EFFECTIVE MEASURES TO IMPROVE THE EARTHGUAKE
RESISTANT PROPERTIES OF BRICK BUILDINGS

Zhou Bing-zhangl

SYNOPSIS: Bearimg brick walls are peer im ameismic propertiez. They
have beem extemsively damaged im the earthquakes. But as ar ecomomi-
cal ard practicable lccal building material, it is still widely used
in this eountry. About 90% of the residemtial buildings are built
with bricks. Durimg Tangshan earthquake, most brick buildimga col-
lapsed. However, thome of 38 stereys with reinforced ecomerete built-
ir censtructicn columms survived with eracks oenly. Through tests, in-
vestigation has been made to the damage mechanism, statie and dymamie
behavior of sueh comstruetiom. It has been proved that reinfeorced
concrete comstructiom columms, if properly located, will have cbvieus
effect om preventimg masomry buildimgs frem collapse. Desigm amd cal-
eulation appreach is preposed.

Brick walls have lomg beem used as beariag or curtaim struetures
in comstructioms. Ir our cecuntry, masomry structures have been adept-
ed gimce the Qin and Han dymasties cver some 2,000 years agu. Doubt-
lessly, such censtructiens are both eccnemical and practicable for
certaim localities. No matter how new buildimg materials are deve-
loped one after another, it is impessible to abanden conpletely the
bricks in the near future. Now, ir our country, they are still widely
used in censtructioms. Fer example, almest 90% of the total wall bo-
dies im this country is still built with bricks. Indeed, they are
used im large extent.

Unreinforced brick buildings, owing to their high stiffmess, low
strength and poor defcrmability, are easily subjected to damage or
collapse in earthquakes even at low intemsity. During earthquake in
Haicheng and Tangsham the percentage of damaged buildings occurred at
various intensities are listed in Table 1.

Table 1
extent of slight or | damaged damaged or | cellapsed
damage ne damage patrtly
intensity ecllapsed

6 -7 90% 10%
8 60% 30% 10%
9 20% 4% 35%
10 10% 10% 80%
11 100%

Due to insufficiency in shear strength te withsts .d the diagenal

tensiorn developed during earthquake, the damage mechanism of the
brick walls is chiefly of shear type. Under actiens o©f cyclic rever-
sal easthqunke loadings, the wall bedy cracks inte four pieces along
the 45 diagonal directioms, as shewn in Figs 1 and 2.

On tall buildimgs of which height te width ratio is greater
than 2 ( i. e. H/B>2 ), horizemtal cracks om lower part of the wall
alsc appeared as caused by overturning ef the whele building.

As knewn, it is either expensive or difficult te aveid cracks
en masenry buildings under seismic load. In designing masenry build-
ings te withstand earthquake, besides limiting their heights, parti-
tion spacings and size of componeat parts etc as required by the
current building code, the mest impertant is te try te prevent sud-
den collapse of the building during earthquake of high intemsity,
thus to aveid casualties.

1 Research Engimeer and Vice Head, Research Departmemt of Beijimg
Architectural Design Imstitute.
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Fig 1. Cracks en brick walls under herizontal

Fig 2.

Brick walls damaged in Tangshan earthquake

During recent Tangshan earthquake, nearly all brick buildings
ef 3-8 stecreys with reinforced concrete built-in censtruction co-
lumns proved tec be capable of withstanding the shock wave with only
localized damages and did net fall down. On the contrary, these
without such celumns collapsed almest all in the same area. It indi-
cates practically that such censtructions have particular ability te
withstand the overturning action of earthquake.

After investigations have been made in that area, seven typical
such buildings are listed in Table 2.

Table 2. Damage occurred on masonry buildings with
reinforged cecncrete construction cclumns
during Tangshan earthquake
Name Neo. of | Location of Cross section of Description
storey| constr cols the constr cels
& reinforcements
ete
Xinhua 8 inner frame, constr ceols: middle cel head
Hotel constr cols LOxk?7 cm on the 4th floor

arranged along
outer walls
spaced at

3-8 m

reinforced with
4$22 and $6-20
stirrups
middle cols:
50x50 cm
reinfcrced with
L ¢25, 2416,
6$22 and $6-20
stirrups
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crashed with bars
buckled, floor
slabs sunk sever-
al tens cm, some
partitions fell
dewn, cuter walls
basically in goed
cendition, except
holes fermed on
the 4th floor due
to collisien




Main inner frame, constr cols: outer col heads
Building constr cols 37x55 cm sheured to damage
of arranged along | reinforced with at the ground f1,
Cement cuter walls 8418, 2412 & constr cols
Design spaced at ¢ 6-25 stirrups stripped from
Institute 3.5-7 m 50x50 cm walls (cols on
ground fl cast
{cress shape) prior te the
reinferced with | walls), cols
6418, 4d12 & above the lst fl
6-25 stirrups | were in good
middle cols: condition, the
45x45 cm 6th f1 was under
reinforced with constructicn
16 25 & $8-30
stirrups (lst tec
4th flcer)
Bock inner frame, constr ceols: 1st fl cellapsed
Sterage censtr cols 25x%25 cm down tersionally,
of spaced at reinforced with upper 3 floors
Mineral 3.75 m along L1y & $6-20 lowered downwards
Academy cuter walls atirrups with slight da-
middle ccls: mage
35x35 cm
No. 422 masonry censtr, censtr cols bricks breke down
Cement inner corrider | greund flcor: frem wall piers
Plant in the middle 25x25 cm where there were
Office with censtr with 64 19 and constr cels, fl
Building cels at wall $6-20 stirrups | loads carried by
junctures 1st floor: censtr cols
25x%38 cm
with 6419 and
$6-20 stirrups
2nd flecer:
25x38 cm
with 4 ¢ 16 and
$ 6-25 stirrups
Tangshan censtr cels at | at cuter wall walls slightly
Building staircase wall | corners: damaged where
for aud outer end 30%x36 cm there were ccnstr
Foreign wall cerners reinferced with cels, walls
Guests 4Ld20 & $6-25 ccllapsed or
stirrups seriously da-~
at staircase: maged where there
30x36 cm were no such cols
reinferced with
4419 & $6-20
stirrups
Office constr cols at | ground to 2nd ground to 2nd fl
Building middle portion | fl: 36x36 cm with constr cols
en entrance hall reinferced with did not fall
Xinhua and staircase, | 4 $16 & $6-20 down, while the
Koad extended to stirrups, wall 3rd and 4th fls
~ 2nd flcor beams are preo- collapsed
vided on every
fl, cols tied
to walls
Seceond censtr cels s-.constr cols tep storey fell
ILight at middle (outer cols): down while
\Industry pertion 62x70 cm others in good
‘Bureau entrance with 420, condition
Office hall, wall 2416 & $6-25
‘Building beams on stirrups
on every flocr, inner cols:
Xinhua cols tied to 40x40 cm
|Read walls with with 420 &
2 4 bars at $6-25 stirrups
50 ¢cm 50x50 cm
with 8416 &
$6-25 stirrups
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As indicated by the experience gained on ferccicus earthquake
that the effect of construction cclumns is obvieus, the shaken walls
will not tetally lose their load bearing capacity even though wall
bodies are cracked te damage or appreaching collapse, provided that
there are wall beams built on every floor and tied with the comstruc-
tion cclumus. Thus, danger ef sudden cellapse of fleer slabs during
earthquake can be aveoided.

Tests were made te further investigate from their damage mecha-
nism, hew te design and calculate the cemsiructien celumns fer bets
ter structural arrangement. We made 35 pieces of 2000 x 92 cm single
wall bedies feor herizontal cyclic reversal leading tests and 3 mo-
dels of 1l:4 in scale fer.static and dynamic shock tests. Results
cbtained are as fellows:

1. Main Results from Static Tests.

(1) Horizental locad bearing capacity of single wall with con~
structien columns can be raised by 56 - 60 % more than these without.
If low grade mortar is used in the wall, then capacity raised will
be 23%.Moreover, the more the vertical stress is, the mere the heri-
zental lead bearing capacity will be raised.

(2) Monolithic medel tests shew that with cenmstruction cclumas
impitial crack lcad strength can be raised by 51% and damage load
strength by 55%.

(3) Stress in reinfercemenrt: DBefere cracking, the wall bedy
worked jointly with the ccanstructien celumas, thus, relatien between
load and steel strain was linear. After crackimg, however, it became

nonlinear. Stress of steel on the tensien side raised mere rapidly,
while that on the compressioen side changed but few.

(k) Stiffness and ductility: Test specimens' stiffnesses de-
creased significantly with increasing ©f their lateral displacements.
Censtruction columns have little effect on menelithic stiffness. The
ductility factor is obtained threugh the cenditien that energy ab-
sorption is in equilibrium. Without constructien celumns, the ducti-
lity facter eof the whole model was found to be M= 1.81, while mo~
dels with celumns m = 3.43 and 3.93.

It can be seen from comparing the hysteresis loeps atep the 3
models that "the area cecvered by these with celumns is far mere than
that without, which indicates that abserption of energy was improved
significantly. (see figs 3)

(5) Cracking and damaging characteristics: Comparisen eof tests
shews that initial crack leoading capacity of the medels with celumans
were raised, and that cracks were limited e¢nly on the grecund storey
for medel witheut celumns, while they were extended to 2nd and 3rd
stereys for those with columns, which indicates that both menolithic
property and unifermity of the structure was improved, thus benefi-
cial te withstanding earthquake.

2. Main Results Obtained from Dynamic Excit Tests:

(1) Dynamic characteristics are listed in Table 3.

It can be seen from table 3 that:

(a) Frequency at damaging stage is cecreased by 1.63 times
-from that ef befere crackinmg for model without columns, and 1.83 -
4,16 times for those with columns.

(b) Damping factor of the model with columns at damage stage
increased te 2.25 times that of befere cracking, while without ceo-
lumns, only increased 1.5 times.

¢) Mcde of vibration: Mode of vibration was basically the

shear type for all models.

2 Partakers of these tests are: Research Department of Beijing
Architectural Design Institute, Aseismic Research Institute of
Academy of Building Sciences, Department of Architectural
Engineering of Tsinghua University, Institute of Engineering
Mechanics, Beijing 1st and 5th Censtruction Companies, Housing
Administration Bureau of Beijing, etc.
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(2) Ultimate defermation:

During excitatiom, medel witheut columms cellapsed when top
displacement reached 0.83/100; while medels with cclumns still re-~
mained when top displacemenmts reached 1.67/100 and 1.17/100 respec~
tively.

(3) Mode of cellapese:

For medel witheut celumms, suddem collapse occurred under ex-
citation; while emn these with celumns cracks and damages were uni-
formly distributed all ever and remained uncollapsed upte an excit
load cerresponding to imtemsity 9.

3. Discussion em Methed ef Calculation.

It shews experimentally that when brick walls are provided with
constructicn celumns, the structure is still geverned by shear. Of
ceurse, construction celumns are not only acted by shear but alsec
subjected te bending. However, as observed frem the mode of vibra-
tiomy, for lewrise (= L4 gtoreys) and stiff buildings (with parti-
tioms on every bay) with comstruction celumns, shear is the main
cause of deformation.
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Shear strength of the brick bedy with censtructien celumns cen-
sists of 3 parts: i. e. masonry, concrete columns and reinforcement.
Therefere:

RtA

£ . A AR
%, : $0.07 RiA, + AR,

where § - uneven factor of shear in masonry;
o - a factor of 0.2 - 0.25, in accounting feor shear
strength in reinforcement;

Rh' R_ - compressive strength ¢f concrete and tensile
strength of steel of the constructien columnas
respectively;

6
Ry - shear strength of masenry, Rz = Rj 14 R° H
iE -3
" A - area of the masonry taking shear;
Ah’ A - cross sectional area of constructien celumnm

and reinforcement respectively.

As indicated threcugh analysis of test results, area of comstruc~
tion celumms is relatively small im portion as compared with that of
the masonry, therefore, the shear strength of the column concrete ean
be neglected. After intreoducing facter of safety into the expression,
we obtain the following fermula fer shear stremgth of the brick wall
with constructien columns:

Reh
kq < 0.4 R A
PQ t g g
where K -~ 2.5 x 0.8 = 2, safety factor accounting fer
seismic consideration;
O.4 -~ wheh K = 2.5, factor for raising steel streangth

in strlcture is 2.5/1.55 = 1.6, then multiplied
by a factor of 0.25 and thus obtain the result.

It is necessary to point cut that the shearing stress in the
steel is not developed at the same time as that innbthe masoary. In
the early stage, shearing force is mainly carried by the masonry,
while stress in the reinfercement is small. After cracking of the
wall bedy, the reinforcement comes into actien. According to the test
results, we take the influence factor of shearing strength of rein-
forcement to be 0.25.

4, Construction Measures.

(1) Arrangement:. On the plane, construction columns should be
placed at intersections and corners of longitudinal and cross bearing
walls, and at lecations where loading is concentrated or where sec-
tional area of the brick pier is small. At the inner wall corners cf
rooms with small bays, such columns may be omitted or reduced in num—
ber. Construction columns should be extended from the footing or
foundatien beam continuocusly upwards to the roof.

(2) Connecticn: Reinforcements in the constructican eolumns
should be tied to those of the wall beams cn every storey. Top of the
columns should be tied to the roof wall beams. If columns come across
a girder, their reinforcements should also be tied together. Between

_the celumns and the wall bedy, tie bars of 246 or 298 should be
provided in the brick joints at every 50 cm high along the column and
extended 100 cm from either side of the column for better connection.
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(3} Cress section and reinforcement: The smallest sectienal
area of comstruction columns should be 18 x 24 cm with due enlarge-
ment at coerners. The reinforcement should be no less than 44 12,
while for corner columns, no less than 4¢14. The stirrups' spacing
should be no greater than 20 cm.

(4) Construction: Brick walls should be laid befere concreting
¢f columns. The end c¢f walls next to columns had better be laid stag-
gered sc as to increase the integrated bonding between the wall and
column. Grade of the bricks used shculd be no less than 75, and with
mortar no less than 25.

Conclusion:

As masenry constructions shall be still widely used in seismic
regions, measures must be centinucusly sought to increase the earth-
quake resistance of such constructiens.

Reinferced concrete constructicn column is a kind <f anti-col-
lapse safety measure fcer masonry ccnstructicen to withstand the earth-
quake shock. Its effectiveness has been prcved through Tangshan
earthquake. Further investigations are te be made to promote and
sclve the problems regarding how to design and calculate such struc-
tures for that purpcse.
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Fig 2a. Hysteretic loops of tep floor
of the east wall of Model I
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Fig 3be.
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Eysteretic loops of top floor
of the east 'wsll of Model II
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Fig 3c. Hysteretic loops of top floor
of the east wall of Model III
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