Y 10 ddo AYPAY (Y o led (V4 e)jbsw;sz.g{}:ﬁ:\lzu

0 A 0> s o3 s g e o Bl ST e

¥ )
Dol ST el e s

el sl oKl ool o 0tSiils ybolead!
Ol ol oSy o ol o oa Sl eyl i IS gozetily

QYN 2l ipdy QVAIY - il o)

oS>

0 e ) 10y s S g9y 4B 8 (s p 3 sy il (Seold sla il | ()l 3 0594]
bt e 5 oo ) ol b b L oo o s 5 8 5 it (45w Ao B
I8 g D5 o8 b Goas Syl ALy Sl sy ol )3 ol IS (a5 i slagies b ojploys
3 AB S g0 StwCeglio la )yl Gres sacdpl (laaY Culis 5 wiin la Sy s jghteds .ol a3
buwgio (oS Cas yu Jdo das g 0y ol paoy Clnogd wlolpy SB )Y (Sholind Glasuie g ol edlaiwl o8 cubd
Calite (Seald (baShy (il i)y slagioms ol 48,5 )13 Jaise s St copl slaaY (gl ok
e Jas dan jd ol oad duglis 0j, 005 (claooly jI Jols oledS )5 b gl ¢ duobre yuw S g cdpl slaay¥
ol ogde sl ool Cowddy Fam )l eS8 cladolus 63gae ;D pauie (2leicSy ol g awgie (oF Sy 55565
el 93105 (55t @ge Sy Jho Cumdg )3 pil (008 ooyl Jols (aledS 5 saluy (g (rslio Jlons 5/ 3L
Lo o s 65k g (ol 039300 (] 13 2355 2929 D9 o0 odaliio ey (228 Sl §) Sl (iS5
e a§ Sy i il 5 sl oS L WIS Slagls 53 Bras Slacdyl (SIS S (S 035 Slios s

Amd e L 1y (edae gy 4y BBl BT Ly p 0 ses lacdpl Gl 58,5 b 3 b gy ddge S Cundyg

050,5 « olei S5 cgde oo ( Kl Sl iy Kiaw o8 4 16 kIS (slasly
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Summary

Nowadays in many site response analyses of alluvial, environment with shear wave
velocity 600 m/sec < vs < 800 m/sec is considered as the seismic bedrock. Results of
these analyses did not confirm those from empirical analyses based on the recording of
microtremors or weak earthquake motions. Recently, effects of deep alluviums and
contrast between geologic bedrock and alluviums are considered as a possible cause for
this inconformity. This study examines the site effects of deep alluviums of Qom city.
Qom is located at the northern margin of central Iran zone and on the Quaternary young
alluviums. Based on the geoelectrical resistivity surveys, thickness of alluviums in some
parts of the city is greater than 250m. Earlier empirical studies based on the recording of
microtremors had shown that at the frequencies ranging from 0.6 to 1.2 Hz, a clear
amplification can be seen in the studied alluviums. Amplification at these frequencies did
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not confirm results from one-dimensional numerical analysis of the soft sediments on the
conventional seismic bedrock. At the current study, in order to determine the geometrical
properties and thickness of deep alluviums, resistivity surveys have been conducted in
Qom plain was used and dynamic properties of the soil layers were determined by
geological descriptions. Considering the uncertainty resulting from the lack of dynamic
properties of soil layers, a parametric study was conducted and three models of low,
medium and high velocity were considered for alluvial layers and bedrock. One-
dimensional numerical analysis was carried out using the software Deepsoil. As the
results will be compared with those from empirical analysis of small strain displacements
of microtremors, a linear elastic behaviour was assumed. Amplification curves were
measured using different dynamic properties of alluvial layers and the bedrock and the
results were compared with those from amplification of microtremors. In all analyses
conducted using different dynamical properties (three models of low, medium and high
velocity), a specific amplification at the frequencies less than 1 Hz was obtained.
Furthermore, amplified frequency resulted from previous empirical studies corresponds
with the amplified frequency resulted from numerical analysis with high velocity model.
Amplification at this frequency range and its correspondence with results of microtremors
studies shows the effects of deep alluviums on the site amplification functions. The
importance of deep alluviums insists on attention to the shape of the sedimentary basin
and consideration of the effects of deep alluviums on the numerical site effects studies. In
the case of inadequate information about the deep alluviums, it is necessary to use
empirical analysis recorded motion at the site such as microtremors or weak earthquake
motions. At present, consideration of site effects in most of building codes for design
earthquake resistant structures are limited to effects of shallow alluviums, however, as
discussed in this paper, deep alluviums are effective on site amplification specially in low
frequencies and it is necessary to take them into account in the design of tall structures.

Keywords: City of Qom, Seismic bedrock, Site effects, Numerical analysis,

Amplification, Microtremors
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] Recent alluvium.

L 4 Clay flat (clay and si).

Young terraces and lower gravel fans (Dasht).
9 Old terraces and higher gravel fans.

Conglomerate with intercalations of sandstone and clay
“HEZARDARREH

FORMATION™.
Copm Marl.
e _" ‘Red marl, s sandstone,
3430 *“UPPER RED FORMATION".
- Marl, limesone, sandstone, shale and gypsum
51°00' “QOM FORMATION" undivided.

Red marl, sandstone, shale, gypsum
“LOWER RED FORMATION".
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Thickness (m)

Layer 2 Layer 3

Point
Layer 1

G-54 5
G-39 10
G-53 10
G-16 15
H-36 5
H-24 5
H-04 5
H-31 10
H-33 5
1-08 10
1-28 15

1-18 10

35 235
25 190
20 155
10 180
50 130
35 200
15 240
15 205
5 145
35 210
35 105
40 95
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Min. Shear Wave Ve ocity (m/s)

Point
L ai/er L a%/er L a%/er Bedrock

G-54 150 650 400 1000
G-39 150 550 350 1000
G-53 150 450 300 800
G-16 150 400 250 800
H-36 150 650 400 1000
H-24 170 600 400 1000
H-04 140 500 250 1000
H-31 100 450 250 1000
H-33 100 400 200 800
1-08 150 650 450 1000
1-28 100 500 350 1000
1-18 100 450 200 1000

Bl slaaY 53 Sle 3 e o X gl

Mean Shear Wave Velocity (m/s)

Point
Layer 1 Layer2 Layer3 Bedrock

G-54 250 800 550 1300
G-39 220 700 500 1200
G-53 210 600 450 1000
G-16 210 550 400 1000
H-36 300 800 550 1300
H-24 270 750 520 1300
H-04 240 650 400 1300
H-31 210 600 350 1200
H-33 200 550 350 1000
1-08 250 800 600 1300
1-28 200 650 500 1300
1-18 150 600 400 1300

.ﬁﬂiéugy);%&ﬁcywﬂ £ d}b

Max. Shear Wave Velocity (m/s)

Point
L ai/er L a%/er L a%/er Bedrock

G-54 350 950 700 1600
G-39 350 850 650 1500
G-53 250 700 550 1200
G-16 250 700 550 1200
H-36 450 950 700 1600
H-24 400 900 680 1600
H-04 340 800 550 1600
H-31 350 800 450 1500
H-33 300 700 500 1200
1-08 350 900 750 1600
1-28 300 800 650 1600

1-18 200 750 600 1600
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Point Thickness Shear Wave Velocity M odel : :
i i (m) : - : Microtremors :
Min. Mean Max. :
G54 275 0.35 0.49 0.63 0.72
G39 225 0.38 0.55 0.70 0.81
G53 185 0.40 0.60 0.79 0.57
G16 205 031 0.49 0.66 0.75
H36 185 0.52 0.72 0.93 0.83
H24 240 043 0.55 0.72 0.80
HO04 260 0.23 0.38 0.52 ?
H31 230 0.27 0.38 0.49 0.52
H33 155 0.32 0.56 0.79 0.87
108 255 043 0.57 0.72 0.77
128 155 0.56 0.79 1.04 1.04
118 145 0.34 0.68 101 0.83
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