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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-

! For frames where K, /K, < 0,1 the joints

==mShould be classified as semi-rigid.

continuous approach (the joints are modeling
as semi-rigid, which may imply more eco-
nomical solutions) fig.3 [2].
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Example - Partial-strength semi-rigid joint (high ductility)
Fig. 1. Classification of joints

Due to rotational stiffness joints can be
divided in three zones fig.2 [3]:

Zone 1:rigid, if S iy = kpElp /Ly
where: k;, = 8 for frames where bracing sys-
tem reduces the horizontal displacement by
at least 80%; k;,, = 25 for other frames, pro-
vided that in every storey K, /K. = 0,11.

Zone 2: semi-rigid.
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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

>
0

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 S; ;,; =

0,5EI,/Ly.

Key:

K, is the mean value of Ib/Lb for all

the beams at the top of that storey;

K_ is the mean value of Ic/Lc for all
the columns in that storey;
I, is the second moment of area of a

beam;

1. is the second moment of area of a

column;

L,, is the span of a beam (centre-to-
centre of columns);
L. is the storey height of a column.
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Fig. 3. Traditional and semi-continuous ap-

proaches

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.
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Fig. 4. Frame to be analyzed

1) Minimum value of rotational stiffness
of the beam-column joints, to be classified as

rigid [4]:
S kbElp _ 25-210-10°23130-107%
j,ini = 10 =
121433 kNm/rad fig. 5.
M, (kNm) | V. (kNm) | N, (kNm) ©
: (mm)
1 256.7 214.6 34.6 12.23
2 || 2535 10.0 346 || 43.40
3 361.2 235.5 34.6 12.43
4 174.3 162.7 87.1 23.70
5 || 219.1 5.8 87.1 | 41.66 |
6 227.5 173.3 87.1 23.21

Fig. 5. Internal forces and displacement of
frame with S; ;,,; = 121433 kNm/rad

Assume rotational stiffness in the beam-

column joints: S; ;,; = 140000 kNm/rad

fig. 6.
M, (kNm) | V. (kNm) | N, (kNm) ©
: (mim)
1 241.9 214.9 32.7 13.20
2 || 2701 10.1 327 || 47.75
3 3429 2351 327 13.40
4 164.2 162.6 83.2 25.90
5 || 2288 54 83.2 | 4425 |
6 218.2 173.4 83.2 25.50

Fig. 6. Internal forces and displacement of
frame with §; ;,,; = 140000 kNm/rad
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2) Rotational stiffness in the joints:
Sjini = 50000 kNm/rad (Semi-rigid) fig. 7.
As aresult, 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.

M, (kNm) | V. (kNm) | Ny (kNm) & (mm)
1 | 2188 215.5 29.7 14.3
2 || 2957 10.3 29.7 s44 ||
3 | 3144 234.6 29.7 144
4 | 1484 162.5 77.1 29.2
5 || 2440 6.1 77.1 482 ||
6 | 2035 173.5 77.1 28.7

Fig. 7. Internal forces and displacement of
frame with S; ;,,; = 50000 kNm/rad
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Fig. 8. Distribution of bending moment
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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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Koxymxko B.II.
Xapvkosckuil HAYUOHATLHBIN ABMOMOOUTLHO-00PONCHBLU YHUBEPCUMEM

CPABHEHMUE PE3YJIbTATOB PACYETA KOCOI'O CTAJIEXKEJIE3OBETOHHOI'O
MMPOJIETHOI'O CTPOEHMUA 110 IBYM ITIPOCTPAHCTBEHHBIM METOJJAM

Beenenue.

HeHe nipu ompeneneHun HampsiKEHHO-
nehOPMUPOBAHHOTO COCTOSTHUS TPOJIETHBIX
CTPOEHHUM aBTOAOPOXKHBIX U TOPOJCKHX MO-
CTOB HCIOJIB3YIOTCSl Pa3IUYHBIC MPOCTPaH-
CTBEHHbBIE METO/Ibl pacyeTa, B TOW WM UHOU
CTENEHH OTpa)Kkallllue pealbHyl0 paboTy
KOHCTpYKIIMU. Hambonee TOYHBIMH CUUTa-
totrcst metoasl b.E. Ymunkoro [1-5] u A.B.
AnekcannpoBa [6]. Ux peanuzauust BO3-
MO>KHa TOJIBKO IpU NpuMeHeHnr OBM. Otun
METO/Ibl pacueTa OXBaThIBAIOT JIMIIb IUIMT-
HbIe 0aJT0YHBIE TPOJIETHBIE CTPOCHHUSI.

JI0BOJIBHO TOYHBIE PE3yJIbTATHI JAIOT ME-
TOJ1 peOpUCTON TIUTHI, pa3padboTanHsblii JI.B.
Cemennom [7-10], u sHEpreTHUECKUN METOJT
H.IT. Jlykuna [11]. Ho cHOBa-Taku MeTon

TOJIbKO 0amo4HbIX MOCTOB, a MeTo H.II. Jly-
KMHA IPUMEHUM JIMIIb [IPU pacyeTe Keje30-
OeTOHHBIX Oe3auadparMeHHbIX PpPa3pe3HbIX
IIPOJIETHBIX CTPOEHUM.

Bce ke THIBI THPOJIETHBIX CTPOEHUM
MO>KHO pPacCUMUTaTh, UCIIONIb3Yys METO, MPe-
JIO>KeHHBINA aBTOpoM [12-21]. B cBsi3u ¢ aTvIM
UHTEPECHBIM SIBISIETCSI BONPOC CPAaBHEHHUS
Pe3yNbTaTOB pacueTa, BBHIIIOJHEHHBIX MO0 Me-
TOJy aBTOPA U 10 KaKOMY-IH00 Jpyromy Me-
TOy, cKaxem, o merony JI.B. CemeHia.

Hennb n 3a1a4n Uccae10BAHUS.

B nanHOW cTaThe npenyiaraeTcs nmpoaHa-
JIM3UPOBATH PE3YNILTATHI pacyeTa CTallexkee-
300€TOHHOTO MPOJIETHOTO CTPOEHHUS IIyTe-
MPOBOJIa, PACCUYUTAHHBIMHU IO METOAAaM aB-

O JI.B. Cemenna npegHaszHaueH Juisg pacuera
—
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