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Outline 

• INDOT Driven Pile Practices 
• Currently Available Approved Devices 

• SmartPile Inspector by Smart Structures 
• E-Saximeter or SAX-Q by PDI 

• Automated Pile Driving Data collection projects 
• E-Construction – Current Work at INDOT 
• Data Management 
• Future Plans 
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INDOT Driven Pile Practices 
701.08 Requirements: 

When the nominal driving resistance is determined in accordance with 
701.05(a), for acceptance, the Engineer will record, at a minimum, the 
number of hammer blows per inch or per foot of pile movement for the 
last 24 in. of driving. 

When the nominal driving resistance is determined in accordance with 
701.05(b), for acceptance, the Engineer will record the blow count per 
inch or foot of pile movement and the associated hammer stroke for 
the last two consecutive feet of driving, and the final pile tip elevation 
as per the pile driving criteria established through the dynamic pile load 
test. 



   
  .. ...., ( l~ •j ' 

felt 8boa :RUa/ ,,.... 
I . 

. . 

. ' 
4.0 • iJl 
.0 • . o 
0 • . 

. 
- I 
• 1. 
• I 

• l 

• 1 
14.0 • 15.0 
15.0 • 16.0 

• I 

• I 

- J 

Li - ~ 
~n. >t 

.Q. 
.0 . 
_o. 
0-

lS.O. 
LI • . . 
Li I • .o 
IJ I • u 
n.n. 
1. . 

. 
l O • "1l. 0 

T..,_-'5_-,= 11:ut 1111111 b J.•e:::_ .... ,._ 7:~ 

c.omnldl felt ..,_ lifflD/ OXM•a Prllllan . . . 
. 
• 40.0 

I• • 4 
1, ., 

. ·-~ , 

. ' '° u - ' ""' i ~., 

1, ., LIi 
1, .. -::t .... 
1, -
14 IJ • 

14 IJ • 9).J . 
Clift ... , 

39.1 -40.0 
40.0 - 41.0 
41.0 -42.0 
42.0 -43.0 5-=t .~ 
43.0 44.0 c;o ' - ' 
44.0 - 45.0 ryb ) ·5 
45,0 -46.0 (_-, 4 ' 
46.0 - 47.0 -::,o £: 

47.0 • 48.0 
48.0 -49.0 
Al'\ I c:n n 

IE', • 1111 0 
llilL -6 .n 
69 .7 .Cl 

~ 

~ 

~ 

~ 

r.-..n Nextlevel 
~INDIANA 

INDOT Driven Pile Practices 
• Current Pile Driving Records IC-225 
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INDOT Driven Pile Practices 
1995 INDOT Standard Specifications: 701.04 (d) 

P = 2E/(S+1.0) (For Diesel Hammers) 

Use of the above ENR formula ended effective March 14, 1996. 

The following were introduced in March of 1996: 

• The current dynamic formula (ISS 2022) - FHWA Gates Formula 
701.05 (a ) 

= 1.75 √ E x (log 10N) – 100Rndr 

• Dynamic Pile Load Test, PDA, 701.05 (b) and 

• Static Load Test 701.05 (c). 
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INDOT Driven Pile Practices 
Dynamic Formula 701.05(a): 
What is not considered? 

• Pile Properties 
• Material 
• Dimension 
• Length 

• Soil Properties 
• Soil Type 
• Strength 

• Hammer Efficiency 



   

  

 

   

Pile Driving Analyzer 
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INDOT Driven Pile Practices 
• Dynamic Load Test 701.05(b): 

What is considered? 

• Pile Properties 

• Soil Properties 

• Hammer Efficiency 

• Driving stresses, hammer 
performance, bearing resistance 
& Structural Integrity are 
assessed. 
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INDOT Driven Pile Practices 
• Static Load Test 701.05(c): 

This test is always done in 
conjunction with dynamic pile 
load test 701.05 (b). 
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INDOT Driven Pile Practices 

LRFD Resistance Factors (AASHTO): 

• ENR Formula – 0.10 : INDOT does not use this. 

• Gates Formula – 0.40 (0.55 - INDOT) 

• WEAP (no PDA) – 0.50 : INDOT does not use this. 

• PDA (2% of piles) – 0.65 (0.70 - INDOT) 

• PDA (100% of piles) – 0.75 

• SLT (1 pile) – 0.75 

• SLT (1) and PDA (2%) – 0.80 
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E-Construction 
As stated in the March 18, 2021 edition of EDC News Weekly 
Newsletter: 

• "Using electronic or digital processes simplifies handling and 
integration of pile driving data into construction management or 
document management systems for acceptance, payment, and 
source documentation helps States reap the benefits of the efficiency 
and transparency of e-Construction.“ 
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Smart Pile Inspector 
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E-Saximeter – SAX- Q 



     Automated Pile Driving Data Acquisition Devices 
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Use of Smart Pile Inspector – Fort Wayne District 



       

@ 
Dm-, '11',129/2021 

INDIAtM IIIPARTM ENT OF TIIANSPORJA.TIO, 
PILE ll(RM , G R~CORD 

l8mt/P:IH II,. 

CmrtnctNoc ____ T_BD ___ _ 

Tei PIie~ tlo ----------- -----------
Joftlutw'lr. Flle Ni,. : ~ir~DD~-------------------------------------

Plll! TJ?I!! ___ 12_ , _53_"_S_t'"'1 __ _ Lmglh, __ 5_7.00 __ _ 

Hammer: APE D1 M2 --------- ltmd!Energr. ____ ,_7 __ 1_3 ___ _ O~i1ngR■tl! : _______ 60 ______ _ 

Hammer Canhlon T~ Blul! po.1y i!i fill Alutniflui't'I ,. ---'-lraol_o'--_.io PII! CudllonTJPI!: ___ W:_ 'A __ _ to __ T_B_-----'ln 

PiloSupplloe _________________ _ Plltllr.■tNo.~ _________ TB_D ________ _ 

Pile Tip Arta.c_nt<, ______ _.T.cD._D ______ _ PlleCnl Hltollng l>.a'tr.: _______________ _ 

Nanilnal Driving illr.l&ilanCI!~ ____ T~D~□~ ___ ICJµ 

Wnih.n: Teaiper•~ ______ "F Sl&rt Ilm 09:U AM, 

Fnt Bl- Slrilke~P~ CamnHl'lts fMl e1 ..... Sl'ml.'efPtr.isu~ 0umnHl11!1 

6.00 - 7,00 12 ol.83 

7.00 - 8.00 1 4..7B 

8,00 -9.00 7 ol.82 
9 .80 - 10 .00 9 4..~ 

10,00 - 11,00 1 II.DD 

1~.00 - 15,,00 15 6-05, 

15,00 -1 6,00 17 6-0-4 
16.00 - 17.00 17 6.26 

17.00 - U OO 20 ~ 

18,00 - 19,00 24 6.,57 

19,00 - 28,00 27 me 
20.00 - 21.00 32 7_1, 

21,00 - 22.00 34 7.28 

22.00 - 23.00 37 7.21 

23.00 - 24,00 '9 &.OB 
24,00 - 25,,25 23 8.28 

Mh.. TI) IOn-.: +H7.00 fila l Tip En..! ♦746..72 Pae ~ I Eln.! 

Fln.llPOe Al...,1!11~ ___ T DD___ Fm■I PllirPluibnn!I~ BO lnb!md .,spect:1an~ TBD 

Has ■ plltt--riew skrt~h al 11,1! foot ing md pllk1g bc.a'liJn lbHn comp4irted D11 'ltlil! b■ck of Ith f'Clffl'lf 
Piwlred Name: Oai-1 Rt)liet'lsm Tltte: -------------------
Slgn■lsl!! ____________________ _ D■II!'. ----------'06/2=cc9l20= 2'-'1 _______ _ 

INOIANA DEPARTMENT OF TRAl'ISPORTATION 
PILE DRIVING RECORD 

Cootn1ict No .. : ___ '-'-'---

BHl/PIHNo.. __________ Tut Pll4t.: ______ No ____ _ 

Htlmot W>lglll: IBD ___ Klps 

Hammer: APE 819~2 Rited Enorgr: ____ 47_.1_3 ___ _ Operating Aatit: _______ 6_0 _____ _ 

Pia. Cushion Typa: ___ N_JA __ _ Ha.mm11 Clt!I hlon Type: Bhse poly and Alwnlnwn t• [n -~--- t• BD [n -~--
PlloSuppUor: ________________ _ PIIII Heat No.: --------~~-------
PUeTipAttlchfflllll!I : ------~_D _____ _ PUt Cu Io r RoIIn;01 t 1 ·: ______________ _ 

Nomlul Drhin; RHl.st.lncr. ------'-= ----Kfp 

weather: 

De!ilgn Load: ---'--'-'----'Kip 

Stop Tl.1111: __ ~12~:3~1 ~p"'~--Temp1nture: _____ •F Sta:rt llme: -~1~2:~21~P~u~_ 

Fffl Blows Strokt/Prt.nure Comment, Fffl Blows Skol;t/Pre.ssl.l't ComlMl!ts 

0.00 - 1.00 1 0.00 

2,00 - 3.00 2 4.41 

7,00 - 8,00 4 4,06 

8.00 - 9.00 12 4.27 

9 .oo - 10_00 3 4,72 

10,00 - 11.00 8 4,60 

11 .00 - 12.00 8 5.00 

12,00 - 13.00 9 5.18 

13,00 - 14,00 11 5.20 

1..00 - 15.00 12 S..1 

15,00 - 16,00 13 5,58 
16,00 - 17,00 16 5,87 

17.00 - 18.00 16 5.99 

1 B.00 - 19 .00 17 6,06 

19.00 - 20 .00 20 6_26 

20.00 - 21.00 2A 6.71 

21,00 - 22.00 26 7.01 

22,00 - 23 ,00 36 7,55 

23.00 - 24.00 20 7.71 

Min_ TipEJn.: ____ +_757_ .o-o~ --

Flnll Pill Allgnmont: ___ rail_~--
Flnll Tip EIIT_: 

Flnll Pllt PlumbMn: ----~---
.+746.97 

Hu a pLar.-rin isbtch of the faothaig and plllng kicatlon boten completed on tht back of thl1 form? 

PU1CutoffEln.: 

lnl ttllll tns:pec:tlon:c=,;---~-B_D ___ _ 

B 
l>rintl'd Name: Don Robertson Tltlt: ------------------Slg.MtLl't:: __________________ _ Dile: -------~0~6/29= /2~02= 1 ______ _ 
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Data Collection – Pile Driving Record Form IC 225 



     

BIRIDGE PLAINS 
ROUTE: US 41 SB 
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Use of Smart Pile inspector – Vincennes District 



       
IC 215 {ll4/09) 

@ 
Dal■: 10/07/2021 

IN OIA!IA. !IEP/IRTMEtlT Of TI\AN~ RTA noo 
PILE DRIVING IIECORD 

Con:trad Na,..: ___ 3_8_571 __ _ 

la.ntJ'P[• No~ ___________ T ■st Pi l■ : ______ o_, ____ _ 

Jab LoaJlr. Ae Na. : US -41 OYl!I Pigeon C.:.~ k 

PH• TIJIC ____ 1_4_" H ___ _ Lonpc __ l_5._IIO __ Halmet •ivht: _______ Kil" 

lluimer: 11a1..i rn.-w: ____ 1_u_,2 ___ _ Ojllnl lnjj R■tr. _______ 60 ______ _ 

1trCushlnlllJP■ : ,. 
----- Pip■ Thi:k11H1: 0.0 

Pil • Tip A.t1adimanti:: PU., M-■t Ha.: ------------------
Nominal Drtring Rfth:l■nc■ : _________ ICijl R■cistancci F■crtar. ------- l)n{\J'llo■d : _______ Kl' 

'l'■athar. r...,-... , ______ 'f Sta1lima: __ 1_1'2S_ A_M_, __ S~1Timr. ___ 11_~_B_AM __ _ 

F■ot ...... -- ea..-. FNt 1Blow1 Stmhi'Pfftlitn Comrmn:111 

33.00 • ilt .DO 5 3 :91 12.00 - n.oe 16 S:93 

38.00 - 311 .00 3 2 • .31 72.17 - 72.25 1 IL40 

39.00 - .<:i .OO I • .64 72.25 - 72.33 1 U 1 

40.00 - • LD O 10 , ,48 72. 42-72.50 I 6Ali 
41.00 - t l ,00 11 • . 64 72.58 - 72.66 I IL31 

42.00 - 43 .DO 12 • .6S 72.75 -72.83 1 IL40 

43.00 -L<.DO 10 , ,6S 72.83 -72.91 I IL32 

44.00 -i5.00 1D U 1 72.!1 • 73.00 1 IL2D 

45.00 - <Ji .OO 10 u o 73.00 - 73.08 2 U l9 

46.00 - •7 ,00 1 0 • .82 73. 0B - 73.16 2 IL2.9 

47.00 - <:B ,00 6 , _91 73.16 - 73.25 2 IL29 

48.00 - ~ ,00 5 • . 63 73.25 - 73.33 2 IL44 

49.oo -~.Do 10 , ,90 73.41 • 73.49 I IL56 

50.00-51 .00 11 • .16 73. 49 - 73.58 3 IL45 

51.00 - 52.00 11 • .81 73.66 - 73.14 1 IL6B 

52.00 - Sl.DO 11 • :96 73. 74 - 73.83 2 IL58 

53.00 - s; ,oo 11 5_106 73.83 - 73.91 2 us 
54.00 - 55 ,00 1 2 • :94 73.!1 - 73.99 11 U2 

55.00 - 56.DO 11 U7 73.99 -7'1-.08 • IL94 

56.00 - 51.DO 11 u a, 74.08 -74.16 5 6:96 

51.00 - SB .DO 10 • :90 74.16· R24 • 6:91 

58.00 • 59 ,00 1 0 • .18 7~.24-R32 6 7.1! 

59.00 - 11:1.00 g •. ,4 74.32 - 74.41 6 7.23 

60.00 - 61.DO g •. ,4 74.41 • R49 1• 7.50 

61.00 - 62,00 9 , .61 7~_49 .r,i._51 1 5 7.71 

62.00 - 63 ,00 I • . 57 74.57-7<.66 • 1 !1.1 0 

63 .00 - 6' .00 I • .64 74.66 - 7'.14 3 ue 

54.00 -65.00 g , ,42 

65.00 - 66 ,00 I , ,46 

66.00 • 67 .DO I 0 .52 

67 .00 - 6!.DO 7 "42 

68.00 - 69 ,00 5 . ,47 

69 .00 - 1\:1 .00 22 5.81 

70.00-71.00 23 6.101 

71 .00 -72,00 1 5 5.76 

llln. i., o..a ♦34U5 Fln■ l 1'> lie,.: f3(1S;61 IPH■· OutaHEl■r~: +382..35 ...... y,mont Flnal PIie PlulllMllfH: Yes lntanal llo,,poctkxl: 

Prinlltd Namr.: Mir Zahee11 TIii■ : 

Sl!i91.iw■: IDalll : 01111-'12022 

1C1'iS (iJ4itll) 

l llrOJ/2021 

" 
Standard N.otes: 

l •Pit llari 
n, f2, F3, F4 • (Fuel S.rtiogs 1-4) 
SY.S"'f' 
CC • Custiiori tb!:rlge 
HR • Mil~ Aebou d 
TP • l e~ Pie 
OC • DriYirigDi~ ia 
PR • Pfil~ill ~ lu!i!I 
SC • Slil eht!t:k 
DLT • ~ • Ulodle,I 

User D@fined Notes 1 through 2:0: 

I. 

2. 

3. 

4 . 

5. 

,6, 

7. 

8. 

'9, 

I D. 

II . 

12. 

13. 

IS, 

17. 

IB. 

19. 

2D. 

INDWIA DePARThtetfJ OF TIIANSPOJITATION 
Pa.EDlil 

.Stlnd 11rdiNalrs11.nd Uss O~met:1 1!1 l 1hrnugh20 

Bent-'Jl1e,IIJ,.. Test Pile: ... ---------
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Data Collection - Pile Driving Record – Form IC 225 



     

IC 225 (04/09) 

Contract N:o .. : 38135 Pro:ject Number: -----
IPile Footing Sketch: 

Generali Remarks: 

IN DIANA DIEPARTMEN10 TRANSPOR1 ATION 
Pl LIE DRIVING RECORD 

Piile Footing Ske ch 

200051 4 Bent/Pier No .. 

[I] w w [I] [TI 

[I] [I] [I] IT] 

[IgJ DI] Im 
U1] [HJ 

Page 3 

11 P'le Number:: C -----
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Pile Driving Record – Form IC 225 



   

W SANT~ lttJ r- Ot:OL<Ho LN 

th II k 

_J 

LAl<C~ C: ~ ,, .. .. 
~ ii"' 

11 I ,.,<> 
..,,t; 

t;_ .. 

~ 

STRUCTURE 49-4506-L 

S. BELMONT AVE. OVER LITTLE BUCK CREEK 
STA. 24 61.51 LINE "SOUTH PORT CO ECTOR-C'' 

J 

1" = 2000' 

BIRI DG:E PLAINS 
ROUTE: S. BELMONT AVE. 

PROJECT LOCATION SHOWN BY --

LATITUDE: 39°40'00" N LONGITUDE: 86° 11'49" W 
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Use of Esaximeter SAX-Q – Greenfield District 



       

Pile No.: 

Date: 12/ 13/ 2021 

Job Loc./Br. File No.: 

Pile Type: -----

INDIANA DEPARTMENT OF TRANSPORTATION 

PILE DRIVING RECORD 

Bent/Pier No. ____ Be_n_t_l __ _ 

14"x0.375" CEP Length: __ 7_0_.2_5_ 

Page 1 

Contract No.: R-41536 
--------

Test Pile: Pi le 1 

Helmet Weight : __ 3_.1_5 __ kips 

Hammer: D 30-32 Rated Energy: 75.44 Operat ing Rate: Fuel Sening - 2 

Ham mer Cushion Type: Aluminum t = __ l _.0_OO __ in Pile Cushion Type : M icarta t = 1.000 in 

Pile Supplier: Pi le Heat No.: 

Pile Tip Attachments: Conical Tips Pi le Cast or Roll ing Date: ________ _ 

Nominal Driving Resistance: __ 3_8_0 __ kip Resista nce Factor: __ o_.7 __ Design Load: ___ 2_5_5 ___ kip 

Weather: Sunny Temperature: __ 5:.,_l_.o:...oc,__ ' F Start Time: 12:00:00 PM Stop Time: 12:20 PM 

Feet Blows 
Stroke/ 

Comments Feet Blows 
St roke/ 

Comments 
Pressure Pressure 

0 8 2 0.000 38 39 26 7.389 

8 9 3 8.704 ing paused, Restarted re 39 40 25 7.270 

9 10 10 0.000 40 41 23 7.657 

10 11 7 5.054 41 42 33 7.750 

11 12 5 6.273 42 43 50 8.208 

12 13 5 7.249 d recording, Record ing p 43 44 58 8.051 

13 20 62 6.422 ing pau sed, Restarted re 

20 21 8 5.387 

21 22 11 7.339 

22 23 12 7.039 

23 24 12 7.050 

24 25 12 7.146 

25 26 14 7.301 

26 27 17 7.223 

27 28 12 7.367 

28 29 16 7.377 

29 30 12 7.325 

30 31 21 7.220 

31 32 19 6.730 ing paused, Re.started re -
32 33 0 0.000 Recording paused 

33 35 26 6.248 Restarted recording 

35 36 3 6.226 

36 37 14 6.687 

37 38 21 7.598 

M in. Tip Elev.: EL 645.0 Final Tip Elev.: EL 633.95 Pile Cutoff Elev.: 

Final Pi le Alignmen t: Final Pile Plum bness: Internal Inspection: ______ _ 

Has a plan-view sketch o f the foot ing and p il ing locat ion been completed on t he back o f t his fo rm ? 

Printed Name: 
-----------------

Ra hu l Yadav Tit le: ___ S_t_aff_ E_ng~i_n_ee_r_-_G_R_L_E_n~g~in_e_e_rs __ _ 

Signature: _ Rahul Yadav ______________ _ Date : _ 12/ 13/2021 _____ _ 
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Data Collection - Pile Driving Record – Form IC 225 
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E-Construction 
• e-Ticketing for materials delivery 

• Working with vendor HaulHub to pilot/test 
• Digital dashboard displays electronic delivery tickets 
• Eliminates need for paper tickets 
• Automated daily calculations, etc. 

• AASHTOWare Project (AWP) Construction and Materials 
• Currently use AASHTO SiteManager 
• AWP is web-based replacement for SiteManager 
• Currently gathering requirements for implementation 
• Anticipated roll-out to production Jan 2023 
• Daily work reports, project costing, payment, etc. 
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E-Construction 
• Field Assistant Application 

• In-house developed and maintained 
• Allows construction inspection in offline mode 
• Several different modules (Daily work reports, materials, Stormwater Mgmt) 
• Provides data to AASHTO SiteManager database 
• Once AASHTOWare Project is implemented Field Assistant will be updated 

• I-69 Finish Line Project 
• Piloting Autodesk BIM360 

• Construction management software from design to construction inspection 
• Mainly used as a communication tool between all parties involved, Contractor, INDOT, FHWA, 

etc. 

• Testing new technologies 
• 3D CAD models 
• Drone/UAS imagery, 
• GIS Asset Collection 



 

s 
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Data Flow 
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Data Flow 
• Example GIS Application 



 

# 298 

i. Bent#: 1 I Pile#: 2 
• Contract#: 298.00 
• Latitude: 41.01 

Longitude: 84.89 
Pile Length: 57.00 

2 Ref Elev: 771.97 
o Min Tip Elev: 757.00 

Pile Head Elev: 806.91 
Pile Tip Elev: 749.91 
Pule Cutoff Elev: 
Final Depth: 21.00 - 22.06 
Final Blows: 4.00 
Final Stro e: 7.47 

IC-225: IC-225 pdf document 
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Data Flow 
• Example GIS Application 
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Future Plans 
• Developed Unique Special Provisions to include Automated Pile 

Driving Data Acquisition Device as the data collection device for all 
pile driving operation. 

• Selected few contracts that will are let Construction starting March 
2022 as demonstration projects. 

• Future tool that will greatly support data analyses for reuse of existing 
foundations 
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Future Plans 
USP Highlights: 

Monitoring of the piling installation shall be performed by the 
Contractor. 

Documentation shall be submitted to the Engineer daily in accordance 
with 701.06(c). 

The daily collected data from the driving process shall be stored and be 
available for use by the Engineer in real-time during the life of the 
contract. 

The data files shall be transferred to the Department, in an acceptable 
format after completion of the contract for permanent storage. 
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USP Highlights 
Documentation Required: 

• Digitally produced drawing of numbered piling and location descriptions as 
shown on the plans. 

• Time stamp with date along with start and stop times of pile installations. 

• Elevation of ground at the top of the piling installation. 

• Length of the driven pile. 

• Blows per minute. 

• Stroke for open-end diesel hammers. 

• Final equivalent blow count for the last 20 blows. 

• A digital copy of each day’s driving operations in a non-editable electronic PDF 
format. 
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Reuse of Existing Foundation 

Reuse of existing foundations is currently the biggest driver, and this 
may present a significant cost and time savings in transportation and 
building industry for structures rehabilitation efforts. 

This has strong sustainability credentials. 

Reduction in new concrete, steel for substructures and omission of 
foundation piles and pile caps. 



  
 

 

r.-..n NextLevel 
~IN DIANA 

Reuse of Existing Foundation 
Availability and verification of existing foundation information: 

• Foundation designer’s records 
• Foundation Contractor's record 

• Evaluation of original/existing and proposed loading 

• Evaluation of Existing Foundation Capacity with Scour 

• Site investigations required to establish as-built existing foundations 
and site/ground condition 

• Availability of ground deformations and monitoring information 

• Risk Management 
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