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Statement of the problem. The connections of the metal column with the foundation are usually
considered rigid or spin. Foreign researches proved that they are in intersidereal form (called flexi-
ble or semi-rigid connections). The additional strengths Q in a semi-rigid connection increase the
load on the bolt in comparision with which in the relatively rigid connection. Prying strengths
should be considered for the design of the semi-rigid connections.

Results. The calculations of foundation base of metal columns account the stiffness of all their el-
ements. Three cases of fracture mechanism are considered and the design resistance of the compo-
nents in all cases is calculated.

Conclusions. The article introduces a method for calculating the T-sub bolted base column of the

frames, under bending moment and axial strength.

Keywords: semi-rigid connections, stiffness, resistant, prying strength, bolted T-stub connections, rotational

stiffness, rotation, column, foundation.

Introduction

The European Standard [2] using experimental methods or methods of rigidity of a combina-
tion of members (component method) enables the determination of the load-carrying capacity
of bolted joints, displacements and rotational angles in joints, etc. [6, 7, 9].

According to the method of rigidity of a combination of members, the rigidity of a column
base depends on the rigidity and load-carrying capacity of members included in anchor bolts
working on tension and shear; the support and 7-shaped slabs experiencing bending and ten-

sion; concrete foundation on compression and bending [5, 3, 8].

© Ledenev V. V., Chu Thi Hoang Anh, 2016

94



Issue Ne 1(29), 2016 ISSN 2075-0811

There are three cases of the failure of joints (Fig. 1):

— crushing of the slab and rupture of anchor bolts (Fig. 1a) — type 3;

— plastic failure of support slabs (Fig. 1b) — type 1;

— combination of the first two (Fig. 1¢c) — type 2.

1. Statement of the problem. Let us look at a column base of N-shaped section on a steel
support slab joined to a concrete foundation by anchor bolts (Fig. 2). A joint is calculated
considering the rigidity of members under the effect of a bending element and longitudinal
strength [9].

The previously suggested method [3] is improved. Below are (Fig. 2) schemes of the opera-
tion of joining columns of N-shaped section to a steel support slab.

The failure of a support slab is due to plastic areas and hinges [2] (puc. 1, 3).

L m | o, m | m,m | ., m |nj m,m | ., m |nj

Fig. 1. Types of failure mechanisms, calculation schemes and diagrams of bending moments:

F, rq11s the compressive resistance of joints corresponding to a plastic failure mechanism (Fig. 1b); F, g4 is the
compressive resistance of the joints corresponding with a type of a combination of failure mechanisms (Fig. 1c);
F, rqa31s the compressive resistance of the joints corresponding with crushing of the slab and rupture of bolts;
M, rq1s a plastic bending moment in the support slab (Fig. 1a);

B, rqis a calculation compressive resistance of anchor bolts;

B is a tensile strength on bolts; O is extra strength [3]
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Fig. 2. Strengths applied to a support slab:

e

a) two rows of anchor bolts are stretched, the slab is compressed under the right cap;
b) support slab is compressed under both caps;

F, | ra1s a tensile load on the left part of the support slab;

F, . ra 1s a compressive strength on the right part of the support slab;

F. | ra 1s a compressive strength on the left part of the support slab;
Mg, is a bending moment; Ny, is a longitudinal strength;

z. 11s an arm of the left compressive strength; z. , is an arm of the right compressive strength,
z,11s an arm of the right tensile strength; z is an arm

(distance between the centres of the stretched and compressed zones)
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Fig. 2 (end). Strength applied to the support slab:
c) a row of anchor bolts is stretched, the slab is compressed under the right cap;
d) the same as “b” but the tension areas of the slab reach the edges
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Fig. 3. Scheme of the failure of the support slab:
a, h) plastic areas are joined together; b) plastic areas reaches the transverse and longitudinal sides of the support
slab;
¢, g) the same for the transverse one; d) round plastic zones; e) angular plastic zones;

f) rectangular plastic zones

2. Solution of the problem

2.1. Determining the compressive resistance of the joints as a minimum of the function
[5, 7]:

F;,Rd =min {FRd,l’ FRd,Z’ FRd,S}' (1)

Considering extra forces at

A
t,=2,07m; b 1,
Lbefleﬁ”

F . {(8’7 _2d)Mpl,1,Rd . 2Mpl,2,Rd + nz F ra . z

2)

1rg = MIN F

2mn—d(m+n) ’ m+n ’ t’Rd’b}’
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without considering extra forces at

A
t,=2,07ms—"—<t,,:
Lbefleﬂ

F . =min —2M”[’1’Rd' ZF
t,Rd — m ” t,Rdb

3)

where m is the distance between plastic hinges and the axis of the bolt (for a welded column
m=e, -0, 8acx/§ , a. 1s the height of the leg of the weld; e, is the distance between the axes of
the compressed bolts to the column cap; for a rolled beam m =e,—0,8r, n is the distance be-

tween the extra strength O and axes of the bolts <1,25m); d is the diameter of the plate; Ly 1s
the effective length of anchor bolts:

L, =8d,+t,+1,+t,/2,

where d), is the diameter of anchor bolts; #, is the thickness of the base between the support
slab and the upper one with the foundation base; ¢, is the thickness of the plate; M), 1, rq,
M, 5, ra are plastic bending moments of the support slab corresponding to the first and se-

cond failure mechanisms:

2
M _ le_f/"' tEPfy,EP

pl,Rd — ’
4YM0

where /.4 1s the effective length of the compressed zone of the support slab:

/

oy = min {4m +1,25e_; 4mwm; 0,5b; 2m+0,625e_+0,5w;

—2m+0,625¢e_+ €, 2nm+ 4eep; 2nm+ w} ;

tep 1s the thickness of the support slab; f, ., is the bending resistance of the support slab mate-
rial;

Ymo 18 the coefficient: vy, = 1; w is the distance between two axes of bolts; b is the thickness
of the support slab; e,, e., are geometrical characteristics (Fig. 3, 4); F, ra 5 1s a calculated

compressive resistance of anchor bolts:

0,94 1,
FRd,3 = ZE,Rd,b 5 E,Rd,b = —fb; 4)

Y mp

Ay is the area of the longitudinal section of tensile bolts; £, is the tensile resistance of bolts;

vmp = 1,1 1s the coefficient.
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Fig. 4. Denotation of the sizes used in the calculation of the column:

a) of a rolled section; b) of a welded section

2.2. Compressive resistance of the joints [1, 7]:

F,=mind fb 1 —ens 5
¢,Rd =min f; eff Yeff ,c? h +1 > ( )
(4 of

where f; is the compressive resistance of concrete under concentrated axial loads determined

according to the European Standard [1]:

_2kiu, ko= al_b1,

3y / ab

c

J/

where f. is the compressive resistance of concrete; a, b is the width and length of the support

slab (Fig. 5);
a, =min{a+2a,; 5a; a+h; 5b} u a >a;
b =min{a+2b,; 5b; b+h; 5a;} u b >b;

h is the height of a concrete base plate; y. = 1,5; bej ¢, Lojy « 1S the effective width and length of

the compressed zone of T-shaped section:

F . +Y F Ay,
A, =L kih 2 Lhdd f o =—2 ] =b +2c,
I f; b +2¢
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b, c are the sizes specified according to Fig.5; M, zs1s a plastic moment in the column con-
sidering the shear and axial strengths (according to the European Standard [2]):

— ate=M;y/Ny> z. ,:

M, p, =min {F;,I,Rdz +Ngz 5 B a2 — NSdZt,l} 5 (6)

C

_ ate=My/Ngy <z,

M, = min{F::,l,RdZ +Ngz. 5 F.  raZ— N2,y } (7
a) b)
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Fig. 5. Sizes of the column base:

a) position of the column on the support slab; b) position of the effective compressed zone on the support slab

2.3. Bending resistance of the column base [1, 7]:
My, :ZE,Rd"Z"'Aeﬁ'fj'rca ®)

where 7} is the distance between the axes of the tensile bolts to the neutral line:

c

n=—+e,,
b s
2

r.1s the distance between the centre of the compressed zone to the neutral line:

b
h_ c—
c 2 2
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2.4. Bending resistance of the joints considering the tensile strength [8]:

1-N,/N,, )

My =M ’
N.Rd plLRdb 1_0’5(A—2btf)/A

where M,,; ra » 1s a plastic moment of the support slab of the column:

Mpl,Rd,b = VV[Lfyep /YMO ; (10)

Wj 1s an inertia moment of the support slab of the column; ya, = 1,1; f., 1s the bending re-
sistance of the support slab material; 4 is the area of the transverse section of the column; Np,
pi 18 a calculation longitudinal strength of the column base: Ny, ,; = Af,./ Yumo; f; 1 the compres-
sive resistance of the support slab material; #, is the thickness of the cap of the column section.
2.5. Determining the rigidity of the compressed concrete [7]:

\ le_tf .cp beﬁ" ,C

b

© Y 1,275 (11)

where E. is the elasticity modulus of concrete foundations;

[

of o t/ + 2’ Step'

2.6. Determining the rigidity of a bended support slab [7, 8]:

— without considering extra forces:

L.t
K, =0,425E, L (12)
m
— considering extra forces:
le/ftjf/'
Kepb :O’SSEePT’ (13)

where E,, is the elasticity modulus of a steel support slab.
2.7. Determining the rigidity of the tensile bolts [7]:

— without considering extra forces:

24
K,=E,—*; (14)
Ly
— without extra forces:
K, =, 2% (15)
Lyy

where A4, is the area of the longitudinal section of bolts.
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The equivalence rigidity of the i-th row of bolts [6, 7]:

1
K, = (16)

K, K,

epb,i N

2.8. Determining vertical shears of the connections (Fig. 6.) [6, 9]:

Mg, +Ngz, .
8:,1 :M; (17)
zK,,
S, :M_ (18)
’ ZKC,I”
a) b)

Fig. 6. Mechanical model of the joint:
a) at different signs of efforts in the connections (detachment of the slab from the foundation); b) at identical

ones (compressed ones)

2.9. Determining the rotational angle of the support slab (Fig. 6a) [9]:

8:,1 8c,r 1 (MSd - NSdZt,l + Mg, + NSch,r ]

=—+4 = —
¢ z z Zz K., K, (19)
2.10. Determining the rotational resistance [5, 9]:
— at a small eccentricity e <z, ,
S - e z :
e+e
o L 1 (20)
Kc,[ Kc,r
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— at a large eccentricity e >z, ,:

e z

S_

et 1 1 Q1)
Kt,l Kc,r

where K. ; and K. , are the rigidities of the components under tension and shear; p is the coef-

ficient considering a reduction in the rigidity of a plastic range providing that a bending mo-

ment is 2/3 larger than the bending of the components:

M 2,7
W= (1, 5—54 j ;
MRd

Kz, . -K.z,

c“e,r

K. +K,

e, =
3. Sample calculation. The base of the column is to be computed: the thickness of the sup-
port slab is 7, =28 mm, thickness and width of a section of the column #=10mm,
by=200 mm, t,.=6mm, A, =380 mm; bolts 4, =560 mm>, f,, =192 N/mm®> Fs;=95kN;
Ms,;= 170 kN-m; the height of the plate of the concrete foundation 2 = 1200 mm (Fig. 7).
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Fig. 7. Distribution of bolts in the column base:

a) a cut; b) a plan

The results of the calculation are specified in Table.
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Calculation data

Table

Tensile resistance of the joints of the
first row of bolts

Fiy g =Min{F, gz 15 F, gg3} = min{230750; 193536} =
=193,5 kN = Fg, =95 kN

Tensile resistance of the joints of the
second row of bolts

Fy ; pq = min {Ft,Rd,l; Fi pa3s Fbwt,Rd} =

:min{319555; 337882, 193536} =193,5 kN >~ F5; =95 kN

Bending resistance of the column base

My =ZFt,Rd Ty F Ay ST =
=181,6 KN-m>Mg; =170 kN-m

Bending resistance of the joint consid-
ering the tensile force

I_Nvd/Nb,pl
1-0,5(4-2bt,)/ A
=173,7kN-m>Mg, = 170 kN-m

MN,Ra’ = Mpl,Ra’,b

Mg, +Ng,z.,
= STer 0 46 mm ;
’ zK,,
Displacements of the support slab y
5 = Mg, —Ngyz,, 013
c,r - mm
' ZKC,)"
d,; O, 46+0,1 -
Rotational angle of the support slab -l Ter 0,46+0.13 =1,36-107
z z 434,12
2
S. = ¢ z = 1,95-1010 Nmm / radian

Rotational resistance

" e+e, 1 1
2 +——
Kt,l Kc,r

Conclusions

1. A method of the evaluation of the rigidity and strength of joints of metal columns with

foundations under the effect of a bending moment and axial vertical force considering the ri-

gidity and strength of members of a joint.

2. A degree of accuracy of calculations using the component method in compliance with the

Eurocode 3.

3. The previously suggested [6] method of predicting the operation of members of a joint due

to more accurate determination of the sizes and shapes of elastic and plastic compressive

zones depending on the models suggested in [5, 6, 9].
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