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On the Mesign Provisions for TherEnal $tres$es

A propos des reserves de configuration des tensions thermiques

Uber Vorkehrungen beii-n Entwurf fUrthermische Spannungen

KAZUOOHNO MAMORUOBATA
  Professor AssociateProfessor
     Faculty of Engineering
      Hokkaido Univers'ity

          Japan

X. General feature of the therma] streasses in xeectangua.ap r±gid
     frames with unifo=m spans and helgh'ts

  1) Xntroduction

     :vVhen some temperatumee difference occurs between 'the ove=--
gTound frames and footing tie-beams, both of the beams and foQtj-xig
tie-beams wilX be subjected to certain axi.al forcess because they
aTe mutual:y eonstrained by being rigidZy' eonmected to the columns.
These axiaZ foirees incTease wi.th the incTease of the numbon of
spans and wieh the incneease of re].ative stiffness of eolumnse and
cause the secondary length change of beams and footing tie-beams.
It is evident that the axial fonces of beams and tooting tie-beams
±n the vicinity of the central part of fxames wiXZ be ],.ax'gem than
those of the external par'e of the fnearnes, and Vhat the "slopes"
and the "deMections" of members woidd be dfufferent aV ea.ch £rame
'' sJO:nu.
     Some analyses of ehese kjnds of thepmaX stscesses were
developed by the authors under the foiXcwinge. aassumptioms:
(i) the stvuctures･consist of veceangula= rigid frames witth uni-
   £orm spans and hei-ghts, and the beams and the col.umns have the
   respectively same dimension for the same story.
(ii) the whoZe members of the overgmound frarnes are exposed to the
   same temperature and a cex'tai.n temperatuJ?e dif£erence ex±sts
   between the oveTground pa?ts of fmames and underground pax'kes.
(i±i) the Zength change o£ eolumns is negMec'tsed, because the
   axia: stmess o£ the co-lurnn eaused by thermal deSormati.on is
   usually vexey smaZl. And aZso ehe Zongth clxange of membe℃s
   caused by shearing stress amad bending moment is neglected.

  2) Effect of reZative stiffness maVio of beam on the thexmaZ
     bending moments

     The thermal bending moments of one-stovied £mames of :N8
spanss the columns of which are pevfectM:r rtxed on the gmound,
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     B (d/h)2/2kb,
     Severrai examples of the re-
Zatton between M/C and kb ax"e
obtained by taking d/h as a
parameter. Whgxx the length
change of beam due to an axial
foTce is not taken into consid-
eration, d/h mu.st be zemo. In
this case, M/C shows the largest
value, if kbis kept equa). rt is
aXso found that the vaXue of E;,{/C
increases with the increase of
the value of kb. And M/C has
a tendency to eonverge to a
certa±n value for each framee
when kbbecomes compageatively
large.

     Fig.) shows an example of
the feature of thermal bending
moments of each column of 'those
frames analyzed here. When the
other conditions agee equal, the
larger the number of spans, 'trhe
Xavger the thermai bend±ng
moments of the columns. In Vhe
case of 8--spanned eramess the
bending moments in coXumns
excepting two columns at the end
show appToximately a Xineaxe
variation. FuMther, the bending
moment in each column tends to
change by the vaZue of d/h.
orhe vaXue of M/C of the e'nd
for a certain vaiue of d/h.
     Sinee the thermal stresses
ness of members as is described
waZls with openings which a=e
force, must aXso be eaken inVo
accurate ctaXcuXation.

amee theore'tieaXly derived aftie= the "ssXope-defleetion method",
[Dhe thegemal bendtng moment,g can be expm'essed as a £unetion of tlae
foXXowing tsexms:
     kb n meZative seiffzae$s ,'rvati.o of beam,
     B = 6KaX/Ah2g
     C r- 6EKgC><eeX/h,
where
        Ke = sti£fness o,f co]um): ( tsaken as tbe sicandard stitf-

             ness ), '        l tr- iength of bearns ap.d foo'ting tie-beam$,
        A = secntom.aX area of beam incXudSn.g fXoor sZab,
        h --- Xength of eolumn,
        E = e:astic moduZus ot the materiaZ of frame,
        c>( " thermal expansion coeffi.cient of material,
        ee = effective tempe:ratu)?e difference between the over--
             fround frame and its footing or footing t±e--beam.
rn the case of a fmame without t':.oox, sMab,
        = whexe d= (lepth of beam.
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5) The effeet of the numbeTs of stories

     Another theoreti.caZ an.a. Zy--
sis is attempted for frames
xvith two spans and 2A. 4･ s'troniese
according to the "sXope-n
deMection method". The CheTmal
be'nding momenVs are a:so ex-
p. ressed as the func'tions of kb,
d/h and C, by neRXecCing Che
presence of Mooxe s2ab. Some
examp:es of the reXation between
M/C and ktea7e shown in Mg.2.
The resules of analyses shovv
that:
(i) thenemaZ bending moments of
   beams and coXumrms amee the
   Zargest at the first story
   and deerease rapidZy toward
   upper stories, and they can
   be pxacticaXly negZeeted £or
   the stories uppege than Vhe
   ehiird f:oone,
Qi) in the most ex'ternaZ
   eolumn, the $ign oS sheavi.ng
   force in the second story is
   opposite to that in the
   first storyg
(tu) when the nurnber of story
   is :arger than three and kb
   is ].arger than abouC Z.O,
   the magnitude of thermaZ
   bending moments of beams and
   stories do not vary so nuch.

     Consequently, it is
bending moments of muZti-storip,d
sented by those of the

cta
l,O

E -.,

x
-g"

ig

x
g,
es

-,5

nurnberofstories
cmmet
lstftoor

story concerned

Z-volueofdl -7
-- s-t

...
"-

--

.-

bl.k

'

7t

r
ISTORIEDFRAME
2Sl'ORIEDFRAME
5STORIEDFRAMff
4STORImoFRAME.-u-

--
4--

Hi-+- --p
5rdfioor
4thfloos'

"P
ep .

,2rtdffgoc

. " -"'
,ri

- -7'

.t .-t

4-2-O

.I ,2,S,4.5 l 2
  R@lative gfiffnopgs ratlo
     togeom to eelumn kh

   Fier.2 IV[/C
bottom of 2-v LF
of 2 spans.

colupns at

  comfirrned that the
          fneames aTe
two-storied fuames.

the

$45
of

of each
 storied

fi.rst and

IO

column--
 frame$

second

features of therrnal
app, roximately repcee-

TABLE 1. Shearing forees of columns of one-storied frame (ton)

condition of
 footjng center l No.2

     /
l perfectly fixed

ii semi-fixed

lil movable in hori-
 zontal direction

lv movable in any
 direction

e

[ 1,16
l i.oss['II:2,l

i

l O･770
a,eo)

 O.OOOI
   (O.OOOI}

i
l

 2.39
   (1.45)

2.228
   (1.35)

1,047
   (1.oo}

O.OO02 .
  (O.Ooo1)

 column

   tt  No.3 l No.4 l
--. L.tr..-..-.-.. t.       1  3.7s l･ s,s2
    (1.44)1 (1,37)i
 3A43 I 5.513 i
 2sog<i'32)l 4,o4o(i'28)i.

    (i.oo}l･ (i.oo)
       i O'OO(io9ooos)I O'03Po4.oo7s)

       i

external

 5.45
   (1.74)

4.033
   (1.29)

3.128
   Cl.oo)

O.2909
  (e.og3>

a

 dimensionofframe: l=:6.5m h=3.0m

     column 50×50cm2 E=:210t/cm2
     beam 30×50crn2a==12×10'S
     footingbeam 30×7ocm2 t=lo"C
The figures in the blackets slK)w the ratiog of shenteing forces by taking (M> case as

standard.
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     Fig.2 ean be also applied for the top story, the roof floor
of wh±ch is subjected to a d±ffe℃ent temperature.

  4) The effect of the fixin6 cond±tions of foundation

     Mhe authors` observatlon on the movement of an actual one--
storied building showed aconsiderable amount of displacement of
foundation. A theoretical analysis is actempted on foun kinds of
fixing eonditions ot foundation:
(D footinag is perfectly fixed,
(ii) footing cannot move, but can rotate corresponding to the
   stiffness of footing tie--beam ( semi-fixed condition ),
(ti:il) £oot±ng can move ±n the hor±zontak d±reet±on and can rotate
   in the same way as (ii),
(iv) footing can move in any direction and ean rotate in the same
   way as (i±).
     Table 2 shows the results of numerical computations vvith the
theoretical formulae under these fouxe conditions. rt can be seen
that the thermal bending moments would remarkably decrease w±th
the decrease of restvaint of the footrkng. The semFfixed condltion
is recommended for the practical estimation of the theTmal bendinq
moments.

II. Mhe eharts for estimating thermal bending moments

     The thermal bending moments of 240 rectaneular fra::ies of two-
storied buildings were numerically computed for various par['imeters:
tota) number of spans, span length, story height, kb, kf (relative
stiffness ratio o£ £ooting tie-beam), B and M/C. Mhe charts for
practical estimation of thermaZ bending moments are prepared in
Fig.5 based on these results. rn the eharts, bending moments at
the third floor ave neglected, since they are very sma:1.
     For the application of the charts, determine the para:neters
kb, ks , kf /kb, B and C ats £irst. Second, detevm±ne the coeffi-
cients 2i,tz,, fmom the charts.

     Then, the bending moment will be given by
        M = ?, x ?1xC

     The bending Tnoroents at the outside end of footing tie-beams
and those at the colum bottoms in the seeond story can be
determined according to the equilibrium of moment at each joint.

     In the case of the fTames with an even number of spans) the
moment of eenter columns must be zero. In the case of the frames
vvith an odd number of spans, the bending moments of members
excepting the two coZumns at the end span can be determined under
the assumption that their magnitudes are in propor'tion to the
distance from the ±maginary center column whi.ch wiU be convenient-
ly assumed to exist at the midpoint of the frame.
     When one intends to estimate the bending moments of one--
storied frames, the coeffic±ents rz{ and 12 £or two-storied frames
with the same number of spans in the eharts must be applied.
Calcuiate aMZ of the bending moments. Then distribyLte again the
obtained bending rnoment at the column bottom in the second story
to the beams connected at the joint pneoportionaXly to the re--
spect±ve stif£ness ratio.
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　　　　　The　chart＄f・rη1　　　　The　char七5　f。rη、

ig。う　　Charts　for　estima七ing　七h．e　thermal　bending；1nOlnen七s

　　　y　　冨　7Zf×　フZ2　×　C　：　七hermal　bending　mO皿en七

　　　B＝6Ko：L／A『
　　　C　　謬　6EKoα七e　1／h

　　　kb＝rela七ive　stiffness　ra七io　of　beam
　　　kナ・rela七ive　s七iffness　ra七i・・f　f・・七ing七ie－beam
　　　m　　＝　number　of　spans

〇七e：　For　七he　co工12mns　of　七he　2nd　s七〇ryg
　　（i）b・t七・mm…n七mu・t　b・d・七・rmin⑳by　the　equnib・iu阻
　　　　　　at　each　，「oin七う

　（ii）　top　！艮omen七　can　be　neglec七ed。
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xrz. M he Cemperature difference to be emp)oyed for design

ost the reinforced eoncrete
buiXding comresspondg to the
va:ue esCimated foT abouC ewo-
thirds o£ the ctaily dif£erence
ef atnospheric eempeTatu:re.
Theretores the "effective
tempemaeN:ve" in annuaX range
may be expresssed by the foZlow--
ing Sorm (Fig,4):
        t]e = t + 2(`ttsei+Ac2 )/5

wheme, t : the Zargest annua: amp:itude
      Atrt one half o'f the dai:y
           point of daiXy mean
      nt2 : one haXf oi the dai2y
           point of daiky mean
     Fneom sumer to wtntem, Vhe
fol:owing nhe £aXZ of tempexaCuTe, &nd
aXso shift to tenston. Zxx the ease oS
cxacks wili occu:7 in tshe beams and
cteformation off the seructume vviXl be
ghntnkage of concrete woukd further
     Oxi the other hand, the ssimesses
in a Zong kerm or #he stresses eaused
affecterf by the ereep properties of
cxeeep o'£ eoncrete is teken imato

     rt is aZready known by theoreticaZ analysis on structures of
penfect eXasto--pXastic matemaZ that a structure does not colZapse
due to a monotonous ineTease or decrease of temperature so far as
the temperature difference is not large. On the other hand, it
has also been Teported that a repetition of temperature changes
may sometimes cause a eycMc coXlapse or ±ncrementai eollapse of
structures. Therefore, the va].ue of ampZitudes ot repeat±nff
temperature changes are most important for elasto-plastic
structures.
     rn the case of reinforced eoncre'te structures, it has been
proved e)cpeTimenta21y that the e)asto-pJast±c theory can be ap-ny
gi.isS,ltl,zgs".ggm.e.i-IEg'ssd,g:･ig;gig}s6..g?g2geEe.gg2.ieexw,gag.not

eaused by the shear failure. :n such a case, the absolute value
of temperature change, wh±ch gives the maximum stresses in                                                          the
trarne) becomes important.

     Xn respeet to the temperature difference for practical design,
the concept of effeetive temperature, which is der±ved by theresuks of observations on the actual structurese is recommended.
ProbabZy in summer or in wintex the mean temperatuve oe structural
membenes of iche buiXding vvhich has no¢ air cond±tioning in rooms
wouZd      almost be equak to the mean atmospheric tempevatune. On the
othev hemct, the resuZt o£ the
observat±on shows that the maxi-
mum m&gnitude of daily movement "                                        $ww "ts

Winter t

Fig.e4'

t!=kts

         of daiXy mean temperaturee
  amp:itude at the annual maximum
eempera'tures
  ampXitude at the annuaZ minimum
temperaturee

 structunes tend to contract
        the axiaZ sstresses of beams
        metnforeed concneete, tensiie
    tZoors in th±s proeess and the
      somewhat=e;axed. . Dry
     this eenden'e'y o# crackinge

      due eo a temperature change'
       by dry shxinkage shouZd be
     concrete. When ehe e£feets of
  aecoune, the stress ana-lys±s fom
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repeating temperatu-we changes lead to the conelusion that the
therma･l stresses of buildings wil] approach to the values which
can be obtained from the elastic analysis for one half of the ef--
fective tempeTature as is shown in Fig.5. A large part of tbis
pneocess is attained in the first y, ear after construction.

     Wben both of the stresses due to dr:}r shrinkage and the temper-
atume difSerenee are to be taken into conside=ation, the following
tvvo kinds of st=esses must be supevposed:
     (O the stresses due to dry shrinkage ±ncXuding the effects
        o£ creepg
     M) the thermal stTesses for one half of the effect±ve temper-
        ature.

Summary

     General features of themmal stsresses of the rectanglar r±g±d
frames to be caused by a temperature dif£erence between the over--
ground part and the foundation is described. Some cha=ts for estila-
mation of Chermal bending mornents weme proposed. Also, the tempera--
tugee which shouXd be appZied fone Che computation o£ thevmal stres-
ses is discussed based on the measurements of thermaZ :ength change
o£ the actual bui:dimgs.

 ttResume
     Nous avons d6crit les caract6ristiques g6n6rales des forces
therm±ques agissant dans un cadre rigide rectangul-aire et eaus6es
par ime diff6renee de temp6rature entre la partie sup6rieure et la
fondation. QuLelques diagrammes se rapportant h l'estimation des mo-
ments de flexton dvLs b la temp6rature sont pr6sent6s. Aussi la tem--
p6rature qui devrait 6tre appliqu6e pour le calcul des r'orces therpt-

miques est soumise h une analyse bas6e sur les mesures des variat±ons
thermiques de longueur dans les constructions actueUes.
11. Bg. Schlussbericht
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Zusalemenfassung

     Es werden die HauptmerkEp?･ le thermischer Spannungen rechteckiger,
steifeT Rahmen beschrieben, weZche aus Temperaturdifferenz zwischen
Ueber-- und Unterbau entstehen. FUr die Seh2tzung der thermischen Bie--
gemomente werden einige Sehaubilder vorgeschlagen. Ebenso wird die
fUr die Rechnung der thermisehen Spannungen anzunehrnende Temperatur
anhand von Messungen an bestehenden BrUcken diskut±ert.


