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I.

FE oA

Content

Design and construction technologies of underground columns using the
1000ton class HAT Joint

II.

Research Outline

Development of Hemisphere Joint between PHC Pile and Steel column for

supplement Cast-in—place Concrete Pile System.

1.

VI.

Research’s Contents and Results

Development prototypes of HAT Joint H, T, P, K-Type for using FEM
Analysis(H, Tube, Pipe, King—shape Column)

Verification of Prototype using pressure test

Development how to adjust the length of Pile

Verification of way to adjust the length of Pile using Moment test and Bolt
drawing test

Checking Economic efficiency comparing with existing method of construction
Pilot Project

. Final Result and Application actual result

Verify prototypes of HAT Joint H, T, P, K-Type

Verify the way to adjust the length of pile

Check excellence of HAT Joint system using Economic efficiency
Pilot Project will be on end of March

. Achievement Object of research and the effect

Making prototype of HAT Joint H, T, P, K-Type, Pile-cap for adjust the
length of pile, Moment test, Bolt Drawing test, and Pilot Project, etc

Academic publication(2 for 1st year, 3 for 2nd year)

Academic treatise(2 for 1st year, 4 for 2nd year)

2 Patent application for 1st year, 2 Design registration for 2nd year

Check the effect of decreasing materials cost and construction period

Application Plan

Substitute PHC Cast-in—place Concrete Pile System to PHC Pile system

Apply HAT Joint system to Using Up-Up system Area

Substitute HAT Joint system in other construction Areas that can be use
PHC Pile system
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<13 26> & 85 B

- AF 7Y 49

*HAT Joint Al& Al AR 59 3 skse] tish AES s 2ahde A
Al gy e
« 24 HAT Jointe] 1/5 AAILZ A #ste] duk PHC-H 75 A9}
o] HF 718 Al #old HE

<13 27> IE 2Y AY

o BAY &4

— HAT Joint®] 284 9 7 &3} &4
c @G AEgHE V1= THEY HAT Joints o] £33 oj++% PHC Y
& AR IR MdasE B4

»HoH A » VE H| ot
7| HAT Joint& 0|83t CHT+ZPHC I 7|=%
Yt PHC ©600 Cf#2 PHC ©1,000
Fp=1,500kN/EA, Fp=9.483kN/EA
Yeicizt SN2 HiE |+ Z A SA2I
7 &(m)| 6202 X25m=15,500m | 520 - 20(% /1 aH(m)| 1242 X25m=3,100m | 1242 .10(%/1
HI8(2) 1035229500 )=31% |8 (1) 674,528,504 )y=12.49
WY SR THOHE) | $Em) | 3UE) Wy e | TPHE) | 3m) | SUE
XHHH] | m | 43,789| 15500 678,729,500 Ty | M [132.835]  3,100| 414.838.500
AlZH] | m | 15000  15500| 232,500,000 AlZd | M | 62000 3,100/ 192,200,000
SHTUE 7|+ 170,000 620| 105.400,000 SUEYE |74 | 480,000 124| 59,520,000
234 7|+ 20000 620 18.600.000 S84 M| 63871 124 7,920,004
EL 1,035,229,500 =7 674,528,504

<72l 2.8> HAT Joint 38 H|n
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o Pilot Project
— Mock—Up Test A3}
c 2R AR AE rEAT W Fe A3 2
o 7l¥re HAT Joint® Mock—Up Test 218
« A AlE

« HE
= —

;
2
0
>
o

I FZ A &l 4 B Pilot Project 21 AlE A

ok

<12l 29> Mock-Up Test -

— AA| A]F Pilot Test

£ 49 2290 73]

« U AskAE (2015.05.20 A A

[-a (
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2. ATMNE FaE
7b. W A SR (HAT Joint) 71
(1) 712 74

PHC 3t A 7o AT o 7= /g HolAEwolE JAE AHE A<
211@>AY 5 A27e2 d58s U Ha HolAZdolE= PHC e T3l
Ay

st & Alolsty] flaiA HlolAEH o EL F A,
olF HAet=s gBEHoIES B A wlg Hgste] Al#to] oﬁﬂz T %%01 AHE-E T
2 WS Aofsty] fsiA <" 2.11(b)>9F &2 ol MASHA] e wE e HEHE
AestA Pt v AR ofx] (arch) &= <& A

A el AL HEACL PHC JAE G AEE wA def B ARl

)=}

T S
o) ~Zeo| EE B3 PHCHA/A Foz Was u oz ddsol 8% &
Fol Bt} ¢ a&40ola olg Q3 7w 7x4 VS FHAA F A

e EX L nk= g 3= SR S
mHE T W Chst WA 7| S7Hs
mHEY mAEY
mEEF 8% mHE |
AN (b)HAT Joint M3t AN

<O% 211> PHC THU+HEZ H3t AA|

v

2 AFHAANA Adst = HIA 71, 243743 75, 43743 s, (3 F=27]
?ur 7% -4 PHC Yo Har: Zhzt HAT (Hollow hAlf—spere sTeel) Joint
H-Type(H&87), T—Type(Tube), P-Type(Pipe), K—Type(King)°]g} A3t} HAT

@

Joint= HH-o] 7]2@go] EAoIAWE v o] wlol Aol ERRE AAlE HAFe Ze
o’del == AHESHA HEE, Wby Hlo|AE Tl E olgo] tE FUHARl RAbE Fh
Hlo]~ZHol B =35 A7 sted aRdXor e + Qe IS el F
e Tl W o Wo]AZHolES BASH] fld Wi B ®o] S1A|, grIEHolES
T, A ekl HETE o] FoiR o, HA F stze Adrlel 7HE HAAstd HaE 9%
= MEssitt

(2) HAT Joint tA}2l
b AF3A
W o] Wo|AZYolE AL G oz AZo] ofEf9-rE H|gY Az fo]dt
Tx28& THOE Azttt

HAT Joint®= PHC a3 HE7Z, 94373 3| agHo
2 ap7)9lE i Holow, e stFel thefA @A ow AEstr] Qs v MrEs
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<72 212> HAT Joint AbA|

HAT Jointi= <% 2.12>¢} o] d43 2] o] AZY o] E (Half Sphere Connector, ©]3}
H.S.C) ¢t HBZHelA HS.CE stss ddshs HBY AZAHF (H-column Connector, ©]38f
H.C), Z¥%438 d4dH (Tube—cloumn Connector, ©]& T.C), HI4H d4dH
(Pipe—column Connector, ¢]s} P.C), 4 (F)E 7| dZAF (King—column Connector, ©]
& K.O = o 3t

H.S.C= <I9 2.13>% Zo] T3y W5 7Ivtes A7 Hlow, ax4rl sted
flelf vjoll Ringe® F7F4Q BAs AN, a&4ola AA4l 3= HHlE

R S AEAA AA skl

do g
2 o

o] Rib—plateE 7IA™, HE7Z 7]5S H.S.Col axz oz Hgst 4 == H.C(T.C, P.C,

K.O)E 7}At}

<2l 213> FJ4 30mm Single Ring 22 <&l 214> Rib-plateo| ZQM
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(\b)) HAT Jointe] 2E +9

HAT Joint®= PHC w3} A48 4 % 15~16702 B2E F4& 7t

=t} PHC #d9) A
& e A A4S Asﬂ <1% 15> o]l 1979 EE o)

A8k, HAT

Joint= ©] & 15~1671¢ & o 3} @ﬁ%‘é}‘t% AA = ST}
HAT Joint:= Al*dﬂoﬂﬁﬂh PHCJJr 19} BE Ao g AlFg &5d 4 Qh dF 7
AS HAaz gto] AP A, goldt 24 #y], FAI @ F 59 o)dS 7 $ Q)

<12l 215> PHC mYo| 25 1

(t}) HAT Joint9} PHC ¥ Hg

Fx2 AZE HAT Joint7h €4 =9, H+-A] 2 Aol A 71%( )& HAT Jointell €33}
W 240 vEg F HAT Joints i?i%%ﬂ%i PHC #dy EE= HIHA1d 2.16> %+
Z).

PHC st Adto] B7tysto] 1t e BEE i3 Hgto] ofHy& A5, <19 2.17>3
7Zro] PHC 3 ZAek A o #HE waloz PHC wdS dAwdly PHC 3wy HAT JointE
AAE 4 e F7HEA ZYolE AHE A &ste] AA| st

B [ Z7|5+Joint]+ PHC oY

B =27/ S+Joint ZE2H ¥ i Jrg%{t 7 :
[ : 3
Bolt 71¢) S
W Joint Y B omty ) o
LS L 4 2 Q_
i y \] [\ 1 72"‘
18 i el
4 g I8 I
I S PHC mf
l I
EEFTEPN ' .

<18 216> HAT Joint HIZH % A[SAAM

Bolt 3

E—
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. 98 AR (HAT Joint) TE2EEY] )
(1) FEM3|4 S 53 HAZHrd =&
= A

D fFaasA e
HAT Joint 7WHS Z3ste]] Qlo] 27| efd EEAL 7|24 Q A3 Ak gist AR
E] H.S.C9 7% FA= W d =3 Rib—plated] /WFE WH3lAZl 2d 20 7130

A7l REE

st AE, Web¥ Flange @9 st HE 5 314& §dto] oeFstAl xysiai on, o]
S A3t Prototypes AFsEATE fFeka 442 ABAQUS v6.10

e H Qo A4 ADE FEly 1] AAAR E%%)g}oq 2 4| 7(-161_1?49]_ 2 )5
3told 4= Q== 1R tE Element type<

&3kl om, Element®] 7= #H4& FAQH sbdh)E 18 16mmE AHESFSI T

:10 ﬂllO
;
offt

O Ay 5=
AetelA e stas A7 98], 967ton(PHC 3+do] 88 Hakg) < 1.58<1 oF
1500ton®] shzo] 7HE=Egls 25, AEFe] ¥ A9F 2AY SCW5509 o

7] Q1
355MPas d# &1 g2 1500ton oS AY & A st S &3+ Zlo] HF

= 3ol

@ 719 &4

A stsAlo]l WA wfAlo] Ao R 7 e AA HFEoH sFAo] WAL T
%5 1500ton? o}%—g— A7kste] FHol-&2o] 355MPas 94 @S sty fstolx

Ao Ao WA L2EL FH WHE 20mm=E A3 FRE HYuE 2

Y= &eler] 98 FAEATG. (K2"E 2.18> Fx)

‘ 5}= (1500ton/ Uniform load)
ol

+ Bl82Ae JetEAo| 2% 2 E 9[8f PHC Pileo| 3|8 o5 ¢l
967ton ©| 1.589] 1500ton2 9I7}519ICE

PHC pile2| 5|8 %5}5: 967ton
<72 218> 23QA BAl AN

@ Material
SCW5509] A7 873w 355MPacl/doln, AA| 8735 550MPa o]4to|th. & ut
LS A8l AgH ZAY FRBEE o <17 21959 Zo] FERZLE 490MPa, &
4% 650MPa® AA| 7]&=xwe AN =9

a
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700 ——————{J{timate strength: 650MPa
Required ultimate strength: 550MPa

Required yielding strength: 355MPa _ . ycco.1

— SCW550-2
200 — S CW550-3

0 0.05 01 0.15 02

strain(s)

<72l 219> SCW550 MzE EMX|

13_ ATE FAT Aol <T™ 219> A8 EHAE TUE AHEE A UF & A
T2 Qo] AAE ziWH TEE AT Ao Aol Aolrt e Ao Hey
D} wHoh st das A7) flske] SCW550 Al Az GAlol 25712 SCW550 Al S
2 oFske] AE AYS ;(H FyATt 1 Ay el HeE e 390MPa, H =287t
590MPas SCW5508] EAX =2 AAste] al4S gttt
ole] we} 314> 1500ton?] dtzol JA7IH S A-¢ Hdl W= 390MPa o|uj7F ==,
H 27 20mm7F WS A9 Wgo] 1875ton °]Ao] HEFH HAR oz st Hx

Prototypes 417433t}

o 2

o= 2

(W) ¥ A

@ H.S.C @9 T4

HAT Jointe= ©1000¢ w47 PHC e Abgstes AS HHC®E star glor, oln
PHC 39 UF AHL 740mm°]‘jr webA] H.S.C ©@Hel T2 UF REAE
370mm= g Y, 2F9 A& 395mmHF-E 400mm7FA] 1mm

< sllA sk

HA ol H.S.C ddo FAE 3= 4 (Wb).@dA 32 Yr 27 o HH X
S 71EoRE Zton) 26mm~30mm7ZtA] FAE WEAA siASATHKZYE 2.20>). A A
7 ek A AF3t ST Y HRE ek A FAE H4 FAR A

<8l 220> EHHET
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@ H.S.C Y& 1% P9 95
< 2.21>0 yebdl mpel ol
(Arch Action)ell ol& ¢=3}

2195t BRO ZylA0] K 7Jo] o]F

A ZIA At

T
w
(@
o

N

N
flo
iz
4
2,
o
L ol
o,

0y
ofo
5 &
32
o
o}L
_EL
2
r

Uniform Load

T

& Tension Forslbn &
S,

Compression
uogés»aJdl.uo:)

72l 221> HETLO| OFK| UM

H.S.C Y% Ring® 7% 9%+ H.S.C UHF AE 370mm Z AHF 20mme}t sH¢ 48mm= A
sk ymx] e F 9% skl 10719 ¥ AAE AAsATIH 2.22>). AF9
20mms} 39 48mmE A Lleh o]+ Ringd] wHo] ¢Hdd FASE A F UAEF 3
7] $1gtoltt.

HS.CFAE 718 30mmzZ 7Mgsta 2 BZEoEx e dHoA S Aysaict F
7‘491 Ring =AY -‘?4 ]E °L7]H‘3ﬂ 7k7+e] Ring?] AAHE S Hugs AESt] 1

E

]E fES .
Mg AR dhFo]l HS.CE AgH WA ofx M-S st
A5 o] watsks AS Askety] 9 deld

H.S.C W+ ngl?lﬂ —.4
oy o 7 A7 =

® FEEHOIES /e

<% 2.23>9 gBEZYolEL] Afel] W HFE (). wdd HHo w7 P 9
Ag NEow Zor HEYOIE AFER HS.C @ FAE 25mm~30mm% ¥
A 7t 7424 FAER S Al o] W Ay HAduEs HAES HAS
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HAT Joint Prototype

s 49T & k. aa—g—aﬂolzsq Ase Ao S5 A2 23
o mHHoR BN ol duZdelE 99 A5E stetats] 9lgelt,
@ 2|2 07y ) 2|2 474

(© 2|2 67§
<:L%! 223> 2|EZ0|EQ| H&

) 2|2 87§

(th) Modeling
@ Typed 3A

et asA 2d& HAT Joint H-Type (13}
g st om 7}7he] T2 dE ol <™ 2.24>¢ YERISIT
<™ 2.24(a)>+= HIF 7o AFEE+= HAT Joint H-Type? 7] JALS B o H
Ao HAXOZ AFEEHE Alo]= F 3ol H-498 X432X45X 708 AFE3I o1 o]9
2= H.C 302 sk ddo] o]FofxA Hrh

<a¥ 2.24M), (0> 44 AFda71sd

d%s), T, P, K=Type (o)A 2xhd

SN

kr
i

)

1 ol
a =

APYB7 s AHEAS A9 T-Typet
P—Type?] 7]E3&Alolt}. T—Types bT—-390x390x40, P-Type bP—-550x30< 7]
o7 RAgsY. H, K-Type? 238 a9 Typed A7z FHZ A&l Zafidz
e TS ZeTh

<19 2.24(d)>b F(E)E el uef King—TypeOE wygs K-T
o F(H)E 7eS H e ~AEX

ZUE AAYE d5E iy

H-498X432X45X70, L=50cm

Hs.C7|284
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&

bT-390X390X40 TC-3tE e

H.S.C 7|

e

i

0

oz

bP-550X30

atimm s

£
E
a58mm E

bH-458X417X30X50-60

HSC 7|28
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® Boundary Condition
<19 2.25>°] vEbd A} Zo] HAT Jointe] AAl As# 7 frAlst
AL HS.C dF7o theto] AL = 55t 3= 385
o %ol o8 PHC S AsA Agahs wAel dala 52w
w Slipell oJst 39+ A
BE AP0 AW 2AS FANNE THRD FHAY oA L3
T 484 100%°] dF=o] ofd o EHlEd

ofaL ojmj WAE = FAH M E AFE F =S 57| fgel

rlr
e,
il
po
o
=
o

e o,
¥
30,
l [‘Ulo
>}L
(o3
Hﬂ
rﬂ
rAI
_0|L
32
)
£
M
o
iv

<12l 225> Boundary Condition

(=hH ;HX 27
@ HAT Joint H-Type
Ui 27 "9 9%, H.S.Ce F7, Rib—plate /|5 W2 3 F 3471 e ths
A AESAT (KE 2.1>)
<E 2.1> H-Type W A
7 (mm) Y B} Ring YA zd=
30 1~10¥ 1070

i)
)

td

7 (mm) Rib-plate 7}
25 4
26
27
28
29
30

24 7Y

o|lo|lo|lo|olo
NN QY IV I S
o|lojlo|lo|lolo
oo|oo|oo|oo|oo|oo

o AR ¥ A W

HAT Joint H-Type?% #Z Ring 9% thet d3}+= H,S,C 574 30mm, Rib—plate 07}
£ 7|20 = sfo] &A skl

<I1¥ 2.26>9 #A A3}E BY Ring 79 YA S-S 452MPaz H4olvw g
1230tono 2 HLS & & QST ©o] 495 EUlZ H.S.C U Ring B2 A £
7T 97 Akl

r{r rlo
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Yielding Load
—————— Stress

430 1300
5 ass o N 1250
o
%’480 = 1200 &
A =
& 475 % / 1150 @
5
£ 470 ’)" 100 2
3 —~
E a0 Va % 1050 §
g 2
= 455 - 1000
P [ and
450 ! 950

1 2 3 4 5 6 7 8 9 10

Position of Internal Ring

<12 226> A IR Ring x| 84 Zat

L

@ HA FA 4 2B HeE fHan

Wi Ring 912 798 71202 3kv, Rib—plate /155 0, 4, 6, 8712 WghAl7]a 2+t
ol A5 7% 25mm~30mm7bA] Fefgtel weh Wstels S o WF ] djste] s

AE Ve AT

Rib—plate 7l+E 0702 3t3lS ® A Aye <ad 2.27>¢ Yetdisich. 5271 S7Hg
of wel HojeHS 475MPaclA 415MPazkA #HAghs 18 £ SIS Ho e
930tonellA 1225ton7kA] F7hehs &Rl & it A A= Hj &2l 355MPags %
et Hol g Al 1500tonell & mX = AHEA F7FEQL B &go] Haeghs gl

& 5 Atk

=
Yielding Load Yielding Load

__________ Stress —=-==----' Stress

480 1250 460 1550
T 470 1200 < S 450 g 1500
= [N b= * [
< 460 1150 & < 440 Y / 1450 &
=3 b8 5
$ 450 1100 @ £ 430 » 1400 @
: 5 & |/ 5
£ 440 1050 & £ 420 7 1350 §
E 430 1000 § E 410 < 1300 8
3 = 3 L <

s 420 950 = 400 ( == 1250

410 900 390 A 1200

R 14 \
24 25 26 27 28 29 3031 24 25 26 27 28 29 3031
Thickness of hemisphere(mm) Thickness of hemisphere(mm)
<&l 227> Ring {X| 7H, <12l 228> Ring {X| 7H,
Rib-plate 07 Rib-plate 47}

Rib—plate FE 4702 & w A da= <2d 2.28>¢] YRtk Rib—plate”} O
N Y rqw} R 7MA 2 FATY SRR wet S Aty E eSS geld ¢ gl
AT 3 Rib—plate”Zb 47H°‘ o] Avb= 30mm 2P HdugEoe] &A1 Hojuigl
1500ton °]/de] A7t =& Hdouy o] Bl A 7|EA 9] Hu-5H<l 355MPakt %2
S-S 7R 22 Prototypel Z+ A A3 A 4t}

Rib—plate 7N+E 6701%2 3t3lS o siXAde <2¥ 2.29>¢] vepdiict. a4 Az
7l 30mm o)A 71Xl Hh-$¥ 355MPa ©]3F, Huug 1500ton ©]AFe] Axpr}
=5

4
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Yielding Load

Yieldingload e Stress
""""" Stress —
[] 375 1750
375 1700 = Py
= L} = 370 - 1700 -
= 370 - 1650 < = % z
g w__ /,{ = < 365 1650 &
€ 365 - 1600 & w I’ 5
w 1 5 £ 360 - 1500“0
£ 360 - 1550 @ A e / ) -
wy
£ 355 A L 1500 & £ ¥ Y &
5 / X = E 350 \ 1600
E 350 ; 1450 8 3 / \ =
2 \ 2 = 345 T 1550
= 345 1400 d »
340 1500
340 1350
24 25 26 27 28 29 |30[31
24 25 26 27 28 29 [30[31 —
" Thickness of hemisphere(mm)
<18 229> Ring {X| 7H, <2l 230> Ring {X| 7H,
Rib-plate 67 Rib-plate 87|

Rib—plate 755 87/1& 3t3lS W a4 A= <9 2.30>° derdgleh. &4 4
Rib—plate7} 67 we] A8 & Hol7} gllew 77 30mm EHoA 7]F =
S golg 4 99t}

H# F7 9 Rib—plate® 7§55 #le] thdt 4 A0S Bz V=X E wEA7| = 7Y
2 Ring 9x 79, H.S.C F7 30mm, Rib—plate 67} 4 w2 =43 Ring Y 7
H.S.C 7 30mm, Rib—plate 87 & wje] =el F= 7}xjo|t},

& Prototype XA

HEl A Aol 7IEAE ek 7 7HA 2EE HAT_TH30_R6% HAT_TH30_R8
olgtil skt HATS HAT Joints WERIL TH30S H.S.CO 77, R6% R8 7H7t
Rib—plate®] 7HE el
HAT_TH30_R6% HAT_TH30_R8 % % HAT Joint9 Prototypes HAT_TH30_R6C.%
ekt F 249 35S Bl wdtdS Wl HAT _TH30_R6 & 432kge]al HAT _TH30_R82
448kge® HAT_TH30_R6EHo] 16kg U 7FH7] wlZeol =%l oA Hop o a8 4o
t}. # 4 HAT Joint Prototypeel thst JAE <% 2.31> eI

O

H-498X432X45X70, L=50cm H.S.C FMH: 30mm

H.S.C A5 S0 30mm

N HSCZE 1] 30mm

H.5.C R!ngE'_?:,P 7H

<& 231> H-Type Prototype
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@ HAT Joint T—Type
U w7 G 9%, H.S.CE F7, Rib—plate 755 WFE st F 25719 Ede o3|
A HESIT (K 2.2>)

<3E 2.2> T-Type ¥H5 A

=7 (mm) Wi 27 Ring 93 ARl
30 1~109 1070

e
ot

7 (mm) Rib-plate 714~ LA
25 0

26 0

27 0
0

0

0

28
29
30
31 - -

1570

NN G NG Y

e HA ¥ 9x #3
<14 232>94 HAT-T JointE’J 2 1 " A gt AuE AHEE | X 61
]_

Yielding Load
Ring 2 &/=eixl 48y --ooos Shess

1900

/
ll

g 530 9 1850
€ 520 5 1800

@ 510 2\ 1750
£ 500 A 1700
Ea 1 1650
3 480 1600

470 1550

(uoy)peon Bulp|aip

1 2 3 4 5 6 7 8 9 10

Position of Internal Ring

<& 232> HAT-T Joint XA & {|X| s At

@ HF 7 2 fre Jed fHa

B flA= 6WE VEow o, gu e JiFE 0, 4, 8/ WsA7|aL 72k e] As T
£ 26mm~30mm7kA] s 7kel wel ®igtelhs &= 9 el sk L}EM%M

go] 9= o T dla @B} Q= Ao It A= <7 2.33>9 JeER))
FAZE S7Fge] whel #Hul-§E2 537MPaclA 482MPa7bA] A4S #Fld 4 a FHy
=S 1600tonelA  1870ton7HA F7H8tE 18 5 itk 919 A= HosHol
390MPa¥Es =38k gl 1875tonoll X wX &= AN F7FHQ B 8o IQ
61—0 g].o z:s_i 2= %1]:]'

-



: " 520 .
540 Y | 515 \
= 530 = 7. 510 .
2 g f/ Z 505 !
=~ 520 = = 1
" S < 500 , 2
5 510 */ £ o5 :
0 /y\ = i
E 500 e 490 1..
E 490 // R E ;
ém} » s :?E /J
470 470 -
465
<12l 233> QK| 64, <2 234> 2K 64
22 glZ siAZdat 2|2 47 siAZat
Pol gAS eHeR s FHIF 479 Aol g fAAI}E HS.CEH FAS
27mm~30mm7HA WFE Fo] | Asklt o= <I¥ 2.33>9 gHIt gl A5 A4
e o FAZ gl A sde Sldn dde page ST ¢ gy
27mmolste] FAE e RS HAFAS HA g wle| I3 7XA EE
o el A AW W
<19 2.34>°14 & f1A 69, 2B 4709 RE F7] 30mm% A HouW ol 1875ton
ol el uge Ve sl® & gt shAw Hulgeel 390MPag st uge
FEetAI N gYo] HrpstA WAste] Prototypel®E A st ol FEl7h dvkal Akl
o,
Yielding Load
''''''''' Stress
500 2100
495 2075
490 2050
485 2025
480 2000
Fars ud 1975 <
E;m . 19502@
£ 465 1925 @
Ellﬁﬁ I¥ 19(}[)3_
Es - 875-§— 1875ton
2 450 % 1850
445 kS 1825
440 . : 1800
435 — 1775
430 ET_ 1750
24 25 26 27 289 30‘1
Thick of hemisphere(mm)
<72l 235> =QX| 6|, 2|E 87| sljA At
<19 2.35>2 B fAE 6Wlo® star gr7F 8711 Aol fist A s YEgl
th <T¥ 2.34>19 HEZF 47091 A9 t=A HS.C @ e FAE 27mm~31mm7bA] 3
Mgt 27 0R 3lmmE SAe olf= ¥ $A 6w, @n 8/, HSC e

27
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30mme] A7t Hol uig2 1875tons o] ulEE yeRA|TE Hols el 3lojA
390MPas z¥st= A7t yErgth ol& Aostr] f8 F7HHo® H.S.C @il T4
3lmmE F7FH 0= HAgstgl oy o] 9A] 390MPas x¥3sh= 235 YeER ST

A A¥E BEdE sdstd ¥ 6%, gx 87, H.S.C &Y T4 31lmme] AH$
Prototype©l] 238t thal ddste] Fo] HAAXE v o FgsA wEeta 333
o] YE3 HES F£H3 2dS 2‘,37};@ o7 6]]}\4 }oﬂr,}

<% 2.36>4 ¥ HAA 6H

of e A5 HHT ofela ﬂﬂi%ﬁ—ﬂ.ﬂ S Qf%% ? AL FHol 7H X o
T BRT oA HolgHo] BAagE &1 Qi

N

460MPa 490MPa

Rina 21Xl 6t (No Ribs) Rina 2X] 7tH(No Ribs)
(@) 9IK| 68 o) N2t (b) BLIX| 78 S| Z T
<17 236> Y AN & Nz

Ring 6%: 460MPa
Ring 7¥: 490MPa

Ring 6.5t: 422MPa

SN s
XN 5
RS
B =
- :."l-.'_l ’f
Ring 2| x| 6.58 (No Ribs)
<& 237> @ X 6.5 sjMdAnt
Az | 6 o 7HTF 38MPa~68MPatt> 422MPa] §-2o] HAsHS Elst 4= 9]
R ol B BA HAY A= 6.650MYe A e 2 Axmolth



70117]%;4 C7F Agate Fiteld BASS & = QUSith o)
WA Ha o]y e SHATALS MarHoRA
21 9] Prototype= )
obef <I1¥ 2.38>2 WA T.CoF WAF9 TCE el Wiglth S8 FS Aty el
T.C7F o] F= 2425 1658 T7HR e Fol= oF 30mm F7F Azt

12z

340mm

370mm

@ ;N 27
gHEHCIES A4, T.CY A4S W3t AlA sAst doE o] <27 2.39> veh
Atk <T¥ 2.39@>= Hd &¥E WEda lom <O¥ 2.39(M)>E ste-¥el 2=
£ Yehda Sl

Ao 9> 390MPa olst® FA Ao, HH> 2050ton 2 SHH Tt 71FEA<
H)$-= 390MPagt Hjuhe 1875tone] ¢ube melels gheldr 5= gt

o

T
=21 =

28000000
26000000

24000000
33000000 2050ton e

20000000
18000000
16000000

14000000 I
/
|

/

)

Load(ton)

12000000

10000000
8000000

4000000

6000000 ’
/
1

(@) 8 2= (b) StS-Hel def=
<13 239> HAT-T Joint F718}4 Zat

Prototype A%

Prototype A7 W (HA B A, HF 74, H7 9B Ne)E At ol &
gz feteisid s Fste] 71EAR1 Hg¥ 390MPaclsl, Hthue 1875tono] ¥l X
S HE Prototype o Z A AT}

Srof] UEbA fetes d4 daE EdE AFe 29 HAT-T_Ring6_TH30_R6 X 20|

e H

29



t}. HAT—-T_Ring6_TH30_R62 Ht)-&=o] 390MPac]x Hh3-& 2050tonC. 2 7|53 o
A %+stt, HAT-T_Ring6_TH30_R6 22e] st A A= <29 2.40>¢] YER) ST

bH-458X417X30X50-60

22 =efjo|=: 2 2 87

HH L =7 30mm
Ui & Ring 9] %]: 6,54

. # Z Prototype 2AH : HAT-T_Ring6.5_TH30 R8
Zl == : 390 Mpa =390 MPa — O K,
Z|C LI= : 2080ton > 1875ton — O K,

<& 240> T-Type Prototype

@ HAT Joint P—Type
Y 57 9o 9, HS.CY F7, Rib—plate /FES W42 3 F 28709 Edof| tjs
A HESIIAT (KGR 2.3>)

<} 2.3> P-Type ¥4 A4

A (mm) Y3 B7 Ring 9% zds
30 1~109 107K
=) (mm) Rib-plate 7N 2ds
25 0 6 8
26 0 6 8
27 0 6 8
1871
28 0 6 8
29 0 6 8
30 0 6 8
b HA ¥ oA wd
<1% 2.41> HAT Joint P—Type? HZ = Ao thst 2= Avrd o 9% 7,8H0
Al e HiolHA WY S HAOds & F Utk ol d BA AT 79 K= 8WollA
HAYdS 2T F A= FA7F €k HAT-P Joint9] ﬂﬂ Ring 91X&= 79 oz A3
o olf 7TH YA 8 HlE] Al AFEEel lojA BTk ¥ AAlFolH, Ul 9l
oM ZhdA afel Fuh W 91 1~3W2 H.S.CAlA A el sidshs FEoz 3
MANTE EASHA] =T 4¥o] 5Hef Hld &8 oA ZASHA dAE olf © 4W
o127} 5¥ef B3 7153 H.S.CY Wl BB gz =g o] HAstE B2 2 &
F2o]7] dwtolth, gk ® 9% 7,8 FHU-g o] 390MPaclstel 1 HojulE2 1875ton
o s Feld 4 Sl
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Yielding Load
—————— Stress

5 430 ‘ 2100
]
2 10 b P 2000 g
g R 1900 &
£ =h L] = 1875ton
£ 400 s 1800 8
3 L "3 a
E 390 % s 1700 §
x
E 9 -9 =
£ 380 1600
1 2 3 4 5 [ ¥ | 8 o 10

Position of Internal Ring

<12 241> P-Type A|% & Q%] sfA Zt

@ A4 T 2 22 A5 DD

obelel ST Peo| 9H= THE JRow el Yuel A%E 0, 6, 842 WAl
2 77t A FAE 25mm-30mmAx el mek Was Selv el ete] v
Ehhgiet,

9o 9AE THOR s Pust gl Aol UiE AddIE <Y 2 .
A7 Ehgel weh Al eHe 413MPacl Al 384MPaZtA ZARE BT 4 97 Ho
dFe 1775tne0 4 2090ton7Hd F7HHE se1g 4 Qeh AuelA 7ENE wEeE B

ge T BeA T, PR 07, £ 28mmol e B BT 4 gk

Yielding Load Yielding Load
Stress Stress
415 2100 400 2200
& B / = ¥
= 410 ', 2050 < T 395 s 4 2150 <
\ A z = A z
< 405 2000 & € 390 . 2100 &
7 w 5 i . / E
£ 400 - 1950 @ £ 380 / 2050 @
T 395 s 1900 § T 375 A 2000 §
g ‘ 5-1875ton 5 F 15 E
E 3% v 1850 8 E 370 e 1950 8
2 / P 1800~ s b 2
= 385 = = 365 -3
q » - 1875ton
380 1750 360 1850
d
24 25 26 27|28 29 3031 24 25126 27 28 29 3031
Thickness of hemisphere(mm) Thickness ot hemisphere(mm)
<72 242> 2 9| 7H, <72 243> 2 9%| TH,
2[2 074 si4 Zut 2|2 67§ SiA At

9o AT THOR stu Yrst 6709l Aol HE slNFIs <1 243> S E
b <Y 24253 AR FA7 Fhgel vt $ee gastn yEe 182 #e)
& 5 ogrk @ R TH PR 69 U o) 26mmelde] A9 /EAE 18

= 3
of glolA 2 Wahe bR & gl @lng AFE 67 oy 7



Yielding Load
Stress

400 2250
= 395 & 2200 <
2 390 4/ 2150 &
i 5
2 380 : 2100
w M
£ 375 2050 &
3 '\ =
£E370 ; 2000 8
% [ S (=
= 365 1950
360 1900
1875ton

24 25126 27 28 29 30131

Thickness of hemisphere(mm)

<72l 244> 2| Qx| 7H, 2|2 87 Al A}

€ Prototype A%

T—-Type? AF 7|FA5 WHA 7= Bdo] 17§91 vbd P-Type 7|+£XE wWEel=
ndol w7 BgoR JFEAE WSSt R T AR AA AMERo] UM HE Rds
Prototypel. & AAsIA T WEsls Bald o9 SHE <E 2.4>°0% A5t Yeydot

244 T
HAT-P_Ring7_TH28_RO 323kg
HAT-P_Ring7_TH29_RO 331kg
HAT-P_Ring7_TH30_RO 340kg
HAT-P_Ring8_TH30_RO 348kg
HAT-P_Ring7_TH26_R6 343kg
HAT-P_Ring7_TH27_R6 350kg
HAT-P_Ring7_TH28_R6 358kg
HAT-P_Ring7_TH29_R6 366kg
HAT-P_Ring7_TH30_R6 374kg
HAT-P_Ring7_TH26_RS 364kg
HAT-P_Ring7_TH27_R8 371kg
HAT-P_Ring7_TH28_R8 379%g
HAT-P_Ring7_TH29_RS 387kg
HAT-P_Ring7_TH30_RS 395kg

9 ¥ 2.4>04 R whel o] HAT-P_Ring7_TH28_R0¢ A$ 71F=A S wtEsie 713
a&49e gedd 4 ot webs TEE EFYS HAT-P_Ring7_TH28_R0% 2 ZA A st}
HAT-P_Ring7_TH28_R0O° t)dt A A= <18 2.45>¢] e}
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bH-458X417X30X50-60

Ia ==

Ha =

H = Prototype S@H : HAT-P_Ring 7_TH28_R0
1 387 Mpa < 390 MPa — O K.
1 2090ton > 187 ton —O.K.

@ HAT Joint K—Type
Ui 27 g9 914, H.S.Ce F7, Rib—plate /IFE HTE

A AESIT (KE 2.5>)

55Ckmm

B2 ST 28mm
L= Ring Y X|: 7

<&l 245> P-Type Prototype

<E 25> K-Type ¥ A3

.H;m

g F 28719 mdo

o

7 (mm) U 127 Ring 91 ASR=1A
30 1~109¥ 1074
7 (mm) Rib-plate 75 d
25 0 6 8
26 0 6 8
27 0 6 8
1870
28 0 6 8
29 0 6 8
30 0 6 8
@ A7 3 9N Wi
<19 2.46>2] HAT-K Jointe] #H# B 9o g daE Auud F 915 8xlelA
52 FHiolwA g HAUAS & 5 At o= ¥ BAF A7F 8HoA HAJS
T S 247 B HAT-K Joint2] #Z4 Ring $1X+= 8oz A3t
Yielding Load
—;———-Stress
430 . 2100
& 485 - 2050 <
%’480 “'\ 2000 Z;
& 475 Y, 1950 ‘a
£ 470 | = 1900 2
E 460 /‘( bt P81 1850 '§
= 455 1800
450 1750

1 2 3 4 5 L3 7 8 L]

Position of Internal Ring

<18 246> HAT-K Joint %%

2|
=]

X
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@ HZ FA4 2 B9 JAed fxax

o o] e AIE= O A= 8WS y|Row s, 2B JFE 0, 6, 8/E WEHA7]
3 Zb7re] A FE 26mm~30mm7bA] s ftel wEt Wekshe &8y el diste] o
ERU 3L Tt

2o YAF 8o R sta gHIt Gl Aol dist s Avs <2¥ 2.47>0 YERSIT
FAZE S7Fge] ot Hul-$22 480MPaclAl 460MPa7kA] 7+
g 1725tonelA 2000ton7kA] S7hshs s 4 Qlth. AdeA 7]EAA &
390MPa ©o]s}Ql REl2 Eajstx] kil ¥ 1875ton oA P F7] 28mm~30mmY]
wdolth, gHE Frlste] HfgyS 390MPa o]t HE Rde =d FHS Fr

DN
1%
o
do
2
i)
al
30,
K
i)
=

Yielding Load Yielding Load
.......... Stress —======== Stress
& 485 2050 < & 450 2150 <
2 g0 - 2000 & g L / 5
w ) & > 440 LN TR
g 475 R 2 1950 @ g 430 y 2050 @
£ 470 LV 1900 2 ;i v/ g
o
E — 2 -1875ton £ 42 A -
E 460 / 1850 § £ 210 3 1950 8
& A 1800 & b o =
= 455 7 = 40 1200 1875ton
A
450 1750 390 1850
| §
24 25 26 27| 28 29 3031 24 25 26| 27 28 29 331
Thickness of hemisphere(mm) Thickness of hemisphere(mm)
<2l 247> 2 QK| 8H, <12l 248> 2 QK| 8,
2|2 07f sfAM Az} 2|2 674 sS4 ALt

gol ox= gHow st FEI} 6719 Ao stk A
th <™ 247>3 v R FA7E Stskel uhet 3
feis o

Yielding Load

---------- Stress
& 50 2200

z =
€ 40 . Va 2150 &
] X /1/ 5
£ 430 ! fr 21002
v
E 420 . 2050 §
3 ){ =
E 410 - 2000 8
X /I \ =2
= 400 & 1950

330 :/ : 1900 1875ton
24 25 26|27 28 29 30{31

Thickness of hemisphere(mm)

2 al= Bf
<2l 249> & 2|X| 8H, 2|2 87| sl ZAut
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& Prototype A%

HAT-K Jointe 7]FXE wHA7]= 2Edo]  HAT-K_Ring8_TH30_R6 %23}
HAT-K_Ring8_TH30_R8%% F 7} olt}, A7 4 AxE Ediz 287t 6/1Y 3%
o} 8L Ag & Aol flovt ARE A ARERelA 2lETE 671D A97F 8 Aol
vl v @&FolmE  FHF Prototypes HAT-K_Ring8_TH30_R6E == 743t}
HAT-K_Ring8_TH28_R6°l thst &4 A= <2d 2.50>] eIt

bH-458X417X30X50-60

i1 = 7H: 30mm
L§ = Ring 2] X]: 8¢

. Z Z Prototype 29H : HAT-K_Ring8_TH30_Rg
Zltl == : 390 MPa =380 MPa — O K.
Z i LI : 2150ton > 1875ton — O.K.

<&l 250> K-Type Prototype

olN

(2) 7TEAHTHE T Z=2EES A

b FEAZFH7E ML

G3te 28] AS E3] HAT Joint H, T, P, K—Typed ZTZEE]S ¢%s}'~‘}it}. H—-Type
ol AS 1AdE AFE F3 FRAAFTH I olFoH e, 2apdE A A T, P, K—Type
of tjet AZo] o]FAHTH

HAT Joint AdAl= (PG A= o, A A2F oA K3 Actuators
o] &3 Ado] P

FEASAE PHC 9ole) 818 %a%9 Gd&e ned 1,8750n0149 dEued o
st A Ase AFsted T8 7392 Strain Gauges S8t BEC] #&st= dAdy

=7, Rib—plate®] &a&4, WHF Ring 27 $1A9] g4 5& A3

Wb 7H=EAE

HAT JointE Actuatoroﬂ A7) YeiA <2¥ 2.51() > F2 s
Actuator®} €43 Aggstt} <aH 251 (b)>9 22 7HEAS AlgA A
A2} Actuator® 3= il 50| :5‘01"6}71] A7k 4 SlEs wix| gt st
7 1000mm PHC 3o Adaist sdst FA9 Xe 2ETHS 7HAESF gto AA
PHC st Adstis A5 Hdst A Ass &
<I¥ 252> AQA 71l g NEEE oA+
HAT JointE Actuatorel AXst ARS yehdla Qo 7S OSmm/sec(17<]-Lﬂt
0.05mm/sec (22 d %) 9] & oz WAy ZH X3P = ).
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___________

______

(
<78 251> AlSK DHEI o

3000tonf —| S Ac

=

(@) A o2 s (b) 4EH ME AT
<1g 252> WA It A

(hH S3A8
@ Strain Gauge =73 A&
o] == Fdst 19

Jol o2 7R Strain gauge® AX|ste] APA BAe vdd 2 A
A &4 °fﬂ—“ﬁ:£% glstarat aFalet.
<1¥ 2.53(a)>, <29 2.54(a)>, <2¥ 2.55()>, <2 2.56(a)>ol-= HS.C BE 4
Ao A g Ao]X] BJ AAE HolFErh EEo| 283t Straing] WA el oA g
st weketr] o e 9] 3FACIAE F2lete] A AR} nud F EE SFith
Fee s XAy g F S8l HFEE B2, BT $8o] A4 A Bl, B3, B4,
B5, B6, B8 WP ES ulwale] 7|FoM dEHE o] EFFE AFH Qlo] g4ds
A A E =R glstaat sl
<1¥ 2.53(b)>, <18 2.54(b)>, <1¥H 2.55(Mm)>, <19 2.56(b)>°|A+= Rib—plate°] A
2% Ao]A R(P-Typed 7% W Fwel Aol S)E ®ASIGITE Rib—plate: AFH-2
5o thal 42 Weko® wgo] wo] dojd Ao 7 #dsll il Rib—plate?] o A A
o dtss FAWNTEOR SRR A 5 UEE A HQorE FANGS SHst= A
& 7o 15 AoAE FAesinh
<1 2.53(0)>, <18 2.54(c)>, <1 2.55(c)>, <I1¥ 2.56()>°l-+= H.S.C YH ®
7+ Ringell ot Bl S 13st7] 3t Alel#] Co $1XE YeraL Qlth UF 27 Ringd
eddES AFs] A8 AT skl wel BAsE Load pathE dl4&
©] Load pathE wetA 15 AlAE F-2etsict. gdAel g A5



gRFd o] W R Ao]H C3Ae1As} C1, C2, C4, C5, C69] AolA g u)
wate] A 9A o] Ring B7o] HAE=A]el tfato] Awstazt ekl

1000

1000

!
(b) Strain gauge R1~R5, R1'~R5" AX| |X|
226

197
163

Pz,

/ 2! 1%
Al <

& o c@ g
: Yo 1

Section A-A
Strain gauge C1~C6 MX| 9|X|

AT

c1 %

285

197

)
<&l 253> H-Type Strain gauge &X| A =l

RI4 RIS |

o1~
Sy

(b) Strain Gauge Rsl~Rs5, RIL~RISMX| {|X|
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1000

57 54

[Paled it

8T |

e
b
2

F444

c3 c4
Section A-A
(c) Strain Gauge C1~C5MX| QX
<12 254> T-Type Strain Gauge =X # 2

172 137 57 120 100
o -

- - om

B3 B4 B5BE g7 BS
L] -

(a) Strain Gauge B1~B8AX| 2|X|

I Hsel
|
| g
' | <t| <
| a8
1 @
! ®
99
(b) Strain Gauge S1~S5
322
— o
276
— -—
] E
A !
= J;LIA.':':IC]. b
— 2
- i
o c4
Section A-A

(c) Strain Gauge C1~C54X| /X
<&l 255> P-Type Strain Gauge =73 #|=
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408.7

240.8

== ( 34
R54 Rs5 RI4 RIS]

~|
Lo
<l

2
4.9
9
59.3

(b) Strain Gauge S1~S5

2228

Section A-A

(c) Strain Gauge C1~C54X| X
<12l 256> K-Type Strain Gauge =73 A =

@ WA 53 A3

WAE APA AAH Wl FeAHe ME defstel FrE AA B
staL, AdAe 919 AHS Felstaat ik

WA (V1), (V2), (V3)i= HAT Jointe] AAe] FAWHIAE =

(VDI (V2)= Az gigoz HAxshgon, o) T 3o xS =H4ste] FFS 7]
sigteltt. (V3) 9] f1A= HBZS Z:A EF-&e 1A (V1), (V2) e v=2A S84
eI e eRE o2 HY 7IsolA HAT Joint= stzo] 23 flo] 44t &
g4 AFE gdstaa dA sl

(HD, (H2) WA= HS.CY 3 ®oE 4] flsf dAsslith. (HD S F3Re7}
P F Al o dEs kel AAskglen, olgk wlwshy] fs (H2)= 87t 7

B A AR =R

1o ¢



i R Mxsgith MY A YA <Y 2.57>, <19 258>, <1¥

— N
2.59>, <a® 2.60>] YEFATHKIZH 2.61> HLAA A ApzD).
600 yBDHT
: - ol HAT
500
S
450 D
1 _VZ /1 §
LR I e
; N bl
A E\N A
/i H2 W\ HL
i -F_ Y —T-i S
2080 \ \\

(@) A 539 2=

85
16Q.

ZHE7| St D HT

e

7t57| 580y

450
2080
V1) . =
SI TFFT e P o035 5FD5F - dEd sHrads
i
| PP -+ b
/
q Jvp) 19 4
g g IG
- - ﬂi - HB
Q|
[Tal
= S + %
(HZ) N2
¥ o0 F o+ & 4 & oldlo B
1000
1200
00

(€ HeA 589K BEH=

<12 257> H-Type HYA =& A=
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Top jig of UTM

LVDT's pannel

500

450

V3

V2 Vi

936

76l

N
m \‘ \ o
H1 \,. 1
|

2080 \

\

Bottom jig of specimen

Bottom jig of UTM

(@ HA 53%9% U=

LVDT's pannel

500

R

/ Top jig of UTM

fry

}\

S =

e | BT | ne—

ezzzmzas N

Y/
1/,
{ H2

2 d

—H

A

\ 1520

\

Bottom jig of specimen

(b) HRA FEAK FHE

eotVPT

450

Horrizontal Pannel-\

2

85
160

Bottom jig of UTM

ottom Jig of Specimen

/Boﬂom Jig of UTM

g 19

15 2 3 IS
2 g = o
2
= \
H \
TGOS At s 5 ¥ & 0ok \\
3
1000 ;
LVDT . 1200 Vertical Pannel
700
=~ _
() HelA SEYK| BHE

<182l 258> T-Type HQA =X A
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600 /Top jig of UTM

LVDT's pannel
500
~—450 |
yi 3
V2
! Bottom jig of UTM
\ A \
H1 Hh NS
Q A H2 N
N ‘ ey }
1
1520
85
16Q

Bottom jig of specimen

@) HRAA HEK B

Top jig of UTM

LVDT’s pannel
500

450

500
450

V2

936

Vi

|
&
o
7

\\ 2080 \\\
\ \

Bottom jig of specimen Bottom jig of UTM

(b) HRA FHEAK FHE

Jover
0
/

ottom Jig of Specimen

Horrizontal Panne ottom Jig of UTM
r\\ 2080 Wi o
gI a N+ >¢;/¢¢¢¢¢¢V?+¢c\$¢¢+
(= (= [
o (=) (=)
g = o
2
=
¥ &
1 1000 \ \V ;
ertical Pannel
LvDT—"| 1200
200
Vertical Pannel

(€ BeA 589K BE=

<72 259> P-Type HH =H A=
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600 ,Top jig of UTM

LVDT’s pannel

500

Bottom jig of UTM

H1 /i N
I i H2 A\
S =l o '
A > T
1520
85
Bottom jig of specimen 160

(@ BHA 539% U=

??{j , Top jig of UTM

LVDT's pannel
500
500
450
v 2
(=]
\E] el
/-
/TR
/i —-— ) |
NN
\\ 2080
Bottom jig of specimen Bottom jig of UTM

(b) B?[A 58X FHE

ottom Jig of Specimen

450 :
Horrizontal Panne| ottom Jig of UTM
= }\ 2080 /-B 9
\ a0
gI g IR T EE R EE T IEE T R
= . = Ly
LVDT ‘
~
™~ *Vertical Pannel
S 8 2 g
9 = 19 5:1
a Py s © j
~ REEENE Wd &5 0m
HIm VT
R AR RS &+ o eleleh \\
| 1000
'_
LvDT—"| 1200 5]
200 >

(0 BeA 589K BE=

<12 260> K-Type HH =X A=
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LVDT V3, V1

23| =) ) LVDT H1, H2

(=84 F3)

<33 261> HAA HKX| ALE

() 4847 9 4

O AsAH 27

@ H-Type(1x}d %)

ARA A Ze) AHEE AAE SCW5500]™ APAF}= ofel) <29 2.62>° e ik
ANz AE Ay SCW 5509 A3¥ FEAEE= 490MPaz S HAL, AY FdPEE=
550MPaz Stk o] 2 SCW5509 AA &AL 355MPa, AA 3%
490MPas 24 X%=& A3 gholth

00— timate strength: 6500 Pa

600 T s S
i Required ultimate strength: 550MPa
il Tensile strength: 490MPa
€ 400 . P
g Required yielding strength: 355MPa
£ 300 W
200 ==+ SCW550-T
N SCWS550-2
— SCWS550-3
1]
] 0.05 01 015 02

strain(g)
<78l 262> 1XHE SCW550 ME Ad dgi=

@ T, P, K—Type (22hd %)

APA AAel AHSE s SCW5500.2 sk A9 A= ofef <2¥ 2.63>3 2
o AE A% A} SCW5509 A3 FBAEE 390MPa, A3 S84 EE 550MPaz 3%
= e},
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Required ultimate strength : 550MPa

800 Ultimate strength : 550MPa
— _ﬁ;:trength : 390MPa
o a0
“a Required yielding strength : 355MPa
D 300
=
&
“ls —— SCW550-1
100 === SCW550-2
------ SCW550-3
D T T T 1
0 0.0 01 0.15 0.2
Strain(g)
<12 263> 2KXtEHE SCW550 A2 Ad =
@ 74 AT 4 454H
AEE 57 S Sl AdA] x4 Aol dEiA AFTslt 72 Ade FaAlA
AEA ] sts-we adzE g FEHS st o] AdAE b dske VIEA
= WSetsAe] i HAS sl
AEA Y] kel Ldzel FEHY 8 ¥ WA ™ Diagrid System® WX
SRk Be AT, A = X lom <Id 2.64>° YEUidY s -R 1=
of 27] A4E 71e71% 2E AT 27] 249 /38 71872 2 qNE 181 27)
288 1/35 72712 Zte A -9 2= vhues AdeAM e S adh
as 27) BAL J1ew 2E AAT tis 48 ¥ReR FYu

2500 Contact point-
Yield strength

2000

Load-Displacement curve

K (Initial stiffnes)

K (Initial stiffnes) / 3

Tangent line

1500

Load(ton)

w
\ay
Ln
i~

0 05 1 15 2 25
Displacement{mm)

<13 264> 2O 70

IAPAE S A <I9 2.62>9 A5 AF d3E 2 FEAE7 490MPaz AA 7]
Hop R 52 @S 2te Ao® SAHAY webA AA AFAC AFEs HAS AT
5 nEstaa APA A QAR AFAE (F) ol olFete] SCW5509] As AH
40719 4t FEZEE Gl awe] By o R 390MPaE AE HUTH

a
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astaa FEGE 355MPad wel ¢EHuiE 1500tons FEAE
390MPadd wl 5uE 1875tono 2 Abgste] Ao ehddel thalj HE &3

T, P, K=Type #Ztell AFE-® SCW5508] 3702 Al thsh APdANE <&
2.6>°l delst3it.

<H 26> 2XHE SCWS550 Xz Ad Zht

“ FEA= IZF=
T (N/mm?) (N/mm?)
SCW550-1 393.55 558.69
SCW550-2 399.59 563.12
SCW550-3 391.63 561.62
it 394.92 561.14

ANz A A3 SCW5509 A3 FEAEE 394.92MPa, A% =3} EE 561.14MPaz
SAHAT o= AA FEHE 355MPa, A S8 550MPacl wlsE] ZH7t 11%, 2% =
< gkolth

ueba 7]E SCWE AAZHZE 3556MPad e 1500tonol A HriE vigs Ay 57
T Q1394.92MPacl A+ 11%%S 1670tono 2 A3t A3 A etgdA el tsix AES]
t}.

@) H-Type (1xId %)

EVaratal

50515 1970ton —

=515 1936ton — -

.....
.......
.
Py

.
""""
.
.
....
.
T

I
F50H3: 1785ton - |
|

=015 1694ton - § P il —m—

| " S p———

| ——— . i - =3

I e

—————— SEEEEE [ 'f;ﬂ =« HAT TH30.R6-1
R (7 = HAT_TH30_R6-2
g " .
£ || /e e HAT TH30_R6L
A
2000 t = = < HAT_TH23_REL

un
=
-
&
&
wn
o
-~

H2l(mm)

<712l 2.65> H-Type st=-#H<Q zf

I=!

9 AdAY A¥AYNS FEEE, FHHY, 7] AA, AAGFoR AEste] <E 2.6>0
Uehgglon 7154 el

N APAZ F AFAY Fg Zor Fd#2eA S FalA HA Y Prototypel®
=% gigolnh
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q9A @ FE3F FEH S %7174 AA3HF A= AE
(ton) (mm) (ton/mm) (ton)
HAT_TH30_R6-1 1936 0.82 2361 1875 a8k > A A 85
HAT_TH30_R6-2 1970 0.61 3230 1875 s> A5
HAT_TH30_R6L 1785 0.63 2833 1875 gHE-lF <A A5k
HAT_TH25_R6L 1694 0.94 1802 1875 B S < A Al 8%

A Ao F2E Strain gaugeES E3519] {32 A A9 gl thelA HEsta, A A
o] Aol thalA YeEF ST
<1% 2.66(a),(b)>e] HAT_TH30_R6—123% )¢ Strain gauge R1~R59Y 3tz-WHIE =F

AEA S Strain gauge R1~R59 st5-HYFE 4 Fas 49 59 ZxES e
W A

HAT TH30_R6-1
2500 ——Elastic Region—Plastic Region

2000 X ; Py
§ 1500 /’—P_-“ ——STG-R1
= H
i —CTGR2
E 1000
——5TG-R2
500 | : —5TG-R4
0 Eyi ——5TG-RS

0 0.005 0.01
Strain(g)

(a) HAT_TH30_R6-1 Srain guage R1~R5 3|&-H3E TN

Maximum stress: 350MPa

Minimum stress: 30MPa
(b) HAT_TH30_R6-1 |3t A oM 25 EE

HAT TH25_RéL

s Plastic Region

2500 Region
e .

—TE-R1
—STE-R2
—CTG-R3
—STG-RA
—CSTG-RS
o] 0.005 0.01 0.015 0.02
Strain{g)

(c) HAT_TH25_R6L Strain gauge R1~R5 s|&Z-HHE

[FI
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Maxirmum stress: 3750MPa

Maximum stress: 3T0MPa

(d) HAT_TH25_R6L 934 8jA 28 2xr
<12l 266> Strain guage R1~R5 &M

Strain guage R1~R5+ Z A& Rib—plate} 543 Rib—plate?] @& alA HESH]
Qe 2= vt

<I¥ 2.66 (a)> <I¥ 2.66(c)>E vlaste] 23 Rib—plate$} =43 Rib—plate?] &
S vwEA Y. <I¥ 2.66(a)> HAT_TH30_R6—-1 A3 A9 Strain guaget R1 Strain
gauge?t FEstFolA 243 HASS EJAT F# Ak o] R12 F3e4 A4 R1I~R5
AA T M =2 FHE e fXolth

<1¥ 2.66(c)>9] HAT_TH25_R6L A3 A9 Strain gaugeL R1, R2, R5 A 7}A Strain
gauge’} F&EatFols 2AE HQlth o] Al Strain gauger T3 QA oH“OHH N =l
8= 2t AAolw R3¢ A% 7PF HWe SEHE e AA ]E} frete s s Ao
A3rr dA g Gl = lemn A4 Rib—plate Bt FHetzold 4 §]r7} o ol %
== =4 % Rib-plate7} ok o] E84¢d& setd = Sk

<19 2.67(a)>°] HAT_TH30_R6—-1238 A2 Strain gauge C1~C49] 3tx-—HIAE 17
22 Yehilen <29 2.67(b)>el HAT_TH30_R6-19 #3tex 49 SHEEEE
e ST

Strain gauge C1~C4:= W% Ring?| B3l thair HFsh7] f1ste] AAHAoH,
Q4 MY Ads Fa 74]%% sts-"MEE 22 E Hlwste] Wi Ring BAHe] A
i AT e s A AAA ] st -MEE IHZE B 944 Hlwsh)
g W Ring®7Zro]l HoQUA &2 Aol st f38a MY FHIEEZEE I
2.67(c)>ell YER ST

HAT_TH30_R6-1
‘Plastic Region-

2500
— —
200Q /_'". === =T =%
§ 1500 : —STG-C1
1
§ 1000 — ST G-C2
—STG-C3
500
e STG-C4
[}
0 0.005 001 0.015 0.02

Strain(g)

(a) HAT_TH30_R6-1 Strain gauge C1~C4 &}

ofM
rE
0gt
o
|-
=
[
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Minimum stress

Ring: Location 7

() W5Ring B0l ElOIUX| &2 D@ Fuas oY S 2

<&l 267> Strain gauge C1~C4 &M

A

<9 2.67(c)>F BA =W W§ Ring Ao HolqlA &2 A9 HS.ClF-olA =5
& &8 s g 5 Sk webA o] &9 o]l %2> XA el Ring FEE BAS A
I Ay <8 2.67@)>0] YERA A3k o] Strain gauge C39 o] & EFoAE A
b A A Fes FAT

o] A¥+= W Rign® o] AHst 91X =S5 3o}
<1¥ 2.68(a)>°ll HAT Jointe ZE¢] #ga= A

ox RI H

T A= A o)tk

AEs7] & F2d
3 Fx-wEgE 1IWEZE YeERS

b ESh <2® 2.58M)>e FEes S SEA SHE BEC Z&st= Ho stsel o

gk ks YERSITH

fFetash S Bl 599 BEC st AU dFS 63kNeE FHHGoH BETL

WS 4 9l FHu A2 170kNo.2 A4l HJvh(K1d 2.68(c) #Fx>. T3, 2384

=% Strain gauge B1~B8¢ 7% dEatZo]A BHE SAW Y Yo 9Qes el 3 2= 99

om, WA HI, H2olH+= Hdl A7 0.282mm=E vl 22 oz =35

)
RUIit
i
=
RO
_—(:}‘:"

4

HAT_TH30_R6-1

Elastic region

------- - Py
— STG-BL

—STG-B2
—5TG-83
— TG B
e STG-B5

~5TG-86
— 5T G-BT
w—STE-BE

Q 0.0005 0001 00013 Doz
Strain(g}

(@) HAT_TH30_R6-1 Strain gauge B1~B8 &}&-HAEE e

[l



o3 wdxd

;
14.4kN

(b) HAT_TH30_R6-1 93t Mg =

o) =
Mg S3 220 MEHE 57X

EE F10T M24 AlE
MA MG ZE
F,, (LAMS HOHg Z3H) = 400N/ mm’
F,, (LbAFS HEHH E233) = 500V mm’
OB, = ony Frop Ay N,

=0.75 % 1 % 500N/ mm?® =< 453mm> < 1
= 169875 N = 170kN

() F10T M24 2EQ| %[O NMCtH HE
<J&l 2.68> Strain gauge B1~B8
@ T, P, K-Type(2Ad %)
<19 2.69(), (), (©>F EH Addy FHsteE> T-Type 1800ton, P—Type

1930ton, K—Type 1750ton°o]™ f-3sta4s]A A3} T-Type 1900ton, P—Type
1950ton, K—Type 1900tone|t}t. 129} 22 A E§le A 4 X -3 FAH3
& wolze,
2500 2500
2000 2000 |
i} 1500 i} 1500
2 =4
g, 1000 g, 1000 |
500 s00
0 0
0 5 10 15 20 0 2 4 6 8
H2l(mm) 2l (mm)
(@) T-Type &= A ALt (b) P-Type &= A ALt
2500
2000 M
el e RO et e 1670
2 [/ — sz
[=]
2 1000 // ——3faE
500
o
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ow WA HI1, H2olA Hu ¥Y <A 0.012mm, 0.0135mm, 0.008mm= wj-¢- zH&
o7 ZAHU

2
A9 A7) 812 (ton) 5312 (ton) BTHE
T-Type 1670 1800 0K
P-Type 1670 1930 0K
K-Type 1670 1750 0K

AgA e BEE FZ Rib, ® Fo] F2¥ Strain Gauges
th <29 2.70>] T, P, K—Type? Bolt o] #&3+= det
Strain Gauge Bell i3t st5—-¥HEE 345 YU
frete s M FE AdE 2ECS Hd steS T-Typed P-Type ZZb 77.4kN,
62.5kN, 46.1kNe % A om, ZEZ} ¥g & Q= Hd AddS 170kNe=E AALH
ATHKIZH 2.71>).

Tt A A3 ASE Strain Gauge’t FESFE7HA AR el Aas F<1E

-

)
=2
=
:‘?L_',
o
all
ol

ol
~
o
ngl

—

2~
%9l
A

=3

Load(ton)
2500

2000

7 P
1500_ = _/Z'_ s -//_/ = py—T—Type
a6 / / / ——P-Type
—-Type
7 :

0 - T T T
0 0.0002 0.0004 0.0008 0.0008
Strain(g)

<J& 270> T, P-Type Gauge B

77.4kN

PR, = on 5, AN,

=0.75 % 1 X 500N/mm? X< 453mm? < 1
= 169875 N = 170kN

<18 271> BE A £ 8=



Strain Gauge RI1~RI5, Rsl~Rsb> =29 Ribe BHIAS Flstr|sle] 236

T-Type 23 FHHZ 2 §8 a5 Al AT A4S &stetr] 98 Ribs A A6
P-Type® A% 4oz ¥+ AA|7F Ribe HAES YUHA Fysivty B 5
2.72>°] T-Type® Rib—plate FE AI}E eI oH, <I¥ 273>+ P-

H.S.C, <19 2.74>°] K—Type? Rib—plate A& éjﬂré A 2] 3+ o).
<I1¥ 2.72(b)> T-Type &84 4 8 EXEE Bl 7|o3 dd¥=

2~

R

Rib—plate?] A2¥-E<Ql 3, 4, 5 A9 Gauge’} EF F&Hstz oA
Rib—plate FH 9] ElFAS 2153t

Load(ton) Load(ton)
HAT-T-Rs

25000

L Qom mel fEes AW MY Awh fAEE FAT S ATk

ol 59
o] 7 wow EAYPOT uQl FEO SHo] v Y} o]= <19 2.73(a)>9 Strain
Gauge°ol A& vpxt7bA] 2 SI822] Gauge”t 535t odolA 718 AA A7 18 H

T =49

wggejolmz

g P ] 20000 - -
Py £/ ———STR-RS2 Py —— —sli
15000 15000 = e STR-RL2
m——CTR-RS3

m— STR-RL3

10000 ——STR-RS4 10000
r = STR-RL4
5000 s CTR-RS5 s000 = STR-RLS

0 T T T ] 0 = - - r "
a 0.005 0.01 0015 0.0z o 0.005 001 0.015 0.02
Strain(s) Strain(g)

(@) T-Type Gauge Rs, Rl

Maximum stress : 355MPa

Mimimum stress : 30MPa

(b) Stress distribution of FEM analysis
<2l 2.72> Analysis of Rib-plate(T-Type)

<ad 273@>= 1 9% dHE s Ftas @A A3} Rib—plateZt 22 vkl A
3

H P-Type? EIFAS &lslr] &3t Ao F
<19 2.73(b)>8} 7o) S Zt= RII A A = dE5t5o A &
S g £ Qo EI f3aes A M Fe $HS zZke 49

Gauge®| A3t 3 FALS A¥S HolmE, s4n 4y Adst ANFS &

52

/\6] oj o

2+¥l Strain Gauge® Ay 13X o]t
o]

el 1A

] %] oA Strain

F 9k
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Load(ton) :
Maximum stress: 370MPa

HAT-P-HSC
25000 7 . ;-,- RI].
S| W7 —— g RI2
15000 /?‘( :Z:i:: : S 2 RI3
10000 ——5TR-RSA e S8 RI4
: = e . et S Mimimum stress: 120MPa
Stram{s)
(@) P-Type Gauge HSC (b) Stress distribution of FEM analysis

<12l 273> P-Type HS.C 8llAl ZAxt

<% 2.74(0)> K-Type fste4a &4 §8 $#XEE XY T-Typed vR7IAE 75
I AAHE FEo Sgo] b Eow, EAP0R Hl FF §go] M gt o= <1
9

2 2.74(a)>9 Strain GaugeolA % FE9] Gauge’} FEa= o|AdolA 714 WA A2AE
7F A8 Hi= AoR Hol {3te A 4 *Effu 437} %4@% golg 4 °1°*E} Tt
E743 Rib—plate?] A2H-H<l 3 % ©

B2 Rib—plate Fu]¢] ehA S o

o
ol
L
;O
s

Load(ton) HAT-K-RI
Load(ton) HAT-K-Rs
25000
25000
20000 Ft
20000 - ==
g —rs1 o A iy Bl
15000 / ——RS2 3200 / Ri2
10000 —RS2 10000 =
ik —Rl4
5000 5000
—i RIS
0 T T T o T T T |
0 0.005 0.01 0.015 0.02 0 0.005 o.01 0.015 0.02
Strain(g) Strain(g)

(@) K-Type Gauge Rs, Rl

Maximum stress : 355MPa

Mimimum stress : 30MPa

(b) Stress distribution of FEM analysis
<2l 2.74> Analysis of Rib-plate(K-Type)
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<I1™ 275>, <29 2.76>F <29 2.77> A4+ T, P, K—Type°ll AX¥ Strain Gauge
Cl1~C5% W ®7 Ring? Bl3AS 324 8143 Strain Gauge 239 HlwE Ea &
A3t 5 ot

<18 2.75>& T-Type? W} Ring B7 Ao 2% Gauge A7 F3tasr 4 &9
Loty S Ax P & $¥HE Hols & Gauge C29 ddsk= f1Alolw Cl,
C2oA t& FiHY Auros & &8o] EAsitt. <% 2.75(a)>2] Strain Gauge 2
FEetE ol delA 7 WA A3 AEAEHY dEEE YelAe BE

—

< ¥EEE HolF1 3tk P-Type
o 7% 3iA % Ring SHFECo = Gauge C2ef st
= Aotk <T¥ 2.76 () >°lX EE GaugeZl @&ets Wl &4 Gl A8t FIFas
Al A 7HE 2 &8 AR C2oA4 7HE WA AAETE J 3 E Sl

<9 2.77>2 K-Type9 Gauged 3o &4 &8 EXEo|ty, K-Typed 384
A A 7HF 2 8-S Hole Fitol UF Ring RO E Gauge C20] sfidstes 914
olt}, <19 2.76(a)>°ll A Strain Gauge 1WH 3} 2WH oA FJESF oo 71 WA AA

37 AP HY FEstT Hellde e fRA @IS kel fAskaL 3l

Load (ton) Load (ton)
HAT-T-C HAT-P-C
25000 - 20T
20000 § - 20000 _\](-/—/r/’_
(] B e B v
15000 1 —Rel f m—STR-C1
—S5TR-C2 I ‘ s STR-C2
10000 -+ —STR-CE =y y ——5TR-C3
r\ =k 5000
5000
0
& L : ! o 0.005 001 0015 .02 0.025
0 0.005 001 0.015 002
Strain(s) Strain(g)
(@) T-Type Gauge C (a) P-Type Gauge C
335kN
(b) Stress distribution of FEM analysis (b) Stress distribution of FEM analysis

<12l 2.75> Gauge for Inner Ring(T-Type) <8l 2.76>Gauge for Inner Ring(P-Type)
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Load(kN) HAT-K-C

25000

20000 4%
R e s —a
150 I e— 5
10000 <3
—_4

5000 s

o

: :
0 0.005 0.01 0.015 0.02
Strain(g)

(a) K-Type Gauge C (b) Stress distribution of FEM analysis
<& 2.77> Gauge for Inner Ring(K-Type)

spelah A 715 kel ARl oSkl 48k © Prototyped
o A WY 59 T2 Y5 dolnm Fx mLE E3
o3 9

A

go] A7 del= FEs HaA7IA k2 A% Rib-plates Zh=th

— 2zxpd% JiE T, P, K—Type? Prototyped Z+72t HAT-T_Ring6.5_TH30_RS,
HAT-P_Ring7_TH28_R0O, HAT-K_Ring8_TH30_R6°]|" E243 Rib—plateE zt=t}.

Raze 3 FxAdeEE AR o

il

— 9ol AF3 A2 Prototypel® A|tH
Z AdoA 7IEAE EF ESSith

- 13d% A% Ay F Strain gauge TS o] FHIFoN LA AP E A ok
2% Rib—plate Bt} & slFor 2437 2185l 549 Rib—plate’7} Btf 8249

S ypord 4= llor, oo wel 2xpd % T, P, K-Typed 29& 5243 Rib—plates

o o] BAe] S ASshr] f&E AY
9] Strain gauge #°% X7 ElFAS &S

= AEES A T-TypelA
4 9l 170kNel vl&) Args] =2 gho
| 2343 549 59 Me= H-Type

— PHC whdo ey 4ol A8+
o 77.4kNeZ SHHoH o=
@_fﬂoﬂﬁ TAZE Qs Aom sets)

i



. PHC 9 o] AWy 7

(1) PHC 9t o] =AU /s

b F94de] =4 i I8 AE

<a9 2.78>9 Zo]l AZ v& Ast Rk 9] zlol= <l IAete= 914bate], dxe] 2
Qo o3 <9 2.78(b)>2F #o] PHC e Zo] AL PHCHYS Atgsts A%<
99% | A JJrOE‘é Aerate] ALt 9k A9 7]E9] PHC 3 A
2107 Ad ¥ PHC wd9 13AE 712 Ao ddss wae o
Fol 100%2 5= L3atA X Fow odstdirt

webA HAT JointE ol&dte 74 Ho] =4 7= /dsto] AlaA 4
A7 Q= U] dolwtsE Awk $ HAT Joint9 PHC S d43H=
o] ok Zlow Pttt

1 _
»

(a) PHCItUO] M2 CtE 1Y %0|
<1 278> MYUZ0| THLHo TN

(Wb sddo] =74 WUy /g

Zumery

Tendon

PHC T}

) 220|E AH A& (€ R4= n=Et2 F¢
Mzafﬁgﬁﬂfg Q‘h"
.2 I
[l ez T E=zg

(d) HILTI ®Z (e) F{H{ et PHC mY 7% (f) HAT JointQt At Z%t

=
<13 279> TYAO| ZHYY AIB M=
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<" 2.79>9F o] AFA A EE PHC stdde] =AML AA 394 #He 714
HAT Joint7} Al38HE AL 7|7 o7 Fr},

AR, MZ o 94E 2 PHC 3hde 5
T oA, Aoy PHC 91U n2x 23 dds 2sis 34
Al AR, HAT Joint A% 374

I 2.79(0),(d>elA el o] PHC 3 Adbo] & 1124 33 dhe ZolE AHE
AL & T EEE}EE ERdsto 2 12X 'S B st F45 EE2EFE7F 25MPa
o] e E v sl 39 & HAT JointE A ¥ 3k},

(2) PHC 3¢ Zo] 23 HE

HAT Jointe Al #HOE Fot 37 @59 58S o|F=E =5
th. 714 PHC 3 A8 Al 347 HAT =

g Aol 24 Al PHC #d7} Aze Ay M20 2EZ A4H o] Azt HAT
Joint:= ThA] M24 18 & 5

il

g
(m
0,
s
T
>,
i
o
2
ol
of
ol
2

o
fr
4,
ny)
;L
_&
it
=
_ISE

= mz
no"

Z AFE gdMa SCWHLHOC.Z A Z¥ HAT
Joint A9 FtHTi= M24 EEQ Fo

PHC 343 #)2te A7) 2F M20 Z2E ZAE2 PHC 3o ZagE HEVF Ay A

b 8 Uy A%
O A AE NS
HAT Jointe} PHCIHY 1+ 2ol AMSH+=
ghotstr] flsk AY =

g on, AFA| L
P, K-Type & 78 o=

o A4S FdorA AA Ay T 28T F 9le TAskwel "E AgEe Agsisit

FP =
F.P Lﬁ Plate-4| F.P >7’—X F.P P
o o e ”
b SEat (\AL
1

AN

e piate f
k-TveE = Plate-1 4 ’ 8 Plate2 =g e




( h
- \.‘ﬂ
2000 2000 2000 2000
S 3000 3000
XX ch

<& 281> MM A Hi

A A AA dol:= F 11.962m(EF Y Aol AdA Ho) ol PHC # A
¢l 1000mme]t}. ¢F 12me] Zol& <3l LHIEAS fdslr] g B AFA= oy <
2.9>9F e A7 Aol A},

73
Ay
ar

<# 29> 2 MM HEH =AM

e -8 H] a1

H3 7+-Stiffner &4
| I [ | HE 7 350X350X12X19
4m)

L | \ 2200, 1800 A& Ak

ol
X

m (P-Type)-(Endplate)
-(H¥7) &4

. (K—Type)—(Endplate)
-(HI) &4

(HAT
Joint)-(d=ZH o] E)
-(H3 )3}
PHCo Y 23

(A
i)
ol

( 9 _ :ﬁ—\ HE7Z} Ao
I Ii
ki = j Connector

oo -z
2 AL
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do
é
é
a

o} obe <2¥ 2.82>F o] AN AFE B AIAE Actuatore] A
188 5193 o}

ol
ol
2
>

)
filjo
r>~1

<17 282> g HEH 48 AT

@ 74 A¥

<19 2.83>9 # AdA= ActuatorJ S AdA FAF 7S A8 AR THE S
W= S AR on, A8 A 7S 0.05mm/sec?] WHAOE o] &3 Tz

13 k3l

<1g 283> ABH T2 A

2 AP H54& HAT Joints} PHC 7S d4dshs M24 18 EES M-S gelst
= Zoltt. PHC AL WiF PC Zgoz ago] Hojglon, of yAdf3} HAT Joints=

M24 EE®R o] #oh wepx R PC Aed EES A7 2ok AT
EA A HAT Jointi= PHC 399 dFo = vlx sttt 3&5A77]8Q1 AFEs] i o A
@ s Al PHC 9 W3 PCHE(11.2mm) & QA HEE= 1514N/mfe.2 A A
Bol Aol she 2832kNolt). B Ade A$- PC H

s oAl HH ol BE Esh mpxirpA oty webs f 2l
©] 1416kN o]%e] 1o ko] Jojip] ¢gr=rtd o]= PC A& ZAY =
& TS 2 Qe As KErh olgk & AAEE HAT Jointe] EEe°| 73k wf o
T e 188.8kN01U1 olE AP HixsFoE AASGT Bx ste oA ®
HAT Jointell AX® M24 2Ec°] 3t 5 A7l @48k gevhd EEAAT 9= PC
FEEY =& A5S 7Y HAT Joint 2E Q



® A 54 AF

@D Strain Gauge $X|

Strain Gauger <% 2.84>9 o] F 19/ME HAs¥Y. K1~73% T1~72 247}
H

-1 AN 1
K-Typest T-Type® =EF-9ol FF=gom, 718 Wee] stH 15 Alolx= st

5 g
th. P1~4i= PHC stljol Axste] SS400414) shge] A% Slshs B4 it

o]
= 1 =
Cle HEZ 7F7919 mtdiZel ofeffoll f1Alshy HPEAS WP S gelsty] el A5
t}.
P1 P3
1
K1~7 4 s s T1~7
c1
P2 P4

<12l 2.84> Strain Gauge 2} Q|X|
@ LVDT &3 $¢A
LVDTE obd] <18 2.85>37 & = 3719 A Ao LVDTES AXAstgch L1, L3= A3

Bl BE AT 919 WS FAs) e WASGon L2t HIZ Fel g% A7
& Felss] Sl
1
L2
Ji! L3

<&l 285> LVDT &3 QX

8 2719l HAT JointE AZ43F HE 7 o] & HAT Joint® F#3| st Y
3t £ Q=x Folsly] & AxsE LVDTolt}; 23359 188.8kNS %33k 395kN A4
H37% o] &&53E & 4 on, Bxd st/ T3] stes ALsias S &
Sltt.

Load(ton) LVDT2

395kN™

Distance{mm)

<72 286> L2 st=-HQ dj=



WA <19 2.87>9) L1, L39] shE-w9) 1% s BE 515 188.8kN
HEZoA 5 Aol &3S deld & 3l
Load(ton) LDTL Load(ton) LVDT3

395KN

300 395kN™
250 300
188.8IMN -
150 188.8kN"’
100 100 /
o 0

40 60 &0 100 120 140 o 1a 20 20 40 50 60 7a 80

Distance(mm) Distance(mm)
(@ L1 (o) L3

<72 287> L1, L3 3l=-8Q| =
HEE 545 98l HAT Joint £E 4%
¥ eE AT <9 2.88>¢ HAT Joint A=
00129] AFEAA FRFE AAsGon, B AP Y 4 2

’

;O

Ultlmate_szn_egg:th 550MPa
500 -
—_ Tenszile strength : 390MPa
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Keywords: Cast-inplace concrete piles, joint of the PHC pile to column,
Top-down construction

Abstract: To overcome disadvantages of usnal Cast-In-Place (CIP) concrete pile methods in top-
down construction, some prototypes of a joint of the PHC pile to column that directly connects a
column to a PHC pile are analytically studied. With the consideration of strength requirement and
stress concentration of joint of the PHC pile to column, we suggest the most appropriate one.

1. Introduction

When usnal Cast-In-Place (CIP) concrete pile methods are nsed to top-down construction, such
as FRD (Percussion Fotary Drill), BCD (Reverse Circulation Drill), and All casing method, large-
scale construction storage vard, cwing periods of concrete material (elongates a construction
period). and using stabilizer liquid harmfol to enwvircnment are inevitable. Also it is hard to
guarantee a uniform construction quality of concrete piles.

To use PHC piles in top-down construction, which can overcome disadvantages in using CIP
concrete piles, a design of a joint that connects a PHC pile to a columnn is the mest critical. In
particular, the joint of the PHC pile to column properly transfers the axial stress from a column to a
PHC pile without punching shear effects and stress concentration Also. local large strains at the
joint of the PHC pile to column nmst be prevented to have adeguate rigidity between a column and
a PHC pile. In this paper, we firstly develop 16 prototypes of joint of the PHC pile to colunmn from
basic domed-shape geometry, which is advantageous m saving materials compared to an arch-
shaped joint of the PHC pile to column under compression With the comwmercial software
ABAQUS, structural behaviors of each prototype are analytically investigated for the worst case,
which is under compression load of 1.5 times a capacity of a PHC pile (Diameter 1000mm pile’s
axial strength 13 967tond]3]. so we compressed 1500tonf) as in Fig 1. Based on the analytical results
we studied. the most effective prototype is suggested for the firther experimental study.

(2} 3D View
Fig 1. Typecal shape of FEM models

1. Finite Element Models
1.1 Representative Models

All the joint of the PHC pile to column models developed hete established from the previous
sequential analysis results, where a quadratic tetrahedron element is used as a basic element; 1)
from analyzing the wnreinforced joint of the PHC pile to column where the thiclness of hemisphere
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is fixed as 30 mm the critical stress concentration oocurs at the intersections of a flange-middle in a
steel colunmn and the noreinforced joint of the PHC pile to column [3]. To avetd stress concentration
at those points, two different reinforcement methods at the flange-middle in a steel column were
considered as in Table 1.

Table 1. Flange-muddle remnforcement methods

Vanables . | Flanze-middle reinforcement method
List Ditepiwri With ciresilar Vit srpponied beares

2) With the additional analysis results for the two different reinforcement methods, we found that
the flange-middle reinforcement with supported braces is nmch effective to mitizate the stress
concentration at the intersection of the flange-middle in a steel column and the joint of the PHC pile
to column

3) Narrowing down to the flange-middle reinforcement method with supported braces, we found
that the critical stress concentration occurs at the ntersection of flange-ends in a steel column and
the joint of the PHC pile to column. To avoid stress concentration at those points, this time, three
different reinforcement methods at the flange-ends in a steel column were considered as in Table 2.

Table 1. Flange-end mmforcement methods

WVariables Unreinforced Flange-ends reinforcement method
List at flange-end With circular With rib plates

4) With the additional analysis results for three different reinforcement cases at the flange-ends
of a steel column_ we found that the method reinforced by rib plates is most effective.

5) For the reinforcement case, where column flange-middles are reinforced with two supported
braces and column flange-ends are reinforced with six rib plates, stress concentration occurs at the
inner surface of hemisphere, so that the internal reinforcement of hemisphere by varying thickness
of hemisphere at different level 13 considered this time.

Depending on the level of the internal reinforcement. a total of 10 models are firstly considered
as in Fig 2.

(a) 412 Point meodel, cross-section (k) 7/12 Point moodel, cross-section () 1012 Point model, cross-section
Fig 1. Fepresentzhve internal remnforcemeant locations.




107

Among them we proceed the analysis for the most effective case among 10 models for the
further material savings. That is. we fix the mternal reinforcement at the most effective level, then
vary the thickness of the hemisphere from 25 mm to 30 mm by 1 mm increase. Thus, a total of 16
analysis models are considerad, here.

1.2 Criteria for the adeguacy of a joint of the PHC pile to column

The required strength of a joint is considered as 1.5 times of axial strength of a PHC pile for
structural safety: a PHC pile was designed to stay within elastic region by ASD method, so that the
strength of a joint of the PHC pile to colomn must be higher than the strength of a PHC pile withowt
safety factor .(1500ten load, 1.5 times of 967tons) [4, 5]. Also. the yielding stress of a joint of the
PHC pile to column cannot exceed 3550MPa, which is a design wielding stress of SCW5350 specified
in Table 3.

Table 3. Material property of SCW5350

e Chemical composition Miechanical property
C £ Mo E 5 YidSmEeh Tasm Seeh Bopm
SCWESD =02 =080 =150 =0 =0 £ S A=
3. Simulation Resulis

We found that the internal reinforcement at the level of 7/12 of the height in the hemisphere
(from the top to the reinforcement level) is most effective to prevent stress concentration in the
wternal surface of the hemisphere and to have the adequate axial strength of 1.5 times a capacity of
a PHC pile as in Fig 3.
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Fig 3. Companson graphs

Then, for the possible further material savings, we develop six models by varying the thickness
of hemisphere from 25 mm to 30 mm by | mm increment as in Fig 4.

(a) Whdth 25mm model cross sechon (b) Width 3 (o model cross sechion
Fig 4. & Modeal: by varying henusphere thickness

As in Fig 5, when the thiclmess of hemisphere becomes thicker, at a joint of the PHC pile to
column, maximum stress reduces while the strength increases. Compared to the strength
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requirement of a PHC pile 1500 tonf and the yielding stress 355MPa. the thickest cne (30 oum)
satisfies both criteria while the others does not.

;ﬂding Load
5 FESE
30 Y A i
195
375 xu_}r 1950 5
= 370 - 1900 &
o ) 3
355 . 18500
2 1 L i 3 B
150 T 100 &
“ 3ng 1750 §
350 1730~
345 1650

24 25 26 IT M4 219 3031
Thickness of hemisphere{mm)
Fig &, Comparizon graph of stiess and infernal force of hermsphere wadth

4. Summary

Through analytical studies on a joint of the PHC pile to column, we found that the model
(HAT TH30 B.6) with thickness 30mm and reinforcement at the internal hemisphere with 7/12
height and & rib plates is the most effective by following oumerical simmlation results:

1) HAT TH3Q E6 has the least stress concentration at the intersection of hemisphere and a steel
colemin: stress concentration at that region is avoided through both braces and rib plates.

2) HAT TH30 R6 has the least stress concentration at the internal hemisphere, where a
supplemental cast ring is placed at the 7/12 of hemisphere height

3) HAT TH30 E6 is the only prototype that satisfles the strength requirement and minimizes
local stress concentrations, simultaneously.

In the accompanying paper, we experimentally check structural performance of HAT TH30 R6.
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Abstract: In Part I to have an envirommental-friendly, highly durable, cost saving, and easily
constructible method in top-down construction, one prototype of a joint of PHC pile to column was
suggested on the basis of analytical studies. In this paper, structural performance of such joint of
PHC pile to column 13 experimentally analyzed with regard to axial strength and strains.

1. Introduction

For practical vses of PHC piles in top-down construction, structural performance of joint of PHC
pile to column connecting a PHC pile to a column is critical. In particular, the joint of PHC pile to
column properly transfers the axial stress from a colemn to a PHC pile without punching shear
effects and stress concentration Also, local large strains at the joint of PHC pile to column nmst be
prevented to have adequate rigidity between a colnmn and a PHC pile. In this paper, we
experimentally assess the structural performance for the previously suggested prototype of a joint of
PHC pile to colummn with the comparison to the other two prototypes.

1. Experimental plan
1.1 Material properties

Following by Korean industrial standards such as KS D 3515 (rolled steels for welded
structure)[1] and KS D 4106 (Steel casting for welded structure)[2], SM490 and SCW550 are used
for all the test specimens. Each specimen consists of a part of a column and a joint of PHC pile to
column for stmulating field constroction. That is. considenng field welding construction process
{etween a colummn and a joint) and mamifacturing process of a joint of PHC pile to column. we use
SCW3550 for a joint of PHC pile to colomn and SAM490 for a part of a column in each specimen.
Their material properties such as chemical compositions and mechanical properties are summarized
in Table 1

Tahble 1 Matenal properties of SCW530, SM450

S Chenrical conmposition Mechanics] property
C B Mo P 5 ki S T Sreeh Eopam
SOWESD |44 =80 =150 =04 =M £ HE A=
HI =[17 <[5 =160 <[WB5 <[HB5 35 JHA10 A=

1.1 Specimen

A total of three joint of PHC pile to column specimens soch as HAT TH30 RS,
HAT TH30 B6L, and HAT TH25 R6L have been tested to assess their structural performance; in
Part I, we analytically check that HAT TH30 R6 is the most effective in a view point of structural
performance. However, in experimental study we additionally check HAT TH30 R6L and
HAT TH25 PB6L for the possible material savings.

Their typical shape looks like a hat, which is shown in Fig 1. The name of each specimen is
decided by a thickness of hemisphere. a number of rib plates, and the shape of each rib plate,
respectively. For example, HAT TH30 R6L is specimen whose hemisphere is 30mm in thickmess
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with 6 rib plates. L represents a variable specimen whose rib plate is wave-shaped and thickness
ranges from 15mm to 30mum

-
-

= 40 = 0 = 1o -

JE - 1 - - 1002 AT

{2) Onver view (t) HAT TH30 R&(Sectiom} (o) HAT TH30 RSL{Section) (d)HAT TH25 RAL(Section}
Fig 1. Specimens

(a) Loading concapt
Fiz 1. Test setup

1.2 Test setup and procedure

Following by Korean indnstrial standards such as KS F 4306 (pretensioned spun high strength
concrete pile)[3] and Korean building code 2009 (Structoral steel and cast iron)[4]. a PHC pile is
designed by allowable stress design method (ASD), while a steel column 15 designed by Load and
Fesistance Factor Design (LBFDY) for structural safety. Therefore, the structural performance of a
joint of PHC pile to column was tested up to the load of 1500ton, which is 1.5 times of 976ton (the
allowable axial load of PHC pile).

As shown in Fig 2. UTM of 3000ten was loaded by displacement control method with a rate of
0.5mm/zee. The specimens wetre fixed cn the bottom jig by 19 M24 belts. which can be used to
connect a joint to a PHC pile in real construction process. Each specimen was designed to connect a
PHC pile of external diameter 1000mm and vsed for column is H-498 » 432 = 45 x 70. Also, a
total of 5 LVDTs (Linear Variable Differential Transformers) was installed to measure vertical and
horizontal displacements at a joint of PHC pile fo colomn_ while 24 strain gauges were instrumented
in each specimen located at two ribs and inner hemisphere. The overall measurement setup for each
specimen is shown in Fig 3.

. e
o
o IR
Wing dms ) Ptee
| = o | i f ] : il
=y ST
== — R
e e 8 T el w
% - ' | 4 - - S e e A
g o o— SECTION A-A Al -
(a} Position of LVDITs {b) Posibion of Strain ganges

Figure 3. Meanmement plan
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3. Experimental results
3.1 Coupon tests

3 specimens were tested by steel material to enhance the accuracy of the test materials. Fig 5
shows the test result. Fig 4{a) is the graph that illustrates the vielding and ultimate strength of
SCW530. The average of the yielding and uvltimate strength of SCW330 was measured to be
400MPa and 630MPa, respectively. Fig 4(b) is the graph of the yielding and ultimate strength of
SCW490, which is 400MPa and 550MPa, respectively. Those values were the ideal design values
for vielding and ultimate strength specified by each of the steel materials.

Test yielding strengtsc £50MPa

27 Yuct yialding cerangth + abetaea

Arpn

Dumign yialding wirangsh: £33 P == yowmc1 Bmsign yialding sirangth : 125MPa

—

(a) SCW350 () ShI490
Fig 4. Matenal property

1.1 Load-Displacement and Load-Strain Curve

Load-displacement graph of each specimen is shown in Fig 5. The wielding strength of
HAT TH30 F6-1 and HAT TH30 BRS-2 specimen was measwred fo be 1916ton and 1970ton,
respectively and it was turned out that the yielding strength of HAT TH30 R6L model was 1785ton
while that of HAT TH25 R61 was 1694ton It was confirm that every specimen has necessary
vielding load {more than 1300ton). However, additional 25, SCW350 test materials, which were
manufactured by a test specimen designing company, were tested for general application. The result
of the additional material test showed that the average wielding strength was 390MPa, which is far
lower than the previons material test (490MPa). Therefore, this result was used to scale the
specimens down. Then it furned out that only HAT TH30 E6-1 and HAT TH30 R6-2 specimen
have yielding load over 1500ton while the rest specimens of which amount were reduced don't have
necessary internal strength Therefore, it is determined that HAT TH30 R6 should be a prototype
for the sake of safety. Table 2 summarizes the result of the scaling down

Table 1. Scale Down Results

g &mauzg w;-;ltrengih ¥ ‘:.:;;;1; m?;}ﬂ 555355 Dn_-ﬁm Laad i e

HAT TH30 _FR6-2 1936 1540 0.82 2361 1500 Yield Load = Design Load (OK)
HAT TH30 R6-2 1070 1567 0.61 3230 1500 Tield Load = Desizn Load (0K
HAT TH30 RSL 1785 1420 0.63 2833 1500 Vield Load = Desizn Load (NG)
HAT TH?5 RSL 1604 1348 004 1802 1500 ield Load = Design Load (NG)

Strain gauge R1~-F5 and Cl~C6, which were installed to measure the strain of the specimens
were compared with the test results of specimen HAT TH30 R6-1 and HAT TH25 R6L.

The graph of B.1-B35 in Fig 6(a) shows that when the specimen 15 at yielding strength its strain
can reach plastic zone only at the position of strain gauge R1, which is located on the wppermost
part of the 5ib plate. Howewver. the strain of the specimen in Fig 6{b) can reach to plastic zone at the
positions of strain zauge R1. B2 and B5 when it is at vielding strength It demonstrates that wavy
rib plates have more efficient distribution of internal stress than basic rib plates. The area where
strain gauge C3 is installed inside of the hemisphere is where the compressive force of the
superstructure and the tension of substructure meet when the hemisphere is subject to loads. In
addition it was assumed from FEM that the area is the weakest part in case internal ring is not
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reinforced. The strain gavge C3 in Fig 6(c) shows a similar plasticity to that of C4. This similar
result can be considered to demonstrate the necessity and positional appropriateness of the internal
ring.

i vrenpih : L9310 ————
e vrenglh : L308ign - - * gt

§E i
vigs owongrh ¢ LPENME =gy -

whedd a1 eaias

— = HAT THI BB

- AT THS

Deagin wrsrgihe 150000

— 4 4T THZ R

sl i1

simin 5 Srudeyi} kv

(=) HAT_TH30 R5-1 (&) HAT TH25 RsL (c)Load-Stam C1-C4
Fig 6. Load-5train Graph

4. Summary

For practical application of a jeint of PHC pile to column to top-down constuction we
experimentally assess structural performance of the previously suggested a joint of FHC pile to
column with the comparison to the other two prototypes for the firther material savings. As in
analytical study, among three prototype designs, we can check that the HAT TH30E is most
effective in the following experimental results:

1} While the joints of PHC pile to column where wavy rib plates are used (HAT TH30R6L and
HAT TH25R6L) are mmch efficient in avoiding stress concentration. their yield strengths are
lower than the required strength of a FHC pile with a diameter 1000mm, 1500tonf in scaled
down results. The HAT TH30R6 is the only one that satisfies the strength requirement in both
bare experimental results and the scaled down results.

2} We checked the horizontal displacement in bolt connection. A liftle displacement occurs at
that point (maxinmwn 0.282mm}). We decided that 15 satisfied of bolt’s shear strength
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Abstract: To overcome disadvantages of wsval Cast-In-Place (CIP) concrete pile methods i top-
down construction. some prototypes of a joint of the PHC pile to column that directly connects a
column to a PHC pile are analytically smdied. With the consideration of strensth requirement and
stress concentration of joint of the PHC pile to column. we suggzest the most appropriate one.

1. Introduction

When vsual Cast-In-Place (CIP) concrete pile methods are used to top-down construction. such
as FED (Percussion Rotary Drill). RCD (Beverse Circulation Drill), and All casing method. larze-
scale construction storage vard, curing periods of concrete material (elengates a construction
period). and using stabilizer ligumid harmful to environment are imevitable Also. it is hard to
marantee a uniform constmiction quality of conerete piles.

Te use PHC piles in top-down construetion, which can overcome disadvantages in using CTP
concrete piles, a design of a joint that connects a PHC pile to a colomn is the most critical. In
particular, the joint of the PHC pile to column properly transfers the axial stress from a column to a
PHC pile without punching shear effects and stress concentraticn. Also. local large strains at the
joint of the PHC pile to colomn nmst be prevented to have adecuate rigidity between a column and
a PHC pile. In this paper. we firstly develep 16 prototvpes of joint of the PHC pile to column from
basic domed-shape geomeiry, which is advantageous in saving materials compared to an arch-
shaped joint of the PHC pile to column under compression. With the commercial software
ABAQUS, stiuctural bebaviors of each prototype are analytically investigated for the worst case.
which is voder compression load of 1.3 times a capacity of a PHC pile (Diameter 1000num pile’s
axial strength is 967tond]5]. so we compressed 1500tonf) as in Fiz 1. Based on the analvtical results
we stdied. the most effective prototype is suggested for the forther experimental smdy:

(3} 3D Viewr (b} Sade View:
Fig 1. Tvpical shape of FEM models

1. Finite Element Models
1.1 Representative Models

All the joint of the PHC pile to column models developed here establizshed from the previcus
sequential analysis results. where a guadratic tetrahedron element is used as a basic element; 1)
from analyzing the vnreinforced joint of the PHC pile to column where the thickness of hemisphere
is fixed as 30 mm_ the crivical stress concentration cccurs at the intersections of a flange-middle in a
steel column and the noreinforced joint of the PHC pile to column [3]. To avoid stress concentration
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at those peints. two different reinforcement methods at the flange-middle in a steel colonm were
considered as in Table 1.

Table 1. Flange-middle reinforcement methods

WVariables g Flange-middle reinforcement method
J i Unreinforced

With corenlar With supported braces

2) With the additional analysis results for the two different reinforcement metheds. we found that
the flange-middle reinforcement with supported braces is mmch effective to mitigate the stress
concentration at the intersection of the flange-middle in a steel column and the joint of the PHC pile
to column.

3) Narrowing down to the flange-middle reinforcement method with supported braces. we found
that the critical stress concentration occurs at the mtersection of flange-ends in a steel columm and
the joint of the PHC pile to colvmm. To aveid stress concentration at those points, this time, three
different reinforcement methods at the flange-ends in a steel colunm were considered as in Table 2.

Table 2. Flange-end reinforcement methods

WVarables Unreinforced Flange-ends reinforcement method
Lt at flange-end With cireular With rib plates

4) With the additional analvsis results for theee different reinforcement cases at the flange-ends
of a steel column_ we found that the method reinforced by rib plates is most effective.

5) For the reinforcement case. whetre column flanze-middles are reinforced with two supported
braces and column flange-ends are reinforced with six rib plates. stress concentration occurs at the
inner surface of hemisphete, so that the infernal reinforcement of hemisphere by varying thiclmess
of hemisphere at different level is considered this time.

Depending on the level of the internal reinforcement. a total of 10 models are firstly considered
asin Fig 2.

{a) 412 Pount model. cross-zechon (k) 712 Pount model, cross-sechon ) 10VL2 Pomt model. cross-secton
Fig 2. Bepresentative internal reinforcement locations.
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Among them we proceed the analysiz for the most effective case among 10 models for the
further material savings. That is, we fix the internal reinforcement at the most effective level, then
vary the thickness of the hemisphere from 25 nun to 30 num by 1 num increase. Thus, a total of 16
analysis models are considered, here.

1.2 Criteria for the adeguacy of a joint of the PHC pile to column

The required strength of a joint is considered as 1.5 times of axial strength of a FHC pile for
structizral safety: a PHC pile was designed to stay within elastic region by ASD method, zo that the
strength of a joint of the PHC pile to colnmm must be higher than the strength of a PHC pile without
safety factor .(1300ton load. 1.5 times of 967tons) [4. 5]. Also. the yielding stress of a joint of the
PHC pile to colunm cannot exceed 353MPa. which is a design yielding stress of SCW3S30 specified
m Table 3.

Table 3. Material property of SCW3550

Sizel Chenvical conmposition Mechanical property
C Si Mn P 5 Viald Tension Elonzaticn
SCW530 || <02 =080 <130 =04 =004 355 550= 20=
3, Simuladon Results

We found that the internal reinforcement at the level of 7/12 of the height in the hemisphere
{from the top to the reinforcement level) is most effective to prevent stress concentration in the
internal suiface of the hemisphere and to have the adequate axial strength of 1.5 times a capacity of
a PHC pile as inFig 3.

Wiel Losaad
----- w":‘d
1 1 [
[
! - L
=t | f
! — 1950 -
! 1300
1L, 1803 %
| i
&L
= l — L1503
|1
| | [
sE b b aafe]e s
Pasiien of [nemal Ring
Fig 3. Comparison graphs

Then. for the possible forther material savings. we develop six models by varving the thickness
of hemisphere from 25 mm to 30 mm by 1 mm increment as in Fiz 4.

(a} Width 23mwm mode] cross sechon () Width 30mm model cross sschon
Fig 4. 6 Models by varying hemisphere thickness
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Az in Fig 5. when the thickness of hemisphere becomes thicker, at a joint of the PHC pile to
colunmn, maximmm stress reduces while the strength increases. Compared to the strength
requirement of a PHC pile 1500 tonf and the vielding stress 35350MPa, the thickest cne (30 num)
satisfies both criteria while the others does not.

Wielding Load
|
el 2000
375 b A ey 1954
: N ]
= 370 5 1900 o
[ ' 3
£ 355 - 1850
§ 30 . . 1800 §
355 '-, 1750 §
350 —— oo
345 1650

2 75 R O2T M OT9 WA
Thickness of hemisphere({mm)

Fig 5. Comparison graph of stress and intemnal force of hemisphere width

4. Summary

Through analytical studies on a joint of the PHC pile to column we found that the model
(HAT TH30 R6) with thickness 30mm and seinforcement at the internal hemisphere with 7/12
height and & rib plates is the most effective by following numerical simmlation results:

1) HAT TH30 E6 has the least stress concentration at the intersection of hemisphere and a steel
column: stress concentration at that region is avoided through both braces and 1ib plates.

2) HAT TH30 E6 has the least stress concentration at the internal hemisphers where a
supplemental cast ring is placed at the 7/12 of hemisphere height.

3) HAT TH30 R6 is the only prototvpe that satisfies the strength requirement and minimizes
local stress concentrations, simmltansously.

In the accompanving paper. we experimentally check structural performance of HAT TH30 R6.
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Abstract: In Part I fo have an envircomental-friendly, highly durable. cost saving, and easily
constructible method in top-down constpction, one prototype of a joint of PHC pile to colmnn was
suggested on the basis of analytical studies. In this paper. structural performance of such joint of
PHC pile to colzmn 13 experimentally analyzed with regard to axial strength and strains.

1. Introduction

For practical uses of PHC piles in top-down construction. structural performance of joint of PHC
pile to column connecting a PHC pile to a column is entical In particnlar. the joint of PHC pile to
column properly transfers the axial stress from a colomn to a PHC pile without punching shear
effects and stress concentration. Also. local large strains at the joint of PHC pile to column must be
prevented to have adequate ngidity between a column and a PHC pile. In this paper. we
experimentally assess the stvctural performance for the previously suzgested prototype of a joint of
PHC pile to colenm with the comparison to the other toro prototypes.

1. Experimental plan
1.1 Material properties

Following by Korean industrial standards such as KS D 3513 (rolled steels for welded
structure)[1] and ES D 4106 (Steel casting for welded structure)[2], SM490 and SCW350 are vsed
for all the test specimens. Each specimen consists of a part of a column and a joint of PHC pile to
column for sinmlating field construction. That is. considering field welding construction process
(between a column and a joint) and mamifactoring process of a joint of PHC pile to column. we nse
SCW3530 for a joint of PHC pile to colunm and SMA20 for a part of a column in each specimen.
Their material properties such as chemical compositions and mechanical properties are sunumarized
in Table 1

Table 1 Material properties of SCW350, SM490

Tosal Chenical compesiton Mechaniral propeaty
C Si Nn B 5 TYield Soength Tension Elongation
SCW5s0 | =022 =20 =150 =M 0. 3552 550 M=
ShH00 012 =035 =160 =085 0085 3M5 00-510 1=
1.1 Specimen

A total of three joint of PHC pile to colunm specimens such as HAT TH30 RS
HAT TH50 B6L. and HAT TH25 RSL have been tested to assess their structural performance; in
Part I we analytically check that HAT TH30 RS is the most effective in a view point of structral
performance. However, in experimental smdy we additionally checl: HAT TH30 R6L and
HAT TH25 R6L for the possible material savings.

Their typical shape looks like a hat which is shown in Fig 1. The name of each specimen is
decided by a thickness of hemisphere. a number of 1ib plates. and the shape of each 1ib plate,
respectively. For example. HAT TH30 BSL is specimen whose hemisphere is 30mm in thiclmness
with 6 rib plates. L represents a variable specimen whose 1ib plate 15 wave-shaped and thickmess
ranges from 15mm to 30mm
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Fig 2. Test setup

2.2 Test setup and procedure

Following by Korean industrial standards such as KS F 4306 (pretensioned spun high strength
concrete pile)[3] and Korean building code 2000 (Structural steel and cast won)[4]. a PHC pale is
desizned by allowable stress desizn method (ASD). while a steel colunmn 15 designed by Load and
Resistance Factor Design (LRFD) for structural safety. Therefore the stmactoral performance of a
joint of PHC pile to colunmn was tested up to the load of 1500ton, which is 1.5 times of 976ton (the
allowable axial load of PHC pile).

As shown in Fig 2, UTM of 3000ton was loaded by displacement control method with a rate of
0.3mm/sec. The specimens were fixed on the bottom jig by 19 M24 belts. which can be used to
connect a joint to a PHC pile in real construction process. Each specimen was designed to connect a
PHC pile of external diameter 1000mm_ and wsed for colummn is H-498 x 432 x 45 x 70. Also_ a
total of 5 LVDTs (Linear Variable Differential Transformers) was installed to measure vertical and
horizontal displacements at a joint of PHC pile to column, while 24 strain ganges were instrumented
in each specimen located at two ribs and inner hemisphere. The overall measuwrement setup for each
specinien is shown in Fig 3.
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T SECTION A = J
{a} Posttion of LVDTs {b) Positiom of Strain ganges

Figure 3. Measwement plan
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3. Experimental results
1.1 Coupon tests

3 specimens were tested by steel material to enhance the accuracy of the test materials Fig 35
shows the test result. Fig 4{a) is the graph that illustrates the yielding and ultimate strength of
SCW330. The average of the yielding and ultimate strength of SCW330 was measured to be
4000Pa and 6300MPa. respectively. Fig 4b) is the graph of the vielding and ultimate strength of
SCW490, which is 400MPa and 3500MPa. respectively. Those values were the ideal design values
for yielding and ultimate strength specified by each of the steel matenials.

e

i
=gy
e

27 Suct yinhding strangth - 180KIP
— D yiwkding strungth : 3330P

Test yielding srengthc £50MPa

Diuxign yislding sirangth: 535MPs - ATAEERD E

— e

{z) SCW550 () ShA451)
Fig 4. Material property

1.2 Load-Displacement and Load-Strain Curve

Load-displacement graph of each specimen iz shown m Fig 5. The welding strength of
HAT TH30 P6-1 and HAT TH30 BS-2 specimen was measured to be 1916ton and 1970ton,
respectively -and it was turned out that the vielding strength of HAT TH30 R6L model was 1785ten
while that of HAT TH?5 R6L was 1604ton. It was confinm that every specimen has necessary
yielding load (more than 1300ton). However, additional 25, SCW350 test materials. which were
manufactured by a test specimen designing company, were tested for general application. The result
of the additional material test showed that the average vielding strength was 3900 Pa. which is far
lower than the previeus material test (400MPa). Therefore. this resnlt was used to scale the
specimens down. Then it tumed out that only HAT TH30 R6-1 and HAT TH30 B&-2 specimen
have yielding load over 13500ton while the rest specimens of which amount were reduced don't have
necessary imternal strength Therefore, it is determined that HAT TH30 R6 should be a prototype
for the sake of safety. Table 2 summarizes the result of the scaling down

Table 2. Scale Down Fesults

; Tielding 5o T Inifial Stiffness Design Load
T B | e | et (o) gitadeediainy
HAT TH3} RS2 1936 -=1540 0.82 2361 1500 Yield Load == Desien Load (0F)
HAT TH30 B2 1070 -=1567 0.61 3230 1500 “Viald Load - Desizn Load (OK)
HAT TH30_RAL 1785 =1420 0.63 2833 1500 “Field Load - Desizn Load (NG)
HAT TH?5 RAL 1604 —1343 .04 1802 1500 Vield Load - Design Load (NG)

Strain gange RI1-RE3 and C1-C6. which were installed to measure the strain of the specimens
were compared with the test results of specimen HAT TH30 R6-1 and HAT TH25 R6L

The graph of B1-B5 in Fig 6{a) shows that when the specimen 15 at yielding strength its strain
can teach plastic zone only at the position of strain gauge R1. which is located on the uppenmost
part of the rib plate. However. the strain of the specimen in Fig 6{b) can reach to plastic zone at the
positions of strain gauvge B1. B2 and B3 when it is at yielding strength It demonstrates that wavy
1ib plates have more efficient distribution of imternal stress than basic rib plates. The area where
stram gange C3 15 installed inside of the hemisphere is where the compressive force of the
superstuctire and the tensien of substructizre meet when the hemisphere is subject to loads. In
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addition it was assumed from FEM that the area is the weakest part in case infernal ring is not
reinforced. The strain gange C3 in Fig 6(c) shows a similar plasticity to that of C4. This similar
result can be considered to demonstrate the necessity and positional appropriateness of the internal
ring.

Wigid shrorghic | 197 Han

i
wiekl Sreaglls | 198K = |

Vi wrergth : 17san -+ | |

e 1 wan ' an
{a) HAT TH30 Ré-1 {b) HAT TH2S ReL {ciLoad-Smam C1-C4
Fig 6. Load-Strain Graph

4. Smmmmary

For practical application of a joint of PHC pile to column to top-down construction we
experimentally assess stroctural performance of the previously suggested a joint of PHC pile to
column with the companson to the other two prototvpes for the further material savings. As in
analytical study. among three prototype designs. we can check that the HAT TH30R is most
effective in the following experimental results:

1} While the joints of PHC pile to column where wavy rib plates are nsed (HAT TH3I0REL and
HAT TH25R6L) are nmch efficient in avoiding stress concentration their vield strengths are
lower than the required strength of a PHC pile with a diameter 1000mm. 1500tonf in scaled
dovn results. The HAT TH30RS is the only one that satisfies the strength requirement in both
bare experimental results and the scaled dovwn results.

2} We checked the horizontal displacement in belt connection. A little displacement occurs at
that point (maxinom 0.282mm). We decided that is satisfied of bolt’s shear strength
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Analvtical Study of HAT Joint between PHC Pile and Steel Pipe Column
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Abstract
To overcome dizadvantagpss of usual spread fouadation ia larg= space struchure, some prototypes of & joint of the FHC
pil= to steel pipe columa that directly coanects a columa to & FHC pile are apalygicelly stodied. With the coasderagon of
strength requirsmenst and stress coscestration of joiat of the FHC pile to columa, we suggest the most appropriste oas.
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<Fig. 05> Material property of SCOWS50
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<Fig. 06> Arch-action of Half-sphers joint
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422 28 H3C FH

H3 HSC 99 5 Sle e 515 A
o=H H3AY 3 HUsF] Helth H5.C
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<Fig. 08> Vanables thicknees of HE.C
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HAT Joint P-Type Prototype AHE % @
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<Table 01> Summary of P-Typs vanables

TH{mm) E Model
rewnforcement
30 #1—#10 10
TH{mm) _Rib—plate Wedel
25 0 fi 8
26 0 i B
27 4] ] 8
28 0 B B L
29 0 fi B
a0 0 i B

4.3 HoE tHaEn

431 H¥ UF Ring 2 F= T

<Fig. 10>of vehdl HAT Joint P-Type8| HF
Ring #2+f oi# #Hi= HSC 74 20mm
Rib-plate 0718 712o= o] si4dsjsdch
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#3 54 F Rib-plate®] 75 Tl cist 44
ditg Ed=2 738 NS RdEe
Rib—plate®] 7ol o2} cloFels &4} o=
A4 HH 2 Protobyped =& #H¥M 71&3F
nEle REEs] Sk ddM JEsET 2
AibF (Table 02>o viepzick

SER I NRele 2d F R {3y
Prototype+ HAT-T Ring7_ THYB_RN, & o]
A 7 FHA148 bmmid] R7F Ringd A8l
5 Z8mm, Rib-platets 314 of 7} H3s 4
e g @ 5 glick (Fig 14>)

<Tabls 02> Companson of weight for sach

maodsl

Model Neme Weaight
HAT-F Ring7_THES RO 303
HAT-F_FRing7_THZ3_RD 531kg
HAT-F Rng7_TH30 RO 34
HAT-P Fingf THI) R0 S48k
HAT-F Fingi TH#5 Rf g
HAT-P Rungi_THZ7_RE Solkg
HAT-F Fangi_THZ8 RA dodkg
HAT-F Fingi THZ3 Rf Sh6ke
HAT-P _Fungi_TH3() R 37
HAT-T Ring7 THZ6 RS J6dkg
HAT-F Fangi_THZ7_R8 37
HAT-F Fing7 THZ8 R8 T8k
HAT-F Ring7 TH?G R8 387k
HAT-F Ring7_TH3) R8 Sookg

# Index of specimens
HAT-F : Hat Joint for steel pipe columa
Ring7 - Inner Ring #7 for reinforcement
TH : Theclness
E : Number of Rib—plate

EP-ISEEA TN ] -

;"

Thickses of HAC : 28em
Pasdiion of lsrer Ring - 7

.

<Fig. 14> Optimized prototoe
of HAT Joint P-Type
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QU104 O PART Il : LETHIIT

Analvtical Study of HAT Joint between PHC Pile and Steel Tube Column
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Ch. Jin—Tak Lee. Teun—5eung

%" .-ﬂ- J#'t:-: e fg T
Fim. Sang—Bong Tu. Young—Esu

Abstract
In Fart 1, pe disccussed of jodat betgrees FHC ple and stes]l coloms in fousdation of large spece stuchores, oos=
prototype of a joint of PHT pil= to stes! pipe columa was suggested oo the basis of analybeal sfudies. In this paper, T
axplain the Joint of FHC pils to stesl tubs columa apd mors detad of sasbysis

Keywords - larpe space siructure, FHC Fils, Sieel box columw
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2. HAT Jont T-Type AAE

PART 1°14 g% HAT Joints} £ Hrey
A HAT Joint T-Typel 28 T-Type) 74
Hog U e d¥ivegsl HSCHalf
Sphere Connector) ¥4HE 7F7al S1AYF <Fig
D1xelM 891 § 7 sl=mo] 4% 715 ¥ide] &l
= 91# 7153 HSCE 948 T.OT-column
Comnnectort®] Hofo] Sebmch =3 45 24870
el el Hae HSC Bue 75 vle] 9]
© e #HgHes sige] HEHA g2 3o
E Oosle % dTE A3 AA 8 fELE
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<Fig. 1> Detal of HAT Joini T-Tvpe
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SuEolEs L REFEF

3 REIRA oA e

a1 H4 dF

FART 1414} HAT Joint P-Typel 218} P-Type)
2] Prototype® %1817 S8 84 23 a8
M odE diasc B4 uid 27 s o
Rib—plate 7f52] W2 $581F A] HAT joiat
7} B 8 fHE fEsles) fitasddE
4 Bsisich £ 26708 mdd ofisf e
Eftgon ol@ <Table N1>o Yehjsich

<Table 01> Summary of T-Type vanables

TH(mm) foner Ring for |\ odel
30 #1-#10 10
TH(mm) Rib-plate Modsl

25 0 - -
28 0 - -
ar 0 4 B
28 0 4 8 La
29 0 4 8
30 0 1 B
3l = - B

bRt 4T R 5 ABAGUS/CAE vB.108
ABapsist e Al SCWRENY] HE-AH
e olfstd oM HFY T-Typed
P-Typeit $o] 1870ton oldhs] 53 s 95
glpos FlAR Hogy 0MP=€ §A e
2 FolM E=kE D2l Hgdd.

T-Typed] # 4o A48 71FE b A4
prototyped] 338 H-TypelHAT Joint H-Type)
2| HY7 o P-Typed| H1%710e Hasad
A% S ATHLB-S9EI0NEANAN & e as
il o] @ FlELAR F1FH Wige] HSCE st
£ T.C& cj#e] 85t T.C#l Rib—plate, J12]il
HS.CH Zhe] HHtHe FAHAA ooz gl
4 £Ee] AEHA Y8 20-60mms] SHOE
Mgt ol 271 % glo] 4 T-Typed
Az A ez AW + ol

3.2 Boundary condition

Fig. 02>A44 EHE + %S| HAT Jomi7}
FHC =3 Shgel IAPHA= FE& SHRH
HECe| 4% @54E o} dlge] AEH: ¥2
i EEER HY € 7 3l FROE AUHY 3]
o} oA FEAA HEE 888 PHC S92 o
A Adshe s BE A3 e AAaue
44 F2E8 Avd 298 =2UL AES 44
#o} #o}

HAT Joint#] 43 A 71 fAE1ES 43
871 %18 HEC 9EFANL s
Sli THAENE HEssed o[RS U5
4 2|8 PHC 3% g-asiA sl B34
di# A FHEH s g o omf & 2F
TR WA F 3l€ AoE BRHE o

2olgh
—w"-

BC2(Bolt Connection)
artical Deflectian ¥
Herizontal Dafiestion X

T i.ll BCLliThickness of H.5.C)
S50 Vertiedl Dath X
= i,__‘:iuﬁltnul Dellgction O

=
=

<Fig. 02> Boundary Condition

BE Y42 A3 =208 59 54 4998
REF F&Eg e ole g2 HAT Joint ¥4
% 203 v HE el ASHE 5 s
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wrfsle g EEL duEom AgE|ck #r
uf Eefc},

3.3 Element typs

Meshi= A9l Rok Tet® & AHE81%ch Tet
4 Meshi S Hex¥of vlef 24t
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FHE T sich
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A FHo] FEHe AL 97 44 ErFeR F
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3.4 51 7 24
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1876ton8] 838 Urleie] §%jo] FTHE S
T FEE dohn HgEled Hef o] HdE
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7R Ae ws-slE Oz g e TREs ¥8
i®e] 1876tencl & BU1E7] #iEle] 245
2k,

4. T-Type B48 o =

T-Type2] W5 84& HH9| 12 Ring ¥
g mekeia #H3e] U4 Ringe] A =50& o
H5C 57 % Rib-plate 7=« dizls HESSH

=

e
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2 HtolHA HHL 186MoalE Hode o
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g & sle o7 8
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E4 W A HLE <Table 02> A2l
Ak

<Tabla 02> Analtic Result of T-Tups

" Best posibion of
Thickness(mm} bior B
30 #6.3
TH Rib Strength | Stress | Result
a5 0 1670 200 MG
26 0 17035 450 NG
0 1725 440 H.G
a7 4 1330 453 N.G
3 1360 438 NG
0 1770 455 NG
28 4 1340 443 NG
B 1375 418 M.G
0 1330 443 MN.G
20 4 1920 423 N.G
8 1955 405 M.G
0 1915 433 NG
30 4 1970 415 M.G
2 2050 390 0K
31 i 2170 375 OE
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Structural Performance of RC Frame with SAFE Damper

E 1 o] 4 Fas 8] e
So, Breong—Chan  Lee. Chang—Hwan  Ju. Toung—Fyu

Abstract

SAPE damper iz & hytrid demper which iz comprised of & friction damper and e metallic damper. These R0 dampers
combine to resist edermel energyr i stages. Usder minor earthguehe losds. the fricboa deamper operates aloas. Hogeyer,
the frictoa dampsr and metallic damper dissipate the snergy together ghea a severs sarthguakes ocours. la comparison
with othar mathods for seismic retrofittiag, the SAPE dampar has maay adyaatagss The S4FF damper dosza't causs
damage= 5o fnq_\ad: of the buldiag, ead the coastrucbon pericd cen be reduced whea refrofittiog This peper describes
axparimeats ayalustiog the structural parformance of the SAFE damper. Prom the resulis, it weas fousd that the stroctural
performance of & cogyeational RC bare frame can be sigaficectly improved by the iastalation of the SAFE damper.
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<Fig. 1> Compesition and behavour of
SAFE damper
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<Fig. 3> Deteil of £t damper’
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2 Energy 2
Clasmfiestion T‘Tt;r dissipation Eﬂm;';?m
(I * o)
Shi _
Y 660.145| 13880
opne ds’m 627318 16744 +43
Smper
dsn: 630,145| 85,882 =
C}rdic—EH
e +78
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3. SAFEST™ HE7 Mz
3.1 AEN2 T MHA 44

CAFEWHS 4+ F&8 Hiof o, HPHY
g Hoer] 98 Hdsels T3 A 130%
SlalalAl EEMAEAYE 8ot o F ap
A A 7l GadE 1@ Al TREE
9] rdE HAPHYD ole Fig o4 g
+ i) <Fig. Breoll EAE 25 Mo dH«4M
AfHEe E2Aolo], $4 T.6ms] HUL HYF
gl #H3 Aekes 46mE A AR
EF 44 SaFEdsE ey R d@EsAE,
<Fig. 8>5] fo] HEE-FE Y 4YAF uigd
o RFH2AA7] FHH S8 BE e duE 4
ek 7lagHe 1000mms] £, 7olmm 45
Afsidion, 4% 58 55V HAEE RS
FaTe viogkg =Hasd. 4¥4e 23 13
71 dagr R AT

-y L) L

Taars

e

. AT
<Fig. 5> Plan and slevation of Prototype

prEdd EEEe SAFEYS wEEd o




144

279 d¥AE AFsen, erdIHERES
CAFEdH S78xs] 3505 H4HE RCEE
£ <Fig. 6> <Teble 2>4A B8 5+ ik

SAFEYS 821-2=zeA vpihgdoie]l WigiH X
EQds s 144 slo|na =y sAFE@SE 4t
% ergAdge] dEE T3 =AY HEe
E7EL). Fig 7-& SAFEYHE B74E F39
B Hojsc)

T f

-

Erel ol gprvins Contarof g

R R w - Colams
- =

| Y - -
| I
- ———— -

B

<Fig. 6> Detal of prototype

<Table Z> Detal of RC frame

Cross secoon RC frame
Dimensionimm) 400 350
Colum Main bar 2-D19
SHrup [
[Dimession(mm) 360 600D
Cirder Main Top 2-D19
{Center) bar Bottom | 4-D19, 2-D22
Stimrup D300
Dimension(mm) 3600 600
Cirder Main Top 4-Dv19, 2-[22
(End) bar Botiom 2-D1g
Stimup DI0E200
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<hig. 9> Complete view of test set—up
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Teld Tenzsile Young's
(lasmfication | srength crength | modulus
{MPa) (MPa) [GFa)
10 40 480 135
Dla 494 ] 191
AT 417 BET 214
T 2Bl 465 218
T 335 B0 218
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<Fig. 15> Load—deplacement of RC frame
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Compressive Capacity Ewvaluation of Composite Column Composed of High—-5Strength
FC and MNormal-Strength RC

of X} &+ of # g F & F

Lee, Ja—Young Lee, Chang-Hwan Ju, Young—Fyu

- § & R
Eim, Young-5ik Him, Sang-Dae

Abstract

In this paper, asyw PC-RC composite colums named Es® sistem wes proposed. To fraosfer the shear forees betwsea the
high—straagth PC and oormal-sireagth BT, two brpss of shear keyrs wers compared: hemispharic— and trapemoid-shaped shear
kay=. Tests oo short columa specimen wera carried cut to ayaloats compressive capacity based oa tha existence and chape of
the shaar key. Crack patterms aod straia distributions were zlso obseryed. From the result, it was found thai comprasshne
sireagih of the columa with shear kers could be reduced depsading oo the arrangement and shape of chesr keys. Ctheradsa. it
was found that shear keys have 2 postive effect oo integrity of the composites columa. The proposed equatioa to predict the
comprassive streagth of a8 PC-RC composits columa showed good spresment with the sxperimsaial resulis.

AE : UF, AGUY, AB, 2 amEadE

Hmywonds = Compomite columas, Ssoal load t=g2, Shear kesr, Precast coscrete
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2.1.1 ¥4 AstgA

2 AEo] Ar2E I FstEa & gadd HE2 [ & 2-1 |3 2
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e Accuracy - 0.1%F.5.
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3. LVDT & Max. Range : 0~ 175mm(3 ea), % upt —H| =3 AL
Read Qut Unit Approx. senzitivity:0.001lmm beh = A =2t
Accuracy * 0.01lmm
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o & xhy] Zchal o, #zlF
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Holl} O Ygoe g AEE 7tesiCthH Schmertmann & Haves, 1997). ThEhY 2 AJEL] obyrgr HAh

SYstAEAME ASTMOIA FAste e &Mt Eggoz Adstgct. AN R Holg
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HE TE AF A HEZIY FEE TE dcio] FAEbstu FrUAREE] ATk shEe] HYE
stof TE A|A| S HERQIsHE AEWHo= ofgfer oy AE T AL [ BE 2 Jof 255
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il Lign

[B 2-4] ~A2sts =71%E (ASTM D 1143, 8.1.2 Procedure A: Quick test)

=

o leyele Zeyele
load(% ) Time{minute ) load( %} Time(minute)

0 0 0

1 9 15

2 10 15

2 15 15

4 20 15

5 25 15 25 in
B 30 15

7 35 15

& 40 15

g 45 15

10 5 15 50 15
11 25 15
12 60 13
13 65 15
14 70 15
15 75 15
1 g0 15

Un—loading
15 75 15
10 50 15
5 25 15 25 15
] 0 15 0 30
-9- BEGNC



209

LOTTE UHEANEV 54251, BACKYOUNG
samimeunine o QUAS AR MEFIA R kI
TITLE REVISION DATE
Lotte-FR-BE20150516-A01
S Tolig AS=E10M A

2.3 AItAE E5=

B Rl 29T LAY ABJE] G ATE By [ 1% 2-1 13 2ol NY BEER
UERRSICH ob$3 HOh gAR AtRel $5. 2 o4 DAY ¥F APIoE YEHRD.

D N2 V" ot

2 MEHPN HN/BTY A=

@ AN A
4 43 Quick fes

4 8% g4

@ NEER 1Y

ASTM D1143 Quick test

@ gu NYZHF 25 B Ba/Enza

[ 2% 2-1 ] oP4%) Aishr BB

10 - BEGNC



LOTTE IFREADINFN 542601, BACKYOUNG
ConmTRUSTION QmAS Alg M=FA G/ oo
TITLE REVISION DATE

=5 TOIE SN A

Lotte-FR-BE20150526-A01

3. U MetAY Az BA

£ AlE2 Single Level Test WAlo2 Mot AX|sint 2@ opi=g 2olsioict. 1 ZME £A|stH
L=t 2L

3.1 Al I

2 2% o gd MshAEE 20159 5% 20E oF 9AFEE AlEretd 2 cycle, lbstepo 2 =0
AlEstE 7.84MN( 800.0ton) 7IA ASHE LAlSHSiCH

Load-Movement Curve{HAT-1)

Tite- Lol Curved HAT-11

-

-5 - -
) 5 S - .
jat — i ¥
T}
Eaan : | } ! | —=—FleTm
® un I o

x4 . R T N IS 3 PNEETT ]
an Ll n b 4p it L] L 113 L2 el Tt

Time-Movement Curvei HAT-1)

el Tomn |
[EXF A 18428 T8 [LEX JEETS LEEATE
] ; 2 |
i —
W | =Tpeard
— TR
o
i

b E
T l
i
Ey :
H £
i
& o

e

S

St S04 44, 47 30
1w ~Ten
£
i 3] B ki e m B T im wi
o LeadM*)

[ 2% 3-1 ] Azt-st5-9gl aef=

- 11 - BEGNC

210



211

LOTTE

PHBINDERIEG &
OOMET RO TGN

O ADIRIA9 B4-2BL
SMAE AlG dF3M

,ﬁj BACKYQUNG
r". EESOGY i AR T B DG

TIIIE

REVISION DATE

Lotte-FR-BE20150526-A01

=5 TOIE SN A

I Z3 z|ofstE 7.845MN(300TON)of A 418 #9L 7.40mm, &H3F B9

[ & 1. ] 248 AstAd 1Y dA=

rlr

47.38mm 2785t

2 Y (mm) o1 H{mm) Y= 5jz] He(mm)
G Hl3
HAHY TEHA A HL HEEH Y THREY
b 7.40 2.8% 47.38 21.22 112 0.53
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L ol 14 100 1900
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ZA SAAEe Iold UubEQ WEoR o] AFSER b YHOR T oy YEYE T4
st EAste wdolth 23 siFel AYSS TE B4 T4 YAYE AND2 By YEYE 3
Bg 24 WEo] TE DejofA Astohs BAET QAR ASUS UL =22 B AFTAN

CHee ® AE ZTE AA HLEo2 EHY Aol
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0o e ! ! | |

400 |
Fl
E
E 200
£
é -30.0

400 |

A00 ! ! ! ! ! ! ! |

——Dovawird TE4MN , -47.35mm
—=—Lipwand
600 : I | I | | |
0.00 LoD 2.00 3.00 400 5100 6,00 7.00 800 a0
Nt Load(MN)

[ 3d 3-4 ] 8% x5S 1 sh3-¢y 2z

Estimated Top Load-Movement(Rigid Body:HAT-1)

Load(A ™)
20 4.0 -2 B.0 160 120 14.0 160 180

. N

400

Moy ement{mmj

——Downward End Bearing
=g=TTpward side shear
—=—Equival ent load{Rigid Body)

[ 23 3-5 ] #5 &4 Je=
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Equivalent Top Loaded Settlement Curve (Elastic Method:HAT-1)
LoadMN)
a0 an 40 =41} B0 100 120 140 1680 189
o '-—L.,‘-ﬂ-.__q_h__h_ | |
e O O |
__________ =l L —
i '--______‘_H______._ emcem—
5 LWHE BEIMN, ST . . "“—.-——-...__Ei
30 T T i i 1230, 23 G2mm
- ll] .\_
! ~-
= Ij | | | 1 | | [
£
2 6 i - - - - - o
] :
0
o
00
e pger Siide sheaw and down side shear componsnts both measured
-==- paly used net end bertng oarve dus to different larpe displacement bew, end bearing and s fiof ca
----- Totad compr sssiom
[ 1% 3-6 ] =dA a4 2=
Equivalent Top Loaded Setflement Corve (Rigid Dedy Vs Elastic Body:HAT-1)
LoadMIN}
(=1") in wn 60 e me Lo 1an 180 1E0D
P—pe—s ——
i . R e g ———
® e L T
30 k. n
i®
£
1
H
=
x|
0
e dicde she A and Ay ade Chear oo ponears hol sieraeed
vty wasd net eaid beaing owve dua o diffeent lege daplacamear bew. end tearing and skin fricion
—e— Equivalizat Iraciizid Bedr
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[ 2 3-7 ] 28|43 &4 sy 1=
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at) HAHYE T SHE FE HYA SEYSTE LT WYY,
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=t Sl
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S 1. WEINY AN

® 6 @ & ® ® @8 @ ® &
S ) ] i = .‘ frig| 24
v | TYPE |7|Z| HE |BR g 315
T j (tony)  |(tony)
1 |%* |@1,000 |PRD| 380-534 | s00
s
AP 2 |O |o1,000 |PRD| &70-854 |1,000
@ +— 3 |O |@1,000 |PrRD| 491-1,009 [1,000
i§ s+ |O |o1,500 |[Rep| s23~1,312 1,500
E1| - 5 |O |o1,500 |Rep | 1,310~1,522 [1,300
|8
®{f
E
(@)’I +—
3y .
@/ X
§
™ ?'_,',‘::
®&H O HAT Joint
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% 715APd( HAT-1 )

O} APEY 72 B4-2BL
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< |2015.05.20

duler miotAE ASAY dFE
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Time-Load Curve(HAT-1)

9.0

8.0

70 T"r

i
il

4.0

r— L
r 0

2015-5-20 7:12 2015-5-20 10:48 2015-5-20 14:24 2015-5-20 18:00
Actual Time

Load(MN)

Load-Movement Curve(HAT-1)

—

5.0 T

g \ —s=Downward |
-25.0 \ ===Upward -
-30.0 N '\ ===Pile Top |

40:0 ‘\ \
450 — \\

——

Movement(mm)

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0

Load(MN)
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20.00

10.00

0.00

-10.00

-20.00

Movement(mm)

-30.00

-40.00

-50.00

-60.00

15-5-20 7212

Time-Movement Curve(HAT-1)

Actual Time
15-5-2010:48 15-5-20 14:24

15-5-2018:00

=—#=TDownward
| ==eTUpward
——Pile TOP

20.0

10.0

0.0

-10.0

Movement(mm)
t
<]
<

-30.0

-40.0

-60.0

Load - Movement Curve(HAT-1)

7.84 MN . 7.40mm

7.84 MN . 1.12mm

I

——Downward

N

—e—Upward

——Pile Tip
1

7.84 MN. -47.38mm

|

0.00 1.00

2.00 3.00 4.00 5.00 6.00
Load(MN)

7.00 8.00 9.00
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Equivalent Top Loaded Settlement Curve (Elastic Method:HAT-1)

Load(MN)
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0
0
e | I
e
il == = ——— e == |
a0 L ZW®E 5.63MN, 9.49mm “'-—~..‘___"“"--=-...__'I e =
- C—— G G G- G G G- G I G G G S S G| S S— ‘\
30 12.3MN, 2362mm s,
E 40 *
= N
Z 50 T
g n
=R 5
‘:I
70
80
90
100
~—+—upper side shear and down side shear components both measured
==o=-only used net end bearing curve due to different large displacement btw. end bearing and skin friction
===:Total compression
Equivalent Top Loaded Settlement Curve (Rigid Body Vs Elastic Body:HAT-1)
Load(MN)
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0
0
—-—--..“.u-“q‘__- —
ST ———
e T ———
10 e = [
R ~
S——— 1
20 __‘-—3-. A i
N~ )
e A
30 2 :
N
- % \
E 40 . e
g ™ "
g 50 %
g g
g ]
= 5
\D
70
80
90
100

sesme upper side shear and down side shear components both measured

= === only used net end bearing curve due to different large displacement btw. end bearing and skin friction
—#— Equivalent load(Rigid Body)

===-Total compression
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Field Record for Bi-Directional Pile Load Test

Project - TF232] 7 B4-2BL 2920 4334}
f ocation: TEST-1 (¥2,X7)

Pile Length : 24.0m

Drate of Construction - 2005/04/22

Diate of Test - 20150520

= DOWNWARD TFWARD FILE TOP
CYCLE DAY tim
= CHI1 aver CH1 aver CH3 aver
L] ton AN

PE.E00 %10 L] oo [1Xx] 0.00 .00 L] [ R 000 000 000
15720 %21 [i] 5.00qp 5000 049 .10 -0.10 00D 000 .00 000
15320922 1 E 0o 50,0 0.49 011 -0.11 [ Rii] 000 000 IR
1558 3 5080 50.0 0.49 012 -012 o2 002 000 000
E5320 %26 5 5.0%h 50.0 0.49 014 -0.14 o2 0.0 000 000
15520931 10 500 | s00 | 0.49 015 015 0.02 0.0 0.00 0.00
15.5.20 9:36 15 50% | so0 | 0.49 016 -0.16 0.02 0.02 0.00 0.00
15320 %45 o 10.0%% 10d0.0 .98 035 -0L3s 029 L] .05 ngs
15320 #:.46 i 10.0% 10d.0 098 038 -0.36 029 019 .06 0.0g
155 %48 3 100% 100.0 098 0.3 036 03D 0.0 .06 006
E5.520 %:50 5 10 0% 1000 0.5 037 -0.AT 032 0.z .06 0_0g
15520 %:54 io 10.0%% 100.0 008 037 -0.37 032 [ .06 008
15320 %:59 15 10.0%% 100.0 008 038 -0L18 035 035 0.a7 0noT
15.5.2010:00 o 150% | 1500 | 147 057 057 065 0.65 0.12 0.12
155201601 1 150% | 1500 | 147 PE) 050 0.68 0.63 0.12 012
15.5.20 16:03 3 150% | 1500 | 147 e -0.60 0.72 0.7 0.13 013
15.52010:05 5 150% | 1500 | 147 053 062 073 0.73 .13 0.13
: 15520 10:10 10 150% | 1500 | 147 085 -0.65 0.76 0.76 014 .14
15.5.2010:15 15 150% | 1500 | 147 066 -0.66 0.76 0.7 .14 014
IEF 20 10:19 L] 200045 200.0 1.9§ .84 008 110 1.10 LAE n.1s
15520 18:20 i 0.0 200.0 1.95 099 -100 1.14 1.14 .19 019
15520 19:22 3 200 200.0 1.9§ i -1.01 117 117 0.20 020
15.5-2019:24 5 20004 200.0 1.9§ -1.03 1.0 Li8 118 .20 [l1]
15520 19:2% io 200%% 200.0 1.9§ -lid -1.04 1ig 1.18 .20 (1]
15-72018:4 15 0.0 200.0 1.95 -1.07 -1.07 119 119 .20 0.
155201637 0 150% | 2500 | 245 147 147 154 154 0.25 0.25
15-520:19:38 1 25004 250.0 245 -1.49 -1.49 1.58 1.58 26 026
15,520 10:40 3 150% | 2500 | 245 as 151 158 158 0.26 0.26
15.5.2010:42 5 150% | 2500 | 245 15 153 161 161 0.26 0.26
155201047 10 150% | 2500 | 245 155 156 163 163 0.26 0.26
155.2010:5 15 1500 | 2500 | 245 157 157 165 165 0.26 0.26
15-5-20:18:53 1] 20004 3000 204 214 -2.14 1.87 1.87 .30 0.3n
15-5-20 1854 i 0 .0%% 30:d0.0 2.94 -2 2% ] i89 1.80 0.30 030
15520 1856 3 D0 300.0 204 2123 -2 13 1.90 190 0.30 0.3n
15520 10:58 5 D0t 3000 2.94 -1l -2 16 1.94 194 031 031
15-5-2011:03 io 0.0 300.0 294 -2y -2.10 1.96 1.94 031 0il
15-5-2011:08 15 0.0 30:d.0 2.94 2131 -2.32 197 127 031 031
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[ ocation: TEST-1{¥2,XT7)

Field Record for Bi-Directional Pile Load Test

Project - TF232] 7 B4-2BL 2920 4334}

Pile Length : 24.0m

Drate of Construction - 2005/04/22

Diate of Test - 20150520

= DOWNWARD TFWARD FILE TOP
CYCLE DAY tim
= CHI1 aver CH1 aver CH3 aver
L] ton AN

15520 11:08 0 3500 | 3500 | 343 EXY T 2.43 143 0.38 0.38
15-5-2031:10 i 15 0% 350.0 3.43 210 -310 250 2.50 039 0.ae
15-3-2011:12 3 A5 0% 350.0 3.43 314 -314 255 255 .40 040
155 11:14 5 315 004 350.0 3.43 318 -3.18 256 256 .40 040
15-5-2011:1% io A5 004 350.0 343 3 -3.24 258 258 .40 .40
1552011:24 i5 15 004 350.0 343 331 -3.32 162 262 041 041
155203125 L] 40 0% A00.0 3o 44T -4.47 292 102 045 045
15520 11:26 i 400% H00.0 307 54 -4.64 3.00 3.00 i 11 046
1552011:28 3 40004 40:0.0 307 474 -4.74 3.06 306 047 047
15520 11:30 5 40 0% 400.0 392 -4.80 -4.80 .09 A.09 048 0.48
IS Z2010:35 10 40 00 400.0 302 496 -4.96 .14 314 0LAa8 048
15520 11:40 15 4009 400.0 3.02 S06 -5.06 .16 316 LI 15 0.48
155201841 0 4500 | 4500 | 441 549 649 159 3.50 0.55 0.55
1BE0114 1 450% | 4500 | 441 £56 -6.56 365 3.65 0.56 0.56
15520 10:4 £50% | 4500 | 441 £70 670 174 i 0.56 0.56
15520 11:46 45 s 450.0 4.41 5.8 6.8 377 T 057 0s7
15320 11:51 io 48 g 450.0 4.41 £99 -§.00 377 377 057 ey
i 155201156 15 45 (g 450.0 441 7.0 “T.10 1TE 3.78 057 n=7
15520 11:57 L] S0.0%% S500.0 4.90 B4 -8.64 4.32 4.32 065 065
155 2011:58 i SO0 S00.0 4.90 571 -7 4.33 433 LN .66
15520 12:04 3 S0 0% S500.0 4.90 551 -8.81 4.39 4.39 LET a7
155201202 5 SO0 S500.0 4.90 558 -5.88 L il 4.40 LET n.a67
155201207 10 S0 0% S500.0 4.90 599 -g5.00 4496 446 .68 0.68
155201212 15 SO0 S500.0 4.90 810 010 446 446 LG8 0.68
155201213 0 150% | 2500 | 245 s 002 410 410 0.65 0.65
155201214 i 15 10%% 250.0 245 502 -z 410 4.10 065 065
155201216 3 150% | 2500 | 245 501 0.0 410 410 0.65 0.65
15.52012:18 5 15.0% | 2500 | 245 o1 001 410 410 0.65 0.65
PEEETEERT 10 1500 | 2500 | 245 01 0.0 410 410 0.65 0.65
155201228 15 150% | 2500 | 245 500 000 410 410 0.65 0.65
155.2012:29 0 00% | o0 0.00 £ 6.0 108 738 0.45 0.45
155201230 1 0.0%% 0.0 0.00 -6.00 -§.00 79 27 [ ") 0n.44
1552001232 3 [IXiL] 0o 0.00 599 -5 00 274 2.7 043 043
15.52012:34 5 LRl ] 0o 0.00 588 -5.08 174 274 043 n.43
155001139 i0 D00 [/ Kx] 0.00 587 507 273 2.7 {1 ] 042
155201144 i5 008 [1Mx] 0.00 S04 -5.06 172 172 [/ 0.42
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[ ocation: TEST-1{¥2,XT7)

Field Record for Bi-Directional Pile Load Test

Project - TF232] 7 B4-2BL 2920 4334}

Pile Length : 24.0m

Drate of Construction - 2005/04/22

Diate of Test - 20150520

— DOWNWARD TFWARD FILE TOF
B e i fune CcH1 aver CH2 aver CH2 aver
L] ton AN

155201245 1] 25 0% 250.0 245 811 -811 3.45 345 0.53 053
15.5.2012:46 1 150% | 2500 | 245 520 -8.20 347 34 0.53 0.53
15.5.2012:48 3 150% | 200 | 245 520 -8.20 348 3.43 0.54 054
15.52012:50 150% | 2500 | 245 520 -8.20 348 349 0.54 0.54
155201255 10 1500 | 200 | 245 519 -8.19 249 349 0.75 075
I5E 201256 L] S0.09%% S500.0 4.90 -10.83 -10.63 A0 4.60 o7Fo 0.7
155201057 1 50005 | 5000 | 490 1064 1064 463 462 071 071
15520 12:59 3 SO0 S00.0 4.90 -10.74 -16.7. 4,66 466 i | 071
1552013:01 5 S00%4 5000 4.00 -10.74 -10.74 4,66 466 i s | a7l
15520 13:0 10 SO0 500.0 4.90 -lo.Tw 1070 466 466 71 n.71
15520 13:07 o S5 0%% 550.0 £ X0 | 1351 4.93 493 075 075
15-5.2013:08 1 5500 | sson | 5.39 ETE 1357 437 497 0.76 0.76
155.2013:10 1 55005 | ss00 | 5.39 138 1363 5.03 5.01 0.76 0.76
15.5.20 13:12 5 55005 | sso0 | 5.39 1367 1367 504 5.04 077 0.77
155201317 io 55 0% 550.0 L9 -13.58 -11 58 5.05 .05 077 i B )
15-52013:22 15 S5 0%% 550.0 £ 30 -lase -1350 5.08 .08 077 i e ]
2 15.52013:23 0 5000 | soon | 5.88 1832 1832 539 5.0 081 0.81
15-5-2013:24 i 600 s00.0 £ 88 -18.3% -15.30 5.45 5 45 0.83 0.83
15-5-2013:26 3 600 G00.0 £ 88 -18.45 -18 45 5.49 £ 49 0.83 0.83
15-5-2013:28 5 6009 G00.0 588 -18.53 -18.53 551 551 0B84 0.84
1552013:33 io 60.0%% &00.0 558 1854 -18.54 551 551 o84 0.84
15-32013:38 i5 6000 s00.0 53838 -1B.57 -18.57 553 553 .84 0.84
15520 13:39 o 6500 650.0 637 -1508 IR 08 5.B8 588 .89 .50
15520 13:40 i 65 0% 650.0 6.37 -25.18 ] 5.90 500 0.a89 .80
15-5-2013:42 65 0% 650.0 a.37 -15 46 15 46 5.95 505 0.90 0.0
15-5-2013:44 5 65 0% 650.0 6.37 -255§ IR 56 5.95 £ 05 .90 0.0
15-52013:49 io 65 02 650.0 6.37 3572 ) 5.95 508 0.90 0,09
15520 13:54 15 65 004 B50.0 6.37 _15.80 15 B0 5497 507 0.90 0.8
15520 13:55 (1] To0%% 0.0 6.886 3115 3215 B39 [ =] 0.97 087
15.5.2013:56 1 T00% | 7000 | 6.84 3138 3133 639 .39 0.97 0.07
15.5.2013:53 3 T00%% | 7000 | 6.86 3148 3246 641 .41 0.97 0.07
15.5.20 14:00 5 T00% | 7000 | 6.86 3155 3155 642 6.42 0.98 0.08
15-3-2014:05 10 T0.0%% F00.0 .86 1M B ik | [ "] G.dd .98 0.es
15520 14:10 15 T0.0%% 700.0 .86 2276 =32 Ta 647 647 0.98 0o
15-52014:11 L] TE D T50.0 T.35 -38.34 -0 34 [ 78 11] 680 1.03 1.03
2 155201412 1 750% | 750 | 735 3054 -39.64 5.80 .80 103 1.03
155201414 3 750% | 7500 | 735 3077 3977 681 .81 1.04 1.04
155201416 5 750% | TS0 | 735 3956 -39 86 685 .85 104 104
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Field Record for Bi-Directional Pile Load Test

Project - TF232] 7 B4-2BL 2920 4334}
f ocation: TEST-1 (¥2,X7)

Pile Length : 24.0m

Drate of Construction - 2005/04/22

Diate of Test - 20150520

= DOWNWARD TFWARD FILE TOP
CYCLE DAY tim
= CHI1 aver CH1 aver CH3 aver
ton AN
155201421 10 750% | 7500 | 7.35 .36 096 689 .59 1.05 1.05
1535201426 15 TE D T50.0 T.35 4004 -40.04 692 §.92 1.058 1.0=
15.5.0014:7 o S0.0% | soo0 | 7.84 56 46,64 7.26 7.26 110 110
155201428 1 50.0% | 8000 | 7.84 695 4695 733 7.33 141 111
155200 14:30 3 B0 0% B00.0 7.84 4712 4712 7.3 T33 111 1.11
15520 14:32 5 B0 0% B800.0 T.84 = 4726 7.33 T3 1.12 1.12
155201437 10 B0D%E B00.0 7.84 A7 36 47386 7.36 T.38 1.12 1.12
BEE 20 14:42 15 LR LY BO0.0 T.84 4738 -4T7.38 7.40 740 112 112
15-5.2014:43 (1] S0.0%% S00.0 4.90 4575 -45 25 622 6.22 1.00 1.00
15520 14:44 i SO0 5000 4.00 4525 48 I8 622 622 1.00 1.00
15520 14:46 3 S0 S0i0.0 4.00 451 45 22 6.22 622 1.00 1.00
15-52014:48 SO0 S500.0 4.90 4520 45 20 6.22 6212 i.00 1.00
155200 14:53 10 S0 0% S500.0 4.90 4517 -4=17 622 §.22 1.00 1.00
il

15520 14:58 15 SO0 S500.0 4.90 4515 T 22 §.22 1.00 1.0
155-2014:59 (1] 25 0% 250.0 2.45 3895 -38 05 519 519 0.B6 0.8d
15520 15:M 1 15 (g 250.0 245 3592 3802 518 &£ 18 0L.BE 0.86
15320102 3 25 0 250.0 245 3590 3590 517 17 0BG 086
15520 1504 5 25 (0 250.0 245 3888 -18 88 5.16 518 0.BE 0.86
155201509 10 215 0 250.0 245 3888 -1E84 515 515 0.BE 084
155201514 15 25 0% 250.0 245 -38.82 -38.82 514 514 0L.BE 0.86
15320152 o 0.0%0 0.0 0.00 -21.73 -1173 3.07 3o .54 054
15-5-2015:21 i .00y 0.0 0.00 - -1150 3.05 305 .54 [ |
15-5-2015:23 3 0.0 oo 0.00 HA4E -11.45 e i | 301 054 [E |
15500 15:25 5 D0y oo 0.0a -I1.36 -21.36 3.00 3.00 .53 0nE3
153201530 io 0.0 0.0 0.00 2137 1127 299 200 .53 0ns3
15-5-2015:35 15 [ 0.0 0.00 i J 1122 299 200 0.53 0nE3
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CALIBRATION CERTIFICATE
- PDK CO.,LTD. Certificate No. 0204_150625

10-6, Expo-ro 33%heon-gil Yusung, Dacjeon, Korea

(1) /! (2}
Tel : (42-862-6880  Fux - 862-6881 Page of Pages
Mail - pdkidipdk.co ke

1. Client
Mame : Backyoung Gé&C
Address © 160 Sadang-ro, Dongjak-gu, Seoul, Korea

%, Calibration Subject
Description :  Gauge pressure gaugss (Digital-High)
Manufacturer & Model - SENSYS( PMSA2000BKPA & SC-1500
Serial No. :  P4AEQ0S & 715174

3. Date of Calibration ;  April 23, 2013

4. Environment
Temperature :  { 226 = 02 ) Humidity : ( 51 =+ 2 ) %RH
Location m] Permanent Calbration Lab. [ Maobile Lab. [0 On sate Calibration

5. Calibration Traceability
Calibration method and/or brief deseription :

The above instrument is calibration as per standard calibration procedure (PDK-CCP-P11} for Gauge pressure gauges.

List of used standards/specifications

Serial The due date of

Number next Calibration Rl RO

Description Meanufacturer and Model |
PRESSURE FLUKE RUSKA / 2 -
CONTROLLER/CALIBRATOR 7615 (A280M/A90M) 62223 SUlhals PO L0k LTD

6. Calibration Results :  Fefer to the attached calibration results.

7. Measurement Uncertainty :  Refer to the attachied calibration results.

. Measurements performed by Approved by
Title : Technical Supervisor
Name : Young Moon, Cho

Affirmation : e
Name : Beom Joon, Kim e —

aad

The abowve calibeation certificate 15 the aceredited calibration items by Korea Laboratory Accreditation Scheme, which signed the ILAC-MRA,

April 23, 2015

Accredited by KOLAS, Republic of KOREA PDK CO_ > L

LI wny signifieant mstability or other adverse factoroverlond, temperature, humidity ¢te. ) mamifests itself before, during or after calibration, and is likely to
affieet the validity of the calibration

PDR-Q-082<Rev (1= PDE CO,, LTD, AA{210mm = 29Tmm)
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RESULTS CALIBRATION CERTIFICATE
PDK CO ., LTD. Certificate No. 0204_150625

10-6, Expo-ro 33%beon-gil Yusung, Dagjeon, Korea |
|
|
|

(2)/7 (2]
Tel : 042-862-6880  Fax . B62-6881 Page of Pages
Mail : pdkig@pdk.co.kr
| Standard Valee I D.U.T Value
[ Exp. Uncertainty
Mo, Pressure DULT Yalue Corvection (95 % Confidence Level, | Total Deviation
| . k=2}
MPa | MPa | bar MFa MPa MFa
| | | ! [
1 0.00 0.0 | @ 0.0 0l 0l
2 A40.00 399 399 0.1 0.1 0.2
3 80.00 | T9.9 799 0.1 0.1 .2
4 120.00 120.0 1200 0.0 | 0.l | 0]
5 160.00 159.9 15949 0.1 | 0.1 I 0.2
(] 200.00 199.9 1999 a1 ‘ 0.1 0.2
Conversion of Unit bar . 0,100 D00 - MPa
After Comection ( MPa )

0.25 — S ]
e |
& |05+ ‘
=

01 SN - —

| 0.05 — |
= |
g 0 1+— + kA —_— ! |
£ 9 50 100 150 200 250
g 005 f— O : |
= |

[l M — -

%-D.IS —— -
Remarkl : Linear Comection @ y=aX+b | a = 1060 250 b = 0667292 ]

{ y= correction pressure value, a=gradient, X =DUT Indications, b= intercept, Unit: bar }
END,
PDK-(-083 PDK CO., LTI,  A#{210mm=297mm)

wwond pcal o kr
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WI3LdEHAM

CALIBRATION CERTIFICATE

E}Eﬁ ﬁ jl ﬁ J’\! ﬁ ﬂ ﬁﬂ%g&ﬁo 14-050510-02~1

dIs 2N 4m3 BetE 723 HOIK (1)/(®2)
TEL : 031-500-0217 FAX : 031-500-0389 Page of Pages

1.2 = % ( Cllent )
I 2 (Mame ) ¢ (3942 X WM
F o (Address) - MHESEA ST ANEE 160 (MES)
2. % F J| ( Callbration Sublect )
JI N ¥ ( Description ) @ 0| HRMH
B EE AR A Manufacturer and Mode! Name ] @ GEFRAM / LT=M=-0150-3
NI &S { Serial Mumber ) @ 084701783
3.1 & 8 1 (Date of Callbration ) : 201442 108 272
4w & & A ( Enwlronment )
2 5 [ Temperature ) {(2o2 2 0.1} T & = (Humldity ) © (49 £ 1) % R.H
WHEE L | Location ) : W IEIF (KTL Lab) D OUEDE (Moblle Lab.) D #ELUE (On She Callbratlon)
5 ®IABEES 4T 4 ( Traceablity )

nEYE 8 4384 He (Calbration method and/or brief description) :

2 2N =0 M, VDT 2 R EERANECPEN -10210-1,KTLIN Tl SIS ENSRSEFH 2340 /A
B EEIE NSNHN DEHRUS.

DM AES EEFH BAH ( Ust of used standards/spsciilcations )

PRI HIERIA S EA JNIHE | AR EEEE wEIE
Description Manulacturer and Model Serial Mumier | !‘;"l;;-‘ﬂﬂrﬂm:ﬂrr-‘-;ﬂm Calibration Laboralorny
Gaugs blocks Milutoye / 0 grade 0a03555 | 2015, 03, 20 | SISMHNMNEH
Precision surface plates Aking: ,%,;N,}GI'”:_niq SRR 200710006 2016, 09. 05 | BIxmi I ZAEHA

6. 1 3 3 I ( Callbration Results ) : DEIN =
7. 285 ( Measurement Uncertalnty ) : 3@ 0 &=

&2 7 (Approved by)

i = B (The) pIEE L Th
(A tArmation) 7’] oA '5",.r ek h.’
o ¥ (Name) : HYE 2 2 v 4 ¥ (Neme): I 't !

4 (Measurements performed by)

MEs BERHENYIKOLASIZTH SR E 2002 wddAEL

[The above castrefion cardicaie 1s the socredited callbration Nems by Koma Laboratory Accreditabon Scname, which sgned tha ILAC-MAA )

2014 103 2TE

=i elb- plEng -

Accradited by KOLAS, Republic of KOREA

st oD = AIE

Korea Testing Laborator

()0 B TNE BYHASH HR 0ifl= 020N, BE, 45 8]0 S8 A0 el Hoie RENR EUD

RIOTES I ary signlicant inslabilily o giher absarse factorfoverioad, emparalure, huamidily ate ) manflases sl Betore, dwlng o aled calforadion, and

is likedy to affecl tha yalday of tha calibrstion,

A A = A T B2 B (Internatienal Laboratory Accraditation Cooperation) & & 0088 (Mutual Recognilion Arrangemant)i)

FPE12-01-0
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AT = ok AR ek2 723
Tel : 031-500-0217, Fax : 031-500-03
E-mail : standard@ktl.ra.kr

Ill@ é —_LI.I- HEM HS :

CALIBRATION RESULTS Cerlificate Mo,
Holx| (2)/({&2)
Page of Pages

14-050510-02-1

<2l 3 W ool e
< ® sl AL

.'-‘tl
<2 21 0w = 084701783

+ LEER

@Al GEFRAM / LT-M-0150-5

7 E2] G (mm]

A

A @ dmm)

o
20
40
&0
a0

100

0.00
19.57
39.11
58.58
fao
§7.62

LEe8T (Mal=F o 95 %, 4=2)

0.03

mm

T Indicator © GTML-200 =,

¥ 27N | #X A 2ERE A 1= fEF0| 12908

FPB12-02-01
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WI3SEA

CALIBRATION CERTIFICATE

aARM ME g4 pE0610-02-2

MY I=SAIER Certficate No.

WAS BUNENT MR T BOIX (1) /(®2)
TEL : 031=-500-0217 FAX : 031-500-0383 Page of Pages

1.2 2 X { Client )
J 2 E {HMame ) (=) EH | 0 W
F S (Address) : MHESELA SEHT MEEZE 160 (AIHE)

2. = & J| ( Callbration Subject )
A M ¥ ( Description ) @ Z0 H¥H
MEE A & B4 Manulacturer and Model Name ) | GEFRAN / LT-M-0150-5
A& { Serlal Number ) : 0B4701777
3.1 8 8 W (Date of Callbratlon } : 2014 108 27a
4. 1 # 8 F ( Envlronment )
= & | Ternperaturs ) 202 +01) T & T { Humidity 1+ [49 + 1] % A.H.

i EE L [ Logslion ) i W IEIFA KTLLab.) T OIZERE (Mobile Lab.) O HEUE (On Sie Callbration)

5. ZEFHEFS 434 ( Traceabllity }
DNEYE % 24 M& (Callbration method and/or brisf description) :
F= D)= 20| HFR, LVDT 2| DAY SIEF(CPA0I-10210-1L.KTLIN D2 SNRBASINOSRE 2340 B8
o EHFIE ESIH AEE =
MEH AEE HEZH B A ( List of used standards/specifications )

e T AL S B4 238 = A2 E ol & 2w REIN
Cescrigtion Manutacturer and Model Sarial Mumber The dus date Calibration Laboralory
——ul nexk Caflxslion
Gauge blocks Mitutoya /O grade 0803555 2015, 03. 20 ERAMTINSAEHA
Precision surface plates |S4n@ M ENG. /(1200 X8 560710006 | 2015 09. 06 | BRMRIIEAER

6. 1 & @ I ( Callbration Results ) : 2 EFL H=
7. ZHEBE®T | Measurement Uncertainty ) - B &=

F &7 (Measuramants parformed by) =2 X (Approved by)
BEl ) e EM e
d o (Name): A= A & o (Name) : T ' /

SEMHE THIA R AP R B {internaticnal Laboratory Accraditation Cooperation) SFEE0E S 2 (Mutual Recognition ArcangermantiH

=
MEE BMIPEIF(KOLASIE R#H SR8 S Eofs DEINLICH
[Tha abavs salibratios canifals is the accredited collbmtion bames by oren Labarefory Accredfation Schome, which signed the ILAS-MAR )

20144 1038 2748

B EIFA S
Accradited by KOLAS, Republic of KOREA

St & IS AIE

Korea Testing Laboratory

(B) 0 4B = B BLUEECH J0E 0ke 208 25 25 R)2 2T pa)) YA Z2HE 223 BUO.

{NOITE] i mney signiticant msiabiy or ather advarss factorlovedoad, tamperaliss, umidiy sz, ) meanilesls desll befors dirring <o alter callbradion, and
B lhoaly Lo affect e validity of the calibration
FPB12-01-01
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TS =< R

CALIBRATION RESULTS
27| kA LB 7 ke 723
Tel : 031-500-0217, Fax : 031-500-0383

E-mail : standard@ktl.re.kr

MEM HE : 14-050510-02-2

Certificate MNo.
molxi (2)/(&2)
Page of Pages

&2 A = Hol e

O HEE AL #A : GEFRAN / LT-M-0150-5

P07 W B 0B4TOATTT

» IMEF D
EZ| gdat (mm) oAl & tmm)

0 0.00
20 19,53
40 39.15
60 58,66
80 78,20
100 97 .67

SHEAME (MEFZ=995%, 4=2) :  0.03 mm

1) Indicator - GTDL—200 =,

# I AXEHAHME 2H2E M 41=E MH3HF7] 12 748

FPB12-02-01

o s

3= 22 ANEHE U2 D2 204 AZ0Z0 ASos

.:.I ¥ hf-\ 2 .-\ i .
el oy

20RERLIG,
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wESEHA

CALIBRATION CERTIFICATE

BRAAIIEAIE Cartficate No, '4~080510-023

alle oAl A E|F SRR 723 HOIK(1)/(®2)
TEL : 031-500-0217 FAX : 031-500-0383 Page of Pages

1.2 = T ( Client )
J 2% ({Nama) [E)EN 25 T) 0 A
F L(Address) : MESREAN EFHT MEE 1680 (MEE)
2. = F J| ( Callbration Subject )
A N ([ Description} : 201 HAH2
HIE#A & 24 Manufacturer and Model Name ) @ GEFRAN / LT-M-0150-8
2N 2B= ( Serial Mumber ) @ 084701816
3. 2 B g 1 (Date of Callbratlon ) ¢ 20143 108 273
4 m 3 & 3 ( Enwlronmant )
2 T | Temparature ) : (204 +£04 ¢ & S [ Humidity ) © (46 = 1) % B H.
WEEL | Localion ) IAFEES (KTL Lab) T OIEWE (Mobie Lab.) | ® A DA (On Sihe Calloration)
5. BEE&ES 434 ( Traceabllity }

WEMEH ® 4348 Hde (Celibration method and/or brief description) :

e 3 2= 0| WA, VDT 2 AFYRINECPSQI—10210-1,KTLINH ME SNEJ ST IR TwE 2380 S
B EEIE MBEH dEHuE, ' = = B

WEM AMEe BEFU M ( List of used standards/speciflcations )

ST FEENEEE e S TIE T R TEI#
Dascription ! Manuiacturer and Model Serial Mumber .rTllﬁ.“r‘;‘::“T ¥ Calibration Labgratory
Gauge blocks | Mitutoyo / D grade |  DBO3SES 2015, 03. 20 | BIRAEDIISAES
i 4
Precision surface plates |Sund Jin EMG. / (1200 x 8 200710006 2015, 09, 06 | BIRARISAES
| . |

6. 1 &3 & M ( Callbration Results ) : XEJ W &
7. &3 B&< ( Measurement Uncerainty ) : S0 &=

24 1 (Maasuremants parformed by) 22X (Approved by)
(AHITStor) 7) oz | M F (M) NEHET g
4 @ (Name): TEE S v d ¥ (Neme): e /

B Q? -"l!‘:_ =LA ij“":";'.'i;d"ﬂ "’-".Jdi-lfl_r:lé-matlnna. Laboratory Accreditaticn Cooperation) & 2 008 B = (Mutual Recognition Arvangement]
HES B2 E5I(KOLASIE SE E2RE 202 TR N2LCH
(Tha albowve calioratlon ceificate is the secradited callbration Nems by Korea Lanaratory Accreditabon Schame, wihich sigaed (e ILAC-MRA |

2014 108 274

BIpIEDI pIAE

Accradited by KOLAS, Republic of KOREA

S M IS AIE

Korea Testing Laborator

(F) 0 SBME 2N BRIRTH 2RE 0lle s4(k=d, 25, 45 512 S0 H30 Ras 250= PEN S0
(HOTE) 11 any signifizant instability or othes adverse factonavarlead, lsmperabire, remsdity oic ] manifasss fsal! balars, dumng or after calibratien, and

is Wikely o affect tha validity of the calibrallon

FRE12-01-01

At

o sty 5
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475 gt AR sietz 723
Tel : 031-600-0217, Fax : 031-500-038%

E-mall : standard@kil.re. kr

iﬂ:§!€5-3¥ HEAM HE:

CALIBRATION RESULTS Certificate No.

Holx] (2)/(&2)
Page of Pagas

14-050510-02-3

<2 = = ol HelA

2 7 ® = 0B4T01816

« DHED

o MERS AL B @A 0 GEFAAN / LT-M-0150-5

AE2 gEa (mm)

Al g dmm)

1]
20
40
60
80

100

0.00
19.57
39.09
§8.62
78.14
47 668

BHEYT (M= 2F 05 %, 4=2)

.03 mm

11 Indicator : GTDL-200 =,

¥ 7N AXEAE 2YHedy M 1= JEFo] 12 09

FPa12-02-01




244

WIHLEAHA

CALIBRATION CERTIFICATE
SN AIER Cortfiosts o, 14-080810-02-4

HIIE pHebAl BT SRR 723 HOIK (1)/(®2)
TEL : 031-500-0217 FAX : 031=500-0389 Page of Pages
1.2 = 7 { Cllent )
2 2 H (Mame ) (R ) 00 2 X404 M)

F & (Address ) @ MHESHEAM EZI MU 160 (MEE)
2. &% A& J| ( Callbration Subject )
31 3 2 { Descriptlon ) : 20| MRH
M= EIAL 3 &2 Manufacturer and Model Name ¥ 0 GEFRAMN | LT-M-0150-5
NIHE { Serial Mumber ) @ 104282395
3.1 3 @ 1 ( Date of Callbration ) : 20144 0@ 274
4. W 3 # A ( Erwlronmant )

= & { Temparalure ) : (204 £ Q) T = T (Humidity } : (46 £ 1} % A.H,
WHEL [ Lecallon ) - W EHAEFM (KTL Lab.) O 0ISE3E (Mobila Lab.) O #EERE (On Site Callbration)

E.EEEES 424 ( Traceabliity )

Yy % £348 Hs (Callbration method and/for briet description) :

#2 3= 20| HHM, LVDT 2| BRI E(CPE0T-10210-1, KT D =NE&JIEIJSEFE AZHU RA
HEEJNS MBS0 HECUS.

LDEN ASE BEZH MM ( List of used standards/speclfications )

JN= TR Al = 42000 B Of A 2 T )
Description Manufacturer and Model Serial Number nllLandEE e Calibration Labaratory
Gauge blocks Mitutoyo / O grade 0803555 2015. 03, 20 | ;M EIISZMESA
Precision surface plates Sung Jin E,;',‘;Gr;.l:;.limm .3 200710006 2015. 09, 06 FrEMESMER

6. 2 8 & I ( Callbration Results } : W &=
7. % E8X ( Measurement Uncertainty } : DES T &=

24T (Measuremants performed by) =27 (Approved by)
(Affirmation) 7] odz| ¥ # (THe): NFHBT g
4 % (Name): 2HE B ovl g o (Name): B /

oAM= DA ETIWQEI @ #i{International Laboratory Accreditation Cooparation) & = 01 & B 2 (Mutual Recopnition Asuangemenihg
MAD BIREFINBKNASIERE SHLE 202 DEBFRSILICE

iThe above caibration cerlificate i= the accradited calibration llsme by Kofea Labooatory Sccraditalion Scrame, which zigned the ILAC-MAA |
20144 1038 27e

g=elFyIa 3
Accredited by KOLAS, Republic of KOREA

&I | =AIE

Korea Testing Laborato

()0 XM= BB AUSHSSH BUHE Hl- S2(0H956, £5, @5 S0 23w 087 gEs FR0= KET BLn

(HOTE) If ary sipndhicant instabiliy or aliver sdvarss facioriovenoad. femperaiure. Bamiding s5c, ) manilagts ilgall belom, during o aler cabbration, and
B Hhely to alfacl tho validity of ke calibrafion

FPB12-01-01
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I‘l E‘ E ‘L+ HEM HE:  14-050510-02-4

CALIBRATION RESULTS Certificate No.
7| A AR sf 2k 723 Holx| (2)/(&2)

Tel : 031-500-0217, Fax : 031-500-0389 Pape of Pages
E-mail : standard@kil.re kr

7| | oo Eol HelH
< Hl=E| AR R B®A L GEFRAN ¢ LT-M-0150-5
71 7 W & 104252395

= ulF A0
O PIET EER (mm) X A &8 {mm)
] 0.00
20 19.43
40 3m.a2
60 58.19
80 T7.55
100 96.94
ZEHT (MEsE 285 %, A=2) 003 mm
T 1) Indicator - GTDL=-200 =

¥ 77| MY 228 A = BEFI| (12718

FP812-02-01
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wdSHA

CALIBRATION CERTIFICATE

BRMRAIISAIBR | coniicwso 1B

IS PHAA| HM3 BOHE 723 HOX(1)/(&2)
TEL : 031-500-0217 FAX : 031-500-0389 Page of Pages

1.2 2 I (Cllent )

2N 2 ™ { Description ) :
N2 S | Serial Number ) :

4w ¥ & A ( Environment )

H=E A % 84 ( Manufacturer and Model Name ) ¢

&2 = | Temperatura ) : (204 + 0.1) C

BE T4 ( Location } : M OHEFS (KTL Lab.}
5. 2T FEo| 454 ( Traceabllity )

DEEE % 434 He (Callbration method and/or brief descriptlon) :

2 2NN @0 HAN, LVOT 2 DEESNE(CPAI—10210-1 KTUM D2 SNESTEZFIHS 2R 22480 S5

| HENE ASH0N BITAS,

LEN ABE BEFU HA ( List of used standards/speclflcations )

) 2 B (Name ) @ [(F)UZIIHM
F A(Address) @ HEEEA ST MEE 180 (MHE)
2. & 3@ J| ( Callbratlon Subject )

=0 MR

084701803

3.1 F @ 7} ( Date of Callbration ) : 20141 108 278

=
O

GEFRAM [ LT-M-0150-5

= { Humidity ) @ {46 * 1) % R.H.
OI=D % (Mobile Lap.) [ @20 E (On Site Calibration)

| Pracislon surface plates Bung -ln ,:,ENG' 212000

FIET] HIZ2IA 3 B I B EEETEEE WEIE
Description Manufaciurer and Model Serlal Mumipar r;r;Iﬂg;-::qq Calibration Laboratory
Gaugs blocks Mitutoye /O grade 0803555 2015, 03, 20 | E2Meds RS I

al mmd 200710006 2015, 09, 06 | Bl &AM A |

6. 1 3 & It ( Callbration Results } : DA &=
7. &5 B8 < ( Measurement Uncertainty ) : MB3 0 &=

T 1} (Measurements performed by) EE!II- E"@Dvrmd by)
A aon) ] od=| 3 ¥ (Tite): NEHUK
M B (Name): 2= B 2V & o (Name): P /

g=plFI2 el s

| Bealy b affacl i Yaliginy of Hhe calibration

FoARME = AAR & E R Y (International Laboratory Accradilation Cooperation) & 2 005 & X iMutual Recognition Arrangement) H|
HES 80BN P(KOLASIZFE SUYE 2062 uE@ N800

\Tha above calbrallon cartificate is the accredibed calibration items by Moraa Loboratory Accreditalion Schema, which signed the ILAG-RAA )

20144 10 27=

Accredited by KOLAS, Republic of KOREA

18] 0l dHHs SE2E AUHNCH AME e S&(2P5, 25 @5 S)54 S HH)| Yés FSHe FE7 SLIO
IMOTE} I ary significant inslabiily or athar adverse factorlovenaad, fermaarsiurs, humidity st ) manilests isalf bolore, during or aher calibratlon. and

FPE12-01-01
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J-il xo.i a "T""I- HE A HET 14-060510-02-5

CALIBRATION RESULTS Certificate Mo.
7= pHiA| MBS B 2H2 723 HolX (2)/(&2) % 5
Tel : 031-500-0217, Fax : 031=-500-0389 Pape of Pages Haed e

E-mail : standard@kll.re. ke

7 = o o] B
e MErE AL G @A L GEFRAN / LT-M-0150-5
<2l 7 ¢ & 084701803

« WEHZF DY
Z|#E2 A EEE (mim) ® AL 2k fmm)

0 0.00
20 19.58
40 ag.1z
60 58.64
80 7B.15
100 97.69

S EYE (MEsE2tos %, 4=2) . 003 mm

1) Indicator : GTDL=-200 =.

¥ S| MXHME 228 M 1= BRF2| (1208

FFB12=02-01
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wWIHEHA

CALIBRATION CERTIFICATE
HEH S
E}-_-—_._'t& a -ji ﬁ M ﬂ ﬂ Contificats Mo, 14-050510-02-6
IS BHAHA SET WOtE 723 HOIK (1)/(®&2)
TEL : 021-500-0217 FAX : 031-500-0380 Page of Pages

1.2 &1 7 ( Cllent )
7 2 % (name ] 0 (S)EHBTEEM
F & (Address) @ MESEAN ST MEE 160 (MEES)
2. & A& J| ( Calibration Subject )
N H({ Description ) = 20| BRH
HE g AL % OB Manulacturer and Model Name ) @ GEFRAN [ LT-M-0150-3
JN2HE ( Serial Mumber ) ¢ 04252315
3.1 & @ & ( Date of Callbration } : 20141 108 272
4, 1 3 & ¥ ( Environment )
2 T { Temperalure } (204013 T @ 5 ( Humldity ) {46 = 1) % A.H.
DEEH4 ( Location | W DHEFES (KTL Lab.) O 0Sa® (Moblle Lab.) [0 ®#ZWE {On Site Callbration)
5. &:IBES A28 ( Traceabllity )

nEWY WU 2348 A& (Callbration method and/or brief description) :

B2 NI= ﬂl:'i i B | L.'n.-'i.'..‘T 9 LEAYFINECPBOI-10210-1 KTL)H @2 SABFEFIN M2 RE 23460 7Y
HEENE NEde vEGE,

mEMN AHES BESH BA ( Ust of used standards/speciications )

NINE HZzA % BN -] I nHEEET a8 22
Dascription Manufacturer and Madel Sarial Number nr-l-.r-'.“ .d-lf..?".m.’.-.q Calibration Laboratory
Gauge blocks Mitutoyo / O grade 0803555 2015 03 20 | #=4EI=MEA

Frecizion surface plates

Bung Jin ENG, J [1200 = 9
o0} mm®

200710006 2015 09, 06 | @=RdE/AsEAgE
L

6. 1 3 & I ( Callbration Results ) : N33 &F
7. 8H B8 = ( Measurement Uncertalnty ) : I3 0 &F

&4 7} (Measurements performed by) | =217 (Approved by)
sl ' ; pr—
(Atfirmation) 7] o = B 9 (Tite) : NEEUT n’
4 & (Name) : 2gFE o o & @ (Name): b " f

oAM= e AR D0 S & dIntermational Laboratory A-:...redl ation Cooperation) & 888 ¥ & (Mutual Recognition Arrangema —r]I:ﬂ
- E_Er_’.!j JI—'-[KDLAS]E‘?H AUEE O nMENRL

[The above calibration certificate is the accredited calibration iberms by Korea Laborators Accreditation Scheme. which s&ned the ILAG-KAA ]

201448 108 27 &l

g 3
Accredited by KOLAS, Republic of KOREA

St 0D = A&

Korea Testing Laborato

() 0l HEM= SIS BUHSCH B8 b= Q4 ({0, 22, &5 214 3396 oigid) gad ege Gl o

[HOTEY Il any signilicam instabilily or olhed stverss lacloelovaricad, lemparalure, hamidity #ic.) manklests isalf belore, duing or atter calralion, and

i fiWaly b0 Affack tha vasmEly of the calibrallon

FPa12-01-m
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al ng E —TI-I' MM HE:  14-050510-02-6

CALIBRATION RESULTS Certificate No.

7= ehita] HHER T 8f2kR 723 Holx] (2)/(&2)
Tel : 031-600-0217, Fax : 031-500-0388 Pape of Pages
E-mail : standard@ktl.re.kr

e 7| H o Hol A
C» HIEtE AL 3 @4 0 GEFRAN f LT-M=-0150-5

C? F W E 04252315

~ TEFE D
Z1&E2 EEd (mm) & AL g fmm)
0 0.00
20 19.49
40 40.08
60 58,53
80 78.03
100 §7.56
ESHMEHE (MBS 2F05%, 4=2) ¢ 003 mm
£ 1} Indicator 1 GTDL-200 =.

¥ SUINE|AXEHA T el H 4= T2 12748

FP812-02-0

2DAETE
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Designation: D 1143/D 1143M — 07<"

Standard Test Methods for

Deep Foundations Under Static Axial Compressive Load'

T standand is igsued under the Axed designutios D 11430 1430 the number bramediniely following the designaion indicates the
year of originil adopiion o, fn 1he case of revision, the year of Iast revision, A number in parentheses indicazes the vear of lag
reapproval. A superscrpt epilon () indicates sn editoris] change sines the kst revision or reapproval.

Thix standhard har heen approved for use by agencles of the Depariment of Defense.

&' More—Section references were editorially comected in Sections 5.1 A, BB, and Noge 12 in Jonuary 2000,

1. Scope*

L1 The test methods described in this standard measure the
axial deflection of a vertical or inclined deep foundation when
loaded in static axial compression. These methods apply to all
decp foundations, referred to herein as piles, that function in a
manner similar to driven piles or castinplace piles, repardless
of their method of installation, and may be used for testing
single piles or pile groups. The test results may not TEpIEsEnt
the long-term performance of a deep foundation.

1.2 This standard provides minimum requirements for test-
ing deep foundations under static axial compressive load.
Plans, specifications, andfor provisions prepared by a qualified
engineer may provide additional requirements and procedures
as needed to satisfy the objectives of a particular test program.
The engineer in responsible charge of the foundation design,
referred to herein as the Engineer, shall approve any devia
tions, deletions, or additions to the requirements of this
standard.

1.3 This standard allows the following test procedures:

Procadure 4 Quick Test

Procadure B Maintained Toat (optanal)

Pracedure © Losding in Excess of Maintained Test {oplicnal)

Procadure D Constant Time inerval Tes! {optional)

Fracedure E Constant Aate of Panetration Test (opbienad)

Procedure F Caonstant Movement Incremant Tesl (optional)

Procodurs G Cyslic Logding Tea! (oplional)

1.4 Apparatus and procedures herein designated “optional”
may produce different test results and may be used wnly when
approved by the Engineer. The word “shall” indicales a
mandstory provision, and the word “should™ indicates a

" This test method is under the jirisdiclion of ASTM Comeittee D18 oo Seil and
Rock and is the dirst responsibality of Subcomanities D811 on Desp Foandations,

Current edition approved Feh. 1, 2007 Published April 2007, Originally
upproved i 1950, Discomtinued in Asgust 1995 and reinstaled in 2007 as
Er 114307, Last previous edition approved in 1994 a3 D 1143 - 81{1954)7,

recommended or advisory provision. Imperative sentences
indicate mandatory provisions.

1.5 A qualifiedd geotechnical engineer should interpret the
test resulls obtained from the procedures of this standard so as
to predict the actual performance and adequacy of piles used in
the constructed foundation. See Appendix X1 for comments
regarding some of the factors influencing the interpretation of
test results.

1.6 A qualified engincer shall design and approve all load-
ing apparatus, loaded members, support frames, and test
procedures. The text of this standard references notes and
footnotes which provide explanatory material. These notes and
footnotes (excluding those in tables and fgures) shall not be
considered as requirements of the standard. This standard also
ineludes illustrations and appendices intended only for ex-
planatory or advisory use,

1.7 The values stated in either ST units or inch-pound units
are o be regarded separately as standard. The values stated in
each syslem may not be exact equivalents; therefore, each
system shall be used independently of the other. Combining
values from the two systems may result in non-conformance
with the standard.

1.8 The gravitational system of inch-pound units is used
when dealing with inch-pound units. In this system, the pound
(1bf} represents a unit of force (weight), while the unit for mass
is slugs. The rationalized slug unit is not given, unless dynamic
(F=ma) calculations are involved.

L9 All observed and calculated values shall conform to the
guidelines for significant digits and rounding established in
Practice D) 626,

110 The method used to specify how data are collected,
calculated, or recorded in this standard is not directly related to
the accuracy to which the data can be applied in design or ather
uses, or both. How one applies the results obtained using this
standard is beyond its seope.

*A Summary of Changes section appears at the end of this standard.
Copyright & ASTM intemational. S50 Bar Haroor Drive, PO Box G700, West Canshohacken, P4 19428-2059, Unifed =Y
Fravided by HI under lioanea witn ASTI
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111 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priare safery and health practices and determine the applica-
biliey of regulatory imitations prior o use.

2, Referenced Documenis

2.1 ASTM Srandards:*

D653 Terminolowy Relating v Soil, Rock, and Contained
Fluids

D 3740 Procrice for Minimum Requirements for Asencies
Engaged in Testing andfor Inspection of Sail and Rock as
Used in Engineering Design snd Consiruction

D 5882 Test Method for Low Swmain Impact Integrity Test-
ing of Deep Foundations

D 6026 Practice for Using Significant Digits in Geotechni
cal Data

D 6760 Test Method for Integrity Testing of Concrete Degp
Foundations by Ultrasonic Crosshole Testing

2.2 American National Standards?

ASME B30.1 Jacks

ASME B40.100 Pressure Gages and Gauge Attachments

ASME B29.1.10.M Dial Indicators (For Linear Measure-
ments)

3. Terminology

3.1 For common definitions of terms used in this standard
see Terminology [ 653 Terminology Relating to Soil, Rock,
and Contained Fluids,

3.1 Definitions of Terms Specific o this Standeard:

3.2.1 cast in-place pile. n—a deep foundation unit made of
cement groul of concrete and constructed in its final location,
for example, drilled shafts, hored piles, caissons, auger cast
piles, pressure-injected footings, etc

322 deep foundarion, n— a relatively slender structural
element that transmits some ot all of the load it suppors to soil
or rock well below the ground surface, such as a steel pipe pile
or concrete drilled shaft

3.2.3 driven pile. n—a deep foundation unit made of pre-
formed material with a predetermined shape and size and
typically installed by impact hammering, vibrating, or pushing.

324 failure load, n—for the purpose of terminating an
axial compressive load test, the test load at which rapid
continuing, progressive movement oceurs, or at which the tozal
axial movement exceads 15 % of the pile diameter or width, ar
as specified by the engineer.

3.2.5 telltale rod, n—an unstrained metal rod extended
through the test pile from a specific point to be used as a
reference from which to measure the change in the length of
the loaded pile.

* Far referenced ABTM standerds, visit the ASTM website, wwweasim.ong, o
contact ASTM Cusiomer Service sl service@astmiong, For Aunuel Book o ASTM
Sugrrclrrety volume infonmation, mfer to the stondard's Document Summary page on
the ASTM websiis,

* Avallable from American Soclety of Mechanical Engineers (ASME), ASME
Internationn] Headguartess, Three Park Ave,, New Yok, NY 1001 6- 5900, hgpedd
W ULESImE OrE,

ot prigpst ASTIA baks s onal
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326 wireline, n—a steel wire mounted with a constant
tension force between two supports and used as a reference line
to read a scale indicating movement of the test pile,

4. Significance and Use

4.1 Field tests provide the most reliable relationship be-
tween the axial load applied to a deep foundation and the
resulting axial movement. Test results may also provide
information used to assess the distribution of side shear
resistance along the pile shaft, the amount of end bearing
developed at the pile toe, and the long-term load-deflection
behavior. A foundation designer may evaluate the test resulis to
determine if, after applying an appropriate factor of safety, the
pile or pile group has an ultimate static capacity and a
deflection at service load satisfactory to support a specific
foundation. When performed as part of a multiple-pile test

program, the designer may also use the results to assess the .

viability of different piling types and the variability of the test |

site,
4.2 If feasible, withowt exceeding the safe structural load on

the pile(s) or pile cap, the maximum load applied should reach |

a failwe load from which the Engineer may determine the |
ultimate axial static compressive load capacity of the pile(s). ©

Tests that achieve a failure load may help the designer improve
the efficiency of the foundation by reducing the piling length,
quantity, or size.

4.3 If deemed impractical to apply axial test loads to an +

inclined pile, the Engincer may elect to use axial test results
from a nearby vertical pile to evaluate the axial capacity of the
inclined pile.

Move |—The quality of the resull prodoced by this test method is
dependent on the competence of the personnel performing it, and the
suitability of the equipment and facilities used. Agencies that meet the
criteria of Practice [ 3740 are generally considered cupabls of competent
und objective testing/sampling! inspectionfefe, Users of this test method
are cavtioned that compliance with Practice 13 3740 does not in iself
uzzure reliable resolts. Reliable results depend on many factors; Practice
13 3740 provides o means of evaluating some of those faclors.

5. Test Foundation Preparation

3.1 Excavate or add fill to the ground surface around the test
pile or pile group to the final design elevation unless otherwise
approved by the Engineer,

3.2 Cut off or build up the test pile as necessary to permit
construction of the load-application apparatus, placement of
the necessary testing and instrumentation equipment, and
observation of the instrumentation. Remove any damaged or
unsaund material from the pile top and prepare the surface so
that it is perpendicular to the pile axis with minimal iregularity
to provide a good bearing surface for a test plate,

5.3 For tests of single piles, install a solid steel test plate at
least 25 mm (1 in) thick perpendicular 1o the long axis of the
test pile that covers the complete pile top area. The test plate
shall span across and between any unbraced flanzes on the test
pile.

3.4 For tests on pile groups, cap the pile group with
steel-reinforced concrete or a steel load frame designed for the
anticipated loads, Provide a clear space beneath the pile cap as
specified by the Engineer to eliminate any bearing on the

Pszaklacl by 1HS unrder Boasge wix ASTY



257

48 o 1143/ 1143M - 07"

underlying ground surface. For each loading point on the pile
cap, provide a solid steel test plate oriented perpendicular to
the axis of the pile group with a minimum thickness of 25 mm
(1 in), as needed to safely apply load to the pile cap. Center a
single bearing plate on the centroid of the pile group. Locate
mubtiple bearing plates symmetrically about the centroid of the
pile group. Boxes and beams may bear directly on the pile cap
when designed to bear uniformly along their contact surface
with the cap.

3.3 To minimize siress concentrations due to minor irmegu-
larities of the pile wop surface, set test plates bearing on the lop
of precast or cast-in-place concrete piles in a thin layer of
quick-setting. non-shrink growt, less than & m (0.25 in) thick
and having a compressive strength greater than the test pile at
the time of the test. Set test plates, boxes. and heams designed
1o bear on a conerete pile cap in a thin layer of quick-setting,
non-shrink grout, less than 6 mm (0.25 in) thick and having a
compressive sirengih greater than the pile cap at the time of the
test. For tests on steel piles, or a steel load frame, weld the test
plate 1o the pile or load frame. For tests on individual timber
piles, set the test plate directly on the cleanly cut top of the pile,
oF in grout as described for concrete piles.

Mo 2—Deep foundations sometimes include hidden delects that may
g0 wandticed prior 10 the sitic westing. Low strain inleprity tosts ag
described in 13 SR8 and ulirasonic crosshole integrity 1ests as described in
D&Tol may provide a wseful pre-iest evalustion of the (el foundation.

6. Apparatus for Applying and Measuring Loads

6.1 General:

6.1.1 The apparatus for applying compressive loads to a test
pile or pile group shall conform to one of the methods
describied in 6.3-6.6 Unless otherwise specified by the Engi-
neer, the apparstus for applying and measuring loads described
in this section shall be capable of safely applying at least
120} % of the maximum anticipated test load. Use the methad
described in 6.3 to apply axial loads to either vertical or
inclined piles or pile groups, Use the methods described in
fr.4-0.6 to apply only vertical loads.

6.1.2 Align the test load apparatus with the longitudinal axis
of the pile or pile group to minimize eccentric loading. When
necessary to prevent lateral deflection and buckling along the
unsupporied pile length, provide lateral braces that do not
influence the axial movement of the pile, or pile cap,

f.1.3 Each jack shall include a hemispherical bearing or
similar device 1o minimize lateral loading of the pile or group.
The hemispherical bearing should include # locking mechs-
nism for safe handling and setup. Center bearing plates,
hydraulic jack(s), load cell(s), and hemispherical bearings on
the test beamn{s), test pile, or test pile cap.

6.1.4 Provide bearing stiffeners as needed between the
flanges of test and reaction beams. Provide stee] bearing plates
as needed to spread the Joad from the outer perimeter of the
Jjack(s), or the bearing surface of beams or boxes, to bear on the
surface of the test pile or pile cap. Also provide steel bearing
plates o spread the load between the jack(s), load cells, and
hemispherical bearings, and to spread the load to the test
beamis), test pile. or pile cap. Beaning plates shall extend the
full flange width of stecl beams and the complete top ares of

Coprigh! ASTH inen sinesl
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piles, or as specified by the Engineer, so as to provide full
bearing and distribution of the load,

6.1.5 Unless otherwise specified, provide steel bhearing
plates that have a total thickness adequate to spread the bearing
load between the outer perimeters of loaded surfaces at a
maximum angle of 45 1o the loaded axis. For center hole
Jacks and center hote load cells, also provide steel plates
adequate to spread the load from their inner dizmeter to the
their cemtral axis at 3 maximum angle of 45° | or per
manufacturer recommendations. Bearing plates shall extend
the full width of the test beam(s) or any steel reaction members
50 as to provide full bearing and distribution of the load,

6.1.6 A qualified engineer shall design and approve all
loading apparatus, loaded members, support frames, and load-
ing procedures, The test beam(s), load platforms, and support
structures shall have sufficient size, strength, and stiffness to
prevent oxcessive deflection and instability up to the maximum
anticipated test load.

More 3—Rowstions and lateral displacements of the test pile o pile cap
may eccul during doading, especially for piles exzading above the sml
surface vg hrough weak soils. Design and construct the suppon reactions
1o resisl oy undesirable rotations or lateral displacements

6.2 Hydraulic Jacks, Gages, Transducers, and Load Cells:

6.2.1 The hydraulic jack(s) and their operation shall con-
form to ASME B30.1 Jacks and shall have a nominal load
capacity exceeding the maximum anticipated jack load by at
least 20 %. The jack, pump, and any hoses, pipes, fittings,
gages, or transdocers used to pressurize it shall be rated o a
safe pressure corresponding to the nominal jack capacity.

6.2.2 The hydraulic jack ramis) shall have a travel greater
than the sum of the anticipated maximum axial movement of
the pile plus the deflection of the test beam and the elongation
and movement of any anchoring system, but not less than 15 %
of the average pile diameter or width. Use a single highcapac-
ity jack when possible. When using a multiple jack system,
provide jacks of the same make, model, and capacity, and
supply the jack pressure through a common manifold. Fit the
manifold and each jack with a pressure gage to detect mal-
functions and imbalances.

6.2.3 Unless otherwise specified, the hydraulic jackis), pres-
sure gagels), and pressure transducer(s) shall have a calibration
to at least the maximum anticipated jack load performed within
the six months prior o each test or series of tests. Furnish the
calibration reportis) prior 1o performing a test, which shall
include the ambient temperature and calibrations performed for
multiple ram strokes up to the maximum stroke of the jack.

6.2.4 Each complete jacking and pressure measurement
system, including the hydraulic pump, should be calibrated as
a unit when praciicable. The hydraulic jackis) shall be cali-
brated over the complete range of ram travel for increasing and
decreasing applied loads. If two or more jacks are to be used to
apply the test load, they shall be of the same make, medel, and
size, connected 10 4 common manifold and pressure gage, and
operated by a single hydraulic pump. The calibrated jacking
systemys) shall have aceuracy less than 5% of the maximum
applied load. When not feasible to calibrate 2 jacking system as
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a unit, calibrate the jack, pressurc gages, and pressure trans-
ducers separately, and each of thess components shall have
accuracy less than 2% of the applied load.

6.2.5 Pressure gages shall have minimum graduations less
than or equal to 1% of the maximum applied load and shall
conform to ASME B40, 100 Pressure Gages and Gauge Attach-
ments with an accuracy grade 1A having a permissible error =
1% of the span. Pressure transducess shall have a minimum
resolution less than or equal to 1% of the maximum applied
load and shall conform to ASME BAD.100 with an accuracy
grade | A having a permissible error + 1% of the span. When
used for control of the test, pressure transducers shall include
a real-time display,

6.2.6 If the maximum test load will excesd 900 EN (100
tons}, place a properdy constructed load cell or equivalent
device in series with each hydraulic jack. Unless otherwise
specified the load cell(s) shall have a calibration 1 at least the
maximum anticipated jack load performed within the six
months prior to each test or series of tests, The calibrated load
cellis) or equivalent device(s) shall have accuracy within | %
of the applied load, including an eccentric loading of up to 1%
applied at an eccentric distance of 1 in. (25 mm), After
calibration, load cells shall not be subjected to impact loads. A
load cell is recommended, but not required, for lesser load, If
net practicable o wsc a load cell, include embedded strain
gages located in close proximity to the jack 1o confirm the
applizd load.

6.2.7 Do not leave the bydraulic jack pump unattended at
any time during the test. Automated jacking systems shall
include a elearly marked mechanical averride o safely reduce
hydraulic pressure in an emergency.

6.3 Load Applied by Hydradic Jackis) Acting Agains
Anchoved Reaction Frame (Sce Fig. | and Fig, 23

T

== Load Transfer
Beams

Test Beamis}

6.3.1 Apply the test lead to the pile or pile group with the
hydraulic jackis) reacting against the test beam(s) centered
over the test pile, or pile group. Install a sufficient number of
anchor piles or suitable anchoring device(s) to provide ad-
equate reactive capacity for the test beam{s). Provide a clear
distance from the test pile or pile group of at least five times the
maximum diameter of the largest anchor or test pile(s), but not
less than 2.5 m (8 ft). The Engineer may increase or decrease
this minimum clear distance based on factors such as the type
and depth of reaction, soil conditions, and magnitude of loads
so that reaction forces do not significantly effect the test results.

Mot d4—Excessive vibrations during anchor pile Installation in non-
cohesive soils may affect test results. Anchor piles that penetrate deeper
than the test pile may affect test results, Install the anchor piles nearest the
test pile first to help reduce installation effects.

6.3.2 Provide sufficient clearance between the bottom
tlange(s) of the test beam(s) and the top of the test pile or pile
group (o place the necessary bearing plates, hydraulic jack(s),
hemispherical bearing, and load ecll(s). For test loads of high
magnitude requiring several anchors, a steel framework may be
required to transter the applied loads from the test beam(s) to
the anchors,

6.3.3 When testing individual inclined piles, align the
Jjackis), test beamis). and anchor piles with the inclined
longitudinal axis of the test pile.

6.3.4 Atach the test beamis) (or reacton framework if
used) to the anchoring devices with connections designed ta
adequately transfer the applied loads 1o the anchors so as to
prevent slippage, rupture of excessive elongation of the con-
nections under maximum required test load.

6.4 Load Applied by Hydraulic Jack(s) Acting Against a
Weighred Box or Platform :

\. Anchor Piles i:

= 1
|

Steel Bearing
Plates

Hemispherienl
Bearlng

Laoad Clell

| —— Hydranlic Jack

Minmimum clear distance of
5 times dinmeter of larpesi

Steel Test Plate —— "1

] pike {test or anchor), bt

il

noi less than 2.5 m (¥ fi)

FIG. 1 Schematic of Hydraulic Jack Acting Against Anchored Reaction Frame

Coprarioht ASTHE inberrevtonas!
i Fior Rrsde

« Proveniad by 1HS witer Bis=so with AT



259

e B - W el

Ay D 1143/ 1143M - 07"

Load Transfer
Beams

Teat Benmis) Tension ﬁ
Rods
|

Steel Bearing
Plates

Hemispherical
Bearing

Load Cell

Steed Test Plate

|, —— Uydroulic Tack

Test Pile Group
with Cap

A
iy 11,4:!

L Min. clear distance |

of 5 times diameder

of kargest pile (fest or

anchor), but not less
than 2.5 m (8 i)

FIG. 2 Schematic of Hydraulic Jack on a Pipe Group Acting Against Anchored Reaction Frame

(Fig. 3)

6.4.1 Apply the test load to the pile or pile group with the
hydraulic jack(s) reacting against the test beamis) centered
over the test pile, or pile group. Center a box or platform on the
test beam(s) with the edges of the box or platform parallel to
the test beam(s) supported by cribbing or piles placed as far
from the test pile or pile group as practicable. but in no case

less than a clear distance of 1.5 m (5 fi). If cribbing is used, the
bearing area of the cribbing at ground surface shall be sufficient
to prevent adverse settlement of the weighted box or platform,

6.4.2 The test beam(s) shall have sufficient size and strength
ey prevent excessive deflection under the maximum load, and
sufficient clearance between the bottom flange(s) of the test
beamis) and the top of the test pile or pile group to place the

Welghted Tas
| C'ross Beams _I
Wed
- ge Sy
I Test Beams — 7|
— Timber
—————] Steel el ) E— —
— ] i Crib S ——
Bearing ribhing m—
3 - Plates Foad ©ell 3 =
y - o v
Hemispherical
- — Bearing | fe— Hydranlic F————— 4
e e e Jack =T
— = o ™ =
0 Steel Test Mindvaum clear 5
- Flute distance nod bess -~
thun LS m (S 1r)

FIG. 3 Schematic Hydraulic Jack Acting Against Weighted Box or Platform

Eepyright ASTH iderubors
ot For Faiie

Provided by HE uadef Bomse mih A3TM



260

48 D 11430 1143m - 07!

necessary bearing plates, hydraulic jack(s), hemispherical bear-
ing, and load cellis). Support the ends of the test beamnis) on
temporary cribbing or other devices.

6.4.3 Load the box or platform with any suitable material
such as soil, rock, concrete, steel, or water-filled tanks with a
total weight (including that of the test beamis) and the box or
platform) ar least 10 % greater than the maximum anticipated
test load,

6.5 Load Applied Divectly Using Known Weights (See Fig,
4, Fig. 5, and Fig. 6y

6.5.1 Center on the test pile or pile cap a test beamis) of
known weight and of sufficient size and strength to avoid
excessive deflection under Joad with the ends supported on
temporary cribbing if necessary o siabilize the beam(s).
Alternatively, the known test weights or loading material may
be applied directly on the pile or pile cap.

6.5.2. Center and balance a platform of known weight on the
test beam(s) or direetly on the pile cap with overhanging edges
of the platform paraliel to the test beamis) supported by
cribbing or by piles capped with timber beams, so that a clear
distance of not less than 1.5 m (5 1) is maintained between the
supports and the test pile or pile group,

6.5.3 Place sufficient pairs of timber wedges hetween the
tap of the cribbing or timber cap beams and the bottom cdges
of the platform so that the platform can he stabilized during
loading or unloading.

6.54 Apply the test loads w the pile or pile group using
known weights, When loading the platform, remove any
temparary supports al the ends of the test besmis) and tighten
the wedges along the hottom edges of the platform so thal the
platform is stable. Use londing marerials such as steel or
concrete so that the weight of incremental loads can be
determined with accuracy of § %.

MNore 5— Depending on the magnitude of the applicd load and aial
mavement, plutform stability may be difficult to control o or near s failure
losd when applying the load directly, The nser should consider using a
different load method when anticipating a failure load,

Nore b— The loading appasatus described in 6.5 may allow targes rod
fevel rendings directly on the center of the pile tog o pike cap 10 messure
the pile top movement described in 7,24, To accommodate the farget rod,
use a dowble test beam with sufficient space between the beams, leave s
hole through the platform, and feave a line of sight between ihe fee
weights for survey level readings.

6.6 Other Types of Loading Apparatus {oprional}l— The
Engineer may specify another type of loading  spparatus
satisfying the basic requirements of 6.3 or 6.4,

7. Apparatus for Measuring Movement

T.1 General:

T.1.1 Reference beams and wirelines shall be supported
independent of the loading system, with supports firmly
embedded in the ground at s clear distance from the test pile of
at least five times the diameter of the test pile(s) but not less
than 2.5 m (8 1), and at a clear distance from any anchor piles
of at least five imes the diameter of the anchor pile(s) but not
less than 2.5 m (8 fi). Reference supports shall also be located
as far as practicable from any cribbing supports but not less
than a clear distance of 2.5 m (8 fi).

T.1.2 Reference beams shall have adequase strength, stiff-
ness, and cross bracing to support the test instrumentation and
minimize vibrations that may degrade measurement of the pile
mivement. One end of each beam shall be free to move
laterally as the beam length changes with temperature varia-
tions. Supports for reference beams and wirelines shall be
isolated from moving water and wave action. Provide a tarp or
shelter to prevent direct sunlight and precipitation from affect-
ing the measuring and reference systems.

7.1.3 Dial and electronic displacement indicators shall con-
form to ASME BS9.1.10.M Dial Indicators (For Linear Mea-
surements) and should generally have a travel of 100 mm (4
in), but shall have a minimum travel of at least 50 mm (2 im).
Provide greater travel, longer stems, or sufficient calibrated
blocks to allow for sreater travel if anticipated, Electronic
indicators shall have a real-time display of the movement

EY
b

CIRMEY Weights

Test Plle —"]

FIG. 4 Schematic of Direct Loading on a Single Pile Using Weighted Platform
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FIG. 5§ Schematic of Direct foading on a Pile Group Using a Weighted Platform

Weighted Box
or Test Weights

with Cap

Test Pile Group “%ﬁ%:ﬁﬁ:g

oy

FIG. 8 Schematic of Direct Loading on a Plie Group

availuble during the test. Provide a smooth bearing surface for
the indicator stem perpendicular to the dicection of stem travel,
such as a small, lubricated. glass plate glued in place, Except as
required in 7.4, indicators shall have minimum gradustions of
0.25 mm (0.0 in) or less, with similar accuracy. Scales used 1o
measure pile movements shall have a length no less than 150
mm (& in), minimum graduations of 0.5 mm (0.02 in) or less,
with similar accuracy, and shall be read to the nearest 0.1 mm
(0L003 in), Survey rods shall have minimum graduations of |
mm (0.01 ft) or less, with similar accuracy, and shall be read 1
the nearest 0.1 mm (0001 fi).

T.1.4 Dial indicators and electronic displacement indicators
shall be in good working condition and shall have a full range
calibration within three years prior to each test or series of
tests. Furnish calibration veports prior to performing a test,
including the ambient air termperature during calibration

T.1.3 Clearly identify each displacement indicator, scale,
and reference point used during the test with a reference
number or leter.

T.1.6 Indicators, seales, or reference points attached to the
test pile, pile cap, reference beam, or other references shall be
firmly affixed 10 prevent movement relative to the test pile o
pile cap during the test. Unless otherwise approved by the
Engineer, verify that reference beam and wireline supports do
not move during the test by using a surveyor's level to take

Coprsgh | ASTM mlemaional
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readings on a survey rod or o scale with reference to a
permenent bench mark located cuside of the immediate rest
area,

1.2 Pile Top Axial Movemenis (See Fig. T)—

T.2.1 Unless otherwise specified, all axial compressive load
tests shall include apparatus for measuring the axial movement
of the test pile top, or piles within a group, or the pile group
cap. This apparatus shall include & primary measurement
system and ot least one redundant, secondary system, using at
least two of the systems deseribed herein.

Nore T—When possible use displecement indicaiors as the pnmn.'r)'E
system o obdain the most precise measurements, Use the redundznt;
systemis} 1o check top movement data and provide conlinnity when the =
measurng system is distrbed or reset for additional movement, |

Nore 8—Pile lop movements measured divectly on the test pile have!
superiar accuracy 1o messurcments on the sl plate, but with neghipgible!
difference when using a thin layer of grout on a sound pile, or with 2 test’
plate welded 1o the pile, However, users may wish 10 verify that the test?
plate and pite wop de ot move relative in each other wsing additional |
indicators I'Fsg. ™ H

T.2.2 Displacement Indicarors— Mount a minimum of two'
displacement indicators on the reference beams to bear on the
pile top at axisymmetric points equidistant from the center of
the test pile, or pile cap, with stems parallel t the longitudinal
axis of the pile, inclined pile, or pile group. Orient two paralle]
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FIG. 7 Schematic of Instrumentation of Measuring Axial Pile Movements

reference beams, one on each side of the test pile or pile cap,
in a direction that permits placing their supports as far as
feasible from anchor piles or cribbing. Alternatively, mount the
two indicstors on axisymmetric points equidistant from the
center of the test pile, or pile cap, with the stems parallel to the
lengitudinal axis of the pile or pile group to bear on the
reference beams,

Note 8—For piles having @ widith or dismeter greater than 2.5 ft (075
n), and for piles withoul good lateral support mear the top, use four

displacement indicators Lo compensate for lateral movement or rotation of

ihe pile top.

Nome 10-For tests on inclined piles, monitor lateral pile movements as
described in 7.3%0 detect instability that may resull from gravitational
forces during the test,

7123 Wireline, Mirror and Scale—Orent two wirelines
parallel to each other and perpendicular to and located on
opposite sides equidistant from the axis of the test pile, or pile
group. in a direction that permits placing the wireline supports
as far as practicable from anchor piles or cribbing. The

wirelines shall include a weight or spring to maintain a
constant tension force in the wire, so that, when plucked or
tapped, the wireline will return to its original position. Use
clean, uncoated steel wire with a diameter of 0.25 mm (0,01 in)
or less for the wirelines. Each wireline shall pass across, and
remain clear of, a scale mounted on the test pile or pile eap
parallel to the axis of the pile or pile group. Mount the scale on
a mirror affixed 1o the test pile or pile cap and use the wireline
as a reference line to read the scale. Use the mirror to eliminate
parallax ervor in the scale reading by lining up the wire and its
image in the mirror. Align the wire not more than 13 mm (0.5
in) from the face of the scale,

724 Surveyor's Level or Laser Beam—Movement read-
ings obtained using a surveyor's level or laser beam shall be
taken on a survey rod or a scale and shall be referenced to a
permarent bench mark located outside of the immediate test
area or, alternatively, the surveyor’s level shall be mounted on
an object of fixed elevation (for example a driven pile) outside
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of the immediate test area, Reference points or scales used in
taking displacement readings shall be mounted on the sides of
the test pile or pile cap and located on opposite sides except
that reference points may be located on top of the pile cap or
readings may be taken on a single hixed point in the center of
the fest pile top, st plate or pile cap (see Fig. 6),

1.2.5 Other Types of Measurement Systems (Optional}—
The Engineer may specify anather type of measurement system
satisfying the basic requirements of 7.2,

1.3 Laieral Movements {Optional) Measure the lateral
movements of the top of the test pile or pile group 1o within an
asccuracy of 2.5 mm (L1 in) using either of the following
metheds: (a) twe displacement indicators oriented in arthogo-
nal direetions, mounted with their stems perpendicular to the
longitudinal axis of the test pile(s) and bearing against Tubri-
cated glass plates affixed 1o the sides of the test pile or pile cap,
or (b) a surveyor's tramsit reading from seales mounted
laterally on two perpendicular sides of the test pile or pile cap
with readings referenced to fixed foresights or hacksights. For
tests an inclined piles, orient the indicators or scales parallel
and perpendicular to the vertical plane of the incline and
perpendicular to the longitudinal axis of the est pileis),

T4 Pile Compression and Strain Measurements {Oprional) :

741 Measure the compression or strain of the test pile
during loading at locations specified by the Engineer to help
evaluate the distribution of load transfer from the pile o the
surrounding soil.

7.4.2 Determine pile compression using displacement indi-
catars to measure the relative movement between the pile top
and an unstrained telltale rod (Figs, 7-10) bearing at a potmt
within the pile. Unless located on the pile axis, install paired
telliales in the pile with the rods in each pair oriented
symmetrically opposite each other and equidistant from and
parallel to the pile axis. Terminate telltale pairs near the pile
bottom and at other peints along the pile as required. Measure
and record the distance from the pile top 10 the teiltale
termination point(s) to the nearest 10 mm (0.5 ), Install the
telltales in u sheath or casing to insure free rod movement
during the test. The reds shall have a rounded tip that bears on
a£lean steel plate affixed to the pile or shall be threaded into a
nut affixed to the pile. Clean the telliale rods price to installa-
tion, oil them during or after installation, and provide central-
izers to restran lateral movement but not axial movement at
the pile top. The disptacement indicators shall have a travel of
at least a 5 mm (0.2 in} and minimum graduations of 0.01 mm
(L0001 in) or less, with similar accuracy. Mount a smooth
bearing surface for the indicator stem on the telltale rod
perpendicular to the direction of stem wavel, such as a small,
lubricated, glass plate clamped or glued in place,

TA3 Quher types of telitale (Optional)}—The Engineer may
specify another type of telltale for the measurement of pile
compression that satisfies the basic requirements of 7.4.2.

744 Measure pile strain directly using strain pages in-
stalled along the length of the pile axis. Instull single gages
along the pile axis, or gage pairs with the gages in each pair
oriented symmetrically opposite cach other and equidistam
from and paralle]l to the pile axis, Measure and record the
distance from the pile top to the gages to the nearest 10 mm
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(115 in]. The gage type and installation shall be as specified by
the Engineer and shall include temperature compensation as
recommended by the gage manufacturer. Where feasible,
measurement programs involving strain gages should include
calibration of the fully instrumented pile and a complete
history of gage readings starting before their installation in the
pile,

Nome 11—To interpred sirain measurements and estimate pile stresses,
the Engincer will require a depth profile describing the variation of pile
constilents and thalr strength, cross sectionnl arca, and stiffness, Stiffness
properties may vary with the applied stress, especially for pout or
concrete, Obain this information from installation records and Reparile
matesial property tests as needed.

8. Procedure

8.1 Loading:

8.1.1 General:

8.1.1.1 Apply test loads following one of the procedures
described below for each test method, or as modified by the
Engineer. If feasible, the maximum applied load should reach
a failure that reflects the ultimate axial static compressive load
capacity of the pileis). Do not exceed the safe structursl
capacity of the pile or pile group, or the loading apparatus. Do
not leave a loaded pile unattended.

8.1.1.2 To avoid excessive ¢reep and possible structural
failure of cast-in-place concrete piles, delay load testing after
conerets placement to permit the fresh concrete to gain
adequate strength and stiffness. Use test cylinders or cores of
the pile concrete to determine the appropriate wait time,
recognizing that the test cylinders will generally cure more
quickly than concrete in the pile.

B.1.L3 The static axisl capecity of piles typically changes as
time elapses after pile installation, possibly increasing (setup)
or decreasing (relaxation), depending on the soil or rock
properties and the pore water pressure and soil structure
disturbance induced by installation. This behavior may affect
both driven piles and cast-in-place piles. The Engineer may
specify a waiting period between pile installation and static
lesting to investigate time effects. The waiting period may
range from 3 to 30 days, or longer, based on lesting (for
example redriving piles) or prior experience,

8.1.1,4 When temporarily dewatering a test site with piles
installed in granular soils, maintain the groundwater level as
near 1o the nominal elevation as possible and record the
elevation of the groundwater surface during the test. Use the
groundwater surface elevation measurcd during the lest to
correct the axial pile capacity when the groundwater level

during the test deviates more than 1.5 m (5 ) from the service -

groundwater elevation,

B.1.2 Procedure A: Quick Tesr—Apply the test load in
incremments of 5 % of the anticipated failure load. Add each
load increment in 2 continuous fashion and immediately
following the completion of movement readings for the previ-

ous load interval. Add load increments until reaching a failure i
load but do not exceed the safe structural capacity of the pile, |
pile group, or loading apparatus. During each load interval, |
keep the load constant for a time interval of not less than 4 min |
and pot more than 15 min, using the same time interval for all *

Ipading increments throwghout the test. Remove the load in five
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to ten approximately equal decrements, keeping the load  decrements Consider longer time intervals for the failure load
comstant for a time interval of not less than 4 min and not more o assess creep behavior and for the final zero Toad to assess
than 15 min, using the same time interval for all unloading  rebound behavior,
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FIG. 8 Possible Installation of Telltales for Pipe Piles

8.1.3 Procedure B: Maintained Test {Optional):

8.1.3.1 Unless failure occurs first, load the pile 10 3 maxi-
mun maintained load of 200 % of the anticipated design load
for tests on individual piles, ar 150 % of the pile group design
load, applying the load in increments of 25 % of the design
load. Maintain each load increment until the rate of axial
mivement does not exceed (.25 mm (0.01 in) per hour, with a
minimum time adequate to verify this movement rate based on
the accuracy of the movement indicator readings, and with a
maximum of 2 hr, After applying the maximum load and
reaching an overall test duration of at least 12 hr, begin
unloading when the axial movement measured over s period of
I hr does not exceed 0.25 mm (0.01 in); otherwise allow the
maximum load to remain on the pile or pile group for 24 hr. If
failure accurs during loading, maintain the failure load, or the
maximum load possible, until the total axial movement cquals
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FiG. 10 Possible Installation of Telltales for Timber Piles

15 % the pile diameter or width. After completing the final load?
increment, remove the load in decrements of 25 % of lhe;
maximum test load with | hr between decrements. i

E.1.3.2 If using the direct Joading method described in 6. 5.1
include in the fArst load increment the weight of the lcst"
beamis) and the platform that bear directly on the pile. Before!
adding or removing load increments, tighten the wedges a]ong
the plattorm edges to stabilize the plaiform. Place or remove
load increments in a manner which avoids impact and main-
tains the load balanced at all times. After each load increment
has been added, loosen (but do not remove) the wedges and
keep them loose to permit the full load to act on the pile as it
MOYES,

Nors 12— If negligible permanent axial movemend occurs after un-

Inading the pile, consider reloading the test pile(s) (o a greater load or use
the procedure in Section 8.1.4. If the test pile(s) upproach failure during
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the maintained loading procedure, consider decreasing the final Joad
increments to ohiain & moce accurate failure load,

8.1.4 Procedure C: Loading in Excess of Maintained Test
(Uprionalj—After the load has been applied and removed in
accordance with 8.1.3, reload the test pile or pile group to the
maximum maintained load in increments of 30 % of the pile or
pile group design load, allowing 20 min between load incre-
ments. Then apply additional load in increments of 10 % of the
design load for the pile or pile group until resching the
maximum required load or failure, allowing 20 min between
load increments. If failure occurs continue jacking the pile uniil
the settlement equals 15 % of the pile diameter or widih, If
failure does not occur, hold the full load for 2 hr and then
remove the load in four equal decrements, allowing 20 min
between decrements,

B.1.5 Procedure D: Constant Time Interval Loading Tes—
Follow the procedures of , but apply the load in increments of
20 % of the pile ur group design load with 1 hr between load
increments, Then unload the piles with | hr between load
decrements.

8.6 Procedure E: Constant Rate of Penetration Test fop-
fiomaf)

8.1.6.1 The apparatus for applying loads shall have a
capacity as specified and shall be in accordance with section
63 or 64, Use a mechanical hydraulic jacking system
equipped with a bleed valve, variable speed device, or other
means for providing a smooth variable pressure delivery.

8.1.6.2 Vary the applied Toad as necessary to maintain a pile
penetration rate of (.25 to 1.25 mm (0.01 to 0.05 in) per minute
for cohesive soil or 0.75 to 2.5 mm (0.03 to 0.10 in} per minute
for granular soils, or as specified by the Engineer. Continue
loading the pile until achieving continuous penstration a1 the
specified rate, Hold the maximum applied load until obtaining
a total pile penetration of at least 15 % of the average pile
diameter or width, or until the pile stops penctrating. Gradually
release the final load to protect the load and measurement
systems

8.1.63 Control the rate of penetration by checking the time
taken for successive small equal increments of penetration and
then adjusting the jacking accordingly. Alteratively, use a
mechanical or electrical device to monitor and control the
penetration rate so that it remains constant

8.1.6.4 See for measurement procedures. When using a
video recording system, locate all gages for easy reading
within the camera’s field of view, as well as a digital clock
displaying time to the nearest second,

8.1.7 Procedure F: Constant Movement Increment Test
(Optional}

8.1.7.1 Apply test loads in increments required to produce
pile top movement increments equal (o approximately 1 % of
the average pile diameter or width. Vary the applied load as
nEcEssary to maintain each movement increment, and do not
apply additional load until the rate of load variation to hold that
movement increment constant is less than | % of the total
applied Joad per hr. Continoe loading the pile in such incre-
ments until the total movement equals 15 % of the average pile
diameter or width.
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8.1.7.2 Remove the final test load in four equal decrements
after maintaining the final movement increment until the rate of
load variation is less than 1 % of the total applied load per hour,
After removing the first load decrement, do not remove
additional decrements until the rate of pile rebound for the
preceding load decrement is less than 0.3 % of the average pile
diameter or diagonal dimension per hour,

8.1.8 Procedure G: Cyclic Loading Test (optional)— For
the first application of test load increments, apply such incre-
ments in accordance with 8.1.3. Afier the application of loads
equal to 50, 100 and 150 9% of the pile design load for tests of
individual piles or 50 and 100 % of the group design load for
tests on pile groups, maintain the total test load in each case for
! b and remove the load in decrements equal 1o the loading
increments, allowing 20 min between decrements. Afler re-
moving each maximum applied load, reapply the load to each
preceding load level in increments equal to 50 % of the design
load, allowing 20 min between increments. Apply additional
lpads in accordance with 8 1.3, Afier he maximum reguired
test load has been applied, hold and remove the test load in
accordance with 8,13,

8.2 Recording Test Readings

&.2.1 General:

8.2.1.1 For the required rime intervals described below for
cach test method, record the time, applied load, and movement
readings (displacement, and strain if measured) for esch
properly dentified gage, scale, or reference point taken as
nearly simultaneously ss practicable. The Engineer may
specify different reading intervals from those given below as
needed to satisfy the objectives of a particular test pile
program. Obtain additional test readings as specified by the
Engineer, or as convenient for testing purposes, i.e. when using
a datalogger to record readings at a consiant time interval,
When using the loading procedure described in 6.5, take the
zero-load reading before placing the test beamis) and platform
on the pile(s). Clearly record and explain any field adjustments
made to instrumentation or recorded data,

8.2.1.2 Verify the stability of the reference beams and load
reaction system (including reaction piles) using a surveyor's
level or transit and target rod or scales to determine movement.
Record readings taken before applying any test load, at the
proposed design load, al the maximum test load, and after the
removal of all load. Intermediste readings for each load
increment are recommended to provide additional quality
assurance and detect potential failure of the load reaction
gystem.

8.2.1.3 When using embedded strain gages 1o obtain incre-
mentil strain measurements as in 7.4 record strain readings just
before starting the test and, as a minimum, during the test
whenever recording readings of time, load, and movement. The
Engincer may also require gage readings taken before and after
the pile installation to obtain a complete strain history and
investigate residual stress behavior.

8.2.2 Procedure A: Quick Test—Record test readings taken
at (L3, 1, 2 and 4 min after completing the application of each
load increment, and at § and 15 min when permitted by longer
load intervals. Record test readings taken at 1 and 4 min after
completing each load decrement, and at 8 and 15 min when
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permitted by a longer unload intervals. Record readings laken
at 1, 4, 8 and 15 min afier all load has been removed,

Neme 13—The movement measured between readings for @ given load
Increment provides an indication of creep hehavior,

8.23 Procedure B: Maintained Test {alse Procedures o, I
and G} { Optional)}—Record test readings taken before and afier
the application of each Toad increment or decrement. During
each load interval, provided that the test pile or pile group has
not failed, record additional readings taken at 5, 10, and 20 min
following application of the load increment, and every 20 min
thereafter as needed. After applying the toral load, provided
that the test pile or pile group has not failed, record additional
readings taken at 5, 10, and 20 min, then every 20 min up to 2
hirs, then every hour from 2 to 12 hrs, and then every 2 hrs from
12 1o 24 hrs as needed. If pile failure occurs. also record
readings taken immediately before removing the first load
decrement. During unloading, record readings taken at time
intervals of 20 min. Record final readings 12 hr after remaving
all Joad.

B.2.4 Provedure E: Constamt Rate of Penetraiion
(Optional)—Record test readings taken at least every 30 or at
sufficient intervals to determine the actual rate of penetration.
Operate any automatic monitoring and recording  devices
continuously during each test. When the test pile has achieved
ils specified rate of penetration, continue to take and record
readings for the duration of the loading, and determine the
maximum load applied. Take and record readings immediately
after unloading and again | h after removing all load.

8.2.5 Procedure F: Constant Movement Increment
{Oprionall—Record test readings taken immediately before
and after each movement increment with sufficient intermedi-
ate readings 50 as to determine the rate of load variation and the
actual load required (o maintain each setdement increment.
During unloading, record readings taken immediately before
and after the removal of each load decrement with sufficient
intermediate readings so as to determine the rate of pile
rebound. Record final readings taken 12 h after removing all
load.

9. Safety Requirements

8.1 All operations in connection with pile load testing shall
be carried out in such a manner so as to minimize, avoid, or
climinate the exposure of people to hazard. The following
safety rules are in addition to general safety requirements
applicable to construction operations:

9.1.1 Keep all test and adjacent work areas, walkoways,
platforms, etc. clear of scrap, debris, small tools, and accumu-
fations of snow, ice, mud, grease, oil, or other slippery
substances.

9.1.2 Provide timbers, blocking and cribbing materials
made of quality material and in good serviceable condition
with flat surfaces and without rounded edges.

%.1.3 Hydraulic jacks shall be equipped with spherical
bearing plates or shall be in complete and firm contact with the
hearing surfaces and shall be aligned so as 1o aveid eccentric
loading.

9.1.4 Loads shall not be hoisted, swung, or suspended over
anyoene and shall be controlled by tag lines.
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9.1.5 The test beamis), reaction frame, anchor piles and
other anchoning devices, test boxes, and their connections and
suppotls shall be designed and approved by a qualified
engineer and installed to transmit the required loads with an
adequate factor of safety.

9.1.6 For tests on inclined piles, all inclined jacks, bearing
plates, test beamis). or frame members shall be firmly fixed
into place or adequately blocked to prevent slippage upon
release of load.

9.1.7 All reaction loads shall be stable and balanced. When
using loading method in 6.5, safety wedges shall be in place at
all times to prevent the platform from tipping. During testing,
movements of the reaction lead or system should be monitored
to detect impending unstable conditions.

.18 All test beams, reaction frames, platforms, and boxes
shall be adequately supported at all times.

9.1.9 Only authorized personnel shall be permitted within
the immediate test area, and only as necessary 1o monitor test
equipment. As best as possible, locate pumps, load cell
readouts, dataloggers, and fest monitoring equipment at a safe
distance away from jacks, loaded beams, weighted boxes, dead
weights, and their supports and connections,

10. Report

10.1 The report of the load test shall include the following
information as required by the Engineer and as appropriate 1o
the pile type, test apparatus, and test method:

1011 General:

10111 Project identification and location,

10.1.1.2 Test site location,

10.1.1.3 Owner, structural engincer, geotechnical engineer,
pile contractor, boring contractor,

10114 Nearest itesi boring(s) or sounding(s), and their
location with reference to test location,

10.1.1.5 Insitu and laboratory soil test resulis, and

101 1.6 Horizontal and vertical control datum.

10.1.2 Pife Insrallation Equipment:

10.1.2.1 Make, model, type and size of hammer,

10.1.2.2 Weight of hammer and ram, !

10.1.2.3 Stroke or ram, i

10.12.4 Rated energy of hammer,

10.1.2.5 Rated capacity of boiler or compressor,

10.1.2.6 Type and dimensions of capblock and pile cushion;

10L1.2.7 Weight and dimensions of drive cap and follower;
10.1.2.8 Size of predrlling or jetting equipment,

10.1.2.9 Weight of clamp, follower, adaptor, and oscillato;
for vibratory driver. i

10.1.2.10 Type, size, length, and weight of mandrel, H

10.1.2.11 Type, size, and length of anger,

10.1.2.12 Type and size of grout pump, and

10L1L.2.03 Type, size, wall thickness, and length of drive
casing,

10.1.2.14 Detailed description of drilling equipment and
techniques,

10.1.2.15 Size, type, length, and installation or extraction
method of casings or a combination thereof.

10.1.3 Test and Anchor Pile Deraily:

10.1.3.1 Idenmtification and location of test and anchor piles,

10.1.3.2 Design load of test pile or pile group,
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10.1.3.3 Type and dimensions of test and anchor piles

10.1.3.4 Test pile material including basic specifications,

10,135 Pile quality including knots, splits, checks and
shakes, and straighiness of piles, preservative treatment and
conditioning process used for timber test piles including
inspection certificates,

10.1.3.6 Wall thickness of pipe test pile,

10.1.3.7 Weight per foot of H test pile,

10.1.38 Description of test pile tip reinforcement or protec-
o,

10.1.3.9 Description of banding—timber piles,

10.1.3.10 Description of special coatings used,

10,0311 Test pile {mandrel) weight as driven,

10.1.3.12 Date precast test piles made,

10.1.3.13 Details of concrete and/or grout mix design,

10.1.3.14 Concrete and/or grout placement techniques and
records |

10.1.3.15 Concrete andfor grout sample strengths and date
of strength test,

1(1,1.3.16 Description of internal reinforcement used in test
pile (size, length, number longitudinal bars, arrangement,
spiral, or tie steel),

10.1.3.17 Condition of precast piles including spalled areas,
cracks, top surface, and straightness of piles,

I0.1.3.18 Effective prestress,

10.1.3.19  Degree of inclination for each pile,

10.1.3.20 Length of test pile during driving,

10.1.3.21 Final pils top and bottom clevations, and ground
elevation referenced to a datum,

10:1.3.22 Embedded length-test and anchor piles,

10.1.3.23 Tested length of test pile, and

10.1.3.24 Final clevation of test pile butus) referenced to
fixed datum.

10,14 Test and Anchor Pile Insiallation:

10.14.1 Date installed,

10.1.4.2 Volume of concrete or grout placed in pile,

10.1.4.3 Grout pressure used,

10144 Description of pre-excavation or jetting {(depth,
size, pressure, duration),

10.1.4.5 Operating pressure for double-acting and differen-
tial type hammers,

10.1.4.6 Throttle setting—diesel harmmer (at final driving),

10.1.4.7 Fuel type—diese] hammer,

10.1.4.8 Horsepower delivered and frequency of vibratory
driver during final 10 ft (3 m) of pile penetration,

10.1.4.% Description of special installation procedures used
such as piles cased off,

10.1.4.10 Type and location of pile splices,

10.1.4.11 Driving or drilling records,
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H0.1.4.12 Final penetration resistance (blows per inch),

10.1.4.13 Rate of pile penetration for last 10 ft (3 m) s/fi,
vibratery driving,

10.1.4.14 When capblock replaced (indicate on log),

10.1.4.15 When pile cushion replaced (indicate on log),

10.1.4.16 Cause and duration of interruptions in pile instal-
latien, and

10.1.4.17 Notation of any unusual occurmences during in-
stallation.

ILI.5 Pile Testing:

I0.1.5.1 Date and type of test,

10.1.5.2 Temperature and weather conditions during tests,

10.1.5.3 Number of piles in group test,

10.1.5.4 Brief description of load application apparatus,
including jack capacity,

10.1.5.5 Description of instrumentation used to measure
pile movement including location of indicators, scales, and
other reference points with respect to pile top,

10.1.5.6 Description of special instrumentation such as
strain rods or strain gages including location of such with
reference to pile top,

0.L.5.7 Special testing procedures used,

10.1.5.8 Tabulation of all time, load, and movement read-
ings,

10.1.5.9 ldentification and location sketch of all gages,
scales, and reference points,

10.1.5.10 Description and explanation of adjustments made
to instrumentation or field data, or both,

[0.1.5.11 Notation of any unusual occurrences during test-
ing,

10.1.5.12 Tesr jack and other required calibration reports,

10.1.5.13 Groundwater level, and

10.1.5.14 Suitable photographs showing the test instrumen-
tation and set-up.

11. Precision and Bias

1.1 Precision—Test daa on precision is not presented due
to the nature of this test method. It is either not feasible or wo
costly at this time to have tlen or more agencies participate in
an in situ lesting program al a given site

LLLY Subcomminee D18.11 is seeking any data from the
users of this test method that might be used to make a limited
Slalement on precision.

11.2 Bias—There is no accepted reference value for this test
method, therefore, bias cannot be determined.

12. Keywords

I2.1 axial static pile capacity; field testing; jack; load cell;
loading procedure; reference beam
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¥ D 11430 1143M - 07+
APPENDIX

(Nonmandatory Information)

X1, SOME FACTORS INFLUENCING INTERPRETATION OF TEST RESULTS

XL1  Potential residoal loads in the pile which could
influence the interpreted distribution of load at the pile tip and
along the pile shaft,

XL.Z Possible interaction of friction loads from test pile
with upward friction transferred to the svil from anchor piles
obtaining part or all of their support in soil at levels above the
tp level of the test pile.

X1.3 Changes in pore water pressure in the soil caused by
pile driving, construction fill, and other construction operations
which may influence the test results for frictional support in
relatively impervious soils such as clay and silt.

X14 Differences between conditions at time of testing and
after final construction such as changes in grade or groundwa-
ter level.

K15 Potential loss of soil supporting test pile from such
things as excavation and scour,

X1.6 Possible differences in the performance of a pile in a
group or of a pile group from that of a single isolated pile.

X1.T  Affect on long-term pile performance of factors such
as creep, environmental effects on pile material, negative
friction loads not previously accounted for, and strength losses,

X1LE Type of structure to be supported. including sensitiv-
ity of structure to settlements and relation between live and
dead |oads,

X1.9 Special testing procedures which may be required for
the application of certain acceptance criteria or methods of

imterpretation.

X110 Requirement that non tested pile(s) have essentially
identical conditions to those for tested pile(s) including, but not
limited to, subsurface conditions, pile type, length, size and
stiffness, and pile installation methods and equipment so thar
application or extrapolation of the 1est resulis o such other
piles is valid.

SUMMARY OF CHANGES

In accordance with Committee D 18 policy, this section identifies the location of the changes to this standard
since the last edition (D 4719 - 04) that may impact the use of this test method,

{1} Reorganization following current D18 guidelines including
elimination of the “Introduction” and addition of “Termincl-
opy™ and “Significance and Use™.

(2) Changed title and text to indicate multiple procedures and
include deep foundations that function similar to driven piles,
() Inclosion of current I8 caveats, D 3740 and D 6026,
(4} Change Quick Test Method to preferred. Previous Standard
Method now shown as “Maintained Test”. The Engineer my

choose and optional method as provided.

(5) When using jacks, require hemispherical bearings and
load cell(s) for tests over 100 tons.

(6) Include specific requirements for test plates.

{7) Addition of references for pressure gages and displacement
indicators.

(&) Additional requirements for measuring systems and testing
time intervals.,

ASTM internatienal tawes no poaifion respecting the validiy of any patent rghts sssarad i coaneskion with amy fem menboned
i this standird, Users of (s standand e express(y sovisad thaf defermination of the valitlly of any such patent nghis, and the risk

of infringernant of such rghts, are enfiraly tholr own responsiBin.

Thiz iandard is sutysct i révisian af any time by the responsbla iechrical commities and must ba reviawed svary five paars and
i mat ravized, althar reapproved or withdramn, Your comments ar invited aiher far revision of this standand or for sodiliosal standards

and should be addvessed fo ASTM intamational

s, Your comments will récsive careful congigerabion i & meafing of the

responsibis rachicsl commities, which you may afead. If yoy feal hat pour commants have nol recoived 8 fak haaring yow shoukd
maka pour ek kneu o the ASTM Commiltes ot Standards, at Ihs addvess shown below:

This standard is copyrighted by ASTA intarmationa), 100 Barr Harixy Drive, PO Box 0700, Wit Ganshohockan, P4 19428-2558,
United States. Ingividual mpnints (single or muliple copiss) of this standard may be oblained by contacting ASTM af the above
address or af §10-832-8585 (ohong), 610-632-9555 (i), or serviceastmog (e-manl; or through e ASTH websile

(www.azim argl
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Hat Joint(Pilot test) | & AIZE ZIM

g

Type—1 (HEZ TYPE) =

1EA

o - }
e}
=i s
L F: =+
SHEHY= &~ | A2 a3 |81 |B2|B38|C¢1 |C2|¢ca3| D1 | D2| D3
B 39.7 | 442 | 407 | 39.7 | 442 | q0.7 | 39.7 | 442 | 407 | 39.7 | 442 | 407
t‘l%i -4 - -3 -+ N - - -t
1) 5 5 15 5 +h +5 5 ] +5 +5 +5 +5
TYRE-1 419 | 448 | 43 | 422 | 471 | 434 | 39.9 | 40.3 | 42 $1.7| 488|017
Ea oK Ok, oK oK oK o o o o (] ok ok
=53 Type—1 (HEZ TYPE) & T 1EA
L=
ul L Ll - M
1525 Thy ; .-lu
2y “ o
i ~
= j{‘é} " P
i i 'I -g:"-_:'-—-—,r _-_7:
Lih] F =
5 L1 A
{ Y "
ang 1]
L% 59
Y —
! by K s |
= e Thi id !
= E = E F G H J <~ - M
EEE 603 | 353 | 437 |131.8|197.8| @25 | @30 | 438 16
f‘-]-ﬁ-'.t: " o & N e e i Y 5
2421 3 3 3 1 1 |o=-+1|0=-+1| 22 | £3.5
TYFE-1 600 | 350 | 433 |131.5(197.8| +25 |©30.6| 436 16
s oK oK oK oK O o oK oK O
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(2) HAT Joint A A

CE AHAM AEM

L PAINT INSPECTION REPORT

REPORT NO. SY.Pl14

PAGE NO. 1 0F 1

= 2 ITEM NAME
Ha_t Joint

THHEE DWG NO,
SYEP-BR-PHC-TYPE-M

HEEY HE MFG SERIAL NO.

AT DATE OF EXAM.

MFA 2015.02.24
% & 1 PREPARED BY . &2 B HEWEWEL;M = B it APPROVED BY
. 343 CR i L i

®ME 73 SPEC
NIA

7

Al 2 Al APPROVED BY

2 2 & APPROVED BY

| B3I MEASURED.FT (umlE @M 3 F 10 ¥ 500 04 SPOTCHECK ® A4 SRS NEE (SSPO-FA2)

&2l &8 (CONDITION OF SURFACE PREPARATION)

EEUL M B2 OHEE O] & & T/ AHel HE2 g2 =i HiZ
|Finished date) | (B/L/ Grada) {Profile) (Rust Pravant) (B/L Method) {Rasult) (Remark)
2015.02.24, SSPC-SPI0 | 25 um —75 um GOooOD SHOT BLAST ACCEPT -
S EAE] (CONDITION OF PATING PREPARATION)
=3 CSEME EREH
2y {Maker) {Coating Material) ZHUR | {Weather Cendition)
(Description) - | HEs &4 4} PANT | (Date] | B@FEE | A72E | S40aE | 083 | 202
tApplied) | (Cotor) | (Lot Mo) (WiTemp) | (O/Temp) | (R/H) | (O/Point) | (SiTemp)
8t & b E/BOS Rad 21101696 1502 T 287 T4% 2210 Mt
e = i
| ! |
o HETU SHEE (MEASUREMENT OF DRY FILM THICKNESS) UNIT © pm
(Description) spec [Max |[Mn|ao| 1 [ 2 |3 [a[s][s]7[8]s]m0
fE & o S0pm | 76 | 55 | B4 | B0 | 61 | 59 | 55 | 56 | 76 | 72 | 59 | g | 74
HE H i
i.

Sotel g@AEN (VISUAL CONDITION OF PAINT)

H o4 2t cl -3 Z 9 CEEE Jl 1 &
iDiscoler] {Pesling) (Sapging) (Crack) [Halliday) (Bubble) (Corrosion) (Resuit)
GOoD GOCD GO0oD GOOD GOOD GOOoD GOOD ACCEPT
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Prepared | Reviewed | Approved
A ity | i3S
i . d= BAHBS
{Customear) (Doc. Na) 8Y-PT-150202-01
A & 3
(Projact) i {itern Name) Hat Jolnt
THHE i #HEHE =S
{Drawing Mo.) TYRE-00] (5-No.) il [Pattern Size) 1.500x1.500
=3 HEH S Ha =3g HIOIX No.
(Pattern Manuf.) MEHI | (venut. pate) | 2015:02.02 (Page No.) 1
Unit : mm
i Crrawing Dim. Pattern Dim. &
0, |
(As cast)  |(Shrink ratio * 50/1.000) PR RSN
i 503 503 Fr F: s
2 437 437 F = Fi =
3 353 353 F: - F: -
4 5 75 £ - F: -
5 1,000 1.000 F: - F: =
& 435 456 F: 10 F: 10
7 5 10 F: = ] 5
8 16 26 F: 10 F: -
®

UIIEEI

=] 000

3
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REPORT OF MAGNETIC PARTICLE EXAMINATION

g}ﬁl%%;&] A]-EEA-] Page 1 of 1
T Project Name/No, #ALY/H% Repore Mo, .04 WE
Ni& SY-MT 1502-01
Ttem Name / Mo, @d/53&HE Inspection Process fal &3 Date of Report HA] =4 9=
HAT JOINT FINAL INSPECT |ON 2015.02_23
Material = 3 Surface Condition HF-4E] Procedure 3 =AM Bew 747
K5 0 #1061 S0W550 A5 sl K5 0 0213
Dog. Wp, EHEPE Ray, No. Inspection Temp., FAHEE Acc, Standard ®3 T3
HyA 5% kS D 0213
Magnetization | Direction Eaquipment % H Applying Current %34
g g Rrand 42 Azt Fleom 215 [ Residual 35

Orrod =2=| O Circular 49

Hodel No.Rd: HP-AZ

Magnetization Curreat 3}

[ ¥oke R2.2] [<] Long A% Out But 2% N/A Fac &8 Cloc 518 Chenc
L] (] Both Z%4 D Mo, Be)elaE: ME-22002 s ./ inch
Particle Bramd/Color/Density Dee Date f-E 713 0226, 2016 Lifting Power 2l
g/ A E Black Light/Tntensity A5l Hd& 20 WiIN & Clibs (] begs
KYUNG DD 7C-BLACK Maker #2E3]: N/a Magnet ization spacing FHETHH
Particle Type AHEEF Wodel(No SR A M E): N4 46 inch 1 e
Elwer &4  CFlucrescent €% Due Date Fr 8213 NAA Light Tllumination 2%
I:l[:lry FAE h'l:m Fluorescent ) % % KA oW o Nia lug S|
Srandard Test Black BE& g WM Mo. Oper. Mo, Demagnet izalion %3
Fiald Indicator(Pie) Mi4 ) O] ves 95 S B
[dent No. E i} Interprecation Remarks
i % | & * A ¥
HAT JOINT (01) . | o recordable indication | EA -
B L AHNEK
1 — g i I
« NT CHECK POSITION = All Surface
« WISUAL INSPECTION : Accepiad
Exemined by g [] ate @4 3ed Porty Jospector [ | ATAAKIES date
9 4 S 6. CHOI —# 2015.02.23| (] Witnessed by
T Date|] Reviewed by
Approved by ~ @5 A58 Customer
+ o 1. M. PARK %_ 2015. 02.24|[] Witnessed by

bate| (] Roviewed by

QHP-MNOZ EX-1 FRev.4
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REPORT OF HEAT TREATMENT
gxcl EUA

Customer Report Mo,
=g = BOM HE SY-HT-1502-001
Work Mamea Izsued Date

MiA NOR : .02. 10
= N 3 | AT R: 2015

FURMNACE TYPE : AUTOMATIC TEM. CONTROL & ;Dd'NTIN UOUS CHARGING CAR SYSTEM

KIND OF HEAT TREATMENT : [ ANNEALING B NORMALIZING [ TEMPERING
[] STRESS RELIEVING  [] QUENCHING | TEMPERING
= 2 e k- HaE EMHS SEE B
Part Name Dwg Mo haterial Charge Mo. I Ma. Qty
KS D 4106
HAT JOINT TYPE-00M1 SCW550 01 01 1EA
BLANK
= = QAR A3 HEAT TREATMENT CYCLE CURVE
Caondition Reguirement Actual
x
L T::_EI ETE Max 300°C 130T Mormalizing
oading Temp. 200G
NERT
Max 150°CHrs 57.0T/Hre
Healing Rate ST.0CHr
ﬁ_xl e 280~8407C 000 SHrs
Halding Temp.
FAA 2 130%C AC
1Hr/ Inch oH -
Holding Time s
HIEr
AC i
Cooling Rate Ak
Remarks ( HIZ! } AC: Air Cooling
[ Witnessed by Examined by
] Reviewed by M 8o 4 3
/ :
Approved by
s e ow oW pA
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=cdd M 8 4 & A
MECHANICAL TEST REPORT
2 A " HEY S
Project Name:  N/A Report No.: SY-MTR-1502-001
E N E S ARM
S/0 No.: INIA WTensile Test Asked by: NIA
= 2 Mimpact Test M Charpy V notch 84+ 82
tem Name: HAT JOINT (PILOT TEST &) OHardness Test OCharpy U nelch Reception No.:  N/A
TR A Y g & Test [ized Al &g &
Material Spec.: SCWE50 28 Oz [Jgggs Test Date: 2015. 02. 27
ol & Al & Tensile Test HEAY £ 2 Al & Impact Test

aEes [ =y [ HEDE | AMBE | #sE | US| HNE | SHAKE | | o “a;"“fss NEEE = = UL X (Joule)
Specimen | Dia. GL Test Temp. Y.5 TS E.L RA Rem;rks (:;) Specimen | Test Temp. Absorbed Enes

No. (mm) | {mm) () (N (Ny/mif) (%) (%) No. (%) 1 2 3 | Avg.

Min. Min. Min. |
Spec. 214 70 RT 355 550 18 - Spec. 9c Min. Avg. 27J
o1 @14 70 RIT 411 591 26.2 - - - 01 0T 49 56 54 83
BLANK

HEga2

Applied Spec. KSDA108

A& F Hl Ot TS ALEDI(UTM)

Used Equip. Serial No. : 008

= HES AEE GMTAIZ ot HESIMD 22 N 2 A HADIL 0I0 BHEG Y ASES E9E.
We hereby cerlify that the contents of this repori are correct and accurate and that all test examinalion and operalions performed in cumpliancg with the applicable material requiremenls.

= 3 % 1l I3 ﬂ =]
BMR EEE YER ass}?%, o EHI%‘AﬁI} |
Tested by ﬂ(/ d“' Reviewed by Approved by z Wilnessed by
SY-F-4108A ’ Ad (210X297mm)
S =S
SEHAFA(A)
CHEMICAL ANALYSIS REPORT

2AMNF HFHAH BS

Project Name : N/A Feport NO = SY-LA1501-001

ER -

P{0 No ©N/A DWG.NO. @ N/A

= = HZE gakgls

Item Name @ HAT JOINT {PILOT TEST 8) WPP NO  : NJA

T TH OAF & [T

Mat'l Spec @ SCW550 PRODUCT ANALYSIS Analysis Date : 2015, 02. 27

Composi
el e | si | omo | P s | M| e | N | v e | Qty 4l 2
B3 ol Maxo [ M | Wax. | oMax. | Max. | Max. | Max. | Max. | Max. | Max. _ _
10 NO. CH/No> 0.22 0.80 1.50 0.040 | 0.040 2.50 0.50 0.30 0.20 0.48
01 01 0.19 0.55 0.84 0.012 | 0.004 0.13 0.14 - 0.38 1EA -
BLANK
a2 A
: KS D 4106 Coq=CHin/6+51 /244N /A0+Cr /5tMo/44V/ 14, Tr.=Trace

App | ied Spec|

A8 —E.Ul SPECTROMETER/GNR METAL LAB(75/80J)

Used Eauip

24 24 2o s 5 2o X e H 2 sl X

Analyzed by Checked by Approved by Witnessed by
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Testad by

Ravlewead by

DGHiTigd by

A

TEST DATE
TESTER
SPEC
CUSTOMER
SPEC NATU

2015-03-02 8:59

¥.w.cho
KS D 4106

SPEC NAME
MAKE DATE
TEST NUM

SCWS50

HUMIDITY -
TEMP -

10014943

013448

011955

TO04.80

: : : : E : : : :
- : : — I R ey L) : :
; : bl Tl ; : T HiE £
she h E -t H -. o N LT . '
! I e H i i . i i
} : - ; < -— T
3 i ‘.a“" ' ¥ ] i H
5} S (R fES ) REEERN S e LERTET IIE RN, NCTRL = \\ H
!

E00ES 65

S0074.72

AQ0EE.FF

20044.53

2002962

1001454

0.00

F
3 . H .

' ' . H
RV S S P A ey . T YR SRR tarsshssnctrasafsssabanasphasstasas
: H i 5 H ¥ H
i H i : ] [ q H

¥ ¥ ¥ H H i ¥
———-r-= === r = o B Pl vt b Fo—=-f--—-r- = F--==br---rp----
' v H v H v H
' : . i
i i : v ' H
T e - gl v i v i PR T Ty
H H : . H H
v ¥ ¥ ¥ v b
e e i e o S S S R i SR A SESCI I - R L R L T e
g h ; ¥ ¥
. H ' P i H
i + 4 + +
v ' . ' i
L T e R R e == —=r==-=f=-r=-p--—=fere=p-——=f=r-c r===s
. H + '
v '
....................................... PRI R T O s S, S i RO

284 1178

14732

17.65 2063

2652 28 1

PIEZT
T.Stren
[Mimm®]

| CHal=
Max.Load
H

HEUE
Y. Stran
[N/mm#]

HEmHE
¥.Load
M

o &B
Elengat
%

5591.44

31044, 94

41137

BAEE.15

26.2

S5O

iyt

Iz

L

153.94

5@1.44

91044 .34

411.487

BI326.15

2674

267

JOMPANY LTD (031-316-1116)

15-C—-00-00

.,r.'uiM -,mé u;.;_ 497, 567, 5 o



. : - . |
Date: 15/02/27 14:11:31 Pragram: Fe Orientation i

Sample: BCWSS0 Operator: JYHEQ :
Ref, Alloy: Analysis Mode: Standardized concentration |
Fe % C% Si% Mn% P 5% Cu % M %
1 §7.918 0.184 0543 0837 o2 0.003 0.015 0.135
2 g7.888 0.198 0.550 pas0 0.2 0.008 0.016 0.135
Avg. 97.004 0186 053 0.844 0.012 0004 p.o16 04135
LR, o)  b9b 450) oowel ocHod 2.50)

GCr % Mo% Y% Al %% N %% N % Ti % Wi

1 G438 0000 0000 0078 <0.001 0081 0005 0038

2 0141 0000 0000 0078 <0001 0077 0005 0085

Avg. 0439 0000 0000 0078 <0001 0079 0005 D0.037
S.D.

ASD osod oged  maod
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A A AD REPORTNO. |  SY-DI-1502-01
RESULT OF DIMENSIONAL GHECK(A) PAGENO. | 10F 2
[B o TEMNAME SEHMES DWG NO. 1
Hat Jaint TYPE-QOD1
= M 2 PROJECT NAME HEREE HE MFG SERIAL NO. | S AMEBZ DATE OF EXAM,
NIA NfA 201502.23
Il E MATERIAL = B OTY = MAIT EXAM. STAGE
KS D 4106 SCW550 1EA FINAL MACHINED
5 & ATTACHMENT Ik HE PROCEDURE NO. HEHE OPER, NO,
|0 YES () B NO (%) NIA NIA
& & I PREPARED BY H E I REVIEWED z = o I} APPROVED BY r
54 = 2 & 51§¥?~** oo S
=AM RESULT ' M E Al APPROVED BY # 2l B APPROVED BY
B ACCEFTED [ MOT ACCEPTED |

SKETCH

*UINIT : mm

¢
(10
al =l -
— [ E‘\]
(o] : -+
e
EEHHT| A1 -2 A-3 B-1 B-2 B-3 C-1 C-2 -3 D-1 D-2 b-3
CHI = 39.7 442 40.7 397 44 2 40.7 3a.7 44.2 40,7 aaT 44 2 40.7
sEa 1
e +5 +5 +5 +5 +5 +5 45 +5 +5 +5 +5 +5
TYFE-1 419 44 8 43 42.2 471 43 4 309 48.3 421 a7 48,8 41.7
1
20 oKk | ok | ok | ok | ok | ok | ok | ok | ok | ok | ok | ok
||




| Tl A 2 REPORT NO. SY-DI-1502-01
| RESULT OF DIMENSIONAL CHECK(A) PAGE NO. 20F 2
E 2 [TEM NAME CRHHE DWG NO.
Hat Joint TYPE-001
= A B PROJECT NAME HZEE BE MFG SERIAL NO, | 2IAZTE DATE OF EXAM,
NJA NIA | 2015102.23
W & MATERIAL = 8 QTY ZAHA 2| EXAM. STAGE
KS D 4106 SCW550 1EA FINAL MACHINED
7 & ATTACHMENT EiM $3 PROCEDURENOD. | ZH# S OPER. NO.
[l YES (%) @ NO (%) NI NIA

2 - I

FREPARED BY

=

oo 2

2 =& REWEWE%
2 = 8 i

= 2 T APPROVEDRY ~
=13 B;‘é i

2 AE B RESULT

B ACCEPTED [ NOT ACCEPTED

Al = AL APPROVED BY

Z & B APPROVED BY

SKETCH * UNIT : m
g
G ==
|
EHAA E F G H J K L M
TR 03 | 353 | 437 | 131.8 | 1978 | @25 | 030 | 436 16
. |
HEd |
- +8 +9 +9 +1 1 | 0=+1 | 0-+1 | 2 | £35
TYPE-1 500 | 350 | 433 | 1315 | 1976 | 025 | ©30.5 | 436 18
=Tl oK | OK OK oK | OK | OK oK | OK | OK




287

A A A S A=

2w
ofA
o
re
1
rE
ox
>
oot

HAT Joint-PHCIIY-HE7|5 &

L

arr

Pilot Project A|X|Z(1)





