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Ground Ground Ground

Ground Site Number of Intensity, Frequency, Damping,
Motion Conditions Records Gy @, &
Horizontal Alluvium 161 0.102 18.4 034
Alluvinm on rock 60 0.078 229 0.30
Rock 26 0.070 27.0 0.34
Vertical Alluviom 8 0.080 26.2 046
Alluvium on rock 29 0.072 29.1 0.46
Rock 13 0.053 38.8 0.46
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Site Condition Vmax/@max
Rock 55 cmfseclp = 0.056 sec
Stiff soils (<200 ft) 110 cmfsec/p = 0.112 sec

Deeep stfl soils (=200 1) 135 cm/fsec/g 0.138 sec
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® Federal Emergency Management Agency
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Seismic weight

Pushover curve
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Step 1 | Determine shear capacity
-

~\
VoL dps
—T Pushowver W
=D S
2w i.‘.“-.
o= 4 E )
| Step 2 | Determine demand from ground motion (low-freq)
~
Butterworth Lp Filter 4% order for remp & pulse
T=cT,(c=0.1241p+0.6031) 224 grder for other cases
Alternative:
S, at T, with 70.7% damping )
| Step 3 | Predict Collapse
r ™~
T, PGA for Long-period
Compa.rel'-‘eak Values . 0.5-P2P for other cases
I Larger
Abs l !I I . >
Stand
If
Larger
i
Abs MM O Eal
\ : Collapsze )

[F] PFA &1)5 Sty Joo 419y VA=Y JSCi

[] Song S. (2014) Lawgs eoliiwl 3590 (sagyledislw laskine B-Y Jgus

Model | No.of Stories | Material T, ()" | Max Strensth™ | Ductility™ | Welds
UGP 6 Steel 1.54 02319 6.67 Perfect
UGB 6 Steel 154 0.1629 7.50 Britile
U13P 13 Steel 263 0.1387 8.00 Perfect
U13B 13 Steel 263 0.0844 6.86 Britile
U20P 20 Steel 347 0.1060 4325 Perfect
J20B 20 Steel 3.47 0.0630 4.50 Bitile
21003 4 RC 1.12 0.1472 .50 —
ID1011 8 RC 1.71 0.0800 7.40
1013 12 RC 2.01 0.0748 7.55 _—
1021 20 RC 236 0.0880 6.80

(1) - Fundamental period
(2) - The maximum base shear in pushover analysis, normalized by seismic weight of the building
(3) - Ductility as defined in section 2.3.1
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Different
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Layer Soil type Depth (m) 7 (KN/m’) s, (kPa) ¢ (kPa) o' () w () E, (MPa) E' (MPa) v Analysis type
1 MG 0-2.5 18 - 1 25 0 - 8 0.3 Drained

2a BSC 1 25-715 16.5 20 - - 0 10 - 0.495 Undrained
2b BSC 2 7.5-12 16.5 39 - - 0 205 - 0.495 Undrained

3 MC 12-14 17.5 55 - - 0 275 - 0.495 Undrained

4 Ist SC 14-20 19.5 80 - - 0 40 - 0.495 Undrained

5 cs 20-21.5 19 - 1 27 0 - 53 0.25 Drained

6 2nd SC 21.5-26 20 120 - - 0 72 - 0.495 Undrained

7 HC 26-45 20 240 - - 0 240 - 0.495 Undrained
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Undrained Shear

strength, ¢, [kN/m2] £50 [
<12 0.02
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24-48 0.01

48-96 0.006
96-192 0.005

~192 0.004
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Pesiod [ Time Value
Number of Steps per Cycle [¢ |0 i ‘J
A N
N . 0125 6.9367 |
umbes of Cycle: 025 |31 e
Ameltud 0375 6.9367
Sesice 05 0
0625 6.9367
075 981
0875 -6.9367
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Row|Type| Earthquake Tag Mag. (mis)| Rjb(Km) | Year |Record No.|PGA. (g
1 Tabas,Iran RSN143_TABAS_TAB-T1 7.35 1.79 1978 143 0.86
2 Chi-Chi, Taiwan RSN1489_CHICHI_TCUOD49-E 7.62 3.76 1999 1489 0.27
3 ° Sansalvador RSN568_SANSALV_GIC090 5.8 2.14 1986 568 0.7

£
4 E Coyote Lake RSN150_COYOTELK_G06230 5.74 0.42 1979 150 0.42
S
5 = Irpinia, Italy RSN285_ITALY_A-BAGOOO 6.9 8.14 1980 285 0.13
6 Kobe, Japan RSN1114 KOBE_PRIOOO 6.9 3.31 1995 1114 0.34
7 Izmit, Turkey RSN1165_KOCAELI_IZT090 7.51 3.62 1999 1165 0.23
8 . California, USA RSN8_NCALIF.FH_F-FRN315 6.4 44,52 1941 8 0.12
9 E Landers RSN838_LANDERS_BRS000 7.28 34.86 1992 838 0.13
10 g Sanfernando,USA RSN53_SFERN_BFA270 6.61 111.82 1971 53 0.007
11 - Tabas,Iran RSN141_TABAS_KSH-L1 7.35 193.91 1978 141 0.03
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Row Location Dimension Bowles J. (1996) Result | SAP2000 Result Differenace(%)
1 Top Disp. mm -3.5 -3.5 0
2 Dredge Line Disp. mm 13.7 13.5 1.5
3 Bottom Disp. mm -3.4 -3.5 -2.9
4 Anchor Level Disp. mm 44 44 0.0
5 Top Moment kN.m 6 6.4 -6.3
6 Bottom Moment kN.m 9.7 9.9 -2.0
7 Middle Moment kN.m 221.7 216.26 2.5
8 Top Shear Force kN 5.7 5.7 0.0
9 Bottom Shear Force kN 8.2 8.1 1.2
10 Dredge Line Shear Force kN 91.7 89.5 2.5

5 3 8 ool polin 5 ol Sl oliae oy gn ol V¥ Jyar 55 o5 sbls
<ol SAP2000 1331 o5 5 BOWIES J. (1996) s 05 153l o5 s Julos ol im 5 ¥olas

PLAXIS g SAP2000 ,13310 5 95 Julows g lis dunns Lo Y—F

Jeo bl gy g SO 1 V-F oo Billhae ( Gleoj azsu )l sla Judod como 508 sl 0
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Plaxis 2D

Row| Earthquake Mag. (mis)| Rjb(Km) Year |PGA. (g SaiZEC::(I]tTH Dynamic

Analysis

1 |Tabas,iran 7.35 1.79 1978 0.86 Collapsed Collapsed
2 | Chi-Chi, Taiwan 7.62 3.76 1999 0.27 Stable Stable

3 |Sansalvador 5.8 2.14 1986 0.7 Collapsed Collapsed

4 | Coyote Lake 5.74 0.42 1979 0.42 Collapsed Collapsed
5 | irpinia, Italy 6.9 8.14 1980 0.13 Stable Stable

6 |Kobe, Japan 6.9 331 1995 0.34 Collapsed Collapsed
7 |lzmit, Turkey 7.51 3.62 1999 0.23 Stable Stable
8 |California, USA 6.4 44.52 1941 0.12 Stable Stable
9 | Landers 7.28 34.86 1992 0.13 Stable Stable
10 |Sanfernando,USA 6.61 111.82 1971 0.007 Stable Stable
11 |Tabas,iran 7.35 193.91 1978 0.03 Stable Stable
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Direct Integration (Last Step) Direct Integration (Next Step)
Ts(s) Ts/T1 MIHCT:}A(TH} Top Disp. |Bottom Disp. | Dredge Line Disp. — ng% Sltuﬂatlon: ‘
m | (m) (m) S oy ange
0.2 0.222222 0.81 0.084 0.020 -0.048 LS
0.3 0.333333 0.67 0.047 -0.025 0.052 CcP
0.4 0.444444 0.73 0.052 0.029 -0.072 LS
0.5 0.555556 0.47 -0.036 -0.019 0.066 CcP
0.6 0.666667 0.33 -0.035 -0.022 0.068 LS
0.7 0.777778 0.21 0.033 0.022 -0.068 LS
0.8 0.888889 0.125 -0.032 -0.023 0.067
0.9 1 0.04 0.030 | -0.021 0.072
1 1.111111 0.04 0.025 0.019 -0.064
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Row| Earthquake |Mag. ()| Rjb(Km) | Year |PGA. g Vs, Hinge
Max - Result o
uation
(v¥g/w)
1 |Tabas,/ran 7.35 179 1978 | 0.86 0.23 0.24 V*g/W<PFA Collapsed
2 |Chi-Chi,Taiwan 7.62 3.76 1999 | 0.27 0.23 0.09 VEg/W>PFA Stable
3 |Sansalvador 5.8 214 1986 | 0.7 0.3 0.19 V¥g/W>PFA Collapsed
4 | Coyote Lake 5.74 042 1979 | 042 | 023 0.15 V*g/W>PFA Collapsed
5 | Irpinig, ltaly 6.9 8.14 1980 | 043 | 023 0.07 V*g/W>PFA Stable No Hinge
6 |Kobe, Japan 6.9 331 1995 | 034 0.23 0.23 V*g/W=PFA Collapsed C
7 |lzmit, Turkey 7.51 3.62 1999 | 0.23 0.23 0.08 Vg/W>PFA Stable No Hinge
8 |California,USA 6.4 44,52 1941 | 012 0.23 0.014 V¥g/W<PFA Stable No Hinge
9 | Landers 7.28 34.86 1992 | 013 0.23 0.05 V*g/W<PFA Stable No Hinge
10 |Sonfernando,USA | 6.61 11182 | 1971 [0.007 | 023 0.004 V*g/W<PFA Stable No Hinge
11 |Tabas,/ran 7.35 19391 | 1978 | 0.03 0.23 0.02 V¥g/W<PFA Stable No Hinge
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Sub SetTHFuncSineo

' dimension variables
Dim SapObject As Sap2000v16.SapObject
Dim SapModel As cSapModel
Dim ret As Long
' dimension variables
Dim FileName as String
Dim i As Integer
' dimension variables
Dim MyLoadType() As String
Dim MyLoadName() As String
Dim MyFunc() As String
Dim MySF() As Double
Dim MyTF() As Double
Dim MyAT() As Double
Dim MyCSys() As String
Dim MyAng() As Double
' create Sap2000 object
Set SapObject = New Sap2000v16.SapObject
' start Sap2000 application
SapObject.ApplicationStart
' create SapModel object
Set SapModel = SapObject.SapModel
' initialize model
ret = SapModel.InitializeNewModel
' open an existing file
FileName = "C:\SapAPI\Example 1-019a.sdb"
ret = SapModel.File.OpenFile(FileName)
' add sine TH function
ret = SapModel.Func.FuncTH.SetSine("TH-0.10g", 15, 16, 4, 1)
' add nonlinear direct history load case
ret = SapModel.LoadCases.DirHistNonlinear.SetCase("TH-0.10g")
' set load data
ReDim MyLoadType(0)
ReDim MyLoadName(0)
ReDim MyFunc(0)
ReDim MySF(0)
ReDim MyTF(0)
ReDim MyAT(0)
ReDim MyCSys(0)
ReDim MyAng(0)
MyLoadType(0) = "Accel"
MyLoadName(0) = "U2"
MyFunc(0) = "TH-0.10g"
MySF(0) =2
MyTF(0) =15
MyAT(0) = 10
MyCSys(0) = "Global"
MyAng(0) = 10
' add combo
ret = SapModel.RespCombo.Add("DEAD+SOIL+TH-0.10g", 0)
' add load case to combo
ret = SapModel.RespCombo.SetCaseList("DEAD+SOIL+TH-0.10g", LoadCase, "TH-0.10g", 1)
ret = SapModel.RespCombo.SetCaseL.ist("DEAD+SOIL+TH-0.10g", LoadCase, "DEAD", 1)
ret = SapModel.RespCombo.SetCaseL.ist("DEAD+SOIL+TH-0.10g", LoadCase, "SOIL", 1)
' add combo
ret = SapModel.RespCombo.Add("DEAD+SOIL+TH-0.10g", 0)
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' add load case to combo
ret = SapModel.RespCombo.SetCaseList("DEAD+SOIL+TH-0.10g", LoadCase, "TH-0.10g", 1)
ret = SapModel.RespCombo.SetCaseList("DEAD+SOIL+TH-0.10g", LoadCase, "DEAD", 1)
ret = SapModel.RespCombo.SetCaseL.ist("DEAD+SOIL+TH-0.10g", LoadCase, "SOIL", 1)

'save model

' ret = SapModel.File.Save("C:\SapAPINAPI_1-001.sdb")
' run model (this will create the analysis model)

' ret = SapModel.Analyze.RunAnalysis

End Sub
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Using PFA method in the estimation of retaining wall stability during an earthquake

Abstract

The increase in large excavations in urban areas as well as construction of jetties in
coastal areas has doubled importance of using retaining walls. On the other hand, recent

earthquakes have prompted researchers to review deeper dynamic behavior of these types
of structures in order to find ways to estimate seismic stability of them. This thesis also

attempts to study a method called Peak Filtered Acceleration (PFA) to estimate seismic
stability of retaining walls. This study has done only in sheet pile wall impacted on clayey

soils that have anchor rod ,due to diversity of retaining wall systems. In PFA method, first

model is analyzed by incremental dynamic analysis (IDA) and by plotting collapse
acceleration curve of this analysis on one hand and pushover curve obtained from
nonlinear static analysis on the other hand and linking them together that will be expressed
in detail, The range of frequencies that in which probability of structural failure is most

likely to be identified is determined. By specifying critical range, to control failure under a

given accelerogram, a specific filter called butterworth with appropriate order and cutoff
frequency can be used instead of complex dynamic and time-consuming analyzes, and the
analysis result can be understood more quickly. According to the accelerogram
investigated in this study, the PFA method will yield favorable results if the maximum
amplitude in the Fourier spectrum of the accelerogram used is higher than the frequency
range of the high-frequency structural template. The above method was investigated on a
9-meter sheet pile with anchor rod in SAP2000 software and to ensure accuracy of analysis

results, model was also controlled in PLAXIS 2D software.

Keywords: retaining wall, Peak filtered acceleration, incremental dynamic analysis,
butterworth filter,cutoff frequency
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