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Introduction

A programme of work has been started to determine the effect of
high temperatures on the bond strength between concrete and steel, . -4
specimen of reinforced concrete is heated with the ocbject of recording
the temperature of the steel-concrete interface at the time of bond
failure. It is therefore important that the temperature dlstrlbutlon
over the length of the interface should be as uniform as possible, ~In
this note the temperature distributions at the enfs of the specimen

are considered and methods of obtaining a uniform interface tem}erature' ) :-;.;

are suggested

Conditions of test

The specimens are conercte cylinders 4 in, in diameter and § in. .
in height, with a 3 in. diameter silver steel reinforeing rod which
projects from the lower end of the concrete so that a load can be .
aprlied between the stecl and the concrete. The specimen is heated

in a cylindrical clectrical furnace.

Method of calculation

Accurate calculation of the transient temperature distribution
within the specimen would be extremely laboricus and would not be
Justified as the temperaturesat the ends of the speciimen are lmown only
approximately, Since the temperature rise of the furnace is slow, the
problem is considered to be approximately steady statc and temperature
vredictions arc made by dDm:arlson of the various. thermal resistances
to flow of heat w1th1n the specimen. The radial thermal resistance
of the concrete annulus, the axial thermal resistance of the rod and
the cooling resistance from the end of the rod are calculated in’-
Appendices 1, 2 and 3 and are illustrated in Figure 1.

Each end of the specimen is considered separately and methods of
obtaining a uniform interface temperature are discussed.

Upper surface

The resistance to hecat flow representing cooling from the end
‘of the rod (2,100 units, sce Pigure 1) is large compercd with all
the other thermal resistances in the region of the upper surface and
the cooling from the end of the rod may therefore be neglected,
The thermal resistance associated vith the cooling from the top ﬁurface
of the concrete, on the other hand, is low and will influence the
temperature of the top region. qlnce the total axial thermal
resistance of the nctal rod is not ncgllglbly small compared with the
thermal resistances through which hcat is flowing to the metal, the
cnd effects to be expected in the temperature distribution throughout
the concreté willi also produce: n0n-un1form1ty in the metal temperature,
Reducing the cnd ‘efféct..associated W1th the concrete would be the
most direct method of” ensuring a ‘nore unlform metal-concrete interface
temperature. In order to calculate the toemperature distribution at
the end the specimen is considered to be of solid concrete,
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It may then be comparcd with a finite eylinder with tomperature 8o
at the curved surface, cooling to the atmosphere at each ond. . The
spceimen is not cooling at the lower cnd but it may be considercd as one
half of a cylinder cooling at both cnds. For a finite cylinder twice
the length of the 3peclmen the temperature on the axis one radius
length from the cnd is 0°94 O {scc Appendix 4).  As the furnasce cxtends
beyend the specimen in the practical case the tempcrature on the axis
one radius length from this ond will be very nearly Qo. The cnd
cffects can therefore be expeeted to cxtend only over a length of just
over 2 in, in thc specimen under consideration., From this information
the following alternative rccommendations can be made to ensure a wniform
metal-concrete interfacc temperature in the required specimen.

1)  The specimen should be capped by a 2 in, to 2% in, hlgh
concrete ¢ylinder, or

2) The specimen should be capped by a 1 in. high conerete
cylinder together with a thickness of another material hav1ng an axial
thermal rcs1stance at least as great as that of 1 in. to 1% in. of
conercte (e.g. % in. asbestos wood). .

The bottom of the specimen

The thermal conditions at the bottom of the specimen differ from

those at the upper surface in that the stecl rod projects from the end
"~ and, since the concrcte is ‘supported by an insulating material,
convective cooling is absent, It will be nccessary to heat the steel
supporting block so that'its-temperaturc riscs at aprroximately the .
same rate as that of the steel core.,  In this way it forms a guard
ring, The correct rate of heatlng may be achicved by intcrposing.an
asbestos collar of suitable thicknesgs between the furnace wall and the
stecl supporting block. :

Conclusions

' The recommendations given 1n ‘this note can bc sunmarlsed as,
follows, :

Thc.foﬁ of the spccimen.sheuld be capred by eithef:-
1) A2 in, to 2% in. high concrete eylinder, or

2) "4 1 in. high concrete cylinder togethér with a thlckness of
_ ancther material giving the same order of thermal resistance
as 1 in, to 1% in. of concrcte,

At the bottom of the specimen the thickness of. an insulating
material interposed between the furnace wall and the metal parts linked
to the steel reinforced rod should be adjusted so that at the time of
bond failute the projecting portion of the rod and the portion above it
within the specimen w111 be at approximately the same temperature,
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‘Appendix 1

The radial thcermal feéistance of an annulus of
.the concrete

The thermal resistance betwecn the outer and inner faces of an
annulus 1 cm, in height is given by

i [mE]

“2mK

where K = thcrmal conductivity, taken as

00022 cal cm"1 see™] 00'1

r = radius, limits being teken as

r = 0+375 x 2°54 cm,
! z

r = 4'2!)(2.51{- CMe
2 2

Evaluating this expression gives

R = 176 c.g.s, units/per cm height,



Appendix 2

Tho "axial thermal resistance of a stecl rod

The exial thermal resistance péﬁ om length of réa'is“given by

-

R = 1

—_ . !

vherd A is the cross scctional arca of'th§ rod (of diamctcr 0375
x 254 cf-m.') and K is the thermal conductivity, teken as 0«11
cal em~! sec™! o¢-1, v

Bvaluating this expression gi%es
R = 12:7 c.g,s. units/cmslénéth.
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Appendix 3

The 'equi-ir_alenﬁ'rcsj:s{:'ahci'é .representing cooling. from
the end of thce rod

" The thermal resistance rcprescntlng cooling fram the cnd of the
rod will be given by

R = &@it areca

A- .
where A is the arca of ‘the end of the rod (of diamcter 0°375 x 2°54 cm)
and R, is the resistance representing cooling from unit area {1 om
R.is itself a function of temperature and including the effects of
both radiation and convection it mey be taken to have a value of

1,500 c.g.s. units where the surface temrerature is 300°C.

Using these values in the expression for R gives |

R = 2,100 c,g.s. units,



Appendix L Co ' _ -
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The axial .femperature distribution in a solid cylinder

For the finite cylinder ofr<a, o<z <1 with r = a kept at 6
and-radiation ngo medium at zero at the other surfaces, the tempcrature
v is given by

- = 1 @!1)6{_‘,0&50(5 +Asmp(nz‘; z.+){ o2’
Zl;(%@){(ofn R)L+24) o fe{%é ™

where O( are the positive roots of‘
|

tan;o(L = jzzf%f"

radius of cylinder
length of cvlinder

and a
14
h = 8-
H

K
cooling coei‘flc:n.ent'
thermal conductlv:Lty

-
0o

" i
For r = 0 this reducaes to

- 4§ m_I {ﬁ"""’ﬁ’v% */ 9‘."/3"%}
1la ﬁZ,_//i‘n _7_'0(/;“(”@/[’)&3»_*_),1* .?)/f

= Al

H may be taken as 0-67 x 10~3 cal cm"2 sec~1 o¢-1 for a surface temperature
of 300°C,

where ﬁ'n, = dwé
Y

Thermal conductivity of concrete =+0022 cal em™! sec~? %0~ = k

‘Length of specimen = 23 em = ["'/2

Radius of specimen = 5¢4 cm ='a
For z = /2 : v='8190

2 = V=9
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