PROBLEM SOLVING EXERCISE
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PROBLEM SOLVING EXERCISE
» OVERVIEW

The efforts of five teams were adjudicated based on the following criteria. It should be noted, of
course, that time prevented the design details of various proposals being checked by the referees.

1. DeSigﬁ Concept/Layout

. - Pile design and construction classification
. Number of piles
. Length, diameter, and bond zone
. Design service load
. " ‘Reinforcement details
. Inclination/orientation
. Construction details (drill/grout)
2. QA/QC
. Processes
. Materials
. Overall Performance
3. Schedule
4, Cost

The different solutions offered for Problem 1 are summarized in Table 1. While four teams selected
a “conventional” Type 1B pile approach, the fifth team proposed an extremely innovative solution
featuring the creation of two “towers” of reticulated Type 2A piles, tied back by anchors. This
concept, which owed much to the revolutionary personalities within the team, was in fact adjudged
the winner, although, as noted by some of the contractors involved in the unsuccessful teams, the
concept would not have been accepted if the project were located in the U.S. given its radical (but
wholly appropriate and realistic) nature!

For the second problem (Table 2) four teams adopted a standard Case 1 structure, including the team
which relied exclusively on a Japanese standard. The fifth team, driven by Teutonic forces, offered
a radical solution which was labeled both “Case 1/%” and “proprietary”. For both reasons it was not
successful, and the winner again proved to be the franks and masons, although again protests by
defeated teams relating to the short schedule claimed were heard above the popping of champagne
corks.

This whole exercise appeared to be an outstanding success, and proved to be a very direct way of
transferring information between engineers of different cultures and experiences. Such peer
competitions are not common in many of the countries represented, and it is to the credit of all
participants that any awkwardness was quickly lost, and natural camaraderie soon took over.
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-INTERNATIONAL WORKSHOP ON MICROPILES
- DOUBLETREE INN, SEATTLE, WASHINGTON
SEPTEMBER 26-28, 1997

PROBLEM 1
STATIC/SEISMIC DESIGN

The following sample problem illustrates the design of foundation support for a bridge abutment
using micropiles. This sample problem is intended to illustrate the qualification and grouping of
typical abutment loads and the design of a micropile foundation for the controlling load
group/groups. Practitioners typically follow different procedures around the United States in the
design of bridge abutments, and therefore this sample problem is not intended to depict a “standard
abutment” or a “standard abutment design procedure”.

A, PROBLEM STATEMENT

The structure is a simple span bridge, 30 meters long, supported on concrete retaining abutments.
The superstructure consists of five AASHTO Type IV precast - prestressed concrete girders with a
cast-in-place concrete deck.

The bridge abutment width is 10.5 meters. The abutment wall backfill material is medium dense
sand with an angle of internal friction of 35 degrees and a unit weight of 17.5 kN/m®. The unit
weight of the concrete is 23.6 kKN/m®. The dimensions of the abutment are shown on Figure 1.

A summary of loading applied to the bridge abutment is shown on Figure 2. All load values are per
1-meter width of abutment. The seismic site design coefficient is 0.3g.

The foundation soil conditions are described in the boring log on Figure 3. These soils consist of
2.5 meters of loose sandy gravel underlain by a moderately compressible soft, brown, fine sandy silt,
which is 1.5 meters thick. The silt is underlain by a dense to very dense gravel with cobbles and
boulders, which extend to a maximum depth of 30 meters. Ground water is 4 meters below the top

of footing.

Unit costs and times for different micropile types are shown in Table 1.

B. GOAL

1. Complete a design for a micropile system including:
a. the structural capacity of the upper cased length (if used)
b. the structural capacity of the lower uncased length

c. determination of the geotechnical bond length.
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International Workshop on Micropiles
Problem 1 (Continued)

Page 2
2.  “Estimate anticipated displacements under service loading.
3. Estimate time and cost

C. SUGGESTIONS TO REACH GOAL

Step 1: Determine the magnitude and point of application of the design loading
acting on the abutment.
Step 2: Determine the summary horizontal force, vertical force, and overturning

moment acting on the abutment for each load combination group. Select a
pile layout and determine the front and rear pile axial design loading required
to support the summary forces and moment.
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Figure 1. Abutment section detail.
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Dead load of concrete abutment

Dead load of soil

178.70 kN/m (dead load from bridge structure)
73.00 kN/m (live load from bridge structure)
Earth pressure due to live load surcharge

3.00 kKN/m (wind load on superstructure) |
3.65 KN/m (wind load on live load)

18.00 kN/m (longitudinal force)

Active earth pressure

Seismic earth pressure

63.73 kN/m (seismic inertia force of concrete abutment and soil weight)

53.6 kN/m (seismic inertia force of the superstructure)

Figure 2. Summary of abutment loading.
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II 2 in 0.D. SPUT TUBE SAMPLE (SPT) T AUGER
10 3.2 in 0.D. SPUT TUBE SAMPLE (Dkm) H CONE

T caven wasmarn X 20mm -3 AUGHR | O COMPLETED: 20,1198
VANCOUVER, WASHINGTON mm - :
cso'r%m. SECTION NX CoRe o DRI CME B50
9 DRILLER Rod Terzeghi
BORING LOG (METRIC UNITS) OTHER: WEATHER:  Warm, Sunny
- gl - ¥ WATER CONTENT (96)
= weg BLOW PLASTIC LIMIT—— LIQUID LIKIT
(%3
E DESCRIPTION £ 25 COUNT . SAIIPLE&%MI&I& RESISTANCE
S oy, g a2 -
0 | loose to medium dense, gray sandy subrounded 0g p
|nvel (cw). oa ?
ao ‘:
oof R-1 ¢
oq "
od
og l:
ODD -
% SPI'-IJ 4-5-6
oo -
[+ 72} r
od {
25 R-2 :»
Soft brown, fine sandy sill (ML). p
$
SPT-2 Jr 2-3-3
3
b4
4.0 R-3 $
Dense, gray sandy subrounded gravel and cobbles o0 :»
with boulders up lo | meter (GW) og 3
g|
48 N %01gpr-3 20-25-50/1
Drove sampler on boulder N K
* <>
. boulder g 5
+ K4
3 R
«] R-4 R
-] &
59 b1 K<
Some seams al cléan medium sand up to 150mm %0
thick. % (sPT-4 I 20-22-25
10
oo B
of| B
70 e »:::
L D
bouider +1r-5 B
T4 e d ::::
o 3,
Becomes very dense o: :E::
g
83 oS |SPT-5 28-34-50/20
87 boulder L | R-6
Oo
Ooo
Note: Similar material encountered to maximum % _ nagtls
depth explored of 30 melers. paa §PT-6 %-34-41
ga
100 og | R-7
T 1.7 in 0.D. SPUT TUBE SAMPLE T 3 in SHELBY TUBE WATER LEVEL BERQD (96) SCFIELD VANE (kPe)

JRECOVERY (96) ~- POCKET PEN (kPa)
O UNCONFINED COMPR. STRENGTH (MPa)

PROJECT: Illcroplle Example Problem #!
STATION. O

BORING B-1

Figure 3. Soil boring log.
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MPa) and a tensile strength of f,

= 105 kips/in2 (723 MPa).

Table 1A. Axial tension and compression loads for ASTM A615 and

4q

28

ASTM A706 reinforcing bars.

rade 6 rade 7
8 9 10 11 14 18 11 14 18
100 J1.13] 1,271 1.41] 169} 2.26 1411 1.69 2.26
mimn 25 29 32 35 43 57 35 43 57
Area __in?2 079 11.00f 1271 1561 225] 4,00 1.56 1 2.25 4,00
mm2 510 | 645] 8191 10061 1452} 2580 1006 | 1452 2580
Yield Load 47 | 60l 76| 94§ 135] 240 17l 169 300
kips
kN 211 } 267] 339] 416] 600] 1068 520 751 1334
Ult, Load ' 71 90] 114} 140] 2031 360 1641 236 420
kips
kN 316 |1 400} 5081 6241 901} 1601 7291 1051 1868
EAR APPROXIMATE BAR PROPERTIES
“INO. DIAMETER DIAMETER | AREA CONVERTED
{mm) (inches) 1 (inches2) AREA_(mm2
6.4 0.250 0.05 32.255
9.5 0.375 0.11 70,961
4 12.8 0.500 0.2 129.02
16.0 0,625 031 199,981
o) 19.0 0.750 0.44 283,844
7 22,2 0.875 0.6 387.06
8 25.5 1.000 0.79 509,629
28.7 1.128 1 _645.1
10 323 1.270 1.27 819.277
11 35.8 1.410 1.56 1006.356
14 43.0 1.693 2.25 1451.475
18 57.3 2.257 4 2580.4
Notes:
(1) Certain dimensions are shown rounded off in the table. Specifically,
bars #9, #14, and #18 have diameters of 1.128, 1.693, and 2.257 inches,
respectively.
(2)  Grade 60 reinforcing. steel has a yield stress of f, = 60 kips/in2 (415 MPa)
and a tensile strength of f, = 90 kips/in2 (620 MPa).
(3) Grade 75 reinforcing steel has a yield stress of f, = 75 kips/in? (517




Casing OD in 5-1/2 7 9-5/8
g mm 139.7 177.8 244.5
Wall Thickness in 0.361 0.498 0.472
' mm 9.17 12.65 1199
Steel Area in2 5.83 10.17 13.57
mm2 3760 6563 8756
Yield Load kips 466 814 1086
kN 2075 3619 4829

Notes:

(1 Casing outside diameter (OD) and wall thickness (t) are nominal

dimensions.
(2) Steel area is calculated as A, == t (OD - t).
(3) °~ Nominal yield stress for API N-80 steel is Fy

7(4)’, - Conversion data are:
MPa; 1 kip = 4.448 kN,

1 inch = 25.4 mm;1 in2

80 kips/in? (551 MPa).

64.5 mm?2; 1 kip/in2 = 6.89

" Table 1B. Axial tension and compression loads for API N-80 steel casing.
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MATERIALS COSTS

1 These costs apply for steel left in the hole only.

2 Assume grout is $100/m°.

Grade 60 Bar
Diameter -
. 25 29 32 35 43
(mm) 57
Cost/meter | $10 $12 $13 $15 $18 $25
Grade 75 Bar
Diameter (mm) 35 43 57
Cost/meter $20 $23 $32
N-80 Casing
Diameter (mm) 100 127 139.7 177.8 244.5
Cost/meter $30 $40 $50 $80 $110
DRILLING COSTS (Drill and case temporarily)
| Diameter (mm) 100 127 139.7 177.8 2445 |
“ Cost/meter $55 $70 $80 $100 $130 “
PRODUCTION RATES
Diameter (mm) 100 127 139.7 177.8 244.5
Meters of 100 90 80 70 50
pile/day

Table 1C. Nominal costs and production rates for various drill diameters
and types of reinforcement.
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TABLE 1
SUMMARY OF PROBLEM 1 RESULTS

Team
Design /. Green Blue Red Yellow Black
Classification | ~+ 2A 1B 1B 1B 1B
. 2.n§t?».'ork.s of 13 6 vertical and 4 20 p.lles tota!, . 5 vertical and 7 5 vertical and 5
No. of piles piles; inclined at inclined piles vertical and inclined inclined pil inclined piles at 3:1
10°, with 5 tiebacks P at 20° ed pries inciined piles at 2:
Lengthand | 7.6 long and 10m (vertical), 14m | 8m (vertical) Ilm 1 15 /400 ong 12m long and
. SN (inclined) and (inclined), and . .
diameter 100mm diameter . ; 178mm diameter 140mm diameter
e 150mm diameter 240mm diameter
! -‘ : . Rotary percussion, Rotary percussion Rotary percussion
Constraction Ea‘:gz é;:‘ion:;: t R:::SP("S;ICP _1__6)(;’ 4r;eat neat grout (w/c = duplex, neat grout ODS, neat grout
_ g g : 0.5) (wlc = 0.4) (wie = 0.4-0.5)
720 kN compression | 900 kN
Service Load | 100 kN 785 kN and 400 kN (compression) and 450 kN
_ (tension) 400 kN (tension)
Reinforce- 200mm bar Grade 57mm bar Not specified 45mm bar 57mm bar
ment 60 . Grade 75 otsp Grade 75 Grade 75
Integrity testing Static load testing Static load. testing Grout cubes Certlﬁc.:ates.
. Grout cubes (compression and . Case histories
QA/QC Load testing . . Fluid tests
Flow testin Fluid tests testing) Static load testin Grout cubes
g Records Fluid tests g Fluid tests
Time 5 days 5 days Sdays+2daysfor | 5days+2daysfor |, 400,y
. testing testing
Cost $25,000 +$20,000 | g5 900 $40,000 +520,000 | g54 309 $17,180
for testing for testing
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INTERNATIONAL WORKSHOP ON MICROPILES
DOUBLETREE INN, SEATTLE, WASHINGTON
SEPTEMBER 26-28, 1997

PROBLEM 2
IN SITU SLOPE STABILIZATION

A. PROBLEM STATEMENT

Given: Roadway along a flank of a hill (valley floor downslope, sometimes a river or stream is
present). The road is built across unstable ground (sometimes side cast fill, if of early origin then
often uncompacted). Subsurface conditions and site topography for this example are shown on the
attached sketches. The existing road is marginally stable, failing during winter due to high
groundwater.

Project constraints include working in an environmentally sensitive area. No work is to be
performed outside of the roadway prism. One-way traffic must be maintained, with temporary road
closures for periods up to 30 minutes allowed. Micropiles are determined to be the best solution to
meet the project constraints. The length of the roadway to be stabilized is 200m.

Geotechnical site characterization defining soil and rock units with material properties and
groundwater level is provided in Figure 1 through 4. For an active slide, assume existing slope
stability Factor of Safety (FS) = 1.0.

Unit costs and times for different micropile types are shown in Table 1.

B. GOALS

1. Design CASE 1 non-reticulated micropile structure in lower roadway shoulder to

stabilize roadway to provide
a. FSgpic 2 1.5
b. Fsseismic 2 1.3,

2. Provide internal and external stability design calculations for required micropile
structure including final micropile spacing.

3. Estimate time and cost.
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Lengék of Roadwa/ = 200m

DESIGN NOTES:
' Traffic Live Load Surcharge ~——eceaoceoo.oo 9.0kPa
Horl sl Acceleralion Coelficlent --~ 0.12g

| 1. LASE § MICROPILE SLOPE STABILIZATION

ROWN TO BLUE-GRAY, SOFT
SILTY SAND, SONE ANGULAR
SUBROUND GRAVEL. WET.

AN

[ = 28
c = 3.0 kPa

Ysal = 18.6 kN/m

\@ﬁ" e Ymolist = 18.0 kN/m?
—m;mr_- '\‘%’\u

C = 480 kPA

Bedrock. | Re%m'ra( Chea~

Resstace.
BEDR!:‘G:‘:I:LY DECOMPOSED ES.(etatic) =|.5 |23 k”/m

MULTICOLORED SILTSTONE

FS.(seismic) =13 153 kNfim

* NO _SCALE

Figure 1. Micropile slope stabilization.

CAECOWHWA\WORKSHOPMPROB-2.DOC
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FEDERAL HIGHWAY ADMINISTRATION 6 ?ﬂ H-S AUGER D | BEGAN: 05/16/94
VANCOUVER, WASHINGTON 8 in H-S AUGER 0O |COMPLETED: 05/18/94
wowe  olmn o opm
BORING LOG (English Units) |oTtHER NO. {WEATHER:  Fair
2 ! = ¥ WATER CONTENT (%) -
¥ =} e PLASTIC LIMIT — LIQUID LIMIT | &
2 g & BLOW 3
& DESCRIPTION . T 5 = @ SAMPLE PENETRATION RESISTANCE | b
@ af £ = | COUNT BLOWS PER FOOT &
a S w9 (140 1b mass, 30 in drop) o
ELEV. ] 40 80 1
1] Vcrysloon. very maist, sandy, sill with a trace of cigy . weess|vesencees|eveccnens
0- 15", ¢ b
1'5"-58" Very moist to wel, dark brown, clayey, silty
sand with some gravel-size pieces of rock and roots
{soft). R-1 .
14
5.6
Siil {wet), dark brown. ciayey, silty sand with some
smal broken rocks. . SPT~1 ” 2-2-1
8.0
8°-9'8" gravel and small cobble size broken rocks. R-2 - |8
§'8"~10'8" Very ioose sand wilh some pieces of
hroken rocl; (:vnl ’ &) o 0t 4 b .
Very loose (ssturated) clayey, silty sand will jecey
bra{mn rock (no free wnloyr yil'n hole). P SPT-2 “ 1-2-1
13.0 i 12
140 13'~14° Broken rock and soil. R-3
14'~15'5" mostly loose soil with a few pieces of smal
broken rock.
(Saturated) Slightly clayey, silty sand with small
fragments of rock (very loome). Water level 10'4"; 10 SPT-3 ” 3-2-1 18
h7.s | minutes later 93", .
17'5"-20'6" Slightly firmer want into & blue-gray,
clayey, silty sand with some gravel size rock. R-4
lnv (very wet), bl 1 ilt, d with R0
ose (ve et), blue-gray. clayey, silty sand wi
some smail angular gravel. vey. =y SPT-4 || 2-2-3
R-5 .
- 124
§" of brown (saturated), slightly clayey, silt nd with
some engunlr( gravel. 42 of iru;'—hrgwr);. sill; ::nd with | SPT-§ “ 35-50/2
angular gravel.
8.0 | 286’26 very dense.
28'-30'S" Sort of loose with some denser seams. R-6 28
Blue—-gray, silty sand with s trace of clay and organic
1.5 | material throughout. Some angular and subrounded SPT—B” 2-6-11
grave), / 22
31'5"-35'5" Medium dense with some gravel size g
rocks.
' R-7
Biue- . slightly clayer, silty sand with some angulpr M
nnl:'l sﬁ?r’c'm:dlgd gyr:v:ly'und laylcw small pieces of e SPT-7 ” 7-9-9 [, 36
7.5 | Organic_material (wet). N
37'5"-40'5" Looser with several 1"~4" layers of .
gravel, :
R-8 sl ittt so
- [} 50 100
il 1.7 in 0.D. SPUT TUBE SAMPLE I:I in SHELBY TUBE ¥ WATER LEVEL =
1T 2 in 0.D. SPUT TUBE SAMPLE (SPT) I AUGER ::gm(,::“ @
[l 3.2 in 0.D. SPLIT TUBE SAMPLE (D & M) B3 CORE
PROJECT: Lehso Rosd BORING Bi15-94
Sheet ) of 2

STATION. OFFSET: 1481-00, 85.3L

Figure 2. Boring log B15-94 information (Station 1.481+00).
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FEDERAL HIGHWAY ADM]NIS‘I‘RA‘I’ION 6 in H-S AUGER
8 in H-S AUGER

VANCOUVER, WASHINGTON NX CORE
GEOTECHNICAL SECTION HQ CORE

BORING LOG (English Units) |oTHER

BEGAN: 05/16/94
COMPLETED: 05/18/984
DRILL: D-25
DRILLER: P. Selmon
NO. | WEATHER:  Fair

oooo

=z § = ¥ WATER CONTENT (%) -
¥ - of 4 8| pow [|PLASTIC LIMIT— LIQUID LiiT | &
E DESCRIPTION T g = @ SAMPLE PENETRATION RESISTANCE =
= S £ = | COUNT (“oml.gws PER FOOT | ) <]
vi masa, n drop
ELEV. I 40 e
Blue-gray, silty sand or sandy sill with a trace of ¢lay . 0
with some organic meterial throughout and a few smal)SPT-8 4-5-7
angular gravel and subrounded gravel. 40'6"~44'10"
mediium dense with some small gravel.
44'10"-45'8" Slightly denser.
R-9
i 5" of blue-gray, sandy silt with some gray rock - -
48.3 I fragments. 4" of rust tan-brown, very hight —{ SPT NBH 8-50/%
47.1 a decomposed rock with some harder pieces of rock/ | | R-10
47.9 | | (decomposed to sandy ailt with a trace of clay) ).
. After 10 minutes water level at 41' 1
48'3"—47' very dense gravel and siily sands. Refyya] R-11
50.1 with auger
" hfiStarted coring 1
6" of blue-gray and multicolored sand with a fe
|lsubrounded gravel and a 5  weathered cobble. R-12
4711 ~48'S" soft zone. There is water coming oyt pf
hole - 10 min. o
Three pieces of gravel 51'-53' highly decomposed SPT-1011 14-25/%
siltstone. X
5" of highly decomposed silistone rusty—tan and light
gray. 3 of dry siltsione. R-13
Decomposed, gray siitstone. ground most of the cord
up. :
Decomposing gray siltslone.
58.0 R-14
BORING TERMINATED AT A DEPTH OF 58'.
IS Adl BDIDaad IR T,
- 50 100
" 1.7 in 0.D. SPLIT TUBE SAMPLE T 3 in SHELBY TUBE ¥ WATER LEVEL
E& rop (%)

ITL 2 in 0.D. SPLIT TUBE SAMPLE (SPT) T AvGER

TIT 3.2 in 0.D. SPUT TUBE SAMPLE (O & M) J CORE

RECOVERY (%)

PROJECT: Lehso Road
STATION OFFSET: 1L481-00, 95.FL

Figure 2 (continued). Boring log B15-94 information (Station L481-+00).
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FEDERAL HIGHWAY ADMINISTRATION
VANCOUVER, WASHINGTON
GEOTECHNICAL SECTION

BORING LOG (English Units)

8 in H-S AUGER
8 in H-S AUGER
NX CORE

HQ CORE

QOTHER

BEGAN: 05/09/94
COMPLETED: 05/10/94
DRILL: D-25
DRILLER: P. Selmon
NO. | WEATHER: Hot

u}
o
(=]
(=]
0

DEPTH(t)

DESCRIPTION
ELEV.

GRAPHIC LOK

v WATER CONTENT (%)
PLASTIC LIMIT—— LIQUID LIMIT

BLOW
COUNT

SAMPLE

@ SAMPLE PENETRATION RESISTANCE
BLOWS PER FOOT
(140 1b mass, 30 in drop) a
40 1

104

34.7| coring.

0-1'7 Loose. brown, clayey =ilt with organic materiall
and & few gravel sixe broken rock.

1'7'-3'0" Brown clayey silly sand and a couple
cobbles.

rock (very moist).

Brown, clayey, silty, sand with some angular and
subrounded gravel and wei seams throughout.

Loose (wet) clayey, silly sand with four 4" seams of
gravel size rock. End of suger bit (wet).

T0 -8° Brown el)lyny silty sand with gravel size broke:

Wet) Brown, clayey silly sand with seams of gravel
gin broken rocky. y(i’ra{ waler in hole, m'nter‘level
5'9"; 10 _minutes later 5'3

10'-13'7 Medium dense sand with & few cobbles and
gravel size broken rock.

13'7° -15' softer sand with e few gravel size rocks.

5" of (wel) brown and gray. slightly clayey, silty sand
with small subr d and angul ravel. 5 (wet)
blue-gray, slightly clayey, silty sand with some small
fragments of harder rock.

19'5" -20" softer.

10" of (wet) blue-gray. clayey, silly sand with some
harder fragments and pieces of wood or hark. 8 of
rust gray and tan (saturated), slayey, siity sand with
angular and subrounded }rnv-l. Waler level at botin|
of hole; 1 hour_ later 168°T.

22'11"-26' firmer with grevel size rocks.

(Wet) blue-gray, clayey, silty sand with small hard
fragments throughout and pieces of wood and bark
throughout.

29°4"-30" lirrner with more angular gravel.
Blue-gray, shightly clayey, silly sand with angular
gravel and organic material throughout (wet).

33'7' -34'8" very dense. Refusal with auger. Staried

Tight cohbles, grave) and blue-gray silty sand with a
trace of clay lo 36'11".

36'11° ~37'2" softer. Refusal with SPT sampler.
Blue-gray highly decomposed siltstone. almost sail.
17 of gray mudstone or siltstone. highly f{ractured.
¢ of highly weathered silistone (or decomposing).

ble.

Hed problems with the the water swivel, pullout of h

2-3-4

sp‘r-a” 10-16-18

SPT-7 10/8

1.7 in 0.0. SPLIT TUBE SAMPLE T 3 in SHELBY TUBE U WATER LEVEL
I 2 in 0.D. SPLIT TUBE SAMPLE (SPT) T AuGER
Tl 3.2 in 0.D. SPUT TUBE SAMPLE (0 & M) J§ CORE

50 100

BB rop (%)
] RECOVERY (%)

PROJECT: Lehso Rosd

[STATION. OFFSET. 148124, 49.7L

BORING B14-94

Sheet 1 of 2

Figure 3. Boring log B14-94 information (Station L481+24).
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FEDERAL HIGHWAY ADMINISTRATION 6 in H-S AUGER ([ |BEGAN: 05/09/94
VANCOUVER, WASHINGTON 8 in H-S AUGER [ {COMPLETED: 05/10/94.
GEOTECHNIC NX CORE D | DRILL: D-25
TECHNICAL SEC‘FION . HQ CORE D |DRILLER: P. Selmon
BORING LOG (English Units) OTHER NO. | WEATHER:  Hot
= g ™ ¥ WATER CONTENT (%) -
¥ o 8 n.‘ﬂ_ _BLOW PLASTIC LIMIT —~i LIQUID LIMIT ;.,
£ DESCRIPTION ! =z £ 3 @ SAMPLE PENETRATION RESISTANCE |
w B < = | COUNT BLOWS FOO’ &
a g @ L (140 4'3 mass, 30 in drop) a
[BUT [y 'Water level was ai 3 G:00 am 6-11-04 the water was—] = T 4
\runnin out top of the hole when we pulied core hafre .
at 37'2°, we had water run oul of driil still. M
BORING TERMINATED AT A DEPTH OF 40°5" H
44
48
52
56
. 80
. 64
: 68
: . |72
. 76
. 80
0 50 100

[ 1.7 in O.D. SPLIT TUBE SAMPLE 1 3 in SHELBY TUBE

(1T 2 in 0.D. SPLIT TUBE SAMPLE (SPT) T auGer

1T 3.2 in 0.D. SPLIT TUBE SAMPLE (0 & M) EB CORE

¥ WATER LEVEL

B8 rop (%)
RECOVERY (%)

PROJECT: Lehso Road
STATION. OFFSET: 1481-24, 48.7L

BORING B14-94

Sheet 2 of 2

Figure 3 (continued). Boring log B14-94 information (Station L481424).
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FEDERAL HIGHWAY ADMINISTRATION 8 in H-S AUGER [ | BEGAN: 05/25/89
VANCOUVER, WASHINGTON :xincob:%;ss AUGER O g:ﬁwrsnz 05/25/89
0 o :
GEOTECHNICAL SBCTI N . HQ CORE O [ DRILLER: P. Selmon
BORING LOG (English Units) |ortuEer WEATHER:  Cloudy, Rain
= g = ¥ WATER CONTENT (986) =
¥ ol 9 2 | pLow. |PLASTIC LIMIT—— LIQUID LimiT £
E DESCRIPTION H £ = @ SAMPLE PENETRATION RESISTANCE | &
i Bl £ x | COUNT “wm,.ews PER FoOT ) e
ELEV: g (2] s mass. g rop. a
v re;pzn_-n and crushed road base to 1'B, then soft sqil .
R-1 § :
Soft, damp. brown silt, small gravel. some clay and - 4
piece of herd, gray. black grave! in and end sampier | SPT-) “ 2-3-8
65 :g_ll!d soft snd smooth Lo 8. then firm and hroker:: R-2 I
Wel, brown, sandy sill with wealhered rock, SPT-2 “ 6-3-3
Loose sandy silt soil with gravel. ’ R-3 I 8
Damp, brown, decomposed rock turning lo damp,
gray, decomposed rock last 4" of aample. SPT-3 ” 6-11-13
Drilled firm and smooth. R-4 .
Dry. gray. decomposed rock. SPT-4 ] 37-50/2
Drilled very firm and smooth. 12
R-5
Firm, decomposed brown and gray rock, SPT-5 ! 12-50/4°
Drilled very firm and smooth te 18
16
9" xoft zone al 17', then very hard 17'8 -189". R-8
19.1 "
“\Auger refused aL_19' on_hard. gray-black rock. _+—| SPT-8 50/1
BORING TERMINATED AT A DEPTH OF 19'11. 20
Water in hole at 19°, 10 minutes later, water at 184" .
(18'4" is al river level).
24
. 28
B 32
. 36
0
[T 1.7 in 0.D. SPUT TUBE SAMPLE 13 in SHELBY TUBE ¥ WATER LEVEL &
TT 2 in O.D. SPLIT TUBE SAMPLE (SPT) . AUGER 5 :ggm(,’g‘ Y )
E 3.2 in 0.D. SPLIT TUBE SAMPLE (0 & M) E CORE
PROJECT: Lehso Road BORING Gs-12
{STATION. OFFSET: Sta p26/7 Lt 6'-9" ahead Sheet ) of 1

Figure 4. Boring log GS-12 information (Station P26/7)
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TABLE 2
SUMMARY OF PROBLEM 2 RESULTS

Team
Design Green Blue Red Yellow Black
Classification 1A 2LA 1B 1A-B 1A
66 triangular '
No. of piles 334 piles, 2 rows structures of 3 piles | 290 piles, 2 rows 400 piles, 2 rows 400 piles, 2 rows
' each, total 198 piles .
8.3m long inclined, 9m long inclined 10.5m long inclined | 13m long inclined
f;.e“g“t‘ and | d 139mm }?g“;;’:g;;xggt:‘d 20°, 177mm 30°, 127 and 20°, 140mm
lameter diameter diameter 200mm diameter diameter
Certificates
Certificates Grout cubes Grout cubes Load tests
A/OC Certificates Grout cubes Fluid tests Fluid tests Instrumentation
QA/Q Fluid tests Instrumentation Pullout test Fluid tests
. . 1 Pullout test
Maintenance Environmental Grout cubes
Case histories
Time 35 rig shifts 60 rig shifts 36 rig shifts 60 rig shifts 76 rig shifts
. . $450,000, including . .
Cost 2;330,000 including $75,000 $250,000 $620,000 SZS0,000 including

maintenance costs
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