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1. ABSTRACT 

ln tllis paper. a technique is developed for allalyzing the socket 
connection. The aim i s to determine the depth of fixat i on of a steel colUJlln 
whicJl is embedded in a reinforced concrete colWlln at any floor of the 
buildings. Also. the stress distribution in the longitudinal alld transverse 
directions alollg the embedded 1et/gth of the steel colUliln is studied in the 
dOl1JiJ.in at X. Y and Z axes. 

The effect at the r einforced concrete slab and bealllS on tile stress 
distribution of tile fixed depth of the steel column in two or three side 
djrec tions are taken into consideration. Also. tile different distributions 
of pressure along the embedded length of the steel column are investigated 
[or the different cases of loadin8. 

A static analysis of the socket connection is presented using the three 
djf1lBnsiona1 brick eleJ1lent with 48 degrees ot' freedom in the dOMin of X. Y 
and Z axes (i. 8. 6 degree of freedom at each node), The conclusion of this 
study is draWl/ out and sOlIe guide inducelDents are developed for design 
purposes. 

2. INTRODUCTION 

The design and detailing of connections is often as important as 
the 
design of IlI6I1Ibers in structures. A 800d' connection /lJUst be practical. 
econOllic. cheap and safe. It is not easy to SJJtisfy these requi- rel/ents 
sl'multaneously because the deforma.tional response of joints under loading 
is very complex. 

It is noticed fro. previous studies that the stress distribution along 
t he eIDbedded lenlth of the steel colu.n in a socket foundation is dependent 
on the case of loadinl at the face of the socket (1,2,3). The elastic and 
plastic analyses for the socket foundatjon have been studied (2.3) wi thout 
takinl into llccount the side effects of reinforced concrete slMlls or beams 
and slab, 
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The research is extended to study the behaviour of the elllbedded lefl8th 
of the steel colUlU1 inside the reinforced concrete socJcet. The objective of 
this study is to determine the stress distribution in the Ion&itudinal and 
transverse directions along the 9lIIbedded length of the steel colUllU1 in 
socJcet connections along X, Yand Z axes. 771e effect of reinforced concrete 
sllJb and be.tas in two and three side directions on the stress distribution 
along the fixed depth of the steel colllllllJ is Wen into IJccount. Also. a 
proposed technique is presented to analyze the socket connections under 
different cases of loading such as bending IDOtDBnt only. shearing force only 
and bending aJOCDent and shearing force acting together. The parlJJl16ters ' used 
in this study are the depth of fixation, the effect of side restraints and 
the cases of loading. 

3. F'I NI TE ELEMENT MODELU NG 

An application using finite element progr(JJll sap90 {51 to represent the 
socket connections IIi th reinforced concrete slabs and beams in two and 
three side directions is shown in Fig. (1). The physical and real 
representation of the soc.Jcet connection IIi th the side reinforced concrete 
slab and bealJs is COIfPlicated as to obtain a closed form solution. Thus. 
the reinforced concrete slab and beams can be represented as be&D element 
along X and Y ues in two and three side directions as shown in Fig. (2). 

The probletll is analyzed as a sp.!ce stress probl8J1J lIith three dimensional 
analysis. In the finite elHe11t techniqUe {51 tliO types of eletlJents have 
been used to lItOdel this connection: (i) a beam e18ll8llt has been used to 
represent the R.C. slab and beams and (li) a solid brick el8lllBnt has been 
used to represent the reinforced concrete and steel coluans .Fig. (1), which 
has been divided into 671 el~ts with 1522 nodes. Twenty one arrangeJDe1Jt 
of the beam el8D9nt to represent the reinforced concrete slab and beams in 
the socket connection in tllo and three directions are shown in Fig. (2). 

4. DISCUSSION OF R:ESULTS. 

To study the structural behaviour of the esbedded length of steel 
coluans in socket connections and the effect of the reinforced concrete 
slab and be&ts (cases 1.2.3,4.5 & 6) on the stress distribution in X, Yand 
Z directions. the socket connection in Fig. (1) has been used. A fixed base 
R.C. colu.n whose hei6ht and cross section dilJ8nsions equal 200CIIJ and 
45lt45ca respectively is used. The clear hei&ht of the steel colUllftl is 200CIIJ 
above the R.C. columl. 17Ie collSlJ profile is assurttBd to be a B.F.I.B.No.200 
and the depth of fixation is assuaed to be 60.0a. 1Venty one different 
lIOdels for representatin6 the R.C. slab and be.!as (cases A & B) have been 
considered. 

It has been assuaed that 5.0ton lateral load is distributed unifortllly on 
14 nodes at the end cross section of the steel colwan throulh its lIeb 
without the eztreJtes of the fIan&es. Thus. the connection is subjected to 
COilbined shMring force and bendin& IKJfftUJt at the face of the socket. 

Th~ stresses distribution in the X. Y and Z directions along the depth 
of fiJCJJtion of the steel colwan are shown in Pil. (3). fforeover. the effect 
of R.C. slab ttnd bea&s (cases A & B) on the stress distribution along the 
fjxed depth are taken jnto account and are shown in Fig. (3) . 

• 
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fl', . (1) Finite element mesh for the socket connection. 
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FJ"8 . (2) : Represent.tion of the R.C. slab and beaas:as be.u el~ents 
in socket connection with side restraints. 
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Froe £1,. (3), it is clear that the stress distribution in the 
Z-direction for all cases (with and without the the effect of R.C. slab lUld 
beaas) increases fr(){JJ top at the face of the socket to botta. alonl the 
fixed depth. The .axi.ua value of this stress occurs at the end of the 
fixed depth where the stress beCOllJ8S 6.0 tins its value at the face of the 
socket. The rate of reduction in the stress distribution in the Z-direction 
due to the effect of R. C. slab and bEwIs (cases A & B) incr8l!L5es sradually 
from the end of the fixed depth to the top at the face of the socket and 
ranles froe 9% to 43 . 51. Also . the effect of R.C. slab and be4ms (cases 
1,2,3.4,5 & 6) on the stress distribution in the Z-diraction is constMt 
alon, the depth of fiX4tion. 

It is noticed from Fi,. (3) that the llliXi8U61 value of the stress 
distribution in the Y-direction along the fixed depth lies at the bottOfD 
third. The stress distribution in the Y-direction alonl the fixed depth is 
hi&hly affected by the R. C. slab and bea.s (case J). The percenl:4&e 
decrease in this s tress ranges bet .... een 401 and 961 alofJ8 the upper half of 
the fixed depth whereas this rate ranges between 16.61"00 361' along the 
l ower half. This stress is "Iso affected b.r the R.C. slab onLY (case 2). 
the rate of reduction ranses fn,. 231 to 50S alon, the upper half of the 
fixed depth and is nelli&able alotJ8 its lONer hal f. Also, this effect in 
caSe 6 is higher than that in case 4. aiGnI the upper half of the fixed 
depth. The rate of reduction in cases 4 & 6 is about 251 along the lower 
half of the fixed depth whereas this rate iu.ps to 501 (case 6) alonl the 
upper half of the fixed depth. 

The effect of R.C. sl"b and l:Je,qs (cas8S A & B) is discuss8d on the 
stress distribution in the X-direction alonl the fixed depth. This effect 
(cases 2.3,5 & 6) becDlles insilnificant on the stress distribution in the 
X-direction. 

The stress distribution in X & Y-directions is hilhly affected by the R. 
C. beaJJJs only (cases 1 & 4). The rate of increase in the stress is about 2 
to 3 times it's value for the case of fr99 COMection. 

The stress distribution in the transverse dirsction on the steel colwrn 
flMle at different sections (d/6. d/2 and 5d/6 frOllJ the face of the 
socket) in the directions of X, f and Z ues ue shown in Fi&s.4.. 5 and 6 
respectively. It is clear frt:Jfl these Fi,s. that the distribution of 
stresses is nonlinear and this distribution is s,..trical about the center 
line of the stHJ colu.n .... eb. 

FTOfI £i&. (4). it is clear that there is a reduction in the stress 
distribution in X, Yand Z dlrections. The rate of reduction in the stress 
distribution in the Z-direction due to the effect of R.C. slab and beaas 
(cases A & B) ral16es between 381 and 4ZS. 

The reduct10n r"te in the stress distribution in the f-d.irections r4l1683 
fro. 241' to 651' and fra. 341 to 641' for cases 2,5 and 3,6 respectively. The 
reduction for case 4 increases &radlJlJl1y frt:Jfl lZS at the center line of the 
colUD'J fllUl&e to 661 at its utr-.s. 
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The stress distribution in the X-direction for cases 2,3,5 & 6 is 
r uduced by about 701 while this reduction for case I is only at the 
extrBIMS o{ the coJwm flaR88 {rom both sides. At the center of the flange, 
the stress increases due to taking this effect into account while for the 
case of R.C. be.aas only (case 4), the stress is reduced by about 50%. 

Free Fig. (5), the stress distribution in the X-direction increases due 
to taking the effect of R.C. slab and be&!Js (cases A &11) while the stress 
distribution in Y and Z~irections decreases due to taking the above effect 
into account. The rate of reduction in the stress in the Z-direction ranges . 
f rOlll 3.9% to 91 (CJJses A & B). while this rate becomes 201 in the stress 
distribution in the Y-direction (CJJses 1.2.3.4.5 & 6). 

In Fig. (6). the rate of reduction in the stress distribution in the X 
direc tion due to the effect of R.C. slab and be4ms (cases 2.3 & 6) 
increases gradually from zero at the center of the colUl11Il flange to 66% at 
the extr8flle of the flange frOlfJ the two sides. The stress in the Y
direction increases at the center of the column flange (cases 2,],5 & 6) 
while it increases at the centroid of the column flange (cases I & 4) and 
decreases at the extre.es of the flange froo the two sides. Also. the 
stress distribution in the Z-direction is reduced by about 7% due to effect 
of the R.C. slab and beams (CJJses 1.2,3.4.5 & 6). 

The stress distribution in the Y~irection along the depth of fixation 
for the different cases of loading (moment only. shearing force only and 
.aGent and shearing force acting together) is shown in Fig. (7). 

s. PR.OPOSED TECHNIQUE FOR ANALYZING THE SOCKET CONNECTION. 

In this technique. the depth of fixation is derived with and without the 
effect of R.C. slab and ~s. Their effect is represented as a side beam 
elE!IMfJt and is equivalent to the rate of reduction in the pressure 
distribution on the steel colUl1lll flange along the fixed depth. The 
connection is subJected to bending tIJOfMnt and shearing force at the face of 
the socJcet. 7be iteas used in this analYSis are the force due to a beam 
action ,R. fixed depth of steel COIUl11Il ,d, stregth of contact concrete 
0' c' effective breadth of the colUll1l flan&e .bf • and rate of reduction in 

pressure distribution (k) . The socket connection has been analyzed under 
the following cases of loading : 

Ca~. 1 : Connections subjected to bending moment and shearing force 

A) : Side e rrecls or R..C. beams: la.lten into consideration: 

Referring to Pis. (8), the upper and lower cOlllpressive forces (Cu & Ct.) 

My be expressed as; 
C .. C + R u u, 

lihere : 

Then; 

Cu - upper comp . force without side effect 
Cut. .. upper ctWp. force wi th side effect 

R - e'ffect of side restraints 

and; 

-a.BXb/ C 
c , 

D O.BX b/ U (I-k) c , 
- O.BX bf 0' c(k) 

(Ia) 

(1.) 

(lc) 
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Ct,. "" O.2(d-X)bf 0' c (1d) 

r.H - 0.0 
c\'1 - Cl. + H (2) 

Substituting of Eqns. (1b) and (Jd) into Eqn. (2) to obta.in th6 val/,Je f or 
the distance o{ inflection point X 

d H 
X - (1-0 Bk) (D.2 + b d a ) (3) . c 

By s/,Jbstituting Eq. (3) into Eqs. (Jb & Id) lJ.nd puttins k'=-(I-k)/(/-o.8k) 
then; 

CUt =- D.8k'(D.2bji a c + H) (4) 

and; 

Ct,. - (0. 16bt1 C c k ' - (D.2/(I-D.8k)}J 

Taking i110IZIent about Ct.' the embedded "d" length is given 

by : 

8) ; Side effect.s of R. C. baarns: or slabs neglect.ed : 

The inflection point and the depth of fixation are given by the 
(ollowing equations: 

(5) 

(6) 

H 
X - d [0 .2 + b d a ] (7) 

f c 
and; 

(8) 

For each case of loading, the stresses produced in the steel colusn aust 
be checked at the critical section alorl8 the depth of fixation [1,5) . 

Case 2: Connect.ions: subject. t.o bending-moment. only (Side effe ct.s of R. C. 
slabs or beams t.aken into consideration). 

The inflection point ,X, and the depth of fixation ,d, are liven by the 
followirl$ 9qUlltions : 

x- ( ( 
O.2d J 

D.8k) (9) 

and; 

d- ( J (10) 
1.3~, 

Case 3: Connect.ions subject to shearing force only (Side effects of R. C. 
slabs or be~ms: t.aken int.o account.) • 
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The inflection point .X. and the depth of flxation .d, are given by the 
10110"ln8 9qUB.tions : 

x- d (D.l + H ] (I-o.8k) b d a 
c 

(11) 

and; 

O.4X (C"' t - 4H) 
d - ~ ((H-C) ] u. (11) 

e. CONCLUSIONS. 

The behaviour of the socket connection with the effect of R.C. slab and 
beaas as side r estraints i n two and three direct ions has been studied. From 
the present study the r esults lead to the foll owing conc lusions: 

J- The norl1l8.l stress in the 6llbedded length 01 steel colUl1tl (Z-direction) 
i ncreases Iro. top to bot tOOl and J.ts maxillWII value occurs at the end of 
the fixed depth. 

2- The norml stress (Z-diI'ection) along the f ixed depth is l'educ9cf due to 
the effect of the side restraints in two and three d i rections. 

J- The l1I8.Xiwa values for the Sh84C stress (Y-direction) alolJ8 the fi xed 
depth lie a[on, it·s bottoa third. Tbis stress is highly affected by the 
side restraints in two or three directions S1011& the fixed depth. 

4- The shear stresS (X-direction) is not affected by the side restraints in 
two and three directions 810ns the fized depth. 

S- The stress distribution in the Z-direction' foc the steel coluaa flanse 
at various cross sections 8.lons the fized depth is reduced due to the 
side effects In two or three directions. 

6- The stresses distribution in the X.and Y directions for the colWJUJ f1&11e 
is highly affected by the side restraints (cases 2,3.5 & 6). 

7- A proposed technique is presented for analyzing the socket connection 
tlJkin, the effect of the R.C. slab and beams into consideration for 
different cases of loadi118. 
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