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the required soil shear strength capacity to meet safe USACE slope
’ stability requirements for the flood control project. The results of
the slope stability analyses using original soil conditions proved that
the proposed geometry of the channel couldn’t be achieved to the

required depth of El -9.0 feet, even during its construction phase.

Based on the available survey and soil data of the site, the analyses on
current conditions showed that if the BMS channel was constructed In
such soil conditions, the slopes were going to be unstable

located in the Bechara Industrial Area, San Juan, Puerto Rico. The
BMS project consisted of approximately 720 foot earth open-channel
and Is a subcomponent of the Rio Puerto Nuevo Flood Control Project
constructed by the US Army Corps of Engineers. Pre-construction soil |
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Bechara Middle Section Channel
STA 22+60 TO STA 29+80
Stability Analysis
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; SUMMARY OF FACTOR OF SAFETY FOR SOIL
iy CHANNEL WINGWALL AREA

: A ORIGINAL CONDITIONS Existing Soil Conditions

Q-Case - Piezometric Line at Ground Surface

conditions of the site consisted of soft clays and organic material that ST A e el )Y i
precluded the excavation of the proposed channel geometry. The sol 00 A W BT IR [ oo

slope stabilization design option for the BMS was 2 continuous soi N MRfithﬁt " S"MJQ . o e * The design parameter presented used for the deep soil mixing
treated zones A and B, by means of improving the existing soft soi | '
conditions with the technology of Deep Soil Mixing. The slope stability
of the channel was analyzed by modeling the Improved soil In
GeoStudio-Slope/W and was found to be in compliance with the
required design factors of safety.
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technigue were validated thru the actual slope stability analysis of
the channel. These soil treated conditions were modeled using shear
strength parameters that were 40% lower than the actual values
obtained from field test program and results were above the
minimum factor of safety criteria.

Excavation Open at E1-9.0'
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RY | o / M AREA
' ;;- EXISTING BOX CULVERT b // “» (Q-Case) 15 0624 | 0625 | 0631 | 0636 |0.55 " EL. 131t o EL.13R,
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Final Construction Stage with
Excavation Open at EI-9.0'
(S-Case) 13 0821 | 0924 | 0.925 | 0869 |0.786
Operational Stage with
* STONE CHANNEL BASE ) o /Y T Channel Water at E[1.0' (Q-

MATERIAL ’ ; ,/‘ 4 ) HANELEEF DL TREATED AREA Case) 15 0764 | 0777 | 0.784 | 0789 |0.692

Methodology

with Channel Water at El -
Soil Exploration & Subsurface Conditions

2.0 (S-Case) 13 1016 | 1.090 | 1.090 | 1.103 | 0.984 Dubstance(ft.)
Four (4) disturbed borings were selected from a total of thirteen (13)
existing soil borings available along the entire Bechara Industrial Park
Channel to obtain design soil parameters for the analysis.
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 For the seismic conditions, the pseudo-static analysis results
suggests that the DSM option can meet the required criteria during
major earthquake and great earthquake events.

Design Solution - Deep Soil Mixing

Given the poor soil conditions of the site, the option of deep soil
mixing (DSM) method was proposed as slope stabilization. The DSM
procedure employs stabilizer admixtures such as cement, slag and other
pozzolanic materials to improve soil conditions and provide ground
stabilization. These stabilizers agents are blended with the natural soil
by mixing equipment that delivers the agents in dry powder form (dry
method) or slurry form (wet method). The equipment usually consist of

The Bechara Middle Section project is located in the Bechara Industrial
Park, near the Puerto Nuevo Complex Port, in San Juan Puerto Rico.
The project was constructed between 2012 and 2016 as part of the Rio
Puerto Nuevo Flood Control Project by the US Army Corps of
Engineers (USACE) to reduce the chances of flooding in the Bechara
Sector. The work of this project includes the construction of an

Future Work

The following are recommendations for future work of the Deep Soil
Mix as Stabilization technigue on this project:

BORIN BMS BORINGS & GENERALIZED S0OIL PROFILE

approximately 720 foot earth open-channel between the end of an gy multiple-axis or track vehicle with vertical rotating shafts that have . Conduct settlement evaluation of the deep soil treated mass to
£ B  BOMEEs (00 oul vl ene [Kerisey AvEilis, UEli e Dig sl I E Y e e overlapping mixing paddles Uggwegle walls of overlapping soil mix determine its behavior and long term effects on the flood control
Mixing (DSM) technology as soil stabilization method to improve Y/ T o Do columns. The DSM design for channel stabilization consisted of channel operation and maintenance
subsurface conditions. s NS /) ol 12 — i continuous soil treatment areas divided in two (2) Zones, A and B ML
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treated [2], « The use of other slope stability software such as PLAXIS 3D to
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