Design Response Spectrum



* Site-Specific Response Analysis

* All ADRS curves are developed by In-house personnel

* Focus of this presentation development of the ADRS using the 3-Point
Method

* Site-Specific Response Analyses requires more training and knowledge



* Downhole methods
* Use anticipated geologic conditions to select collection method
* Consider the importance (OC) of the bridge
* V, measurements should not be obtained for Low Volume Bridges
* Compare V, measurements with field logs to see if there are any conflicts
* Example
* Does V, continue to increase with depth will SPT N-values decrease
e Was wrong field collection method used?

* Did the person preparing the V, profile look at the field logs?
* Isrock expected to be encountered?



* Soil column contains
e Soil

Weathered rock
Partially weathered rock
Soft rock (2,500 ft/s < V, < 11,500 ft/s)

e Hard Rock

e Coastal Plain
* No!
e Qutside the Coastal Plain

* Soil column has a V, 2 11,500 ft/s (hard rock) within the measured depth of the V, profile
* V, must be verified by field testing



)

technique

« Run SCENARIO_PC (2006)

* Using latitude and longitude previously determined

* Typically all sites will be Geologically Realistic
* In the Coastal Plain
e Qutside the Coastal Plain

* SEE (3% P in 75 years) (formerly called 2% P; in 50 years)
* FEE (15% P in 75 years) (formerly called 10% P in 50 years)
e Use Q of 100 [default in SCENARIO_PC (2006)]



e Results of higher Q values, higher frequency portions of the ground motion
affect the site (i.e., the EQ motion goes up)

* Higher Q values really only a concern in the Tri-County area (i.e., Berkeley,
Charleston and Dorchester Counties)



* Columbia can be located in both the Coastal Plain as well as the
Piedmont
* V*_100.330 Changes depending on which geology Columbia is placed in
* Areas east of the Capitol should be in the Coastal Plain

* Areas west of the Capitol should be in the Piedmont
* V*_ 10033015 €qual to 8,200 ft per sec

* Damping is typically assumed to be 5%
* Check with the SEOR to determine if this number needs to be changed



Legend

Middleton Place Plantation [ 32.89991 -80.13804
Write a description for your map. , s
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THIS FILE CONTAINS THE RESULTS FROM ONE EXECUTION
OF PROGRAM scenario_pc (Martin Chapman, 2006).

THE NAME OF THE DIRECTORY CONTAINING THIS FILE
AND ALL ASSOCIATED OUTPUT FILES IS: MidPlace_ SEE

2% PROBABILITY OF EXCEEDANCE (For 50 year Exposure)
FOR GEOLOGICALLY REALISTIC SITE CONDITION

RESULTS OF INTERPOLATION

Site Location: 32.8999 N 80.1380 W
Nearest Grid Point: 32.8750 N 80.1250 W Distance From Site:
Thickness of sediments, meters: 781.973

PSA and PGA as Percentage of g
0 .5Hz 1.0Hz 2 .0Hz 3.3Hz SHz 6.7Hz 13Hz PGA
40.35366 93.30009 163.22500 221.44610 258.66660 262.21530 255.58870 155.08600

Interpolated results from USGS Deaggregation 2002
Freq. R(mean) km mag(mean) eps@(mean) R(modal) km mag(modal) epso(modal)

PGA 11.5 7 ed3 .12 5.4 7.30 -.26
5 Hz 11.8 7.19 e 6.2 7.30 =235
1 Hz 12.7 7.25 .07 5.8 7.30 =ip. BT




0.5Hz 1.0Hz

40.35366 93.30009 163.22500 221.44610 258.66660 262.21530 255.58870 155.08600

PSA and PGA as Percentage of g

2.0Hz

3.3Hz

5Hz

6.7Hz

Freq Period PSA
%
Hz sec SEE FEE
0.25 4.00
0.5 2.00 40.3537% 4.5340%
1 1.00 93.3001% 12.9204%
2 0.50 163.2250% 26.4712%
3.3 0.30 221.4461% | 41.3934%
5 0.20 258.6660% | 53.2481%
6.7 0.15 262.2153% | 56.6986%
13 0.08 255.5887% | 58.3897%
PGA 0.00 155.0860% | 33.4219%

13Hz

PGA



file://nts/hq/precon-general/PreconSupport/Geotech_Eng/SCDOT_Geotechnical_Manual_2019/X - Appendix G - SCDOT Software List/Excel Spreadsheets/ADRS - Site Class  Andrus - 11222019.xlsx

* This data is used to determine the period (T,) of the site.

* Ty is developed using 2 different methods
e Equivalent Uniform Soil Profile Period and Stiffness

* 6 allows for site softening during the seismic event
* Modified Successive 2-Layer Approach



Hp

If the ratio is greater than 1 (> 1.0) go to Step 4.
If the ratio is less than or equal to 1 (< 1.0) go to Step 5.

Compute the period for combined layers A and B, T,g, using the following
equation:

2+xyaxHy

= w2 Tp)? :
Ty p= Tp+* = [0.75 4F (TA) * (1 + — )] Equation 12-7

Compute the period for combined layers A and B, T,g, using the following
equation:

- v 5\" varHa\V :
Tpp= Tgx J1.0+ B * (TA) * (1 + YB*HB) Equation 12-8

Where,
Hy 2
p=1-0.2+% (—) Equation 12-9
Hp

1.8+ Hy

N=4-— Equation 12-10
Hp

Repeat from Step 2 until the entire soil column has been analyzed, substituting (y,.
g*Ha.g) for ya*H,, Hag for Hy, and T, g for T, each time.
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Interpolated results from USGS Deaggregation 2002
Freq. R(mean) km  mag(mean) eps@(mean) R(modal) km mag(modal) epso(modal)

PGA 11.5 7.13 .12 5.4 7.30 -.26
5 Hz 11.8 7.19 +11 6.2 7.30 -.35
1 Hz 12.7 7.25 .07 5.8 7.30 =437

* The USGS website is not to be used since the 2002 deaggregation charts have
been removed and replaced with either 2008 or 2014 deaggregation charts

SEE FEE
R My R Mw
PGA 54 7.30 6.4 7.30
0.2 sec 6.2 7.30 6.4 7.30
1.0 sec 5.8 7.30 6.3 7.30
Average 5.8 7.30 6.4 7.30

Override |




16.57

Das.gs =

16.64 sec

Max Ty =

2.14

Sec

Min T =

0.37

SeC

* D_c ¢ is used as surrogate for duration of the seismic event
* £ is the near-fault directivity correction (dip-slip and strike-slip faults)

* |Isonly used if Ris less 20 km

* H is either equal to or greater than Dg . if not, leave H blank.
* Z, is typically only provided from SCENARIO_PC (2006) for the

Coastal Plain



Dip-slip faults

where the fault slip is along the
direction of DIP of the fault surface

Normal Fault Thrust Fault
h‘"‘9"}9"""‘3‘" moves down hanging-wall moves up
relative to the footwall relative to the footwall

compare attributes
l return to menu'



Strike-slip faults

refurn to meny

- slip along the
— strike-direction
of the fault

right-lateral

left-lateral
(sinistral)
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* If the SEOR provides the period or range of periods place the
information in Cells U32 and V32 of the Project Info tab

Period of Interest Determination
(from SEOR)

Fundamental (First Order Mode) Period, T,:  0.00 0.00 sec
0.5*T,= 0.00 0.00 sec
2.0*T,= 0.00 0.00 sec

* GEC 3 recommends reducing the structural period by half and
doubling the structural period to get a period range for the structure.

* If the structure period is not provided and the project is not
Design/Build the following note is placed on the ADRS curve

**The SEOR is encouraged to check the fundamental period of the structure versus the period
of the seismic event and the period of the site. According to LRFD Seismic Analysis and
Design of Transportation Geotechnical Features and Structural Foundations, FHWA-NHI-11-
032, GEC No. 3 "So, the damage potential of an earthquake ground maotion increases when
the predominant period of the earthquake motion is close to the resonant period of the site and
when the resonant period of the site is close to the fundamental period of the structure. The
damage potential of an earthquake ground motion is greatest when all three of the
predominant or fundamental periods coincide."



0.00 PGAg.c 1.00 1.00 1284 1.001 0.630
0.08 Ss 1.00 1.00 1148 1.008 0.709
0.15 Ss 1.00 1.00 1154 1.007 0.704
0.20 Ss 1.00 1.00 1151 1.007 0.707
0.30 Ss 1.00 1.00 1115 1.015 0.735
0.50 Sos6 1.00 1.00 1173 1.008 0.694
1.00 Si0 1.00 1.00 934 1.231 1.065
2.00 Si6 1.00 1.00 722 2.000 1.798
4.00 Sz0

4.00
2.00
1.00
0.50
0.30
0.20
0.15
0.08
0.00

0.993

1.828

0.977

0.726
0.993
1.132
1.629
1.828
1.847
1.812
0.977

1.798
1.065
0.694
0.735
0.707
0.704
0.709
0.630



3-Point SEE ADRS Worksheet
SCDOT +3.0 - 05/14/2019

Project ID:|0 [ Latitude:[32.8999 [ Designer:] N. Harman - Support |
Route: o | County:| 10 - Charleston | Longitude:[80.1380 1 Date:| 37212020
Project: Miq_dleﬂ:on Place Plantation _
M,, =] 7.30 | R =| 5.80 |km | |_Geologic Condition:| Geologically Realistic (Q= 100)*
Damplng: 5%
Freq Period PSA s, Fy So Damping Mod. S,
Modifier
Hz I g g g
0.25 4 00
05 200 40.3637% 03035 7705 0726
1 1.00 93.3001% 0 9330 $.085 0593 100 0983
2 350 163.2250% 1 6323 0694 1132
33 020 221.4461% 22145 0735 1520
5 0.20 26666607 2 5867 D.707 1228 100 T80
G7 Q.15 262.2153% 26222 0734 1847
13 308 255.6887% 75559 0.709 1212
PGA 0.00 155.0860% 15509 0630 0377 100 0977
Sps= 183 Soi= 099 | o= 0.11 o= 0.645 PGA= 0977 |
PGV = 37.74 I?nchoslsoc I D= 1657 |sec L= 0.939 sec | T S,
000 0977
002 1118
00 126°
005 1403
7 T % v
2 = T Toan
SC Seismic Hazard Map ADRS Curve [ i B o0
LB To30
018 2
= Three-Point Method 022 2
3.00 Input UHS ;;; 25
=& Multi-Point Method 033 828
. 06 n20
=) 040 1828
@ 2-50 1 a3 )
o« 7 82
& 51 32
8 I TS RIS W
= 2.00 N 444
o ] NEE]
kT ~ 0 017
g " \.\ \\ = -
< 1.50 3 o
@ by M \ al 704
55 53
g ‘.._ i \\ ] Si14
F 1.00 i & L3 53
O Gt ] O EE 39
o St a6
= S e o | 7 )
e P c—_——r |5 Tan 5]
g 0.50 s 357 0387
o 271 0 366
e 706 [RE
I00 033"
0.00

0.0 0.2 04 0.6 0.3 1.0 1.2 1.4 1.6 1.8 2.0 2.2 24 2.6 2.8 3.0
Period, T [sec]



Basin Effects

Seismic waves from
earthquakes




3-Point Acceleration Design Response Spectrum
SCDOT v3.0 - 06/14i2019

Project ID: [ Latitude:[32.8999 [ Designer] . Harman - Support
Route: County:| 10 - Charleston | Longitude:|80.1380 | Date:| 3/2/2020
Project: Middleton Place Plantation
Design EQ PGA s So My R PGV Dosas
g g - km inches/sec sec Damping:| 5% |
FEE 0.37 E 0.32 7.30 12.20 16.64 5 Geologically Realistic {Q =100)*
SEE 0.58 . 0.95 7.30 5.50 37.74 16.57 : = Seologlhe bonagiio sccp
ADRS Location within Soeil Column: At Ground Surface
Fundamental Period of Interest™= v H Tun South Carolina Coastal Plain
Structure, Ty . sec "Same G eoloyic ConiKion as used In SCENARIO_PC {2005)
sec Ft @HIV L, | (6H)Vay
0.00 710.30 0.37 | 2.14
0.00
smic ADRS Curve
———SEE ADRS Curve
——FEE ADRS Curve 5
| 35 0
=) | w==s=Natural Period of Soil Column £ 0 z= ]
1 |4 wiheight of H (TNH) IS 0. Z
@\ /I N [ = = Period of SEE Seismic Event (T '0) S TR 55—
= \ |t FED R 2]
§ 1.50 N L3 — — Period of Fee Selsmic Event {T '0) - DTN D=0 EF
] J.73% 043 822
| = 0735 ¥ 28
= \ ‘ (] ——Range of Interest (T0) (N S ER T
8 | i I Ts R Ts o1 733
< ! Doat 069 2
2 1.00 ¥ IEED 0.63 153
| P D361 0.98 7.017
8 [ 9 \ 0. 301 1.12 105
a ~ " e 7 D270 127 1765
g |0 T ——— 1 D235 T4 0704
& 550 | — — 7 D215 155 Dhad
= 5T 1 b ] THE 170 YT
s [t T ) 704 ]
8 (] o 0165 L] 0463
2 |3 710 0153 7.13 ]
“ ‘ 275 [ECE] 720
0.00 — - 240 0724 242
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 24 2.6 2.8 3.0 2 2? D75 2 ?-’
2.0 ity 2.1
Period, T [sec] 785 D313 2.80
3.00 D 307 3.00

“*The SEOR Is encouraged to check the fundamental perlod of the structure versus the period of the seismic event and the perlod of the site. According to LRFD Seismic Analysis and Design of
Transportation Geotechnical Features and Struclural Foundations, FHWA-NHI-11-032, GEC No. 3 "So, the damage potential of an earthquake ground motion increases when the predominant period
of the earthquake motion is close 1o the resonanl period of the sile and when the resonant period of the site is close to the fundamental period of the struclure. The damage polentlial of an earthquake
ground motion is greatest when all three of ihe predominat or fundamental periods coincide.”



Questions?



