SHORING & FO UNDA TIONS

CYCLIC QUASI-STATIC LOAD TESTS ON MICROPILES

Cory J.E. Yacyshyn, P.Eng.

_ West Branch Combined Sewer Overflow (CSO) Facility

* Wet & Dry Shotcrete

+ Structural Shotcrete

+ Seismic Anchors

* Micropiles / Minipiles
+ Cementitious Grouting

* Chemical Grouting

ESTABLISHED IN 1954

100% CANADIAN
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! « Recently, 212 GEWI-Piles were installed in

»1 New Westminster, BC, to support a 20,000

¥ m3 partially submerged buried storage tank
subject to cyclic loading.

* Following, two pre-production full scale
verification cyclic load tests are reviewed

» “Cyclic” loading, as described in this
paper, refers to quasi-static alternating
compression and tensile loads, with no
dynamic component. Details of this type of
pile response are provided.

7+ The GEWI-Piles were installed by a local
specialty foundation contractor, Southwest
Contracting Ltd.
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| creep effect) = 140 kN

| along the perimeter of the tank so no

* The tank structure required
foundations to resist uplift forces due
to buoyancy caused by groundwater
table rise and compression forces
caused by filling of the tank.

Cyclic loading per GEWI-Pile:
* Max. factored tension load = 380 kN
* Max. working tension load = 200 kN

* Max. working compression load
(including 12 mm creep effect) = 600
kN

* Max. working compression load (no

ttHeeI”

* The Engineers designed the “heel”
to resist uplift forces due to buoyancy
cyclic effects.

* Long term creep in the soils near the
centre of the tank was anticipated to

| be, as much as, 12 mm.
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/JOS'-ERDUT LIKNE
NOT S40WN FOR CLARTY

BOND LENGTH, Lb = 11,600

P14 [44m) Dvwoug
THREADEAR GRACE 75
KSI (517 WPa)

HEX NUT TS

PLATE 50x3004300
KS PER ENGINEER
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652 PVC CORRUGATED
SHEATHING

CEMENT GROUT

$14 (44M) THREADEAR

=POST-GROUT VALVE
POST-GROUT LINE x 2

X-SECTION @
POST=GROUT VALVE

CENTRALIZER
0 3000 OC.
BY OTHERS

POST=GAOUT LINE
ASS[MB[V NOT SHOWN
FOR CLARTY

45¢ CORRUGATED PVC
SHEATHNG (#14
THREADBAR 15
ENCAPSULATED N
SHOP =GROUTER
NON-SHRINK CEMENT
GROUT & CCRRUGATED
SHEATHING)

CRILL CASING WITH

MIN 130 10

PILE ASSSEMBLY DETAILS

MOUNTING OF
POST-GROUT LINE

GROUTING LINE WK=7

(BURSTING CAPACITY

1000 P31)

FLUSHING LINE MK=7

-POST-CROUT LINE
L]

i 0
."\— -POST-GROUT
VALVE
TENSION & COMPRESSION PILE ASSEMBLY DRAWING
FOR DSI SUPPLIED MATERIAL ONLY.

POST-GROUT
VALVE

RETURN PIECE

DETAILS OF
PREASSEMBLED
POST-GROUT LINE

WATERTAL SPECIFICATIONS
tor Double Corrosion Protected (DCP) Tension & Comprassion Pile

1, 44 @ (H14) DYNIDAG THAEADBAR
The tendon bars shall be hot-rolled threadbars
conforning to CEA 630,18 1092,

Grade B17/890 WPa
Ared A8 & 1452 mn2
Min, ultimate strength, Pu = 1001 kN
Min. yleld strength, Py = 751 kN
HWodulus, Ea = 205,000 WPa

. Corrosion Prataction of Pile:
The outer layer of corrosion protection shall
consist of carrugated PVG sheathing with the
following material properties:
Outside diamoter =85 m
Win, wall thickness =1.2mm
Comprossive strangth = 102 WPa
Tensile strangth =48 M4

2.2 The inner layer of corrosion protection shall
coneist of non-shrink coment grout with o min.
conproasivo atrength, fo' = 38 WPa at 28 days.
Canant = Typa 10 Portland conant
Expanding agent: Interplast ¥ at 0.56% by weight

3. Cement Greut for the Borehole
To be propased by Southwest Contracting

Tostin

As por Enginear's specifications,

Max. working tenaion load = 200 kN
Uax. working compression load = 414 kN
Max, tension test load = 450 kN
Max. comprosaion test load = 600 KN

44MByTansIon & Compression

|Ie with Dywidag Double Corrosion

Protection System




Oporator: Dynamic Drilling Inc. Date: Fabruary 09, 2004
: 423CPT3 Site: Sewor Ovorflow Facilty, New West
Cone Used: HTI73 6 Ton TROW Project Number: 021 - D505T

SLEEVE FRICTION (Bar) FRICTION RATIO %)
3 4 ]

Tt looation driled out from 0.00 ia 0.70 meler
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"' Due to the sandy soils and hlgh groundwater

{' table, a cased direct circulation drill system was
specified with the objective to minimize

i disturbance at the soil-grout interface and

| ground loss.

» Disposed cuttings shall not exceed 110% of
the theoretical drill hole volume.

+ Casing shall not have an O.D. <133 mm

* The use of air drilling is not permitted

8 1 . Dr|II|ng using augers is not permltted

Dr|II string advancement
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. Drllllng was performed inside a full cut-off wall, extendlng toa S|Itlclay layer at -22 m elevatlon located
at the crest of a sloped excavation.

1
g

* The drill hole was advanced from -6.8 m elevation during on-going dewatering activities.

 Diesel/hydraulic rig utilizing double head duplex overburden drilling method advanced a 133 @
temporary casmg




Medium class hydraulic crawler drill rig

Rotary-Rotary drill head configuration

Water flush with potable water

As-drilled hole diameter = 152 mm
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* Full Iength GEWI-Piles were mstalled using a zoom boom type machlne iy j_;-‘,, _.f
No couplers used since GEWI-Piles ordered full-length from the factory. _ & ',:;-‘1‘5“ R
‘ e
-GEWI-PiIes installed immediately after drilling then tremie grouted
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* Microsil Anchor Grout

A high early strength, thixotropic, cement

' .| grout

« Water : Cement Ratio < 0.35 was specified

* Primary grouting to 517 kPa minimum

@

* Pressure grouting thru the top of the
casing at intervals as the casing was being
pulled.

| * One stage of post-grouting to 5,170 kPa
- | minimum was performed prior to any testing.

* A subsequent test program, on-site,
- showed post-grouting had little influence on
test results.
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N Saw horse
o B T I Reaction 1-Beam
X J !
; 4 o A5 L i 43 DYWIDAG threadbor
’ ¥ \ A

il 3 P’ R e g Testing Beom(s) (2 pes)
289 DYWIDAG threadbar

1470 kN hydroulic

stressing jock 439 DYWIDAG threodbar

for compression Grode 517/690 MPa
(2 totol)

o]
E?.?m'.‘,'ﬂc A Sow horse for support
stressing
jock (2 pes)
for tension

289 DYWIDAG
threadbar reaction
pile (4 total)

Grade 517/690 MPao

All reoction piles
were tested to 200 kN
prior to pile testing.

medium—dense to dense SAND

432 DYWIDAG threodbaor
Grade 570/690 MPao

Double Corrosion Protected —4k— Min. 1330 borehole diometer, typical
c/w 1.5 m free sleeve

SOUTHWEST CONTRACTING L

b , i o Properties of 43¢ DYWIDAG threadbar
) : : . Areo of steel = 1452 mm™2 C.S.0. TANK PROJE
P o ! Yield load = 751 kN
\‘i’ g i Ultimate lood = 1001 kN AUG 18, 2005

43¢ (#14) DYWIDAG GEWI—-PILE CYCLIC
& St Al . U g QUASI-STATIC LOAD TEST ARRANGEMENT 1







Reaction |-Beom

1645 to 1650 mm

Testing Beamn

280 (§#9) DYWIDAG threadbor

280 (§9) DYWIDAG threodbar
Grade 517/690 MPa
(4 total)

590 kN
hydraulic
stressing

jock (2 pes)

to opply
tension forces
to 43¢ test pile

1016 mm

28e DYWIDAG

threadbar reaction .

: 1470 kN hydroulic

gled“stlo;;ggo MP stressing jock (1 pc)

race a4 to apply compression
forces to 43@ test pile

All reaction piles Spocer

were tested to 200 kN
prior to pile testing.
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43¢ DYWIDAG threadbor
Grode 570/690 MPa
Double Corrosion Protected
c/w 2 m free sleeve

600
Overdrill

Properties of 43¢ DYWIDAG threadbor
Area of steel = 1452 mm™2 C.S.0. TANK PROJE
Yield load = 751 kN
Ufimate lood = 1001 o fas [T
43¢ (#14) DYWIDAG GEWI-PILE CYCLIC
QUASI-STATIC LOAD TEST ARRANGEMENT 2




o
———
ST T T
-
3
1 h' w

=
|

—r E
=y - 3 3 :
- = ' LN B o
<\ { = E—— N~
2 e = _"._ " 4 &
. sk TS

e 1 470 kN compresswn jack
Two 590 kN tensmn jacks synchronlzed by hydraullcally connectlng each to the same
hydraulic power pack.
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Four performance verlflcatlon tests in total

were performed on each test GEWI-Pile in
the following sequence:

- 1. A 250 kN tension test in accordance with

i PTI-1996.
2. A 175 kN compression test in accordance
with PTI-1996 f
1 3. Acyclic test starting from a 250 kN '
4 tension alignment load to 600 kN ’,,( '
¥ compression load by increasing :
P compression loading 75 kN each (:.' ( =
successive cycle. .
-| 4. A 450 kN tension test in accordance with |
| PTI-1996 "
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Displacement (mm)

Load (kN})

P




=180 =120

Verification Test Pile #1 Verification Test Pile #2

Displacement (mm)

—+—Test #2 Compression: -181 kN —+— Test #2 Compression: -181 kN

Displacement {mm)

~=-80% Free Length 0 = 80% Free Length

Free + 50% Bond Length x Frea + 50% Bond Length

Load (kN)




Verification Test Pile #1 Verification Test Pile #2

Load (kN)

—+—Cycle 1
~#-Cycle 2
Cycle 3

= Cycle 2

Displacement (mm)

Cycle 3
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« Cycle 4
. - Cycle 4

~=—Cycle 5 : isied
—e—Cycle 6 ) s

——Cycle7 &Y S

= 30%.Froe Length (7) v ——80% Free Length (T)
——B0% Froe Langth (C) ) ——80% Free Length (C)

— —Eree + 50% Bond Length (T) L —= F{?e +50% Bond Length

.
— —Free + 50% Bond Length (C) ’E = -FC'TG +50% Bond Length




Load (kN)

—+—Elastic Movement

~=—Residual Movement

—=—80% Free Length (C)

——Free + 50% Bond Length (C)

Displacement (mm)

Verification Test Pile #2

—+— Elastic Movement
-=— Residual Movement
——B0% Free Length (C)

——Free + 50% Bond Length (C)

Dilpllurlml.l I_'mm]




Displacement (mm)

——Test #4 Tension: +453 kN

Verification Test Pile #1

Load (kN)

—+—Test #4 Tension: +447 kN

—=—80% Free Length

—=—Free + 50% Bond Length

-
o

]

Displacement (mm)

250
Load (kN)




—=—Test #2 Compression: -181 kN
Test #3 Cyclic: +253 kN to -603 kN

o
¥

Creep Movement (mm)

Time (minutes)

Creep Movement (mm)

~&-Test #2 Compression: -181 kN
Test #3 Cyclic: +253 kN 1o -603 kN
«~ Test #4 Tension: +447 kN

Time (minutes)
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Based on the test results of the two verification cyclic load tests, the installed GEWI Piles were

considered adequate to sustain their design loads

«u*

Recommendations

?- | 1. Use of strain gauges in future tests to determine shape of the load distribution along ‘
& the fixed anchor and its behavior under cyclic loading
2. Repeated cyclic loading at design load to determine how the number of load cycles : : AN

affects load holdlng capamty
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