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S ummary 

00 the basis of analyaing the resulta obtained frem field measurements 

and testa, this paper puta forward a eomputational model of multistory brick 

masonry building without interior wall. According to the model the computer 

analysis of the buildings ia arranged by orthogonality design method. Through 

orthogonality regression analY6i8 , the empirical formulas and the figures 01 

space action faetors of multistory brick masonry building have been provide4 

and can be used in engineering desi gn. 

1. Computational Model for Analysing apaee work of Kulti-story B~lding 

Without transverse Wall 

A multistory mas onry building i5 a very complex apace structure. In order 

to analys.~ its apace action, the building ean be devided into transverse 

plane aystems anei longitudinal connecting systems. The former consiste of the 

expernal walla and columns of each bay; the latter ie composed of the floors 

roor and .160 the action of the longitudinal walla. A detail discussion has 

been carri ed ou t in paper (2J and [31 on the computational modle for trans -

verse plane system and longitudinal eyetem. Owing to the limited space, hera 

we give only the main resulta of analyses • 

• 1iu Ji 

Wang Huan 
Li Xuan 

930 

Harbin Civil Engineering Institute, (China). 
Member, National Technical committee for 
Mason ry standards of Chi na 
Member , National Earthquake Association 

Ding Harbin Civil Engineering Institute, 
Harbin Civil Engineering Institute, 

of China. 
(China). 
(China). 



(1) computation Model of Transverse plane System 

The resulta of experimentation an the single-story building and multistory 

bui ldings show that the actual behavior of the plane syetem ia quite different 

trom that of the hinged frame syetem show in Fig. 1. In paper [2J we compared 

the actual plane displacements~p,m of more than ten aingle-story masonry 

build ings in our country with the plane displacements calculated according to 

t he "hinged frame" eyetem.6.p c and found that the ratio of the latter to the , , 
former ia up to 2-3. For the experimental building the ratio Â p ,c/.6. p ,m :2.12 

for the eingIe storey. The calculated plane displacements are also much grea-

t er than these of actual measurernent for the two story. This ShOW8 that the 

e ff ect af unhinged cannectian ia very strong, and the plane eyetem should not 

be calculated as hinged frame as shown in Fig 1, and an system with elastic 

joints having anti-roration rigidity shown in Fig 6 should be used as the 

computational model of the plane system. In Fig 2, c is the anti-rotation 

stiffness of e!astic joing (i,e. the moment required for causing a ~ntt angle 

of relativa rotation). In paper 2, we calculated the stiffness values of the 

elastic joints of the plane systems of more than ten singl e-story buildings 

me asured and found that alI of them are af the order of magnitude of l 08kg_ cm , 

We also calculated the joint stiffnesses of the plane s ystems of the experimen-

tal building without gable. For the onestory plane system (without t op layer on 

the floor) c : 0.898 x 108 kg-cm. For the one-story plane system (with top layer 

of casted-in-place concrete) c 1.137 x 108 kg-cm. For the two-story plane 

0.577 x 10 8 kg-crn. 

oH MK" 
( b) (a) (b) 

Fig L Fig 2. 
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According to the results of anslyses in paper (2]we suggest that for ana-

lysin~ th e space work of a multi - story masonry building 

c n=O .7 x l O8kg-cm ( for top story -nth story) and 

ci=1.2 x l O8k g - crn ) (for 1st, 2nd, ••• (n-1) th .tory1· 

(2) Computation Model of l ongit udinal system 

'l'h e lonei tudina l sys t ems I t he roo f a nd floor I are very cornplex u pacs 

systems. The f orce diagram of the connection a mong the -flanged plates, 

purIins, tiles and trusses i s not very cIear . The prefabric~ ted fIoor 

slabs are usually placed on the gir~ erg and connect e d with theln oy fric-

tion. If we consid e r at the same t i me the ef fe ct of the externaI walls, 

the probl e m will become exceedi n g ly complexo 

If we se t u p a v ery complex computation me .del, the amount of computation 

work would be ve ry l~rge and some parameters in the model could not be defined. 

Based o n field measuring and t esting on many buildings , we set up a compu-

tation model which can describe the r egularity of the data measured. In 

our model of computation s o me of the necessary parameters can be obtained 

dir e ctly from th e measured results. 

Up ti l l now, we have not found any i nfor mat i on at home ar abroad about 

static meas uring a nd tesing on multistory building . We measure the lateral 

displacements of the walls (or columns ) of each bay at storey leveIs when 

a conaentrated lo~d i5 applied to the central bay. 4ccording to thea8 dis-

placements we can cal culate the equivalent shear stiffness k i of the roa! 

and fIa0 r of each bay. 

( 1) 
wh ere Qi - total equivalent shear of the roa! or lloor of the ith bay, as 

shown in Fig , 3. 
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( a) The displacement of (b) The shear af the ith bay 
the longitutinal system 

Fig 3 

For measured aingle-story and multistory buildings we have calculated the 

equivalent shear stiffness af each bay. The results af calculatioo show 

the following regularity: 

(A) The arder of magnitude af equivalent shear stiffness for a certain 

kind of fIoor ar roa! ia definite. For the fIoar it i5 l08kg , for the roa! 

af flanged plate it i8 l07 kg , for purlin-tile roa! it is lo6kg • 

(8) From the testing 00 the expermental building we kuew that the equi-

valent stiffness with the gables i5 largar than ooe without the gables. But 

when the distance between the two gables ia 48m ar 4om, the difference af 

the equivalent shear stiffness of the central bay is very amall. 

(c) The equivalent shear stiffness in the floor and roof of alI bays are 

not the same. The equivalent stiffness of the central bay K~ iõ the smaIlest. 

The nearer to the gables, the greater its stiffness. 

According to the anslyses mentioned in paper ( 21 and r 3J in arder to pro-

vide greater safety, we recommed the equivalent stifiness of the central bay 

Kp to be Kp =1.0 x 108kg (for the floor) I Kp = 1.3 x l07kg (for the roa! of 

flangeu ~late6), Kp = 2.0 x 10~kg (for purlin - and - tile roof). The regu­

larity of variation of the equivalent shear stiffness aIong the longitudinal 

direction of the buildiog cao be described quite well with the following re-

gress ion equation. 
(n_i)2 ] 
~ (2) 

wher~ n - the aeries oumber of the bay to which the load i5 applied. in ~aper 

[21 and (~] , we recommendp=0.2( for the fIoor), 

'=2.0 ( for roof of fIanged plate),~=2.5 (for purlin-tile roof). 
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Tb.us, we ean use the beams with equivalent ununiform ahear stit'ness as 

a eomputation model of longitudinal systems and a frame with elnstie joints 

as a eamputation mode1 af transverse plane systems. 

2a Conputer ~nalyses of Space Action Faetora of Multistory Rrick 

Joiasonry Building 1 .. t/ithout transverse ",al1 

~ith the computation model aet up above, we have ea1eu1ated with eompu­

ter the spaee aetion faetora of many different mu1tistory masonry burldiag, 

analyzed with regression method and set up regression equations for spaee 

aetion faetora. 

The spaee actiún faetors of a building are elosely related to • serias 

af faetors, sueh as number of the bays NN, the height of eaeh story H,)y=H2 

(j:2 ,3,4 •• an), the span B, the thiekness T of the gable and external walls, 

the elastie modulua E , the size of wall posts of the externaI walls HT, the 

length of the bay ND, the type of the roaf, with or without interor eoluoos, 

etc. In order to minimize the amount of eomptation and at the same time re­

fleet the effects various factors on spaee aetion faetara, we planned our 

computation work aecording to the ortho~onality method (5] I r6] , and wa 

calculated 1536 buildings only, reduced the smount of the computation work 

by 126 times. 

In paper f 4J we give the regression equations and charts of space action 

faetors of multistory masonry buildings with different type of structure. 

Based on the regularity of spaee aetion factors obtained by eomput~r analyses 

in order to provide greater safety, here we simplify the matrixs and eharts 

o f space aetion faetors, given in papel' [41, and thus make them on1y relate 

to the type of the roof, the length L of the building (the distance between 

the gablea) and the conditi o n of interior column. 

(1) The matrix of space aetion factors 
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(a) for two _ story building 

[ ;' 2 

1 
·12 

[ m1 = 
2 (3 ) 

·21 ·22 

(b) for three story building without interior column with cla s s I rofi· 

m3 
· 12 O 11 

[ m J m~1 m3 O 
22 

( .4) 

O 2 - 0. 7m22 
2 m
22 

with c l ass 11 r oer 

.3 O O 

[ m] = 
11 

m~2 3 2 m22 -m22 . ( 5) 

O O O 

·Clas8 I r oo!: pre f abricat Ad hol l ow concr ete pla te , large roo r pl ate, 

Class 11 roo!: flan ged plate , channel plate, 

Class ITl roe!: purlins - tit es . 

with class 111 roo! 

o 

[ mJ 
O o 

O 

" "' .. 
( 6) 

The super script numbers (2) or (3) indicate that the fac t or val ue ia 

obtai ned frem ca lculating t wo-sto ry or three-story build ing. 

(c) f or multistory building with interior column to the top 

T~r ee story build ing with class I roo! 

m~1 mf2 O 

[ m] = mi2 
3 m22 

2 m12 
( 7) 

O 2 m12 
2 m22 
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Three story building with class 11 roor 

[ 
m~1 m~2 O 

1 
em) 3 m~2 2 m12 m12 

o O 2 m22 
Multistory building with class I roor 

mi1 m';2 

( m 1 m~2 m~2 m~2 
= 

3 3 m~2 m12 m22 
2 m12 

2 m22 
Multistory buildin~ with class II roor 

m~1 m,f2 

m~2 mii m~2 

( m) 
mi2 mii 

3 m12 

( 2) The charts of space action factors 
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L(M)-distance between the gablea 

936 

( 8) 

( 9) 

m~2 
( 10) 

m~2 m~2 

m2 
22 

.. 3 
1) for two 8tory building 

class 111 roor without interior 

column. 

2) for two story building 

with claBs 11 roof without in­

terior column or with clsss 111 

roof and interior column not to 

the topo 

3) for ~wo atory baildiag 

with claas I roof, or with c1a68 

11 roof and interior column to 

or not to the tOPi for three 

story building with any 01a86 of 

roof and without interior column j 
for three or multi-story building 
with interior columa to the top 
and c1ass 



,,4 

I or class 11 roof. 

1) for two-story building with 

c1ass 111 roof without inter­

ior column or with interior 

column not to the top 

2) for two story building with 

class 11 roof and interior 

columns to or not to the top 

or without interior column. 

3) for two-story building with 

class I roof and interior 

column to the tOPi for three 

story building with any c1ass of roof and without interior co1umn; for three 

story building with class I ar class 11 roof and interior column to the top • .. 

.'.!:----!:.:---~ .. :----! .. 
u .. , 

Fig 6 ... 5 

, ,5 
1) for two atory building with 

class 111 roof but with out 

interior column or with in-

terior column not to the top. 

2) for two story building with 

class 11 roof and interior 

column to the toV. 

3) for two-story building with 

clas8 11 roa! but without 

interior column or with inte-

rior column not to the top; 

three story building with class 

I roor and without interior 

co luwn, three story building with interior column to the top ~nd class I or 

class 11 roor. 

4) for two story building with a class I roof and interior column to the 

top; three story building with class 11 roor but without interior column. 
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5) for t ... ,o story building with class I roof and without interior column or 

with interior column not to be tOPi three story building with class 111 

roof and without interior columns. 

3. Conclusion 

AlI the vaIues of each parameter in the anaIysis of this papar have beeo 

chosen, taking safety into full account. Therefore, the space actien factors 

given in this paper can be used in engineering designo 
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