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Foundation Engineering Since 1910 
 

August 8, 2013 
 
Beatty Development Group 
1000 Wills Street 
Baltimore, MD 21231 
 
Attention:  Mr. Jonathan Flesher 
 
 Re:  Engineering Evaluation Report 
   Harbor Point Development (Exelon Tower) 
   Baltimore, Maryland 
   MRCE File No. 11896A-40 
Gentlemen: 
 
Mueser Rutledge Consulting Engineers (MRCE) provides this Engineering 
Evaluation document summarizing analysis of planned development construction for 
protection of the corrective measures. The analyses and evaluations are presented in 
the attached memoranda which summarize detailed assumptions, calculations, and 
findings. Analysis subjects and findings are summarized below: 
 
1. Estimated Settlement Under Development Fill 
 

Fill is proposed for street areas to raise grades. Utilities will be buried in the fill. 
Pre-loading was performed before MMC construction in some areas to allow 
development fill. 
 
Where planned grades are below the pre-load elevation, and OCR is greater than 
about 1.05, fill settlement results only from recompression, and long term 
secondary compression (3.8” in sixty-five years). Settlement magnitude can be 
tolerated by the MMC and does not result in negative slope at the geomembrane. 
The location where street areas should be supported on piles was determined by 
this rule. 
 
The former timber frame bulkhead structure was abandoned below Dock St.  The 
bulkhead was preloaded, but its existing condition and longevity is not known. 
Soil below the pile supported structure is compressible, and would result in 
unacceptable settlement if the bulkhead structure degrades with time and 
overburden loads are transferred from the bulkhead to the underyling 
compressible soil. As described in EE Memo #9, a new pile-supported platform 
will be placed above the abandoned bulkhead to support the MMC, HMS and 
development infrastructure. 
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2. Storm Water Storage Demand 
 

After the MMC geomembrane layer is removed, storm water collected in excavations must 
be managed to prevent water which contacts soil below the geomembrane from rising to the 
capillary break.  The water will be collected and stored for testing to determine disposal 
criteria. The volume of water collected relies on the area open at any one time. Two tanks are 
needed to permit storm water testing and disposal (day 1 water) simultaneous with storm 
water collection (day 2).  A construction scenario having the large shear wall foundation 
fully open and 60 pile caps open found one 4 feet deep 75 feet x 75 feet temporary tank will 
provide storage for 24 hours of a 100 year storm event. 
 
Pumping rates were established for the maximum intensity period within the 100 year storm.  
Pumping rates are reasonable and can be managed with standard construction equipment.  
Pumping rates and storage quantity required can be managed by reducing the number of open 
areas at one time, and by covering open areas to prevent storm water contact with exposed 
subgrades. 

 
3. Flow in Drainage Net from Development Area 
 

MMC drainage requires revision in order to accommodate development and to provide the 
pile support improvement to the MMC and HMS systems on Dock St. in the development 
area.  Development revisions consider: 

 
• The risk of infiltration to the HMS pumps is greatly reduced because development roof 

and street drainage will remove direct storm water from 87.5% of the development area.   
• Only 14.7% of the drainage net area is obstructed by pile cap construction.   
• Drainage net flow from 90% of the drainage net area will pass through sampling points 

SSP4 or SSP4A (new) so that the drainage net water may continue to be used to evaluate 
the MMC performance after development foundations are in place. 

 
4. Hydraulic Conductivity of Sheet Pile Barrier 
 

Sealed interlock steel sheet piles are proposed to allow pile driving in close proximity to the 
barrier. Sheet pile installation should remove any existing arching stresses within the backfill. 
Calculations demonstrate that an interlocking sheet pile barrier performs as well as the 
existing soil-bentonite backfill if the soil-bentonite was to fail to perform due to arching or 
long-term chemical degradation. 

 
5. Spill Control Volume of New Loading Dock 

 
HMS groundwater is removed in 5,000 gal tank trucks. A new interior loading dock will be 
constructed as secondary storage to contain 6,000 gal.  The loading dock and 
collection/discharge sump will be made of structural concrete supported on pile foundations. 
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6. Plaza Garage Slab over Multimedia Cap 
 

A slab-on-grade parking floor will replace the existing MMC cover soil.  The concrete will 
mechanically protect the synthetic layers from tow truck and car parking.  A 1 inch thickness 
of styrofoam is sufficient to provide thermal insulation of the MMC synthetic layers equal to 
the existing soil cover.  The 5” thick concrete slab on grade was evaluated to adequately 
support a tow truck with car in tow within the allowable bearing pressure at the 
geomembrane.  Larger trucks and heavy construction equipment will be excluded from 
garage use by the limited 7 ft headroom below the Central Plaza deck above.  The slab on 
grade will be reinforced with #3 bars at 10 in spacing so that wheel loads will be distributed, 
even with concrete cracking.   

 
7. Protection of Multimedia Cap from Construction Vehicle Loading 

 
This analysis evaluated loads from construction vehicles and equipment/concrete supply 
trucks.  A dynamic load was added to the static load.  HS-20 and 12 cy concrete truck 
loading distributed through the 30 inch soil cover imposes bearing stresses below 2,000 lb/sf 
at the synthetic layers.  The cover soil provides a stable environment at the synthetic layers 
by virtue of high bearing capacity safety factor.  Material storage containers and 16,000 gal 
water storage containers impose a low bearing stress.  Rutting should be repaired to maintain 
the existing 30 inches of cover soil.  Paving is recommended at primary vehicle pathways 
and where material containers will be repeatedly loaded onto truck carriages to protect 
against rutting and reduce dust.  Large construction equipment such as the pile driver crawler 
cranes will require mats to spread concentrated loads.  The tower cranes will be 
independently pile supported. 

 
8. Environmental Assessment (by ERM) 

 
Details are provided in Appendix A. 

 
9. Pile-Supported MMC & HMS above Dock Street Bulkhead 

 
The multimedia cap (MMC) and replacement head maintenance system (HMS) is supported 
by an interconnected structural system consisting of a pile supported concrete mat.  The 
purpose of the structure is to prevent future settlement caused by the proposed roadway 
loading and raised grades along Dock Street.  The MMC and HMS are supported on this 
structural system. 

 
10. Protection Of HMS Systems For Continuous Operation During Construction (No 

Memorandum Attached) 
 
The office wing and truck loading dock of the Honeywell Transfer Station will be 
demolished and rebuilt within the footprint of the future Trading Floor Garage.  The 
groundwater storage tanks and their containment, and the maintenance area will remain in 
place for future use.  Piles supporting the development structures will be driven in close 
proximity to the tanks and maintenance areas, which are to remain operational throughout 
construction period.  Also, construction of the Dock St. platform which provides pile support 
for the HMS vaults and conveyance lines (V11, V12, and MJ1) requires pile driving in close 
proximity to these HMS components.   
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The Tank pad is a heavily reinforced mat with integral concrete walls which can tolerate minor 

ground movement and vibrations. The primary components of the Transfer Station maintenance 

area include power supply and compressed air supply to the perimeter vaults, and support data 

systems recording and monitoring HMS performance. Utilities are largely above grade and 

supported on the structure. Vibration and crack width monitoring will be performed, and damage 

sustained will be repaired after pile driving is complete. These components are flexible, and 

contract drawings require protection during demolition and construction. The data computer 

systems will be relocated to temporary office space adjacent to the site. Temporary groundwater 

storage tanks will be provided and the primary tanks will be emptied during adjacent pile driving 

activity. 

 

The vaults and conveyance lines within the Dock St. and Wills St. development area are below the 

multimedia cap. Surveys and test pits will be performed to locate the conveyance lines to prevent 

direct pile contact damage. The vaults are robust concrete structures bearing on timber frames of 

the former bulkhead structures and the conveyance lines are buried in fill above these timber 

structures so that these components should undergo little settlement as a result of pile driving. The 

conveyance lines contain pressurized fluids in flexible pipes, power, and data cables. These pipes 

and power cables are housed within oversized conduits. The conduits will isolate the active 

components from ground vibration. Monitoring of system performance will be performed during 

construction, and damage will be repaired to maintain operation throughout and after construction. 

 

The contingency plan for the Head Maintenance System and Transfer Station identifies the 

mechanical, plumbing, and data components and their performance mechanics, and provides 

requirements for monitoring and repair during the construction period. The Contingency Plan 

provides required details of the components and strong monitoring and maintenance performance 

criteria, and is an acceptable means for management of these systems during construction. 

 

We trust that the analyses will document allowable construction conditions questions regarding 

the proposed development on the corrective measures. Please do not hesitate to contact us with 

any questions. 

Very truly yours, 

 

MUESER RUTLEDGE CONSULTING ENGINEERS 

 

 

 

By: __________________________________________ 

Peter W. Deming, P.E. 

 
AMD\PWD\11896A-40\Engineering Evaluation Summary Letter 

Attachments 

cc:  Michael L. Ricketts (BDG) 

Chris French (Honeywell) 

Ken Biles (CH2M Hill) 

Jeff Boggs (ERM) 
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MEMORANDUM 
 
Date: August 8, 2013 
To: Office 
From: Alexandra Patrone and Adam M. Dyer 
Re: EE Memo 1 – Estimated Settlement Under Development Fill 

Exelon Building & Plaza Garage, Baltimore, MD 
File: 11896A 
  
 
MRCE has reviewed available information for the Exelon Building and Plaza Garage and has estimated 
settlement resulting from fill placed for development.  The purpose of these estimates is to determine if 
the proposed grading scheme will cause settlement which may influence the integrity of the multi-media 
cap (MMC) and Head Maintenance System (HMS) components. 
 
Exhibits 
Figure 1 Key Plan 
Figure 2 Historic Filling Grading and Surcharging of Dock Street 
Figure 3 Results of Analysis 
Figure 4 Geomembrane Slope Analysis 
 
Appendix A Settlement Calculations 
Appendix B Assessment of Compressibility Characteristics 
Appendix C Geologic Sections 
 
References 

1. “Corrective Measures Implementation Construction Completion Report, Phase I:  Soil-Bentonite 
Hydraulic Barrier Wall, Phase II:  Final Remedial Construction” prepared by Black and Veatch, 
Volumes I and II, February 2000. 

2. “An Engineering Manual for Settlement Studies” by J.M. Duncan and A.L. Buchignani, June 
1976, revised October 1987. 

 
Site Description 
The proposed development includes a high-rise tower, a multi-use plaza, parking garage, roadways and 
streetscapes. The development is situated in Area 1 of the Honeywell (formerly Allied Signal Site) and 
is bounded by Dock, Block Street (future), Point Street (future), and Wills Street. Generally, the existing 
ground surface for the proposed development slopes gently to the north, existing ground surface varies 
from Elev. +9 to +14. The proposed development includes raised grades for roadways and streetscapes 
from approximately Elev.  +13 to Elev.  +27. 
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Subsurface Conditions 
Subsurface conditions consist of a layer of fill underlain by a compressible organic clay layer ranging in 
thickness from 4 to 20 ft.  This compressible layer is generally described as a soft brown to black 
organic silty clay with trace vegetation and fine sand, and is typically given a USCS designation of OH 
or OL.  This clay layer is underlain by a series of sand and silt layers. Bedrock is at approximately Elev.  
-80.  Groundwater is managed at low tide approximately Elev. 0 to Elev. +1.  
 
A buried timber bulkhead structure is present below the MMC, and immediately abuts the existing soil-
bentonite barrier.  The bulkhead consists of either a timber or granite block headwall supported by piles 
terminating in the underlying sand or silt strata with unknown tip elevation. A series of timber deadmen 
and support framing are also part of the bulkhead structure. The timber structural elements were 
constructed at low water to prevent decay.  They are between Elev.  -1 and Elev.  +1, and are buried in 
soil. 
 
Historic Earthwork 
As part of the corrective measures during the 1990s Honeywell pre-loaded the site in areas of potentially 
high settlement, see Figure 1. A schematic of historic earthwork operations in the vicinity of Dock Street 
west of Wills Street is shown on Figure 2. These operations included: 
 
Prior to 1988: 
Back Basin north of Dock Street consisted of a bulkhead adjacent to open water. 
 
Back Basin Surcharge c. 1991: 
To make way for the construction of the Soil-Bentonite barrier, the back basin was filled in and pre-
loaded to an elevation that sloped from the west end at Elev. +19 feet to the east end at +14 feet. 
 
Transfer Station Surcharge c. 1996: 
To make way for the Transfer Station and Multimedia Cap (MMC), Dock Street and the area of the 
Transfer Station were pre-loaded to between Elev. +20 to + 24 feet. 
 
S-B Barrier Construction c. 1999: 
The S-B Barrier trench was excavated in close proximity to the north side of the buried bulkhead 
structure. 
 
MMC Construction c. 1999: 
After completion of the S-B Barrier, the MMC was constructed including soil cover to the present grade. 
 
In general, pre-loading included installation of vertical wick drains to shorten the drainage path, and it is 
assumed that the preloading successfully consolidated the clay to the surcharge load in all of the 
surcharge schemes. 
 
This historic surcharging is significant to the current settlement analysis when determining whether the 
compressible clay will be in a recompression or virgin compression loading condition as a result of fill 
placement to achieve the proposed grades. If the proposed new grade is above that of the historic pre-
load, a significant magnitude of settlement can be expected due to virgin compression of the underlying 
material. If the proposed new grades are below the historic pre-load only recompression settlement will 
occur. 
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Assessment of Settlement Potential 
An overlay of proposed grades, existing conditions, historical conditions, and buried structures was 
examined to analyze areas of settlement concern. Four areas were identified to potentially impact the 
corrective measures; areal extents can be seen on Figure No. 1.  
 
These areas include: 

1. Wills Street roadway grading, analyses include: 
a. Recompression only, all pre-loaded (adjacent to Vault 1); 
b. Virgin compression, partially pre-loaded (near Vault 2); 
c. Location of division between recompression and virgin compression; 

2. Exelon Tower moment slab excavation, analysis includes: 
a. Fluid weight of concrete prior to load transfer to driven piles, t = 1 day; 

3. Point Street roadway grading, analysis includes: 
a. Virgin compression, not pre-loaded; 

4. Dock Street overlying buried bulkhead structure, analysis includes: 
a. Existing grade with a deteriorated bulkhead, portions recompression, virgin compression; 
b. Proposed grade with a deteriorated bulkhead, virgin compression; 

 
Compressibility Characteristics 
Previous laboratory testing indicates a strong correlation between natural water content and compression 
ratio, swell index, and initial void ratio, see Attachment B. To assess the compressibility characteristics 
of Stratum O, natural water content of borings within the vicinity of each Area was investigated. The 
data for Areas 1, 2, and 3 indicates a good correlation for increase of water content with depth. The data 
for Area 4 did not provide a good correlation and included significant scatter. This is reasonably 
attributable to the presence of the buried bulkhead structure that helps to attract load locally. For Area 4, 
average water content was used and settlement was estimated ± 1σ. Elastic moduli of granular strata 
were estimated based on the EPRI Manual on Estimating Soil Properties for Foundation Design. 
 
Analysis and Assumptions 
In general, settlement is computed as the sum of three contributors. These include elastic compression, 
consolidation, and secondary compression. For this analysis, in areas where re-compression only is 
anticipated, it is assumed that secondary compression is negligible. In areas where virgin compression is 
anticipated, elastic compression and secondary compression are negligible with respect to engineering 
improvements necessary to alleviate settlement concerns. It was assumed that strata below the hard silty 
clay of Stratum M were incompressible under the potential loadings. 
 
Sample hand calculations and Excel calculation sheets are attached as Appendix A. 
 
Elastic Compression 
Elastic compression of granular fill strata was modeled as a one-dimensional loading on medium dense 
granular strata. A typical calculation of elastic compression is included in Appendix B, Area 1, Analysis 
a. In general, elastic compression of approximately 0 to ¾ inch can be expected. 
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Consolidation 
Consolidation settlement compressible strata estimates were developed using one-dimensional 
consolidation theory after Terzaghi (1947). Idealized profiles were determined for analysis based on the 
geologic sections presented in Appendix C. The compressible stratum was divided into sub-layers no 
greater than four feet in thickness. The ground water table was assumed to be at El. 0. A construction 
sequence was identified for each analysis, and settlement was calculated for the loading conditions 
during each phase of the construction sequence. In areas where a historic preload was present, the 
maximum past pressure was calculated based on this preload.  In locations where a preload was not 
present, the maximum past pressure was computed assuming existing conditions. Primary settlement 
was determined for each phase of the construction sequence in each sub-layer, and a total primary 
settlement estimate at each section was determined. 
 
Area 1:  Wills Street Roadway Grading (Section 1-1) 

Settlement will result from raising grades to accommodate the proposed grading scheme. 
Portions of this area will be in re-compression and transition to virgin compression based on the 
pre-loaded to Elev. +20. Three analyses were performed to assess re-compression settlement 
adjacent to Vault 1, virgin compression near Vault 2 and the threshold elevation where virgin 
compression is risked. This threshold was defined as the location at which the maximum past 
pressure is 5% greater than the existing overburden pressure (i.e. OCR = 1.05). The results are: 
 

• Adjacent to Vault 1, the added fill height of 5 feet from Elev. +14 to Elev. +19 does not 
exceed the pre-load at Elev. +20  and results in approximately 0.2 inches of consolidation 
settlement; 

• Near Vault 2, the added fill height of 12 feet from Elev. +14 to + 26 exceeds the pre-load 
at Elev. +20 and results in approximately 3.9 inches of consolidation settlement; 

• For the pre-load at Elev. +20, depth and thickness of Stratum O in the vicinity, it was 
determined that fill below Elev. +18.5 will result in an OCR > 1.05. 

 
Area 2:  Exelon Tower Moment Slab Excavation (Section 2-2) 

The construction sequence in Area 2 consists of excavation from existing grade at Elev. +13 to 
the bottom of slab at Elev. +9 and installation of a seven foot reinforced concrete pile cap to top 
of slab to Elev.+16.  The compressible material was not surcharged in this area, therefore the 
material undergoes an unloading during excavation, a reload to the equivalent height of concrete 
to reach existing stress conditions, and virgin compression due to the remaining height of 
concrete. 
 
During the 24-hour period when the concrete is first poured, the fluid weight of concrete will be 
resting directly on the subgrade.  This fluid weight will produce settlement that is a percentage of 
the total primary settlement if this weight was a permanent increase in stress on the subgrade.  To 
determine this partial settlement over the short period when the concrete is fluid, the time to 
primary consolidation of Stratum O was calculated, and the percent consolidation was calculated 
by dividing the 24 hour period by the time to primary.  This percent consolidation was then 
multiplied by the total settlement resulting from the weight of the fluid concrete to obtain the 
settlement occurring over the 24 hour set-up time. This sequences results in approximately 0.1 
inches of consolidation settlement. 

 
Area 3:  Point Street Roadway Grading (Section 3-3) 
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Settlement will result from raising grades to accommodate the proposed grading scheme. This 
area was not pre-loaded and fill placed will result in significant virgin compression. An average 
fill of 9 feet was estimated from approximately Elev. +10 to Elev.  +19 and results in 
approximately 10.5 inches of consolidation settlement. 

 
Area 4:  Dock Street overlying Buried Bulkhead Structure (Section 4-4) 

Settlement may result from the potential for the buried bulkhead structure to deteriorate. 
Historically, the bulkhead structure has allowed the fill above it to arch and shed load to the 
timber piles and passes some portion on to the soft compressible Stratum O soil below, see 
Figure 2. Based on the wide scatter of laboratory data and S-B barrier documentation from 
Reference 1, many unknowns exist regarding the present stress state of Stratum O within the 
buried bulkhead structure. For this analysis, it was assumed that the bulkhead structure has 
carried and currently carries roughly 50% of the load placed on/above it at Elev. 0 and passes the 
remaining 50% on to Stratum O below. This area was preloaded to Elev. +23 and thus Stratum O 
was consolidated to an equivalent fill height of 11.5 feet above Elev. 0. 
 
Two analyses were performed to assess consolidation settlement in the event the bulkhead 
deteriorates and no longer carries load. These analyses include, consolidation settlement under 
existing grades and under subsequent grading. The results are: 
 

• Bulkhead deteriorates under existing grade and carries no load, Stratum O thus feels the 
full height of fill from Elev. 0 to Elev. +9, which is equivalent to 9 feet of fill above Elev. 
0. This does not exceed the pre-load and results in approximately 0.75 inches of 
consolidation settlement; 

• Bulkhead deteriorates under proposed grades and carries no load, Stratum O thus feels 
the full height of fill from Elev. 0 to Elev. +18, which is an equivalent to 18 feet of fill 
above Elev. 0. This exceeds the pre-load and results in approximately 10.75 inches of 
consolidation settlement; 

 
Secondary Compression 
The magnitude of secondary compression was computed under Wills Street, at the location where the 
applied load on the MMC due to fill placement is the greatest.  Boring No. MR-801 was used as the 
basis for this analysis because it is directly adjacent to the area of interest and was drilled after 
surcharging, and therefore captures the stress history at Wills Street.  The coefficient of secondary 
compression was determined using the results of consolidation testing performed on a sample from MR-
801, and it was assumed that all primary consolidation occurred prior to the start of construction under 
the previous surcharge. 
 
Given these assumptions, the magnitude of secondary compression fifteen years after construction is 
approximately 1.05 inches, and thirty-five years after construction is approximately 1.7 inches.  The 
details of this calculation can be seen in Appendix A.  
 
Results 
Settlement estimates summarized below in Table 1 indicate that in areas where fill is placed that were 
not pre-loaded or where the buried bulkhead structure shadows load, results in settlement between 7 and 
18 inches. Settlement of this magnitude risks substantially damaging the geomembrane within the MMC 
and HMS components. In areas where fill is placed that was pre-loaded and exceeds the pre-load, results 



August 8, 2013 
Page 6 of 6 

 

 

in settlement ranging from 3.5 to 5 inches. Settlement of this magnitude risks damaging the 
geomembrane within the MMC and HMS components. In areas where fill is placed that was pre-loaded 
and does not exceed the pre-load, results in settlement ranging from ¼ to 1 inch. Settlement of this 
magnitude can be accommodated by the geomembrane. In Area 1, fill above Elev. +18.5 will result in 
detrimental settlement. 
 

Area Permanent Settlement Sources 
Estimated Settlement, 

inches 

1a Elastic Compression and Re-
compression, pre-loaded ¼ to 1 

1b Elastic Compression, Re-compression 
and Virgin Compression, pre-loaded 3 ½ to 5 

2 Short Duration Virgin Compression, 
not pre-loaded < 1/8 

3 Elastic Compression and Virgin 
Compression, not pre-loaded 9 to 12 

4a 
Elastic Compression and Re-

compression, pre-loaded and sheltered 
load 

½ to 1 ¼ 

4b 
Elastic Compression, Re-compression 
and Virgin Compression, pre-loaded 

and sheltered load 
7 to 18 

 
The resulting slope of the geomembrane was assessed assuming areas that would experience virgin 
compression would be founded on pile foundations and results are shown on Figure 4. The resulting re-
compression settlement will not significantly alter the slope of the geomembrane. 
 
Discussion 
In general, areas that will experience virgin compression will result in settlement that is detrimental to 
the integrity of the multimedia cap and HMS components and will require redistribution of loading to 
strata that can support the load. Areas 1b, 3, and 4b should be supported by pile foundations. Areas that 
will experience re-compression only will not result in settlement that is detrimental to the multimedia 
cap. 
 
 

 

By:  ____________________________________________ 
Adam M. Dyer 

 
AEP: AMD: PWD\11896A-40\ Estimated Settlement Under Development Fill 

By:  ____________________________________________ 
Alexandra E. Patrone 
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MUESER RUTLEDGE CONSULTING ENGINEERS File No.: 11896A

Made by: AEP Date: 6/6/13

FOR EXELON Checked by: AMD Date: 6/27/13

SUBJECT: 1-D SETTLEMENT ESTIMATE AREA 1 -DIFFERENTIAL SETTLEMENT ALONG WILLS ST. BETWEEN VAULTS 1 AND 2

ANALYSIS AT VAULT 2
IDEALIZED PROFILE: REFERENCES:

Elev. 1.  GEOLOGIC SECTION 1-1
+26.0 Proposed El. 2.  WATER CONTENT CORRELATIONS BASED ON MRCE LABORATORY TESTING
+20.0 Preload El.

ASSUMPTIONS:
1.  ANALYSIS BASED ON SUBSURFACE CONDITIONS PRESENTED IN SECTION 1-1

+14.0 Existing El. 2.  BY INSPECTION, SETTLEMENT WILL OCCUR DUE TO NEW FILL PLACEMENT
TO ACHIEVE PROPOSED GRADE

CONSTRUCTION SEQUENCE
1.  RELOAD TO HISTORIC PRELOAD ELEVATION

0 GWT El. 2.  VIRGIN COMPRESSION TO PROPOSED ELEVATION EXCEEDING PRELOAD

O1 Top of O GEOTECHNICAL PARAMETERS

LAYER σ'V0 ωN e0 Cc Cs

-4 O2 (PSF) (%) (-) (-) (-)
O1 -2.0 1794 21 0.56 0.23 0.01

-8 O3 O2 -6.0 1942 32 0.88 0.36 0.02
O3 -10.0 2090 44 1.20 0.49 0.02

-12 O4 O4 -13.5 2220 54 1.48 0.61 0.03

-15 Top of S

LOADING
Δh (FT) Δσ (PSF)

6.0 720
6.0 720

SETTLEMENT ESTIMATE
LAYER H σ'VF(1) σ'VF(2) P'c δc,Cs δc,Cc δc

(FT) (PSF) (PSF) (PSF) (in.) (in.) (in.)
O1 4 2514 3234 2514 0.0 0.8 0.8
O2 4 2662 3382 2662 0.1 1.0 1.0

O3 4 2810 3530 2810 0.1 1.1 1.1
O4 3 2940 3659.5 2939.5 0.0 0.8 0.9

Σ 0.2 3.6 3.9

Approximately 3.5 to 5in

1 FILL TO PRELOAD EL. RELOAD
CONSTRUCTION PHASE

VIRGIN2 FILL TO PROPOSED EL

ELEV. OF 
MID. (FT)

F

S

DESCRIPTION LOADING CONDITION
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Made by: AEP Date: 6/6/13

FOR EXELON Checked by: AMD Date: 6/27/13

SUBJECT: 1-D SETTLEMENT ESTIMATE AREA 1 -DIFFERENTIAL SETTLEMENT ALONG WILLS ST. BETWEEN VAULTS 1 AND 2

DETERMINE ELEVATION AT WHICH OVERCONSOLIDATION RATIO (OCR) = 1.05

MAXIMUM PAST PRESSURE AT CENTER OF STRATUM O
P'c 2677.5 psf

EXISTING OVERBURDEN STRESS AT CENTER OF STRATUM O
σ'v0 1957.5 psf

HEIGHT OF FILL (Hf) AT WHICH OCR = 1.05

Hf 4.5 feet

ELEVATION AT WHICH OCR = 1.05
EL +18.5

Therefore, virgin compression settlement can be expected for fill grades higher than approximately Elev. +18.5

   

𝑂𝑂𝑂 =
𝑃𝑃𝑐
σ𝑃𝑣𝑣

 
𝑃𝑃𝑐
𝑂𝑂𝑂

= 𝜎𝑃𝑉 = 𝜎𝑃𝑉𝑣 + 𝐻𝐹 ∗ 𝛾𝐹 

𝐻𝐹 =
𝑃𝑃𝑐
𝑂𝑂𝑂 − 𝜎𝑃𝑉𝑣

𝛾𝐹
 



MUESER RUTLEDGE CONSULTING ENGINEERS File No.: 11896A

Made by: AEP Date: 6/26/13

FOR EXELON Checked by: AMD Date: 6/27/13

SUBJECT: 1-D SETTLEMENT ESTIMATE AREA 2 - MOMENT SLAB EXCAVATION

IDEALIZED PROFILE: REFERENCES:
1.  GEOLOGIC SECTION 2-2

+16.0 Top of Slab 2.  WATER CONTENT CORRELATIONS BASED ON MRCE LABORATORY TESTING

ASSUMPTIONS:
1.  ANALYSIS BASED ON SUBSURFACE CONDITIONS PRESENTED IN SECTION 2-2

+13.0 Existing El. 2.  BY INSPECTION, SETTLEMENT WILL OCCUR DUE TO EXCAVATION AND  
SUBSEQUENT CONCRETE SLAB PLACEMENT FOR 24-HOUR PERIOD

+9.0 B.O.S. El. 3.  ASSUME STRATUM O IS NORMALLY CONSOLIDATED AND HAS NOT BEEN
PRELOADED, DOUBLE DRAINAGE

0 GWT El. 

CONSTRUCTION SEQUENCE

-3 O1 Top of O 1.  UNLOAD FROM EXISTING EL. TO BOTTOM OF SLAB ELEVATION
-7 O2 2.  RELOAD TO EQUIVALENT HEIGHT OF CONCRETE 

-11 O3 3.  VIRGIN COMPRESSION TO TOP OF SLAB ELEVATION

-15 O4

-19 O5 GEOTECHNICAL PARAMETERS

-23 Top of S LAYER σ'V0 ωN e0 Cc Cs

(PSF) (%) (-) (-) (-)
O1 -5.0 1805 26 0.70 0.29 0.01
O2 -9.0 1953 41 1.11 0.46 0.02
O3 -13.0 2101 55 1.51 0.62 0.03
O4 -17.0 2249 70 1.91 0.79 0.04
O5 -21.0 2397 85 2.31 0.95 0.04

LOADING
Δh (FT) Δσ (PSF)

-4.0 -480
3.2 480
3.8 570

NET LOAD (FOR 24HR): 570

SETTLEMENT ESTIMATE FOR 1-DAY OF CONSOLIDATION:

LAYER H σ'VF P'c δc

(FT) (PSF) (PSF) (in.) Coeff. Of Consol., cv 0.02 FT2/DAY
O1 4 2375 1805 1.0 Time, t 1.0 DAY
O2 4 2523 1953 1.2 Time Factor, T 0.0002 --
O3 4 2671 2101 1.2 Consolidation, U 0.02 %
O4 4 2819 2249 1.3 Sp(1), 1DAY 0.07 IN

O5 4 2967 2397 1.3 Approximately 0 to 0.125in
Σ 4.6

FOR U = 100%
T, U AFTER TAYLOR'S SQUARE ROOT 
METHOD

UNLOAD
2

CONSTRUCTION PHASE DESCRIPTION LOADING CONDITION
1 EXC. TO SUBGRADE

POUR TO EQUIV. HEIGHT RELOAD
3 POUR TO TOP OF SLAB VIRGIN

F

S

ELEV. OF 
MID. (FT)



MUESER RUTLEDGE CONSULTING ENGINEERS File No.: 11896A

Made by: AEP Date: 6/26/13

FOR EXELON Checked by: AMD Date: 6/27/13

SUBJECT: 1-D SETTLEMENT ESTIMATE AREA 3 - SETTLEMENT UNDER RAISED GRADES ALONG POINT ST.

IDEALIZED PROFILE: REFERENCES:
1.  GEOLOGIC SECTION 3-3

+19.2 Proposed El. 2.  WATER CONTENT CORRELATIONS BASED ON MRCE LABORATORY TESTING

ASSUMPTIONS:
1.  ANALYSIS BASED ON SUBSURFACE CONDITIONS PRESENTED IN SECTION 3-3

+10.0 Existing El. 2.  BY INSPECTION, SETTLEMENT WILL OCCUR DUE TO NEW FILL PLACEMENT
TO ACHIEVE PROPOSED GRADE
3.  ASSUME STRATUM O IS NORMALLY CONSOLIDATED AND HAS NOT BEEN
PRELOADED, DOUBLE DRAINAGE

0 GWT El. CONSTRUCTION SEQUENCE

1.  VIRGIN COMPRESSION TO PROPOSED EL.
-2 O1 Top of O

GEOTECHNICAL PARAMETERS

-6 O2 LAYER σ'V0 ωN e0 Cc Cs

(PSF) (%) (-) (-) (-)

-10 O3 O1 -4.0 1388 22 0.59 0.24 0.01
O2 -8.0 1536 36 0.98 0.40 0.02

-14 O4 O3 -12.0 1684 50 1.37 0.56 0.03
O4 -17.0 1869 68 1.85 0.76 0.03

-20 Top of S

LOADING
Δh (FT) Δσ (PSF)

9.2 1104

SETTLEMENT ESTIMATE
LAYER H σ'VF P'c δc

(FT) (PSF) (PSF) (in.)
O1 4 2492 1388 1.9
O2 4 2640 1536 2.3
O3 4 2788 1684 2.5
O4 6 2973 1869 3.9

Σ 10.5

Approximately 9 to 12in
   

ELEV. OF 
MID. (FT)

LOADING CONDITION
1 FILL TO PROPOSED EL. VIRGIN

DESCRIPTION

F

S

CONSTRUCTION PHASE



MUESER RUTLEDGE CONSULTING ENGINEERS File No.: 11896A

Made by: AEP Date: 6/6/13

FOR EXELON Checked by: AMD Date: 6/27/13

SUBJECT: 1-D SETTLEMENT ESTIMATE APPENDIX B - ASSESSMENT OF COMPRESSIBILITY CHARACTERISTICS
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MUESER RUTLEDGE CONSULTING ENGINEERS File No.: 11896A

Made by: AEP Date: 6/6/13

FOR Checked by: AMD Date: 6/27/13

SUBJECT: 1-D SETTLEMENT ESTIMATE APPENDIX B - ASSESSMENT OF COMPRESSIBILITY CHARACTERISTICS

Trendline: Elev. = -0.3404 * w+5
Therefore: w = (5 - Elev.) / 0.3404

Trendline: Elev. = -0.27072 * w + 2
Therefore: w = (2 - Elev.) / 0.27072

y = -0.3404x + 5 
R² = 0.3602 

-25

-20

-15

-10

-5

0
0 10 20 30 40 50 60 70

E
L

E
V

A
T

IO
N

 (f
t)

 

WATER CONTENT (%) 

SECTION 1-1 

MR-801

Linear (MR-801)

y = -0.2072x + 2 
R² = 0.8611 

-25.0

-20.0

-15.0

-10.0

-5.0

0.0
0 20 40 60 80 100 120

E
L

E
V

A
T

IO
N

 (f
t)

 

WATER CONTENT (%) 

SECTION 2-2 

MR-403

MR-411

Linear (MR-403)



MUESER RUTLEDGE CONSULTING ENGINEERS File No.: 11896A

Made by: AEP Date: 6/6/13

FOR EXELON Checked by: AMD Date: 7/2/13

SUBJECT: 1-D SETTLEMENT ESTIMATE APPENDIX B - ASSESSMENT OF COMPRESSIBILITY CHARACTERISTICS

Trendline: Elev. = -0.2788 * w + 2
Therefore: w = (2 - Elev.) / 0.2788

Average w: 98 %
Sigma 36 %

y = -0.2788x + 2 
R² = 0.8395 
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SECTION 3-3 

MR-411

Linear (MR-411)
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MEMORANDUM 
 
Date: August 8, 2013 
To: Office 
From: Alexandra Patrone 
Re: EE Memo 2 – Storm Water Storage Demand 

Exelon Building & Plaza Garage, Baltimore, MD 
File: 11896A-40 
  
 
This memorandum summarizes analyses of storm water management for exposed areas of the cap as a 
result of foundation construction during a 25-year and 100-year storm event.  The purpose of this 
analysis is to estimate the quantity of “impacted” water that comes in contact with soil below the 
membrane, which must be stored for analytical testing.  It was also necessary to determine the required 
pumping rate of impacted water for a 25-year and 100-year frequency storm event.  Storm water must be 
removed from excavations to prevent storm water from within an excavation from rising above the 
lowest membrane level in the excavation. 
 
Attachments 
We have attached the following to illustrate our analyses: 
 
Figure 1 Open Excavation Areas 
Figure 2 Rainfall – Intensity – Duration – Frequency Curves for Baltimore, MD (McCuen, 2004) 
 
Appendix A Computation of Pile Cap Excavation Areas 
Appendix B Required Storage and Pumping Rates Calculation 
Appendix C Containment Berm Design 
 
References: 

1. “Hydrologic Analysis and Design” by R.H. McCuen, 2004. 
2. “Urban Hydrology for Small Watersheds TR-55”, United States Department of Agriculture, 

Natural Resources Conservation Service (1986). 
 
Design Rain Events 
Two design rain events were provided as the foundation for this analysis.  The 25-year storm event is 
described as having a total precipitation of 5.5 inches over 24 hours, and the 100-year storm event is 
described as having a total precipitation of 7.1 inches over 24 hours (TR-55, 1986).  The amount of 
impacted water was estimated for both storm events in terms of total gallons accumulated over a 24-hour 
period to determine the amount of on-site storage necessary for each design storm.   The critical rainfall 
intensity is 3.0 in/hr. and 3.9 in/hr. for a 25-year and 100-year frequency storm event, respectively, and 
occurs during 1-hour duration (McCuen, 2004).  The required pumping rates were determined based on 
this rainfall intensity.  
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Proposed Storm Water Management System 
The storm water management plan was examined for the 25-year storm event and 100-year storm event.  
When a storm event occurs, the only water that will come in contact with soil below the membrane will 
be storm water falling directly into an excavation.  All water that falls outside of the excavations is 
treated as surface runoff and will be deflected away from open excavations by diversion berms.  
Infiltration through the cover soil into the drainage net was not considered because the drainage net is 
dammed at the edge of each excavation.  The bottom of each excavation is open to soil below 
membrane, so that any storm water collected in the excavation may be impacted.  
 
Each excavation will be sloped and a sump will be installed to collect storm water to prevent it from 
rising above the capillary break gravel at the down-slope side of the excavation.  The entire footprint of 
the excavation, including the sloped portions, was considered to catch storm water in the excavation.  
Contact and non-contact water testing and proper disposal procedures are described in the Material 
Handling and Management Plan. 
 
Analysis Method and Assumptions 
As previously described, it was assumed that the only source of contaminated water during a storm 
event will come from direct catchment of storm water in open excavations. 
 
The area of an average pile cap excavation of 310 ft2 was examined to determine the total volume of 
impacted water generated over a 24 hour period for both a 25-year and 100-year storm event.  The total 
volume of impacted water produced over 24 hours is 1,064 gal/day and 1,374 gal/day for a 25-year and 
100-year frequency storm event, respectively.  The maximum required pumping rate was also computed 
for a rainfall intensity of 3.9 in./hr., corresponding to a one-hour duration 100-year frequency storm 
event.  The maximum required pumping rate in a typical excavation is 755 gal/hr. or 13 gal/min. 
 
The shear wall foundation excavation was also analyzed for total impacted water volume produced per 
day and maximum required pumping rate in the event of a one hour duration 100-year frequency storm 
event.  The total volume of impacted water generated per day in the largest shear wall foundation 
excavation is 52,633 gal/day and 69,236 gal/day for a 25-year and 100-year frequency storm event, 
respectively.  The maximum required pumping rate for a 3.9in/hr. intensity one hour duration storm is 
38,031 gal/hr. or 634 gal/min.   
 
The amount of on-site storage required was determined by examining a likely excavation scenario.  In 
order to maintain the project schedule, it will be necessary to keep a large number of excavations open at 
one time.  It was assumed that at the time of a storm event, all excavations below the tower footprint and 
half of all excavations below the trading floor garage footprint will be open, creating an open excavation 
area of 32,244 ft2.  The total volume of impacted water generated during a 24-hour 25-year and 100-year 
frequency storm event is 107,129 gal/day and 138,294 gal/day, respectively.  Based on this volume of 
impacted water, two 75’ x 75’ x 4’ ModuTank storage containers were selected to store the impacted 
water.  A single 75’ x 75’ tank can store 168,323 gallons of water. One tank will store the first 24 hours 
of rainfall and a second tank will store a second day while treatment and disposal are performed for the 
first tank.    
 
Given this excavation scenario that leaves 32,244 ft2 of excavation area open during a storm event, it 
was necessary to determine the pumping rate required across the site in the event of a 1-hour duration 
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3.9in/hr. intensity storm.  If a storm with these parameters were to pass over the site, the pumping 
requirement is 75,964 gal/hr. or 1,266 gal/min.  It should be noted that this required pumping rate can be 
easily reduced by limiting the excavation area open at the onset of a 100-year storm event.  
 
In the event of a 100-year storm, 7.1” of rain will fall directly into both tanks.  The empty tanks each 
have a capacity of 22,500 ft3, but when the depth of storm water falling into the tanks is accounted for, 
the “effective” storage capacity of one tank is 19, 172 ft3.  The total volume of impacted water generated 
at the site during a 100-year storm event is 18,486 ft3 based on the excavation scenario described.  This 
leaves a “reserve” capacity of 686 ft3 in one tank, or 1.4” of additional rainfall that can occur before one 
tank is filled to capacity.  The second tank will have 19,172 ft3 of filling capacity available for treatment 
and disposal.   
 
If the 100-year storm lasts two days, two 75’x75’x4’ ModuTanks will not have enough capacity to store 
the amount of impacted water generated from the open excavations and the amount of rain water falling 
directly into the two tanks.  If the storm were to last two days, the total excavation area that can be left 
open without exceeding the capacity of the two ModuTanks is 26,777 ft2.  These calculations can be 
found in Appendix B.  
 
If we assume that two 75’x75’x4’ ModuTank storage containers will be present on-site during a 100-
year storm event, the allowable open excavation area based on this storage volume is 38,008 ft2.   
 
A containment berm was designed to handle the volume of one storage tank in the event that one of the 
ModuTanks fails.  The total volume that the containment berm will need to hold is the volume of one 
ModuTank, or 22,500 ft3, and the volume of rain water falling into the containment berm during a 100-
year storm event.  Considering this scenario, a 120’x208’x22” containment berm will be sufficient to 
handle the total volume of water from the failed tank, the volume of water falling directly into the berm 
during the storm, and maintain a 4” reserve capacity.  Details of this calculation can be found in 
Appendix C. 
 
Discussion 
Water volume collected can be managed by restricting the number of pile caps open at one time.  
Inactive excavations can be lined with 6 mil plastic to prevent contact of water with the underlying soil.  
The large volume storage containers recommended will allow collection of storm water for 2-1/2 days of 
a 100-year storm event.   However, disposal of this water will require several days if the water cannot be 
discharged to the sanitary sewer.  All efforts should be made to prevent contact of storm water with 
contamination below the geomembrane, including additional site housekeeping measures in advance of 
forecasted storm events. 
 
The total required pumping rate for the excavation scenario described of 75,964 gallons per hour can be 
accommodated by an array of multiple pumps with hose connections into each excavation.  Pumps 
similarly sized can be used to control storm water in smaller pile cap excavations.  As with the amount 
of impacted water generated, the required pumping rate can be managed by restricting the number of 
pile cap excavations open at one time. 
 
The pumping rate required for an individual pile cap, 13 gal/min, is easily accommodated with a 
submersible electric construction sump pump.  The pumping rate required for the large shear wall 
excavation, if the entire area is open during the storm is on the order of 650 gal/min.  An organized 
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pattern of storm water collection swales and sumps with large construction pumps will be needed.  
These pumping rates assume there is no infiltration into the ground at pile cap subgrade.  Infiltration will 
be handled by the HMS system after some time lag to account for groundwater flow to the piezometer 
and pump locations. 
 
Because water collected is potentially impacted by contact with the bottom of the excavation, the water 
conveyance pipes must be double walled from the pump location to the storage tanks.  Leakage water 
collected in the containment pipe should discharge at the pump location where it will be removed for 
discharge to the storage tank. 

 
 
 
 

 
By:  ____________________________________________ 

Alexandra E. Patrone 
 
AEP:AMD: PWD\11896A-40\Storm Water Storage Demand 
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ATTACHMENTFIGURE NO. 2 : RAINFALL - INTENSITY - DURATION - FREQUENCY CURVES FOR BALTIMORE, MD. (McCUEN, 2004)



MUESER RUTLEDGE CONSULTING ENGINEERS File No.: 11896A

Made by: AEP Date: 6/26/13

FOR Exelon Checked by: Date: 

SUBJECT: Stormwater Management Appendix A - Computation of Pile Cap Excavation Areas

AREA
Pile 
Cap

# of 
Piles

Top of 
Slab 
Elev.

Slab 
Thickness 

(feet)

Pile Cap 
Depth 
(feet)

Bottom 
of Pile 

Cap Elev.

Bottom of 
Excav. (1.5 ft 

below Pile 
Cap)

MMC 
Elev.

Depth of 
Excav. 
Below 
MMC 

Distance 
from Pile 

Cap to 
Excav. 

Edge (FT)

Orig. 
CAD 
info

Length 
of Pile 

Cap (ft)

With of 
Pile Cap 

(ft)

Excavation 
Length at 
Ground 

Surface (ft)

Excav. 
Width at 
G.S. (ft)

Excav. 
area (ft2)

A-7 6 17.0 0.0 5.25 11.8 10.3 7.75 0.0 2.0 A-7 12.5 8 17 12 198
A-6 7 17.0 0.0 5 12.0 10.5 8.5 0.0 2.0 A-6 16.5 10 21 14 287
A-5 7 17.0 0.0 5 12.0 10.5 9.4 0.0 2.0 A-5 16.5 10 21 14 287
A-4 7 17.0 0.0 5 12.0 10.5 10.1 0.0 2.0 A-4 16.5 10 21 14 287
A-3 7 17.0 0.0 5 12.0 10.5 10.5 0.0 2.0 A-3 16.5 10 21 14 287
A-2 6 17.0 0.0 5.25 11.8 10.3 10.8 0.6 2.8 A-2 12.5 8 18 13.65 248
A-1 5 17.0 0.0 4.25 12.8 11.3 11 0.0 2.0 A-1 10 10 14 14 196
B-1 6 17.0 0.0 5.25 11.8 10.3 11.2 0.9 3.4 B-1 12.5 8 19 14.85 287
B-2 17.0 0.0 #N/A #N/A #N/A 10.9 #N/A #N/A B-2 #N/A #N/A #N/A #N/A
C-1 5 17.0 0.0 4.25 12.8 11.3 11.5 0.3 2.4 C-1 10 10 15 14.75 218
C-2 17.0 0.0 #N/A #N/A #N/A 11.3 #N/A #N/A C-2 #N/A #N/A #N/A #N/A
C-5 7 17.0 0.0 5 12.0 10.5 9.9 0.0 2.0 C-5 16.5 10 21 14 287

B.1-7 17.0 0.0 #N/A #N/A #N/A 7.3 #N/A #N/A B.1-7 #N/A #N/A #N/A #N/A
C-7 16.0 0.0 #N/A #N/A #N/A 8.1 #N/A #N/A C-7 #N/A #N/A #N/A #N/A

D-7.8 18 16.0 0.0 7 9.0 7.5 8 0.5 2.8 D-7.8 12.5 12.5 18 18 324
D-6 9 17.0 0.0 6 11.0 9.5 9.4 0.0 2.0 D-6 12.5 12.5 17 16.5 272
D-5 9 17.0 0.0 6 11.0 9.5 10.3 0.8 3.2 D-5 12.5 12.5 19 18.9 357
D-4 9 17.0 0.0 6 11.0 9.5 11 1.5 4.3 D-4 12.5 12.5 21 21 441

D-3.1 9 17.0 0.0 6 11.0 9.5 11.3 1.8 4.7 D-3.1 12.5 12.5 22 21.9 480
D-2 7 17.0 0.0 5 12.0 10.5 11.7 1.2 3.8 D-2 16.5 10 24 17.6 424
D-1 5 17.0 0.0 4.25 12.8 11.3 11.8 0.6 2.8 D-1 10 10 16 15.65 245

B/C-7.8 3 17.0 0.0 4 13.0 11.5 7.3 0.0 2.0 B/C-7.8 8 7.5 12 11.5 138
C-7.8 6 16.0 0.0 5.25 10.8 9.3 7.5 0.0 2.0 C-7.8 12.5 8 17 12 198
D-7 18 16.0 0.0 0 16.0 14.5 8.4 0.0 2.0 D-7 12.5 12.5 17 16.5 272

E-7.1 5 16.0 0.0 4.25 11.8 10.3 8.8 0.0 2.0 E-7.1 10 10 14 14 196
E-8 4 16.0 0.0 4 12.0 10.5 7.9 0.0 2.0 E-8 8 8 12 12 144

E-10 3 16.0 0.0 4 12.0 10.5 7.6 0.0 2.0 E-10 8 7.5 12 11.5 138
E-6.1 5 16.0 0.0 4.25 11.8 10.3 9.8 0.0 2.0 E-6.1 10 10 14 14 196
E-5.1 6 16.0 0.0 5.25 10.8 9.3 10.8 1.6 4.3 E-5.1 12.5 8 21 16.65 352.148
E-4.1 6 16.0 0.0 5.25 10.8 9.3 11.2 2.0 4.9 E-4.1 12.5 8 22 17.85 398.948
E-3.1 5 16.0 0.0 4.25 11.8 10.3 11.4 1.2 3.7 E-3.1 10 10 17 17.45 304.503
E-2.1 4 16.0 0.0 4 12.0 10.5 11.7 1.2 3.8 E-2.1 8 8 16 15.6 243.36
E-1.2 3 16.0 0.0 4 12.0 10.5 11.8 1.3 4.0 E-1.2 8 7.5 16 15.4 244.86
F-1.2 4 15.5 0.0 4 11.5 10.0 11.5 1.5 4.3 F-1.2 8 8 17 16.5 272.25
F-2.1 6 15.5 0.0 5.25 10.3 8.8 11.4 2.7 6.0 F-2.1 12.5 8 24 19.95 487.778
F-3.1 7 15.5 0.0 5 10.5 9.0 11.1 2.1 5.2 F-3.1 16.5 10 27 20.3 544.04
F-4.1 6 15.5 0.0 5.25 10.3 8.8 10.8 2.1 5.1 F-4.1 12.5 8 23 18.15 411.098
F-5.1 6 15.5 0.0 5.25 10.3 8.8 10.5 1.8 4.6 F-5.1 12.5 8 22 17.25 375.188
F-6.1 6 13.00 0.0 5.25 7.8 6.3 9.9 3.7 7.5 F-6.1 12.5 8 27 22.95 629.978
F-7.1 6 13.00 0.0 5.25 7.8 6.3 9.1 2.9 6.3 F-7.1 12.5 8 25 20.55 514.778
F-7.8 7 13.00 0.0 5 8.0 6.5 8.7 2.2 5.3 F-7.8 16.5 10 27 20.6 558.26
F-8 13.00 0.0 #N/A #N/A #N/A 8.5 #N/A #N/A #N/A #N/A #N/A #N/A

F-10 5 13.0 0.0 4.25 8.8 7.3 7.7 0.5 2.7 F-10 10 10 15 15.35 235.623
G-10 3 13.0 0.0 4 9.0 7.5 7.8 0.3 2.5 G-10 8 7.5 13 12.4 159.96
G-8.9 4 13.0 0.0 4 9.0 7.5 8.3 0.8 3.2 G-8.9 8 8 14 14.4 207.36
G-8 7 13.0 0.0 5 8.0 6.5 9 2.5 5.8 G-8 16.5 10 28 21.5 602

G-7.1 7 13.0 0.0 5 8.0 6.5 9.3 2.8 6.2 G-7.1 16.5 10 29 22.4 647.36
G-6.1 16.0 0.0 #N/A #N/A #N/A 9.6 #N/A #N/A #N/A #N/A #N/A #N/A
G-5.1 16.0 0.0 #N/A #N/A #N/A 9.8 #N/A #N/A #N/A #N/A #N/A #N/A
G-4.1 7 15.5 0.0 5 10.5 9.0 10.2 1.2 3.8 G-4.1 16.5 10 24 17.6 424.16
G-3.1 7 15.5 0.0 5 10.5 9.0 10.5 1.5 4.3 G-3.1 16.5 10 25 18.5 462.5
G-2.1 6 15.5 0.0 5.25 10.3 8.8 10.8 2.1 5.1 G-2.1 12.5 8 23 18.15 411.098
G-1.2 4 15.5 0.0 4 11.5 10.0 11 1.0 3.5 G-1.2 8 8 15 15 225

G.9-1.2 3 16.0 0.0 4 12.0 10.5 10.7 0.2 2.3 G.9-1.2 8 7.5 13 12.1 152.46
G.9-2.1 3 16.0 0.0 4 12.0 10.5 10.6 0.1 2.2 G.9-2.1 8 7.5 12 11.8 145.14
G.9-3.1 3 16.0 0.0 4 12.0 10.5 10.5 0.0 2.0 G.9-3.1 8 7.5 12 11.5 138
G.9-4.1 16.0 0.0 #N/A #N/A #N/A 10.2 #N/A #N/A #N/A #N/A #N/A #N/A
G.9-5.1 16.0 0.0 #N/A #N/A #N/A 10 #N/A #N/A #N/A #N/A #N/A #N/A
G.9-6.0 9 15.5 0.0 6 9.5 8.0 9.7 1.7 4.6 G.9-6.0 12.5 12.5 21.6 21.6 466.56
G.7-9 3 15.5 0.0 4 11.5 10.0 8.6 0.0 2.0 G.7-9 8 7.5 12 11.5 138
G.9-9 6 15.5 0.0 5.25 10.3 8.8 8.8 0.1 2.1 G.9-9 12.5 8 16.65 12.15 202.298

G.7-10 2 15.5 0.0 4 11.5 10.0 7.9 0.0 2.0 G.7-10 8 3.5 12 7.5 90

TOWER

TRADING 
FLOOR 

GARAGE
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FOR Exelon Checked by: AMD Date: 7/31/13

SUBJECT: Stormwater Management Appendix B - Required Storage and Pumping Rates

ASSUMPTIONS:

1.  ALL EXCAVATIONS WITHIN THE TOWER FOOTPRINT AND HALF OF ALL EXCAVATIONS

WITHIN THE TRADING FLOOR GARAGE WILL BE OPEN AT ONE TIME.

2.  BECAUSE THE DRAINAGE NET WILL BE DAMMED AT EACH EXCAVATION,

 THE ONLY SOURCE OF IMPACTED STORM WATER GENERATED DURING A 25-YEAR AND

 100-YEAR FREQUENCY STORM EVENT WILL BE FROM RAIN WATER FALLING DIRECTLY

INTO OPEN EXCAVATIONS (DIRECT CATCHMENT).

NOTES:

1.  THE TOTAL RAINFALL FOR A 25-YEAR AND 100-YEAR STORM ARE AS FOLLOWS:

REFERENCES:

1.  "HYDROLOGIC ANALYSIS AND DESIGN" BY R.H. McCUEN, 2004

2.  "URBAN HYDROLOGY FOR SMALL WATERSHEDS" TR-55, UNITED STATES DEPARTMENT

OF AGRICULTURE, NATURAL RESOURCES CONSERVATION SERVICE, 1986

ATTACHMENTS:

1.  FIGURE NO. 1: SCENARIO - TOWER FOOTPRINT AND TRADING FLOOR

GARAGE FOOTPRINT EXCAVATIONS

2.  FIGURE NO. 2: RAINFALL-INTENSITY-DURATION-FREQUENCY CURVE FOR BALTIMORE, MD

TOTAL RAINFALL OVER 24 HOURS (IN.)

5.5

100-YEAR 7.1

STORM FREQUENCY

25-YEAR
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FOR Exelon Checked by: AMD Date: 7/31/13

SUBJECT: Stormwater Management Appendix B - Required Storage and Pumping Rates

TYPICAL EXCAVATION AREAS

NOTES:

1.  EXAMINE THE VOLUME OF WATER GENERATED FROM AN AVERAGE PILE CAP EXCAVATION

AND FROM THE LARGEST EXCAVATION AREA, THE EXCAVATION TO CONSTRUCTION 

THE SHEAR WALL FOUNDATIONS.

Volume of Impacted Water Generated from a Single Pile Cap Excavation

Average Pile Cap Area 310 ft
2

Volume Generated per day:

25-year storm 1,064 gal/day

100-year storm 1,374 gal/day

BASED ON FIGURE NO. 2, THE CRITICAL RAINFALL INTENSITY IS 3.0 IN/HR AND 3.9 IN/HR

FOR A 25-YEAR AND 100-YEAR STORM, RESPECTIVELY.  THIS INTENSITY WILL OCCUR OVER

A STORM DURATION OF 1 HOUR.  THIS CRITICAL INTENSITY WILL DETERMINE THE 

REQUIRED PUMPING RATE AT EACH EXCAVATION. 

REQUIRED PUMPING RATE FOR A SINGLE PILE CAP EXCAVATION -  CRITICAL RAINFALL INTENSITY

AVERAGE PILE CAP AREA 310 ft
2

3.9 IN/HR

0.325 FT/HR

100.9 FT
3
/HR

755 GAL/HR

13 GAL/MIN.

REQUIRED PUMPING RATE

RAINFALL INTENSITY
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SUBJECT: Stormwater Management Appendix B - Required Storage and Pumping Rates

Volume of Impacted Water Generated from Largest Excavation (Shear Wall Foundation)

Shear Wall Excavation Area 15642 ft
2

Volume Generated per day:

25-year storm 53,633 gal/day

100-year storm 69,236 gal/day

REQUIRED PUMPING RATE FOR SHEAR WALL EXC. -  CRITICAL RAINFALL INTENSITY

SHEAR WALL EXC. AREA 15642 ft
2

3.9 IN/HR

0.325 FT/HR

5083.7 FT
3
/HR

38,031 GAL/HR

634 GAL/MIN.

STORAGE REQUIRED FOR LIKELY EXCAVATION SCENARIO

IF WE EXAMINE AN EXCAVATION SCENARIO IN WHICH ALL EXCAVATIONS WITHIN THE TOWER

FOOTPRINT AND HALF OF ALL EXCAVATIONS WITHIN THE TRADING FLOOR GARAGE FOOTPRINT 

(SEE FIGURE NO. 1), WE CAN DETERMINE THE AMOUNT OF ON-SITE STORAGE IS REQUIRED

TO HANDLE THE VOLUME OF IMPACTED WATER GENERATED DURING 24-HOURS. 

OPEN EXCAVATION AREAS:

Tower Footprint: Area (ft
2
)

Shear Wall Excavation 15642

Pile Caps 5733

Support Piles 754

TOTAL 22129

Trading Floor Garage (entire footprint):

Shear Wall Excavations 5499

Pile Caps 10719

Support Piles 2011

TOTAL 18229

HALF FOOTPRINT 9115

Total Open Excavation Area: 31,244 ft
2

RAINFALL INTENSITY

REQUIRED PUMPING RATE
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SUBJECT: Stormwater Management Appendix B - Required Storage and Pumping Rates

TOTAL VOLUME OF IMPACTED WATER GENERATED OVER A 24-HOUR PERIOD

NOTES:

1.  THE TOTAL VOLUME OF IMPACTED WATER GENERATED IS THE PRODUCT OF THE OPEN 

EXCAVATION AREA AND THE TOTAL RAINFALL OVER 24 HOURS

EXC. TOTAL TOTAL

AREA PRECIP. PRECIP.

[FT
2
] [IN.] [FT.] [FT

3
] [GAL]*

31,244 5.5 0.46 14,320 107,129

31,244 7.1 0.59 18,486 138,294

*1 FT
3
 = 7.481 GAL

ON-SITE STORAGE REQUIRED

NOTES:

1. 75 FT X 75FT X 4 FT STORAGE CONTAINERS WILL BE USED ON SITE TO STORE AND TREAT 

IMPACTED WATER

VOLUME OF A SINGLE STORAGE CONTAINER:

LENGTH 75 FT

WIDTH 75 FT

HEIGHT 4 FT

22,500 FT
3

168,323 GAL

VSTORAGE > VIMPACTED FOR BOTH 25-YEAR AND 100-YEAR STORM EVENTS

NUMBER OF 75' X 75' STORAGE CONTAINERS REQUIRED FOR 24 HOURS OF COLLECTION

STORM FREQUENCY

REQUIRED QUANTITY

VSTORAGE

STORM FREQUENCY

IMPACTED VOLUME

25-YEAR

100-YEAR

0.6

0.8

25-YEAR

100-YEAR
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SUBJECT: Stormwater Management Appendix B - Required Storage and Pumping Rates

PUMPING RATE REQUIRED FOR GIVEN EXCAVATION SCENARIO

WE CAN DETERMINE THE REQUIRED PUMPING RATE FOR THE AMOUNT OF OPEN

EXCAVATION AREA IN THE GIVEN SCENARIO.

OPEN EXCAVATION AREA 31244 ft
2

3.9 IN/HR

0.325 FT/HR

10154.3 FT
3
/HR

75,964 GAL/HR

1,266 GAL/MIN

THE REQUIRED PUMPING RATE CAN BE REDUCED BY REDUCING THE EXCAVATION AREA

 OPEN AT THE  ONSET OF THE STORM.

ALLOWABLE OPEN EXCAVATION AREA BASED ON ON-SITE STORAGE

IF TWO 75'X75'X4' STORAGE TANKS ARE PRESENT ON THE SITE TO HANDLE IMPACTED

WATER, THE MAXIMUM AMOUNT OF OPEN EXCAVATION AREA THAT IS ACCEPTABLE 

DURING A 100-YEAR STORM IS

ALLOWABLE STORAGE 22,500 FT
3

TOTAL RAINFALL IN 24 HRS 7.1 IN/24 HR

0.59 FT/HR

ALLOWABLE OPEN AREA 38,028 FT
2

REQUIRED PUMPING RATE

RAINFALL INTENSITY
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MEMORANDUM 
 
Date: August 6, 2013 
To: Office 
From: Adam M. Dyer 
Re: EE Memo 3 – Diverted Flow in Drainage Net from Foundation Construction 

Exelon Tower, Trading Floor Garage & Plaza Garage, Baltimore, MD 
File: 11896A-40 
  
 
This memorandum summarizes the analysis of impedance to flow and changes in flow direction within 
the drainage net resulting from construction of foundations for the Exelon Tower, Trading Floor Garage 
and Plaza Garage development, and utilities supporting the development. 
 
Exhibits 
 
Calculation Set 1 Percent Obstruction to Flow within Drainage Net 
Calculation Set 2 Area without Drainage Net 
Calculation Set 3 Assessment of Infiltration Galleries 
 
Sketch 1  Proposed Valley Drain and Infiltration Gallery Design Assessment 
 
Available Information 

1. Drawing DDP F1.60 – Development Cap, dated June 14, 2013 
2. Drawing DDP F1.21 – Multi Media Cap Drainage Plan 
3. Drawing DDP F1.25 – Sheet Pile Wall Typical Details 
4. Drawing DDP F1.32 – Utility Crossing Plan and Sections 

 
References 

1. “Corrective Measures Implementation Construction Completion Report, Phase I:  Soil-Bentonite 
Hydraulic Barrier Wall, Phase II:  Final Remedial Construction” prepared by Black and Veatch, 
Volumes I and II, February 2000. 

2. “Maryland Stormwater Design Manual, Appendix D.13”, Maryland Department of the 
Environment (MDE), 2009. 
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Multimedia Cap 
 
The Corrective Measures Implementation Report (CMI Report) by Black and Veatch details the 
construction and layering of the multimedia cap (MMC). The MMC includes a synthetic drainage net on 
the geomembrane. The MMC was constructed such that water that infiltrates the soil cover will flow 
away from the center of the cap through the drainage net and will not pond on the membrane.  A contour 
of the surface of the geomembrane layer is presented in Ref. 1.  The water flowing through the drainage 
net is discharged into the embankment along the waterside perimeter, and is collected in a toe drain at 
the land side perimeter.  The toe drain, which is outboard of the soil-bentonite barrier, conveys water to 
the embankment where it is allowed to permeate into the porous embankment fill.  Since construction of 
the MMC the site has been largely unused, except for temporary parking.  It is presumed that settlement 
has not altered the slope of the drainage net and ponding does not occur. 
 
The Surface Soil Monitoring Plan (SSMP) utilizes water in the drainage net to monitor performance of 
the MMC by testing the quality of representative samples of drainage net water.  Drainage net water is 
sampled at four locations, identified as SSP1, SSP2, SSP3, and SSP4.  At each sampling location the 
drainage net water crosses over a bucket where it enters the embankment; samples are taken from the 
bucket yearly and tested for total chromium and cyanide.  At SSP1 and SSP4, the sampling bucket is at 
the location where the land side toe drain discharges to the embankment.  At SSP2 and SSP3 a small 
section of the geomembrane is funneled to the sampling bucket.  
 
Building Foundations 
 
Development structures will be supported on high capacity piles which penetrate the geomembrane.  
Each penetration will be sealed using a mechanical clamp and gasket system.  Many pile caps extend 
below the elevation of the surrounding geomembrane.  A geomembrane dam will be placed around each 
pile cap to isolate drainage net water from the pile cap excavation.  This dam will be left in place after 
pile cap construction is completed.   
 
Utility Installation  
 
A 30” gravity storm drain will be constructed a few feet below the elevation of the membrane on Wills 
St. and pass over the barrier, at about Elev. +4, at the Dock St. intersection.  The MMC synthetic layers 
will be lowered below this pipe.  The storm drain is at the same elevation as the toe drain, so that 
drainage net water collected in the Wills St. toe drain is isolated from sampling location SSP4. The 
water that flows in the drainage net in this area will follow the slope of the storm drain and will outlet 
off cap into the gravel bedding for the storm drain along Dock St. 
 
Dock St. Platform 
 
The development plan uses fill to raise street grades at Dock St. and Wills St., and utilizes these streets 
as utility corridors.  HMS vaults V11, V12, and MJ1 and the HMS conveyance lines between these 
structures, and a new MMC will be supported on piles to prevent long term settlement under the raised 
grades.  The pile-supported mat (Dock St. platform) is higher than the existing drainage net at the Dock 
St. perimeter.   
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Revised Drainage Net Discharge Plan 
 
Drainage net water is obstructed from the existing toe drain along Dock St. and the toe drain is 
obstructed by the new 30 inch storm drain at the Wills St. intersection with Dock St.  The proposed 
design to accommodate this revision is summarized in Sketch 1 “Proposed Valley Drain and Infiltration 
Gallery Design Assessment.”  
 
A new drain will be constructed on the MMC at the low point in the geomembrane (Valley Drain) south 
of the Dock St. platform.  The Valley Drain to convey drainage net water to the embankment.  Referring 
to Sketch 2, drainage net flow in Area A1, covering approximately 25% of the development area (that 
portion of the development area west of the geomembrane divide), will discharge to a new sampling 
location SSP4A.  Area A2, covering approximately 65% of development area, will flow to the existing 
toe drain in Dock St. (east Valley Drain) for discharge through the relocated SSP4.  Area A3, along 
Wills St. east of the proposed geomembrane dam and covering approximately 7.5% of the development 
area, is proposed to be discharged east of the barrier by adapting the existing toe drain into an infiltration 
gallery (the toe drain will be subdivided with seepage plugs into 50 ft long segments, each with an 
infiltration point).  Area A4, covering 2.2% of the development area, will be lost to the stone bedding 
below the new storm drain pipe after the MMC is lowered below the pipe.   
 
The quantity of storm water infiltration anticipated is greatly reduced after the development structures 
(roofs) and streets (curb, gutter, and storm drains) remove storm water from the MMC drainage layer.  
The revised toe drain provides for of 90% of the drainage net area below the development to pass 
through a sampling point (SSP4 and SSP4A), allowing the samples to be representative for monitoring 
the development influence.    
 
Obstruction to Drainage Net Below Development Structures Analysis 
 
Pile cap construction will isolate the pile cap and piles from the drainage net using a geomembrane dam 
at the perimeter of each excavation.  Drainage net capacity to carry water between these flow 
obstructions is reviewed in this section.  This analysis was performed on pile foundations known as of 
June 14, 2013.  Pile cap design revisions since that time are not significant to the findings of this 
assessment. 
 
Impedance to flow within the drainage net was quantified by computing the percentage of drainage net 
removed and not replaced.  After development pile caps are completed 87.5% of the site will experience 
reduced infiltration as a result of the development structures (roofs) and streets (curb, gutter, and storm 
drains).  Only 14.7% of the drainage net area has been obstructed by pile cap construction.   Therefore, 
the MMC drainage layer should be capable of managing the anticipated storm water infiltration. 
  
Drainage net flow capacity becomes restricted at overburden stresses above 2,000 lb/sq.ft. which 
corresponds to an area fill height of 16 ft over the drainage net.  Load applied on the drainage net 
includes fill to proposed grade in street locations. Proposed fill heights do not exceed 16 ft. 
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Analysis of Wills St. Infiltration Gallery 
 
The geomembrane dam isolating Wills St. from the drainage net below the development buildings 
reduces the intake area required for infiltration along Wills St.  Calculation Set 3, attached, addresses the 
construction condition assuming the development structures are not complete and a 25- year and 100 
year storm event occur.  The infiltration assessment covers one 50 foot long segment of the former toe 
drain with a 5 foot long infiltration point.  A 40 ft wide area of cover soil contributes to this infiltration 
point.  Assuming an infiltration coefficient of 0.2, 240 ft3/24 hrs of water will infiltrate the drainage net 
during the 100 year storm.  The rate of discharge to the ground through the infiltration point is computed 
to be only 25 ft3/24 hrs.  Water which reaches the drainage net above that infiltration rate will flow down 
Wills St. to the Dock St. intersection where it will disappear into the gravel bedding below the storm 
sewer.  This rate is sufficient for the reduced infiltration conditions anticipated after the development 
structures are in place.  However, ground saturation above the geomembrane is possible in the 100 year 
storm after 24 hrs.  Additional rainfall will run off.  Saturated conditions will dissipate with time as 
storage above the membrane is discharge to the ground at the infiltration point.  Active use of 
construction vehicles may be interrupted in this area until the water table drops. 
 
 
Summary 
 
MMC drainage requires revision in order to accommodate development and to provide the pile support 
improvement to the MMC and HMS systems below Dock St. in the development area.  The MMC 
geomembrane cannot discharge to the existing toe drain for reasons stated above.  Development 
revisions proposed are acceptable because: 
 

• The risk of infiltration to the HMS pumps is greatly reduced because development roof and street 
drainage will remove direct storm water from 87.5% of the development area.   

• Only 14.7% of the drainage net area is obstructed by pile cap construction.   
• Drainage net flow from 90% of the drainage net area will pass through sampling points SSP4 or 

SSP4A (new) so that the drainage net water may continue to be used to evaluate the MMC 
performance after development foundations are in place. 

 

By:  ____________________________________________ 
Adam M. Dyer 

 
 
AMD\PWD\11896A-40\ Flow in Drainage Net 
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Pile Cap
Number 
of Piles

Excavatio
n 

Subgrade 
Elevation

Depth of 
Excavatio

n 
Subgrade 

Below 
MMC 

Pile Cap 
Edge to 

Drainage 
Dam, B 

(ft)

Length 
of Pile 

Cap (ft)

Width of 
Pile Cap 

(ft)

Area 
Without 
Drainage 
Net (ft2)

A-7 6 10.5 0.0 2.0 12.5 8 198

A-6 7 10.5 0.0 2.0 16.5 10 287

A-5 7 10.5 0.0 2.0 16.5 10 287

A-4 7 10.5 0.0 2.0 16.5 10 287

A-3 7 10.5 0.0 2.0 16.5 10 287

A-2 6 10.5 0.3 2.5 12.5 8 224

A-1 5 10.5 0.5 2.8 10 10 240

B-1 6 10.5 0.7 3.1 12.5 8 262

B-2 5 10.5 0.4 2.6 10 10 231

C-1 5 10.5 1.0 3.5 10 10 289

C-2 4 10.5 0.8 3.2 8 8 207

C-5 7 10.5 0.0 2.0 16.5 10 287

B.1-7 5 10.5 0.0 2.0 10 10 196

C-7 5 9.5 0.0 2.0 10 10 196

D-7.8 6 9.5 0.0 2.0 12.5 8 198

D-6 9 9.5 0.0 2.0 12.5 12.5 272

D-5 9 9.5 0.8 3.2 12.5 12.5 357

D-4 8 9.5 1.5 4.3 16.5 10 463

D-3.1 9 10.5 0.8 3.2 12.5 12.5 357

D-2 7 10.5 1.2 3.8 16.5 10 424

D-1 5 10.5 1.3 4.0 10 10 320

B/C-7.8 3 10.5 0.0 2.0 8 7.5 138

C-7.8 6 9.5 0.0 2.0 12.5 8 198

D-7 8 9.5 0.0 2.0 16.5 10 287

E-7.1 4 9.5 0.0 2.0 8 8 144

E-8 3 9.5 0.0 2.0 8 7.5 138

E-10 2 9.5 0.0 2.0 8 3.5 90

E-6.1 4 9.5 0.3 2.5 8 8 166

E-5.1 4 9.5 1.3 4.0 8 8 253

E-4.1 4 9.5 1.7 4.6 8 8 292

E-3.1 4 10.5 0.9 3.4 8 8 216

E-2.1 4 10.5 1.2 3.8 8 8 243

E-1.2 3 10.5 1.3 4.0 8 7.5 245

F-1.2 4 10.5 1.0 3.5 8 8 225

F-2.1 5 10.5 0.9 3.4 10 10 279

F-3.1 6 10.5 0.6 2.9 12.5 8 253

F-4.1 6 9.5 1.3 4.0 12.5 8 324

F-5.1 6 9.5 1.0 3.5 12.5 8 293

F-6.1 6 4.8 5.2 9.7 12.5 8 877

F-7.1 6 4.8 4.4 8.5 12.5 8 740

F-7.8 7 4.8 4.0 7.9 16.5 10 836

F-8 4 4.8 3.8 7.6 8 8 541

F-10 5 6.5 1.2 3.8 10 10 310

G-10 3 6.5 1.3 4.0 8 7.5 245

Exelon Tower and TF Garage Engineering Evaluation

SUBJECT: Calc 2:  Areas without Drainage Net
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SUBJECT: Calc 2:  Areas without Drainage Net

G-8.9 7 6.5 1.8 4.7 16.5 10 502

G-8 4 6.5 2.5 5.8 8 8 380

G-7.1 6 6.5 2.8 6.2 12.5 8 508

G-4.1 7 9.5 0.7 3.1 16.5 10 364

G-3.1 7 10.5 0.0 2.0 16.5 10 287

G-2.1 6 10.5 0.3 2.5 12.5 8 224

G-1.2 4 10.5 0.5 2.8 8 8 182

G.9-1.2 3 10.5 0.2 2.3 8 7.5 152

G.9-2.1 3 10.5 0.1 2.2 8 7.5 145

G.9-3.1 3 10.5 0.0 2.0 8 7.5 138

G.9-6.0 9 9.5 0.2 2.3 12.5 12.5 292

G.7-9 3 8.5 0.1 2.2 8 7.5 145

G.9-9 9 8.5 0.3 2.5 12.5 12.5 303

G.7-10 2 8.5 0.0 2.0 8 3.5 90

7.5 2.5 5.8 174 55 12336

* ‐ Dimensions preliminary, awaiting final design loads Total: 29254

Pile Caps dimensions

# of piles Comments Dim 1 (ft) Dim 2 (ft)
2 8.0 3.5

3 Triangular 8.0 7.5

4 8.0 8.0

5 10.0 10.0

6 12.5 8.0

7 16.5 10.0

8 16.5 10.0

9 12.5 12.5

Shear Wall*
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MEMORANDUM 
 
Date: August 6, 2013 
To: Office 
From: Adam M. Dyer and Gina Schoregge 
Re: EE Memo 4 – Hydraulic Conductivity of Sheet Pile Barrier 

Exelon Building & Plaza Garage, Baltimore, MD 
File: 11896A-40 
  
 
This memorandum summarizes an analysis of the effectiveness of the planned sheet pile barrier within 
existing soil-bentonite barrier. 
 
Exhibits 
Plate 1   Observed Vibration Attenuation during Pile Load Test Program 
Plate 2   Equivalent Hydraulic Conductivity Calculation 
Plate 3   Verification of Verticality 
 
Attachment 1  Skyline Steel Data Sheets 
Attachment 2  SWELLSEAL WA – Technical Information Sheet 
 
Available Information 

1. Drawing DDP F1.02 – Structural/Foundation/Sheet Pile Notes, dated July 15, 2013 
2. Drawing DDP F1.20 – Sheet Pile Plan, dated July 15, 2013 
3. Drawing DDP F1.22, 23 – Sheet Pile Sequence, dated July 15, 2013 
4. Drawing DDP F1.24, 25 – Sheet Pile Details, dated July 15, 2013 
5. Drawing DDP F1.40 – Foundation Plan, dated July 15, 2013 

 
References 

1.  “Construction Dewatering and Groundwater Control New Methods and Applications” by J. 
Patrick Powers, Arthur B. Corwin, Paul C. Shmall, and Walter E. Kaeck, 3rd Edition. Wiley, 
Hoboken, New Jersey, 2007. 

2. “Geoenvironmental Engineering” by Hari D. Sharma and Krishna R. Reddy. Wiley, 2004. 
3. “An Introduction to Geotechnical Engineering” by Robert D. Holtz and William D. Kovacs, 

Prentice Hall, Upper Saddle River, New Jersey, 1981. 
 
Soil-Bentonite Barrier 
During construction of the Soil-Bentonite Barrier (SB Barrier), samples of slurry were analyzed for as-
built permeability. It was found that the as-built permeability was on the order of 1E-09cm/sec or less, 
well below the performance criteria of 1E-07cm/sec. This construction has been theorized to develop 
areas of relieved stress caused by settlement-induced arches which results in low confining stress and 
provide a path for transmittal of water across the barrier. 
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The development contract requires future access for repair of the SB Barrier and prohibits imparting 
vibrations greater than 2 in/sec peak particle velocity in close proximity to the SB barrier. To date, 
monitoring of the head maintenance system has shown that the SB Barrier has performed as originally 
constructed. 
 
Building Foundations 
As described in the Design Development Plan (DDP), pile foundations will be installed within the SB 
Barrier 30-foot disturbance restriction. The pile load test program performed in May and June, 2013  
measured vibrations associated with pile driving approaching the 2 in/sec peak particle velocity limit,  
(Plate 1). The Exelon Project has elected to augment the SB barrier with a sheet pile barrier as a pre-
emptive repair to allow pile driving in close proximity to the barrier and construction of structures over 
the barrier alignment. 
 
Sheet Pile Barrier 
The sheet pile barrier will consist of continuous AZ 12-770 interlocking steel sheet piles with sealed 
interlocks. Half of the Interlocks will be sealed by a continuous weld the length of the sheet pile. Half of 
the interlocks will be sealed with a continuous bead of DeNeef hydrophilic Swellseal (dry method). 
After installing sheets below the water table, the Swellseal material will expand within the interlock and 
perform as a compressed gasket to restrict seepage through the interlocks. Sheet piles will be installed 
using a vibratory hammer. 
 
Sheet Pile installation may result in settlement of the SB backfill as a result of densification. Sheet pile 
insertion should break any stress arches which may be present. 
 
Corrosion of Sheet Piles 
Average corrosion rates for steel sheet piling in marine environments, as provided by Eurocode 3, are listed 
below: 
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Sea Water 
Use 25 year corrosion rate for extrapolation: 0.9mm/25years = 0.036mm/year 
AZ12-770 Sheeting Minimum Thickness: 8.5mm 
Total thickness lost:  8.5mm/0.036mm/yr = 236 years 
 
Fresh Water 
Use 25 year corrosion rate for extrapolation: 0.55mm/25years = 0.022mm/year 
AZ12-770 Sheeting Minimum Thickness: 8.5mm 
Total thickness lost:  8.5mm/0.022mm/yr = 386 years 
 
The site ground water contains 9000 ppm brackish water which is about 1/3 the salt content of sea water 
at 35000 ppm.  Using sea water corrosion rates of 0.036mm/year is too conservative.  The total loss of 
thickness due to corrosion in sea water is 236 years.  In fresh water it would take about 386 years.  To 
consider the brackish water, use the average of these two: life span is 311 years. 
 
Verticality of Sheet Piles 
The verticality of sheet piles with the required construction tolerances was assessed by geometrically 
determining if sheet pile exited the wall. As stated on Drawing DDP F1.02, the front edge of the sheet 
pile must be within 3 inches of the center line of the SB-Barrier and within 1% of plumb. Two cases 
were examined as shown below in Figure 1. Case 1 interpreted the depth at which the toe of the sheet 
pile would exit the wall if the sheet pile was installed at its’ inboard limit and Case 2 interpreted the 
sheet pile at its’ outboard limit. 
 

 
Figure 1 – Assessment of Verticality of Sheet Pile Wall:  (a) Existing SB Barrier; (b) Sheet Pile 

Installed at Inboard Limits; (c) Sheet Pile Installed at Outboard Limits 
 
For Case 1, the sheet pile would exit the wall at a depth of 50 feet. For Case 2, the sheet pile would exit 
the wall at a depth of 125 feet, for calculations see Plate 3. 
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Equivalent Hydraulic Conductivity 
 
Analysis 
The effectiveness of the sheet pile wall installation was assessed by determining an equivalent hydraulic 
conductivity, kSH,AVG, of the sheet pile wall. The wall kSH,AVG was derived by analyzing the geometric 
average of equivalent hydraulic conductivity for each material within the system. The system was 
analyzed with a parametric study of the hydraulic conductivity of Swellseal filled joints, SB-Barrier 
backfill permeability, and as a function of the width of possible construction gaps, d (Plate 2). A 
summary of kSH,AVG for no gaps is provided below in Table 1. For the purposes of this assessment the 
effective permeability of steel was taken as, kST = 1E-12cm/sec. The equivalent hydraulic conductivity 
was computed as shown below in Equation 1. 
 

 
Equation 1 – Geometric Average for Equivalent Hydraulic Conductivity of Sheet Pile Wall 

 
The system was modeled for five scenarios, as described below: 
 

1. kSB = 5e-9 cm/sec, as measured during construction 
2. kGap = 5e-9, kJt = 1e-5 cm/sec 
3. kGap = 5e-9, kJt = 1e-6 cm/sec 
4. kGap = 5e-9, kJt = 1e-7 cm/sec 
5. kGap = 5e-9, kJt = 1e-9 cm/sec 

 
Results 

 
Table 1 – kSH,AVG for each scenario with a gap of 0in 

Wall Modification 
Estimated kSH,AVG 

(cm/sec) 

Estimated Fraction of 
Present Day Barrier 

Seepage 
1 None 5e-09 1.0 

2 Swellseal provides kJt = 1e-05cm/sec 4.12e-08 8.24 

3 Swellseal provides kJt = 1e-06cm/sec 4.13e-09 0.826 

4 Swellseal provides kJt = 1e-07cm/sec 4.13e-10 0.0826 

5 Swellseal provides kJt = 1e-09cm/sec 5.12e-12 0.0001 

 

𝑘𝑆𝐻,𝐴𝑉𝐺 =
𝑘𝐺𝑎𝑝 ∗ 𝑑 + 𝑘𝑆𝑡 ∗ 𝑛 ∗ �𝑤 − 𝑡𝐽𝑡� + 𝑘𝐽𝑡 ∗ 𝑛 ∗ 𝑡𝐽𝑡

𝑑 + 𝑛 ∗ 𝑤
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Discussion 
 
Corrosion Protection 
The thickness of the steel sheets provides sufficient corrosion protection for a life span of over 200 
years. 
 
Verticality of Sheet Piles 
For sheets installed at the construction tolerance battered outboard, Case 1 (Figure 1b), the sheet pile 
will exit the wall at a minimum depth of 50 feet. This is above the maximum depth of the installed 
sheets as shown on Drawing DDP F1.20 and will exit the wall on the inboard side. Anticipated soils at 
this depth will be very dense and will encounter hard driving; easy driving within the soft soil of the SB 
Barrier will prevent significant deviation outside of barrier. 
 
For sheets installed at the construction tolerance battered inboard, Case 2 (Figure 1c), the sheet pile will 
exit the wall at a minimum depth of 125 feet. This is well below the maximum depth of installed sheets 
as shown on Drawing DDP F1.20 and therefore will remain inside the wall. 
 
Equivalent Hydraulic Conductivity 
The parametric study shows that the equivalent hydraulic conductivity is heavily dependent on the 
current state of the SB-Barrier and the capability of the Swellseal to act as a gasket. It should be noted 
that any gaps in sheeting would result in an ineffective wall. Quality control measures during sheeting 
installation with respect to the equivalent hydraulic conductivity of the wall should include the 
following: 
 

1. Interlocks in good condition and free to join to adjacent sheets;  
2. Interlock welds are applied to the full length of the sheet and have no gaps; 
3. Application of DeNeef Swellseal is applied uniformly using the dry method; 
4. Allow no gaps in sheeting during installation; 
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TABLE 1:  SHALLOW DRIVING (LESS THAN 55FT BGS):

16"  PIPE:      
TP‐1

18"  PIPE:      
TP‐3

HP14 x 117:     
TP‐2

HP18 x 135:     
TP‐4 BACKGROUND1

10 1.440 NO DATA 0.05 TO 0.062

30 0.352

RE‐STRIKE 0.481

65 0.138 0.06 TO 0.073

100 0.117 ~0.04

200 0.057 0.066 0.046 0.065

RE‐STRIKE 0.065 0.068 0.035 0.046
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1. Geoenvironmental Engineering by Hari D. Sharma and Krishna R. Reddy
2. Skyline Steel Data sheets

Assumptions:

1. Sheet used is an AZ 12‐770; tf = tw = 0.335 in; w = 30.31 tf = 0.335 in tJt =  0.125 in

2. Steel hydraulic conductivity kST = 1e‐12 cm/sec; w = 30.31 in Lmin =  250 ft

3. Width of Soil Bentonite Barrier (SB), W = 36 in W = 36 in n =  99

4. Gap between sheets = d (in)
5. Alternate weld/swellseal every sheet at joints, where joint space tJt = 0.125 in
6. Length between allowed gaps, L ~ 250 feet (where n = #sheets)
7. A geometric average of hydraulic conductivity provides a reasonable estimate of the system k

Wall Diagram:

Calculations: Scenarios:

1. kSB = kGap = 5e‐9, kJt = N/A
2. kSB = kGap = 5e‐9, kJt = 1e‐5 (cm/sec)

3. kSB = kGap = 5e‐9, kJt = 1e‐6 (cm/sec)

4. kSB = kGap = 5e‐9, kJt = 1e‐7 (cm/sec)

5. kSB = kGap = 5e‐9, kJt = 1e‐9 (cm/sec)

For various gaps between sheeting panels the kAVG is:

d (in) 1 2 3 4 5

0.00 5.00E‐09 4.12E‐08 4.13E‐09 4.13E‐10 5.12E‐12
0.25 5.00E‐09 4.12E‐08 4.13E‐09 4.14E‐10 5.54E‐12
0.50 5.00E‐09 4.12E‐08 4.13E‐09 4.14E‐10 5.95E‐12
0.75 5.00E‐09 4.12E‐08 4.13E‐09 4.15E‐10 6.37E‐12
1.00 5.00E‐09 4.12E‐08 4.13E‐09 4.15E‐10 6.78E‐12
1.25 5.00E‐09 4.12E‐08 4.13E‐09 4.15E‐10 7.20E‐12
1.50 5.00E‐09 4.12E‐08 4.13E‐09 4.16E‐10 7.62E‐12
1.75 5.00E‐09 4.12E‐08 4.13E‐09 4.16E‐10 8.03E‐12
2.00 5.00E‐09 4.12E‐08 4.13E‐09 4.16E‐10 8.45E‐12
2.25 5.00E‐09 4.12E‐08 4.13E‐09 4.17E‐10 8.86E‐12
2.50 5.00E‐09 4.12E‐08 4.13E‐09 4.17E‐10 9.28E‐12
2.75 5.00E‐09 4.12E‐08 4.13E‐09 4.18E‐10 9.69E‐12
3.00 5.00E‐09 4.12E‐08 4.13E‐09 4.18E‐10 1.01E‐11
3.25 5.00E‐09 4.12E‐08 4.13E‐09 4.18E‐10 1.05E‐11
3.50 5.00E‐09 4.12E‐08 4.13E‐09 4.19E‐10 1.09E‐11
3.75 5.00E‐09 4.12E‐08 4.13E‐09 4.19E‐10 1.14E‐11

From Ref. 1, it can be shown that the equivalent 
hydraulic conductivity across the sheeting (kSH) and 
across the wall (kAVG):

Exelon Tower and TF Garage Engineering Evaluation

SUBJECT: Equivalent Hydraulic Conductivity After Installation of Sheets in Soil Bentonite Barrier

Equivalent Hydraulic Conductivity, kSH,AVG (cm/sec)

d

L / 2 w
W

݇ௌு,ீ ൌ
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AZ
AZ Hot Rolled Steel Sheet Pile

SECTION

Width 
(w)

in
(mm)

Height
(h)

in
(mm)

THICKNESS
Cross 

Sectional 
Area

in2/ft
(cm2/m)

WEIGHT SECTION MODULUS
Moment 
of Inertia 

in4/ft
(cm4/m)

COATING AREA

Flange
(tf)

in
(mm)

Web
(tw)

in
(mm)

Pile 

lb/ft
(kg/m)

Wall 

lb/ft2

(kg/m2)

Elastic 

in3/ft
(cm3/m)

Plastic 

in3/ft
(cm3/m)

Both 
Sides

ft2/ft of single
(m2/m)

Wall 
Surface

ft2/ft2

(m2/m2)

AZ 12-700 27.56
700

12.36
314

0.335
8.5

0.335
8.5

5.82
123.2

45.49
67.7

19.81
96.7

22.4
1205

26.3
1415

138.3
18880

5.61
1.71

1.22
1.22

AZ 13-700 27.56
700

12.40
315

0.375
9.5

0.375
9.5

6.36
134.7

49.72
74.0

21.65
105.7

24.3
1305

28.6
1540

150.4
20540

5.61
1.71

1.22
1.22

AZ 13-700-10/10 27.56
700

12.42
316

0.394
10.0

0.394
10.0

6.63
140.4

51.85
77.2

22.58
110.2

25.2
1355

29.8
1600

156.5
21370

5.61
1.71

1.22
1.22

AZ 14-700 27.56
700

12.44
316

0.413
10.5

0.413
10.5

6.90
146.1

53.96
80.3

23.50
114.7

26.1
1405

31.0
1665

162.5
22190

5.61
1.71

1.22
1.22

AZ 12-770 30.31
770

13.52
343.5

0.335
8.50

0.335
8.50

5.67
120.1

48.78
72.60

19.31
94.30

23.2
1245

27.5
1480

156.9
21430

6.10
1.86

1.20
1.20

AZ 13-770 30.31
770

13.54
344.0

0.354
9.00

0.354
9.00

5.94
125.8

51.14
76.10

20.24
98.80

24.2
1300

28.8
1546

163.7
22360

6.10
1.86

1.20
1.20

AZ 14-770 30.31
770

13.56
344.5

0.375
9.50

0.375
9.50

6.21
131.5

53.42
79.50

21.14
103.20

25.2
1355

30.0
1611

170.6
23300

6.10
1.86

1.20
1.20

AZ 14-770-10/10 30.31
770

13.58
345

0.394
10.0

0.394
10.0

6.48
137.2

55.71
82.9

22.06
107.7

26.1
1405

31.2
1677

177.5
24240

6.07
1.85

1.20
1.20

AZ 18 24.80
630

14.96
380.0

0.375
9.50

0.375
9.50

7.11
150.4

49.99
74.40

24.19
118.10

33.5
1800

39.1
2104

250.4
34200

5.64
1.72

1.35
1.35

AZ 17-700 27.56
700

16.52
419.5

0.335
8.50

0.335
8.50

6.28
133.0

49.12
73.10

21.38
104.40

32.2
1730

37.7
2027

265.3
36230

6.10
1.86

1.33
1.33

AZ 18-700 27.56
700

16.54
420.0

0.354
9.00

0.354
9.00

6.58
139.2

51.41
76.50

22.39
109.30

33.5
1800

39.4
2116

276.8
37800

6.10
1.86

1.33
1.33

AZ 19-700 27.56
700

16.56
420.5

0.375
9.50

0.375
9.50

6.88
145.6

53.76
80.00

23.41
114.30

34.8
1870

41.0
2206

288.4
39380

6.10
1.86

1.33
1.33

AZ 20-700 27.56
700

16.58
421

0.394
10.0

0.394
10.0

7.18
152.0

56.11
83.5

24.43
119.3

36.2
1945

42.7
2296

299.9
40960

6.10
1.86

1.33
1.33

AZ 26 24.80
630

16.81
427.0

0.512
13.00

0.480
12.20

9.35
198.0

65.72
97.80

31.79
155.20

48.4
2600

56.9
3059

406.5
55510

5.91
1.80

1.41
1.41

AZ 24-700 27.56
700

18.07
459.0

0.441
11.20

0.441
11.20

8.23
174.1

64.30
95.70

28.00
136.70

45.2
2430

53.5
2867

408.8
55820

6.33
1.93

1.38
1.38

AZ 26-700 27.56
700

18.11
460.0

0.480
12.20

0.480
12.20

8.84
187.2

69.12
102.90

30.10
146.90

48.4
2600

57.1
3070

437.3
59720

6.33
1.93

1.38
1.38

AZ 28-700 27.56
700

18.15
461.0

0.520
13.20

0.520
13.20

9.46
200.2

73.93
110.00

32.19
157.20

51.3
2760

60.9
3273

465.9
63620

6.33
1.93

1.38
1.38

AZ 24-700N 27.56
700

18.07
459.0

0.492
12.5

0.354
9.0

7.71
163.3

60.28
89.7

26.26
128.2

45.3
2435

52.3
2810

409.3
55890

6.30
1.92

1.37
1.37

AZ 26-700N 27.56
700

18.11
460

0.531
13.5

0.394
10.0

8.33
176.4

65.11
96.9

28.37
138.5

48.4
2600

56.1
3015

437.8
59790

6.30
1.92

1.37
1.37

AZ 28-700N 27.56
700

18.15
461

0.571
14.5

0.433
11.0

8.95
189.5

69.95
104.1

30.46
148.7

51.4
2765

59.9
3220

466.5
63700

6.30
1.92

1.37
1.37

AZ 36-700N 27.56
700

19.65
499.0

0.591
15.00

0.441
11.20

10.20
216.0

79.70
118.60

34.61
169.00

66.8
3590

76.5
4110

656.2
89610

6.76
2.06

1.47
1.47

AZ 38-700N 27.56
700

19.69
500.0

0.630
16.00

0.480
12.20

10.87
230.0

84.94
126.40

37.07
181.00

70.6
3795

81.1
4360

694.5
94840

6.76
2.06

1.47
1.47

AZ 40-700N 27.56
700

19.72
501.0

0.669
17.00

0.520
13.20

11.53
244.0

90.18
134.20

39.32
192.00

74.3
3995

85.7
4605

732.9
100080

6.76
2.06

1.47
1.47

AZ 42-700N 27.56
700

19.65
499.0

0.709
18.00

0.551
14.00

12.22
259.0

95.49
142.1

41.57
203.00

78.2
4205

90.3
4855

766.0
104930

6.76
2.06

1.47
1.47

AZ 44-700N 27.56
700

19.69
500.0

0.748
19.00

0.591
15.00

12.89
273.0

100.73
149.9

43.83
214.00

81.9
4405

94.9
5105

804.1
110150

6.76
2.06

1.47
1.47

AZ 46-700N 27.56
700

19.72
501.0

0.787
20.00

0.630
16.00

13.55
287.0

105.97
157.7

46.08
225.00

85.7
4605

99.5
5350

842.2
115370

6.76
2.06

1.47
1.47

AZ 46 22.83
580

18.94
481.0

0.709
18.00

0.551
14.00

13.76
291.2

89.10
132.60

46.82
228.60

85.5
4595

98.5
5295

808.8
110450

6.23
1.90

1.63
1.63

AZ 48 22.83
580

18.98
482.0

0.748
19.00

0.591
15.00

14.48
306.5

93.81
139.60

49.28
240.60

89.3
4800

103.3
5553

847.1
115670

6.23
1.90

1.63
1.63

AZ 50 22.83
580

19.02
483.0

0.787
20.00

0.630
16.00

15.22
322.2

98.58
146.70

51.80
252.9

93.3
5015

108.2
5816

886.5
121060

6.23
1.90

1.63
1.63
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Available Steel Grades

AMERICAN CANADIAN EUROPEAN AMLoCor**

ASTM
YIELD STRENGTH

CSA G40.21
YIELD STRENGTH

EN 10248
YIELD STRENGTH YIELD STRENGTH

(ksi) (MPa) (ksi) (MPa) (ksi) (MPa) (ksi) (MPa)

A 328 39 270 Grade 260 W 38 260 S 240 GP 35 240 Blue 320 46 320

A 572 Gr. 42 42 290 Grade 300 W 43 300 S 270 GP 39 270 Blue 355 51 355

A 572 Gr. 50 50 345 Grade 350 W 51 355 S 320 GP 46 320 Blue 390 57 390

A 572 Gr. 55 55 380 Grade 400 W 58 400 S 355 GP 51 355

A 572 Gr. 60 60 415 S 390 GP 57 390

A 572 Gr. 65 65 450 S 430 GP 62 430

A 690 50 345 S 460 AP 67 460

A 690* 57 390

*Not available for AZ 36-700N and larger.    ** Corrosion resistant steel, check for availability 

Maximum Rolled Lengths*
AZ 101.7 feet (31.0 m)

C 9 59.1 feet (18.0 m)

C 14 59.1 feet (18.0 m)

Delta 13 55.8 feet (17.0 m)

Omega 18 52.0 feet (16.0 m)

* Longer lengths may be possible upon request.

AZ
AZ Hot Rolled Steel Sheet Pile

Corner Piles

C 14
Grade: S 355 GP
Weight: 9.68 lb/ft 

(14.4 kg/m)

Omega 18
Grade: S 430 GP
Weight: 12.10 lb/ft 

(18.0 kg/m)

C 9
Grade: S 355 GP
Weight: 6.25 lb/ft 

(9.3 kg/m)

Delta 13
Grade: S 355 GP
Weight: 8.73 lb/ft 

(13.0 kg/m)

~0.98"
~(25 mm)

~0.98"
~(25 mm)

~2.76"
~(70 mm)

~1.18"
~(30 mm)

~1.18"
~(30 mm)

~0.59"
~(15 mm)

~0.79"
~(20 mm)

Delivery Conditions & Tolerances
ASTM A 6 EN 10248

Mass ± 2.5% ± 5%

Length + 5 inches – 0 inches ± 200 mm

Height ± 7 mm

Thickness ≤ 8.5 mm ± 0.5 mm

> 8.5 mm ± 6%

Width ± 2%

Double Pile Width ± 3%

Straightness 0.2% of the length

Ends out of Square 2% of the width

Delivery Forms

Single Pile 
Position A

Double Pile 
Form I standard

Single Pile 
Position B

Double Pile 
Form II on request





THE NEED TO SEAL SHEET PILES
The Problem
As the use of sheet piling in wet environments increases,

so does the need to create a safe, dry work area after

excavation. The high cost of dewatering and treatment, as

well as increased concerns for worker safety and potential

damage to the surrounding eco-system pose a challenge

to both the designer and contractor.

The Solution
SWELLSEAL® WA, hydrophilic polyurethane, offers a

safe clean method of sealing sheet piling without the use

of hazardous chemicals. Formulated to swell upon

contact with water, hydrophilic polyurethanes can

expand to any shape to form a seal against water leaking

through the interlocks and penetrations in sheet piles.

SWELLSEAL® WA
SWELLSEAL® WA is a single component

hydrophilic polyurethane that can be applied in

wet or dry environments. Upon contact with

ground water, it can swell 2 or more times its

original volume. When applied to the interlocks of

sheet piling, it can swell to seal a leaking interlock

in the sheet

SWELLSEAL® WA Advantages: 

• Easy to install gunnable paste

• No cure time required prior to driving sheets

• Can be applied to wet or dry surface

• Can be applied at cold temperatures

• Can wet and dry cycle repeatedly

• Can be applied to rough surfaces

Swellseal® WA applied with caulking gun

Swellseal® WA after driving sheet piles



REPAIR
Properties and Advantages:
Leaks that appear after sealing sheets can be

repaired with HYDRO ACTIVE® CUT.

Applied in liquid form by injection or

saturation methods. HYDRO ACTIVE® CUT

swells up to 20 times its original volume to

cut off flowing water and seal active leaks.

Ideal Repair Applications 
• Tiebacks

• Pipe penetrations

• Flowing water leaks

Tieback sealed with HYDRO ACTIVE ® CUT

Withstands head pressures in excess of 330 ft.

SWELLSEAL® WA PRODUCT PROPERTIES

UNCURED

Solids 100%

Viscosity Paste

Density 1.45 ASTM D-3574-95

Flash point >266° F ASTM D-93

CURED

Elongation at break 625% ASTM D-3574-95

Tensile Strength Approximately 312 psi ASTM D-412

SWELLSEAL® WA Properties: 

• Single component hydrophilic polyurethane

• 200% Expansion in water

• Withstands pressures in excess of 330 ft. of head pressure

• Good chemical resistance

• Tenacious bond to wet and dry surfaces

• Conforms to the shape of the interlock

• Does not hinder the removal of sheet piles



W a t e r p r o o f i n g  t h e  W O R L D

DE NEEF CONSTRUCTION CHEMICALS 
5610 Brystone  Drive • Houston, Texas 77041
Tel: 1 713 896 0123 Toll Free: 1 800 732 0166
Fax: 1 713 849 3340 www.deneef.com

®

INSTALLATIONS

PACKAGING
SWELLSEAL® WA 

• 10.5 ounce Tubes          

• 20 ounce Sausage          

LOCAL DISTRIBUTOR
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MEMORANDUM 
 
Date: July 12, 2013 
To: Office 
From: Srinivas Yenamandra  
Re: EE Memo 5 – Spill Control Volume of New Loading Dock 

Exelon Building & Plaza Garage, Baltimore, MD 
File: 11896A-Task 40 
  
 
The proposed Exelon Trading Floor and Parking Garage (TF Garage) structure will occupy a portion of 
the space currently occupied by the Honeywell Transfer Station (HTS). Partial demolition of the east 
and west sides of the existing HTS structure (limits of demolition are shown on drawings) is required. 
The groundwater storage tank room (at north center), the adjacent mechanicals room to the south, and all 
head maintenance system components are to remain functional throughout the construction period. 
 
Exhibits: 
We have attached the following to illustrate our evaluation: 
 
Calculation 1 - Spill Control Volumes 
Sketch 1 – New Loading Dock Geometry 
 
Existing Structural Foundations: 
The foundations consist of shallow strip footings, shallow isolated column footings and slabs on grade, 
all of which are founded above the multimedia cap synthetic layers. All demolition work will be 
performed above the multimedia cap and the synthetic layers will not be exposed. The bottom of 
existing footing elevations are approximately Elev. +11 and the elevation of synthetic layers vary from 
Elev. 8 to Elev. 10. The synthetic layers in this area of the site are protected by a concrete mud mat 
overlain by structural backfill. 
 
Pile Driving Adjacent to Existing Groundwater Storage Tanks and Equipment: 
The proposed structure is founded on pile foundations. Prior to pile installation the MMC in the pile cap 
area will be excavated and the synthetic layers removed for obstruction demolition. No storage tank will 
hold more than ¼ of its capacity during pile driving. After pile installation the synthetic layers will be 
repaired. The process of cutting and repair of synthetic layers is described in detail elsewhere. 
 
New Loading Dock: 
The new loading dock slab will be constructed after completion of demolition of the existing loading 
dock and after installation of new piles and pile caps adjacent to the HTS. The new loading dock will be 
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constructed to provide secondary containment for 5,950 gal, which is greater than the capacity of the 
transport tank truck (5,000 gal). 
 
The new loading dock will be a structural concrete slab (approximately 57 feet long x 15 feet wide) 
supported on the TF Garage pile caps and grade beams in this area. The slab will be 12 inches thick at 
the interface with sump pit and 15 inches deep at the perimeter providing a slope towards the sump pit to 
facilitate flow of potential spillage into the sump pit. 
 
A collection sump pit 45 feet long x 6 feet wide x 2.5 feet deep will be constructed at the east side and 
below the loading dock. The new sump pit dimensions are shown on attached Sketch 1. The sump pit 
provides 5050 gallons of storage. The sloped slabs and drainage trough provide additional storage for 
900 gallons. 
 
The top of the loading dock slab slopes up from Elev.+13 at the sump pit to Elev. +13.25 at the 
perimeter on all four sides. The loading dock is enclosed on the east, west and south ends by walls that 
connect to adjacent floor slabs. On the North end the loading dock slab connects to the street. The walls 
on the three sides and the sloped slab in addition to the sump pit will control potential spill during 
transfer of groundwater from the tanks. 
 
The sump pit and drainage trough will be covered with a metal grating (similar to the one used at the 
loading dock to be demolished) at the center of the pit and the rest of the sump pit will be covered by the 
loading dock structural slab. The sump pit base slab, the sump pit walls and the loading dock slab will 
be constructed in one pour (monolithic) to eliminate joints. In addition, the concrete for the slabs and 
walls will contain fiber reinforcement. The fiber will be Virgin Nylon Type monofilament, white color, 
¾” long (uniform size) as was used in the construction of the existing loading dock, to minimize 
cracking. 
 
Blast furnace slag, scrubber house fly ash or silica fume will be used in lieu of cement in the concrete 
used for the construction. The hardened concrete will be coated with a corrosion inhibitor such as Silane 
Sealer or approved equal. 
 
 
As substantiated by Calculation 1, the total volume available for spill containment, including available 
volume above loading dock slab and sump pit, is more than adequate for the design spill of 5000 
gallons. 
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By:  ____________________________________________ 
Srinivas Yenamandra 



Vt 5957.2 galVt 796.4 ft3Vt Vp Vsl VtrTotal Volume available

Vtr 168.3 galVtr 22.5 ft3Vtr 6in 12 in 45 ftCenter Trench

Vsl 739.5 galVsl 98.9 ft3Vsl 51.59ft 15.33 ft 0.5 15in 12in( )Slab Slope

 Additional Control Zone Volume

Vp 5049.4 galVp 675.0 ft3Vp 6ft 45 ft 2.5 ftSum Pit Volume:

Considering that the full load of a standard truck of 5000 gallons will be contained in the sum pit, and allowing 
additonal volume capacity given the slab sope and the collecting trench, we have:
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MEMORANDUM 
 
Date: July 31, 2013 
To: Office 
From: Daniel George and Felipe Lorca 
Re: EE Memo 6 – Slab-on-Grade Development Cap at Central Plaza Garage 

Exelon Tower, Trading Floor Garage & Plaza Garage, Baltimore, MD 
File: 11896A 

  
 
Plaza Garage grades call for replacement of the soil cover (min. 30” thickness) with a concrete slab-on-
grade, underlain by sufficient Cover Soil to obtain the desired top of slab elevation. The finished slab 
will be exposed to the environment and will support automobile parking. Styrofoam insulation will be 
placed below the slab to provide equal or better thermal protection of the MMC synthetic layers. The 
concrete slab will spread vehicle loads to protect the synthetic layers. 
 
Exhibits 
We have attached the following to illustrate our analyses: 
 
Attachment 1  Vulcan 810 Intruder 
 
Calculation 1  Thickness of Thermal Insulation at Plaza Garage 
Calculation 2  Vehicular Load Spreading on Slab-on-Grade 
 
References 

1. Honeywell Baltimore Works Site. Conceptual Development Plan: Exelon Tower, Trading 
Floor/Garage and Central Plaza Garage. Honeywell International, Inc: August 29, 2012. 

2. Black and Veatch Construction Completion Report for AlliedSignal, Volume I (February 2000) 
3. United States American Concrete Institute (ACI). Guide to Thermal Properties of Concrete and 

Masonry Systems: ACI 122R-02. American Concrete Institute, 2002. 
4. ASHRAE Handbook, 1993 Fundamentals with the Permission of the American Society of 

Heating, Refrigerating and Air-Conditioning Engineers, Inc. (ASHRAE), pp. B-9. 1791 Tullie 
Circle NE, Atlanta, GA 30329. 

5. EPRI Soil and Rock Classification for the Design of Ground-Coupled Heat Pump Systems – 
Field Manual - Cu-6600, Table 3-1.  

6. Dow Styrofoam UtilityFitTM XPS 15PSI Extruded Polystyrene Insulation: Product Information. 
© The Dow Chemical Company. 
http://msdssearch.dow.com/PublishedLiteratureDOWCOM/dh_007e/0901b8038007ea90.pdf?fil
epath=styrofoam/pdfs/noreg/179-07944.pdf&fromPage=GetDoc Accessed on 6/11/2013. 

http://msdssearch.dow.com/PublishedLiteratureDOWCOM/dh_007e/0901b8038007ea90.pdf?filepath=styrofoam/pdfs/noreg/179-07944.pdf&fromPage=GetDoc
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7. Holtz, Robert D., and Kovacs, William D. An Introduction to Geotechnical Engineering. p. 342-
343. © 1981 Prentice Hall, Upper Saddle River, NJ. 

8. American Association of State Highway and Transportation Officials. AASHTO LRFD Bridge 
Design Specifications. p. 3-24 to 3-25, 3-31 © AASHTO 2012, Washington, D.C. 
 

Thermal Protection Analysis and Assumptions 
Thermal Resistance (R-Value) is a measure of the ability of a homogeneous material of unit thickness to 
resist a temperature difference of one degree Fahrenheit across a unit area (Ref. 3). R-Values are 
expressed in terms of (ft2*h*°F) / Btu. The assumed R-Values for Cover Soil, Styrofoam, or concrete 
are (Ref. 4, 5, 6): 
 

• Concrete: Rconc = 0.10 per inch 
• Cover Soil (sand and gravel): Rsoil = 0.189 per inch 
• Styrofoam: Rfoam = 5.0 per inch 

 
Existing and future conditions analyzed are shown in Figures 1a and 1b. Thermal resistance analysis was 
performed for 30” minimum soil cover (assumed sand and gravel) (Figure 1a) and two future cases as 
shown in Figure 1b. Steel reinforcement was neglected for this analysis, the concrete slab was assumed 
to be normal weight concrete (150 pcf). Additional soil cover will be left below the Styrofoam, though 
no additional soil cover was assumed for this analysis. 
 
 

 
 

1a  1b 
Figure 1a and 1b – (a) Existing Conditions, (b) Future Plaza Slab-on-Grade 

 
Findings 
The controlling factor to thermal performance is the thickness of Styrofoam used, as its R-Value is high 
compared to that of soil cover or concrete. The existing 30” of soil cover provides an overall R-Value of 
5.67. Both future conditions were analyzed by adding the resistance of each material, assuming the heat 
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has only one path through each system. Analysis performed at Location 1 in Figure 1b at the future 
Plaza Garage slab haunch resulted in an overall R-Value of 5.80. Similar analysis at Location 2 in 
Figure 1b through the Plaza Garage slab-on-grade resulted in an overall R-Value of 6.07 (See Table 1). 
Supporting calculations are provided in Calculation 1. 
 
   EXISTING 

CONDITIONS LOCATION 1 LOCATION 2 

 R-Value 
Parameter 

Unit R-
Value 

Layer 
Thickness 

Equivalent 
R-Value 

Layer 
Thickness 

Equivalent 
R-Value 

Layer 
Thickness 

Equivalent 
R-Value 

Material  
 

Inch 
 

Inch 
 

Inch 
 

Concrete (Ref 4) 0.10 0 0 8 0.8 5 0.5 
Cover Soil (Sand and 

Gravel) (Ref 5) 0.189 30 5.67 0 0 3 0.507 

Styrofoam (Ref 6) 5.0 0 0 1 5 1 5 

TOTAL:  5.67  5.80  6.07 

Table 1 – R-Value Summary 
 
Load Spread Analysis 
The bearing stress on the Drainage Net at Locations 1a and 1b was analyzed for the most extreme load 
conditions beneath the Design Truck, Wheel Loader, and Tow Truck. As discussed in EE Memo 7, 
bearing stress on the MMC synthetic layers should not exceed 2 ksf, as any higher stress will 
compromise the flow of the Drainage Net. 
The 5-inch thick concrete slab on grade will include steel reinforcing bars, intended to distribute wheel 
loads even with cracking, facilitating its rehabilitation under a regular repairing cycle.  
 
Design Truck and Wheel Loader 
The Design Truck and Wheel Loader were evaluated for bearing stresses to determine if they can be 
allowed to drive on the finished Plaza Garage Slab (while construction is on-going). They have contact 
areas with the ground of 8” x 16” and 19.2” x 12.7”, respectively for a single wheel. Applied static plus 
dynamic loads are 26.6 kips for the Design Truck under a dual wheel and 20.4 kips for the Wheel 
Loader under a single wheel. Assuming concrete spreads load at a 1:1 ratio and soil spreads load at a 2:1 
ratio (Ref. 7), it was determined that neither the Design Truck, nor the Wheel Loader should be 
permitted to drive on the finished Plaza Garage Slab (See Calculation 2 and Table 2). 
 
Tow Truck 
An extreme expected loading condition within the future Plaza Garage was assumed to be the rear axle 
of a tow truck under static plus dynamic loading while pulling a vehicle, given that emergency vehicle 
dimensions are bigger than the allowable clearance at the garage. The “Tow Truck” (see Attachment 1) 
has a maximum operating weight (which includes vehicle and cargo) of 14,500 lbs, with the rear axle 
supporting 10,000 lbs. The towing hydraulic system has a lift capacity of 4000 lbs. With inclusion of 
dynamic applied load and lift capacity, the maximum applied load on the rear axle is 18,620 lbs, for a 
wheel load of 4,655 lbs (four wheels support rear axle). Under this load and using a dual wheel contact 
area of 15.64” x 12.7” (Calculation 2), it was determined that the Tow Truck will impose bearing 
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pressures on the MMC synthetic layers of 1.47 ksf and 1.82 ksf at Locations 1 and 2, respectively, each 
less than 2 ksf (Table 2), not causing undue harm to the MMC synthetic layers. 
Under similar loading conditions regarding contact areas, a load of 10.25 kips was calculated as the 
maximum dynamic impact load for a dual wheel condition, similar to the Tow Truck, which should be 
permitted to drive on the finished Plaza Garage Slab. 

 

Location Limit Design Truck Wheel Loader Tow Truck 
(ksf) (ksf) (ksf) (ksf) 

Haunch (1) 2.0 2.99 2.9 1.47 

Slab-on-Grade (2) 2.0 3.57 3.54 1.82 

Table 2 – Active Vehicle Load Spreading; Bearing Stress at Drainage Net 
 
 
 
Conclusions 

• The future Plaza Garage will provide sufficient resistance to thermal changes of expansion and 
contraction and protect the MMC’s synthetic layers with 1” Styrofoam insulation.  

• Neither the Design Truck, nor the Wheel Loader should be allowed to drive on the slab for the 
Plaza Garage, based on the load imposed over the MMC synthetic layers. 

• Vehicles driving on the Plaza Garage Slab should be limited in weight to no more than that of an 
active vehicle Tow Truck. 

 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DJG:FL:GS\11896A-40\Slab-on-Grade Development Cap  at Central Plaza Garage 

By:  ____________________________________________ 
Daniel George 

By:  ____________________________________________ 
Felipe Lorca 



dgeorge
Typewritten Text

dgeorge
Typewritten Text

dgeorge
Typewritten Text

dgeorge
Typewritten Text

dgeorge
Typewritten Text

dgeorge
Typewritten Text





EXISTING MMC:

Rsoil = ksoil
-1 * 1 ft

                      12 in

Where: Btu
ft * h * °F

       1       . ft2 * h * °F
ksoil * 12 in Btu * in

ft2 * h * °F
Btu * in

PLAZA GARAGE SLAB:

Component Thermal Resistance:
ft2 * h * °F

Btu * in
ft2 * h * °F

Btu * in
ft2 * h * °F

Btu * in
ft2 * h * °F

Btu * in

Thermal protection of synthetic layers is currently provided by a minimum of 30" of soil cover. Soil cover is 
assumed composed of sand and gravel. Analysis below compares thermal resistance of existing soil cover 
with future Plaza Garage at Locations 1 and 2. Future Plaza Garage at Location 1 (see Figure 1b) encounters 
an 8" concrete haunch (thaunch), underlain by molded polystyrene (Styrofoam) (tsty). Future Plaza Garage at 
Location 2 (see Figure 1b) encounters a 4" concrete slab on grade (tconc) underlain by a minimum of 4" soil 
cover (tsoil) and Styrofoam (tsty). 

Thermal Resistance of Sand                                                                                
and Gravel Per Inch Thickness (Ref. 5)

Rhaunch = 0.10

Thermal Resistance of Styrofoam                                                                                                        
Per Inch Thickness (Ref. 6)

Thermal Resistance of Sand                                                                                                         
and Gravel Per Inch Thickness

Thermal Resistance of Concrete                                                                                                               
Per Inch Thickness (Ref. 4)

Thermal Resistance of Haunch (concrete)                                                                                                        
Per Inch Thickness (Ref. 4)

ksoil =

Rsoil = = 0.189

Thermal Conductivity                                                               
of Sand and Gravel

Thermal Resistance                                                               
of Sand and Gravel per Inch

0.44

Rsoil * 30 in. Cover Soil = 5.67

Rsty= 5.0

Rsoil = 0.189

Rconc = 0.10

Thermal Resistance                                                               
of Minimum Cover Soil
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Total Thermal Resistance at Location 1:

ft2 * h * °F
Btu

Total Thermal Resistance at Location 2:

ft2 * h * °F
Btu

Location 1 5.80  > 5.67
Location 2 6.07  > 5.67

Analysis at both Locations 1 and 2 shows the future Plaza Garage will provide sufficient resistance 
to thermal changes of expansion and contraction and protect the MMC’s synthetic layers with 1” 
Styrofoam insulation. 

Rt = Rconc*tconc + Rsoil*tsoil + Rsty*tsty = (0.10)*(5 in) + (0.189)*(3 in) + (5.0)*(1 in) = 6.07

Rt = Rhaunch*thaunch + Rsty*tsty = (0.10)*(8 in) + (5.0)*(1 in) = 5.80
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lWL 1.06ft Dimensions of Contact with Slab of a Single Wheel 
(19.2" x 12.7")

AWL wWL lWL AWL 1.7 ft2 Contact Area of a Single Wheel 

PWL 20.38kip Maximum Applied Static plus Dynamic Load per Wheel 

Assume a 45 degree, 60 degree, and 90 degree load spreading through concrete slab, Cover Soil, 
and 1" Styrofoam, respectively (Ref. 7).

Load Contact Areas - Design Truck:

Location 1:

Contact Area of a Dual Wheel 
on Slab Ac1DT ADT Ac1DT 2.67 ft2

Asty1DT wDT 2 8 in  lDT 2 8 in  Contact Area of a Dual Wheel 
on Styrofoam

Asty1DT 8.89 ft2 Contact Area of a Dual Wheel on MMC Synthetic Layers
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Determine if Design Truck, Wheel Loader, and/or Tow Truck are allowed to drive on Plaza 
Garage Slab-on-Grade (See EE Memo 7 for calculation of Static and Dynamic Loads, 
wheel/axle layout and Contact Areas):

Maximum Allowable Bearing Pressure 
on MMC Synthetic LayersMMC 2ksf

Location 1 (See Figure 1b): 8" Concrete, 0" Cover Soil, 1" Styrofoam 
    = 9" depth to MMC synthetic layers.     

Location 2 (See Figure 1b): 5" Concrete, 3" min Cover Soil, 1" Styrofoam
    = 9" depth to MMC synthetic layers.

Design Truck:

wDT 24in lDT 16in Dimensions of Contact with Slab of a Dual Wheel (8" x 16" 
each, 8" apart)

ADT wDT lDT ADT 2.67 ft2 Contact Area of a DualWheel 

PDT 1.33 20 kip PDT 26.6 kip Maximum Applied Static plus Dynamic Load per Wheel 

Wheel Loader:

wWL 1.60ft



Contact Area of a Single Wheel on MMC Synthetic LayersAsty2WL 5.75 ft2

Contact Area of a Single Wheel 
on Styrofoam

Asty2WL wWL 2 5 in 2 1.5 in  lWL 2 5 in 2 1.5 in 

Contact Area of a Single Wheel
on Cover Soil 

Acs2WL 4.61 ft2Acs2WL wWL 2 5 in  lWL 2 5 in 

Contact Area of a Single Wheel 
on Slab 

Ac1WL 1.7 ft2Ac2WL AWL

Location 2:

Contact Area of a Single Wheel on MMC Synthetic LayersAsty1WL 7.02 ft2

Contact Area of a Single Wheel 
on Styrofoam

Asty1WL wWL 2 8 in  lWL 2 8 in 

Ac1WL 1.7 ft2
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Load Contact Areas - Design Truck (cont'd):

Location 2:

Ac2DT ADT Ac2DT 2.67 ft2 Contact Area of a Dual Wheel 
on Slab 

Acs2DT wDT 2 5 in  lDT 2 5 in  Acs2DT 6.14 ft2 Contact Area of a Dual Wheel
on Cover Soil 

Asty2DT wDT 2 5 in 2 1.5 in  lDT 2 5 in 2 1.5 in  Contact Area of a Dual Wheel 
on Styrofoam

Asty2DT 7.45 ft2 Contact Area of a Dual Wheel on MMC Synthetic Layers

Load Contact Areas - Wheel Loader:

Location 1:

Contact Area of a Single Wheel 
on Slab Ac1WL AWL

apatrone
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apatrone
Sticky Note
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apatrone
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Cancelled set by apatrone

apatrone
Sticky Note
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Therefore, Wheel Loader not allowed at Location 2 - Bearing pressure exceeds 2 ksf at MMC 
Synthetic Layers.

3.54ksf 2ksf2WL 3.54 ksf2WL
PWL

Asty2WL


PWL 20.38 kip

Location 2:

Therefore, Wheel Loader not allowed at Location 1 - Bearing pressure exceeds 2 ksf at MMC 
Synthetic Layers.

2.9ksf 2ksf1WL 2.9ksf1WL
PWL

Asty1WL


PWL 20.38 kip

Location 1:

Bearing Pressures at MMC Synthetic Layers - Wheel Loader:

Therefore, Design Truck not allowed at Location 2 - Bearing pressure exceeds 2 ksf at MMC 
Synthetic Layers.

3.57ksf 2ksf2DT 3.57 ksf2DT
PDT

Asty2DT


PDT 26.6 kip

Location 2:

Therefore, Design Truck not allowed at Location 1 - Bearing pressure exceeds 2 ksf at MMC 
Synthetic Layers.

2.99ksf 2ksf1DT 2.99 ksf1DT
PDT

Asty1DT


PDT 26.6 kip

Location 1:

Bearing Pressures at MMC Synthetic Layers - Design Truck:

 Sheet No.   3   of   6   

MUESER RUTLEDGE CONSULTING ENGINEERS      File: 11896A

Made By: Date: 6/28/2013

FOR:      Exelon Checked By: Date: 7/25/2013

SUBJECT: Calculation 2: Vehicular Load Spreading on Slab-on-Grade

DJG

FL

apatrone
Sticky Note
Cancelled set by apatrone

apatrone
Sticky Note
Cancelled set by apatrone



IM 33

WdTT
IM
100

Wrear

Additional Allowable Dynamic Load
WdTT 4.62 kip

WTT Wrear WdTT
Static plus Dynamic Applied Load at Grade 
from the Tow Truck

WTT 18.62 kip

PTT
WTT

4
 PTT 4.66 kip Maximum Load per Wheel on Dual Wheel Rear Axle 

(4 wheels total)

wTT
PTT

0.8
kip
in

 Width of Contact Area of Wheel (Ref. 8)

wTT 0.485 ft

 1.50 Load Factor (Ref. 8)

lTT 6.4 1in
IM 1 in

100








Length of Contact Area of Wheel (Ref. 8)
lTT 1.06 ft
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Tow Truck - See EE Memo 7 text for wheel/axle layout:

Wo 14500lbf Tow Truck Operating Weight

Wf 4500lbf Front Axle Weight

Wr 10000lbf Rear Axle Weight

Wp 4000lbf Maximum Lift Capacity - Extended 

Wrear Wr Wp

Wrear 14 kip Maximum Static Load on Rear Axle

Dynamic Applied Stress Calculation - Tow Truck  (Ref. 8):

DE 0 Embedment Depth of Applied Load

IM 33 1 0.125 DE  Dynamic Load Allowance for Drainage Net 
(Additional Percentage of Static Response Applied at Grade)



Contact Area of a Single Wheel on MMC Synthetic LayersAsty2TT 5.12 ft2

Contact Area of a Single Wheel 
on Styrofoam

Asty2TT 2wTT 4in 2 5 in 2 1.5 in  lTT 2 5 in 2 1.5 in 

Acs2TT 4.05 ft2

Contact Area of a Single Wheel
on Cover Soil 

Acs2TT 2wTT 4in 2 5 in  lTT 2 5 in 

Contact Area of a Single Wheel 
on Slab 

Ac2TT 1.39 ft2Ac2TT ATT

Location 2:

Contact Area of a Single Wheel on MMC Synthetic LayersAsty1TT 6.32 ft2

Contact Area of a Single Wheel 
on Styrofoam

Asty1TT 2wTT 4in 2 8 in  lTT 2 8 in 

Ac1TT 1.39 ft2Ac1TT ATT
Contact Area of a Single Wheel 
on Slab 

Location 1:

Load Contact Areas - Tow Truck:

Maximum Applied LoadPTT2 9.31 kipPTT2 2 PTT

Contact Area of a Dual Wheel, Considering 
4" of Separation Between Wheels 

ATT 1.39 ft2ATT 2wTT 4in  lTT

Dynamic Applied Stress Calculation - Tow Truck (cont'd):
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Pmax2 10.25 kipPmax2 2ksf Asty2TTLocation 2:

Pmax1 12.64 kipPmax1 2ksf Asty1TTLocation 1:

The Maximum Allowable Load over the slab, if considering similar loading areas 
to the Tow Truck will be:

Therefore, Tow Truck is allowed at Location 2 - Bearing pressure is less than 2 ksf at MMC 
Synthetic Layers.

1.82ksf 2ksf2TT 1.82 ksf2TT
PTT2

Asty2TT


PTT2 9.31 kip

Location 2:

Therefore, Tow Truck is allowed at Location 1 - Bearing pressure is less than 2 ksf at MMC 
Synthetic Layers.

1.47ksf 2ksf1TT 1.47 ksf1TT
PTT2

Asty1TT


PTT2 9.31 kip

Location 1:

Bearing Pressures at MMC Synthetic Layers - Tow Truck:

 Sheet No.   6   of   6   

MUESER RUTLEDGE CONSULTING ENGINEERS      File: 11896A

Made By: Date: 6/28/2013

FOR:      Exelon Checked By: Date: 7/25/2013

SUBJECT: Calculation 2: Vehicular Load Spreading on Slab-on-Grade

DJG

FL



Mueser Rutledge 
Consulting Engineers 
14 Penn Plaza · 225 West 34th Street · New York, NY 10122 
Tel: (917) 339-9300 · Fax: (917) 339-9400 
www.mrce.com 

 
MEMORANDUM 
 
Date: July 16, 2013 
To: Office 
From: Daniel George and Adam M. Dyer 
Re: EE Memo 7 – Construction Vehicle Load Spreading Analysis and Road Layout 

Exelon Tower, Trading Floor Garage & Plaza Garage, Baltimore, MD 
File: 11896A  
  
MRCE has reviewed available information for the Harbor Point Development project and static and 
dynamic construction loads at the Multimedia Cap (MMC) synthetic layers. The purpose of this 
evaluation is to determine if these loads cause instability or excessive pressure at the synthetic layers, or 
if additional fill or other protection is needed to protect the MMC synthetic layers. 
 
Exhibits 
We have attached the following to illustrate our analyses: 
 
Attachment 1  Drawing No. I-1 - “Criteria for Interim Use Harbor Point Site Area 1 West of  
   Wills St.” Dated: September 10, 2003. 
Attachment 2  WINSTRESS Runs – Existing Conditions: 

• Static Load Spreading of Design Truck 
• Static & Dynamic Load Spreading of Design Truck 
• Static Load Spreading of Wheel Loader 
• Static & Dynamic Load Spreading of Wheel Loader 
• Static Load Spreading of 16,380 Gallon Double-Wall Tank 
• Static Load Spreading of 25 Yard Roll-off Box with Aluminum Hard Top 

Attachment 3  JCB Wheel Loader 457 ZX 
Attachment 4   Adler 16,380 Gallon Double Wall Tank 
Attachment 5  Adler 25 Yard Roll-off Box with Aluminum Hard Top 
Attachment 6  Drawing No. DDP-F1.08 – “Construction Access Roads” Dated: June 26, 2013 
Attachment 7   WINSTRESS Runs – Asphalt: 

• Static Load Spreading of Design Truck 
• Static & Dynamic Load Spreading of Design Truck 
• Static Load Spreading of Wheel Loader 
• Static & Dynamic Load Spreading of Wheel Loader 

 
Calculation 1  Static, Dynamic, and Soil Load Application Calculations 
Calculation 2  Water and Soil Containers Applied Load Calculations   
Calculation 3  MMC Bearing Capacity under Design Truck 
Calculation 4  Load on Drainage Net from Modu-Tanks 
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Multimedia Cap and Underlying Materials 
The soil cover present at Area 1 is 30" above the MMC synthetic layers. This thickness of soil was 
assumed to exist across the site. The top 6” is a crushed stone (CR-6) and the underlying materials are 
sand and gravel aggregates (Cover Soil).  The Geomembrane is protected by a Drainage Net and Cover 
Geotextile above, and by a GCL and Cushion Geotextile below.  The synthetic layers are underlain with 
compacted crushed stone and controlled fill.  The primary concern of the operation of construction 
access roads is the transmission of construction loads through the soil cover, crushing the MMC 
synthetic layers, thereby reducing water transmissivity of the Drainage Net. Additional concerns include 
the bearing capacity of soil cover, and road serviceability and rutting due to frequent construction 
vehicle use. 
 
Previous Evaluation 
In 2003, MRCE provided Interim Use Notes for Site Development of Harbor Point Area 1, which 
restricted the allowable applied bearing stress at the MMC synthetic layers to 2 ksf (Attachment 1). 
Laboratory compression test data for the Drainage Net indicates its ability to convey water is 
compromised above a bearing stress of 2 ksf (Ref. 1).  
 
MRCE’s Interim Use Notes limited vehicles to a fully loaded 15 cubic yard (cy) concrete truck (will be 
referred as the “Design Truck”); highway permitted HS-20 trucks weigh less than that maximum (Ref. 
3).  This allowance was based on the distribution of wheel loads to stresses below 2 ksf at the 30” depth 
of the synthetic layers. 
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Load Spreading Analysis 
Calculations of bearing stress at the Drainage Net were performed using WINSTRESS Version 1.0, 
released in September 2001 by Prototype Engineering, Inc. WINSTRESS is an elastic stress analysis 
program which applies surface loads on a semi-infinite mass. Output from this program is similar to an 
application of the 2:1 method of load approximation with depth (Ref. 4). 
 
Bearing Stress at MMC Synthetic Layers 
 
Design Truck 
The Design Truck has contact with the ground with one single wheel 20-kip axle, 14' from two dual 
wheel 40-kip axles spaced 4.5 feet apart, for a total fully loaded weight of 100 kips (Ref. 2). Each wheel 
has a contact area with the ground of 128 in2, for a contact pressure under static load of 78 psi (11.25 
ksf). Dynamic loading adds an additional 33% of static loading for a total of 103 psi (14.96 ksf) 
(Calculation 1). The bearing stress felt at the Drainage Net under static and static plus dynamic loading 
is 1.15 and 1.53 ksf, less than the limit of 2 ksf (using WINSTRESS – Attachment 2). 
 
Wheel Loader 
The Wheel Loader (JCB Wheel Loader 457 ZX- Attachment 3) will subject the MMC synthetic layers to 
heavy loads when unloading delivery vehicles and at soil stockpile areas. The Wheel Loader has contact 
with the MMC with a two – two single wheel rubber tire axles. When combined with a maximum 
payload of 12 kips, the front axle carries 30.6 kips. These wheels each have a static contact pressure of 
62.7 psi (9.02 ksf). With an additional dynamic load of 33%, contact pressure increases to 83.3 psi (12.0 
ksf). The bearing stress at the Drainage Net under these loads is 1.05 and 1.39 ksf, each less than 2 ksf 
(Attachment 2). 
 
Clean Soil Stockpile Area 
A typical earth fill weighs 125 pcf. Approximately 16 feet of earth fill will apply 2 kips per square foot 
(ksf).  Given the 30” of soil cover now in place, earth fill should be limited to 13.5 ft.  The maximum 
earth fill load is at Wills Street, south of the Dock Street. intersection.  Fill in this area is less than 10 
feet thick.  Soil stockpiles placed on the MMC should be limited to no more than 12 feet. 
 
Track Cranes 
Large track cranes will be used for pile driving.  The toe pressure of the crane tracks under load must be 
spread by timber mats to an area load which will introduce no more than 2 ksf stress at the synthetic 
layers.  Toe pressure and mat sizes must be determined before track cranes operate on the site. 
 
Stormwater Storage Modu-Tanks 
As described in EE Memo #2, stormwater pumped from excavations will be stored in Modu-tanks 
roughly 4 feet deep and 75 feet square capable of storing up to 150,000 gallons of impacted water. The 
Modu-tanks will have an approximately uniform bearing pressure at the drainage net of approximately 
0.113 tsf which is less than the 1 tsf allowable, as shown on Calculation 4. 
 
Water and Soil Container Load Spreading 
Water will be temporarily stored in a 16,380 Gallon Double-Wall Tanks, which have contact with the 
ground by four 4" wide skids in both transverse and longitudinal directions (Attachment 4), with a fully 
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loaded capacity of 175,000 lbs (Calculation 2). The bearing pressure was assumed to be uniform along 
the skids. The skids have a contact area with the ground of 6464 in2, for a contact pressure of 27.1 psi 
(3.90 ksf). The tanks will remain in place and are emptied and lifted to a single axle for moving.   
 
Contaminated soil may be stored in 25 Yard Roll-off Box with Aluminum Hard Top, which has contact 
with the ground by four 8" x 10" wheels and two 2" wide, 22’ long skids (Attachment 5).  The 
approximate weight at capacity is 90,000 lbs (Calculation 2). The assumption was made that load will be 
distributed evenly by the skids and wheels. The skids and wheels have a contact area with the ground of 
1200 in2, for a contact pressure of 75 psi (10.80 ksf).   
 
The stress felt at the Drainage Net from the bearing pressure of the water tank and soil box are 0.74 and 
0.53 ksf, respectively. These loads are less than that of the Design Truck. Each of these stresses is less 
than the limiting value of 2 ksf. The container exerts a high bearing stress on the MMC surface when the 
container is hoisted onto the truck carriage.  The CR-6 surface may rut under these high bearing 
pressures.  Ruts should be regarded and the MMC surface should be compacted to repair ruts.  Asphalt, 
concrete pavement, or mats should be used where loaded containers are stored and frequently transferred 
to/from the truck carriage. Both containers should be located where settlement of compressible strata is 
not a concern. 
 
Bearing Capacity at MMC Synthetic Layers 
A bearing capacity analysis was performed of the Design Truck’s wheel load (static plus dynamic) 
(Calculation 3), considered more critical than the Wheel Loader.  The cover soil has a safety factor of 
8.3 against bearing capacity failure at the depth of the MMC synthetic layers.  The MMC provides a 
stable environment for supporting the synthetic layers under the planned construction equipment loads. 
 
Construction Road Layout 
A layout of construction access roads has been generated to provide a materials delivery loop and 
stabilized access to all future pile locations (Attachment 6). Construction roads should have a minimum 
turn radius of 48 feet for truck turns (Ref. 3, 5). 
 
Construction vehicles will access the site through an existing gate at the intersection of Dock Street and 
Caroline Street and travel along a two lane (30' total width), two way primary construction road to the 
west end of the site. Deliveries should be made to a materials laydown and soil stockpile area located 
west of the Exelon tower on Area 1. Concrete barriers should be used to prevent vehicle damage to 
existing site infrastructure.  
 
Vehicle speeds should be limited to 15 miles per hour to limit dynamic load application to the MMC 
synthetic layers. 
 
The concrete bridge slab over the perimeter barrier will be placed along the Dock Street alignment, and 
some of Wills Street after the sheet pile is inserted to augment the barrier.  The bridge slab should be 
designed to carry the Design Truck where it lies below the construction road alignment. 
 
Construction Road Pavement Design 
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Equivalent Single Axle Loads 
Major concerns for a construction road are serviceability and protection against rutting and erosion, in 
addition to wheel loads (Ref. 6). If an 18-kip single axle is used as a basis for construction road design, 
the estimated number of equivalent single axle loads (ESAL’s) that will pass along this route is 10 per 
hour, considering all types of construction and personal vehicles. Assuming a site work schedule of 10 
hour work days, 6 days per week, and 52 weeks per year, 31,200 ESAL’s can be expected to pass along 
a section of construction road each year. The construction road can be considered a low-volume 
industrial road (Ref. 7).  
 
Asphalt Construction Access Roads 
In order to mitigate dust and reduce maintenance from the frequent passage of construction vehicles, 
asphalt should be used as a wearing surface for construction roads. Due to the presence of CR-6 as a 
good existing subgrade (CBR> 20), a compacted 5” minimum of asphalt should be used. The asphalt 
should be comprised of single lifts of compacted 2” minimum of 12.5 MM (0.5 in) Superpave as surface 
course and compacted 3” minimum of 19 MM (0.75 in) Superpave as base course, separated by tack 
coat. MM refers to the maximum size aggregate that can be used. The road should be crowned with a 
minimum slope of 1.5% per foot and toward the perimeter of the site, limiting sheet flow run-on from 
flowing into the site. Hot mix asphalt shall be designed, mixed, and constructed in accordance with 
Maryland State Highway Administration Standard Specifications for Construction and Materials. No 
stipulations for drainage are recommended, but may be required should ponding become an issue (See 
EE Memo 2 – Storm Water Storage Demand). 
 
With the addition of 5” asphalt, bearing stress at the MMC synthetic layers due to static and static plus 
dynamic loading drops, as shown in Tables 1 and 2 and in Attachment 7. 
 

Bearing Stress                                   
at Drainage Net (ksf) Limit Static Static + 

Dynamic 

Existing Conditions                                          
(30" Soil Cover) 2.0 1.15  1.53  

30” Soil Cover  
plus 5” Asphalt 2.0 0.99 1.30 

 
Table 1 – Bearing Stress at Drainage Net under Design Truck with and without Asphalt 

 

Bearing Stress                                   
at Drainage Net (ksf) Limit Static Static + 

Dynamic 

Existing Conditions                                          
(30" Soil Cover) 2.0 1.05  1.39 

30” Soil Cover  
plus 5” Asphalt 2.0 0.86 1.12 

 
Table 2 – Bearing Stress at Drainage Net under Wheel Loader with and without Asphalt 
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Conclusions: 
• The Drainage Net’s flow capacity is compromised above a bearing stress of 2 ksf.  
• All construction access roads should be composed of 5” asphalt to support concentrated loads 

from construction vehicles. 
• Clean soil stockpiles should be limited to no higher than 13.5 feet above existing grade. 
• Bearing stress applied by track cranes at the MMC synthetic layers should be limited to 2 ksf. 
• Water and soil containers should be located on asphalt, concrete pad, or mats where they may be 

lifted up or removed. 
 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
DJG:PWD\11896A-40\Construction Vehicle Load Spreading Analysis and Road Layout 
 

By:  ____________________________________________ 
Daniel J. George 

By:  ____________________________________________ 
Adam M. Dyer 
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Attachment 1: Drawing No. I-1 - “Criteria for Interim Use Harbor Point Site Area 1 West of Wills St.”                         Dated: September 10, 2003.
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Static Load Spreading of Design Truck
                               RECTANGULAR LOADS
                                UNIFORM VERTICAL

Project Name: Exelon                    Project Number : 11896A
Client      : 15 yd3 Concrete Truck     Project Manager: GS
Date        : 6/24/2013                 Computed by    : DJG

     Footing #      Corner Point P1     Corner Point P2         Load
                     X1(ft)  Y1(ft)      X2(ft)  Y2(ft)        (Ksf)
         1            0.00    0.00        0.66    1.33         11.250
         2            1.33    0.00        2.00    1.33         11.250
         3            6.00    0.00        6.66    1.33         11.250
         4            7.33    0.00        8.00    1.33         11.250
         5            0.00    4.50        0.66    5.83         11.250
         6            1.33    4.50        2.00    5.83         11.250
         7            6.00    4.50        6.66    5.83         11.250
         8            7.33    4.50        8.00    5.83         11.250

                          INCREMENT OF STRESS FOR
             X =   0.33(ft)    Y =   0.66(ft)    Z =   2.50(ft) 

                                  Vert.  Dsz 
                                    (Ksf)

                                      1.15
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Static and Dynamic Load Spreading of Design Truck
                               RECTANGULAR LOADS
                                UNIFORM VERTICAL

Project Name: Exelon                    Project Number : 11896A
Client      : 15 yd3 Concrete Truck     Project Manager: GS
Date        : 6/24/2013                 Computed by    : DJG

     Footing #      Corner Point P1     Corner Point P2         Load
                     X1(ft)  Y1(ft)      X2(ft)  Y2(ft)        (Ksf)
         1            0.00    0.00        0.66    1.33         14.960
         2            1.33    0.00        2.00    1.33         14.960
         3            6.00    0.00        6.66    1.33         14.960
         4            7.33    0.00        8.00    1.33         14.960
         5            0.00    4.50        0.66    5.83         14.960
         6            1.33    4.50        2.00    5.83         14.960
         7            6.00    4.50        6.66    5.83         14.960
         8            7.33    4.50        8.00    5.83         14.960

                          INCREMENT OF STRESS FOR
             X =   0.33(ft)    Y =   0.66(ft)    Z =   2.50(ft) 

                                  Vert.  Dsz 
                                    (Ksf)

                                      1.53
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Static Load Spreading of Wheel Loader
                               RECTANGULAR LOADS
                                UNIFORM VERTICAL

Project Name: Exelon                    Project Number : 11896A
Client      : Wheel Loader              Project Manager: GS
Date        : 6/27/2013                 Computed by    : DJG

     Footing #      Corner Point P1     Corner Point P2         Load
                     X1(ft)  Y1(ft)      X2(ft)  Y2(ft)        (Ksf)
         1            0.00    0.00        1.60    1.06          9.020
         2            0.00   10.83        1.60   11.89          9.020
         3            6.83   10.83        8.43   11.89          9.020
         4            6.83    0.00        8.43    1.06          9.020

                          INCREMENT OF STRESS FOR
             X =   0.80(ft)    Y =   0.53(ft)    Z =   2.50(ft) 

                                  Vert.  Dsz 
                                    (Ksf)

                                      1.05
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Static and Dynamic Load Spreading of Wheel Loader
                               RECTANGULAR LOADS
                                UNIFORM VERTICAL

Project Name: Exelon                    Project Number : 11896A
Client      : Wheel Loader              Project Manager: GS
Date        : 6/27/2013                 Computed by    : DJG

     Footing #      Corner Point P1     Corner Point P2         Load
                     X1(ft)  Y1(ft)      X2(ft)  Y2(ft)        (Ksf)
         1            0.00    0.00        1.60    1.06         12.000
         2            0.00   10.83        1.60   11.89         12.000
         3            6.83   10.83        8.43   11.89         12.000
         4            6.83    0.00        8.43    1.06         12.000

                          INCREMENT OF STRESS FOR
             X =   0.80(ft)    Y =   0.53(ft)    Z =   2.50(ft) 

                                  Vert.  Dsz 
                                    (Ksf)

                                      1.39
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16,380 Gallon Double-Wall Tank
                               RECTANGULAR LOADS
                                UNIFORM VERTICAL

Project Name: Exelon                    Project Number : 11896A
Client      : 16380 Gallon Tank         Project Manager: GS
Date        : 6/24/2013                 Computed by    : DJG

     Footing #      Corner Point P1     Corner Point P2         Load
                     X1(ft)  Y1(ft)      X2(ft)  Y2(ft)        (Ksf)
         1            0.00    0.00        0.33   27.33          3.900
         2            2.00    0.00        2.33   27.33          3.900
         3            6.00    0.00        6.33   27.33          3.900
         4            8.00    0.00        8.33   27.33          3.900
         5            0.33    0.00        2.00    0.33          3.900
         6            0.33    9.00        2.00    9.33          3.900
         7            0.33   18.00        2.00   18.33          3.900
         8            0.33   27.00        2.00   27.33          3.900
         9            2.33    0.00        6.00    0.33          3.900
        10            2.33    9.00        6.00    9.33          3.900
        11            2.33   18.00        6.00   18.33          3.900
        12            2.33   27.00        6.00   27.33          3.900
        13            6.33    0.00        8.00    0.33          3.900
        14            6.33    9.00        8.00    9.33          3.900
        15            6.33   18.00        8.00   18.33          3.900
        16            6.33   27.00        8.00   27.33          3.900

                          INCREMENT OF STRESS FOR
             X =   2.17(ft)    Y =   9.17(ft)    Z =   2.50(ft) 

                                  Vert.  Dsz 
                                    (Ksf)

                                      0.74
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25 Yard Roll-off Box with Aluminum Hard Top
                               RECTANGULAR LOADS
                                UNIFORM VERTICAL

Project Name: Exelon                    Project Number : 11896A
Client      : 25 yd Roll-off Box        Project Manager: GS
Date        : 6/24/2013                 Computed by    : DJG

     Footing #      Corner Point P1     Corner Point P2         Load
                     X1(ft)  Y1(ft)      X2(ft)  Y2(ft)        (Ksf)
         1            0.00    0.34        0.50    0.84         10.800
         2            0.00   19.42        0.50   19.92         10.800
         3            7.05    0.34        7.55    0.84         10.800
         4            7.05   19.42        7.55   19.92         10.800
         5            2.00    0.00        2.17   22.00         10.800
         6            5.38    0.00        5.55   22.00         10.800

                          INCREMENT OF STRESS FOR
             X =   2.08(ft)    Y =  11.00(ft)    Z =   2.50(ft) 

                                  Vert.  Dsz 
                                    (Ksf)

                                      0.53

Page 1
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Static Load Spreading of Design Truck with Asphalt
                               RECTANGULAR LOADS
                                UNIFORM VERTICAL

Project Name: Exelon                    Project Number : 11896A
Client      : 15 yd3 Concrete Truck     Project Manager: GS
Date        : 6/24/2013                 Computed by    : DJG

     Footing #      Corner Point P1     Corner Point P2         Load
                     X1(ft)  Y1(ft)      X2(ft)  Y2(ft)        (Ksf)
         1            0.00    0.00        0.66    1.33         11.250
         2            1.33    0.00        2.00    1.33         11.250
         3            6.00    0.00        6.66    1.33         11.250
         4            7.33    0.00        8.00    1.33         11.250
         5            0.00    4.50        0.66    5.83         11.250
         6            1.33    4.50        2.00    5.83         11.250
         7            6.00    4.50        6.66    5.83         11.250
         8            7.33    4.50        8.00    5.83         11.250

                          INCREMENT OF STRESS FOR
             X =   0.33(ft)    Y =   0.66(ft)    Z =   2.92(ft) 

                                  Vert.  Dsz 
                                    (Ksf)

                                      0.93
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Static and Dynamic Load Spreading of Design Truck with Asphalt
                               RECTANGULAR LOADS
                                UNIFORM VERTICAL

Project Name: Exelon                    Project Number : 11896A
Client      : 15 yd3 Concrete Truck     Project Manager: GS
Date        : 6/24/2013                 Computed by    : DJG

     Footing #      Corner Point P1     Corner Point P2         Load
                     X1(ft)  Y1(ft)      X2(ft)  Y2(ft)        (Ksf)
         1            0.00    0.00        0.66    1.33         14.960
         2            1.33    0.00        2.00    1.33         14.960
         3            6.00    0.00        6.66    1.33         14.960
         4            7.33    0.00        8.00    1.33         14.960
         5            0.00    4.50        0.66    5.83         14.960
         6            1.33    4.50        2.00    5.83         14.960
         7            6.00    4.50        6.66    5.83         14.960
         8            7.33    4.50        8.00    5.83         14.960

                          INCREMENT OF STRESS FOR
             X =   0.33(ft)    Y =   0.66(ft)    Z =   2.92(ft) 

                                  Vert.  Dsz 
                                    (Ksf)

                                      1.24
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Static Load Spreading of Wheel Loader with Asphalt
                               RECTANGULAR LOADS
                                UNIFORM VERTICAL

Project Name: Exelon                    Project Number : 11896A
Client      : Wheel Loader              Project Manager: GS
Date        : 6/27/2013                 Computed by    : DJG

     Footing #      Corner Point P1     Corner Point P2         Load
                     X1(ft)  Y1(ft)      X2(ft)  Y2(ft)        (Ksf)
         1            0.00    0.00        1.60    1.06          9.020
         2            0.00   10.83        1.60   11.89          9.020
         3            6.83   10.83        8.43   11.89          9.020
         4            6.83    0.00        8.43    1.06          9.020

                          INCREMENT OF STRESS FOR
             X =   0.80(ft)    Y =   0.53(ft)    Z =   2.92(ft) 

                                  Vert.  Dsz 
                                    (Ksf)

                                      0.80

Page 1

dgeorge
Typewritten Text

dgeorge
Typewritten Text

dgeorge
Typewritten Text
Vert. Dsz + Asphalt Weight = 0.80 + (145pcf)*(0.42ft) = 0.86 ksf

dgeorge
Typewritten Text

dgeorge
Typewritten Text

dgeorge
Typewritten Text

dgeorge
Typewritten Text



Static and Dynamic Load Spreading of Wheel Loader with Asphalt
                               RECTANGULAR LOADS
                                UNIFORM VERTICAL

Project Name: Exelon                    Project Number : 11896A
Client      : Wheel Loader              Project Manager: GS
Date        : 6/27/2013                 Computed by    : DJG

     Footing #      Corner Point P1     Corner Point P2         Load
                     X1(ft)  Y1(ft)      X2(ft)  Y2(ft)        (Ksf)
         1            0.00    0.00        1.60    1.06         12.000
         2            0.00   10.83        1.60   11.89         12.000
         3            6.83   10.83        8.43   11.89         12.000
         4            6.83    0.00        8.43    1.06         12.000

                          INCREMENT OF STRESS FOR
             X =   0.80(ft)    Y =   0.53(ft)    Z =   2.92(ft) 

                                  Vert.  Dsz 
                                    (Ksf)

                                      1.06
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IM 33 1 0.125 DE  Dynamic Load Allowance for Drainage Net 
(Additional Percentage of Static Response Applied at Grade)

IM 33

d
IM
100

s
Additional Allowable Dynamic Load

d 3.71 ksf

T s d
Static plus Dynamic Applied Load at Grade 
from the Design Truck

T 14.96 ksf

Asphalt Applied Stress Calculation:

asp 145pcf Assumed Unit Weight of Asphalt

Dasp 5in Recommended Height for Asphalt for Construction Roads 
(as per Ref. 7)

asp asp Dasp

asp 0.06 ksf Additional CR-6 Applied Stress due to Construction Roads
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Static Applied Stress Calculation - Design Truck (See Ref. 2 for axle/wheel layout):

w 0.667ft l 1.333ft Dimensions of Contact with Ground of a Single Wheel (8" x 16")

A w l A 0.89 ft2 Contact Area of a Single Wheel 

P 10kip Applied Load per Wheel

s
P
A

 s 11.25 ksf Bearing Stress at Grade per Wheel

Dynamic Applied Stress Calculation - Design Truck (Ref. 3):

DE 0 Embedment Depth of Applied Load



Bearing Stress at Grade per Wheels 9.02ksfs
P
A



Applied Load per WheelP 15329 lb

Contact Area of a Single Wheel A 1.699 ft2A w l

Length of Contact Area of Wheel (Ref. 3)l 1.06 ft

l 6.4 1in
IM
100









Load Factor (Ref. 3) 1.50

Width of Contact Area of Wheel (Ref. 3)w 1.597 ftw
P

0.8


Maximum Load per Wheel on Front AxleP 15329 lbP
Wfront

2


Maximum Load on Front AxleWfront 30658 lb

Wfront Wf Wp

Payload Wp 12082lb

Rear Axle WeightWr 24619lb

Front Axle WeightWf 18576lb

Wheel Loader Operating WeightWo 43195lb

Static Applied Stress Calculation - Wheel Loader (See Attachment 3):
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Dynamic Applied Stress Calculation - Wheel Loader (Ref. 3):

DE 0 Embedment Depth of Applied Load

IM 33 1 0.125 DE 

Dynamic Load Allowance for Drainage Net 
(Additional Percentage of Static Response Applied at Grade)IM 33

d
IM
100

s

Additional Allowable Dynamic Load
d 2.98 ksf

T s d
Static plus Dynamic Applied Load at Grade 
from the Wheel Loader

T 12 ksf
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MEMORANDUM 
 
Date: August 5, 2013 
To: Office 
From: Matthew Goff 
Re: EE Memo 9 – Pile Supported MMC & HMS above Dock Street Bulkhead 

Exelon Building & Plaza Garage, Baltimore, MD 
File: 11896A-40 
  
 
This memorandum summarizes the design and analysis of the pile supported platform, which supports 
the HMS and MMC along Dock Street. 
 
Exhibits 
Sketch 1 Connection of Concrete Slab to Existing Vault 
Sketch 2 Retaining Wall Cross Section 
 
Available Information 

1. Drawing DDP F1.40 – Foundation Plan 
2. Drawing DDP F1.42 – Foundation Partial Plan 
3. Drawing DDP F1.52 – Foundation Details and Sections 
4. Drawing 1000C – General Plan 
5. Drawing 1001C – Bulkhead Type A Plans and Sections 
6. Drawing 1002C – Bulkhead Types B and C Plans and Sections 

 
Pile-Supported MMC & HMS 
The multimedia cap (MMC) and head maintenance system (HMS) components are supported by a 
structural system consisting of a two-way concrete slab supported on steel pipe piles.  The purpose of 
the structure is to support the MMC and HMS, and to prevent settlement of the street and utilities caused 
by potential deterioration of the bulkhead and the proposed raised grades along Dock St.  The limits of 
the pile-supported Dock St. platform extend from the sheet pile barrier wall along Wills St. at MJ1, to 
the west side of Vault V-11, shown on Drawings DDP-F1.40 and DDP-F1.42. 
 
The pile supported platform is proposed both due to the presence of an existing timber bulkhead located 
below existing grade along Dock St. and the presence of compressible clay west of Vault V-12.  The 
estimated settlement under development fill is addressed in EE Memo 1.  The timber frame of the 
existing bulkhead consists of a timber headwall, which is supported by timber tiebacks anchored to 
timber deadmen and timber piles.  The headwall, granite block headwall, and deadmen are oriented in 
the east-west direction and the tiebacks are oriented in the north-south direction.  The existing timber 
tiebacks and deadmen are located at approx. Elev. +1 to Elev. 0.  The existing timber bulkhead is 
presumed to be in poor condition and further deterioration could lead to settlement of overlying 
structures.  The location of the existing timber bulkhead is based on a 1989 survey performed by 
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Greenhorne and O’Mara and is shown on Drawing Nos. 1000C, 1001C, and 1002C.  The existing timber 
deadmen below the pile-supported slab are also shown on Drawing DDP-F1.42. 
 
In addition to the structural system, the pile-supported MMC also consists of a protective 6” concrete 
slab over synthetic layers that extend across the top of the structural slab.  At the existing soil-bentonite 
barrier wall, the new “sheet pile barrier” is extended into the concrete slab to support the platform and to 
create a seal between the platform and the barrier.  To the south of the pile-supported concrete slab, the 
synthetic layers at the top of the structural slab (Elev. +8.5) are sealed to synthetic layers of the existing 
MMC (Elev. +8) (Valley Drain).  The process of connecting the two sets of synthetic layers is shown on 
Drawings DDP-F1.21 through DDP-F1.24. 
 
Design of Structural System 
The structural system is designed to support traffic loading, the HMS vaults, the protective slab, the 
concrete retaining walls, and the soil above the structural slab.  The vehicle live load is assumed to be a 
uniform distributed load of 250 psf.  This design live load is taken from Table 4-1 “Minimum Uniformly 
Distributed Live Loads” of ASCE 7-05 for sidewalks and vehicle driveways subject to trucking.  The 
proposed roadway elevation above the pile-supported slab ranges from approx. Elev. +14 at Wills St. 
and Dock St. to approx. Elev. +19 at Dock St. and Point St. 
 
Two design sections were chosen for the pile-supported concrete slab design.  Design Section 1 (DS-1) 
has a proposed street elevation of Elev. +19 and Design Section 2 (DS-2) has a proposed elevation of 
Elev. +15.  DS-1 is used for design of the pile-supported slab to the west of column line C and DS-2 is 
used to the east of column line C.  The structural elements of the pile-supported slab were designed for 
the retained and supported soil from these two design sections.  These structural elements consist of the 
two-way concrete slab, concrete retaining wall, and steel pipe piles. 
 
The structural concrete slab is 18” thick with a top elevation of Elev. +8.5.  It is designed as a two-way 
slab that spans between steel pipe piles in both the north-south and east-west directions.  Sections are 
shown on Drawing DDP-F1.53. 
 
In addition to supporting the roadway loading and soil weight, the structural slab supports the HMS 
components.  The caisson HMS pipes are supported on hanger rods embedded into the slab.  Refer to 
DDP-EN1.01 for additional information on the HMS hanger supports. 
 
The two-way slab (without girders) should largely be constructed above the MMC synthetic layers.  
During construction, it is likely that obstructions (primarily elements of the existing timber bulkhead) 
may be encountered while installing the steel pipe piles.  With the two-way slab, the pipe piles can be 
relocated two feet in any direction to avoid obstructions if the location of adjacent pipe piles is not 
altered. 
  
In addition to supporting the soil and vehicle loading, the two-way slab is also designed to support vaults 
V-11 and V-12 and the manhole at the intersection of Dock St. and Wills St.  The vaults and manhole 
are connected with dowels to the two-way slab along all four sides of the structure.  The typical 
connection between the vaults and two-way concrete slab is shown on Sketch 1. 
 
In the area of DS-1 near the intersection of Dock St. and Point St., the piles and structural slab also 
support the concrete retaining wall.  The retaining wall runs along the northern edge of the pile-
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supported slab, and then turns south at Point St. and extends over the top of the structural slab.  The 
retaining wall then turns east along the southern edge of the pile-supported slab and follows the face of 
the Exelon buildings.  The location of the retaining walls is shown on Drawings DDP-F1.40 and DDP-
F1.42.  A section through the western retaining wall looking north is shown on Sketch 2. 
 
The retaining wall along the face of the building to the south extends upward from the pile-supported 
structural slab to the base slab of the building.  This wall retains soil from above the pile-supported slab 
to below the building slab to the south.  The wall extends along the face of the building up to the point 
where proposed grade and existing grade at the face of the building are the same. 
 
The cantilever retaining walls are designed to laterally support the soil fill under the proposed roadway 
and vehicle surcharge.  The top of the wall extends to the elevation of proposed grade.  At its tallest 
section, the wall extends from the top of structural slab at Elev. +8.5 to proposed grade at Elev. +19.  
The wall dimensions taper from 2’-0” at the bottom to 1’-6” at the top.  The base moment and shear 
from the lateral pressure on the wall are transferred into the two-way slab below the wall.  The two-way 
slab distributes the lateral and vertical load to the piles.   
 
Steel pipe piles support the two-way concrete slab.  The pipe piles are 16” in diameter and provide 
adequate capacity for the loading of both design sections.  In order to reduce the number of pipe piles 
and the size of the concrete slab, the sheet pile wall in the S-B barrier wall was designed as an additional 
support for the slab.  Utilizing the sheet pile wall as a support location eliminates a row of pipe piles. 
 
The north-south spacing and location of the steel pipe piles have been specifically selected to avoid 
conflict with the existing timber bulkhead and damage to the existing HMS.  Pile locations may need to 
be shifted east-west to avoid timber tiebacks which are at approximately 8-ft spacing.  To prevent 
excessive pile driving damage to the existing HMS conduits, a clearance of 3’ is maintained from the 
outside edge of the HMS conduits to the rows of pipe piles. 
 
The locations of the existing timber bulkhead were ascertained from the 1989 Greenhorne and O’Mara 
survey.  The timber headwall and deadmen locations of Bulkhead Type A and Bulkhead Types B and C 
have been taken from this survey and are shown on Drawing DDP-F1.42.  However, the exact locations 
of the timber tiebacks are not known from the 1989 survey information.  The tiebacks are shown to be 
spaced at 8’ +/-.  To avoid conflict with the existing timber tiebacks and deadmen, the pipe piles have 
been placed in the open bays between the rows of timber deadmen and spaced at intervals of 8’ and 16’ 
on center.  Once the location of an existing timber tieback is determined by probing, this spacing and 
arrangement should allow for the pipe piles to be installed in these open bays with minimal obstructions 
encountered. 

 
 
 

                 By:______________________________       
Matthew Goff 
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Memorandum 

 

Environmental 
Resources 
Management  

200 Harry S. Truman 
Parkway, Suite 400 
Annapolis, MD  21401 
(410) 266-0006 
(410) 266-8912 (fax) 

 

To: Adam Dyer 
Geotechnical Engineer 

Company: Mueser Rutledge Consulting Engineers 

From: Spencer Pierini 

File number: 0166008 

Date: June 18, 2013 

Subject: Engineering Evaluation Memorandum No. 8 

REPLACE GAS FIRED UNIT HEATER WITH ELECTIC HEATERS: 

Gas fired unit heaters UHG-201,201&203 will be replaced by equivalent 
electric powered units to maintain the thermal conditions within the tank 
room.  The three existing gas fired heaters consist of two units that are 
rated at 45,600 BTUH and one at 33,200 BTUH.  Replacement electric 
powered unit heaters shall be sized as follows: two (2) at 15kW and one 
(1) at 7.5kW.  Each unit heater shall have an integral adjustable thermostat 
and disconnect switch.  Contractor shall source electrical power from the 
adjacent electric room and install the power feed in accordance with NEC. 
The cut sheets for the proposed heaters are attached. 

INSTALL FAN TEMPORARILY TO MAINTAIN POSITIVE PRESSURE: 

A filtered air supply fan shall be installed in the electric room to filter the 
air delivered to the room to eliminate the potential for dust intrusion from 
construction activities and positively pressurize the room.  The fan filter 
unit is sized at 1750 CFM and intended to operate continuously.  The fan 
filter shall be ceiling hung on vibration isolators and positioned such that 
the filter section is accessible for filter changes.    Contractor shall source 
electrical power from the adjacent electric room and install the power feed 
in accordance with NEC and provide a disconnect switch at the unit.   The 
cut sheets for the proposed fan are attached. 

INSTALL PERMANENT EXHAUST FAN AND LOUVERS: 

The existing Exhaust Fans EF-201, and EF-202 that are rated for 1,850 cfm 
each (3,700 cfm total), will be replaced with a single exhaust fan with 
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acoustical louver capable of 3,700 cfm as detailed on sheet M4.07.  The 
exhaust fan motor will have a nominal rating of 208 volts, 3 phase, 60 HZ.  
 
A new intake louver will also be installed to replace the existing intake 
louver L-201.  The new intake louver will be sized to accommodate the 
proposed 3,700 cfm exhaust fan.  The electrical/mechanical, and storage 
room along with the new office space will be supplied with conditioned 
air system with air return.  The cut sheets for the proposed exhaust fan 
and acoustical louver will be provided by the MEP Contractor.  All 
existing exhaust fans and intake louvers will be demolished and restored 
in accordance with architectural plans.   

PUMP SIZE FOR SUMP PUMP: 

The existing pump shall be relocated to the new sump at the new loading 
dock area.  The existing submersible centrifugal pump has 2-inch 
discharge and is driven by 0.5 HP, submersible motor with a nominal 
rating 208 volts, 3-phase, 60 HZ, 3,500 RPM. The existing pump has the 
capacity to deliver 40 GPM flow at 30 feet of total dynamic head. 

The pump at the new sump will be installed at the same elevation as it is 
in the existing sump (existing sump floor elevation 11 feet and new sump 
floor elevation approximately 10.5 feet). The discharge at the tank will be 
at the same elevation. Therefore, the elevation head will not change.  The 
frictional head loss in piping will be less than existing because of reduced 
pipe length. The pipe size and material will be similar to existing (2-inch 
rigid PVC).  The total dynamic head would be slightly less than existing 
because of less frictional head loss. Thus, the existing pump is sufficiently 
sized to transfer sump water into the tank inside tank room.  
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