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g»«oo* 795+00 7963’0@* ?s’ﬁa’o 7981100* 75970?’) < 804g+00
- 1 | -

CU-06A | - Cu-06 | | | |
710 ' | PROP. 36”7 Soft to medium hard, brown, /
710 L /40.00’RL CULVERT — decomposed, fine grained 710
Soft, brown, decomposed / SANDSTONE
SANDSTONE [ 7
. ; (E)——Hard brown, slightly weathered
Hord, gray, slightly weathered A : : to wéathered, micacéous, fine
fo weainered, micaceous, fine 760 cu-068 €U-06 rained SANDSTONE with very «
700—— grained CALCAREQUS SANDSTONE, 55.00'RT — 42.00'RT hin to moderate bedding. 700
with very thin to thick bedding. Rock et RUN I+ from 4.5 to 9.5’; REC-68%, ROD - 58%
%ua/irlv ood per ROD. -15 4-5-8
UN'I: from 4.5 1o 9.5'; REC=94%, ROD = 80X% TR 50/4IN N P
_ Z47-50/4 in | CY-0EC
690 | B— 42 L
69 — = 690
Soft, gray, highly weathered,
fine grained ~SANDSTONE TR 50/0.2
Hard, brown to gray, fresh
: Very soft to hord, decomposed
68 850 1O ngatly wethered: +— to weathered, brown SANDSTONE 680
6 . |
7o moqerate bagging " Hard, fresh, gray, fine grained
RUN I: from 4.5° fo 9.5'; REC~96X, ROD = 70% SANDSTONE with thick bedding
and micoceous lominations
throughout ! 670
67 RUN Iz from 5.0’ to 10.0; REC=97%, ROD = 97%
66 ! 660
!
cy-078
650 I 189.96° LT 650 CU-0TA
65 —— Uo7 200.00°RT —[~| — 1650
3-3-417 " 42.00°RT”~ ] /-2-3
5-15-15— o 3-4-5 1-2-3
ot CU-078 640 i‘_i:i 3-4-6 640 | |3:4:8 640
3-3-5 -4-
(@—Very soft, decomposed, reddish brown 3-4-4 2-3-4 346
gU /_SfTON}:‘ wirz) _indisriqgr bgddingb 2-1-3 W 2-2-3 TR_L 6-8-16
uality of rock is considered very L
STATION OFFSET poor as per ROD 630 44562; 1-3-4 630 Fxal 630
63 - 140.00'RT —= -7- e X %
cu-06A | 78615 0.00'R Very sort 1o mediym hord, decomposed | 10-44-50/0.4 TR TR == 302_5/7 +F
cuU-068 786+45 55.00°RT to weathered, redish brown MUDSTONE 0/0 | X xx R d
with indistinct bedding 50/0.5
CU-07A 794+75 200.00°RT ROD=18% x X x
620 | < x X ROD-0% 620
* | xxx T 620
RQD=0X% :SSROD ox%
/ H el S e
x x X ecompose
6/0 ROD~10% <xxL |[ROD=0X  with P stinet bedding, 610
6/0 % X ROD = 36%
% %% Very soft, gray, decomposed SILTSTONE
xx with indistinet bedding.
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Note: Historic Borings CU-07, CU-07A, and CU-07B were used along
with the more recent borings designated as B-002-0-23, B-002-1-23,
and B-002-2-23 to develop the subsurface profile along Sta. 794+00.
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From "Geotech - 19718/Soil Profile Begin 5 pts.pdf"

Stote of Ohio .
Deportment of Tronsportfation
Division of Highwoys
Testing Loborotory
LOG OF BORING
Date Started _ 5/13/99 Sampler: Type _SS 0ia. 2.0" Water Elev. ft

Date Campleted 5/14/99 Cosing: Length Dig. 3.25"

Project: MEG-124-22.72
Project No.:99011

Location: Meigs County, Ohjo

Boring Na. _CU-07 Station & 0ffset 794+75.00, 42.00' RT Surface Elev. 644,331

E:?¥) De(gf‘[r?; STdR'OD Pen. R(e%:ﬂ Lg_.:) Description Sample Physical Characteristics 0DoT
Na. e ek | s, | Sitl cFay |LoLo| PLT.[W.C. | Closs
644.3 0 Agg | C.5. [ F.S. | Silt| Clay
643.7 TOPSQIL
] Stiff, brown SILTY CLAY. trace sand, moist.
3-4-5 [ e B B e B N B M R K2
| 346 2 =~ - ] e | visuaL
5
1 335 3 o | |3 | --|9eme|36 |6 |22 ] a6b
637.4 |
] Medium stiff to stiff., brown to gray SILT AND CLAY, moist.
| 234 4 e e - e e |visua
1 223 5 Clov [ 1| -- o3 [ 2|22 ]| A6a
10
13-4 6 - - - | e [visua
1 315 7 e - e 3 | visua
15
627.8 ] . .
1 ROO = (% 7T o8 \Nate: Auger refusal an bedrack ot 16.5 feet. Began coring rack
] : : Very soff. gray. decomposed SILISIONE, wiTh indistinct bedding.
very paar conditian as per ROD.
20 RUN I FROM 16.5 FEET TD 22.0 FEET
623.3 ]
U.C. Strength at 20.5 feet = 10D psi
1 rop = ox 0.1 | 7.4
25
Nate: Calar change ta reddish brown at 25.0 feet.
] RUN 2 FROM 22.0 FEET TO 29.5 FEET
Run 2 bedrack quality very paar as per ROD.
30 Nate: Used raller bit methad of drilling from 29.5 feet to 32.0
feet becouse care barrel lacked at 29.5 feet. Na rack somple
recavery between these depths.
] ROO = 0% 0.3 | 4.8
35 RUN 3 FROM 32.0 FEET T0 37.0 FEET
Run 3 bedrock quality very paar os per R0O.
1 rop = px 37 03
] RUN 4 FROM 37.0 FEET TO 41.D FEET
40 Run 4 bedrack quality very paar as per ROD.
603.3

TERMINATION OEPTH = 41.0 FEET

Particle Sizes: Agg => 2.00mm, Coorse Sand = 2.00-0.42mm, Fine Sand = 0.42-0.0T4mm, Silt = 0.074-0.005mm, Clay =< 0.005mm.

#5i 11 and clay combined

V) g

MEG-124-22.72 SOIL PROFILE g

B.Y. 1724701 L W.IN,

REVIEWED DATE CALC(ILATEE

PriMe ENGINEERING
T & ARCHITECTURE.INC.

COLUMKIS | AKRON:2
S.S.S. 1614) 487-2100 (330) B86~5432




From "Geotech - 19718/Soil Profile Begin 5 pts.pdf"

State of Ohia
Deportment af Transportotion
Division of Highways
Testing Loboratory

LOG OF BORING

Dote Storfed _ 4/14/99 Sompler: Type _SS Dio. 2.0° Woter Elev. Tt Project: MEG-124-22.72
Dote Completed 4/14/99 Cosing: Length Dio. 3.25" Project No.:9901]
Location: Meigs County, Ghio
Boring No. CU-07TA stotion & 0ffset 794+75.00, 200.00' RT surfoce Elev. 647.87Tt
Elev. |Depth| Std. Pen.f Rec. | Loss st Physicol Chorocteristi
(1| Cen | Kao (fh | (fh DescripTion Somple | —YeC0 LIoC O e 000t
647.9 0 No. A9_9 €.s. | F.s.] silt| clay L.L.]P.1.|W.C. | Closs
647.4 ] JOPSOIL
] Medium stiff., brown SANDY SILT. some cloy. moist.
1-2-3 [ = e - e -] - | 24 (visua
_— 1-2-3 2 0 5 32 |31 (25 |29 10 | 30 A-40
643.0 | &
Stiff to very stiff. brown SILT AND CLAY. troce sond. moist.
T 3-4-8 3 S R B Bl B R [ A ST
- 3-4-6 4 0 i 9 -- |90 *[ 36 16 | 23 A-6o
10
_l &-8-16 5 I I B B I e N3 RO LT
15
632.4 Note: Auger refused on bedrock of i5.5 feet. Begon coring rock,|
] ROD = 36% 6.9 | 0.1 | Very soff, reddish brown. decomposed SILISIONE wiTh indistinct
bedding, very poor condition os per ROD.
- Note: Siltstone chonging to soft, weothered fo highly weothered,
ond grey ot 16.4 feet.
20

U.C. Strength of 21.2 feet = 196 psi

625.4
TERMINATION DEPTH = 22.5 FEET
#Si |1 ond cloy combined
Porticie Sizes: Agg =) 2.00mm, Coorse Sond = 2.00-0.42mm, Fine Sond = 0.42-0.074mm, Silt = 0.074-0.005mm, Cloy =< 0.005mm.
Stote of Ohia )
Department of Transportotian
Division of Highwoys
Testing Loboraotory
LOG OF  BORING
Dote Storted ___3/31/99 Sompler: Type SS Dia. 2.0" Woter Elev. ft Project: MEG-124-22.72
Oote Completed 3/31/99 Cosing: Length Dia. 3.25" Project No,:3901]
Location: Meigs County, Ohio
Boring No. CU-09  Stotion & 0ffsef 813+30.00, 42.00' RT Surfoce Elev. 767,237t
E(Ig\;) in%‘[rf; S‘rdR.oo Pen. R(e%.) L?fs$) Oescription Somple — Pr;ysicoxl Cho;ocTerisTics 000T
761.2 0 No. Agg ¢.s. | Fus. | silt]| clay L.L.|P.1.|W.C. | Closs
766.6
7 ] Very soft. highiy weothered to decomposeds brown CLAY SHALE.
6-16-18 [ e e e e | visua
50/4in 2 e e B B BN LN B - A KT
5
— 30Ain 3 S IR IS R R R e R A
50/4in 4 - - - - - - -- | 6 VISUAL
151.2 10 .
ROO = 0% 5.0 | 0.0 |\Wofe: Auger refusol on bedrock ot 10.0 feet. Beqon coring rock/]
Very sott, highly weothered to decomposed, brown CLAY S with
horizontol laminor bedding (fissile) fo 11.5 feef; indistinct
- bedding from 11.5 feet to"15.0 feet. Rock in very poor condition
os per ROD, U.C. Strength ot 10.9 feet = 166 psi
152.2 15
TERMINATION DEPTH = 15.0 FEET
it ond clay combined
Porticle Sizes: Agg => 2.00mm, Coorse Sond = 2.00-0.42mm, Fine Sond = 0.42-0.074mm, Silt = 0.074-0.005mm, Cloy =< 0.005mm.
& el s A e Prime_E NGINEERING
o\ MEG-124-22.72 SOIL PROFILE — = CHECKED & ARCHITECTURE.INC.
~ S.8.S. te14) 457-2100 (310) 6s6-5632
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From "Geotech - 19718/Soil Profile Begin 5 pts.pdf"

State of Ohio .
Department of Transportation
Division of Highways
Testing Laboratory
LOG  OF  BORING
Oate Started 7/5/00 Sompler: Type  _SS Oia. 2.0* Woter Elev. 632.6Tt Project: MEG-124-22.72
Oate Completed _7/6/00 Cosing: Length Oio. _3.25* Project No.: 390II
Location: Meigs County, Ohio
Boring No. _CU-07B  Stotion & Offset 794+60.79  189.96'LT Surfoce Elev. 648.94T1
E(I$¥) 0(-2 _‘{)h STdéOOPen./ R&gr.) L%S:rss Oescriptian Somple Physical Characteristics 000T
Na e Lo | Fs. | &t | cky [LL. | P e, | Class
648.9 0 ’ Agg | CS. | F.S. | Silt [Clay fhebe [ Fele Wb
p— TOPSOIL
6474 4 ] — . - - | S I e e e Y T
2 3-3-4 Medium stiff ta very stiff, reddish brawn SILTY CLAY (A-6b), little sand,
— froce ta some rock fragments, trace roats, moist.
e 2 e | visua
6439 | Note: Encauntered a sondstone cobble of 4.5 feet.
6~ SoTT Ta hard, brown ond %ray SANDY SILT (A-40), same Ta Titfle cloy, no
ta little gravelond rock Trogments, maist ta wet.
- ,.3-3 3 ol e I i M M I I T £ T
_—
= .., 4 SR e S I IR [ (R i T £ -1
0 3-4-6
e 3-4-4 5 ol R H R ISR RSN (R 1P T V17
14 B}
- 2-1-3 tggl?r:gf.’ushed a shelby Tube from 14 to 16 feet next to originol test gé - 1_ l?_ 4_8_ 4_0_ 3_9 I(_)_ g: véuﬁ_
3 = 4-6-1 Note: Encountered groundwoter of (6.3 feet during drilling. 1 = ) | W VIsUAL
-
— 5o 8A bole [ | - Je2x|3 |0 |24 | Ada
4 2 88 ~ - === -~ |w" |vsu
T =3 10-44-500.4 Very saft, decomposed, reddish brawn MUDSTONE with indisTinct bedding. 9 S I I I B I il N L
29~ The qualh‘g of the mudstone in all three runs is considered very paor
] as per R0O.
= sos0s o0 == -]~ -] - |0 jvsua
247 )
6239 ] Nate: Augered ta 25.0 feet ond began caring.
R —| ROD = I8% 4.7 0.8 Verg soft To medium hord, decampased ta weathered, reddish brown
26 MUDSTONE with indistinct bedding.
28”- U.c. Strength af dec. mudstone at 25.8 feet = 152 psi
30
— RoO = 0% 4.0 1.0
2]
3477
36 | ROO = 10% 3.5 1.5
3877
. 40
TERMINATION OEPTH = 405 FEET
Particle Sizes: Agg =) 2.00mm, Caarse Sand = 2.00-0.42mm, Fine Sand = 0.42-0.074mm, Silt = 0.074-0.005mm, Clay =¢ 0.005mm (*Indicates silt & cloy combined)
State of Ohio .
Department of Transportation
Division of Highways
Testing Laboratory
LOG  OF  BORING
Oote Started _ 7/27/00 Sampler: Type  _SS Oia. 2.0 Water Elev. _ft Project: MEG-124-22.72
Oate Completed 7/27/00 Cosing: Length Oia. _3.25% Project No.: 390ll
Location: Meigs County, Ohio
Baring Na. CU-08  Stotion & Offset 812+63.51 128.85’RT surface Elev. 775.52ft
E:ﬂ) Oe( ;rf)h STdéOOPen./ R&gr.) L&’STS) Oescription Somple - . Pr;ysicaIzChoro:TerisTics 0007
1755 0 Na. agg |cs. | Fs. | sit [ clay [L4- [P WL Class
1748 ] TOPSOIL
— 6-9-¢ STITT, brawn CLAY {A-7-6), some sand, Trace rack TragmenTs, Troce i 2 6 120 [ - {72*;52 |28 |19 A-T-6
2] roats, maist.
— a-4-6 2 === - -] =0 |vsm
6] 3 === - - - e |visuaL
769.0 | 5-11-16
— Medium dense, brawn COARSE AND FINE SAND (A-3a), little silt, frace
5~ rack fragments, moist.
[IE N - - 4 = === -] -2 |sua
4 1-0-1 Very stiff, brown CLAY (A-7-6), [itTle sand, moist.
0]
w00 | 1 5-21-3 5 e e A
2 Very saff, decampased, brown and block SANOSTONE.
— 6A e Bt T B R B IS I T A 171
7615 14 15 - 43 - 22 | - I R
. Very saft, decomposed Ta highly weathered, brown CLAY SHALE. 68 I 12 | VISUAL
s 7 ol e B e N AR R - 1 G171
L 18]
— 3.5 8 === =1-=1]-1-1]w0 [vsua
20
. 9 ===~ |vsua
9™ 24 - 3)- 48
153.0
TERMINATION OEPTH = 22.5 FEET
Particle Sizes: Agg => 2.00mm, Caorse Sond = 2.00-0.42mm, Fine Sond = 0.42-0.074mm, Silt = 0.074-0.005mm, Clay =< 0.005mm (*#Indicates silt & clay cambined)
> DRAWN | REVIEWED] DATE  |CALCULATED )

RIME E NGINEERING
= E.D.S. B, 724/00 X W.LK. Y PP T ——
S MEG-124-22.72 SOIL PROFILE i L BT & ARcHITECTURE.INC.
= S.S.S. (;‘;-‘U,_‘?"-z‘w !‘;m“&ﬂ‘!i
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STANDARD ODOT SOIL BORING LOG (11 X 17)

From "MEG-33-13.96~pid119143~SPT_boring logs.pdf"

PROJECT: MEG-33-13.96
TYPE: ROADWAY

PID: _ 119143  SFN:

START:  11/7/23  END: 11/7/23

DRILLING METHOD:

DRILLING FIRM / OPERATOR:

ODOT / LEWIS

SAMPLING FIRM / LOGGER:

ODOT / BINKLEY

3.25" HSA

SAMPLING METHOD:

DRILL RIG: CME 55 TRUCK

HAMMER: CME AUTOMATIC

CALIBRATION DATE: 11/7/23

ENERGY RATIO (%): 81

ELEVATION:

STATION / OFFSET:
ALIGNMENT:

794+91, 12'RT.

EXPLORATION ID
US 33 B-002-0-23

7326 (f) EOB: _ 50.0ft.

LAT / LONG:

39.029228, -81.940185

PAGE
10F 1

MATERIAL DESCRIPTION
AND NOTES

ELEV.
732.6

SPT/ REC | SAMPLE| HP
RQD

No | )| 1D | (tsf)

GRADATION (%)

ATTERBERG

GR

SI

CL

opoT
LL | pL | P | wc | CLASS(G)

BACK
FILL

HARD, BROWN, SILT AND CLAY, SOME STONE
FRAGMENTS, LITTLE SAND, DAMP

@3.5"; VERY STIFF, BROWN AND GRAY

@8.5"; HARD

h732.3

722.6

DN
b A

BIAEN"

9 22 | 39 SS-1 | 4.50

29

29

23

L
30| 18| 12| 14 | A-6a(4)

>’\$

£ CC R S}

2 8 | 33 S§S-2 | 3.50

28

31

28

32119| 13| 13 | A-6a(6)

5 13 | 44 S§S-3 |3.50

-1 -] -] 10| Asa()

VERY STIFF, BROWN AND RED, SANDY SILT, SOME
STONE FRAGMENTS, LITTLE CLAY, DAMP

@13.5'; HARD

@15.0'; VERY STIFF

@18.5'; HARD

712.6

3 8 | 39 SS-4 | 4.50

- -] - 12| ABa(v)

30 | 86 | 61 S§S-5 |3.50

33

26

19

2617 9| 9 | Ada(2)

4 13 | 56 SS-6 | 4.50

A-4a (V)

1" 26 | 61 SS-7 | 4.00

A-4a (V)

HARD, GRAY AND BROWN, SILT AND CLAY, "AND" STONE
FRAGMENTS, LITTLE SAND, DAMP

709.1

10 | 24 | 56 SS-8 | 4.50

A-4a (V)

711 24 | 50 SS-9 |4.50

47

25

15

28 (17 11| 6 | A6a(1)

VERY STIFF, BROWN AND BLACK, CLAY, SOME STONE
FRAGMENTS, SOME SILT, LITTLE SAND, DAMP

@?25.0'; REDDISH BROWN AND BROWN

704.1

4 16 | 67 | SS-10 |2.00

24

22

43

4524 | 21| 22 [A-7-6(11)

9 30 | 67 | SS-11 |4.50

-] - 18| ATB(V)

HARD, RED AND GRAY, SILT AND CLAY, SOME STONE

FRAGMENTS, LITTLE SAND, DAMP

@33.5'; SPOON BLOCKED BY STONE FRAGMENTS

@38.5'; POOR RECOVERY

@43.5'; RED, POOR RECOVERY

@48.5'; GRAY, POOR RECOVERY

682.6

23 | 67 | 67 | SS-12 |4.50
27

26

34

29

31|18 ] 13| 10 | A6a(7)

28

33 | 66 | 17 | SS-13 |4.50
16

A-6a (V)

10

15 | 40 | 33 | SS-14 [4.50
15

A-6a (V)

4
:I 15 46 | 39 SS-15 [4.50

19

A-6a (V)

5
J 118 26 | 22 | SS-16 |4.50

A-6a (V)

NOTES: LAT/LONG/ELEV FROM DISTRICT SURVEY GRADE INSTRUMENTS.

ABANDONMENT METHODS, MATERIALS, QUANTITIES: AUGER CUTTINGS MIXED WITH 100 LB. BENTONITE CHIPS
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STANDARD ODOT SOIL BORING LOG (8.5 X 11)

PROJECT: MEG-33-13.96 DRILLING FIRM / OPERATOR:  ODOT/LEWIS |DRILLRIG: ACKERREBEL XL | STATION/ OFFSET: _ 794+99,93' LT. |EXPLORATION ID
TYPE: ROADWAY SAMPLING FIRM /LOGGER: __ ODOT /BINKLEY | HAMMER: _ ACKER AUTOMATIC _ | ALIGNMENT: US 33 B-002-1-23
PID: 119143 SFN: DRILLING METHOD: 3.25" HSA CALIBRATION DATE:  11/7/23 | ELEVATION:  683.8 (ft) EOB:  28.0 ft. PAGE
START:  11/8/23 END:  11/8/23 SAMPLING METHOD: SPT ENERGY RATIO (%): 90* LAT / LONG: 39.029453, -81.939948 1 OF 1
MATERIAL DESCRIPTION ELEV. DEPTHS sPT/ [, [REC[SAMPLE[ HP GRADATION (%) | ATTERBERG opoT | BACK
AND NOTES 683.8 RQD | ™ | (%) ID (tsfy{ erR [ cs | Fs | si |cL | | P | P | we |CLASS(G) | FILL
hToesow(y_ __ _ _ _ _ ___ ___ _______ J’/ 1 683.7/ - 5T 2
VERY STIFF, RED AND GRAY, SILT AND CLAY, SOME — 1 — b 5]
STONE FRAGMENTS, TRACE SAND, DAMP o 5 o 5
2 2 | 6 [ 17| sS1 [300] - | - | -|-|-]-|-]-]15]|A6a( 2>
C 2 = Sp
B 2 TR 1
- 1
— 4 2 | 6 | 28| ss2 |100|25| 3|5 |32(35(33|18|15| 16 | A6a(8)
L5 2
C 3411 33| s83 [400| - | - | - | -|-|-|-|-]|14]A6a
675.3 — 8
STIFF, BROWN AND GRAY, SANDY SILT, SOME CLAY, - g
TRACE STONE FRAGMENTS, MOIST B 3 5 12 | 61 SS-4 |200| 5| 5 (2340 |27|28|18| 10| 18 | A-4a(6)
— 10
672.8 iy
VERY STIFF, GRAY, SILT AND CLAY, "AND" STONE B 5
FRAGMENTS, LITTLE SAND, DAMP - 12 53 12 | 67 SS-5 |350|45| 6 | 8 |26|15[130|19|11] 8 | A-6a(1)
— 13
@13.5': STIFF, BROWN AND RED, SOME STONE 44 3
FRAGMENTS, TRACE SAND B 5 (18|67 | ss6 |1.00|25| 3| 6 [37|20(33|21|12] 14 | A6a(7)
— 15 Z
667.8 [ 6
HARD, BROWN, SANDY SILT, SOME CLAY, SOME STONE B 5 K
FRAGMENTS, DAMP P 412 24 | 78 | ss7 |as0|21| 2 |27|29| 21|24 (18| 6 | 12 | A4a(3)
665.3 — 18
VERY STIFF, BROWN AND GRAY, SILT AND CLAY, SOME 4o 4
STONE FRAGMENTS, LITTLE SAND, DAMP » 6 20 | 78 SS-8 [3.00125| 3 [11[32(29|33|19| 14| 14 | A6a(7)
— 20 z
24 4
B 3 |12 72| ss9 |250| - | -|-|-|-|-1]-1]-]16]A6aw
— 25 S
@28.0'; AUGER REFUSAL, ENCOUNTERED CULVERT 6558 27
- EOB 28
NOTES: LAT/LONG/ELEV FROM DISTRICT SURVEY GRADE INSTRUMENTS. HOLE DRY UPON COMPLETION.
ABANDONMENT METHODS, MATERIALS, QUANTITIES: AUGER CUTTINGS MIXED WITH 50 LB. BENTONITE CHIPS




From "MEG-33-13.96~pid119143~SPT_boring logs.pdf"

- OH DOT.GDT - 12/28/23 14:58 - X:\GINT\PROJECTS\601102.GPJ

STANDARD ODOT SOIL BORING LOG (11 X 17)

PROJECT: MEG-33-13.96 DRILLING FIRM / OPERATOR:  ODOT/LEWIS _ [DRILLRIG: ACKERREBEL XL | STATION/OFFSET: _ 794+16,77'LT. _|EXPLORATION ID
TYPE: ROADWAY SAMPLING FIRM /LOGGER: __ ODOT/BENNING | HAMMER: _ ACKER AUTOMATIC _ | ALIGNMENT: US 33 B-002-2-23
PID: 119143 _ SFN: DRILLING METHOD: 3.25" HSA CALIBRATION DATE: __ 11/7/23 | ELEVATION: __ 690.1 (ff)  EOB: __ 44.0ft. PAGE
START: _11/28/23 END: _ 11/29/23 | SAMPLING METHOD: SPT ENERGY RATIO (%): 90" LAT / LONG: 39.029548, -81.940218 1OF 1
MATERIAL DESCRIPTION ELEV. DEPTHS SPT/[ \ |REC[SAMPLE[ HP [ __GRADATION (%) [ ATTERBERG opoT | BACK
AND NOTES 690.1 RAD | ™ | %) | ID |@sf)|er[cs[rs[si[Je|wpr]p] wec]|CLASSE)| FILL
TOPSOIL (18") L Epaans
— 1 — IR A
____________________________ | 688.6 | i <, vy
VERY STIFF, DARK RED AND GRAY, SILT AND CLAY, "AND" [/ P E 15R &4
STONE FRAGMENTS, LITTLE SAND, DAMP i 4 | 12|28 | ss1 |250f - | - | - | | -] -] -|-|10]ABaW) [=xF
3 4 BN
- <Lz
@3.5' STIFF B 3 = )
43 | 11| 50| ss2 [150[40| 3| 8 |27|22|31| 20| 11| 9 | A6a(3) [¥ LV‘%;%
— 5 . TZh ]
- <
— 6 %ﬂ = |
@6.0"; POOR RECOVERY, AUGER CUTTINGS TAKEN N 10 P>
ol e ssa | o[- -] |1 | Asaw [FELH
3 B2
. 727 1]
681.6 B A2,
MEDIUM STIFF, BROWN AND RED, SANDY SILT, SOME - g 2 = L
CLAY, LITTLE STONE FRAGMENTS, DAMP i 2 | 6|3 | 554 |050|16| 3 |23|32|26|27|18| 9 | 14 | Ada(s) [F7 =
— 10 2 adw\/quz
B ol 37
679.1 [ ”
MEDIUM STIFF, BROWN, SILT AND CLAY, SOME STONE i 5 [ > b
FRAGMENTS, SOME SAND, POOR RECOVERY, AUGER ol 2 s sss | [ -] - ] -] -] 12| Aav) [ 5
CUTTINGS TAKEN, DAMP N 3 e
— 13 5T 2k
L Gl A
@13.5"; VERY STIFF T 2 <
T s | 12|67 | ss6 |325(22] 4 |17|29| 28| 30| 19| 11| 16 | A6a(5) j@gﬁ’
5 <
— 15 Sy
B R
— 16 =~
@16.0'; HARD, TRACE ROOTS B 9 m
C 9 | 30|78 | 557 |45+ - | - | - | -|-|-|-|-|12]na6aw [
i 11 LT
~ \l@\l >
— 18 SRS
B - %
O 8 | 26| 30| ss8 [45¢| - | - | - - -|-|-]-]|10]A6aq [
9 L2,
— 20 < <
B i 7 @2 Ly
~ 2] e
— 22 T e
B a ERE |
— 23 — P 4
- =
@23.5"; VERY STIFF, BROWN AND GRAY, "AND" STONE P E b > bczsz]
FRAGMENTS, LITTLE SAND i 6 [ 18|30 | SS9 (30038 1 |16|20 (25|32 18|14 11 | A6a(3) |77 54
L o5 6 BN
B | ST =
— 26 — o) A
S
I N % -7
— 27 —| s>
-2 =S
— 28 —| SEGRES
— <<
@28.5'; BROWN AND REDDISH BROWN, SOME STONE o s m
FRAGMENTS i 40 | 150 | 100 | $S10 (27534 | 2 [ 16|20 | 28| 31|20 | 11| 14 | AGa(3d) [
W
— 30 %\l >
- - < 1§
— 31— L >
IR 3
— 327 gy
| 43 b5 L]
B - 32
— 34
B 7 |23 33| ss11 (300 -] -|-]-|-|-1]-]|-/|12]|a6aw
— 35 8
6516 | . [ 387
SANDSTONE, BROWN, HIGHLY WEATHERED, WEAK, FINE  }.e. oI5
GRAINED. i 29 [195/100| ss12 | - [ - | - - -|-]-|-|-]29 |Rock(
101
e’ — 40
e — 41—
. — 42
e — 43 —
*..] 646.1 EOB——4. 4J 82 - 100l ss13 | - T - [ - T -T-T-T-T-T-15 ]Rock(V)

NOTES: LAT/LONG/ELEV FROM DISTRICT SURVEY GRADE INSTRUMENTS. HOLE DRY UPON COMPLETION.

ABANDONMENT METHODS, MATERIALS, QUANTITIES: AUGER CUTTINGS MIXED WITH 50 LB. BENTONITE CHIPS
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Soil Parameter Determination
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ODOT District 10

Soil Strength Parameter Determination

Computed By = AKB

MEG-33-13.96 Checked By = MM
Undrained Shear Strength (Su) (psf) Dry Unit Weight (pcf) Moist Unit Wt. (pcf) Adopted Short Term Parameters ong-Term Strength Values Adopted ;:g?nz(::; Strength Gonsoldation Values Adopted Consolidation Parameters
Layer PER N-values Tested N- Value ODOT GB-7 Correlations Tested DDOT GB-7 Correlation
Sowers | Tand P Values | Correlation | Tested | Correlation | Tested © Cohesion (psf) | phi (deg) | Cohesion (psf) | phi (deg) €0 | Cc
Max 4500 2275 1729 110 125 Max 13 136 23 Max 0.787 0.207
Min 500 450 798 95 110 Sy=| 1400 |[psf Min 6 75 21 c¢'=l 110 |psf Min 0.543 0.153 eo=| 0.681 Ko = 0.63
Average 2865 1532 1321 101 120 o= 0 deg | Average 10 12 22 o'= 22 deg Average 0.681 0.181 Cc=| 0.181 Es=| N/A |ksf
Std Dev 1285 559 350 6 6 Std Dev 3 23 1 c= 260 p Sf, f Std Dev 0.100 0.019 Cr=| 0.018 ,
Yay=| 100 |pcf - ay=| 100 fpcf Cv=[ 013 |it’day
Avg + Std 4151 2091 1671 107 126 Ymoist =| 120 |pcf | Avg+ Std 13 134 23 phl - 19 deg rees Yoot =| 120 |pcf Avg+Std  0.781 0.200 o, = 18 ksf
Avg - Std 1580 972 971 95 115 Avg - Std 7 89 22 Avg-Std  0.580 0.162
Max 4500 4000 3990 120 135 Max 30 200 26 Max 0.476 0.315
Min 1000 1800 2128 115 130 S,=| 3000 [psf Min 16 153 24 c'=[ 175 |psf Min 0.378 0.126 eo= 0.444 Ko = 0.58
Layer 2 Average 3500 3025 3026 17 132 o= 0 deg | Average 23 176 25 o'= 25 deg Average 0.444 0.203 Cc=[ 0.203 Es=| N/A |ksf
Std Dev 1363 1018 602 3 3 Std Dev 5 15 1 Std Dev 0.046 0.071 Cr=[ 0.020
VERY STIFF EMBANKMENT FILL Yay=| 115 [pcf Yay=| 115 [pcf Cv=[ 011 |ftiday
Avg + Std 4863 4043 3628 119 134 Ymost=| 130 |pcf | Avg+Std 27 191 26 Ymoist=| 130 |pcf Avg+Std 0490 0.274 g, = 18 ksf
Avg - Std 2137 2007 2424 114 129 Avg - Std 18 161 24 Avg-Std  0.398 0.132
Max 4500 4000 4000 135 145 Max 67 250 28 Max 0.476 0.198
Min 3000 3150 2394 115 130 Su=| 3700 [psf Min 18 160 24 c'=| 215 |psf Min 0.257 0.189 eo=| 0.362 Ko = 0.55
Average 4313 3894 3663 125 138 o= 0 deg | Average 40 217 27 o'= 27 deg Average 0.362 0.194 Cc=| 0.194 Es=| N/A |ksf
Std Dev 530 301 568 8 5 Std Dev 19 37 1 Std Dev 0.084 0.006 Cr=| 0.019
Yoy =| 125 |pcf Yoy =| 125 |pcf Cv=| 042 |it}day
Avg + Std 4843 4194 4230 133 143 Ymoist =| 140 |pcf | Avg+ Std 58 254 28 Ymoist =| 140 |pcf Avg+Std  0.446 0.200 o, = 18 ksf
Avg - Std 3782 3593 3095 17 132 Avg - Std 21 180 25 Avg-Std  0.278 0.187
Max N/A 1750 1330 105 125 Max 10 114 23 Max 0.787 0.234
Min N/A 300 532 95 110 Sy=| 930 |[psf Min 4 50 20 c¢'= 85 psf Min 0.616 0.171 eo=[ 0.756 Ko = 0.64
Average N/A 933 931 97 118 o= 0 deg Average 7 86 21 c= 235 p Sf j = 21 deg Average 0.756 0.194 Cc=| 0.194 Es= N/A  |ksf
Std Dev N/A 496 260 3 5 Std Dev 2 21 1 . ! Std Dev 0.056 0.028 Cr=[ 0.019
Yoz 95 et phi = 18 degrees Yoz 95 et cv[ 048 |ftidey
Avg + Std N/A 1429 1191 100 123 Ymost=| 120 |pcf | Avg+Std 9 107 22 Ymost=| 120 |pcf Avg+Std 0812 0.221 OCR = 1
Avg - Std N/A 436 671 93 113 Avg - Std 5 64 21 Avg-Std  0.700 0.166
Max N/A 2100 1729 110 125 Max 13 136 23 Max 0.616 0.234
Min N/A 975 1330 105 125 Su,=| 1650 [psf Min 10 114 23 c'=| 125 |psf Min 0.543 0.234 eo=| 0.580 Ko = 0.61
Layer 5 Average N/A 1731 1563 108 125 o= 0 deg | Average 12 127 23 o'= 23 deg Average 0.580 0.234 Cc=| 0.234 Es=| N/A |ksf
Std Dev N/A 530 167 3 0 Std Dev 1 9 0 Std Dev 0.042 N/A Cr=| 0.023
STIFF COHESIVE Yay=| 110 [pcf Yay=| 110 [pcf Cv=| 038 |it}day
Avg + Std N/A 2262 1730 110 125 Ymoist =| 125 |pcf | Avg+ Std 13 136 23 Ymoist =| 125 |pcf Avg+Std 0622 N/A OCR = 1
Avg - Std N/A 1201 1395 105 125 Avg - Std 10 118 23 Avg-Std  0.537 N/A
Max 3000 4000 4000 125 135 Max 34 200 27 Max 0.476 0.189
Min 3000 2550 3059 115 130 S,=| 3300 |psf Min 23 177 25 c'=[ 185 |psf Min 0.358 0.189 eo=[ 0.416 Ko = 0.56
Layer 6 Average 3000 3517 3417 120 133 o= 0 deg | Average 27 186 26 o'= 26 deg Average 0.416 0.189 Cc=[ 0.189 Es=[ N/A |ksf
Std Dev N/A 837 509 5 3 Std Dev 6 13 1 Std Dev 0.059 N/A Cr=[ 0.019
VERY STIFF TO HARD COHESIVE Yay=| 120  [pcf Yay=| 120  [pcf Cv=| 050 |ft/day
Avg + Std N/A 4354 3926 125 136 Ymost=| 135 |pcf | Avg+Std 33 198 27 Ymoist=| 135 |pcf Avg+Std 0475 N/A OCR = 1
Avg - Std N/A 2680 2908 115 130 Avg - Std 21 173 25 Avg-Std  0.357 N/A
Ko =1 - sin(phi)
Assumed Cc/Cr = 10

OCR selected as 1 considering the native materials to be normally consolidated. Preconsolidation pressure for existing fill selected based on correlations with LI in NAVFAC DM 7.1, Chapter 3, Figure 3. Cv values selected based on correlations with LL in USACE EM 1110-1-1904.

Layers 1 and 4 were modified by reducing the phi angle while increasing the
cohesion based on Hall's Thesis which states for each 1 deree reduction of
the phi angle, 50 psf of cohesion may be added (up to 150 psf)


MOMOHAMMED
Callout
c = 260 psf, 
phi = 19 degrees 

MOMOHAMMED
Callout
c = 235 psf, 
phi = 18 degrees 

MOMOHAMMED
Callout
Layers 1 and 4 were modified by reducing the phi angle while increasing the cohesion based on Hall's Thesis which states for each 1 deree reduction of the phi angle, 50 psf of cohesion may be added (up to 150 psf) 


ODOT District 10

MEG-33-13.96
Values for Soil Strength Correlation

Reference Value

HI Pl (Sowers) 0.25

MD PI (Sowers) 0.175

LO PI (Sowers) 0.075

T&P 0.133

Alignment  Surface Elevation Exploration ID

Us 33 732.6 B-002-0-23
US 33 7326 B-002-0-23
Us 33 732.6 B-002-0-23
US 33 7326 B-002-0-23
Us 33 683.8 B-002-1-23
US 33 683.8 B-002-1-23
Us 33 683.8 B-002-1-23
US 33 683.8 B-002-1-23
Us 33 683.8 B-002-1-23
US 33 690.1 B-002-2-23
Us 33 690.1 B-002-2-23
US 33 690.1 B-002-2-23
Us 33 690.1 B-002-2-23
US 33 690.1 B-002-2-23
Us 33 690.1 B-002-2-23

Soil Strength Parameter Determination

Computed By = AKB
Checked By = MM

Correlated Correlated Correlated
_ Short-Term Cohesion (psf) LT Cohesion Midpoint Midpoint Dry Unit Wt. Moist Unit Wt. Assumed Computed
% % % % % % % N-values (psf) phi Sample Sample (pcf) (pcf) Correlated Specific Void
Neo Rec HP Gr cs FS St Clay LL PL PI we PPR Sowers T&P per GB-7 (deg) Depth (ft.) Elevation (ft.) per GB-7 per GB-7 C. Gravity (G) Ratio (e) Ll
Max 13 67 45 45 6 23 40 35 33 20 15 18 Max 4500 2275 1729 136 23 14.0 7286 110 125 0.207 2.72 0.787 0.00
Min 6 6 0.5 5 3 5 26 15 27 18 9 8 Min 500 450 798 75 21 20 671.8 95 110 0.153 272 0.543 -1.00
Average 10 39 29 26 4 13 31 26 30 19 1 12 Average 2865 1532 1321 112 22 7.7 691.6 101 120 0.181 2.72 0.681 -0.47
Std Dev 3 19 13 14 1 8 5 6 2 1 2 3 Std Dev 1285 559 350 23 1 4.0 20.8 6 6 0.019 0.00 0.100 0.39
Avg + Std 13 58 42 40 5 21 36 32 32 19 13 15 Avg+Std 4151 2091 1671 134 23 1.8 7124 107 126 0.200 2.72 0.781 -0.08
Avg - Std 7 19 1.6 12 3 6 26 20 28 18 9 9 Avg - Std 1580 972 971 89 22 3.7 670.8 95 115 0.162 2.72 0.580 -0.87
Correlated Correlated Correlated
Short-Term Cohesion (psf) LT Cohesion Midpoint Midpoint Dry Unit Wt. Moist Unit Wt. Assumed Computed
Sample % % % % % % % 0oDoT N-values (psf) phi Sample Sample (pcf) (pcf) Correlated Specific Void
D Neo Rec HP Gr cs FS Silt Clay LL PL Pl WC  Class.  Soil Type Layer PPR Sowers T&P per GB-7 (deg) Depth (ft.) Elevation (ft.) per GB-7 per GB-7 C. Gravity (G) Ratio (e) LI

§S-2 8 33 35 28 4 9 31 28 32 19 13 13 A-6a Cohesive 1 3500 1400 1064 100 22 4.0 728.6 95 110 0.198 2.72 0.787 -0.46

SS-3 13 44 35 - - - - - - - - 10 A-6a Cohesive 1 3500 2275 1729 136 23 7.0 7256 105 125 2.72 0.616

SS-4 8 39 45 - - 12 A-6a Cohesive 1 4500 1400 1064 100 22 9.0 7236 95 120 272 0.787

SS-6 13 56 45 - - 9 A-da Cohesive 1 4500 975 1729 136 23 14.0 7186 110 125 2.72 0.543

§S-1 6 17 3 - - - - - - - - 15 A-6a Cohesive 1 3000 1050 798 75 21 20 681.8 95 110 272 0.787
882 6 28 1 25 3 5 32 35 33 18 15 16 A-6a Cohesive 1 1000 1050 798 75 21 4.0 679.8 95 110 0.207 2.72 0.787 -0.13

SS-3 1 33 4 - - - - - - - - 14 A-6a Cohesive 1 4000 1925 1463 121 23 70 676.8 105 125 272 0.616
SS4 12 61 2 5 5 23 40 27 28 18 10 18 A-da Cohesive 1 2000 900 1596 129 23 9.0 674.8 105 125 0.162 2.72 0.616 0.00
SS-5 12 67 35 45 6 8 26 15 30 19 1 8 A-6a Cohesive 1 3500 2100 1596 129 23 12.0 671.8 110 125 0.18 2.72 0.543 -1.00

SS-1 12 28 25 - - - - - - - - 10 A-6a Cohesive 1 2500 2100 1596 129 23 2.0 688.1 100 120 2.72 0.697
§S-2 1 50 15 40 3 8 27 22 31 20 1 9 A-6a Cohesive 1 1500 1925 1463 121 23 4.0 686.1 100 120 0.189 2.72 0.697 -1.00

SS-3 " 6 - - - - - - - - - " A-6a Cohesive 1 N/A 1925 1463 121 23 7.0 683.1 105 125 2.72 0.616
SS-4 6 39 0.5 16 3 23 32 26 27 18 9 14 A-da Cohesive 1 500 450 798 75 21 9.0 681.1 95 120 0.153 272 0.787 044

SS-5 8 1 - - - - - - - - - 12 A-6a Cohesive 1 N/A 1400 1064 100 22 12.0 678.1 95 120 2.72 0.787
§S-6 12 67 3.25 22 4 17 29 28 30 19 1 16 A-6a Cohesive 1 3250 2100 1596 129 23 14.0 676.1 110 125 0.18 272 0.543 -0.27



ODOT District 10
MEG-33-13.96

Values for Soil Strength Correlation

Reference Value
HI Pl (Sowers) 0.25
MD PI (Sowers) 0.175
LO PI (Sowers) 0.075

T&P 0.133

Alignment
Us 33
us 33
Us 33
us 33
Us 33
us 33
Us 33
us 33

Surface Elevation
7326

Exploration ID
B-002-0-23
B-002-0-23
B-002-0-23
B-002-0-23
B-002-0-23
B-002-1-23
B-002-1-23
B-002-1-23

Layer 2

Max
Min
Average
Std Dev

Avg + Std
Avg - Std

Sample

§S8-7
§8-8
§8-9
§5-10
§S-11
§8-6
SS8-7
§8-8

30
16
23

27
18

Rec
78
50
66
10

75
56

HP
45
1.0
35
14

49
21

HP

45
45

45

45

Gr
47
21
28
1"

39
18

Gr
47
24
25

25

cs

N W o

FS
27

12

FS

o1 o ©

-
=3

Silt
37
22
29

35
23

Clay
43
15
27
1

38
17

LL

45
2
33

40
25

LL

28

45

33

33

PL

24
17
20

23
17
PL
17
21

19

Pl
21

13

Pl
11
12

14

wcC
22

13

Soil Strength Parameter Determination

oDoT
Class.
A-da
Ada
A-Ba
AT-6
A-7-6
A-Ba
A-da
A-Ba

Soil Type
Cohesive
Cohesive
Cohesive
Cohesive
Cohesive
Cohesive
Cohesive
Cohesive

Max
Min
Average
Std Dev

Avg + Std
Avg - Std

Layer
2

2
2
2
2
2
2
2

Short-Term Cohesion (psf)
N-values

PPR Sowers T&P
4500 4000 3990
1000 1800 2128
3500 3025 3026
1363 1018 602
4863 4043 3628
2137 2007 2424

Short-Term Cohesion (psf)

N-values

PPR Sowers T&P
4000 1950 3458
4500 1800 3192
4500 4000 3192
2000 4000 2128
4500 4000 3990
1000 3150 2394
4500 1800 3192
3000 3500 2660

Correlated
LT Cohesion
(psf)
per GB-7
200
153
176
15

191
161

Correlated
LT Cohesion
(psf)
per GB-7
187
180
180

Correlated

Midpoint Midpoint Dry Unit Wt.
phi Sample Sample (pcf)

(deg) Depth (ft.) Elevation (ft.) per GB-7
26 26.0 716.6 120
24 14.0 664.8 115
25 19.5 694.8 17
1 4.0 231 3

26 235 779 119
24 15.5 671.7 114

Correlated

Midpoint Midpoint Dry Unit Wt.
phi Sample Sample (pcf)

(deg) Depth (ft.) Elevation (ft.) per GB-7

25 16.0 716.6 115
25 19.0 7136 115
25 21.0 7116 120
24 240 708.6 120
26 26.0 706.6 120
24 14.0 669.8 115
25 17.0 666.8 115
25 19.0 664.8 115

Correlated

Moist Unit Wt.

(pcf)
per GB-7
135
130
132
3

134
129

Correlated

Moist Unit Wt.

(pcf)
per GB-7
130
130
135

Correlated
Ce
0.315
0.126
0.203
0.071

0.274
0.132

Correlated
Ce

Assumed
Specific
Gravity (G;)
2.72
2.65
2.70
0.03

273
267

Assumed
Specific
Gravity (G)
272
2.72
272

Computed
Void
Ratio (e)
0.476
0.378
0.444
0.046

0.490
0.398

Computed
Void
Ratio (e)

Computed By = AKB
Checked By = MM

-0.10
-1.00
0.61
0.40

0.21
-1.01

-1.00
-0.10

-0.58

-0.36



ODOT District 10

MEG-33-13.96
Values for Soil Strength Correlation

Reference Value

HI Pl (Sowers) 0.25

MD PI (Sowers) 0.175

LO PI (Sowers) 0.075

T&P 0.133

Alignment  Surface Elevation Exploration ID

Us 33 7326 B-002-0-23
us 33 732.6 B-002-0-23
Us 33 7326 B-002-0-23
us 33 732.6 B-002-0-23
Us 33 7326 B-002-0-23
us 33 690.1 B-002-2-23
Us 33 690.1 B-002-2-23
us 33 690.1 B-002-2-23

Soil Strength Parameter Determination

Computed By = AKB
Checked By = MM

Correlated Correlated Correlated
_ Short-Term Cohesion (psf) LT Cohesion Midpoint Midpoint Dry Unit Wt. Moist Unit Wt. Assumed Computed
% % % % % % % N-values (psf) phi Sample Sample (pcf) (pcf) Correlated Specific Void
Neo Rec HP Gr cs FS sit Clay LL PL Pl WC PPR  Sowers T&P per GB-7 (deg) Depth (ft.) Elevation (ft.) per GB-7 per GB-7 Cc Gravity (G,) Ratio (e) Ll
Max 67 78 45 38 3 16 34 29 32 18 14 12 Max 4500 4000 4000 250 28 49.0 703.6 135 145 0.198 2.72 0.476 -0.50
Min 18 17 3.0 26 1 8 20 25 31 18 13 4 Min 3000 3150 2394 160 24 17.0 666.1 115 130 0.189 272 0.257 -0.62
Average 40 42 43 32 2 12 27 27 32 18 14 9 Average 4313 3894 3663 217 27 31.9 684.8 125 138 0.194 2.72 0.362 -0.56
Std Dev 19 21 05 8 1 6 10 3 1 0 1 3 Std Dev 530 301 568 37 1 1.7 137 8 5 0.006 0.00 0.084 0.08
Avg + Std 58 63 48 40 3 18 37 30 32 18 14 1 Avg +Std 4843 4194 4230 254 28 435 698.5 133 143 0.200 272 0.446 -0.48
Avg - Std 21 21 3.8 24 1 6 17 24 31 18 13 6 Avg-Std 3782 3593 3095 180 25 20.2 671.1 117 132 0.187 2.72 0.278 -0.64
Correlated Correlated Correlated
Short-Term Cohesion (psf) LT Cohesion Midpoint Midpoint Dry Unit Wt. Moist Unit Wt. Assumed Computed
Sample % % % % % % % 0oDoT N-values (psf) phi Sample Sample (pcf) (pcf) Correlated Specific Void
D Neo Rec HP Gr cs FS sit Clay LL PL Pl WC Class. Soil Type Layer PPR  Sowers T&P per GB-7 (deg) Depth (ft.) Elevation (ft.) per GB-7 per GB-7 Ce Gravity (G,) Ratio (e) L
8812 67 67 45 26 3 8 34 29 31 18 13 10 A-6a Cohesive 3 4500 4000 4000 250 28 29.0 703.6 130 140 0.189 272 0.306 -0.62
§S-13 66 17 45 - - - - - - - - 4 A-6a Cohesive 3 4500 4000 4000 250 28 34.0 698.6 130 140 2.72 0.306
SS-14 40 33 45 - - - - - - 8 A-6a Cohesive 3 4500 4000 4000 250 28 39.0 693.6 130 140 272 0.306
§S-15 46 39 45 - - - - - - 9 A-6a Cohesive 3 4500 4000 4000 250 28 44.0 688.6 135 145 2.72 0.257
SS-16 26 22 45 - - - - - - 7 A-6a Cohesive 3 4500 4000 3458 187 25 49.0 683.6 125 140 272 0.358
SS-7 30 78 45 - - - - - - 12 A-6a Cohesive 3 4500 4000 3990 200 26 17.0 673.1 115 130 2.72 0.476
SS-8 26 39 45 - - - - - - - - 10 A-6a Cohesive 3 4500 4000 3458 187 25 19.0 671.1 115 130 272 0.476
SS9 18 39 3 38 1 16 20 25 32 18 14 1" A-6a Cohesive 3 3000 3150 2394 160 24 24.0 666.1 120 135 0.198 2.72 0.414 -0.50



ODOT District 10

MEG-33-13.96
Values for Soil Strength Correlation
Reference Value
HI Pl (Sowers) 0.25

MD PI (Sowers) 0.175

LO PI (Sowers) 0.075

T&P 0.133

Alignment  Surface Elevation Exploration ID

Us 33 644.3 CU-07
us 33 644.3 Cu-07
Us 33 644.3 CU-07
us 33 644.3 CuU-07
Us 33 644.3 CU-07
us 33 644.3 CuU-07
Us 33 647.9 CU-07A
us 33 647.9 CU-07A
Us 33 648.9 Cu-07B
us 33 648.9 CU-07B
Us 33 648.9 CuU-07B
us 33 648.9 CU-07B
Us 33 648.9 Cu-07B

From

155

Soil Strength Parameter Determination

Computed By = AKB
Checked By = MM

Correlated Correlated Correlated
_ Short-Term Cohesion (psf) LT Cohesion Midpoint Midpoint Dry Unit Wt. Moist Unit Wt. Assumed Computed
% % % % % % % N-values (psf) phi Sample Sample (pcf) (pcf) Correlated Specific Void
Neo Rec HP Gr cs FS sit Clay LL PL Pl WC PPR  Sowers T&P per GB-7 (deg) Depth (ft.) Elevation (ft.) per GB-7 per GB-7 Cc Gravity (G,) Ratio (e) Ll
Max 10 N/A N/A 1 5 32 97 40 36 20 16 30 Max N/A 1750 1330 114 23 15.0 646.9 105 125 0.234 2.72 0.787 1.10
Min 4 NA N/A 0 1 3 37 25 29 19 10 14 Min N/A 300 532 50 20 20 633.3 95 110 0.171 2.70 0.616 0.10
Average 7 N/A N/A 0 2 14 68 33 32 20 12 21 Average N/A 933 931 86 21 72 639.4 97 118 0.194 2.71 0.756 0.39
Std Dev 2 NA N/A 1 2 13 30 " 3 1 3 4 Std Dev N/A 496 260 21 1 42 45 3 5 0.028 0.01 0.056 0.48
Avg + Std 9 N/A NA 1 4 26 98 43 35 20 15 24 Avg + Std N/A 1429 1191 107 22 11.5 644.0 100 123 0.221 272 0.812 0.87
Avg - Std 5 N/A N/A 0 0 1 38 22 28 19 9 17 Avg - Std N/A 436 671 64 21 3.0 634.9 93 113 0.166 2.70 0.700 -0.08
Correlated Correlated Correlated
Short-Term Cohesion (psf) LT Cohesion Midpoint Midpoint Dry Unit Wt. Moist Unit Wt. Assumed Computed
Sample % % % % % % % 0oDoT N-values (psf) phi Sample Sample (pcf) (pcf) Correlated Specific Void
D Neo Rec HP Gr cs FS sit Clay LL PL Pl WC Class. Soil Type Layer PPR  Sowers T&P per GB-7 (deg) Depth (ft.) Elevation (ft.) per GB-7 per GB-7 Ce Gravity (G,) Ratio (e) L

1 9 - - - - - - - - 19 A-6b Cohesive 4 N/A 1575 1197 107 22 20 642.3 100 120 2.70 0.685

2 10 - - - - - - - - - - 14 A-6b Cohesive 4 N/A 1750 1330 114 23 4.0 640.3 100 120 2.70 0.685
3 8 - - 0 1 3 97 36 20 16 22 A-6b Cohesive 4 NA 1400 1064 100 22 7.0 637.3 95 120 0.234 2.70 0.773 0.13

4 7 - - - - - - - - - - 21 A-6a Cohesive 4 N/A 1225 931 88 22 8.0 636.3 95 120 2.72 0.787
5 5 - - 1 1 7 91 31 19 12 22 A-6a Cohesive 4 N/A 875 665 63 21 10.0 634.3 95 120 0.189 272 0.787 0.25

6 7 - - - - - - - 18 A-6a Cohesive 4 N/A 1225 931 88 22 11.0 633.3 95 120 2.72 0.787

1 5 - - - - - - - - - - 24 A-4a Cohesive 4 N/A 375 665 63 21 20 645.9 95 110 272 0.787
2 5 - - 0 5 32 37 25 29 19 10 30 A-da Cohesive 4 N/A 375 665 63 21 4.0 643.9 95 110 0.171 2.72 0.787 1.10

1 7 - - - - - - 16 A-6b Cohesive 4 N/A 1225 931 88 22 20 646.9 95 110 2.70 0.773

3 6 - - - - - - - - 19 A-da Cohesive 4 N/A 450 798 75 21 70 641.9 95 120 2.72 0.787

4 10 - - - - - - - - 21 A-4a Cohesive 4 NA 750 1330 114 23 10.0 638.9 105 125 272 0.616

5 8 - - - - - - - - - - 21 A-da Cohesive 4 N/A 600 1064 100 22 12.0 636.9 95 120 2.72 0.787
6A 4 - - 0 1 12 48 40 30 20 10 21 A-4a Cohesive 4 N/A 300 532 50 20 15.0 633.9 95 115 0.18 272 0.787 0.10



ODOT District 10

MEG-33-13.96
Values for Soil Strength Correlation
Reference Value
HI Pl (Sowers) 0.25
MD PI (Sowers) 0.175
LO PI (Sowers) 0.075
T&P 0.133
Alignment  Surface Elevation Exploration ID
Us 33 644.3 cu-07
us 33 647.9 CU-07A
Us 33 647.9 CU-07A
us 33 648.9 CU-07B

From
135

85
16.5

Layer 5

Max
Min
Average
Std Dev

Avg + Std
Avg - Std

Sample

~ s W~

13
10
12

13
10

Rec
N/A
NA
N/A
NA

N/A
N/A

HP
N/A
N/A
N/A
N/A

N/A
N/A

HP

N/A

N/A
N/A

Silt
90
90
90
N/A

N/A
N/A

Silt

90

Clay
N/A
NA
N/A
NA

N/A
N/A

Clay

LL
36
36
36
N/A

N/A
N/A

LL

36

PL
20
20
20
N/A

N/A
N/A

PL

20

Pl
16
16
16
N/A

N/A
N/A

Pl

wC
23
13
18

22
13

Soil Strength Parameter Determination

oDoT

Class.
A-Ba
A-Ba
A-Ba
Ada

Soil Type
Cohesive
Cohesive
Cohesive
Cohesive

Max
Min
Average
Std Dev

Avg + Std
Avg - Std

Short-Term Cohesion (psf)
N-values
PPR Sowers T&P
N/A 2100 1729
N/A 975 1330
N/A 1731 1563
N/A 530 167
N/A 2262 1730
N/A 1201 1395
Short-Term Cohesion (psf)
N-values
PPR Sowers T&P
N/A 2100 1596
N/A 2100 1596
NA 1750 1330
N/A 975 1729

Correlated
LT Cohesion
(psf)
per GB-7
136
114
127
9

136
118

Correlated
LT Cohesion
(psf)
per GB-7
129
129
114
136

phi
(deg)

23
23
23
0

23
23

Midpoint
Sample
Depth (ft.)
17.0
7.0
1.8
4.6

16.3
72

Midpoint
Sample
Depth (ft.)
14.0
70
9.0
17.0

Midpoint
Sample
Elevation (ft.)

640.9

630.3

635.5
52

640.7
630.4

Midpoint
Sample
Elevation (ft.)

630.3
640.9
638.9
631.9

Correlated
Dry Unit Wt.
(pcf)
per GB-7

10

105

108
3

110
105

Correlated
Dry Unit Wt.
(pcf)
per GB-7

110
105
105
10

Correlated
Moist Unit Wt.
(pcf)
per GB-7
125
125
125
0

125
125

Correlated
Moist Unit Wt.
(pcf)
per GB-7
125
125
125
125

Correlated
Ce
0.234
0.234
0.234
N/A

N/A
N/A

Correlated
Ce

0.234

Assumed
Specific
Gravity (G;)
2.72
2.72
2.72
0.00

272
272

Assumed
Specific
Gravity (G)
2.72
2.72
272
2.72

Computed
Void
Ratio (e)
0.616
0.543
0.580
0.042

0.622
0.537

Computed
Void
Ratio (e)
0.543
0.616
0.616
0.543

Computed By = AKB
Checked By = MM

LI
0.19
0.19
0.19
N/A

N/A
N/A

Ll

0.19



ODOT District 10
MEG-33-13.96

Values for Soil Strength Correlation
Reference Value
HI Pl (Sowers) 0.25
MD PI (Sowers) 0.175
LO PI (Sowers) 0.075
T&P 0.133
Alignment  Surface Elevation Exploration ID
Us 33 647.9 CU-07A
us 33 648.9 CU-07B
Us 33 690.1 B-002-2-23

From
135

335

To
15
20.5
35

Layer 6

Max
Min
Average
Std Dev

Avg + Std
Avg - Std

Sample

SS-11

34
23
27

33
21

23

Rec
33
33
33
NA

N/A
N/A

33

HP
3.0
3.0
3.0
N/A
N/A
N/A

HP

N/A

N/A
N/A

FS
"
1"
"
N/A

N/A
N/A

Silt
82
82
82
N/A

N/A
N/A

Silt

82

Clay
N/A
NA
N/A
NA

N/A
N/A

Clay

LL
31
31
31
N/A

N/A
N/A

LL

31

PL
21
21
21
N/A

N/A
N/A

PL

21

Pl
10
10
10
N/A

N/A
N/A

Pl

we
%
12
17

23
11

Soil Strength Parameter Determination

oDoT

Class.
A-Ba
Ada
A-6a

Soil Type
Cohesive
Cohesive
Cohesive

Max
Min
Average
Std Dev

Avg + Std
Avg - Std

Layer
6
6
6

Short-Term Cohesion (psf)
N-values
PPR Sowers T&P
3000 4000 4000
3000 2550 3059
3000 3517 3417
N/A 837 509
N/A 4354 3926
N/A 2680 2908
Short-Term Cohesion (psf)
N-values
PPR Sowers T&P
N/A 4000 3192
N/A 2550 4000
3000 4000 3059

Correlated
LT Cohesion
(psf)
per GB-7
200
177
186
13

198
173

Correlated
LT Cohesion
(psf)
per GB-7
180
200
177

phi
(deg)
27
25
26
1

27
25

phi
(deg)
25
27
25

Midpoint
Sample
Depth (ft.)
34.0
14.0
227
10.3

329
124

Midpoint
Sample
Depth (ft.)
14.0
20.0
34.0

Midpoint
Sample
Elevation (ft.)
656.1
628.9
639.6
145

654.1
625.2

Midpoint
Sample
Elevation (ft.)
633.9
628.9
656.1

Correlated

Dry Unit Wt.

(pcf)
per GB-7
125
115
120
5

125
115

Correlated

Dry Unit Wt.

(pcf)
per GB-7
115
125
120

Correlated
Moist Unit Wt.
(pcf)
per GB-7
135
130
133
3

136
130

Correlated
Moist Unit Wt.
(pcf)
per GB-7
130
135
135

Correlated
Cc
0.189
0.189
0.189
N/A

N/A
N/A

Correlated
Ce

0.189

Assumed
Specific
Gravity (G;)
2.72
2.72
2.72
0.00

272
2.72

Assumed
Specific
Gravity (G)
2.72
2.72
272

Computed
Void
Ratio (e)
0.476
0.358
0.416
0.059

0475
0.357

Computed
Void
Ratio (e)
0.476
0.358
0.414

Computed By = AKB
Checked By = MM

LI
0.30
0.30
0.30
N/A

N/A
N/A

Ll

0.30



Computed By = MM
Checked By = DCM

ODOT District 10
MEG-33-13.96

Rock Strength Parameter Determination

CORED BEDROCK, INCOMPLETE TEST RESULTS (STRENGTH VALUES ONLY) BEDROCK CORE QUALITY

Unit Weight Compressive Strength, Qu GSD Ei Em (Hoek & Brown) Lesser of Depth Range (ft.) Thickness | Layer RQD Weighted
Project Exploration ID Sample Sample Rock Color (pcf) Geologic Strength Based on Based on USE Modulus GSI Modulus Eivs Em Project Exploration ID Rock Type From To ) y(%) e
Depth (ft) 1D Type Range USE Descriptor Rock Type (psi) GSD (psi) (psi) (MPa) (psi) (MPa) Range USE (GPa) (psi) (psi) RAD*(“™*™ / 1 engur)
MEG-124-22.72 Cu-07 20.5 R-1 Siltstone Gray 160 - 170 160 Very Weak 3600 - 8100 200 100 0.7 18000 124 Eals) 10 0.1 12043 12043 MEG-124-22.72 Cu-07 Siltstone 16.5 22 5.5 1 0.1
MEG-124-22.72 CU-07A 212 R-1 Siltstone Gray 160 - 170 160 Weak 3600 - 8100 750 196 14 68000 469 Eals) 10 0.1 16860 16860 MEG-124-22.72 Cu-07 Siltstone 22 oS 7.5 0 0.0
MEG-124-22.72 Cu-078 25.8 R-1 Claystone Reddish Brown 130- 165 130 Very Weak 15 - 1400 200 152 1 18000 124 Sl 10 0.1 14848 14848 MEG-124-22.72 Cu-07 Siltstone 32 37 ) 0 0.0
MEG-124-22.72 Cu-07 Siltstone 37 41 4 0 0.0
MEG-124-22.72 CU-07A Siltstone 153 22.5 7 36 5.7
MEG-124-22.72 CU-07B Claystone 25 30.5 5.5 18 2.2
Siltstone / Claystone i 160 Siltstone / Claystone i 196 Siltstone / Claystone 16860 MEG-124-22.72 CU-078 Claystone 30.5 B5 5 0 0.0
* Assumed typical unit weight values inil 130 inil 100 12043 MEG-124-22.72 CU-07B Claystone 35.5 40.5 5 10 il
* In accordance with the GDM, Claystone bedrock type was used for tested Mudstone bedrock Average 150 Average 149 Average 14584 Siltstone / Claystone 44.5 RQD SUM 9
samples Std Dev 17 Std Dev 48 Std Dev 2419 i 7.5 36
Adopted Value| 150 Adopted Value| 150 Adopted Value| 14600 inil 4 0
Average 5.6 8.1
Adopted Value I
Table 400-5: Rock Properties of Typical Rock Types Found in Ohio (Masada and Han, ’
2013) . L . L GEOLOGICAL STRENGTH INDEX FOR i z z
Table 400-6: Estimated Bedrock Strength Characteristics from Visual Description JOINTED ROCKS (Hoek and Marinos, 2000) 8 g 3
ock Type Unit Weight (pef) Um:nanmea iho;npl;esswe Sh}(edDur(g/b;Iity Historic Hardness Zﬁ'&.’?&'";v“’“’"m dl;-:‘m:l:‘nd;maa: :§; g g E
Strength (psi ndex (% Qu Ei Descriptor (used prior to the average value of not try to 11 B k3
. . - . be 100 precise. Quoting a range from 33 ] 3 @ @
Claystone 130-165 15-1400 0-60 Geologic Strength Descriptor (psi) (psi) 2007) to 37 is more real\sl\cn umnng{almg that 2 H 82 8
Shale 155-165 (unweathered) | 2100-4600 (unweathered) 20-90 Very Weak 200 18000 | Very Soft GSI = 35. Note that the table does not k-] H g8 £
apply 1o structurally controlled failures. 2 @ ag|l 2
150-160 (weathered) 100-400 (weathered) Very Weak to Weak 360 32000 | Very Soft to Soft Where weak planar structural planes are H s g 35| B
Siltstone 160-170 3600-8100 65-90 Weak 750 68000 | Soft preser'n; in ?n‘::f:;gr::; ;:n;::on il 2 32 %g 2
w
Sandstone 155-165 1800-7800 85-100 Weak to Slightly Strong 1125 | 100000 | Soft to Medium v;::;u;mmi mammg mass beheviour. & g 5 § g g g <;s| FDRPHETEROGEEIEZ%gS ROCK MASSES SUCH AS FLYSCH 23 H i
- = B T - ear strengl surfaces in rocks £ k- 2> 25 d Hoek 7 g
Frmb!e Sandstone 125-140 <3600 <85 Slightly Strong 1500 | 140000 | Medium / Medium-Firm that are prone to deterioration a6 & resull 5 12 § 3 58 % 3 &,:,:m:‘oeg:,r:.hma; the MMW’, siructre and surface condiions (periculerly & 3 g |8 g 5 3; g
Limestone 155-170 3500-16400 95-100 Slightly Strong to Moderately Strong | 2250 | 200000 | Medium to Moderately Hard cfmfdchn:ges in moisture content wxhoe 3 o8 z g |lesE of the bedding planes), choose  box in the chart. Locate the position in the box > & ‘mﬁ 3t g; 2 |g£32
Dolomite 165-175 4100-10300 95-100 Moderately Strong 3600 | 320000 | Moderately Hard veorkon with rockes in the fan 1o very poor % | S5 =4 H 5335 Vass of G2 from e sorsours. Do ot sempi 1 e oo procee. Guoting aramge & £| 8% | 2 g3 |232 §§ H
Coal 80-85 1300-7000 NA Moderately Strong to Strong 5000 | 450000 | Moderately Hard to Hard calegories. 2 shift to the right may be 2| @3 | 52 £ &SP from 33 to 37 is more realistic than giving GSI = 35. Note thal the Hoek-Brown S0 | 29 e g; '§ ;;_ 28 E
wet conditions. Water pressure & | Z 2% | x8 £ |Z8S criterion does not apply 1o structurally controlled failures. Where unfavourably 2 & S8 - 8 X €5 g3
Underclay 125-135 200-400 0-20 Strong 7500 | 680000 | Hard is dean with by effective stress analysis. 2 | W 5 22 5 s 3 oriented continuous weak planar msow-numes are present. these wil dominate 5% | 52 8% g‘g 238 |2 é‘g
the behaviour of the rock The stren, £ a3 3 L
Strong to Very Strong 10000 | 900000 | Hard to Very Hard STRUCTURE DECREASING SURFACE QUALITY 1> piedciesessio i o ool m.: Yor el :;':’:n;;: hintome HE é -3 &3 £ |5 ¥z, 52:"2
Very Strong 15000 | 1400000 | Very Hard right in the columns lc&lé-;poo ¥ iy £ ndmm\:' Water pressure ;-;« ES 3 e 92 a':% g_E E§ >pd
INTACT OR MASSIVE - not change the value I'and it is dealt with by using effective stress analysis. 3% 5 x §5|&8s
Pe r O D OT G D M Very Strong to Extremely Strong 20000 | 1800000 Tock specimens or mezssive b 90 NA | N COMPOSITION AND STRUCTURE 2oL | ¥ g =g [e382|¢ § E
Extremely Strong 30000 | 2700000 :nu rock wn few widely spaced  , |~ / rr = — 7
i g bedded, very blocky sands
ptierh =3 807 / T The effect of peliic coatings on the bedding 70 /
i a #| planes is minimized by the confinement of
Per ODOT GDM socer wawwesns S XAV 7] e e i S e
of cubical blocks formed by thiee & / Lo Waak Fay W——~ 60
ntersecting discontinuity sets o =] ra
S 50 4 E Woak /
VERY BLOCKY- interlocked, 2 /_ / ﬁ';!:',’:, = g D
Table 10.4.6.5-1—Estimation of E,, Based on GSI partially disturbed mass with =] 50 f " shale with 1
multi-faceted angular blocks 3 | stone iayers 2
formed by 4 or more joint sets = / / / / A%) layors 0
Expression Notes/Remarks Reference T BLOCKY/DISTURBED/SEAMY E / / 40
. S - folded with angular blocks o
‘ p GSI—10 Accounts for rocks with Hock and Brown (1997); formed by many interseciing 2 / [t e o raine Ao / 30
- (GPa) u 19 40 for q,, =100 MPa | 9u< 100 MPa; notes g, in MPa | Hoek et al. (2002) deconimiy sos Perslorce 3 / a0 T ;M’“ﬁ“”.ms’mmm;a’,’m
s of continuity moves Istone laj an al
ey DISINTEGRATED - poorly inter- § /| categories to F and H e el /l
GSI-10 locked, heavily broken rock mass  © 20
== with mixture of angular and G. Undisturbed H. Tectonically deformed silty or
Ep(GPa)=10 40 for ¢,, < 100 MPa roundied rock pieces ll LAl o ey sl vy cayoy sh;’en.'éom;ng wcacie 3
- - n v or without a few very structure wi cets of clay.
E. GSI Reduction factor on intact | Yang (2006) LAMINATED/SHEARED - Lack 10 s Senctaione Jayacs e o4 Y ok plsces
£, =X, 21.7 modulus, based on GST of blockiness due lo closs spacing NA N/A
m 4 of weak schistosity or shear planes
100 et (K J ———& : Means deformation after tectonic disturbance
Notes: E, = modulus of intact rock, £,, = equivalent rock mass modulus, GS/ = geological strength index, ¢, = uniaxial compressive
strength, and 1 MPa = 2.09 ksf. Figure 10.4.6.4-1—Determination of GS/ for Jointed Rock Mass (Hoek and Marinos, 2000) Figure 10.4.6.4-2—Determination of GSI for T Deformed Heter Rock Masses (Marinos and Hoek 2000)

Per AASHTO LRFD Bridge Design Manual

Per AASHTO LRFD Bridge Design Manual
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ODOT District 10 Weathered Rock Strength Parameter Determination Computed By = MM

MEG-33-13.96 Checked By = DCM
WEATHERED BEDROCK WITH SPT Hammer Efficiency[ 90 |%
Moist Unit No. Refusal Compressive
Project Exploration ID| Sample Sample Rock Color Weight (pcf) Refusal Distance Strength, Qu
Depth (ft) ID Type GDM Range USE Blows (in) N90 N90 (ksf) (psi) (MPa)
MEG-33-13.96 B-002-2-23 38.5 SS-12 Sandstone Brown 155 - 165 155 195 12 195 195 18 125 0.9
MEG-33-13.96 B-002-2-23 43.5 SS-13 Sandstone Brown 155 - 165 155 82 6 164 164 15 105 0.7
Sandstone Maximum 155 Maximum 18 125
* Assumed typical unit weight values Minimum 155 Minimum 15 105
Average 155 Average 17 115
Std Dev 0 Std Dev 2 14
Adopted Value 155 Adopted Value 17 115

Qu (ksf) = 0.092*N90 (ODOT GDM Section 404.3)

Table 400-5: Rock Properties of Typical Rock Types Found in Ohio (Masada and Han,

2013)
Rock Type Unit Weight (pcf) Unconfined Compressive | Slake Durability
Strength (psi) Index (%)
Claystone 130-165 15-1400 0-60
Shale 155-165 (unweathered) | 2100-4600 (unweathered) 20-90
150-160 (weathered) 100-400 (weathered)
Siltstone 160-170 3600-8100 65-90
Sandstone 155-165 1800-7800 85-100
Friable Sandstone 125-140 <3600 <85
Limestone 155-170 3500-16400 95-100
Dolomite 165-175 4100-10300 95-100
Coal 80-85 1300-7000 NA
Underclay 125-135 200-400 0-20

Per ODOT GDM
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Stote of Ohio
Deportment of Tronsportfation
Division of Highwoys
Testing Loborotory

LOG OF BORING

Date Started _ 5/13/99 Sampler: Type SS 0ia. 2.0 Water Elev. Tt Project: MEG-124-22.72
Date Campleted 5/14/99 Cosing: Length Dia. 3.25" Project No.:339011
Location: Meigs Counfy, Ohio
Boring Na. _CU-07 Station & 0ffset 794+75.00, 42.00' RT Surface Elev. 644,331
. . Pen. . . e A —
E:?¥) De(gf‘[r?; STdROD on R(e%:ﬂ Lg_.:) Description Sample — Pl;ysucaxl Characteristics oDoT
s 1 o Nao. | 4k | cfs. [F%s | Sl coy[LoLo| P-1-[wC. | Closs
643.7 10PSOIL
ek Stiff. brown SILTY CLAY. trace sand. moist.
3-4-5 [ S0 T BN I RN R N A LI RS (11T
| 346 2 e B B I I I IO U O LT
2 Layer 4
1 335 3 0 | |3 | --]etx|36 |16 |22 a-eb
637.4 |
] Medium stiff to stiff., brown to gray SILT AND CLAY, moist.
| 234 4 - - - - 2 |visua
1 223 5 l L7 | == 9|30 |12 ]2 | asa
10
13- 6 S R RSN IRE IR ISR N AT R 1T
R 7 e T e B I B A M LA TN
5 Layer 5
621.8 ROt ) ~——T\Nate: Auger refusal an bedrack ot 16.5 feet. Began coring rack
] SN A Y= Very softs gray. decomposed SILTSTONE, with indistinct bedding.

very paar conditian as per ROD.

RUN 1 FROM 16.5 FEET TD 22.0 FEET

20
623.3 ]
U.C. Strength at 20.5 feet = 10D psi
Tl rep=0x [0T [ 7.4

25

Nate: Calar change ta reddish brown at 25.0 feet.
] RUN 2 FROM 22.0 FEET TO 29.5 FEET
Run 2 bedrack quality very paar as per ROD.

30 Nate: Used raller bit methad of drilling from 29.5 feet o 32.0
feet becouse care barrel lacked at 29.5 feet. Na rack somple
recavery between these depths.

Tl RO =0% [0.3] 4.8
35 RUN 3 FROM 32.0 FEET TQ 37.0 FEET
Run 3 bedrock quality very paar os per R0O.
| RD=0x [37[03
] RUN 4 FROM 37.0 FEET TO 41.D FEET
40 Run 4 bedrack quality very paar as per ROD.
603.3

TERMINATION OEPTH = 41.0 FEET

#5i 11 and clay combined
Particle Sizes: Agg => 2.00mm, Coorse Sand = 2.00-0.42mm, Fine Sand = 0.42-0.0T4mm, Silt = 0.074-0.005mm, Clay =< 0.005mm.

V) g

DRAWN | REVIEWEDY  DATE  JCALCULATED
PriMe ENGINEERING

£.D.S. B.M. /24 W.IN.
WEG-124-22.72 SOIL PROFILE RN WA T ) oy s o
S.S.S. (“4"7 457"2"“) (330 I‘SH‘SZ
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State of Ohia
Deportment af Transportotion
Division of Highways
Testing Loboratory

LOG OF BORING

Dote Storted 4/14/99 Woter Elev. Tt

Sompler: Type SS Dio. 2.0° Project: MEG-124-22.72

Dote Compiefed 4/14/99 Cosing: Length Dio. 3.25" Project No.:9901]

Location: Meigs County, Ohio

Boring No. CU-07TA stotion & 0ffset 794+75.00, 200.00' RT surfoce Elev. 647.87Tt

Elev. th| Std. Pen.fRec. | L . i st
1 D?F}T) 50 P oty | ot Description Somple Physicol Chorocteristics 0007
No. [ E T % | fbs. | &ivl cfay |LoL-| Po1.|W.C. | Closs
647.9 0 99 .S. [ F.S.1 silt] Clay
647.4 ] TOPSOIL
] Medium stiff., brown SANDY SILT. some cloy. moist.
1-2-3 [ = e - e -] - | 24 (visua
Layer 4
— 1-2-3 2 0 5 32 |31 (25 |29 10 | 30 A-40
643.0 | &
Stiff to very stiff, brown SILT AND CLAY. troce sond. moist.
1 3-4-8 3 S R B Bl B R [ A ST
| 34 Layer 5 4 o | v |9 | --|sos| 36|16 ]23| aso
10
_| s-8-16 5 el N BT BN BT R I R N ST
; Layer 6
!
632.4 | o ge
.| ROD = 36% 6.9 0.1 ery soff, reddis| omp
bedding, very poor condition os per ROD.
- Note: Siltstone chonging to soft, weothered fo highly weothered,
ond grey ot 16.4 feet.
20
U.C. Strength of 21.2 feet = 196 psi
625.4 ]
TERMINATION DEPTH = 22.5 FEET
#Si |1 ond cloy combined

Porticie Sizes: Agg =) 2.00mm, Coorse Sond = 2.00-0.42mm, Fine Sond = 0.42-0.074mm, Silt = 0.074-0.005mm, Cloy =< 0.005mm.

Stote of Ohia
Department of Transportotian
Division of Highwoys
Testing Loboraotory

LOG OF  BORING

Dote Storted _ 3/31/99 Woter Eley. f1

Sompler: Type SS Dia. 2.0" Project: MEG-124-22.72

Oote Completed 3/31/99 Cosing: Length Dia. 3.25" Project No,:3901]

Location: Meigs County, Chio

Boring No. CU-09  Stotion & 0ffsef 813+30.00, 42.00' RT Surfoce Elev. 767,237t

Elev. [oepth| STd. Pen.J Rec. | Loss . e Physicol Chorocteristics
(F11 | (it | . Roo (fh | (fh Oescription Sorple | PO T 0007
761.2 0 No. AQS ¢.s. | Fus. | silt]| clay L.L.|P.1.|W.C. | Closs
766.6
7 ] Very soft. highiy weothered to decomposeds brown CLAY SHALE.
6-16-18 [ e e e e | visua
50/4in 2 S BN BEE NEC IR IEC BT - A2 ST
5
— 30Ain 3 S IR IS R R R e R A
5074in 4 N N I e e B el B L2
151.2 10 .
ROO = 0% 5.0 | 0.0 |\Wofe: Auger refusol on bedrock ot 10.0 feet. Beqon coring rock/]
Very sott, highly weothered to decomposed, brown CLAY S with
horizontol laminor bedding (fissile) fo 11.5 feef; indistinct
- bedding from 11.5 feet to"15.0 feet. Rock in very poor condition
os per ROD, U.C. Strength ot 10.9 feet = 166 psi
152.2 15
TERMINATION DEPTH = 15,0 FEET
it ond clay combined
Porticle Sizes: Agg => 2.00mm, Coorse Sond = 2.00-0.42mm, Fine Sond = 0.42-0.074mm, Silt = 0.074-0.005mm, Cloy =< 0.005mm.
REVIEWED] DATE  |CALCULATEL]
& 2 WS I ik PRrIME ENGINEERING
S\ MEG-124-22.72 SOIL PROFILE — = CHECKED & ARCHITECTURE.INC.
~ S.S.S. te14) 457-2100 (330) 666-5432
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State of Ohio .
Department of Transportation
Division of Highways
Testing Laboratory
LOG  OF  BORING
Oate Started 7/5/00 Sompler: Type  _SS Oia. 2.0* Woter Elev. 632.6Tt Project: MEG-124-22.72
Oate Completed _7/6/00 Cosing: Length Oio. _3.25* Project No.: 390II
Location: Meiqs COUHTY, Ohio
Boring No. _CU-07B  Stotion & Offset 794+60.79  189.96'LT Surfoce Elev. 648.94T1
Elev. |0epth | Std. Pen./ | Rec. | Loss . Physical Characteristic
Oescriptian Somple ysica slics 000T
| (b ROO (| b P Ng T TE (2 515 L or o] closs
648.9 0 ’ Agg | CS. | F.S. | Silt [Clay fhebe [ Fele Wb
p— TOPSOIL
6474 4 ] — . - - | S I e e e Y T
2 3-3-4 Medium stiff ta very stiff, reddish brawn SILTY CLAY (A-6b), little sand,
— | froce ta some rock fragments, trace roats, moist.
~| Omit
e 2 | 2 -l === -1-|9 [vsu
643.9 | ] Note: Encauntered a sondstone cobble ot 4.5 feet.
6~ SoTT Ta hard, brown ond %ray SANDY SILT (A-40), same Ta Titfle cloy, no
ta little gravelond rock Trogments, maist ta wet.
- ,.3-3 3 ol e I i M M I I T £ T
_—
= .6 4 === -] - o s
10
— Layer 4
e 3-4-4 5 ol R H R ISR RSN (R 1P T V17
14 -
- 2-1-3 tggl?r:gf.’ushed a shelby Tube from 14 to 16 feet next to originol test gé ?_ 1_ l?_ 4_8_ 4_0_ 3_9 I(_)_ g: véuﬁ_
¥ I 7-5-7 Noter Encountered groundwoter of 1.5 teet during drifting. 1 T =y T T T | e | isuAL
_lﬂ___ Layer 5
8A | 6 I -- 182 % 3l 10 24 A-4a
— 4-5-29
626.4 20 Layer 6 88 - - -1 =711 -1-1wu |visua
1 O 50704 Very salT, decomposed, reddish brawn MUDSTONE with indisTincT bedding. 9 S I I I B I il N L
29~ The qualh‘g of the mudstone in all three runs is considered very paor
] as per R0O.
=1 so0s o0 == -]~ -] - |0 jvsua
247 )
6239 ] Nate: Augered ta 25.0 feet ond began caring.
R —| ROD = I8% 4.7 0.8 Verg soft To medium hord, decampased ta weathered, reddish brown
26 MUDSTONE with indistinct bedding.
28”- U.C. Strength af dec. mudstone at 25.8 feet = 152 psi
30
— RoO = 0% 4.0 1.0
2]
3477
36 | ROO = 10% 3.5 1.5
3877
. 40
TERMINATION OEPTH = 405 FEET
Particle Sizes: Agg =) 2.00mm, Caarse Sand = 2.00-0.42mm, Fine Sand = 0.42-0.074mm, Silt = 0.074-0.005mm, Clay =¢ 0.005mm (*Indicates silt & cloy combined)
State of Ohio .
Department of Transportation
Division of Highways
Testing Laboratory
LOG  OF  BORING
Oote Started _ 7/27/00 Sampler: Type  _SS Oia. 2.0 Water Elev. _ft Project: MEG-124-22.72
Oate Completed 7/27/00 Cosing: Length Oia. _3.25% Project No.: 390ll
Location: Meigs County, Chio
Baring Na. CU-08  Stotion & Offset 812+63.51 128.85’RT surface Elev. 775.52ft
E:ﬂ) Oe( ;rf)h STdéOOPen./ R&gr.) L&’STS) Oescription Somple - . Pr;ysicaIzChoro:TerisTics 0007
1755 0 Na. agg |cs. | Fs. | sit [ clay [L4- [P WL Class
1748 ] TOPSOIL
1 6-9-6 STITT, brawn CLAY {A-7-6), some sand, Trace rack TragmenTs, Troce { 2 6 20 - 172 %} 52 28 9 A-T-6
2] roats, maist.
— a-4-6 2 === ==~ e |vsua
6] 3 === - - - e |visuaL
769.0 | —f 5-1-16
— Medium dense, brawn COARSE AND FINE SAND (A-3a), little silt, frace
5~ rack fragments, moist.
1.0 4 . 4 = === -2 |visuaL
4 1-0-1 Very stiff, brown CLAY (A-7-6), [itTle sand, moist.
0]
w00 | 1 5-21-3 5 e e A
2 Very saff, decampased, brown and block SANOSTONE.
— 6A e Bt T B R B IS I T A 171
7615 14 15 - 43 - 22 | - I R
. Very saft, decomposed Ta highly weathered, brown CLAY SHALE. 68 T 12 | VISUAL
s 7 ol e B e N AR R - 1 G171
L 18]
— 3.5 8 === =1-=1]-1-1]w0 [vsua
20
. 9 ===~ |vsua
9™ 24 - 3)- 48
153.0
TERMINATION OEPTH = 22.5 FEET
Particle Sizes: Agg => 2.00mm, Caorse Sond = 2.00-0.42mm, Fine Sond = 0.42-0.074mm, Silt = 0.074-0.005mm, Clay =< 0.005mm (*#Indicates silt & clay cambined)
> DRAWN | REVIEWED] DATE  |CALCULATED )

RIME E NGINEERING
= E.D.S. B, 724/00 X W.LK. o WP —
S MEG-124-22.72 SOIL PROFILE i L BT & ARcHITECTURE.INC.
= S.S.S. (?.;:"_4?7‘-”00 l‘;m“‘&i—.’a‘!i
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- OH DOT.GDT - 12/28/23 14:39 - X:\\GINT\PROJECTS\601102.GPJ

PROJECT: MEG-33-13.96 DRILLING FIRM / OPERATOR: __ODOT / LEWIS DRILLRIG: _ ACKERREBEL XL [ STATION/OFFSET: __ 794+99, 93' LT. _ |EXPLORATION ID
TYPE: ROADWAY SAMPLING FIRM / LOGGER: __ ODOT/BINKLEY | HAMMER: _ ACKER AUTOMATIC _ | ALIGNMENT: US 33 B-002-1-23
PID: _ 119143 SFN: DRILLING METHOD: 3.25" HSA CALIBRATION DATE: __ 11/7/23 | ELEVATION: _ 683.8 (ft) EOB: __ 28.0ft. PAGE
START: _ 11/8/23  END: __ 11/8/23 SAMPLING METHOD: SPT ENERGY RATIO (%): 90* LAT / LONG: 39.029453, -81.939948 1 OF 1
MATERIAL DESCRIPTION ELEV. DEPTHS SPT/| . |REC|SAMPLE| HP GRADATION (%) | ATTERBERG opboT | BACK
AND NOTES 683.8 RQD | "™ | (%) ID (tsfy{ erR [ cs | Fs | si |cL | | P | P | we |CLASS(G) | FILL
\ToPsOIL(_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _____ f/ 1683.7/ - . ey
VERY STIFF, RED AND GRAY, SILT AND CLAY, SOME — 1 — igeate
STONE FRAGMENTS, TRACE SAND, DAMP T 5 o 5
2 2 | 6 [ 17| sS1 [300] - | - | -|-|-]-|-]-]15]|A6a( 2>
C 2 =S
B SEPAE
Laver 1 4 2 | 6 | 28| ss2 |100(25| 3|5 [32(35|33|18]| 15| 16 | A-6a(8) m
y — 5 2 i?’;{f
- N>U NS>
[ - 3 A 11 33| SS3 (400 - | - | - | -|-|-1]-]-]14]|A6av 5%
675.3 8 > M
STIFF, BROWN AND GRAY, SANDY SILT, SOME CLAY, L o J7
TRACE STONE FRAGMENTS, MOIST B 3 5 12 | 61 SS-4 |200( 5| 5 |23|40|27|28|18| 10| 18 [ A-4a(6)
— 10
672.8 iy
VERY STIFF, GRAY, SILT AND CLAY, "AND" STONE B 5
FRAGMENTS, LITTLE SAND, DAMP - 12 5 3 12 | 67 SS-5 (350|145| 6 | 8 |26 15|30| 19| 11| 8 | ABa(1)
— 13
@13.9,; SlIFF, BROVWN AND RED, SUOME STOUNE — 14 o
FRAGMENTS, TRACE SAND L 5 18 | 67 SS6 |1.00]25| 3 | 6 372933 |21 12| 14 | A6a(7)
— 15 z
667.8 PR
HARD, BROWN, SANDY SILT, SOME CLAY, SOME STONE B 5
FRAGMENTS, DAMP L 17 412 24 | 78 SS-7 |450|21| 2 |27 2921|2418 | 6 | 12 | A4a(3)
Layer 2 -
665.3 — 18
VERY STIFF, BROWN AND GRAY, SILT AND CLAY, SOME L 49-H4
STONE FRAGMENTS, LITTLE SAND, DAMP L 6 . 20 | 78 S§S-8 |3.00(25| 3 | 1132|2933 |19| 14| 14 | ABa(7)
— 20
This layer was omitted on the design 1]
cross-section given the distance Boring [,
B-002-1-23 is from the design cross S
- . . _23_
section (99 feet) in comparison to B -
Boring B-002-2-23 (16 feet) and that A g 1272 889 Jas0| - | - ||| -] | |16 | AGaW) AT
this layer was not encountered in Omit — 257
B-002-2-23. — 26
@28.0'; AUGER REFUSAL, ENCOUNTERED CULVERT feE a 277

STANDARD ODOT SOIL BORING LOG (8.5 X 11)

[MV]S) 20

NOTES: LAT/LONG/ELEV FROM DISTRICT SURVEY GRADE INSTRUMENTS. HOLE DRY UPON COMPLETION.
ABANDONMENT METHODS, MATERIALS, QUANTITIES: AUGER CUTTINGS MIXED WITH 50 LB. BENTONITE CHIPS




- OH DOT.GDT - 12/28/23 14:58 - X:\GINT\PROJECTS\601102.GPJ

STANDARD ODOT SOIL BORING LOG (11 X 17)

PROJECT: MEG-33-13.96 DRILLING FIRM / OPERATOR:  ODOT/LEWIS _ [DRILLRIG: ACKERREBEL XL | STATION/OFFSET: _ 794+16,77'LT. _|EXPLORATION ID
TYPE: ROADWAY SAMPLING FIRM /LOGGER: __ ODOT/BENNING | HAMMER: _ ACKER AUTOMATIC _ | ALIGNMENT: US 33 B-002-2-23
PID: 119143 _ SFN: DRILLING METHOD: 3.25" HSA CALIBRATION DATE: __ 11/7/23 | ELEVATION: __ 690.1 (ff)  EOB: __ 44.0ft. PAGE
START: _11/28/23 END: _ 11/29/23 | SAMPLING METHOD: SPT ENERGY RATIO (%): 90" LAT / LONG: 39.029548, -81.940218 1OF 1
MATERIAL DESCRIPTION ELEV. DEPTHS sPT/ [, [REC[SAMPLE[ HP [ __GRADATION (%) | ATTERBERG opoT | BACK
AND NOTES 690.1 RAD | ™ | %) | ID |@sf)|er[cs[rs[si[Je|wpr]p] wec]|CLASSE)| FILL
TOPSOIL (18") L Epaans
— 1 — IR A
____________________________ | 688.6 | i <, vy
VERY STIFF, DARK RED AND GRAY, SILT AND CLAY, "AND" [/ P E IR
STONE FRAGMENTS, LITTLE SAND, DAMP i 4 | 12|28 | ss1 |250f - | - | - | | -] -] -|-|10]ABaW) [=xF
3 4 BN
- <Lz
@3.5' STIFF o 3 = L]
43 | 11| 50| ss2 [150[40| 3| 8 |27|22|31| 20| 11| 9 | A6a(3) [¥ LV‘%;%
Layer 1 5 4 N
- 74 4
— 6 %7 bz |
@6.0"; POOR RECOVERY, AUGER CUTTINGS TAKEN i 10 P>
C a 16| ss3 | - | -|-|-|-|-|-|-|-|1n|nea {74
3 L2
. 727 1]
681.6 B A
MEDIUM STIFF, BROWN AND RED, SANDY SILT, SOME - g 2 = L
CLAY, LITTLE STONE FRAGMENTS, DAMP N 2 | 6 | 39| ss4 |050[16| 3 |23[32|26]27|18| 9| 14 | Ada(5) [ 4
2 B
— 10 T
B ol 37
679.1 [ #
MEDIUM STIFF, BROWN, SILT AND CLAY, SOME STONE i 5 [ > b
FRAGMENTS, SOME SAND, POOR RECOVERY, AUGER ol 2 s sss | [ -] - ] -] -] 12| Aav) [ 5
CUTTINGS TAKEN, DAMP N 3 NS
— 13 %f@@w
L Gbr) A
@13.5"; VERY STIFF - 2 <, v
MW s |12 | 67| ss6 [325|22| 4 | 17|20 28|30 |19 11| 16 | A6a(s) [TER I
5 <
—15 S
B A 2R
<<
@16.0'; HARD, TRACE ROOTS L Ho m
[ ol 9 |30 78| 887 Jase| - | - | - - | -] -] -] -] 12| A6V [P
s Tk
B ZoN >
— 18 SRS
B - %
O 8 | 26| 30| ss8 [45¢| - | - | - - -|-|-]-]|10]A6aq [
Layer 3 9 >Ny
— 20 < <
B i 7 @2 Ly
L g2
— 22 T e
B . ERE |
— 23 — P 4
- =
@23.5"; VERY STIFF, BROWN AND GRAY, "AND" STONE P E b > bczsz]
FRAGMENTS, LITTLE SAND i 6 [ 18|30 | SS9 (30038 1 |16|20 (25|32 18|14 11 | A6a(3) |77 54
L o5 6 BN
B | ST =
— 26 — Original Grade from Cross-Section at P
™ B 794+00 = ~663.5, or 26.6' depth. "ﬂ@‘ﬁ:”
— 27 — . >
L i Considered to be the bottom of = <
— 28 — existing embankment fill material. 219%5:
@28.5'; BROWN AND REDDISH BROWN, SOME STONE o s m
FRAGMENTS i 40 1150 | 100 | $8-10 | 27534 | 2 | 16|20 | 28 | 31|20 | 11| 14 | AGa(d) [
@
Oomit —— 30 N>D NS>
- - < 1§
Layer 6 ~ 31 o>
— 32 — 32N
I~ . < <
— 33 — ZA 7 L}
B - 32
— 34
i 7 | 23|33 | ss11 (300 -|-|-|-|-]|-|-|-]12]A6a(W
— 35 8
6516 | . [ 387
SANDSTONE, BROWN, HIGHLY WEATHERED, WEAK, FINE  }.e. P
GRAINED. i 29 [195/100| ss12 | - [ - | - - -|-]-|-|-]29 |Rock(
101
e’ — 40
e — 41 —
. — 42
e — 43 —
*..] 646.1 EOB——4. 4J82 - 100l ss13 | - T - [ - T -T-T-T-T-T-15 ]Rock(V)

NOTES: LAT/LONG/ELEV FROM DISTRICT SURVEY GRADE INSTRUMENTS. HOLE DRY UPON COMPLETION.

ABANDONMENT METHODS, MATERIALS, QUANTITIES: AUGER CUTTINGS MIXED WITH 50 LB. BENTONITE CHIPS




Source: NAVFAC DM 7.1
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PRECONSOLIDATION  PRESSURE (TSF]@

FIGURE 3
Preconsolidation Pressure vs. Liquidity Index

As LI values for the fill are all negative (moisture contents below the
plastic limit), the fill was considered to be overconsolidated.
Considering a LI of 0, a preconsolidation pressure of 9 tsf (18 ksf)
was used in analyses. The underlying native soils were considered
to be normally consolidated.

7.1-142
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30 Sep 90 Cv values
3
\ COEFFICIENT OF CONSOLIDATION
2 \ VS LIQUID LIMIT 2
102 \ |
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.8 \- ,
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Figure 3-16.— cCuorrelations between coefficient of consolidation
and liquid limit (NAVFAC DM 7.1)

Layer 1: LL = 30, Cv = 0.13 ft*/day

Layer 3: LL = 32, Cv = 0.12 ft*/day
Layer 4: LL = 32, Cv = 0.48 ft’/day



Source: Settle3 Software

Es Values Es for Rock Fill = 2800 ksf X
//_
Es (ksf): 2819.53
Filter List
Type Range (ksf): A @ al
Dense Sand 730,99 - 1451.98 (") sand
Sand, loose 187,969 - 522,135
Sand, dense 939,845 - 1670.84 O Clay
sand, silty 146,198 - 433,594 ) sit
sand and gravel, loose 939,545 - 3025.39
sand and gravel, dense 1879.69 - 3759.38
silt 50,125 -417.709
Loess 313.2827 - 1044.27
Clay, soft 10,443 - 104,427
Clay, medium 83.542 - 203.354
Clay, firm 146.198 - 417.709
Clay, sandy 522,136 - 835.417
Reference

McCarthy, David F., Essentials of Soi Mechanics and Foundations: Basic
Geotechnics, Fifth Edition, Prentice Hall, 1993

(014 Cancel

Elastic settlement parameters included in Settle3 for granular layers with "immediate”
settlement. This is reflected in the estimated settlement at time = 0 days.



F)? ODOT District 10 | MEG-33-13.96

Slope Stability (Rock Surface as Encountered in Boring B-002-2-23)

9999 Carver Road, Suite 210, Cincinnati, OH 45242-5583 hdrinc.com
(513) 984-7500



Option #1

Option 1 : Design a drilled shaft considering
the proposed embankment addition


MOMOHAMMED
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Option #1

MOMOHAMMED
Callout
Option 1 : Design a drilled shaft considering the proposed embankment addition


Slope/W Results


MOMOHAMMED
Callout
Slope/W Results


Elevation (ft)

(Assumed A-6a) (LT)

Color | Name Slope Stability | Unit Effective | Effective
Material Model | Weight | Cohesion | Friction
(pcf) | (psf) Angle (°)
B |1 M stiffto Stiff Mohr-Coulomb | 120 260 19
Embankment Fill (LT)
D 2. V. Stiff Embankment Fill | Mohr-Coulomb | 130 175 25
(L)
. 3. V. Stiff to Hard Mohr-Coulomb | 140 215 27
Embankment Fill (LT)
I | 4 M stiffto Stiff Cohesive | Mohr-Coulomb | 120 235 18
(LT)
[] |5 stiffCohesive (LT) Mohr-Coulomb | 125 125 23
[] | 6.V stiff to Hard Cohesive | Mohr-Coulomb | 135 185 26
(LT)
. Bedrock Bedrock
(Impenetrable)
. New Embankment Fill Mohr-Coulomb | 125 250 28

750 —

740 —

610
-300

-290 -280 -270 -260

-250 -240

-230

-220 -210

-200

-190

-180

-170

-160

-150

-140

-130

o
[os}
©

-120

-110

-100

-90

-60

-40

-30 20
Distance (ft)

B-002-0-23
Sta. 794+91

01. Sta. 794+00 Option 1 Proposed

Sta. 794+00 LT Slope Stability.gsz

10/03/2024 1:423




Elevation (ft)

olor [N Siope ity | Unit_| Efeive | Efective Minimum offset from the roadway centerline
Material Model | Weight | Cohesion | Friction
(pcf) | (psf) Angle (°) .
R T PSR DA DO to achieve a Factor of Safety of 1.3 for the
e | I lope behind the wall
TPV e presmoem e P ower slope (slope )
(L)
. 3. V. Stiff to Hard Mohr-Coulomb | 140 215 27
Embankment Fill (LT)
. Et l\;l Stiff to Stiff Cohesive Mohr-Coulomb | 120 235 18
LT,
D 5. Stiff Cohesive (LT) Mohr-Coulomb | 125 125 23
. ?.\;.Stiﬁto Hard Cohesive Mohr-Coulomb | 135 185 26
LT,
. Bedrock E;(:)rgﬁztrable)
. New Embankment Fill Mohr-Coulomb | 125 250 28
(Assumed A-6a) (LT)
1.32
o
750 —
740 |— B-002-0-23

Sta. 794+91

730 —

720 —

700 —

690 —

680 —
Drilled Shaft (200")

Distance (ft)

01. Sta. 794+00 Option 1 Proposed (Lower Slope)

Sta. 794+00 LT Slope Stability.gsz

10/03/2024 1:423



MOMOHAMMED
Callout
Minimum offset from the roadway centerline to achieve a Factor of Safety of 1.3 for the lower slope (slope behind the wall)


Option #2

Option 2 : Design a drilled shaft considering
the proposed embankment addition and a
10 feet of rock fill starting at the existing toe
of slope


MOMOHAMMED
Callout
Option #2

MOMOHAMMED
Callout
Option 2 : Design a drilled shaft considering the proposed embankment addition and a 10 feet of rock fill starting at the existing toe of slope


Slope/W Results


MOMOHAMMED
Callout
Slope/W Results


Elevation (ft)

Color | Name Slope Stability | Unit Effective | Effective
Material Model | Weight | Cohesion | Friction
(pcf) | (psf) Angle (°)
. 1. M. Stiff to Stiff Mohr-Coulomb | 120 260 19
Embankment Fill (LT)
D 2. V. Stiff Embankment Fill | Mohr-Coulomb | 130 175 25
(LT)
I | 3 V. stifftoHard Mohr-Coulomb | 140 215 27
Embankment Fill (LT)
. 4. M. stiffto Stiff Cohesive Mohr-Coulomb | 120 235 18
(L)
D 5. Stiff Cohesive (LT) Mohr-Coulomb | 125 125 23
. 6. V. Stiff to Hard Cohesive | Mohr-Coulomb | 135 185 26
(L)
. Bedrock Bedrock
(Impenetrable)
. New Embankment Fill Mohr-Coulomb | 125 250 28
(Assumed A-6a) (LT)
[] | RockFil Mohr-Coulomb | 135 0 38

750 —

740 —

610
-300

-290 -280 -270 -260

-250 -240

-230

-220 -210

-200

-190

-180

-170

-160

-150

-140

-130

-120

-110

-100

-90

-60

-40

-30 20
Distance (ft)

B-002-0-23
Sta. 794+91

01. Sta. 794+00 Option 2 (10" Rockfill)

Sta. 794+00 LT Slope Stability.gsz

10/03/2024 1:423




Elevation (ft)

lor | tame Vet Moct | Welght | Coneson | Frcion. Minimum offset from the roadway centerline
(pcf) | (psf) Angle (°) 1
B piswoss (om0 |3 |0 to achieve a Factor of Safety of 1.3 for the
‘mbankment Fil
D 2. V. Stiff Embankment Fill Mohr-Coulomb | 130 175 25 |OWer Slope (Slope behlnd the Wa.”)
(L)
. 3. V. Stiff to Hard Mohr-Coulomb | 140 215 27
Embankment Fill (LT)
. 4. M. Stiff to Stiff Cohesive Mohr-Coulomb | 120 235 18
(L)
D 5. Stiff Cohesive (LT) Mohr-Coulomb | 125 125 23
. 6. V. Stiff to Hard Cohesive Mohr-Coulomb | 135 185 26
(L)
. Bedrock ﬁ;c:)rgﬁ(ttrable)
. New Embankment Fill Mohr-Coulomb 125 250 28
(Assumed A-6a) (LT)
D Rock Fill Mohr-Coulomb | 135 0 38
1.30
W

750 —

B-002-0-23
Sta. 794+91

740 —

Drilled Shaft (175")

300 200 280 -270  -260  -250  -240  -230  -220  -210  -200  -190  -180  -170  -160  -150  -140  -130  -120  -110  -100 90 -80 70 -60 -50 40 -30 20 -10 0 10 20 30 40 50 60 70 80 % 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
Distance (ft)

01. Sta. 794+00 Option 2 (10" Rockfill) (Lower Slope)

Sta. 794+00 LT Slope Stability.gsz

10/03/2024 1:423



MOMOHAMMED
Callout
Minimum offset from the roadway centerline to achieve a Factor of Safety of 1.3 for the lower slope (slope behind the wall)


F)? ODOT District 10 | MEG-33-13.96

Slope Stability (Lowered Rock Surface at Boring B-002-2-23)

For conservatism lower rock surface option
was used for design of the drilled shafts

9999 Carver Road, Suite 210, Cincinnati, OH 45242-5583 hdrinc.com
(513) 984-7500


MOMOHAMMED
Callout
For conservatism lower rock surface option was used for design of the drilled shafts


Option #1


MOMOHAMMED
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Option #1


Slope/W Results


MOMOHAMMED
Callout
Slope/W Results


Elevation (ft)

(Assumed A-6a) (LT)

Color | Name Slope Stability | Unit Effective | Effective
Material Model | Weight | Cohesion | Friction
(pcf) | (psf) Angle (°)
B |1 M stiffto Stiff Mohr-Coulomb | 120 260 19
Embankment Fill (LT)
D 2. V. Stiff Embankment Fill | Mohr-Coulomb | 130 175 25
(L)
. 3. V. Stiff to Hard Mohr-Coulomb | 140 215 27
Embankment Fill (LT)
I | 4 M stiffto Stiff Cohesive | Mohr-Coulomb | 120 235 18
(LT)
[] |5 stiffCohesive (LT) Mohr-Coulomb | 125 125 23
[] | 6.V stiff to Hard Cohesive | Mohr-Coulomb | 135 185 26
(LT)
. Bedrock Bedrock
(Impenetrable)
. New Embankment Fill Mohr-Coulomb | 125 250 28

750 —

740 —

610
-300

-290 -280 -270 -260

-250 -240

-230

-220 -210

-200

-190

-180

-170

-160

-150

-140

-130

o
[os}
©

-120

-110

-100

-90

-60

-40

-30 20
Distance (ft)

B-002-0-23
Sta. 794+91

01. Sta. 794+00 Option 1 (Lowered Rock)

Sta. 794+00 LT Slope Stability.gsz

10/04/2024 1:423




Elevation (ft)

Minimum offset from the roadway centerline

Color [ Name Stope Stabity | Unit | Effectve | Effective to achieve a Factor of Safety of 1.3 for the
Material Model | Weight | Cohesion | Friction
(pcf) | (psf) Angle () I I ( I b h d h ”)
. 1. M. Stiffto Stiff Mohr-Coulomb | 120 260 19 OWer S Ope S Ope e In t e Wa
Embankment Fill (LT)
D 2. V. Stiff Embankment Fill Mohr-Coulomb | 130 175 25
(LT)
. 3. V. Stiff to Hard Mohr-Coulomb | 140 215 27
Embankment Fill (LT)
. 4. M. Stiff to Stiff Cohesive Mohr-Coulomb | 120 235 18
(L)
D 5. Stiff Cohesive (LT) Mohr-Coulomb | 125 125 23
. 6. V. Stiff to Hard Cohesive Mohr-Coulomb | 135 185 26
(L)
Bedrock Bedrock
. (Impenetrable)
. New Embankment Fill Mohr-Coulomb | 125 250 28
(Assumed A-6a) (LT)
1.32
o
750 —
740 — B-002-0-23

Sta. 794+91

730 —

720 —

700 —

690 —

680 —

Drilled Shaft (175')

Distance (ft)

01. Sta. 794+00 Option 1 (Lowered Rock) (Lower Slope)

Sta. 794+00 LT Slope Stability.gsz

10/04/2024 1:423



MOMOHAMMED
Callout
Minimum offset from the roadway centerline to achieve a Factor of Safety of 1.3 for the lower slope (slope behind the wall)


UA Slope Results


MOMOHAMMED
Callout
UA Slope Results


ODOT District 10

MEG-33-13.!

Computed By = MM
6

Checked By = DCM

ﬂ UA Slope Program Version 2.3 - C\Users\MOMOHAMMED\Desktop\MEG-33-13.96_Sta. 794+00 LT\Low Rock\Option \Option 1_UA Slope_Proposed (Low Rock).ua3* b x
File Run Options Help
Calculated Results Chart (Double-Click for Mere Options)
Factor of Safety [0.89 |
Force per Shaft [0.000 | & <100 -50 0 50 100 150 -
Acting Point X: [0.000 | # v [0.000 | # 0 R
Analysis Unit Syster
@® English O Metric

Number of Vertical Sections and Soil Layers

Vertical Section Num: 20| Soil Layer Num: | 9
Analysis Method v
O Total Stress @ Effective Stress
Soil Properties Slope Profile Vertical Sections
Cohesion (psf) Friction Angle Total Unit Weight  (pcf) Section 1 Section2 Section3 Section4 Section5 Section6 Section7 Section8 Section9 Section 10 Section ™™
» Layerl |01 0.0 2500 » X (fi) -64.90 -42.00 -20.30 -12.00 -6.90 26.00 3570 57.40 69.00 77.00 110.10
Layer2 |250.0 280 125.0 Y1 (f) 230 1.70 240 3.90 4.20 1.20 1.00 1.20 1.80 6.80 2340
Layer3 260.0 200 1200 Y2 (f) 330 270 340 390 420 220 2.00 220 280 6.80 23.40
Layerd |175.0 250 130.0 Y3 (f) 330 2.70 340 3.90 4.20 17.80 2230 3350 40.00 44 40 58.60
Layer5 2150 270 1400 Y4 (ft) 18.40 18.00 17.60 1740 19.90 36.00 4070 51.30 57.00 6090 73.20
Layer6 |235.0 19.0 120.0 Y5 (ft) 31.50 31.20 31.00 30.90 3260 43.70 47.00 54.30 58.20 60.90 73.20
Layer7 1250 230 1250 Y6 (ft) 86.40 83.30 7850 7740 76.70 7400 7350 7230 72.00 7150 73.20
Layer8 |185.0 26.0 135.0 Y7 (ft) 96.90 97.20 90.60 88.00 86.50 76.50 73.50 7230 72.00 71.50 73.20
Layer@ 40000 450 1400 Y8 (f) 100.70 100.20 95.00 93.00 91.70 83.80 8150 76.20 7340 7150 81.30
YO (ft) 101.00 10020 101.20 101.60 101.90 103.50 103.90 105.00 105.50 105.90 10750 &
< >
Coordinates of Crest  X: ¥ ft Coordinatesof Toe  X: | 24000/f  v:[  ssoo#
Drilled Shaft Information Pore Water Pressure
(® Calculate without Drilled Shaft Pore Pressure Options: (O No Pore Pressure O Constant Ratio @ Specified phreatic surface
O Automatic Load Transfer Factor Anchorforce: | 0.00 b Point1 Point2 Point3 Point4 Point5 Point6 Point7 Point8 Point9 Point10 Point11 Point12 Point13 Point1
(@) T e Anchorangle: | 0.00 » X () -64.90 ]-42.00 I-zn‘au [-12.00 ]-5‘90 ]26.00 |357n [59.30 ]ao.-w } 127.90 [212.20 }237‘90 [244.00 126!100
Yd) 7800 |76.60 |75.30 |7480 |7450 7260 |7200 7060 |69.30 |66.50 74.60 87.30 89.20 89.50
[ Anchor (On/Off) Anchor o 0.00 & ( I I J l I I J I J l J J J =
ate  Oon @ of M Slip Surface
O Save Xmin Diameter: ft Point1 Point2 Point3 Point4 Point5 Point6 Point7 Point8 Point9 Point10 Point11 Point12 Point13 Point 1
Xmax CTC Spacing: ft » X(f) 5740 (6237 (6950 7448 (8145 8677 (9430 10245 [100.02 (11370 (11973 [12348 12670 |130.38
) Y@ |1.20 1019 (2222 29031 38.99 |46.17 |54.17 |60.80 |65.22 6837 7241 7474 76.60 78.72
XDelta X Coordinate: # = =

Note: Values modified as necessary to calibrate factor of safety with SlopeW
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Note: Values modified as necessary to calibrate factor of safety with SlopeW
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ODOT District 10
MEG-33-13.96

ﬂ UA Slope Program Version 2.3 - C\Users\MOMOHAMMED\Desktop\MEG-33-13.96_Sta. 794 +00 LT\Low Rock\Option 1\Option 1_UA Slope_Drilled Shaft (Low Rock).ua3*

File Run Options Help
Calculated Results Chart (Double-Click for More Options)
Factor of Safey: [1.40 |
Force per Shaft |690228.839 | -100 50 100
Acting Point X: [200.000 | & v [s0.141 | % ¢
Analysie Unit System 50
@ English O Metric
Number of Vertical Sections and Soil Layers 100
Vertical Section Num: 20| Soil Layer Num: | 9
Analysis Method ¥
O Total Stress @ Effective Stress
Soil Properties Slope Profile Vertical Sections
Cohesion (psf) Friction Angle Total Unit Weight  (pcf) Section 11 Section 12 Section 13 Section 14 Section 15 Section 16 Section 17 Section 18 Section 19 Section 20
» Layer1 (0.1 0.0 250.0 b X () 10.10 127.40 180.30 190.00 228.90 237.90 244.00 253.40 260.00 269.30
Layer2 | 250.0 280 125.0 Yig 340 3200 53,50 63.30 8280 £7.30 29.20 20.30 20.50 £7.90
Layer3 |260.0 200 1200 Y2(fy 340 3200 58.50 63.30 82.80 87.30 89.20 89.30 80.50 87.90
Layerd |175.0 250 130.0 Y3 (ft) 18.60 66.30 79.10 80.70 86.30 87.30 89.20 89.30 89.50 87.90
Layer5 |215.0 270 1400 Ya@ 320 78.00 91.80 90.80 94 60 90.20 9020 90.10 89.90 8960
Layer6 235.0 19.0 1200 Y5 320 78.00 91.80 90.80 94 60 90.20 90.20 90.10 89.90 89.60
Layer7 |125.0 230 125.0 Y6(f) [3.20 78.00 91.80 90.80 94.60 90.20 90.20 90.10 89.90 89.60
Layers | 135.0 260 135.0 Y7 73.20 72.00 23.20 102.60 102.60 102.60 102.60 102.60 102.60 102.60
Layerd |4000.0 450 140.0 ya 3130 86.40 10220 105.10 105.10 105.10 105.10 105.10 105.10 105.10
Y9 (ft) 0750 108.30 110.80 111.30 111.30 111.30 111.30 111.30 111.30 111.30 v
< >
CoordinatesofCrest  X: | 6o.00/ft v 2.80| ft Coordinatesof Toe  X: | 24000/f  v:|  ss00|f

Drilled Shaft Information

O Calculate without Drilled Shaft
® Automatic Load Transfer Factor
O Manually Defined Load Transfer Factor

[ Anchor (OniOff)

[ Auto Save Data

Auto
Xmin

XDelta

Anchor force: 0.00

Anchor angle: 0.00

Anchor spacing: 0.00

Oon @

CTC Spacing:
XCoortna:

ox

Pore Water Pressure

Pore Pressure Options: O No Pore Pressure

O  Constant Ratio

® Specified phreatic surface

Ib sint2 Point3 Point4 Point5 Point6 Point7 Point8 Point9 Point10 Point11 Point12 Point13 Point14 Point 15
b X(f) 200 |-2030 |-1200 -690 |[2600 (3570 |59.30 (8040 |12790 (21220 (23790 (24400 26000 |269.30
Y |60 |7530 |74.80 (7450 |7260 |72.00 |7060 |69.30 |66.50 74.60 87.30 89.20 89.50 87.90
ft <

n) Slip Surface

Diameter: 4.00

oint38 Point38 Point40 Point41

Point42 Point43 Point44 Point45 Point46 Point47 Point48 Point48 Point 50

P X ()
Y (ft)

250 (21320 |214.80

2207

22117

22605 |22785 |231.94

236.44

238.95

24350

24805 |253.40

1209 |10212 |102.20

10245

102.31

10142 |101.10 |100.36

98.97

9753

84.93

92.32 89.30

<

Note: Values modified as necessary to calibrate factor of safety with SlopeW

Computed By = MM
Checked By = DCM
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Note: Values modified as necessary to calibrate factor of safety with SlopeW


Option #2


MOMOHAMMED
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Option #2


Slope/W Results


MOMOHAMMED
Callout
Slope/W Results


Elevation (ft)

Color | Name Slope Stability | Unit Effective | Effective
Material Model | Weight | Cohesion | Friction
(pcf) | (psf) Angle (°)
. 1. M. Stiff to Stiff Mohr-Coulomb | 120 260 19
Embankment Fill (LT)
D 2. V. Stiff Embankment Fill | Mohr-Coulomb | 130 175 25
(LT)
I | 3 V. stifftoHard Mohr-Coulomb | 140 215 27
Embankment Fill (LT)
. 4. M. stiffto Stiff Cohesive Mohr-Coulomb | 120 235 18
(L)
D 5. Stiff Cohesive (LT) Mohr-Coulomb | 125 125 23
. 6. V. Stiff to Hard Cohesive | Mohr-Coulomb | 135 185 26
(L)
. Bedrock Bedrock
(Impenetrable)
. New Embankment Fill Mohr-Coulomb | 125 250 28
(Assumed A-6a) (LT)
[] | RockFil Mohr-Coulomb | 135 0 38
0.94
[ J
750 —
740 (— B-002-0-23

Sta. 794+91

il 'II"I"I.%iM!'\Iu-—.

610
300 200 280  -270  -260  -250  -240  -230  -220  -210  -200  -190  -180  -170  -160  -150  -140  -130  -120  -110  -100 90 -80 70 -60 -50 40 -30 20 -10 0 10 20 30 40 50 60 70 80 % 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
Distance (ft)

01. Sta. 794+00 Option 2 (Lowered Rock) (10" Rock fill)

Sta. 794+00 LT Slope Stability.gsz

10/04/2024 1:423




Elevation (ft)

750

740

730

720

710

700

Color | Name Slope Stability | Unit Effective | Effective
Material Model | Weight | Cohesion | Friction
(pcf) | (psf) Angle (°)
. 1. M. Stiff to Stiff Mohr-Coulomb | 120 260 19
Embankment Fill (LT)
D 2. V. Stiff Embankment Fill | Mohr-Coulomb | 130 175 25
(LT)
I | 3 V. stifftoHard Mohr-Coulomb | 140 215 27
Embankment Fill (LT)
. 4. M. stiffto Stiff Cohesive Mohr-Coulomb | 120 235 18
(L)
D 5. Stiff Cohesive (LT) Mohr-Coulomb | 125 125 23
. 6. V. Stiff to Hard Cohesive | Mohr-Coulomb | 135 185 26
(L)
. Bedrock Bedrock
(Impenetrable)
. New Embankment Fill Mohr-Coulomb | 125 250 28
(Assumed A-6a) (LT)
[] | RockFil Mohr-Coulomb | 135 0 38
1.30
[ )

Drilled Shaft (175)

/

-150 -140 -130 -120 -110 -100 -90 -80 -70 -60 -50 -40 -30 -20

Minimum offset from the roadway centerline
to achieve a Factor of Safety of 1.3 for the
lower slope (slope behind the wall)

B-002-0-23
Sta. 794+91

Distance (ft)

230 240

250

01. Sta. 794+00 Option 2 (Lowered Rock) (10' Rock fill) (Lower Slope)

Sta. 794+00 LT Slope Stability.gsz

10/04/2024

1:423



MOMOHAMMED
Callout
Minimum offset from the roadway centerline to achieve a Factor of Safety of 1.3 for the lower slope (slope behind the wall)


4' Diameter, 4' CTC Spacing
Drilled Shaft Design


MOMOHAMMED
Callout
4' Diameter, 4' CTC Spacing Drilled Shaft Design


UA Slope Results


MOMOHAMMED
Callout
UA Slope Results


ODOT District 10 Computed By = MM
MEG-33-13.. Checked By = DCM

ﬂ UA Slope Program Version 2.3 - C\Users\MOMOHAMMED\Desktop\MEG-33-13.96_Sta. 794+00 LT\Low Rock\Option 2\10° Rock Fill\Option 2_10" Rockfill_UA Slope_Proposed FOS5=0.94 (Low Rock).ua3* b ®
File Run Options Help
Calculated Results Chart (Double-Click for More Options)
Factor of Safety: [0.94 |
Force per Shaft [0.000 | 100 -50 50 100 150 200 250

o > X

Acting Point X: [0.000 | & v [oooo | &

Analysis Unit System 50

@® English O Metric

Number of Vertical Sections and Soil Layers 100

Vertical Section Num: 20] Soil Layer Num: 10]

Analysis Method

O Total Stress @ Effective Stress

Soil Properties Slope Profile Vertical Sections

Cohesien (psf) Friction Angle Total Unit Weight  (pcf) Section 1 Section2 Section3 Section4 Section5 SectionB Section7 Section8 Section9 Section 10 Section * *
P Layer1 0.1 0.0 250.0 » X (f) -64.90 -42.00 -20.30 -12.00 -6.90 26.00 35.70 52.50 69.00 77.00 110.10
Layer2 250.0 280 1250 Y1 (f) 230 1.70 240 380 420 120 1.00 1.10 180 6.80 2340
Layer3 00 380 135.0 Y2 (ft) 330 270 340 390 420 220 2.00 210 280 6.80 2340
Layerd ‘265 0 19.0 1200 Y3 (f) 3.30 270 340 3.90 4.20 17.90 22.30 30.90 40.00 44.40 _58,60
Layers | 175.0 25.0 130.0 Y4 (ft) 3.30 270 340 3.90 4.20 17.90 2230 30.90 40.00 44.40 58.60
Layer6 215.0 270 140.0 Y5 (ft) 18.40 18.00 17.60 17.40 19.90 36.00 40.70 48.90 57.00 60.90 73.20
Layer7 2350 19.0 120.0 Y6 (ft) 31.50 31.20 31.00 30.90 32,60 43.70 47.00 52.60 58.20 60.90 73.20
Layer8 | 125.0 23.0 125.0 Y7 (f) 86.40 83.30 78.50 7740 76.70 74.00 73.50 72.40 72.00 71.50 73.20
Layerd |185.0 26.0 135.0 Y8 (ft) 96.90 97.20 90.60 88.00 86.50 76.50 73.50 7240 72.00 71.50 73.20
Layer10 4000.0 45.0 140.0 Y9 (ft) 100.70 10020 95.00 93.00 91.70 83.80 81.50 77.40 73.40 71.50 81.30 v
< >
CoordinatesofCrest  X: | 6900/ & v: f Coordinates of Toe  X: | 24000/ v: | ss00/#

Drilled Shaft Information Pore Water Pressure

@ Calculate without Drilled Shaft Pore Pressure Options: (O No Pore Pressure O Constant Ratio @ Specified phreatic surface

© Automatic Load Transfer Factor Anchor force: 0.00/ Ib Point1 Point2 Point3 Point4 Point5 Point6 Point7 Point8 Point9 Point10 Point11 Point12 Point13 Point 1

O Manuallv Defined Load Transfer Faclor Anchorangle: | 0.00 » X(f) |-64.90 (3570 |127.90 | 168.80 | 18250 |185.30 |208.65 \ 21060 |213.60 217.30 \222.00 237.90 |244.Da 260.00

Y@ |7800 (7200 |6650 |77.30 |7950 |80.00 |8413 (2420 |8450 2480 |8550 |87.30 |29.20 |89.50
L Anchor (On/Of) Anchor spacing: 000 4 < ) ) ) ) ) ) - >

ase O oOn @ OF

[ Auto Save Data Xmin Diameter:
Xmax CTC Spacing:
XDelta X Coordinate:

n) Slip Surface

ft Point1 Point2 Point3 Point4 Point5 Point6 Point7 Point8 Point® Point10 Point11 Point12 Point 13  Point 1
» X(f) 5250 (5756 |61.36 |6650 |75.75 |81.19 |8433 (8738 |103.92 (10893 |11233 |121.06 |124.81 |12895

Y@ |1.10 1027 |16.17 (2401 |3741 (4420 (4826 |50.88 |B6367 |67.19 69.32 74.78 76.97 78.60
< >

=

Note: Values modified as necessary to calibrate factor of safety with SlopeW
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Note: Values modified as necessary to calibrate factor of safety with SlopeW
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ODOT District 10
MEG-33-13.96

ﬂ UA Slope Program Version 2.3 - C:\Users\MOMOHAMMED\Desktop\MEG-33-13.96_5Sta. 794+00 LT\Low Rock\Option 2\10" Rock Fill\4' Center-Center Spacing\Option 2_10" Rockfill_4" CTC_UA Slope_Drilled Shaft (Low Rock).ua3*

IE' Run  Options Help

Calculated Results Chart (Double-Click for More Options)
Factor of Safety: |5.04 |
Force per Shaft [085287.263 | -100 50 50 - x
0
Acting Point X: [175.000 | & v [s2382 | &
Analysis Unit System
@ English O Metric
Number of Vertical Sections and Soil Layers
Vertical Section Num: 20| Soil Layer Num: 10|
Analysis Method Y
O Total Stress @ Effective Stress
Soil Properties Slope Profile Vertical Sections
Cohesion (psf} Friction Angle Total Unit Weight (pcf) Section 11 Section 12 Section 13 Section 14 Section 15 Section 16 Section 17 Section 18 Section 19 Section 20 *
b Layeri 01 0.0 250.0 » X (ft) 10.10 127.40 168.90 190.00 217.90 22890 237.90 244.00 254.90 269.30
Layer2 2500 280 125.0 Yigy 1340 32.00 52.80 63.30 77.30 82.80 87.30 89.20 89.30 87.90
Layer3 0.0 380 135.0 Y2 (f) 3.40 32.00 52.80 63.30 77.30 82.80 87.30 89.20 89.30 87.90
Layerd 2650 190 1200 Y3f) 860 66.30 77.30 77.30 77.30 82.80 87.30 89.20 89.30 87.90
Layer5 175.0 25.0 130.0 Y4 (f) 18.60 66.30 77.30 80.70 8490 86.30 87.30 89.20 89.30 87.90
Layers 215.0 270 140.0 Y5(f)  3.20 78.00 28.00 90.80 94.40 94.60 90.20 90.20 90.00 29.60
Layer7 235.0 19.0 120.0 Y86 (ft) 13.20 78.00 88.00 90.80 94.40 94.60 90.20 90.20 90.00 89.60
Layer8 1250 230 1250 Y7y 1320 78.00 8800 90.80 94 40 9460 9020 90.20 90.00 89 60
Layer® 185.0 26.0 135.0 Y8 (f) 13.20 78.00 9430 102.60 102.60 102.60 102.60 102.60 102.60 102.60
Layer10 4000.0 450 1400 Yoy 4130 8640 9880 105.10 105.10 105.10 105.10 105.10 105.10 105.10 v
< >
Coordinates of Crest  X: | 69.00[ft  v: 2.80| ft Coordinatesof Toe  X: | 24000/  v:|  ss00|®
Drilled Shaft Information Pore Water Pressure
() Calculate without Drilled Shaft Pore Pressure Options: (O No Pore Pressure O  Constant Ratio @ Specified phreatic surface
® Automatic Load Transfer Factor Anchor force: 000 Ib 5int2 Point3 Point4 Point5 Point6 Point7 Point8 Pointd Point10 Point11 Point12 Point13 Point14 Point 15
O Manuallv Defined Load Tranafer Factor Anchorangle:  0.00 » X)) 70 |127.9|J \163.30 |182.5O ]135.30 Izua‘ss \210.60 |213.6O }217,30 \222.00 }237‘90 |244.DU }250‘00 |269.30
. 1o Y@ (00 |6650 7730 |7950 |B000 (8413 |8420 |s450 |s480 (8550 (8730 8920 8950 |87.80
o gto Anchor spacing: 0.00 ft < >
Ao Oon @ Of n) Slip Surface
O Save Data Xmin Diameter: ft oint38 Point38 Point4D Point41 Point42 Point43 Point44 Pointd45 Pointd46 Point47 Point48 Point49 Point 50
TP CTC Spacing: & » X(f) |760 22100 (22350 (22605 |227.85 (23245 |237.85 (23895 (24150 (24460 (24865 (25298 [254.90
Y (f) j2.27 10241 10252 (10238 |10203 |101.14 |99.55 99.01 97.76 96.24 93.59 90.64 89.30
XDelta X Coordinate: # ®

Note: Values modified as necessary to calibrate factor of safety with SlopeW

Computed By = MM
Checked By = DCM
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LPILE Inputs


Elevation (ft)

UV

690

680

670

660

650

640

630

620

610

-300

| Rogk Fill -~ 5

Color | Name Slope Stability | Unit Effective | Effective
Material Model | Weight | Cohesion | Friction
(pef) (psf) Angle (°)
. 1. M. Stiff to Stiff Mohr-Coulomb | 120 260 19
Embankment Fill (LT)
|:| 2. V. Stiff Embankment Fill Mohr-Coulomb | 130 175 25
(LT)
. 3. V. Stiff to Hard Mohr-Coulomb | 140 215 27
Embankment Fill (LT)
. 4. M. Stiff to Stiff Cohesive Mohr-Coulomb | 120 235 18
(LT)
|:| 5. Stiff Cohesive (LT) Mohr-Coulomb | 125 125 23
. 6. V. Stiff to Hard Cohesive | Mohr-Coulomb | 135 185 26
(LT)
. Bedrock Bedrock
(Impenetrable)
- New Embankment Fill Mohr-Coulomb | 125 250 28
(Assumed A-Ba) (LT)
|E| Mohr-Coulomb | 135 0 38

Ex. LA-R/W

-280 -270

-260

-250

—

-240

Drilled Shaft (175

Proposed Surface Elevation El 679.2

Proposed Top of Shaft Elevation J El 673.2

.-nillllllllll%iﬁa:::::— e

El 638.3

‘ l El 634.4

-230 -220 -210 -200 -190 -180 -170
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Computed By = MM
Checked By = DCM

ODOT District 10 Earth Pressures and Soil Profile
MEG-33-13.96
Geometry
Horiz. Distance
Elevation (ft) from C/L (ft)
Top of Backfill = 732.2 at Outside Edge of Shoulder Start of Wall Backfill = 69.0 at Outside Edge of Shoulder
Top of Wall = 673.2 at ¢/L of Wall Wall = 175.0 at C/L of Wall
Existing Ground Surface = 679.2 at ¢/L of Wall
Maintenance Bench = 673.2 at ¢/L of Wall Backfill Slope Angle = H:1v
Slip Plane = 639.5 at ¢/L of Wall

Wall Loading Profile

Top Elev.  Thickness (ft) Cohesion (psf) Phi (deg) Unit Wt (pcf)
New Embankment Fill (Assumed A-6a)| 673.2 15.5 250 28 125
Rock Fill|  657.7 1.0 0 38 135
Medium Stiff to Stiff Embankment Fill|  656.7 11.7 260 19 120
Medium Stiff to Stiff Cohesive|  645.0 6.7 235 18 120
Stiff Cohesive|  638.3 3.9 125 23 125
Very Stiff to Hard Cohesive| 634.4 10.0 185 26 135
Top of Rock| 624.4
Weighted Value 48.8 - - - |
Earth Pressure Coefficients
Deg
Shear Resistance, ® = - y
Wall Friction , 8" = 0.0 il
Wall Slope, 6 = 90
Backfill Slope, B = 26.57 = "
Revised Backfill Slope, B = 26.57 -
Backfill Condition INFINITE =
Horz. Backslope Dist. 106.0 feet (C/L of Wall - Edge of Shoulder)
Wall Height (H) 0.0 feet (Top of Wall - Maintenance Bench) :lgur: 3.11.5.3-1—Netation for Coulomb Active Earth
ressure
Slope Height (h) 59.0 feet (Top of Backfill - Top of Wall)
1= degrees
Active Earth Coefficient
K, = Sin’(6+0)
(Sin?()*Sin(B-6)*[1+V(Sin(®+8)*Sin(®-B))/(Sin(-8)*Sin(6+B))I’)
o= [ ]
At-Rest Earth Coefficient
Ko = (1- Sin(¢))*(1+Sin(B))
ko= [ ]
Notes:
A. Wall friction neglected
B. Figure and Equation for Active Earth Pressure from AASHTO 3.11.5.3 (LRFD Design Manual).
C. #VALUE!
Soil Lateral Design Profile
Top Elev Depth (ft) Depth Below Top of Shaft Cohesion (psf) Phi (deg) Unit Wt (pcf) £50 k
New Embankment Fill (Assumed A-6a)| 679.2 0.0 -6.0 2500 0 125 0.005 N/A
Rock Fill|  657.7 21.5 15.5 0 38 135 N/A 225
Medium Stiff to Stiff Embankment Filll  656.7 2235! 16.5 1400 0 57.6 0.007 N/A
Medium Stiff to Stiff Cohesive 645 34.2 28.2 930 0 57.6 0.01 N/A
Stiff Cohesive|  638.3 40.9 34.9 1650 0 62.6 0.007 N/A
Very Stiff to Hard Cohesive| 634.4 44.8 38.8 3300 0 72.6 0.005 N/A
Bedrock| 624.4 54.8 48.8 N/A N/A N/A N/A N/A
Bedrock Lateral Design Profile
Top Elev Depth (ft) qu (psi) Em (psi) Unit Wt (pcf) RQD (%) krm
Siltstone/Claystone|  624.4 548 | 150 [ 14600 | 150 [ o 0.0005

* Rock strength parameters indicate a RQD of 9%, however RQD of 0% was used for LPILE analyses for conservatism.

Depths referenced below the top of wall, starting at the lowered ground surface. €50 and k values per LPile Technical Manual.
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ODOT District 10
MEG-33-13.96

Loading Conditions (4' Diameter, 4' CTC Spacing)

Wall Loading Computations

Earth Pressure Model =| CONVENTIONAL |(Conventional or UA SLOPE)
1) Soil Unit Weight = I:l pcf

2) Determine Coefficient of Earth Pressure (K)
Restraint Condition = ACTIVE
Ka= 5

Weighted Average Along Cantilevered Wall Height

(Active or At-Rest)

3) Determine Equivalent Fluid Weight (G,)
Gy = (Vi) * (Ka)

Gy = For application to CONVENTIONAL Earth Pressure Model

4) Artificially Lowered Ground Surface (ODOT GDM Section 903.3.2, pg. 9-14) for FS4, < 1.30

UA SLOPE

Consider Lowered G. S.? NO
Lowered Ground Surface (ft) = 0.0 = dt (tan(Bgn)
Ban = 26.57 = steepness of the slope downhill of the drilled shaft
FSqn = 1.30 = Factor of Safety down slope of the proposed wall
di = 33.7 = depth below bench to the shear surface at the location of the drilled shaft

5) Modification of p-y curves (ODOT GDM Section 903.2, pg. 9-13)

Pn=  0.64%(5/D)* (Ref: Reese, Isenhower, & Wang - 2006)
D= 4 feet (shaft diameter or pile flange width)
Assumed Shaft Spacing = 4 feet (center-to-center pile spacing)
Pn= 0.64 For retaining wall, applies from top of wall to top of rock/bottom of drilled shafts
For a row of drilled shafts, applies below shear plane to top of rock/bottom of drilled shaft:
Reduce p-multiplier? YES For application above shear plane if using a row of spaced drilled shafts instead of a retaining wal
FSuas = 1.30 = Factor of Safety from UASlope including shafts
p-multipler = 0.15 = (Ppn - P/ FSuas) From top of wall to bottom of shear plane

6) Determine Lateral Thrust

Conventional Earth Pressure Theory UA SLOPE
Exposed Wall Height (H) = 0 feet
Wall Height (H) + GSp, = 0.0
P=  1/2*%Gy*H’
P= Ibs/foot

Py, = P*(Shaft Spacing)

7) Resolve horizontal earth force to distributed triangular load (for LPILE)

(earth loading)

w= 2*Pgy/H

w= - Ibs/foot per shaft (Earth - Service Limit)

w= - Ibs/inch per shaft (Earth - Service Limit)
Ve = 1.5 Earth Load Factor

w= (2*Psu/H)*ye

w= Ibs/inch per shaft (Earth - Strength Limit)

8) Determine live-load traffic surcharge force (P;)

Include traffic surcharge?
Surcharge Pressure (q) :psf

P = Ka*gs *H
Py = NA Ibs/foot (surcharge resolved to distributed load)
P = NA Ibs/shaft

9) Resolve surcharge to distributed rectangular load (for LPILE)

w= Ps/H

w= 0 Ibs/foot per shaft (surcharge - unfactored)

w= 0 Ibs/inch per shaft (surcharge - unfactored)
Vs = 1.75 Surcharge Load Factor - Strength |

w= (Ps/L)*vs

w :lIllbs/inch per shaft (Surcharge - Strength 1)

Distributed Lateral Loads for LPILE

Depth from T/Wallto Slip Plane=[  33.7 |feet

Force Per Shaft = 367714 Ibs/shaft

21823
1819

Ibs/foot per shaft
Ibs/inch per shaft

2728 Ibs/inch per shaft

NA Ibs/foot
NA Ibs/shaft
0 Ibs/foot per shaft
0 Ibs/inch per shaft

|I|Ibs/inch per shaft

Distributed Lateral Loads for LPILE

CONVENTIONAL

UA SLOPE

Computed By = MM
Checked By = DCM

(See Attached)

Depth (ft.)  Service (Ib/in)  Strength-I (Ib/in) Depth (ft.)  Service (Ib/in)  Strength-I (Ib/in)
0 0 0 0 0 0
0.0 - - 33.7 1819 2728




ODOQT District 10
MEG-33-13.96

Steel Beam and Cross-Section Properties

Assumed Pile Shape| W 36x262

Structural Beam (4' Diameter, 4' CTC Spacing)

Computed By = MM
Checked By = DCM

Pile Availability

Shear Capacity Calculation

Flexure Capacity Calculation

AISC Member Producers
Non-Member Producers

Modulus of Elasticity of Steel (E)
El (Steel Only)

1.12VEk/F,,,| 60.313846
1.40VEk/F,,,| 75.392307

Shaft Geometry

Shaft Diameter 48 in
Longest Beam Dimension 40.461957 |in
Clear Distance 3.7690213 |in
Steel Beam Geometry

Beam Depth (D) 36.9 in
Web Thickness (t,) 0.84 in
Flange Width (By) 16.6 in
Flange Thickness (t;) 1.44 in
Area of Steel (A) 77 in’
Steel Properties

Yield Strength of Steel 50 ksi
Moment of Inertia (l,) of Steel 17900 |in’
Modulus of Elasticity of Steel (E) 29000 |ksi

29000000 |psi

5.191E+11 |Ib*in’
3

Section Modulus (S,) 972 in
Section Modulus (Z,) 1100 |in®
Shear-Buckling Coefficient (k) 5
Ratio of Shear-Buckling Resistance (C) 1

D/t,,| 43.928571

Vu < pVer
by =

AASHTO LRFD Bridge Design Spec's 6.5.4.2
shear in web due to factored permanent and construction
loads applied to noncompact section (kips)

shear buckling resistance determined from Equation
6.10.9.3.3-1 (AASHTO LRFD Bridge Design Spec's)

plastic shear force (kips)

ratio of shear-buckling resistance to shear yield strength
determined by AASHTO Eqgn's 6.10.9.3.2-4, 6.10.9.3.2-5,
6.10.9.3.2-5, 0r 6.10.9.3.2-6

058 * 50 * 369 * 084

(from LPILE)
(from PYWALL)

M, < ¢pM,

= Moment due to the factored loads

é»=[___ 1 |AASHTO LRFD Bridge Design Spec's 6.5.4.2
M

Minimum Pile Length Below Slip Plane =| 10 |ft
Minimum Required Pile Length =| 43.7

=l

M, = Nominal flexural resistance of a section

Sy =  Elastic section modulus about the x-axis
oM, = ¢ * Fy * Sx
oM, = 1 * 50 * 972
¢M, = in*kips
My = | 47100 |in*kips  (from LPILE)
M, = in*kips  (from PYWALL)

M, <¢Mp OK
Minimum Pile Length
Top of Wall to Slip Plane =| 33.7 |ft

ODOT Minimum Required Length

Deflection Criteria
Pile Length Above Rock =,
Pile Length Above Rock =
1)

488 |ft
| 585.6 |in

Exposed Wall Height = 0

Exposed Wall Height = 1]

Determined by AASHTO LRFD Bridge Specifications
Eqn's 6.10.9.3.2-4, 6.10.9.3.2-5, and 6.10.9.3.2-6

Per the ODOT GDM, pile-head deflection in the service limit state limited to 1% or less of the shaft length above bedrock, or 1% of total drilled shaft length if not embedded in bedrock.

2) Following industry acceptance criteria, limit wall deflection to 1% of exposed wall height where ODOT landslide criteria does not govern. Alternatively, limit wall deflection to 1.5% of the
exposed wall height in accordance with NCDOT guidelines. Use 1.5% wall deflection for PYWALL software.

ODOT Landslide Criteria Governs
1% Wall Height OR 2 inches- LPILE

1.5% Wall Height - PYWALL

YES

5.856

in

(from LPILE)
(from PYWALL)

Drilled Shafts Located Within 10 feet of Edge of Pavement




Slope/W and UA Slope Incorporation
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Slope/W and UA Slope Incorporation


Elevation (ft)

Color | Name Slope Stability | Unit Effective | Effective
Material Model | Weight | Cohesion | Friction
(pcf) | (psf) Angle (°)
. 1. M. Stiff to Stiff Mohr-Coulomb | 120 260 19
Embankment Fill (LT)
D 2. V. Stiff Embankment Fill | Mohr-Coulomb | 130 175 25
(LT)
I | 3 V. stifftoHard Mohr-Coulomb | 140 215 27
Embankment Fill (LT)
. 4. M. stiffto Stiff Cohesive Mohr-Coulomb | 120 235 18
(L)
D 5. Stiff Cohesive (LT) Mohr-Coulomb | 125 125 23
. 6. V. Stiff to Hard Cohesive | Mohr-Coulomb | 135 185 26
(L)
. Bedrock Bedrock
(Impenetrable)
. New Embankment Fill Mohr-Coulomb | 125 250 28
(Assumed A-6a) (LT)
[] | RockFil Mohr-Coulomb | 135 0 38

750 —

740 —

730 —

720 —

710 —

700 —

610
-300

-290 -280 -270 -260

-250 -240

-230

-220 -210

Cu-07B
Sta. 794+61

(Ground surface adjusted

-200 -190 -180

Drilled Shaft (175")

-170

-160

Point Load
Coordinate: (-175, 652.618) ft
Magnitude: 246,322 Ibf

[SN]
(&)
-

-150 -140 -130 -120 -110 -100 -90

-60

-40

B-002-0-23
Sta. 794+91

-30 20 -10 0 10 20 30 40 50 60 70 80 % 100 110 120 130 140 150 160 170 180 190
Distance (ft)

230 240

01. Sta. 794+00 Option 2 (Lowered Rock) (10" Rock fill) (3)

Sta. 794+00 LT Slope Stability.gsz

10/05/2024

1:423




Elevation (ft)

750

740

730

720

710

700

Required point load to achieve

Color | Name Slope Stability | Unit Effective | Effective
Material Model | Weight | Cohesion | Friction F f S f f 1 30
(®ch | (ps) | Angle () a Factor ot Safety ot 1.

. 1. M. Stiffto Stiff Mohr-Coulomb 120 260 19

Embankment Fill (LT) X

2. V. Stiff Embank it Fill Mohr-Coulomb 130 175 25 Point Load
| Gy S Embankment Rl Mohr-Coulom Coordinate: (-175, 652.618) ft

Magnitude: 132,000 Ibf

. 3. V. Stiff to Hard Mohr-Coulomb | 140 215 27

Embankment Fill (LT)
. 4. M. Stiff to Stiff Cohesive Mohr-Coulomb | 120 235 18

(LT)
D 5. Stiff Cohesive (LT) Mohr-Coulomb | 125 125 23
. 6. V. Stiff to Hard Cohesive Mohr-Coulomb | 135 185 26

(LT)
[ | Bedrock Bedrock

(Impenetrable)

. New Embankment Fill Mohr-Coulomb 125 250 28

(Assumed A-6a) (LT)
D Rock Fill Mohr-Coulomb | 135 0 38

-300

-290 -280 -270 -260

-250 -240

-230

-220

-210

B-002-0-23
Sta. 794+91

Drilled Shaft (175")

CuU-07B
Sta. 794+61
(Ground surface adjusted

200  -19  -180  -170  -160  -150  -140  -130  -120  -110  -100 90 -80 70 -60 -50 40 -30 20 -10 0 10 20 30 40 50 60 70 80 % 100 110 120 130 140 150 160 170 180 190
Distance (ft)

230 240

01. Sta. 794+00 Option 2 (Lowered Rock) (10" Rock fill) (3)

Sta. 794+00 LT Slope Stability.gsz

10/07/2024

1:423
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Required point load to achieve a Factor of Safety of 1.30


0ODOT District 10 Computed By = MM

MEG-33-13.96 Checked By = DCM
UA Slope (Results)
Elevation Origin = 735 ft
Force X-Coordinate = 175 ft
Force Y-Coordinate = 82.382 |ft
Diameter = 4 ft
CTC Spacing = 4 ft
Load Transfer Factor = 0.0% % Force per Shaft (lb)
Force per Shaft = 985287 (bt Force per Foot of Wall(h) = tree (76 « (1 = Load Transfer Factor)
Factor of Safety = 5.04
Force per Foot of Wall = 246322 |Ibf (Point Load per foot of wall @ 100% Load Transfer Factor to be used in SlopeW)
Slope/W (Inputs)
Point Load X-Coordinate = -175 ft (-1 = Failure from Right to Left, 1 = Failure from Left to Right)
Point Load Y-Coordinate = 652.618 |ft
Point Load = 246322 |lbf
Direction = 180 degrees (180 = Load applied right direction, 0 = Load applied left direction)

Resistance Force (Ibf)

Fact Safety =————— 200
actor of Safety Driving Force (Ibf)

Slope/W (Results/Calculations)

Calculated Factor of Safety = 3.51 (Calculated Factor of Safety in Slope/W due to applied point load at 2/3 below existing ground surface at shaft location)
Resistance Force (FOS =3.51) = 246322 |lbf i Force to Achieve a Factor of Safety of 3.51)
Driving Force (FOS = 3.51) = 70177 |Ibf(C Driving Force to Achieve a Factor of Safety of 3.51)

Calculate Resistance Force to Achieve a Desired Factor of safety (Slope/W)

Fa‘ct.or of Safety = 19 » . Factory of Safety (Slope/W)

Driving Force = 70177 |Wbf(C: Driving Force from Slope/W) Resistance Force (UA Slope) = —————————————=
) ; ! Factory of Safety (UA Slope)

Resistance Force (FOS = 1.30) = 91230 |lbf Force to Achieve a Factor of Safety of 1.30)

Back Calculated Resistance Force (From Slope/W) = 132,000 |lbf i Force to Achieve a Factor of Safety of 1.30 in Slope/W)

Convert Calculated Resistance Force to Achieve a Desired Factor of safety from Slope/W to UA Slope

Resistance Force (UA Slope) = lbf (Converted Resistance Force per Foot of Wall @ 100% Load Transfer Factor to Achieve a Desired Factor of safety from Slope/W to UA Slope)
* Higher of Resistance Forces to Achieve a Factor of Safety of 1.30 Adopted
per Shaft (UA Slope

Force per Shaft = Resistance Force (Ibf,UA Slope) * CTC Spacing (ft) * (1 — Load Transfer Factor)
Force per Shaft (FOS = 1.30) = lbf (Calculated Force per Shaft to achieve a Factor of Safety of 1.30 in UA Slope)

The UA Slope 2.3 software was utilized to provide the per shaft loading along the proposed
drilled shaft wall. However, the factor of safety provided by UA Slope (FS = 5.04) exceeded
the required 1.3, indicating the resistance exceeded the applied load. As UA Slope does not
allow for a reduction in loading or factor of safety, additional analyses were performed in
SlopeW.

This was accomplished by assigning the proposed slope geometry SlopeW stability model with
the proposed fill material used to determine the soil strength parameters and failure surface
as the “Parent” analysis. A subsequent model created based on the proposed slope geometry
with the drilled shaft wall located at 175 feet left. By assigning the Proposed Slope Geometry
SlopeW stability model as the “Parent” analysis, the failure surface was directly translated to
the 175-LT wall model, similar to applying the failure surface in UA Slope.

The 175-LT wall model analysis was then run using the UA Slope procedure as a template. A
point load was added at a height approximately 1/3 of the distance from the proposed ground
surface to the slip surface. The force-per-shaft load from UA Slope was reduced to a force per
foot of wall to be applied to SlopeW. SlopeW indicated a FS of 3.51 (compared to 5.04
provided by UA Slope for the same load). The magnitude of the point load was then reduced
until the factor of safety as generated by SlopeW was at or above 1.3. As this magnitude is a
unit point load, the result was multiplied by the respective shaft spacing to determine the force
per drilled shatft.

As UA Slope and SlopeW did not produce the same Factors of Safety, (5.04 and 3.51,
respectively) for similar point loads, the calculated resistance load determined in SlopeW was
proportionally scaled and converted to an equivalently UA Slope Load.


MOMOHAMMED
Text Box
The UA Slope 2.3 software was utilized to provide the per shaft loading along the proposed drilled shaft wall. However, the factor of safety provided by UA Slope (FS = 5.04) exceeded the required 1.3, indicating the resistance exceeded the applied load. As UA Slope does not allow for a reduction in loading or factor of safety, additional analyses were performed in SlopeW.

This was accomplished by assigning the proposed slope geometry SlopeW stability model with the proposed fill material  used to determine the soil strength parameters and failure surface as the “Parent” analysis. A subsequent model created based on the proposed slope geometry with the drilled shaft wall located at 175 feet left. By assigning the Proposed Slope Geometry SlopeW stability model as the “Parent” analysis, the failure surface was directly translated to the 175-LT wall model, similar to applying the failure surface in UA Slope.  

The 175-LT wall model analysis was then run using the UA Slope procedure as a template. A point load was added at a height approximately 1/3 of the distance from the proposed ground surface to the slip surface. The force-per-shaft load from UA Slope was reduced to a force per foot of wall to be applied to SlopeW. SlopeW indicated a FS of 3.51 (compared to 5.04 provided by UA Slope for the same load). The magnitude of the point load was then reduced until the factor of safety as generated by SlopeW was at or above 1.3. As this magnitude is a unit point load, the result was multiplied by the respective shaft spacing to determine the force per drilled shaft. 

As UA Slope and SlopeW did not produce the same Factors of Safety, (5.04 and 3.51, respectively) for similar point loads, the calculated resistance load determined in SlopeW was proportionally scaled and converted to an equivalently UA Slope Load. 
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LPile for Windows, Version 2022-12.009
Analysis of Individual Piles and Drilled Shafts
Subjected to Lateral Loading Using the p-y Method

© 1985-2022 by Ensoft, Inc.
All Rights Reserved

This copy of LPile is being used by:

HDR

Blue Ash

Serial Number of Security Device: 202613844

This copy of LPile is licensed for exclusive use by:
HDR, LPILE Global, Global License

Use of this software by employees of HDR

other than those of the office site in LPILE Global, Global License
is a violation of the software license agreement.

Path to file locations:
\ODOT-District 10 GES\Task 10-11 MEG-33-13.96\Working\MEG-33-13.96_Sta. 794+00 LT\Low Rock\Option 2\10' Rock Fill\4' Center-Center Spacing\

Name of input data file:
Option 2_10' Rockfill 4' CTC_UA Slope_Drilled Shaft (Low Rock).lpi2d

Name of output report file:
Option 2_10' Rockfill 4' CTC_UA Slope_Drilled Shaft (Low Rock).lpl2o

Name of plot output file:
Option 2_10' Rockfill 4' CTC_UA Slope_Drilled Shaft (Low Rock).lpil2p

Name of runtime message file:
Option 2_10' Rockfill 4' CTC_UA Slope_Drilled Shaft (Low Rock).lpi2r



Date: October 7, 2024 Time: 18:18:22

Project Name: MEG-33-13.96
Job Number:

Client: ODOT D10

Engineer: HDR

Description: Drilled Shaft Retaining Wall Design (Low Rock)

Computational Options:
- Conventional Analysis

Engineering Units Used for Data Input and Computations:
- US Customary System Units (pounds, feet, inches)

Analysis Control Options:
- Maximum number of iterations allowed = 500
- Deflection tolerance for convergence 1.0000E-05 in
- Maximum allowable deflection 100.0000 in
- Number of pile increments = 70

Loading Type and Number of Cycles of Loading:
- Static loading specified

- Analysis uses p-y modification factors for p-y curves

- Analysis uses layering correction (Method of Georgiadis)

- Analysis includes loading by one distributed lateral load acting on pile
- Loading by lateral soil movements acting on pile not selected

- Input of shear resistance at the pile tip not selected

- Input of moment resistance at the pile tip not selected

- Computation of pile-head foundation stiffness matrix not selected

- Push-over analysis of pile not selected

- Buckling analysis of pile not selected

Output Options:



- Output files use decimal points to denote decimal symbols.

- Values of pile-head deflection, bending moment, shear force, and
soil reaction are printed for full length of pile.

- Printing Increment (nodal spacing of output points) =1

- No p-y curves to be computed and reported for user-specified depths

- Print using wide report formats

Number of pile sections defined = 1
Total length of pile = 68.800 ft
Depth of ground surface below top of pile = -6.0000 ft

Pile diameters used for p-y curve computations are defined using 2 points.

p-y curves are computed using pile diameter values interpolated with depth over
the length of the pile. A summary of values of pile diameter vs. depth follows.

Depth Below Pile
Point Pile Head Diameter
No. feet inches
1 0.000 48.0000

2 68.800 48.0000

Pile Section No. 1:

Section 1 is an elastic pile

Cross-sectional Shape = Circular Pile
Length of section = 68.800000 ft
Width of top of section = 48.000000 in
Width of bottom of section = 48.000000 in

Top Area = 77.000000 sq. in
Bottom Area = 77.000000 sq. in
Moment of Inertia at Top = 17900. in"™4
Moment of Inertia at Bottom = 17900. in"4
Elastic Modulus = 29000000. psi

Soil and Rock Layering Information



The soil profile is modelled using 7 layers

Layer 1 is stiff clay without free water

Distance from top of pile to top of layer
Distance from top of pile to bottom of layer
Effective unit weight at top of layer
Effective unit weight at bottom of layer
Undrained cohesion at top of layer

Undrained cohesion at bottom of layer
Epsilon-50 at top of layer

Epsilon-50 at bottom of layer

Layer 2 is sand, p-y criteria by Reese et al., 1974

Distance from top of pile to top of layer
Distance from top of pile to bottom of layer
Effective unit weight at top of layer
Effective unit weight at bottom of layer
Friction angle at top of layer

Friction angle at bottom of layer

Subgrade k at top of layer

Subgrade k at bottom of layer

Layer 3 is stiff clay without free water

Distance from top of pile to top of layer
Distance from top of pile to bottom of layer
Effective unit weight at top of layer
Effective unit weight at bottom of layer
Undrained cohesion at top of layer

Undrained cohesion at bottom of layer
Epsilon-50 at top of layer

Epsilon-50 at bottom of layer

Layer 4 is stiff clay without free water

Distance from top of pile to top of layer
Distance from top of pile to bottom of layer
Effective unit weight at top of layer
Effective unit weight at bottom of layer
Undrained cohesion at top of layer

Undrained cohesion at bottom of layer
Epsilon-50 at top of layer

Epsilon-50 at bottom of layer

-6.00000

15.
125.
.000000

125

15.
16.
.000000
.000000
38.
38.
.000000
.000000

135
135

225
225

16.
28.
57.
57.

28.
34.
57.
57.
930.
930.
.010000
.010000

500000
000000

2500.
2500.

.005000
.005000

500000
500000

000000
000000

500000
200000
600000
600000
1400.
1400.

.007000
.007000

200000
900000
600000
600000
000000
000000

ft
ft
pcf
pcf
psf
psf

ft
ft
pcf
pcf

deg.
deg.

pci
pci

ft
ft
pcf
pcf
psf
psf

ft
ft
pcf
pcf
psf
psf

Top of Drilled Shaft
Elevation to be 6 feet
below proposed
surface elevation
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Layer 5 is stiff clay without free water

Distance from top of pile to top of layer = 34.900000 ft
Distance from top of pile to bottom of layer = 38.800000 ft
Effective unit weight at top of layer = 62.600000 pcf
Effective unit weight at bottom of layer = 62.600000 pcf
Undrained cohesion at top of layer = 1650. psf
Undrained cohesion at bottom of layer = 1650. psf
Epsilon-50 at top of layer = 0.007000
Epsilon-50 at bottom of layer = 0.007000

Layer 6 is stiff clay without free water

Distance from top of pile to top of layer = 38.800000 ft
Distance from top of pile to bottom of layer = 48.800000 ft
Effective unit weight at top of layer = 72.600000 pcf
Effective unit weight at bottom of layer = 72.600000 pcf
Undrained cohesion at top of layer = 3300. psf
Undrained cohesion at bottom of layer = 3300. psf
Epsilon-50 at top of layer = 0.005000
Epsilon-50 at bottom of layer = 0.005000

Layer 7 is weak rock, p-y criteria by Reese, 1997

Distance from top of pile to top of layer = 48.800000 ft
Distance from top of pile to bottom of layer = 78.800000 ft
Effective unit weight at top of layer = 150.000000 pcf
Effective unit weight at bottom of layer = 150.000000 pcf
Uniaxial compressive strength at top of layer = 150.000000 psi
Uniaxial compressive strength at bottom of layer = 150.000000 psi
Initial modulus of rock at top of layer = 14600. psi
Initial modulus of rock at bottom of layer = 14600. psi
RQD of rock at top of layer = 0.0000 %
RQD of rock at bottom of layer = 0.0000 %

k rm of rock at top of layer = 0.0005000

k rm of rock at bottom of layer 0.0005000

(Depth of the lowest soil layer extends 10.000 ft below the pile tip)

*¥*** Warning - Possible Input Data Error ****

Values entered for effective unit weight of rock were outside the limits of
50 pcf to 150 pcf.

The maximum input value, in layer 1, for effective unit weight = 150.00 pcf



This data may be erroneous. Please check your data.

Layer Soil Type Layer Effective Cohesion Angle of Uniaxial E50 Rock Mass
Num. Name Depth Unit Wt. Friction qu RQD % or kpy Modulus
(p-y Curve Type) ft pcf psf deg. psi krm pci psi
1 Stiff Clay -6.000 125.0000 2500. -- -- -- 0.00500 -- --
w/o Free Water 15.5000 125.0000 2500. -- -- -- 0.00500 -- --
2 Sand 15.5000 135.0000 -- 38.0000 -- -- -- 225.0000 --
(Reese, et al.) 16.5000 135.0000 -- 38.0000 -- -- -- 225.0000 --
3 Stiff Clay 16.5000 57.6000 1400. -- -- -- 0.00700 -- --
w/o Free Water 28.2000 57.6000 1400. -- -- -- 0.00700 -- --
4 Stiff Clay 28.2000 57.6000 930.0000 -- -- -- 0.01000 -- --
w/o Free Water 34.9000 57.6000 930.0000 -- -- -- 0.01000 -- --
5 Stiff Clay 34.9000 62.6000 1650. -- -- -- 0.00700 -- --
w/o Free Water 38.8000 62.6000 1650. -- -- -- 0.00700 -- --
6 Stiff Clay 38.8000 72.6000 3300. -- -- -- 0.00500 -- --
w/o Free Water 48.8000 72.6000 3300. -- -- -- 0.00500 -- --
7 Weak 48.8000 150.0000 -- -- 150.0000 0.00 5.00E-04 -- 14600.
Rock 78.8000 150.0000 -- -- 150.0000 0.00 5.00E-04 -- 14600.

Distribution of p-y modifiers with depth defined using 4 points

Point Depth X p-mult y-mult
No ft
1 0.000 0.1500 1.0000
2 33.700 0.1500 1.0000
3 33.700 0.6400 1.0000
4 48.800 0.6400 1.0000

Static loading criteria were used when computing p-y curves for all analyses.



Distributed lateral load intensity defined using 2 points

Point Depth X Dist. Load
No. ft 1b/in

1 0.000 0.000

2 33.700 1819.000

Number of loads specified = 1

Load Load Condition Condition Axial Thrust
No. Type 1 2 Force, lbs

1 1 V = 0.0000 1bs M = 0.0000 in-lbs 0.0000000

= shear force applied normal to pile axis

= bending moment applied to pile head

lateral deflection normal to pile axis

= pile slope relative to original pile batter angle

= rotational stiffness applied to pile head

Values of top y vs. pile lengths can be computed only for load types with
specified shear loading (Load Types 1, 2, and 3).

Thrust force is assumed to be acting axially for all pile batter angles.

Tk B <
1]

Axial thrust force values were determined from pile-head loading conditions
Number of Pile Sections Analyzed = 1
Pile Section No. 1:

Moment-curvature properties were derived from elastic section properties

Compute Top y
vs. Pile Length

Run Analysis



Top of

Layer

Layer Below
No. Pile Head

ft

1 -6.000
2 15.5000
3 16.5000
4 28.2000
5 34.9000
6 38.8000
7 48.8000

Notes: The F@ integral of Layer n+l equals the sum of the F@ and F1l integrals

Equivalent

Top Depth Same Layer
Below Type As

Grnd Surf Layer
ft Above

0.00 N.A.

15.9268 No
32.9715 No
61.7214 Yes
44,7317 Yes
31.3961 Yes
54.8000 No

Layer
Rock
is Be

Rock L

No
No
No
No
No
No
Ye

is
or
low
ayer

S

Fo
Integral
for Layer

lbs

0.00
1049469.
1192060.
178141e@.
2006204 .
2238082.
N.A.

F1
Integral

for Layer

1bs

1049469.
142591.
589350.
224794,
231878.
1135259.
N.A.

for Layer n. Layering correction equivalent depths are computed only

for soil types with both shallow-depth and deep-depth expressions for
peak lateral load transfer. These soil types are soft and stiff clays,
non-liquefied sands, and cemented c-phi soil.

Computed Values of Pile Loading and Deflection
for Lateral Loading for Load Case Number 1

Pile-head conditions are Shear and Moment (Loading Type 1)

Shear force at pile head
Applied moment at pile head
Axial thrust load on pile head

Depth Defle
X y
feet inch

ct.

es

Bending
Moment
in-1bs

1.49E-05

-26600.
-102908.
-223558.
-383154.
-576271.
-797451.

Shear
Force
1bs

Sl

rad

ope
S
ians

.00624

2.00E-08
35.6647
137.9770
299.7423
513.7266
772.6545
1069.

Bending
Stiffness
1b-in”2

5.19E+11
5.19E+11
5.19E+11
5.19E+11
5.19E+11
5.19E+11
5.19E+11

Soil Res.

p

1b/inch

Soil Spr.
Es*H
1b/inch

651.1998
1379.
1458.
1540.
1624.
1712.
1803.

Distrib.

Lat.

Load

1b/inch

13.

53.
106.
159.
212.
265.
318.
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[}

OO0 000NN



57
57
58.
59
60.
61
62.
63
64.
65
66.
67
68.

* The

.0057
.9886

9714

.9543

9371

.9200

9029

.8857

8686

.8514

8343

.8171

8000

-3.

R Wwulun

2.
-2.
-2.
-1.
-1.

69E-04
.07E-04
.95E-05
.82E-05
.38E-05
.56E-05
.82E-05
.37E-06
16E-07
O7E-06
31E-06
78E-06
Q9E-06

-602481.
-508079.
-325767.
-160827.
-51664.
2829.
2115e0.
21028.
14436.
7624.
2914.
554.4803
0.00

above values of total stress

Output Summary for Load Case No. 1:

Pile-head deflection
Computed slope at pile head =

Maximum bending moment

Maximum shear force
Depth of maximum bending moment =
Depth of maximum shear force =
Number of iterations
Number of zero deflection points =

-3854.
11731.
14721.
11620.
6938.
3087.
771.5378
-284.645
-568.271
-488.459
-299.692
-123.535
0.00

are combined

2.91E-05
1.65E-05
6.98E-06
1.46E-06
-9.58E-07
-1.51E-06
-1.24E-06
-7.61E-07
-3.58E-07
-1.07E-07
1.24E-08
5.18E-08
5.81E-08

3.58344276 inches
-0.0061983 radians
20750744. inch-1b
-256711. 1bs

42.26285714
52.09142857

37

807.
681.
436.
215.

69.
.7931
28.
28.
19.
10.
.9070
.7434

S

7956
2228
7819
6340
2703

3581
1946
3556
2218

0.00

feet below pile head
feet below pile head

5.19E+11
5.19E+11
5.19E+11
5.19E+11
5.19E+11
5.19E+11
5.
5
5
5
5
5
5

19E+11

.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11

axial and bending stresses.

2011.
631.9674

-124.
-400.
.011

-393

-260.
-132.
-46.
-1.

889
967

031
586
515
580

15.1144
16.8955
12.9761

7.9721

Boundary Condition Type 1, Shear an

Shear
Moment
Axial

Load

d Moment

0. lbs

0. in-1bs

0. lbs
Pile Head Maximum
Deflection Moment

inches 1n-1bs

3.58344276 20750744
3.59838599 20790232.
3.61200112 20869885.
3.63573657 20914625.
3.76002587 20628763.
4.75098332 15647934.

Maximum
Shear
1bs

-256711.
-255599.
-255823.
-258953.
-276797.
-216015.

£ 00 00 00 00 00 00 00 00 00NN

.43E+07
.Q0E+07
.56E+07
.12E+07
.61E+07
.61E+07
.61E+07
.61E+07
.61E+07
.61E+07
.61E+07
.61E+07
.30E+07

[OROROROR RO RO RO

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00



48.16000
44.72000
41.28000
37.84000

8.73584395 -7843955. 143436.

12.31502771 -9302266. 129763.
23.60034693 -9785263. 118691.
7.66351890 -9131647. 117563.

Definitions of Pile-head Loading Conditions:

Load
Load
Load
Load
Load

Type
Type
Type
Type
Type

Load

Type
1

uhwnNneE

Load 1 = Shear, V, lbs, and Load 2 = Moment, M, in-lbs
Load 1 = Shear, V, lbs, and Load 2 = Slope, S, radians
Load 1 = Shear, V, 1lbs, and Load 2 = Rot. Stiffness, R, in-1lbs/rad.
Load 1 = Top Deflection, y, inches, and Load 2 = Moment, M, in-lbs
Load 1 = Top Deflection, y, inches, and Load 2 = Slope, S, radians
Load Axial Pile-head Pile-head Max Shear Max Moment
Pile-head Type Pile-head Loading Deflection Rotation in Pile in Pile
Load 1 2 Load 2 1bs inches radians lbs in-1bs
0.00 M, in-1b 0.00 0.00 3.5834 -0.00620 -256711. 2.08E+07

Maximum pile-head deflection = 3.5834427599 inches

Maximum pile-head rotation

The analysis ended normally.

-0.0061983480 radians = -0.355139 deg.
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LPile for Windows, Version 2022-12.009
Analysis of Individual Piles and Drilled Shafts
Subjected to Lateral Loading Using the p-y Method

© 1985-2022 by Ensoft, Inc.
All Rights Reserved

This copy of LPile is being used by:

HDR

Blue Ash

Serial Number of Security Device: 202613844

This copy of LPile is licensed for exclusive use by:
HDR, LPILE Global, Global License

Use of this software by employees of HDR

other than those of the office site in LPILE Global, Global License
is a violation of the software license agreement.

Path to file locations:
\ODOT-District 10 GES\Task 10-11 MEG-33-13.96\Working\MEG-33-13.96_Sta. 794+00 LT\Low Rock\Option 2\10' Rock Fill\4' Center-Center Spacing\

Name of input data file:
Option 2_10' Rockfill 4' CTC_UA Slope_Drilled Shaft (Low Rock).lpi2d

Name of output report file:
Option 2_10' Rockfill 4' CTC_UA Slope_Drilled Shaft (Low Rock).lpl2o

Name of plot output file:
Option 2_10' Rockfill 4' CTC_UA Slope_Drilled Shaft (Low Rock).lpil2p

Name of runtime message file:
Option 2_10' Rockfill 4' CTC_UA Slope_Drilled Shaft (Low Rock).lpi2r

Date: October 7, 2024 Time: 18:16:17



Project Name: MEG-33-13.96
Job Number:

Client: ODOT D10

Engineer: HDR

Description: Drilled Shaft Retaining Wall Design (Low Rock)

Computational Options:
- Conventional Analysis

Engineering Units Used for Data Input and Computations:
- US Customary System Units (pounds, feet, inches)

Analysis Control Options:
- Maximum number of iterations allowed = 500
- Deflection tolerance for convergence 1.0000E-05 in
- Maximum allowable deflection 100.0000 in
- Number of pile increments = 70

Loading Type and Number of Cycles of Loading:
- Static loading specified

- Analysis uses p-y modification factors for p-y curves

- Analysis uses layering correction (Method of Georgiadis)

- Analysis includes loading by one distributed lateral load acting on pile
- Loading by lateral soil movements acting on pile not selected

- Input of shear resistance at the pile tip not selected

- Input of moment resistance at the pile tip not selected

- Computation of pile-head foundation stiffness matrix not selected

- Push-over analysis of pile not selected

- Buckling analysis of pile not selected

Output Options:
- Output files use decimal points to denote decimal symbols.
- Values of pile-head deflection, bending moment, shear force, and
soil reaction are printed for full length of pile.
- Printing Increment (nodal spacing of output points) =1
- No p-y curves to be computed and reported for user-specified depths
- Print using wide report formats



Number of pile sections defined
Total length of pile

Depth of ground surface below top of pile

1
68.800 ft
-6.0000 ft

Pile diameters used for p-y curve computations are defined using 2 points.

p-y curves are computed using pile diameter values interpolated with depth over
the length of the pile. A summary of values of pile diameter vs. depth follows.

Depth Below

Point Pile Head
No. feet
1 0.000
2 68.800

Pile Section No. 1:

Section 1 is an elastic pile
Cross-sectional Shape

Length of section

Width of top of section
Width of bottom of section
Top Area

Bottom Area

Moment of Inertia at Top
Moment of Inertia at Bottom
Elastic Modulus

The soil profile is modelled using 7 layers

Pile
Diameter
inches

48.0000
48.0000

Layer 1 is stiff clay without free water

Distance from top of pile to top of layer
Distance from top of pile to bottom of layer

Effective unit weight at top

of layer

Circular Pile
68.800000 ft
48.000000 in
48.000000 in
77.000000 sq.
77.000000 sq.

17900. in”4
17900. in”4
29000000. psi

-6.00000 ft
15.500000 ft
125.000000 pcf

in
in

Top of Drilled Shaft
Elevation to be 6 feet
below proposed
surface elevation


MOMOHAMMED
Callout
Top of Drilled Shaft Elevation to be 6 feet below proposed surface elevation


Effective unit weight at bottom of layer = 125.000000 pcf

Undrained cohesion at top of layer = 2500. psf
Undrained cohesion at bottom of layer = 2500. psf
Epsilon-50 at top of layer = 0.005000
Epsilon-50 at bottom of layer = 0.005000

Layer 2 is sand, p-y criteria by Reese et al., 1974

Distance from top of pile to top of layer 15.500000 ft

Distance from top of pile to bottom of layer = 16.500000 ft

Effective unit weight at top of layer =  135.000000 pcf
Effective unit weight at bottom of layer = 135.000000 pcf
Friction angle at top of layer = 38.000000 deg.
Friction angle at bottom of layer = 38.000000 deg.
Subgrade k at top of layer =  225.000000 pci
Subgrade k at bottom of layer =  225.000000 pci

Layer 3 is stiff clay without free water

Distance from top of pile to top of layer = 16.500000 ft
Distance from top of pile to bottom of layer = 28.200000 ft
Effective unit weight at top of layer = 57.600000 pcf
Effective unit weight at bottom of layer = 57.600000 pcf
Undrained cohesion at top of layer = 1400. psf
Undrained cohesion at bottom of layer = 1400. psf
Epsilon-50 at top of layer = 0.007000
Epsilon-50 at bottom of layer = 0.007000

Layer 4 is stiff clay without free water

Distance from top of pile to top of layer = 28.200000 ft
Distance from top of pile to bottom of layer = 34.900000 ft
Effective unit weight at top of layer = 57.600000 pcf
Effective unit weight at bottom of layer = 57.600000 pcf
Undrained cohesion at top of layer =  930.000000 psf
Undrained cohesion at bottom of layer =  930.000000 psf
Epsilon-50 at top of layer = 0.010000
Epsilon-50 at bottom of layer = 0.010000
Layer 5 is stiff clay without free water

Distance from top of pile to top of layer = 34.900000 ft
Distance from top of pile to bottom of layer = 38.800000 ft
Effective unit weight at top of layer = 62.600000 pcf
Effective unit weight at bottom of layer = 62.600000 pcf
Undrained cohesion at top of layer = 1650. psf
Undrained cohesion at bottom of layer = 1650. psf
Epsilon-50 at top of layer = 0.007000

Epsilon-50 at bottom of layer = 0.007000



Layer 6 is stiff clay without free water

Distance from top of pile to top of layer = 38.800000
Distance from top of pile to bottom of layer = 48.800000
Effective unit weight at top of layer = 72.600000
Effective unit weight at bottom of layer = 72.600000
Undrained cohesion at top of layer = 3300.
Undrained cohesion at bottom of layer = 3300.
Epsilon-50 at top of layer = 0.005000
Epsilon-50 at bottom of layer = 0.005000
Layer 7 is weak rock, p-y criteria by Reese, 1997
Distance from top of pile to top of layer = 48.800000
Distance from top of pile to bottom of layer = 78 .800000
Effective unit weight at top of layer = 150.000000
Effective unit weight at bottom of layer = 150.000000
Uniaxial compressive strength at top of layer = 150.000000
Uniaxial compressive strength at bottom of layer = 150.000000
Initial modulus of rock at top of layer = 14600.
Initial modulus of rock at bottom of layer = 14600.
RQD of rock at top of layer = 0.0000
RQD of rock at bottom of layer = 0.0000
k rm of rock at top of layer = 0.0005000
k rm of rock at bottom of layer = 0.0005000

ft
ft
pcf
pcf
psf
psf

ft
ft
pcf
pcf
psi
psi
psi
psi
%
%

(Depth of the lowest soil layer extends 10.000 ft below the pile tip)

*¥*** Warning - Possible Input Data Error ****

Values entered for effective unit weight of rock were outside the limits of

50 pcf to 150 pcf.

The maximum input value, in layer 1, for effective unit weight = 150.00 pcf

This data may be erroneous. Please check your data.

Layer Soil Type Layer Effective Cohesion
Num. Name Depth Unit Wt.
(p-y Curve Type) ft pcf psf

Angle of
Friction
deg.

Uniaxial

qu
psi

RQD %

E50

or

krm

Rock Mass
Modulus
psi



1 Stiff Clay
w/o Free Water 15.
2 Sand 15.
(Reese, et al.) 16.
3 Stiff Clay 16.
w/o Free Water 28.
4 Stiff Clay 28.
w/o Free Water 34.
5 Stiff Clay 34.
w/o Free Water 38.
6 Stiff Clay 38.
w/o Free Water 48.
7 Weak 48.
Rock 78.
Modification

-6.000

5000

5000

5000

5000

2000

2000

9000

9000

8000

8000

8000

8000

8000

125

125

135

135

57.

57.

57.

57.

62.

62.

72.

72.

150.

150.

.0000

.0000

.0000

.0000

6000

6000

6000

6000

6000

6000

6000

6000

0000

0000

2500.

2500.

1400.

1400.

930.0000

930.0000

1650.

1650.

3300.

3300.

Distribution of p-y modifiers with depth defined using 4 points

Point Depth X
No ft
1 0.000
2 33.700
3 33.700
4 48.800

p-mult

y-mult

38.0000

38.0000

Static loading criteria were used when computing p-y curves for all analyses.

-- -- 0.00500

-- -- 0.00500

-- -- 0.00700

-- -- 0.00700

-- -- 0.01000

-- -- 0.01000

-- -- 0.00700

-- -- 0.00700

-- -- 0.00500

-- -- 0.00500

150.0000 0.00 5.00E-04

150.0000 0.00 5.00E-04

225.0000

225.0000

14600.

14600.



Distributed lateral load intensity defined using 2 points

Point Depth X Dist. Load
No. ft 1b/in

1 0.000 0.000

2 33.700 2728.000

Number of loads specified = 1

Load Load Condition Condition Axial Thrust
No. Type 1 2 Force, lbs
1 1 V = 0.0000 lbs M = 0.0000 in-1lbs 0.0000000
V = shear force applied normal to pile axis
M = bending moment applied to pile head
y = lateral deflection normal to pile axis
S = pile slope relative to original pile batter angle
R = rotational stiffness applied to pile head

Values of top y vs. pile lengths can be computed only for load types with
specified shear loading (Load Types 1, 2, and 3).
Thrust force is assumed to be acting axially for all pile batter angles.

Axial thrust force values were determined from pile-head loading conditions
Number of Pile Sections Analyzed = 1

Pile Section No. 1:

Compute Top y
vs. Pile Length

Run Analysis



Layering Correction Equivalent Depths of Soil & Rock Layers

Top of
Layer
Below

Pile Head
ft

Equivalent
Top Depth
Below
Grnd Surf
ft

15.
32.
61.
44.
31.
54.

Same Layer
Type As
Layer
Above

No

Layer is
Rock or
is Below

Rock Layer

No
No
No
No
No
No
Yes

Fo
Integral
for Layer

lbs

0.00
1049469.
1192060.
178141e@.
2006204 .
2238082.
N.A.

F1
Integral
for Layer

lbs

1049469.
142591.
589350.
224794.
231878.
1135259.
N.A.

Notes: The F@ integral of Layer n+l equals the sum of the F@ and F1 integrals
for Layer n. Layering correction equivalent depths are computed only

for soil types with both shallow-depth and deep-depth expressions for
peak lateral load transfer. These soil types are soft and stiff clays,
non-liquefied sands, and cemented c-phi soil.

Computed Values of Pile Loading and Deflection
for Lateral Loading for Load Case Number 1

Pile-head conditions are Shear and Moment (Loading Type 1)

Shear force at pile head
Applied moment at pile head

Axial thrust load on pile head

Depth Defle
X y
feet inch
0.00 10.
0.9829 10.
1.9657 10.
2.9486 9.
3.9314 9.
4.9143 9.
5.8971 9.
6.8800 9.
7.8629 8.
8.8457 8.
9.8286 8.
10.8114 8.
11.7943 7.

ct. Bending Shear
Moment Force
es in-1bs 1bs
6755 7.95E-05 2.81E-07
4404 -33828. -5511.
2053 -130001. -10455.
9701 -280442. -14714.
7349 -477076. -18288.
4995 -711824. -21168.
2640 -976388. -23329.
0282 -1262129. -24757.
7920 -1560363. -25446.
5555 -1862355. -25392.
3184 -2159315. -24590.
0807 -2442400. -23036.
8424 -2702708. -20725.

Slope
S
radians

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

1.07E-07
45.3554
174.3024
376.0118
639.6545
954.4015
1309.
1692.
2092.
2497.
2895.
3275.
3624.

b
in-1bs
b

[CRCE
do®
= e
0 0

Bending
Stiffness
1b-in”2

.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11

[Sa BNV RV, RV, RV, RV BV, BV, BV, RV, RV, BV, RV |

Soil Res.

p

1b/inch

Soil Spr.
Es*H
1b/inch

Distrib.

Lat.

Load

1b/inch



12.
.7600
14.
.7257
16.
.6914
18.
.6571
20.
.6229
22.
23.
24.
25.
26.
27.
28.
.4857
30.
.4514
32.
L4171
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45,
46.
47.
48.
49,
50.
51.
52.
.0743
54.
.0400

13

15

17

19

21

29

31

33

53

55

56.
.0057
.9886
58.
.9543
60.
.9200

57
57

59

61

62.
.8857
64.

63

7771

7429

7086

6743

6400

6057
5886
5714
5543
5371
5200
5029

4686

4343

4000
3829
3657
3486
3314
3143
2971
2800
2629
2457
2286
2114
1943
1771
1600
1429
1257
1086
0914

0571

0229

9714

9371

9029

8686

.6034
.3636
.1230
.8814
.6390
3957
.1514
.9062
6601
.4133
.1659
9180
.6700
L4221
1746
.9281
.6829
.4395
.1987
.9611
7274
.4986
.2755
.0593
.8508
.6509
.4606
.2806
.1115
9540
.8085
.6753
5546
.4465
.3510
2680
.1973
.1384
0.09116
0.05476
0.02832
0.01063
1.74E-04
-0.00484
-0.00624
-0.00553
-0.00392
-0.00224
-9.59E-04
-2.10E-04
1.20E-04
2.00E-04
1.67E-04
1.05E-04

OO0 FRPRFRPRFRPREPENNNNNWWWWARADDMDRDUIUIUIUTIO OO OO N NN

-2931276.
-3119080.
-3257029.
-3335960.
-3485463.
-3520289.
-3428688.
-3198887.
-2819090.
-2277474.
-1562188.
-661355.
436938.
1744633.
3273708.
5036182.
7044108.
9334464.
.19E+07
.48E+07
.80E+07
.16E+07
.54E+07
.90E+07
. 24E+07
.55E+07
.83E+07
.09E+07
.31E+07
.47E+07
.60E+07
.67E+07
.71E+07
. 70E+07
.66E+07
.57E+07
.45E+07
.30E+07
.06E+07
.72E+07
.26E+07
. 70E+07
.03E+07
.35E+07
7821282.
3374628.
271468.
-1489256.
-1987581.
-1566604.
-932525.
-420167.
-110596.
29455,

RPNNWWARALAEPEMPEAPEPEPPPPPAPPRPPPWWWNNNREREPR

-17651.
-13810.
-9194.
-9684.
-7814.
2407.
13625.
25843.
39062.
53284.
68513.
84750.
101998.
120260.
139540.
159840.
182219.
206662.
232100.
258536.
285971.
310985.
315852.
297985.
274916.
252476.
230689.
200198.
161003.
122529.
84889.
48200.
12590.
-21804.
-54836.
-86264.
-115683.
-166679.
-246918.
-337483.
-432275.
-523123.
-570466.
-529271.
-430491.
-320062.
-206197.
-95769.
-3279.
44727.
48601.
34844,
19061.
7374.

[ R R R L T T T T T T T T T T T T T T (NS (N (A [ [N [N N N [ I I |
(ORI ORI RE RN RN RN R RN W RN RN W RO RN O RN W R O RO R o R o R O B o N o o BN O RN N BN RO IO IO RO BN O RO B O RN O RN OV RN O B OO R O RN OV R )

AANPRPPORPRPRONMNMNMNO

.02030
.02037
.02044
.02052
.02059
.02067
.02075
.02083
.02090
.02095
.02100
.02102
.02102
.02100
.02094
.02085
.02071
.02052
.02028
.01998
.01961
.01916
.01862
.01801
.01731
.01654
.01570
.01480
.01385
.01285
.01182
.01076
.00970
.00863
.00757
.00652
.00549
.00450
.00355
.00266
.00187
.00119

.56E-04
.72E-04
.91E-05
.80E-05
.39E-04
.26E-04
.61E-05
.58E-05
.74E-05
.00E-06
.03E-06
.96E-06

3930.
4182.
4367.
4473.
4673.
4720.
4597.
4289.
3780.
3054.
2095.
886.7324
585.8384
2339.
4389.
6752.
9445.
12515.
15981.
19856.
24157.
28901.
33993.
38890.
43417.
47585.
51403.
54881.
57734.
59973.
61609.
62658.
63134.
63056.
62444,
61322,
59716.
57663.
54444,
49854.
43771.
36182.
27226.
18149@.
10487.
4525.
363.9791
1997.
2665.
2100.
1250.
563.3519
148.2853
39.4931

[Sa RV, RV, RV RV, RV, U, BV, RV, RV RV, B, BV, BV, R RV RV BV RV R U BV, BV RV BV U BV, BV R RV RV RV IV R O BV U BV IRV R BV BV BV B RV, U BV, BV Vo RV, U, BV, BV, BV, RV |

.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11
.19E+11

-741.258
-755.463
-769.168
-1780.
-528.162
-523.254
-518.185
-512.942
-507.513
-501.888
-496.052
-489.992
-483.693
-477.142
-470.323
-463.219
-276.960
-272.267
-267.371
-262.261
-256.926
-251.359
-1048.
-1982.
-1930.
-1876.
-1819.
-3351.
-3295.
-3229.
-3154.
-3068.
-2971.
-2862.
-2740.
-2590.
-2399.
-6249.
-7358.
-8000.
-8075.
-7331.
-697.213
7683.
9068.
9658.
9651.
9075.
6609.
1532.
-875.030
-1458.
-1219.
-763.129

9
9
9

8
9
9

1
3
8

4.

1150.
1210.
1274.
3051.
38.2830
64.9327
93.5325
1024.
1058.
1093.
1133.
1175.
1222.
1273.
1329.
1391.
86.9571
33.6132
85.8498
1045.
1111.
1187.
5430.
11352.
12298.
13399.
14688.
30867.
34962.
39921.
46006.
53582.
63181.
75595.
92053.
113978.
143433.
532326.
951917.
722934.
362540.
132053.
74E+07

1.87E+07

1
2
2
4
8
8.
8
8
8
8

.72E+07
.06E+07
.90E+07
.78E+07
.12E+07
61E+07
.61E+07
.61E+07
.61E+07
.61E+07

1034.
1114.
1193.
1273.
1353.
1432.
1512.
1591.
1671.
1750.
1830.
1909.
1989.
2069.
2148.
2228.
2307.
2387.
2466.
2546.
2626.
2124.
.00
.00
.00
.00
00
.00
.00
00
.00
.00
00
.00
.00
00
.00
.00
00
.00
.00
00
.00
.00
00
.00
.00
00
.00
.00
00
.00
.00
00

[}

(ORI OROROREOREOEOROREOREORORORONN



65.8514
66.8343
67.8171
68.8000

5.00E-05
1.25E-05
-1.26E-05
-3.32E-05

63351. 720.0769 -3.90E-06
46441. -1972. -2.65E-06
16833. -1969. -1.94E-06

0.00 0.00 -1.74E-06

84.9405
62.2671
22.5695

0.00

5.19E+11
5.19E+11
5.19E+11
5.19E+11

* The above values of total stress are combined axial and bending stresses.

Output Summary for Load Case No. 1:

Pile-head deflection
Computed slope at pile head = -
Maximum bending moment

= 10.67551246 inches

0.0199344 radians
47087382. inch-1bs

Maximum shear force = -570466. lbs

Depth of maximum bending moment = 44.,22857143 feet below pile head
Depth of maximum shear force = 54.05714286 feet below pile head
Number of iterations = 36

Number of zero deflection points = 3

-365.239
-91.278
91.8351

242.0194

Pile-head Deflection vs. Pile Length for Load Case 1

Boundary Condition Type 1, Shear

Shear =
Moment
Axial Load

Pile
Length

feet
68.80000
65.36000
61.92000
58.48000
55.04000

Pile Head
Deflection
inches
10.67551246
10.71188963
10.70817317
10.83724681
16.71655886

0. lbs
0. in-1bs
0. lbs

Maximum

Moment

In-1bs
47087382.
47048658.
47012671.
46801384.
40278301.

and Moment

Maximum
Shear
1bs
-570466.
-572743.
-569793.
-590653.
-579261.

Definitions of Pile-

Load Type
Load Type
Load Type
Load Type
Load Type

uphwnNneE

Load 1 =
Load 1 =
Load 1 =
Load 1 = Top
Load 1 = Top

Shear, V, lbs, and
Shear, V, lbs, and
Shear, V, lbs, and

Deflection, vy,
Deflection, vy,

head Loading Conditions:

Load 2

Moment, M, in-lbs
Load 2 = Slope, S, radians

Load 2 = Rot. Stiffness, R, in-1lbs/rad.

inches, and Load 2 = Moment, M, in-1lbs
inches, and Load 2 = Slope, S, radians

8.61E+07
8.61E+07
8.61E+07
4.30E+07



Load Load Load Axial Pile-head Pile-head Max Shear Max Moment

Case Type Pile-head Type Pile-head Loading Deflection Rotation in Pile in Pile
No. 1 Load 1 2 Load 2 lbs inches radians lbs in-1bs
1 v, 1b 0.00 M, in-1b 0.00 0.00 10.6755 -0.01993 -570466. 4.71E+07

10.6755124608 inches
-0.0199343856 radians = -1.142156 deg.

Maximum pile-head deflection
Maximum pile-head rotation

The analysis ended normally.
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ODOT District 10
MEG-33-13.

ﬂ UA Slope Program Version 2.3 - C\Users\MOMOHAMMED\Desktop\MEG-33-13.96_Sta. 794+00 LT\Low Rock\Option 2410° Rock Fill\Option 2_10" Rockfill_UA Slope_Proposed FOS=0.94 (Low Rock).ua3* - X

File Run Options Help

Calculated Results

Factor of Safety: [0.94

Chart (Double-Click for More Options)

Force per Shaft [0.000 | b 4100 -50
0
Acting PointX: [0.000 | & v: [0.000 | #
Analysis Unit System
® English O Metric
Number of Vertical Sections and Soil Layers
Vertical Section Num: 20| Soil Layer Num: | 10
Analysis Method
O Total Stress ® Effective Stress
Soil Properties Slope Profile Vertical Sections
Cohesion (psf) Friction Angle Total Unit Weight  (pcf) Section 1 Section2 Section3 Section4 Section5 Section6 Section7 Section8 Section9 Section 10 Section ™™
b Layerl |0.1 0.0 250.0 » X () 6490 (4200 |-2030 |-1200 |-690 26.00 35.70 5250 69.00 77.00 110.10
Layer2 |250.0 28.0 125.0 Yig) 230 1.70 240 3.90 420 1.20 1.00 1.10 1.80 6.80 2340
Layer3 |0.0 380 1350 Y2 330 2.70 3.40 3.90 420 220 2.00 210 280 6.80 23.40
Layerd |265.0 19.0 1200 Y3 330 270 340 3.90 4.20 17.90 2230 30.90 40.00 44.40 5860
Layer5 |175.0 25.0 130.0 Y4 330 270 3.40 3.90 420 17.90 2230 30.90 40.00 44.40 58.60
Layer6 | 2150 270 140.0 Ysi@) | 1840 18.00 17.60 17.40 19.90 36.00 4070 4800 57.00 60.90 7320
Layer7 |235.0 19.0 1200 Y6() |3150 31.20 31.00 30.90 3260 4370 47.00 52.60 58.20 60.90 73.20
Layer8 |125.0 230 125.0 Y7ft) 8640 23.30 78.50 77.40 76.70 74.00 73.50 72.40 72.00 71.50 73.20
Layerd |185.0 26.0 1350 Y8(f) 9690 97.20 90,60 88.00 86.50 76.50 7350 7240 72.00 71.50 7320
Layer10|4000.0 45.0 140.0 Yo) 10070 10020 |95.00 93.00 91.70 83.80 81.50 77.40 73.40 71.50 8130
< >
Coordinates of Crest X~ | 6900/ & v 280| ft Coordinatesof Toe  X: | 24000/ % v |  ssool#
Drilled Shatt Information Pore Water Pressure
® Calculate without Drilled Shaft Pore Pressure Options: () No Pore Pressure O Constant Ratio ® Specified phreatic surface:
O Automatic Load Transfer Factor Ancherforce. 000 b Point1 Point2 Point3 Point4 Point5 Point6 Point7 Point8 Pointd Point10 Point11 Point12 Point13  Point 1
O Manuallv Defined Load Transfer Factor Anchorangle:  0.00 » X() |-6490 (3570 [127.90 |15&.30 |132.5o 185.30 |208.65 \210.50 \21350 217.30 |222.nu 237.90 \244.00 260.00
Y@ |7800 7200 6650 |77.30 |79.50 (8000 |24.13 (8420 (2450 2480 |8550 |87.30 |89.20  89.50
] i35 Anchor spacing: 000| 4 < ) ) : ) ) >
Ao Oon @ Of n Slip Surface
D Auto Save Data Xmin Diameter: ft Point 1 | Point2 Point3 Pointd Pom|57 Poin‘ﬁr Point7 Point8 Pomlgr Point 10 Point 11 | Point 12 Point 13 Point 1
Parioet (G Spacang: # » X() (5250 |5756 |61.36 (6650 |7575 |81.19 8433 (8738 10392 (10893 (11233 (12106 |12481 |12895
Y@ [1.10  [1027 1617 |2401 (3741 (4429 |4826 (5088 (6367 (6719 [6932 (7478 |7697 7860
XDelta X Coordinate: ft ®

>

Note: Values modified as necessary to calibrate factor of safety with SlopeW

Computed By = MM
Checked By = DCM
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ODOT District 10
MEG-33-13.96

ﬂ UA Slope Program Version 2.3 - C\Users\MOMOHAMMED\Desktop\MEG-33-13.96_Sta. 794+00 LT\Low Rock\Option 2\10° Rock Fill\5' Center-Center Spacing\Option 2_10" Rockfill_5" CTC_UA Slope_Drilled Shaft {Low Rock).ua3*

File Run

Options  Help

Calculated Results

Factor of Safety: [2.87

Chart (Double-Click for More Options)

Computed By = MM
Checked By = DCM

Force per Shaft 1010988 489 | <100 -50 50 100
0
Acting PointX: [175.000 | & v [s2382 | #
Analysis Unit System
@® English O Metric
Number of Vertical Sections and Soil Layers
Vertical Section Num: 20] Soil Layer Num: 10
Analysis Method
O Total Stress @ Effective Stress
Soil Properties Slope Profile Vertical Sections
| Cohesion (psf) Friction Angle Total Unit Weight  (pcf) Section 11 | Section 12 | Section 13 Section 14 Section 15 | Section 16 | Section 17 Section 18 Section 19 | Section20 *
P Layerl 0.1 0.0 250.0 b X (ff) 10.10 12740 168.90 190.00 217.90 228.90 237.90 244.00 254.90 269.30
Layer2 |250.0 280 125.0 Y1 (f) 3.40 32.00 5280 63.30 77.30 82.80 87.30 89.20 89.30 8790
Layer3 00 380 135.0 Y2 (f) 3.40 32.00 52.80 63.30 77.30 82.80 87.30 89.20 89.30 87.90
Layerd |265.0 19.0 120.0 Y3 (f) 48.60 66.30 77.30 77.30 77.30 82.80 87.30 89.20 89.30 87.90
Layer5 |175.0 250 130.0 Y4 () 3860 66.30 77.30 80.70 84.90 86.30 87.30 89.20 89.30 87.90
Layer6 215.0 270 140.0 Y5 (f) r3.20 78.00 88.00 90.80 94.40 94.60 90.20 90.20 90.00 89.60
Layer7 235.0 19.0 120.0 Y6 (f) 13.20 78.00 88.00 80.80 94.40 94.60 90.20 90.20 90.00 89.60
Layer8 125.0 230 125.0 Y7 (f) 13.20 78.00 88.00 90.80 94.40 94.60 90.20 90.20 90.00 89.60
Layerd 185.0 26.0 135.0 Y8y 320 78.00 9430 102.60 102.60 102.60 102.60 102.60 102.60 102.60
Layer10/4000.0 450 140.0 Y9 (f) 1.30 86.40 98.80 105.10 105.10 105.10 105.10 105.10 105.10 105.10 v
< >
Coordinates of Crest ~ X: oY # Coordinates of Toe  X: £y #t
Drilled Shaft Information Pore Water Pressure
() Caleulats without Drilled Shaft Pore Pressure Options: () No Pore Pressure (O  Constant Ratio ® Specified phreatic surface
® Automatic Load Transfer Factor Anchor force: 000 b sint2 Point3 Point4 Point5 Point6 Point7 Point8 Point9 Point10 Point11 Point12 Point13 Point 14 Point 15
) Manuallv Defined Load Transfer Factor Anchor angle: 0.00 b X(f) 70 [127.90 | 168.80 | 18250 |185.30 (20865 | 210.60 ‘213.60 217.30 | 22200 |237.90 |244.DO 260.00 ‘ 269.30
Y .00 |6650 |7730 |7050 (2000 |2413 [s420 |s4s50 8480 |s550 |87.30 |2920 |s9s0 8790
L Anchor spacing: 000, 4 < : ) : : : : >
Ao O On @ oOf 0.052| 0 Slip Surface
[ Auto Save Dota Xmin Diameter: # oint38 Point33 Point40 Pointd1 Point42 Point43 Pointdd Pointd5 Point46 Point47 Point48 Point4S Point50
— Xmax 0.00 CTC Spacing: 500/ # b X(f)y 760 |221.00 | 22350 |226.05 |227.85 (23245 |237.85 (23895 |24150 (24460 |24865 25298 |254.90

Note: Values modified as necessary to calibrate factor of safety with SlopeW
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Elevation (ft)

UV

690

680

670

660

650

640

630

620

610

-300

| Rogk Fill -~ 5

Color | Name Slope Stability | Unit Effective | Effective
Material Model | Weight | Cohesion | Friction
(pef) (psf) Angle (°)
. 1. M. Stiff to Stiff Mohr-Coulomb | 120 260 19
Embankment Fill (LT)
|:| 2. V. Stiff Embankment Fill Mohr-Coulomb | 130 175 25
(LT)
. 3. V. Stiff to Hard Mohr-Coulomb | 140 215 27
Embankment Fill (LT)
. 4. M. Stiff to Stiff Cohesive Mohr-Coulomb | 120 235 18
(LT)
|:| 5. Stiff Cohesive (LT) Mohr-Coulomb | 125 125 23
. 6. V. Stiff to Hard Cohesive | Mohr-Coulomb | 135 185 26
(LT)
. Bedrock Bedrock
(Impenetrable)
- New Embankment Fill Mohr-Coulomb | 125 250 28
(Assumed A-Ba) (LT)
|E| Mohr-Coulomb | 135 0 38

Ex. LA-R/W

-280 -270

-260

-250

—

-240

Drilled Shaft (175

Proposed Surface Elevation El 679.2

Proposed Top of Shaft Elevation J El 673.2

.-nillllllllll%iﬁa:::::— e

El 638.3

‘ l El 634.4

-230 -220 -210 -200 -190 -180 -170


DMATCHIS
Line

DMATCHIS
Line

DMATCHIS
Line

DMATCHIS
Line

DMATCHIS
Line

DMATCHIS
Line

DMATCHIS
Text Box
El 679.2

DMATCHIS
Text Box
El 657.7

DMATCHIS
Text Box
El 656.7

DMATCHIS
Line

DMATCHIS
Text Box
El 645.0

DMATCHIS
Text Box
El 638.3

DMATCHIS
Text Box
El 634.4

DMATCHIS
Text Box
El 624.4

DMATCHIS
Image

DMATCHIS
Line

DMATCHIS
Text Box
El 673.2

DMATCHIS
Text Box
Proposed Surface Elevation

DMATCHIS
Text Box
Proposed Top of Shaft Elevation
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MOMOHAMMED
Line
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MOMOHAMMED
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MOMOHAMMED
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MOMOHAMMED
Text Box
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Computed By = MM
Checked By = DCM

ODOT District 10 Earth Pressures and Soil Profile
MEG-33-13.96
Geometry
Horiz. Distance
Elevation (ft) from C/L (ft)
Top of Backfill = 732.2 at Outside Edge of Shoulder Start of Wall Backfill = 69.0 at Outside Edge of Shoulder
Top of Wall = 673.2 at ¢/L of Wall Wall = 175.0 at C/L of Wall
Existing Ground Surface = 679.2 at ¢/L of Wall
Maintenance Bench = 673.2 at ¢/L of Wall Backfill Slope Angle = H:1v
Slip Plane = 639.5 at ¢/L of Wall

Wall Loading Profile

Top Elev.  Thickness (ft) Cohesion (psf) Phi (deg) Unit Wt (pcf)
New Embankment Fill (Assumed A-6a)| 673.2 15.5 250 28 125
Rock Fill|  657.7 1.0 0 38 135
Medium Stiff to Stiff Embankment Fill|  656.7 11.7 260 19 120
Medium Stiff to Stiff Cohesive|  645.0 6.7 235 18 120
Stiff Cohesive|  638.3 3.9 125 23 125
Very Stiff to Hard Cohesive| 634.4 10.0 185 26 135
Top of Rock| 624.4
Weighted Value 48.8 - - - |
Earth Pressure Coefficients
Deg
Shear Resistance, ® = - y
Wall Friction , 8" = 0.0 il
Wall Slope, 6 = 90
Backfill Slope, B = 26.57 = "
Revised Backfill Slope, B = 26.57 -
Backfill Condition INFINITE =
Horz. Backslope Dist. 106.0 feet (C/L of Wall - Edge of Shoulder)
Wall Height (H) 0.0 feet (Top of Wall - Maintenance Bench) :lgur: 3.11.5.3-1—Netation for Coulomb Active Earth
ressure
Slope Height (h) 59.0 feet (Top of Backfill - Top of Wall)
1= degrees
Active Earth Coefficient
K, = Sin’(6+0)
(Sin?()*Sin(B-6)*[1+V(Sin(®+8)*Sin(®-B))/(Sin(-8)*Sin(6+B))I’)
o= [ ]
At-Rest Earth Coefficient
Ko = (1- Sin(¢))*(1+Sin(B))
ko= [ ]
Notes:
A. Wall friction neglected
B. Figure and Equation for Active Earth Pressure from AASHTO 3.11.5.3 (LRFD Design Manual).
C. #VALUE!
Soil Lateral Design Profile
Top Elev Depth (ft) Depth Below Top of Shaft Cohesion (psf) Phi (deg) Unit Wt (pcf) £50 k
New Embankment Fill (Assumed A-6a)| 679.2 0.0 -6.0 2500 0 125 0.005 N/A
Rock Fill|  657.7 21.5 15.5 0 38 135 N/A 225
Medium Stiff to Stiff Embankment Filll  656.7 2235! 16.5 1400 0 57.6 0.007 N/A
Medium Stiff to Stiff Cohesive 645 34.2 28.2 930 0 57.6 0.01 N/A
Stiff Cohesive|  638.3 40.9 34.9 1650 0 62.6 0.007 N/A
Very Stiff to Hard Cohesive| 634.4 44.8 38.8 3300 0 72.6 0.005 N/A
Bedrock| 624.4 54.8 48.8 N/A N/A N/A N/A N/A
Bedrock Lateral Design Profile
Top Elev Depth (ft) qu (psi) Em (psi) Unit Wt (pcf) RQD (%) krm
Siltstone/Claystone|  624.4 548 | 150 [ 14600 | 150 [ o 0.0005

* Rock strength parameters indicate a RQD of 9%, however RQD of 0% was used for LPILE analyses

Depths referenced below the top of wall, starting at the lowered ground surface. €50 and k values per LPile Technical Manual.




ODOT District 10
MEG-33-13.96

Loading Conditions (4' Diameter, 5' CTC Spacing)

Wall Loading Computations

Earth Pressure Model =| CONVENTIONAL |(Conventional or UA SLOPE)
1) Soil Unit Weight = I:l pcf

2) Determine Coefficient of Earth Pressure (K)
Restraint Condition = ACTIVE
Ka= 5

Weighted Average Along Cantilevered Wall Height

(Active or At-Rest)

3) Determine Equivalent Fluid Weight (G,)
Gy = (Vi) * (Ka)

Gy = For application to CONVENTIONAL Earth Pressure Model

4) Artificially Lowered Ground Surface (ODOT GDM Section 903.3.2, pg. 9-14) for FS4, < 1.30

UA SLOPE

Consider Lowered G. S.? NO
Lowered Ground Surface (ft) = 0.0 = dt (tan(Bgn)
Ban = 26.57 = steepness of the slope downhill of the drilled shaft
FSqn = 1.30 = Factor of Safety down slope of the proposed wall
di = 33.7 = depth below bench to the shear surface at the location of the drilled shaft

5) Modification of p-y curves (ODOT GDM Section 903.2, pg. 9-13)

Pn=  0.64%(5/D)* (Ref: Reese, Isenhower, & Wang - 2006)
D= 4 feet (shaft diameter or pile flange width)
Assumed Shaft Spacing = 5 feet (center-to-center pile spacing)
Pn= 0.69 For retaining wall, applies from top of wall to top of rock/bottom of drilled shafts
For a row of drilled shafts, applies below shear plane to top of rock/bottom of drilled shaft:
Reduce p-multiplier? YES For application above shear plane if using a row of spaced drilled shafts instead of a retaining wal
FSuas = 1.30 = Factor of Safety from UASlope including shafts
p-multipler = 0.16 = (Ppn - P/ FSuas) From top of wall to bottom of shear plane

6) Determine Lateral Thrust

Conventional Earth Pressure Theory UA SLOPE
Exposed Wall Height (H) = 0 feet
Wall Height (H) + GSp, = 0.0

P=  1/2*%Gy*H’
N
Py, = P*(Shaft Spacing)

7) Resolve horizontal earth force to distributed triangular load (for LPILE)

(earth loading)

w= 2*Pgy/H

w= - Ibs/foot per shaft (Earth - Service Limit)

w= - Ibs/inch per shaft (Earth - Service Limit)
Ve = 1.5 Earth Load Factor

w= (2*Ps/H)*ve

w :I:llbs/inch per shaft (Earth - Strength Limit)

8) Determine live-load traffic surcharge force (P;)

Include traffic surcharge?
Surcharge Pressure (d) :psf

P = Ka*gs *H
Py = NA Ibs/foot (surcharge resolved to distributed load)
P = NA Ibs/shaft

9) Resolve surcharge to distributed rectangular load (for LPILE)

w= Ps/H

w= 0 Ibs/foot per shaft (surcharge - unfactored)

w= 0 Ibs/inch per shaft (surcharge - unfactored)
Vs = 1.75 Surcharge Load Factor - Strength |

w= (Ps/L)*vs

w :lIllbs/inch per shaft (Surcharge - Strength 1)

Distributed Lateral Loads for LPILE

31181

2598

Depth from T/Wallto Slip Plane=[  33.7 |feet

Force Per Shaft = 525397 Ibs/shaft

Ibs/foot per shaft
Ibs/inch per shaft

3898 Ibs/inch per shaft

NA

NA

Ibs/foot
Ibs/shaft

Ibs/foot per shaft
Ibs/inch per shaft

|I|Ibs/inch per shaft

Distributed Lateral Loads for LPILE

CONVENTIONAL UA SLOPE
Depth (ft.)  Service (Ib/in)  Strength-I (Ib/in) Depth (ft.)  Service (Ib/in)  Strength-I (Ib/in)
0 0 0 0 0 0
0.0 - - 33.7 2598 3898

Computed By = MM
Checked By = DCM

(See Attached)




ODOQT District 10
MEG-33-13.96

Structural Beam (4' Diameter, 5' CTC Spacing)

Computed By = MM
Checked By = DCM

Steel Beam and Cross-Section Properties

Assumed Pile Shape| W 36x395

Pile Availability
AISC Member Producers
Non-Member Producers

Shaft Geometry

Shaft Diameter 48 in
Longest Beam Dimension 41.914198 |in
Clear Distance 3.042901 |in
Steel Beam Geometry

Beam Depth (D) 38.4 in
Web Thickness (t,) 1.22 in
Flange Width (By) 16.8 in
Flange Thickness (t;) 2.2 in
Area of Steel (A) 116 in”

Steel Properties
Yield Strength of Steel 50 ksi
28500 |in*
29000 ksi
29000000 |psi

8.265E+11 |Ib*in’
3

Moment of Inertia (l,) of Steel
Modulus of Elasticity of Steel (E)
Modulus of Elasticity of Steel (E)
El (Steel Only)

Section Modulus (S,) 1490 |in
Section Modulus (Z,) 1710 in®
Shear-Buckling Coefficient (k) 5
Ratio of Shear-Buckling Resistance (C) 1

D/t,| 31.47541

1.12VEk/F,,,| 60.313846
1.40VEk/F,,,| 75.392307

Determined by AASHTO LRFD Bridge Specifications
Eqn's 6.10.9.3.2-4, 6.10.9.3.2-5, and 6.10.9.3.2-6

Shear Capacity Calculation Flexure Capacity Calculation
Vo € ¢V M, < oM,
¢y = AASHTO LRFD Bridge Design Spec's 6.5.4.2 é»=[___ 1 |AASHTO LRFD Bridge Design Spec's 6.5.4.2
V, = shear in web due to factored permanent and construction M, = Moment due to the factored loads
loads applied to noncompact section (kips) M, = Nominal flexural resistance of a section
Ver = shear buckling resistance determined from Equation Sy =  Elastic section modulus about the x-axis
6.10.9.3.3-1 (AASHTO LRFD Bridge Design Spec's) oM, = ¢ * F * 5,
V= V= CV, oM, = 1 * 50 * 1490
V,=0.58F,,,Dt,,
’ g’ Vp = plastic shear force (kips) M, = -in*kips
C = ratio of shear-buckling resistance to shear yield strength
determined by AASHTO Eqn's 6.10.9.3.2-4, 6.10.9.3.2-5, M, = | 97700 |in*kips (from LPILE)
6.10.9.3.2-5,0r 6.10.9.3.2-6 M, = in*kips  (from PYWALL)
V,= 058 * 50 * 334 * 122
Y M, < ¢M,
%
* 13586 Minimum Pile Length
Top of Wall to Slip Plane =| 33.7 |ft
Minimum Pile Length Below Slip Plane =| 10 |ft ODOT Minimum Required Length
Minimum Required Pile Length =| 43.7 |ft
(from LPILE)

(from PYWALL)

Deflection Criteria
Pile Length Above Rock =| 48.8 |ft
Pile Length Above Rock =| 585.6 |in

Exposed Wall Height = 0 |ft
Exposed Wall Height = 0 lin

1)
Per the ODOT GDM, pile-head deflection in the service limit state limited to 1% or less of the shaft length above bedrock, or 1% of total drilled shaft length if not embedded in bedrock.
2) Following industry acceptance criteria, limit wall deflection to 1% of exposed wall height where ODOT landslide criteria does not govern. Alternatively, limit wall deflection to 1.5% of the
exposed wall height in accordance with NCDOT guidelines. Use 1.5% wall deflection for PYWALL software.

ODOT Landslide Criteria Governs Drilled Shafts Located Within 10 feet of Edge of Pavement
1% Wall Height OR 2 inches- LPILE in 5=

(from LPILE)

1.5% Wall Height - PYWALL in 5=

in  (from PYWALL)

A W36x395 beam is the biggest W-beam that could fit inside a 48" diameter
shaft. W36x395 does not meet allowable deflection, shear, nor flexure capacity
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A W36x395 beam is the biggest W-beam that could fit inside a 48" diameter shaft. W36x395 does not meet allowable deflection, shear, nor flexure capacity  


Slope/W and UA Slope Incorporation
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Slope/W and UA Slope Incorporation


Elevation (ft)

Color | Name Slope Stability | Unit Effective | Effective
Material Model | Weight | Cohesion | Friction
(pcf) | (psf) Angle (°)
. 1. M. Stiff to Stiff Mohr-Coulomb | 120 260 19
Embankment Fill (LT)
D 2. V. Stiff Embankment Fill | Mohr-Coulomb | 130 175 25
(LT)
I | 3 V. stifftoHard Mohr-Coulomb | 140 215 27
Embankment Fill (LT)
. 4. M. stiffto Stiff Cohesive Mohr-Coulomb | 120 235 18
(L)
D 5. Stiff Cohesive (LT) Mohr-Coulomb | 125 125 23
. 6. V. Stiff to Hard Cohesive | Mohr-Coulomb | 135 185 26
(L)
. Bedrock Bedrock
(Impenetrable)
. New Embankment Fill Mohr-Coulomb | 125 250 28
(Assumed A-6a) (LT)
[] | RockFil Mohr-Coulomb | 135 0 38

750 —

740 —

730 —

720 —

710 —

700 —

610
-300

-290 -280 -270 -260

-250 -240

-230

-220 -210

Cu-07B
Sta. 794+61

(Ground surface adjusted

-200 -190 -180

Drilled Shaft (175")

-170

-160

Point Load
Coordinate: (-175, 652.618) ft
Magnitude: 213,289 Ibf

N
NN
N

-150 -140 -130 -120 -110 -100 -90

-60

-40

B-002-0-23
Sta. 794+91

-30 20 -10 0 10 20 30 40 50 60 70 80 % 100 110 120 130 140 150 160 170 180 190
Distance (ft)

230 240

01. Sta. 794+00 Option 2 (Lowered Rock) (10" Rock fill) (4)

Sta. 794+00 LT Slope Stability.gsz

10/07/2024

1:423




Elevation (ft)

750

740

730

720

710

700

Color | Name Slope Stability | Unit Effective | Effective
Material Model | Weight | Cohesion | Friction
(pcf) | (psf) Angle (°)
. 1. M. Stiff to Stiff Mohr-Coulomb | 120 260 19
Embankment Fill (LT)
D 2. V. Stiff Embankment Fill | Mohr-Coulomb | 130 175 25
(LT)
I | 3 V. stifftoHard Mohr-Coulomb | 140 215 27
Embankment Fill (LT)
. 4. M. stiffto Stiff Cohesive Mohr-Coulomb | 120 235 18
(L)
D 5. Stiff Cohesive (LT) Mohr-Coulomb | 125 125 23
. 6. V. Stiff to Hard Cohesive | Mohr-Coulomb | 135 185 26
(L)
. Bedrock Bedrock
(Impenetrable)
. New Embankment Fill Mohr-Coulomb | 125 250 28
(Assumed A-6a) (LT)
[] | RockFil Mohr-Coulomb | 135 0 38

-300

-290

-280 -270

-260

-250 -240

-230

-220

-210

Cu-07B
Sta. 794+61

Required point load to achieve
a Factor of Safety of 1.30

Point Load
Coordinate: (-175, 652.618) ft
Magnitude: 132,000 Ibf

B-002-0-23
Sta. 794+91

Drilled Shaft (175")

(Ground surface adjusted

-200

19  -180  -170  -160  -150  -140  -130  -120  -110  -100 90 -80 70 -60 -50 40 -30 20 -10 0 10 20 30 40 50 60 70 80 % 100 110 120 130 140 150 160 170 180 190
Distance (ft)

200 210 220 230 240 250

01. Sta. 794+00 Option 2 (Lowered Rock) (10" Rock fill) (3)

Sta. 794+00 LT Slope Stability.gsz

10/07/2024

1:423
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Required point load to achieve a Factor of Safety of 1.30


0ODOT District 10 Computed By = MM

MEG-33-13.96 Checked By = DCM
UA Slope (Results)

Elevation Origin = 735 ft

Force X-Coordinate = 175 ft

Force Y-Coordinate = 82.382 |ft

Diameter = 4 ft

CTC Spacing = 5 ft

Load Transfer Factor = 5.2% % Force per Shaft (lb)

Force per Shaft = 1010989 |lbf Force per Foot of Wall(lb) = Spacing (ft) = (1 — Load Transfer Factor)

Factor of Safety = 2.87

Force per Foot of Wall = 213289 |lbf (Point Load per foot of wall @ 100% Load Transfer Factor to be used in SlopeW)
Slope/W (Inputs)

Point Load X-Coordinate = -175 ft (-1 = Failure from Right to Left, 1 = Failure from Left to Right)

Point Load Y-Coordinate = 652.618 |ft

Point Load = 213289 |lbf

Direction = 180 degrees (180 = Load applied right direction, 0 = Load applied left direction)

Resistance Force (Ibf)
Factor of Safety = ——————————=

Slope/W (Results/Calculations) Driving Force (lbf)

Calculated Factor of Safety = 241 (Calculated Factor of Safety in Slope/W due to applied point load at 2/3 below existing ground surface at shaft location)

Resistance Force (FOS =3.51) = 213289 |lbf i Force to Achieve a Factor of Safety of 3.51)

Driving Force (FOS = 3.51) = 88502 |Ibf (C Driving Force to Achieve a Factor of Safety of 3.51)

Calculate Resistance Force to Achieve a Desired Factor of safety (Slope/W)

Fa‘ct.or of Safety = L9 o Resist F UASI _ Factory of Safety (Slope/W)
Driving Force = 88502 |Ibf(C: Driving Force from Slope/W) esistance Force (| ope) = m
Resistance Force (FOS = 1.30) = 115052 |lbf i Force to Achieve a Factor of Safety of 1.30)

Back Calculated Resistance Force (From Slope/W) = 132,000 |lbf i Force to Achieve a Factor of Safety of 1.30 in Slope/W)

Convert Calculated Resistance Force to Achieve a Desired Factor of safety from Slope/W to UA Slope

Resistance Force (UA Slope) = lbf (Converted Resistance Force per Foot of Wall @ 100% Load Transfer Factor to Achieve a Desired Factor of safety from Slope/W to UA Slope)
* Higher of Resistance Forces to Achieve a Factor of Safety of 1.30 Adopted
per Shaft (UA Slope

Force per Shaft = Resistance Force (Ibf,UA Slope) * CTC Spacing (ft) * (1 — Load Transfer Factor)
Force per Shaft (FOS = 1.30) = lbf (Calculated Force per Shaft to achieve a Factor of Safety of 1.30 in UA Slope)

The UA Slope 2.3 software was utilized to provide the per shaft loading along the proposed
drilled shaft wall. However, the factor of safety provided by UA Slope (FS = 5.04) exceeded
the required 1.3, indicating the resistance exceeded the applied load. As UA Slope does not
allow for a reduction in loading or factor of safety, additional analyses were performed in
SlopeW.

This was accomplished by assigning the proposed slope geometry SlopeW stability model with
the proposed fill material used to determine the soil strength parameters and failure surface
as the “Parent” analysis. A subsequent model created based on the proposed slope geometry
with the drilled shaft wall located at 175 feet left. By assigning the Proposed Slope Geometry
SlopeW stability model as the “Parent” analysis, the failure surface was directly translated to
the 175-LT wall model, similar to applying the failure surface in UA Slope.

The 175-LT wall model analysis was then run using the UA Slope procedure as a template. A
point load was added at a height approximately 1/3 of the distance from the proposed ground
surface to the slip surface. The force-per-shaft load from UA Slope was reduced to a force per
foot of wall to be applied to SlopeW. SlopeW indicated a FS of 3.51 (compared to 5.04
provided by UA Slope for the same load). The magnitude of the point load was then reduced
until the factor of safety as generated by SlopeW was at or above 1.3. As this magnitude is a
unit point load, the result was multiplied by the respective shaft spacing to determine the force
per drilled shatft.

As UA Slope and SlopeW did not produce the same Factors of Safety, (5.04 and 3.51,
respectively) for similar point loads, the calculated resistance load determined in SlopeW was
proportionally scaled and converted to an equivalently UA Slope Load.


MOMOHAMMED
Text Box
The UA Slope 2.3 software was utilized to provide the per shaft loading along the proposed drilled shaft wall. However, the factor of safety provided by UA Slope (FS = 5.04) exceeded the required 1.3, indicating the resistance exceeded the applied load. As UA Slope does not allow for a reduction in loading or factor of safety, additional analyses were performed in SlopeW.

This was accomplished by assigning the proposed slope geometry SlopeW stability model with the proposed fill material  used to determine the soil strength parameters and failure surface as the “Parent” analysis. A subsequent model created based on the proposed slope geometry with the drilled shaft wall located at 175 feet left. By assigning the Proposed Slope Geometry SlopeW stability model as the “Parent” analysis, the failure surface was directly translated to the 175-LT wall model, similar to applying the failure surface in UA Slope.  

The 175-LT wall model analysis was then run using the UA Slope procedure as a template. A point load was added at a height approximately 1/3 of the distance from the proposed ground surface to the slip surface. The force-per-shaft load from UA Slope was reduced to a force per foot of wall to be applied to SlopeW. SlopeW indicated a FS of 3.51 (compared to 5.04 provided by UA Slope for the same load). The magnitude of the point load was then reduced until the factor of safety as generated by SlopeW was at or above 1.3. As this magnitude is a unit point load, the result was multiplied by the respective shaft spacing to determine the force per drilled shaft. 

As UA Slope and SlopeW did not produce the same Factors of Safety, (5.04 and 3.51, respectively) for similar point loads, the calculated resistance load determined in SlopeW was proportionally scaled and converted to an equivalently UA Slope Load. 


LPILE Service Load Design
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LPILE Service Load Design
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4' Diameter, 5' CTC Spacing


Bending Moment (in-Kips) Shear Force (kips)

Lateral Pile Deflection (inches)

Stf. Cl. NW.
Sand
Stf. Cl. NW.
Stf. Cl. NW.
Stf. Cl. NW.
Stf. Cl. NW.
Weak Rock
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LPile for Windows, Version 2022-12.009
Analysis of Individual Piles and Drilled Shafts
Subjected to Lateral Loading Using the p-y Method

© 1985-2022 by Ensoft, Inc.
All Rights Reserved

This copy of LPile is being used by:

HDR

Blue Ash

Serial Number of Security Device: 202613844

This copy of LPile is licensed for exclusive use by:
HDR, LPILE Global, Global License

Use of this software by employees of HDR

other than those of the office site in LPILE Global, Global License
is a violation of the software license agreement.

Path to file locations:
\ODOT-District 10 GES\Task 10-11 MEG-33-13.96\Working\MEG-33-13.96_Sta. 794+00 LT\Low Rock\Option 2\10' Rock Fill\5' Center-Center Spacing\

Name of input data file:
Option 2_10' Rockfill 5' CTC_UA Slope_Drilled Shaft (Low Rock).lpi2d

Name of output report file:
Option 2_10' Rockfill 5' CTC_UA Slope_Drilled Shaft (Low Rock).lpl2o

Name of plot output file:
Option 2_10' Rockfill 5' CTC_UA Slope_Drilled Shaft (Low Rock).lpil2p

Name of runtime message file:
Option 2_10' Rockfill 5' CTC_UA Slope_Drilled Shaft (Low Rock).lpi2r



Date: October 7, 2024 Time: 18:35:03

Project Name: MEG-33-13.96
Job Number:

Client: ODOT D10

Engineer: HDR

Description: Drilled Shaft Retaining Wall Design (Low Rock)

Computational Options:
- Conventional Analysis

Engineering Units Used for Data Input and Computations:
- US Customary System Units (pounds, feet, inches)

Analysis Control Options:
- Maximum number of iterations allowed = 500
- Deflection tolerance for convergence 1.0000E-05 in
- Maximum allowable deflection 100.0000 in
- Number of pile increments = 70

Loading Type and Number of Cycles of Loading:
- Static loading specified

- Analysis uses p-y modification factors for p-y curves

- Analysis uses layering correction (Method of Georgiadis)

- Analysis includes loading by one distributed lateral load acting on pile
- Loading by lateral soil movements acting on pile not selected

- Input of shear resistance at the pile tip not selected

- Input of moment resistance at the pile tip not selected

- Computation of pile-head foundation stiffness matrix not selected

- Push-over analysis of pile not selected

- Buckling analysis of pile not selected

Output Options:



- Output files use decimal points to denote decimal symbols.

- Values of pile-head deflection, bending moment, shear force, and
soil reaction are printed for full length of pile.

- Printing Increment (nodal spacing of output points) =1

- No p-y curves to be computed and reported for user-specified depths

- Print using wide report formats

Number of pile sections defined = 1
Total length of pile = 68.800 ft
Depth of ground surface below top of pile = -6.0000 ft

Pile diameters used for p-y curve computations are defined using 2 points.

p-y curves are computed using pile diameter values interpolated with depth over
the length of the pile. A summary of values of pile diameter vs. depth follows.

Depth Below Pile
Point Pile Head Diameter
No. feet inches
1 0.000 48.0000

2 68.800 48.0000

Pile Section No. 1:

Section 1 is an elastic pile

Cross-sectional Shape = Circular Pile
Length of section = 68.800000 ft
Width of top of section = 48.000000 in
Width of bottom of section = 48.000000 in

Top Area = 116.000000 sq. in
Bottom Area = 116.000000 sq. in
Moment of Inertia at Top = 28500. in™4
Moment of Inertia at Bottom = 28500. in"4
Elastic Modulus = 29000000. psi

Soil and Rock Layering Information



The soil profile is modelled using 7 layers

Layer 1 is stiff clay without free water

Distance from top of pile to top of layer
Distance from top of pile to bottom of layer
Effective unit weight at top of layer
Effective unit weight at bottom of layer
Undrained cohesion at top of layer

Undrained cohesion at bottom of layer
Epsilon-50 at top of layer

Epsilon-50 at bottom of layer

Layer 2 is sand, p-y criteria by Reese et al., 1974

Distance from top of pile to top of layer
Distance from top of pile to bottom of layer
Effective unit weight at top of layer
Effective unit weight at bottom of layer
Friction angle at top of layer

Friction angle at bottom of layer

Subgrade k at top of layer

Subgrade k at bottom of layer

Layer 3 is stiff clay without free water

Distance from top of pile to top of layer
Distance from top of pile to bottom of layer
Effective unit weight at top of layer
Effective unit weight at bottom of layer
Undrained cohesion at top of layer

Undrained cohesion at bottom of layer
Epsilon-50 at top of layer

Epsilon-50 at bottom of layer

Layer 4 is stiff clay without free water

Distance from top of pile to top of layer
Distance from top of pile to bottom of layer
Effective unit weight at top of layer
Effective unit weight at bottom of layer
Undrained cohesion at top of layer

Undrained cohesion at bottom of layer
Epsilon-50 at top of layer

Epsilon-50 at bottom of layer

-6.00000

15.
125.
.000000

125

15.
16.
.000000
.000000
38.
38.
.000000
.000000

135
135

225
225

16.
28.
57.
57.

28.
34.
57.
57.
930.
930.
.010000
.010000

500000
000000

2500.
2500.

.005000
.005000

500000
500000

000000
000000

500000
200000
600000
600000
1400.
1400.

.007000
.007000

200000
900000
600000
600000
000000
000000

ft
ft
pcf
pcf
psf
psf

ft
ft
pcf
pcf

deg.
deg.

pci
pci

ft
ft
pcf
pcf
psf
psf

ft
ft
pcf
pcf
psf
psf

Top of Drilled Shaft
Elevation to be 6 feet
below proposed
surface elevation
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Top of Drilled Shaft Elevation to be 6 feet below proposed surface elevation


Layer 5 is stiff clay without free water

Distance from top of pile to top of layer = 34.900000 ft
Distance from top of pile to bottom of layer = 38.800000 ft
Effective unit weight at top of layer = 62.600000 pcf
Effective unit weight at bottom of layer = 62.600000 pcf
Undrained cohesion at top of layer = 1650. psf
Undrained cohesion at bottom of layer = 1650. psf
Epsilon-50 at top of layer = 0.007000
Epsilon-50 at bottom of layer = 0.007000

Layer 6 is stiff clay without free water

Distance from top of pile to top of layer = 38.800000 ft
Distance from top of pile to bottom of layer = 48.800000 ft
Effective unit weight at top of layer = 72.600000 pcf
Effective unit weight at bottom of layer = 72.600000 pcf
Undrained cohesion at top of layer = 3300. psf
Undrained cohesion at bottom of layer = 3300. psf
Epsilon-50 at top of layer = 0.005000
Epsilon-50 at bottom of layer = 0.005000

Layer 7 is weak rock, p-y criteria by Reese, 1997

Distance from top of pile to top of layer = 48.800000 ft
Distance from top of pile to bottom of layer = 78.800000 ft
Effective unit weight at top of layer = 150.000000 pcf
Effective unit weight at bottom of layer = 150.000000 pcf
Uniaxial compressive strength at top of layer = 150.000000 psi
Uniaxial compressive strength at bottom of layer = 150.000000 psi
Initial modulus of rock at top of layer = 14600. psi
Initial modulus of rock at bottom of layer = 14600. psi
RQD of rock at top of layer = 0.0000 %
RQD of rock at bottom of layer = 0.0000 %

k rm of rock at top of layer = 0.0005000

k rm of rock at bottom of layer 0.0005000

(Depth of the lowest soil layer extends 10.000 ft below the pile tip)

*¥*** Warning - Possible Input Data Error ****

Values entered for effective unit weight of rock were outside the limits of
50 pcf to 150 pcf.

The maximum input value, in layer 1, for effective unit weight = 150.00 pcf



This data may be erroneous. Please check your data.

Layer Soil Type Layer Effective Cohesion Angle of Uniaxial E50 Rock Mass
Num. Name Depth Unit Wt. Friction qu RQD % or kpy Modulus
(p-y Curve Type) ft pcf psf deg. psi krm pci psi
1 Stiff Clay -6.000 125.0000 2500. -- -- -- 0.00500 -- --
w/o Free Water 15.5000 125.0000 2500. -- -- -- 0.00500 -- --
2 Sand 15.5000 135.0000 -- 38.0000 -- -- -- 225.0000 --
(Reese, et al.) 16.5000 135.0000 -- 38.0000 -- -- -- 225.0000 --
3 Stiff Clay 16.5000 57.6000 1400. -- -- -- 0.00700 -- --
w/o Free Water 28.2000 57.6000 1400. -- -- -- 0.00700 -- --
4 Stiff Clay 28.2000 57.6000 930.0000 -- -- -- 0.01000 -- --
w/o Free Water 34.9000 57.6000 930.0000 -- -- -- 0.01000 -- --
5 Stiff Clay 34.9000 62.6000 1650. -- -- -- 0.00700 -- --
w/o Free Water 38.8000 62.6000 1650. -- -- -- 0.00700 -- --
6 Stiff Clay 38.8000 72.6000 3300. -- -- -- 0.00500 -- --
w/o Free Water 48.8000 72.6000 3300. -- -- -- 0.00500 -- --
7 Weak 48.8000 150.0000 -- -- 150.0000 0.00 5.00E-04 -- 14600.
Rock 78.8000 150.0000 -- -- 150.0000 0.00 5.00E-04 -- 14600.

Distribution of p-y modifiers with depth defined using 4 points

Point Depth X p-mult y-mult
No ft
1 0.000 0.1600 1.0000
2 33.700 0.1600 1.0000
3 33.700 0.6900 1.0000
4 48.800 0.6900 1.0000

Static loading criteria were used when computing p-y curves for all analyses.



Distributed lateral load intensity defined using 2 points

Point Depth X Dist. Load
No. ft 1b/in

1 0.000 0.000

2 33.700 2598.000

Number of loads specified = 1

Load Load Condition Condition Axial Thrust
No. Type 1 2 Force, lbs

1 1 V = 0.0000 1bs M = 0.0000 in-lbs 0.0000000

= shear force applied normal to pile axis

= bending moment applied to pile head

lateral deflection normal to pile axis

= pile slope relative to original pile batter angle

= rotational stiffness applied to pile head

Values of top y vs. pile lengths can be computed only for load types with
specified shear loading (Load Types 1, 2, and 3).

Thrust force is assumed to be acting axially for all pile batter angles.

Tk B <
1]

Axial thrust force values were determined from pile-head loading conditions
Number of Pile Sections Analyzed = 1
Pile Section No. 1:

Moment-curvature properties were derived from elastic section properties

Compute Top y
vs. Pile Length

Run Analysis



Top of

Layer

Layer Below
No. Pile Head

ft

1 -6.000
2 15.5000
3 16.5000
4 28.2000
5 34.9000
6 38.8000
7 48.8000

Notes: The F@ integral of Layer n+l equals the sum of the F@ and F1l integrals

Equivalent
Top Depth Same Layer
Below Type As
Grnd Surf Layer
ft Above
0.00 N.A.
15.9268 No
32.9715 No
61.7214 Yes
44,7317 Yes
31.3961 Yes
54.8000 No

Layer
Rock
is Be

Rock L

No
No
No
No
No
No
Ye

is
or
low
ayer

S

Fo
Integral
for Layer

lbs

0.00
1049469.
1192060.
178141e@.
2006204 .
2238082.
N.A.

F1
Integral

for Layer

1bs

1049469.
142591.
589350.
224794,
231878.
1135259.
N.A.

for Layer n. Layering correction equivalent depths are computed only

for soil types with both shallow-depth and deep-depth expressions for
peak lateral load transfer. These soil types are soft and stiff clays,
non-liquefied sands, and cemented c-phi soil.

Computed Values of Pile Loading and Deflection
for Lateral Loading for Load Case Number 1

Pile-head conditions are Shear and Moment (Loading Type 1)

Shear force at pile head
Applied moment at pile head
Axial thrust load on pile head

Depth Defle
X y
feet inch

ct.

es

Bending Shear
Moment Force
in-1bs lbs
-5.28E-06 0.00
-32646. -5306.
-125171. -10041
-269487. -14087
-457468. -17443
-680946. -20105
-931708. -22068

Sl

rad

ope
S
ians

4.44E-09

27.4913
105.4069
226.9366
385.2366
573.4281
784.5964

Bending
Stiffness
1b-in”2

8.26E+11
8.26E+11
8.26E+11
8.26E+11
8.26E+11
8.26E+11
8.26E+11

Soil Res.

p

1b/inch

Soil Spr.
Es*H
1b/inch

448.5936
951.0269
1007.
1065.
1125.
1187.
1252.

Distrib.

Lat.

Load

1b/inch
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13

15

17

19

21

29

31

33

53

55

56.

.8800
.8629
.8457
.8286
10.
.7943
12.
.7600
14.
.7257
16.
.6914
18.
.6571
20.
.6229
22.
23.
24.
25.
26.
27.
28.
.4857
30.
.4514
32.
L4171
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45,
46.
47.
48.
49,
50.
51.
52.
.0743
54.
.0400

8114

7771

7429

7086

6743

6400

6057
5886
5714
5543
5371
5200
5029

4686

4343

4000
3829
3657
3486
3314
3143
2971
2800
2629
2457
2286
2114
1943
1771
1600
1429
1257
1086
0914

0571

0229

L4297
.2878
1457
.0033
.8606
7174
.5739
.4298
2853
.1403
.9947
8486
.7020
.5548
.4071
.2589
.1104
.9616
.8127
.6639
5154
.3673
.2201
.0740
.9294
.7867
6464
.5089
.3749
2449
.1196
.9995
8850
.7767
.6749
5801
.4923
.4120
3391
.2738
.2160
.1656
.1226

0.08668

0.05767

0.03517

0.01864

0.00740
5.66E-04
-0.00288
-0.00401
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-1201500.
-1482019.
-1764917.
-2041794.
-2304201.
-2543631.
-2751525.
-2919261.
-3038158.
-3099467.
-3256296.
-3302965.
-3228296.
-3021085.
-2670111.
-2164125.
-1491855.

-641999.

396771.

1635817.
3086532.
4760345.
6668720.
8846546.

1.
1.41E+07
1.71E+07
2.05E+07
2.41E+07
2.76E+07
3.08E+07
3.37E+07
3.65E+07
3.89E+07
4.10E+07
4.25E+07
4.37E+07
4.45E+07
4.
4
4
4
4
4
3
3
3
2
2
1
8

13E+07

48E+07

.47E+07
.43E+07
.35E+07
. 24E+07
.09E+07
.87E+07
.55E+07
.14E+07
.62E+07
.01E+07
.37E+07
264766.

-23330.
-23885.
-23731.
-22862.
-21275.
-18964.
-15924.
-12151.
-7640.
-9248.
-8627.
1187.
11950@.
23663.
36329.
49950.
64528.
80065.
96564.
114028.
132459.
151861.
173228.
196547.
220812.
246026.
272191.
296049.
300714.
283729.
261796.
240457 .
219736.
190728.
153431.
116810.
80968.
46018.
12078.
-20724.
-52250.
-82275.
-110416.
-156736.
-228212.
-309139.
-394260.
-476634.
-529540.
-503193.
-415545.

-0.01202
-0.01204
-0.01206
-0.01209
-0.01212
-0.01215
-0.01219
-0.01223
-0.01228
-0.01232
-0.01236
-0.01241
-0.01246
-0.01250
-0.01254
-0.01258
-0.01260
-0.01262
-0.01262
-0.01261
-0.01257
-0.01252
-0.01243
-0.01232
-0.01218
-0.01200
-0.01178
-0.01151
-0.01119
-0.01082
-0.01041
-0.00995
-0.00944
-0.00891
-0.00834
-0.00774
-0.00713
-0.00650
-0.00586
-0.00522
-0.00459
-0.00396
-0.00335
-0.00275
-0.00218
-0.00165
-0.00118
-7.66E-04
-4.36E-04
-1.94E-04
-3.70E-05

lo12.
1248.
1486.
1719.
1940.
2142,
2317.
2458.
2558.
2610.
2742,
2781.
2719.
2544,
2249,
1822.
1256.
540.6312
334.1230
1378.
2599.
4009.
5616.
7450.
9520.
11836.
14407.
17243.
20288.
23216.
25924,
28416.
30700.
32781.
34489.
35829.
36809.
37437.
37723.
37677.
37312.
36639.
35677.
34446.
32564.
29913.
26423.
22081.
16955.
11563.
6960.

00 00 0O 0O 00O 00O 00O 00O 0O 00O 00O 0O 0O 0O ©CO CO C0O 00O 00O 00 00 00O 00O 00 00 00 00 00 0O 00 0O 0O 0O 0O 0O 0O 0O 00O 00O 00O 00O 0O 00 CO CO O 0O CO 0O 00 ©O

.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11

-607.512
-623.262
-638.654
-653.675
-668.307
-682.532
-696.332
-709.686
-722.571
-1899.
-496.183
-491.582
-486.831
-481.917
-476.831
-471.561
-466.094
-460.417
-454.518
-448.383
-441.998
-435.347
-260.312
-255.919
-251.337
-246.555
-241.564
-236.356
-995.856
-1884.
-1835.
-1784.
-1730.
-3189.
-3136.
-3074.
-3004.
-2923.
-2832.
-2730.
-2616.
-2476.
-2296.
-5558.
-6562.
-7161.
-7273.
-6695.
-2276.
6744.
8119.

1320.
1390.
1464.
1541.
1622.
1706.
1796.
1890.
1989.
5410.
1465.
1506.
1551.
1599.
1651.
1707.
1767.
1834.
1906.
1985.
2072.
2169.
1383.
1455.
1536.
1628.
1731.
1847.
8543.
17851.
19330.
21047.
23057.
48421.
54798.
62509.
71951.
83683.
98507.
117620.
142860.
176311.
220940.
756290.
1341976.
2401693.
4601489.
1.07E+07
4.74E+07
2.77E+07
2.39E+07

530.
606.
681.
757.
833.
909.

985

3929
1633
9337
7041
4745
2449
.0153
lo61.
1137.
1212.
1288.
1364.
1440.
1515.
1591.
1667.
1743.
1818.
1894.
197@.
2046.
2122.
2197.
2273.
2349,
2425.
2500.
2023.
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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57
57
58.
59
60.
61
62.
63
64.
65
66.
67
68.

* The

.0057
.9886

9714

.9543

9371

.9200

9029

.8857

8686

.8514

8343

.8171

8000

above

-8
-3

8.

-0.00375 3928393. -315993. 5

-0.00283 810933. -211884. 8

-0.00177 -1069647. -109001. 8
.93E-04 -1760246. -22297. 6
.12E-04 -1595591. 27374. 3
10E-07 -1114523. 40753. 1
.26E-04 -634276. 35310.
.44E-04 -281607. 23715. -4.
.14E-04 -74865. 12605. -3
.25E-05 15727. 4562. -3
.32E-05 32744. 14.6193 -3
.91E-07 16072. -1388. -2
.17E-05 0.00 0.00 -2

WU WNR PR PR

values of total stress

Output Summary for Load Case No. 1:

Pile-head deflection

Computed slope at pile head =

Maximum bending moment
Maximum shear force

Depth of maximum bending moment =
Depth of maximum shear force =

Number of iterations
Number of zero deflection points =

are combined

6.

.00E-05
.39E-05
.20E-05
.18E-05
.79E-05
.85E-05
O6E-06
77E-07
.02E-06
.44E-06
.10E-06
.75E-06
.63E-06

3308.
682.
900.

1482.

1344,
938.
534.
237.

63.
13.
27.
13.

8908
7551

5453
1273
1427
0446
2437
5738
5341
0.00

8.26E+11
8.26E+11
8.26E+11
8.26E+11
8.26E+11
8.26E+11
8.
8
8
8
8
8
8

26E+11

.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11

axial and bending stresses.

= 6.41928568 inches

-0.0119751 radians

= 44796435. inch-1b
= -529540. 1lbs

44.22857143
54.05714286

33

S

feet below pile head
feet below pile head

8763.
8892.
8555.
6148.
2275.
-5.913
-917.127
-1049.
-834.974
-528.918
-242.186
4.3168
231.0729

Boundary Condition Type 1, Shear

Shear
Moment
Axial

Load

Pile Head
Deflection
inches
6.41928568
6.44350257
6.44577515
6.55792114
9.08758832
9.81196213

0. lbs
0. in-1bs
0. lbs

Maximum

Moment

In-1bs
44796435.
44783914.
44772656.
44396228.
36127385.
25888780.

and Moment

Ma
S

-5
-5
-5
-5
-5

Ximum
hear
1bs
29540.
31609.
26751.
56699.
12229.

-344933.

& 00 00 00 00 00 00O 00O 00 00 UT W N

.76E+07
.71E+07
.70E+07
.12E+07
.61E+07
.61E+07
.61E+07
.61E+07
.61E+07
.61E+07
.61E+07
.61E+07
.30E+07

[OROROROR RO RO RO

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00



Definitions of Pile-head Loading Conditions:

Load
Load
Load
Load
Load

Type
Type
Type
Type
Type

Load

uphwNneRE

Load 1 = Shear, V, lbs, and Load 2 = Moment, M, in-lbs
Load 1 = Shear, V, lbs, and Load 2 = Slope, S, radians
Load 1 = Shear, V, lbs, and Load 2 = Rot. Stiffness, R, in-1lbs/rad.
Load 1 = Top Deflection, y, inches, and Load 2 = Moment, M, in-lbs
Load 1 = Top Deflection, y, inches, and Load 2 = Slope, S, radians
Load Axial Pile-head Pile-head Max Shear Max Moment
Pile-head Type Pile-head Loading Deflection Rotation in Pile in Pile
Load 1 2 Load 2 1bs inches radians lbs in-1bs
0.00 M, in-1b 0.00 0.00 6.4193 -0.01198 -529540. 4.48E+07

Maximum pile-head deflection
Maximum pile-head rotation

6.4192856790 inches

The analysis ended normally.

-0.0119750608 radians = -0.686120 deg.
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LPile for Windows, Version 2022-12.009
Analysis of Individual Piles and Drilled Shafts
Subjected to Lateral Loading Using the p-y Method

© 1985-2022 by Ensoft, Inc.
All Rights Reserved

This copy of LPile is being used by:

HDR

Blue Ash

Serial Number of Security Device: 202613844

This copy of LPile is licensed for exclusive use by:
HDR, LPILE Global, Global License

Use of this software by employees of HDR

other than those of the office site in LPILE Global, Global License
is a violation of the software license agreement.

Path to file locations:
\ODOT-District 10 GES\Task 10-11 MEG-33-13.96\Working\MEG-33-13.96_Sta. 794+00 LT\Low Rock\Option 2\10' Rock Fill\5' Center-Center Spacing\

Name of input data file:
Option 2_10' Rockfill 5' CTC_UA Slope_Drilled Shaft (Low Rock).lpi2d

Name of output report file:
Option 2_10' Rockfill 5' CTC_UA Slope_Drilled Shaft (Low Rock).lpl2o

Name of plot output file:
Option 2_10' Rockfill 5' CTC_UA Slope_Drilled Shaft (Low Rock).lpil2p

Name of runtime message file:
Option 2_10' Rockfill 5' CTC_UA Slope_Drilled Shaft (Low Rock).lpi2r

Date: October 7, 2024 Time: 18:31:15



Project Name: MEG-33-13.96
Job Number:

Client: ODOT D10

Engineer: HDR

Description: Drilled Shaft Retaining Wall Design (Low Rock)

Computational Options:
- Conventional Analysis

Engineering Units Used for Data Input and Computations:
- US Customary System Units (pounds, feet, inches)

Analysis Control Options:
- Maximum number of iterations allowed = 500
- Deflection tolerance for convergence 1.0000E-05 in
- Maximum allowable deflection 100.0000 in
- Number of pile increments = 70

Loading Type and Number of Cycles of Loading:
- Static loading specified

- Analysis uses p-y modification factors for p-y curves

- Analysis uses layering correction (Method of Georgiadis)

- Analysis includes loading by one distributed lateral load acting on pile
- Loading by lateral soil movements acting on pile not selected

- Input of shear resistance at the pile tip not selected

- Input of moment resistance at the pile tip not selected

- Computation of pile-head foundation stiffness matrix not selected

- Push-over analysis of pile not selected

- Buckling analysis of pile not selected

Output Options:
- Output files use decimal points to denote decimal symbols.
- Values of pile-head deflection, bending moment, shear force, and
soil reaction are printed for full length of pile.
- Printing Increment (nodal spacing of output points) =1
- No p-y curves to be computed and reported for user-specified depths
- Print using wide report formats



Number of pile sections defined
Total length of pile

Depth of ground surface below top of pile

1
68.800 ft
-6.0000 ft

Pile diameters used for p-y curve computations are defined using 2 points.

p-y curves are computed using pile diameter values interpolated with depth over
the length of the pile. A summary of values of pile diameter vs. depth follows.

Depth Below

Point Pile Head
No. feet
1 0.000
2 68.800

Pile Section No. 1:

Section 1 is an elastic pile
Cross-sectional Shape

Length of section

Width of top of section
Width of bottom of section
Top Area

Bottom Area

Moment of Inertia at Top
Moment of Inertia at Bottom
Elastic Modulus

Pile
Diameter
inches

48.0000
48.0000

Circular Pile
68.800000 ft
48.000000 in
48.000000 in

116.000000 sq. in

116.000000 sq. in

28500. in”4
28500. in”4
29000000. psi

________________________________________________________________________________ Top of Drilled Shaft

The soil profile is modelled using 7 layers

Layer 1 is stiff clay without free water

Distance from top of pile to top of layer
Distance from top of pile to bottom of layer

Effective unit weight at top

of layer

Elevation to be 6 feet
below proposed
surface elevation

-6.00000 ft
15.500000 ft
125.000000 pcf


MOMOHAMMED
Callout
Top of Drilled Shaft Elevation to be 6 feet below proposed surface elevation


Effective unit weight at bottom of layer = 125.000000 pcf

Undrained cohesion at top of layer = 2500. psf
Undrained cohesion at bottom of layer = 2500. psf
Epsilon-50 at top of layer = 0.005000
Epsilon-50 at bottom of layer = 0.005000

Layer 2 is sand, p-y criteria by Reese et al., 1974

Distance from top of pile to top of layer 15.500000 ft

Distance from top of pile to bottom of layer = 16.500000 ft

Effective unit weight at top of layer =  135.000000 pcf
Effective unit weight at bottom of layer = 135.000000 pcf
Friction angle at top of layer = 38.000000 deg.
Friction angle at bottom of layer = 38.000000 deg.
Subgrade k at top of layer =  225.000000 pci
Subgrade k at bottom of layer =  225.000000 pci

Layer 3 is stiff clay without free water

Distance from top of pile to top of layer = 16.500000 ft
Distance from top of pile to bottom of layer = 28.200000 ft
Effective unit weight at top of layer = 57.600000 pcf
Effective unit weight at bottom of layer = 57.600000 pcf
Undrained cohesion at top of layer = 1400. psf
Undrained cohesion at bottom of layer = 1400. psf
Epsilon-50 at top of layer = 0.007000
Epsilon-50 at bottom of layer = 0.007000

Layer 4 is stiff clay without free water

Distance from top of pile to top of layer = 28.200000 ft
Distance from top of pile to bottom of layer = 34.900000 ft
Effective unit weight at top of layer = 57.600000 pcf
Effective unit weight at bottom of layer = 57.600000 pcf
Undrained cohesion at top of layer =  930.000000 psf
Undrained cohesion at bottom of layer =  930.000000 psf
Epsilon-50 at top of layer = 0.010000
Epsilon-50 at bottom of layer = 0.010000
Layer 5 is stiff clay without free water

Distance from top of pile to top of layer = 34.900000 ft
Distance from top of pile to bottom of layer = 38.800000 ft
Effective unit weight at top of layer = 62.600000 pcf
Effective unit weight at bottom of layer = 62.600000 pcf
Undrained cohesion at top of layer = 1650. psf
Undrained cohesion at bottom of layer = 1650. psf
Epsilon-50 at top of layer = 0.007000

Epsilon-50 at bottom of layer = 0.007000



Layer 6 is stiff clay without free water

Distance from top of pile to top of layer = 38.800000
Distance from top of pile to bottom of layer = 48.800000
Effective unit weight at top of layer = 72.600000
Effective unit weight at bottom of layer = 72.600000
Undrained cohesion at top of layer = 3300.
Undrained cohesion at bottom of layer = 3300.
Epsilon-50 at top of layer = 0.005000
Epsilon-50 at bottom of layer = 0.005000
Layer 7 is weak rock, p-y criteria by Reese, 1997
Distance from top of pile to top of layer = 48.800000
Distance from top of pile to bottom of layer = 78 .800000
Effective unit weight at top of layer = 150.000000
Effective unit weight at bottom of layer = 150.000000
Uniaxial compressive strength at top of layer = 150.000000
Uniaxial compressive strength at bottom of layer = 150.000000
Initial modulus of rock at top of layer = 14600.
Initial modulus of rock at bottom of layer = 14600.
RQD of rock at top of layer = 0.0000
RQD of rock at bottom of layer = 0.0000
k rm of rock at top of layer = 0.0005000
k rm of rock at bottom of layer = 0.0005000

ft
ft
pcf
pcf
psf
psf

ft
ft
pcf
pcf
psi
psi
psi
psi
%
%

(Depth of the lowest soil layer extends 10.000 ft below the pile tip)

*¥*** Warning - Possible Input Data Error ****

Values entered for effective unit weight of rock were outside the limits of

50 pcf to 150 pcf.

The maximum input value, in layer 1, for effective unit weight = 150.00 pcf

This data may be erroneous. Please check your data.

Layer Soil Type Layer Effective Cohesion
Num. Name Depth Unit Wt.
(p-y Curve Type) ft pcf psf

Angle of
Friction
deg.

Uniaxial

qu
psi

RQD %

E50

or

krm

Rock Mass
Modulus
psi



1 Stiff Clay
w/o Free Water 15.
2 Sand 15.
(Reese, et al.) 16.
3 Stiff Clay 16.
w/o Free Water 28.
4 Stiff Clay 28.
w/o Free Water 34.
5 Stiff Clay 34.
w/o Free Water 38.
6 Stiff Clay 38.
w/o Free Water 48.
7 Weak 48.
Rock 78.
Modification

-6.000

5000

5000

5000

5000

2000

2000

9000

9000

8000

8000

8000

8000

8000

125

125

135

135

57.

57.

57.

57.

62.

62.

72.

72.

150.

150.

.0000

.0000

.0000

.0000

6000

6000

6000

6000

6000

6000

6000

6000

0000

0000

2500.

2500.

1400.

1400.

930.0000

930.0000

1650.

1650.

3300.

3300.

Distribution of p-y modifiers with depth defined using 4 points

Point Depth X
No ft
1 0.000
2 33.700
3 33.700
4 48.800

p-mult

y-mult

38.0000

38.0000

Static loading criteria were used when computing p-y curves for all analyses.

-- -- 0.00500

-- -- 0.00500

-- -- 0.00700

-- -- 0.00700

-- -- 0.01000

-- -- 0.01000

-- -- 0.00700

-- -- 0.00700

-- -- 0.00500

-- -- 0.00500

150.0000 0.00 5.00E-04

150.0000 0.00 5.00E-04

225.0000

225.0000

14600.

14600.



Distributed lateral load intensity defined using 2 points

Point Depth X Dist. Load
No. ft 1b/in

1 0.000 0.000

2 33.700 3898.000

Number of loads specified = 1

Load Load Condition Condition Axial Thrust
No. Type 1 2 Force, lbs
1 1 V = 0.0000 lbs M = 0.0000 in-1lbs 0.0000000
V = shear force applied normal to pile axis
M = bending moment applied to pile head
y = lateral deflection normal to pile axis
S = pile slope relative to original pile batter angle
R = rotational stiffness applied to pile head

Values of top y vs. pile lengths can be computed only for load types with
specified shear loading (Load Types 1, 2, and 3).
Thrust force is assumed to be acting axially for all pile batter angles.

Axial thrust force values were determined from pile-head loading conditions
Number of Pile Sections Analyzed = 1

Pile Section No. 1:

Compute Top y
vs. Pile Length

Run Analysis



Layering Correction Equivalent Depths of Soil & Rock Layers

Top of
Layer
Below

Pile Head
ft

Equivalent
Top Depth
Below
Grnd Surf
ft

15.
32.
61.
44.
31.
54.

Same Layer
Type As
Layer
Above

No

Layer is
Rock or
is Below

Rock Layer

No
No
No
No
No
No
Yes

Fo
Integral
for Layer

lbs

0.00
1049469.
1192060.
178141e@.
2006204 .
2238082.
N.A.

F1
Integral
for Layer

lbs

1049469.
142591.
589350.
224794.
231878.
1135259.
N.A.

Notes: The F@ integral of Layer n+l equals the sum of the F@ and F1 integrals
for Layer n. Layering correction equivalent depths are computed only

for soil types with both shallow-depth and deep-depth expressions for
peak lateral load transfer. These soil types are soft and stiff clays,
non-liquefied sands, and cemented c-phi soil.

Computed Values of Pile Loading and Deflection
for Lateral Loading for Load Case Number 1

Pile-head conditions are Shear and Moment (Loading Type 1)

Shear force at pile head
Applied moment at pile head
Axial thrust load on pile head

Depth Deflect. Bending
X y Moment
feet inches in-1bs
0.00 16.7397 1.69E-0
0.9829 16.3663 -35582.
1.9657 15.9930 -133656.
2.9486 15.6197 -281599.
3.9314 15.2463 -466788.
4.9143 14.8728 -676597.
5.8971 14.4992 -898403.
6.8800 14.1255 -1119581.
7.8629 13.7516 -1327509.
8.8457 13.3775 -1509562.
9.8286 13.0031 -1653115.
10.8114 12.6284 -1745546.
11.7943 12.2534 -1774229.

Shear
Force
1bs

4 0.00

805.6683

Slope
S
radians

-0.

1.42E-07
29.9635
112.5525
237.1364
393.0844
569.7657
756.5496
942.8055
1118.
1271.
1392.
1470.
1494,

b
in-1bs
b

[CRCE
do®
= e
0 0

Bending
Stiffness
1b-in”2

.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11

00 00 0O 0O 0O 0O 0O 0O 0O 00 00 0O 0O

Soil Res.

p

1b/inch

Soil

Spr.

Es*H
1b/inch

Dist
Lat.
1b/

rib.
Load
inch



12.
.7600
14.
.7257
16.
.6914
18.
.6571
20.
.6229
22.
23.
24.
25.
26.
27.
28.
.4857
30.
.4514
32.
L4171
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45,
46.
47.
48.
49,
50.
51.
52.
.0743
54.
.0400

13

15

17

19

21

29

31

33

53

55

56.
.0057
.9886
58.
.9543
60.
.9200

57
57

59

61

62.
.8857
64.

63

7771

7429

7086

6743

6400

6057
5886
5714
5543
5371
5200
5029

4686

4343

4000
3829
3657
3486
3314
3143
2971
2800
2629
2457
2286
2114
1943
1771
1600
1429
1257
1086
0914

0571

0229

9714

9371

9029

8686

[N
[y

.8781
.5026
.1268
.7507
.3745
.9981
.6218
.2455
.8695
.4940
.1191
7452
.3726
.0017
6330
.2668
.9037
5445
.1896
. 8400
.4964
.1597
.8309
5110
.2011
.9022
6151
.3406
.0797
8329
.6009
.3842
1832
.9982
.8295
6771
.5412
L4217
3185
.2313
.1596
.1025

0.05904

0.02777

0.00700
-0.00524
-0.01115
-0.01268
-0.01151
-0.00898
-0.00611
-0.00354
-0.00162
-4.36E-04

PR R PR
OO0 R R

OO OO FRPRFRPREPNNNNWWWRADMDMUIUVIUIOONNNO0WOWDOWWLWLLO

-1726541.
-1589858.
-1351556.
-999011.
-657600.
-134969.

585502.
1520456.
2686560.
4100507.
5779019.
7738844.
9996762.
.26E+07
.55E+07
.87E+07
.23E+07
.64E+07
.08E+07
.57E+07
.11E+07
.70E+07
.32E+07
.92E+07
.49E+07
.03E+07
.54E+07
.01E+07
.43E+07
.78E+07
.08E+07
.33E+07
.52E+07
.65E+07
.73E+07
.77E+07
.75E+07
.69E+07
.51E+07
. 20E+07
.72E+07
.07E+07
. 24E+07
. 24E+07
.07E+07
.77E+07
.60E+07
.60E+07
8044107.
2092412.
-1822598.
-3888285.
-4340697.
-3465665.

R NWUONOOOOWWLVUWOUWVUWVULOVUOVULOVOUWVUWVUNWONNOTUVTURRPDWWNNRRR

7816.
15897.
25048.
29419.
36630.
52699.
70179.
89071.

109377.
131100.
154241.
178805.
204792.
232206.
261049.
291326.
324305.
359969.
397036.
435509.
475390.
511787.
520304.
498317.
469847.
442045.
414938.
376785.
327508.
278836.
230880.
183757.
137592.
92517.
48673.
6318.
-34071.
-101255.
-208130.
-335079.
-476067.
-625605.
-777291.
-922906.
-1048054.
-1046899.
-916818.
-760407.
-591253.
-418283.
-253542.
-106751.
17916.
92977.

NEFEFERPNMNNRPRRPR W

.03183
.03185
.03187
.03189
.03190
.03191
.03191
.03189
.03186
.03181
.03174
.03165
.03152
.03136
.03116
.03091
.03062
.03027
.02986
.02939
.02884
.02821
.02750
.02670
.02581
.02485
.02381
.02270
.02152
.02030
.01902
.01771
.01636
.01500
.01361
.01222
.01083
.00944
.00807
.00674
.00546
.00426
.00317
.00221
.00140

.69E-04
.15E-04
.52E-05
.57E-04
.29E-04
.31E-04
.90E-04
.31E-04
.57E-05

1454,
1339.
1138.
841.2725
553.7685
113.6582
493.0543
1280.
2262.
3453.
4867.
6517.
8418.
10585.
13031.
1577@.
18818.
22212.
25968.
30099.
34619.
39542,
44785.
49878.
54684.
59211.
63465.
67453.
70949.
73959.
76488.
78545,
80138.
81278.
81976.
82245,
82102.
81568.
80090.
77434,
73434,
67977.
61007.
52537.
42674.
31718.
21879.
13507.
6774.
1762.
1535.
3274.
3655.
2918.

00 00 0O 0O 00O 00O 0O 00O 00O 00 0O 00O 0O 0O CO CO CO 0O 0O C0O 00 00O 00 00 00O 00 00 00 00O 00 00O 0O 0O 0O 0O 0O OO OO 0O 0O 00O 00O 00 00 00O 0O C0O O O CO 0O 0O 00 O

.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11
.26E+11

-838.134
-861.067
-884.001

-1899.

-629.885
-624.093
-618.135
-612.002
-605.682
-599.166
-592.443
-585.502
-578.330
-570.915
-563.244
-555.304
-332.415
-327.238
-321.872
-316.308
-310.538
-304.554

-1287.
-2442.
-2386.
-2328.
-2268.
-4201.
-4155.
-4099.
-4033.
-3958.
-3871.
-3773.
-3662.
-3520.
-3329.
-8064.
10059.
11468.
12440.
12918.
12804.
11888.
-9334.

9529.
12529.
13994.
14690.
14641.
13294.
11598.

9543.

3186.

8
8
9

7
7
7
7
8
8
8
8
9
9

6
6
7
7
8
8

1
2
5

1.

OO WNRERREPEN

32.2172
82.9041
37.0351
2083.
16.0886
36.2103
57.7041
80.7151
05.4082
31.9708
60.6167
91.5909
25.1749
61.6935
1002.
1045.
64.0871
96.1059
31.5051
70.7902
14.5602
63.5268
3961.
8203.
8791.
9462.
10231.
2117e.
23562.
26375.
29714.
33720.
38585.
44575.
52069.
61318.
72538.
225542,
372519.
584814.
919574.
486333.
557934.
049416.
57E+07
.14E+07
.33E+07
.30E+07
.51E+07
.92E+07
.57E+07
.87E+07
.94E+07
.61E+07

1478.
1592.
1705.
1819.
1933.
2046.
2160.
2274.
2387.
2501.
2615.
2728.
2842.
2956.
3069.
3183.
3297.
3411.
3524,
3638.
3752.
3036.
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

[}
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65.8514
66.8343
67.8171
68.8000

1.65E-04 -2147512. 104670. 3.56E-05 1808.
4.04E-04 -996652. 80168. 1.32E-05 839.2856
4.76E-04 -256466. 42251. 4.27E-06  215.9714
5.05E-04 0.00 0.00 2.44E-06 0.00

8.26E+11
8.26E+11
8.26E+11
8.26E+11

* The above values of total stress are combined axial and bending stresses.

Output Summary for Load Case No. 1:

Pile-head deflection = 16.73965737 inches

Computed slope at pile head = -0.0316520 radians

Maximum bending moment = 97665869. inch-1bs

Maximum shear force = -1048054. 1lbs

Depth of maximum bending moment = 47.17714286 feet below pile he
Depth of maximum shear force = 56.02285714 feet below pile he
Number of iterations = 42

Number of zero deflection points = 2

Boundary Condition Type 1, Shear and Moment

Shear =
Moment
Axial Load

Pile
Length

feet
68.80000
65.36000
61.92000
58.48000

0. lbs

0. in-1bs

0. lbs
Pile Head Maximum Maximum
Deflection Moment Shear

inches 1n-1bs lbs

16.73965737 97665869. -1048054.
16.82161438 97566943, -1044426.
17.04852291 96814038. -1096802.
30.70645096 85944765. -1139089.

Definitions of Pile-head Loading Conditions:

Load Type
Load Type
Load Type
Load Type
Load Type

uphwnNneE

Load 1 = Shear, V, lbs, and Load 2 = Moment, M, in-lbs

Load 1 = Shear, V, lbs, and Load 2 = Slope, S, radians

Load 1 = Shear, V, 1lbs, and Load 2 =

Load 1 = Top Deflection, y, inches, and Load 2 = Moment, M, in-lbs
Load 1 = Top Deflection, y, inches, and Load 2 = Slope, S, radians

ad
ad

Rot. Stiffness, R, in-1lbs/rad.

-1203.
-2952.
-3477.
-3687.

8.61E+07
8.61E+07
8.61E+07
4.30E+07



Load Load Load Axial Pile-head Pile-head Max Shear Max Moment

Case Type Pile-head Type Pile-head Loading Deflection Rotation in Pile
No. 1 Load 1 2 Load 2 lbs inches radians lbs
1 v, 1b 0.00 M, in-1b 0.00 0.00 16.7397 -0.03165 -1048054.

16.7396573678 inches
-0.0316520038 radians = -1.813526 deg.

Maximum pile-head deflection
Maximum pile-head rotation

The analysis ended normally.

in Pile
in-1bs

9.77E+07
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Rectangle


