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ADVANTAGES IN STRUCTURAL RESPONSE DUE TO SEMI RIGID JOINTS 
 

Importance of joints is obvious, it is cru-

cial for structural shape, transportation and 

erection phase likewise it is also influence: 

strength and stiffness of the structure; the de-

sign approaches and time, as well as a final 

cost of the structure. 

EN 1993-1-8 requires that joints must be 

classified by stiffness (as rigid, semi-rigid or 

nominally pinned) or by strength (as full 

strength, partial strength or nominally pinned) 

fig.1. Also joints shall be designed on the basis 

of a realistic assumption of the distribution of 

internal forces and moments [1]. The stiffness 

classification is used for elastic analysis of 

frames while the strength classification is for 

plastic analysis of frames. The EN defines 

joint models as simple, semi-continuous or 

continuous, depending on stiffness and 

strength.  

Previously only one approach of connec-

tions design was known. So called traditional 

approach (frame modeling with pinned or 

rigid joints, pre-design of members; internal 

forces; design checks of members – ULS and 

SLS; design the joints, verifying the initial as-

sumptions). However, nowadays a lot of re-

searchers and designers implementing semi-

                                                           
1 For frames where 𝐾𝑏/𝐾𝑐 < 0,1 the joints 

should be classified as semi-rigid. 

continuous approach (the joints are modeling 

as semi-rigid, which may imply more eco-

nomical solutions) fig.3 [2]. 

 

 
Fig. 1. Classification of joints 

 

Due to rotational stiffness joints can be 

divided in three zones fig.2 [3]:  

Zone 1: rigid, if 𝑆𝑗,𝑖𝑛𝑖 ≥ 𝑘𝑏𝐸𝐼𝑏/𝐿𝑏 , 

where: 𝑘𝑏 = 8 for frames where bracing sys-

tem reduces the horizontal displacement by 

at least 80%; 𝑘𝑏 = 25 for other frames, pro-

vided that in every storey 𝐾𝑏/𝐾𝑐 ≥ 0,11. 

Zone 2: semi-rigid. 
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Fig. 2. Classification of joints by stiffness 

 

All joints in zone 2 should be classified 

as semi-rigid. Joints in zones 1 or 3 may op-

tionally also be treated as semi-rigid. 

Zone 3: nominally pinned, if 𝑆𝑗,𝑖𝑛𝑖 ≥

0,5𝐸𝐼𝑏/𝐿𝑏. 

Key: 

𝐾𝑏  is the mean value of Ib/Lb for all 

the beams at the top of that storey; 

𝐾𝑐 is the mean value of Ic/Lc for all 

the columns in that storey; 

𝐼𝑏  is the second moment of area of a 

beam; 

𝐼𝑐 is the second moment of area of a 

column; 

𝐿𝑏 is the span of a beam (centre-to-

centre of columns); 

𝐿𝑐 is the storey height of a column. 

 
Fig. 3. Traditional and semi-continuous ap-

proaches 

 

To explore this phenomenon next frame 

will be calculated with two types of joints: 

1. Rigid beam-column joints; 

2. Beam-column joints with rotational 

stiffness 50000 kNm/rad(semi-rigid joints). 

Beams: IPE 400 – 10 m, Columns: HEA 

260 – 5 m, E = 210000 MPa (structural 

steel), column base are fixed. 

The variation of moments, shear forces 

and axial forces in points from 1 to 6 will be 

investigated below fig. 4. 

 
Fig. 4. Frame to be analyzed  

 

1) Minimum value of rotational stiffness 

of the beam-column joints, to be classified as 

rigid [4]: 

𝑆𝑗,𝑖𝑛𝑖 ≥
𝑘𝑏𝐸𝐼𝑏

𝐿𝑏
=

25∙210∙106∙23130∙10−8

10
≅

121433 𝑘𝑁𝑚/𝑟𝑎𝑑 fig. 5. 

 
Fig. 5. Internal forces and displacement of 

frame with  𝑆𝑗,𝑖𝑛𝑖 = 121433 𝑘𝑁𝑚/𝑟𝑎𝑑 

Assume rotational stiffness in the beam-

column joints: 𝑆𝑗,𝑖𝑛𝑖 = 140000 𝑘𝑁𝑚/𝑟𝑎𝑑 

fig. 6. 

 
Fig. 6. Internal forces and displacement of 

frame with  𝑆𝑗,𝑖𝑛𝑖 = 140000 𝑘𝑁𝑚/𝑟𝑎𝑑 
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2) Rotational stiffness in the joints: 

𝑆𝑗,𝑖𝑛𝑖 = 50000 𝑘𝑁𝑚/𝑟𝑎𝑑 (Semi-rigid) fig. 7.  

As a result, increase of only 8.66% (in the 

first level) and 6.23% (in the second level) at 

the mid-span moments of beams. Moreover, 

increase of 12.2% and 8.2% in the vertical 

displacement. All in all, due to efficient dis-

tribution of bending moment and easier con-

nection typology, semi-rigid connections 

could be very time and cost saving fig. 8. 

 
Fig. 7. Internal forces and displacement of 

frame with  𝑆𝑗,𝑖𝑛𝑖 = 50000 𝑘𝑁𝑚/𝑟𝑎𝑑 

 
Fig. 8. Distribution of bending moment 

According to finite element analysis re-

sults, the degree of the semi-rigid connection 

is important, as much as its right for exist-

ence in the design phase [5]. 
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СРАВНЕНИЕ РЕЗУЛЬТАТОВ РАСЧЕТА КОСОГО СТАЛЕЖЕЛЕЗОБЕТОННОГО 

ПРОЛЕТНОГО СТРОЕНИЯ ПО ДВУМ ПРОСТРАНСТВЕННЫМ МЕТОДАМ 

 

Введение. 

Ныне при определении напряженно-

деформированного состояния пролетных 

строений автодорожных и городских мо-

стов используются различные простран-

ственные методы расчета, в той или иной 

степени отражающие реальную работу 

конструкции. Наиболее точными счита-

ются методы Б.Е. Улицкого [1-5] и А.В. 

Александрова [6]. Их реализация воз-

можна только при применении ЭВМ. Эти 

методы расчета охватывают лишь плит-

ные балочные пролетные строения. 

Довольно точные результаты дают ме-

тод ребристой плиты, разработанный Л.В. 

Семенцом [7-10], и энергетический метод 

Н.П. Лукина [11]. Но снова-таки метод 

Л.В. Семенца предназначен для расчета  

только балочных мостов, а метод Н.П. Лу-

кина применим лишь при расчете железо-

бетонных бездиафрагменных разрезных 

пролетных строений. 

Все же типы пролетных строений 

можно рассчитать, используя метод, пред-

ложенный автором [12-21]. В связи с этим 

интересным является вопрос сравнения 

результатов расчета, выполненных по ме-

тоду автора и по какому-либо другому ме-

тоду, скажем, по методу Л.В. Семенца. 

Цель и задачи исследования. 

В данной статье предлагается проана-

лизировать результаты расчета сталежеле-

зобетонного пролетного строения путе-

провода, рассчитанными по методам ав-


