
I 

A Research on Space Work of Multistory Brick Masonry Building 

Liu Ji, Wang Huanding, Li xuan, Zhang ring· 

summary 

Through field measuring cf multlstory brick meaonry buildinga and ayste-

matic testing of an experimental building in alI processes af construct1on, 

t his paper reveals the apace work behavlour of multistory building under 

wind load and proposes a theory of multifactors of space aotion for multi-

s tory bul1ding analyais . with these f ac tors, the analysis of a multistory 

building with cona1deration of apace action ean be done as in a plane 8y6-

t em. 

1 Introduction 

At present, the design af multiatory brick aasonry buildinc ia controled 

within a "rigid acheme" wlth short distance between transversa walls. In or-

der to meet the requirement for larger interiorspace inside b~ildings, it's 

desirable to inorease the distance betveen transverse walls. But beoause the 

convertional design method, which does not consider space aetion of building 

&nd deal with the building as "plane frame", ean not refleot the aetual 

behavior of the building, the build~ ng with increase distance betveen trana-

verse valls would seen not safe enough. 

Kaking use of the data obtained through field measuring ~f 10 ~~ltistQry 

br ick massonry building and systemat ic testing cf an experimental building in 
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all procasses of constuction, this paper reveals the apace work behavior of 

multistory buildíng and proposes a theory of multi-factors of apace Bction 

for multistory building analysdé.'. 

Through field measuring, aystematic test, theoretical analysia and the 

constr uction and service conditíons of the experimental building, it haa 

been proved that multiatory brick maaonry bui1ding with ~arger distancs bet-

ween transverse walls can a1so be quite safe 

2. The Space work Behaviour of Multistory Buildiog ana 

Multi-factors of space Actioo 

A great deal of research wprk on space action of single-atory buíldinga 

haa been dODe by sch.olars in many cO\1ntries [11-(6) 

From the view point of engineering desi gn it is not m1y reasonable but 

a1so convenient to determine and estimate the apace action of a single-story 

building, using a value of spaee action faetor m. This space aetion fsetor 

m ean be defined 8.S the ratio of space displaeement As to plane displacement 

( 1) 

where~s - lateral displaeement at the top of the wall (or column) of the moat 

disadvantageour bay of a building under the aetion of a lateral load p. 

~ - lateral displacement at the eolumn top of a single plane frame ~nder 

the sarne l ate ral load p. 

Varioua values of apaca aetion factor m for single-story buildings with 

different distaneea between traDSverse walla and different types of rooia are 

provided in the Chinese Masonry strueture Deeign code (GBJ3-73) 

From th e view point of engineering design, how to determine and astimate 

the spaee aetion of a multístory building i8 s till a problem which ia worth 

dealing with. 

The field meas uring reveals elearly that when a lateral force ia applied 

to the lower storey, the desplacement of this atorey is greater than that of 

the u~p.r storey. The upper etorey gives sueh a great reaction that was not 
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.. 
expected berore our field measuring, This fact shows that the interaction 

among the storeys i8 very strong and the space work behaviour of a multietory . 
building ia different írom that of a s ingle-story building~ Tn a single-story 

~ building,there exista on1y space interaction among the haya .iong the longi-

tudinal direction. In a multistory building, there are spaca interactions both 

among the baya and among the atoreys. Therefore, in arder to determine and 89-

timate the space action cf a multiatory building, we ean not uae a eingle 

faetor m a8 in case o~ single-story building and we muat use a number of space 

action factora which ean not be simply difined as the ratio af apaca diaplace-

ment e to the plane diaplacement p 

As pointed out in papera 8 and 11, when a lateral load ia appIied to 

one of the bays of a multistory buiIding, e.g, a two-story building as ahown 

in Fig(l-a), the analysie of the internal forces with consideration of space 

action ean be mada as the superposition of the following two etepa. In the 

firat atep, we take the plane unit (plane trame) under the direet applieation 

of the lateral load and provide a horizontal supports at each of the storey 

leveIs. Un~er the lateral load, the Bupports exert reactions R1 and R2(Fig l-b). 

In the second step, revere e the direetion of reaetion R1 and R2 and apply them 

to the epaee system of the building ( Fig l-c). The loade dietributed by R1 and 

R2 to the ealeulated plane until ean be divided into two groupst ae shown in 

Fig 2. They produce when the epace syatem of the bui1ding ia Bubjeeted to R1 

and R2 respeetively. The load state of the caleulated plane unit i8 ShOWD in 

F i g (2-a) and Fig (2-b), where Q11 and Q12 are the total ahaara in the fIoor 

to the 1aft and right of the ealculated plane unit, while Q22 and Q21 are the 

total shears in the roof to the left and ri ght of the ealculated plane unit. 

From Fig 1 and Fig 2 \fie know 
Q11 

_11=1- -­
R1 

=Q2'L. • m21 =­
ft<.l) Q22 

m22:l- R2 

( 2) 

(3) 
( 4) 

( 5) 
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Under the simultaneous application of R1 and R2 the load state af the calcu­

lated plane unit ia shown in rig (2-c). summing up the internal torces obta-

ined in both etaps, as shown in Fig (l-h) and Fig (2-c) r8spectively, we get 

the total internaI force af the calculated plane unit, with consideration of 

the space aetion of the building, Faetara m11 t m12, m21 & -22 are called 

apac. action faetars, each ol them i6 lesa than 1. We ca11 m11 and m22 the 

maio faetara af space aetioD, while mZ1 and m12 the secondary faetara af apace 

aetion which are due to the interaction among the sotoreys. These factors 

have very clear physical meanings, i.e, m11 and m21 are the loade distributed 

the first and second storeys of the calculated plane unit vhen a unit torce 

(R1 = 1) ia applied to the first floor of the building, vhiIa m22 and m12 are 

the Ioads distributed to the second and first storeys of the calculated plane 

unit when a unit force (R2=1) ia applied to the roo!. 

For ~ building vith n storeys, there are n main factors of apace action 

and n(n-l) secondary factors of space action and there ara n2 factors of spac e 

action in total. According to the analysis we have given in papara [81and (111, 

thes8 fac tora are 

(6) 

where [ri1 -- a rea ctian factor rcw matrix af thc plane unit under cansid era-

tion. 
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{~sl a column matrix cf epace displacement factors. 

A11 the main faetara of space aetion are positive , while the secondary 

faetora ,~ ot apaca aetion may be pos it i ve ar negat i ve, but Q3;ually t Dli( i-I) 

&nd m(i-l) i are negative. 

3. Field Measuring cf the Multistory Masonry Buildings and 

Systematic Testing on the Experimental Building 

(1) Field measuring of the multistory masonry buildings 

We have carried out field measuring of 10 two-story buildings and ODe three-

story building. A horizontal force was applied respactively to each cf the floora 

(including the roof) of the central bay of the building and the horizontal dis-

placements at storey leveIs af each bay were aeasured. In arder not to make tiis 

art icle toa lengthy, here in Fig 3 the resulta obtained only in two b~ilding8 

are given. All the data of fie1d meaauring ean be found in papara 8 and 10 

The mathods of field measuring are given in papera 8 and 12 

Put the valu8s of spaee d1aplacem~nts of the cent r al bay 11a. 21s, 12s and 

225 recorded from fie1d measuring into Eq (6) and the factors thus obtained are 

space action factora under concentrated load and marked as m11 C)m12~1cJm2~c.as we 

know , wind 10ad is an uniform distributed load along the longitudinal 

. ... v •• a~.'a.o}9~'.:·· 

. . a.844 t ti "1 ·~ O.)&O"''' · 

(tu 
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direction. In case of uniform distributed load the apaca displacement factara 

in Eq (6) wi11 be the diaplacement of the calculated plane unit under an unit 

uniform diatributed load along the longitudinal direction. I~ ia very difficult 

to apply an uniform distributed load to the building during field measuring. SO 

we just make use of the resulte obtained from meaaurements under concentrated 

load and calculate the space displacements of the central bay under unit uniform 

distributed laad, basing on af the principIe af superposition and the reciprocal 

theorem of displacamant. 

~j •• u ~ ~ks.i ( 7) 

where i - series Dumber of the bay. 

N - total number of the baya. 

Putil1g the resulta of Eq (7) into Eq (6) t. we will obtain the spaoa action fao­

tora und er uniform distributed load m1't~ u, m21,u, m12,u and m22,u. ALI the 

apace aotion factora obtained trom field meaauring are listed in table I, 

where °mij and .=ij are resulta calculated from the ass~~ption that th& ex­

t.~n.! walla and the girders are higned or elastically connected respeotively, 

while ml and m2 are th e combined factora of apace action 
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m,· ,· + -E..L m" 
Ri l. J 

( 8 ) 

Table I 

~actors o o o o o o o o o /O .. 
Build"inga 

. · 114 • m21( .m12c • m22 c • '1ft, 1 .rn21u .m'2u .1I22u • '"1 ' · 2 

I 0 . 015 -0.004< - 0 . 023 0 .023 0 .119 -0.025 -0.174 0.123 0.069 p.066 

0.017 - 0 . 004 - 0 . 012 0 . 005 0 .094 - 0 . 023 -0.053 0.028 0.072 -0.034 

II 0 . 0 15 - 0 . 006 - 0 . 077 0 . 063 0 .038 -o .016 -0.217 0.181 -0.022 0.122 

0.013 -0.004 - 0 . 041 0 . 021 0. 030 - 0 . 0 10 - 0.116 Q.060 -0.008 0. 039 

III 0.029 - 0 . 009 - 0 .351 0 .282 0. 083 0 .019 - 0 .709 0.587 -0.126 0.521 

0 . 020 -0.007 - 0 .194 0 . 098 0 . 061 0 . 0 19 - 0 .366 g.l96 -0.077 0.224 

0 . 013 - 0 . 003 - 0 . 018 0 . 046 0. 038 ~0 .007 -0.065 0.073 0 .02 0.050 
IV 0. 0 12 - 0 .003 - 0 .008 0 .006 0 . 035 ~0 .00 9 - 0 . 032 0 . 023 0 .03! -0.029 

V 0 . 0 17 - 0 . 007 - 0 .330 0 .269 0 . 061 0 . 023 - 0 .853 0 .708 -0.16' 0.621 

0 . 01 4 - 0 . 006 -o .167 0 . 087 0 . 054 0 . 022 - 0 .429 Q.223 -0 . 06~ 0.160 

VI 0 . 009 1-° .002 - 0 .138 0 . 06 3 0 . 046 0 . 015 - 0 .345 0.162 -o .05< 0.157 

(2) Systematic Tes ting on the Ex perimental Building 

We designe« a t~o-story experime ntal building in Zhan Jiang UBing the 

8n&1y8i6 method mentioned above and carried out systematic testing on' it 

in different stages of c ODstruc tion. 

That building i6 48 meter 10ng, its lateral apan i6 10 meters, The floor 

ia built of prefabricated hollow pIata with a layer af 3.'cm thick concrete 

,casted in placa on it. The arched tru6S of the building was caated in site. 

The roor i5 built of flanged pIata with f1at tiles on them. 

As shown in papera [ 8 J a nd (11 J ' in view of the fact that the 8econdary 

tactor m21 ia quit amall, while m12 i8 big, and a180 in arder to get to the 

safe side the combined factor of space acti on of the top story ia taken equa1 

t o 0.55, which is t he va lue o f spac e a ctio n fact o r m for the single-story 
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building a8 given in GBJ3-73 , while the eombined spae8 faetor of the first 

storey m1 eq~al to one fourth of the value of faetor m,i •• ,9.1}8. 

w. earried out systematic testing on the building in 9 stages as the co 0 -

struction went 00. The procedure and results are given in p_per 9. Here in 

this paper W8 list only part of the testing resulta in Fig 4, in which the 

experimental curve ahows the results when the applied horizontal Ioad ia equal 

to 1 ton. 

1) the diaplacement of the top cf the aingIe extel'nal wall of the firs t 

storey (sse Fig 4-1). 

2) the displacement cf the first storey as a aingle-storey building (aee 

rig 4-2 ) . 

924 

3) the displaçement of the two storey building (see Fig 4-3). 

"1 
Fig ~.2 

.~­

~" .. 
\. 

\. 

IT 

.., 
~ .. 

." 

5 6 

0.12 
(0.96 

0.39 
(}.12) 

Fig 

7 

4-1 

0.91 
( 7,28) 

··1 (a) after the girders 

having been put in pcsition. 

(b) after the floor plates 

having been set up. 

(c) after the layer of con­

crete having been casted on 

the floor plates. 

(d) a lter the tem~orary gables 

having been built at ~ dist ance 



( 2) 

(3) 

( 4) 

Fig 4-3 
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of 40 metera Iong. 

"2 · (1) meaauring the 1st Btory 

when the load apply to 

1st story 

( 2) roeas uring the 2nd atory 

when the load app1y to 

1st story 

(3) measuring th. 1st story 

when the load apply to 

tne 2nd story 

( 4) meaeuring the 2nd atory 

when the load app1y to 

the 2nd story 

(a)displacement without gabIe 

(b) diaplacement with gabIas 

(at a distance of 48 metera) 

(c) displacement with tempo­

rary gabIas (at a diatance 

of 40 metera) 

Becauae \tie have obtained the diaplacemen~ fac tora of the plane 6yste~ with-

ou t the gabIa, wa ean calculate the reaction factors of the plane system, 

B" 1 
:y 11 '" 

a-Ilã:l-' ãl~ 

li" 

are diaplaeement factors of the plane system, which-

can be obtained from the data measured without t~e gabIa. 

curve in Fig 4-3, \tie ean find d11=0.160 em/T, 122=0.463 

From the displacement 

em/T, :t12=0.173em/T, 

) 21=O.178em/ t . The differenee between ~12 and$ 21 ia very small, so we take 

tneir average $'2= F21 =O.176em/T. Subatituting these values into Eq(9), \tie 

obtain '11 =10.67T/ em, r22=3.697T/ em, r12=r21 =-4. 05T/ om. put into Eq(6) al1 
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the reaetion factors and the spaee displacement faetors, we obtain the aetual 

faetors of apaee aetion, a8 listed in Table 11. 

T.able 11 . 

- factor. 1 m11e 

s tate of buildin 
m21e m22e 11112e m11u 11121u m22u 11112u m1u ~2u 

4811 long with 
0 . 0372 -0.005 0 . 0892 - 0.076 1 0 .211 -0.018 0.422 - 0.286 0.062 0.380 

1 gables 

40 H 10ng with 

2 0.0343 -0.0056 0 . 0733 -0.0622 0 .145 -0.027 0.275 -0.208 0.055 0.216 
telllporary gab1 

•• -
-4811 long (wi th 

3 gables at both 
ands in 1st 0.0372 ( O) 0.090 -0.068 0 .216 (O) 0.661 -0.526 -0.01 0. 661 

atory only) -
001y 1st story 0 .17 (with 

4 40M long wi th top layer 
temporary ga- 00 the floo~ 

blea 0 .15(with out 
top-layer) 

48H. long upper 

~ 
atory tested 
a.a a 8ing10 0 .402 
story building 

(3) An aoa1ysis on the Results of Field Heasuring and Testing 

The resulta of field measuring and testing ha ve revea1ed roany interesting 

phenomena of great importanee. Here we wi11 give ao aoa1Y9is 00 some of the 

main resulta. 

1) It ean be seen from Fig , and Fig (4-3) that when a force ia applied to 

the lower atorey, its displaeement is greater than that of the upper ooe. This 

r"'l ia eommon for alI the buildings we measured. This phenomenon shows that a quite 

atroog reaatian ia provided by the up per storey . 

2) From Tables I snd 11 it ean be seen that the magnitude of the secondary 

faetors of space aetion are of the same order as the maio faetorô. In some cases , 

the s8eondary faetor is ' even lager than the main one. It ean be seeo a160 that 
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t he vaIues of the combined fac tora of apace action m1 and m2 are quite amall; 

aornetimes, one of them ia negative. 

Pointa 1) aod 2) mentioned above reveal that the space aation of a multi-

s tory building ia quite obvious and the interaction arnong the storeys ia sig-

ni ficant, ~hich can not be neglected. 

3 ) Comparing 1 ~ith 2 in TabIe lI. we know that aa the length of the build-

ing decreases, the the space action increases. while main factora of spac8 

act ion m11 and m22 as well as the combined factora of apace action m1 and m2 

decrease. 

4) From Table I and 11 it can be seen that m21 ia quite ' small and rn12 ia 

r e latively grea t. For the buildings with the roa f of flanged plates ar with roa! 

co nsisting of purlina and flat-tiles, I m12 f is larger than fl11. For the 'building 

wit h the roof consisting of purlina and flat-tiles, t he va1ue of I m12' 18 greater 

than that of the building with a roof of flanged plates. Thia shows that the vaIue 

I m121 increaces as the rigidity of the roof decreases. owing to the incraase of 

the value m12 , the combined faetor of s pace action rn1 decreases. 

5) compar1ng 2 and 4 in Table lI, it can be seen that the main apace action 

f actor m11 1s smaller tha n the apace action faetor of the eingIe atorey building. 

For the building we measured m11 / m=O. 145/0 .l70=o.85. 

6) When desi gning the experimental building, we take m1= O.138 m2=O.55, both 

of them are greater than the aetual factors of that buiIdins, as listed in Tab1e 

11. Obviously, the design ia safe. 

In pape r [111, we give ful1 details of the analyaing method and of the space 

action factors of the buildinga whieh has transversa valle in the lover 5tory(s) 

and the diatance bet~een them ia quite short, but there are not any transverse 

va l la in the upper atorey(s), and a1eo another kind of buildings which bas no 

t ransvera valla in the the lower atory(a) but there are transverse walls in the 

upper atoray(e) and the distanee between them is short. oving to the limited 

apace, we vill not discUSB thia problem here. 
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4. Conclusion 

From the analyaia in this article we can conclude that: 

(1) There ia strong apace action in a multistory brick building under wind 

load. During designing the apace action of the building should be taken into 

account . 

(2) According to the analyais method Df the multistory building for oonsi-

dering apace action given in t his paper, the analysis of a building 

space system can be convertet the analysia of a plane system. 

(3) This papar reveale that a multistory brick masonry building can also 

satiar,)' the requirement of safety 8ven when the diatance between the 

gables is 10ng (i,e . a rigid-elastic scheme). 
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