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August 1, 2006 STRUGTURAL ENGINEERING

Michael D. Weeks, P.E., P.S.
TranSystems Corporation AUG 10 2008
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Dublin, Ohio 43017
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Mt l:1:3| pAG T JCR O |

Re: MSE Wall Evaluations AD O ss O Js O FiEL]

823 over Shumway Hollow Road
SCI-823-0.00 Portsmouth Bypass
DLZ Job No.: 0121-3070.03
Document # 0018

Dear Mr. Weeks:

This letter includes the findings of evaluations of mechanically stabilized earth (MSE) retaining
walls on the above-referenced project. The findings included in this letter pertain to the MSE
walls at the interchange of proposed SR 823 and Shumway Hollow Road. The findings of other
MSE wall evaluations will be submitted in separate documents.

It should be noted that the results of these evaluations are based upon the findings of four final
and three preliminary structural borings. Borings B-1 through B-4 were drilled for a final bridge
plan, essentially consisting of proposed SR 823 passing over a realigned Shumway Hollow
Road. The preliminary borings were drilled for a different design, where Shumway Hollow
Road passed over proposed SR 823. Due to the change in the design, borings B-1 through B-4
are considered most representative of soils in the area of the currently proposed structures.
Boring logs for borings TR-24 through TR-26 and B-1 through B-4 are attached.

An MSE retaining wall essentially consists of good quality backfill material with layers of metal
or plastic reinforcing that are attached to concrete facing panels. The MSE wall and associated
backfill should be constructed in accordance with the specifications of the manufacturer of the
MSE wall.

At the time this letter was prepared, it was understood that the plan location of the bridge
structure for proposed SR 823 over Shumway Hollow Road has not changed from the approved
location, shown on the attached plan and profile sheet. It is understood that MSE walls will be
placed at approximate stations 383+75 and 384-+69 to contain the abutments and hold back the
roadway embankment for proposed SR 823. Based upon cross-sections and profile information
along proposed Shumway Hollow Road, it is assumed that the maximum height of the MSE wall
at station 384+69 (Forward Abutment) will be approximately 29.0 feet high. This height is
based upon the maximum difference between the proposed grade, and the approximate existing
grade along realigned Shumway Hollow Road. See attached cross-section drawing.

6121 Huntley Road » Columbus, Ohio 43229-1003 « (614) 888-0040 » FAX (614} 848-6712
With Offices Throughout The Midwest
www.dlz.com
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A global stability analysis and bearing capacity analysis were performed for the MSE walls at
this bridge location in accordance with ODOT and AASHTO guidelines. The MSE walls were
also analyzed for sliding, overturning, and settlement. At the time this letter was prepared, it was
understood that piles will be used at this site to support the bridge abutments. If the foundation
type should change, DLZ should be informed so that the analyses may be revised as necessary.

Calculations for bearing capacity, sliding, and overturning as well as the results of the global
stability analyses are attached. Other external and internal stability analyses are required for the
design of an MSE wall, but are considered outside the scope of this report. The parameters
required to perform the stability analyses are presented below.

In accordance with ODOT guidelines, a unit weight of 120 pcf and a friction angle of 34 degrees
were selected for the backfill material in the reinforced zone. Similarly, the fill material used to
construct the roadway embankments is assumed to have a unit weight of 120 pcf and a friction
angle of 30 degrees. If the embankment fill material or backfill material for the reinforcing zone
has properties significantly different from these values, DLZ should be informed so that the
analyses may be revised as necessary.

Due to similarities in the soils encountered at this location, the results of the analyses of the MSE
wall at the forward abutment are considered representative of both walls at this site. In general,

boring B-1 was found to have the most critical subsurface profile in the area of the proposed
MSE walls.

MSE Wall Evaluation at Station 383+75 (Rear Abutment) and Station 384+69
(Forward Abutment)

In the area of the proposed MSE walls, boring B-1 generally encountered 5 inches of
topsoil at the surface. Below the topsoil layer, primarily very stiff silt (A-4b) was
encountered to a depth of 4.0 feet below ground surface. Below 4.0 feet, primarily stiff
to very stiff clay (A-7-6) was encountered to a depth of approximately 21.5 feet below
ground surface. Below 21.5 feet, primarily loose fine sand (A-3) was encountered to a
depth of approximately 37.5 feet, at the top of bedrock. Underlying the soil, this boring
encountered hard, slightly to moderately weathered sandstone to the bottom of the boring,
at a depth of 42.5 feet.

The MSE walls at the rear and forward abutments are assumed to have a maximum
height of approximately 29.0 feet. However, in the area of the most critical soil profile,
boring B-1, the height of the MSE wall is assumed to be approximately 27.6 feet. Based
upon stability and AASHTO guidelines, the minimum required embedment depth for this
wall is three feet. The required length of the reinforcing straps was found to be 0.9 times
the total height plus the embedment depth, or 28.8 feet.
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The MSE walls were analyzed at this location for global stability. The results yielded
acceptable factors of safety for global stability. See attached drawing illustrating the
results of the global stability analyses. The wall was also analyzed for bearing capacity
and stability (sliding and overturning). The calculations for stability yielded factors of
safety above the minimum recommended values. The drained bearing capacity
calculation also yielded an acceptable factor of safety. However, the factor of safety for
the undrained bearing capacity was calculated to be 2.2, slightly below the recommended
minimum value of 2.5. Consequently, additional analyses were undertaken to evaluate
possible remedies to this low factor of safety for undrained bearing capacity. A five-foot
undercut and replacement with compacted granular fill was considered. This analysis did
not achieve the minimum recommended factor of safety.

Next, UTEXAS3 was utilized to evaluate the bearing capacity of the MSE wall.
UTEXAS3 is a computer program that can be used to evaluate several types of global
stability failure modes. If the problem is modeled so the failure surface passes through
the TOE of the MSE wall volume, this analysis can be said to be analyzing a global
stability failure mode that is essentially a bearing capacity failure. Using this type of
model for the MSE walls at SR 823 over Shumway Hollow Road, the factor of safety for
undrained bearing capacity of the full height wall was calculated to be 2.3. Additionally,
an analysis was performed to determine the maximum allowable staged construction
height to achieve a minimum factor of safety for undrained bearing capacity. This
analysis resulted in a maximum allowable staged height of 25 feet, with a factor of safety
of 2.5. It was determined that a waiting period of approximately 44 days will be required
before placing the additional 4 feet of fill to complete the full height MSE walls. The
waiting period will allow excess pore water pressures to dissipate enough to
accommodate the additional loading of the embankment fill while maintaining a factor of
safety of 2.5. Due to variations in the clay layer, the actual required waiting period may
be shorter or longer than anticipated. It is recommended that piezometers be installed in
the clay layer to monitor the excess pore water pressures that will develop durmg
construction and ensure that a critical pore water pressure is not exceeded. . i .3

The total maximum settlement of the MSE wall volumes at this location was estimated to
be approximately 8 inches at the centerline of the wall. Of the total of 8 inches,
approximately 1 inch will occur instantaneously in the sand and gravel layers. Settlement
was calculated using the computer program EMBANK, using the “end of fill” option to
model the non-continuous embankments. Differential settlement at this location was
estimated to be approximately 0.3%. MSE retaining walls are able to withstand relatively

large amounts of differential settlement, typically up to 100 millimeters per 10 meters of
wall length (1/100).
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Time-rate of consolidation calculations have indicated that approximately 234 days will
be required to achieve 90 percent consolidation of foundational soils without using wick
drains or other methods. This calculation is based upon the coefficient of vertical
consolidation. It should be noted that the clay layer was observed to be varved
(containing thin silt and fine sand layers); however, without the use of wick drains, the
horizontal drainage path to relieve pore pressures will be very long. The use of a higher
coefficient of consolidation to model the horizontal drainage relies on the assumption that
these layers are continuous throughout the embankment area. Due to variations in the
soil profile under the proposed MSE wall area, this would not be a reasonable
assumption. If the previously mentioned consolidation period is too long, the use of wick
drains or other methods may be explored to accelerate the consolidation of foundation
soils. These alternatives can be evaluated for this site upon request.

Calculations for bearing capacity, overturning, sliding, and settlement are attached for the MSE

wall at

the forward abutment. A drawing showing the results of the global stability analyses is

also attached. Also, a summary of soil properties, summary of the results of calculations, and
results of global stability analyses are attached.

We appreciate having the opportunity to be of service to you on this project. Please do not
hesitate to call if you have any questions concerning our preliminary findings.

Respectfully submitted,

DLZ OHIO, INC.

Z. 7%,

Steven J. Riedy
Geotechnical Engineer

Waw;‘/? 4. Ldore/

Dorothy A. Adams, M.S.C.E., P.E.
Senior Geotechnical Engineer

Encl: As noted

cc: file

M:\proji0121\3070.03\Stability Analyses\Documents\MSE Wall letters\07 Shumway Hollow Road\Fina\MSE Wall Findings - Shumway Hollow
Rd 08-01-06 SIR.doc
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Soil Parameters Used in MSE Wall Stability Analyses

Shumway Hollow Road
. . Strength Parameters
Zone Soil Type | UMt Weight ™ {ngrained Drained
(pef) : .
c ¢ ¢ ¢
Reinforced Fill | Compacted 120 0 |34 | o | 34
Granular Fill
Compacted
Retained Soil Embankment 120 0 30 0 30
Fill
Foundation Soil
(Rezrbﬁfnzgf:;’a‘d Stiff Clay 120 2000 0 | 0 | 28
(Boring B-1)

MSE Retaining Wall Parameters and Analyses Results
Portsmouth — Minford Road (Rear and Forward Abutments)
Analysis Based on Boring B-1

Retained Soil (New Embankment)

Unit Weight = 120 pcf

Coefficient of Active Earth Pressure (K;) =0.33
(Based on ¢'=30%)

Sliding along base of MSE wall
Sliding Coefficient (£L}(0.67) = tan 28°(0.67) = 0.36
Use (££)(0.67) =0.35 as a maximum value as per AASHTO, BDM,303.4.1.1

Allowable Bearing Capacity — Undrained Condition
Qan = 4255 psf

For MSE wall with minimum 28.8-foot long reinforcing

Allowable Bearing Capacity — Drained Condition
Jal = 5,513 pSf

For MSE wall with minimum 28.8-foot long reinforcing

Global Stability
Factor of Safety — Undrained Condition = 2.3

Factor of Safety — Drained Condition = 1.7
Factor of Safety — Seismic Condition = 1.6

Estimated Settlement of MSE volume
Total settlement = 8 inches
Differential settlement = 0.3% < 1/100

Maximum Full Height of MSE Wall = 29.0 feet
Minimum Embedment Depth = 3.0 feet
Minimum Length of Reinforcement for External Stability = 28.8 feet
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's'.v‘_'g.; SUBJECT Client  TranSystems CDOT D-9 JOB NUMBER 0121-3070.03
NG } Project  SCI 823-0.00 Portsmouth Bypass SHEET NO. / OF

—

ltem MSE Wall Stability - Forward Abutment COMP. BY SR DATE  07/27/06
823 over Shumway Hollow Road CHECKED BY %M,__ DATE 8[_!/_@6__
Based on Boring B-1
STABILITY OF MSE WALL
Assumptions: Wall Properties Foundational Soil Properties

1 Estimated height of embankment; H=30.6' {Full Height) HeD = 32 feet c = 2000 psf Cohesion

2 It is assumed that the bridge is supported on piles Yose = 120 pef ¢ = 28 deg Friction angle

3 Ground water: Dw=0.0' L = 288 feet @y = 240 psf  Traffic loading

4 Traffic Ioading Is neglected in resisting forces Lfactor = 090 Length factor-range (0.7 - 1.0)

5 0 = .30 .deg  Friction Angle of Embankment Fill

RESISTANCE AGAINST SLIDING.ALONG BASE

1 TRAFFIC LOADING
Thrust: P, =K"[E}H2 +a)THi|
p ] i A
where;, K =tan’ 45-L) K, = 0.33 i
o -
2 EMBANKMENT [ |
P, = 22,810  1bs per foot of wall FILL /! RENFORGED
ZoNE
- H
J" !
Resistance: P, =W (0.67fu) (Drained) T ——»
P ]
_—.'1’
where; A = tan(@) 06714 = 036 /
0.6714 Max.= - 035 f[AASHTO, Bridge Design Manual, 303.4.1.1) ," ; }
P, = 38,707  |bs per foot of wall ¢ . ORNE]
USE THIS VALUE ? °
w
L i
P = L(C ) {(Undrained)
P, = 57,600  lbs per foot of wall
Use Drained Value
p Calculated Required Resistance Against Sliding is
FS == FS = L70 FS = 150
RESISTANCE AGAINST OVERTURNING
* Summation of Moments about point "O" (base of wall).
* Traffic loading is neglected in resisting forces
zNfrf."i'tin = 1,592,525 lb-ft M _ L L
sisting ’ + resisting — W —2—
- . 1 H
SMowruming = 256819 Ib-ft M, = K“[E}HZ(FJ ‘o H[ % H
SM Calculated Required Resistance Against Overturning is
FS = TR FS =0 620 FS = 200
M

enverienin &




oy SUBJECT Client  TranSystems JOBNUMBER 0121-3070.03
“”DI z ’ Project SCI823-0.00 Portsmoth Bypass SHEET NO. Z2_OF _ ¥

B ltem Bearing Capacity - Forward Abutment Location COMP. BY SJR DATE  7/27/06
ﬂ 823 Over Shumway Hllow Road, Based an B-1 CHECKEDBY —{y\f DATE ¢ /_, |06
BEARING CAPACITY OF A MSE WALL
( Ref: {AASHTO; STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES, 17th Edition, 2002}
) Soll Properties
[ TRAFFIC LOADING
IR Yems = 120 pcf Unit weight Embankment fill
]— LI‘_ | : g = 30 deg. Friction ang. Embankment fill
\_J EMBANKMENT EI.E_ i é YrON = 120 pef Unit weight Foundation soil
FILL. ,f’-..g_- > ZFOZ ? % c = 2000 psf Cohesion Foundation soil
i e
D . r’:‘j_‘: g H ) = 0 deg.  Frictionang. Foundation soil
/o __i___ E ¢ = 0 psf Cohesion Foundation soil
r P ——-':‘,f e é ' = 28 deg.  Frictionang.  Foundation soil
- — |
r > \F Li s 1\ ; ;fr Loads and Parameters
u‘ o | D
e an = 240 psf Traffic loading
L w L=B = 28.8 ft Length of MSE reinforcement
L L factor = 0.9 Length factor-range (0.7 - 1.0)
D Effective Bearing Pressure D = ft Embedment depth
l W W, Dw = o fi Groundwater depth
i R Ty = 4,812 psf H+D = 32 ft
L H = 28 ft Height of wall
Ultimate undrained bearing capacity, g ., Ka = 0.33
l: 1 M Pa = 10667 ft Moment arm
Qyir=cN.+0' Nq' +EVBM Qur = 10,453 psf Fwt = 16 ft Moment arm
[} duir B' = 24,42 ft
{ o Gan="pgg Qe = 4,181 psf 7' = 516 pef
- W, 6,912  Ib/ft of wall Weight from traffic
(‘S Factor of Safety = 2.17 No Good Woe = 110,592 1b/ft of wall Weight from MSE wall
U Ultimate drained bearing capacity. g .» Bearing Capacity Factors for Equations (AASHTO)
l Undrained Drained
b Gua=NAT N 2o VBN, o 14303 per N, 5.14 Ne 25.80
L} ) N 1.00 N 14.72
s, = T0LT due = 5721 psf N, 0.00 N 1672
g FS
I
Factor of Safety = 2,97 OK Eccentricity of Resultant Force Kern
U e = 219 ft e<l/6 = 480 ft

MSE-BearingCapacity-MSE Forward Abutment [MSE non-coped) 7/31/2006 - 2:55 PM
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SH MSE

UAAAAA ONE DIMENSIONAL SETTLEMENT ANALYSIS/Federal Highway Administration AAAAA¢
INCREMENT OF STRESSES BENEATH THE END OF FILL CONDITION

3 3
! Project Name ! SCI-823 Client : TranSystems 3
° File Name : SH MSE Project Manager : Nix :
* pate 1 7/27/10 Computed by : SIR  checked DAL :
3 3
: settlement for X-Direction 3
3
* Embank. slope, x direc. = 55.20 (ft) Height of fill H = 27.60 (ft) 3
3 y direc., = 55.20 (ft) unit weight of fi11 = 120.00 (pcf) 3
3 Embankment top w1dth = 90.00 (ft) p load/unit area = 3312.00 (psf) =2
® gmbankment bottom width = 200.40 (ft) Foundation Elev. = §70.00 (ft) 3
* Ground surface Elev. = 673.00 (ft) 3
? water table Elev. = 665.00 (ft) Unit weight of Wat., = 62.40 (pcf) :
3 3
3 LAYER COEFFICIENT UNIT SPECIFIC VOID 3
3 TYPE THICK. COMP, RECOMP. SWELL. WEIGHT GRAVITY RATIO 3
: (fo (pct) :
3 1 IncowmP., 3.0 @ -——--- -—--——  —eme- 120.00 -—— —_—— 3
3 2 COMP. 11 5 0.210 0.100 0.000 119.00 2.65 0.95 3
3 3 COMP. 7.0 0.044 0.044 0,000 115.00 2.65 1.00 3
2 4 COMP. 9.0 0.044 0.044 0.000 120.00 2.65 1.00 :
3 SUBLAYER SOIL STRESSES 3
3 N§. THICK. ELEV. INITIAL MAX.PAST PRESS. 3
: (ftd (fo (pst) (pst :
2 1 INCOMP. 3
3 2 11.50 664.25 997.45 997 .45 3
3 3 7.00 655.00 1507.00 1507.00 3
: 4 9.00 647.00 1950.30 1950.30 :
3 k]
3 3
3 X = 0.00 X = 10.00 X = 20.00 X = 30.00 3
! Layer sStress sSett, Stress Sett, Stress Ssett. Stress Sett. 3
: (psf)  (in.) (psf) (in.) (pst) (in.) (psf) (in.) :
3 1 INCOMP. INCOMP. INCOMP. INCOMP. 3
3 2 50.61 0.32 311.04 1.75 612.10 3.09 913.88 4,20 2
3 3 138.79 0.07 345.73 0.17 615.98 0.28 901.33 0.38 3
: 4 206.97 0.10 392.19 0.19 632.28 0.29 892.53 0.39 :
g 0.49 2.11 3.6 4.96 3
3
3 3
3 X = 40.00 X = 50.00 X = 60.00 X = 70.00 3
® Layer Stress Sett. Stress Sett. Stress Sett Stress Sett. 3
: (pst) (in.) (psf)  (in.) (psf)  (in.) (psf)  (in.) :
3 1 INCOMP. INCOMP. INCOMP. TINCOMP. 3
3 2 1214.24 5.14 1505.79 5.94 1660.96 6.33 1671.92 6.35 3
3 3 1182.09 0.46 1429.63 0.54 1580.83 0.58 1633.03 0.59 3
: 4 1146.38 0.48 1363.89 0.55 1511.08 0.59 1585.79 0.61 :
3 6.08 7.02 7.49 7.56 :
3
Page 1
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X = 80.00
Layer Stress Sgtt.
(psf)  (in.)

1673.38 6.36
1648.65 0.59
1618.14 0.62
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INCOMP. INCOMP.

X = 90.00
stress Sett,
(psf) (in.)

INCOMP.

1673.77 6.36
1653.87 0.59
1631.29 0.63

SH MSE

X =
Stress
(psf)

1673.86
1655.21
1634.95

100.00
Sett.
{(in.)
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CONSOLIDATION TEST REPORT
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MATERIAL DESCRIPTION
Lean clay
Project No. 0121- Client: TranSystems, Inc. Remarks:.
Project: SCI-823-0.00 Specific Gravity= 2.74
Source: B-1 Sample No.: P-3 Elev./Depth: 18.0
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Dial Reading vs. Time

Project No.: 0121-3070.03
Project: SCI-823-0.00
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Dial Reading vs. Time
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Project No.: 0121-3070.03
Project: SCI-823-0.00

Source: B-1

Dial Reading vs. Time

Sample No.: P-3

Elev./Depth: 18.0
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Dial Reading vs. Time

Project No.: 0121-3070.03
Project: SCI-823-0.00
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CONSOLIDATION TEST REPORT
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Saturation | Moisture {pcf) P Ratio
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‘MATERIAL DESCRIPTION
Project No, 0121- Client: TranSystemns, Inc. Remarks:
Project: SCI-823-0.00 Specific Gravity=2.81
Source: B-2 Sample No.: P-2B Elev./Depth: 12.5
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Dial Reading vs. Time
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SWELL/CONSOLIDATION TEST DATA

}

[plient: TranSystems, Inc.
Project: SCI-823-0.00

~Project Number: 0121-3070.03

g

Sample Data

gource: B-2
-Sample No.: P-1

Elev. or Depth: 6.0 Sample Length(in./cm.}: 24
Pocation:
Description: Fat clay
Licquid Limit: 67 Plasticity Index: 40
Uyscs: CH AASHTO: A-7-6(47 Figure No.:
_Testing Remarks: Specific Gravity= 2.72
[} . Test Specimen Data
TOTAL SAMPLE BEFORE TEST AFTER TEST
Wet w+t = 299.62 g. Consolidometer # = 5  Wet w+t = 180.72 g.
[Pry w+t = 251.16 g. Dry w+t = 156.53 g.
Tare Wt. = 62.40 g. Spec. Gravity = 2.72 Tare Wt. = 60.26 g.
Height = .75 in. Height = .75 in.
Diameter = 2.50 in. Diameter = 2.50 in.
Weight = 120.64 g. Defl. Table = n/a
EMoisture = 25.7 % : Ht. Solids = 0.4387 in. Moisture = 25.1 % -
Wet Den. = 124.8 pcf Dry Wt. = 96,00 g.* Dry Wt. = 96.27 g.
Dry Den. = 99.3 pcf Void Ratio = 0.709 Void Ratio = 0.568
1 Saturation = 98.4 %
* Initial dry weight used in calculations
End-of-Load Summary
_ Pressure Final Machine Cy Ca. Void % Compression
(psE) pDial (in.) Defl. (in.) (ft.2/day) Ratio /8well
Ll start -0.38112 . 0.708
500000 -0.40796 0.00600 0.01 0.771 3.6 Swell
711000009 -0.402%90 0.00000 0.48 0.759 2.9 Swell
2000000 -0.391867 0.00000 0.02 0.002 0.733 1.4 Swell
4000000 -0.37832 0.00000 0.05 0.703 0.4 Comprs.
8000000 -0.36112 0.00000 0.04 0.001 0.664 2.7 Comprs.
_jGOOOOOO -0.34233 0.00000 0.08 0.002 0.621 5.2 Comprs.
32000000 -0.32088 0.00000 0.08 0.002 0.572 8.0 Comprs.
6000000 -0.33042 0.00000 0.554 6.8 Comprs.
[JBOOOOOO -0.34194 0.00000 0.06 0.620 5.2 Comprs.
3 4000000 -0.35433 0.00000 0.02 0.648 3.6 Comprs.
- _..2000000 -0.36705 0.00000 0.01 0.000 0.677 1.9 Comprs.
| LJlOOOOOO -0.37830 0.00000 2.61 0.705 0.2 Comprs.
500000 -0.39222 0.00000 0.00 0.735 1.5 Swell

.
.
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Pressure Final Machine c Ca. Void % Compression

v

(ps£) Dial (in.) Defl. (in.) (ft.2/day) Ratio - /8well

1000000 -0.38786 0.000090 0.01 0.725 0.9 Swell
~2000000 -0.37784 0.00000 0.004 0.702 0.4 Comprs.
4000000 ~-0.36724 0.00000 0.01 ' 0.678 - 1.9 Comprs.
8000000 -0.35240 0.00000 0.05 0.002 0.644 - 3.8 Comprs.
-/6000000 -0.33675 0.00000 0.08 0.002 0.608 5.9 Comprs.
$12000000 -0.31900 0.00000 0.09 0.001 0.568 8.3 Comprs.

[Lc = 0.16 P = 2792612 psf Cp = 0.09

—Pressure: 500000 psf TEST READINGS 5 ~ Load No. 1
" No. Elapsed bial No. Elapsed Dial - 372 pmr S0 8EQ _
— - Time Reading Time Reading -.276 . s
1 0.00 -0.38112 11 64.12  -0.39645 300 g R 1
- 2 0.18 -0.38106 12 124.12  -0.40034 e Wik I
3 0.35 -0.38105 13 244.12  -0.40361 e S|
4 0.60 -0.38099 14  424.12  -0.40531 - 396 |- i
) 5 1.10 -0.38106 15 664.12  -0.40634 200 = Lm
6 2.10 -0.38218 16 964.12  -0.40727 o U]
1 7 4.10  -0.38432 17 1324.12  -0.40780 - w0 1 A 1 L A W
8 8.10 -0.38637 18  1440.07 -0.40796 S
9 16.10 -0.38924 :
10 32.12  -0.39273
Void Ratio = 0.771 Swell = 3.6 %
Dg = -0.37822 Dgg = -0.39165 D1igg = -0.40508
Cy at 25.5 min. = 0.01 ft.2/day \

{:
Pressure: 1000000 psf TEST READINGS B Load No. 2
[] No. Elapsed Dial No. Elapsed = Dial - 40866 _
Time Reading Time Reading -.40751 X
[: 1 0.00 -0.40795 11 - 32.08 -0.40441 - 40716 n
2 0.08 -0.40791 12 64.10 -0.40411 st | I
3 0.17 -0.40633 13 124.10 -0.40376 sossz -1 i
4 0.33 -0.40596 14 244 .10 -0.40351 - 40416 [ -
[j 5 0.58 -0.40600 15 424 10 -0.40344 - 40341 [ "
6 1.08 -0.405%94 16 664.10 -0.40346 ::xz:: i
, 7 2.08 -0.40580 17 964.10  -0.40332 omne LTI I
{: 8 4.08 ~-0.40548 18 1324.10 -0.40288 )
9 8.08 -0.40532 19 1440.20 -0.40290
10 16.08 -0.4051s6
[] Void Ratio = 0.759 Swell = 2.9 %
Dy = -0.40906 Dgp = -0.40591 D1gg = -0-40277
Cy at 0.6 min. = 0.48 ft.2/day :

— o 2
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Pressure: 2000000 psf TEST READINGS Load No. 3
ﬂ No. Elapsed Dial No. Elapsed Dial - 40190 e E_4EO
Time Reading Time Reading - 40065 [T Hl—r—-
(} 1 0.00 -0.40290 11 32.10 -0.39660 Seced mil A
o2 0.08 -0.40064 12 64.10 -0.39413 Jopontod b
3 0.17 -0.40016 13 124.10 -0.39339 - 39ses A
[} 4 0.33 -0.39981 14 244.10 -0.39285 - 3ss0 |-
5 0.58 -0.39967 15 424.10 -0.39243 - 39325 it
6 1.10 -0.39933 16 664.12  -0.39250 Saeust M 1A
] 7 2.10 -0.39894 17 964.12  -0.39232 jjxﬁﬁTwljs
{J 8 4.10 -0.39880 18 1324.12  -0.39187 o
9 ."8,10  -0.39789 19  1440.27 -0.39167
[} 10 16.10 -0.39727
Void Ratio = 0.733 Swell = 1.4 %
Dg = -0.40136 Dgp = -0.39697 Dygg = -0.3925%7
[] Cy at 16.8 min. = 0.02 ft.2/day Cq = 0.002
Pressure: 4000000 psf TEST READINGS Load No. 4
I_ No. Elapsed Dial No. Elapsed Dial 3970 SO LD _
Time Reading Time Reading + 3905 [HHfw-NEE-L 1
1 0.00 -0.39168 11 32.12  -0.38208 3890 (7 gl I
[: 2 0.07° -0.39043 12 64.12  -0.38020 R Nl I
3 0.17 -0.38827 13 124.12  -0.37968 - 3845 |-+ ki
4 0.33  -0.38787 14 244.12  -0.37906 3830 |- B 1
[j 5 0.58 -0.38742 15 424.12 -0.37876 - 388 i
6 1.10 -0.38705 16 664.13  -0.37865 oo 1 I
7 2.10 -0.38627 17 964.13  -0.37839 srno LML THOR T I
[} 8 4.10 -0.38550 18  1324.13  -0.37830 ' :
9 8.12 -0.38467 19  1440.40  -0.37832
10 16.12  -0.38350
D Void Ratio = 0.703 Compression = 0.4 %
Dg = -0.39214 Dgg = -0.38506 Djgg = -0.37798
D ¢y at 5.2 min. = 0.05 ft.2/day
Pressure: 8000000 psf TEST READINGS Load No. 5
D No. Elapsed Dial No. Elapsed Dial 3746 e S0 4E
Time Reading Time Reading [
1 0.00 -0.37831 11 32.12 -0.36418 3726
[} 2 0.07 -0.37308 12 64.12 -0.36279 ot W T
3 0.17 -0.37249 13 124.12 -0.36232 ~aemn I LL
4 0.33 -0.37205 14 244.12  -0.36183 - 3656 |-THN<+h
[} 5 0.58 -0.37158 15 424.12 -0.36178 - 3642 [~
6 1.10 -0.37103 16 664.13  -0.36148 w3828
7 2.10 -0.36998 17 964.13  -0.36142 - ess I
-1 8 4.10 -0.36899 18 1324.13  -0.36116 R
L} 9 8.10  -0.36749 19  1440.30 -0.36112
10 16.10 -0.36588
U Void Ratio = 0.664 Compression = 2.7 %
Dy = -0.37318 Dgg = -0.36780 Dygp = -0.36242
Cy at 6.1 min. = 0.04 ft.2/day Coq = 0.001

.
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TEST READINGS

Pressure: 16000000 psf Load No. 6
No. Elapsed Dial No. Elapsed Dial -.360 _
: Time Reading Time Reading -.358 ! 1 3
[} 1 0.00 -0.36113 11 32.12 -0.34471 -.356 T 1
o2 0.08 -0.35506 12 64.13  -0.34387 ek hl 1
3 0.17 -0.35394 13 124.13 -0.343456 350 LY
4 0.35 -0.35337 14 244.15  -0.34317 -.3a8 H 1
[] 5 0.60 -0.35302 15 424.15  -0.34308 -.326 . -
6 1.10 -0.35207 16 664.15  -0.34277 o ] I
7 2.10 -0.35081 17 964.15  -0.34256 oL HURLIIANITE
{} 8 4.10 -0.34992 18 1324.17 -0.34231 '
9 8.12 -0.34816 19  1440.08  -0.34233
[j 10 16.12 -0.34631
Void Ratio = 0.621 Compression = 5.2 %
Dg = -0.35542 Dgg = -0.35000 Djgg = -0.34457
[j Cy at 2.9 min. = 0.09 ft.2/day Cq = 0.002
Pressure: 32000000 psf TEST READINGS Load No.
L, No. Elapsed Dial No. Elapsed Dial PV 1 M- I
Time Reading Time Reading nnsjn 4 3
1 0.00 -0.34232 11 32.12  -0.32390 -.333 1 T
[j 2 0.08 -0.33472 12 64.12 -0.32300 e Rl T
3 0.17 -0.33428 13 124.12  -0.32259 o RS ]
4 0.33 -0.33342 14 244.13  -0.32228 SO R N i Sk |
[j 5 0.60 -0.33284 15 424.13  -0.32205 - 323 [~ —1m#-
6 1.10  -0.33181 16 664 .13 -0.32189 =322 T T
7 2.10 -0.33042 17 964.15  -0.32140 o LTI I mim
[} 8 4.10 -0.32893 18 1324.15 -0.32114 e ’
9 8.12 -0.32693 19  1440.45 -0.32098
10 16.12 -0.32503
[] Void Ratio = 0.572 Compression = 8.0 %
Dg = -0.33486 Dgg = -0.322919 Digo = -0.32352
[] Cy at 3.0 min. = 0.08 ft.2/day Co = 0.002
Pressure: 16000000 psE TEST READINGS Load No.
LJ No. Elapsed Dial No. Elapsed Dial - 32383 (T
Time Reading Time Reading -.32458 [
1 0.00 -0.32098 11 32.10 -0.32983 -32833 [
:} 2 0.08 -0.32541 1.2 64.10 -0.33000 R Y]
3 0.17 -0.32592 13 124.10 -0.33002 izvse I
4 0.33 -0.32612 14 244 .12 -0.33028 32833
;} 5 0.58 -0.32666 15 424,12 -0.33057 - 32308 {57
6 1.08 -0.32693 16 664.13  -0.33030 s il
7 2.10 -0.32736 17 964.13 -0.33050 - 33133 Ll
- 8 4.10 -0.32829 18  1324.13 -0.33035
L} 9 8.10 -0.32888 19  1440.33 -0.33042
10 16.10  -0.32944
LJ Void Ratio = 0.5%4 Compression = 6.8 %
DLZ, INC.
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Pressure: 8000000 psf TEST READINGS Load No. 9
1] No. Elapsed Dial No. Elapsed Dial 33069
Time Reading Time Reading -.33194
[} 1 0.00 -0.33042 11 32.13  -0.34020 - 33319
42 0.08 -0.33356 12 64.13  -0.34106 o
3 0.17 -0.33406 13 124.13 -0.34133 - 33694
[] 4 0.33  -0.33437 14 244.13  -0.34171 -.3381
5 0.58 -0.33472 15 424.13  -0.34166 33984 il
6 1.08  -0.33530 16 664.13  -0.34169 e |m“1m"4
7 2.10 -0.33580 17 964.13  -0.34188 - aate HIMAHIA
{] 8 4,10 -0.33663 18  1324.13  -0.34191 '
9 g8.12 -0.33775 19  1440.05  -0.34194
U10 16.12  -0.33925

Void Ratio = 0.620 Compression = 5.2 %

Pressure: 2000000 psf TEST READINGS

Load No. 11

-.3836

[y
&
b

15

Dg = -0.33347 D50 = -0.33712 Djgq = -0.34078
[} ¢y at 4.4 min. = 0.06 ft.2/day
Pressure: 4000000 psf TEST READINGS Load Ne. 10
No. Elapsed Dial No. Elapsed Dial - 34309 £
Time Reading Time Reading nuu4—w"
1 0.00 -0.34194 11 32.13 -0.35109 --34553 [
[] 2 0.08 "  -0.34426 12 64.13  -0.35244 e i
3 0.17 -0.34492 13 124.15 -0.35344 34034
4 0.33 -0.34495 14 244.15 -0.35384 - .3s0ss [FY
{] 5 0.60 -0.34518 15 424,15  -0.35400 -.35184 11
6 1.10  -0.34554 16 664.15 -0.35411 e E Ll
7 2.10 -0.34619 17 964.17 -0.35429 3555 L]
[] 8 4. 12  -0.34683 18 1324.17 -0.35430 -
9 8.12 -0.34794 19  1440.38  -0.35433
10 16.12  -0.34923
[} V01d Ratio = 0.648 Compression = 3.6 %
= -0.34409 D50 = -0.34880 Djygg = -0.35350
[] Cy at 11.4 min. = 0.02 ft.2/day
i

No. Elapsed Dial No. Elapsed Dial
Time Reading Time Reading
1 0.00 -0.35433 11 32.13 . -0.36185
[j 2 0.08 -0.35597 12 64.13 -0.36374
3 0.18 ~-0.35641 13 124.13  -0.36519
4 0.35 -0.35676 14 244,13 -0.36626
(M 5 0.60 -0.35685 15 424.13  -0.36663
L 6 1.10 -0.35713 16 664.13 -0.36659
o7 2.12 -0.35763 17 964.15 -0.36709
8 4.12 -0.35823 18 1324.15 -0.36706
L} 9 8.12 -0.35915 19  1440.28  -0.36705
10 16.12 -0.36046
Void Ratio = 0.677 Compression = 1.2 %
Dy = -0.35596 D50 = -0.36159 Dqgg = -0.36722
¢, at 26.9 min. = 0.01 ft. 2/day Cq = 0.000

.

-.3851
~.3566
-.3581
-.3596
-.3611
-.3626
-.3641
-.3656
- 3671
-.3686 .
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Pressure: 1000000 psi TEST READINGS ~ Load No. 12

No. Elapsed Dial No. Elapsed Dial - 23658
: Time Reading Time Reading nun—li .
(1 1 0.00 -0.36706 11 32.12 - -0.37312 - 3688 [T
o2 0.08 -0.36827 12 64.13  -0.37463 s T
3 0.18 -0.36873 13 124.13  -0.37625 yraa Ll L]
4 0.35 -0.36905 14 244.13  -0.37778 - aran L
5 0.60 -0.36913 15 424,13  -0.37841 3763 -+
6 1.10 -0.36938 16 664.15 -0.37862 R I
7 2.10 -0.36983 17 964.15 -0.37874 'jzxgj 1]
8 4.12  -0.37041 18  1324.15 -0.37915 o
9 g8.12  -0.37102 19  1440.07 -0.37930
10 16.12 -0.37185

Q,

Void Ratio = 0.705 Compreésion = 0.2 %
Dg = -0.36851 Dgp = -0.36846 ° Dqgg = -0.36842
Cy at 0.1 min. = 2.61 ft.2/day

Presgure: 500000 psf TEST READINGS Load No. 13
No. Elapsed Dial No. Elapsed Dial 377 to 4t _
Time Reading . Time Reading -.378 IS W:*
1 0.00 -0.37927 11 32.17 -0.38452 --38 i H
2 0.10 -0.37932 12 64.17 -0.38603 o i §§¢ il
3 0.18 -0.38088 13 124.17 -0.38753 e I ] i
4 0.37 -0.38111 14 244.18 -0.38932 -89 i
5 0.62 -0.38154 15 424.18 -0.39013 -.391 or
6 1.12  -0.38150 16 664.18  -0.39074 o \
7 2.13  -0.38171 17 964.20 -0.39100 37 L LI
8 4.13 -0.38223 18 1324.20 -0.39186 T
9 8.15 -0.38305 19  1440.13  -0.39222
10 16.15 -0.38350
Void Ratio = 0.735 Swell = 1.5 %

Dy = -0.38100 Dgg = -0.38739  Dygq = -0.39379
¢, at 120.1 min. = 0.00 ft.2/day

Pressure: 1000000 psf TEST READINGS . Load No. 14
No. Elapsed Dial No. Elapsed Dial -.3821 _ ___
Time Reading Time Reading -.3916 _WF“ s
1 0.00 -0.39223 11 32.12  -0.38953 -390 i
2 0.07 -0.39154 12 64.12  -0.38929 e T
3 0.15 -0.39126 13 124.12 -0.38852 806 il
4 0.32 -0.39133 14 244.12  -0.38830 3881 atijiia
5 0.58 -0.39120 15 424.13 -0.38803 - 3085 3
6 1.08 -0.39119 16 664.13  -0.38810 R e
7 2.08 -0.39111 17 964.13  -0.38805 o, allii Nl
58 4,10 -0.39068 18  1324.15 -0.38784 W
Lﬂ 9 8.10  -0.39031 19  1440.18 -0.38786
10 16.10 -0.38974
Void Ratio = 0.725 Swell = 0.9 %
Dy = -0.39159 Dgg = -0.38962 Dygp = -0.38765
Cy at 27.5 min. = 0.01 ft.2/day

;
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Pressure: 2000000 psf TEST READINGS Load No. 15

L]
‘J No. Elapsed Dial No. Elapsed Dial . .38912 _
Time Reading Time Reading - 38767 .w
1 0.00 -0.387856 11 32.12  -0.38128 -.38662 l
(1 2 0.08 -0.38786 12 64.12  -0.37992 e [ Il
3 0.17 -0.38660 13 124.12  -0.37920 ezar | ]
4 0.35 -0.38630 14 244.13  -0.37862 Bpoepes i -w
5 0.60 ~0.38604 15 424.13  -0.37840 -.38037 [ N
- 1.10- -0.38602 16 664.13  -0.37836 st I W
—~ 7 2.10 -0.38562 17 964.13  -0.37786 QN%ZET
8 4,10 -0.38512 18 1324.15 -0.37796 o
—~ 9 . 8.12  -0.38350 19  1440.48 -0.37784
10 16.12 -0.38266

L]  Void Ratio = 0.702 Compression = 0.4 %

(((Pressure: 4000000 psE ' TEST READINGS Load No. 16
~ No. Elapsed Dial No. Elapsed Dial - _
Time Reading Time Reading - 37646 |- blgll N
[j 1 0.00 -0.37784 11 32.10 -0.37092 ++37521 [T 1
2 0.07 -0.37646 12 64.10 -0.36963 ppsaeas W 11 N Il
3 0.15 -0.37625 13 124.12  -0.36820 v | L] !
[] 4 0.32 . -0.37600 14 244 .12 -0.36776 - 37022 [ H T+
5 0.58 -0.37580 15 424.12 -0.36774 -+36896 [T il
6 1.08 -0.37546 16 664.13 -0.36743 fx:::f 1l
[] 7 2.08 -0.37492 17 964 .13 -0.36734 - 36521 L L
8 4.10 -0.37437 18 1324.15 -0.36719
9 8.10 -0.37341 19 1440.22 -0.36724
[] 10 16.10 -0.37212

[~}

Void Ratio = 0.678 Compression = 1.9 %

4 Dg = -0.37689 Dgg = -0.37170 Djgg = -0.36650
{} Cy at 20.8 min. = 0.01 ft.2/day
r_\Pressure: 8000000 psf TEST READINGS Load No. 17
\J No. Elapsed Dial No. Elapsed Dial - 3681 250
Time  Reading Time Reading -sses [T mAd]

[} 1 0.00 -0.36725 11 32.10  -0.35558 --3631 1

2 0.07 -0.36454 12 64.10 -0.35393 o] U1t A

3 0.17 -0.36410 13 124.10 . -0.35348 asgs [T

4 0.33  -0.36368 14 244.10  -0.35308 ~asnj-HEH
[] 5 0.58 -0.36331 15 424.12  -0.35299 - 3886 [T i

6 1.10 -0.36270 16 664.12  -0.35274 gt 10 R
-7 2.10 -0.36194 17 964.12  -0.35255 32z LT NI
[J 8 4.10 -0.36094 18 1324.12  -0.35246 o

9 8.10 -0.35956 19  1440.25  -0.35240
[ﬂ 10 16.10  -0.35775
—  vVoid Ratio = 0.644  Compression = 3.8 %

Dg = -0.36518 Dgg = -0.35989 Dygg = -0.35460

C, at 5.5 min. = 0.05 ft.2/day Cq = 0.002

DLZ, INC.
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f_ﬁ}?ressure: 16000000 psf TEST READINGS

Load No.

18

LJ No. Elapsed Dial No. Elapsed Dial 3501
: Time Reading Time Reading -.3486 1
1 0.00 -0.35241 11 32.10 - -0.338459 -+ 3471 7
[] 2 0.08 -0.34852 ‘12 64.10 -0.33781 jiﬁ;:
3 0.17 -0.34777 13 124.10 -0.33762 Cazsl ]
4 0.33 -0.347289 14 244 .10 -0.33738 -.3411 |-
{7 5 0.58 -0.34663 15 424 .10 -0.3373% -+3335
T 6 1.08  -0.34608 16 664.10 -0.33724 g |
7 2.08 -0.34536 17 964.10 -0.33714 oo B
[] 8 4 .08 -0.34408 18 1324.12 -0.33681 s
© 9 8.10 -0.34237 19 1440.40 -0.33675
10 16.10 ~-0.34027
(} V01d Ratio = 0.608 Compresgsion = 5.9 %
= -0.34841 Dgg = -0.34390 Dqgp = -0.33939
[} Cy at 3.2 min. = 0.08 ft.2/day Cy = 0.002

Pressure: 32000000 psf TEST READINGS

Load No.

19

[] No. Elapsed Dial No. Elapsed Dial
Time Reading . Time Reading
1 0.00 -0.33675 11 32.12  -0.32043
[] 2 0.10 -0.33072 12 64.12  -0.32013
3 0.18 -0.33010 13 124.12 -0.31990
4 0.35 -0.32949 14 244,12 -0.31996
[] 5 0.60 -0.32889 15  424.12  -0.31962
6 1.10 -0.32800 16 664 .13 -0.31949
7 2.10 -0.32685 17 964.13  -0.31915
[] 8 4.10 -0.32511 18 1324.13 -0.31914
9 8.10  -0.32313 19  1440.42 -0.31900
10 16.12 -0.32142
E} Void Ratio = 0.568 Compression = 8.3 %
Dg = -0.33084 Dgg = -0.32571 Djygg = -0.32058
1 Gy at 2.6 min. = 0.09 ft.2/day Cq = 0.001

D

ty 4k

-.3323

-.3308 x
-.3232 N

-.3278

-.32683

-.3248

-.3233

-]
-.3218 =

/
(=

-.3203

-,3188

i

=.3173 T

20

200

DLZ, INC.
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CONSOLIDATION TEST REPORT
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410 50 200 500 1000 2000 5000 0000 20000
Applied Pressure - psf '
Natural Dry Dens. Initial Void
LL PI Sp. Gr. USCS AASHTO h

Saturation | Moisture (pcf) P Ratio

95.1 % 282 % 95.7 - 78 54 2.81 CH A-7-6(56 0.833

MATERIAL DESCRIPTION
Project No. 0121- Client: TranSystems, Inc. Remarks:
Project: SCI-823-0.00 Specific Gravity= 2.81
‘ \

Source: B-2 Sample No.: P-2B Elev./Depth: 12.5

EDIL

Figure
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Project No.: 0121-3070.03
Project: SCI-823-0.00

Source: B-2

Dial Reading vs. Time

Sample No.: p-2B

Elev./Depth: 12.5
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Dial Reading vs. Time

Project No.: 0121-3070.03
Project: SCI-823-0.00

Source: B-2 ‘ Sample No.: P-2B Elev./Depth: 12.5
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Dial Reading vs. Time

Project No.: 0121-3070.03
Project: SCI-823-0.00

Source: B-2

Sample No.: P-2B

Elev./Depth: 12.5
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Dial Reading vs. Time

Project No.: 0121-3070.03
Project: SCI-823-0.00

Source: B-2 Sample No.: P-2B Elev./Depth: 12.5
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