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ABSTRACT

This paper summarizes a series of never-before reported axia compression load tests conducted on single micropiles that are
embedded in or constructed on rock. These data are augmented by load tests on similar micropiles that have been reported by others.
The observed displacements at the maximum test load (Quax) and reported unfactored design load (Qp ) are summarized. In addition,
the small-strain load-displacement behavior of these foundations is evaluated by comparing the initial tangent slope (IS) to the
theoretical elastic slope (ES), which is calculated by modeling the micropile as a free-standing column exhibiting fully -composite
behavior. The data demonstrate that the ES/IS ratio has a strong dependence on the slenderness ratio D[depth]/B[diameter]. The
observed results for micropiles in rock are discussed in the context of the micropile load test acceptance criteria proposed by the Deep

Foundations Institute (DFI, 2001). In addition, recommendations are proposed for the maximum acceptable vertical displacement

under the unfactored design load for such micropiles.

INTRODUCTION

Micropile technology was first developed in Italy by Dr.
Fernando Lizzi more than 50 years ago as a means of in-situ
soil improvement, with particular application to structura
restoration and slope stabilization. Since then, the use of this
technology has flourished throughout the world, and is used
on an eer-increasing basis here in the United States. The
technology can be used in a wide variety of geotechnical
conditions, ranging from soft clay to hard rock.

This paper presents a database of load tests in axial
compression conducted on single micropiles embedded in or
constructed on rock. The vertical displacements at the
maximum test load (Quax) and reported unfactored design
load (QpL) are summarized. The observed results for
micropilesin rock are discussed in the context of the micropile
load test acceptance criteria proposed by the Deep
Foundations Institute (DFI, 2001). In  addition,
recommendations are proposed for the maximum acceptable
vertical displacement under the unfactored design load for
such micropiles.

Paper 1.02

DFI MICROPILE ACCEPTANCE CRITERIA

The Deep Foundations Institute (DFI, 2001) proposed the
following general acceptance criteria for load tests conducted
on high-capacity drilled and grouted micropiles:

Vertical displacement at the unfactored design load (r p. )

The pile shall sustain the unfactored compressive or tensile
design load (1.0 Qp.) with no more than inches (tobe
determined by the engineer) of total vertical displacement at
the top of the pile as measured relative to the top of the pile
prior to the start of testing.

Creep Behavior

Test piles shall have a aeep rate at the end of the 1.30 Qp.
increment which is not greater than 0.040 inches/log cycle
time from 1to 10 minutes or 0.080 inches/log cycle time from
6 to 60 minutes and has alinear or decreasing creep rate. This
creep criterion isidentical to that applied to proof load tests on
permanent soil and rock anchors (PTI, 1996).



Failure load interpretation and factor of safety at Qp.

Failure shall not occur at the 2.0 Qp. maxi mum compression
and tension loads. Failure is defined as the load at which the
slope of the |oad-displacement curve falls below 40 kips/inch.

This paper addresses the issues of tolerable vertical
displacement at the unfactored design load (rp.), in addition
to the interpretation of the failure load (Q) to achieve a
minimum factor of safety of 2.0at Qp,.

MICROPILE DATABASE

Table 1. summarizes a series of never-before reported axial
compression |oad tests conducted on singledrilled and grouted
micropiles that are embedded in or constructed on rock. All of
the piles consist of a grout-filled steel pipe casing. The
following geometric and load-displacement data are provided:

depth (D), measured from buitt to tip

diameter (B), defined as the outer dameter of the
steel casing,

pile slenderness (D/B),

rock socket length (Lsocket),

theoretical elastic slope (ES),

initial tangent slope (IS), defined as the first
derivative of the load-displacement curve (evaluated
at zero load),

load and displacement at the maximum test load
(Qmax, I wax), and

the first derivative of the load-displacement curve
(dQ/dr ) at the maximum test load, Quax-

All of the micropiles presented in Table 1 were installed to
provide structural support either for bridge piers or bridge
abutments, with the exception of piles SC-1 and SC-2, which
form the foundation system for a building. To augment the
database presented in Table 1, data reported by others for
drilled and grouted micropiles installed in rock and loaded in
axial compression are provided in Table 2. The load and
displacement at the unfactored design load of the piles
introduced in Tables 1 and 2 are provided in Table 3. Note
that for piles FF1 through FF-10, only @ and r p_ were
available.

TOLERABLE VERTICAL DISPLACEMENT AT THE
UNFACTORED DESIGN LOAD

The general acceptance criteria for high-capacity drilled and
grouted micropiles proposed by DFI (2001) consider the
service limit state (SLS) by limiting the vertical displacement
at Qp. to an acceptable value (to be determined by the
engineer), and that the pile pass a creep test. For piles
installed in rock, creep is generally not a significant design
concern and will not be discussed further in this paper.
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Therefore, the tolerable vertical compression displacement at
the unfactored design load will be emphasized.

The unfactored design loads (Qp.) of the micropiles that are
presented in Table 3 are plotted against the corresponding
vertical compression displacements (rp.) in Fig. 1. Thedata
demonstrate that there is a distinct linear relationship between
QoL and r p, indicating that the vertical displacements at the
unfactored design load are primarily the result of the elastic
compression of the micropile. The mean relationship between
QoL (kips) and r p_ (inches), as identified by the solid line in
Fig. 1, can be expressed by Eqgn. 1 below.

Qp, (kips)

I o (inches) = 17

)

Equation 1 was developed using 54 data points, and can be
used to determine the “most likely” (mean) value of vertical
compression displacement of micropiles in rock at the
unfactored design load. If Egn. 1 is used in this fashion, the
error in estimating rp. can be expressed by an overall
coefficient of variation (COV = Standard Deviation / Mean) of
approximately 0.55, presuming that the applied compression
load Qp, isdeterministic.

The observed upper bound of rp. as a function of Qp,
identified by the dashed line in Fig. 1., can be expressed by
Eqgn. 2 below.

I o, (inches) =

Qo (Kip9) o
363

Since Egn. 2 represents the upper-bound to existing design
practice at the SLS for acceptably-performing drilled and
grouted micropiles in rock, the authors recommend that it
serve as the maximum acceptable value of total vertical
compression displacement at Qp, . In the absence of additional
test data at higher loads, Eqn. 2 should be limited to values of
Qp. lessthan or equal to 500 kips.

For comparison, a limited amount of load test data was
collected on driven Hpiles bearing on rock and loaded in
axial compression (Table 4). These data are plotted on Fig. 1,
and indicate that Eqn. 2 for drilled and grouted micropiles may
also be applicable to these driven H-piles.

FAILURE LOAD INTERPRETATION

In general, the load-displacement curves obtained from axial
load tests on deep foundations conform to one of the three
curves shown in Fig. 2. Curve A of Fig. 2 reaches a well-
defined peak load, normally interpreted as the failure load Q,
after which the load decreases with additional foundation
movement. For Curve B, the load reaches an asymptotic
maximum value, also interpreted as Qx.



Table 1. Brayman-D’ Appolonia Axial Compression Load Test Database of Micropiles in Rock

' ; D B Lsocket ES 'S Quax T max dQdr
Pile ID Location (ft) (ft) D/B (ft) (kips/ (kips/  ES/IS (kips) (i) (kipsfin.)
' ' ' inch)  inch) ' at Qumax
SC-1 State College, PA 870 0583 149 10.0 355 4389 0.73 350 1.08 167
SC-2 State College, PA 98.0 0.583 168 10.5 316 363 0.87 350 1.19 145
CC-1 Pittsburgh, PA 535 0.583 92 2.0 928 1267 0.73 300 0.60 396
CC-2 Pittsburgh, PA 510 0.583 87 2.0 974 704 1.38 300 0.70 268
CC-3 Pittsburgh, PA 51.0 0.583 87 2.0 974 927 1.05 300 041 679
219-1 DuBois, PA 480 0.583 82 0.1 694 495 1.40 372 0.90 561
219-2 DuBois, PA 480 0.583 82 0.1 694 1840 0.69 372 0.34 767
219-3 DuBois, PA 480 0.583 82 0.1 694 4389 141 372 0.61 539
33-1a Easton, PA 870 0.802 108 2.0 612 1220 0.50 400 0.49 476
33-1b Easton, PA 870 0.802 108 2.0 612 1299 0.47 400 0.34 1111
33-2 Easton, PA 684  0.802 85 2.0 778 2500 0.31 400 0.26 2778
33-3 Easton, PA 72.3 0.802 0 2.0 736 4167 0.18 600 0.67 595
MFEX-1 Washington Co., PA 384 0.802 48 19.0 1395 3472 0.40 1000 0.73 833
MFEX-2 Washington Co., PA 66.0 0.802 82 10.0 806 2364 0.34 410 0.23 1625

MFEX-3  Washington Co., PA 408  0.802 51 210 1303 2140 061 1092  0.52 2140
MFEX-4  Washington Co., PA 929 0802 116 18.2 573 1250 046 907 0.76 1250

FP-la  Pittsburgh, PA 71.0 0583 122 23.0 469 595 0.79 350 113 206
FP-1b  Pittsburgh, PA 71.0 0583 122 23.0 469 489 0.96 350 0.72 341
FP-2 Pittsburgh, PA 71.0 0583 122 23.0 469 1158 041 350 0.72 341
FP-3 Pittsburgh, PA 71.0 0583 122 23.0 469 595 0.79 350 0.59 367
FP-4 Pittsburgh, PA 71.0 0583 122 23.0 469 550 0.85 350 1.09 199
LR-1 Pittsburgh, PA - - - - - 1357 - 300 0.27 950

Table 2. Axial Compression Load Test Database of Micropiles in Rock — Reported By Others

ES IS dQ/dr

Pile ID Location (f? | (f'f’) D/B L(S;’fk)e‘ (kips/ (kips/ ES/IS (%.AASX) r(iMnA)X (kips/in.)
' : »inch) inch) b 7 at Quax
K-10-A"”)  Philadelphia, PA 610 0583 105 140 810 1357 060 380 050 625
J1-9-AY  Philadelphia, PA 610 0583 105 140 810 1357 060 380 056 552
K-6A"  Philadelphia, PA 118 0583 202 140 358 950 038 380 1.04 297
L-9-A%Y  Philadelphia, PA 100 0583 171 140 507 1188 043 380 0.88 347
-1 India 207 0492 42 36 1297 4692 028 316 0.25 803
1L-10 Chicago, IL 900 058 154 20 414 685 060 400 107 313
CH-1  Chapel Hill, NC 468 0635 74 12.0 — 1919 — 750  1.03 701
Tp.p22® KualaLumpur, 180 0820 220 525 395 2162 018 540 080 509
Malaysia
TP-C27® s‘:‘ a";‘/;f;mp““ 136 0820 166 262 634 2857 022 540 079 675
|L-2° Chicago, IL 20 0583 34 20 17614 9993 176 1000 0.71 700
[L-3© Chicago, IL 40 0583 69 40 8807 2551 345 800 1.38 317
[L-4© Chicago, IL 6.0 0583 10 60 5871 3166 185 1000 047 1070

(1)—Gallagher and Langan (2002); (2—Davie and Senapathy (2002); (3)—Finno and Scherer (2000); (4—Sanders, et al. (1999);
(5)—Gue and Liew (1998); (6)—Finno, et al. (2002)
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Table 2. (Continued)

' . D B L socket ES 1S Quax I max d_Q/c_Ir

Pile ID Location (ft) (ft) D/B (ft) (_klpS/ (_klpS/ ESIS (kips)  (in.) (kips/in.)
inch)  inch) at Qumax

LY-1" Lynchburg, VA - 0500  -- - - - - 300 0.13 —
wWWwW-3®  West Whiteland, PA 348 0583 597 9.8 958 1157 0.83 750 091 694
WW-4%  West Whiteland, PA 289 0583 496 98 1154 1854 062 600 051 863
WW-5%  West Whiteland, PA 341 0583 585 9.8 977 2911 034 600 051 1013
WW-6%  West Whiteland, PA 489 0583 839 9.8 710 1416 050 870  1.00 578
WW-7®  West Whiteland, PA 110 0583 189 9.8 309 624 050 685 1.30 552
ww-8%  West Whiteland, PA 804 0583 138 9.8 425 393 108 685 1.89 344
WW-9%  West Whiteland, PA 449 0583 770 9.8 775 1165 067 685 075 760
PR-1® Providence, RI 650 0.500 130 8.0 - - - 220 070 -
TR-19 Trafford, PA 360 0417 864 0.1 - - - 40 0.06 -
TN-1® Alcoa, TN 400 0458 873 1.0 - - - 280 046 -
PA-1®) Warren Co., PA 440 0708 621 150 - - 448 040 -

(7)—www.technicalfoundations.com; (8)—Cadden, et a. (2001); (9)—Bruce (1989)

Table 3. Vertical Compression Displacements (r p ) of z 600 - - I
Micropilesin Rock at the Reported Working (Design) Load < 50t ee P s
(Qou) o P s
S 40 ® @ o ® Vicropiles
! QoL I oL ! QoL I oL 3 7 A Driven Piles
PileID (kips)  (in.) RlelD (Kips)  (in.) S °P/ ° 'f/./ _ _
2 P Working Load Displacements for
< 200 [ o Micropiles in Rock:
SC-1 175 0.375 IL-1 200 0.458 g ® Mean: roL (in.) = Qo (kips) / 817
SC2 175 0439 | CH-1 300 0.242 8 10 fefbe” COV=55% n=54
CC-1 150 0.259 | TP-B22 270 0.264 5 s Max: rou (in.) = Qo (kips) / 363
CC-2 150 0249 | TP-C27 270  0.248 0 ' ' '
CC-3 150 0.185 [L-2 500 0.295 0.0 05 10 15 20
LR-1 150 0.123 1L-3 400 0.886 Vertical Displacement at Design Load, rp (in.)
2191 186 0.500 |L-4 200 0.226 Fig. 1. Vertical Compression Displacements (rp,) at the
2192 186 0.139 | WW-3 300 0.290 Unfactored Design (Working) Load (@) for Micropilesin
219-3 186 0294 | ww-4 300 0.170 Rock
33-1a 200 0.218 [ Ww-5 300 0.170
33-1b 200 0.161 | WW-6 300 0.250 Table4. Vertica Compression Displacements(r p. ) of Driven
33-2 200 0113 | WW-7 300 0.532 Piles Bearing on Rock at the Reported Working Load Qp
33-3 200 0.187 | ww-8 300 0.827
MFX-1 400 0.230 | WW-9 300 0.250 Bile . QoL -
MFX-2 400 0.228 | FF-1Y 112  0.060 D Location (Kips) (in)
MFX-3 400 0.214 | FF-2¥ 99  0.133 P '
MFX-4 400 0.361 | FF-3Y 79  0.055 T :
FPla 175 0372 | FF4Y 90 0.08L 1121; Chicago, IL 60 049
FP-1b 175 0297 | FF-59 @ 0.105 15 Dearborn, Ml 300 069
FP2 175 0263 | FF69 99 0.220 16" Dearborn, Ml 290 067
FP-3 175 0234 | FFA9 8 0064 1749 Milwaukee, WI 600 120
FP-4 175 0402 | FF-8Y 135  0.040 189 Milwaukee, WI 600 1.50
K-10-A 190 0.240 | FF-9% 79  0.096 310 Lackavanna, NY 140 0.14
J1-9-A 190  0.240 [ FF-10® 135  0.037 329 Lackawanna NY 290 0.27
K-6A 190 0420 | FF11Y 90  0.098 33®  East Chicago, IN 200 030
L9-A 190 0350 | FF-12" 108  0.107 (D—AISI (1975) ’
-1 121 0033 | FF-13Y 108  0.131 (2)—Bethlehem Stedl (1979)

(1) —www.fondedile-foundations.|td.uk/prodpalidata.html
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Fig. 2. Load-Displacement Curves for Deep Foundations

However, most load-displacement curves take the form of
Curve C, in which no clearly defined peak load is achieved.
For such cases, the failure load is difficult to assess. All of the
load-displacement curves for the load tests presented in this
paper are of type C.

DFI Failure | oad Criterion

As discussed previously, the DFI (2001) micropile acceptance
criteria defines the failure load Q as the point on the load-
displacement curve at which the slope of the curve (dQ/dr)
begins to fall below 40 kips/inch. The axial compression load
test data presented in Tables 1 and 2 indicate that, at the
maximum test load Quax, the smallest value of dQ/dr
encountered was 145 Kkips/inch (Pile SC-2), with a
corresponding r yax of 1.09 inches. Therefore, none of the
micropiles presented in this paper reached the failure load Qy,
as defined by DFI (2001).

From the data presented in Tables 1 and 2, values of dQ/dr at
the maximum test load Quax are plotted against the
corresponding values of ryax in Fig. 3. These data indicate
that a relationship exists between these two parameters for
micropiles in rock under axial compression. The mean
trendline shown in Fig. 3 indicates that a value of dQ/dr = 40
kips/inch corresponds to avalue of r = 1.83 inches. However,
the micropile with the largest value of r yax presented in this
paper (1.89 inches for micropile WW-8) has dQ/dr = 344 > 40
kips/inch. Considering these facts and the data presented in
Fig. 3, it is reasonable to assume that the DFI (2001) failure
criterion of dQ/dr < 40 kips/inch corresponds to an absolute
vertical compression displacement of approximately 2.0
inches for micropilesin rock.

If the failure load is defined at a vertical compression
displacement equal to 2.0 inches, then the corresponding rp_
will be less than or equal to 1.0 inch (for FS = Q/Qp. 3 2.0).
The alowable compression displacement at Qp, expressed by
Eqgn. 2, must also be checked. In addition, the unfactored
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Fig. 3. dQ/dr at Quax Versusthe Vertical Compression
Displacement at Quax (rmax) for Micropilesin Rock
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Fig. 4. Comparison of Vertical Compression Displacements at
QoL and Quax for Micropilesin Rock

design load @ must not exceed the allowable structural
capacity of the pile.

If the load test is terminated prior to the vertical compression
displacement reaching 2.0 inches, then Q should be taken as
Quax-

An evaluation of the data presented in Tables 1 and 2
indicate that, from a geotechnical perspective, the maximum
design load for micropilesin rock is governed primarily by the
allowable vertical compression displacement at @ rather
than the application of FS 3 2.0 on Q. This concept is
exhibited graphically in Fig. 4 where the values of r yax, for
the most part, fall within the displacement limit expressed by
Egn. 2

Discussion of Other Interpretation Methods

The authors recognize that a number of other load test
interpretation procedures exist to evaluate Q; for deep
foundations. The Davisson (1972) procedure, which was
originally developed for driven Hupiles, identifies Q; as the
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load corresponding to the intersection of the load-
displacement curve with the elastic line, which is constructed
at a specified displacement offset from the origin at an
inclination equal to the elastic slope (ES).

The offset proposed by Davisson (1972) is equal to 0.15 inch
+ [B (inches) / 120], where B = pile diameter. This offset is
based on the presumption that the ultimate tip resistance of a
12 inch deep H-pile is mobilized at a tip displacement equal to
0.25 inch. Davisson (1972) conceded the possibility that the
tip displacement required to mobilize the ultimate tip
resistance for auch a pile might exceed 0.25 inch. In redlity,
the displacement required to mobilize ultimate tip resistance
depends on the nature of the pile cross-section. For deep
foundations with solid, circular cross sections, tip
displacements of 0.05B to 0.1B typically are required to
mobilize the ultimate tip resistance. For the micropiles
considered in this study, B ranges from approximately 6 to 10
inches. Therefore, the tip displacements required to mobilize
ultimate end bearing can range from 0.3 to 1.0 inch. If the
elastic compression of such piles is considered, the tota
vertical displacement of the pile butt can equal or exceed 2.0
inches without experiencing full geotechnical failure.
Therefore, the use of the Davisson (1972) procedure can result
in evaluations of Qs that are overly conservative.

In the slope-tangent method, the initial tangent slope (IS) of
the load-displacement curve is used rather than the elastic
slope (ES). However, ES is not necessarily equal to IS.

Values of ES/IS from the micropiles presented in Tables 1 and
2 are plotted against the slenderness ratio (D/B) in Fig. 5 As
D/B increases, ES/IS tends to decrease. Clearly, variation in
ES/IS can have a significant influence on the interpreted
failure load Q.

SUMMARY AND RECOMMENDATIONS

This paper has reported the results of a study of the load-
displacement behavior of drilled and grouted micropiles
embedded in or constructed on rock. A series of never-before
reported axial compression load tests conducted on single
micropiles is presented and subsequently augmented by load
tests reported by others.

An evauation of the unfactored design load (Qp.) and
corresponding vertical displacement ¢p.) for the micropiles
discussed herein has resulted in the recommendation that the
allowable vertical compression displacement be limited to
QoL (kips)/363 for micropiles in rock.

An evaluation of the failure load interpretation method set
forth by the Deep Foundations Institute (DFI, 2001) was also
conducted. The data presented in this paper suggests that the
DFI (2001) failure criterion of dQ/dr < 40 kips/inch can
reasonably be associated with a total vertical compression
displacement of approximately 2.0 inches. The application of
a factor of safety FS = 2.0 to the value of Q will typically
resultinr p. < 1.0inch. However, the recommended
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Fig. 5. EYISversus D/B for Micropilesin Rock

l[imitation on rp_ described above must be checked
independently. In addition, the design load @ must not
exceed the allowabl e structural capacity of the pile.

If the load test is terminated prior to the displacement reaching
the DFI (2001) failure load criterion, then @Q should be taken

as Quax.

From a geotechnical perspective, the maximum design load
for micropiles in rock is governed primarily by the alowable
displacement at Qp_ rather than the application of FS3 2.0 on
Qr. This concept is best exhibited by the data presented in
Fig. 4.

The findings set forth in this paper apply only to drilled and
grouted micropiles in rock under axial compression, and are
solely those of the individual authors.

ACKNOWLEDGMENTS

The authors would like to recognize Joseph W. Premozic and
Christopher J. Lewis of D’Appolonia and Danie D.
Uranowski of the Brayman Construction Corporation for their
assistance in the preparation and review of this manuscript.

REFERENCES

AlSI [1975]. “ Seel Pile Load Test Data,” American Iron and
Steel Institute, Washington, D.C., 84 p. (Report prepared by
E. D’ Appolonia Consulting Engineers)

Bethlehem Steel [1979]. “Bethlehem Steel H-Piles,”
Bethlehem Steel Corporation, 62 p.

Bruce, D.A. [1989]. “American Developments in the Use of
Small Diameter Inserts as Piles and In-Situ Reinforcement,”
Proc. Intern. Conf. on Piling and Deep Fndns., London,
Voal.l, pp. 11-22.



Cadden, A.W., D.A. Bruce, and L.M. Ciampitti [2001].
“Micropiles in Karst: A Case History of Difficulties and
Success,” Fndns. and Ground Improvement (ASCE GSP No.
113), pp. 204-215.

Davie, J.R. and H. Senapathy [2002]. “Underpinning a 3000-
Ton Structure with High-Capacity Mini-Piles,” Deep Fndns.
2002 (ASCE GSP No. 116), Val. I, pp. 647-654.

Davisson, M.T. [1972]. “High Capacity Piles,” Proc., Lecture
Series on Innovations in Foundation Construction, ASCE
Illinois Section, Chicago, 52 p.

DFl [2001]. *“ Guide to Drafting a Specification for High
Capacity Drilled and Grouted Micropiles for Structural
Support,” Deep Foundations Institute (and endorsed by
ADSC-IAFD)

Finno, R.J., S.D. Scherer, B. Paineau, and J. Roboski [2002].
“Load Transfer Characteristics of Micropiles in Dolomite,”
Deep Fndns. 2002 (ASCE GSP No. 116), Val. I, pp. 1038
1053.

Finno, R.J. and S.D. Scherer [2000]. “Evaluation of Capacity
of Micropiles Embedded in Rock,” A Joint Proposal by the
Department of Civil Engineering at Northwestern University
to the Infrastructure Technology Institute, 8 p.

Gallagher, M.J. and B.F. Langan [2002]. “ Foundation Design
and Construction over a Waste Filled Limestone Quarry,”
Deep Fndns. 2002 (ASCE GSP No. 116), pp. 776-792.

Gue, S.S. and S.S. Liew [1998]. “Design, Installation, and
Performance of Micropiles in Kuala Lumpur Area, Malaysia,”
Proc. 13" Southeast Asian Geotechnical Conference, Tai pei,
Taiwan.

PTI [1996]. “ Recommendations for Prestressed Rock and Soil
Anchors,” Post-Tensioning Institute, Phoenix, Arizona, 70 p.

Sanders, R.E., J.D. Hussin, and V.E. Hull [1999]. “Minipiles

Support High Rise Hospital Through Boulders in Residual
Sail,” Proc., GeoCongress 99, ASCE, pp. 123-133.

Paper No. 1.02



	An Evaluation of the Load-Displacement Behavior and Load Test Interpretation of Micropiles in Rock
	Recommended Citation

	tmp.1439406147.pdf.Z6F3S

