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Appendix I:
Geological Site Investigation



Geological Site Investigation

1. Boring Investigation and PS Logging
1.1. Contents of Investigation

Geological site investigation is undertaken during the project. The following items
are especially taken into account.

= geological conditions covering whole the Study Area;.
= deep geological conditions down to 200m in depth;
= shear wave velocity of the ground.
The contents and quantities are as follows:
= Boring: 50 locations
= Total drilling depth: 2822 m
= Standard penetration test: 1186 tests
= PS Logging: 20 locations, Maximum depth of 200m
= Grain Size: 93 samples
= Atterberg Limits: 84 samples
= Specific Gravity: 21 samples
= Moisture Contents :284 samples
= Unconfined Compression Test: 19 samples
= Triaxial Compression Test: 17 samples

Details of contents and quantities are summarised in Table 1. Locations and
elevations of the investigation site are summarised in Table 2. A location map of the
investigation is shown in Figure 1.

PS logging works were undertaken with technical cooperation of Exploration
Division, Institute of Geophysics, University of Tehran,

1.2. Outline of the Results

Results of the investigation are summarised in the Field Report which was
submitted last November 1999. Characteristics of geological condition and ground
properties are summarised in detail in Chapter 3.2 “Ground Classification”. Soil
property charts at some representative location are shown in Figure 2, Figure 3 and
Figure 4. Typical geological cross section is shown in Figure 5.

It is the first time in Tehran City to undertake a boring investigation down to a depth
of 200m with standard penetration tests and PS logging. In the southern part of
Tehran, overconsolidated and stiff clayey soil is distributing. Thickness of the
clayey soil exceeds 200m. Shear wave velocity of this clayey soil shows 300 to 800
m/sec.



Table 1 Contents of Boring Investigation and PS logging
F k| -
Drilling Depth E‘ E,: &
. (tm) E|E |2 12 |2 -
=] hd = E = ) & =
Z > = g & 8 &
; P g - g £ S
] o : £ 4 o @ g .
E — 3 ) B k] L] 5] 2
[ W
/ g E » 8 2 2. g s E
2 2 & 3 < @ E £ =
g z [ £ =
z % E | &
T} =]
1 C17 50 50 23 - 1 - 1 - 1
2 E09 15 15 8 - - - - - - -
3 Ell 15 21 8 done - - - - -
4 E13 15 15 8 - - - - - - -
5 E17 15 21 7 done - - - - - -
6 E19 15 15 3 - - - - - - -
7 F16 S50 57 26 done - - - - - .
8 G01 15 15 8 - - - - - - -
9 G04 15 15 8 - - - - - - -
10 GO7 15 15 8 - - - - - - -
11 Gl 15 15 8 - - - - - - -
12 G13 50 56.75 26 done - - - - - -
13 G17 15 15 10 - - - - - - -
14 G19 15 15 3 - - - - - - -
15 G21 15 15 3 - - - - - - -
16 HO7 15 15 8 - - - - - - -
17 HG9 15 15 B - - - - - - -
18 103 15 15 8 - - - - - - -
19 105 15 15 8 - - - - - - -
20 113 15 21 8 done - - - - - -
21 115 15 15 8 - - - - - - -
22 117 15 15 7 - - - - - - -
23 119 15 15 3] - - - - - - -
24 117 50 50 25 - - - - - - -
25 Ko7 50 50 25 - - - - - - -
26 KG9 100 106.5 39 done - - - - - -
27 K11 50 50 25 - 2 2 1 - - 4
28 K13 50 50 25 - 32 23 1 1 1 32
29 K14 50 50 25 - 2 2 - 1 - 6
30 K15 100 106 48 done 3 3 2 - 1 10
31 K17 50 50 25 - 2 2 2 - - 2
32 L0O9 50 50 26 - 1 i 1 - - [
33 L11 160 106 47 done 2 2 7 - - 11
34 L17 50 56 26 done 1 1 7 1 1 8
35 Moo 50 50 25 - 3 3 2 1 - 9
36 M1l 200 206 65 done 3 3 1 2 1 24
37 M13 100 106 40 done 4 4 1 1 2 16
38 M14 50 50 24 - 1 1 - 1 1 8
39 M15 100 106 43 done H H = 3 - 12
40 Mi7 50 S0 25 - 35 5 2 1 - 9
41 NO9 100 106 40 done 2 2 1 - - 10
42 NI3 100 206 65 done [1] 6 I - - 18
43 N15 50 50 25 - 2 2 - - 2 10
44 013 100 106 40 done 4 4 1 i 3 20
45 014 30 36 25 done 3 3 1 - 2 10
46 015 200 206 76 done 2 2 - 1 1 19
47 016 100 106 40 done 3 3 - 1 1 11
48 P15 50 50 22 - 1 1 - 1 - 5
49 P17 50 36 26 done 3 J I 1 - 7
50 Q17 100 106 40 done 4 4 1 I 1 16
Total 50 2600 12822.25! 1186 20 93 B4 21 19 17 284




Table 2 Location of Boring Investigation
Borehole Drilling PS Latitude Latitude Altitude
Length (m) Logging Degree Minute Degree Minute {m)

C17 50 - 35 48,79 51 28.48 1664.3
E0% 15 - 35 46.94 51 17.68 1560.6
Ell 15 Done 35 46.86 51 20.51 1555.0
E13 15 - 35 46.79 51 23.10 1550.5
E17 15 Done 35 46,68 51 28.74 1472.5
E12 15 - 35 46,61 51 31.04 15255
F16 50 Done 35 4578 51 27.05 1461.5
[£1) 15 - 35 44.29 51 716 1213.5
G4 15 - 35 44.45 51 11,05 1267.8
G07 15 - 35 44.92 51 15.27 1320.3
Gl1i 15 - 35 44.58 51 20.30 1363.5
G13 50 Done 35 44.47 51 23,03 1350.0
G17 15 - 35 44,76 51 28.31 1225.0
G19 i5 - 35 44.68 51 30,97 1340.7
G21 15 - 35 44,58 51 33.61 1662.9
HO7 15 - 35 43.49 51 14.92 1272.6
HO09 15 - 35 43.49 51 1756 1263.3
103 15 - 35 42,51 51 9.98 1183.0
105 15 - 35 42,46 51 12.50 1205.7
113 15 Done 35 42,71 51 22,65 1246.6
115 15 - 35 42.50 51 25.18 1204.7
117 15 - 35 42,57 51 28,30 1224.9
119 15 - 35 42,88 51 30.64 1350

17 50 - 35 41.18 51 28.24 1174.8
Ko7 50 - 35 40.21 51 15,35 1160.0
K09 100 Done 35 40.59 51 17.20 1167.2
K11 50 - 35 40.35 51 2030 1140.1
K13 50 - 35 39.95 51 22.74 11313
Ki4 50 - 35 40.19 51 24.41 11263
Ki5 100 Done 35 40.01 51 26.16 11320
K17 50 - 35 40.36 51 28.39 11524
109 50 - 35 39.36 51 17.97 1129.8
L11 100 Done 35 38.83 51 20.29 11255
L17 50 Done 35 39.27 51 2825 1127.2
M09 50 - 35 38.46 51 17.84 1117.2
Mil 200 Dope 35 3833 51 20.71 1110.0
M13 100 Done 335 38.00 51 22.85 1097.6
Mi4 50 - 35 38.11 51 24,11 1098.6
M15 100 Done 35 3825 51 2543 1094.2
M17 50 - 35 37.93 51 27.79 11043
NO9 100 Done 35 37.00 51 17.84 1098.2
N13 200 Done 35 37.28 51 23,21 1090.2
Ni15 50 - 35 35.89 51 25.71 1073.3
013 100 Done 35 36,15 51 23.41 10655
014 50 Done 35 3579 51 24.43 1056.7
015 200 Daone 35 35.56 3| 25.28 1052.8
Q16 100 Done 35 35.82 51 27.04 1062.1
P15 50 - 35 34,95 51 25,64 1046.4
P17 50 Done 35 35.14 51 28.01 1044.2
Q17 100 Done 35 33.69 51 28.30 1026.5
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2. Microtremor Measurement

2.1. Contents of Investigation

2.2,

2.2.1,

2.2.2

2.2.3.

Microtremor measurements are undertaken during the project. Total of 21 sites is
sclected to identify changes of properties depending on soil and rock distribution.
Major observational lines and points are set as follows:

= North-South direction (variation for rock to thick quaternary soil)
~ East-West direction (variation for fan sediments)

= On Rock (for reference as basement property)

The location and measurement dates/times are summarised in Table 3. A location
map of the measurement is shown in Figure 1.

QOutline of the Results

Results of the measurement are summarised in the Field Report which was
submitted last November 1999. Power spectra diagrams at some representative
location are shown in Figure 6. Characteristics of results are noise (spikes at about
1.2Hz), noise (high frequency level) and non-outstanding predominant frequencies.

Noise (Spikes at about 1.2Hz):

Nearly all power spectra show narrow spikes at about 1.2Hz. These spikes are
clearly of instruments origin. This signal is the “beating” frequency between the
seismometer and the 50Hz sampling frequency used during the measurements and
the main power line frequency. Those noises are neglected.

Noise (High frequency level)

The measurements were taken from midnight to 5:00 a.m. to avoid artificial seismic
noise. However, there were still heavy traffic and construction works during the
measurement time. Some random noise signal is observed in frequency of over 5Hz.
Those are considered to artificial seismic noise and those are also neglected.

Characteristics of predominant frequencies

Non-outstanding predominant frequencies are observed in power spectra diagrams
for almost all the locations. There are very little directional variation, vertical, north-
south and east-west. Results of PS logging indicates a very simple layered structure
for shear wave velocity. Non-characteristic predominant frequency is considered as
an effect of the simple layered structure. Amplification properties of ground are
described in Chapter 3.5.2 “Amplification of Subsurface Ground”. Amplification
functions are defined for each type of modelled ground. Characteristics of results of
microtremor measurement agree with those of amplification functions.



Table 3 Location and Measurement Date/Time of Microtremor Measurement
No Site code Date Time Latitude Longitude Elevation
Degree Degree (m)
Minute, Minute,
Second Second
1 c17 12-Sep-99 22:34 UTC N35,49,21.8 | ES51,28,55.6 1870
2 D11 13-5¢p-99 22:12UTC N35,48,057 | ES51,20,23.3 1729
3 E17 12-Sep-99 2339 UTC N35,46,33.6 | ES1,28,50.0 1667
4 F16 12-5ep-99 01:28 UTC N35,45,509 | ES1,27,052 1507
5 G11 13-8¢p-99 00:48 UTC N35,44,354 | E51,20,19.0 1435
6 ni 13-8ep-99 02:03 UTC N35,42,355 | Es1,20,35.2 1241
7 117 17-5ep-99 2347 UTC N35,42,44.7 | ES1,28,19.8 1451
8 Ko7 06-5ep-99 23:11 UTC N35,40,094 | ES1,15,23.3 1166
9 K09 06-Sep-99 00:31 UTC N35,40,02.5 | E51,17,17.7 1228
10 Ki1 06-5¢p-99 02:00 UTC N35,40,24.6 | ES1,20,184 1247
1 Ki3 07-Sep-99 23:34 UTC N35,40,245 | E51,22, 409 1276
12 K15 07-Sep-99 00:30 UTC N35,40,585 | ES1,26,07.1 1202
13 K17 07-Sep-99 02:47 UTC N35,40,31.6 | ES1,28,36.7 1150
14 Mi1 15-Sep-99 00:22 UTC N35,38,189 | E5I,20,42.0 1095
15 M5 16-Sep-99 23:02 UTC N35,38,124 | E51,25,275 1178
16 M19 09-Scp-99 21:17 UTC N35,38,03.8 | ES51,30,434 1195
17 011 15-Sep-99 22:35 UTC N35,35,58.1 | ES1,20,31.7 1091
18 P18 17-5¢p-99 21:51 UTC N35,35,259 | E51,29,38.8 1196
19 Q15 09-Sep-99 23:50 UTC N35,40,586 | ES1,25,375 1200
20 Q17 09-Scp-99 01:55 UTC N35,33,37.7 | E51,28,23.2 1039
21 HS 16-Sep-99 22:07 UTC N35,32,395 | E51,22201 1069
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Appendix II;
Liquefaction Analysis Data



1.  Soil Properties
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2. Liquefaction Judgement Chart
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Liquefaction Potential Analysis

Tehran Seismic Microzoning
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Liquefaction Potential Analysis
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Liquefaction Potential Analysis

Tehran Seismic Microzoning
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Liquefaction Potential Analysis
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5.7 Data logger technical specifications

ERRATA!

Upon completion of this report we were informed that Site R4 is not
“Reinforced Concrete Construction” type, but is “Steel Construction”
type. So every where in the DATA-CD, R4 should be replaced by S8
and considered as a steel construction building read as S8.
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1. Introduction

Based on a contract entered into on 24 June 2000 the JICA Study Team for the
Study on the Seismic Micro-zoning in the Greater Tehran Area on the one party and
with its principal office at c/o Centre for Earthquake & Environmental Studies of
Tehran (CEST), and Magnetics Co. on the other party with its principal office
Philips Building, 878 Enghelab Ave., 11317 Tehran, Islamic Republic of Iran,
Magnetics Co. performed ambient vibration measurements of typical buildings in
Tehran and their analysis. The measurements and data processing were performed
according to ‘Technical Specification for Ambient Vibration Measurements’
document issued by JICA Study Team and based on discussions with JICA team
before starting field work and analysis.

According to “Technical Specification for Ambient Vibration Measurements’
document, Magnetics Co. has to provide to JICA Team a ‘Final Report’ covering
the information about fieldwork, measurements performed, results, and raw and
processed time-waveforms of measurements. This document represents the final
report.

2. Project outline, place and time

Ambient vibration measurements on typical building in Tehran are a part of broader
microzoning project, which will contribute to better earthquake risk mitigation in
broader Tehran region. Ambient vibration measurements on the buildings include
following phases:

- determination of measuring buildings,

- determination of measuring sites within the buildings from civil engineering and
measurement condition consideration,

- measurements of ground motion on the ground floor and top of twenty-four
buildings,

- calculation of ground motion power density spectra, spectral ratios, particle
motion of the top of the buildings, and

- interpretation of the results in terms of earthquake resistance civil engineering
aspect and expected seismic input.

The first phase — detenmination of measuring buildings — was performed by CEST
and JICA Study Team, During the fieldwork precise locations of measuring
instruments within the building were determined. The lower sensor was set at
ground level (as much as the actual building design allowed) without respect how
many underground stories the buildings have. In general, to upper sensors were put
on the last fully build store of the buildings. Details are given in site description.

The measurements and calculation of ground velocity power density spectra (PDS)
and spectral ratios was performed by Magnetics Co. Dominant peaks in PDSs as
well as in spectral ratios were determined, however based purely on the calculated
results and without any association with civil engineering, or any other criteria.

JICA team will perform interpretation of PDSs and spectral ratios.
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The measurements were performed between July 15, 2000 and July 27, 2000. Table

2.1 shows a list of all buildings measured and the date and time of the
measurements (local time).

Table 2.1. Date and time ef measurements

No |Site Type of the |No. of floors Measurement
code building Date Time

1 RS reinf. concr. 7 15/07/2000 15:40-18:10
2 S5 steel constr, 12 16/07/2000 09:35-12:45
3 R2 reinf, concr 17 16/07/2000 03:30-18:45
4 CEST | steel constr 7 17/07/2000 9:45 - 12:30
5 R8 reinf. concr 5 17/07/2000 15:00-18:30
6 R6 reinf. concr 6 18/07/2000 9:45-12:30

7 S3 steel constr 16 18/07/2000 14:30 - 18:15
8 S6 steel constr 11 19/07/2000 10:15-13:30
9 S14 steel constr 3 19/07/2000 15:15 - 18:30
10 S13 steel constr 4 20/07/2000 10:00-13:00
11 S11 steel constr 5 20/07/2000 14:45 -18:10
12 S7 steel constr 8 21/07/2000 9:30-13:15

13 R11 reinf, concr 4 21/07/2000 15:00 - 18:15
14 R1 reinf. concr 21 22/07/2000 11:15-14:15
15 S4 steel constr 13 22/07/2000 16:30-19:45
16 S8 steel constr 9 23/07/2000 10:15 -13:20
17 Ri12 reinf, concr 3 23/07/2000 15:00 - 18:00
18 R13 reinf. concr 13 24/07/2000 10:30 - 13:50
19 S1 steel constr 24 24/07/2000 18:00-21:45
20 R3 reinf. coner 13 25/07/2000 10:30 - 14:00
21 S2 steel constr 16 25/07/2000 15:15-19:00
22 R14 reinf, concr 10 26/07/2000 11:15 - 14:20
23 M1 masonry 2 26/07/2000 18:00 - 20:45
24 M2 masonry 3 27/07/2000 10:30-13:10
25 M3 masonry 2 27/07/2000 14:30 - 17:00
26 M4 masonry 6 27/07/2000 17:30 - 19:50

Site codes reflect design information of the buildings. S means steel construction, R

means reinforced concrete construction, and M means masonry building,

All information about parameters relevant for interpretation of seismic signals is
collected in Field forms, Appendix 5.1. Building properties as well as photo
documentation, wind conditions, weather conditions, sensor installation details (if
applicable), and information about activity of main building’s noise sources
(elevators, air-condition, etc.) during the measurements is given in these forms
along with data acquisition parameters and general building information. For
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building identification purposes two pictures of it and a small map is also provided
in these forms.

3. Methods and equipment used
3.1 Equipment description

3.1.1 Sensors

Kinemetrics SS-1 seismometers were used in these measurements. SS-1 is a typical
short period (SP) seismometer. Its output is proportional to ground velocity. Its
nominal resonance frequency is ! Hz. Its frequency operating range is from about
0.1 Hz to over 50 Hz. Relative damping is adjusted by an external damping resistor,
usually for nominal relative damping 0.7. Frequency response amplitude is
asymptotically flat above resonant frequency and decays below it with —40 dB/dec
slope. As it is a passive sensor it doesn’t require external power. This fact and its
mechanical robustness make it very suitable for fieldwork. Also it has no DC offset
voltage problem since it is a passive device.

Usage of SP seismometer in ambient vibration studies facilitates fieldwork and
lowers its cost.

Technical details can be found in Appendix 5.5 and on
http:/fwww kinemetrics.com.

3.1.2 Sensor installation

On all sites we measured on the floor of existing buildings. Hard floor like concrete,
ceramics, or solid brick was used.

3.1.3 Data logger

We used Kinemetrics SSR-1 S/N 104 seismic data recorder for data acquisition, The
data Jogger has three input channels with common sampling (negligible time skew
among channels) and triggering. Its nominal resolution and dynamic range
corresponds to 16 bit A/D conversion. At the front end it has a preamplifier with
software selectable gain among 1, 10, 100, and 1000. Frequency response is flat
from DC to antialiasing filter comer frequency (-3 dB point).

We used 62.5 Hz sampling rate and a 15 Hz antialiasing filter in all channels, The
reason for 62.5 Hz sampling is mitigation of 50 Hz interference. Although 50 Hz
interference (through the ground and via EMI) can not be directly seen in
measurements, which upper frequency range is 10 Hz, cross-modulation distortion
which generates spectral components equal to the difference between sampling
frequency and 50 Hz may appear in spectra. This difference equals to 12.5 Hz in our
case, which is also outside our frequency range of interest, and can therefore not
interfere with the measurements.

More details about data logger can be found in Appendix 5.7. and on
http://www kinemetrics.com.

3.1.4 Power, cabling, grounding, and shielding
Measuring equipment was powered by main 220 V power,

Three heavy shielded Sm long cables connected the sensors with the data logger.
One of them was extendable up to 65m. ‘Floating’ grounding scheme was used,
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That means that the shielding of sensor cables was connected to equipment boxes
on both sides - to data logger case and to sensor cases. To prevent ground loops,
sensors were isolated from electric ground by dry floor. No external instrumental
grounding was used. .

We used standard, 10 m long, shielded RS232 cable to connect the data logger with
the laptop computer for data retrieving.

3.1.5 Processing computer

During field measurements we used either IBM ThinkPad 380D or Zeos Notebook
386+ laptop computer for adjusting data acquisition parameters, data retrieving,
verification, and for in-field data back up on 3.5" floppy diskettes.

3.2 Equipment preparation and verification

Complete instrumental set up was tested on July 15, 2000 at Magnetics Co. offices
for potential technical imperfections and accuracy of amplitude frequency response
function of all three channels. The frequency response function accuracy test was
also performed on July 29, 2000 after fieldwork was finished at the same place. No
changes in measuring equipment were observed, which assures accurate results.

Self noise test of the same equipment was performed in November 1999,

3.2.1 Sensor calibration data and calculation of loaded generator constant and external
damping resistors

Kinemetrics SS-1 SP seismometers SS-1 S/N 2004, SS-1 S/N 2006, and SS-1 S/N
2511 with following characteristics were used in the measurements.

(1) SS-1 S/N 2004 Vertical component

Natural frequency (vertical) f,: 0.936 [Hz]
Coil resistance R, 5644 (]
0.7 relative damping resistor Ry,,: 49571 ]
Relative damping : 0.707 []
Open generator constant G, 336 [Vs/m]

Ioaded generator constant calculation:

G . - Gy Ryy _ 336-4957
Y T Ryg+R, 4957 +5644
External damping resistor calculation.

=157 [Vs/m]

Internal input resistance of SSR-1 data logger R,, sz = 100 [k ] must be taken into
account in external damping resistor R, ,, calculation.

R, o = 100.000[]
R R, g Rog  165-4957

= = =5215 [ohm
(2) §8-1 S/N 2006 N - S component
Natural frequency (horizontal) f: 0.986 [Hz]
Coil resistance R : 5799 (]
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0.7 relative damping resistor R, 4670 ]
Relative damping : 0.707 [-]
Open generator constant Gg: 338 [Vs/m]
Loaded generator constant calculation:

Gy -Ryy _ 338-4670

=151 [Vs/m]

LN T Ryg R, 4670+5799
External damping resistor calculation:
Internal input resistance of SSR-1 data logger R;, sz = 100 [k ] must be taken into
account in external damping resistor R, calculation.
R, ser=100.000[]
R, ‘R 1e5- 4670
Ry o =—2=35F _0d _ = 4898 [ohm

(3) SS-1 S/N 2511 E - W component
Natural frequency (horizontal) f: 0.955 [Hz]
Coil resistance R, 5918[]
0.7 relative damping resistor R, 5235[]
Relative damping : 0.707 [-]
Open generator constant G, 352 [Vs/m]

Loaded generator constant calculation:

Gy -Reyg  352-5235
Ryqe +R, 5235+5918
External damping resistor calculation:

=165 [Vs/m]

GL—EW =

Internal input resistance of SSR-1 data logger R;, sz = 100 [k ] must be taken into
account in external damping resistor R, calculation.

Lsse = 100.000 [ J:

Ry ssr *Roya _ 185-5235
RM-SSR - RD?d 165 - 5235
Actual external damping resistors used were:
S/N2004 = 5220 []

S/N2006 = 4920 []
S/N2511 = 5490 []

Roext = = 5524 [ohm]

3.2.2 Verification of signal to noise ratio of measurements

We checked system self noise of the equipment used in this measurements in
November 1999. The complete equipment set-up was installed as for a regular
measurement except that all three sensors were oriented in vertical position and that
their mass weight compensation springs were released. In this way they were
‘clamped' by the weight of their moving mass. A 15 min record of system noise was
recorded and processes exactly as mictrotremor measurements. This test is the most
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Ver PED [m71s7Ha]

10

rigorous possible since it includes all types of instrument noise in the system —
sensor self noise, data logger's quantization noise, data logger analogue noise, and
all EMI induced noise. Actually this test is over-conservative at high and low
frequency end of frequency band of interest. This is due to the fact that at high
frequencies clamping doesn't completely prevent moving mass motion and the
resultant noise may be higher than true system self-noise, Also at low frequency end
clamping can not prevent minute motion of sensor mass due to temperature changes
and material properties. Also here the result of this test are too pessimistic.

Note also that system noise depends on measuring site conditions. Temperature
changes, EMI interference, and warm-up time of equipment change from site to site.
All these factor influence system noise particularly at low frequency end.

The test measurement was performed in a seismically quiet, bed rock site outaside
the town.

The resultant PDSs of the noise of all three channels are given on Fig. 3.1, System
self noise is expressed as ground velocity power density in [m%s*Hz). It is sensor
transfer function “corrected’ (spectral division method). Therefore it can be directly
compared to the ambient vibration PDSs in Appendix 5.3.

10 101

SESE=mantt ===
i ]
10" i) w'"
3t e]
[ I L -
10‘2 L 10 i H _ . 10-'!
| ey 1 1 1
oy 1 1 | I
1012 3 | 1o i - | 19°1?
St —_—
T 1 = I 1—1 i
E
1w 1 a-g' 1M | [ 1 | ] “_; " _\
el Bk et h.- -1 a'!
t:g, -, i E
o o
] 1% Bty
B L=kl £
g %ﬁ‘:EJ: E
L o
|
10 L Lt L 10t et N L L] TS —
v ]
I — it t
I 1 I
1oV i . 1w __ n EIEEE 10
=
13 i Y |
' I } K 1
-1 ‘ a1} -1
10 10 = 10
- ¥
r—t Nl A i
10" T wel 1 T ] 10"
1! 1° 10 19! 10° 10 10’
Fragquency |Hz) Frequenty [Hz] Frequancy [Hz)

Figure 3.1 PD3s of measuring system self noise — vertical, N-S, and E-W channel

System noise is much lower than the signals measured during ambient vibration
measurements in the whole frequency range of interest. High dynamic range of
measurements is to some extent deteriorated at low frequency end of measurements.
The S/N ratio decreases because of decreasing sensitivity of SP seismometers,
However, this didn't impair the measurements.
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3.2.3 Verification of instrument transfer function correction accuracy

Short period (SP) seismometers have asymptotically flat response to ground
velocity above their resonant frequency (roughly 1 Hz for SS-1 sensors). Below
resonant frequency their sensitivity falls wit a -40dB/decade slope. One of
requirements of this study was flat data from 0.1 to 10 Hz. Therefore we have to
correct sensor response. Spectral division method was used. Measured PDSs were
divided by square (due to power signal) of sensor transfer function.

Parameters resonant frequency f,, open loop generator constant Go, and relative
damping of sensors are given in sensor calibration sheets. The accuracy of these
factory determined parameters generally suffice for observation of spectra of
seismic signals. However, when ratio of spectra is desired the accuracy of data in
calibration sheets may become insufficient, particularly if the calibration of sensors
was performed long time ago. Also inaccuracies of actually soldered damping
resistors and internal input resistance of data logger and cables may result in slightly
inaccurate loaded generator constant G, and relative damping calculation. Therefore
we fine tuned f;, G, , and of all sensor in such a way that a given input to all three
sensors resulted in identical spectra.

All three sensors were installed as for a regular measurement, except they were all
oriented horizontally and carefully aligned in the same direction (see Figure 3.2).

.'?-. - '_. 3, ‘;u. " "53:

Figure3.2  Measuring set-up for fine tuning of sensor parameters

This assures an equivalent input to all three sensors. A 20 min record of seismic
noise was acquired and instrument corrected spectra calculated and plotted on the
same graph. By slight changes in f;, G, and we optimised the agreement of all
three spectra. By observing frequency band around 10 Hz we optimised G, (other
two parameters fyand do not influence the response in this range). Next, observing
frequency band from 0.1 to 0.4 Hz we optimised f, (parameter does not influence
the response in this range). Finally observing frequency band from 0.8 Hz to 1.2 Hz
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(that is where relative damping influences the response) we optimised (other two
parameters f; and G; are already optimised).

The measurements were performed at Magnetics Co. in Tehran downtown, in a
second floor of a seven-story building, during the day. This check was made before
we started and after we finished ambient vibration measurements. No significant
differences were observed. This assures that there were no changes in recording

parameters during the work. Data of both tests are given on data CD attached to this
report.

The final agreement of spectra of all three channels is shown on Figure 3.3. (full
frequency range). Details are shown on Figure 3.4 for high frequency end, on Figure
3.5 for frequencies around sensor resonant frequency, and on Figure 3.6 for low
frequency end.
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Figure 3.3  Coincidence of PDSs of the same ground motion input to all three
measuring channels (full frequency range)
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9 Camparisson of PDSs of all three paralell sensors

Velocity PDS 8-9 Hz [(mvs?)?)

1 0-11

Frequency [Hz}

Figure 3.4  Coincidence of PDSs of the same input to all three measuring channels
(detail at high frequency end from 8 Hz to 9 Hz used for G, adjustment)

Small stochastic differences between channels observed mainly at extreme low

frequencies are due to system noise and can not be nullified by sensor parameter
adjustments.

o Comparisson of PDSs of all three paralell sensors

Velocity PDS 0.8-1.2 Mz [(m's3?)

R R g

10

Frequency [Hz]

Figure3.5 Coincidence of PDSs of the same input to all three measuring channels
{frequency range from 0.8 Hz to 1.2 Hz used to adjust )
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Figure 3.6  Coincidence of PDSs of the same input to all three measuring channels
(detail at low frequency end from 0.1 Hz to 5 Hz used for f, adjustment)

Final sensor parameter values used in data processing are given in Table 3.2.

Table 3.2  Sensors’ parameters used in data processing

Loaded generator | Resonant frequency | Relative damping
constant G, [Vs/m] [Hz] [-]
Sensor
SS-1 S/N 2004 157.0 1.045 0.64
SS-1 S/N 2006 154.2 1.02 0.70
SS-1 S/N 2511 158.7 0.965 0.75

3.3 Field measurement procedure

3.3.1 Physical procedure

All buildings were measured during the day. Undesired local seismic sources, which
could influence only one measuring site (top or bottom), were searched for. The
micro locations of measurements were agreed with CEST personnel. If at all
possible elevators and air-condition generators were switched off during the
measurements. Notes about general conditions were made

Seismometers were put on the ground, unlocked, connected to well marked cables,
oriented (estimated accuracy of orientation is +/-3 deg from desired direction), and
their moving mass position was centred.

Cables were uncoiled from the bobbin and connected to data logger. Data logger
was switched on immediately after arrival to the site to allow about 15 minutes
warm-up time at each site during which the electronics thermally stabilised.

Data logger was connected to Zeos Notebook 386+ or IBM ThinkPad computer via
RS232 cable. The distance between sensors and the person who operated the
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computer during the measurements was about 5 to 10 m. Moving of people around
was mitigated as far as possible.

First a brief test of incoming signals and SSR-1's main and lithium battery voltage
was performed using DG9 command (DVM function). Next a short test record was
made, data was retrieved and checked for unexpected man-made noise sources,
peak-peak amplitude values, potential clipping, and other technical problems.
Preamplifier gain was set for maximal resolution of data acquisition. Then the
measurement was started manually by setting ‘votes to trigger’ parameter (#57) of
SSR-1to 0.

During the measurement accompanying persons prevented people to approach the
measuring site.

After termination of the measurement, data were retrieved to the laptop and
inspected. An immediate backup of raw data was made on diskettes.

During the measurements we experienced no technical problems with equipment,

3.3.2 Sensor excitation considerations

Ambient vibration measurements should be performed in as much as possible
constant conditions without excessive disturbances of man-made seismic noise on a
single measuring site. High amplitude seismic noise bursts and spikes on top only or
ground floor level only, even if outside the frequency band of interest, may via
spectral leakage and/or aliasing, contaminate measurements.

Man-made, natural seismic noise and wind are the main sources of building
excitation. If they excite both measuring sites, top and ground floor, they are a
desired signal. If only one site is excited, like walking next to ground floor sensor
this may unfavourably influence spectra ratio results.

Since weather and wind conditions influence the building excitation, we gather
information about these two measuring conditions as well.

The main problem in buildings are elevators and air-condition equipment (with
engines on top of the buildings) and walking of inhabitants too close to the
seismometers. To stop local human activities was particularly difficuit on the
buildings still under construction {from economic reasons).

An effective measure is to switch off elevators and air-condition equipment and to
prevent walking too close to the sensors by a portable fence.

Measurements were taken during the day. Details can be from Appendix 5.1.

3.3.3 Duration of the measurement

Generally all measurement lasted 30 minutes. Only in some cases where dominant
frequency was evident from time domain, we shortened the measurements.
However, all measurements are longer than 15 minutes.

3.3.4 Field data verification

In field data inspection included verification of peak-peak values of the signal in
scope of potential record clipping and in scope of dynamic range of data acquisition.
The gain of the preamplifier in the data logger was adjusted optimally for the best
data resolution. Practice showed that we could use maximal preamplifier gain 1000
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on some sites only and mostly on ground floor level. Most channels were recorded
with the gain 100.

Data were also zoomed-in in time domain to inspect signals in terms of other
potential irregularities, technical problems, or unexpected man-made seismic noise
sources. No spectra were calculated in the field.

3.3.5 Information about measuring conditions

For competent raw data editing and interpretation of spectra we gathered
information about general conditions at the site and the conditions during the
measurements, This included a description of weather condition, wind condition,
and known man-made sources of seismic noise. Details for each site can be found in
Field forms in Appendix 5.1.

3.3.6 Data backup

In the field, raw data was immediately copied to diskettes. A second backup copy of
raw data was made after returning from the field and kept on a different place.

3.4 Data processing

3.4.1 Measurements order

Ideally a single three-component measurement of ambient vibration on top and at the
ground floor level would suffice to obtain all desired information. For such
measurement a six-channel data logger is required. Unfortunately only a three-

channel recorder was available, Therefore we made three measurements on each
building,

The first measurement was a two-channel measurement. Top (channel 2) and ground
floor level {channel 1) vertical motion was measured. The second measurement was
a three-channel measurement. Channel 1 was ground floor longitudinal motion,
channel 2 was top longitudinal motion, and channel 3 was top transversal motion.
The third measurement was also a three-channel measurement. The channel 1 was
ground floor transversal motion, the channel 2 was top longitudinal motion and
channel 3 was top transversal motion (the same as in the second measurement).

From the first measurement we get vertical top and ground floor spectra and
top/ground floor motion ratio. From the second measurement, channel 1 and
channel 2, we get longitudinal spectra and ratio. Channel 3 was not used in data
processing. From the third measurement, channel 1 and channel 3, we get

transversal spectra and ratio. From channel 2 and channel 3 we get top particle
motion,

Seismometers were always oriented in such a way that positive voltage denotes
ground motion up during vertical measurements and toward northern half space for
the channel 2 and eastern half space for the channel 3.

3.4.2 Raw data editing

In the first step binary SSR-1's files were re-formatted to ASCII format.
Kinemetrics CNVA.EXE program performed this conversion. Raw ASCII data was
inspected for excessive seismic noise amplitudes, spikes, and noise bursts. All

channels of a single measurement were displayed simultaneously and inspected for
excessive noise interference.
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On many records, too noisy portions of the signal were cut out in ail channels and
remaining data concatenated. No special attention was paid to discontinuities of the
signal at concatenation points.

MatLab was used for editing data. Raw and edited waveforms are graphically given
in Appendix 5.2 for visual inspection. Details about editing for each site can also be
found in Appendix 5.2. in the form of MatLab concatenation commands.

A MatLab command line like:
erSm2chl =[ rSm2ch1(1:1000); rSm2chl (1100:69000); rSm2chl (70000:98461)];

means: edited data file of the site r5/measurement #2/channel 1=longinal direction
contains raw data from sample 1 to 1000, from sample 1100 to 69000, and from
sample 70000 to the end of the record. Samples from 1001 to 1099 and from 69001
to 69999 are wasted.

3.4.3 Processing of edited data
(1) Power density spectra (PDS) calculation

Power density spectra were generally calculated from edited data files. Only a few
cases, there wan no need to edit data and the spectra are calculated from raw data,

MatLabs psd.m function was used. Its details can be found in Appendix 5.4. With

JICA staff we agreed for the following processing parameters:

- 1024 point data windows, resulting in 512 point spectra,
- duration of measurements from 15 to 30 minutes,

- Hanning weighting window applied,

- 25% data points window overlap,

- no confidence level of spectra calculated, and

- linear detrending of data windows is applied.

(2) Instrument correction of power density spectra

Calculated PDSs were instrument corrected by spectral division method. We
divided calculated PDSs by square value (we deal with signal power!) of individual
sensor transfer function to obtain flat response in frequency range from 0.1 Hz to 10
Hz. Details can be found in Appendix 5.4.

Spectra were not corrected for antialiasing filter transfer function in frequency range
above ~10 Hz. The six pole analogue antialiasing filters cause certain amplitude
distortion in this frequency range. Nominally the amplitude response of these filters
is ~3 dB down at 15 Hz. Phase distortion is unimportant.

(3) Spectral ratio calculation
We calculated three spectral ratios
~ vertical top to vertical ground floor (measurement #1),

- horizontal longitudinal top to horizontal longitudinal ground floor (measurement
#2),

~ and horizontal transversal top to horizontal transversal ground floor
(measurement #3).
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Custom made MatlLgb .m function was used for calculations, Details are given in
Appendix 5.4,

(4) Particle motion calculation

Particle motion on top of the building was determined from channels 2 and 3 and
measurements #3. Both horizontal components were measured on top of buildings
during these measurements. Motion velocity is displayed. Only 5000 samples of
data are displayed, since this gives a better picture of particle motion. These data
were taken mostly from the beginning portion of raw or in some cases of edited
data. Particle motion graphs are shown in Appendix 5.3

4. Results
4.1 Locations of the measured buildings and file coding

Buildings location are given on maps in the Field forms in Appendix 5.1. Site codes
reflect buildings design. R means reinforced concrete buildings, S means steel
constructions, and M means masonry buildings. Two pictures of each building are
also shown for identification and a brief overview of the design of the buildings.

4.2 Results

Results are given in graphic forms for each measured building. Raw data
waveforms, edited data waveforms, and zoomed (10 s duration) section of data are
given in Appendix 5.2. Top and ground floor spectra along with their ratio are given
in pairs for each measuring direction separately. Particle motion on the top of the
building is displayed in the last graph. Spectra and ratios are shown in Appendix
5.3.

4.2.1 Raw and edited waveform data

Graphs of recorded raw signal and edited signal are published in Appendix 5.2.
Both types of graphs have samples on abscissa. This facilitates editing of data, since
it is easier to determine, which samples should be cut out due to an excessive man
made seismic noise.

In addition, a third graph is given with zoomed signal in time domain. Ten seconds
of signals are shown. This allows visual estimate of dominant period from time
domain. Abscissa shows time in seconds. Note that these are uncorrected velocity
signals. Low frequencies below 1 Hz are under valued in amplitude due to sensor
transfer function.

Raw (.sst, .001, .002, and .003 extension) and edited data ASCII files (.dat
extension) are stored on data CD under ‘/data/"site-code™ subdirectory for each site
separately. Data of each channel is separated (except in data logger's own files with
.sst extension). Raw data file names start with ', 's', or 'm' reflecting type of the
building. Number of the site follows. Following 'm' and the number denote
measurement number (1 = vertical, 2 = horizontal/ longitudinal, 3 =
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horizontal/transversal + particle motion). Channel number is also given (chi, ch2,
¢h3). Edited data file names use the same coding, but start with an 'e' (edited data).
A file name 'erl lm3ch3.dat' therefore means: edited transversal motion from
channel 3 (top of the building) at the reinforced concrete building number 11.

These subdirectories also contain original three-channel files in SSR-1's internal
binary format. Their extension is '.ssr', These files can be converted to ASCII
format using program CNVA.EXE (usage: CNVA "file name" <return>).

4.2.2 Instrument corrected power density spectra and their ratio

Ground velocity power density spectra (PDS) graphs for all sites are given in
Appendix 5.3. On the left graph top and ground floor spectra a given, on the right
side their ratio is given. Loglog scale of the graphs is used. Abscissa runs from 0.1
to 10 Hz as required in the ‘“Technical Specification for Ambient Vibration
Measurements’. Ordinate runs from le-14 to 1e-6 [m?*/s%Hz]. The scale was
adjusted for each individual building. Ratio graphs have ordinate from 0.1 to
10.000. Also here the scale was adjusted to individual results.

PDSs and ratio in ASCII format are stored in ‘/data/site-code™ subdirectory for
each site separately. File names start with 's' for spectra and with '’ for ratio. Site
code follows. Next two characters denote which kind of spectra is contained. The
first character denotes measuring direction ( v = vertical, 1 = longitudinal, t =
transversal}. The second character denotes top or ground floor (g = ground floor, t =
top). Therefore, a file name 'ss3tt.dat' means: PDS of a steel construction number 3
in transversal direction measured on top of the building..

Spectral ratio graphs show top/ground floor ratio. These files start with 't'. Site code
follows. The last character denotes measuring direction. A file name 'rmit.dat’
therefore means a top/ground-floor ratio of PDSs at masonry building number 1,
measured in transversal direction.

Spectral ratios in ASCII format are also stored in Y/data/"site-code™ subdirectory for
each site separately.

Particle motion graphs show velocity. 5000 data samples (about 80 sec) are shown.
This approach results in a better insight into the motion of the top of the building
than if the whole data set is plotted where mainly ‘outliers' (extreme motion)
becomes visible. These 5000 samples were generally taken from raw data and from
the beginning of the records. Only in some cases (if the beginning showed too large
disturbances) the data were taken from edited data set.

4.2.3 Determination of peak values of power density spectra measure on top of the buildings
and spectral ratios

Dominant frequencies in power spectral density on top of the buildings as well as in
spectral ratios were determined from graphs in Appendix 5.3.and tabulated in Table
4.1.
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Table 4.1. Dominant frequencies and periods in PDSs measured on top of the
buildings and spectral ratios.

Site Frequency of PDS max peak Frequency of max Ratio peak
Vertical Longitudinal | Transverse Vertical Longitudinal | Transverse
(Hz] [Hz] [Hz] [Hz] {Hz] [Hz]
CEST 1.85 2.95 1.90 1.85 2,95 1.90
R1 0.93 1.0 0.93 1.05 1.0 1.3
R2 2.30 0.67 0.67 0.75 0.79 0.85
R3 7.0 1.2 1.2 8.0 1.6 1.2
58 2.0 1.56 2.0 2.0 1.7 2.0
RS 1.45 2.1 1.45 2.5 2.1% 26
R6 2.1 2.5 2.15 2.1 26 3.25
R8 ? 3.5 3.05 3.3 3.9 3.2
R11 34 3.4 3.5 3.4 35 3.6
R12 4.7 3.6 4.7 4.7 37 5.0
R13 1.2 1.7 1.2 1.7 1.8 1.2
R14 1.95 1.6 1.8 20 20 2.0
S1 0.53 0.71 0.53 0.53 0.68 0.60
S2 5.2 0.82 0.80 7.8 1.2 0.87
83 0.68 0.63 0.70 0.73 0.91 0.73
54 1.05 0.87 1.0 1.05 0.90 0.85
S5 5.0 0.98 0.92 1.95 1.3 092
S6 5.8 086 0.90 7.8 i.8 1.0
57 1.8 1.8 1.85 1.95 2.0 2.0
S11 2.5 3.2 2.5 ? 2.6 2.6
§13 4.1 4.0 2.8 5.0 3.0 3.0
S14 27 4.3 27 27 3.3 3.3
M1 8.0 4.3 4.3 8.6 4.3 4.3
M2 4.6 5.4 4.6 4.6 53 4.7
M3 7.37 107 7.2 107 107 7.6
M4 8.9 2.35 3.05 9.3 2.8 3.05

These peaks were heuristically determined and are solely based on corresponding
graphs. No association of these peaks with civil engineering details of the building
has been performed. In many cases horizontal dominant frequency reflects in
vertical motion as the biggest spectral peak. It was read as 'dominant' peak, although
it is not associated with true vertical resonance. Without respect to such and similar
cases we always read the highest peak value and did not consider smaller peaks,
which may be actually of greater importance. Detailed study of all peaks and their
association with civil engineering facts of the building is considered as a part of
interpretation of results, which is not the subject of this report.

Note also that building name codes (site number) are not monotonous. Some
buildings, which were planned to be measured from the beginning, proved to be
inaccessible for the measurement during the project. Therefore some site numbers
are missing.

4.2.4 Data CD description
A CD is attached to this report containing:

- raw and edited signal records in original SSR-1 and ASCII format,

Ambient vibration measurements — Final Report
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- calculated PDSs and spectral ratios in ASCII format,

- data files pertaining to transfer function similarity tests before and after the
measurements, and

- an ASCII file (faxis.dat) containing frequency axis of specira and ratio data
files; this file should be combined (using any text processor or MS Excel) with
data files for plotting purposes; first line value 'NaN' of spectra and ratio files
('not a number' in MatLab syntax) corresponds to zero frequency and should be
discharged for loglog plotting,

- Kinemetrics CNVA.EXE file format conversion program (binary .ssr file format
to ASCII format) and custom made MatLab ".m' functions described in chapter
5.43.

Raw signal files, edited signal files, PDSs, and spectral ratios are grouped together
for each site in '/data/"site-code"/ subdirectories. All programs are in ‘/programs/
subdirectory.
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5.1.1 Field measuring form - Site R1

Site code: R1

Street address: Chamran Highway, Evin

Building type:
reinforced concrete construction

No. of stories: 21

Shape of the building:
rectangular

Date of measurement: 22/07/2000

Building condition: inhabited residential

Seismic noise source conditions:

elevators stopped, air condition generators
stopped, water pump stopped, some
inhabitants passed ground floor measuring
site

Weather condition: Clear

Wind condition:
slight wind, branches move

Special comments:
Atisatz apartment complex

Dimensions (L x W x H):
30m x 25.6m x 66.0 m

Maﬁ with tiie position of the

Sensor setup - ground floor
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5.1.2 Field measuring form - Site R2

Site code: R2

Street address: Zardkuh St., Zaferanieh

Building type:
reinforced concrete construction

No. of stores; 17

Shape of the building:
rectangular

Date of measurement: 16/07/2000

Building condition: under construction

Seismic noise source conditions:
elevators, air condition generators, water
pumps N/A; we were unable to stop
construction works, people passing near
ground floor measuring site

Weather condition: Clear

Wind condition:
slight wind, branches move

Special comments:
no special comments

Dimensions (L x W x H):
21.9mx 21.9m x 63.5m

@im e et

ol ®
@ ; -~ Iy
) T i
L .
- %,
érf 4 -

R A SR

Map with the position of the building

Sensor setup - ground floor
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5.1.3 Field measuring form - Site R3

Site code: R3
Street address: North Hafez

Building type:
reinforced concrete construction

No. of stories: 13

Shape of the building:
rectangular, elongated

Date of measurement: 25/07/2000

Building condition; inhabited residential

Seismic noise source conditions:

elevators stopped, air condition generators
stopped, water pump stopped, some
inhabitants passed nearby while measuring

Weather condition; Clear

Wind condition:
slight wind, branches move

Special comments:
Behjat Abad apartment complex

TR
Dimensions (L x W x H):
30.0m x 15.7m x 41.0m

Sensor setup - ground floor
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5.1.4 Field measuring form - Site S8

Site code: S8
Street address: Kuhyar St., Fereshteh Ave.

Building type:
Steel structure construction

No. of stories: 9

Shape of the building:
rectangular, elongated

Date of measurement; 23/07/2000

Building condition: inhabited residential

Seismic noise source conditions:
elevators stopped, air condition generators
stopped, water pump remained on

Weather condition: Clear

Wind condition:
no wind

Special comments:
Kouhsar apartment complex

Dimensions (L x W x H):
33.0m x 28.7m x 26.1m

-]
L‘“
) E,.
TR LY,

ing
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5.1.5 Field measuring form - Site RS

Site code: RS

Street address: Ferdowsi Sq., Enghelab Ave.

Building type:
reinforced concrete construction

No. of stories: 7

Shape of the building:
rectangular, elongated, complex, three-part

Date of measurement: 15/07/2000

Building condition: inhabited office building

Seismic noise source conditions:

elevators stopped, air condition generators
stopped, some visitors passed nearby ground
floor measuring site

Weather condition: Clear

Wind condition:
slight wind, branches move

Special comments:
Phillips building
Dimensions (L x W x H):
36.0m x 15.0m x 24.0m

"
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Mép With the position of the building
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Sensor setup - ground floor
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5.1.6 Field measuring form -~ R6

Site code: R6
Street address: Hatef St., Darous

Building type:
reinforced concrete construction

No. of stories: 6

Shape of the building:
rectangular, elongated

Date of measurement: 18/07/2000

Building condition: inhabited residential

Seismic noise source conditions:
elevators stopped; air condition generators %
stopped, however not during the 2

measurement #1 e i1/ ey VR
S _ N~ |
— ; 4';:':55:,4 )
Weather condition; Clear o 2
= o et ., 4
Wind condition: : el
no wind ' : v :

M o n . f— f

Special comments:

Dimensions (L x W x H):
37.0m x 15.0m x 23.0m

£

Sensor setup - ground oor
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5.1.7 Field measuring form - Site R8

Site code: R8
Street address: Rom, Neyestan 8§, Darous

Building type:
reinforced concrete construction

No. of stories: 5

Shape of the building:
rectangular, elongated

Date of measurement: 17/07/2000

Building condition: under construction

Seismic noise source conditions:

no elevators, air condition, and water pumps;
we were unable to stop construction works
during the measurement

Weather conditicn: Clear

Wind condition:
slight wind, branches move

Special comments:
building nearly finished

Dimensions (L x W x H):
30.0mx 21.8m x 17.0m

R8

& n -
'y -
. L s
Map with the position o Sensor setup - ground floor
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