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Synnpsis

The offect qf elevated temperatures on the strengih and ' stiffness
properties af four remforcing and three presiressing steels of varving size,
mgnufuctured 1o British Standard specifications, has been investipated.
Tosimulaie the remporatures likely 10 be experienced by the sieel durnng o
Jire, a temperature range of 20° 10 7007 was adopted. The steels were
wested iy there “as manyfactured” conditton i g purpose-binilt, Tensile
testing,  wtuchine  with tube fiirmaces  and  associated  recording
insrrumentation. The test programee was desigred 10 provide data on
throe major sirength parameters—yield for (-2 % proof) stress, wllimate
steength, and elastic moduluy, Using the duid it is possible (o assess the
derertararion in strength of o struciyre during o fiee and os reseduil
sirength at amblont temperatiore qfter a fire.

Introduction
Estimates of the reslitange of strudiures 1o fire exposure are currently
obiained by exposing suructural elements to g stapdard fire (BS 4761

ASTME? and 150 834%). The fully-loaded structinral element wnder test is.

exposed to the standard Tire and the tnne measured unil collapse takes
place. Traditionally, i the UK the structural fire resisiance of & member
is decided by applying rules concarning conerete cover, iininmum membier
size, and pratection offered by surface Anlshes,

The joint report by The Concrete Sociely and The Institution of
Structural Engieers® suggests that a more mnonil design approach for
fire resistance shonld be adopted using limit state philosophy. Such an
approach would imvolve copsideration of the 1ol sirugture response 1o
fire; rather than consideranion of the behaviour of isalned structural
dlements. The report ulso makes clear that, before limit state principles
can be adopied for Tire resiytance, uch sdditiomal inforsition and data
nels 1o be aequired, ingluding the behavionr of sreel reinforcement at
elevare] temperiiure,

Fhis paper deseribes an extensive study of the belinviour of reinforcing
and prestressing steel at elevated temperatures and various applicd stress
conditions, The dan obrained may be used in formulating the limivsiate
design procedures for (ire resistince menboned abive.

Types ol steel investigated
For the investigation, four tvpes of reinforcement and rhree types of
prestressing: steel were seleated 10 represent the wide range of steels
currently available 1o the consiruction jndustry. For the reitnforcing steels,
three nominal diameters were chosen, e, 8 mm, 12 aum, and 2% mm. This
wontld enable a correlation, if any, to be made as 1o the effect of size on
the <irength . propérties. The prestressing wire wis ¢hosen it 5 mm
diameter form amd the strand as 9-3 mm sevenswire strnd.

Table | gives the type of steel (0 be used, s trade name; wnd sypphier.
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The recent introduction of the Terbar type of cold-worked, high vield
steel, with much improved bond  characrerisics; hae led 10 cepsed
proctuction of the square wwisied type of cold-worked steel, However,
since the laver type of steel has been widely used i the construction
imdustry, the tests were still considered necessary so that an assessment of
the performanie and residunl properties of existing coficrefe siruciures
damaged by fire cadbe made.

The monufacture of the various types ol reinforceiment was in
nccordance with BS 4449 and BS 3461°% with prestressing steels covered
by BS 26917 and BS 3617%. These standards fay down specific
requirements for chemical composition, characieristic strength {yvield or
proofl. ultimate fensile strength;, efer Although these siandards give
vallues thal are aceeptable for general usage, it was decided 1o obtain as
muny of the properies given in e stundards from the actual delivered
steel.

Festing equipment

A tensile testing machine with/(he versatility to accommodate the size and
lengrh of specimen and deformution under load and capable of operating
Al clevated temperature, was not available commercially. Therelfore, a
spevial purpose maclune, working on the basic concept of 1w load
plattens moving apart, was designed and: built, A schemarnic diagram s
shown in Fig 1. The loading mechanism had a maximum extension of 159
mm, but this was exiended 10 300 mm by the use of a spacer inseried
betwean the ram and 1op loading platten, while the ram core wis
retracred.

The steed was 10 e tested inits s rolled” condition and this required
Lthe wse of sérrated mechanical wedges soas to grip the reinforegmen) and
enmble the load to be transferred o ir, Proprictary  prestressing
anchorges and smodth wedges were used for loading the presiressing
steel fpecimens.d

TABLE J—Stee! types and suppliers

Propriciary name

Fype of siee i 7
ype ol sicel or generic description

Supplier/manufactures

Mild steel Mild stedl BRC Engineering Co,
Stafford

Hot-rolled hgh Limsicel Reinforeement Sreel

vield Serviges, Sheffield

Cald-worked high | GK Tarbar GKN (South Wales) fad.,

yield Cardiff

Square twisted BRC Engineering Co

Stad ford

Prestressing wire | Mill Coal
GEN (Somener Wirg)
Stabilised wire Lud., Cardilm

Presiressing strund | seven wire strand
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T hear the specimens a cylindrical tube furnace having an inner silicon
hedting wbe of 87-5 mm Wiamerer, with a maximum  opetaling
tempierature of 1000°C, was used. The sibcon fube was protecied in a
large diameter, stainless stedl tube with the void filled with insuliting
material. Because of hedt Insses through the ends of the Turnuce, which
was reduced by Meckenchnic ceramic wool fibre; tnd the need to obisin 4
low temperature gradient over the heated length, the fornude was splil
o three, 130 mm zones. These zones were controbled independently by
Eurothierm thyrister units frops a presalecteld digital remperature displiy.
Tempetature  measurement  was obiained  from fibreglassamsulisted
Chromel-Alnmel  thermoconples  fixed  to ihe  spesimen. The
thermuocouples were used (o monitor the specimen lempierature over the
ihiree zones, record the aume length femperature, and control | the
thyTister units.

Since the gauge lenglhy was confined within the furmsce and would, be
subjected 10 & temperature up 1o THOTC the choiee of u strain
mensurement device was limited, 1deally, quartz exensomerers, having
extremely low thermal expansion propertics giving aceurate results,
should be used, However, he Fraiile nature of quartz vuled out its use
and Nimonie 80A-alloy sieel, having low oreep properties, was-chosen
mstead . The sasceptibility of this materidl 1o thermal expansion meant
that, Whenever sleidy-siate lemperatures were nar present, the resulis
needed 1o be corraited for the thermal eapansion of the sirain gauge, Two
(ransducers, with un operating range of & 125 mmnd ewpetature
range of — 10°C o = 307C, vsed i comjunciion with detachable collets
At mounted outside 1he furnace, alloswed for all sizes of specimen wilh
differing gauge lengths w0 be avcommodaled on one exienvometern.
Calibration of the transducers was obtaingd using mefric micromeiers
Phaced undes the reansducers,

Load measurement was  obtained from [wo pressure transducers

attached o the leading rum. For accuraey, one measured up to 200 kN
wndd the other above 200 kN. Cutpuis from the pressure tranducers,
extensometyy trmsducers and thermocouples were amplitied and input
Ineo 3 Bryans N-Y1U 29000 serfes recovder. A continuous plor o two of the
inputs wus obtained and the scales were adjusted 10 give the maximum
range of values reguired.,

Objectives of the test programime

Thie 1est programme oullined below was designed 1o provide The essential
experimental daia on the effects of high temperature on the strength and
stiffness propertics of remforging and prestressing steel. e desigmng the
programme, attention was paid 10 the deterioration in strength of &
structure during o fire and ity cesidual strength al ambient temperature
after a fire. The three test procedures subseguently derived were comman
to hoth types of steed {reinforcing and prestressing),

Test procedures

Al lepst two room-lemperaiure ensile 1esis were pcrfurme& onall the
different types and sizes of steel before the glevated temperature Lests
commeneed, Separite spevimens were wied for cuoh test and two
nominally ientical tests were performed &t cach lemperiiure inerement
of 100°C,

The cross-seciionnl area of each specimen: was determined by the
mnethod given in'BS 44499 and BS 44616 and For each size of specinien a
convertent pauge Jength bised on S065 V'S S‘. {where §, s the cross:
sectinnal ares) was nsed, Tests, wherever possible, were performed In
accordance with BS 187 and BS 368817, However, it was not practical,
with the positioming of 1he equipment, to perform the tests under *strain
rate comtrol’. As an aliernative, an equivalent londing rite based on the
recommended stenin vate of between 00001 and <003/ min up (o yiekd or
proot stress and the physteal chamaeteristics of the specimens, was used.

To erisurc thar the whole eross-Leéction of the specitmen hud reached the
specified temperature, w standard soaking time of 2 h was wsed. This was
based on the minimuny fire resiitance fime given in CP 110Y and would
lso allow. the extensometers and other ganges o reach & steady state
hefore the test commended,

The following test  jirvcedures
digrnmmatwally i Fie 2.

(series | 1o 3y are shown

Series |

A specimen with extensoierers and thermocouples atached was pliced
through the furnace and suspended from the top loading plntlm of the
fest rig. The Farmace position was atjusted until the extensometer had un
equal Wearanee borh internally and externally from the furnace's stlivon

tbe, The inputs tothie X-F plotter were sen and (he furnace was swirched
ofl, With 1le aw of the dighml 1hermomerer the Turnnce conivol was
adjusted uriil all three ¢ones on the specimen were within £57C of the
specified. Temperature (700°C maxunum) and the half-hour sosking
period was commenced, At the end of this penod the strain due 1o ilte
expansion of (he speciimen and. exienbomeless was recorded. After
adjusting the X axis ro allow for the mital movement of the loading
plitens & tensile 1esl o failure was performed a1 the spedified
tempernnnes,

mm
i Incatinh =

dae tinek

and lumar=
sition

4—‘ wadge block

- L LI
concrete Q#}
sutround "y
. > _
B .

Fig 1. Test frame arrangement

The Structural Engineer/Vaolume 60B/MNo. t/March 1982



Paper: Holmes/Anchor/Cook/Crook

Hisat srabilise anet sudk

Taosils sty A1 wmpReaUe

| — -— 7 e
. . N _ -
Sanee T_u'rrpll r}ll"- Sue=s S
. | " ,
| AN— = Tirme Steain
Humt, stabifiser ad soiik; coul Tinpiile tapt 51 fvom timperature
— — m—
Strjies 2 Tanys ,39 ""li"_, Stines | —_—
== ThmiE - Strmn
" squifbrium wrilomd and Tisngile 104t a1 toam
Abply woikitig load _m" o Tailure il Lentripua LY
—mi—_—1 = - = $ -_— e -
== Sreehy
Satins 3 Shees el Tomp 4 ~ | ¢ &wmin
o / Témp ' -

Fip 2. Tewt provedures

The resulls from this (ype of test are applicable to the anatysis of the
perlormance ol the steely, Tn terms of the stiength paramicters ut different
remperatures over the range for which a fine would be expedted.

Serjey 2

This progednre 1 concerned with the residual properties of the steel afies
bemg subjecred 1o an elevated temperanure, and sinufates the behaviour
of @ xtructure after a lire incidint,

Specimens, usually four, vne of cach type Tor a specific size with the
thermoe-couples anached, were placed inside the fumace and the ends
fightly packed with coramii {ibre after their position had been adjusted 1o
give the required hentedlepgihe. After reaching the required 1emperatiare
(700" C maximim) o within 4 5°C angd Jeft to soak for hidf-an-hour, the
specimens were allowed o cool naturally 10 room temperatire, An
extensometer was fitted o each specimen m tum, the instromentation
adiustedd @ described above, und o tenwile sl performed ar rodm
tempernture 10 fpilure.

Serfis 3
The procedure (or arranging the spegimen and gauges inthe futtice and
test rig winy identicad with tHat desaribed Tor series |, However, instead of
rasing the emperature of an unloaded specimen, a lond was apphied
equivitlent 1o thie working stress {or the steel. This was equivalent (o vield
ar -2 My prool strese divided by 148 for the peinforcing and 10 70 "
ultimate tensile strengih for (he prestressing steels. These strength
patameters werd obtaineéd fram the bom-temperdture control 15t on
spmiples of similar size and wvpe. This purt of series 3 15 referred 100as
series JA.

Firt eisch specilied temperwiure Uie sirmn, temperature, and time were

TABLE 2—8 mm rooms-tenippiraiiire results

S
S o T TS

A\

Siress N
-";'.II
/
* Tine

4

= Suan

Strain = Tine

recarded, nnd the 1es1 was terminated either when the sivgin rite became
very small (usually taken as 0-0004/ minyor if thedest had been rumming
for over 3 0 and (he strain wad non-uniform, of thie spevimen had failed,
If failune had por oceurred, the specimen was unloaded, cooled 10 room
temperature and a tensile rest performed oninin the test g This part of
serbes 3 s referred 1o as series 38,

Thic procedure gives 1he informaunon necessary (0 determine the
performarnce of the sieels when they had been subjected simultaneously (o
a stress nd tn elevaned temperature and i would simulare the effect.on
The steel 1o a structure loadid 1o its Tull design capucity being subjecied (o
a fire.

Test resulis

Room temperatyre resulis

The raom-temperatire control test results were obusined from the tesis
performed in an Avery Detiison testing machine snd the specially-built
test ng. To complete all the tests on the reinforcing stecls twa batches
were required, with batch | stels being uged For series 3and bptch 2 Tor
series 1 and 2. Enough 8 mm unisieel was nvaulabie to complete the tests
from Bteh |, Whenever passible, samples (or use in both machines were
cut/ from the same lengtly,

Tables 2, 3, 4, and § show the 95 % confidence imits and the
vodtficient of varianie Tor the tests performed, Each of 1he values
recorded in these iables 15 based ona minimum of five test results,

These two parameters show the spread of results obtained from the
tests, The strenglh parameters of vield (or 0 2% proof) siness; ullimate
strength, and elastic modulus obtained fram the room-lemperature lests
would be uted 1o prmalise the corresponding vilues oblained Trony the
specimens tesied at, or after being conled from. an elevated temperatire.

il or 0 280 proof stress Ultirnate tensile Elitstic modulus
strength

Type of Batch Gy, Cogfficlent 9505 95Ws
steel no, conhdence al confidenoe ol confidence v

Jimits Larianee limits Himits
(N7t () (N/mmd) (o) (KN i in)
Mikl steal 1 3377 = 43-6 6-5 467-3 & 655 71 20156 % 18-21 q-d
2 1690+ 15-4 2- A870: = 391 41 203-13 £ 11-17 2-8
Linisteel 1 491-5 = 10 03 Tl % 13-4 140 208-66 = 2R-79 70
Tothar | 4851 = 2349 2.7 SR6:T & 3608 32 205-32 %+ 856 2+1
2 499 ' = 27-8 -8 596-4 = 308 26 200064 = 13-30 1-2
Square twisted il 47100 + 144 1-8 369-8 4 54-9 49 206-76 = S-17 1-3
2000 mm) 448-9 = RBh 1-1 -1 =271 27 20857 & 5437 13

The Structural Enginesr/Valume 60B/No. 1iMarch 1982 4
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TABLE 3—12 mmun roons-temperaiure resulis

Yield or 0-2% prool stress

Lltimate 1ensile

Elastic modidus

sirengih
Type of Banchy G5y, Coefficient S 95y
steel 1, confidence of comfidence /v confidence ev
limits vanance limits limmils
(R/mmd) ("ol {N/mms) (W) thN/mim?) ()
Mild sieel 1 326:0 = 37-5. 5-8 $436 % IR-2 32 20R-88 = 24:91] 60
2 2930 = |13-2 2-3 45243 + 22-1 2-3 212-72 + 2055 49
Lintsteel 1 473:8 = 26 232 6390 = (5 [0ES. 209-87 = 29-52 -1
2 502-7T = 4:5 -5 608-9 = 105 (1o 214426 = 39-28 9-4
Torbar I 4928 + 34-3 3-5 587-4 + 52-1 4-5 204-64 = 20-24 50
2 519+9 % |2:8 1-3 S$93-3 & |5 1-2 222-37 = 159 1-5
Square twiyted I 550-7 %291 240 660-] = 25-9 2-0 205-03 = 20-10 5-0
2 5037 = 21:0 21 5917 =6-9 06 217-05 = 12-62 30
TABLE 4—25 mun room-temperatire resulls
Yield or 0-2% proaf stress Ulrimate tensile Elastic modulus
strength
Typeof Batch G5, Coelficient ashy g5Y%
sreel no, confldence of confidence c/y confhidence ey
limits viriance limits limits.
(NJmmd) {1y} (N/mmd) (%) (kN/mimd) (")
Mild steel | 3191+ 6-8 1-1 4645 =+ 14 02 20408 < 21-42 £3
2 M3-3+ 207 -4 $85-3 = 93 1-0 198-23 = 34-21 8-8
Unizteel 1 857-5 & 244 22 TS5+ 94 M6 195'(_35 + 34-57 90
2 492-9 + 9-0 (-9 617-94+ 7-5 06 194-09 = 26-53 7-0
Torbar | 450-3 = 46-0 5.2 5580 = 73-3 6-7 24424 + 27-03 56
2 460:2 « 4-8 -3 511 £ 18-8 147 222-9) 33-15 7-6
Syuare wisted § 4590 = 17°9 20 R7ha 243 -2 226-50 + 1818 4
2 44]1-7T = 149 0-2 554-7'+ B-H 0H 221419 = 23-8% g0
TABLE 5— Presteessing steel room-lemiperature results
Yield or 0-2% proof stress Tenaile strength Elustic modufus
Tupe of 954y Coefficient G54y 950
steel confidence of canfidence ey confidence oy
lmiis varanee limits lipmine
(N/mny) (W) (kN/mm?) () (KNS mimd) (%n)
5 mum mill coil 16062 = 438 1-4 69+ (-3 1-8 203-27 = 8-07 2-0.
£ mm stablised wire [464-8 = 23-4 (10E] 5= 12 I-8 204412 = 3336 B3
9:3 mm seven wire sirand 1864-3 + 3B-0 -0 1040+ 0.4 02 199:54 + 604 1-5

Tha Structural Engineor/Volume 60B/No. 1/March 1982



Paper: Holmes/Anchor/Cook/Crook

1-17
10 ™~
09 NN
S
0B ,-“\.{
: S
i W,
E 0-7 4 "\
3 A
A
i \
z 6 -
;
e _ Limnibi it reinforcing
w5 wtend resubis (ol vizon)
0l _ _ Lemt ol prastresmg
stisal resailtn il sipes)
.,\‘
03 - \
0:2 4
014
o T T T T T T T
o (1] 200 00 00 500 S0 o

Tempuimte *C
Fig 3. Towlspread of all results from series |—normalised vieid or proof
strexs results

From dll the madn vidllues given bn Tables 210§ the anly one o fall
below The characierisiic strengrh was Tor [0 mm Sguare wisted steel,
which' sk 4 mean 042 % proof stresy of 4489 N/mm2. The individual
resulis Tront this batch of steel did not comply ‘with section 20 of BS
H61% all the €42 % prool stress valnes fell below the characteristic
strength, )

The largest coefficients: of variaiion obmined from the resulls (bver
540 We) were thosé from the 8 and 12 mm mild stedl specimens of batch 1,
the 25 mm Torbar specimens, also of bateh 1, and 1he majority of the
elastic modulus values; which was as large a5 9:9 % for the 12 mm
unisteel. It was the variation ol'the strength propertics within the material
itself that caused the scatter of results, rather than any error in testing or
anilysin, 17 e yield stress of the mild steel is considered, the lower pointy
of the 95 Wy confidence limir, even with 1he large coefficlent of variation,
are still greater than the charcieristic strength of 250 N/mm?. Also, all
the meun reile srengihs given are greater than the mean vield stress bya
value greater than the 10 % rquired by the approprigte  Brivish
Suindardss 6,

“The elastic modulus was obiained from the slope of the linear purtion

OF the stressstrain plot,. However, some of {he plots, vsually from the
cold worked siewls, had little or no linear portion as they became non-
lingar either as 4o as ie Joad was applicd or at low load values. In these
ctises the ipital tatigent modulus was measured from the experimental
shress/straim plit.

The factor that was consistent throughout the results from series |, 2
and 3 was thar size of seenon bad littde influence on the property
measured, With reference o the type of stecl tested, the hat rolled sieels
(including one high vield) performed equally as well as each other, the two
cold worked steels could ant be distinguistied, and the three Prestressing
steels gave ildentical resulis, once they were all normalised.

Sertes 1 results

Although the individual stress/suain plots of the tensile tests lave no
been included, it wac noticeable that, for exch of the three sertes, there
was @ change in the shape of the plots for certiin 1ypes of reinforcing steel
but sor from the prestressing steelth

‘The Structural Engineer/Volume 60B/No. 1/March 1982
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Thethree sizes of Torbar and square lwisled 1ype stetls, and also the §
and 12 mn unisteel type, retained the Iypleal 'cold worked™ shiape of a
linear section, followed by a non-linear portion with no: distinctive vield
ot and continued 1o work handen over ihe whele cange of
temperstures. Allthe mild steels and 23 mmounisteed had the characierisein
“tot rolled” shape plot of an elastic 2one up 1 @ yield poing, Yollowed by a
long plastic zone for lemperatures up'to 200°C. Hiwever; an 300°C the
shape chnnged toa plot that had no distinetive yield point and instead of a
plistic zone showed 1 work hardening region without a distinetive yield
point. L was iherefore necessary 1o adopl the offser method usaally used
far the ‘cold warked' steels 1o obuin the (-2 ® prool siress Tor
(etnpertures of 300°C and abive, The normaldised resubt: for the vield
stress, ullimate <trength and elastic modulus for all sizes and typey
{inéluiding the prestressing sreels) are shown in Figs 3, 4, and 5,

These figures show that, for the reintorcing bars, there was no
significant ¢hange in the nopmalised values beltw J007C, but as soon as
Uhe temiperniwre of the prestressie steels was rmsed (o 100°C there was &
noticeable reduction in these values,

A S0 redudtion i both, the y:c]d stress (Fip 1) and ulismare suengih
(Fig &) was: abimined between $20°C apd 580°C and between $40°C and
T for the elustic modulus (Fig ) Yor the reinlforgmng steels, A similay
reduetion was found Tromy the presiressing steels when the temperatire
was between 370°C and 420°C for the prool stress (Fig 3)and ultimate
strength (Fig 4) and between S10°C gnd S307C (or the elasnc modulus
(Fig 31 For the prestressing steels the temperature at which the ultimate
tensile strength reduved 10 70 % of its original value was between 3057C
and 3257C (Fig 4)-

A representative value taken s the midpoint of 1he scatter of results
shown in Tigs 3
PIestnessimg sica:]: The cirved from the most fecens destgn . chan™ are
included in Fig 6, and 1 tan bie seen that in e midrange of lempesiunes
good ngreement is abluned. but as the upper and lower temparature the
design curves do not Fonn the lower bound Tl
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Fig' 8, Typical strength propertes of reinforciny and presjressing steels

rested @i elevated 1emperatures (senes 1)

12

,odoand 5 e given an Fig 6 for both reaniforeing and

Series 2 reanlts

From the series 2 1ests the recorded plors oblained again showed a chunge
in shiape Tor some of the reinforcing sieels 2, dlthough this was complutely
oppusite twthal obtained from series 1 fests. Here, those steels exhibling
aductile behaviour (all mild stee! pls 28 mununisieel) retammed it ovér the
whole temperatire rnge, but those steels producing the typieal “cokl
workal! stress/strain chameleristic (all Torbar and square 1wisted plus §
and 12 mm unisieel) chisnged the shape of thelr plit between 200 Cand
oo C.

Fie 7 shaws the vanation inuliimiate sirength, 0: 2% prool, stress and
elustic modulus: wilh temperatuze for 12 mm square Twistod. steel
Mustraring & dedrease In siréngth with increasing Jemperature. The
variation between namimally sdentical tests (Fig 7) waesmall tor thee proof
stress ad tensile strenuth; bur was larger for the cliastic modulis, while
SHill et withing ihe extremes of the values obiaiied Trom e robm-
temperatire lests.

Whent pormalised the stréngth parameters sgain showed Hat the size of
steel hadl liytle effect on the general shape of U graphs| 2. However, the
manufacrurmg process for the reinforcing steel does have an effect on the
yield wned fensilé stfengtly, with the *cold worked” steels aving a greaily
reduced strengsh with incressme 1emperature compared with the “hot
ralled! stéels, As observed with suries ) the (vpe of prestressing steel hid
no elfiect o fhe novmallsed values,

The decrease it the normthised proof stress and tensile strengil Vo the

prestressing steels was not significunt, until the remperaiire exceeded

Sroves N/

300°C . Below this temperntore a constant stréngth wits obtained for bith
parimeters, exeept For the mill eofl whete a 9 My increase i1 prool styess
was obugrved w1 2007CE, The decrense in strergth was por as drastic as
the serics | restilts; bt 350 W reduciion 0 proof siress Was obtaned
berween G107C gl 6507°C, Fov the two stressing levelsor 70 o and 55 %
wltimate tensile strength 8 temperature tange of 490°C o 320°C uid
STNC to STSTC, respestively, was observed 2. The elastic modulus for
both reinforcing and presiressmg steels remained unaltered over the
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wihole temperatine tange.

Differerices between the two types of ranforcing har were observed,
The hot rolled yield stress increased by as much as 12-5 9% a1 400°C
hefore rediicing (e 95 % of the origimal wi 700°C. The cald warked seels
also exhibued anncrease (6 Toar 300 Cybunan TO0°C the loss wis 37 %
Phe ultimate strengrh vahues for thie two steels were similar up 10 30)C,
Tt an TOOC vl b polled steels i 0013 T peduenion comparied with
26 %o reduction for the vald worked stecls! 2 Fig 8,-a representative plol of
wll the resylis obained From s seties, <shows the dilference beiween the
pertarmanee of the “hot rolled” and “cold worked” reviloncing steels and
the prestressing steels alier belng subjecied (o an elevared emperature

Serivs 3 results

Allthe prestressing steels Tailed @t 200°C whes sabjectid (o 70" wlnmate
load bemg maintamed . {nretrospeet it was felt that this foading was oo
Righ dnd possibsly 4 valbe of berween 50 andd 60 Wi whimate would have
been more ILD[C!H:III'“H'E ol thie 1roe presiressing force inithe wieel afier
Ahe member had bevitin service o somie i,

None 0f the teinforcing steels fuiled ar 2007C with the working Toad
tyiekd stress 1-B) applied but at 600°C they all faled. At 300°C they
athiér obtuned equilitrium, fuled, Gr alfer 3 H ol waing contuiued o
creep. There was no. el pattern at this tempemature for any of the
sieplslt,

On conling and subsequent rerestng w Tailure, there was noeredoerion
fn any of e three sirentgth paranmeters from e available samples for the
reinforcing steels, afthough aslight decremse wis obitined for the wlimate
rensile strength of the prestressing stects  Fig 91,
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Conclusions
Fhe paper provides. for the fisst bme eomprehensive daa ono the

performunce of reinfording and prestressing steels in their tas rolled’

conditnon betore, dunng amd afrer exposure o elevated wmperuiires
likely torbe reached inow Fires 1 expected (it the ditg will be of use in
Codes of Practce and oiher uidanee documents which encourage the
design of tire rexistinig siructures using basic mterid! properfics,

I fulles descripion™ of it work réporred n this paper & mare
detailed companisonis mude between the compreéhensive study described
here and previous od Bor work. on elevated lemperature propertics of
sreel.
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