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he New Hampshire earthqu

IR Sk itude 43.5° N, longitude it st e
and downstream sites at the Franklin Falls Da;ezizii na;reie c;btained on'crest,
verse component of thE_accelerograph located on the rightmabr?:m et st ok
eration of 0.55 g, which is the highest acceleration ever ricmeztdre'cord(ad .
ynited gtates. The purposes of this paper were to study the Se(n?,rsmic in the
hown by response spectra on crest, abutment, and downstream S'zesponse
e natural periods of foundation and dam from the amplitude ratizz, (aa?ni

f the response spectra.

. puring ©

1 INTRODUCTION 2  PURPOSE

4:42 EST on 18 January 1982 or An earlier report by Chang (1983 dis~

at 19:1

00:13:42 UyT on 19 January 1982, an earth- cusses the corrections of baseline and

quake of Richter magnitude 4.7 occurred instrument for the 36 accelerograms, the

ot latitude 43.5° N, longitude 71.6" W in integration of particle veloclty and dis-

New Hampshire. The focal depth was esti- placement, the analysis of maximum accel-
eration, velocity, displacement, and

n 4.5 and 8.0 km by the

veston Observatory and US Geological Sur-
vey, respectively. A typical comment by
people of taconia, Franklin, and Tilton
Northfield areas was, ''The whole building

shook and rumbled.” The earthquake was
felt in most of New England and parts of
New York for about 20 seconds durilng the
night., The Franklin Falls Dam (Fig. 1)
is at a distance of 8 km from the
epicenter,
atnflgtyz-ﬂx accelerograms were recorded
Fl'ankli ;rps of Engineers (CE) dams:
by Ialk:lls Dam (FFD, epicentral dis-
25 ’60 lm)’ Union Village Dam (UVD,
s = ), North Hartland Dam (NHD,
e-d;" 26 km), North Springfield Dam (NSD,
E-d.: 103hk1)n’ Ball Mountain Dam (BMD,
Junet {on (m)l; and at the White River
 Aduip, ﬂ=t'tat1 s e.d.,, 60 km), Veterans
T $on (VA) Hospital. However,

~ Dan, Ma?graphs at Townshend Dam, Surry
. e "trithe Manchester VA Hospital
1 thega o1+ -~'.--__-‘83§red. The locations of

T “’ ‘g o s S

and the study of the

these four parameters
rious site conditions.

spectrum.intensity,
attenuation rate of

with distance for va
The purpose of this paper is tO analyze

the observed spectral response at crest,
right abutment, and free field downstream

of the Franklin Falls Dam.

Merrimack River
rolled earth fill with dumped rOC

1,740 feet (530 m) long,
t of 139
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Figure 1. Location of the Franklin Falls Dam
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1££%ﬁg£f§?;?;; uncorYGCtEd and corrected strong

—=

-motio
N parameters of Franklin Falls Dam

Uncorrected
accelerations
cm/sec

==

J11.,08 (21 Hz)
208.34 (21 Hz)
267.94 (16 H=z)

282.52 (14 Hz)
171.89 (20 Hz)
565.05 (14 Hz)

102.79 (11.4 Hz)
111.38 (11.4 Hz)
243.46 (14 Hz)

L T

- Corrected
T aximum Maximum Veioci?§-
e e O :ilni- displace- spectrum
1 (a), cm/sec cm?sez) mezi i int22512y
4 %
2??-33 53-143 g) 2.03 0.16 9 3
3?7'86 .276 g) Beis 0.08 o
: (0.385 g) 2. 87 0.17 1;'33
287 .70 €0.293 |
; g) 2.68
: i 0.2
Sg;.gg £0.176 o) 1.86 A T
.96 (0.550 g) 5.59 0.43 L
123.96 (0.126 |
: g) 2e6] 0.36
;ég.g; (0. 116 @) 2.89 0.47 et
.83 (0.312 g) 4,06 0.33 17'13

—

- in Falls Dam site, the
sset valley has a flat bottom
P 4 cross section lying entirely on

g—sl;:z; seposits. The right abutment of
gla drﬂ‘:k is a Solid, unweathered rock

petween micaceous gneiss and gran-
gchist, with numerous but minor
oarse granite. The left abut-
teep overburden slope rising
50 feet (45 m) at an angle of

glar mica
yeins of C

gent is @ S
,wnathan 1

34 degrees.

; THE ACCELEROGRAMS

¥ine accelerograms were recorded on three
sccelerographs at downstream free field,
right abutment, and crest gites of the
franklin Falls Dam. The uncorrected and
corrected strong-motion parameters of
Franklin Falls Dam are listed in Table 1.
After the instrument and baseline correc-
tions, the nine corrected accelerograms
were integrated to obtain velocity and
;::Placeneut records (Fig. 3 - Fig. 5).
Bﬁtz;:rie absolute acceleration response
s an,a relative velocity response SpecC-
; relative displacement response

;:::;m for each component were calcu-
and plotted (Fig. 6 - 14).

3 CHARACTE
ISTICS OF RESPONSE SPECTRA

11 Ab
8 _
_ oOlute acceleration response

Spectrum
Fgure
p‘ﬂk'gmgzrtn l4a show that the highest
the s al acceleration is always 1n
%(p):ﬁ range (2 10 Hz) of compres~
a,ﬁﬁmﬁ~*faa; the secondary of peak

“ | iB in ghear (S) waves (2 Hz ©

i < 10 Hz). The surface (Rayleigh, R or
ove, L) waves (f < 2 Hz) appear as very
small peak amplitudes, often not easily
recognized. The spectral amplitude ap-
proaches zero as the period increases.

5.2 Relative velocity response spectrum

As in the case of absolute acceleration re-
sponse, the compression waves usually show
the highest spectral amplitudes, though the
shear waves contain more energy (Fig. 6b

to 14b). However, when the resonant period
of the S-wave appears, the amplitudes of
compression and other waves will be compar-
atively reduced, as demonstrated in the
longitudinal component (L) of the down-
stream station (Fig. 12b to 14b), where the
shear wave resonant period of 0.4 second
(2.5 Hz) becomes the largest amplitude on
the relative velocity response spectrum.
The 0.4-second period 1is the natural pe-
riod of the alluvial deposit at the toe OT
foundation of the Franklin Falls Dam.

This resonant period of 0.4 second appears
again on the L-component of the crest re-
cording station (Fig. 9b),.: It 18 noted
that the amplification factor of the L-
component of the accelerograph on the
crest caused by the height of the dam 1s
legs than or equal to one (Table 2). The
amplitude of the relative velocity re-
sponse approaches the base velocity (peak
ground valocdity) at period betwedl 1 and

L, seconds (Fig. 6b - 14b).

5.3 Relatilve displacement response
gpectrum

he long period waves

The gurface waves o5 i
he dominant waves in

(R- and 1-waves) are t
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15placement response spec-

. d

.1a:iv2c ) lflC)- When the resonant
(§de* . in the shear waves, the dig-
| tudes of compression and
ement oy mode shear waves are reduced

ﬁfh"r EBE demanstrated in the L- and T-
s of the downstream free field

onentr 2.5 Hz on L-component (Fig. 12¢)

jon Sz "o T-component (Fig. léc), re-

2 HoweVer, the response surface

spect’ ¢ the 1arge periods in the displace-
8 n contain more energy than the

BV ectru
qent 5Pnd compression waves. The compres-
ghed? 2 are almost nonexistent in the
waVv
ﬂioglﬂce nt gpectrum.
418
pamping ratios and undamped periods
5,4 o the response spectra

. ineering design, the response
n the E°8 & for 0, 2, 5, 10, and

tcndtical damping are usually
and plotted for absolute accel-

ation, e velocity, and relative

:isplaceme“t (Fig. 6 - 14), respectively,
e form of tripartite graphs of

locity versus undamped natural

{n addition to a comparison of the

velocity response spectrum of

,ero damping with the Fourier amplitude

gpectTul. Usually, spectra for P D] O,
nt critical damping that are

design purposes are a func-

+ion of the capability of the structure to
dissipate energy without deforming beyond
<ome accepted level. When the damping

value increases, the maximum amplitude and
jrregularity of the response spectrum will
decrease. Thus, the numbers of peaks are
reduced. However, the distinguished normal

mode and higher modes will be persistently
preserved, especially the resonant ampli-
izgiéaBSometimes, the fundamental period
srer- es with the increase in damping.
ﬂTEeIIg actually functions as a low pass
high-z; filtering out some or all of the
“— chluency responses. In soils, the
Giknn i d:mping is dependent upon the
Mterialydo ground shaking so that the
Pyl zﬁping increases with an increase
iy Whiahing intensity. At 20 percent
el ch for a structure is usually
high or overdamped, spectra have

Ve
‘Y few distinguishable peaks.

6 Mgy
‘URAL FREQUENCIES (PERIODS) OF THE
FOUNDATION SOTLS ; :
the _r“ SUmmarizes the characteristics of

€Spons,
f—"’rz-h—- POnse spectra of 5 percent damping

Al i |
* '7» and T-components including

Peak spe
Pectral amplitudes of acceleration

relative v
elocit
Ol d Yy relative di
abutmeiir frequencies at the cizlicetinﬁé
» and downstream free fiela éiieq

The amplifica-

The
is locZizzlzzDizaib at the right abutment
of € CK. The peak ampli
he compressional (P) or dilaiatziiZi

wav
€s in the frequency range of above

10 Hz on
el ghe absolute acceleration response
re much larger on the rock site

than
125 Bz, 11, ey Le3 ha, 125 nar o
]-]--8 HZ; Ry 20 6 i . HZ, | HZ:
¥ Z, 12.5 H Y
the L-, T-, and V-component S
The criterion used for choosi FREpECtively.
B i sing major peak
quencies is based on the large k
litude in the P- and S-wave o e 8
S groups from the
acceleration and relative velocit
response spectra. The transverse componeﬁi
izzzi Ehe highest amplitudes on all predom-
requen
componentz_ cies (>10 Hz) among the three
At the downstream free field site, the
main frequency (2.5 Hz) of the shear wave
dominates the longitudinal (L) component
(Fig. 12). "This is believed toa be .the
natural or resonant frequency of the soil
foundation for the L-component, because
it is not evident on the spectra of the
L-component on the rock site (abutment).
Also, the peaks of the five response Spec—
tra of 0, 2, 5, 10, and 20 percent criti-
cal damping are found to be in phase. The
2.5 Hz is also shown as the predominant
frequency (distinguished peak) on the
spectra (a, v, and d) of the L-component
on the crest of the dam; however, the five
peaks (approx. iR HEY ek D S ¥ 1R, and
20 percent damping spectra are not exactly
in phase as shown in Fig. 9, 1t was also
observed that the natural periods shown on
the two spectra of 10 and 20 percent damp-
ing were larger than the natural periods
shown on the spectra for 0, 2, and 5> per-

cent damping. Furthermore, the spectral
» of the L-component On

tude of the L-compone€
site due to the attenuation of energy.

Even though these are the facts, we cannot
say that the 2.5 Hz is not the natural
frequency of the combined dam-foundation

system.

9p) of the L-compon

(Fig.
nterference O

we found an )
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and 2.29 Hz. Because
e so close to 2.5 Hz,

tio increases in the

, the shape of ;hefsp:e-
e at. Thus, the rfunda-
185 -a;';lf;e slightly shifted to
11;:5 {g due to the na tural

0 ht f the undamped single

¢ el om gystem,*which is a vis~-

gimple oscillator subjected
_ The largest spectral

. g of downstream free field

o he L~ - and T-compon-

3.3, and 2.2 Hz, respec-

these are belleved to

ies of the founda-

of response spectra

3 the shear wave spectral amp-
”m.rins or amplification factors

ratios
1jcude T8t 7.0 Hz of the acceleration,

to
. 2.0’ and displacement response spec-

ra of the {-, V-, and T-components on the
-rest to those at the abutment and down-
«trean sites, one finds the largest spec-
tral amplitude rgtéosaog thedL;,ZV;’ and
-components at Z.J, .U, an . Z s
;qegtively. Although the 2.5-Hz peak of
the longitudinal component has the largest
spectral amplitude on the crest, it is
still less than the spectral amplitude at
2.5 Bz of the L-component at the founda-
tion, This was possibly caused by a
nigher rate of energy dissipation for the
longitudinal component of the dam's vibra-
tion or by a higher material damping which
¥as caused by the stronger ground-shaking
2:“’::;! ':ﬂrtth: L-component. The high-
., e~ Spectral amplitude at 2.5 Hz on
:" g onent has to be the fundamental
tural period) for the L-component
ﬁn”:::; l'l'hc second highest accelera-
Cregt tﬁab: amplitude ratio, 2.7, of
LY P Thi:-mt on the L-component is at
wmuiﬂﬂicates that 4.0 Hz is the
E iy -fjl"O_Giuency for the L-compon-
% g d" '_1““ it 1s much higher
2 Ve 11‘941! ratio 1.7 of downstream
1 e ¢, ;In natural frequency (first
2 e . o t 18 4.0 Hz; this
| st gy g % POth crest to abutment and
B i .. """, For the T-component,
1 o Btion gpg 4. 0L frequency for both
I?Ei%EE@%;;%%;?%ﬁﬁ%Jﬁ?;?ir"au‘gt spectral
 H$;f§ “ﬂﬁﬁﬁfﬁiﬁé;@;;;§%#4i“¢h-hishif th‘ﬂ
s ~~ o0 (downstream site). In

gt

il b

conclusion, the natural frequencies of the
Franklin Falls Dam are 2.5 Hz, 4.0 Hz, and
2.2 Hz for L-, V-, and T-components,

respectively.

/.2 Shear beam method

Gazetas (198la, b, 1982) formulated the

natural periods for longitudinal and ver-
tical deformations of an earth dam based
on the generalized homogeneous equations:

T = the natural period for longi-
tudinal deformations

H = the height of the dam

<l
i

the average S-wave velocity of
the dam;

T = the natural period for vertical
deformations

v = Poisson's ratio

The average height of the Franklin Falls
Dam is about 40 m, and the observed nat-
ural period of the L-component is 0.4 sec.
Then, substituting these two parameters
into Equation 1, we obtain 257 m/sec as an
estimate of the average shear wave veloc-
ity in the dam.

If the average Poisson's ratio of the
Franklin Falls Dam is assumed to be 0.3,
then in Equation 3, ) = 0.35 and /) =
0.5916; therefore, substituting this in

Equation 2, we have

T = 00,5916 x T (n = 1, normal

1V 0
mode of V-component)

Since 'I'1 o 0.4 sec for the
: L-component, then

T - 0-5916 x 0-4 f)

1,V
= 0.24 sec (4.1 hz)
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z:rrncuhoifht of the dam
‘ghear velocity
dam can be estimated. A e by comp
~ this analysis could be gl 18 n
- the estimated values with :o L ar ok
actual field measurement,

available.
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