
 

 

 

  
 

G E O T E C H N I C A L  D E S I G N  M E M O R A N D U M  

To: Jonathan M. Koester, P.E., District 7 Planning and Engineering 

COPY: Daniel H. Grilliot, District 7 Geotechnical Engineer 

FROM: Amal Goza, P.E., Office of Geotechnical Engineering 

DATE: August 28, 2023 

SUBJECT: LOG-273-0002, PID 114937 Geotechnical Design Memo 

 

AN A L Y S I S  A N D  RE C O M M E N D A T I O N S  

 

This memo includes the foundation recommendations for the new bridge construction proposed to replace the 

existing single span LOG-273-0002 over Indian Lake boat passage conforming with the dimensions, and grades 

shown on the project plans. The recommendations were developed in accordance with the AASHTO LRFD 

Bridge Design Specifications 9th Edition (2020), with all Interim Revisions (AASHTO LRFD).  Project Borings 

B-001-0-22, B-002-0-22 and project soundings C-001-1-22 and B-002-1-22 were drilled/pushed for the bridge 

foundation design. Top of rock was not encountered in any of the project borings, the lowest drilled elevation 

is 890.5’ in B-001-0-22. According to the “Bedrock topography of the Roundhead, Ohio, quadrangle” map 

published by the Department of Natural Resources, top of rock (TR) at the project site is expected at or below 

elevation 820 ft. No historical records were found for this project. Our recommended foundation type is driven 

cast-in-place reinforced concrete pipe piles at both abutments. Phased construction is required to maintain 

traffic cross the bridge. Given this is a small, single-span integral abutment bridge, lateral loads on the abutment 

piles are anticipated to be insignificant. Details are provided below in relevant sections for foundation and 

temporary shoring recommendations. 

Summary of the boring information is as follows: 

Substructure Unit Boring/Sounding 

ID 

Ground Surface 

Elevation (ft) 

Termination 

Elevation (ft) 

Depth (ft) 

Rear 

Abutment 

B-001-0-22 1003.0 890.5 112.5 

C-001-1-22 1003.1 905.41 97.69  
(Pre-drilled to 25 ft) 

Forward 

Abutment 

B-002-0-22 1003.3 890.8 112.5 

C-002-1-22 1003.3 910.97 92.33 

(Pre-drilled to 25 ft) 

 

Temporary Shori ng:  

In accordance with BDM Section 310.1.1.2, a complete design for excavation bracing is required whenever the 

depth of any side of the excavation exceeds 8 feet or if the excavation will expose the deep foundation members, 

which both occur at the rear and forward abutments of bridge LOG-273-0002.  

The excavation soils behind the wall classify as a Type B soil by the OSHA Regulations (cohesive soils with an 

unconfined compressive strength greater than 0.5 tsf but less than 1.5 tsf). Temporary excavations may be 

made at a 1H:1V slope angle of 45 degrees to a maximum depth of 20 feet as per OSHA requirements for Type 

B soils.  

Using the provided temporary shoring plans, temporary sheet pile walls are proposed to run transverse to 

Indian Lake boat passage and parallel to SR273 (Long Island Dr). The cantilever height for the shoring is shown 

to be a maximum of 8.85 feet. Using this height, a minimum section modulus of 10.7 in3/ft and a minimum 

moment of inertia of 39.8 in.4/ft at the rear and forward approaches is required to resist the shear forces and 

bending moment. The minimum yield stress is 50 ksi, and the minimum embedment depth is 9 ft, making the 

required sheet pile length 18 feet (includes rounding up) at both approaches. 
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Table 1 provides a summary of the assumptions used for design and the results of the analyses. Note that the 

estimated top of wall elevations and minimum section lengths reflect only the height of soil retained. If 

additional wall length is desired at the top of the wall for freeboard, this must be added to the values. For 

example, if one foot of freeboard is desired, the minimum section lengths become 19.0 feet. 

Table 1. Temporary Shoring Recommendations 

Parameter Rear Approach Forward Approach 

Estimated Top of Wall Elev., 
excluding freeboard (ft) 

1,003.20 1,003.20 

Bottom of Excavation Elev. (ft) 994.37 994.35 

Retained Height (ft) 8.83 8.85 

Sheeting Tip Elev. (ft) 985.20 985.20 

Minimum Section Length, excluding 

freeboard (ft) 
18.0 18.0 

Minimum Yield Stress (ksi) 50 50 

Minimum Section Modulus (in.3/ft) 10.7 10.7 

Minimum Moment of Inertia 

 (in.4/ft) 
39.8 39.8 

 

Driven Pil es –  Rear and Forward Abu tmen ts :  

The recommended foundation type is 12" Cast-In-Place Reinforced Concrete friction driven piles at the Rear 

and Forward Abutments. Based on the provided bridge loads and, the estimated and order pile lengths are as 

follows (all piles are Steel CIP Piles conforming to ASTM A252 Grade 2 - Yield Strength 35-ksi).  

Substructure Unit 

(Boring/Sounding ID) 

Bottom  
of Pile  

Cap Elev. 

Ultimate 
Bearing 

Value 

Pile Tip 

Elev. 

Geotechnical 

Pile Length1 

Est. 

Length 

Order 

Length 

Rear Abut. 

B-001-0-22 

C-001-1-22 

994.37' 145 kips 944.37' 50.00' 55' 60' 

Forward Abut. 

B-002-0-22 

C-002-1-22 

994.37' 145 kips 955.37' 39.00' 45' 50' 

1 the Geotechnical Pile Length includes the Pile Cap Embedment depth of 2.00 ft. 

The estimated driving resistance as indicated by the driving losses would increase the length of the pile 

during driving by more than 10-ft at End of Initial Drive (EOID) to achieve the required pile resistance as 

compared to the UBV, thus we have accounted for pile setup in the design. See BDM 2020, Section 305.3.2.4. 

The EOID resistance and the anticipated waiting period related to the expected setup are summarized below: 

Substructure 

Unit 

UBV 

(kips) 

EOID 

(kips) 

Geotechnical 

Pile Length 

Ultimate 

(ft) 

Geotechnical 

Pile Length 

Driving 

(ft) 

Difference 

(ft) UBV/EOID 

Waiting 

Time 

(Days) 

Rear Abut. 145 105.75 48.00 63.00 15.00 1.37 7 

Forward 

Abut. 

145 99.03 37.00 60.00 23.00 1.46 7 
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We have performed GRLWEAP drivability analyses at both abutments using the minimum wall thickness of 

0.250-in. and steel closed-end CIP reinforced concrete pipe piles conforming to ASTM A252 Grade 2 - Yield 

Strength 35-ksi. We find that the driving stresses in the piles will not exceed the permissible driving stresses. 

The driving stresses must be kept below 90% of the steel yield strength per AASHTO LRFD Bridge Design 

Specifications Article 10.7.8. For Grade 2 Steel with yield strength of 35 ksi, the compressive driving stresses 

must be kept below 31.5 ksi.  

In accordance with the BDM Section 305.3.5.6, there is no need to protect the tips of the CIP piles, and conical 

points are not required for piling at the project site. 

 

C L O S I N G  R E M A R K S  

 

Add the geotechnical plan notes provided through this design memo to the Structures General Notes. Add the 

following estimated quantities to the project plans: 

Item Item Description Units 
Estimated Quantities 

Rear Abut Forward Abut Total 

503E11101 Cofferdams And Excavation Bracing, As Per Plan LS   LS 

505E11100 PILE DRIVING EQUIPMENT MOBILIZATION LS   LS 

507E00500 12" CAST-IN-PLACE REINFORCED CONCRETE PILES, DRIVEN FT 495 405 900 

507E00550 12" CAST-IN-PLACE REINFORCED CONCRETE PILES, 

FURNISHED 

FT 540 450 990 

523E20001 DYNAMIC LOAD TESTING, AS PER PLAN EACH 1 1 2 

523E20501 RESTRIKE, AS PER PLAN EACH 1 1 2 

 

 

If you have any questions, please feel free to contact either myself at 614-387-2379, or Alex Dettloff, at 614-

275-1308. 

    

Thank you,  
AAG 

 

PC: Reading File, File 

 

AT T A C H M E N T S :  

• Project Geotechnical Plan Notes. 

• A snapshot of ODNR Bedrock topography of the Roundhead, Ohio, quadrangle map at the project site. 

• Cone Penetration Test Soundings Report. 

• Project SPT Boring Logs. 

• SPT/CPT N60 Blow Counts – Depth/Elevation Graphs. 

• Temporary Shoring Selected Plan Sheets. 

• Site Plan: Bridge No.: LOG-273-0002 Over Indian Lake. 

• Temporary Shoring Stability Calculation. 

• Temporary Shoring - LPILE Graphical Output Results. 

• Pile Nominal Resistance versus Embedment Depth Graphs – SPT. 

•  GRLWEAP Drivability Analyses.    
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PROJECT GEOTECHNICAL PLAN NOTES: 

 

In the Design Data, provide the steel grade for the bearing piles and sheet pile as: 

STEEL SHEET PILES – ASTM A572 GRADE 50 - YIELD STRENGTH 50 KSI 

STEEL CIP PILES – ASTM A252 GRADE 2 - YIELD STRENGTH 35-KSI 

 

PILE  DESIGN  LOADS  (ULTIMATE  BEARING  VALUE):   

THE ULTIMATE BEARING VALUE IS 145 KIPS PER PILE FOR THE ABUTMENT PILES. 

REAR ABUTMENT PILES: 

 12"  CAST-IN-PLACE REINFORCED CONCRETE PILES,  60 FEET LONG,  ORDER LENGTH  

 1 DYNAMIC LOAD TESTING,  AS PER PLAN  

1 RESTRIKE, AS PER PLAN 

FORWARD ABUTMENT PILES: 

12"  CAST-IN-PLACE REINFORCED CONCRETE PILES,  50 FEET LONG,  ORDER LENGTH  

1 DYNAMIC LOAD TESTING,  AS PER PLAN 

1 RESTRIKE, AS PER PLAN 

 

PROVIDE PLAIN CYLINDRICAL CASINGS WITH A MINIMUM PILE WALL THICKNESS OF 0.250  INCH FOR THE CAST-IN-

PLACE REINFORCED CONCRETE PILES. 

 

PILES  DRIVEN  TO  FULL  ESTIMATED  LENGTH  WITH  PILE/SOIL  SETUP:  

THE ULTIMATE BEARING VALUE (UBV) IS 145 KIPS PER PILE FOR THE 12-INCH DIAMETER CAST-IN-PLACE 

REINFORCED CONCRETE ABUTMENT PILES.  PART OF THE UBV WILL BE ACHIEVED THROUGH PILE/SOIL SETUP,  

WHICH IS A TIME DEPENDENT INCREASE IN RESISTANCE THAT OCCURS IN SOME SOILS.   

NOTIFY THE ENGINEER AT LEAST 5 DAYS BEFORE DRIVING PILES SO THAT THE ENGINEER CAN NOTIFY THE 

DISTRICT GEOTECHNICAL ENGINEER,  THE OFFICE OF CONSTRUCTION ADMINISTRATION,  AND THE OFFICE OF 

GEOTECHNICAL ENGINEERING.   

DRIVE THE FIRST TWO PILES AT THE REAR ABUTMENT (R6 AND R9) TO THE FULL ESTIMATED LENGTH OF 55 FEET 

AND THE FIRST TWO PILES AT THE FORWARD ABUTMENT (F1 AND F4) TO THE FULL ESTIMATED LENGTH OF 45 

FEET.  PERFORM DYNAMIC LOAD TESTING ON BOTH PILES AT EACH ABUTMENT WHILE DRIVING.  AFTER DRIVING AND 

TESTING THE FIRST TWO PILES,  DRIVE THE REMAINING PHASE 1 PILES IN THE SUBSTRUCTURE TO THE SAME DEPTH 

AS THE FIRST TWO PILES.  AFTER DRIVING ALL PILES TO THE ESTIMATED LENGTH,  CEASE ALL DRIVING OPERATIONS 

AT THE SUBSTRUCTURE FOR A PERIOD OF 7  DAYS.  INCLUDE THE WAITING PERIOD AS A SEPARATE ACTIVITY IN THE 

PROGRESS SCHEDULE.  AFTER THE WAITING PERIOD,  PERFORM PILE RESTRIKES ON BOTH OF THE FIRST TWO PILES 

AT EACH ABUTMENT (ONE RESTRIKE ITEM).   

SUBMIT ALL TEST RESULTS TO THE ENGINEER.  IF THE RESTRIKE TEST RESULTS INDICATE THAT BOTH PILES 

ACHIEVED THE REQUIRED UBV,  ALL PILES IN THE SUBSTRUCTURE MAY BE ACCEPTED BY THE ENGINEER.   

IF THE RESTRIKE TEST RESULTS INDICATE THAT EITHER OF THE TWO PILES DID NOT ACHIEVE THE REQUIRED UBV,  

IMMEDIATELY NOTIFY THE ENGINEER SO THAT THE ENGINEER CAN NOTIFY THE DISTRICT GEOTECHNICAL 

ENGINEER,  THE OFFICE OF CONSTRUCTION ADMINISTRATION,  AND THE OFFICE OF GEOTECHNICAL ENGINEERING.  
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THE ENGINEER WILL REVIEW THE TEST RESULTS AND ESTABLISH ADDITIONAL RESTRIKE TESTING OR DRIVING 

CRITERIA FOR THE PILING IN THE SUBSTRUCTURE WITH THE ASSISTANCE OF THE DISTRICT GEOTECHNICAL 

ENGINEER,  THE OFFICE OF CONSTRUCTION ADMINISTRATION,  AND THE OFFICE OF GEOTECHNICAL ENGINEERING.   

IF DIRECTED BY THE ENGINEER,  PERFORM ADDITIONAL RESTRIKE TESTING OR DRIVE ALL PILES IN THE 

SUBSTRUCTURE TO THE ESTABLISHED DRIVING CRITERIA.  THE DEPARTMENT WILL PAY FOR SPLICING OF THE PILES 

BEYOND THE ESTIMATED LENGTH PROVIDED IN THE PLANS UNDER C&MS 109.05 WITH A NEGOTIATED PRICE PER 

SPLICE.   

THIS PLAN NOTE INCLUDES A QUANTITY OF ONE EACH ITEM 523 DYNAMIC LOAD TESTING,  AS PER PLAN AND A 

QUANTITY OF ONE EACH ITEM 523 RESTRIKE,  AS PER PLAN PER EACH SUBSTRUCTURE UNIT. 
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A SNAPSHOT OF ODNR BEDROCK TOPOGRAPHY OF THE ROUNDHEAD, OHIO, QUADRANGLE MAP AT THE PROJECT SITE 
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TEMPORARY SHORING STABILITY CALCULATION 

 

Distributed Lateral Loads Calculation: 

 Rear Approach (B-001-0-22)  

 At Ground Surface (0.0 ft) At Design Grade (8.83 ft) 

 Unfactored Factored Unfactored Factored 

Horizontal Earth 

Pressure 
0.0 0.0 

353.16 lb/ft  

(29.43 lb/in) 

529.75 lb/ft  

(44.15 lb/in) 

Live Load 

Pressure 

83.33 lb/ft  

(6.94 lb/in) 

145.83 lb/ft  

(12.15 lb/in) 

83.33 lb/ft  

(6.94 lb/in) 

145.83 lb/ft  

(12.15 lb/in) 

Total Pressure 
83.33 lb/ft  

(6.94 lb/in) 

145.83 lb/ft  

(12.15 lb/in) 

436.49 lb/ft  

(36.37 lb/in) 

675.58 lb/ft  

(56.3 lb/in) 

 Forward Approach (B-002-0-22)  

 At Ground Surface (0.0 ft) At Design Grade (8.85 ft) 

 Unfactored Factored Unfactored Factored 

Horizontal Earth 

Pressure 
0.0 0.0 

353.96 lb/ft  

(29.50 lb/in) 

530.94 lb/ft  

(44.25 lb/in) 

Live Load 

Pressure 

83.33 lb/ft  

(6.94 lb/in) 

145.83 lb/ft  

(12.15 lb/in) 

83.33 lb/ft  

(6.94 lb/in) 

145.83 lb/ft  

(12.15 lb/in) 

Total Pressure 
83.33 lb/ft  

(6.94 lb/in) 

145.83 lb/ft  

(12.15 lb/in) 

437.29 lb/ft  

(36.44 lb/in) 

676.77 lb/ft  

(56.40 lb/in) 

Where: 

Rear Approach: 

��� = lateral earth pressure �psf� =  � ��  �, 353.16 psf  .......................................................................................... (3.11.5.1-1) 

���,��������= ∆  ! ���  = 529.75 psf 

h = maximum effective or “notional” retained height behind the wall (8.83 ft) 

H = maximum face height of the wall (8.83 ft) 

Forward Approach: 

S = Pile Spacing (ft), 1.0 ft. 

��� = lateral earth pressure �psf� =  � ��  �, 353.96 psf  .......................................................................................... (3.11.5.1-1) 

���,��������= ∆  ! ���  = 530.94 psf 

h = maximum effective or “notional” retained height behind the wall (8.85 ft) 

H = maximum face height of the wall (8.85 ft) 

Rear and Forward Approaches: 

S = Pile Spacing (ft), 1.0 ft. 

�� = total unit weight of soil (pcf), 120 pcf 

k = coefficient of lateral earth pressure, 0.3333 

���  = Active Horizontal Earth Pressure Load Factor, Strength I, 1.50 ................................................................................ (Table 3.4.1-2) 

δ = friction angle between fill and wall (degrees) = 0 degrees for non-gravity cantilever walls .................... BDM Section 307.1.1 
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β = angle of fill to the horizontal as shown in Figure 3.11.5.3-1 (degrees), 0.00 degrees (0H:1V slope of fill) 

θ = angle of back face of wall to the horizontal as shown in Figure 3.11.5.3-1 (degrees), 90 degrees. 

ϕ#
$

 = effective angle of internal friction (degrees), 30 degrees. 

�%% = Live load surcharge (psf), 83.33 psf 

�%%,��������= ∆  ! �%%  = 145.83 psf 

�%% = (Δp = k*ɣs*heq) heq = 2.0 ft  ................................................................................................. AASHTO Table 3.11.6.4-2 and BDM 307.1.1 

�%%  = Live Load Factor, Strength I, 1.75 ......................................................................................................................................... (Table 3.4.1-1) 

 

Sheet Pile Section Analyzed: 

Section 

Section 

Nominal 

Width 

Section 

Depth 

Web 

Thickness 

Flange 

Thickness 

Per foot of Wall 

Area 

(in2) 

Weight 

(lb) 

Moment of 

Inertia (in4) 

Section 

Modulus(in3) 

Dw 

(in) 

Dwtw 

(in2) 

PDA27 16 5 0.375 0.375 7.94 27.0 39.8 10.7 4.25 1.195 

 

Section Modulus, Sx = 10.7 in3 

Fy = 50 ksi, &$  = 0.90, For flexure resistance (AASHTO LRFD Table 11.5.7-1), &'  = 1.00, For shear (AASHTO LRFD 6.5.4.2)  

LPILE output Summary, Service I Rear Approach Forward Approach 

Pile-head deflection 0.79265460 inches 0.69499705 inches 

Computed slope at pile head -0.0070137 radians -0.0063536 radians 

LPILE output Summary, Strength I Rear Approach Forward Approach 

Maximum bending moment 202987. inch-lbs 194987. inch-lbs 

Maximum shear force 7104. lbs 7337. lbs 

Depth of maximum bending moment 10.80 feet below pile head 10.44 feet below pile head 

Depth of maximum shear force 12.78 feet below pile head 12.06 feet below pile head 

Strength I Checks - Rear Approach: 

Maximum bending moment = 202987 inch-lbs = 202.987 inch-kip 

Maximum shear force = 7104 lbs = 7.104 kip 

Sx required = 
()*+

,-�.
 = 

/0/.234

0.20 5 60
 = 4.51 789 < 10.7 789 (Good) 

Dwtw required = 
>)*+

0.63 ,?�.
 = 

4.@0A

0.635@.00 5 60
 = 0.245 78/  < 1.195 78/ (Good) 

Strength I Checks - Forward Abutment: 

Maximum bending moment = 194987 inch-lbs = 194.987 inch-kip 

Maximum shear force = 7337 lbs = 7.337 kip 

Sx required = 
()*+

,-�.
 = 

@2A.234

0.20 5 60
 = 4.33 789 < 10.7 789 (Good) 

Dwtw required = 
>)*+

0.63 ,?�.
 = 

4.994

0.635@.00 5 60
 = 0.253 78/  < 1.195 78/ (Good)  
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TEMPORARY SHORING - LPILE GRAPHICAL OUTPUT RESULTS 

 

Rear Approach (B-001-0-22) Service Limit Check: 

 

 

Rear Approach (B-001-0-22) Strength Limit Check: 
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Forward Approach (B-002-0-22) Service Limit Check: 

 

 

Forward Approach (B-002-0-22) Strength Limit Check: 
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P I L E  NO M I N A L  RE S I S T A N C E  VE R S U S  E M B E D M E N T  D E P T H  G R A P HS  –  S PT  
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GRLWEAP  D R I VA B I L I T Y  A N A L Y S E S  

 

 


