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Abstract- Connections constitute a small percentage of the weight of a structure, but they have a relatively high labor 
content and hence represent a substantial percentage of total framing. Connection deformation is sometimes responsible for a 
substantial proportion of overall deflection of structure and it often has a significant bearing on the internal force 
distribution.  Design of steel frames are carried out with the assumption that the beams-to-column connections are either 
rigid or pinned. Steel frames can be designed economically by incorporating the semi-rigid behaviour of the connection. 
Authors account the semi-rigid behaviour of single web angle connection in analysis by modifying the stiffness matrix and 
also proposed a partial moment release factor to simulate the semi-rigid behaviour in Staad pro.   
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I. INTRODUCTION 
 
Almost all connections used in steel frames exhibit 
semi rigid behaviour and can contribute substantially 
to overall force distribution in the members[6].As 
such steel frame connections should be treated as 
being a ‘semi-rigid frame’ for the purpose of proper 
analysis and design. Accurate modelling of their 
moment–rotation  relationship is necessary if the 
effects of connections are to be considered. in 
structural tests, an attractive solution is to derive a 
single standardized model for each connection type. 
Many models have been proposed and are generally 
composed of parameters depending on the strength, 
stiffness and ductility for a given connection. Single 
web angle connection are usually  regarded as a 
flexible connection, when the semi-rigid behaviour is 
taken into consideration, more optimised design can 
be obtained.  
 
II. MOMENT ROTATION MODELS FOR 
SINGLE WEB ANGLE CONNECTION 
 
A. Frey  &  Morris polynomial model 
Frey and Morris[1] in 1975 proposed a polynomial 
equation to represent Moment Rotation curve for 
seven types of connections. These connections are 
single web angle, double web angle, top and seat 
angle without double web angle, end plate with and 
without column stiffeners, T- stud connection and 
header plate connection. Large number of 
experimental data were used to calculate the 
standardization parameters and curve fitting 
constants.This model is incorporated  in IS 
800:2007[9] to analyse the semi-rigid behaviour of 
connections. Maximum deviation of standardized 
curves from experimental curve was 10%  for single 
web angle connection. 
 
Frey and Morris polynomial model is, 
              ø = C1 (KM)1 +C2 (KM)3 +C3(KM)5 

Where  M- Moment  at the connection 
         ø - Rotation of joint 
C1, C2& C3  - Curve fitting constants  
 K - Standardization parameter. 
 
B. Ang and Morris power model 
In 1984 Ang and Morris [2] presented  a procedure 
for analyzing three-dimensional rectangular steel 
frames with any of  the five commonly used beam 
column connection types . A method is described for 
expressing the moment-rotation behavior of all 
connections of a given type in terms of a single 
standardized Ramberg-Osgood function. The method 
involved  examination of experimental information 
on the moment-rotation behavior of a given 
connection type to determine the influence of various 
size parameters, such as  thickness of angle, depth of 
angle. It has been used to generate standardized 
moment-rotation functions for five common 
connection types. An iterative, successive 
approximation structural analysis procedure is 
described in which repeated approximations are made 
to assumed stiffness characteristics of all connections 
in the structure. When the appropriate connection 
stiffness have been determined, a single linear 
analysis is performed to determine the correct 
structural displacements and internal forces. Thus, the 
nonlinear behaviour of the connections was included 
in the structural analysis. Maximum deviation of 
standardized curves from experimental curve was 
11% for single web angle connection. 
Ang and Morris power model is, 
Φ/Φ0  = KM/[KMO][1+ (KM/[KMO])n-1] 
Where  K - Standardization parameter. 
Φ,Φ0,n are constants that define the shape of 
standardization function 
 
C. Kong and Kim hyperbolic model 
Kong and Kim [10] in 2015 proposed a new Moment 
Rotation Model for Single Web Angle Connections. 
A single-web angle connection consists of an angle 
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either bolted or welded to both the column flange and 
the beam web. Elastic–perfectly plastic material 
behavior was assumed. ABAQUS software was used 
to analyze the nonlinear behavior of a single angle 
connection. Hyperbolic function model is more 
simpler and  more accurate.   
Kim and kong hyperbolic model, 

M =αtanh(βθ) 
α,β are shape parameters 
 
D. Lee and Moon logarithmic model 
Lee and Moon [6] in 2002 proposed a 2-parameter 
log model to describe the non-linear moment rotation 
relationship of semi-rigid connections. The proposed 
model accurately describes the moment rotation 
behaviour of nearly all connections by controlling 
shape parameters α and n. To overcome the 
disadvantage that the shape parameters have very 
little physical meaning, they are derived in terms of 
initial stiffness (ki) and plastic stiffness (kp) from 
statistical regression analysis .The analytic 
formulations of ki and kp are developed for double 
web angle connection and top and seat angle 
connection respectively. The proposed model can be 
extended for single web angle connection also. 
The proposed model is,     M 
=αln[n.103.θ +1]n 

M- Moment available at the connection 
θ - Rotation of joint 
α and n are shape parameters 
 
III. STIFFNESS OF SINGLE WEB ANGLE 
CONNECTION USING MATHEMATICAL 
MODELS 
  
A. Single web angle connection details 
Connection detail is obtained from experiment done 
by Yanglin Gong[8] and is used to study the semi-
rigid behaviour of connections. Connection specimen 
consisted of an equal leg angle L102 *102* 9.5 (leg 
width 102 mm and thickness 9.5 mm) and 6 bolts  19 
mm in diameter. ASTM A325 high-strength bolts 
with a bolt length of 65 mm was used. The vertical 
distance between bolt holes was 76 mm and the 
vertical end distance of boltline was 32 mm.The bolt 
holes on the angles were 20.6 mm diameter standard 
holes. 

 
Fig.1Connection detail 

B. Stiffness calculation using frey morris 
polynomial model[1] 
Ør = C1(K0 M)+C2(K0 M)3 + C3(K0 M)5 
Rkt = dM/dØr= 1/( C1K0 + 3C2K0 3M2 +5 C3K0

5 M4 ) 
The initial stiffness of the connection can be obtained 
by replacing M=0  
Rki =1/( C1K0 )  
 
Where: K0=d-2.4t-1.81g0.15 

  C1 = 1.91*10000 
   K0=(444)-2.4(9.5)-1.81 (81)0.15 

K0=1.455*10-8 

    Using Rkt = dM/dØr , put M=0, we get ki = 
3598.26kN m/rad 
 
C. Sang lee and tae sup moon’s model[6] 
For a single web angle connection, 
Ki = EI/g3 (g1+g2/g1+4g2)*la

3 

la
 = 444mm  g1 = 81mm 

 g2 = 81mm 
Ki= 4.52*106 kNm/rad  
D. Stiffness calculation using Ang and morris power 
model[2] 
Ø/1.03x10-2 = KM/32.75[1+(KM/32.75)2.93] 
Where: K=d-2.09t-1.64g2.06 

K=(444/25.4)-2.09(9.5/25.4)-1.64(81/25.4)2.06 

K=0.1384 
Using Rkt = dM/dØr , put M=0, we get ki = 
22974.07 kN m/rad 
 

E. Moment rotation curves  

 
Fig.2 Moment rotation plot 

 
F. Stiffness Interpretation    

 Initial stiffness is calculated using Ang and 
Morris power model, Frey and Morris 
polynomial model, Lee and Moon 
logarithmic model. 

 Stiffness calculated using Lee and Moon 
logarithmic model was very high. 

 Stiffness calculated using Frey and Morris 
polynomial model was lowest. 

 Stiffness calculated using Ang and Morris 
power model was in between the two. 

 Lee and Moon logarithmic model reflects 
that the single web angle connection is rigid 
comparitively. 

 Frey and Morris polynomial model 
interprets the flexible nature of connection. 
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 Ang and Morris power model can be used to 
study the semi-rigid behaviour of single web 
angle connection. 

 Also depending on the available data and 
parameters for study conducted, various 
mathematical models can be used for 
analysis.  

 

IV. FINITE ELEMENT ANALYSIS OF SEMI 
RIGID FRAMES 
 
A.Modified stiffness matrix  
The stiffness matrix and force matrix in the Force 
deformation relations get modified because of the 
deformation of connection[1].The modified stiffness 
matrix [7] for a beam with semi-rigid connection is 
given below: 
 

 
 
Kbeam=EI/L*           Where : 
Sii=(4+12EI/Rj)/R* 

Sjj=(4+12EI/Ri)/R* 

Sij=Sji= 2/R* 

R*=(1+4EI/LRi)(1+4EI/LRj)-(EI/L)2(4/RjRj) 
Ri=Stiffness of rotational spring at end i.    
Rj=Stiffness of rotational spring at end j. 
Stiffness Ri, Rj is evaluated using mathematical models. 
 
E is the modulus of elasticity and A, I, L, are the cross-sectional area, moment of inertia and the length of the 
member respectively. 
 For columns, the stiffness matrix, Kcolumn takes the usual form. The beam stiffness matrix and the column 
stiffness matrix can be assembled in the usual manner to form the structure stiffness matrix K for a given 
structure.  
 
B. Method to simulate the semi-rigid behaviour of single web angle connection in a frame in  Staad pro  
 A steel frame with semi rigid connection is analysed using matrix method of analysis manually by 

modifying the stiffness matrix of beam[7]. 
  Semi-rigid behaviour of connection is simulated in STAAD PRO by varying partial moment release 

factor.  
 The rigid frame was analysed in Staad pro and partial moment release factor was varied.  
 It was found that when the partial moment release factor was 0.74, it gave force and  displacement values 

similar to that obtained for single web angle connections by analysing using matrix methods.  
 

CONCLUSION 
 
Various mathematical models are proposed by 
researchers to study the moment-rotation relationship 
for various type of connection. Frey and Morris 
polynomial model is used in IS 800:2007 .Parametric 
studies can be done for Frey Morris model further to 
exactly predict the behaviour of the connection. A 
generalised approach is yet be derived to analyse 
reaction forces, displacement and moment 
components of a semi-rigid steel frame. 
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