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"DYNAMIC PILE M:>NITORIN:; AND I.£:IAD TFSl' REFORl'" 
(Third Lake Washington Bridge, I-90, Seattle, Washington) 

Introduction arrl Background 

The Dem:mstration Project 910, "Design and Construction of Driven Pile 
Foundations," equiprent includes the demonstration of a dynamic pile 
testing system which uses a field canputer and a m:>bile pile load testing 
frame. Even though the project is yet to be annouoced, the equiprent and 
personnel are made available to a requesting State highway departnent. 

A request for the denonstration and use of equiprent for the subject project 
was received fran the Washington State Departnent of Transportation (WashOOr). 
The request came through the F1iWA division and regional offices in 
NO/emrer 1983. 

The field work was performed by Mr. H. Clark, Civil Engineering Technician, 
in the Demonstration Projects Division, and Mr. S. Vanikar, Highway Engineer. 
The rrobile load frame was used for the first time on a construction project 
and Mr. Rex COcroft provided services as a: consultant during the load 
tests. Mr. Cocroft is the designer of the load frame and the load frame 
m:xiifications were performed under his supervision during the last year. 

After the dynamic pile testing was canpleted, an informal presentation on 
the results of the analysis was made to the WashOOr geotechnical engineers 
on March 26, 1983. The data recorded on the magnetic tapes has teen 
forwarded to Pile Dynamics, Incorporated, Cleveland, Ohio, for further 
analysis including "CAFWAP" analysis. 

The results of the "CAFWAP" analysis will be provided to the WashOOr as 
soon as they are received. A detailed description of the work performed, 
results, and analysis follow in this report. 

Ia=ation and Structure Information 

The bridge site is located on proposed I-90 in Seattle, Washington and 
will be the Third Floating Bridge across Lake Washington. Several piers 
for the west and east approach structures will be supported on pile 
foundations because of the excessive water depths (up to 90 feet at sane 
locations). Preliminary reports by two consultants show that pile groups 
at each pier will consist of nostly batter piles. 

Precast segmental and steel girder alternates are being designed. The 
pile load tests were conducted at locations for the proposed Pier No. 7 
(Site A, Station LL 117+83, west approach) and Pier No. 9 (Site B, Station 
LL 178+99, east approach). 



Pile Data 

Two pile types ~re considered during the design of load test program. 
Prestressed concrete cyliooer piles (54-inch o.o. and 5-inch wall 
thickness) and steel pipe piles (48-inch O.D. and several different wall 
t;hicknesses) ~re considered. Based on the structural and cost 
considerations, it was decided to test the 48-inch o.o. steel pipe pile. 
wave equation analyses ~re performed by the FHWA Geotechnical and 
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Materials Branch for selecting canpression arrl reaction pile wall thicknesses 
and for specifying minimum pile hamner energy requirements. Based on the 
analyses, it was decided to specify 3/4-inch wall thickness for the 
canpression and reaction piles. 

The following is the pile data at each test site: 

Test Site A 

Test Pile - 48-inch O.D., 3/4-inch wall, and 160-foot long pipe (length 
included 10-foot long fabricated H-shaped tip). 

Reaction Piles - four reaction piles, each 36-inch O.D., 3/4-inch wall, 
and 168-foot long open ended pipe. 

Test Site B 

Test Pile - 48-inch O.D., 3/4-inch wall, and 158-foot long pipe. The pile 
was closed by an errl plate 10 feet al:::ove the pile tip. 

Reaction Piles - four reaction piles, each 36-inch O.D., 3/4-inch wall, and 
169-foot long open errled pipe. 

Subsurface Conditions 

Test Site A - Boring No. HX-11 (€, Station tL 117+82) represents subsurface 
conditions at this site. The boring log shows shallow loose silty fine to 
coarse sand (average SP!' N=8) deEX)sit underlain by 12-foot thick dense 
deEX)sits of sandy silt (average SP!' N=35). Very dense sarrly gravel 
(glacial till) deposits (average SP!' N=80 to 100) exists below the sarrly 
silt deposits. Existence of artesian water conditions at 44 feet telow 
the mudline is noted on the boring log. It was the intent not to 
penetrate the artesian layer during test pile driving. 

Test Site B - Boring No. HX-3(L, Station 179+09) represents subsurface 
conditions at this site. The boring log shows 10 feet of loose to medium 
dense fine sandy silt (SP!' N=3 to 17). Very dense, gravelly fine to 
coarse sand deposits (glacial till) (SP!' N=lOO) exist .t:elow the sandy 
silt deposits. 



Hanmer Data 

Comiaco 300, single acting steam banner 
Rated energy at 36 irches (full) stroke = 90,000 ft./lbs. 
Ram \<eight = 30,000 !X)llI'}ds 
Hanner Cushion - Alternate layers of micarta and alumim.nn, total 
t.Mickness = 9 irches 
Pile Cushion - None 
(Note: Sarre hamner was used for driving 36-ioch O.D. and 48-ioch O.D. 
piles.) 

Dynamic Monitoring Results for Piles at !Dad Test Site A 

One canpression pile (48-ioch O.D.) and four reaction piles (36-ioch 
O.D.) were driven at this site. The canpression pile was nonitored 
during the initial driving and during retapping after 16 hours. Two of 
the four reaction piles were monitored during initial driving. 

Attached Tables 1 and 2 show the suntnaries of the results obtained during 
initial driving and retapping of 48-ioch O.D. pile. The results show 
that the tensile and canpressive driving stresses induced in the pile 
were well within the sp?Cified limitations. The banner performan::e 
during initial driving was gocxl (transfer efficieocies up to 62 percent 
were recorded) but the transfer efficieocies never exceeded 44 percent 
during the retap. The inefficient hanm:r performan::e during the retap 
may be attributed to the lack of sufficient steam pressure. Recent 
research data on single acting air-steam banners shows that average 
transfer energy transmitted into steel piles is 48 percent. The analyzer 
predicted pile static load capacities of 750 tons at the end of initial 
driving and 785 tons during retawing showing no significant change. 

Table 3 st.mmarizes the dynamic nonitoring data obtained during initial 
driving of the 36-ioch O.D. reaction Pile No. 1 (SW corner). The banner 
transfer efficieocies recorded were between 42 to 57 percent. The 
analyzer predicted a static load capacity of 600 tons for this pile. The 
pile was not monitored during the retap because the experieoce with the 
48-irch O.D. pile showed that there was no significant change in 
capacity after a time pericx:l. 
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Table 4 sumnarizes the dynamic monitoring data obtained during initial 
driving of the-36-ioch O.D. reaction Pile No. 3 (NE corner). Note that 
between 123 feet arrl 125 feet pile penetration below the template, the 
hanmer imparted higher energy into the pile than its maximum rated energy. 
This was due to very high steam pressure which caused the hanner and 
its assembly to lift off the pile. The driving was discontinued 
temporarily and the steam pressure was adjusted. The hanner operated 
reasonably well after the adjustment. The analyzer predicted a static 
load capacity of 650 tons for this pile. 



Dymanic M:>nitorirg Results for Piles at wad Test Site B 

One canpression pile (48-irx::h O.D.) and four reaction piles (36-irx::h 
O.D.) were driven at this site. The canpression pile and one reaction 
pile were ronitored during the initial driving and during retapping. One 
reaction pile was ronitored only during initial driving. 

Tables 5 and 6 show the sUITltlaries of the results obtained during initial 
driving and retapping of 48-inch O.D pile. The tables show that the 
hanmer operated consistently during initial driving but not during 
retapping. High transfer efficiencies were recorded during initial 
driving and retapping. The maximum canpressive and tensile stresses 
generated during driving were within limits. At the end of initial 
driving, the analyzer predicted a static pile load capacity of 945 tons. 
Table 6 sh<:Ms that a reduced capacity of 785 tons was predicted during 
retapping. The reduction in capacity may have occurred due to soil 
relaxation. The pile driving operations in the very dense granular 
material may have generated negative pore pressures which tenp::>rarily 
exhibit higher soil strength but the strength reduction occurs as the 
negative pore water pressures are dissipated. 
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Table 7 SUJ'IITlarizes the dynamic ronitoring data obtained during initial 
driving of reaction Pile No. 5 (SE corner). The monitoring was discontinued 
at 34-feet pile penetration below the mudline because of the failure 
of the dynamic ronitoring instrumentation attached to the pile. The 
erratic hanmer performarx::e may be the primary cause of 
instrumentation failure. The analyzer predicted a pile load capacity 
of 870 tons when the nonitoring was discontinued. The dynamic 
ronitoring was not performed during the retap. 

Tables 8 and 9 SUITltlarize the dynamic ronitoring results obtained 
during intial driving and retapping of reaction Pile No. 6 (SW corner). 
The predicted static pile load capacity at the errl of initial driving 
was 925 tons. The retapping data in Table 9 shows that the pile 
capacity did not change significantly. 

Pile wad Tests at Sites A and B 

'l'he FHWA provided the load test frame and accessory equipnent including the 
precision load _!teasuring equipnent. The FHWA personnel provided the 
technical assistance for conducting the load test. The piles were 
instrumented with vibrating wire strain gages and "tell-tale reds" to 
determine the load-transfer distribution. The deflections of the can­
pression pile top was m=asured with a "LVOI'." The load frane deflections 
and reaction pile ?,Illout were accounted for by survey m=asurem=nts. At 
test Site B, the canpression and reaction pile IOCJ1Jem2nts were checked by a 
survey instrument located on the shore. The canpression load test on each 
pile was succeeded by a tension test. The tension tests were conducted by 
using the contractor provided jacks and gauges. 
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Figure 1 shows the load-settlerrent curve for the canpression load test at 
Site A. The scale is chosen as i;er Professor Davisson's recamendations 
for estimati03 failure loads. It should be noted that the load-settlerrent 
curve is adjusted at the first load in:rerrent (125 tons). It is the opinion 
that the deflection rreasurerrent at the first load in:rerrent in:lude 
substantial rroverrents in connections and does not truly reflect the pile 
deflection. Three rrethods for estimati03 the failure loads fran the load­
settlerrent curve were used and the results are shown in Figure 1 and Table 
10. Table 10 also shows the prediction by the pile analyzer. The 
"Davisson Criteria" and the analyzer prediction (analyzer uses the same 
criteria) canpare well. The "D/30 Criteria" (recarmended by the Canadian 
Foundation Engineerin;J Manual) is frequently used for large diameter piles 
particularly steel pipes and provides a failure load estimate of 975 tons. 
The 1100Uble Ta03ent Criteria" (reccmnended in the FHWA publication on 
"Texas Quick Load Test") pr011ides a failure load estimate of 960 tons. 
The tension test data for the test pile at Site A shCMed that the pile 
failed at about 250 tons. 

Figure 2 shows the load-settlerrent curve for the canpression load test at 
Site B. The load-settlerrent curve has been adjusted at the first load 
in:rerrent (125 tons) for the same reasoni03 as given for Site A. Figure 2 
and Table 11 show the failure load estimates provided by previously 
discussed criteria. The estimate provided by "Davisson Criteria" canpares 
well with the pile analyzer prediction. The "D/30 Criteria" provides the 
estimate_failure load of 1,000 tons and matches with the estimate provided 
by the "Double Target Criteria." 

The tension test for this pile was discontinued after t\tJO load in:rerrents 
of 25 tons each (total load 50 tons) because of the pile failure. This 
pile was extracted after the test was canpleted. It was discovered that 
the bottan 10-foot pile section below the end en:losure plate was sheared 
off at the plate and remained in the ground. The damage may have o:::curred 
due to the inability of welds to sustain high canpressive forces generated 
duri03 drivi03. 

Table 10 
Estimated Pile Failure Loads, _Test Site A 

Failure Criteria Failure Load Estimate 
( See Figure 1) 

"Davisson" Criteria 700 tons 

Prediction by "Pile Analyzer" 780 tons 

"D/30" Criteria 975 tons 
(Canadian Foundation E03ineeri03 Manual) 

"Double Ta03ent" Criteria 960 tons 



Table 11 
Estimated Pile Failure wads, Test Site B 

Failure Criteria Failure IDad Estimate 
(See Figure 2) 

"~isson" Criteria 750 tons 

Prediction by "Pile Analyzer" 785 tons 

"D/30" Criteria 1,000 tons 
(Canadian Foundation Engineering Manual ) 

"Ikluble Tangent" Criteria 1,000 tons 

Cooclusions and Recarmendations 

1. The dynamic ronitoring equipnent 1_:erformed well in ronitoring driving 
stresses and hamner 1_:erformaoce. The predicted ultimate pile capacities 
by the analyzer canpare well with load test interpretation by "Davisson 
Criteria." But the predicted ultimate loads by the analyzer were 20 
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to 25 i:ercent lower than those predicted by the "D/30" and "Double Tangent" 
Criteria. 

2. The revised analysis of dynamic data including "CAIWAP" is being 1_:erforrred 
by the Pile Dynamics, Iocorproated, arrl may sh<:M different pile load 
capacities than those predicted by the analyzer in the field. The 
"CAPWAP" data.will be furnished to the WashOOr. 

3. The steam harrmer used for the pile driving O1_:erations often O1_:erated 
erractically. The ioconsistent hanmer 1_:erforrnance was due to too much or 
too little steam pressure. There were instances when due to excessive 
steam pressure, the entire hamner assembly tended to lift off the pile 
and induced very high dynamic stresses in the pile. This was readily 
detected by the dynamic equipnent. This demonstrated the tremendous 
advantages provided by the dynamic equipnent in pile damage control and 
hamner 1_:erformance monitoring. 

4. The blow COUI}t estimates provided by the ''Wave Equation Analysis" did 
not match with the field driving records and load test results, 
primarily because the harmer operated substantially below the 80 1_:ercent 
efficieocy assumed by the "WP.AP Program." This can be readily determined 
by comparing the measured energy at the pile top by the pile analyzer 
(provided in Tables 1 through 9) with the energy shown in the surrrnary 
of ''WEAP" program output. This deI"OC>nstrates another advantage provided 
by the dynamic equipnent for the construction control. We recaruend 
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that for the production pile driving, the assumed hanmer efficiency te 
between 65 percent to 70 percent if a steam hanmer is used. The other 
wave equation input parameters such as load transfer distribution, 
damping parameters, arrl quakes should be those prOllided by the"~" 
analysis. Revised wave equation analysis should be used for production 
pile drivirg. 

5. We 7ecarme~ that a 4~-ioch O:D., 3/4-irx::h thick wall, closed end pile be 
des~gned us~rg an ultimate axial canpression load capacity of 1 000 ton 
(so11 capacity). ' 

6. We strongly recarmerrl that the State consider using dynamic rronitoring 
equiprent arrl the wave equation analysis for the construction control of 
pile driving on this project. 



I-90, SFA'lTLE, 3RD I.AKE WA.5HI~ BRU:G::, O'iNAM!C PiW f'U~uuru.,-... 
TABLE l PILE UW) TFSl' P~ - SITE A, 48" 0.0. - 3/4" w..L, INITIAL DIUVIOO 

RS'n:: RS'OC 
IEPiff BI.CW WITH WITH 
ew:w ClX.Nl' J=OP$20 .J=O.l 

'l'fJ4PLM'E DEPl'H * Pm Ft01' Kl KIPS 

97'-0" (97'-0") DRIVIOO " 
c-(91 '-0") 
.. 6'-0" 

105'-0" (105'-0") 12 430 750 
r-(91 '-0") 

:;;}4 '-0" 

115'-0" 24'-0" 29 610 920 

118'-0" 27'-0" 60 720 1,070 

121'-0" 30'-0" 100 820 1,120 

122'-0" 31'-0" 108 830 1,190 
(122) 

123'-0" 32'-0" 126 850 1,120 

124'-0" 33'-0" 147 850 1,150 

125'• 1 II 34'-l" (2 361 1,220 Ave. 
1,500 

Drivi(¥J fmPleted ~t 125 I 1" 
Predic ted Sta 

*Distance fran the lll.ldline to pile tip. 
RSTC = Ultimate Static Resistance 

MAX. 
CDtP. 

F. MAX. STRESS C'IDJ 
KIPS K.S.I. KIPS 

1,650 14.8 740 

1,890 J 7 .o 710 

1,890 17.0 590 

1,950 17.5 600 

1,970 17.7 600 . 
2,020 18.l 630 

1,980 17.8 610 

1,860 16.7 190 

ic l£>ad C apacity = 75.0 ' 

FMAX,. Maxi1111.111 neasured focce in pile at the transducer lccation 
~ = Maxiaun catpJted tensile focce anywhere in pile 
Maxinun illlowable call(Xessive or tensile stress = 0.85 fy 
(DriviP :e~.s) "'0.85 X 36,000/1,000 

= 30.6 k.s. 

fWf,£R 
l:NE9:iY TRANSIBR 

MAX. MAX. (RAM wr. EFFICIENC'i 
TEN. TRANSFER X {TRANSFER lllEIQ' 

STRESS ffiEOOY STIO<E 8I'RJKE) $.cftvit iwii:if> 
K.S. I. Pl'. KIPS FT. FT. KIPS IH:RG'{ 

.8 
r-1 

. Ii 
,µ .... 
-....:.: 

6.6 40 0. 44.4 i;:ercent o,µ 
o-... 

., 
00 

""'' = M N 
6.4 47 0 52.2 fercent I .µ 

M .... 
5.3 49 Q 0 54 . 4 i;:ercent 

I 
M 

5.4 50 X 55.5 i;:ercent 

5.4 54 .8 60.0 i;:ercent 

I 
r-1 

0 
0 

5.7 53 0 58.8 i;:ercent ~ 

0 
M 

5.5 56 62.2 i;:ercent 

1.7 50 55.5 i;:ercent 

r'ons 

RE>tARKS 

BlCM Count l:7j Analyzer 
~red with washir¥Jton 
p.O.T. records 

(122) Blows Recocded l:7j 
washi(¥Jton Dept. of Trans. 

(236) Bl<MS Recorded l:7j 
washi(¥Jton Dept. of Trans. 



I-90, SEA'ITLE, 3RD LAKE WASHIOOJQ;J BRIDGE, DYNAMJ.l: nu:. 1•, .. u.uv,...,.,_ 
TABIB 2 PIIE UWJ TEST PIO:iRAM •. - SITE A, 49• O.D. - 3/4" WALL, RETAP ANALYSIS (AfTER 16 HOURS) 

RSl'C RSl'C MAX. 
rerrn BLGl Wlffl WITH <IMP. 
BEILW CXUlI' J=0.2 J=O.l F. MAX. STRESS C TEN 

Tl:MPLNl'E IEPDi* PER tror KIPS KIPS KIPS K.S. I. KIPS 

125'-l" 34 1-1• RETAPPIN AFTER 16 OOURS 

125'-2" 34'-2" 16/ioch -- 1540 1,670 15.0 0 
(7) 

125'-3" 34'-3" 16/ioch -- 1520 1,720 15.4 60 
(10) 

125'-4" 34'-4" 22/inch - 1540 1,750 15.7 50 
(22) 

125'-5" 34'-5" (22) - 1560 1,750 15.7 40 

PREDIC rI'ID SI'.A ll'ICu:w:>< ~J\CITY OF PILE 

*Distance fr< .u the nxlline to pile tip. 
RS'lx:: = Ultim te Static Resistance • 
FfoW< "" Maxin m measured force in pile at t~ transducer location 
C1'f.N "' Maxilll !II carpated tensile focce anywhere in pile 
Maxinuo ~11c able caopressive or tensile stress= 0.85 fy 
(Drivi, :r •ss) "' 0.85 X 36,000/1,000 

= 30.6 k.!'" • 

IWH!R 
~ TRANSFER 

MAX. MAX. ~ RAM wr. EFFICIENCY 
TEN. TRANSFER X TRANSFER ElllEf<GY 

STRESS ~ STRa<E STOOKE) ACl'UAf, 1Wf,1ER) 
K.S.I. FT. KIPS FT. FT. KIPS EllERGY 

0 36 40.0 i:ercent 

0.5 39 43.3 i;ercent 
0 0 
I . - 0 

0.4 40 l"'l 0\ 44.4 i;ercent 

0.3 39 43.3 i;ercent 

= 780 T< ~ 

RF>1ARl<S 

Haimer did not \IOrk at 

full stroke because of 

lack of sufficient steam 

P,:elJSUre. 

( ) washi03ton D.O.T. 
Blow Count 



1-90, SF.A'ITLE, 3RD LAl<E WASHltCIOO lilUu..&:;, UUWIMH .. ,u. ... ,-., .. - ..... . 

TABLE_J PILE UlAD T&5T PR:XiRAM - Sl're A, 36" O.D. - 3/4" WALL RFJ\Cl'ICN PILE 00. l (SW OORNER.1, INITIAL DRIVIOO 

RS'OC 
IEPIH BUM WITH • 
BEUM cnm ,J=O. l F. MAX. 

'1UtPU4'E IEPl'H * ff'.R FOOi' KIPS KIPS 

96"-o• (96.0)- CIUVIOO ~ -
(91.0) ., 
5'-0" 

115'-0" 24'-0" 15 590 1,730 

122'-0" 31'-0" 31 870 1,680 

132'-0" 41'-0" 32 1,030 1,530 

145'-0" 54'-0" 20 890 1,740 

155'-0" 64'-0" 29 990 1,440 

158'-0" 67'-0" 49 1,280 1,340 

160'-0" 69'-0" 57 1,260 1,380 

161'-0" 70'-0" 71 1,460 1,500 

162'-0" 71 '-0" 49 1,150 1,290 

162'-3" 71'-3" 12/3" 1,170 1,320 

····-··--

PREDIClll STATIC PILE LOAD CAPACITY = 600 'lU6 

*Distar.:e fH ll the IIIUdline to pile tip. 
RSI'C = Ullia te Static Resistaoce 

MAX. 
<IMP. 

STR&5S C'I'EN 
K.S.I. KIPS 

20.8 660 

20.2 410 

18.4 250 

21.0 460 

17.3 190 

16.l 0 

16.6 0 

18.l 0 

15.5 8 

15.9 6 

fMAX "' Maxi• 11 aeasured focce in pile at the transducer location 
C'lffl ... Maxi.a • catp.1ted tensile force anywhere in pile 

MAX. 
'Jffl. 

STRESS 
K.S. I. 

7.9 

4.9 

3.0 

5.5 

2.3 

0 

0 

0 

0.1 

0.1 

'1axillkD qllc alle OClll(lressive or tensile stress"' 0,85 fy 
IDcivi :r SS) "'0.85 X 36,000/1,000 

: 30,6 k.· 

tWIER 
E}IEOOY TAANSffiR 

MAX. ~ RAH wr. EFPIClffiC\' 
TRANSFER X TRANSffiR DIBRGY 

rnEKiY sm:»cE STOOKE) ICl'UAL IWHER) 
FT. KIPS FT. FT. KIPS ~ REMARKS 

ui 
.Q 
r-1 

. Ii 
.µ .... 
IM.lil: 

41 0. 45.6 percent o.µ 
OIM 

39 0 00 43.3.percent Hanner did oot MJrk at full _. .,...,.. 

M I M efficiercy because of lack 
40 u .J 44,4 percent 

of sufficient steam pcessuce 

I 
1M 

51 0 56.6 percent . 
M 

41 X 45.6 percent Blow Counts CQnpllred with 

I 2 washiBJton D.O.T. records 
40 44,4 percent 

r-1 

42 ~ 0 
46.7 percent 0 

0 
' 

46 0 
51.l percent M 

38 42.2 percent DriviBJ (nonitoriBJ) ca1r 
pleted at 162'-3" 

38 42.2 percent 



1-90, SF.ATl'l..E, ]ND LAKE WASHitCIOI BRICXiE, D\'IIWtlC PILI:: M..1111·1urn-.., 
TABLE 9 PILE LOAD Tm!' PR:GWt - SI'IE B, 36" O.D. - 3/4" HM.I. PILE W. 6 (SW CDR-ER) (REl'APPIN:i) 

----

RSOC 
IEPI1I BIOi WI'ffl 
BEi.Of mm J=O. l 

'1'B4PlME 'EPI1t. PER R:01' KIPS 

127'-3" (] '.H'-3") ~APPJ 
,-(3]'-0") 
F 34 '-]" 

127'-4" 34'-4" 45/irrh 1,810 

127'-5" 34'-5" 27/irrh 1,810 

127'-6" 34'-6" 23/irrh 1,800 

127'-7" 34'-7" 21/ioch 1,770 

127'-8" 34'-8" 19/inch 1,770 

127'-9" 34'-9" 24/inch 1,780 

~APPIK; CXMPIEmJ Nr 127' 

PREDIC'IID BrATIC 

• + --- ~. ----

*Di stance he.a the D.Jdline to pile tip. 
RS'IC = UJtiaate Static Resistance 

! 
MAX. 
OH>. 

F. MAX. Sl'RESS C'lffi 
KIPS K.S.I. KIPS 

~ BrARl'E l>AFIER 611'.XR: 

1,410 17.0 0 

1,390 16. 7 0 

1,390 16.7 0 

1,380 16.6 0 

1,390 16.7 0 

1,400 . 16.9 0 

r-9" 

~ILE LOAD CAPACIT = 1,80 

fMAX • Maxi- aeasured focoe in pile at the transducer lccation 
::."I'm • Maxi- COll(lllted tensile focce anywhere in pile 

MAX. 
Tm. 

Sl'RESS 
K.S. I. 

0 

0 

0 

0 

0 

0 

~ kips = 

'taxi- allowable CCIIIJCessive or tensile stress = 0.85 fy 
(Drivi• ·ress) = 0.85 X 36,000/1,000 

• 30.6 k., •• 

MAX. 
TRANSFER 

DECY 
Pr. KIPS 

42 

40 

40 

40 

43 

43 

900 ~ 

HHH:R 
DEOOY TRANSreR 

(IWI wr. EFf-'l CI DK.'\' 
X { TRANStJ;R ffiERGY 

SJ'IQ(E S'l'IO<E) AL,UU. tWff:R) 
Pl'. Pr. KIPS ffiERGY REJolARKS 

Blow count by analyzer 

ui caipaced with wash. D.O.T. 
.Q 

blow count . ...... 
. Ii 46.7 percent 

.µ.,.. 
'4-<.lll 

• 44.4 percent ? 0. 
o.µ 
0'4-< 

M ' 44.4 percent 
I ~i 
t! I I 44.4 percent 

i ~ .... 47.8 percent 
0 

I 
,..; 

47.8 percent 
X 

! ...... 
0 
0 
0 

0 
M 



1-90, SFATrl..E, 3RD LAKE WI\SHll'COCH BIUCG:, DYNAMIC Pll..£ IOU'IORJN.i 

TABLE 8 PUE UW> TEST PRXiRAM - SITE B, 36• O.D. - 3/4• WALL PUE 00. 6 (SW CXJRNER) (INITIAL DIUVIN::s) 

RS'IC 
IEP11I BUM Wlffl 
IBOf cum JsO.J 

'l'fMPUd'E )EPffl. {DfUJJ' KIPS 
103'-0" o n•-o·, 

cq•-o•, 
= 10'-0" 

122"-0" 29'-0" 93 1,470 

123'-0" 30'-0" 85 1,600 

124'-0" 31'-0" 108 1,640 

125'-0" 32'-0" 120 1,790 

126'-0" 33'-0" 187 1,800 

127'-0" 34'-0" (215) 1,880 

127 1 -1• 34 1-1• (17)/irrh 1,940 

127'-2" 34'-2" (21)/irrh 1,940 

127'-3" 34'-3" (24)/ioch 1,850 

PREDICTED Sl'ATIC 

··-~·--•·-··. 

*Di stance I , ua the ndline to pile tip. 
RS'l'C • Ultiaate Static Resistance 

' fW(. 

<DIP. 
f. fW(. STRESS c-m-. 

KIPS K.S.I. KIPS 

1,570 18.9 0 

1,610 19.4 0 

1,580 19.0 0 

1,570 18.9 0 

1,510 18.2 0 

1,540 18.5 0 

1,570 18.9 0 

1,560 18.8 0 

1,360 16.4 0 

flLE WAD CAPJICIT = 925 

ffWt • Maxi- easured force in pi le at the transducer location 
CM = Maxi- CQl()Uted tensile force anywhere in pile 

MAX. 
'lffi. 

!>--mESS 
K.S. I. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

roos 

Maxi.. 1 lowable CCIIIJCessive or tensile stress = 0.85 fy 
(Dcivii ress) = 0.85 X 36,000/1,000 

a 30.6 k.: 

JWH:R 
DER;y TRANSPER 

MAX. (RAH wr. Ef't-'I CI El.CV 
TW\NSF'Ek X TIW6FER DIEl<GY 

El'£OOY STIO<E Sl'RJl<E) ACrUAr, HAt+tl:lf 
Pl'. KIPS Pl'. FT. KIPS ~ R9IARKS 

, ) Wash. D,O.T. Blow \ . oount . Blow count by .B analyzer cat{)ared with Wash . .-1 

. 8, D.O.T. reccxds. 
51 ~ .... 56.7 percent .... ~ 
53 0 • 

58.8 percent • 0~ 

? C?. .... 
52 M ii 57.8 percent 

• I I 
54 I .J 60.0 percent 

1M 

50 • 55,6 percent 
? 

54 I M 60.0 percent 
>C 

55 Ji 61. l percent 
.-1 

54 
0 60.0 percent 
0 
0 

53.3 percent 48 ~ 

0 
M 



1-90, SF.ATl'LE, 3RD LAl<E WASIIIIGlUf BRIW-:, DYNAMIC PILE K.l'H'l'Ut(tNJ 
TABLE 7 PILE UW) TEST P1rnAAH - SITE B, 36" O.D. - 3/4" WAIL PILE NJ. 5 (SE OOIH'.R), INITIAL DRIVIOO 

RSOC 
IEPl1f BUM Wlffl 
BElLW CXl.Nr J=OJ. 

'1'f>IPLNJ'E IEPl1f* Pm F07l' l<IPS 
104'-o• (104 '-0") PILE DRIV 00 Sl'AJ 

- (93 '-0") 
~ 11 '-0" 

110'-0" l 7 '-011 24 550 

114'-0" 21'-0" 47 930 

118'-0" 25'-0" 58 1,300 . . 
123'-0" I )0'-0" (69) 1,340 

I 
I 

124'-0" : 31'-0" 109 1,400 

125'-0" :12'-0" 120 1,620 

126'-0" n•-o• 133 1,790 

127'-0" 14•-o• 142 1,740 

mFDICJ'ED Sl'ATIC 

• --· ·---. -

*l>istar .... -e f,un the IUdline to pile tip. 
NS'l'C • UJ, haate Static Resistance 

' fW(. 

<IMP. 
F. MAX. STRESS C'i'E)I 

l<IPS K.S.I. KIPS 

rm> 

1,240 14.9 460 

1,380 16.6 210 

1,450 17.5 0 

1,190 14.3 0 

1,210 14.6 0 

1,450 17.5 0 

1,650 19.9 0 

1,430 17.2 0 

~ CAM ITY AT 4' ~ 

ffW< • Maxi- 11easured focoe in pile at the transducer locatioo 
Clffl • Maxi- CUlplted tensile focce anylh!re in pile 

fW<. 
Tffi. 

!:>"l'NESS 
K.S. I. 

5.5 

2.5 

0 

0 

0 

0 

0 

0 

,. = 

Maxi- allowable CCJlll(essive oc tensile stress "' 0.85 fy 
(Dciv; ·tress) ,. 0.85 X 36,000/1,000 

• 30.6 k. 

HNM:R 
ENEKiY TRANSFER 

fW<. (RAH WI'. EFJ-'I CI ENCY 
TRANSFER X TRANSFER DW.HGY 

ENEICY STIQ(E SMOKE) Al'ftW, I iAM£Rj 
Pr. KIPS Pr. Pr. KIPS ENERGY RIM\RKS 

Blow count by analyzer cca-
B pared with Wash. D.O.T. 

records . .... 
39 . a 43.3 percent .., ..... .... ~ 
44 C 0. 48.9 percent 9 0.., 

OIM 
' so M 00 55.6 percent "'"' • • • 42 I . 46.7 percent ( J BlO<r.l recorded by wash. .., 

D.O.T . .... 
0 

43 . 
47.8 percent 

I 
M 

>C 
51 . 56.7 percent 

B 
55 .... 

61. l percent Instrunents attached to the 0 
pile bee~ i~rable. 0 

51 0 
56.7 percent Dynamic lll)nitori~ discon--0 

tinued at 127'-0" penetratioo. M 

Retafping was oot mnitoted. 

,740 kips F" 870 'll INS 



I-90, SEA'ITIE, 311> LAKE WASHltCIOI BRim::, DYtWtIC PUE ~J'IURltu 
TABLE 6 PILE UlAD 'll:Sl' PRXiRAM - SITE 8, 48" O.D. - 3/4" WALL PILE, RE:l'APPitl> ANALYSIS (AFTER 24 fDJRS) 

--,-. 

IEPffl BUM 
RS'IC 
WITH • l!Elilf Cl'.X.M' J-0.l 

'l'9tPIATE IEPlll * PER RDr KIPS 

109'-0" (109'-0") PILE REI'JI ~It«;~ 
>-(93 '-0") 
= 16 1-0• 

109'-l" 16'-l" 17 1,470 

109'-2" : 5'-2" 25 1,680 

109'-]" .6'-3" 56 1,530 

109'-4" .6'-4" 50 1,570 

PREDICI'fD Sl'ATIC 

tom: n • pile w, IS extractE li after 
SE ion belc pw the end plate w 
gr nd. 'lb extractic n wasp 
th ?ile an: was easy. 

-- - - .. 

•oi~tar,ce f1<a the IUdline to pile tip. 
RSl'C: Ultiaate Static Resistance 

MAX. 
<D4P. 

F. MAX. STRESS C'l'ffi 
KIPS K.S.I. KIPS 

-~ 

1,870 16.8 450 

1,940 17.4 40 

1,800 16.2 210 

1,840 16.5 60 

!WAD CAPA r-1TY = 7 SRN> 

the loat It.est. ~ ~ bottc 
~s dclnagec and re11 !'lined i1 
rformed I ~ the CI :me ?Jl 

fMAX • Maxi- Easured force in pile at the transducer location 
CI'EN .. .. .. 1' i.- ccnputed tensile force anywhere in pi le 

MM. 
'Im. 

STRESS 
K.S.I. 

4.0 

0.4 

1.9 

0.5 

~ 10' 
the 

irg 

Maxi• lowable CQIP'essive or tensile stress • 0.85 fy 
(Ddv~tress) = 0.85 X -,c 000/1,000 

a: 30.6 k 

MAX. 
TRANSFl:R 
EJEQ 

FT. KIPS 

58 

67 

63 

54 

1Wi£ii 
tlEfCI TRANSFER 

(RAM WI'. Ef'f'ICIF.NCV 
X ~TIWlil-'ER fMlCt 

STIQ(E STIO<E) tlL-1"1.#\IA -~--

FT. FT. KIPS ffiEOOY REMARKS 

. 
B 
rl 

s l'l 

? • 0. 
64.4 percent ffcaner did not orerate ,j.J .... - IM-"! 

M 
0. 

74.4 percent consistently. • O,l,J 

I 
q .... 

~~ 70.0 percent Blow counts ~red with • • Wash. D.O.T. recocds 

I 
.J 60.0 percent .... 
0 . 
M 

X 

B 
rl 

0 
0 
0 . 
0 
M 

-



1-90, SF.ATTI.E, 3RD LN<E WASIIIOOIUI 00100::, DYNAMIC PUE tDU'l'llt<lNu 
TABlE 5 PUE WAD TESl' POCQWI - SITE B, 48• 0.0. - 3/4• WALL PUE, INITIAL DRIVIt«i 

RSl'C 
IEPffl BUM Wlffl 
BElOI CllNl' J:sO.l 

'lBIPUaE IEPffl * PER roJr KIPS 

103'-o·· (103 1-0•) PUE DRl\i Ni 
.... 19J•-o•, 
1=10•-o• 

104•-o· 11'-0" 31 1,440 

105'-0" 12'-0" 28 1,560 

106'-0" 13'-0" 64 1,580 

107'-0" 14'-0" 197 1,590 

107'-6" 14'-6" 206/6" 1,710 

108'-0" I 15'-0" 90/6" 1,780 

109'-0" 16'-0" (321) 1.890 

DRIVING 0 iMPI.EI1:I 
PREDICTED SfATIC 

- ·- - -

•1.1i :;tarce I, u the ~line to pi le tip. 
RHl'C "' Ult iiaa . .e Static Resistance 

MAX. 
CIMP. 

F. MAX. STRESS C'IDI 
KIPS K.S.I. KIPS 

~ 

1,880 16.9 110 

1,870 16.8 0 

2,000 18.0 0 

1,810 16.3 290 

1,840 16.5 90 

1,820 16.3 0 

1,820 16.3 -0 

AT 109 1 -1 II 

~CAPAI ITY = l 890 kipt; 
945 'lo.tp 

fMi\X ,. Maxi .. , 1easuced force in 'pile at the transducer lcx:ation 
CTffi = Maxi. .. , CCllpllled tensile focce any,,tiere in pile 

MAX. 
Tm. 

S'mESS 
K.S. I. 

1.0 

0 

0 

2.6 

0.8 

0 

0 

Maxi- 11110,r:ble CC111pCessive or tensile stress = 0.85 fy 
(Drivi t.ce..s) = 0.85 X 36,000/l,OOO 

= 30.6 k, 

-----
HNH:R 
El£ICY TAANStY.R 

MAX. (RM wr. EFl-'IClmcY 
TRANSl-'Ek X TRANSl-'Eft ENF.KiY ·~ S'l'IO<E Sl'IO<E3 

ACl'llAL ·~ Pr. KIPS Pr. Pr. KIPS ~ 

1l 
rl 

55 -~ 61.1 percent ........ 
.... .:,t 

E 0. 
53 0 0 .... 58.9 percent _, o .... 

' 
56 

M 00 
0\ 0\ 62.2 percent • I I 

52 ; . 62.2 percent .... .... 
53 0 57.8 percent . 

~ 
M 

51 >< 56.7 percent 

§ .B 53 
rl 58.9 percent 
0 
0 
0 

' 0 
M 

REMt\RKS 

!Blow counts by analyzer 

ds. F
red with wash. o.O.T. 

Wash. O.0.T. blow count= 
~04 

(321) Bla.,s recorded by 
Washio;Jtoo D.O.T. 



1-90, SF.ATrlE, )HO LAKE ~I~ 8Rl~, DYtWUC PILE KWl'KIRlt-C 

TABlE 4 PIIE UlN> TESl' FRXiRAM - SITE A, 36• O.D. RF.ACI'ICN PILE ti). 3 (NE CDIH:R), INITIAL DRIVIt-C 

RS'lC ' 
IEPDI Bl£M WI'ffl 
BF.UM CXXJfl' J=O.l F. MAX. 

'1'9IPUaE IEPDI* PER ft:q1' KIPS KIPS 

99 1-0• (99 1-0•, ~Vite= " 
(91 '-0") 
• 9•-0• 

111 '-0" 20'-0" 8 450 1,540 

120•-o• 29'-0" 23 740 1,610 

124 •-o· 33'-0" 28 1,780 2,840 

132'-0" 41'-0" 18 720 1,620 

145'-0" 54'-0" 18 810 1,640 
153•-oM 62'-0· 29 11,010 1,590 

66'-0" 35 1,320 1,690 

67'-0" 35 1,320 1,670 

69'-0" 48 1,340 1,630 

70'-0" 41 1,280 1,620 

70'-10" 30/10" 1,260 1,610 
--

M"DIC!'Eli STATIC UlN> CAPACITY = 650 'OCff:i 
*D1 !:lar,ce I a UII the .-xlline to pile tip. 
k:;J'C ; Ull ia-at e Static Resistaooe 

MAX. 
<IMP. 

STRESS C'Iffl 
K.S. I. KIPS 

18.5 780 

19.4 560 

34.2 0 

19.5 480 

19.7 440 

19.l 300 

20.3 0 

20.l 3 

19.6 0 

19.5 6 

19.4 7 

flW< s Maxi•• aeasured focoe in pile at the transducer location 
ClDI = Max,.,. caip,ted tensile focce anywhere in pile 

--

MAX. 
'Jffi. 

STRESS 
l(.S. I. 

9.4 

6.7 

0 

5.8 

5.3 

3.6 

0 

0.04 

0 

0.1 

0.1 

Maxiar -l lowable oall(Xessive or tensile stress = 0.85 fy 
(Dciv~ tc~ss) = 0.85 X ~e ij()()/1,000 

= 30.6 k-1, 

-nN'l'ttJ( 

ElE¥iY TIWtireR 
MAX. (RN4 wr. EF'PICl&Ci 

TJW-61,'ER X 'NWSl-"l:R E},IEIC{ 
mEIGY STIOCE STOOICE) ACTlV\LiWid) 

Pl'. Kl PS F"I'. Pl'. KIPS EJ£OOY REJolARKS 

~ 14. .... 
• .¥. u 

40 ..... 44,4 percent Between 123' and 125' u 
OIM 

penetration, hanmer pco-0 
49 oo 54. 4 percent vided IIDCe energy than rated • ' . 

0 ~~ energy tecause very high I 
99 M • • 110.0 percent steam pressure caused the 

• .J assembly to lift off the 49 ; .... 54. 4 percent pile. 
• 54 9 60.0 percent Blow count by analyzer 
M CQlllared with wash. D.O.T. 50 

I X 55.6 percent recocds. 

56 i 62.2 percent 
rot 

55 0 61. l percent 0 
0 
' 55 0 61. l percent M 

53 58.9 percent Drivirg (lll'.lnitorirg) 
caipleted at 161'-10" 

53 58.9 percent 



r 
It 

tti:ttlttt:t +-.._l,..J__. +_,_ -'-_.__ 1-..J._L-1.J.I-..J..j..j 

~ 

-~ ~:;: 

I-~• , .. 1 .• 

-~' 
I . . f. 
~ .. 

.··r~ 
r~ " 

-

. ..1 '·i 

ft· 

_J 

i,, I+ 

~ 
-f: -

- ~ 

b~ 

t 
~ . I 

'"' •• 

~ 

' r ., 

f;:' 

.µ. 

JE 

Ll - • 

!1Jl. - 'fT lril . . . . F 

.-~ ~ ~ 

-,·~ -
~ 

,:.!, ~ 

- _j_ 

:,. }J:. 

--~ 
~ 

-~ -~-b~ 

~ .. -., -
-

~ 
~ '! 

~ (,_ lh :~~-ti, .. ,,~ 
~ 

~~ ~ 

-~~ + 
-l-

I 

H ~ 

~. 
~ 

t ~ 

~ 

~~~ r -
~t, 

~ 



lt!j::t:ttt.t m~mi:t:t:t:mm. 

I' . 
i,..-f I 

~!,. 

..,..:\ 
·--t· 

. 
H+t++-H·-1-1+ • 

. 

·1 I, 
-, I I • rL --
'' I 
I .. , '' i • : 

l 
i 

lll -· J -- !t 111 : ·I .l 
- 1 I 11 

-l- -•. I ... 

.:.. 
/ 



• 

• 


