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@ Proceedings: First International Conference on Recent Advances in Geotechnical Earthquake Engineering and Soil
Dynamics, April 26 - May 3, 1981, St. Louis, Missouri

Mechanism of Surface Faulting and its Seismic Effect

Wang Zhong-qi (Z. Q. Wang) i
Deputy Chief Engineer, Academy of Building Research of China (ABRC)

Zhao Shu-tung (S. T. Zhao) and Huang Zheng-lu (Z. L. Huang)

Engineers, Geotechnical Investigation institute, ABRC

SYNOPSIS The mechanism and reoccurrence rule of surface faulting have been analysed based on
macrogcopic inspection and testing in the background of Tangshan earthquake 1976 and other events.
It has been proved that such surface faulting has only limited effect on surface structures
nearby. And most of the surface ruptures in soil layer occurred in most earthquake zones are not

the causative faults from focus up to the ground surface. Thus its seismic effect should be
reestimated.

1. SOME DOUBTFULNESS OF THE SURFACE FAULTING fulness of such a conclusion encountered in the
IN TANGSHAN EARTHQUAKE AND ITS ENLIGHTMENTS authors' research, e.g.:

During the Tangshan earthquake of July 281th (l) The strike of tpe surface.faulting was not

1976, a surface faulting took place with a in good agreement with the epicentres' tremnd

total length sbout 8 km. oriented NE 20-30 in of aftershocks.

the central area of the city. (Fig.l.l)

(2) The surface ruptures were not associated

with the fault in deep formation, in view of

[ their figures and scopes.
(3) So far as the ground damage nearby is
concerned, no evidence of accumulating damag-
ing effect of surface faulting was proved.
From these view-points, the surface faulting
in Tangshan could neither be considered as the
cause of the main shock, nor the source of the
ground movement.

The surface faulting in Tangshan earthquake

is much similar in nature to that of other
events in the world, so this topic would have
a general significance in dealing with the
mechanise and seismic effect of surface fault-
ing in strong earthquake zones. For further
evidence, we performed exploration work on
three sites where underground facilities had
been constructed before. (Fig.l.2)

New concepts about the gsurface faulting in
Tangshan have been achieved in our research,

i.e.:
’ —— rvads (1) According to data listed in Tab.I, it is
7 ~~ ruptures shown that surface rupture dislocations
s diminish immensely both in horizontal and

vertical direction with depth. Tensional
- e U ruptures on the dislocated area obey the same

: rule and vanishes down to -2 m. So the surface
Fig.1l.l Layout of Fig.1l.2 Exploration faulting will by no means associate with the

surface faulting in sites along the trat
Tangshan earthquake surface faulting in faults in deep strata.
Tangshan

(2) Prom the convergence of the shearing
deformation of surface faulting with depth,
it is believable that shear atress does not
come from the deep astrata. By analyzing the
dislocation of the underground sewerage, we
can calculate the shearing satrength existing

Many of the investigation reports on the
macrogeismic damage pointed out that this very
faulting is definitely the causative fault of
Tangshan earthquake. However, masny doubt-
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in the horizontal plane of dislocation in
order to check the shearing stress necessary
for the dislocmtion of ground surface and

tne plane O.7Tm below the ground. Say,

C = 0.15 kg/caf, @ = 25, » = 0,0018 kg/cm} and
using the upper limits of the dats in Tab.I.
Thus,

S;= 00,8 (C+Fhhnd) =)30x280(0u5 +0) = 49T

and tinat on the -0.7m level,

Sy= Q0 x250(0.15 +0cciBXTO n2s Y=g 7T

Fig.1l.3 Dislocation
of Bound Ground

Fig.1l.4
Diglocation
of Wall
Footing of a
single storey
Classroom

Fig.1l.5 Dislocation

Fig.l1.6 Dislocation
of Brick Subway

of Buried Sewerage
Pipe

It is obvious, the shearing stresses represent-

ed by the dislocation on/under ground do not

even show any evidence of stress incrememt in
ﬂepth-

(3) Therefore, surface ruptures are supposed
to be caused by directional ground movement.
If there exists a structure with certain
rigidity nearby the rupture, then it will
reduce the degree of rupture. For example,
the dislocation of the footing in Fig.l.3 is
much smaller than that of free fround. It
shows that dislocation is a locally sheared
zone snd has a very limited range.

The same rule as that mentioned above in other
seismic zones can be visualized too. For
instence, the Liao Ning (Hai Cheng) earthquake
(M=7.4) of Feb.4, 1975, a series of oriented
surface ruptures took place to the southeast
of the epicentral area. The general strike of
it was nearly EW, and single ruptures goes
NE35-40 for 5.5 km, long. (Fig.l.7) Surface
faulting occurred in the hilly field where the
bedrock is schist overlain by a residual soil
layer 1.0-1.5 m tuick. The ruptures had their
features of brittle materials as the earth-
quake happened in frozen seasons.

Fignlﬁ?

This surface faulting was deemed before as the
ruptures resulted from tectonically casusative
fault in deep strata, but test pit shown the
ruptures only existed in the top residual soil
and largely vanished when intact rock encount-
ered. (Fig.1.8)

Fig.1.8 Tectonic
surface ruptures
in residual soil
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The ground and subsurfsce conditions are listed in Table I.

Table 1
Horizontal |[Width of |Mode of Vertical ode of
Site Dislocation| Surface |Horizontal | Dislocstion|Vertical Remarks
Dy (m) Rupfuﬁe Dislocation| O, (m) Dislocation
B (m
(Free = cinder concrete
Gro%gp) l.4-1.5 3.0-4.0 |right turn | 0.4-0.5 normal dip floor (Fig.l.
ound floor of e e
Ground) 0.75 2.5=3.5 e 0. 34 i storey classroom
1.00 2.5-3.5 - 0.24 -"— (FPig.1.5)
= o e _n_ pavement and
l.2-1.3 245 0.2 curb tress
o =S Tloor of silngle
0.8 2.3 2 0,2 " storey house
0.85-0.9 2.5 —r 0.1 -"— (Fig.1.6)
1.5 3.0-4.0 -"= 0.4-0.5 -V
1.1 3.0-3.5 =M 0.3-0.4 =M
2. MECHANISM OF TECTONIC RUPTURES IN TOP SOILS | I
By surface tectonic ruptures we mean s kind of ... ;gk
surface faulting caused by oriented ground ‘ e A po0e
movement induced by earthquake. The behaviors g PR ))f #
of suoch ruptures are: agn o\ 2 |
QQ?L; ,,;I e i
(1) Strike of surface tectonic ruptures should \ T e TS |
be in good conformity with ground deformation b e, 0y Wiy T e
caused by the main shock. s ?i& P e
'_\:‘_- ™ . k;' £ 1 : -
(2) Surface tectonic ruptures would be effected o S e D e
by the causative fault in Geag strata even e { fU N & 1 fewel, ot
they are not directly associmted with each ' K o= 2y AT w .
other. AT e . W
”/ U ¢ ':— wplifr
Despite no strong motion recorded in Tangshan S
and Liso Ning earth;unkas. a series of Pig.2.1 (B)
permanent ground deformation and relative Bz
disglggemegt aftes tv;gts n?glbebconsidaragi
ag indirect records which might be more reli-
able for illustrating the occurrence of the Fig.2.1 (A) (B) show the horizontal and
tectonic ruptures in top soils. vertical deformations of ground during earth-

quake which were in good agreement with the
tectonic ruptures in urban area, but their
border lines do not coincide each other.
! o It should be noted that either horigzontal or
; * | e ° o 7 vartical deformationes have a very clear border
e < line which divides all the deformation pointa
o s | in two by their orientations. But the defor-
o | mations near by the border line become even
o Welrashon i smaller, This charscteristic may be a very
. TaTum important criteria to distinguish tectonic
: Ty Mueny o Tashngsis | s0oil ruptures from csusative fault. From
o A _ pluogethuang i theoretical analysis of a fault (1) (2) as
% e Gl A shown im PFig.2.2, there is a gradual increase
) ngshe; -\ | ou 3 of deformation near byltha fault instead of
. s - decrease. S0 this would be another reasonin
| Pty ;ﬁf‘ [ TR -y 7 oN pf, to say that the tectonic soil rupture is by go
A% ! empt. means associsted directly with the deeply
| 2 . embedded causative fault.

Pig.2.1 (A)
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Pig.2.2 Horizontal component (ulJ to total

dislocation (3) of g strike-slip fault
at a depth (Z) of 1/10 its vertical lemgth D

3. THE REOCCURRENCE OF THE SURFACE FAULTIRG

When the surface faulting encountered in top
s0il it would be most likely to be a tectenie
rupture which might be of a new geological
age, say, Holocene. If it is a strike-slip
surface faulting, it might be most repeatable
et its original place. As this might be the
general rule, we have performed some explora-
tion work to verify the Tangshan surface

faulting. Excavations were made at the very
sites where ruptures went by.
F

= i f A

(1) Steketee, J.A.: "Some Geophysical
Applications of the Elastic Theory of

Dislocation™ Can. J. Physics, Vol, 36

(2) Chinnery, M.A.: "The Stress Changes that

Accompany Strike-slip Faulting"
BSSA Vol.53 No.5
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Fig.3.1
(B)

Fig.3.1 (A) (B) are profiles of the excava-
tions in Fig.l.3, 1.4, which show there had
been prehistoricel faulting in the same test
pit. But obviously it did not have any further
displacement in the 1976 event. I+ should be
well noted that tectomic ruptures and fissures
have the same mechaniasm of dislocation as that
in 1976 event. Fig.3.2 is another evidence

at the site No.2.

)_'l‘cm-nw‘iw-l‘ rerufted
| 7 Tangshan earhpwate

it Gl =i =

e
=7

e
o e h_j/ X

E e ) e o L — —
\\

.g*]

?ig.3-2

We can find more examples on the reoccurrence
of surface feulting in other earthquakes in
our country. For instance Fig.3.3 is &
multiple rupture successively encountered inm
the Quaternary deposit. For each "step" of
dislocetion, there was a corresponding strong
earthquake movement., This may be used to besr
witness for predicting the poseibility of
reoccurrence of surface faulting.

e

BM ——
Fig.3.3 Traces of earthquake in Ningxia




4. THE SEISMIC EFFECT OF SURFACE FAULTIRG

There ere two kinde of seismic effect of
surface feulting so far as our investigation
is concerned:

(1) The instebility of a site or failure of
foundation soils in a menner of discontinuilty
of ground due to surface ruptures. This kind
of faulure will result in unavoidable bresk in
a certain part of the structure.

(2) The magnification of emplitude, or pro-
longation of time durstion of ground movement,
or influence on fréquency character. Thus the
damages of ground facilities will be incremsed.

In the following, we will give s brief dis-
cugsion on this topic.

4.1 The Bresking Effect of Surfece Faulting
in Seil

This kind of bresking effect is quite diff-
erent from that of causative feult. In the
rescribed cases of Tangshen and Liso Ning
?Hai Cheng) earthquake, the surfsce tectonic
ruptures in soil are characterized by the

following featuress

(1) The rupture occurs from the ground surface
and extends downward with diminishing reletive
displacement. (Fig.2.2, 2.5, 2.7)

(2) Dislocation and tensile cracks take place
only in top soill, thus the shear or tensile
stress transmitted are largely depending on
the flexibility and plastic deformability of
the surrounding soil layers. When there exist
a certain structure directly on the rupture,
the rigidity of the local ground will be
increased, end the strength of soil layer will
not be overcome and ruptures will never occur
on this ver{ location. As e result, nearby
rupture will tske place inatesd.

Fig. 4,1 (A) (B) gives the actual demage of a
single storied storehouse of the Metallurgical
Bureau situated et the central part of Tang-
shan city (ref. to Fig. 1.2). i broad rupture
occurred in front of the storehouse, tue hori-
zontal offset was mbout 1.2 m. =nd verticsl
offset was mbout 0.3 m, the dislocation was in
right turn too. The rupture went eastward
across the highway for over 20 m long. But
the rupture vanished suddenly in front of the
house, ©So the bearing wall stood still with-
out any breasksge made by surfece fsulting.

In Fig.4.2, 2 surfece tecotonic rupture wnet
through the spacing of curb trees without
cutting the roots like thet in Tung Hai earth-
quake. Generally spesking, the ruptures will
escape the trees to seek an easy path to get
through. This is because the roots of trees
will reinforce the soil layer and incresse

its rigidity and strength.

Fig.4.1 (A) storehouse
with on harm of surface
rupture which broke up
suddenly at the front
of the house

(B)
Location of the
storehouse

Fig.4.2 Surfece
tectonic rupture went
through crub trees
with no harm to the
tree

We notice thet in san' Fernando earthqueke, the
bresking effect is almost the same ss that
mentioned above. From Fig.4.3 (photo by

Mr. Youd of USGS)(3)the author notice the
following enlightment.

(1) The ruptures on the covered ground by
bousing is much smeller than thet on the free
ground surface.

(2) The demsges of the house directly csused
by faultipng ruptures is seemingly in static
manner rather than dynamic and fer from
disastrous.

T

(3) Youd, T.L. et al: San Fernando Faulting
Damage and Its Effect on Leand Use.

"Earthquake Engineering and Soil
Dynamice" 1978



(3) The nearby houses and other fecilities
stand still whereas the faulting makes the
lend broken.

4.2 The Vibrational Effect of Surface Fsulting

In the vibretion of soil ground, the permanent
pleatic deformation will instesnteneously
increase the mmplitude of locsl ground dis-
placement, whereas the elaestic deformation of
ground will remain unchanged.

On the other hand, the time duration of ground
vibration will play an important part of the
seismic effect of surface tectonic ruptures
which will be discussed below.

4.2.1 The Attenustion or Excitation of Surfece
Tectonie Ruptures to Vibration

Conclusions drawn from investigations on many
causative fault zones show that structures
nearby the surface rupture damaged slighter or
heavier without definite rule. The possible
causes of such phenomenon might be either the
cases: (1) The surface rupture has nothing to
do with demages on ground. (2) Surface rupture
might have contrary effects which could be
cancelled each other to a certain extent.
According to the author's research, the latter
case 1s closer to the fact.

The intensification of esrthquake damages due
to surface tectonic ruptures is supposed to
be the sudden raise of instantaneous accelera-
tion during the breaking out of the rupture.

The decrease of earthquake damages due to
surface tectonic ruptures is coneidered to be
the shortening of time duration in vibration,
i.e. diminishing the number of cycles accord-
ing to the concept of the equi ent number of
cyclic stress.

In addition, this view point can be explained
by law of conservation of energy. Suppose the
structure on it forms a lumped mmss system.
Let M be the mase of structure, X be the
velocity of particle'es vibration, then the
kinetic energy gained during instantanecus
ground movement is

Ea=MZXliz

The potentiel energy E_ will be the product of
the spring (K) force snd the displacement X,

Ep=KAL-X5

The energy transmitted instantaneously to the
structure should be

dEq=SE ot = Fr(miis)dt =mX xdt

dE, =2 dt = Fr(KX%)at =KX xat

The energy exhausted during vibration is mainly
due to demping of the system, and will be
trensferred into heat energy to be dispersed.
So the energy exhausted in a certain moment

is the product of the demping force and the
perticle velocity in vibration, namely

where C is the damping fector, or written in
the form of criticael damping ratio

cT
T

o c
= =

. T €
dEv= cxxXat= -iT—-—-I‘df'

and w, frequency in cycle of the particle
vibration
T——period

The totsl energy gained by the structure is
the sum of the three, thus

AE = &Eu*&E:\-*"‘Ev
= (MX +CX +» KX )xat
=~ ML Tat

or, another form can be writtem in terms of the
circular frequency,

AF =(-Mw'+Ccw+K)xxat

When the surface rupture occurs in en instant,
i.e.aty14 4 then x—x (x> ) , Bnd Myw , C
remain constant. Therefore by law of conser-
vation of energy, x —-x’(x’<< x)« This means
the velocity of ground movement near the
rupture will suddenly diminish,then ground
shaking will stop guickly. Oonseguently the
structure will likely stand still after a
shorter time duration of vibrationm. Fig.4.4
is an exemple of such case in Liaso Ning earth-
quake.

Pig.4.4

Houses nearby
surface fuult-
ing (tectoniec
rupture about
bundred meters
apart) inm

Liao Ning
earthquake
etands still
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