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CAPWAPC DEVELOPMENTS AND RECOMMENDATIONS
INTRODUCTION

The Improved speed and capaclty of PC compatibles has made the
Capwapper’s life a lot more agreeable. With a 388-type machine, 20 MHz
clock rate and co-processor, a 5 s analysis cycle is typical for short land
pites. The new CAPWAPC utllizes the availability of graphics capabilities
to fully take advantage of the higher computational speed. The
“thinking" interruption Is therefore more time consuming than the analysis
Itself. In fact, input preparation and output plotting may now cost as
much time as the analyslis itself. A total analysis time of 2 hours seems
to be the upper limit with good equipment. A one-hour analysis duration
can be achleved.

As hardware and software yleld greater and greater time savings, it
becomes even more Important to approach the finatl result as directly as
possible without many repeat trials. In order to at:compllsh an optimal

analysls procedure the following three steps must be taken.

© Preparation: Data Check, Pile Model Check
o Record Classlification
© Matching

PREPARATIONS

The CAPWAP procedure has not changed much, but the avallabllity of
screen graphics allows for a very thorough and systematic record
inveétigation before the actual matching process starts. Thus, as é first
step, the time scale should be made large and the final analysis time set
to maximum. Thenh a force, veloclity, wave (FW) plot should be made and

the foliowing be checked.

(o] 2L/c reflection. Verlfy wave speed and/or length.



o Proportlonality considering friction and plle non-
uniformities.

© Diesel hammer precompression phase, again
considering resistance of pile. For exampie, velocity
may be higher than force In very easy driving. Use
AA1Z If absolutely needed.

o Final displacement. Use ACAS if needed. However,
consider whether significant displacement/velocity
changes occur at the end of the record. Then an
adJustment to permanent set Is not necessarily
reasonable.

The pile model also may require adjustments. For nonuniform piles, real
Impedance changes may need to be more gradual than real. Splices are
most easlly modeled with Impedance reductions. Use of the spilice model
may not be a very attractive alternative because of Its transitioniess
open-closed behavior, Often, pile model adjustments must be made during
the matching process. This iIs particularly true for drilied shafts with
outgrowth and/or necking.

Becord Classification

Depending on the record appearance and blow count, a classiflcation can
be made. Important categories are: low, normal and high blow count and

friction, end bearing or mixed resistance piles.

Beslistance Matching

{n Very low blow count records (up to 50 bpm)

They are usually easlly matched but they may yleld unreliable
capacity results since the linear damplng assumption may produce
errors. High velocity returns make It important that the exact wave
speed Is found. in the case of cracks, the first effort must be

directed at a proper plle model.



(ip

Naormal blow count records (50 to 300 bpm)
(a) Friction

Mcst end bearing parameters need not be tried and this leads to a
rather significant simplification of the matching process. Results
are rellable Iin most soll types. Of course, it is important that re~
strike records be used for capacity predictions. Starting with low
damping (.15 s/m) and alternatingly Increasing damping and
redistributing will quickly lead to satisfactory results. The

automatic procedure often produces usabie resuits.
(b) End Bearing - Non-~Displacement Piles

This pile type usually does not present unusual problems since it is
probabiy driven into a rock. For very low friction a gap may be
necessary. Agaln starting with minimai damping and replacing
resistance with damping until a best match is found produces the
solution most efficlently. However, the quakes are usually small.
The unloading portion may be matched with quake, unloading quake
or bottom dashpot adjustments (in that order).

{(c) End Bearing - Displacement Plles

This plle type poses difficult problems. 1t Is often used In
fine sands where the difficuities are compounded by temporary,
negative pore water pressure increases. Problems primarily
occur because of the non-linear nature of the end bearing.
Often differentiation between damping and static resistance Is
difficult. The PEBWAP plot Is a smooth round curve which
reaches a force peak when the displacements are still
increasing. Thus, with further Increasing displacements, the
resistance decreases. Thils curve Is typical regardless of
damplng, i.e., the dampened resistance displacements curves are

similar to the J = 0 curve.
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Apparently, the elasto~plastic model then poorly represents the
actual soil behavior. In order to solve these problems It may
be necessary to decide on a reasonable range of damping
factors (may be from experlence) and then attempt a match
wlthin these bounds. Naturally, toe quakes wlil be high and
unloading quakes are often very low. Blow count matching may
not be successful since rebounding may occur over a long time
after impact and after the statlc resistance has dropped to low

values.

In this category of records practically all toe model parameters
are usually tried. Toe gap and/or guake adjustments are
quickly solved for from the loading cycle. |f a large quake or
a toe gap is needed then the Smith type toe damping should be
tried In order to delay the damping forces. Damping
parameters must then be chosen rather high (damping will onty
be active late when pile velocities have become small). For
unloading ,the CRto or the Sol! support dashpot may be tried.
Note that the latter parameter causes slow activation and the
full capacity may not be mobilized even though the plle toe has

moved a distance exceeding the sum of gap and guake.

(d) Friction plus £End Bearing

This is the most common plie type with friction accounting for
16 to 85% of total capacity. Higher friction percentages
usually make the matching process easler. The most critical
part of the matchling process is the assignment of the proper
skin and toe damping parameters. Often distinction between
these two parameters is difficult at best. Here is a case where
knowledge about soil types may be helpful allowing the
establishment of certaln bounds on damping constants. It Is
agaln recommended to start the matching process with low

damplng values to reduce capacity on skin and toe
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simuitaneously as needed. If it Is apparent that more damping
is needed and that toe damping increases would destroy the
match at 2ZL/c, then the damping choices are simplified.

Very high blow count records (higher than 300 bpm)

Regardless of the type of soil resistance the matching process
becomes more complex as pile penetrations become smail. The main
reason Is the non-linear soil reslistance behavior within the
dispiacement range of the test. Even the ground motlon has an
effect on the static resistance. Plile velocities may be very low and
multipilcation with common damping factors yieids a low dynamic
resistance and thus {lttle damping effect. Damping factors therefore
may be higher than usual. Predicted quakes may be lower than usual
near the bottom of the pile. (Of course, these quakes are only
lower bounds like the corresponding capacity). Finally, for mixed end

bearling and friction plies, a residual soil reslstance may develop.

It Is sometimes indicated that unloading quakes are hligher than
loading guakes and the analyzing engineer is tempted to use CRto>1.
Such an energy producing device may only be aliowable {(a) when
using a gap (toe quake + gap are "really" the correct loading guake),
(b} when the real soil motion (assumed to be zero) Is negative

(upwards) during the pile rebound period.



TWO EXAMPLES OF UNUSWAL SITUATIONS

Example 1: "Incorrect"” Pile | enath

A CAPWAP analysis was performed for a PDA user. He submitted the
usual data sheet (Appendix A) which indicated a pille tength of 7.2 m
below gages. The pile was a closed end pipe and inspection revealed that
it was undamaged at the end of driving. The plile was driven through silt
into glacial till. it did not reach bedrock. For those unfamlilar with
glacial tlil 1t may be mentioned that thls materlial may contain all types

of grain slze from ciay to boulder.

The data submitted was from a restrike with a 7 ton drop hammer. A 5
mm/blow penetration was measured. Records of force and velocity (sheet
2, App. A) indicated a very high friction near the toe or a high end
bearing. Matching produced a good agreement over the first part of the
record, however, after the resistance peak (at about 2L/c) it was not
possible to bring the computed force curve as far down as the measured
one (see matches).

A more thorough Inspection of the record .revealed a very clear tensile
reflection at approximateiy 3L/c. [t was therefore argued that the pile
had contacted a relatively large boulder which moved with the plle. A
model was then constructed (sheets 8, 9) with a "concrete pile bottom"
added underneath the steel pipe. This new mode! was easily matched and
produced reasonable capaclty resuits. Note that the total CAPWAP
capacity prediction (1860 wvs 1810 KN} did not significantly change,
however, the RSP Case Method was strongly affected.



Traditionally, CAPWAPC uses a viscous soll damping model. Thus, the
damping reslistance, Ry, can be calculated from pile velocity, v, and the

viscous damping factor, Jy, as
Rg = JyV

The Smith definition, on the other hand, calcu_lates
Rgq = JgVRg

where Jg Is the Smith damping factor [s/m]l and Rg Is the temporary
static resistance force. |n CAPWAPC a converslion is done at the end of
the analysis from viscous to Smith damping factors, using Ry, the

tltimate resistance, instead of Rg. Then
Jg = JV/Ru

For most CAPWAPC problems the viscous approach is superlor to the
Smith definition since the Smith deflnition produces a phase shift between
static and dynamic resistance and higher damplng values at low static
resistance values. The former reascon allows for a relatively ciear
distinctlonbetween static and dynamic resistance, the latter simulates the
typically heavily dampened records.

There is one instance when the Smith approach is superior to the viscous
one and that Is when a toe gap exists. Then a damping force cannot
exist before the statlc one, a situation which Is correctly represented by
Smith's approach.

In the case of a 20x20 inch prestressed concrete pile of 83 ft fength
below gages, the Smith toe damping option was particularly heipful when
the best match with normal viscous damping was really not bad (MQ 4.5,

see sheets 2 through 4 in Appendix B). However, the computed blow
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count was only 36 instead of 80 biows/ft. The total capacity could not
exceed 480 Kips or the match after 2L/c would be bad. On the other
hand, with Smith damping, high damping plus high static resistance could
be chosen for a good match and a perfect biow count agreement (App. B,
sheets 5 through 8). Note that high Smith damping factors do not
necessarlily mean high damping forces when a gap Is present. With Smith
damping the total predicted capacity was then 590 kips which was In good

agreement with bearing capaclities of other plies at the same site driven
similarly.



HELPFUL HINTS FOR CAPWAPC USERS

Data files can now be referenced across directories.

o]
o Flle 18 are now shorter and data pius results can be
stored at relative ease with different job related names.
Use .18 extension to distinguish this file type from
others,
o At end of analysis do a test on capacity by trylng 10%
higher and lower capacity values.
WARNINGS
© Unit skin frictlon results only correct for uniform plles.
© The match guality should not be overrated, after all, we
are workling with an Imperfect soll modei. Blow count
and reallsm of soil parameters must be considered as
well.
o Going back to best match (optlon in "Best Match*
display) is only valid for quantities listed on screen.
Data adjustments or pile modei changes would not be
inciuded.
© When using a soll support dashpot, full actlvation of toe
resistance may not be achieved even though the maximum
toe displacement is greater than the sum of toe quake
and toe gap.
FUTURE SCFTWARE IMPROVEMENTS
o Improved auto-resistance distribution in the presence of
high skin damping.
o Statlc resistance (Ry) Increases/decreases during biow.
o Residual stress?
o Improved automatic matching for end bearing piles.



APPENDIX A

EXAMPLE 1
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CAPWARPL - GRL & Associates, Inc.
' T EBlow No 3 10-Dec—-87

Skin TO4.1, Toe 1106.4 kN

S=il Depth Depth Quake S2il Damping R Sin Urmit
Sgmnt Below Below Case Visos Smith o f Shir
M. Gages Grade Rut Frotnm
i m g kN /m/s s/m kN ki kM /m2
1810, 3
1 3.1 1.2 3.500 - 000 .0 . 22T -0 1810.5 W OO
= 5.e .2 3.300 114 47. 3 « 235 =0l.8 1e09.3 12E.8:2
3 7.2 3.3 3.500 . 286 118. 2 23T S02.9 1106.4 3Z17.06
Sum . 400 165. 4 FACL
RAvrge 3a 500 . 235 234.7 147,96
Toe &, 000 1.000 413, 6 374 110604 S3E33. 01
Smil Model Extensions Skin Toe
Unloading Level (% =of Ruw) O

Resistance Gap {mm) 4, Q0
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CAPWARC — GRL & Asscciates, Inc.

Blow No 3 10-Dec-B87
PILE FROFILE AND PILE MODEL
Depth Area E-Modul us Spec. Weight
crc kM /emE N/ m3

1 . Q0 100,30 21000, 0 78.500

=4 7.21 100G, 90 21000, 0 78. 500

Segmnt Depth EB.G. Impedance Tensn Slack Compr. Slachk

M, ra kN /m/s i bk

1 1.03 413. & . Q000 L DOOO

7 7.21 213.6 10,0000 . QOO0

FPile Damping (%) 2.0, Time Incr (ms) «201l, Wave Speed m/s S1EE.8
EXTREMA TARELE
File Depth maxa mir. MaX. Max. Max. max. Max.
Sgmnt below Force Forcs Comp. Tension trnsfd. Veloc., Displmt
Nize Gages Stress Stress Ernergy
m kN kN kN /em2 kN /ems kN — m m/s o
1 1.6 £26339.7 -3. 5 c€. 16 -. 09 J0. 33 S.= 2. 603
2 2.1 25912 -78.8 25. 28 —-.78 45. 32 .2 2. 170
3 3.1 2577.8 -83. 3 5. 58 —-. 85 {4 Zh SeE 2. 070
4 4.1 aBu77.8 -85, 9 £3. 53 —-. 85 44, 34 S. 2 2,070
3 5.2 2ESE. 4 -33. 6 2E. 23 —-. 33 43, 41 S.1 1.380
& E.2 2E7E. 1 —-83. 2 E6. 52 —. BE 42,57 4.3 1.820
7 7.2 2449, 2 ~36. 3 4. 27 -. 37 EZ.56 3.3 1.653
Absolute S.2 2E. 32 26.3 ms)
4.1 —. 33 = 42. 4 ms)



Rs
Rx
Rt
Ra

J=0, 0

2363
=845,

Q.
17et1.

VFIN

J=0.1

o415,
2719,

Q.
ziel.

VixZ

—1.19 =2147.9

Case

J=0. 2

2263,
2601,
0.

Fi
Z0E4. 2

De o

Method Capacity Results
J=0.3F J=0.4 J=0.3 J=0.8&
2118, 1363, 1815, 1665,
2484, 2376, E2E270. E163.
0. 0. O, 0.
FMAX DMAX DFIN EMAX
2&39.7 2.609 «B77 S0.3

J=0.7 J=0.8
1316, lZEe.
Q&4 13&6.

0. Q.
EFIN R EX
41.4 3237.8
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caPWAPC - GRL & Associates, Inc.
Blow No
Fimal CARWAPC Capacity: Ru  185&£.8, 8kin 501.8, Toce 1
S2il Depth Depth Ruake Soil Damping Ru
Sgimnt Below Helow LCase Visecs Smith
Mo, Gages Grade
. m mni kM /m/s s/m [T
1 2.1 <D 2.800 » D00 .0 . 443 .0
z 4.3 L0 B.T7350 . 035 14.6 . 443 33.0
3 S.4 1.7  3.000 « 167 £3.2 o 443 156. 3
&4 8.3 2.8 3.250 . 167 £5.2 o 443 186. 3
s 10.0 5.9 3I.300 167 3.2 « 443 15€. 3
Sum . S328 222, 4 501, 8
Avrge 3. 217 . S43 100. 4
Toe 17.500 . 700 283. 5 L2214 1385.0
Soil Model Extensions Skin
Unloading Quake (% of loading guake) 100
Unloading lLevel (% of Ruw 0

5 10~-Dec~87
335.0 kN
Sum Uit
af Skir
Rut Frotn
kN KN /m3
1886. 8
1856. 8 « OO
1822. 8 19. 97
1687.5 B4, 44
1511.2 103.29
1353.0 119,68
E8.657



CAPWARPC - GRL & Assogiates, Inc.
Blow N b 10-Dec-87
HILE PROFILE AND RILE MODEL
Depth Araa E-Modulus Spec. Weight
(g 1) P kM /eme KN 7/ m3

1 « DO 100,30 21000, 0 78,300

= 7.8 100,390 21000.0 78. 500

3 7.3 100, 00 G00G, O 4, Q00

4 8. 00 1000, 00 4000, 0 24,000

S 10,00 1500, 00 LO00. 0 24, OO0

Depth B.G. Impedance Tensn Slack Compr. Slack

m kM /m/s i i

1 1.07 413. 6 « QOO0 « QOO0

7 7.46 162. 6 10,0000 « QOO0

a B.30 605, 9 . 2000 . 0000

3 3.18 11&9.2 . QOO0 « QOO0

10 10.00 1373.0 « QOO0 . 3000

Pile Damping {4 2.0, Time Incr (ms) .210, Wave Speed m/s  4767.8
EXTREMA TABLE
File Depth max. mivia max. Maxa. Mmax. Max. max.
Sgmnt below Force Force Eomp. Tension trnsfd. Veloc. Displmt
N Gages . Stress Stress Ernergy
nt kN kN KN /em2 kN /omz kM — m m/s o
1 1.1 2638.1 ~10.3 E26. 15 —. 10 Sl.14 S 2 2. 609
2 2.1 2E3E. 3 —52.3 26. 09 - T 49,65 5.3 2. 430
3 3.2 2542, 9 -31. 5 28. 20 -, 31 43,01 5.3 2. 370
4 4,3 =S54, 3 -31.3 25. 20 -. 31 43,01 5.3 2. 370
= S 4 o593, 2 -1028.7 25. 76 -1.02 48, 32 5.3 2.230
& &. 4 2734.3 -103.5 27. 11 -1.03 435. 30 5.0 2. 200
7 7.5 2734.9 —~103. 3 13. 37 - 73 45. 30 3.0 2. 200
a 8.3 zZ878.1 -109.0 2. 593 ~. 13 45. 18 4.3 2. 120
2 9.2 =Z8a78. 1 -~109,0 2. 44 —. 02 45.18 4. 3 2. 120
10 10.0 1931.2 -129.2 1.43 -. 09 23. 66 3.6 1.813
Abgolate &. 4 eg. 52 = 3.3 ms)
ST -1.08 43,0 ms)
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Rs
Rx
Ru
Ra RaZ

VYMAX

e

J=0. 0

Slz1.
S1z1.
Q.

1922,

VFIN
-1.15

2097, 2

J=0. 1

3 [

ol
[Cr iy
(4 v

31l.
1
O,

E646.

Vil

(4

Case

J=0. 2

2740,
2740,

n
o
i3 ==

86,

Mathod

Capacity Results

J=0. 4

2359,
e

Q.

J=0.35

=189,
=183,

0.

DFIN
.873

J=0.6

1978,
E2017.
O,

EMAX
ol.1

/o

J=0.7 I=0.8 J=0.9

1788. 1397,
1355. 1348.

Q. O.
EFIN R EX
42,7 IR89.6

L1406,
1840,

0.

- m
G4



BAUD RATE: 300

CAPWAPC ™ ANALYSIS REQUEST FORM

Title: Date:
File Name: Job No.:
1 2 3 4
Record No. BOR
PILE Number _63, B1 5 S
[_ength {total) —1.76 e
{b.g.) 7.21 —
Pile Type CE Pipe 24.6 cm dig o
Area 100.9 —
E-Modulus —steel
Specific Wt.
Wave Speed
Penetration 6.3
Blow Count ~  _>mm/biow
FMX  (kN) __285%
VMX 5.2l
EMX . 48
RS1 (J= )
RMX (J=.69hi damping._208
HAMMER  Drop 7000 kg
DRIVING SYSTEM
SO1LClay @ top, Till (bearing layer) Bedrdck
Data for Non-Uniform Piles EnglidwE]
Depth A E W Metric L
Client:
Phone!
Needed by!

//



APPENDIX B

EXAMPLE 2
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"E- 3 " OC) C?- “‘l 57-
"'115 433 C}n “10‘?!
ENTHRU  MO-NOW MO-EST No.
4, 50 . 53 51

S e o o e e T e e e MR CAFWAPC ~ ORL Fhiladel phia
Trial 59, Ruts HE0.0 + B21.8 Kips

NO. 1 e 2 4 ] &

R 1 T3 G = 17,4 57.8 ThH: 2~ 45.0Q
g8y 1 1o4 1.1 3. 0 10.1 12.9 7.8
Gs T 150 150 « 150 . 150 . 150 « 150
FNRT PILD FLUG JBKN JTOE BEKN STOE
We=yW L Q000 « QOQ « 390 . 100 « 174 « 144

TIME FM OFAYC VTR D TR F MD V MD D MD

25. 3 1868, S45. 9.1 .65 13570, 9. ¢ . S8

20.3 0, —5BR3. e 3 « 0Q 388, -2, 7 . G0

57.0 43, 154, -1.3 « 28 =-26. =-1.1 . A
TOTAL ACTIVATED RESISTANCE 4850, 0 Kips
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=6. 1 36. 6 12,1 Z0.8 3. & S7.0Q
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CARWAREC — GRL Fhiladelphia :
‘ Blow No 1 . O4apmapy—-nn

Final CAPWARPC Capacity: Ru 481.8, Skin 358.1, Tee 1E3.7 Kips

.T'..:=x=m..‘“-...m==ﬂcuﬂma'-_-=l==am:==;.-:=ﬁw#:&m::=='==z===#ﬁ=m===:==¢z~_«nmm:m:ﬁ=#=====m:
Saii Depth Depth Quake 821l  Dampimg - Ru S Urit
Bgmnt HBelow Below Casa Visog Smith oF Bikin
Ns. Sages Brade Ru Fioctn
ft ft in Kips/ft/s s/ft Kips Kips Rips/ftia
481.48
1 36.5 .2 « 1350 « QDA 1.4 « 166 B. 3 473,45 LB
e 4.3, 2 6.8 - 150 . Q08 1.1 - 1686 £.3 467.0 . LE
3 493.8 13.5 » 150 017 J. O « 166 17.8 449, 2 . 40
4 oB. 4 20,1 - 150 059 14,1 - 166 60. 86 388.6 1.37
S 63. 1 26. 8 « 150 - Q76 18,9 . 166 77.7 3160.3 1.7%
& 63.7 33 4 « 130 - 046 7.8 . 16886 47.2 265, 7 1.07
7 76, 4 4, O 150 « Q50 8.5 « 166 Si.4 E1E. 3 L.l
8 83.C 46,7 « 130 - Q087 14,7 . 186 a88.6 183. 7 e Q0
Sum o IS0 59.5 a1
Avrge « 130 . 166 44. 8 1.01
Tos « 300 « 100 17.0 « 137 123.7 44, B
8oil Madel Extensicons Bkin Toe
Unlocading Quake (% of loading gquake) ‘ 8Q 40
Unloading Level (% of Ru) ‘ ]
Resistarnce Gap (ivich) L Q7

Sail Support Dashpot (Kips/Tt/s) 849.70



e e S L S CLEIWADT - ER, & [Azsociatss. Cwie, B e T L PR RIS A
Triail 2. Rubt= 7T + 21.9 Hios W=l
. H = & & ] & 7 a 3
re I B 159. 3 IE. 2 Za, @ 8. 2 48. 2 Zi.l EE.@0 7@, @
8J 1 1.7 5.3 8.8 8.2 iS5, 3 13.1 14,8 15.1 &%, 2
48 I . 1 5@ . 153 . 1S3 « 1SE . 115G - 154 . 153 . 153 . 186
0ftd Pild FlLug J5kn JToe S5k SToe TEan UNid BTdo ©O8kn  CToe
A 7y K Vi . DA . 488 « 405 274 - oo e 2T . B LDRED 1.3 1. 3E
TIME EMOF/VC M TR O DTRE O F MDD OV WMD DMD OFEBY M BT DERT R BT R D
Z4,. 3 1373 B, F. i L B2 1823, 8.7 351 2B, 11.9 <43 293, T88.
=5. 9 Q. —434. -3. 8 - @l 3o, -Z. 8 D ~17. -2, 5 . @R A, —Z&7.
=7. 1 47, 151, -i.3 . 1A —BE. -1, 4 « 17 - -i.8 .17 &, —135.
Totai Aetivated Resistanes S7d.@ HKios
BLet-0 Blot-FiN TBen TVok TalLo TEwmd EMAX MO=-NDOW MG-EST My,
gi.2 6&%. 3 1201 2. B S3. 1 S7.1 41,11 4, 59 b, S =5

e a2
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