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DYNAMIC PILE MONITORING REPORT 

Exit Glacier Bridge, Alaska 

Introduction and Background 

Field demonstrations for Demonstration Project 66, "Design and Construction of 
Driven Pile Foundations," include (1) dynamic pile monitoring by pile analyzer 
(field computer), and (2) static pile load testing using a mobile pile load 
testing frame. The equipment and technical assistance are made available to 
requesting State highway departments and Direct Federal Divisions. 

A request for performing dynamic pile tests on some of the production piles 
for the subject project was received from the Western Direct Federal Division 
(WDFD) in September 1984. Necessary specifications required for performing 
ctynamic testing were provided to WDFD and were included in the contract 
documents. 

The purpose for the dynamic pile testing was (1) to demonstrate the use of 
newer and more accurate techniques for determining pile load capacity during 
driving, (2) to determine the ultimate pile load capacities for the subject 
bridge, and (3) to compare load capacities of piles installed partially by 
the vibratory ha11111er and those installed exclusively, by the impact ha11111er. 
The contractor had requested the project engineer for an approval to install 
piles to a certain depth by using vibratory ha11111er before using an impact 
ha11111er to drive the piles. It was felt that the use of vibratory ha11111er may 
not allow the piles to develop necessary soil resistance. Therefore, dynamic 
pile testing was used to evaluate the load capacities of piles installed 
partially by a vibratory ha11111er and those installed by the impact ha11111er. 

The field work was performed from April 18 to April 20, 1985. The dynamic 
tests were performed by Mr. H. Clark, Civil Engineering Technician, in the 
Demonstration Projects Division, and Mr. S. Vanikar, Geotechnical Engineer, in 
the Geotechnical and Materials Branch. The piling contractor was 
F. E. Ward Inc. 

On April 20, 1985, after the dynamic testing was completed, results of the 
analysis and preliminary recommendations were discussed with Messrs. 
Monte Symons, Geotechnical Engineer, and James Crutchen, Project Engineer. A 
detailed description of the work performed, test results, data analysis, and 
recommendations follow in this report. 

Location and Stru~ture Information 

The structure is located on Exit Glacier Road in the Kenai Fjords National 
Park. The two span superstructure will consist of a concrete box girder. 
Abutment number 1 will be supported on spread footings. The pier will be 
supported on vertical piles whereas abutment number 2 will be supported on 
vertical and batter piles. 
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The dynamic pile testing was perfonned on abutment piles. Originally it was 
intended to perfonn tests on the pier foundation piles also but scheduling 
difficulties made it impossible to test the pier foundation piles. 

Pile Data 

The foundation report prepared by the WDFD recommended the use of either 
10 x 42 Steel H-piles or 10-inch diameter timber piles. The pier and abutment 
number 2 foundations are designed for 10 x 57 steel H-piles. The piles are to 
be fitted with proprietary pile points to provide protection against damage. 

The piles tested at the abutment number 2 location are part of the foundation 
pile group. Each pile was driven in two sections. For each pile, a 30-foot 
long section was installed. Another 60-foot section was welded to the driven 
section with a full penetration butt weld and then driven. 

Pile number 12 was installed to a depth of 69 feet by a vibratory hanmer and 
then driven with an impart hanmer until the pile reached a depth of 79 feet 
below the existing ground. Pile number 19 was driven with a vibratory hanmer 
until the pile tip reached a depth of 70 feet below the ground and was then 
driven with an impact ha11111er to a depth of 80 feet. Pile numbers 12 and 19 
were dynamically monitored during driving with impact hanmer for the last 10 
feet. Pile numbers 43 and 55 were installed to a depth of 15 feet with 
vibratory hanmer. The remaining driving was perfonned with an impact hanmer 
and was dynamically monitored. 

Subsurface Conditions 

The site is located in a glaciated valley. Borings were performed only at 
abutment number 1 and pier locations. The existing topography suggests that 
the subsurface conditions at abutment number 2 location are similar to those 
at the pier location. Therefore, the data from boring numbers 1 and 2 drilled 
at the pier location is used for describing subsurface conditions. These 
borings show the existence of deep glacial deposits of sand and gravel with 
traces of silt and many rock fragments. The Standard Penetration Test (SPT) 
11 N11 values for this material are variable ("W' values vary from 8 to 53). In 
general, the soil density is medium to dense. 

Impact Hanmer Data 

The following is the data for the impact hanmer system selected by the 
contractor: 

Mitsubishi MH 15, ~pen end diesel hanmer 

Rated Energy at 8.5 foot stroke= 28,100 foot pounds 

Ram Weight= 3,310 pounds 

Hammer Cushion= 211 thick ZELKOVA 

Pile Cushion - none 
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Dynamic Monitoring (Pile Analyzer) Results 

Four piles (10 x 57 - H) were driven at abutment number 2 location and were 
dynamically monitored. Monitoring was perfonned for each pile when they were 
driven by an impact hanmer. Tables 1, 2, 3, and 4 in the Appendix sunmarize 
the results of dynamic monitoring. 

Table 1 shows the sunmary of the dynamic test results obtained during driving 
of pile number 12. A 30-foot long section was driven with a vibratory 
hanmer. A 60-foot long section was welded to the driven H-section and driving 
with the vibratory hanmer continued until the pile tip reached a depth of 69 
feet below the existing ground. Driving from 69 feet to 79 feet was 
accomplished by using an impact hanmer and this portion of driving was 
monitored by using the pile analyzer. The impact hanmer performed well as 
indicated by transfer efficiencies of up to 35 percent. The average transfer 
efficiencies for open end diesel hanmers are usually in the range of 25 to 34 
percent. Since the hanmer stroke was not measured during driving, transfer 
efficiencies in Table 1 were computed based on rated hanmer energy. Table 1 
shows that the ultimate static load capacity did not vary significantly during 
the last 10 feet of driving. The analyzer predicted an ultimate static 
capacity of 55 tons at the end of the driving. The maximum measured 
compressive driving stress was 21.7 KSI and was within the limitation of 32.4 
KSI. The maximum measured tensile driving stress was 8.2 KSI and was well 
within the limitation of 32.4 KSI. Since the pile design load indicated on 
plans is 52 tons, the ultimate pile capacity required is 130 tons (factor of 
safety= 2.5). The pile failed to develop the required ultimate load when the 
driving was tenninated. 

Table 2 sunmarizes the dynamic test results obtained during driving of pile 
number 19. Installation procedure similar to that used for pile number 12 was 
used. Driving from 70 feet to 80 feet below ground was performed by the 
impact hanmer. The hanmer performed extremely well as indicated by the 
transfer efficiencies of up to 43 percent. The maximum compressive and 
tensile driving stresses were well within the limitation of 32.4 KSI. The 
pile analyzer predicted an ultimate static capacity of 53 tons when driving 
was terminated at the pile tip penetration of 80 feet below ground. During 
driving, pile number 19 behaved very similar to pile number 12. This pile 
also failed to develop the required ultimate load of 130 tons when the driving 
was terminated. 

Table 3 shows the dynamic test results for pile number 43. A 30-foot long 
section was driven first (15 feet) by the vibratory ha111Rer and then by the 
impact hanmer. A 60-foot long section was welded to the installed section and 
driving by the imQact ha111Rer was continued. The impact hanmer perfonned well 
and transfer efficiencies of up to 51 percent were recorded. The pile 
analyzer predicted ultimate load capacities up to 67 tons until the pile tip 
reached a depth of 69 feet below ground. The capacity increased significantly 
to 102 tons at 72 feet penetration. A practical refusal was reached at 72 
feet-6 inch penetrations (82 blows for 6 inch penetration). The refusal and 
high below count were possibly due to pile tip on a boulder or bedrock. The 
pile analyzer predicted an ultimate pile capacity of 247 tons at the end of 
driving which is significantly more than the required ultimate capacity of 130 
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tons. The maximum compressive and driving stresses were within the 
limitations of 32.4 KSI. A slight damage to the pile tip at the end of 
driving was detected by the pile analyzer (the wave patterns on the 
oscilloscope showed the damage). 

Table 4 su11111arizes the dynamic test results for pile number 55. The 
installation procedure used was identical to the one used for pile number 43. 
The pile was installed by using a vibratory ha11111er to a depth of 15 feet. The 
remaining installation was performed with the impact ha11111er. The ha11111er 
perfonned well and the compressive and tensile driving stresses did not exceed 
the limitation of 32.4 KSI. An ultimate pile capacity equal to 35 tons was 
predicted when the pile tip reached 26 feet - 5 inches below the ground line. 
The capacity decreased rapidly to O when the pile tip reached 46 feet below 
the ground. The reason the for pile not developing any capacity is that the 
capacity developed for first 45 feet of penetration was probably due to end 
bearing only (no skin friction) and when the tip reached a loose soil deposit, 
there was no resistance at the tip. The analyzer predicted a capacity 62 ton 
capacity at 73 feet of penetration. An ultimate pile capacity of 90 tons was 
predicted when the driving was completed with the pile tip at 78 feet - 3 
inches below ground. The pile failed to develop the required ultimate load 
capacity of 130 tons. 

Conclusions 

1. The dynamic monitoring equipment (pile analyzer) performed well in 
predicting ultimate pile load capacities and driving stresses. The 
equipment monitored the ha11111er performance by measuring the ha11111er energy 
transferred to the pile under each ha11111er below. The pile analyzer 
detected pile damage at the tip of pile number 43. This demonstrates the 
tremendous advantages provided by the equipment for construction control. 

2. The ultimate load capacities of pile numbers 12 and 19 (driven with a 
vibratory ha11111er) for about 70 feet and with the impart ha11111er for the 
last 10 feet) were 55 and 53 tons, respectively. Significantly higher 
capacity of 90 tons was predicted for the pile number 55 which was driven 
with an impact ha11111er (except the first 15 feet of driving). Because the 
vibratory ha11111er reduces the skin friction along the pile length by 
loosening the soil around the pile, most of the developed pile capacity is 
only due to end bearing. The capacities of the impact driven piles such 
as pile numbers 55 and 43 are due to end bearing and skin friction and, 
therefore substantially higher than those predicted for pile numbers 12 
and 19. 

3. Extremely higQ ultimate pile load capacity for the pile number 43 at the 
end of driving may be due to the pile tip on a boulder or bedrock. 

4. Pile numbers 12, 19, and 55 failed to develop the required ultimate load 
capacity of 130 tons. 

Reco11111endati ons 

1. Piles may be driven with a vibratory hamner to a depth of not more than 50 
feet below the existing ground. The remaining 30 feet of driving must be 
perfonned by an impact hamner. 
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2. Three of the four tested failed fails to achieve the reQuired ultimate 
load capacity of 130 tons. (Specified pile design load on plans = 52 
tons. With a factor of safety of 2.5, the ultimate loud required is 130 
tons.) Pile numbers 12 and 19 do not provide any safety factor at all. 
Pile number 55 provides a safety factor of 1.7. Longger piles and deeper 
penetration to refusal will be needed to achieve a reasonable factor of 
safety. 

3. It is recommended that the pile driving criteria be based on the wave 
equation analysis. The information on the pile hammer and the test pile 
performance is now available and a wave equation analysis should be 
performed. The pile driving criteria should be provided for the project 
engineer's use. 

4. A steel H-pile is usually a poor choice for use as a friction pile in 
sands and gravel. It is well known that H-piles have a tendency to 11 run 11 

in sand and gravel deposits without developing the reQuired resistance. A 
good choice of pile in such deposits is a displacement pile such as 
closed-end steel pipe pile. Prestressed concrete piles are also 
displacement piles and suitable for installations in sands and gravels. 

~-yJ.t/~ 
Suneel N. Vanikar, P.E. 
Geotechnical Engineer 
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EXIT GLACIER BRIDGE, KENAI FJORDS NATIONAL PARK ALASKA 
TABLE 1 SLM4ARY Of DYNAMIC MONIT~ING RESll.TS 

I 
I 
I 

Dates April 20, 1985 Pile Length 30' + 60' " 90 • 
Pile Type_ 10 X 57 Steel H Pile No. 12 {AbutJllent No. 2) 

Hanner Type ~ingle-Actinq Uiesel Haomer tt>del Mitsubishi, MH-15 

Haomer Rated Energy _1!hl00 Foot Pounds 

I I I 
I I I 
I I Max. I Max. 
I I Tensile 1Transfer 

I 
Hanmer I Transfer I 
Energy I Effie iency I 
(Ran Wt.) I (Transfer Energy I 

I Fran 10riving 
Depth.Feet* I Analyzer !Record 

RS With I 
J-0. 15 Kips I 

FMax.l M3x. Canp. 
Kips I Stress iSI 

I ~ I Stress I Energy 
I Kips I K S I 1FT. Kips 

X Strolce I Kated I 
FT. Kips I Hanner Energy) I ReMrks 

Ju.u· tong section wis driven ;ith a vioratoty hilllllf·r. 60.0· sectfon wel~ed tot~ driven s1·ction and w~s driven with thejvibratory hc11111er to a depth 
of 69.U' ftelow the e1istin9 gr,und. ~iJe driving w th diesel hilllllfr starp;ed at 6~.o• and dr ving was c1pleted with pile ,ip at 79.0• below the 
existing ground. I I 1312 I I 105 I I I I 
70' ! 15 I -- 91 I 312 ~8 ~ 18.6 I 105 ITo.8=6.l 7 .4 I I 26.3 percent 1

1 
Hc11111er stroke was not measured 

I I I I I during driving. Therefore, 
I 19 97 I 343 20.4 I 129 7 .7 8.2 1

1 
I 29.2 percent 1

1 
transfer efficiency is canputed 

I I based on rated hamier energy 
I 21 113 358 21.3 119 7.1 9.3 I I 33.1 percent I rather than actual hamier energy. 

I 21 101 359 21.4 122 7 .3 9.9 I I 35.2 percent I 

I 19 105 352 21.0 121 7 .2 9 .0 
1
1 ► I 32 .0 percent 1

1 I ~ I 
I 18 93 351 20.9 128 7 .6 9.0 

1
1 ~ ~ I 32.0 percent 

I ...., ;:; I 
I 17 89 347 20.7 137 8.2 8.9 1

1 
ffi.., I 31.7 percent 

I 18 I 
I 18 105 364 21.7 128 7.6 9.9 1

1 
:c"'- I 35.2 percent 

I o"""! I 
I 19 129 357 21.3 111 6.6 8.7 1

1 
~~ I 31.0 percent 

I ~II I 
79' I 18 : -- 107 354 I 21.l 117 7 .0 9.8 \ I 34.9 percent 

Driving crpleted aq79'-0" onlApriJ 20, l98t. Preficted ultimate,staticl pile lo~ capacit_y_r~1_0_1_K_i_p_s_~...,,_5_5_t_o_ns.,...·-~--,-.....,.....I 

~istance fran the grOllld line Lo pile tip. M3xinun allowable ~essive or ~ensile driving stress = 
RS • Ultimate Static Resistance U.9 Fy = 0.9 X 36 • 32.4 KS I 
FMI\X • Maxiuun measured force in pile at the transducer location. J • Danping paraneter (depems on soil type) 
~ • Haxiaup canputed tensile force anywhere in the pile. 

71' 19 

72' 20 

73' 22 

74' 19 

75' 19 

76' 19 

77' 19 

78' 20 
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~XIT GLACIER BRIDGE. KENAI FJORDS NATIONAL PARK ALASKA 
TABLE 2 SlJoltARY OF DYNAMIC MONITORING RESll.TS 

I 
I 
I 

Dates Apr i 1 20, 1985 

Pile~ 10 X 57 Steel H 

Pile Length 30' + 60' = 90' 

Pile No. 19 ( AbutJDent Ho. 2} 

Hclnner Type Single-Acting Diesel Hanner ttxlelMitsubishi, MH-15 

Hanner Rated F.nergy 28,100 Foot Pounds 

I I I 
I I I 
I I Max. I Max. 
I I Tensile 1Transfer 

I 
Hoomer I Transfer I 
Energy I Efficiency I 
(Ran Wt. ) I (Tr ans fer Energy I I I Frein-I 

I Fran loriving I 
Depth, Feet* I Ana 1 yzer ! Record I 

RS With I 
J=0.15 Kips I 

fMax.1 Max. Ccmp. 
Kips I Stress ICSI 

I crrn I Stress I Energy 
I Kips I K S I 1IT. Kips 

X Stroke l Kated I 
IT. Kips I Hanner Energy) I Remarks 

30.0' longlsection wa{ driven with a vibratort hc11111et. 60.0' long •ectionj welded tp the drivdn section afd was driven with la vibratory hc11111er to a 
depth of 7d.o• below ~he existi•g ground. Pie driving with diesellhc"lllllert started ~t 70.0' a~d driving WfS ca11pleted with dile tip at 80.0' below 
existing gdound. I I I I I I I 

I I 315 I I I I I 
71' I 16 I 18 76 315 fTo.8 = 18.8 I 121 I 7 .2 8.3 I I 29.5 percent I Hilllller stroke was not measured 

I I I I I I during drivinq. Therefore, 
I 18 I 16 105 333 19.8 I 107 I 6.4 9.3 I I 33.1 percent I transfer energy is canputed 
I I I I I I based on rated hamier enerqy 
I 19 I 17 87 370 22.0 I 143 I 8.5 12.l I 43.1 percent I rather than the actual hilllller 
I I I I I energy. 
I 17 I 17 65 334 19.9 I 127 I 7.6 11.2 I tii 39.9 percent I 

I I I I ffi .,, I 
18 I 14 41 325 19.3 I 148 I 8.8 9.8 I ~.e 34.9 percent I 

I I a::w: I 
1
1 

12 73 340 20.2 I 135 8.o 10.2 I r~ 36.3 percent I 
I I :e~ I 1

1 
13 100 346 20.6 I 123 7.3 10.5 I •,.... 37.4 percent I 

I I I 8co I 1
1 

17 I 111 I 361 21.5 I 119 7.1 10.5 I ~N 37.4 percent I 
I I I I I a: M I I -- I 103 I 364 I 21.7 I 132 7.9 10.9 I 38.8 percent I 
I I I I I I I 

80' I -- l -- I 106 I 364 I 21.7 I 130 7 .7 I 10.7 I 38.1 percent I 
I I I I I I I I 

Driving ccdeleted at ~0'-0" on +pril 20, 19851 Predicted ultimate ttatic I oad cap~ = lQ~t<tP .. L:.2L!~--.....,....,..--.--,, ~--,.---------
"'l>istance Cran the grouoo line Lo pile tip. HaxllllWl allowable canpressive or tensile dnving stress = 
RS • Ultimale Slatic Resistance U.9 Fy • 0.9 X 36 • 32.4 KS I 
FHAX • HaxillUII measured torce in pile at the transducer location. J • Dalnpi~ paraoeter (deperds on soil type) 
Clffl • Maxiaun canputed tensile force anywhere in the pile. 

72' 

73' 

74' 

75' 

76' 12 

77 I 12 

78' 19 

79' 27 
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EXIT GLACIER BRIDGE, KENAI FJORDS NATIONAL PARK ALASKA 
TABLE 3 SlHIARY Of DYNAMIC HONilORIN6 RESlLTs 

I 
I 
I 

FMax, I Max. Cootp. 
Kips I Stress KSI 

Dates April 19-20, 1985 

Pile Type_ 10 X 57 Steel H 

Pile Length 30 • + 60 • "' 90 • 

Pile No. 43 (AbutJllent No. 2) 

"-mer Type Single-Acting Diesel Hanner ttxlel Mitsubishi, MH-15 

Hanner Rated Energy 28,100 Foot Pounds 

I I 
I I I 
I I Max. I Max. 
I I Tensile 1Transfer 
I crrn I Stress I Energy 
I Kips I K S I 1Fr. Kips 

, I 
Hamner I Transfer I 
Energy I Efficiency I 
(Ran Wt.) I (Transfer Energy I 
X Stroke l Hated I 
Fr. Kips I Hamner Energy) I ReMrks 

30.0· loo,· section d~iven firs~ by diesel haflller onj April 19, 198~. Fir~t 15.0' 1riven by vfbratory ha;ier and, therefore~ was not monitored 
dync111 ica l y. I I I I I I I I 

I I I I I I I I 
16' 7 -- I 50 169 10.1 I 17 I 1.0 I 3.0 I I 10.7 percent I Hnaer stroke was not ■ea-
17' 16 15 I 52 364 21. 7 I 107 I 6.4 I 10.7 I I J8.l percent I sured during driving. 

18' 19 17 I 49 • 340 20.2 
I I I I I Therefore, transfer efficiency 

I 95 I 5.7 I 9.1 I I 32.4 percent I is canputed based on rated h•-
19' 14 15 I 68 358 21.3 79 4.7 I 10.0 I I 35 .6 percent I mer energy rather than the 

20' 16 17 I 65 372 22.1 
I I I I actua 1 haaer energy. 

I 99 5.9 I 10.7 I I 38.l percent I 
21' 19 17 I 79 348 20.7 64 3.8 I 9.2 I I 32.7 percent I 
22' 20 17 I 79 368 21.9 I 59 3.5 I 11.6 I I 41.3 percent I 
23' 16 18 I 83 385 22.9 I ► I 

I 60 3.6 I 11.8 I ~ 42.0 percent I 
I I 1.1.1"' I 24' I 17 22 I 79 357 21.3 54 3.2 I 10.2 I ~ ~ I 36.3 percent I 

25' I 18 15 I 76 350 20.8 48 2.9 I 10.8 I ffi: I 38.4 percent \Driving canpleted at 26 1 -4• on 
I I 26' I 17 -- I 68 335 19.9 I 44 2.6 I 11.1 I I~ I 39.5 percent !April 19, 1985 

26 1 •4N I 3 -- I 59 355 21.1 I 60 3.6 I 14.3 l ~-: I 50.9 percent I 
I I I I~~ I I 
I I I I:.. I I 
I I I I 
I I I I I I 

----~------ ----- j I I I I I - __ 
"'Distance frau the grOl.nl line to pile tip. Haximun allowable COOJP!:essive or tensile driving stress= 
RS • Ultimate Static Resistance • U.9 Fy s 0.9 X 36 • 32.4 KS I 
tMAX a Maximun measured force in pile at the transducer location. J • Dampi~ parameter (depends on soil type) 
Clffl • Haxiauo C011pUted tensile force anywhere in the pile. 
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fXIT GLACIER BRIDGE, KENAI FJORDS NATIONAL PARK ALASKA 
TABLE 3 SlMIARY OF DYNAMll: MONITMING RESllTS 
(continued) 

Dates April 19-20, 1985 

Pile Type 10 X 57 Stee 1 H 
Hllllner Type Single-Acting Diesel 

Pile ~th 30' + 60' = 90' 

Pile No.43 (Abutment No. 2) 
HmnPer ttxlel Mitsubishi• MH-15 

Hllllner Rated Energy 28,100 Foot Pounds 

I I I 
I I I 
I I Max. I Max. 

I 
I Hamner I Transfer I 
I Energy I Efficiency I 

I •-r.-·~1 
I Fran !Driving I 

Depth.Feet*! Analyi.er !Record I 
RS With I 
J-0. 15 Kips I 

I 
I 
I 

FMax. I Max. c.anp. 
Kips I Stress lSI 

I I Tensile 1Transfer 
I crrn I Stress 1Energy 
I Kips I K S I tFI'. Kips 

I (Ram Wt.) I (Transfer Energy I 
I X Stroke I Mated I 
I FT. Klps I Hamner Energy) I Remarks 

60.0' iong seqtion welded to the d1iven 30.0' 
ground. I I I 
27' ! -- 1 -- I 

16 I 30' 
33' 

36' 

40' 
43' 
46' 

48' 
50' 

55' 
60' 
65' 

17 

14 

15 

15 

14 

15 
12 

13 

9 

9 

10 

I 
14 I 
15 I I 
14 I 

13 I 
14 I 

11 I 
11 I 

9 I 
9 I 

u I 
I 
I 
I 
I 

67 

46 

67 

42 

40 

40 

12 

22 

30 
22 

49 

""Distance- fran· the grOI.Sd line to pile tip. 
RS • Ultimate Static Resistance 

lo~g section and driven ;n Apri 
I I I I 
I I I I 
I I I I 
I 266 I 15.8 I 79 I 

I 319 I 19.o 1133 I 
I 330 1 19.6 1133 I 

I 324 I 19.3 1141 I 
I 319 1 19.o 1147 I 

I 329 I 19.6 1151 I 
I 314 I 18.7 1165 I 
I 212 I 16.2 1132 I 
I 287 I 17.1 1131 I 

I 305 I 18.2 1153 I 
I 274 I 16.3 1101 I 
I I I I 
I I I I 
I I I I 
I I I I 
I I 

RWC • Haxitnun measured lorce in pile at the transducer location. 
Cl'ffl • HaXUIMD C<apJted tensile force anywhere in the pile. 

20, 198~. Pile dtjiving start at pile tip 26 1 -t4• below the existing 
I 

4.7 

7.9 
7.9 
8.8 

8.8 

9.3 

9.8 

7.9 
7.8 

9.1 

6.4 

I I 
I I 
I I 

6.9 I I 
8.6 I l 
7.8 I ► I 

I c.::, 
7.9 I ffi.,. I 

z c. I 
8.3 

8.8 

8.2 

I 
...,._ 

:..:: I 
I ffi... I 
I 18 I 
I ia... I 

6 4 I o""! I • I ..., CX) 
... N l 

1.2 I ~. I 
8.4 I I 
6.6 I l 

I I 
I I 
I I 
I I 

\ Hamer stroke was not measured 
24 6 pe cent l during driving. Therefore, 

• r transfer efficiency is caa-
30 ·6 percent 1

1 
pleted based on rated h'11111er 

27 8 cent 1energy rather than the actual 
• per hc11111er energy. 

28 .1 percent I 
29.5 percent 
31.3 percent 
29.2 percent 
22.8 percent 
25.6 percent 
29.9 percent 
23.5 percent 

l 
Madmun airwal>Ie~ ~resaive or tensile driving stress = 

U.9 Fy • 0.9 X 36 • 32.4 IC SI 
J • Daalpi~ paraneter (depends on soil type) 



EXIT GLACIER BRIOGE, KENAI FJORDS NATIONAL PARK ALASKA 
TABLE 3 S1.MtARY OF DYNAMIC MONITMING REStlTS 
(continued) 

Dates April 19-20. 1985 

Pile Type 10 X 57 Stee 1 H 

Pile Length 30 • + 60 • ,. 90 • 

_ Pile No. 43 (Abutment No. 21 
Hanner Type Single-Acting Diesel Hanner ttxlel Mitsybjsbi, HH-15 
Hanner Rated Energy 28. 100 Foot Pounds 

I I I I I I I I 
Blow c.ou-it I I I I I I I Hanner I Transfer I 

Per Foot _ --1 I I I I Max. I Max. I Energy I Efficiency I 
I --Yrcm I I I I I Tensile1Transfer I (Ran Wt.) l (Transfer Energy I 
I Fran l0riving I RS Wilh I fMax.j Max. C.anp. I CTEN I Stress 1Energy I X Stroke t Mated I 

Depth.Feet* I Analyzer !Record I J=0.15 Kips I Kips I Stress ~SI I Kips I K S I 1Fr, Kips I FT. Kips l Hanner Energy) I 
I I I I I I I I ► I l 

I ~ I a 

Remarks 

68' 1
1 

10 I 11 i 54 
1
1 281 I 16.7 i 107 I 6.4 j 7 .1 I ~ j 25.3 percent l 

I I I I I I I ~ I l 
69' I 13 I 13 I 89 I 306 I 18.2 I 98 I 5.8 I 7.4 1 w.~ I 26.3 percent I 
70' t 21 I 19 I 138 I 348 I 20.7 I 93 I 5.5 I 8.5 I ffi:..:: I 30.2 percent I 
71' I 27 I 27 I 165 I 337 I 20.1 I 60 I 3.6 I 8.2 I I] I 29.2 percent I 
72' 1

1 
34 I 32 I 203 1

1 
360 I 21.4 I 41 I 2.4 I 8.9 1

1 
o..◄ I 31.7 percent I 

I I I I I ~en I I 
72 1 -6• I 82/6" I -- I 494 I 405 I 24.1 I 0 I 0 I 11.3 I ~';;' I 40.2 percent I 
Driving cpnpleted atl 72'-6" o~ April 20, 191'>, Pr~icted ultimat~ stati' pile lotd capacityl= 494 Kips~ 247 tons. I 
~ T~ high pil~ load cap'f ity at 72'-6i penet,iation is possi~ly due1to pile ip on a large boulder ~r bedrock. I 

I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 

...__ ______ I:__.._ I I I I 
1t()istance fran the grourd line to pile tip. HaxUIUII allowable c_;anpressive or tenslle driving stress = 
RS • Ultimate Static Resistance U.9 Fy s 0.9 X 36 • 32.4 KS I 
H-l\X • HaxiDI.III measured lorce in pile at the transducer location. J • 0aq>it¥, par.sieter (depends oo soil type) 
CTffl • Haxilllla canputed tensile force anywhere in the pile. 



I Blow Coult 
I Per Foot 
I ------rran 
I Fran I Driving 

epth,Feet* I Analyzer !Record 

30.0' lon• section dtiven firs 
monitoredjdynilllicallf, I 

I 16' 
17' 
18' 
19' 
20' 
22' 
23· 
24' 
25' 
26' 
26'-5" 

I 
I 16 

17 
23 
18 
19 
22 
13 
28 
21 

21 

i 18 
I 21 
I 

17 I 
I 17 
I 

16 I 
I 19 
I 
I 16 
I 14 

£XII GLACIER BRIDGE, KENAI FJORDS NATIONAL PARK ALASKA 
TABLE 4 SlHIARY OF DYNAMIC MONITORING RESll.TS 

Dates April 19-20, 1985 
Pile~ 10 X 57 Steel H 

Pile ~th 30' + 60' = 90' 

Pile No. 55 (Abutment No. 2) 
Hamner Type Sing le-Acting Oiese 1 lllmmer ttxlel Mitsubishi, MH-15 

Hamner Rated F.nergy 28,100 Foot Pounds 

I I 
I I I I I 
I I t t Max. I Max. 

I 
Hanmer I Transfer I 
Energy I Efficiency I 

I I I I Tensile 1Transfer 
RS With I FMax.1 Max. Onp. I CTEN I Stress 1F.nergy 
J-0.15 Kips I Kips I Stress iSI I Kips I KS I 1FT. Kips 

(Ram Wt. ) I (Tr ans fer F.nergy I 
X Strolce f Kated I 
FT. Kips t Hamner F.nergy) I Remarks 

by diesel haipner onjApril 19, 198~. Fir~t 15.0' 
1
riven by t•e vibrator.>; hc1111er and, therefore, was not 

47 344 20.5 103 
61 280 16.7 65 
52 330 19.6 98 
69 288 17.1 59 
42 367 21.8 101 
52 334 19.9 90 

48 309 18.4 83 
60 350 20.8 83 
62 I 343 20.4 71 

I 
63 I 360 21.4 68 
70 I 364 I 21.7 71 I I 

I 
I 
I 
I 
I 

6.1 I 9.8 34.9 percent! Hc11111er stroke was not mea-
3.9 ! 5.3 18 .9 percentf sured during driving. 

5.8 
3.5 
6.0 
5.4 
4.9 
4.9 
4.2 
4.0 
4.2 

Therefore, transfer efficiency 
7.7 27.4 percent I is cmiputed based on rated 
5.3 18.9 percent I hilllller energy rather than the 

I 
actual hc111111er energy. 

12.4 ~ 44.1 percent I 
10.8 ~ ~ 38.4 percent f 

8.0 :~ 28.5percent1
1 W+-' I g I 31.7 percent I Driving canpleted at 26'-5N 8.9 

9.1 
10.6 
10.l 

:cu. I 32 4 percent ton April 19, 1985. 
o-: I • 
~~ I 
~.. I 

I 
I 
I 
I 
I 
I 

37.7 percent 
35.9 percent 

Distance Cran the gromd I ine to
1 

pile tip. t1ax'i-nunaIIowd6te canpresJive or tensile driving stress = 
S • Ultimate Static Resistance 0.9 Fy • 0.9 X 36 • 32.4 KS I 

I 

'1i\X • Haxiaun measured force in pile at the transducer location. J • Dampirg paraneter (depends on soil type) 
Im • HaxilluD canputed tensile force anywhere in the pile. 



EXJT GLACIER BRIDGE, KENAI FJORDS NATIONAL PARK ALASKA 
TABLE 4 SlM4ARY OF DYNAMIC MORITMJNG RESOCTS 
(continued) 

Dates April 19-20, 1985 

Pile ~10 X 57_SteeLtt 

Pile Length 30' + 60' " 90' 

Hanner Type. Single-Acting Diesel 
Pile No. 55 (AbutJllent Nq. 2) 

Hanner tt:xiel Mitsubishi. ,m-1~ 

I 
Blow CnUlt I 

Per Foot I 
I 1----i:'r~ 1 I 
I Fran 10rivi~ I RS With I 

>epth,Feet* ! Analy:r.er !Record I J-0.15 Kips I 

I 
I 
I 

fMax.1 Max. funp. 
Kips I Stress KSI 

Haamer Rated F.nergy 28,lOO foot Pounds 

I I 
I I I 
I I Max. I Hax. 
I I Tensile 1Transfer 
I CTEN I Stress 1Energy 
I Kips I K S I 1FT. Kips 

I 
Hamner I Transfer I 
Energy I Efficiency I 
(Ran Wt.) I (Transfer Energy I 
X Stroke I Mated I 
IT. Kips I Hamner F.nergy) I Remarks 

60.0' lon~ section wdlded to t,e driven 30.0I long $ection and driten on ~pril 20,j 1985. Pi1e driving started with pile tip at 26'-5N below the 
existing ~round. l I I I I I I I I 
27' I 20 I -- I 56 305 l 18.2 1123 I 7 .3 l 8.3 I l 29.5 percent \ Ha1111er stroke w~s not aea-
30' I 21 I 14 I 60 312 I 18.6 I 117 I 7 .o I 8.8 I I 35.6 percent I sured during drtving. 

I I I I I I I I I I Therefore, transfer efficiency 
35' I 18 I 15 I 61 333 I 19.8 I 131 I 7 .8 10.l I 35.9 percent I is coaputed based on the rated 
40' I 18 I 16 I 35 337 I 20.1 I 162 I 9.6 I 9.4 I \ 33 5 percent I haier energy rather than the 

I I I I I I I ti; I • I actual h_.er energy. 
45' I 12 I 15 I 12 319 I 19.o I 156 I 9.3 11.2 I ; ~ I 39.9 percent I 
46' I 12 I 13 I 0 289 I 17 .2 I 148 I 8.8 12.4 I w ~ I 44.l percent I 

I 7 I 7 I 0 266 I 15.8 1144 I 8.6 9.0 I ffi ~ l 32.0 percent I 
I 11 I 10 I 4 253 I 15.l I 133 I 7.9 6.8 1~ I 24.2 percent I 
I 9 I 7 I 0 I 260 I 15.l 1144 I 8.4 6.8 ~~ \ 24.2 percent \ 
I 9 l 9 I 22 I 276 I 16.4 I 130 I 7 .7 6.9 ~ • I 24.6 percent I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 

I I I I I I I I I 
I I I I I I I I -- ---",I-__,,---,-,---,-~. I-,-.--,---------

*Distance fran the grOlAld line to pile tip. HaximunaITciwabfe cQltp!'.essive or ~ensile dr1v1ng stress~ 
RS • Ultimate Static Resistance U.9 Fy • 0.9 X 36 • 32.4 KS I 
H'1AX • Haxioun measured force in pile at the transducer location. J • Dllllpi~ paraneter (depems on soil type) 
crnN • HaxUIIUII canputed tensile force anywhere in the pile. 

50' 

55' 
60' 

65' 



I 
Blow C.OLl'lt I 

I Per Foot I 
I 1-Yran-1 
I Fran l0riving I 

Depth,Feet* I Analyzer !Record I 
I I 

72' 

70' I 16 j ... t 

71' I 17 I 15 I 
I 18 I 17 I 
I 22 I 19 I 

74' I 25 I 20 I 
73' 

I 
I 
I 

RS With I 
J-0. lS Kips I 

J 
62 I 

105 

109 

124 

108 

90 

I 
I 

75' I 20 I 23 I 
76' I 16 I 18 I 92 

77' I 23 I 17 I 129 

78' I 35 I 24 I 163 

EXIT GLACIER BRIIJGE~ KENAI FJORDS NATIONAL PARK ALASKA 
TABLE 4 Slf4HAR Of DVN"AHlt HoNITORfNG RESll.TS 
(continued) 

Dates April 19-201 1985 

Pile ~ J!L! 57 Steel H 

Pile ~th 30' + 60' • 90 • 

_ Pile No. 55 (Abutaent No. 2) 

Hamner Type Single-Acting Diesel Hamner ft>del Mitsubishi. MH-15 

Hamner Rated F.nergy 28.100 Foot Pounds 

I I I I I 
I I I I I Hillmer I Transfer I 
I I I Max. I Hax. I Energy I Efficiency I 
I I I Tensile 1Transfer I (Ran Wt.) I (Transfer Energy I 

FMax. I t-tix. C.001p. I crm I Stress I F.nergy I X Stroke I Mated I 
Kips I Stress lSl I Kips I K S I tff. Kips I Ff. IClps j llllllaier F.nergy) I Remarks 

I I I I . _ . ! I I 
317 I 18.9 86 I 5.1 12.l I 43.1 percent IHnwer stroke was not measured 

I I I !during driving. Therefore, 326 I 19 -4 93 I 5•5 9•2 I 32 •7 percent !transfer efficiency is can-
314 I 18. 7 77 I 4 .6 9.0 I 32 .0 percent luted based on the rated hamier 
•324 I 19 3 83 I 4 9 9 1 I ► 32 4 percent !energy rather than the actua 1 

I • I • • I ·~ • lhilllller energy. 
282 I 16.8 64 I 3.8 8.7 I ~ ~ 31.0 percent I 

I I tw·..- I 
308 I 18.3 98 I 5.8 ,8.5 I o::..: 30.2 percent I 
300 I 17 .9 95 I 5.7 7 .9 I t g 28.l percent I 

I I I ~"'- I 
293 I 17.4 45 I 2.7 8.7 I ~~ 31.0 percent I 
352 I 21.0 74 I 4.4 9. 7 I ~ ~ 34.5 percent I 

78'-3N I 17/3" I -- I 181 

Dr.iving c~pleted atl78'-3" onlApril 20, 198~. 
I I I I 

3461 20.6 55 I 3.3 9.3 I ~ N 33.l percent \ 

Prepicted ultimate1statii pile lof capacity I= 181 Kips f 90 tons l 
I I I I I I I 

I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I 

-"'1>-i-st_anc_e__,,.fr_an_t~he-gr_Oll'ld_ line Lo pile tip. 
RS • Ultimate Static Resistance 

I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I '~--~l.----,--o-,,---,,-,-,-,-~--------

Max1muii allowable CCll!p!essive or tensile driving stress= 
U.9 Fy • 0.9 X 36 • 32.4 KS I 

fMi\X • Haxiaa.ln measured force in pile at the transducer location. 
CTm • HaximuQ canputed tensile force anywhere in the pile. 

J • Daq>i~ parameter (depems on soil type) 




