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Disaster Overview

* Hurricane Katrina started as a tropical storm in August 2005

* Intensifies from Category 3 to Category 5 hurricane in Gulf of Mexico
within 9 hours

« Make landfall on August 29" 2005 as a Category 3 hurricane near the
coast of state of Louisiana

» City of New Orleans ordered mandatory evacuation in the fear that
storm surge might top most of levees in NOLA, causing major flooding
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Disaster Overview

* For those who cannot
leave NOLA,
superdome was used
as temporary shelter
for the residents...

1800+ deaths overall

» 80+ Billion USD
damage
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Failure of Levees

* Most damage (lost of lives and properties) due to breach of
levees/floodwalls

» City is mostly protected by levee system due to its low sea level

* Major levees breached in the city

* Breach of levees for 17t street canal, London Ave. canal, Inner Harbor

Navigation Canal (IHNC)
R —
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Failure of Levees

Added pressure in the canal forces
water through the permeable layers to
the toe of levee

Floodwall

=2 Groundwater law

15 4 Sheet Pile Floodwall
| industrial Canal

Elevation (relative to sea level)

EeiR8e

(ILIT, 2006)

(USACE)
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Disaster Overview

» Some canals are used to drain water to Lake Pontchartrain during
hurricane season, some for cargo shipping

» Failure of levee might be due to
- surge water overtopped the levee and erode the levee from protected side
- soil condition underneath (ILIT suggested possible piping of the soil underneath)

- Trench eroded by surge
- water from Industrial Canal




B 17 R A BB B+ I HEEE Slide 13/60

Geotechnical Studies
Conducted for Levees in NOLA

The geotechnical study was awarded to a joint venture company at $100 million
« Provide 100-year level of protection by June 2011 ([& &% #74HED)

* For 350 miles of federal levees — over 200 miles of levees were repaired

* Design of pump stations

* Design of flood wall and flood gates

« Satisfy hurricane and storm damage risk reduction system (HSDRRS) - rebuild
of levees, pump stations, floodwalls, surge barrier

* Hurricane Gustav spared NOLA
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Geotechnical Studies
Conducted for Levees in NOLA

Major Tasks in JV Company
® Field Work
v Drilling and Sampling
v’ Field Testing (CPT, Pressuremeter...)
v’ Field Instrumentation
M Laboratory Testing
v Soil Classification and the basic physical properties
v" Strength Testing
v Compressibility Testing
B Engineering Design
v’ Slope Stability/Seepage Analyses
v’ Settlement Analyses
v’ Pile Capacity Analyses
v Retaining Walls (T-Wall, Sheetpile Wall) Design
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Typical Soil Samples in NOLA

Some Clays with Extremely High Atterberg Limits - ?7?
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Engineering Analysis

* Analysis method - Spencer’s general limit equilibrium method

* Analysis software - UTEXAS & SLOPE/W

* Analysis conditions (water level): top of the levee, still water level, lower water level
» Additional Levees (or berms) are added to increase required slope stability
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Engineering Property Interpretation

Shear Strength (psf)
With more than:

20 000 (UC+UU) 20O _ ‘500‘ _ ‘1000‘ _ ‘1500‘ _ ‘2000
3,000+ (Consolidation Tests) oF
Numerous CPT-related data i
Other Field Test Data ob
10 |
How do we choose a = f
representative soil profile? g Pr
- No such Profile g f
- The doubt of using UC/UU was © |
raised (C.C. Ladd et. Al) wb
- Field Test Data may be more :
representative 0[O o O TN
- Use of Spatial Variability ;
60 [
| —— Design 1200 psf el 2
ol . 1. [
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Stability of Chiuliao 1st Levee (& &
MR —IIZB AR )

» Updated design cross section of Chiuliao 15t Levee
- thickened backfill
- pile rows

in-situ soils in-situ soils —

Drilled shafts oo Gabions

..... v
diameter: 1.5m; | Boulders and
spacing: Sm@10m gravels

length: 20m
(not to scale)
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Reliability analysis of Chiuliao 15t levee

Various in-situ friction angle Constant in-situ friction angle
800 4000
Return Penod 100 Years with WLD Coefficient of 0.3 Return Period 100 Years with WLD Coefficient of 0.3
.................... "] Overturing of Retaining Wall [ Overturning of Retaining Wall
Sliding of Retaining Wall Sliding of Retaining Wall
Slope Failure Slope Failure
600 1 3000
2 2
= c
= =
=] o
© 400 Q 2000
© 5]
<] []
< z !
200 1000 |
I
. . i
0 0 ZaNRRANERANANN N . N lin I
0203040506070809 1 111213141516 0203040506070809 1 111213141516
Factor of Safety Factor of Safety

» The sliding and overturning failure is sensitive to the change of in-situ
friction angles
* Reliability analyses continue.
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* HoekZF A(1973)8T 815
I R fE T
EIT M
- HHE Q?:;

MR PR 81 7 7|‘ﬁ 3

S L8 AL A Hoek et ol 1973)

TABLE 1. Geometry and properties of planes

Plane Dip in Dip direction Strike (dip Location and properties
degrees in degrees direction—90°)
east of north

Plane A 45 105 15 Cohesion ¢, = 500 1b/ft?,
Friction angle ¢, = 20°.
Plane B 70 235 145 Cohesion ¢z = 1000 1b/ft2,
Friction angle ¢5 = 30°,
Slope face 65 185 95 Intersection of plane A4 and slope crest 100 ft
Upper slope 12 195 105 vertically above toe of wedge.

External force 30 355 265 Magnitude T to be determined.
Tension crack 70 165 75 40 ft along trace of plane A.
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(Wyllie and Mah, 2004)

(b)

Plane A

INVRVA - £i's- il
BREUR S T W X AR
B ENZ ol Be

« JFEIRAR ZARD ~
(Trend)ERMETRES  Srayec i thatin fater plane s aiways
(P | u nge)gggzégﬁg ;_—:Fé E&v referred to as Plane A.

=R 7 olgEE © (d) N

Line of intersection

Vel Wif ¢

Range of  for sliding

Figure 7.3 Geometric conditions for wedge failure: (a) pictorial view of wedge failure; (b) stereoplot showing
the orientation of the line of intersection, and the range of the plunge of the line of intersection v; where failure
is feasible; (c) view of slope at right angles to the line of intersection; (d) stereonet showing the range in the
trend of the line of intersection a; where wedge failure is feasible.
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1. Introduction

« Microbial Induce Calcium Precipitation (MICP) — fk B4 #5
LB il

« MICPILA&GIFBE M ALIRE 2B 4 B+ M IRETT LR
EACI7 AR FBETRBRASER - DIERFE TR
HENEE - REZ2EGHABRBERHSEISHZEN
(KFZ5 )

BiEFA FFE)

Soil grains Bacteria Bio-

. olymer
cementation poly

Bioclogging

PARIARZ HNEHIR RS
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2. Literature Review

Original condition

« MICP process (Dedong et al., 2012)

CO(NH,),+ 2H,0 — 2NH,+ CO*

urease

Ca? + CO— CaCO, |

N\ o ‘ €O, + OH - HCO;

—_—

T T —  (a™+HCO, + OH > CaC03 + H,0

Net Urea Hydrolysis Reaction: NH,-CO-NH; +3H,0 - 2NH," + HCO; + OH

Net pH increase: [OH] generated from NH," production >> [ca®]

AT AF N E RIS Source: Delong tal. (2012) R
ZIN /7N X 7\
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2. Literature Review

« Bacteria (Raina et al., 2. Advantages
2016) ® High biological reproduction
1. Growth environment speed rate
@ Temperature : 4~40°C @ Large specific area
@) pH : 6""8 Numher‘r?rcells . | R O——
! Exponential | -—
| Phase g';

Decline/death Ph\ase

Lag
Phase

1 2 3 4 Time (hours)
Inoculation
A L2 R E e Bacteria - Population Growth Curve
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