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ABSTRACT: The steel platforms are used to accomplish different functions in a nuclear
power plant. Some special design details have to be adopted in order to make their
structure compatible to the safety class required for the equipment which are supported
and/or simply located close to them. The postulated external and internal accidents lead
to horizontal loadings which have to be supported by the steel platforms. End plate
connections are adopted whenever the transmission of horizontal forces between two
beams or between a beam and its support is required. This paper describes the general
procedure for calculating the internal stresses for this type of connection.

1 INTRODUCTION

This paper defines the procedure for the calculation of end plate connections and
describes a standardization of this connection type.

The material adopted for the connection plates is the ASTM A36 killed (the same as
for the steel profiles). The high-strength steel bolts are ASTM A325M.

The allowable stresses are considered according to the current regulations and are
reduced whenever the accident temperature is over 80 degrees Celsius. It is considered
that the connection is of the bearing type and that the thread of the bolts is out of the
shear plane.

2 TYPICAL END PLATE CONNECTIONS

These connections are made basically of two welded plates and four bolts which join
them. One plate is welded to the top of the end of the supported beam (VA). The other
plate is laterally welded to the flanges of the bearing beam (VP), where a stiffener is
placed. All welds are of the fillet type.

The fillet dimension (SF) is fixed according to the plate thickness (See table 1).

Table 1: Minimum Fillet Weld
t = highest thickness of plates(mm) SF = Fillet(mm)

6,3<t <125 5
125t £19,0 6
19,0 <t €375 8

37,5 <t 10
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Figure 1 - End plate connection.

The four bolts are symmetrically positioned as near to the beam flange as possible. The
minimum distances are related to the bolt diameter as presented in table 2.

Table 2: A-values (mm)

Highest thickness of

flange(tf of VP Bolts

or VA in mm) M16 M20 M24  M30
8,0 45 50 55 65
9,5 50 50 60 65
12,5 50 55 60 70
16,0 55 60 65 75
19,0 60 60 70 75
224 65 65 70 80
25,0 65 70 75 85
31,5 70 75 80 90
45,0 85 90 95 105

According to the shape height of the supported beam "da" and of the bearing beam
"dp", four typical connections may occur: FCA is used whenever the two heights ("da"
and "dp") are identical; FCB is used whenever the height "dp" is less than "da"; if the
height "da" is less than "dp", FCC is used when the supported beam flange thickness
"tfa" is less than 12.5mm; FCD is used when the height "da" is less than "dp" and the
thickness "tfa" is greater than or equal to 12.5mm.

The end plate connections are defined by the three parameters: the bolt diameter "¢”,
the connection plate thickness “t”, which is the same for the two plates and the
horizontal distance from the bolt center to the vertical center line of the plates “D”.

B=HM-2A (A from table 2)

M C=2DF (if VP is a CS type shape, C must be greater than bfa/4)
E=A-tfp-1 ; F=A-(SF+2)
where: HM = minimum height between "da" and "dp"; TF = maximum
flange thickness between "tfa" and "tfp"; DF = hole diameter = ¢ + 2
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Figure 2 - Typical connection details

The definition of the width of the connection plate is dependent on the distances
required for the connection assembling. If it is possible, this width should be identical to
that of the supported beam cross- section on the connection plane (figure 2). If it is
necessary the plate width is increased in order to make possible the bolt assembling.

The bolts can be assembled at the bearing beam side, if the free distance from the
shape web to the connection plate is greater than the bolt length. Otherwise, the bolt
should be assembled at the supported beam side.

A typical example of an end plate connection where HVA = HVP, with M20 bolts,
connection plates of a thickness t = 19.0mm, is indicated in a design drawing by:

M20

FCA t=19.0
. D=80
Figure 3 - Typical representation of end plate connection

3 ADOPTED PROCEDURES

In the calculation of the semi-rigid end plate connection it is assumed that the supported
beams (VA) are flexibly joined in vertical and horizontal planes (Simple supported
beam, ringed beam model). Therefore, they can transmit only transversal, axial and
torsional moments through this connection type. The load transfer is considered in the
intersection point of the longitudinal axes of the beams.

The span for the supported beam is taken as equal to the distance between the axes of
the two bearing beams. The connection is considered as a beam cross-section, at which
the internal forces are,calculated. The connection components (bolts, welds and plates)
must ensure the transmission of the internal forces through that cross-section. The axis
system adopted is presented in figure 1.

The internal forces acting on the connection cross-section are dependent on:

- the reaction forces from supported beam (VA);

- bearing beam width;

- angle between longitudinal axes of the supported and bearing beams. They are
calculated by the expressions:
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qylig =Qy
qx}18 = N.sin 6 + Qy.cos0

() 1,118 = N.cos6 + Qy.sin®
m,li8 = gy lig cos0.d + T.sind
mylig = qylig.d
leig = T.cos® + qylig.d.sine

where, d = distance from the bearing beam axis to the center of connection (figure 1);
Qy, Qx, N = Beam reaction forces in y, x and z beam local axes respectively (vertical,
horizontal and longitudinal); T = torsional moment reaction; q llg, qxhg, n,1€ = shear
and axial forces acting on the connection in the vertical, horizontal and longitudinal
directions respectively; mxhg, myhg = bending moments around x and y axes
respectively acting on the connection; mzhg = torsional moment acting on the
connection.

From the determination of these internal forces, the normal and shear stresses acting on
the connection components can be calculated.

It is assumed that the normal force " n,li " is equally resisted by all the four bolts. The
axial force at each bolt is given by:

3) zt = n,lig /4

It is assumed that only the two lower bolts are submitted to the bending moment
around the x axis, " myl8 ". The tensile force caused on bolts is determined from
distance h as shown in figure 4:

.
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Figure 4 - Distances considered for the distribution of bending moments
4 2ty =myli€ /2h)  where h=A+B-h' and h'=TF+10
The horizontal bending moment “m,118” is assumed to be resisted by both bolts on one

side of the connection. The instantaneous rotation axis is taken as the vertical line

connecting the other two bolts (figure 4). The axial force on loaded bolts is determined
as shown:
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5) zty =myli8/(2.1y) where 1y =wch-2C

Therefore, the highest total tensile force acting on the bolts is obtained by the
expression:

6) 7 =18 /4 + mylig /2 h) + mylig /(2.1,)

The increased tensile force due to prying action is given by the expression below:

@) z=(FAT+ 1).z where:
0.5 w.tt
PTI TS
FAT = 30.a.b".S

a a . w.
b Gp D sabs

a = distance from plate edge to bolt line (a< 1.25b)

b = distance from bolt line to shape web or flange

S = area of the bolt cross section

w = width of top plate related to each bolt

FAT = bolt load increase factor due to prying action (if the numerator is

zero or less than zero, there will be no prying action influence)

The shear load acting on the bolts is determined:

®) Q= (ax8 + qylig +m,li8 /dty4  where “dt” is half of the length of the
diagonal of the rectangle formed by the 4 bolts.

In the plate bending analysis, each bolt force is considered as a concentrated load (see
figure 5a).

1 s
- l :-‘_ 25 < . : Free
i Mxm |
i 2 m fl S Mym : Mxr
LT
c— S
Ly
Figure 5 - a) Forces on the bolts b) Plate model
C)] zg =1zt + zt (s = upper bolt line)

zi =zt + 2ty + 2ty (i = lower bolt line)

The Bruckner Tables provide the factors (Fbr) which are used to determine the
maximum bending moments acting on the plates.The plates of the connection are
considered as two independent slabs, each one with 3 supported edges and 1 free
edge(see fig.5b).Three conditions are enveloped: bending moment at the free edge
center point (My;) and bending moment at the plate center point (Mym and Mym).

The maximum normal stresses due to plate bending moment (o) are determined:
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_ (z,.FBr, +2,.FBr).6
= 2

(10) ot

Both connection plates, on VA and VP, have to be verified.

The axial and shear stresses acting on the bolts as well as the bearing and bending
stresses acting on the plates are compared to the allowable stresses for the bolts and
plates.

The fillet weld dimension “SF” is verified according to the following expressions:

nzlig Inxlig 3. mylis
Ssolda= ()~ +pv 2R T ]

S

(11)

VA where:

lg=bfa/cos®  (length of fillet weld)
Agolda = 2.SF.15.0,707

(12) ty=qyli8/Aysolda  Where:  Aygolda = 2.sfwa.(HM-2.TF-60).0,707

q fig m lig
13) = ( x2 + H:M-—l2 TF)/Asolda
(14) Tsolda = (Gsolda2 +tx2)0.5

The highest value between (12) and (14) is compared to the allowable shear stresses on
the weld.

4 CONCLUSIONS

This type of end plate connection provides the rigidity which is required from the
structure and also presents some advantages as it concerns the easy way in which it can
be mounted or dismounted. The bolted connections with angles or splices, in case of
nuclear power plants, should only be employed in the conventional steel structures
where no horizontal loadings have to be taken into account.

A computer program was developed for the design of a typical connection with four
bolts. The program generates an optimized and standardized design of the elements of
the connection according to the utilization coefficients and also permits a verification of
a special design chosen by the user for this connection type.
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