
RESEARCH ON EARTHQUAKE PROOF HOLLOW BLOCKS 

LO YONGKANG Vice Director 
De p a rtme nt o f Architecture Engineering, Yunnan Institute of Technology, 
Kunming, Yunnan Provinc e , China 

QIAN PEIFENG Professor 
Department of Arch i tecture Engineering, Beijing Institute of Architecture 
Engineering, Beijing, China 

ABSTRACT In this p a per we introduce a kind of small-model-block building 
whi ch p ossesses exce ll ent ear thquake proof c apacity with few 
or even n o stee l bar s, yet is convenient to build. Numerous 
facts show that in earthquake catastroph ies , brick and small­
block buildings are always dest r oyed by stepped fractures 
developed a l ong mortar joints where shear strength is low. 
Th e r efore limitation exists for co n struction of s uch buildings 
in eart hquake areas . But our eart hquake proof particular 
mode l hollow block buildings fair ly sa tis fac torily se ttle this 
difficulty. We introduce the s hap e desig n and experimental 
res ul ts f or them. After test us e in a high intensity earth­
quake area , all des i gners, building operation personnel a nd 
end users show their a pprecia tion. 
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1. FOREWORD 

In brick buildings, earthquakes are liable to produce stepwise slant cracks or 
horizontal dislocations along mortar j oints with low shear rigidity. In this 
pape r we co n s ide r particular model hollow units (for brevity called 
EPB-piec e s) which change the shape of the units in order to give more strength 
during earthquakes. If cracks k ee p going on, the seismic shear force must 
destroy the bodie s of the hollow units rather than the mortar joints. The 
former are stronger than the latter , thus buildings of this kind of hollow 
unit possess more powerful seismic proof ability. 

Beijing Architecture En g ineering Institut e, Yunnan Institute o f Technology and 
Xa-kong Associating Section combin e d to take part in this research work. 
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2. FORM ANO SIZE OF THE EPB-PIECE 

There are four kinds of the EPB-pieces. 

(1) Fundamental piece: Fig. 1(a) a nd (b) are the front view and top view of 
it. For the sake of better thermal performance and to facilitate 
construction, there are two round holes in the block. The vertical 
position of all holes is arranged uniformly in a line, to put reinforced 
concrete in if necessary. Except the adjusting block, al l possess 
holes, the effects are all alike. The thickness of walls in the two 
experiment buildings is 20cm, if the wall thickness varies, then the 
width of block would vary accordingly. 

(2) A semi-piece is half of a fundamental piec e but with 6mm less length 
(the half breadth of a mortar joint). It is used at vertical position 
of door or window. Fig. 2 (a) and (b) are its front view and top view 
respectively . 

(3) Corner piece : It is used at corner of exterior wall, the front view, 
top view and corner planar view are shown respectively in Fig . 3(a), 
(b) and (c). The upper and lower lapping length at corner pieces is 
just the wall thickness. The lapping length varies accordingly with 
the varying of wall thickness . 

(4) T-joint piece is made from a corner piece by decreasing 150mm of its 
right s ide , which is used in T-joint and is located layerly alternating 
with corner piece. T-joint pi ece may also be used in cross joint. 

(5) Adjusting piece : Fig. 4(a) and (b) correspond its front view an d top 
view . It is to fulfill building modulus 50 as to give facility by 
increasing the usage of the EPB-piece. The thickness of ad just ing 
piece changes with the change of wall thickness. 

3 . EXPERIMENT OF SHEAR RIGIOITY FOR SINGLE WALL 

We app ly method comparative 
wall to find out the ratio 
RjEPB and of clay bric k 

tes t between EPB-pieces wa ll and common c lay brick 
r between shear strength of EPB-pieces block 

Rj EPB 
Rj' brick (r ) . Based on it, one may precede seismic proof 
- - Rj bri c k 
checking calculation according to our nation's cont emporary seismic proof 
design rules for the EPB-piece buildings . 

Owing to restriction of condition, the EPB-pieces are made by 200# concrete 
only . There are nine single wal ls, made in two groups, six in first, the 
average length is 187 cm , with height 129 cm , thickness 23.8cm, built in 
25# mortar; three in second, for base beam is fairly t hick, the h e ight is 
135 cm and the other size is the same as the first time , bu ilt in 50# mortar. 
The brick block specime ns are twe lve and a lso made in two groups, six in 
first with average length 193 cm, thickness 24cm built in 75# brick s and a bout 
25# mortar; six in second with average length 190cm height 136cm built in 
75# bricks and average 50# mortar. The first six specimens are in e xcellent 
building quality but not 50 for the second six. 

The experiment s proceed in four comparin g groups , three specimens for each 
group (in the third gro up there are six brick s pecimens) . The fourth group 
uses blocks of the first and second groups and the broken specimens to give 
inverse l oading experiments . In plane, nine apply horizontal load, uniformly 
distributed vertical load and eccentric concen trated vertical load for 
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equilibrium moment (or: for balancing overturning moment) to make specimens 
yielding sl ant shearing fracture rings in order to measure the ratio r 
re g ist e red in t he following list:-

LIST 1 

Average Average Average Ratio 
initi a l 

Ratio 
des truc-

Ratio 
shear RjEPB 

Cro up r 
fracture tive int ensity Rjbrick 

o rd e r 
load(t) l oad(t) 

Rj(kg/cm2 ) 

1- 2 
EPBpi ece 22.2 

1.7 
36 . 6 

1.8 
7.9 

2 .7 -- --
2 . 9 brick 12. 7 20.0 

3 
EPBpiece 16.6 

1.5 
25 . 0 

1.8 
5 .0 

2.6 --
13.6 1.9 brick 11.1 

4 EPBpiece 22 . 3 
1.8 

32 . 6 
1.6 

6.5 
2.3 -- --

brick 12.2 21. O 2.8 

Average 
EPBpi ece 20 . 2 

1.7 i 31.4 
1.7 

6 . 5 
2 . 5 

11.9 I 
--

2 . 6 brick 18 . 3 
, 

No tice : the void ratio of EPB-pieces is 13%, its shear area is sma ll e~ than 
brick . 

It is easi l y seen from figures in List 1 that EPB-piece block made of 200# 
concrete has it shear intensity R jEPB stronger than that of the Rjbrick for a 
block ma de of 75# bricks and the same kind of mortar . The average value of 
r is 2 . 5, i.e . 

RjEPB 
r = Rjbrick = 2.5 

4 . COMPARISON OF EARTHQUAKE PROOF INTENSITY FOR MULTI-STOREY BUILDINGS 

Accordi ng to the e xperimental results based on our national cont emporary 
seismi c proof design rul es TJ11-78, calculations to seismic proof intensity 
of two ex per iment a l buildings, one residential building a nd a school building 
in Beijing s how evidently that the buildings of EPB- pieces have increased 
ea rthqua kc pr oof resistance . One examp l e is g iven in List 2 . Ana lysi s 
s hows : in nine deg r ee a r ea four - storey buildings can be built with 200# 
co nc r ete EPB- pi eces a nd the wall thickness is 20cm . If the wall thickness 
inc r eased to 24cm and 30cm, then five or six-storey buildings would be done . 
But for brick buildings, if the bottom wa ll has thickness 24cm plus structural 
co l umn s , on l y three -storey buildings can be made . If four-storey buildings 
must be bui l t , the bottom wall would have thickness 36cm together with 
supplemental structural columns, still the seismic proof ability is lower than 
that of EPB-piece buildings. In eight degree area adopting 200# concrete 
EPB- pieces, the building would be e i ght storied if the transverse wall is 20cm 
thick and l ongitudina l wall is 24cm thick in the bottom storey . Still two or 
three stories cou ld be added if wall thickness is increased to 30cm . But for 
brick buildings e ven if structural co lurnn s are supplernented with transverse 
wa ll 36cm thick and longitudinal wall 49cm thick, the seisrnic proof intensity 
is sti ll lower than dernand . 
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LIST 2: The resi de n t i a l buil ding for co l leagues of Xakung Municipa l 
Cons t r uction Committee (a four storey building with fie l d- made 
R. C. floors , nine degrees , secon d category ground) 

EPB- pieces with bricks s up pleme nted structura l 
t hickness 20cm 
and void r atio co lumns , wa ll t h ickness 36cm 

strength 26 . 2% 

of 
safety compare d safety compared with the 

f actor 
with the 

factor 
design ru l es, "+" 

design mean s i ncreasing 
mortar 

K rules "+" K 
means 
increasing 

50 4 . 34 + 11 7/0 3 . 82 +91% 

50 2 . 48 +2 4% 2 . 02 +1% 

100 2 .42 +21/0 2 . 06 

I 
+3% 

100 2 . 34 +ln 1. 91 - 4/0 
1 
I 

5 . THE PROOUCTION ANO BUILOING SITUATIONS 

The production and bui l ding sit uations of two experimenta l buildings made of 
EPB-pieces i ll us trate : The production of EPB- pieces is fairly straightforward, 
the building construction is also very simple, without trouble, and the wa l l 
builds over twice as fast as a brick wa l l. 

6 . ANALYTIC RESEARCH OF ECONOMIC BENEFIT 

Through practice a nd s urvey of these two exper imental buildings, under premise 
of a lmost equivalent seismic proof capacity (EPB-piece block are a l ways 
stronger than bricks with supplementa l structural co lumns), the following 
advantages are possessed by EPB-pieces: 

(1) Increasing app l icable area 8% of t he building. 

(2) The we i ght of wa l ls dec r eased about 1/4 - 1 /3 . 5, which is advantageous 
for diminishing the bre adth of foundation . 

(3) Easy to build, so as the quality be ing guaranteed . 

(4) Less mortar being used. Accompanying the realization of machined 
fashioning technique , the breadth of mortar j oint and thickness of mortar 
or wall surface will be decreased, thus the amount of mortar is use could 
be diminished again . 

(5) With EPB-pieces bui ldings could be built much higher than brick ones, thus 
several kinds of frame or frame-shear structures may be substituted . 

7. OISCUSSION 

(1) All the above experimental analysis and calcul ation derives from our 
nation's earthquake r esistant regulations which are based upon t he 
traditional viewpoint that horizontal seismic force is dominant . The 
second author of this paper has pointed out since 1957, and was proved 
further by analysing earthquake damage induced by many strong earthquakes 
in our country , that this traditional viewpoint is incorrect. Practically 
t he vertical seismic force plays a l eading role . For an earthquake in 
eight degree area , vertical seismic fo r ce may exceed own weight . Upon 
that viewpoint, the EPB-pieces building may give much higher seismic 
resistant capacity than the above calculated results. 
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(2) A st r ong eart hquake may not occur within a hundred years, thus building 
damage on a certain leve i short of falling down and injuring people should 
be permitted. lf the considera tion is to preve nt cracks from extending 
further after they have a ppeare d, then the EPB- piece buildings possess 
higher earthquake r esis t ant a bility than th e a bove calculated results . 

(3) The inc r eas ing of seismic re sistant ca pac ity for EPB-pi ece buildings 
ma inl y dep e nd s on increas ing the strength o f block pi eces or bricks, 
other than strength of mortar . Thu s a further step to increase the 
eart hqua ke resistant capacity is to rais e the strength of bl oc k piece or 
bri c k . 

(4) The EPB-pieces us e d in wea k seismic areas a l so prevent slant cracks 
appearing in walls . 

Photo 1. Masonry bui ld ing 
condition 

Photo 3 . 

Photo 2 . Dalee Design Institu te 

The residential building for col l eagues of 
Xa -kung Municipa l Construction Comm itt ee 
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