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Research of sliding shock absorbing of multi-storey brick buildings

Yonglin Lou, Minquan Wang & Zhigi Su

Liaoning Building Science Research Institute, Shenyang, People's Republic of China

ABSTRACT: Based on a series of analytical and experimental studies, this 'paper presents a
convenient and economical method Lo significantly improve the anti-collapse behaviour of

superstructure. A sliding s
(icient such as bxdphtle,ctc. is suggested.
ings' sufely esp. Lo China and olher
ings are the common constiruction option.

1 INTRODUCTION

Luvading-bearing wall mulli-storey brick
structures are the common option in China.
They are seismically designed according to
"Seismic Design Cude” and ensured salely
subjected Lo dJesign carthquake intensity.
But In today’'s science level, il's difficult
Lo accurately divide earthquake inlensity
zones. It is proved by several severe earth-
quahes whiich occured in China in recent
jOUFS, such as Haicheng(1975) and Tangshan
(1978) earthquake. These earthquakes caused
most damage. Tholofule, it's an important
subject for seismic engineers Lo [ind a sim-
ple. economical and conveniently executed
sbructure Lo improve anli-collapse behaviour
of multi-slorey birick buildivgs. This paper
duscribes a rescarch program in which shock
absorbing sliding Jjoinl is used for Lhis pur-
pose. A horizon joinl made of low frilion
material is set al Llhe boltom of Lhe masonry
structure. When a slroug earthquake oceurs,
the superstructure above Lhe joint slides
opposing Lo lower base, then earthquake ener-
gy transmitied Lo the superslruclure is pre-
vented or limited. As a result, the super-
struclure is protected Mrom damage or col-
lapsing. The sliding Jjoiul acts like a fuse in
a circuit Lo ensure buildings salfely sub-
Jected to slrong earlhquakes

EXPERIMENTAL STUDIES AHD RESULTS

L)

2.1 Sliding Jjoinl lesls

Specimen compression and shearing lesls of
various low friction malerials joinls are
under Laken.Graphite,paralfin vax and screened

shock absorbing system using malerials with low [riction coefj
! This paper is of imporlance to improving build-
third-world

countries, where multi-storey brick build-

gravel are selected as sliding joint materials.

2.2 Behaviour tesls of wall with sliding Jjoint
llorizon load and dislortion Lests of walls
with and without sliding Joint under various
vertical loads are made. Results show that the
horizon loads of ordinary wall when slant
cracks start forming is two Limes larger than
thal of wall with sliding Jjoint. Therefore,
the sliding effect of the shock abserbing
Joints prolects superstructures. safety

in earthquake.

Curves of horizon load and relalive motion
between superstructure and substructure of
wall with and without sliding Jjoint are shown
in Fig.1. Fig.2 and Fig.3 . These experiments
supply basis for dynamic analysis of multi-
storey buildings wilh sliding Jjoints.
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Figure 1. Load-displacement curve ol common

brick wall
1.Hortar strength 3.41 HPa
2.Vertical load 240 KN

2499



Pex Aorvzon J&uﬁ
— y =
yd

(mm
. o W& 1 LN T

y 7 T Y

> A

1
AN B T

1. Vertical load 240 KN

2. With guy outside Jjoint

Figure 2. Load-displacement curve of screened
gravel sliding joint
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Figure 3. Load-displacement curve of graphite
sliding Jjoint.

2.3 Shaking table tests of various sliding
Joint specimens

The test model has a I-shaped cross section
and is composed of upper and lower parts.
According to different purposes, sliding
Joint material. joint structures between
superstructure and substructure and height

of superstructure are different. Thirty-two
Lests of two models are run according to test
Tquirements. Results are shown in the fol-
owing.

1. Graphite is an ideal low frition material
to make sliding joint. It has low cost. good
endurance and great load bearing. It main-
tains stable behaviour in dry or wet sliding
and after several sliding. When the sliding
surface s concrete, the joint start sliding
table acceleration is 0.28~0.3g. As the table
acceleration goes on increasing, the ,uper-
structure will maintain to be in start sliding
acceleration.

There is a layer of asphalt felt above the
graphite layer. It has similar sliding behav-
iour to concrete surface. This structure sim-
plifies actual construction by making asphalt
felt as bottom formwork of reinforcement con-
crete bottom-beam. Therefore, this is a more
practical sliding Jjoint.

2. Screened gravel or fine sand are also low
friction materials. They have low cost. goud
endurance and great load bearing. But after
several sliding, sand breaks and sliding sur-
face is ground rough. This makes friction
coefficient increase considerably. The start
table acceleration is 0.3~0.0g according Lo
the smooth of sliding surface.

3. Parffin wax is not suitable as sliding
material. Its condensation cohesiveness eas-
ily leads to swing vibration before sliding.

4. The relative displacement of sliding
Joint relates to the Jjoint material, but has
nothing to do with whether having joint-piece
between upper and lower part. Subjected to a
harmonic ¢ round motion of 1.0g maxium acceler-
ation, the maxium displacement of gruphxto
joint is =7mm and for screened gravel is
+ Gmm.

5. Spacing by filling up the horizon hollow
Joint with rubber cudes. This will sharply
resists superstructure from sliding and cause
swing vibration. Therefore, this spacing method
is unfeasible.

6. Using graphite and screened gravel as
sliding material with height-width(H-¥) ratio
of 1.85, the specimen only slides without
sying vibration; With H-W ratio of 2.57, the
specimen will swing and vibrate severely; Com-
mon seven-storey buildings’ H-W ratio is 1.89,
Therefore, swing vibration will not occours.

3 DYNAMIC AMALYSIS

3.1 Restoring force pattern

According to test results and several internal
references, Fig. 4 and Fig. 5 show restoring
force pattern of walls with and without sliding
Joint.

The following symbols are used in Fig. 4

Fig. 5 and other equations.

Pu —— Wall limit horizon load causing
§h§aring cracks
Py == Sliding horizon force of wall or wall

with sliding Joints
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Ko — Stiffness of wvall in elestic phase; Yl ¥ 1n
0. — Average compression stress; E [ Y21 , (Y }—3 yol| , (Y= Y2, -@
i —— Cross section of wall; -y 34 -y 3 /
E —— Masonry elastic modulus; Story- SJde stiffness Ki is the sum of wails
H —— Height of walls: stiffness in this story.
A 1 —— Wall initial crack displacement Ki1+K2 -Kz2 0
For common wall & 1=Pu/Ke [Kl=] K1 K2+K3 K3 ‘ RN )
For wall with sliding joint A 1=Py/K | : »
Rj — masonry shearing strength L 0 K2 Kn-
As Ki=Qi/Xi, then story shearlng is:
PM\ﬁon'zan Soad Qi=Ki/Xi=Ki(Yi- Yi_. ) = (5)
a ) Story earthquake force is:
R 1Ke Pi=Qi- Qi_, - fe - (p)
Ka=0 which can be wrltten as:
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. % ¢ Pexst) innzon laml
o 0
] ] P)
K3
y displacemert
&N Ay A(‘")r\ Kl
ddﬂhwmad
ko Koo lko [ [K3 5 [kgeske 4 ‘ff")
3 Ko Ko
- 23 B -R
K v Iy
‘>\l_'h' (DWith guy ouLs1de Jornt

Figure 4. Restoring f tt f wall
g estoring force pattern of wa dorizen foed

a. PusRj~/T+ 05 7R) A/1.2, Py=f oo A=0.60c A f ™ 2
b. Diagram for-wall with moveable super- f 5
structure and substructure
K. =0.65Et/((H/B)= +3H/B) or K. =0.21EA/H
c. Diagram of wall with fixed substructure and
free superstructure K. =0.65Ct/ (4 (H/B)= +
3H/B) or K. =0.2EA/H 4)

3.2 Mathematical model for dynamic analysis
of multi-storey brick building =

K/=0

As multi-storey brick buildings are mainly (2) Without guy outside Jjoint

damaged from shearing dlstructlon subjected Figure 5. Restoring force pattern for wall
to earthquake, they are simplified as series with sliding Jjoint
nulti-degree-of -freedom interlayer shearing a. Pysfo. A

model to calculate, neglecting effect of b. Two-degree-of -frecdom superstructure

floor rotational inertia. The wall mass of Ko =0.2EA/H
every stories are assumed to be lumped at

floors, respectively.
is adopted

i Th% equation of motion is as_follow:

MY J+[CTLY P+ [KI{Y}=-[H] (E}Xg (t) (1)
where Mi is the mass of No.i floor, Ki is
floor displacement and Xg (t) is input

acceleration of earthquake.

in which mass matrix is

!
I

[ Mn.J
Horizon displacement.
eration row vectors are

velocity and accel-

In calculation, damp vector (CI
in Rayleigh damp node. Damp vector is deter-
mined by mass vector M. and stiffness
vector KI.

[Cl=a [M]+ +p K’ : S (®)
where (K is general stxffness vector assuming
whole system to be in elastic phasg, «. B are
constant and can be directly given. It can be
also given by following equation with given any
sec-order vibration mode damp ratio K iv AJ.

az2(Ajui-2io)dvini/(wiz ~wj2) - -0

B=2(Aini-Ajoi)/(wiZ -wj?) ()]
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where Ai. AJ are damp ratio of No.i. No.j
vibration mode; @i. ®j are circular fre-
quency of system No.i. No.j vibration mode
(calculated by computer), respectively.

Noncondition stable Wilson-8 integral
method is adopted to solve dynamic equation,
in which 6=1.4.

3.3 Example

For seven-storey brick concrete residence
with seismic design of intensity 7 which is
common in North China, comparison calculate
analysis is taken between middle units (of
all five units) with and without sliding
joints. The unit is 16.2 m long. 10.7m wide.
19.8m height. The exterior and middle stair-
case pier are 370mm thick, other cross-wall
and pier are 240mm thick. Graphite (f=0.23)
and screened gravel (f=0.4) are used as
sliding joint materials. El-centro(1940/NS)
and Taft(1952) ground motion are used as mod-
ulation input. Calculation results give out
the ratio of floor shearing to wall shearing
strength when they are subjected to ground

motion, calling it wall shearing response (WSR).

When WSR value Q/Pn=1, it means the wall
starts cracking or sliding. Fig. 6 shows the
calculation results.It shows that for general
seven-storey brick concrete buildings with
seismic design of intensity 7 when the ground
acceleration reachs 0.28~0.31g(corresponding
to earthquake intensity 8.5), walls start

cracking: When ground acceleration reachs 0.4g

(corresponding to earthquake intensity 9),
majority walls crack and the building is
severely damaged.

For multi-storey brick buildings with
sliding joints and different sliding mate-
rials, when the ground acceleration is 0.1
~0.18g, the superstructure starts sliding
and the joints come into effect. When the
ground acceleration reachs 0.8g(corre-
sponding to earthquake intensity 10), the
superstructure can also maintain security.
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(6) Brick building with screened gravel joint
Figure. 6 Wall shearing response of every
floor subjected to various ground motion

a. Fig. 1~Fig. 3 El-centro ground motion

b. Fig. 4~Fig. 6 Taft ground motion

4 CONCLUSIONS

Sliding joints made of graphite or screened
gravel are set at the bottom of multi-storey
brick building. Because of the sliding effect
in earthquake, the superstructures’ earthquake
response (acceleration and shearing) is sig-
nificantly limited. As a result, the building
is safety. Therefore, shock absorbing joint
can significantly increase superstructures’
anti-collapse behaviour.
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