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SUMMARY
The results of a programme of research into the effects of semirigid Joint action on the Performance of
non-sway steel frames are drawn together to explain behaviour up to collapse. Full-scale testing and
numerical analyses of the frames, supported by detailed studies of components and subassemblies, are
used. Actual behavior is contrasted with that normally assumed for design purposes.

RiSUMl
Les resultats d'un programme de recherche des effets de l'action d'assemblages semi-rigides sur le
comportement de cadres metalliques soint presentes afin d'expliquer leur comportement jusqu'ä la
rupture. Des essais en vraie grandeur et des analyses numeriques de cadres ainsi que des etudes detaillees
d'elements et d'assemblages ont ete realises. Le comportement reel contraste avec les predictions obtenues

lors des calculs.

ZUSAMMENFASSUNG
Die Resultate eines Forschungsprogrammes zum Einfluss von teilweise steifen Rahmenknoten auf das
Verhalten von seitlich gehaltenen Stahlrahmen werden zusammengefasst, um das Verhalten bis zum
Einsturz zu erklären. Versuche in voller Grösse und Rahmenberechnungen, unterstützt durch detaillierte
Studien von Komponenten werden dazuverwendet. Das wirkliche Verhalten wird den üblichen Berechnungsannahmen

gegenübergestellt.
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1. INTRODUCTION

Traditional approaches to the design of steel framed structures assume that the
connections either function as pins or provide füll continuity. The reality
is, of course, that all practical types of steelwork Joint operate somewhere
between these two idealised extremes. A more realistic approach therefore
requires the semi-rigid nature of connection behaviour to be properly
recognised. This paper draws together results from a co-ordinated Programme of
research aimed at providing a füll understanding of the influence of connection
details on the Performance of steel frames. It does this by contrasting the
actual response, as observed in full-scale tests and through numerical
analyses, with the simplified approach normally taken in design. Only non-sway
frames in which out of plane deformations were prevented by bracing are
considered.

2. TEST FRAMES

The type of frame under consideration is illustrated in Fig. 1. Beam to column
joints were formed using flange cleats one with the beams framed into the
column flanges, in which bay ABCD was not present, and a second with the beams
framed into the column web. On the assumption that lateral forces will be
resisted elsewhere in the structure e.g. by bracing, shear walls ete, it is
customary to employ "simple" connections between beams and columns i.e to
design them to transmit beam reactions in shear. The design basis is therefore
to assume that the beams act as if simply supported, with only nominal moments
transferred into the columns [1,2].

Position Position

© ©

<

<

4
C I f2l I D

4 4
E | |3l I F

<

Position
<3>

a i in i b^g i ra I A

<
I 1 |5l I J

*

4
k I fei I L

254x102x22 ÜB

<

495 4-95

(S-J

1X1

® Column position
l"x1 Beam number

<w Column number

Fig. 1 Details of Frame Considered



TJ

Oi

C

o

¦H

44

G

rt
4-J

Ih3
13

Grl
in

•iH

-G

TJ

CJ

a
O)

O

O

O

Ol

G

H

ro

rt

c
¦H

U

r—,

H

CU

43

cu

H

>
•H

44

ja

*

M

4a

4->

CO

G
TZ)

14

0)

C
X
X
H

CU

CO

c

TJ

44

3
Ol

CJ

o>

P.

CU

H

c
o
O

ja
0)

H

O

J-J

3

e

44

14

IH

rt
cu

TZ)

rt
-

H

1

P.

o.

a

CU

U

cn

rH

H

a
<o

cn

o

s.

OJ

o
E

CU

O

IH

P.

CJ

CO

S
O-,

Ol

E

CJ

«4H

rfl

cu

c
rt

CO

CO

rH

l-l

o
IH

CU

IH

CN

44

r-H

rH

UH

-C

«.

414

CO

o
r-H

4-J

44

cn

•
Ih

U
rH

rt
0)

cu

tj
ÖlH

3
4->

J3

44

G

cu

¦H
«JH

O

UH

O

-u

CO

O

IH

»4

4-J

l-J

N

3

CS

rt

44

¦o

in

-C

,—,

4->

o
CU

CJ

CO

44

ro
TZ)

G

p.
H

cu

CO

¦—i

c
H
cn

O

44

a
CU

JH

rt
o
cu

r-H

cn

(0

O

¦o

r-,

cn

CU

rt
rH

>l«*4

cu

CO

S-i

>
r-H

rH

r-H

4-J

TJ

TJ

rH

CU

CC

3
CO

CJ

Ul

CO

C

ra

tj
Im,

G

CO

0)

O

CO

c

UH

rt
cu

XJ

rH

CO

rt

0rt
O

44

cu

Ol

G

c
13

IH

TS

Ul

X
cu

1-4

a
o
CU

e»

ra

xj
44

X

dl

CJ

H

rH

o
cu

CJ

cj

*
rH

cj
H

IH

IH

0)

CZ

O

CO

10

p.
o.
«44

H
UH

rH

CJ

CJ

44

cn

«JH

o

o
CU

Os

CU

TJ

XJ

rH

Q

rt
IH

CU

cu

Ol

CJ

>
o
IH

CO

o

¦H

CU

>1

Os

UH

rO

3
«

fe

IH

CU

w

CU

44

H
A!

C
CQ

tn

G

0)

cn

•

c
TZ)

CU

*
rH

Ih

44

¦H

4-J

Js.

CU

o
rH

cu

Tl

G

TJ

rt
rt
X
r-H

S-

CU

<U

c
a

4H

44

rH

G

CJ

cn

*
rt
cn

rt

0

s
C

ja

0

G

s
o>

G

>-l

CO

CO

ja
CO

rl
rt

c
E

M

>

cn

tj
•0

4-J

rl
T)

¦JlsJ-D

cu

rt
C,

Ü

CO

U
r-H

tu

10

Ih

CU

o
cj
tj
3
Ol
i-H

a

cu

CCrH

tn

o
CO

o
c
*

>1

44

c
14

CJ

CU

cd

4-J

a

4,

o
cu

o,

H

Ol

tH

m

CO

J>-

Ih

cj

0)

cu

c
cn

rt
CO

XJ

r-l
10

a

X
44

o
rH

44

•rl

0)

rt

rt

4-J

H

cu

JH

X
a
•H

CO

cu

»JH

4-)

G

CU

E-.

o
44

a
ja

«JH

o
u
C
T)

cu

•H

rt

o

CU

rt
G

Ol

G
IH

TZ)

G
r-H

X
3

•H

OJ

c

cn

O
UH

ü

,—,

tJ

rt
rt

0)

H

V

O
¦sT

G

Ol
H

a
4J

tj
o
CO

i—i

CO

GTJ

rH

rt
10

o
r-H

•ri

ki

c
c
«40

rt
O

G
TZ)

<U

c

s|H

¦H

a

G

O

3
G

a

J3

3
CU

<u

rt
-H

r-H

CU

3

o
a
r-H

E

Ih

r-H

44

CJ

E
r-H

*
o
O

o
CU

rH

CJ

G
O

o

H
CJ

O

cn

*
SZ

rt
•h
a
cj

G

>i

44

14

G

O

Ih

CJ

CU

o

«*H

CO

CU

CU

Tj

CO

o
P.

c
>
cu

z

«IH

CZ

A!

44

3
a

Ih

rH

UH

CZ,

H)

CJ

CO

4

1

3
>i
O

10

0)

14

CU

cn

cu

cu

44

i-H

r-H

444

a

in

cu

ja

44

Ih
•rH

O

G

CU

Ih

CU

G

1*

u

•

tu

444

CJ

O

C

O

r-H

o

Ol

UH

*

CU

c
ja

H

cn

to

H

o

G

4

*
ja
;
H

44

03

Uj

44

¦H

CO

o
44

Ol

CJ

Ol

-

cn

3

a
ja

O

H

H

S-i

U
TJ

cu

ja
cn

rt
CO

44

44

i-H

TJ

r-H

CU

G

¦H

cu

CU

M

Ol

CU

cd

>
CO

u
r-H

cj
ja
ja

0>

CU

14

G

CU

0)

Cfl

G

CJ

3
G

-*-=-*.

"=r*""-Wfc

P-—

prz

¦

Pu

m

*0

CU

ES

CUTJra

cn

OH44
ere

UHowhi

•
TJ

CU

K

C

-----^

«

IH

JH3
CO

^"V^s

Ni

Ss»,

ja

a
cu

G
«4H

0)

0
o
CO

^"^^

\

>

44

X
CU

UH

o

4

H

H
J3

**
1--J.

\

^-^

(Jl.

•

o
44

TJ

rl
G

CO

>
44

^s

w

ß
r-i
CO

J-J

H
TJ

«
G

rO

CO

rH

CQ

¦H

IT)

r-H

3

a
O

J3

H
r-H

¦—'

rt
«4H

>l
CU

Jh

H
CU

Cl

H

TJ

TJ

rH

rH

O

44

ja
CU

*

G

Ol

CD

co

cn

rt
rH

ja
«44

rt

44

rt

G

CO

44

,0

10

ra

Ih

r-H

G

CJ

CJ

1

H

3
CO

*
a
CZ

44

CU

3
O

rt
44

1

cn

TJ

CU

o
H

H

P.

CJ

rH

Ih

CU

44

CO

CO

44

cu

M

a
>

r-H

44

CO

G

O

CJ

a
UH

o
CU

CU

CO

O

ja
CU

ll

Mome

sJ

H
G

CO

G

G

ja
CJ

CU

O

S

,y

/

44

O

Ih

TJ

H
44

rH

CO

*y^

/

G

CO

-H

444

CU

CU

OJ

UH

e
Ih

•

A
'

S

•H

JM

G

IH

o
G

rH

OJ

i

4M

Ol

DlG

ZJrHO

Ih

O

cv

cu

44

Ö

¦Uja44

Hrt44

CU*
44m

O>1

P.
TJ

a
i

rt

tj
44

rH
rt
oja

-—-j-^-3

¦Cs-

¦H

<sj

CJ

G

ja
cn

3
44

10

rt
G

G

*

•^¦"S-^--"

^^JS

TJ

rt
O

G

o
44

TJ

H

O

H
•H

^*Ss4

G

TJ

14

CJ

rH

G

rH

J3

rH

O

rt

^sS-

cu

G

m

44

H

4-1

H

Ol

'r-i

G

cn

CO

SS

UH

CO

r}

O

44

ja

3
Ol

O

CO

t—i

a

CJ

o
G

X
r->

H

rt
O

G

C
¦rl
CtJ

e

TJ

O

cj

rH

H

Ih

¦H

H
44

iment

cu

CO

—s.

CO

¦H

r-H

H

IH

J3

+J

cd

cu

¦

IH

CU

e
cu

44

Ol

rH

ja

rt
44

r-H

cn

o
a

1

z

3

04

1

H
CJ

G

"J.

cfl

>

3
G

O

tO

i

J«:

cnrt

as

M

CU

iH

H

TJ

CO

O

r-H

>H

^

->.

_^

—
oj

G

TJ

Ih

4M

CU

CU

H

4M

expe

cu

cn

G

3

•

rt

o
CO

u
44

""

S-,

as

c

O

rH

,—,

>

CO

rt
c
cu

CO

o
cu

CJ

CJ

CO

r-H

CU

cu

H

O
J3

5

o

UH0

¦H

44

G

'—•

CU

Ol

CO

ja
>H

H
44

"~4f

44

nj

CU

H

a
>
CO

44

rt
44

i

o

ra

jh
J3

cn

o
«u

rt

>
ra

«cn

i

C--JH

G0

jp
rt

O

P.

Ih

CU

44

cncu

cuOlrt
cn

r-H

Gcu

GrH

44<0

o
o

•HIh

CU

i

r—i

-
**

-**

cn

UH

o
CO

¦rH

o

1

CO

o
>
r-H

44

rH

cu

CO

J3

ja

cj

%4

IH

44

IH

ja

J3

ja
CU

44

rt
G

10

>

G

rt
CU

3
a
44

44

CJ

4M

rt

p,Bo

<<

cu

CJ

CJ

CU

U

CO

G

CU

a

IX

a
a
G

CO

CU

UH

rt
CU

i-H

G

M

u

o
o
n)

e
CO

Tl
o
J3

Ih

ja
¦H

O

o

CQ

CO

a
Ih

a
i

rt
ja

CU

rt

4M

44

MH

c
as

ja

3
cj
CO

UH

ja
IA

kl

W

G

44

o

3
cn

O

OJ

UH

O

G

CU

«TsJ

as

H

e
tj
444

cn

CO

CU

B
•H

u
O

P,

«:

o

¦H

CU

Ih

cu

4
444

rt
TJ

P.
•rH

¦

Dt.

1^

O

G

0)

Ih

c
CU

444

u

CJ

Ol

Ol

C«4

•1-,-H

0.
CO

a
CO

CU

KH

rH

cn

«s

ja

rH

rt

p.

3
Ih

rH

a
iH

44

Ph

rH

CU

44

cu

e
r-H

3
Ol

TJ

rt
cu

kl

•

ja
ja
J3

o
o
O

ja

C

a
CU

ra

a

cn

rn

Ei

o
44

CJ

CJ

CJ

t-
rt
in

cn

>
o



684 STRUCTURAL PERFORMANCE OF STEEL FRAMES WITH SEMI-RIGID CONNECTIONS

¦2 -i

4 6 8

Rotation mrads.

failure
{ 1-2-3

ZO-i ioint E
•zz 8

x 15-
smoothed joint test

¦ Joint test
a subassemblage

• frame

c 10- failure
4-5-6

4 8 12

Rotation mrads.

Fig. 3 Comparison of Joint
Moment Rotation Characteristics

Fig. 4 Behaviour of Joint E
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On the other hand, larger variations of the type produced for example in web
cleats or flange cleats by using oversize holes - as might be required in cases
of misalignment that were rectified on site - may well have a significant
effect. Lack of fit is less important, however, for end plate connections for
which quite large plate distortions - as might occur when welding the plate to
the beam - have little influence on M-0 behaviour [7].
One particularly important feature of Joint behaviour in frames is their
unloading. Fig. 4 shows how, for frame 2, the rotations of a Joint to an
external column during the three phases of frame loading; beam loads, column 1-
2-3 additional direct load to failure, column 4-5-6 additional direct load to
failure, reverse as column failure is initiated. Since the operative Joint
stiffness is then effectively its initial value [5], this is clearly beneficial
in terms of stabilising the column. This feature has been explained in more
detail both theoretically [8] and in full-scale tests [7] on column
subassemblages, where it was found that greatly enhanced column loads were
obtained as compared with those given by current design methods.

3.2 Beams

Clearly for beams the presence of end restraint provided by the semi-rigid
connections will tend to reduce span deflections and moments as compared with
the design assumptions. This is illustrated quantitatively for one beam in the
test frame in Fig. 5, where the measured response is compared with that
predicted by both the normal design approach and by the analysis in which end
restraint has been included.
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Fig. 5 Load Deflection Response of a Beam in Frame 1
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devise rules which exploit the effect at both the ultimate and the
serviceability limit states yet are sufficiently simple to be practical.

5. CONCLUSIONS

Connection details have been shown to have a significant influence on the
structural Performance of steel frames. Using the results of füll scale tests
and numerical analyses the exact nature of this influence has been described.
Although the main features have been identified, it remains for these to be
represented by simple design rules.
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