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2 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

 Preliminary Planning Study – 1994

 Bid – $2.058 Billion

 Bid Announcement – Jun. 7, 2013

 Notice To Proceed (NTP) – Sep 2013

 Official Ground-Breaking Ceremony – Jan. 21, 2014

 Expected Opening – 2019

CRENSHAW/LAX MANCHESTER EMBANKMENT

PROJECT OVERVIEW/LAX DESIGN -



3 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

 Total Length of Project - 8.5 mile 

(13.7 km)

 7 Aerial Guideway Structures

 4 Underground Guideway 

Structures – 3 Cut-and-Cover 

Tunnels; a Dual TBM Tunnel

 8 Stations – 3 Underground; 4 At-

Grade; 1 Elevated on Aerial 

Guideway 

 Miscellaneous Earth Retaining Walls 

and Other Structures

CRENSHAW/LAX MANCHESTER EMBANKMENT

PROJECT OVERVIEW/LAX DESIGN -



4 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

 MANCHESTER BRIDGE 
EMBANKMENT

 CENTRAL ELEMENT OF 
THE EMBANKMENT 
PROJECT

CRENSHAW/LAX MANCHESTER EMBANKMENT



5 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

 MANCHESTER BRIDGE 
LOCATION

 BRIDGE AND 
EMBANKMENT

CRENSHAW/LAX MANCHESTER EMBANKMENT



6 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

Title 

Subtitle 
Date

Title 

Subtitle 
Date

CRENSHAW/LAX MANCHESTER EMBANKMENT



7 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

Title 

Subtitle 
Date

Title 

Subtitle 
Date

CRENSHAW/LAX MANCHESTER EMBANKMENT

Scattergood 
Lines are the 
power lines to 
LAX



8 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

Title 

Subtitle 
Date

Title 

Subtitle 
Date

CRENSHAW/LAX MANCHESTER EMBANKMENT

TYPICAL MSE EMBANKMENT SECTION - ~30’ WIDEDE

SIGN -



9 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

 Owned by the Los Angeles Department of Water and Power

 Scattergood Lines Built circa 1965

 Tar Impregnated Wood conduits encased in Slurry approx. 1700 psi 
strength

CRENSHAW/LAX MANCHESTER EMBANKMENT

POWER LINE DETAILS – Scattergood LinesAX DESIGN -



10 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

 Owned by the Los Angeles Department of Water and Power

 Built Just before the Crenshaw Project commenced

 PVC Conduits encased in 3000 psi concrete

 Scattergood lines more critical for design

CRENSHAW/LAX MANCHESTER EMBANKMENT

POWER LINE DETAILS – 34.5 kV Line/LAX DESIGN 

-



11 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

 Soil under the embankment composed of Clays – though dry 

 Elastic Settlements of Concern, consolidation settlements expected 
to be minimal

CRENSHAW/LAX MANCHESTER EMBANKMENT

EFFECT OF AN EMBANKMENT- SETTLEMENTAX



12 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

 Parikh, Inc Geotechnical Engineer, Estimated Settlements

 Elastic Settlement under Embankment on the order of ~4” for a soil 
embankment

CRENSHAW/LAX MANCHESTER EMBANKMENT

EFFECT OF AN EMBANKMENT- SETTLEMENTAX
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I0, I1 = Factors that depend on 
Embankment Geometry and 
Embedment of the load
q= Applied Load
B= Footing Width
E = Foundation Soil Modulus
v=Poisson’s Ratio of 
foundation Soil



13 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

 Structural Analysis of the effect of settlement used a beam on elastic 
foundation with forced displacements. STAAD used to model the 
beam

CRENSHAW/LAX MANCHESTER EMBANKMENT

EFFECT OF AN EMBANKMENT- SETTLEMENTAX

BEAM SECTION

 21 


B
EK

SOIL SPRING



14 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

 Bending stresses in the Beam  ~ 360 psi, indicating cracking of the 

ductbank.

CRENSHAW/LAX MANCHESTER EMBANKMENT

EFFECT OF AN EMBANKMENT- SETTLEMENTAX



15 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

 Both are proven technologies for reducing or eliminating settlement

 A Geofoam embankment consists of Geofoam Blocks installed 
between a containment structure. Geofoam weight only 2 to 3 
lbs/cub ft and is essentially a zero new load solution

CRENSHAW/LAX MANCHESTER EMBANKMENT

SETTLEMENT MITIGATION – GEOFOAM AND LIGHT WEIGHT CELLULAR 

CONCRETE (LCC) EMBANKMENTS 



16 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

 LCC Embankments are constructed in the same manner as soil 
embankments and are most compatible with a MSE type facing

 Instead of soil fill, the LCC fill is used

 LCC is a light weight foam concrete and weighs around 30 lbs/cub ft. 
It is also very effective in reducing settlements, e.g. Colton Project in 
UTAH, embankment carrying 3 freight rail tracks

 Due to Owner preference and compatibility with the MSE 
construction, LCC was chosen as the Lightweight Fill Material. The 
Geofoam alternate was not explored further

CRENSHAW/LAX MANCHESTER EMBANKMENT

SETTLEMENT MITIGATION – GEOFOAM AND LIGHT WEIGHT CELLULAR 

CONCRETE (LCC) EMBANKMENTS 



17 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

CRENSHAW/LAX MANCHESTER EMBANKMENT

SETTLEMENT MITIGATION – LCC EMBANKMENT 



18 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

 Settlement with the LCC approx. 0.25” max.

 A partial load balancing was used. Some existing soil was removed 
and replaced with LCC further lightening the load on the ground

CRENSHAW/LAX MANCHESTER EMBANKMENT

SETTLEMENT MITIGATION –LCC 

SOIL FILL

LCC FILL



19 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

Title 

Subtitle 
Date

Title 

Subtitle 
Date

CRENSHAW/LAX MANCHESTER EMBANKMENT

SETTLEMENT MITIGATION /LAX DESIGN -



20 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

 Seismic Design was based on a wall that can undergo large 
displacements on the order of approx. 4 inches and a foundation 
deformation of approx. 2 inches, i.e., kh = 0.347g for a PGA of 0.65g, 
roughly 50% PGA.

 CELL-CRETE Constructed the LCC embankment, ReCO
(Reinforced Earth Company) designed the MSE wall. WSCC 
monitored the wall for settlement.

CRENSHAW/LAX MANCHESTER EMBANKMENT

LCC DESIGN AND CONSTRUCTION



21 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

 Mix Design by Cell Crete is below

 Foam is the main ingredient that limits the density. Lift  height of the 
LCC was limited to 5 feet in order to prevent collapse of the foam 
bubbles  and maintain the low density.

CRENSHAW/LAX MANCHESTER EMBANKMENT

LCC DESIGN AND CONSTRUCTION



22 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

CRENSHAW/LAX MANCHESTER EMBANKMENT

LCC DESIGN AND CONSTRUCTION

CLASS II LCC, 30 PCF DENSITY, 40 PSI STRENGTH



23 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

CRENSHAW/LAX MANCHESTER EMBANKMENT

LCC DESIGN AND CONSTRUCTION

CLASS III LCC, 36 PCF DENSITY, 80 PSI STRENGTH



24 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

CRENSHAW/LAX MANCHESTER EMBANKMENT

LCC DESIGN AND CONSTRUCTION – FOAM USED IN THE MIX

SYNTHETIC 
HYBRID 
FOAM



25 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

CRENSHAW/LAX MANCHESTER EMBANKMENT

LCC DESIGN AND CONSTRUCTION

LCC has 
consistency 
of shaving 
foam when 
placed. 

When cured 
a piece of 
LCC is 
similar to a 
lightweight 
stone 
fragment.



26 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

CRENSHAW/LAX MANCHESTER EMBANKMENT

LCC EMBANKMENT- SETTLEMENT POINTS



27 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

CRENSHAW/LAX MANCHESTER EMBANKMENT

LCC EMBANKMENT- RECORDED SETTLEMENT

Settlement at face of MSE Wall = 
0.18” for a center settlement of 
0.25”Settlement at face of MSE Wall = 

Interpreted to be stabilized at 
approx. 0.05”, no noticeable 
movement changes after approx. 
August/September  2016



28 TEXT CAN BE SPECIFIED BY GOING TO VIEW/SLIDEMASTER

CRENSHAW/LAX MANCHESTER EMBANKMENT

QUESTIONS?


