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SR 1/1-95 Interchange
MSE Retaining Wall Design Summary

References:

1:

AASHTO LRFD Bridge Design Specification, Customary U.S. Units, 4" Edition
2007, with 2008 Interim.

2. Mechanically Stabilized Earth Walls and Reinforced Soil Slopes Design and
Construction Guidelines, FHWA-NHI-00-043, 2000.

3. Das, Braja. “Principles of Geotechnical Engineering.” 4" Edition, 1998.

4. Schmertmann Settlement Analysis Spreadsheet. Source Virginia Tech.

Design:

1. Bearing capacity, sliding, overturning, eccentricity, settlement and global stability
are based on AASHTO (Ref. 1).

2. For back to back walls a “wedge influence factor” was introduced, based on
FHWA (Ref. 2), to account for the reduction in lateral force due to horizontal
earth pressure.

3. Design was based on in-progress TS&L plans and cross sections, dated Nov.
2008.

Other Notes:
1. For each wall four cases were analyzed.

a. “Stage 17 Short-Term: The wall was built to the maximum possible height
assuming a fully undrained and unconsolidated condition. This was
assumed to conservatively estimate the short term condition.

b. “Stage 1” Long-Term: The wall was checked assuming a fully drained,
fully consolidated case to check stability.

c. Full-Height Short-Term: As described in the text of the FFR a quarantine
period occurs after completion of Stage 1 to allow pore water to dissipate
and consolidation to occur. For the short-term case the soil properties
assumed were from the consolidated, undrained laboratory data.

d. Full-Height-Term: Similar to the short term case, but uses soil parameters
at fully drained, fully consolidated case to represent the long-term
condition.
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Interchange Reconstruction: Delaware Route 1 and Interstate 1-95
Consolidated Undrained Test Summary

of

strata

Total Effective
c (ksf) phi c' (ksf) phi’ LL Pl % Fines USCS

IRW-9 1.76 11.74 1.63 18.17 39 19 99.5 CL
IRW-19 0.43 7.5 0.57 8.28 49 27 81 CL
IRW-23 1.07 5.28 1.08 7.62 48 24 99 CL
IRW-27 0.55 14.83 0.5 24.62 43 23 90 CL
IRW-32 1.82 14.76 1.58 23 57 30 97 CH
IRW-33A 0.93 5.23 0.66 17.18 55 34 CH
IRW-42 0.63 9.63 0.68 13.78 42 20 CL
IRW-44 1.14 4.31 4.31 8.83 56 28 99 CH
DRWAe O e Tehsl el - 69 ML
IRW-51 0.52 10.14 0.55 15.84 48 27 98 CL
IRW-52 0.21 20.71 0.35 30.45 34 18 86 CL
IRW-53 1.52 7.44 1.58 9.74 51 24 96 CH
IRW-64 0.7 12.23 0.57 20.94 35 19 93 CL

Average 0.87 13.0 1.12 18.1

Average w/o IRW-49 0.94 10.3 1.17 16.5

TRW-H49 excloded becasse testk resulls considered  not representotive
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Field Curves for Consolidation Tests
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Description /anSo{;éthh Praperi-ies Computed by J K Date
Checked by Date
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1154 %] 26.1 % 104.9 404 | 18.0 | 2.711 1.19 2.59 0.20 | 0.07 0.614
MATERIAL DESCRIPTION uscs " AASHTO
Saturated gray and red clay w/trace of fine sand. CL A-6(20)
Project No. 28-090-03 Client: Remarks:
Project: S.R. 1/I-95 Interchange
Source: URS #3 Sample No.: U-1 - Elev./Depth: 35.0
CONSOLIDATION TEST REPORT
Delaware Department of Transportation
Materials and Research Laboratory Figure
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Test Embankment Back Calculation
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Project Name:

Project Location:

Project Number:
Calculations By:
Date:

SR 1/1-95 Interchange
Newark, Delaware - Test Embankment Sand Settlement

20832687 00000
JPK
11/17/2008

Input Global Data

Footing Width, B 75.0 feet
Elevation of Ground Surface 80.0 feet
Elevation of Base of Footing 80.0 feet
Elevation of Water Table 30.0 feet
Unit Weight of Water, y,, 62.4 pcf
Net Bearing Pressure, AP 3625 psf
Soil Unit Weight Above Footing Base 125 pcf
Settlement Calculated at end of
construction and at time t 1 years
Input Layer Data
Elev. Of Elev. Of Total Unit
LayerNo. Top of Bottomof SDLM(::;;IUS Weight,
layer (ft)  layer (it) ® (pef)

1 80.0 70.0 300 120

2 70.0 65.0 150 120

3 65.0 62,0 150 120

4

]

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Note: The depth of the water table must be a layer boundary.
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Compute Global Values for Axisymmetrical Case

o'y, at Elevation 80.0 0 psf
Elev. of |, 42.5 feet
o'y, at elevation 42.5 4500 psf
Lg 0.590
C, 1.00
C, 1.20

Computed Axisymmetrical Layer Information

Elev. Of Top Elev. Of Soil Total Unit Elev. Of AH
Layer No. of Iz.ﬂyer () Bottom of ~ Modulus  Weight, y+ Az (ft) Center of Iy = ffchess
layer (it) E; (tsf) (pcf) Layer (ft)
1 80 70 300 120 10 75 0.17 0.10% 0.12
2 70 65 150 120 5 67.5 0.26 0.32% 0.19
3 65 62 150 120 3 63.5 0.32 0.38% 0.14
4
5
6
7 /
8
9
10
a1
12
13
14
15
16
17
18
19
20
Immediate Settlement 0.4 inches
Settlement After 1 year 0.5 inches
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Compute Global Values for Plane Strain Case

o'y, at Elevation 80 0 psf
Elev. of L, 5 feet
o'y, at elevation 5 9000 psf
I 0.563
Cj 1.00
C, 1.20

Computed Plane Strain Layer Information

Elev. Of Top Elev. Of Soil Total Unit Elev. Of AH
Layer No. - !::ayer ) Bottom of  Modulus  Weight, yr Az (ft) Center of [ g (inchies)
layer {ft) Es (tsf) {pcf) Layer (ft)
1 80 70 300 120 10 75 0.22 0.14% 0.16
2 70 65 150 120 5 67.5 0.26 0.31% 0.19
3 65 62 150 120 3z 63.5 0.28 0.34% 0.12
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Immediate Settlement 0.5 inches
Settlement After 1 year 0.6 inches
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One-Dimensional Consolidation Test (ASTMD-2435) N 002
Curve |_Pressure Incremeni | _Coeff. Of Consolidation_|Description of Specimen: ‘Brown-gray Motlled silty clay CR= Oel2 Y- o0
liNo. From ,tsf |To,tsf Cyv, ft*2/day Nat.Water, Content (%) 15.5 (From Trims.) |Consolidation Properties (Unit Strain Basis) R - 10000
1 0.5 1 247 Liquid Limit (%) 28 (From Trims.) |Compression Ratio 5 Froject No 19996251 Poj Lo —
2 i 2 5.27 Plastic Limit (%) 77 (From Tnms.) |Recompression Ratio Project Name RKK S
3 2 4 5.12 Plastic Index (%) 11 (From Trims.) [Swelling Ratio (Cs')" 1-95 Delaware TP Improve
4 4 8 . 6.87 Specific Gravity(assumed) 2.7 _ (From Trims.) |Preconsolidation Stress, Pc (tsf)’ oning NO. - = 0.035
5 8 16 6.68 Test Specimen Properties Existing Overburden Stress, Po (tsf)* Sample No. T-2
6 16 32 3.45 Diameter,inch. 2490 Depth, ft. 32.0-34.0 Cc =R ( (*Cb
7 Initial And Final Thickness, inch. 0.860 ~ 0.857 Tested By rmm ~
8 Initial And Final Water Content (%) 16.1 16.2 Reviewed By enm 2 0.05|
10 Initial And Final Void Ratio 0.454 0.449 : Date 07-May-05
Initial And Final Saturation (%) 95.8 97.8 * Unit Strain Basis ile No. 1 -
Unit Dry Weight (pcf) 115.9
URS Corporation M:\projects\2003\03059_deltrnpk\Geotech\ASSIGN. NO 3 - SR 1 INTERCHANGE\Lab Testing\URS Testing\[19996251¢-1.xIs]C-1 ||
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Time Vs Deflection X 4 Strain Vs Pressure
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50005 \ NE 8.0 Ce= RR (I +ea>
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[+4]
0 0.007 00 Ce= ORI
0.008 =
’-/—\__»———'———\—_
0.000 4 Vertical Pressure, tsf 5.0
0.010 Square Root of Time, Mins. i 10.0 = e il
- _/ \\ / C - ﬂ - 101000
—
One-Dimensional Consolidation Test (ASTMD-2435) 335
Curve | Pressure Incremeni | Goeff. Of Consolidation | Description of Specimen: Light gray silty clay - 0.0 Ltcf
No. From ,tsf |To,tsf Cyv, fir2/day Nat.Water Content (%) 15.2 (From Trims.) |Consolidation Properties (Unit Strain Basis) e
1 0.5 1 2.22 Ciquid Limit (%) 27 From 1nms.) |Compression Ratio (Cc) * Project No 19996251
2 1 2 4.99 Plastic Limit Qo) 14 From Trims.) |Recompression Ratio (Cr)* Project Name RKK C.C - CR( lte
3 2 4 1.59 Plastic Index (%) 13 (From Trims.) [Swelling Ratio (Cs')* _‘_ 1-95 Delaware TP Improve - *
3 7 ) 3.58 Specific Gravity(assumed) 2.71 __ (From Tnims.) |Preconsolidation Stress, Pc (tsf)* oring NO. - [ - 0. OF
5 8 16 2.58 Test Specimen Properties Existing Overburden Stress, Po (tsf)* Sample No.  T-3 -
6 16 32 1.67 Diameter,inch. 2.490 Depth, ft. 38.0-40.0
7 Initial And Final Thickness, inch. 0.860 0.852 Tested By mm
8 Initial And Final Water Content (%) 15.7 15.4 Reviewed By enm
10 Initial And Final Void Ratio 0.447 0.434 Date 07-May-05
Initial And Final Saturation (%) 95.4 96.0 * Unit Strain Basis ile No. 1222-2!25! E-Z H
Unit Dry Weight (pcf) 116.9
URS Corporation M:\projects\2003\03059_deltrnpk\Geotech\ASSIGN. NO 3 - SR 1 INTERCHANGE\Lab Testing\URS Testing\[1 9996251¢-2.xIs]C-1 II
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Strain (%)

Boring IE-13B, Tube T-4
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Time Vs Deflection A . Strain Vs Pressure ki
0.01 0.1 1 10 100 1000 10000 0.01 0.4 1
0.000 . . 10 100
0.0 -
0.001 o S — 1 =
it ~- 4 "
0.002 1+ - e =,
- 1.0 G
0.003 1 : e,z 0.505
% “_\*"“-1»-_ \
0004 - £ = 55 S 0.4365=0.213
c sl | \s_._..“___ L ’ N _
0.005 + 2 =i o3 - Nes 0-505-0-213
8 R — S - 0.493
0.006 + % L i N = s
(a EERG . -
ar7 | i - €722 o
— ™ + o
0.008 - s ~_ [+€-e |+O.565
4.0 = - -]
0.009 - z19.5%
= i \\
0.010 |8
) _J| sorE — A ) €
— 8 \ - 5N
- K Rz \ R R
0 2 4 6 8 10 12 C= \ D CO}
| < 2
0.000 6015 ~ ST
0.001 Higgreies - - -
0.002 . 1 R= 0.0p=0.03\
7.0
-5 0.003 14 (oj ———?;)
£ 0.004 — - . - 5
[ = [ i SR
80005 | > 8.0 R = 0.0(0
% 0.006 ha . * - 3 :
0 0.007 4 9.0 Cr z RR( l@
0.008
0.009 Vertical Pressure, tsf = 0.0 (S
0.010 Square Root of Time, Mins.- Lm-o , e J
- T g
One-Dimensional Consolidation Test (ASTMD-2435)
urve | Pressure Incremeni Coeff, Of Consolidation | Description of Specimen: Light gray silty sand R' 0s 166 ~ 0.003
No. From ,tsf |To,tsf Cv, Ft*2/day Nat.Water Content (%) 221 (From Trims.) |Consolidation Properties (Unit Strain Basis) - E 16,000
1 0.5 1 146 |Liquid Limit (%) _ NP (From Tnms.) |Compression Ratio (CC) - Project No 10996251 | 05 KX}
2 1 2 1.20 Plastic Limit (%) (From Trims.) |Recompression Ratio (Cr)* Project Name RKK
3 2 4 P 1.38 Plastic Index (%) (From Trims.) |Swelling Ratio (Cs')* [-95 Delaware TP Improve z O.04R
4 4 8 0.34 Specific Gravity(assumed) 2.51 (From Trims.) |Preconsolidation Stress, Pc (tsf)’ oring NO. - -
5 8 16 1.76 Test Specimen Properties Existing Overburden Stress, Po (tsf)* Sample No. T4 [+e
6 Diameter,inch. 2.490 Depth, ft. 58.0-60.0 C c = (R C 2
7 Initial And Final Thickness, inch. 0.870 0.870 Tested By mm
I 8 Initial And Final Water Content (%) 21.4 20.3 Reviewed By enm =0 DBL}
'I 10 Initial And Final Void Ratio 0.505 0.505 Date 07-May-05
E Initial And Final Saturation (%) 106.1 100.6 * Unit Strain Basis lle No. -
‘ Unit Dry Weight (pcf) 104.1
[lURS Corporation 0 3 - SR 1 INTERCHANGE\Lab Testing\URS Testing\[19996251c-3.xIs]C-1 URE 2
. — e e -21
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CONSOLIDATION TEST REPORT (ASTM D2435)

Project: DELAWARE TURNPIKE IMPROVEMENTS -Interchange
RK & K Job No. 103-059

Location: IEB-13A,T-1@ 15.0'-17.0'

581 — _\\ !
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541 x..; \\
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N N
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N N
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501 ; N,
o .
;g : &\\
481
o N
2 N
461 —1—] *
“‘N
~~L | \L
441 — ¢
-.'""""-.i..,_ A\
421 T~ \\
. =y N
. '-----r‘h._.__.--A \
401 |——— e R
= i N
EREE N
381 : ‘ L
6.0(— —
i |
48— L
S ael ik
>3 i
£ 24— / ‘
12— >
o803 Lo
i | \ —4// . \—h\"‘"— 5 L ,_._-—-—'—‘""""_,_J
i M T |
0073 Z 5 2 5 10 20 wo
Applied Pressure - ksf
Natural Dry Dens Overburden p Initial Void
: LL Pl | Sp. Gr. c C Cc :
Saturation | Moisture (pcf) P (ksf) (ksf) ¢ L Ratio
88.4 % 17.7 % 66.0 33 14 2772 2.51 0.12 0.02 0.554
MATERIAL DESCRIPTION uUscs AASHTO
Brown LEAN CLAY with SAND. _ CL
Project No. 14678 Client: RUMMELL,KLEPPER & KAHL. LLC Remarks:
Undisturbed Sample

CONSOLIDATION TEST REPORT (ASTM D2435)

The Robert B. Balter Company
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MSE Bearing Pressure, Bearing Capacity, Sliding and Overturning
Ramp A over SR 7 - Abutment B Wingwalls (Back to Back) & Retaining Wall 1

Interchange Reconstruction: Delaware Route 1 and Interstate 1-95

Height of Wall (exposed) Hw = 33.5 feet

Embedment (below grade) Df = 3.5 feet

Total Height (Hw-+Df) H= YA foct

Wall Base Width = 26 feet as defined by Fig 11.10.2-1 (minimum=0.7*H per Sec. 11.10.2.1)
Total Footing Length (=Length of Wall) L= 155 feet as defined in Sec 10.6.3.1.2a

Groundwater Depth GWD = 29.5 feet as defined in Sec 10.6.3.1.2a

Surcharge gs = 250 psf per Table 3.11.6.4-2

Surcharge Load Factor LSLF = 1.75 (dim) per Table 3.4.1-1 (@ Load Combination "Strength I")
Retained/Reinforced Material

Top Material Height H1= 37 feet

Top Material Unit Weight yl= 125 pcf

Top Material ® @1 = 34 degrees

Bottom Material Height H2 = feet

Bottom Material Unit Weight y2 = 0 pcf

Bottom Material ¢ P2 = O degrees

Design ® o1)2= [T degrees - Uses lowest © for design
a2 ) Hi7)
Reinforced Unit Weight yrel = 125.00 [0e] s + ["va b / a} * XQ ¥ Hajg + H2tan (45 LGl /2)»#
Retained Wedge - Vertical Component Wrw 45 DY S—— [, o an 2 ~ |
Wedge Influence Factor WIF = 0.04 see attached spreadsheet calculations I 4 (HS_&:!IAIL'D Asf‘ + ”VQ 4’;&
Embedment Soil Properties . See Fr‘o ure BN
Embedment Unit Weight ve = 125 pef Nete- J
Embedment @ tde = 34 degrees 2 Ea“ou)l f\ﬁ PQBQ'
Embedment Coeff. Passive Earth Pressure Kp = — -}uﬂ LL‘S + 4’2 /Q\
Foundation Unit Weight = 120 pef
Loads )
Horiz F1 Soil Fi= as deﬁnedé)y Fig 11.105.21 = Wy, % w F X o (HS -d’l[c?{(%
Rankine Coeff. Active Earth Pressure Ka = = +an C- ¢ HJ/,Q}
Horiz F2 Surcharge F2= per Eq 3.11.6.4-1 =Ka%k 4,‘(_5/‘,000 % H-,)f- WP F
MSE Mass V1= as defined by Fig 11.10.5.2-1___ X i
e / oo *H £ R
Loading Conditions
Foundation Undrained Shear Strength f= 1400 psf - Estimate based on lab & SPT data
Horizontal Earth Pressure Load Factor EHLF = 1.5 (dim) per Table 3.4.1-2
Factored Horizontal Load FHL = 1.5 L% as defined by Fig 11.10.5.2-1 = Fle ERALF + Fa & LSLF :
Nominal Sliding Resistance Rn= 37.9 [94 as defined by Fig 106.3.4-1 = [ B/Ir)oo - O(-‘ * b/ e & J{p [ |0e0
Sliding Resistance Factor ot = 1 (dim) per Table 11.5.6-1
Factored Sliding Resistance Rr = kift = Rn ¥ 4\ 4 Capacity Demand Ratio (CDR)=  25.98
_ H’ LS l"'] CDR > 1.0, 0K
Eccentrity, parallel to width &g = ﬁ = Flk EHLF % }2 +FPAXLSLF§H2 . 0.25'B, OK
Effective Width B' 25.7 18
Tlay= R-Q2p
MSE Mass Load Factor MMLF = 1.35 (dim) per Table 34.1-2
Unfactored Dead Load Bearing Pressure DLBP = ksf = \ / &\
Factored Bearing Presstre Sigy = 6.76 [Ni s = / )
J g Ly (VI mMLE +4¢ ¥ LSLF 38/loos

Consolidated Drained Case (Long Term)
Foundation ¢

Foundation Cohesion (c)

Cohesion Term Bearing Capacity Factor
Surcharge Term Bearing Capacity Factor
Unit Weight Term Bearing Capacity Factor
Footing Shape Correction Factors

Ground Water Table Correction Factors

Nominal Bearing Resistance (ksf)
Bearing Resistance Factor
Factored Bearing Resistance (ksf)
tonsolidates Unaraine & {Short Tenm)
Foundation &

Foundation Cohesion {c)

Cohesion Temm Bearing Capacity Facior
Surcharge Term Bearing Capacity Factor
Unit Weight Term Heanng Capacity Factor
Footing Shape Correction Factors

Sround Water Table Correction Faclors

24.0 degrees
0 psf

1.0 (dim)

10.3 degrees
940 psf
(#L1 (dim)
(REER (dim)

1.0 (dim)
FEE (dim)

0.65 [{eJiud]

- Case represents conditions after full consolidation & fully drained
- Based on SPT data

per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-2
per Table 10.6.3.1.2a-2

(rwh D+

.0-05) TR
0’5 + (I‘ o ik "‘D-FD—D'F'
per Eq 10.6.3.1.2a-1 & Sec. 11.10.5.4, load inclination factors & depth
correction factor = 1.0
per Table 11.5.6-1
Capacity Demand Ratio (CDR)= 1.534
CDR > 1.0, 0K
- Case represents conditions immediately following construction, assuming
quarantine period after Stage 1
- Averaged from CU lab data- See Sheet URS- a
per Table 10.8.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-2
per Table 10.6.3.1.2a-2

per Eq 10.6.3.1.2a-1 & Sec. 11.10.5.4, load inclination factors & depth
correction factor = 1.0

per Table 11.5.6-1

1.064

URS RW1-4

Capacity Demand Ratio (CDR)=
CDR > 1.0, OK



Back to Back Wall Calculations

Ramp A over SR 7 - Abutment B Wingwalls (Back to Back) & Retaining Wall 1

Interchange Reconstruction: Delaware Route 1 and Interstate 1-95

Total Height (Hw+Df)

Wall Base Width

Face to Face Distance

Overlap

Wedge Distance at Top of Wall

Overlap Distance with No Wedge Influence
Wedge Influence Factor

B=
F=
Lr=
Dwd=
Lr'=
WIF =

<yl feet
els] feet

42 feet
it} feet —
19.67325 jEH=E

as defined by Fig 50 of FHWA-NHI-00-043
as defined by Fig 50 of FHWA-NHI-00-043
as defined by Sec. 5.4 of FHWA-NHI-00-043
as defined by Sec. 5.4 of FHWA-NHI-00-043

tLr = (2*B)-F
Dwd = H*tan(45-01|2 / 2)
L r'=H*0.3

"= WIF = (Lr'- Lr) / (Lr+Dwd)

Note: WIF linear interpolation between "full active" case and "zero-active" case
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. e —
A
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.

URS RW1-5



MSE Bearing Pressure, Bearing Capacity, Sliding and Overturning
Ramp A over SR 7 - Abutment B Wingwalls (Back to Back) & Retaining Wall 1

Interchange Reconstruction: Delaware Route 1 and Interstate -95

STAGE 1

Height of Wall (exposed)

Embedment (below grade)

Total Height (Hw+Df)

Wall Base Width

Total Footing Length (=Length of Wall)
Groundwater Depth

Surcharge
Surcharge Load Factor

Retained/Reinforced Material
Top Material Height

Top Material Unit Weight
Top Material ®

Bottom Material Height
Bottom Material Unit Weight
Bottom Material ¢

Design ®

Reinforced Unit Weight
Retained Wedge - Vertical Component
Wedge Influence Factor

Embedment Soil Properties

Embedment Unit Weight

Embedment ¢

Embedment Coeff. Passive Earth Pressure
Foundation Unit Weight

Loads

Horiz F1 Soil

Rankine Coeff. Active Earth Pressure
Horiz F2 Surcharge

MSE Mass

Loading Conditions
Foundation Undrained Shear Strength

Horizontal Earth Pressure Load Factor
Factored Horizontal Load

Nominal Sliding Resistance

Sliding Resistance Factor

Factored Sliding Resistance

Eccentrity, parallel to width
Effective Width

MSE Mass Load Factor
Factored Bearing Pressure

Consolidated Drained Case (Long Term)
Foundation @

Foundation Cohesion (c)

Cohesion Term Bearing Capacity Factor
Surcharge Term Bearing Capacity Factor
Unit Weight Term Bearing Capacity Factor
Footing Shape Correction Factors

Ground Water Table Correction Factors

Nominal Bearing Resistance (ksf)
Bearing Resistance Factor
Factored Bearing Resistance (ksf)

Linconsolide
Foundation ¢

?a{:tored:ﬁearing-R@sista!;cé.éks- i

Hw = 26.5 feet

Df = 3.5 feet
H= T fo-t

B= 26 feet

L= 155 feet
GWD = 29.5 feet

qgs = 0 psf
LSLF = 1.75 (dim)
H1= 30 feet
1= 125 pef
1= 34 degrees
H2 = feet

y2 = 0 pcf

o2 = 0 degrees
o2~ Y dogross
yrei = 125.00 o=
Wrw 30 L
WIF =

ye= 125 pcf

e = 34 degrees
Kp = 3.537

yf = 120 pcf

F1

Ka =

F2=

V1

f= 1400 psf
EHLF = 1.5 (dim)
FHL = 0.9 [3jid
Rn= 37.9 L4j
Ot= 1 (dim)
R= T

eg = 0.09 i

B'= 25.8 fi
MMLF = 1.35 (dim)
sigv= T <t

24,0 degrees
0 psf

0.0 degrees
1400 psf
RS (dim)

gheisl (dim)
1.0 (dim)

as defined by Fig 11.10.2-1 (minimum=0.7*H per Sec. 11.10.2.1)
as defined in Sec 10.6.3.1.2a
as defined in Sec 10.6.3.1.2a

No traffic, wall only partially built
per Table 3.4.1-1 (@ Load Combination "Strength I")

- Uses lowest @ for design

see attached spreadsheet calculations

as defined by Fig 11.10.5.2-1

per Eq 3.11.6.4-1
as defined by Fig 11.10.5.2-1

- Estimate based on lab & SPT data

per Table 3.4.1-2
as defined by Fig 11.10.5.2-1
as defined by Fig 10.6.3.4-1
per Table 11.5.6-1
Capacity Demand Ratio (CDR)= 45
CDR > 1.0, OK
e < 0.25*B, OK

per Table 3.4.1-2

- Case represents conditions after full consolidation & fully drained
- Based on SPT data

per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-2
per Table 10.6.3.1.2a-2

per Eq 10.6.3.1.2a-1 & Sec. 11.10.5.4, load inclination factors & depth
correction factor = 1.0
per Table 11.5.6-1
Capacity Demand Ratio (CDR)= 2.036
CDR > 1.0, OK
- Case represents conditions immediately following construction of Stage 1,
quarantine period to follow
- Estimate based on lab & SPT data
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-2
per Table 10.6.3.1.2a-2

per Eq 10.6.3.1.2a-1 & Sec. 11.10.5.4, load inclination factors & depth
correction factor = 1.0
per Table 11.5.6-1

Capacity Demand Ratio (CDR)= 1.004

CDR > 1.0, OK

URS RW1-6
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Retaining Wall 2

URS RW2-1
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STA. 1310+65.00 ;
~

21.94" RT.
_\
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1
’ FRONT FACE MSE WALL
! RAMP G1 ABUTMENT A

o

PT 1311+476.51

1312+00
|

1
—FRONT FACE

STA. 1310481, OF WALL

16'-2"+ ‘ 4'-1"+

FRONT FACE MSE WALL

B/L_ CONSTRUCTION
/ RAP C

it
\‘

(ERONT FACE MBE“WALL
RAMP C _ABTTMENT B
/

PLAN

SCALE: 1" = 10’-0"

MSE WALL AT RAMP G1

MSE WALL RETAINING WALL 2
ABUTMENT A
FRONT FACE MSE WALL
RAMP C ABUTMENT B
STA. 1310+465.00 STA. 1310+81.28
EL. 111.2 % EL. 111.0% STA. 1311456.53

EL. 110.0¢

210"

APPROXIMATE
[ EXISTING GROUND

TR TOP QF LEVELING PAD

MIN.

kFIMISHED GROUND o~

EL. 65.0 %

NOTES:

1. FOR GENERAL NOTES. SEE DWG. R-1

2. FOR TYPICAL WALL SECTION. SEE DWG. R-1.
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MSE Bearing Pressure, Bearing Capacity, Sliding and Overturning

Retaining Wall 2, Ramp G1 over SR 7-Abutment A Wingwall, Ramp C over SR 7-Abutment A East Wingwall

Interchange Reconstruction: Delaware Route 1 and Interstate 1-95

Height of Wall (exposed) Hw = 40 feet
Embedment (below grade) Df = 4 feet
Total Height (Hw+Df) H= Y] ot
Wall Base Width B= 33 feet
Total Footing Length (=Length of Wall) L= 91 feet
Groundwater Depth GWD = 32 feet
Surcharge qs = 250 psf
Surcharge Load Factor LSLF = 1.75 (dim)
Retained/Reinforced Material

Top Material Height H1= 24 feet
Top Material Unit Weight y1= 105 pcf
Top Material ® 1= 38 degrees
Bottom Material Height H2 = il feet
Bottom Material Unit Weight y2= 40 pcf
Bottom Material ¢ o2 = 38 degrees
Design @ o1)2= [T degrees
Reinforced Unit Weight yrei = 75.45 juei
Retained Wedge - Vertical Component Wrw 43 14
Embedment Soil Properties

Embedment Unit Weight ye = 125 pcf
Embedment ¢ de = 34 degrees
Embedment Coeff. Passive Earth Pressure  Kp =
Foundation Unit Weight yf = 120 pcf
Loads

Horiz F1 Soil Fi1=

Rankine Coeff. Active Earth Pressure Ka=

Horiz F2 Surcharge F2 =

MSE Mass V1=

Loading Conditions

Foundation Undrained Shear Strength f= 1250 psf
Horizontal Earth Pressure Load Factor EHLF = 1.5 (dim)
Factored Horizontal Load FHL = 36.2 Li
Nominal Sliding Resistance Rn = 43.0 i
Sliding Resistance Factor ot = 1 (dim)
Factored Sliding Resistance Rr= k/ft
Eccentrity, parallel to width eg= 51518
Effective Width B'= g ft

MSE Mass Load Factor MMLF = 1.35 (dim)
Unfactored Dead Load Bearing Pressure DLBP = 4.83 &
Factored Bearing Pressure Sigv = 7.15 8]

Consolidated Drained Case (Long Term)
Foundation @

Foundation Cohesion (c)

Cohesion Term Bearing Capacity Factor
Surcharge Term Bearing Capacity Factor
Unit Weight Term Bearing Capacity Factor
Footing Shape Correction Factors

24.0 degrees
0 psf

Ground Water Table Correction Factors

Nominal Bearing Resistance (ksf)
Bearing Resistance Factor
Factored Bearing Resistance (ksf)

Consolidated Undraine:

Foundgation @

Foundation Cohasion (¢}

Cohesion Term Bearing Capacity Factor

| Surcharge Term Bearing Capacity Factos
Uit Weight Term Beaiing Capacity Factor
 Eooting Shape Comection Factors

10.3 degrees
940 psf

2.54 [Gllud]

1.07 JC0w)
%5 (dim)
1.0 (dim)

. . g Resistance (ks
Bearing Resistancs Facior
Factored Bearing Resistance (ksh)

0.65 §lin)}
7. 73 LSl

as defined by Fig 11.10.2-1 (minimum=0.7*H per Sec. 11.10.2.1)
as defined in Sec 10.6.3.1.2a
as defined in Sec 10.6.3.1.2a

per Table 3.11.6.4-2
per Table 3.4.1-1 (@ Load Combination "Strength 1")

- Uses lowest @ for design

as defined by Fig 11.10.5.2-1

per Eq 3.11.6.4-1
as defined by Fig 11.10.5.2-1

- Estimate based on lab & SPT data

per Table 3.4.1-2
as defined by Fig 11.10.5.2-1
as defined by Fig 10.6.3.4-1
per Table 11.5.6-1
Capacity Demand Ratio (CDR)=
CDR > 1.0, OK
e <0.25'B, OK

per Table 3.4.1-2

- Case represents conditions after full consolidation & fully drained
- Based on SPT data

per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-2
per Table 10.6.3.1.2a-2

per Eq 10.6.3.1.2a-1 & Sec. 11.10.5.4, load inclination factors & depth
correction factor = 1.0
per Table 11.5.6-1
Capacity Demand Ratio (CDR)= 1.644
CDR > 1.0, OK
- Case represents conditions immediately following construction, assuming
quarantine period after Stage 1
- Averaged from CU lab data- See Sheet URS-
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-2
per Table 10.6.3.1.2a-2

per Eq 10.6.3.1.2a-1 & Sec. 11.10.5.4. load inclination factors & depth
correction factor = 1.0

per Table 11.5.6-1

1.081

URS RW2-4

Capacity Demand Ratio (CDR)=
CDR > 1.0, OK



MSE Bearing Pressure, Bearing Capacity, Sliding and Overturning

Retaining Wall 2, Ramp G1 over SR 7-Abutment A Wingwall, Ramp C over SR 7-Abutment A East Wingwall

Interchange Reconstruction: Delaware Route 1 and Interstate 1-95
STAGE 1

Height of Wall (exposed) Hw = 35 feet
Embedment (below grade) Df = 4 feet
Total Height (Hw+Df) H= kiol feet
Wall Base Width = 33 feet
Total Footing Length (=Length of Wall) L= 91 feet
Groundwater Depth GWD = 32 feet
Surcharge qs= 0 psf
Surcharge Load Factor LSLF = 1.75 (dim)
Retained/Reinforced Material

Top Material Height H1= 19 feet
Top Material Unit Weight y1= 105 pcf

Top Material ¢ P11 = 38 degrees
Bottom Material Height Hz= T oot
Bottom Material Unit Weight y2 = 40 pcf
Bottom Material ® 2= 38 degrees

Design ¢

Reinforced Unit Weight yrei =
Retained Wedge - Vertical Component Wrw
Embedment Soil Properties

Embedment Unit Weight ye=
Embedment ¢ Pe =

Embedment Coeff. Passive Earth Pressure Kp =
Foundation Unit Weight =

Loads

Horiz F1 Soil F1=
Rankine Coeff. Active Earth Pressure Ka=
Horiz F2 Surcharge F2=
MSE Mass V1=
Loading Conditions

Foundation Undrained Shear Strength f=
Horizontal Earth Pressure Load Factor EHLF =
Factored Horizontal Load FHL =
Nominal Sliding Resistance Rn =
Sliding Resistance Factor Pt =
Factored Sliding Resistance Rr=
Eccentrity, parallel to width eg =
Effective Width B'=
MSE Mass Load Factor MMLF =
Factored Bearing Pressure Sigv =

Consolidated Drained Case (Long
Foundation ®

Foundation Cohesion (c)

Cohesion Term Bearing Capacity Factor
Surcharge Term Bearing Capacity Factor
Unit Weight Term Bearing Capacity Factor:
Footing Shape Correction Factors

Ground Water Table Correction Factors

Nominal Bearing Resistance (ksf)
Bearing Resistance Factor
Factored Bearing Resistance (ksf)

Unconselicated Undrained Ca

Foundation ©
Foundaton Cohesian{

| Ground Water Table Correction Factors

Nominal Bearing Resisiance (ksf)
Bearing Resistance Factor
Factored Bearing Resistance (ksf)

o112 = [NNET] dogrees

; 71.67 [

125 pcf
34 degrees
3.537

120 pcf

1250 psf

1.5 (dim)

23.9 14
43.0 L9

1 (dim)
43.0 [0

1.35 (dim)
4. 74168

24,0 degrees
0 psf

9.60 [tlin)l

g2 (dim)

0.0 degrees
1250 psf

(dim)
(dim)

(dim)

as defined by Fig 11.10.2-1 (minimum=0.7*H per Sec. 11.10.2.1)
as defined in Sec 10.6.3.1.2a
as defined in Sec 10.6.3.1.2a

No traffic, wall only partially built
per Table 3.4.1-1 (@ Load Combination "Strength I")

- Uses lowest ® for design

as defined by Fig 11.10.5.2-1

per Eq 3.11.6.4-1
as defined by Fig 11.10.5.2-1

- Estimate based on lab & SPT data

per Table 3.4.1-2
as defined by Fig 11.10.5.2-1
as defined by Fig 10.6.3.4-1
per Table 11.5.6-1
Capacity Demand Ratio (CDR)= 1.80
CDR > 1.0, OK

e < 0.25'B, OK

per Table 3.4.1-2

- Case represents conditions after full consolidation & fully drained
- Based on SPT data

per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-2
per Table 10.6.3.1.2a-2

per Eq 10.6.3.1.2a-1 & Sec. 11.10.5.4, load inclination factors & depth
correction factor = 1.0
per Table 11.5.6-1
Capacity Demand Ratio (CDR)= 2.481
CDR > 1.0, OK
- Case represents conditions immediately following construction of Stage 1,
quarantine period to follow
- Estimate based on lab & SPT data
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-2
per Table 10.6.3.1.2a-2

per Eq 10.6.3.1.2a-1 & Sec. 11.10.5.4, load inclination factors & depth
correction factor = 1.0
per Table 11.5.6-1

Capacity Demand Ratio (CDR)= 1.014

CDR > 1.0, OK

URS RW2.5
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Retaining Wall 3

URS RW3-1
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MSE Bearing Pressure, Bearing Capacity, Sliding and Overturning

Retaining Wall 3 & Ramp B over SR 7 - Abutment B Wingwall

Interchange Reconstruction: Delaware Route 1 and Interstate 1-95

Height of Wall (exposed)

Embedment (below grade)

Total Height (Hw+Df)

Wall Base Width

Total Footing Length (=Length of Wall)
Groundwater Depth

Surcharge
Surcharge Load Factor

Retained/Reinforced Material
Top Material Height

Top Material Unit Weight
Top Material @

Bottom Material Height
Bottom Material Unit Weight
Bottom Material ®

Design &

Reinforced Unit Weight
Retained Wedge - Vertical Component

Embedment Soil Properties

Embedment Unit Weight

Embedment @

Embedment Coeff. Passive Earth Pressure
Foundation Unit Weight

Loads

Horiz F1 Soil

Rankine Coeff, Active Earth Pressure
Horiz F2 Surcharge

MSE Mass

Loading Conditions
Foundation Undrained Shear Strength

Horizontal Earth Pressure Load Factor
Factored Horizontal Load

Nominal Sliding Resistance

Sliding Resistance Factor

Factored Sliding Resistance

Eccentrity, parallel to width
Effective Width

MSE Mass Load Factor
Unfactored Dead Load Bearing Pressure
Factored Bearing Pressure

Consolidated Drained Case (Long Term)
Foundation ®

Foundation Cohesion (c)

Cohesion Term Bearing Capacity Factor
Surcharge Term Bearing Capacity Factor

Unit Weight Term Bearing Capacity Factor

Footing Shape Correction Factors

Ground Water Table Correction Factors

Nominal Bearing Resistance (ksf)
Bearing Resistance Factor
Factored Bearing Resistance (ksf)

| Ground Water Table Correction Factors

 Nominat Bearing Resistance (ksf)
Bearing Resistance Factor
Faclored Bearing Resistance (ksf

Hw = 38 feet

Df = 4 feet

H= Y] oot
B= 30 feet

L= 264 feet
GWD = 32 feet

qs = 250 psf
LSLF = 1.75 (dim)
H1= 24 feet
y1l= 105 pcf

D1 = 38 degrees
Hz = 18 EE
y2= 40 pcf
2= 38 degrees

o12= | ENNET] Jegrees

yrei = 77.14 [
Wrw 40 L4448
ye = 125 pef
Qe = 34 degrees
Kp = 3.537

yf= 120 pcf
F1=

Ka=

F2=

V1=

f= 1250 psf
EHLF = 1.5 (dim)
FHL = 33.7 1S
Rn = 39.3 [
Pt= 1 (dim)
Rr= [T
eg= 5.16 i
B'= 19.7 |
MMLF = 1.35 (dim)

DLBP = 494151
Sigv = 7.34 1048

24.0 degrees
0 psf

10.3 degrees
940 psf

gREEE (dim)

1.0 (dim)

as defined by Fig 11.10.2-1 (minimum=0.7*H per Sec. 11.10.2.1)
as defined in Sec 10.6.3.1.2a
as defined in Sec 10.6.3.1.2a

per Table 3.11.6.4-2
per Table 3.4.1-1 (@ Load Combination "Strength I")

- Uses lowest ® for design

as defined by Fig 11.10.5.2-1

per Eq 3.11.6.4-1
as defined by Fig 11.10.5.2-1

- Estimate based on lab & SPT data

per Table 3.4.1-2
as defined by Fig 11.10.5.2-1
as defined by Fig 10.6.3.4-1
per Table 11.5.6-1
Capacity Demand Ratio (CDR)=
CDR > 1.0, OK
e < 0.25*B, OK

per Table 3.4.1-2

- Case represents conditions after full consolidation & fully drained
- Based on SPT data

per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-2
per Table 10.6.3.1.2a-2

per Eq 10.6.3.1.2a-1 & Sec. 11.10.5.4, load inclination factors & depth
correction factor = 1.0
per Table 11.5.6-1
Capacity Demand Ratio (CDR)= 1.613
CDR > 1.0, OK
- Case represents conditions immediately following construction, assuming
quarantine period after Stage 1
- Averaged from CU lab data- See Sheet URS
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-2
per Table 10.6.3.1.2a-2

per Eq 10.6.3.1.2a-1 & Sec. 11.10.5.4, load inclination factors & depth
correction factor = 1.0

per Table 11.5.6-1

1.004
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Capacity Demand Ratio (CDR)=
CDR > 1.0, OK



MSE Bearing Pressure, Bearing Capacity, Sliding and Overturning
Retaining Wall 3 & Ramp B over SR 7 - Abutment B Wingwall

Interchange Reconstruction: Delaware Route 1 and Interstate 1-95

STAGE 1

Height of Wall (exposed)

Embedment (below grade)

Total Height (Hw+Df)

Wall Base Width

Total Footing Length (=Length of Wall)
Groundwater Depth

Surcharge
Surcharge Load Factor

Retained/Reinforced Material
Top Material Height

Top Material Unit Weight
Top Material ®

Bottom Material Height
Bottom Material Unit Weight
Bottom Material &

Design ¢

Reinforced Unit Weight
Retained Wedge - Vertical Component

Embedment Soil Properties
Embedment Unit Weight

Embedment &
Embedment Coeff. Passive Earth Pressure
Foundation Unit Weight

Loads

Horiz F1 Soil

Rankine Coeff. Active Earth Pressure
Horiz F2 Surcharge

MSE Mass

Loading Conditions
Foundation Undrained Shear Strength

Horizontal Earth Pressure Load Factor
Factored Horizontal Load

Nominal Sliding Resistance

Sliding Resistance Factor

Factored Sliding Resistance

Eccentrity, parallel to width
Effective Width

MSE Mass Load Factor
Factored Bearing Pressure

Consolidated Drained Case (Long Term)

Foundation ®

Foundation Cohesion (c)

Cohesion Term Bearing Capacity Factor

Surcharge Term Bearing Capacity Factor

Unit Weight Term Bearing Capacity Factor

Footing Shape Correction Factors

Ground Water Table Correction Factors

Nominal Bearing Resistance (ksf)
Bearing Resistance Factor
Factored Bearing Resistance (ksf)

Foundaton Cohesion (¢} i /
Cohesion Term Bearing Capaciy ?actm
Surcharge tern Bearing Capanity ;
Lnit Weight Ferm Bearing Capaciy
Focting Shape Correction Facters

Ground Water Table Correstion Factors

Hw = 32 feet
Df = 4 feet

= T oot

= 30 feet
L= 264 feet
GWD = 32 feet
qs = 0 psf
LSLF = 1.75 (dim)
H1= 18 feet
y1= 105 pcf
b1 = 38 degrees
H2 = ik:] feet
y2 = 40 pcf
©2 = 38 degrees

o12= degrees

yrei = 72.50 Jilai
Wrw 28 L

ye = 125 pcf
Qe = 34 degrees
Kp = 3.537

yf = 120 pcf
F1=

Ka =

F2=

V1=

f= 1250 psf
EHLF = 1.5 (dim)
FHL = 20.5 48
Rn = 39, 3 ki/ft
Ot = (dim)
Rr= g
eg= 3.14 i
B'= 23.7 ki
MMLF = 1.35 (dim)
sigv=" T «sf

24,0 degrees
0 psf
m)

9.44 [T
1.06 [CID)

1.0 (dim)

0.0 degrees
1250 psf

1.0 (dim)

as defined by Fig 11.10.2-1 (minimum=0.7*H per Sec. 11.10.2.1)
as defined in Sec 10.6.3.1.2a
as defined in Sec 10.6.3.1.2a

No traffic, wall only partially built
per Table 3.4.1-1 (@ Load Combination "Strength 1")

- Uses lowest @ for design

as defined by Fig 11.10.5.2-1

per Eq 3.11.6.4-1
as defined by Fig 11.10.5.2-1

- Estimate based on lab & SPT data

per Table 3.4.1-2
as defined by Fig 11.10.5.2-1
as defined by Fig 10.6.3.4-1
per Table 11.5.6-1
Capacity Demand Ratio (CDR)=
CDR > 1.0, OK
e < 0.25*B, OK

per Table 3.4.1-2

- Case represents conditions after full consolidation & fully drained
- Based on SPT data

per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-2
per Table 10.6.3.1.2a-2

per Eq 10.6.3.1.2a-1 & Sec. 11.10.5.4, load inclination factors & depth
correction factor = 1.0
per Table 11.5.6-1
Capacity Demand Ratio (CDR)= 2.654
CDR > 1.0, OK
- Case represents conditions immediately following construction of Stage 1,
quarantine period to follow
- Estimate based on lab & SPT data
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-1
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-3
per Table 10.6.3.1.2a-2
per Table 10.6.3.1.2a-2

per Eq 10.6.3.1.2a-1 & Sec. 11.10.5.4, load inclination factors & depth
correction factor = 1.0
per Table 11.5.6-1
Capacity Demand Ratio (CDR)=
CDR > 1.0, OK

1.031
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