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ABSTRACT

The reasons for the anomalous high macroseismic intensity caused in the Xiji-

Langfu area by the Tangshan, 1976 earthquake can be found in its special geological

conditions. This area is formed of deep deposits beside the Xiadian faull, thai consist

mainly of alluvium sands and clays, which are poorly consolidated with high water

content. Resonances, excitation of local surface waves and their propagation cause

strong amplifications and long durations of signals. Based on simulated strong ground

motion, we have computed quantities commonly used for engineering purposes: I he

maximum amplitude (AMAX) and the total energy of ground motion (W), which is

related to the Arias Intensity. AMAX and W do not decrease gradually as the epicentral

distance increases, since the low velocities and the thickness of the deposits are

responsible for the large increment of the values of AMAX and W inside the basin. On

the two sides of the Xiadian fault AMAX and W can vary by 200% and 700%

respectively. This computational result can be used to explain the large macroseismic

intensity observed in the Xiji-Langfu area, in connection wilh the Tangshan earthquake.

The spectral ratios show that over the whole area significant amplifications occur in the

range of frequencies from 0.3 Hz to 1.5 Hz, while the largest amplification is above 6

and takes place around 3 Hz at a distance of about 112 km. from the epicentre.
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l.The city of Beijing

Beijing covers the area 39°28' N-41°O5rN, 115°25' E-l 17°3O'E of about 16810

km and is populated by about 10 millions people. Beijing is located at the north-western

edge of the Huabei plain, surrounded to the East, West and North by mountains.

South-west Beijing is sitting on an alluvium fan and plain.

Beijing and adjacent areas are affected by relatively high seismicity. In the last

1000 years in the area 38°N-41°N, H4°E-120°E there have been more than 100

earthquakes with magnitude MS5.0, among them 30 strong events with MS6.0 and 3

with magnitude M>7.0. In the last three centuries three events caused severe structural

damage in the Beijing area: (1) the 1679 Sanhc-Pingu event with M=8, that caused in

Beijing a maximum MSK intensity (Xie, 1957) equal to XI; (2) the 1730 west suburb

of Beijing event with M=6.5, that caused in Beijing a maximum MSK intensity equal to

IX; (3) the 1976 Tangshan event with M=7.8, that caused in Beijing a maximum MSK

intensity equal to VIII (Fig. 1).

2. The July 28,1976 Tangshan Earthquake

The July 28, 1976 Tangshan earthquake is one of the strongest events that

occurred in China in the last 20 years. The epicenter of this event is 39° 38' N, 118° 11'

E, and the source depth is 11 km (Group of 'the 1976 Tangshan Earthquake', 1982).

This event caused the almost complete destruction of the town of Tangshan (maximum

intensity XI on MSK scale, see Figure 2). The area of intensity VIII is of about 7270

km2. The build environment was seriously damaged. The area, where the earthquake

was felt extends for about 2.17106 square kilometers. The event had a devasting impact

on the population and on the economy, and caused damage in Beijing (Figure 3), the

MSK intensity varying from VI to VIII. The isoseismal lines are shown in Figure 1.

An analysis of long period records (Zhou, 1985) shows thai (he earthquake

consists of three main sub-events, respectively with seismic moment, M,,, equal to

1.610ZO Nm. 0.91020 Nm a n d 2.81019 Nm. The first two events are located on the

same fault, striking in the NE direction for a total estimated length of about 140 km, the

third event is located 20 km SW of the main fault. On the other hand, the faulting traces

which have been found in the epicentral region extent for only about 10 km, and the

isoseismal lines (Figure 1) have an approximately circular shape. All this indicates thai

the faulting process of the Tangshan shock is a complicated one. In this paper to

minimise the possible degrees of freedom we consider only the firsl event and we

concentrate on the simplest source model, the point source approximation, whose

proposed source mechanism parameters are listed in Table 1, and we will assume

Mo=1.81020 Nm in agreement with Xie (1993).

Table 1. Possible source mechanism of the 1976 Tangshan Earthquake

No.

1

2

3

4

5

plane 1
strike dip

41°

30°

36°

20°

AW

SE8S°

SE90"

SE80"

NW86°

NW80°

planc2
sirike dip

129°

120°

123°

i n "

130°

NE70°

SW90°

NE73°

SW88°

90°

P axis
azimuth dip

267°

75°

260"

18°

()"

.¥•

T axis
azimuih dip

167° HI

M5° If

I6K° 5'

refrcncc

Qiu(W76)

Zhang, cl al.

Zhang, et al.

Bullcr. et al.

fiuiler. etal.

< wm

(1980)

(1979)

(1979)

If the north-east plane is taken as the fault plane, the solution indicates that the

mechanism corresponds to a right-lateral strike slip with a large dip angle. For the first

event Zhang, et al. (1980), estimate Mo to be 1.441020 Nm, in agreement with Butler et

al. (1979) who estimate from body and surface wave forms Mo to be 1.2<»xlO2ONm

and l.8xlO2ONm respectively.



3. Intensity distribution of Beijing caused by the Tangshan earthquake

The center of Beijing area, which is roughly contained in a circle with a radius

of about 70 km, is about 170 km from the epicenter. Fig. 1 shows the observed

macroseismic intensity distribution caused by the Tangshan earthquake. The general

pattern of intensities gradually decreases from East to West with the range of MSK

varying from VII to V. In most of the area (the plain including the city) of Beijing the

intensities are around VI, in the Xishan mountain area intensities vary from V to VI.

Only in a limited part of Tongxi the intensity is VII. In the area of intensity VI there are

phenomena, such as ground fracture and soil liquefaction, but of small size, and the top

of tall Buddhists towers and chimnies fell down .

In the south-eastern part of Beijing, near to the border between the areas of

intensity VI and VII there is an anomalous zone of high intensity, the Xiji-Langfu area

(Fig.l and Fig 4) where the intensity is VIII. In this area the ground fractures and soil

liquefaction were quite common and therefore the structural damage quite heavy. To

explain the observed increment of the MSK intensity in the region of Xiji-Langfu we

apply the method developed by Faeh et al. (1993,1994) to simulate the ground motion

induced by the Tangshan earthquake along the profile shown in Figure 4. This hybrid

method, which combines mode summation and the finite differences method, allows us

to take into account the source, the path and the local soil conditions. We will discuss

the results of the numerical simulations as a function of local geological conditions.

4. The geologic setting of XlJI-Langfu area

Xiji-Langfu is located in the plain formed by the middle and lower parts of the

Chaobai river, which frequently overflowed its banks and changed its course. Figure 4

represents the main geomorphological features and the paleoriver courses in this area

(Gao,1979). The paleoriver courses are developed in nearly the same direction as the

contemporary rivers. These recent deposits, and the shallow groundwater level provide

possible condition for soil liquefaction.

According to drilling information the surficial layers of the area in the upper 50

meters consist mainly of alluvium sands and clays. These deposits are poorly

consolidated, with high water content and very low rigidity. From the structure of the

stratigraphic column of the surficial layers, shown in Figure 5, it is possible to see

intercalated layers of powdery sands, muck ooze or clay-powdery with muck ooze

(Jiang et al., 1979). In general they are spongy geological bodies with low mechanical

strength.

Beside the western side of Xiji-Langfu there is a fault striking NE and dipping

almost vertically, the Xiadian fault. Along this fault occurred the 1679 Sanhe-Pingu

earthquake (M=8.0), the 1532 Xiaodian earthquake (M=5.5) and the 1536 earthquake

(M=6.0) near Langfu. During the Tertiary and the early Quaternary because of the

Cenozoic Dachang subsidence more than two kilometers of deposits were accumulated

at the East of the fault, while at the West of the fault only several hundreds of meters of

deposits were accumulated. The tectonic movemeni caused therefore large contrast in

the lithological and physical properties on the two sides of the fault (Gao,1979). Xiji-

Langfu is located in the area with thick deposits.

5. Model of structures and source characteristics

For our deterministic modelling it is necessary to assume models for the source

and for the average mechanical properties of ground. Table 2 shows the average one-

dimensional reference model describing the path from the source to the east of Beijing .

The P- and S-wave velocities are based on average results of tomographic inversion

(Chen et al. 1991, Liu et al., 1986, Sun and Liu, 1995). The Moho depth is chosen at

34 km also in agreement with other studies (e.g. Group of 'Results of deep geophysical

prospecting', 1986).



Table 2. Average one-dimensional reference model

THICKNESS

•;KMl

0 I0000E+00
0.10000E+00
0 IOOOOE+00
O.iOOOOE+QO
O.1000OE+OO
0 IOOOOE+00
0 10000E+00
0.25000E+0O
OOSOOOE+OO
1 OOOOOE+00
I.OOOOOE+00
1 OOOOOE+00
I .OOOOOE+00
I OOOOOE+00
[ .OOOOOE+00
1 O0OO0E+O0
I OOOOOE+00
1.OOOOOE+00
0.10000E+0]
0I0OOOE+O1
O.I000OE+OI
0.1000OE+0I
0 I0OO0E+OI
OIOOOOE+OL
0I0OO0E+0)
O.IOOOOE+O1
0.1O00OE+O1
0.10000E+OI
0.30000E+OI
0. IOOOOE+01
O.IOOOOE+Ot
050000E+01
0 40OOOE+O1
0 60000E+0I
OSOOOOE+01
0.50000E+01
0.50000E+OI
0.50000E+01
0.50000E+0)
05OOO0E+01
infiniie

(G/CMJ)

021000E+01
O22O0OE+OI
0-22O0OE+O1
023OOOE+OI
n J4DO0E+01
O.25OOOE+O1
O.25O00E+01
0 25OOOE+0!
0 260OOE+OI
O-26O0OE+OI
0 260OOE+0]
0 2BOO0E+O1
O-285OOE+O1
0.2850OE+OI
0.2850OE+01
O285O0E+0I
D.2B5O0E+OL
O.2850OE+O1
02850OE+O1
O285OOE+OI
0 285OOE+OI
0.285O0E+OI
0.285OOE+01
O.285OOE+O1
0 28500E+OI
O285OOE+OI
O.2850OE+0L
Q.285OOE+01
0.2880OE+O1
0.2880OE+O1
0288OOE+0I
0 290O0E+0I
0.295OOE+01
0 330O0E+01
0.330OOE+0]
0.330OOE+O1
O.33OOOE+O1
0 34000E+OI
0 340OOE+0I
0.34000E+01
O34OO0E+01

P-WAVE

VHJOCITY
IKM/S)

026O00E+01
0.320O0E+O1
0380OOE+0I
O.J885UE+0I
0.4U00Et01
0.4320OE+01
0.44200E+01
O.45OOOE+01
O.475OOE+01
0503OOE+OI
O533OOE+0I
O56250E+01
0.592O0E+0!
O.59SOOE+O1
059900E+OI
O.6020OE+01
0.60S5OE+O1
0.61000E+OI
0 6I400E+01
0 61SOOE+OI
0.622O0E+01
0.6IS0OE+O1
0 630O0E+0I
0 632O0E*01
0.63400E+OI
O.636OOE+01
0.6380OE+01
064OO0E+0I
0 64800E+01
O657OOE+OI
O.657OOE+0I
0.676OOE+O1
0.69SOOE+01
0 7450OE+O1
0.74900E+01
0.7S400E+01
O7580OE+01
0.76I0OE+0I
0.76400E+01
0.76700E+01
O.77OOOE+O1

P-WAVE

ATTENUATION
(S/^KM)

0.19231E-02
0 1S625E-O2
O.87719E-O3
0.B580OE-03
O.4B3O9E-O3
O.46296E-03
0348O7E-O3
0.34188E-03
O.32389E-O3
026SO8E-O3
0.2I442E-03
0.20317E-O3
0.16892E-03
0.16807E-O3
0.16694E-03
0.16611E-03
0.I6S1SE-O3
0.16393E-03
0.I4477E-03
0.14383E-03
0.1429IE-03
0 14199E-03
0 I4109E-03
0.14O«5E-03
0.14020E-03
0.I3976E-03
O.13932E-O3
O.13889E-03
0.12346E-03
0.12176E-03
0.UI76E-03
011834E-O3
0115116-03
0.5M57E-04
O.59338E-O4
0.5894JE-04
O.58634E-O4
0.52362E-04
0.52356E-04
0.S215IE-04
0.51948E-04

S-WAVE

VEUX3TY
(KM/S)

0 130OOE+01
0 16000E+01
0.19O00E+01
0.21000E+01
O230OOE+01
0 240OOE+O1
0.250O0E+01
O.26O0OE+01
0.77SOOE+01
O.293OOE+O1
0 3IO00E+01
0.327O0E+O1
0.34400E+01
0.3460OE+O1
O3480OE+0I
0.330O0E+O1
0.35200E+01
0354OOE+O1
0.3S600E+0I
0.358O0E+O1
O.36OOOE+O1
0.362OOE+O1
O3640OE+01
O.3652OE+QI
0.36640E+01
0.36760E+01
0.36880E+01
O.37OO0E+01
O.375OOE+0I
0.38OOOE+O1
O.38OOOE+O1
O.39OOOE+OI
0.40000E+OI
O43OO0E+01
O432OOE+O1
0.43400E+0I
0.435O0E+01
O.43625E+O1
0.43750E+O1
0.4387SE+01
0.44000E*01

S-WAVE

ATTENUATION
(S/IO'KM)

0.961S4E-02
O.78125E-O2
0 43860E-02
O.39683E-O2
0.I17J9E.O2
O.2O833E-O2
0.1J385E.O3
0.14793E-02
0.13986E-02
O.I1376E-O2
O.92I66E-O3
0.87374E-03
072674E-03
0.72254E-O3
0.71839E-03
071428E-03
O.71O23E-03
0.70621 E-03
0.6242:E-03
0-62O73E-03
O.61728E-03
0.6I387E-03
O.61050E-O3
O.6O849E-03
O.6O650E-03
0.60452E-03
0.60255EO3
0.6OO6OE-03
0.53333E-O3
0.5 2631 E-03
0.5263] E-03
O.51282E-03
0.5O0OOE-O3
O.J584OE-O3
O.25720E-03
O.256O2E-O3
O25543E-O3
022923E-03
O.22857E-03
0.22792E-03
O.22727E-O3

About the source we restrict to a simple point source with a duration of 0 s. This

allows us to study the behavior of the waves in the entire frequency band from 0.01 to

1 Hz, with no a priori assumption about the frequency content of the source. Figure 6

shows the synthetic seismograms at a distance of 115 km from the source, in the

direction indicated by the dashed line in Figure 1, for the five mechanisms listed in

table 1. All amplitudes correspond to a seismic momenl of 10 7 Nm and are given in

unit of cm/s2. The signals are normalized and the normalizing factor is given in the

figure. Mechanism 2 has been chosen since it produces, in the considered direction, the

largest amplitudes on the transverse component. The high-frequency limil has been

chosen to be 4 Hi, in agreement with the experience derived from the strong motions

recorded in the Beijing area and processed by Xie (1993).

6, Numerical modelling for a two-dimensional structural model

Figure 7 represents the two-dimensional structural model for the Xiji-Langru

area. The steep interface between sediments and bedrock models part of the Xiadian

fault. The sedimentary basin beside the Xiadian fault is modeled by a layered structure.

Velocities are gradually increasing with increasing depth. In ihe uppermost layer of tht

model the muck ooze is modeled by the small basin with the lowest velocities. We

estimate the strong ground motion considering two models with different thickness in

the sedimentary basin in order to understand the main physical effects of its thickness.

The two structural models are loo large lo be treated in a single computer run

with the finite difference method. For this reason, following Ihe procedute of Fah et a!

(1993) the models had to be divided into three pans, partly overlapping (seci, sec2.

sec3). Examples of the differences between signals computed in correspondence o;'

common points of the overlapping portions of Ihe sections are given in Figure 8.

The velocity and acceleration time series obtained for ihe two entire cross

sections are shown in Figure 9 and Figure 10. The main feature of the lime series is one

peak, which can be related to the Lg phases (Knopoff et al, 1973, Panza and

Calcagnile, 1975) with around 3.5km/s velocity. In comparison with the results

obtained for the one-dimensional layered model, the obvious effects are a strong

amplification and a long duration of signals. For the two models with different depth of

sediments the waveforms at the same sites do not change very much. The important



effect is the remarkable difference of amplitude and duration of the signals on the two

sides of the Xiadian fault (see from site 64 to site 68). The strong amplification and

long duration are due to the low impedance of the alluvial sediments, and to the

excitation and propagation of local surface waves. At the begining of the basin, from

site 2 to site 4 the signals differ only slightly in amplitude and shape from those

computed for the layered one-dimensional structure. When the sediments become

deeper, diffractions at the beginning of the basin and multiple reflections in the dipping

sediments are responsible for the signals amplification and for the long durations.

Resonances originate from the superposition of forward propagating local surface

waves, with their reflections. Examples of local resonance of different periods can be

seen at distances of 111.3-111.9 km (sites 17-20) and 114.3 km (she 32), with

amplitudes comparable to the amplitude of the Lg phase.

For engineering purposes the maximum amplitude of ground acceleration

(AMAX), and the total energy of ground motion or total energy of acceleration (W) are

commonly used. Therefore we extract from our signals a set of values of AMAX and

W, which can be compared with the geologic setting of the profile. To get realistic

values we scale all synthetic signals to a seismic moment M^l.SxlO 2 0 Nm, using the

scaling law by Gusev (1983).

The spatial distributions of AMAX and W of the transverse component of

motion for the profile we studied are shown in Figure 11 and 12. The results obtained

with the one-dimensional layered structure are also shown in the same Figures. For the

two-dimensional structural model, there are two main peaks in the AMAX curve: (1) at

the beginning of the alluvial, and (2) at the beginning of the low-lying land with muck

ooze. To the East of the Xiadian fault, AMAX drops to values that are very low and

comparable with the one obtained with the one-dimensional model. The difference in

the thickness of the sedimentary basin does not strongly affect the general trend of

AMAX, while the trend of the total energy curve, W, is sensitive to variations of the

thickness of the deposits.

The source effect and the regional trend can be removed by calculating the ratios

between the values obtained for the two-dimensional models and those obtained for the

one-dimensional model. The ratios of the maximum amplitude of ground acceleration

AMAX and of the total energy, W, computed for the deep basin and shallow basin

models, are shown in Figure 13 and 14, The relative AMAX varies from about 0.8 to

1.8, while W can vary from about 1 to 7.

7. Results in the frequency domain

A representation of the two-dimensional effects is given by the computation of

spectral ratios between the two-dimensional and the one-dimensional signals from the

same site. The results for the transverse component of motion are shown in Figure 15,

where these ratios are presented as a function of frequency and spatial location along the

section. The darker an area, the stronger the amplifications that characterize the two-

dimensional model with respect to the one-dimensional case. The greatest amplification,

about 5-6 times, is observed in the distance range 111.5-112.0 km, for frequencies

around 3 Hz.

The general distribution of the shaded areas can be related to the geometry of the

structural model. Outside of the basin, over almost the entire frequency band, there is

very small amplification, less than 2, except outside of the western edge of the basin

where around 2 Hz an amplification of about 3 is visible, in the case of the deep basin.

Over the whole basin pronounced amplifications occur at frequencies around 0.4 Hz. At

higher frequencies the maxima are narrow and scattered and (he absolute maximum is

reached around 3 Hz for an epicentral distance of about 112 km. Similar observations

apply to the shallow basin, with a general decrement of the amplifications.
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Figure captions

Figure 1. Isoscismal map for the July 28, 1976 Tangshan earthquake. The star
represents the center of Beijing city, the shaded area represents Beijing area. The
dotted line represents the path from the source to (he zone we study in this
paper.

Figure 2. Examples of damage in the Tangshan city (intensity XI) caused by (he
1976 earthquake. Almost all structures of Tangshan cily collapsed.

Figure 3. Examples of damage in the Beijing area (intensity VI).
Figure 4. Main geomorphological features and the paleoriver courses in the Xiji-

Langfu area. Paleoriver courses and flood land are developed beside the
Chaobai river and the North canal.

Figure S. Structure of the slratigraphic column of the surficial layers in Xiji-Langfu
area. It consists of intercalated layers of powdery sands, muck ooze or clay-
powdery with muck ooze with low mechanical strength.

Figure 6. Synthetic signals, corresponding to the mechanisms listed in Table 1.
velocity (left), acceleration (right), The signals are normalized to the values
indicated in the figure, and correspond to a source 11 km deep, with a seismic
moment of 10"7 Nm.

Figure 7. The two-dimensional structural model for the Xiji-Langfu area, (a) deep
basin, (b) shallow basin.

Figure 8. Comparison between the signals obtained at the same distance from the
source for different cross-sections, at distance of 114.9 km (left), and 120.1 km
(right). The source has a seismic moment 107 Nm. The signals are normalized
to the values indicated in the figure.

Figure 9(a). Velocity lime series of SH waves over the cross-seclion for the deep
basin model. All amplitudes are related to a point source with seismic moment of
10"7 Nm. The signals are normalized to the same peak velocity O.22e-O3cm/s.
The time scale is shifted by 15s from the origin lime (Os in the figure is really
15s from origin time) and the site spacing is 200m.

Figure 9(b). The same as Figure 9(a) for the shallow basin model.
Figure 9(c). The same as Figure 9(a) for the one dimensional reference model.
Figure 10(a). Acceleration time series of SH waves over the cross-section for ".he

deep basin model. All amplitudes are related to a point source with seismic
moment of 10"7 Nm. The signals are normalized to the same peak acceleration of
O.3e-02 cm/(s2). The time scale is shifted by 15s from the origin time (0s ir. the
figure is really 15s from origin time.) and the site spacing is 200m.

Figure 10(b). The same as Figure 10(a) for ihe shallow basin model.
Figure 10(c). The same as Figure 9(a) for the one dimensional reference model.
Figure ll(a) Maximum amplitudes of acceleration (AMAX) for the deep basin,

(b) Maximum amplitudes of acceleration (AMAX) for the shallow basin. The
values of AMAX correspond to a M^lSxIO20 Nm. The solid line indicates the
two-dimensional results, the dotted line the one-dimensional results obtained by
the modal summation technique and the long dashed line the one-dimensional
results obtained by the finite differences.

Figure 12 The solid line indicates the two-dimensional results, the dotted line the one-
dimensional results obtained by the mode summation, the long dashed line the
one-dimensional results obtained by the finite difference,
(a). Total energy (W) of the transverse acceleration for the deep basin.
(b). Total energy (W) of the transverse acceleration for the shallow basin.
The values of W correspond to Mo=l .8x10^° Nm.
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Fiaure 13. Ratios of the peak ground accelerations, AID/AID, (») for the deep basin
and <b) for the shallow basin. The reference signals are the ones obtained for
the one-dimensional model.

Figure 14. Ratios of the total energy of acceleration, W21J/W1D. (•) for the deep
basin model and (b) for the shallow basin model. The reference signals are the
ones obtained for the one-dimensional model.

Figure 15(a). Spectral ratios of the transverse accelerations over the entire cross
section for the deep basin model. The reference signal is the one obtained for the
one-dimensional model.
(b). The same as fig 15a, for the shallow basin model.
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