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Terms

= ASD - Allowable Stress Design

= LRFD - Load Resistance Factored Design

= Nominal Axial Resistance (LRFD) = Ultimate Capacity (ASD)

= Wave Equation Analysis Program (WEAP or GRLWEAP)

= Pile Wave Analysis = Preconstruction Wave Equation Analysis

= Dynamic Pile Testing = High-strain Dynamic Pile Testing
= Pile Driving Analyzer (PDA)




Pile Wave Analysis

= Preconstruction

= During design — confirm
designed pile is drivable
= Pending construction —

confirm contractor’s
hammer can drive the pile

= Refined

= Analysis based on high-
strain dynamic pile testing
results




Analysis Goals

= Achieve nominal axial resistance

= Drive pile to an acceptable terminal driving resistance
= MoDOT’s is 2 to 10 blows per inch (bpi)
= ArDOT’s is 2 to 12 bpi

= KYTC’s is two consecutive Y:-inch, or less, in 5 blows

= Drive the piles within the allowable driving stress
= Steel piles

= 0.9f, in compression and tension
* Precast prestressed concrete piles (ArDOT/TDOT/MDOT)
= 0.85f’c-f,, in compression

= Fp+ 3.0(f’c)%5 in tension




751.36.5.11 Check Pile Drivability

Drivability of the pile through the soil profile can be investigated using Wave equation analysis program or other available software. Designers may import soil resistances from a static analysis program or input soil values directly into Wave equation analysis program to
perform drivability.

If s0il values are to be directly input into Wave equation analysis program, enter in values of sand and clay layers with specific values of cohesion or internal friction angle or just by uncorrected blow count values obtained from borings.
Crivability analysis shall be performed for all piles (bearing pile and friction pile) using the Delmag D19-42 hammer and the Delmag D30-32 — Heavy Hammer.

Use soil profiles from borings and mimic soil characteristics as closely as possible for computations or in software to perform drivability analysis of any kind of pile.

Structural steel HP Pile:

Drivability analysis shall be performed for two cases:

1. Box shape
2. Perimeter

Drivability shall be performed considering existing condition without considering any excavation/ disturbance (i.e., possible disturbance to top 5 feet of soil from MSE wall excavation prior to driving pile), liquefaction or future scour 10ss.
Hammer types:

Pile Driving Hammer Information For GRLWEAP

Hammer used in the field per survey response (2017}
GRLWEAP ID Hammer name No. of Responses
41 Delmag D19-42" 13
40 Delmag D19-32 5}
38 Delmag D12-42 4
139 ICE 328 4
15 Delmag D30-32 2
Delmag D25-32 2
127 ICE 30S 1
150 MKT DE-30B 1
1 Delmag series of pile hammers is the most popular, with the D19-42 being the most widely used.

Hammer usage in the field will be surveyed every five years. The above results will be revised according to the new survey and the most widely used hammer will be selected for drivability analysis.

The contractor is responsible for determining the hammer energy required to successfully drive the pile to the minimum tip elevation and to reach the minimum nominal axial compressive resistance specified on the plans. The contractor shall perform a drivability analysis
to select an appropriate hammer size to ensure the pile can be driven without overstressing the pile and to prevent refusal of the pile prior to reaching the minimum tip elevation. The contractor shall plan pile driving activities and submit hammer energy requirements to the
engineer for approval before driving.

Practical refusal is defined at 20 blows/inch or 240 blows per foot.

Driving =hould be terminated immediately once 30 blows/inch is encountered.




= Drive System
= Hammer
= Helmet assembly

= Hammer and pile
cushion

= Pile
= Soil
= Static resistance

= Dynamic Resistance

WEAP Model
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Rt. TT over Belle Fountain Ditch N
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Select from following list [5/3/2015-2003]; io: |
10 | Mame | Type | Ram "t | Energy/Power | -
4 DELMAG D 15 OED 3.300 27.093 |:| "
5 DELMAG D 16:32 0ED 3520 40138 DELMAG D 16-32
B DELMAG D 22 OED 4.910 40.606 A%
—Hammer p r~ Resistance Gain/Loss Factors
Shaft 2.00 in
Effi
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Stioke  (NRCENN t eabie g i L
File mateial 4 4 |
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Harmmer File: — Gl P | —
:ea' Madul g :siz [ e ]
5stic Modulus a
Shaft (4] —a
Thickness i i B - in|Const | B
COR 0 Toe XTI
Shiffness 0 kips/in 8 B
Helmet Weight ki e =2
L Shaft m s/t |Const =
i~ Pile Infarmation . =
Length ft Lo Segments Toe m sfft [Smith -
Penetration ft uto. S-Length P 16—
. . r El esigtance ]
Section Area in"2 |Auto.  5-51Wt . 18
. Percentage 10 #
Elast Modulus ksi |0 Splices . T
Spec Weight Ib/13 | e =
Toe Area in"2  Pile Type: Dist. Shape Num 0.0 j 20—
Perimeter ft Fipe 20
Pile: Size: in Residual Stress Analysis: No
24—
—24
25—
|22 R
32—
32
35.0—\'—34.0
] 1 G
Press F1 for General Help Topics or F3 for Specific Help on Current Parameters [ NUM




APE/SEMW Model D30-32 Single Acting Impact Hammer
German technology and ISO 9001 quality Pile Driving Equipment Data Sheet
Pijth Faute J OverLitts Miangus River Structure Name: #8579
Optional hydraulic trip MOD EL D30'32 (3.0 metric ton ram) . .
and throttle available [APE offara diessl hammara with ram wedghts up fo 22,000 s File Driving
" - JES0275 - Lahman Construction Company, LLC
Fits FEC tube Contract No.: Contractor: i
leads or box type. SPECIFICATIONS Manufacturer: Démag
Maximum ratsd snergy 69,838 M-Ibs T « D19-42 Diesa
[ Minimum rated energy 35,383 Mo ﬂ 1 Model: i Type: Diesel
Stroke at rated snargy 10 fest & Inches % Serial No.:  Wnknown
?SS‘JLTJB?;?“’.!Z?'?'“?"T.‘.E“ 1reets "s‘:f;!s“i g Ram Rated Energy: 43 2kp-t at 104 length of stroke
Q
-7 WEIGHTS E Hammer  wodifications: Unirown
fﬁ Platan £.815 Ibs O
2mvn 1,360 Ins ]
Hammer welght (Inciudss frip devics) 12,155 Ibs L
Typical oparating (welght with drive cap) 14,600 Iba QEJ
) st;_jk! — STRIKER I:LAI'E g Anvil
prare Welght (D7 X 31404 X & X 283= E75 b3 L]
Dlameter 225 Inches I e
Thicknssa (the & In abovs squatlen ks thickness of plats) & Inches
LY [Eusiion | — CUSHION MATERIAL Material; Aluminum
i’ _ Capbltock Thickness: 2inches Area: 227 imn2
Typa Monocast MC 501 L 1 (Hammer T
e Dlameter 22.5 Inches L Modulus of Elasﬁcw’fy (E} 530 ksi
0 Thicknsss 2 Inches CUShFOﬂ) : ot
Elastlc-Modulus 285 kips per square Inch Coefficient of Restitution (e} °F
Costt. of Restifution 8
— —DRIVE CAP [HELMET] ' Helmet
, — Pile Cap | Bormet | weight: 1ots
Welght {fits 8 by 25" lsads) 1168 Ibs P ; gnt:
[ Anvil Block
Mota: If using 32 Inch leads the drive cap will welgh: 1,550 Ips \
1 — \ Drivehead
DRIVE CAP INSERT WEIGHT
Squars box Inserts size 107 through 20 Inch: 1,400 Ibs: Cushion Material: A
i . Plps Inzerts for plpe size 127 to 247 diametsr: 2,545 Ibs Thickness: M Area M
— b CAPACITIES CU?I{I?OH Modulus of Elasticity (E): "M
E b Fusl tank [runs on disssl or blo-dlassl] 1770 gal Coefficient of Resfitution (g), M
S . . 3 Ol tank 2.4 gal
Direct drive available — -
g CONSUMPTION Pile Type; HF 12452 Weightfoot; 53 s
: Digssl ar Blo-dissel fuel 2.54 galinr Pile Wall Thickness: " Taper; M~
Lubricationall 0.26 galimi : —
Gr\aa::: ne ‘Greass twice per day or after 45 minutss of continous: unmllrlé Cross Sectional Area: 19512
i i ity 252K
DIMENEIONS OF HAMMER Design Pile Capacity: ps
Lamath ovaran 2071 1heh Length (in leads): Uknawn
a & avera .1 Inches e i +
a Lnrgtm over cylingder sxtengion 245.4 Inches Description of Splice; Full Penetralion
b Impact block dlamatar 22.0 Inches
< Widih over bolis 30.7 Inches |
a Hammer width overall 28.3 Inches Tlp Tr%‘tmen'l Descrlptlon Reinforced
E Width for guiding- facs to face 21.2 Inches -
T Hammer center to pump guard 159 Inches
g ::m: :gl;;rl::’l:;llt canter 2:$ I:::;:‘: Mote: If mandrel is used to drive the pile, attach separate manufacturer's detail sheet(s) including weight and dimensions.
H Minimum clearanca for lgads 18.7 Inches
Corporate Offices i ] Submitted by: Geotechology ins Date: 12/20018
7032 South 196th Visit our WEB site:
Kent, Washington 98032 USA www.apevibro.com
(B100) 248-8498 & (253) 872-0141 R FTTHEE Tl T T (R )]
(253) B72-8710 Fax 10/98
‘We reserve the right to modify specifications without notice.




Analysis Types

= Driveability
= Gain/loss factors
= Clay=0.5
= Sand =0.8
= Bearing Graph
= Proportional
= Constant Side
= Constant End

* Inspector’s Chart
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Geotechnalogy, Inc.

Bents 1 and 4
Aor OF 2016
Rt. TT ower Balle Fauntain Ditch GRLWEAR Version 2010
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Bents 1 and 4
Geotechnolagy, Inc. Apr OF 2016
Rt TT over Belle Fountain Ditch GRLUWEAP Version 2010
GainfLoss 1 at Shaft and Toe 0.500 7 1.000
Ltimata End Blow Comp. Tension

Crepth Capacity  Friction Bearing Count Siress Stress Stroke EMTHRLI
ft kips kips kips blows/ift ki ksi ft kips-ft

50 82 0.5 77 -1.0 0.0a0 0.000 0.00 0.0

10.0 9.8 21 7T 1.3 5.815 0.000 378 21.8

150 12.4 47 7.7 1.5 7.623 0416 385 227

200 16.0 83 T 1.7 10.487 -0.889 422 238

250 9354 130 &0 4 1.8 F3ATE -0.303 £.64 181

30.0 218.5 18.5 2000 401 2778 -0.205 .49 16.8

34.0 2234 234 2000 41.4 27.485 0112 843 16.G

Total Continuous DOriving Time  2.00 minutes, Total Number of Blows 343 (starting at penetration 5.0 ft)

ZainfLoss 2 at Shaft and Toe 1.000 7 1.000

Utimate End Blow Comp. Tension

Depth Capacity  Friction Bearing Count Stress Siress Strake EMTHRL

ft kips kips kips blowsfft ks ksi ft kips-ft
50 8.5 1.0 T 1:3 5.079 0.000 263 204
100 e 4.1 Tl 1.4 7.310 -0.320 3.95 227
150 17.0 2.3 7T 1.8 1.122 -1.100 4,29 237
200 243 16,8 T Z5 14,219 -2.202 4,70 227
250 104.0 236 &0.4 13.7 23,260 -0.227 659 17.6
300 2303 an2 2000 44 8 27 855 -0.094 853 16.5
340 2361 361 200.0 45.5 27 8568 -0.034 8.06 16.5

Tatal Continuous Driving Time  9.00 minutes, Taotal Number of Blowes 395 (starting at penetration 5.0 ft)




Geotechnology, Inc.

Rt TT aver Belle Fountain Ditch

Bents 1 and 4
O7-Apr-2016
GRUWEAR Wersion 2010

Compressive Stress (ksl)

Ulimate Capacity (kips)

50 Lol
40 40
20 [ —— 30
20 20
10 10
- - —m = o a
500 l 10
400 ’-_.-I-I".F"'.-- s 6
300 .," r_,,--I 5
200 4
q00 2
i 0
0 2 3 4 5 &

Biowy Count [blows!ing

———— Tensicn Stress (ksi)

———— Stroke (i)

DELMAS D 16-32

Ram Weight
Efficiancy
Pressure
Helmet Weight

Harnmer Cushicn
CORofH.C
Skin Quake

Toe Guake

Skin Damping
Toe Damping
File Length

Pile Penetration
Pile Top Ares

Pile Madel

3.52
0.800
1500 {100%)

1.70
BO155
0.800

0.100
0.231
0133

kips

psi
kips
kipadin

in
in
secift

0150 secft

25,00 ft
34.00 ft
21.20 in2

Zkin Friction
Distributian

Res. Shaft =15 %
(Praporticnal)




Geotechnology, Inc.
Rt. TT over Belle Fountain Ditch

Maximum Maximum

Ultimate Compression Tension
Capacity Stress Stress
kKips ksi ksi
50.0 17.92 s 2
100.0 22.56 0.13
125.0 24.25 0.03
150.0 25.38 0.00
175.0 28.29 0.00
183.0 26.57 0.00
200.0 27.09 0.04
225.0 27.74 0.04
250.0 28.19 0.04

273.0 2869 0.03

Blow
Count
Blows/in

Bents 1 and 4
O7-Apr-2016

GRLWEAP Version 2010

Stroke

5.50
6.74
7.29
767
7.99
8.09
828
8.93
8.69
5.88

Energy
kips-ft

20.35
17.92
17.47
17.01
16.79
16.71
16.64
16.63
16.65
16.74




Bents 1 and 4

Geotechnaology, Inc. 07-Apr-2016
Rt TT aver Belle Fountain Ditch CGRLWEAP Yersion 2010
Gt & DELMAG D 16-32
Capacity 183.0 kips
i Rarm 'Waight 352 kips
E’ 40 oo Efficiency eR=inle}
= a Pressure 1500 {100%) pei
i - u Helmat Weight 1.70 kips
bl an [ 10 ﬂ Hammer Cushion B0155 kipshn
v (] & COR of H.C. 0.800
& L - 5 Skin Guake 0100 in
5 E Toe Guske 0.231 in
E 20 u 0 2 Skin Damping 0132 secft
3 | , Toe Darmping 0450 secit
= ! File Length 3500 f
_| -~ [ Pile Peretration 34.00 ft
I:'I File Top Area 21.20 in2
Skin Friction
- = - a Pile Madel Distribution
20 L
1Y
\
I\I.
X
16 A

— Stroke [ft)
|
[ |
-

= hY
8 | L
| ] "'\
u Y
[ ] \
dm —
= 4
b1
; \
1} 1 2 3 4 g B

Res. Shaft=13%
Set (inM10 Bl (Proportional]




Geotechnology, Inc.
Rt. TT over Belle Fountain Ditch

Maximum Maximum

Ultimate Compression Tension
Capacity Stress Stress
kips ksi ksi
183.0 8.74 0.13
183.0 13.94 0.13
183.0 17.75 0.10
183.0 20.97 0.06
183.0 23.79 0.00
183.0 26.35 0.00
183.0 28.71 0.00
183.0 30.92 0.00

183.0 33.03 0.00

Set
in/10 bl

0.0
0.4
1.3
2.2
3.1
4.0
4.4
4.8
5.2

Bents 1 and 4
07-Apr-2016

GRLWEAP Version 2010

Stroke
ft

3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
11.00

Energy
kips-ft

1.60
4.28
7.08
10.04
13.14
16.56
18.96
21.25
23.67




Is damage avoidable?




Final Thoughts

= Ram weight and stroke affects
pile stress

= Piles to rock
= LRFD Hard Rock
= MoDOT Hard Rock

= Short piles vs. long piles

= Hammer energy vs. transferred
energy




Questions
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