Earth Planets Space, 52, 321-328, 2000

A rod-type creepmeter for measurement of displacement in active fault zone
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A creepmeter has been developed to monitor gradual displacements of near-surface movement in an active fault
zone. This rod-type creepmeter is a robust, low-cost instrument that is simple to construct and install. This
creepmeter consists of two 3-m invar rods attached to anchored steel piers at each end, straddling the surface traces
of active fault. The invar rods are supported by a pair of U-shaped solid stedl girders. A mechanical dial-gauge
sensor in the middle of the creepmeter is adopted to record the displacement of fault creep, and has a precision of
0.01 mm. Because the cregpmeter isinstalled on the surface, the temperature effect is important. To calibrate and
correct for the temperature effect, we carried out hourly measurements over a period of 30 hours to calculate the
thermal expansion coefficients for each cregpmeter. Thermal corrections could thus be made when readings were
taken. Five of these creepmeters have been installed in the Chihshang active fault zone of eastern Taiwan, in the
present collision suture zone between the Philippine Sea plate and the Eurasian plate. Readings taken over one year
have shown that this rod-type creepmeter is effective in providing anear-continuous record of active fault creep with

agood precision.

1. Introduction

Fault creep is movement of a fault that occurs gradually
without generating detectable earthquakes. It differs from
the brittle rupture of afault that generates earthquakesin that
it occurs slowly. However, some rel ationships exist between
fault creep and earthquakes. For instance, creep rate changes
on afault are often related to the occurrence of earthquakes.
Sometimes abnormally low creep rates take place before the
occurrence of major earthquakes (Burford, 1976; Raleigh et
al., 1979), and high creep rates occur during or soon after
earthquakes (Tocher, 1960; Burford et al., 1973; Mavko,
1982; Schulz et al., 1982).

Creepmeters have commonly been used for monitoring of
active fault creep (Nason et al., 1974; Goulty et al., 1979).
Installing the creepmeters across an active fault zone allows
one to characterize the movement of the fault creep and to
determine the relationship between fault creep and earth-
guakes. Several case studies along the San Andreas Fault in
central California (Schulz et al., 1982) have shown that the
creepmeter is useful for understanding active fault behavior.

The Longitudinal Valley Fault of eastern Taiwan is an
active fault located in the present suture zone between the
Philippine Sea plate and the Eurasian plate (Suppe, 1984;
Ho, 1986; Tsai, 1986). Continuous fault creep of the Lon-
gitudinal Valley Fault during the last 20 years at a rate of
20-30 mm/yr has been clearly revealed by geodetic analy-
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ses based on trilateration networks (Yu and Liu, 1989; Yu et
al., 1990; Lee and Angelier, 1993) and GPS measurements
(Yu et al., 1997), as well as by geological in-site investiga-
tion (Lee, 1994; Angelier et al., 1997). The Longitudinal
Valley Fault thus provides a good opportunity to study fault
creep behavior and its relation to earthquakes. In-site sur-
veys at several sites have been used to determine the amount
of creep over intervals of around 6-8 months (Angelier et
al., 1997 and 1999). However, the detailed evolution of fault
creep, including seasonal variations that were suspected at
some localities where measurements were performed twice
a year, remained unclear. There was an obvious need for
more frequent measurements of the fault displacement. For
this reason, we thus designed a specific rod-type creepmeter,
by taking both the local geology and the surface conditions
into account, in order to record the movement of the active
Longitudinal Valley Fault with five creepmeters at two sites
near Chihshang.

Inthispaper, wefirst present the principl esof the operation
system of the creepmeter. We then describe the instrumenta-
tion, theinstallation, and the datacalibration. The Chihshang
Fault case study is used as an example to illustrate the per-
formance of this creepmeter.

2. Design Concepts

Creepmeters are common instruments (typically a wire
or rod extensometer of 5- to 20-m length) for periodic or
continuous measurement of fault creep (Smith and Wyss,
1968; Nason, 1971; Burford et al., 1973; Goulty and Gilman,
1978; Goulty et al., 1978; Schulz et al., 1982). Creepmeters
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Fig. 1. Schematic representation of the rod-type creepmeter across an

activefault. Theinstrument measuresthehorizontal rel ativedisplacement
between the anchored piers on the opposite sides of the active fault.
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Fig. 2. Details of therod-type creepmeter installed in the Chihshang active
fault zone. The creepmeter is composed of four main parts: the piers, the
invar rods, the cover-and-support system, and the dial gauge sensor. The
pier ismade of U-shaped steel. Each of two parallel invar rodsis attached
tothepiers. The cover-and-support system is made of two U-shaped steel
girdersrest on the anchored piers.

areinstalled across active fault traces at chosen anglesto the
fault strike. Depending on the instrument orientation and
on the geometry of the relative displacement, the fault slip
may cause the distance between piers to either increase or
decrease.

We have devel oped arelatively simple and low-cost model
of rod-type creepmeter (Fig. 1) in order to monitor move-
ments on active faults. Other types of rod creepmeter, such
asthose in California, have been successfully used in an ac-
tive fault zone (Nason et al., 1974). The general aspect is
shown in Fig. 2, the upper plates that protect the instrument
fromrainfall being removed to show therodsand sensor. Our
creepmeter consists of two invar aloy rods (62% Fe, 36%
Ni), which attached with universal joints (cardan-like) to the
firmly anchored piers at each end of the creepmeter. The
rods are supported and housed by two rigid U-shaped steel
girdersthat rest on rollersat each pier. The displacement be-
tween thetwo anchored pierscan thusbereliably recorded by
amechanical dial gauge sensor, which is mounted between
the invar rods in the middle of the instrument.

The creepmeters are installed across the surface traces of
theactivefault. Unlikemost of the creepmetersin California,
which are buried in sub-surface housing, weinstalled the in-
strument at the surface in order to avoid ground water effects

Fig. 3. Two different types of the surface installation of the base of the
creepmeter. Upper figure: installation type |, concrete bases are planted
vertically on the surface by digging a 0.5-m deep hole. Lower figure:
installation type Il, concrete bases are horizontally fixed on the water
channel’swall.

and soil disturbance. Another advantage of the creepmeter
onthegroundisthat it iseasy to accessand to maintain. Each
creepmeter has to be long enough to cross a single surface
fault trace within the whole fault creep zone. At one site,
where movement occurs across awider zone, we had to use
two connected and aligned creepmeters to measure the total
displacement.

Themain advantages of our instrument lieinitssimplicity,
low-cost, and robustness. This type of creepmeter (Figs. 1
and 2) israther smpleto build and easy to install. The mea-
surements, which havealready been carried out for morethan
one year, indicate that wind and rain do not have any signifi-
cant direct effect on theinstrument. The main disadvantages
of the instrument lie in its sensitivity to temperature, the
limitation on its length, and friction within the instrument.
Because the instrument is exposed to the sunshine, the tem-
perature effect cannot be avoided. Thus, careful correction
and cdibration for the temperature effect are indispensable.
Within certain bounds, the limitation on length isacommon
characteristic of mechanical creepmeters. The friction af-
fecting the movement of the invar rods comes mainly from
the contacts between the rods, the housing, the rollers, and
the piers. Both the preliminary mechanical test and subse-
guent records of displacement suggested that their role can
be negligible.
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Fig. 4. Details of the extremity part of the creepmeter. (a) Theinvar rods
are attached on each pier by a universal joint and are supported by the
rollers on the U-shaped steel support system. The support system with
two parallel U-shaped steel girders straddles on the piers and can move
freely onthe supported rollerson piers. (b) Detailed partsof the universal
joint linking between the invar rods and the piers.

3. Description of the I nstrument
3.1 Pier and base

The piers at each end of the instrument are made from
lengths of U-shaped steel girders (Fig. 3) from 50-cm height
(for flat places) to 100-cm height (for Slopes). Thepierswere
mounted on 60-cm x 60-cm wide concrete bases. Two kinds
of concrete base have been adopted. For surface installation
(Fig. 3a), a 50- to 60-cm deep cavity is dug in the soil and
filled with concrete, iron bars and pebbles (Fig. 1). Theiron
bars are more than 1 m long and are thus implanted deeper
than the concrete base so that they significantly improve the
mechanical coupling with the surrounding earth. In the case
of the Chinyuan water channel, the creepmeters were not
installed directly in the soil, but attached to the thick wall of
the channel. Two creepmeters were installed on the wall of
the channel and one creepmeter was installed on the inside
of the channel (Fig. 3b) in order to avoid obstructing the
pathway onthetop of thedykewall. Inall cases, the concrete
bases were constructed four months before theinstallation of
the creepmeter.
3.2 Rod creepmeter

The main part of the rod-type creepmeter (Fig. 2) consists
of two parallel invar rods, a support-and-cover system, and a

Fig. 5. Detailsof therecording systemin the middle part of the creepmeter.
The relative horizontal movement of two invar rods can be measured by
amechanical dial gauge sensor, with aprecision of 0.01 mm and arange
of 50 mm.

recording system. Theinvar rods are 3- to 4-mlong and 9.52
mm (0.375 inch) in diameter. Each invar rod was attached
to the firmly anchored steel pier at one end by a universal
joint (Fig. 4). The universal joints alow the invar rods to
keep moving freely when shortening, lengthening or rota-
tion occurred between the two piers. Undesirable effects of
deformation are thus minimized. An important part of the
design for any rod-type creepmeter is to support the rods
so that they are free to move along their own axes but not
sideways (Agnew, 1986). For this, we let the parallel invar
rods lie on the rollers fixed to the support-and-cover system
(Figs. 4 and 5). The support-and-cover system is composed
of two parallel U-shaped stedl girders, which straddle the
two piers (Fig. 4). Rollers fixed to the steel piers allow the
support-and-cover system to move horizontally when creep
occurshetweenthetwo piers. Thecoverismadeof light plas-
tic plates to protect the instrument from rain and sunshine.
In the middle of the instrument, we mounted a mechanical
dia-gauge (Fig. 5) for measuring the relative displacement
(shortening or lengthening) between the parallel free ends of
the two invar rods.
3.3 Dial gauge sensor

We use adial gauge sensor to record the displacement due
to fault creep. A mechanical dial gauge was adopted in our
creepmeter design for two reasons. First, such a gauge is
largely accurate enough for our purpose; second, because its
simpler construction, the probability of malfunction eventsis
reduced, in comparison with more sophisticated devices (an
important factor to consider taking the environment of our
creepmeters into account). The mechanical dial gauge that
we used is commonly adopted for measuring displacements
incivil engineering. Itiseasy toinstall and enableonetotake
the readings with a good precision. Two metal plates fixed
on each invar rod in the middle of the instrument (Fig. 5).
We mounted the dial gauge on one metal plate and kept the
detector tube of the dial gaugein contact with the other metal
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Fig. 6. Variation of the measured shortening displacement with the temperature. The curves of the shortening (a) and of the temperature (b) versus time
are deduced from a 30-hour run of hourly measurements. The variation indicates that the displacement (shortening amount) is basically a function of
the temperature. The data calibration and correction have been carried out on this basis (see text for the details). (c) The plot of corrected shortening
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amount with respect to time. The flat curve with a small fluctuation indicates that the calculation is adequate.

Table 1. Parameters of the temperature effect and results of cal culated thermal-expansion coefficients deduced from hourly measuring experiments over
aperiod of 30 hours. Such calibration isillustrated in Fig. 6 for one of the creepmeters (CHIHO01). The range of temperature represents the minimum
and the maximum temperatures during the experiments. The difference of shortening represents the difference between the maximum and the minimum
data readings during the same period. The thermal-expansion coefficients for each creepmeter are calculated based on three parameters list in the table

and Eq. 1.

Name of Range of Difference of Lengths of Thermal-expansion
creepmeter temperature (°C) shortening (mm) invar rods (mm) coefficient (/°C)
CHIHO001 242 — 379 0.71 6020 8.6 x 10°°
CHIH002 243 - 37.2 0.52 7300 55 x 10°®
CHIHO003 23.6 — 415 0.54 7310 41x10°°
CHIHO04 21.55- 35.0 0.85 5820 10.8 x 1076
CHIHO005 244 — 393 0.755 7290 7.0 x 10°°
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Fig. 7. Location of the sites of the creepmetersin the Chihshang active fault area. (a) The Chihshang Fault is an active segment of the Longitudinal Valley
Fault, which represents the present collision suture between the Philippine Sea plate and the Eurasian plate. (b) The creepmeters at Chinyuan site are
situated on the Chihshang active fault zone, along which the Coastal Range thrusts onto the Longitudinal Valley. (c) Location of the creepmeters and the
surface traces of active fault at the Chinyuan site. Three creepmeters have been installed on the wall of the water channel and across the three surface

traces of active fault within an about 100-m wide active fault zone.

plate. The relative movement of the two parallel invar rods
along their axis can thus be measured and recorded directly
by simple readings on the dial gauge. The dial gauges used
are standard metric gauges manufactured by the Mitutoyo
Company, and they cover a0-50 mm range, with aprecision
of 0.01 mm.
3.4 Thermometer

The temperature of the invar rods is manually recorded
when the readings of the dial gauge are taken. We use a
common digital thermometer with an accuracy of 0.1°C. The
thermometer with a detector bar allows to measure the tem-
perature of the invar rods. The temperature of the invar rods
and the outdoor temperature are both recorded at the time
each dia gauge reading is made. The temperature measure-
ments allowed us to carry out systematic data calibration
and correction for the temperature effect. This temperature
calibration is discussed in more detail in the next section.

4. Data Calibration

Because the creepmeter is basically composed of metal
materialsand exposed to the sun, the effect of thermal expan-
sionrequiresconsideration although alow thermal expansion
meaterial (invar aloy) is used for the rods. The temperature
effect has been evaluated by taking hourly measurements
over a period of 30 hours. The apparent lengthening in the
middle of theday isdueto thermal expansion. The dataplot-
tedinFig. 6illustrate the daily fluctuation for the creepmeter
CHIHO001. During one day, with a temperature variation of
13.7°C (between 24.2°C and 37.9°C), we obtained an appar-

ent displacement of 0.71 mm for the creepmeter CHIHOOL.
We used the data of such experiments as the basis for statis-
tical temperature calibration. Under the reasonable assump-
tion that during one day the apparent displacements prin-
cipally depend on the variation in temperature, the thermal
expansion coefficient (c) of creepmeter can be represented
asfollows:

€= (D1 —Dy)/[L x (Ty — T)] )

where D, is the measured displacement of creepmeter at
temperature Ty, D, isthe measured displacement at temper-
ature Ty, and L isthe length of the invar rods. The thermal
expansion coefficientsfor each creepmeter can thus be cal cu-
lated (Table 1). Based on Eq. 1, the dial gauge readings can
be corrected to a chosen reference temperature to determine
the amount of displacement due to fault creep.

5. Observation

We have installed five creepmeters at two sites, Tapo and
Chinyuan, in the Chihshang active fault zone (Fig. 7). The
Chihshang Fault is situated in the Longitudinal Valley, a
present collision suture between the Philippine Sea plate and
the Eurasian platein eastern Taiwan. At the Tapo School site,
we connected two creepmeters acrossa10-mwidefault zone
at thefoot of agentlehill slope. At the Chinyuan water chan-
nel site, anearly flat area, we set up three creepmeters strad-
dling three observed surface traces of active fault in a100-m
wide zone (Fig. 7). The orientations of the creepmeters are
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Fig. 8. One-year creep data (August 1998—-July 1999) at Tapo elementary School. The fault creep is represented by the shortening versus the time. Two
creepmeters, CHIHO001 and CHIH002, are connected together to measure the fault creep in an about 10-15 m wide active fault zone located at the foot
of asmall hill. (a) Creep data of creepmeter CHIH001. (b) Creep data of creepmeter CHIH002. (c) The total shortening amount of the creepmeters

represented by the sum of the data of two creepmeters.

set to be paralldl, or at asmall angle, to the general trend of
the relative displacement vectors between either side of the
Chihshang Fault (Angelier et al., 1999), in order to measure
the horizontal shortening dueto fault creep. The Tapo creep-
meters (CHIHO01 and CHIH002) trend N115°E. The three
Chinyuan creepmeters CHIH003, CHIH004, and CHIHO05
trend N113°E, N156°E, and N164°E, respectively.

The concrete bases of the creepmeters were constructed
in March 1998. The instruments were not installed until
July 1998 to allow sufficient time for concrete strengthening
and ground settlement. The creep data have been recorded

since July 30, 1998. We took creep readings on a daily
basisfor the first two months and then several times weekly.
Readingsaremade at about 4to 6 p.m. (soon before sunset) in
order to minimize the temperature variations. In this paper,
we present the first year data from the creepmeters in the
Chihshang active fault zone for the period August 1998 to
July 1999.

Figure 8 shows displacement due to fault creep (short-
ening) versus time at the Tapo School site, recorded by two
aligned and connected creepmeters, CHIHO01 and CHIHO02.
The plots illustrate that the fault is continuously creeping.
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Fig.9. One-year creep data (August 1998-July 1999) at Chinyuan village, representing by the shortening displacement of fault creep versusthetime. Three
creepmeters CHIH003, CHIHO004, and CHIHO005 are distributed along awater channel in an about 100-m wide fault zone. (&) Creep data of creepmeter
CHIHO003. (b) Creep data of creepmeter CHIH004. (c) Creep data of creepmeter CHIHO05. (d) The total shortening amount of the creepmeters

represented by the sum of the data of three creepmeters.

The total shortening (sum of the shortenings of two creep-
meters) is 19.4 + 0.3 mm for ayear. The data indicate that
the creep rate has changed through time. The shortening rate
was relatively high from August to November (29.1 4+ 0.4
mm/yr). Then it slowed down (5.1 £ 0.5 mm/yr) from De-
cember to January. The creeping activities increased again

from February at a rate of 16.8 = 0.2 mm/yr through July.
The rainfall data show that the high creep rate period coin-
cides with a high rainfall season, whereas the low creep rate
period coincides with adry season.

Figure 9 showsthe displacements dueto fault creep versus
time at the Chinyuan site, recorded by three creepmeters
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(CHIHO003, CHIHO004, and CHIHO005), distributed within a
100-m wide fault zone. The total shortening recorded by
the three creepmeters is 17.3 4+ 0.7 mm for a year, similar
to that measured at Tapo. The plot shows two periods with
different types of creep. From August 1998 to February
1999, it reveds a seemingly monthly fluctuation of creep
with a very low shortening rate of about 0.6 + 0.4 mm/yr.
There was an abrupt change in March 1999 when the fault
started to move with a very high shortening rate of about
38.9 + 1.0 mmiyr.

In summary, the one-year results of the creepmeters in
the Chihshang active fault zone show an average horizontal
shortening rate of about 18 mm/yr in Tapo (19.4+0.3 mm/yr)
and Chinyuan (17.3 + 0.7 mm/yr). These results are gener-
aly consistent with the previous annual estimates at various
scales, including geodetic trilaterational measurements (Yu
and Liu, 1989), GPS measurements (Yu et al., 1997), and
in-situ geological investigations (Lee, 1994; Angelier et al.,
1997 and 1999). However, the creepmeter records bring ad-
ditional information on the evolution of creep with time dur-
ing the year. Such information could not be obtained earlier,
because previous data acquisition was made once or twice a
year (Angelier et al., 1997 and 1999).

Surface deformation measured by creepmeters can result
from different sources: tectonic stress, soil creep, earth tides,
human activity, and atmospheric factors (rainfall, tempera-
ture, air pressure, and so on). For this study, the creep-
meters are located across the surface fractures of the active
fault which has been continuously moving during the last 20
years, and the measured deformation is principally related
to the tectonic movement. However, other factors, such as
rainfall, temperature and so on, also play important roles
which cannot be ignored. The combination of these factors
may be responsiblefor the variations of the creep rates of the
creepmeters in the Chihshang Fault area.

6. Conclusion

We have designed arobust rod-type creepmeter in order to
monitor fault creep in active fault zones. Thisinstrument is
low-cost and its construction and installation are easy. The
creepmeter isinstalled on the ground surface for easy access
and maintenance. Details of the instrumentation have been
presented intheabovetext. The precision of thegauge sensor
is+0.01 mm. Theactual accuracy of the creepmeter records,
taking all factorsinto account, is estimated to be +0.02 mm
in terms of horizontal displacement due to fault creep. The
most important uncertainty (or error range) comes from the
temperature effect, which hasbeen calibrated by hourly mea-
surements. Systematic corrections are made for temperature
variations based on this calibration. Observations for one
year in the Chihshang active fault zone have demonstrated
that this model of rod-type creepmeter is effective and reli-
ablefor near-continuous monitoring of surface movement on
the active fault.
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