can, be estimated, 
(See Fig. 6-a). Thus, the designer may 	use J-)2c 0 degree to 
calculate_the joint stiffness (Cz). These value gives the optimal 
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4.THE DESIGN DIAGRAM 

To construct a diagram for designing the multi-bolted joint 

the relationship between the normal stiffness and the joint.  
design parameters should be defined at first. 

Fig. (7) shows the magnitude of the normal stiffness (Ce) with 
respect to the joint design parameters. The curves of the diagram 
have been calculated according to the optimal condition( Flock- 
method withf3-. 45 degree). In this case the minimum bolt 	dis- 
tance can be calculated as (See Fig. 1): 

L= 1.4 ds 4-  2 hf 	
. . 

Also, the joint stiffness (CZ) has been calculated using the 
equations 74, 5, 6 and 7). 

The designer can easily 	use. the diagram to compare the 
magnitudes of C which related to the design variations. Also , 
for the required stiffness CZ  with defined flange thickness hf, 
the designer can 	use the diagram to determine the bolt 
diameter ard the number of bolts to be used. Thus, the designer 
can 	decide the proper joint parameters without any weakening 
,positions between the bolts. 

5. CONCLUSIONS 

The optimal method to calculate the magnitude of the bolted 
joint stiffness has been decided by the comparison between the 
mathematical methods of. LEVINA,Z,M; SHEHA, G. and PLOCK,R. The 
main design parameters of the joint have been discussed. The 
PLOCK-Method with frustum cone f3 = 45 degree is the optimal 
condition to designing of the joint. 

A simplified design diagram of the bolted joint loaded with the 
normal external force has been developed based on the optimal 
condition. The designer can 	use the proposed design diagram 
to decide directly the main joint parameters such as bolt dia-
meter to be used, thickness of members to he jointed and number 
of bolts to be used. 
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NOTATIONS 

	

As 	: Tensile stress area of screw bolt. 

	

Ak 	: Contact area. 

	

C2 	: Stiffness of the bolt under external load. 

	

C3 	: Stiffness of the members under external load. 

	

CJ 	: Static stiffness of the single-bolted joint. 

	

Cs 	: Stiffness of screw bolt, 

	

CZ 	: Normal stiffness of the multi-bolted joint. 

	

ds 	: Major bolt diameter. 

	

FB 	: Total external tension load on joint. 

	

FR 	: Resultant load on the members to be jointed. 

sz : Portion of bolt from the external load FB. 

	

Fv 	: Preload on bolt due to tightening. 

	

hf 	: Thickness of the members to be jointed 
L 	: Bolt distance. 

Number of the bolts to be used in the joint. 

	

oipm 	: Factors depending on the properties of material 
and surface finish. 

: Angle of the effective frustum cone. 

	

B 	: Joint deflection under the external load.,  
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Fig. ( 5) Effect of the Number of Dolts on the 	'wat 
Joint Deflection. 

Fig. ( 6 ) I. flect of the Number of 	Dolts , Dolt Distance 

and Flange lhichnIt11 on the Normal Delaoction 
of the Joint. 
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