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DEFLECTION AS A CRITERION OF FAILURE FOR BEAMS AND FLOORS

by

H.L. Malhotra

INTRODUCTION
. '.

'. ,

Certain criteria for defining failure of beams and floors .during fire tests
on account of(~ce\lsive deflection were reported to the third Conference of·' ."
C.I.B./c.T.F. 1),. ~2}. In the report by Robertson and Ryan data for fifty tests
were analysed and the effect of applying their proposed criteria studied. A
similar analysis has been made of some tests performed at Boreham Wood and the
deflection criterion proposed by United Kingdom applied to the results.

PROPOSED DEFLECTION CRITERION

It was suggested that when the central deflection of a beam or floor under­
going the fire test exceeds 1/30 of the span, it should be presumed to have failed
although it may still be successfully supporting the applied load and satisfying
other fire resistance requirements. Deflections up to the limiting values are
expected to ensure the stability of the structure after a fire and to give prospects
of repairability. Compliance with this criterion may also be regarded as "a "proof
of the ability of the structure to withstand the reapplication of the load two days
after the fire.test as currently required by British Standard 476. .

The limiting deflection for a floor specimen having a span of 12 ft would be
4.8 in. and that for a beam with a span of 10 ft would be 4.0 in.

TEST RESULTS

Table 1 gives the details of the fifty-three tests selected for this study
which represent a wide variety of constructions, with the exception of timber
floors which do not show appreciable deflection until approaching collapse.
Under the column giving deflection readings for a number of constructions sho.T.Lng
unduly large deflections, an earlier reading with the corresponding time has also
been included. Values of limiting deflection are followed by the times when such
values were reached. Where tests were terminated before the limiting deflection
occurred'it has not been considered advisable to extrapolate. The time and the
cause. of failure reported are followed by the change, if any, in the fire resistance
periods entailed by the application of the deflection criterion. Where failure
had occurred by under either the integrity or temperature rise requirement of
B.S. 476 before the occurrence of critical deflection no change has been reported.
Any reduction in fire resistance is indicated with the amount of the reduction.
On the other hand, the actual amount of an increase is not given.

In the final column of Table 1 are given the limiting deflections in accordance
with the formula proposed by Robertson and Ryan. This formula takes into account
the thickness of the construction (d), in addition to the span (~). It should be
observed that under this method for constructions of less than 6 in. in thickness
and with the spans commonly used for tests at Boreham Wood, larger deflections are
permitted than under the criterion proposed by the United Kingdom.

DISCUSSION OF TEST RESULTS

The analysis of the results in Table 2 shows that out of the fifty-three
tests reported, the application of the proposed deflection criterion would result
in a decrease in the fire resistance periods for nearly half the constructions
(49 per cent). In nearly a third. of the tests (30 per cent) there would be no
change as failure due to other causes would take place before the occurrence of
the limiting deflection. The decrease in fire resistance varies from 1 minute to
256 minutes and a further study of Table 1 shows that in only seven tests a down­
grading (i.e. the next lower grade) of fire resistance would be entailed by using
this criterion. In a further four tests the grading would have been affected had
collapse not taken place at or just after the end of the test.
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The results also show that with the exclusion of the hollow clay tile
floors where only two instances have been cited, the constructions liable
to excessive deflections are the simply supported floors and beams of any
type and hence more likely to be affected by the application of the deflection
criteria than restrained elements. It is also obvious from the tabulated
results that the application of the alternative formulation (l2/S00d) would
not &ive significantly different results from the prop0;Jed deflection limit
of 1/30 of the span. The rate of deflection criteria~1) had not been con­
sidered in this study for two reasons, first the deflection is likely to be
increasing more rapidly when the specimen has attained higher net deflection
and is nearing collapse and the two a~e therefore interrelated, and secondly
it is not considered as easily applicable during a test as a net deflection
limit criterion.

CONCLUSION

This analysis of the results of a number of fire tests shows the effeot
of applying a limiting deflection value as a test criterion. It appears
that the proposed limit of 1/30 of span would enable test speoimens to oomply
with the requirement for stability of the structure after a fire exposure,
and thus to satisfy the reload requirement of B.S. 476. -
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TAB L E 2

"

ANALYSIS OF RESULTS SHOWING EFFECT OF APPLYING
PROPOSED DEFLECTION CRITERION

No Change Increase Decrease

Type of Construction No. of

!tests No. Per cent No. Per cent No. Per cent
I

A Reinforced concrete slab floor I 12 5 42 2 16 5 I 42•
I

B Filler joist floor 7 3 42 2 29 2 29

C Hollow clay tile floor 2 - - - - 2 100

I D Precast reinforced concrete units 4 - - 2 50 2 50

E Prestressed concrete floors 14 4 28 2 15 8 57

F Cellular steel decks 6 - - 3 50 3 50

G Beams 8 4 50 1 J.3 3 37

Total. number of test 53 16 30 11 2J. 26 49.
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~f. Construction Thiemes s
(d)

TABLE 1

DETAILS OF THE FLOOR AND BEAM TES'l'5

. End Duration Central' Permissible
(~) • conditions; of fire test defleetio.n: defii;~ion

Time }. Time 'of
def'~ect~on: failure
cr~tenan . re rted
reached po

Cause of
failure
reported

PAGE 3

;
Change in 1

fite resistance!
by applying ;
defieption
critericm

Deflection
with·

oriteriOn ..
.l¥/aOOd...,- .

A. Reinforced concrete slab f"loors in. tt in. : ire min. in. in. hIT. min. hr.. min. in•

•

F34 Gravel aggregate - no ceiling

Crushed;briok aggregate'- no ceiling

13 1

I} 1

Ii

R

o

,.,
T • 2

}l

00 8.1 1 20

o 31

.no f"ailure

~~tegrity
due to

'spafling

110 change
'~ . ~., .
s-:

decreue
4.Q min

9.6

I

I; 9.6
t
I

,
Whinatone asgregate - no ceiling 13' 1 - I. 1

I,

05 2.4 "'.~ 1 05 1 local temp.:
rise due I

to
spalling

no chanae
f.
t 9.6
t

F4-9 • It It tI . 13 1 o 1.5 o integrity
due to

spa11ing

no chango .

Limestone aggregate - no ceiling 13 1 1 2} , .
i
!

5.2 1 23
.

temp riso, ~

due to I

spa11ing

;
:.
I
1,

7.7

F25 Gravel aggregate no ceilll18 12 0 ' 5.S. 1 32
6.0

(0-31)
17.4

4.8 o 22 1 32 collapse decrease
1-10

l• I
I.
f,

5.8

tI ,n
" It

2 00 collapse
;10 hr after

test
5.2

,
\

< ,
I

,
l 6.8

I

•f,
!
t·

decrease
1-38

decrease
1-21

no ch~ge

collapse

integrity
due to

spalling
, .

00222

39

o

o

4.8

5.2

4.86
(0-57)
15.}

6.0
(0-33)
29.0

00

002

2

o11

s. s.

S.s.12 0

,
.1} 1

: 12 05

tI

"

It

n

"n

It

FIB

F33,

F17

~22 Gravel aggregate - plaster ceiling 5 : 12. 0 s.s. 2 00. .6
(1...19)
14.6

4.8 1 07 no failure I deoreaso
o-5}

5.2

III the column giving end conditiona

S. S. meBD8 simply supported

R a restrained
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Ref. ,
!

Construction Thickness
(d}

\I 5

End \ Duration
conditions of fire test

Qentral
deflect ion

; Tjme

Permissible'deflection
deflection criterion

1/30 reached

Time of
failure
reported

Cause of
failure
reported

Chanse in
fire resistance
by appl,y~

deflection
criteriOn

"llIllIIII
DeflectiCll

with
c~iterian

~/.8OOld

F32 4in. clayt1l'es with concrete toppinll;

D. Precast ReinfCll'Ced Concrete !mits

'482 U-shaped· sections plaster finish an
cellini

548 Inverted 1J sections - no ceilini finish

571 In,1erted U sections - mortar screed
combustible cellin~ linina

662 Hollow foamed sla~ 1iInits with 1t in.
concrete topp~ - no cellinll finish

E. Prestressed Concrete Floors

14D 'Stahlton' floor

, 73 Prestressed joists with filler blocks
and concrete screed

J

271 do.

139 Prestressed joists with timber
floor~

210 Prestressed joists with concrete
tOPpini

44 Hollow prestressed units

•
in. ; ft in. 1!Ir. min. in. b • .i.Dgj,n.., i b. min. Fur. min. in.

5.5 :13 1 v 2 23 5.0 5.2 2 23 temp.rise no~ 5.6.. 0.--

7 : 12 0 SS 1 15 2.9 4.8 : no fsilure increase 3.7

6 ! 12 10 SS 1 22 4.8 4.8 1 20 no failure· decrease 4.3
(1 - 20) 2 min.

6 ; 12 0 SS 1 00 3.8 4.8 no failure increase 4.3

one end decrease
5.5 .12 00 restrained 4 09 4.83 4.8 00 no failure 9 min. 4.7

7 : 12 0 SS 1 50 2.4 4.8 collapse 1 - 50 no che.n&e 3.7,

6.5 '12 0 SS 2 09 5.5 4.8 1 59 collapse 2 09 decrease 3.9
10 min.

8 : 12 0 SS 2 00 2.45 4.8 no failure increase 3.25

10.0 decrease
5.5 :12 0 SS 0 45 (0-40) 4.8 0 36 6 - 39 temp.rise 3 min. 4.7

decrease
6.0 12 00 • SS 1 18 7.5 4.8 1 02 1 - 18 collapse 16 min. I 4.3•
5.0 12 00 SS 0 29 3.75 4.8 o - 29 collapse no chanjoe 5.2

" I.
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'De3CI:Im&e in
. Tims • ~ire res1atance

'R~" 'ConstrucUoa Thickzlesa . Span End Duration •Central Permissible' deflection ,T1mIs 01' .CaUBe ~ ,by appl;ri.n& , with
(d' ' (1) conditioas of fire teet deflectiOD de:f'lect1CIn oriterte.l , failUl'l1 . failure defiect1an I =iteran

. , . . J/30 reached reported reported ' oriter1im I ,12'iBOO"d.
in. it in. in. min. iD. iD. ' Ib!. miD. ~. m3n. • iD. .. ,

.94 HollO'll units with' ooncrete screed (1*") 6.25 1200 58 1 28 401 ' 408 1 20 1 28 collapse decrease 4.15 ,

(1 - 20)' , 8 min. ,,

,3&.' 2 in. pIanka with lltn. tOPPiD& 3 1200 SS 1 00 2.3 408 - 0 54 Inte~i~,
due to no chal:lie 8.6 " ,

"
. j- ' .

"
S'OalliDll "

, deorease . , .

'448 do with. iD. tOPpina 5 1200 58 1 47 6.0 4.8 1 30 1 47 ooll8pae 17 miD.' 5.2., ..
, ; Inte¢1iy • .. ,

,

'428 Inverted U units 8 1200 58 0 37 1.0 408 - 0 YT due to no chlInae 3~25
lIDalliDll

,,
·
483 Inverted U UJ:lits with mcrtar screed and

ceilintls of plaster, or _till lath 7 1200 58 4 00 2.65 408 - no failure - increase 3.7·

630 2 in. planke With toppins: and plaster 4- 1200 S5 1 49 12. 0 408 1 33 no failure - decrease 6.5r .

finish in ceilini 16 min.

786 do without fiDish an ceilini: 4 1200 55 1 00 7.6 408 0 - 47 DO failure - decrease 6.5
13 min.

0.5 Local. tellll.
~27 Prestressed lattice beams with 1~ iD. (0 - 30) rise due to

, screed 16 1200 55 o - 1.., 47 6.0 4.8 0 45 0 47 spallini decrease 1.62
(0 - 47) 2 min.

",
N F. Cellular Steel Decks

'431 Declc with 2t in. toppini md ceillDi: 5.5 1200 55 0 16 6.0 408 . 0 10 0 16 collapse decrease 4..7
finish (0 - 12) 6 min.

, '

645 Steel trouahins: with concrete toppina
and li&htwei&ht plaster ceiliD& 6 1200 55 4- 17 2.63 4..8 - no failure - increase' 4..3

I •
612 steel trou,.hins: with concreto tOPPiD&

and plaster\rlndo:ijej UJl8 4.75 12 00 55 0 32
(1

1
•
6

»)
4.8 - nofa1lure - increase 5.55

0-30'

613 steel trouah1Ds: with concrete tOPPini one'end , cleerease
without a ceiliDs: fiDish 5.5 1200 restraiDed 1 03 6.3 4.8 0 52 no failure - 11 min. 4.7

· (1 - 00)

'j ..

. ,
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Time Chaz18e in Deflection
Thickness Span End Dura.ti-on ·Central

Permissible
def'lection

Time of Cause -of fire resistance
withRet. Construction def'lection failure failure by applying(d) (1) conditions of t"ire tea t deflection 1/30 criterion reported reported deflection oriterion

reached rr(aoo d'1 criterion

. .,.

~':J- :'~ll in. ft in hr. min. in. in. hr. min. hr. min. in.I , ~ ....

~.
.-

998 Cellular steel deck with concrete topping , J - - .

and sprayed asbest08 on softit 5.5 12 00 S.S. 5 30 2.4- 4.8 - nitairore .. "'.;.. • _"I ...... , increase 4.7", ... .r• ..,;... __. -

104.1 Cellular steel deck with OODCrete topping decrease.
and no ceiling 6.0 s.s. 0 38 6.0 4-.8 0 37 nof'ai.1ure il,.lldn;~.. 4..312 00 -

· G. Beams

F47 Steel joist enoased in a @creaae

· If-shaped concrete beam 12 10 .3 s. s. 4 00 6.1 4.1 .} 40 no ta1lure - 20 min. "1.6

F39 11 n a " 12 11 00 R 6 00 7.9 4.4 4- -58 no faiJ..uI'e deorease 1.8-
F4-l ReiJiforced concrete T-bsam 11.5 10 3 R 3 24- 1.2 4-.1 - 3 24 collapse no chango 1.55, .

· .
F42 II n 11 11 10 3 R 3 03 1.5 4-.1 - 3 03 collapae no change ~.5

-
1'51 1C,'t;l~'::-a: '." ...~ ... ".. It 11 10 .3 R 4- 02 4.6 4..1 no f'b.U.un, deorease

1.5- -. ,,'" ........ ,~.......".....~~ ... 2 miD•
1

F52 (brick aggregate) 11 10 .3 R 3 32 2.4- 4.1 - 3 32 collapse no chan&e 1.5

,

JV16/ " D 12 10 .3 R 2 00 0.18 4.1 - mta.i.1.uIe - increaae 1.6
59 .

202 Prestre8sed concrete beam 8 12 00 s. s. 2 00 6.8 4-.8 1 17 temp rise
I- no chan8c 3.25

~;-

f..




