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The Movernents ef Actual Reinforoed Concrete Buildings causeci by the

Atmospheric Temperature

Le mouvement des constructions en beton arm6 provoque par la
temp6rature atmospherique

Pie Bewegungen bestehender Stahlbetonbauten infolge athmosphtirischer
Temperatur

KAZUOOHNO MAMORUOBATA
  Professor AssociateProfessor
     Faculty of Engineering
      Hokkaido University
        Sapporo,Japan

     The movements of the expansion joints in two kinds of rei.n-
foreed concrete buiZdings were contj.nuously measuped for a pe:?iod
of more        than one year. One buiXding was a three-stonted ba=ra,ck
with a wooden roof and the other was a one-storied wave--house witlz
a flat roof. Both buUdi.ngs ape bui.lt ±n Shimamatsu VilXage ort
Hokkai.do Distriets in Japan, the latj.tude of which is about 45 de--
gree in north.

Sevies--Z Thethree-storiedbuilding

(:) Outiine of the observation project
     1'he buUdinff h･.n.･ s a simpie =ectanffular plan of X2.9 m ( tt･vo
spanned ) in width and 85.S m ( 4.5 mX19 spans ) in length as is
shown in Fig.1, where the position oe frn expansion joint is indi.--
cated by an arrow. The detaiZ of the expansion joint is aZso shown
in ?ig.Z ; the ciearance of the columns was about 8 cm and each
set ef' adjacent two eolumns gvas constructed on one common foun--
dation ; it rneans that the building wqs separated ±n two blocks by
the expanston joint, but th,ey were connected each other undev the
ground. A wooden truss with a zine roof was attached alZ ovev the
top slab of rein£orced eoneTete. This type of roof is not so com-
mon ±n Japan today, but the wooden roof wouLd $erve moye or Xess
as an aid for thermal insulation of the top of building.
     The measuring apparatus were modified £rom the usual seXf--
registering thermometers of 7-eday cyc:e, bsr which the change of
clearanee of the expansion joint could be measui7ed contj.nuously
instead of the the]rmal recortl. These appaTatus vvere preliminarily
calibrated by compai?ing v.,ith 1/200 nzm dial gauge. The nine meas-
uring points were set on 'the conerete fl.oors near the eolumns,
as arg shown in F±g.1, to detect the movements of three £rames in
:ongitudinaX direetion o£ #he bui].ding: tvvo outside £rames anct one
center frarnee
     The concrete skeleton of building was constructed in the
season of August to October l952 and the bui.:ding was £inished in
Apr･il of the next year.
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1 - THE MOVEMENTS OF ACTUAL REINFORCED CONCRETE BUILDINGS
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     rohe observat±ons on the movements of
started in August l955 after a preli,rninary
weTe continued for about three years. 'Vhg
and the room tenpeTaeune pear the measuir]mng
recoTded at the same time.

(2) The resuZts of observations

   a) A daily moveneht bf building
     An exa'nple of daily ,'iovernents of
cerning to the center frame whieh woul.d
di[reet sunshine,is shown in Fi.g.2. I'e
that the change of clearance indicates
tion for a half lengeh of buildi.ng,
ing would mo've respectively by being
bXock.
    'The figure sug.gests that the' length
building. varies aXl the time, following
P,fi:p.grx`.uun'g･･,geg.t2a,.t.tex.ggxi℃u-m,.g･:d, '

magnitude of daU}r change of the length
roof sliib, showing less values in ordev
second floor ( see Fig.5 ). And the
corrcesponds to oneTthi:d or a half of
half length of the building eslJimated by
     '    '      .t     '             '   '        roof'floer

3rd 'floor-

2nd floor

'' i'st floor

 28th 29th 50th 31th
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      Fig.2
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indoor terfiperatsure "Jith the thermal expansion eoeffic±ent o.fconcrete ( O.OOOOZ2 ).
     An exarnple for the movements of aZl measuring points in day-
time are sho'･"n in Fig.5, which shows the effect of direct sunshine.
In the morning, the fvame of south-east side would expand compara-
tively quiekly compared with the other fpames. On the contrary,
the frane of north-wese side would further expand in the after--
noon, while the south-east fra ie would already have started to
contract. It means that the Teinforced concrete bu･ilding would
have the three-di"ensional deformgt±ons every day-

   b) An annual movement of building
     Dhe daily maximum and Tninimum values of Zength change for the
roof slab in the eenter trame throughout three years are plotted
in Fig.LF. Mhose of the atmospheric temperature and the indoor
temperature on the roof slab are aiso plotted in the same figunee.
It must be noted that the data obtained in every winter season
from the rniddle of November to the middle of April wouid be con-
siderably affected by the room heating.

     Tabke 2 ivIovemen't of the roof slab in the center frame
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     Fig. 4 indicates that the length of buUding gradually
changes by the chang.e o£ the atmospheric temperature in every sea-
son. The movements and condjtions of the =oof slab in the center
frame ape summarizod in Tab:e l.
     An approximately lineaxi reXation can be found between the
daily minimum length o£ the centex' frame and the dail)r minimum in-door temperature, as is shown in Figs.5(a) and 5(b)e
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     These figures show that there are sone diffevence of pro-
portionality between the data in 'the period from summer to winter
and the data from wintenc to summer, and the measured data tend to
distribute on a logp line. The inelination of these lines show the
rate of the length chang,e corresponding to the temperature gradi-
ente and the rate becomes somewhat smaller when the o]rdinates oS
the graph are scaled-by the dail}r minimum values of the atmos-
wrherEkstL temperatuMe.
           rates ape shown in Table 2, Tx;here the estimated rate of     These
free length change for half length of the building is O.51 mm/"C,
It can be supposed that the data would become somewhat larger when
the temperature of concrete body was taken as the standardg
beeause the data for the indoor temperature is generally somewhat
la]7gerthanthosefoTthesuttnosh tenperature.Thefiguresin
        show that the length change of the floor in the secondTable 2
story is largely constrained by the foundat±on which would not
have ascy dispkacement. It is difficult to compare these data with
the result of stTess analysis of the frame, beeause the tempera-
ture distribution j.n real eoncrete b6dy was not measured in

Table 2 The rate of length chang.e for the center fTame mm/"C

position

dailymin,
atmosphericfernp,

dailymin.

indoortemp, rateoffree
movement

.sprlng qutumn '$prlng autumn

roofslab

5rdfloor

2ndfloor

footing

O.42

O.55

O,51

o

O,56

O,35

O.I9

o

O,45

O.57

O.5i

o

O.34

o,ss

O.25

o

O,51
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this observation and a].so because there is some quest±on in tshe
assumpt1.on           that the fvaines would eh']nge their length by being
fixed at the midspan of each frame, rn the tvial calcuZation, the
     of lenath change for the second floor should be about 90 % ofneate
its free rate of lenttth ehange.

Series--II The one-storied warce-house with a flat voof

(1) Outline of the house
     The ware-house has the width of )9.92 m ( 5 spanned ) and the
length of 220.77 m ( 55 spanned ) and the house was completely
separated in three blocks by two expansion jointse as is shown in
.Fig,. 6, In this case, the joj-nts were p]?epared at the middZe of
longitudina] beams and the foo'ting tie-beams we7e also sepa:pated
at the joints,
     The same measuring appa]ratus as weve used in Se=ies-I we=e
set on ten points: fou]? roof beaTns and two footing tie-beams for
one expansion joine, ewo outstde roof beams and tkvo footing tie--
beams £or the oeher joint.
     The concrete skeleton was conseTucted in August to Septembe=
1955. The observations on the movements of the expansion joints
were started in '･,{arch l955 and were continued fom £ifteen months.
     rt.,lost part of the house has no room heating even in winter.
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(2) The results of observation
     Fige 7 shows an abstract of data obtained by this obser-
vation. Similar tendencies o£. the daily and annuaX movemen'ts o£
the expansion joints as were desc=ibed in Sentes Z, were aXso
observed in this house. The daUy inaximum expansion appeared abouC
two hours later than ehe maximum atmospheric temperatuve and the
magnitudes of daily change of length were about two-thirds of the
values of free length change estimated by the daily atmospheric
ternperature differenee. These phenomena mean that this house is
more sensible for the temperature change than the above--mentioned
three-storied building. . The reason is supposed to be in the bare
f]at roof of comparative)y wide area instead of a wooden yoof in
this case.
     There are five ridges of ehe other ware-houses of steel con-
struction connectsed to the north-east side of this housee So, the
direet sunshine would be remarkab:y shielded by ehese atCached
housese The effect of the sunshine is shown in Mg. 8, ±rL vvhieh a
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remarkabke diffegeence can be seen between the expansion in the
south-west side frame and that o,£ the nor･th:=-east sicte Svame. rn
this ease, the noptlri-eeas't side frame showed the iiiaximum expansion
at 2 o'cioek in the a.ftevenoon azad then 'ten.cled tro con'tract, but the
south-wes't side frarrie showed the maximwn v'a].ue about two hours
Zater a.nd the magni'eude of expansion became moree than twice of the
formene.

     An ap'pxo)<ima'teZy lineali? re:a¢ion can be seen in Nge 9g be-
tvveen the daiXy m±nirnum aemospheric Ce.'npera'tux'e and the daily
minimum leng'th o£ 'trhe house.. :n th±s case, it is difficul't to
separa.te the d. aea by the season as was done in Series--I. The =ates
of lengeh change axee culcuXa'ted in Tabke 5, in which the mate of
firee Xength change ±s estimated to be O,92 mm/OC for the one ex-
pansion joine am.d O.85 mm/OC for 'ehe othe:i joint. 'The measured
daea correspomd to about two--thirds of the e$tjmated vdlue at the
respective joints. ]lt is not sure whethex, the dif'fe]?ence of the
rcaire wouXd be onig.inated by 'the ehe=mal stxeesses o£ the rein£oirced
concrete fxeames or by the too large a$sumpelon oE` 'ehe rLength of
buikdinR whj"ch is''tak.en ±nico accoun't hex"e.
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Table 5 [Dhe trrate of length
       char}ffe ±n the roof mm/"C

posirion
ctailymilt

fitvfmsf}herle

genp･

ctgiiymin.

ibctoor

femP･+

rateoffree

movement

$E O.52 O.52
O.92

NE O.49 O.55
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O.83
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    that the footing tj.e-beams also have smaZl
   time followinff the movemen'ts of roof beams
 vvaZl in the frame would give a Xarge effect to
  footing. Fig. 10 shows 'the re!ation of daiX:}r
of the i?oof beam and that of the footing tie--beam.
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      ･T"ne fiff,ure cleaniy shov;s that the℃e exists a linear reZation
between the two quantities for a peviod o£ one oT two months andtnen suddenly another lineam relationship appea?s. Mt would mean
that some number of footi.ngs had a sMp in the honizontal di-
vection because of a too large ehange im length of the £rame.

                               Summax'y
     orhe movements o£ the expansion joints in two kinds of rein-
fox'ced concreee buiZdings wenee continuously measu]?e<l for a pentod
                                                                 'theof more than one yeav, The Tesults of observations showed thaV
                                                      'the timelength of reinforced conerete buUdings changed alZ
foZIowing the change of atmospheric eemperatuxee, and that axi ap-
proxtmately Xinear rela'tion was found ehrough a year beCweerx the
daiZy minimum length and the dai].y minimum temperatune. Some othex
analyses were deveXoped on the observed daVa.
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                                tt                              Resume
     Les mouvernents des jo±nts de dilatation dans deux sortes de
construction en b6ton arm6 fnrent eontinuellement mesur6s pendant
la p6riode de plus d'une annee. Le r6suLtat des observations montra
qute la longueuT des constTuct±ons en b6ton arm6 variait constarnment
par suite du changement de la temp6]7ature atmosph6r±que et qu'vne
relat±on approximativement Lin6aire entre ]a longueur minimale jour-
nalibre et la temp6rature minimale journakbre pouvait etre formui6e
tout au long d'une ann6e. Quelques autres ana]yses furent d6velopp6es
au moment de 1'observation.

                          Zusammenfassung
     Die Bewegungen der Dilatationsfugen in zwei Stahlbetonbauten
sind wahrend rnehr als eines Jahres gemessen woTden. Die Beobach--
tungen zeigten, dass die Bauten]-ange dauernd gemass der atmos-
pharischen Temperaturschwankung anderten, und dass £Ur 'ein Jahr
eine annalhernd lineare Beziehung zwisehen der Tagesmindestlzange
und der -tempeTatur gefunden wurde. LVeiteTe Theorien sind aufgrund
der beobachteten Daten entwickelt worden.


