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Comparison of the methods used in determining the pile design load
o) % gt

EREILE

Abstract

The estimation of pile bearing capacity is important since the design details
are determined from the result. There are numerous ways of determining the
pile design load, but only few of them are chosen in the actual design.
According to the recent investigation in Korea, the formulae proposed by
Meyerhof based on the SPT N values are most frequently chosen in the
design stage. During construction pile driving formulae are used and
sometimes the pile loading tests are performed. In this paper the three
methods are studied and compared. It is concluded that except the estimation
made by pile loading test, the reliability of estimation is very poor. And the
analysis of pile loading test would involve serious errors unless the end
bearing capacity is measured separatly from the skin friction capacity. It is
thus suggested that the separate measurement of end bearing capacity and
skin friction capacity is the most reliable way of determining the pile design
load.
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dge] Ay Ay 2 A2 P dAUYe FAHI wiEel Fasic
dFe AAY AP YYede £ULS YPEo UAAUL HFodes I3 dF el
HEEHI odch, HIE FUl delR2aje] 23 SPT N & 71&22 ¥ Meyerhof
FHol ALY RE AN ALHIL Qen, AFFode HEIFAIN dEE
E AstAEE AT el & =FodMe olE 3 A AP EE 4 v
drt. EMA} YHAINAE oldel= 2 A E7 I3 F3idct. 2l o
S AAE A Mol SlolA, dxtAAY} FHnAH L &GP 3A U
o AAAA 24F #4¥ 4 de AL HIAch oty AEAAFY S
Aot g Fel&gel g AFAAG A AIHET S UHFAAY A
Ao 3 4 alrt.

*1: 2ci¥da JiariedrL
2 (F3®HEFTEAE Ned L
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YEA2E Sl FAA2Y dE AF B WA AEHE A2BY
olth. Azol Setd 191U Eo] 28 A ol e} QAN ZAE WHo| Fuhol
A A4St odrle] ZRUS N WA 2ANE UWEANE YA o,
YENZ 2ol AA ALAAANA AARE WMEFLS FAY & dE £20 ¥
A oltt.

e KA 4822 FHE L UFR AHBTUE VL L A Y
e A Wi WAL VAL Ak Ao 2AUc) 2] UEQ
STE AMA VA2 FAME 3 AU 4~5% olnl, We N BWE 4
M3 2AE AN Baulel Aoy Y WAL TE B FRAAE Fo
¥ W2t "o

BEA2e HEANAYE AAHE Yot FAUAY WA, YriFAS 5
Qe Wy, W% WA Aol AW P, AW AW PAH WEA
Aol ot wPFol sk, AANA AF YUl AP VEAA A3} YFA 8} A
¥ Aztetel v dFARE AE WSARAPel g3E ol dele 3
L7 F5) g BwolUG, WEAAG Y VA AesEols LA
e AT Ushla el AAHE FREY VW4, AALE B V&
717 AMAE USAHAY] WaAoleh ¥ 4 ATt ool weh W o]y
E USANAUG AR fadon, AR AT FYY AFLdo]
YEH3 At} |

I 2% WE2 A R AITH VAY FAY 2A AdrBA} o8
HOUB HeAAY AMolt EERYNY AAE o 8% Meyerhof Ao 7
g RE 4AAA EHE ReE Urtuz dth W¥ JBAME FErEA
G WHAANY ARG NYFA] TURD You, USAANBS AR 77
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2 ERAE FUA HEHE olF M 7t} HEAAND AR LH o8
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BYNY AAZYY ©B AxAg AFRE e F AN Pyl o
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o]l gltt.
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EZBYAY AFE AT A7, Ask4s, 48P F bW 2AF
qne e 202 wdA drl oF 2UEY HYAQ AAE BHAUA
g2 EASEG, 3A 272 TUR(SSHFE)AAE 71¢ 4 43 (Technical
Committee)?] RO E AR ¥ ®AE oua Z&ol o2 60% +EA Neo
g Azzgtos A8 ARHD Ao & AAEE S Ao g Hele N
2RARE UA ZFE FAS HAYW RAo Waye AW k. A
4R EASAP A UEAANY AR FPAHNE AT AP HAAL,
Sduete #E MANE Aol AN UL WAL P& BN Y oY)
A xge 78% A HE AL FAUdA ABHE EEBYNY A 9
HA Y 4+ gl FEo H Ao npl®

22 EU/2 BUHAME ol RE 248 227 Aty EEAYa
A (IRTP, International Reference Testing Procedure) 20%1 4 Add &Y
A 42 H49) WeHdg BERAL Yoy FAUBdNE o REA HY AF
Aol F3] Az AAolvt AEF o 2 hammer o 3 = FHo2LFH
Avg Sauets Bdodux +2& @ 53% BEQA 22 YU Qof’e
2AE HBY AL N UL BN ALHE N ol wa) & 30% o)A
Wrheta gt Molth wad Fudg FAHE N YL Ho we 4y T
RAHol & Holn, IuziAE AL RIS TUsWs olUd ¢dgg
wAE + %ol 98 Zolth,

A9 N UYL THH UYYU UL E23E BBAME 21U 1 ohH RE R
ANY 2z} Mg ol 10° 4R Aol 2l & ¢ 4 alti. Stroud & o) UL
Alo) 7 wASE WA 2 BAN ALY Fo Hgo] oy YEoz £
st i PBolton of ojsim URuiRze ATVA MAA7 g AejohH e

HE(dev)T MAUNE 400 BE (d-6cv) 22 FAHY, A7 AYE
o Be MAAHI dx LeidME RED Y AE(sev)olT FPg ma
the 2@ 17713 Edel it ATAY FAE EAstd wAun Aoy
$-dov o DAL B FFY PRz £t Bolton 8| ATANE
ol &3tel Stroud & N 23} $-dov 3 BAE ABARA2Y, /& Fud A
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€37 HAME AWEFI FHEHojok 3 o/ HEREo FLIHIME ojAx
Ue 47 Al

ol Fer Futzt Zgtol AAEHA Terzaghi, Berezantsev § E &
Meyerhof HA|A g ol &35 Mt g AASA Hed, 28 2 of
EfLtal gl Z2AANY ol& BAAETAE & Aolst Arh.

N [ 7 /7
B VAR

BEARING CAPACITY FACTOR Ny

40° 5" 50°
ANGLE DF SHEARING RESISTANCE @

2% 2 Aot KNP ME Ng ofe

2 EERYAYE AAZYEH EAXSE E4% JE2XEH BAYA

ool BAA Bl Fulel AS of WAL I8 AVHY Fg Aol A2
]

o e} &} L& Meyerhofe] F Ao v 2 HEEH2 o) cf 2V
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ab = 40+ N ton/m2 (1)

fs =002 -N kg/co? (2)
A7l qb = AGAAH(HAAHAAFY)
Np = AgtRoA N It

fo = FRANLA(IHAAT)

YHFUY N ke B

#12 M(l)e] 437 sMAME AFHFHATRI AAF el BHH 2 10 )

& HEFEAFA ot AAFuUd TUFol 10 njrte] He

Tole 2UF A2 F2AA0k 3o, 10 ojdo] H= F A 40N E

F 3ol glch ole UHAFJeR AY vy HYHE] ¥} FAEN ¢
AZdZAlE AA F L&Y ot}

RN AES ZF APl AW A2 APl A A&U}Y vz

Ao NE NEAEs F3] Y& AeT BRAaE32 2o, Canada & 4 A x| A of

ox

%

At e 2Yg Y8y of 3.08 GAEE 24D 3 AES &wolt 4.09
Agg 255 F3%2 AFVgEgA4E o2 odw AP AvPAE 2o}
T 3 HEY A go] FF BRANE gloy 2 Az e E2 BE
st Qe OM (1) H ASB 40N e BVAANNE AR dou, I
%3 HATofA= 30NbE L322 QTth. Malaysia ol A = 40N, th4l 30N, & o 3
AU S 385tz UROE Hop 9 A5 VHLE WrHE Wade Ay
gl

Meyerhof F4 o] HEASE B7ist7] sldted, I AEW) 60% BEE A
St £ BPY W BoY S3olA4e) SELT AWANE Ao, ety
of 8% UEES H7 406 m o ZRUGEIW, AW AVAAFL SPLT 2

AL FLADY AA FFH YL AP B EMole 3/ Ao A
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13.8 m 7tA ol Wi F 10 0 4] #YZPolE 7tz gt

APYYESFS N gtel 50 o445 e FHESZ 1~1.5 o0 2t A N
UEL 50 o2 FAHE O} Meyerhof FA 2 AUAQUA 508 FHL3oda,
et N g FF 2 FAY daduA 28 A £ Mo g dg

Aoz srdch. £ AASF HY 2UdAS HAYELE 29 2.5~4 F 2o

E3ste @A U] BP0l YAy, & EMdMe 37 120 oo 8] F4
H A A3t gadnt do@gdzelst 8.3~12.5 =7 Yl gA#Y L)Y
B o] ¥ Meyerhofw 10& A ¢Y UE dZoME& 55 AFol HE A= A
T HAse SHE AddAAHE =H Ul 43712 3l

M A dE 2" 3 of Ueld vl Zo] Meyerhof2] A(1)& ddtAxg &
o HAASZ gle ez yeidoh 11 & A 50% nigto] veld R $o)
W 25% ol oA U A4r 3U ot WH AR A &3
Az 270 AAHLE Hol 40N A2 ALUAL Aoz uetd
th, 2 dRedAN 4% A= AE AL 7t FESA ot ¥F R}

32l o] Hogwe R uhekdd dEe AH3 FE HELIIL AL 30N

N

1§ 4 alzlch

2] A go] Hch el Her HAE

05

MEA SURED J CALCULATED

=1

S51|52]S3(Cr|C2|C3|C4(Ch[CBI11 12|13
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Haole WEoIEn YEr&F EHPA(PIA, Pile Driving Analyser),
CAPWAP 5 dl4 Z2yg ol8ste 2rl BuA AAY Holo AY. Ags
T oglen 2o HgoE 2t Bujg AE24Ho] Wesd o HEe
A8 o Rolxal R otk oPe XS Iu Botolycz PeiaA 23
Ao HFol WA nje) FPolE NFolZ Agae EAE FHY Yy
9 HgH A7 A4H g Yotk

Lawton 52 284 Uely HEelF 4o &gy 47 A& HYgstd ¥ 600
A AEY AMHARARE v astdcE e 2 A3} Hiley, Janbu, Gates Al S o
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Engineering New(o] 3} EN &2 XE7]) 5 8 7} $et3Ao] ¢ I g
2% 2R3 Hiley BAS (AU AZ) Y B2 1.07701 0 +25%
LA o] BT 66.7%7F 50% LA Aol 100%7 XU HeoE
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National 2AEE AT Ut A2 AU EN 245 5 A FAe 3
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Eg. name Predicted pile capacityt Commentst

Engineering e, E, C = 1.0 for drop hammers
News Py =
(EN) s§+C C = 0.1 for all other hammers

Madified for this study,

Engineering p _ & En Wi + 2 W, e? = (.25 for steel piles
News MEN™ - e? = 0.10 for concrete piles
(MEN) S+HC Wt W, e? = 007 for timber piles

for this study,
et = same as indicated above
C1 = 0.08 for steel piles
Hiley e, E, We + g2 W, C1 = 0.25 for concrete piles
(H) Py= . €1 = Q.12 for timber piles
S+05(C1+C2+C3) W.+ W, C2 =000 for steel piles
C2 = 0.004L for concrete piles
C2 = 0.008L for timber piles
C3 = 0.10 for all piies
Danish e, E,
(D) Pp,= —
e E L
S +
248,
Gates 10 10
(G} Ps = 56Ve E, 5 log — log 55; is the logarithm
S

to the base 10

t Equations are for pile fatiure [oads, not design loads.
t Values shown are those commonly recommendsd in tha literature 4* and are the ones used in

this study.
Notation
The following symbols are used in this
Paper.
E, = Manufacturers maximum rated

= energy (in tons) (weight of ram

x he'ght of fall for drop ham-
mers)

e, = Efficiency of hammer
¢, = 1.0 drop and diesel ham-
mers
¢, = 0.8 single, doubie and dif-
ferential hammers

§ = Set or final penetration (in/
blow) (generally average value
over last foot)

P = Predicted ultimate pile capacity
{tons)

C = Empirical factor te account for
hammer speed and energy losses

e = Coefficient of restitution of pile

W, = Weight of pile (tons)
We = Weight of ram (tons)

C1 = Temporary compression of pile
head and cap (in)

C2 = Temporary compression of pile
{in}

C3 = Temporary compression of sod
{in)

L = Length of pile (in)

A = Cross-sectional area of pile

(in)
E. = Modulus of elasticity of pile
{tons/inZ).
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T2 YSEF YSEIAE HAAE I I
Bk T EN MEN HILEY GATES DAN| SH
B 1.975 | 1.653 [.171 0.977 | _1.518
= %E | 0.62 0.45 0.21 0.27 | 0.3
H S | 22 % | 5.4] 4.76 2.76 2.30 3.30
25%° 40 | 14.6% | 25.0% 18.8% | 27.1%|  27.1%
50%°11 | 31.3% | 52.8% 43.8% 68.8% 54.2%
100%°1 %Y | 33.3% | 35.4% {8.8% 6.3% 31.3%
a7 |.988 |.617 |.055 0.908 0.94)
g =erg] EHAE | 0.30 0.22 0.19 0.30 0.25
229z | 4,87 4.01 2.35 1.93 2.12
25%°11 | 20.0% | 28.6% 20.0% 54.3% 37.1%
R0%°IM | 34.3% | 42.9% 60.0% 88.6% 77.1%
(00%°1AH| 42.9% | 40.0% 8.6% 0 2.9%
32 3.269 [.122 0.636 0.764 |.864
EXE | 1.24 0.42 0.24 0.30 0.97
PCUE (25| 8.13 2.43 1.54 1.36 4.07
25%°1 A 3.1% | 40.6% 15.6% 37.5% 21.9%
| 50%°] 3.1% | 65.6% 56.3% 75.0% 25.0%
100%°] & | 78.1% 6.3% 0 0 34.4%
=2 (.883 | 1.478 0.814 0.637 127
XS | 0.25 0.22 0.22 0.14 0.25
YU F|[H2AF | 5.43 4.58 2.23 1.22 2.88
25%°| | 23.7% | 26.3% 13.2% 28.9% 47 .4%
50%°I-1 | 39.5% | 36.8% 63.2% 73.7% 63.2%
100%°) 4 | 36.8% | 31.6% 2.6% 0 10.5%
i& 2.256 | 1.490 0.943 0.832 1.361
Z| %] ol & 0.25 0.22 0.19 0.14 0.25
A B2 oA 8.13 4.76 2.76 2.30 4.07
5%°| 15.7% | 29.4% 17.0% 35.9% 33.3%
50501 | 28.1% | 49.0% | 54.9% |  75.8% |  55.6%
00%°) &t | 45.8% | 29.4% 8.5% 2.0% 20. 3%
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H 87 USo glolME Gates & FAo] 713 430 Hiley 34 v aXH
e A#ES ety £ch. W@ EN F4), MEN 34, Danish T EE 493 2
SAE Uetuz glth. FAUEL FolE Cates ¥, Danish F 4, Hiley 3
Agol ulna MNHPEs &L 4@ EN FA} MEN IS 2 eAF YR
Qlt}. PCUZol ol MEN FAlol vy $& Z2E o EN 3434 Danish

2alo] sty 2BUS Yol M= Hiley 43 Danish Falo] ¥2d £4
st EN 24, MEN 24 & e 2x§ Uehla gt

ol 4 A WS FHE RF 2T FUBNAE stE FI Ul doAMe
Hiley ZAlo] 713 & zo2 uUriyn 22 WU EE B Gates FHo| ¢
Tsch, BE EN 2AL BEE 2/ TEod st EIY Ao dEiva A
o] Lawton 5 ¢ #43=E dAYch

a8 6 ol 153 A WHAY o Uy WE4+F =A%dact. 243
23 uZA $4% Ao AW Hiley FAol oAM= (AUA/ S 50%
omret ALy BAY 174 FEZ EHH 150% o] FHE 0% T €rh
Gates ZAIE 50% mlwkel A7} 19.6% ol 150% ol ¥ F++& 12.4% ol
th. & Hiley B4o] QoiME 55% B =l Axkel A&l vstsd 50% 1%
o] a7} waAsFR Qlen, Gates FAAME 32% FE 50% ol¥e] LAE
waga g 4 ke Zolth, EN FAL 50% mwry LUy wE2 4.6% o
B3 (ARR/AEI)0l 150% ol A& 74.5% o 23t o} LFA
AEE FuPAstz 2&S o 4 ol

olj YL AU sty ol thulslel YEpFAZ F &3t dANZTE B
Y A, Aduy A e ARAY AR dAANAFE ALY W A §
e AL 2.0~3.0 & 4L ¢HEL AEAN/E ¥rbk. E I & Michigan
Pile Test Program oM A& ¥ 2 ZA¥ ctA&Foltt PLavton, Chellis,
Ramey and Johnson &} EAMojM 713 5 B71E ¢ EN 349 ¢AFol 7
2 e Ao yeius B delE MAYE ¢AEe s Wol AR A
£8t7l el A7 alch
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% 3 Michigan Pile Test Program oA Atg ¥l ©t™ g

Ultimate capacity (kips)

2 A 0-200 200-400  400-700
Engineering News 1.1-2.4 0.9-2.1 1.2-2.7
Hiley 1.1-4.2 3.0-6.5 4.0-9.6
Pacific Coast Uniform Building Code 2.7-5.3 4.3-9.7 8.8-16.5
Redtenbacher 1.7-3.6 2.8-6.5 6.0-10.9
Eytelwein 1.0-2.4 1.0-3.8 2.2-4.1
Navy-Mckay 0.8-3.0 0.2-2.5 0.2-3.0
Rankine 0.9-1.7 1.3-2.7 2.3-5.1
Canadian National Building Code 3.2-6.0 5.1-11.1 10.1-19.9
Modified Engineering News 1.7-4.4 1.6-5.2  2.7-5.3
Gates 1.8-3.0 2.5-4.6  3.8-7.3
Rabe 1.0-4.8 2.4-7.0 3.2-8.0

MY WELEAo] Y WES AIVAAY ANdE E 2 of Uy 23 g
aPHeT B 037 AU 4 dris Mg FARAMNE AW
2 T oAE AT AWV 2 A UEAHAY ANE wndr. wse =

FPCUHeR 2ANAL 350 mm o] UH #1 & FUYO 12.0 n, BE #2 =
Yol 4.5 o ot #1 VR HEtH=2 JIES HF elAE 20 on o] BQ

NNELE NYEUSF FE 15m o HF epd g Bl HoAdck, ®@R 42 o)A
t 6~10 om & YEIFZ 7| Fe] AEHALH NYUFE 8m FEY $FA
et o § 8% RSN Yergu = k25 A PatE AR5 At

ol AEE TAZ 3l UFAAYZ ANHY UF #2 o JIPAAYL
s 21 o] A8 2 wol Zt7be & A "ok 28y AAE A(E= 2Y 7
of viept A2} o] WH #1 o] WK #2 Kt AL 2 wiolA FIHA Yo 2
Ao HASEATH o)A Aol LAY FJd2 @A FEIIS Y A7
AR A, K2 FRintaAde A7 Aole] 71AdE Ho| olurt &
Hrt.

rle

fr
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2% 8 ol SUAAAM AN 2 el SPLT AUAHA REAKE BAF
2 9t UEES N7 4060 x9on  BBUEE AU F2H AVR
L AA 120 on 3 ALt #ElE K25 UAYntE A Eden 2Y 8(a)
o Uehd 23 ol WH SC6 & UEFS VIS FRU FAWAN ¥
Gedt HE A% BLALE 5Smm olw WH SC5 & YESF BE F o
2.5 0 AL FHES oldle FHY 4ura LS AF gAY vALe
6.7 no & 71 &3}t

HE BAY BYVVE AF02 St UepBdol st WH SC 6 o I
AANGL UE SC 5 Beh A Holol Yrh. 1Y 8(b) o= F HE HeAA
o AWAI(SPLT 2 DA)E v 2sdch LEITUAM &Y A Yol WH
SC 65 I MuxAdo US SC5 My} T Ao yeum . Ty @
g AAde HUAALY FAcRdoe 24 QE 9, 24 8(c)ol ¥
e FWolAA(SPLT 1 ©A) 2FE YA zelstolo vl

NUMBER 0OF BLOWS PER METER

0 50 00 1590 200 5
4 fr—T—— T T T T T
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g 8(c)ol et AT Zo] WE SC5 & o 70 tond) FHMAAL &
Wb W SC 6 2 30 ton of Hdjct (MEAAH + FHoUZH)A AN Az
dg uzotd YT JAAE AV BE SC 5 o FYAAPo] wH
SC 6 Bt} AAMCH

Ao ABA ¢ 4 Ut ANY LEFJoTREH AN AL A&se
dele A dtiz HEE A 4+ ATk F PELZAGA BANE AF
B BARY WElolYPo] Uiy 23 R FRolUY o] WS ojop g
ch o2& AslE @A) Chellis of 4HAE 938 w Ao g gy
22 o&5s] AL FRUOAAI dBAANYE B2 FAY AGAUAA
ABsHd HWeElFAE AREY ot Q)

2% 9 o Fuiold AWE 12 A SPLT AAF AVAANGR FAn Y
U & Gotny]l A EHHAct & LMot Seue} TEe] 60% §
RAHE FUAESche BaAwg v2stdrh 2 9(a) & F48 dBR I
g MDAANF G A5x4 2PY) mastden®ag 9(b) & A4} nAg
M2 Aoolch, 2% 9(b) oA YEIUZ U= AN FREZe) gty uH
2 A9, FotBYS AM AAALY 1/3 FEF AXstE vl, ol& 1A
e WeErFAY MHEE T wE ol Ros AW

—e—~ PEACENTAGE OF SKIN FRICTION
0] SKIN FRILTION [ ] END  BEARING
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L BEASAEY 4% 25 AAdY 25

2ol Bol 208 ol48 2322 oWME FMo] RUNH wa N2 ¢
Hg BASI AW USR] F7HE FH At

AFEE AstE Ay BEAVAYY 2P USSR RA, AR A,
AN 23 AstEe 4AF e AaH Au Aase] ¥ AL dA
st2e 2.0M7AT AP ANHDL Yo YFojE 2.5 WA A}E A
Al ¥ 2 glt.

2289 728 AARE doli o uidtel AAY A ALY Vahd
9 olAte) Astyl WASA Wolok ¥ F F FA AFo] UL FAHE A
3 grh. Do) viste] WBSEH st x| A & (bearing capacity) ZAdel A
ol A E sl F8A A H(ultinate bearing capacity) & F3F w2
A we 2.0~3.0 2 dAES YEU}. ANAd AYY AAS med F@ A
Ade Helel AsE ol A wigAsnl, o AYE $aAuad AHF 4
“32E 72dA 7@ dE s Ao zU 22 EUANE YNNG
NEo2 ¥ ZAe AU Y2y W&t MY A FF o g HRo
4% AJAYLZRE FUANAAG YAohe AL F8| o ABorf A

ety Bt 152 el FepRel Ty Frste FriolAw
¥R W AAYlME oATS o EFY FUAAY Yelo| HA Y&
th matd dAAYL WelPel TUdY 1 W HEE IUHELE U e
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wo] Hcoh A FLE ok BS AAME ©HAF L 10% NP E
202 %o Terzaghi and Peck o] A ¢t%t 25 um 2] 71 EE Yol AMYHI ).
dfiA JES w5 dAdAx CHY BA 9lo] De Beer = HEIY
52 Aol UHAAY 10%, VFEE E2AE YHelde UFAAF Y 30%
ot & %o ¥ Ae Az gl

B3R HEHH oHE MU WP 7€ IVAAY Ylo] T Y
AAY 7| Fo] vlstey KBl AL Holel & £ vt FEAANH R FHSA
AP AP ol HUnF WA= AEL, et 2 Fo AF AAE
A ykol 2= E 1 glth

A5t 71 &L AW (total settiement) 7| &2 < M 31 ¢ (net settlement)
NNgon FEHC «AAYFS AFAAANY CHUNFE AHYE BFHAT S
71 3o Ayt B4 E Rul 3 gt} 3 @S AAVEAM YN
2 gtk hEHY JFL2=2E= DIN &8 wHIAFL 2.5% cAUINF 71E, New
York City, BOCA, Uniform Building 71 &olA 2¥j % 0.01 inch/ton 9 < %}s}
Nzol UTh AUV 2L & Singapore AFNY AAZEHN FAY LA
Foll X 6~9 mm, AASEFE 1.59 stFAM 9~20 on 2t H2 AAY 7] EAA
2ePue =azuny 25 sf®2 AN AEHE 40~80 m § FAAQ A2
o] srh

ANAY N3 BIHYF A& ol YKol 3tFe] A=A & e 3}F(P)-4
ZH()-AER(S) AFTFAHl &3ted &9 HH(yield)F R F31of A= ¥
o] alti, of7lol P-S FH £4, log P-log S ¥4 &4, S-log t £,
S-log P B4, P-log S ¥4, P-ds/d(log t}) ¥4 5 vt W] gt A4¥
HA “F2Z2E 724dA 71" AEVAME “FENFo] HU"HAP EFAP2W
2RA RY AS PEsFol AHEH 52 ® S-log t £H @ dS/d(log t)-P
4 @ log P-log S ¥4 @ IHEsF Ao 2 log P-log 5 ¥ & A
stz olth ol HHsIFe 1.5vF IFUHNFLE FHHAAR of Yol o
T FY 3Fol AA FYFEC A URF FTHE T slo] REIHF o

¢ 2N gANA st AAG stz goi?



olgt #& Iy Fe 2/3 FEI YHHFol HrlE 713 S Flening Fof 4
= Husn gonf® 4E SANE 29 H4c? Iudy AUHE DS
A AL e dold AL IQ ANY JE, WY S F, vH}E
e $UF VENFEM Ay o] Ha Art

SERFEH AW HHL, T IVAEE LA BrAUDE AAE g
th. Canada & HAZIEdANE =3 Yol 23 8 H33e DAL semi-elastic
A d 3} semi-plastic @4 FRolH ZAHE F97 woo IVANNIS
£ BNMY 4 deg AYsn Ao

YHHF WYL AEU w3t Yol HE(P)-AD(t)-UsasS) AEFHoE
2E olfo At mAA HU NHE &S YHHE VA ANHE st
Y UFe AFE YFoz MY Wast

WHo| #Fol AW oY FS LHY FAAYoT MYH, 3
dopge) Besh ¥ AAE DR HEHY U My ASE fUstA Hoh
cheld sEAS Zrlolk EEY 4EE FRNUE AUH APt 3
Fol Ao AWHA YAY I3 A¥e] sEvio] A W) At Fol Fhs
oF F¢ FAL Y oy AstAes HY YHEFREE FeAeho] =g
Hol (AstetE-IY FRTIRA)o] dFoln PHA Hoh

2% 10 ole FACAY, AWAAY P A Vs Y HF2-UsiP e
et Fuojidel 1 Reolk AN AAAY sF-A%Y AL A
B Aol Y VA TA Polstx o, FHatBY MFo] 2 Aok
SE-UY BAIHUE ote) 3 71X FH2® Yol L stojol Yt

A1 F72 FARI 27 AR FHEnH Kdol $iF7 HU),

2232 FAntYe] FHE 2348t FUME tFo] Aoz Ay
g, 23y dAdAA Y] ¥R ezt 2@ 4 s
7hAlol B2 FAHR AStE WA o)

A 3T ADAAY YHIFS 2t A -V FU AYY
A FRAelet FAY BAEFE el &rx},
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W HF(P)-AR(t)-BHB(S) VAL FHuld Y8 dvAx 2ol
o] I HAo] Aoldith. AYAANYH FuniAAg FAde] FFsE A
¥ Azl sy FHNPYL 4350l A Fvde VAVE RAF,
WEAZAS BAY) AFE 4~6 el U] EWHA I Helt Ve B
o
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failure, punching shear failuer 2] Z o) ulz} 3} F-HalzxF [A7 TGt A

At AP Vesic & £} o] general shear failuer, local shear

UEbd o}
AR HFAS AelolM AlQ Aol @ME VHBV-AP DA YojME,
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FHutYE A AsF vzy B AT ¢BHE FHHY I HejddE
M2y FAY HIY F71E Uehe IHEF e ol fo] gk wbd M
SR YL A3} F A7 Sl F UsiE =V AW WS ATE
23t FHdol adeon, YE}NFAME AA e uwel YeS=(seni-log B
A7t F7ste #AE UEtY &l

A2 BHo] A | Fhof WFHE= 3Fo] AMIAHY UIF-ARHFAE F
dut o) H4do] 147 ot FY FHEnUP g XAt FAded A 2 2
TolMe MetAgte] Hsi-AL #AZ #1571 Hol S-log t FAI B3 A
Heh, A 3 oM A WsT-A R BFA T YEYA EHo, S-log
t BA7 d3tA "Hcoh

S-log t ¥4 PRI FS VAY o, FAYHP Y ¥l Eo] 2 Ffole
M1 PR A2 LY FAFY BRFTY 2 A FeAM 2¥ el B
7% 3te] H3F Pl oumiz] A= o)

2L olfelMd, A 3 FAAA A3}E A U2 UFKANANYE FLIH
S-log t ¥4 E& S-P &4, log S-log P £X42 IUx ¥HIFo] ofd 34
o F4 Mg 549 aAd tYE}FUE EHY svyd=E Ach

ol & AA MIAPA @A EH3I #sto] Zdfol AAE 17 A @
% A3t 8 dAE LR 3 EMstdAct B 4 o= 7 FhA] W] g3y
AdE I 2= YEHFS AL 2.0 28 3t FE dARFE EAH
gt EHol ALY ¥FFUY WP ot g Fol

1., AAsako] 25 o Yk 23}t F

3. log P-log 5 &44

4, =Hstgo] UFHF A 2.5% Ao A3 F

-05.



5. &2 staro] A3t3tE x 0.01 inch/ton (19 mwn o] %) Ao o] |33
6. S-log t 244

A3taol 12 nm Yuh 2] 2331 F

=
ra

¥ E 4 old 1 EAE AAY FANeR e I ol Yol FrtystARt
Aad Rcie 83 Acke Hao] He dANSA.

18] 7 7bA MAME w27 A 2z Foe FAURE A ¥R
kol o v &= AAY FAE F 5 of et # 5 of Vel FAzp ol
g E3E ukyed P-5s BM2 HF 0.912 v &2 LEIWT A3 26% o £33}
7t wA3stdct. log P-log S €42 B 0.87 ¢ v &3 3 37% & a7t
Ueluo], S-log t B4S HF 0.96 & v g3} A3 18% o A7 Usiua
olch.

2 2yelM AW A7 3 A S FUH UF AAEA Y= By
Golet Aol Eolstdot NP 7|& T AHUNY 7€ FFole A
AlY 2z 9 O3F, WIAY W olEE Y ¢HF FEA KXot AAHR
SA(tEE EA) A wety HAHZ 2 5 o vgEgE Y&HIF E
Ay HF2 dotl Aot

AgAor PH}F A FdAtAY Jdygoz v E93iA B

Eol wol drh. waty LHF A3AUA FHntRH ] FaAFFol WrHolel
¥ 4+ QA FANAFE P 33 A FUHAAME dAAFelAN 2 A
o] AYEH R Y HE ¢ABE A Zo] A Ha Rl A2 FAHA A
A7} 8 + AL Folth. Eel&F e HA Y F ol WYY Ve uF
& 4 ol Tl cycle ABAHo H 4 UEH 3, ¥YHIF VP VHAEE
B riste zAol o Rk ¥ ot |
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Eé&

1= NN YT Y WOTE WY ¢12

| 2 3 4 5 6 7 =2
| 0.0 [ a0.0t - 0.0 a0.0t]  s0.d| 0.0t a0.0
2 37.5 33.0 | 34.0 0.0t s0.0t|  35.0| 35.9| 36.5
3 30.0 28.5 | 300 | 22.5| 30.0t]  20.0] 22.5] 27.5
4 28.5 21.0 | 18.5 23.5 | 27.0 25.0 | 24.0 | 23.9
5 71.0 46.5 | 55.0 65.0| 65.0'] - 58.5 | 60.2
6 69.0 53.5 | 49.0 69.5 | 75.0t| s5.0] 63.0| 62.0
7 55.9 44.3 | 49.5 s0.0!|  53.4']  40.0f s0.0| 49.0
8 75.0' 51.5 | 45.0 53.5t]  75.0! 50.0 | 59.0 58.4
9 60.00 | 42.5 | 35.5 s0.00|  60.0'| 00| s3.0| 487
0 53.5 48.0 49.0 s0.0t1  s2.0! 50.0 {  45.0 48.2
/| 50.0 5.0 | 50.0 s0.0t|  62.5'|  s0.0| 50.0| 51.9
12 go.0t | s0.0t| 70.0 go.ot| s0.0t| 70.0| so.0t|  77.1
E - 57.0 | 46.0 70.0t] 70.0'| s0.0] 70.0] 60.5
14 g7.50 | es.0 | 70.0 g7.5'| 87.5t| 62.5| 55.0 | 73.6
5 s0.0t | - 23.5 0.0 | s0.0t| 0.0 s0.0t] 37.3
(6 56.0 #2.5 | 33.0 37,50 se.ot|  45.0 | 34.0 | 43.4
17 2t | 75 | s0.0 | niz.st| nz2st| no0'| 750 | 963
F o0 PgErEel 2sMMeE ™ T E

- P

wy

2k

=i £| op2f O]
o [

: LOG § ~ LOG P 2™l

2MM =1 7 E

: b2 AIOE=EOl g g "/TON YT T &

: S - LOG T 2
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| 2
1.0 * .ot 1.0 4 .0 .
1.03 0.90 .93 104 .96
1.09 .04 .09 .09t .05
.19 0.88 | 0.77 A3 13
.18 0.77 | 0.91 .08t
.12 0.86 | 0.79 2101 0.8
.14 0.90 01 000 | 0.8
128 | o0.88 | 0.77 28t | o.86
o3t | ooe7 | 0.73 23t | o.82
L .00 .02 ost | o1os
0.96 0.98 | 0.9 20t | 0.96
ost | st | 0.9 0st | 0.9
- 0.94 0.76 et 1 o0.83
.19t 0.88 0.95 d9t | o.85
.07 - 0.63 07! .07
.29 0.98 | 0.76 29! .04
a7t L o07s 1 0.83 azt 14
3z .13 0.91 .87 14 .96




5. 3 &
£

A=,

A Ay,

F& B3t ofdet & FEE EArh.

E2PUANY AHNENY UF AP G ALY Ffoes AtAAF F
9 Meyerhof 212 40Ny th4l & =FojA ALY 30Ny & F 3= Ao
vpg A sttt gy 2 FAHANE AP et UAH gle v UF
AARE T3t ARG L FAstojop Urh

, 2 =R BMY AN welgAY dHAEE F3 W UH 4A

AxYe UH AAANEE HAA B} 3o}, FEIFAHS €Y

AFge FHoHeR FEes A T 2AE #AANNH £ YT

wHe Mol NEA FHEunBAS LAAFY Yot o,
DaREA oS YRHF vAS UVF) FUAANAE F2FY ¢ A
}.

A
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