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TESTING OF WET JOINT FOR PRECAST REINFORCED CONCRETE

BEAMS USING VARIOUS REINFORCEMENT DETAILINGS
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ASST. PROF. GRIENGSAK KAEWKULCHAI, Ph.D.

PRECAST CONCRETE BEAM / WET JOTNT / CONNECTIONKEYWORDS

This research's objective is to study behavior and failure mode of wet joint

connections of precast reinforced concrete beams, having various reinforcement detailing.

Two cases of joint samples were tested. The first case of joint samples is to determine the most

suitable tension bar detailing having efficiency compatible to the welding connection joint. For

the second case, the best steel detailing is studied further.

From the first test results, it was found that for the beam having tension bars joined by

90-degree hook at each end with C-shape DB12 mm crossing at the corner of hook, the flexural

strength can be developed close to that of welding connection joint. In addition, it was found from

the second test results that when using larger amount of cross bars the flexural capacity tends to be

higher.
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I t--
Ilrl&





a

;

ir
R'lYlli 2.5 :oustot[UUtuun (Akehabara, 2008)

2.3.2 ioildotruutr#{ (Dry joint)
dr @ t i o A , , 3 r o d ty - i

ril u a nu 0l s : 0 ugr 0 fl rn n 0'r fl fl 1 : rso rJ 91 0 : 3 14 ? 1 { ryu d? u d 1 r: 0 ; lJ fi ? u ? dq yr

q h9o aA r o i,nY r E, q d - j
dlrJr:0iurr:.:'[rivriufr Br:oosro,ilrurnil'[d'uri nr:ldaanrnd0? (Bolting) uasnr:rBorJ

(welding) Inurn-rrrnnr:il:enoureBoosrirni:flo:ouriorhui'aqflonrhrvrio{lo.:riunrrrudu

r ra v n ?'r il fi u u io u t o r r r u d': u i'aq dr y{ ? n :J u m : r a 6 n : o n fi i'a q vr r niu a fi ru o d r,: tfl o d x m d l
vvroi

fl 1 il n 1: 0 0 nt tu il n.: t tdft { 9l ?0 u1.: tu n 1T{ vt 2.6

i

I

#lsI
IlllIlrItInl,*hJ

iii^tr
!riili

n

4,
II{
nllll
*,

iteRliln 2.6 :OUglOttUUttli.l (PCI Design Handbook,2004)
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2.3.3 :ougiolrrxo-ott:lntura-l (Post - Tensioned joint)
.tt q , i^ J . i , " d i .r unflu y:auflomtnotun1ut ryud?uril[:0:lJtlaayyufi50:gfl?t.t

6iuriaudrringil Iouoyl#rrf;nra3rLo-orri.r (prestressing Sreet) rilufaqfilddlunsdnrJnruto.r
a ^ rn i,il , o d r 4 j , . d - ^ Jr nnlfl :1r [?YtYud']ufl 'l[: 0:u n'lta{nsr1lla tn]fl a 0Tud?ud'rlr 0:1114: oM n i i1fl etofl {

i , .d t e d o u d ,i, r,r raiueirurirrio::Jud'lrc5o rirrfurrdnreTld'rrrr:ofa'[rJfiarrLrfrn (ur:fl y{iur:rrr, 2s4t) 60

a'lolr"nttt.1 (Prestressing Wire) aaotn6oao'attt{ (Prestressing Stand) tlayt Hatduo-qltt{
. j s q e - i , e,a(Prestressing Bar) 0f{ tOU nflA'lnOntt: {oVQni OUtlluvlO[tAv0O ]UU['['l lUll0t.i n tfl 1:091U:{

i . d ' ...6
2.4 nlrd{fl tllttt{ltfllvfl 'llvfi?'l{:0t 9t0iuo.txud1un0uRtgrdltt0lu

orrrudugrutornr: :rnorln:ouoioduri':udrri ogrlfl o{Inr{agr{ornr: fi ldlu
t e . d te j 

" ' i ' d 6 dn1:n0fl:1.101fI'ttd'tt:0:u 0r0.tfl1tJ'tt0fl{ru1u[[:'1ytflte?] lte ?t {ryu d?un0unr 0d1[:0:]JlJo{
s Y rnY j
tn5{fl51{ tnnltJYt00fl uuu [[:.lo{fl a]? (ulu t9ru1:uQa. 2540) lJ:ynoufi?u

2.4. 1 rr: {o-er nr:tigirurr:.ro'o:grirrduriaudrrgo:rlarrur:ofi oy1ffi ri',rd

2.4.1.1 nr:ri'!rirururlnunrt r{iunr:riruu:lo-ntordurieudrrBo:rlfidrLruia
r, 'o- o,J ' i , . d i4nu tnun'{ 0u [!x?d8 tdnu:s14 ?1{flufl?u 6i"ttt n: tfi lsnulFllltJtt:,toft i 0[[t tnn'[utJln

- L, dr , ' - d, 6d2.4.t.2 nt:d{fl1ur[:{ tou']dq [uufl]t d.t ru1urr:,1oox0 ty d?uril150: [ou
, i , o d r u 'oqra q e i , . d'tdq l:0{:yfi?'l{Yufl?udl[:0:tJuav t!$'l tli H']duHdlJ0.1sufl?u dt[5 r5 [dufi'tt]

4 , , a ' { , . a ' ; o",*- j
2.4.2 [[:{o't nltd{r.r1uu: t9r'1:yfi ?1{yufl?udl[50:1lfl]tJ1:0ytny1,f?Eo{u

2.4.2.t n1fli1 114f; n rijun'nuorvfi ldniururn rfl unr:r{ueirufi fi nt:yrru{ol
d s c) Ao,t- 4 'rfidfllfl:{d5'l{frl$fuu:ldrunsnynrionouninlufind'rornct'rlct"{raio dru.luunyilSruruos

1U0UnUn15 00 fluu1J

2.4.2.2 fr1l t*flanlfla0? dlrJ"tro f .id { Hlu[[r i1I iu: {6{fi5 0[rr {lfrou dnh
4tadt9

tnnu?u aflu0lytlju uuu[fla0? ttuulfluo 11lu6u

2.4.2.3 nt:ldoil dnuotsrrfi ounr:rfiolyrrlrrf; n usil#:yusyrru#o0n.ir
lou try50urryo rlvru

2.4.2.4 fl1i;uLll6.:nruN ii'l r{luo-nuorv qo: ousiodrfi ndunrtrludu riau
od i "dfllr:nsUunassufl?udlr:15rJ [nu0y1da?no-nrurrilui'aqfild6lunvdn aruroraarro'orr:r

q g-i{. -L-. , a r < , j , o cr , d q a[?1rrufl?udlm 0: n15n{0yn:yfi'lRluHn{01flMaoruaeudr15 o;tJra5 oudrySouii'rr rn
^ Ji , . d , d
9lo0t{Yud?u d"tr: n:r lrd: flua'l
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" a , i o'^o-i2.4.3 u:{rfiou nr:rirr.iruu:rrq^ou:vil'ir{fiu6i?udrr:0:116r"rrr1r0fl ny Iy']ro{u
d, i-

2.4.3.1 u:{Eorfifiu'l: ufi'jr'ridq (Friction bond) lflurlr {filfio0tnrl?ro {{dq
A 4 ll| r d I 4 0 I I d 94do{luatu tll vtlJts nufi t oltuu nultn ?no !Hln9n?1u,.ln n't'ltJtlnnnna 1?ur0':nsfl'lu tr,rrna

, q a v c) A , 4 ut r, a I . Z
u: {0t1u tuytf,Ytl{9t:{flulJ'luytf,ltJl: nflluYt'lutt: nlaou to u: {n innt?0y 1nfi50u00unxu0g

f .- i- , a o , aed ,ri'tiaqvriaorfifiaffioltnfioorfiorln uiu nr:l.firilrt1sud'rr nounioro-nu:rnlluuqtrorv
oora a ) ^ i ^ "- d dt e

111 tl.runOU5 {UfirfiUU',t:vfi',n{ru'tfiuflufl?10'tru0n0ufl:qflaooYl.ulu?lfl't[1ti I uau

2.4.3.2 ddr#uuilrfi ou (shear keys) 6o oriirj:vnolluduciau ln:.rairr
d, - i ^ qlm, a , tr ' , ; d , tr -[1lU: OUl.rUflvrlv{U[lJ1 tlJU: [?tUfl01J:0U91010'11U d?U $?U[Y{ur.rn IUfi"tUfl 1: 11{U[[:.1lflUflYl',tU

<lq'vst''-oYtfinulud'tu Ifi:tdtliuavu{Y?uld:ufl?'llJul,i[[5{ tfiflu tn:id51'1uu"l onn?u [[asu{11'l
y jo o a .i . -q a ; .qY 4

1.ru11r trJfll:r rnnuon4lru'luasnla{ tun'l:unlfiuu?:efi?]nn0ufl:anu?flfi Yl'l I nl:uFr
i a d ',arfi u u? fi?1uu1 s[[: {lj 1 nfl ?']u n9l

d d, .o, , tr , . d 4
2.4.3.3 ftll txdanrnnu'lnlufl1: v|l tl.t:0tisrosu fr?ud1[5 0;1l n?ltjrrlj{lrtI

5ea < A dq ' qy s ^ L t qe t e L ,
la 0fl?rflu { 1J1{?! tufl"t:00n[[ulJ:0ugl0n1: Irfldn[na0?uu0es?u [l-tfl1: n0flt 1{uu.1'lu[[ay

a o A o, a d o o e, ' d d 4d3n?n d?u{luulnIu tuul{fi5tn15 ttdnfllflau?01oYt'l tt4:0u9rofi{nn1?llutlnitfi50
dr ' 6 dl,,

fl a 1ulllu : ou0l oltuu 0 d: g fl tfi

2.4.3.4 nr:rdorJr{luffi nr:fi iru aolunr: rio aix:yudu riaudrrE o:rl1u

il: v rms'h u ii fi fi uil 1drfi o'r o r nfi n arru r r{ qr:.: t o r In : r efl r r

z.s frusrounr:rioa{xornr:rvuuiuaiauairrSogrJ (u3fl:1 qrdrirr!, 2549)

riunounr:rioaYr{ornt:drrT0tiluiu lurreinylnr:rnt:firiueroufin-nfirrfiourYu
q t9 a

0sfin?'lrJ rraneir{ri'uoqjrir rlu riauro i: luasrdunq t uei; uu!xo{otntr a-fl!iuslfluf?lil
t I o d ,'- ^'- '-ro{nltn0di 1{0'ln ll:s1lufl1r: ng uu 0e luf,l0uHan"l 0qd1 1ugt0u

. d . ao t At trgrolflr:n n0 mtnl:flanflud?ud1[:n;:Jnl yt[[uunl uo cx{ [ul,ust0uu0y
I9LoULA'usyn0uo?0d?u iludlftiuflludlu fi0 ilulnm'l tt {.:1uli:0atufl no nt:ynulj1lfin0 uayilu

rufisrfiuriru eirrBo:rl

fiufl oufiao{ 6o nr:turirBu riaudrrE o;rJr rnl:.:{rufl Arr'[ilfl{dorufi rioair,r
t,;sAZ-:,fi?ut0ll5tInt::ufi1t4:0tfilJ:51ln 00fluu 1l lqyi 1s 1u 0 unlJ 1u 19ua & a fl! fuysu d.t u

d'lr:0:lJ
& .i , 3, "a{un oufr aru n=o rir ru' u n r : rl : y n o u 8u 6i ? u ii I rE r g rl b?ril u In :.: air I o r n r : lu

,9 t I r a A ' 6d
1U0r 0u u 0yu: yn01Ja ?u.:1ud'ln ryd0.1d'lu n0 n 1t unryu d'lutilri 0a unE a nu6Uso 1ft15 fl1t
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rJ::norqn:oaoioto.:durirurirrirgrJ ovfinr:1#qiln:niniulu rntrob{durieurirr,Sogiloqiii
a, urJ A-JFrlrrlJU{ tU nflUfUUfl0':fl'r: [y{ tulo'l t?s?ft:'l?uns T ]n 1: U:s nou0fi: ou9 00ulto'l?: cr.:ryti

q9 A d oe, d l, - '- a d, duulJ [Yn1:[5otJ [[UUnt:[ntlYt uasuuu t,rl an Iq[1n 1a.1 ri{0tnuuf]0ur unt:tfl1ln'l'tu
d e , s s , , j , ' j d, q, zl mvf,t5ul150u10{d?u tn:{d:'l.i rryu fl 1:ufr{r.r?: ou9t010 iSud?utlfl ngsu t ufiu lflo0y-[ri[5 tJ i]u
t e , ri rr,,n0dtl{fl?uou1 9lo [lJ

,t,&"d,
2.6 iodrtayilodri'otsrnrtrioai rlfrli:suuiudaunounSgrdlSo:r.l

a .i, o y e4 , r, io vi , d 6 d01flfl1:f,nu1mfl tur r tunluto9tl0 {:suun t: flod5'l iyt Ii,ryud?unoun: q d1t:0;

drlltao.:u
(1) nr:nn:yusr?arro.r{luriodflr.:rlayfl ?tlq : yuy[?arld'urjuou ruiorornluqru

ln:rafxoyl#6uriauln:rairrfionrun.fl r0rnl:irru rirb?arrLr:on'rruurrukllurrnr
,aar6dav

lflu?flu11.tfl1: lrl tu n 1tvlflo1uYlfl0flr1{uas fl1t runaYu dlu dlr:0 0ny]{01flnflu s11n1 tu
y Aq y! , " a r :l 'd d en1:m1i'luloi:yuun'l:nod:'lill tYsud?ud1[:ngu[0.1 [u0llltuulyttJUn n'l:nodi'litluu

Nrioluii
.. e ' v .il ,! r. t , , o j c,(2) 9rU1Ufl0 {n 1: fi0dr 1i1r0t][u0[1J: uljrytullflussuun ]: n0fl5 T irrulJ d 0 tu11 6't

A, e q A a v i'liituauornr:frnodixlurrrurAurtiudruaumfir 6rriu4ufioirn'jruiurLrtrnriruil:snou
4 2, r , .y -i< t .q9 y I ea ,or,nouou9l?u lyu : yusr?41fl t: nodt'l.:yl[t ?n?1ig ytl t?l na9]u4u9t0fl[u0n1: Qr{u aonl t.ro'lu
I a, .i y

T'1.100 (lndirect Cost) nnfl1:dtuldu?dq Un;nt: hi[[: i{"tUYtf OUn?t

(3) dlur:ofl?!n nrunlyrro.l{'1u uld.iruunyry 
n'ou nluriulo: lnr: rdorornlunr:

ritrrudrur:on':uflrn R1y{rro{,rukisr-rrrsirruHn-srfiqnrufin1u1:rrru rirb?qornrvrtolrru
.'.c,^3-j4^-'-sae)Aaflod:'ltfilu 01nfl5: lj ?In1: H 00t11tJ lft:$lurglet?nu { [n:.ifl1: o.:rrru tyriln r: riodi r{frI
nfl!o{scfldl nu [1u tflt {nl:u lu0fi dt 5 01n ]t Tfi11ft0]flu nju0iu

r s d. , o d o .i " i ^ i(4) U:v [u$u d1fi:11{lun0fl5't tlo{nl: 1.:]ufl0un5qlumoI [n0n1: T r.ldnrurl',u
tr9,,t a9t4 | - "- a j

ar{0gd1tJ"tt0Yl1{'lu toilultayfl?uquq n1 ltififl?'t ai0lnuud{0r0qfl{'lil0-id01ufr
| , i " ^t-n0fl:'l{[110yl1n1l9lfi0l{ (Don, 1986)

(5) nrranfliUfilnlrunlrnauru{.iluur{ri?u1o,i,:rurioairlluln:lnr: rdo{otn
y o !, iqgt u , , ia-ns sror{rust=nn-rfrl.fiu:.:lru I tfla0ryut']u rsu nt: tsflu{ftounisrdrrtrrsrffuki.ir1#

e A F 4 . -_.:--.-g 1, 4 qyi i q o .!t c)lr:.1.1tuu0uluo[ur uu[?tulJfllJn1: n0,.lu ros[110 0s'[6?iuTrlny[?d ]1un1: rit lturyirniu riJu riu

(6) nr:afl n?tilqqrAuif,rllo{.murioair{ ril:rvffl qosQnf,nrrrluiluasru6n#.ruoi
, i " ^Jlu l: wrurioufr oydrrurnnet-r1u aorufi rioair r

a
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(7) nrraniliufi ldnlrluxodo!1udorufi rioair.r rdu r.lu unareu iaq riluri'u
t e - d { ' .<r(E) n15 AnUqfi 1 [1-tfl r5nOfl:1in tndn tlln o'1fl ]f, ruo tn tflryu d?u dlr: n nyQnr.l na

ornl:.:rrufi '[riffunirianrfl ornra rriu {lo;nrr.lunn riludu
riauluriruriorirrinro.lsyu nr:riodixfildduriauoounlortirrBogil cqrJli'olrd
,-. e .l y j q q d iq I a( I ) flu4u[:rJsruyrfl{ tunlt nof]:0u d0tum [un'l:Hafl rlljlj ao lrayrnio.ir]0

j - i; , c a 4 ,l - q ^ Y j, e eln:0'10fl: mlnu?{,0 { tufl1:p.lnn 5'tlJoilnro{0n: [ufll5unonnt dftluytnod5l.16?u

(2) nr:n?uq nr:rirrrulunr:prfr nfi dorfi nr:ullLranoioqarnrutolducirudrr?n
i - oyngl 4 .i d, ; e hrzi - i
THAA I tnfllUU l9tt!1U9t',ltJ[[UUUAy n1l n0',lnlnn0u[lJUYtU0lt:U t9t[UOi0',ln A,!0',1fl11

ddrj"-YUfl?Ufl0Un:nff1[5n:U0flrunn[fl:nnvt]luflt:ulnTtgu1al[uufl t:rln ttRlulJd{ lryu
zi "r' dr ,fl'llun a ]arfl nou:vus ivto {'lu: vull nlugru

di t - i,(3) nr fifidnrufiHfinuny aorumnofl5'r.iu:uuy11r r 1n nniur rnnr:rFufl'l{1u?i{

[[aefin]r[6u r 1.:1u rclqv ru orolfinfliurrnrro:1n:fi6nfl-n riruu-n1u nr:l:: 11fl1,0{:6)
o d l? , -i y :itufl{n?1 ldu 'tu10'lsufl1u fl't[:0ra{n1r1ud': cr{0vd{ flan0n15 n rluu.:'ru 110lolu 0 ilJo {

.e4,,jju
{1Un0fl :'l{ t?tJit.19luYtu01nfl 1:lfiu111{lJud{[uo{0'1fl :vuu11T{T Ina

. , cr, iv o o q - J I e, 4(4) 9to.: tsltS.t i tuYt0lo.ltJft?'lus'1ulfl tunt:anfli crt0g9t0{untl tlu lfrjttn&n?1
9q 4< " f, y < qy - 3- ei d , dt

[11 [00t']tfl]rTlnlu QnaoirYl0 lfinltglon{ ft?'lufia 1flrn d0uunsn?1 rru1l:0u10ii1u[1lu

lluou:1J to
, i^ 3 ' i , . d(st:ooriofirfrofiunrnnrrer-Flgt',iude :enou: ousiolJ o iiu tiau d l5 ooro'[rinatxrrL

qt Aac, . a dt ,
lslJ :0ua0r[1rllufi {m tyfl afl [nnu? []Juglu

"r l,a f, y - A(6) lJ6Ur4 1fi1:tXry 10{U',Ds1.l'r'r{5OUn0fi n{fl 1:n0 d51t 0ulu0{t1nd][yq lryu

qildudGro{i'deJfi ld1u:oosiofi 1il6 uaynr:rirrufi hiloiqarnrvr riluoiu

(7) n m n-o uil a { o r n r: fi rir lrio r n 1u n : fi fi l#ril u I n : r dir{ r s il r u,.iu f r rirr u-n

(Load Bearing Structure of Panel Sysrem) d.: r.ru-.ro-lnd raoyr{iu riruxd lfi iurri {ro i,llu
s ,4.ae i /i ' ^ .h,rre
tfrSid:1.10'tvtl t nl:Yl0v1t1t[ 0aor9rU01oYr1 tlr to

nrirrlnoa;il16''j'rnr:drro1:yuufl r:rioafl r rlo0ldduriaunounindrrl o;rlrur,-^,
riaulu{ ruu:u ovfirl: s luyriotixrL rnlulor.:n r:fifi:l3rrrunt:,{afl d1u'tuiltnili ofia'n! iuy
a v ' S y q dt I 9 y<q a 9, Icrll nu tflu [n: {nltu tuofi d:: rlju9ru a1u1oFl tur:0 iljo inl: an[? n lrrny9tuylu I?uE]tnt:

,l l< o, ' o i ' e . ufl'lunun n1fl10 { tlu [u lfit ifl 1:[tJ0[1]: uulfluunu nlt tfltyu ut.i 00 tul1 fl?u1001no r$u
4A6tatta
G osnr: aruuGrLrr: nlunl: Ho-a [[r.l{1unseio.ifrfl']luliru1iU lravnt:n-nu a{otn1rfi a-.ifl'l:
t I o $9 dr I snod'l'iyr tOurn I ugru tquufl nyfluaoulun15li'l{iufl-{lrsinlr r.lafl n15rud{ uaynt:n^nn-,1

a
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" dt ,, oe, )a i- zl ov^ in1[ u910.: t1 fla1fl:vlufl?'lutlulaiuaun:s u?u n1:0ftfl'l: llfilY{ o t1111:u1 [[asnfuRlr{9r'DJ14

Lo 5 sft 1: cr fl { fl'l:

2.7 no ntfltflttJtfian

4d4dadnoufl:n[[agt nnld:u [uo{fl01fl15n0ufl:9ud:ulHnn (flnt : tnn'1, 2546) na
I q A9 .t 9, '- a v o,aduunyn[luYtoltmunu noun:nq'luYl'lu[r: t0n tqg{ t a nn ]u vtluYt{t[: in i[[dvu:.1oo too

4 r v tlt I I 1 dyldo vt't d0 i uft u ? { n u tfi d]u 1 : 0 a 1 u fl lu fl 1 : fl : 9r 14 : 0 fi n o rn o u 0 1 n fl u R 1 u lgtllr t fi { fi t 0
- '- a 9 a I d d A aq 9A o dlr:{ofi uofl0]fluunoufl59tt4ut4:01!0lflul nntd:ulJ tl'ltnoduu ltuvlfiu?flut anld:tJ

e 4 a.r,/ 4 I - dr .i ri , ^ Ji
61UrlUnr:Un14O lfn 0u ni qtlfln51?0u rilu Hn[u0 { 0 ]nfl 1: [! nuuulj n{qiufi{11 1']iulv{:'l&

-X 4 q ddlrJ:v Syrt-nr:6nrqgr-1n'wqilfi 4fi (Coefficients of thermal expansion) 1o{tfifinuavnoua39t
d ' o ,4!fl1tnnlflu{nu

-'- 6 d , a d oero{uu (?ugr so?lflu:,2550) n15u1[ anrdur:olfianovun: { "r t15?un1Jfl0ufl:a
t i" glA. v dlofl naou [uruofioufl:fl tunn!fuvY]nt uFl tfl n 0u n: flyn11u tvt5ll[[: i0altnv[M nflt fl5lJ1l'l

,A- 4au, 4?rurrsuu:.:fl.:0.: [oHnn fltu t:0 aorituu-nuavtu rnt o l dau ]n: r aYr ra r',ld',r rn nr:ldrvfin
dalfli t']unufl0unta lunnu voinnl? t:un11 fl0un:fl[d:tJtfian (Reinforced Concrete) u

nri,tr#rrrinrJ:v rfl 2,400 fiInnilrioqnrrariuLn: ru'orrHnrailfinounlorriorflu ossiaul#
a - I r a u I dr - ' ura oqY d a do so 4

tuaflrd: Uuuvruyrlu9r0[v{ a{ t urravnlr [1lu dulJ4n5 0u tflfi vrl t1.1rfidflld:lJ n]a.ilurffi lfr{

lrira' u fi l nr : l a fl t n o u nl or r aS ru nr f; n fi l driu un i u a r o l u rlo q riu fi #{ ry fi o N ri o 6'r ii u a s ryfi o
,.d.i d' d ' od a d d d .i

fiaodl15n crio'l0ruunoufl:9t n0 d t[5 nttulJ lflrtJl dnt:ilro'tfit0ltuu[flilJlfiafloott:ivl
d ' o d a s , . I a qrq

[5unnu?1fl0un:n0nlli.:n0un:0Hdodr[:n0sfld9l0]n[:{l']uua?u'lu1lJ:sfl0ufi:0tstu
"i, e , X I u d u 4t,d0lumnoat1{ [Tu:vullYlu0"rfi]: v{uflvl{lu ru i rflll1rJ nouflrgrfl]1'1: us lu:1n [1lu0lu

2.7. I :ruas[60n r')'hjtornr:raSrunrf; 
n

d d - ia ooe'
n r: t?t: ldnvrouoflo{rfi anld: rJllo 0vvn t d?u10{ tn: {d:1{n 0un: fl[d: tJ

d d ' 4 ' d v hY I t v d9l nn nl: n0ufi0u'l{u1{r[: {udvdl li 6l:lju: ': t9r 0u r r! n00RUq n 00: vug[?n110 ifl1r [T{]u
4 h ela 9et . 4 d d a

19t:SlU ACI 1r:O ?.fl.Yl. tO tfil'ofl1fiUfnJo{fl]tlfltrJlr Afl tSU fll:fio'l0t AflrflttJ 10{0
49td4dadtll<,-*-i

1A:g1U :UUvfi0Ufl:9tt{tJ :guvt:u.l1r:0:&uv}rT{:v11'r1{rfinnrdsrJ ruu$ru n?:o0lJ0u9ro.:u
_d

2.7.1.1 n1:oo{o[fi anlfl:tl
u d a qydr J o"* , o <lnt:oo{0lfianlfl: tllt ua n1{6] uu ts?I n1:ofi[5ufn'r R'lSfrfrluu

d A u dt a '- " u d , '- :Z t e
rfin nrd5lro100flaor ul annnfl{dl14:1tfr"tu r nn aofl Yt.lulu ounl r'r0lfr1l: v d{filro{ n1:

.a
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rjr hl 1d.: ru ! r q, n ru r. a. vr. 1 r?rio rir r u n t o r r o r o r r o : j 49n:lu1Flrdu9t1u
t 4 d ir -:fluuftal{10tfl'l:.lol anltnv:cuvuum nluntu

t o rorrn : g rudrv iunr 6 nrailron
r) rieufi n-nrfl un*':rlnaruasiri:urJnrudusie'hJ6notirlriou + ryir

9 | 4 d ,, '- t I ti t,ro{rulnrduiilufludnor.rro.:[Hdnrduu-u uei:vuvdo.r hirioun'jr 6 lsuer'rxer: o-luanrlu

nryrfi z.z(t)

z) rir u fi ri'n rii u r1 l n r n u a v fi ria u rJ a r odu ri o o o n'hl 6 n o ti r.r rio u
t d r! -:yural l2 rvirtorturnrdurirugudnar.:touufi nrduuiu druanllunrnfi z.z(n)

Inufi rurnrdu,.iruqudnarrnruluto':'xLisfi rf, nfi qoxo{n1rn'n{o
dao;l nnld J.r,ulnnltl n{[1d6.: ]un1:l.:Yr 2.I

) t , t " .i< .i
9t't:1{ti 2.1 1u1nlflufl1ufluuna1{R1u tufl[an qo (?fl?n: lr,fl6t'lultfi'llJ:u[Ylfl tYlu,2550)

4db > 6 r!.
,o.ro'#.rrns!'

nrr,rd 2.7 ro.rouros!rudrriuruf,nra?rron (ifin rioiriu:, zsso)

2.7. 1.2 1o'tourn:nrudruiurrHnqn#.r,,as,rf, nilaon
r d L a r -io y t t ealuluanann{[[nslfi nn aonm!1u'lFtldufl "tuf,uunnlt{0un']'l

l5

(fl)(n)

/Za\\
n(@,,

NZ.rq

tUlO{onlfian mm
e t a o i" ocJ rolfluflr Euunar{nrut nlan q9l

6 -25 o rvirtosrduilruqudnar.rtounf, n (oq)

28-36 t rvirto.rrdur.irugutinar.rto'rnrf, n 1tq;

tintfi'lfiltuaarrurln'BUnRlrnl u t.tr

vdrar2!L,14:orynflu t6 !aarrlel: ornao.tol uryualnfit0 135 0,1fl'l toulJdiuuun000n'tilti{il nluqn



t6

d4dr'J-Ae,t1O{t AnOn001.:uou 6 rYllu0iuurordu 'tufluunaItlo{rfiaflrduuurlnguflu1oldur.]1u
/ o jd i I e t t a y L -fluunnlinlu tut4[nnT d9ltmlnr 4 [11 1floiflutFrIdufl1 fluflnn1{10tt nflrduuu oirrdoI tu

n11111 2.8

uo;rL -,f-rf,uCrgxfnnrrrnululorlrtrii (4db)
dhniurnrerfo{rnufnnrolorrufin S t 6 ul.

nnt onJu!!{r1n c-e.r ariluul 1 35o

orrrd r.s iro'rorJlensrudrnirlrnf; nqn#runerfi 6nilnon (ifisr rioirfiu:, zsso)

,d
2.7.1.3 5 v us fi 1.ttJo {lfi ofllfl:

l ) r v u v 1, 0.1 lio {'i x : v r i r r n^ r rx fi n fi o qj 1 u #u rd u : du u a v fi u { cr u r u
q t ht t ,t t d a L
nu flo'l riJrln fl?l1ulnlfluHtuf,utinaNloltufinriuuSo t.3+ rvirl0.lcjuro]flaa1o{fi^ufi30

.
2.50 lryUntU9tt

,i 6 , if2) [ 0[unnrd:uglllJU1']1,0.tfl1urJI]flfl?]fi u{su so{?1{:v1.1?1{[.]?
d ' '- q t,r, , a , d d ' I o Y . j

rfinnrranvruglo{ t u0un?1 2.50 lryun[ 9tt ttavq0irs0{lflantlflnvsu tfint tnutY{0n'l:ttl

noufl:0t tlJdgo ?fl
d 4 q a 9 d ' rr ',3) :vuvY0 {?'t'15 st4'l'r {fl?t anuu tutd14nsuFl 9roi nr truoun?1

t , t d a'- Llc, u,rt
1.5 ryilro.rlulnlduiltugudnaxlo{tfidn{u ri'.rfrsiol"trjrioun'jl 4 rcrusr^r a: n3o t.:a rvir

xo'lxulnladnro{fiu
'dA6ra,iy4) :susfi 'l{1,0ilfi nfltd:tJ[0n [uFru{n'r[[ .tr.r:ollfl uvru (unliurlflu

n'u:vrun':nountqt glor'lilrfiu 3 ryilro{fl?r urto'?r.rf{fi;ofiu 45 r.ru6r o:
4 .i c4 d 6

2.7.2 n15 Ufrlt4 U U?UA U t e Ue r{{ Unrfi nfltdr u
04 d 6 o d A 4 t a I , - hrAn1: nuol0{tfionldS tunoun:nly{0ua u?n :ostluYt'lutt: {: ?tJflu tory{

d-t4taudl,UfllJ AtU 00u rryU n1: UArnly: t lt',11'! noufl: onu[r n nld: tJ n']t01luo gll:1{[[nytflufltu
? d a dr I J. ?fluufla1{10{[unfllfl: [lJu9l1.l tlJolJrrS'ifl:s11'l9roo{no'lf]r5 uon0'lnovtfioilil?t u5.:1u

d a c! ^ ,)@^ d .l- - - d a -'.noufl:0nr:or an[d:rJ[[a?u.irnqu:.tlfluoYt1uYtr.l']fllJflflte ?"t{floun:fl[[nglfiafltflt ft{uu
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a d a 
" 

A I I a I d a 4 9an1:[d:!rHan [uo{n0lfi1:[Y{o9rluvtluu:{Fnidl n{eto{n1u{oln'l:H{unlfianld:utfilvlui
2e Aziu ziL h'q, d d

110m03s|rulr'lufl r:n50 :onu t0a I o tu trn0unioltasr nnrd:1ruunoofl0lflflu
c d e ;s 4

2.7.2.1 5Yuv iLtlAnt 000UYl5lJU: tO I
cra4

l.l1A:g1U ACI lJ:O 1.d.T. nTfi Unn't IU01'llJ0 i:vUvtl.:11{tJt{Ug1U

/ru (Basic Development Lensth) drnilrNf; nraSlriodoufi iuu:{6{ fi'id
d - ia e | / r,1 'ar aflrd:ul1:Juu lardur.l'lufluufl n1i [tJrflu 36 nar gt:

db
(2.t)

Iqufi 1 .. = n?]ru'r?:v0vdkrfiUr.r'uoru
dD

1; d a e' al, - ruovrljo.rr anlfl:tJrflulfru?
D

i" d a/ : fltn{R:tnflnl uo1,0{lflanld:tJ'v
r' =ririi'rd'nfirir uaro{nounlor"c

, o A iqrfl?un?'l U1?lJO.:5 vUg rl{lyltJ119i0 { rl{ 0 j I /,(Developmenr Lenglh)d'
b{rJfuurilouni:eu5suvfl{dusrr.l t* drun-:qorrJtvno!ei.rudo{1unr:rqfi z.z drr{Junr:
A4addardlt01tilt10t:luav[0ufr9r1{1 1,0{ n1:lflttJlfi an [Yu:suur:u'11o{[Hnnld:rJ:vuvurn0un:91

riluriu odr.r1:fi or1il5vuef,{03{ i, olorhi#oun'jr 30 rryurlrrler5

i - A d ee -9115l{yr 2.2 9r?friulj:vnou d'rfi: u1l: u: s03 / .. ruorfi af l1000u:lllr: {fi{

tie"rnr ru ao',u,,ri ,rirr,ro1ru, llrr,

o.06Abf yt-

dnrrrnrrli{ru 6'rnar :vnor
d e, 6 a ia I d h I I , "i .l. I nf lldu tufrlufi:otd'l vtutvuvu n0un:a t u oun?]flnlfiuortav
daddda'-[1.1iiflld:!!Scuuttu't?1.1 >3d, lfinn a0nfii0[ andnfl{911ltt).

a At, na c a
10fl1ltu Fl10 { [d'1fi:010 {n 1ufl a00: vuv 119r0 { fl { ufttH afltdt u
zl4d6

2. l=o:vusGu{to.i[fi dfllfl5rJ -< 2db unrfinounSorr"i'lnur < du

1.0

2.0
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o d , , iu d,
2.7.2.2 tyuytllL'tlon.[otioull:ulr: {q { tqoflq alur ulJ0{otJt0t:s1u

rLra:tru ACI ilio ?.d.T. rirfiunn?1 u1?ro i: yus dl,drllrnuu
rr f;nra3ulodoufifuu: ro'rlnu6'nrl a tu,{lucJo lo rfl:g1u 116 (Basic Developmenr Lengrh for

Hook Bars) n{u

'hb- (2.2)

lqofi 1,. - n rlrJU r 1:;ovdhrn-rfiuo ruto rto roru rn: r rufru: r'hb

n{
9tld9l: llU'lOtfl fl'lUflUUfl n l{:3lltO{t AfltflU

:. d: riraia:rnfrriry uolo{ rY A nrfl3!

r ' = nln r00yln1fiu9ltJ0.tfl0ufl:91'c

2.7.3 nl:qioril6nfr-ru:rdrloonr:m1r (rl.ina o':':iry:rnry, 2s49)
id ' d in ,a ' d

n 1uyt n1: sto t14n nfl '15lJn ?-ltJI14u u?[Yl u1l[?l'lfl 1l fl 1u I un1 5 910lfi n fl
u , A ^ *.i , zi a o - .i

liofl rl.tuntJO{ ACI AO{fr15 tr.rUU t0?10e tlllflnn]t']un !nflolrooinrd{qi {910ifi1uvl!fi0l0
d et . tt A . ara Y zlL qYa a ,I an tofil uon0{5&usvr1lju0uflqo10{n1t0l01l'luuu]ldLlfldu t'ltvl0 tllufl0un5fl{

^ 
j 9 v v rl.tu u d , ,.t 14'

r11U.:y{O [l,r00r',ruyrlun 1:uflnuuflgt'] tlgrfl'tHt unl: fl lurrllu tu dlJ Hdrl.l dfllloavldu tufr?:?'li
4a d _;

rixduourfru'[rJn-rrlao{lun1flfi 2.9 udn{flr:n:v0ruilil?uu:{6{lurrfinrairufiqnriorrr
I3 d;, ", { ilnor eou: rovrfr'rLfiutrnflutiffilntorrflarfirufiusrrrL:vt synu /s nufifl x0t[:.i rn qq6o Iy
qya d aloflnrssr0rt ns l.ffn![ nfly]tutfi Irtnu DBl6 unRtxJgt:

db

f,
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6I

A',fu Arl;
Barl

Bar B

nrfld 2.9 nrrfl:soroc,]o{fi ?urr5':1ulil6nsioyrr! (r.]!na 6:iry:rory, zs+q)

t .t v 4 . ! , d qy 3 uv ,

fl15 0r0lfi iifltuu: ro rfl]fi uosuq0ln'1lIfl 0 {fl'l:a0m]u[ nn t']doisuEtuR]fl loufi

fuqarnrvr A n?rtLur?lun r:doylru /, = t.ol d
funotnru B o'l1uu1?1unt:dov1ll /, = l.3l ,d

rilfiull / = fi?llJul?t suvYl'llj
s .;/. : fi ?1u u 1?: & 0v r.l.r [1ru

2.8 0lunoun5fl ldllflflan

d i d s ,J ra r dr r A a .i ,q
n ]u n o u n5 fl lfl : u lfi a n r 11 u [1'l u tfl uYl ? [lJ tlj u d ?u 14 u { lJ 0 I 0 { n 0'l n ] I m 0 q [u

rlu?uoufirufinlflS lon (Main Reinforcemenr) G0l'[ nrrittu roa ttul?10 rnlunounin ]nufi
qt A- .'- a s , .1 y s ?- .i. i z{

t.t{ 1115UU5 {fi {yttt4ufrfit 0:lJ[[: {0firv{u{u1ifl1u r1109r1u111u IlrttJu9loFllrlflo1utU 0{ n ]nu5.l
s9 rt u0?.r10{ tnn u 1?r uflu: tvtnmn: emln{arflnlluu ?u"l?10.1fr1u tsu u"lfiuflu5:11flltruo]fl
t - . - 3 e , 3 -,r,' ouolfl'l: 0.ru.1 fl]uv{{ 14:0:uu]fiun 5:lnntvTltluula un?flluur1'r n t]lcnru tfi€ul'l:0

u d cl a I d a d qd d a '-lfl1:0{t1l uon01n0v lH oflld:ulofllln?n luooufl:9lld:lJl afluilJl an a 0f lfi:olfi an efln'l
A o v , A ac)e, ar o , .l^ " eld:rJgr'llrl'r1{ [u9]?n lufi?u lfl0 lTgnuYrlulrr rlf, 0u lu fl1uYllflufl 1n {10 tn 0ufl5n 03a']uYl'lu

|r 90 t d a d u 'u ru s /- a Itri tuljl{n:.:nlun0ufl59t[d:tJlfiafl [ [nr![a le t luuqnn[[a&[[:{[a0u 01!0en0i5u

llnrusiu^orYauur'o#rnrinu::unhikin:srirrirufludnaxrr:lrfiou (Shear center) rilurunbfl
i4adfiu?ut[:{ [un'lun0u n:nufl {14 u?ulr:.:on Hu']flu5{11fl uavHu?uu:{[a0u ?t:001n u?u

| 9 i^ t e, v[[:.:a1lJunu:?lJfr?urlt0 01:ill1?1n1 910{5![[5'tfl :sYt10'liluu']unu

|l})----..-..-_<q
1t
-l.,f'
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1u nr:o'ruroroo nuuu tvdo.:r6on1dtu rng rJn-rrto{n runou nlflra3rtm 6ntta s
d a o 

' 
a oYi ' '- -:rlfurfidnrdt qaonnu:gugt:0{lfianld:tJ tfi[1lu1sdlJ[1{u{110 tllYuf,?uuudlllltotu

i . !.r e , s h ' ' a h | 4 d , I qul un ::14fl loelruero{flr: rnuhirrduriolri{a-?u1n[6u'hlfit o :ou:1?fl?1{ ]fl [ufln'r']v
v ay1151rUl Xrnl t:: t4fl try.:1U

s /o
2.8.1 Y{qnn:5rJn15:U lUrUUnno

d .i -.,. : , n

lu1ilvfi nru0-l'lilfurirnrinr::4n1o1 ttrnriurirru-nto inruro.r) 0vdr a
A9 e 4 eura gt t,t'llfi'luui lrJuoul.t:o tn{a?[[avn0untn luo'luvt9Tullllt:{o{u{ tlllflft:0u:1? ulJ110'l0tJ

9 a 4 I 4 o d i d v u'd:ou51?lflfriuf 1{llio { tlnn]: ?lfi9r?10{floun: fllrlotlfl{9r? (Drying shrinkage) tlgrlJ0l tt.ltfiu
, ,' a{ :. 3 v a . i 5, - i s ,-
ri?usl,u 0t [r]on1u[:u5lJ 1l.tuflut:1n :ou: ifl:vvl'l ftlu0vt:u tfli9t']tu0{01n t luu9loFl

j o - ; Aa et, 4
n{udo.r [uR1Y{vr 2.10(1) [unnu vflfi a {n luQn0ouasT t0lYlo.:nluqno{ ln u'luu:{o{

i- J " a Ae) 4' e I , . - e I a A a
q {qnyllno{ulunoun5 flY|140{n luun li 0uttas0i1nl'1fl 1n {ti'luYl lult: {91{10{n 0un: n (ry{fl

fiodrlrLqaiatosnl:lrnnir? Modulus of rupture : .f, =z.orf 1' I niulu cliuvfir#rgt-o

J o o < - nrr!' , < j , a qeyl{filJolJO{ft0u fl: n [un 1u 0 i dlu 1: o: u tnfl {fi u ?u[[: {0n[[nv fiu ?u[[: {o l110u[1,1u 0t[0v [91

d^doi,oo."itlu?rlfludslvru [oul nfllfl: un1:unor?[1r'rflufl r5uflfr?fl0 {n0ufl:grvl0g tun ]ut4u {[fru?flu Yl

fl n t?vfi n ruu-{'[ri ir t (S..tion uncracked) n'l: n: g 0'ltJl o'1fi riaon r:6nNon-a (Srain
,, @ d dr a I ar dr q 

'distribution) Uufiul9tflt0ifl1Un0Ufl59lldrU[114n 0U[lJUllllUtYl[flU[[nvUnlt Udfld?lJ

Ingn:lniil:vuyfirirrotnuulrrnudvlfiu 6i1 n]tn:votuto{fi ?uu:n (Stress distribution) rt-l
d dr dr s i .'-

l.t1l1grolj0{n1Un0Ufl:9t[d: tJ[fiOn0U fl't[lJudnd']u [o0ct: { nu uu ?tJfl1:uofifi0r?u u0t]lJ nfl

10.:un
- e . q, , 4 o a jr,[ 0n1utuu1fiuflut:1n!]n1u0uvt'l [1.1?tu ?ur[5 {n { tun 0u nt qmyl0{n 1u

t' 4 o Ac jja ,s a efil[T1n fl5orflun?lfi?'llJgl]ulrlu[[: {fr':flo {floun:n${ tu unofll t!eadlornl: r[an:1? ,
a.ly-Asrser,.i

fl0Un5nng[5U:1']OUIUO {11'101n [lJ[lJUflAn[[0ln:1? (Cracking momen0 :0U5"t1[UO i 01nUt {fto
(Flexural cracks) oyfiuur6'{qrnniunxl uilfltufiu;[? fln1,:nrurlnEfiuu rrfiu.:fiuireiuil nru

2nlu fi{llflft{ [uR'tl1Yl 2.10(n)
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1 n ) ria uiu rirurinu rrln

(r)nru&Ufir

(n )nrulrr

1,r ; utfin rnir:nnn'rn'roRn im

(r ) nruifn'

i ^ < oylRrll 2.10 llfl9tfl::ut 0{nlun0un:nlfltuluaflR'lu t9l 't nu::mn
(?u9r so?rtti:, 2550)

Ic

v
/

n
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77cA, lr=+r,
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, h dd d h ' q d e :iee i-
au1.: [: no 0 r tudl ]: 0d Itfl 9tll.tu t 0u: 1?u loq?ufl llua ]fl : iu:[1flllltJ:ou

, . 4 !,t 9r< y d , / 4
511 f,t- tul.t u il,0 i[[u ]unu dvllluu i d rtJ r: o:tlt[5 in i tnonll 1 llnnuou llfln1: ?[n:lvt'i1] 1.:vlquA

u-nhirirnaudruvruu:16rtotnouninlurirudlr6n ttaaovfior:ur1#ruHnrnirurirmrirfi
- - ! ! " A - i @ q,
furr: rdrulun*rrruo ludnr'rsfra1uf:Ldrufnt::4n1dlru (service load) u rurt:.:do grqo

lunounSsrosfirirhjrfiun'jr 0.s/c'(ln0ilrurttu)ttav rirutt:rdrglgelurrHnra3uostit
hi6'r1nn:rn si'luou nrunounlsrrai rLrt f;n6.:finq6n::rtttr:.to^otrqu (Elastic) ln0nr:n:sorfl

nuun ri.o,,,01, o ourii nuavnr 6 nrai l u-r n r rilu dn ri:u ln uo: r ri'il x il runr:6nfi q er-r ttoidr

nruiulil uflr::4n rfll]u0n fiu?ufl'l: ufit.i69t?uul.tu tstFlfllufllvluu lfilJusl tu tlJft?u uae
.ae d Z t, ao Z ,, 3 - - 3 q ro oqyli]hII nnld:uuosr? 1nlju :ou51']nu 1n1u fl?'lilu unslJuu0l?f,{1u tuon r1 tfillu?uflu

- Z , ' , . v v dd , - 3 d ,n ' a,
dyrliutuu14 u d {tu't lyuflu 14u?uu:.:m'tidl uu fiu 1flon 1u fltJ ftltv{lJ tJ 1fl1uuas[::J tutllu

^ -.iA 3 d a - o
flnfl?unuHu?un1:uo - 14091?Yl[11llflu n'lun0uflt0lldlrJlfiafl0l[ttJtJllq0ln:::Jttllll

-i - ^*.{ - : - A - d ,:
1ilUOfiqu (lnelastic) nouYl0vtfl9lfll:?1lO[tJ0:Uu114uflu::1nq{qqcr{iln[:ufl?'lUltiUn

rttrlnil:sa'u (Ultimate load)
d du Ianu snl:11fl10 ifllunountqtd: tJtfi nfl [od'ltJuuu f]o

( t ) n r: iriGfi rfi n i ra rfi f; nld?rQndr 61 1rr n : rnriou (Yielding failure) ttda
j ,^ a i, a

n oufl: nfl nonllanfi t0 tvlu n00nq1 1cr{tt9llfllJ[:tJflnl:?untluuu?'l n1:luslltulllt:{fl{
etu

tl1l.t140fl (Tension failure)

^*i^ a r(2) n 1 :iuGfr rfi o 0 r nn ou nS o q noh ufl n 3 o : v [r'o o on ri ou (crushing failure)

TdtuiuttSi09r lfluytI antd: Qnolu{ t fr{Wlfl:1n [: ufln l:'Jll0lr t1l1lu?1 fl l511l9lttuutt: {oo
atql ufl nfl (Compression failure)

(s) n r : iffi rfi n r r n rH f; n r fl i rL rh u f u r r :.r d r q n o'.r n' r I n n r r n fl io r, fliu 6'u fi
!,n0untfiolu:lJlr:{0oQn0ol[9]n t0teluo00n [5unn1:?u9rltuuuxl n1:?ualtlud:Jqa

(Balanced failure)
do q , .i ' 3 - ^ d

n1: ?ua1l o{n1unoufl:91[fl:ul nfl tunnu vglli6] na'l?fluflulj: tJ'tfilt an
o io yo a d o h ' d a o a I

[6r:rJyr ry [u fr"rur.nn[6r: ur a n 1un ru'lrirLrnu-n ]oufirl3rrorlorI a nlfl: rl:]ru5 {o{qnfr?1
rio"o:rrirufianreydlEa 6{fi unn tulluufi'ji Under - reinforced concrete beam rrf;nra3llu
4 F d 4a " qi ' q .inlUn0Un:A[fltlJlrAn0UQnnnfl{n1A{mlon:lnnoutdLJ 0 8. = sr lU10lr 11fl 1l n:v01UU0 {

firi':urr: ro'n luo ou n3 srG ru ov hjrilurdusr: r o''ruao rlun rild 2.10( r) 6 unllnruoirr-nfirir1#
d e A d , s .- A .i A :lfianlfl:tJr:ufr:'tfl15un?] turuu9tofimloa:1n (Yielding moment) rlr=ornu l tinusrTnuln

4 < s tA oaa, .i & .qy d a a . A. .i d" dflu0n [lJ[uunfln:sfllnun']lyltltJ tfl1u 1i1 lll lfi 0nlfl:uuFlgt?rJ"tfll,u 1u fltuymr[t.i6 i lulfi dn
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ldSu 7 =,arl, irirnrfi riu u! r un eril'ir: vusriartttu tollrurluoiuurriroi'o n run ounS n

^ d J y a, d .3 < qv r, l ?-'qe 3 ^ qtd:urHnfluu ns9ro{uft1[1{utJ'lntutYl0 t1{fl1!J1:o9lluvl'lu tlllllug|na tn 'lfl1uon ttav tu
J -. d e a, d a . 'X;xtusliuu:{oo tunoufl:9ttio t!n1[T'lnut[: {q ': [uI nnld: a1 ?l4flfl1td qnto{u: {[[n1Iu11

a e, -A J ,. " qv , u q
ilJr[:{0n1o{n0ufltnanu0un{([uoi0'rnltnuflutYluluu9l?fl{flu)0ivl'l[1'114u']u[[:{0fitu

a ar i, 3 , . a ai J - !,n0ufltcl fllrllulllnluuas u?ufl1: fifln'110{n 0uflt9lflIYItl1u o{uun1tfltv0lu10{fiu?u

rmno-olunounsqovhiriiudnriaunlurircJo.ifi :unr:findr6nriohJ:otrirafiil:rnqovn{rr
Z A - d vt ee ,, - - & oqr'

urnfiu0uGud{rnnuiu"tridruerruJrirtrneldust-?q{fiu rirhirirafilfuuanr:n''nrionarlunil
1o{nlunounlorairLnrf;narrrlounr nru6rueiulrirai'rlrnduriluriroir dsr{Jurnio{16ou1#

-f, -'. i - 4. e:lUn't{fi{'l?1 n1t?unfllni0vlflolJuslllJUl o.luu filnto'1u]fiunll::lRoonldulJ1.:
^ a L a - - ue te v a : ilusroufifiocdau'hih?nrunoun:nlflttrrranuuflrnu .:at 'l Io ttetu'luitu[1ItJu'tfiufl

:,4^Au::1n6n9io"lil nounf nfl'luvroqt uo[[u?[[nuflelYlu 0vq non uns: s txo00fl (crushing) cr{

fllrnreoruro{nriauu:.:o-nlunounSnriourfinnr:iffiovrijurrJ}i'tfl1t1lua1 o-lttdnllu
)

nly{Yr 2.10(n)
d-i - d a , i 4til tunlunoufl5srlfl: lfiaflvrrd:UI nn 1fllflufl?109r51fl?uvlflR1?ed Eo14:0

o ajoy d - id.. a d
lun:ruvtl,ftr dntfliilvtrfil6i{lontlnq{ ]n t.:ttun?1 over - reinforced concrete beam n'lu0g

iriG]nunouni nQno-nurt nui o:vtr^nriou (crushing failure) lo un oun3 flfiv iliufl'l: fi nft-?

d{dn :v 1ru 0.003 - 0.004 il^aAru0r50iofiaAriler: rioufirxf;nrairutvtBrn:tn dlt{Junr:ilG
4 o, | ,, t .i d' -lulrlrflu nuvtuvtllu lft IFlu luuflT:r9rou t?1vl:]rn1{ u1n0u ry{[Iu 0u 0li lutJ'lflst0x?qtlav

YtSt^tuflu
a - -? :

nry{fr 2.l1udo.rn'r1tL#uvrhf:vu'irldrnrinl::rlnriunr:lrilor-':to{nrunouflia
- di ' A ^ d l, "i .

td:utfionTdfll?39r1.1d1 t 0n1 lfl: tt40flgtlfl?luavu1flfl?'109r:1d?u11fln r']vd qn flilfln']'l
.i^dl,j

nourn9nl:?1r9r n'l: [fl I9t110{nluvt[flttJI a nfi ]n?10fitt"td?u1l dRl?vd Eanv!n1 ]fln21
.i - d ,q , A ;. , i - d:nlt [n{q?10{n'luvrlfl: rJlr4 dflrJlnn?100r:1fl']ufl fln 1?v d qn uu[ldfi{? l filu yr[d: ur11dn0i1

, i , -L i ^ d , e q , in?r09r:1d?u11dR1?yduqnnyun?1tJlfiuu?tJ]nn?1 o.ruu [tJ0ft'luldSr][ anly]1nu0a:1d?uyl
d ^ i o - ! d ^ 4d

dR llydlJn a n1:2usll,0.in 1u fi0ufl:9rrd: rJrfi a n0y[nnlu [1] a nu y11n.i nnld:rJ 0no.:fi.l00
,' v a i a

n : r n : o rj nu n fl n o u n : q o n o-o [[a n ]o un o u ni n fi N ri r o n r : N n sr-a d I dn :J : s I r nr{qi1-

0.003 - 0.004 aat Grroouaolugl:
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ulfi R t:nn

fl0untoQnoarlnn -da?rd:1lr.rn ntnuduq aU

ti fl0unraQn0flunn

rfianlf,:110'!lnnf 1n aaitr
rd t 1r lfi n fl n 1n21du9a fl

ft0t1fl59lt'l?

nr:lricfr')

A - - r , : s' q dnr fr 2.1l n?l titJv{ut:v '11{ lfiunu5:4nnufl1: tn{o?lJo ifi lufi 0ufl5glld: tJt afl

(?uor Yo?[1ui, 2550)

aiadsfllr aln:1uMu0vfi'tu? oonttlllJn1uflou n: qld: ulfi n fl tou?nfl']a{!v0lflt
4q

uqn=n::rnr: irrirxrinto rnrunoun- ntdtutran Lu dnl?s noulflr]fl 15'lugl a i[[do n [ui'lTv{vl

z.tom) uavfior:uroonrrrrlootnilrrf;nb?firJElrorn:rn'jto-sr:rriaufionra;alqn rfiob?
danlufi0uflt9rrdr lfiaflu qqn:5u[[lJlJlfiuu?n0ulnnfl15?ufl
a d. v I r ,s

fl'r: 'rlfr:ls fi n'l a { 0tlu 1l 't u lltl unnn
^ 46 v, s /q ; t

nlt?[nt1efi filn{atuYt'ru [uluu9lflfilo{n1uvlflR1?u911{dl n1l.l qnn::!10.1
I

nr:iufrNu-nu::v;n uonornov'klrirrirn-rdruvrulrLrrudn-ofianravriul tirarrt:nutnit
b d, .; e, u

10{n?1uIri{ (curvature:I ) c[{tllufl?1ll1u10{[duudalflu?un1:ua fl0l?ylfloflfl a0{nu

lr.,u.,uo{n-ndanrav#u1 rirnerru}iriild'ovrirlil1dirn:rc#flrrirto{nr:rrciutsoIrirci'ato.r
i ^ a.sr,relnlu flaoaou l-[ fi1fl11 lfiuu? (Ductiliry) l0lftluflouYl0utnnfl 1: ?un !n

dilq6{1uro{nriirn: rv#rrrir#lrlrumrulilrrJudrin
( l ) : y u r il ; il el"'o rir o l rfl u : v u rt.t r-r ri o u r r a y fi a-s n r : iu u : { ri'o liu fi r.J 1 0 n ? l

'@ 
dt u t <

?',ln1, fl t y 01u10 { 11u 1un15 uo-1.to9r,)1rufiu lnaluu dfi fl?u lnun: tfnr: vuvvr14l{ 0"rnuuluflu

dE[11U
a i ' a q d - J a, ",, tL^(2) nl: flfr[11uu?:3fi'] r {n0uflt anu[]i nntd: lJuurtlu t ou].1fluIt0r uufio

' a sq d
fiu?un1:ufi9l? [ulfiantflt llf|l[111flu1.1u1ufl'r5usr0r?10{flount0l iu 911ufiu.tr0u?flu

6,6,
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avJAdl(:) lrioarildrLr,{iuti:vt rr ru u':uu: ioori fiu?unll o0l?1o.:floun:n I u
< j , u.r :- i o' y

dfl.iru Inufl:lr-or4t.ixurr: ior-olunounSa (/c I firfrnfiufirirrioun'j r 0.5/,tTourJ:s lill) ttei

' u 4 d i. ' a----n-g..^n'rludri lufttfia1l uxu[[:{onnufiu?un1:flo9l?lJo.toountovldRllvfloulflofl1:']u9l
hrd' u ' o qt,"[r.iriJudoriaunu uas1ffiu?un1T 0rt2q{qn10{noufl:01[Yl'1fl1J 0.003 rtaalrtn:n0tlaalu9l:

aY e a d 4 q d ^(4) lfn?lxtiul{ut:v ?1ifiu?uu:{9{n u ?ufl1: unn ?1o 110.1[fiontd:tl
.! u t " 

j d,h,a i .r--.--l-lil dori?u [nun:.itr=ofiu?un1: unft? (q ) ilnI [ulnu u ?unl5 uogl?mqnn:1n ( t) ) [nulfiofl

raSrfirirllga-ctr'or{urvirnir 2.04x 106 filanfiLrionr:xrryua^tuet: rrasfiuilxuu:'i6'iq{qn
.i-rrlnunlntm0nn:lfl ( /,, )\ -)/
2.8.2 ilqAn:5!lo.iatunourft fl rd:ruruf; nnru}ir: lrfi ou

A " e - i ^ u 4 !-q- -nluYrlilri?uidq[ 0[nu?nuuav qalduufl tun'15 : uIt:.1lfi tJ 0unu4n fl ?l'1 I

rtJ-oildrillinut: \4R!1n:vfil0s111J?'lYlHulgln ln"l lJo{rl'lu itlJYl{fiu?ul[: {fintlav u?ul[:{

16oun:vriri arniurduo fi 2utt:ilfiouuav ?utt: {n-n oc fi1u rnrril: ril6 uu'l nr uuaut:
-,-14flo{nluua&naoofiflnnn1u f{luu 1u 1nltnvrflll1i10 {fiu ?uu:.lo{ lJ ofluavfi u ?u[[: { oo

Nii'nfi n: gdrfi ovrril:ril6au'hlrciuriuo"luanlluntufr z. tz

,r1ilii 2.1 2 uu'rl,o'rtj 2u[[: {nd'n1uo tu (Na$ry. 2009)

A -d a | 4 ury{[[flfi.r?011 : o [[ u 1 lJ o ': fi u ? u [[: n o { antlavfiu?t t[tt00 an

(stress rrajectories) etnoouu:ot?to{flril;ilfl-nArrEolfiurirfiilrirr.ruhu::4nuuuur,i
,td'ra'aldurJ:slrdfr.:fl{uu?cJ0tfiu ?ulr5 {0nfi dn fl'tu[duvluudfi {r[u 110 t u']ut[: tfi {fi an fl{[no 1'l

"i - j , t-'-ytltu']uflu du [11u ctr'l 14 u ?uu:.1ofi ufl1rfl 1n! qu u fi{uu [[u?10{fiu?uut{fi afl0v[0u{Yl't{u
i,45 0.tfl1 flUltu?01?lJOtfl'lu d?u fl41{1?.1n1uIn: goun?1tJdfl14{ fl1u ttulfl o.:1.1u'lutt5.1

u dt zi r'a
fin-n0vriJuuu?:1u (rfi o.r o rn hifiu: ilfiou n:vd1) rlasuu?ro':u ?ur[:.rfi ii'nfitl3 rxilil a ru

a-iq4n1ufi:0ylg1u:o.::1lnvr0u{y|1rl 45 0.:fll nxuu?u1?r,0'in1u1n:u9run?1!4n10{n1u
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i , s /' i - ?. v utY' '. i t +- -.- ---(rfro{nrnntxot [ [uuflnnrn1uToi5utll]nufluu) tldvd.llfl9] to?ld?ufloqlfiuouu?[[nu
i .| 'qYd3lytulo{fllu lJu2uu:{0nfiafl n] ln q9unsmoq tot[u']t[nudv[Ylu fiu2ult: {o{Hanufl1

rJlnqFr
! , a - A \v

[lJOfiU ?U[[: { O.1l,l Ancr{ tOi1flfiu?uU: i[aou ]15001flut{[a 0u:?lJfl1]14 u?u
e a 4 , < a r 3 q 14-- --[[:{norfillm1n fi16i'l9r1uYrluu: {fi{lJ0{n0ufl:91 : ou:11fl0etttJ11:']fl0tu tu:suluvlnlqlfl
a -A . Ja v ^3fl :9u1 10.t14u'tut[: {nlfi aflmn:vYll uun0 50ti:l?09lflo1u91]tultu?10{fiu']utt:noo an

,J . e -i - q 9q d Iuu[oi lqu lru?[ou.:fi:0[QU {Yl[[u irJ iou:l']YllJ:[? tn dnu[[nu dv[11u nvu[[u?t0u'l[1]t-llfl 1

firfi{no1.r{o{.i?{nluuaudr{uiltvrJ'liu 45 o{fl1 ti'uttu:u-l:to.inru riau: ooirrfrilolsnlud
0vr6fl{1i1 45 o{flr nill[[u?nru[du6'u urifinatnru:ouirrovrirrurL 90 o'iflt tiultu?nlu---- - _ -6''

' 4 - A"oct 4 e q
fiu?utt:.:nn anflml tfin0un: nttolflt"l'l lultu ?[ou.:14:olau.:11[[u{[:un?l [t:{

6rmuu.: {Diugonul rension) t[as: ouYrxeir r"l drJ: rnglurruarirru lG un'i1 : oufr':1urtu tnttu I

(Diagonal tension crack)

4r .l2.9 qHdnt:0onuuufiounlnld:lllfiGin (?u9 s0?[stri. 2550)

.l dt o a a qy
fl'l:oontr u lflS i d5'l ln0ufl:glld: lltY an [uuf]1: n lu?fu 00nttuut 0[aon t1lulf]

;iln-ntolnouniflunu S 'l0lloinrf;nraSrdurlrvoru ]nuhifirira-{ (srrengrh) 'rtJ1:6)

siurruoiou:tNSorirnrinr::qnoirsl fin:vrirnaonolqto{nrr1d{ru'ldodr{ilnoqn-u
e ta v Ar - i,(Safery)'luriJu0usr:'tucros?qtrnsrilludutlnuu:1n']n0d51.t1ltl:3fi04 u0n01nu d?u

ln:rafiru-{slorfifl'nrdr r:01udnr?s1dru (Serviceabiliry) lffi1utorsd:-r#rHu-nu:tTn

1rueld{ru (Service load) etrrlrln6 loohiudunSolrilsr-':lrnrfiun'jrfin-ofirirriuo
<rddds,

fll:OOflU1tU tn:{d:t.:flOUn:nlfl5Ul An ?Ifl 1:[q ]vfl',lfi tlJUFtdgfl1U tn:Id: l{
{lZ - tA, s. e L,, - 4 , e 4yr{ulJufllI[: {fi: o ttJlljugtvtd1u tfl: {d: l iuu0to t: ul.t:00t]uY]'lu dlulJo t tfr: { d:'l {fl0u n:91
a d ii, - rny ,, s y i- .! ar 4ld:lrtHan 9lo{ 01:tu'to0fluuu tnttn d?u tn:.1d:1t11tut[: {9nuttu ?unu crio'lotljur[t{o.:

sqri-s/es6/afi:ou:roo fl?u lfriifltlilr:u ltJltJueifrio ] ruusifrflrr nyrr:lrfiou ri:uln: raflr rfifurr: rglrrL
s ?q ' q 4 6 a I d s ruu't[[nuung luluuqan:?uflu :? onfl1:?t 0'lttu']00f1[[uu lli: lunglounn t:Id: ur nnfl1ld?u

s -il ! Ao, r s , t c, A- ^ I @vt, etnr{d:'riuu [11o t 4n1 fl?ufl0{ [frt { fl5'l iT ?tJflu yI]fiu111: ur[t.11.1:0u ]fiu n tfistlrJf,i0{n1t

otirl :yvu-nuas aonn-o

lunr:riruaturrovoofluriuln: i dir rriruln igrn: rioonuil!Filo,ifi0rrilroon[[u1r

riruro'rIn: raflr.rriul#aoenflorriJu'hlournorq{rrn:gruNt oriofiuryGfi 1d'drnunli
+ 9 g, .,={,. q 'qy a d

u l9rtg rufi: olJ0uqiugtu d?u tl.tiu tfirJ 10'lnr.la10 ifl1:1lfi:'l& fi udy'J0u?il]i t tn:{d51{d?u

,
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#u1 r.,ror:grutirxfunr:oontttuln:lairrnouninraSilrfif;nlo':il:;rvre'1mfgoruinrd
fiu11#riu 6o rurn:gru ACI (American Concrete Institute) dsigrn::l ao rugri{rl:vrnq'lm0

'klr.iurrGou6ulr{luurer:5ru r.a.vr. Iouuirfikifinnmruru:orfruoiotjrrlsr udiqan:'lilufiuil

f,ilrfu m'r il fi'rnovoontr u1#qndosorrInqrrLrotoIrl:vtvla'[vruovdoIltoI: 1n1fl
t^i q,. - -9--s ".yl:utlsxi€uiu?n? f"luo1n1t6{ Yl{n0fl: vll: ? llJfi lfi [Ylu[[nvtouiurynflI{[m rJfl1unt

ffi nr:rirurtuoonttulln:lc{rlnounlfi raiurfl 6n rirldaoli6 6o

(t) Inuffimlirurr: lldlru (working stress design)

(2) lnu?tdldi (Strenglh design)

rrqnatornr:tfi on1#iidr nilunr:fl'rul oonttxrlln:lafrlnruoouniqraSru

rudn lduri
(u i6rita-rarlr:0nrnfilJ'turitdid'rurruglqoto.:ri':uln:rafrl'loignd'oln'jr

vrqufiareor^nxSoffinrieuu:rldrru rdo{ornIn:sairlnourGsrrailnr6novfiuqor^n::1trlu

[rJ unfi qu r!o t u u 1?1 u fl u : : 4ntJ 1 nc]
.q6 uoe, d qrt v : I Y- u, '(zt i-rrita'rltivtt lldonl0{n1:l'fn19l?n tYiuli l unrll{n (Load factor) lnouli

q j ! :-- -e -inii'nnr:uaanrq Hd na1?flo l f nu::1n toYlll:1ufl ln 0u{J1{uuuou tsu ulfiunu::r!fl
nlfi fil#drn-:qarrfirul#rira.r riruriinrinl::r1no:fr'lrjvr:rlniruduou6l#rirn-rqrurvr'r:1#

2 : ooe , s ., Aariu uon o rnfrnr: oonuul [9]u?, fil n {u{ fl1rJ 1: oGh:0.lri1a.:fi luvl lul0 {d?u tn: id:1{11
t, s dg! o o , .. i---riru.lu"[ddnnrrun?t [1iu{?oto{n15o1uEr.Ji1u [9lu tYflxeolaanlalfl'luYl'lu0l'ltJllfl?:

nsr{lukideo 6rrir}{r: uro-sr: rrirurl aonn-ufirrrloi I
< o q u 19 o 4 a I 4 , , q A q j

(3) iin-t ei'l"trJsio{fitg {o{ n1: ai l10{floun:fl (Creep) ttqtotttl to sl Iul,olvrn'l:
9 < r q9/ , a a I 4 ,r .i s, '.oonlrxu6xuai u ?u[[:.:1'r{lu60 {v{0]t fll l0 ir{n10ln'l: nltoifl0un:nfilulu0 i 0ln0n: ]fl?u

d a r ri "iqytuoaflto{[ nflrdstJflonountn (Modular ratio) firir'hin lfruovu :t Auuql :eue[xnlfrld
oo, r 619, aa 4 a a' l4 e&.:]U fillr4fl ?UU:.1 lSilUYr[flfrtJu0: iufllrtqnal{ tllt']nmnlu10l to tugloult:fi

d. s q ' qrA oe d ^ ia. - & \, oqt,t(4) ?f fila{ u1?u [1lroon t,rl anld:lt1l n1n.:1nn:]n4{ ]ntu ta ml tfiLl:vfiufl
3 ln,. d, v a d s

u1n{uly{:'lgo1n tri n1[!u9t0'1lfl :tJl dn:u[[:.:04

(s) i6dra-.:arlr:onlonsrunlr!rfi fi tratorriruln:rair rrioufi os16nnr:iuG1d
i- re ' s d - i

ofl?'iuay tunralm:uu1fiuflu::uflflrnn0tnlr:{ tutlir?rfl0.1 tafl n0101i0'l:iu'rlflu?flufl1t
: " a- uc,.l o s y ia

nry0rucril$o{ [tJrrJu9lno tqrtuolnalnuo r"Ju[[uu a1dfln (Plastic hinge) lud?u In:{fl51{m

n?] 00[u0{
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- J e o s ^4! q 43/3f, n!lul 0!nu10{nl:filu?fuoofluulltou?ffl]at fl{u
", "- - - L4(l) :vulua aou{Fl {[1lu:su1LlTin0uuasfio{fl1::1l[[t.tFlquunofll:fl:s t1u1o':

dd,o's-)u?un1:ua- ftgt? lufl0un:n nludnd'lu lflela, inu:vt vYlfi l{0]flllnudvlvlu

(2) n1r60rnfiu?rvu'jr.:nounisrriurtf;nrairLrilu}lodxatr;:ai riu6omri:unr:
d a at ' 

qunaxlul dn[fl :tJ nltvllfl lJfi u']un1:ufi9l?10{noun:o 6u 9l-lul'lu.ilau?fl u

(3) ilil?uu:.iq{qorrav ?un ttdo-ilael-? f, {qolilriludorirudu
9 a d .i rq9 e(4) 'ltJnnfil 

n {9iluYrlu[[:.:o {1o.rn 0un: fl og t9ltlu']ttflu flslllu
(s) nrirrrintvoluto{14li'rutr5.1o-olunouninriourfionl:au6olor{iu;rJln61d'd

d'lrr1r 0h?Hanltnroilrrrurird{dturr: { o'n q{ qolol eiau ln:.:air.: td'qndo l1n #16ul rYl ru n

losnr:yrodou rrsiuilaunr:nnriad{dnlo{nounloqiolhirfiu o.oo: fia6ttLo:sion^airln:
vodudadl(6) lfn?]rJdtJilu6:vH?1{fi u'luu: lnufi u?ufl 1:uo-t4osl?10{lfl nntdslJlllutluu

ru o i A , 4 a
6nradn-n orcnn lnuduU:run iudn { [uRlllvl 2. l3 cr{flu?u[t'.1f|.ifi: ollu?uu: ioofl{qn10 i
tursnra3rfirirrvir6'rrira-sfiqon:rn /, (lrn:gru ACI Hio ttlet:$1u r.a.vr. uoil1#1#1ei

hirfiu s,ooo filaniusiosrr:rrtsu6r 0r:) rravlrrqaiadourjutoirfif,nla3ilfirirrvirril
z.o+ x to6 fi laniurioqr:r.itryufl t!et:

nlljl]l U i:.1(Actual)

t, (mn/mrn)

A - -t d ^,r1y{ 2,13 n?1 dultu!tgfi?'l{ u?uu:.1flu11u?un1:uo nn210{lfiafl[d5
(2UA XO'rlru:, 2550)

nrufisrtl:61{ (taeatizea)

riranr:o'nunrir 1,

(kg/cm'!)

Iy
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2.9.1 n1:f l:sn1ufi rjrutt:rdotor whitr"y

lutlvrg':::u 1930 whitney'ldrauonr:1#nr:n:;nrtrmriaott:lo'og
?nt6uun'udrfialrynriruanrlunufi z.t+ (r) r[runt:fl: s orufirjauu:ro'ogr.lut:rlurirlou

: 4-- -----.fitliuolf n tra a ut o{ fi u?u[t: ioouftl[r 1nu 0.85/c'fltt0']udlllldljosll]Jrl'l11lafl1onn1u
dt t ';. q9
lilutEUsyrl{ a qnflutjo?{10{n'l:n:s0lul'lu1uu:io9luio?vlsllttllui[olJuavuinl ufl tfi

a = Brc 1aofi

Bl

p,

p,

= 0.85

, t'-280,
= o.s5-0.05[ "c 

)
70

= 0.65

,rtu { '"c

rfio 280

iluo Jc

< 280 ksc

</"' <560 ksc

>560 ksc

rlr 0.8s1'
F----J

f'

T=A f. T= A. f,

""+|il
(n)nrird'nnu ({, ) a2utfl;oR ( n ) trrlt{rarrrmi{ (r)i r'ni2u..t{d!{a

nrrrfi 2.14 urj':ou:ro-oalqato{ whitney (i:s fi odQa,,lilu, 2544)

^t.iizg9ado42.9.2 lt11 fl1ftY1fi]Ufl lfl AU HUHItd:tJlAfl lvl Afl :Utt:.lo.l

nr:fi1u?tu14lritd'{to.toiriotnl:t-uu:{el"'olnui;fila-{ 0selo.:[{lu'l:Jfl1tL
- -i a,

afl fll:Ytnlu0:.1d0.111:vfl 'l: n0
zir,rdAdl(l) N0u"h1o {n1:drq a[I{d0sluf,]dslt t1nfllv{Yl 2.14 ({) [ un:v0lulj0i

' 
j e u a q,

?uu:{Tnts$]gl0 'lgloFllu o]flufi?'ltJduflnu0 {[l: i 0s ta

(2.3)C=T

(z) r-l'ou'ltto.:ne1rtdonfl do{xo{rl'11!lniurl nrir:606'olfi or: 1 ?ut[:n

rrasn?t11lni Uolo.tflouniauas [ f;nrailfirfindunil fi coruyrila'l:y1J (Nominal srrength)
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e, I - J ds
sioraoondolriu luflt: alfl5 tvfiunsoonttuuolun 0un: fltdStJt on [ou?[n1ni fl'l:?uotton

i-l.rlirgioflrunndt uo Inun?1 [n:unlJo{noun:fl [ ofl?lutfi:u91o{noufl:gltJfl'ltfl1nu

u.',lr,o3r"goq" o.oo: ov6o'irnrirn-onruriurfinnr:iu6 loohiriru'16{'irnrdnov6lrira-'l
ah'd-Lvv4.dd.3-in:1fi 5o'[tJifl1tJ o{uun'l:1110110.1fi 1ann1us.:01[[ufl9l1lJfl?'ltltfltufi10{lfiafltd:tJ11

- i ^ a"^hetnntu0:{ 0l dR11vn15'l1j9l tOflltJttUll fl0

(z\

e" = 0.003 [[au as > tv

s" = 0.003 [[aY as < ay

i_mo c'

T

c

8s

(2.4)

(1) n'lttl5filofluQd (Batanced section) rfiordo sc = 0.003 [[av €s = st
^*a 4 d, - i oOl nt:Tu?tu o lo tnu:.16.:[ijufi n-n (Under-reinforced section) [ n{ulfro

^*i o dt " 3 e-(3) nt:iil6lfi0I ilnut r0htiJuilah (over-reinforced section) tin{utfro

dd
fl ?1rJ rfl 5 Uq 1' 0{ lfl A fl [d:

n,]1rjtn30ofl o.rrfi SnrairLdrii'tn:rn

i i a 9 4 dv a
2.9.3 nli0onuulJnludly au flur.l'llflt tqY{'lvt nn:ljtt: iFlI

lunr:oonrmrudrri'nnrunounsErrciurN6atqilrv;utt:r6.r lovrdfi oi'o{ufi

rrrirmor6orurerN#rn''ntornru b,.i uav S 'riutr'rf;nra?rL ,a, rd'or{ruvrruhnruoi:vt1
M.,edtYo'4

M n = r 6ht'l5Iq flllu410{?dq1fl?n:oonttuuao{tuurdnlfiufi[0 { /c'Itnv /, nal']n0
a

< , , -; y I a r v s t) tt -- s .i
lilruusicrolmrirsrirrfroonurr gMr downoirniorvirnirlrLrruun"fiol'olnr: ,u, Ioofinir

Q = o.9o n''.rriuovld'

eMn 2 M,

Mn >Y-u-
a

-'- i^ e @

[[t.1 09rYr.1fi lJ Ofl tnq1lu fi u lnon lu
. '- i^ e q

tt5.rn{fl .l14rJoYltfla1lufi u19lofilu

n't1 [n:uolo.lfioufl:9l

14:0 (2.5)
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21 4d'-lfro{nlnnouninttJu i f,qtu:1s [[ns a 1 d 119lg1ufl1: ooflttrunluflount9l

rairLurHn cu aorucidG ov1#nrrlrnlernil:;o'u c., =0.003 lnu'lilfl'lfi161'irrudn:-lrr:l6l
4 u' t- t' di -*i -- dt a - 'iny6{fila-{n5tflm5oki qvuudrn:€[mnluxtslluoi01fltl:{oflllJufian Hu?uu:{o{ n Yl

rfioduovrloun'jrrira-rn:tn 1,, rdorirurinn:cdtnun:cYlrlifn':ouir':riluf!u:sfiloc
,rr.ri r*r.,,irrrir,rr,ti.rornrNf;nfinr:6n,-erioutarc?uGrra;ov5Jfifiq1qrorror'ou
ri'xNdr nr:iffiosrfinduriufiniulo rr?rsr-onruii'nuarrdGun'jr ulufiq*uurj6,,rr,,lr.,l,
rirun:fifinruilffiru'olotnrr:rdtriluua-n (Under-reinforced section) ltuviuGn':r11tnSeloclos

d df oq, I I d 14 
'qnjtn c eirrrnnarn':tltn5 uoo:1n s $1lf nlu[[0uFl?u1n t o051?0vtulun11{[11u tflsosy

rirl#dlrnsruluki#nriounr:iuG drriludtgtyrtu16ou rrhrionrua'nsarsdGun'jr nrufi

qildr,ilGttu1llilfi ua (Ductility)
- J ,i o,, .
rirriurvt-olf ntulqildilforr!u[1'tu u? lJ1rl:$lu ACI 3 I 8-99 chapter 10

I o q rrq t/ ut 'a 9 q9)
tut.10.3.3 lrnv ?.d.vr. 1008-38 1iO 4303(n) fililUolf [S p tutnu5otjds 75 10i p6 0s lfi

Prrra* = 0'75Pu (2.6)

fiio p.u* = 0.75[ ,rt1r?
"v

( 6.'20 
) l

6,120+ J y
(2.7)

lnufi p = o-n:rd':ufloitfi6nldiusltuvtruust6{
d e A oqYa ----.{p, = 0h51d?u10.1tt'i6fl [d:tJcu i111 [14lfl ndnl']vn?'lu9l{

lft: tJftdtJ n a

tirufrnt:oonuuunludtd;ilt4fl 1srNf; nflrt: l6l fi dtsl-nnrudoonttrutv
d' 46 a dtriiunr:Tr?uurrr:rdrriJuudn (p.p), -fs=/y n1nfl n1:drEolol[[:{1ur#r01"on1u

c=T

rdo c = 0.85/c'b d LLa?, T - Arfrwld
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0.85f ,'ba : Atf ,

^ Arfu;o a= ') (2.8)
0.85f c'b

lnufi c = u:ro'r,#lursrfirfiolum#tsrhnru
r : u:sdrnJ.ttlrLqfi rfiouufi tir$1"'qor

b

a

: n1rilnil{flo{o{r{olnl:
: n?ttLdnfl orfi iliuu:'r;iln.io iArfi 6utru^ur'?rrfi trlrvir

;, : fiufi nrndot?1{1ro{rfi 6nrd3ldtuvrruu:lo'l

f - ritn-tn:rnfirirNuoto.:rrifinraiu'v
f ' = filn {ofiYlfl11'luOI0 inoufltn
"c

rir #u ln ur u ri': a r; fi u rlr cr"o o r u a r rL r : o rir u n r u'lqi. u, w,\d

' Mn = o'85fc'ba ( '- 
1 )
2

Nio Mn=A,f, (a-1 ) (2.10)

2

slro'sr:rci?utuf;n niu p = lt unua{1udufll: (z.s) osloi

o = Pdfy (2.11)
0.8sf c'

draunr: (2.11) umun{1ufllnr: (z.to) oc'ld'

M, = bd2p[, l, 'f ' ) o.rzt
' t1 I"',

(2.e)
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2.9.4 n r: oonttuutt: {tfi oulunlunouniqraE ilrN f;n

nr:oonttrltNf, ntai ruiltt:.:tfi ou loun-atJtiru fuolriotnt:nouninraS:l

ruf; nryfi nhio"'nu: l rrf; nrairufi ldotnil:cnoudru
ao-"arqd^s4(1) tfi6nQngftfilt1u 45 o.:fl'l fi5oulfl?lnutuanrd: 41 u11:1lu:'irl{
d ,; d a v a

(2) tfi6nnoflfrd'orJ 30 o{fll fisort 1n'llntl[fi nflrds lJel"llJtl'11511[[: lo{

(3) fl 1:,'tdttri'u5vrjrl,uf; ngnoilnlu tvfi nnor?r
dl(4) tfianunonlnnu?

- j d a s a iqtt o - .iqr" rl 14 '?.loufrrN dnraS l iuut {lfrou 11 ['f fl]a{n:1nm ['i,fl 1u ?ill0 0fluuua 0{ t tnu

+,zoo filnnfirsiost.l5l{rc[u6rua5fl1:oofiulllJ[rf;araStiuu:lrfiou ornu:'lrfiour]:sa'ufi

n:yrirdorrloon'jru:qfioufinr?rsr-ofu (zrl eturhun-aqilaflri1a-{ (p) ud?oltrdilnltfi 2.15

QVn 2 Vu (2.l5)

ru' o u : l,d o u d q u d'a o o-r q tu rr : I ud1 (vi rfi u ri r ri r a-'1 f u r r : { r fi o u I o {

nouninfigordaanrira-'rgdr tpz"l d'olfirtf,nirLg:'rrfioulnur{Ju'}Jorualnr:d z.lo

rn'orirvuoh? * : f' ruruarluflrunt: (z.tz\wkd
0.8s/c'

Mn = bd2pfr(t-o.sp*)

,fiu n, = of ,0 - o.spm) nvld

Mn = Rnbdz

Yu = rp(Vr+Vr)

vr= L'",
(p

(2.1.3)

(2.r4)

(2.16)
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(l) lfio ,/r, - Vr11.r JGbwd

n^rrn*-i fi50 a 60 lsuoltlJfi:

1zs fio tJJ;'t*d t (v,- v) <z)Jf;bwd

dA,r-=I :0 s 30 [ryUfilUel:

-!,--o,4'r'v(3) [rJ-o ( r/,, - /rl '2.1"J f c'bwd 0onuuu lfitJ14:01u'lufiulao

@doL-1Yn1Y,

!i o, d U n s d
rro l.trHannfla i n { A 1nflI uu 1[[nUl O iO iflOlfll:

-. Arfvdv< = __:__ (2.t7)
s

A a i A ,'. d o
a u fi l, 6 o r.r'u fi N rir er-n nr fi n iu t t: r tfi o u n r u lu : v u v,

a d .a e e i,---&----..drHf yrfinto{:vuv[5u{10{t afllcl: u5llu: {[q 0u vl?'l'lo {qlnfluuu']uflu
,A

1'O.10{nO1n1t 0'lttu10.1u

r' _ 3.5bwd (2.18)
"v.mIn

1y

,-^-. = d uio ( oo rsufit sr:
2

(s) mjo r,- . L triri'olraiurNfinflu:lr6ou,'2
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av f,,
2.10 na{]u'tou fllultl

4 i ,i4
ohunl i1:{?fl (2550) tOfilnl:flnU1[:O{ "n1:Tflfl0ul oflnu lYI619lflt:tlvll ina

.aod4A1O'trouoiolJo{filuaoufltsltillt n; " [ouflnul fl9ln:I fl'l:: ul[:.1ltava nu vfll:?1lgl10{

:ougioflo{nlunourfino-ott:luxritutirrS tgilrta;to{orunourfiqrai urn findrrl o;rJ rrovrir

rira-{r,or:ot siofidr:ao1d'rrfi ulrfiourilrirfiriru aar 1d'orn al n t: oonttuulo{ ?.d.11. 9l-?odln

lurruin-uriluotuflu'rnfi#1er-on{1{ 0.20 ruel: dn o.+o rlsr: rtavfi:suvr'ir{:vn'ltl1o:o':fl
sosuYtoudolo{rllutlilloonrilu

2.00 [u9lt 0r?0u'l{Qn oflou [nutl5ln:vm'lullud'llJ lo [ouanu

dorurr'[d'uri :ooriofr'td01nn1:d1[ d ndo6o ut1t0r.r: v 1.1?'1'l l nntn0u10in]uvl{d0i11{

[[ayuUUfidO{ riju:OosiofriltttdntdsUft]utBOtJglo:sfi?1.:n1u0U1.19loluoi cUinlum{fl0i
. ",. q-E-?.

su O[[AU: OUfto tOQnoonuUU et ltJ utf,ii$ tulO{ ?. fl.Y1. tOti IYU11{rinl:: rl nn lfignvd tt U-n

r:rTn0:filyitniu i 1finl: Ylrl douYll'jr 1u rialrr: nn"'rotlxfitrqn'n:: r: fl[[: { [ttl! [8'ildu6{

niril:vutotiouas 75-80 to.:ritd{;uIr:'i6':qn orn1luel'aodrlilFrdoilosfiilqAn:ruu11!'lirfil
--, ; i I d 'l' e ,--:-= !-

rdu uacnt:ttoud?frrirrvt-tiuotitl: aali? 0un:vYNlnafll5 ?t0l u0fl01fluu{1{u?1 dunltnl:

oonlluljlJoi x.fl .vl. lilulufi'la-{10{:oueio'lrlodl iqnrlo rrfi ulr, o

6:rfu tarNarurarnf, (2551)'ldrirnr:finsrrio'i "fl qel'n:: toi:oueionlu

nourfindrrtog:JfulrurrLud6'n" ]nufii'nqrJ:ve.rrirniofinuruq6n::!nl:;ulutilue{d'o uav
. ^.^j i d o d , 3 

" , - ..i
nn'lnnr:iu?ffli [?015 oUgiottlJUsil il 1o{f]lufloun5flri1tt0!il nlnuu0'iUlel ufil1ru1fi11

r?r lyd lonsourio or-rotjr{fildylodour{lunlunouniordrrBo;rJ luloridlfi'n 0.15 x 0.30

rurn: rfiorudori'ufidrnaxnrulounl:mtuuns6'n olorNf;nraGunrulutotisioliluqil 90 otfll
-zi,sruarlflnoun:n[yOUlJryfltu inUrirfiunh?clulfllo.i:OUfio fituro ZOO n^nfitrusr: ttAv

:oo fia6ruo: fi:vuv:ru.jtnn:olilrvirri'u 1.80 lrln: rlnyrlfiuulfiuuflanilnnunounSnraSl
A d erdt v e a

rrfinfineiorflurfio160?nlu (RC-Beam) frlldrijusi'rdt'toi flan1:YlfifloulIU?1 lru'lfllro{
,j:or,grolllfi ledrtd11.1:u.1lu?nufi 6o turn:oo nnfirufl: ritfiru: tanrudln 6i'l?d1 1:nfl

rirrnrfnl::4nqsqoldlndr6u,:fir.rn11.1 RC-Beam rirnrrtrrfiuetolorudu?oon'jrnru

RC-Beam udn{6{fl?1rJfllrJ1:01U n r: ]rirn'.lrfiu16u n tuM n-rlil finta3t.ttfiont:n: tnoun: sril

ln: lafrrrfinn r:itG fi\riru rnrin 6or{lunr:16oun-t firiourh{#ou 6.rriluclonr::s?'r1unr:

rirhJld':ru1u13r:orfir?tlssio,i't t::ufl1Aod1{?urt: I triu rrriu6ulte r{Juslu

n r 6 or n o tl r t3 ry (zssz)'16'rir n r : ff n! r 6 o { "vr q 6 n : : l : o tr oi o uu u lii u n lJ o { n 1 u

nounsglrdSufi findrrBo;rlnrUldnr:d'o', rurnnruol"'eodr{ 0.20 x 0.40 t!sll louldgiluul
;, q F .--.^-^.^^".^^^.^d ^ .i' ar'4-'e"'--'-

:oueior4ntuiiltrutfirrnnsittriurrnvriliulrfiuu6'ln'lunounSflrf,StJfrndorilutfrotooanu
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- ' 
j- d a q . .iq e/yl i 1t ougiouuulfl un"[rir fln giofil n rtu ltJluuglno 6i111iu:ouaom t?l0fl[d: 5u[[: io.:11 tY

i . @ \e, d F d ia '. *. -J-'lrnr:ryouv|lu d'rtJ15 n: u [[: {n-okiYoe,ns 95 10.:n lunouni old;rJ rr4 dnfrfr: ousiorilurfro
q ,d - i r,r ,a I L ' ia d F e 4

[6u?fiuriqn=n:::Jn 1: -1lginv 1n dlnu { nr nluvl llJU:ouslo d1u5ouglollul ant d:lJ:ut[: {rl {

?r{ynuuav{oa'rfld't 1tn;ult:to-nlriiooav77floinlunoun3nrailrv6ndfi:otrsior{iurulo

rdurniu usiosilGuurq'u a'unrnnr:fiuo'ncro.inounin lutorvfi:oosiodldrnf;ntairLlr.r
.s e a6s a i 

"- in q !-- --.-:-ynl tofil $6fl'rnsIfila iiI lilrilu$i99i0Utlav?usl [f]uu: iufilfi uu? t 1fl.l'lu']0uum I tfivl:'lu1'l

:auriorrrurflonfrfiurf,nrairLfru:rdtarlmruloqrnlu:otlsio rirninr:vflsaurb?d'ltJ1:0ao

fl'lruflngl?10{nounlnlutirrru:ooriolduqnn::rLunuriln-lf!l t!uai'n-noro6du

Inim #um6n: (zs::l ldrirnr:finutr*o{ "n?t d1tJ1:fllun15;ul r ue{Fr-ol,oi
. d " d , i -- i,ny. 4 l q , i

l6eiofl1Un Ou n3fl dt15 o; tJ" ryl lturtuu'triritfl 1: flnu1 lo0n1:Ylod0 i Iufio{uaufln1: r11o

, !': 3 ,e, e., '- t---.-< ' i u Yo .. -r'jtY
ait.tuUutirOO lri?Ulunts 'lfit Yt {uistUoqfitl?t n l:910[X0UYl!Orl01O{n lu ry{ tnnl?lUo [x

4 I d a --. -4 o d ra @ d a
fl'r nrfr'lriuri n:fru:n ritnr:tfroru nrtltfiant 5 n1ufl0ufl:ctdlt:ng rtnnulfi nfllfl: ulJ0I

-j . ay d zi - | d a o d I

rd'r n:fifrd0{ rirnr:1{rNdnrrSu :enulBotJslo!alutl.jnntdltJl,0lfllun0ufl:rld1[:0;u
dj,44'dr"A--i--.--.

[[asn:fifid1tl rirnr:arlnrutugtu:o{fUllurlnlus']{[oUx lo0l0tiJu[[UUt flfi{u $.i11{fl1t]
a9n5 sryrlfl1:mflnoi tfinlu lulo 0.15 x 0.25 [ fl] fi']luu"l? 3.00 [ n: oqin rtrkYnr: flrirririn

-d' .iA -e,3 e q-1-----.-'----' I us 4' utv
n:ytitriJulo n:sd]frfr{na 1{nlu nlnl1ua01ufl hlT: 'lu ?10onouud1lJ'lt 0:U ttilxiuelelel tfl

etlilrlu!i'lao{dlduo rrrilunl:ooflrrrutlasriodgrlloriod'.rnrirer?udorvrrr:orrdlua-n
o 2t t--'r-. ^^-:^.A d .e d- --r- A ^^-iqen::urtngdoriruuorurn:5tufloiilu{i?u otuu n'l:fl0luoulfiantd:rlfl!oaou fl?,

rirnr:finurrqy{rs6os1#rilufiil:yohrisiolil u.r'ob{arrur:ndr.:o^.r'ldlunr:rirlil1d.rrunr:

nod:'1.10:'t

Korkmaz and Tankut (zoos)'ldrirn r: fi nu t16 o':riuo rudu n ou ni n drrE o; ilfi

rfiolriolo unr: ynU fi5 onlrlfrotJtfidnlfl- rt loofiln ]: dnu 1:0Ueloll0{nlun 0u n: fld lrt 0gU

-j,o,i-qs,4----.--.<r-'drrrBulrffourTlotufru iiorfluEutrrUltiu loUfi aorullfldour ugl]el? t[a uulJ { oo fllllu dltr
a, lo - i 'ii'nsorvdaori'u6o l.Bu ri?umo douttllul'l do[iJu[1.l0trlu?flurl n 0n 2.su d?u11rld0lluuun'1u

" d ,zl j i ' s q, I d o.. -. ' s i -'--
rirri o:r hfrorLriOdUn IUU-.U n1:IBOIJSIO lflt]l'illflU tfi d n d 1U ?U d0 iltl.lU [OUn 15[Y0tJ t st4']'l'1

,"rdaort'
runur afluasl anlas t$n?luu1'l:oorfiourvirnil :s fia6rln: uav 60 fiaalilel::.8uri:u

" d ,,l j 4 '-q-q---^-- d < a,ytfiflouull nrudrri ogiltfrouoioniunluEu nl: ltouel0l'fn15 vllurt'l dfl InU lry: sUU11lulYllfl1l

:gO nn6run: lrav 660 UaA[ilolt 0lnnttytodoul,ll'ir n rruaur: oxor: oUfio[[Urlnl:ldoil

' ',{ a i ld'riluodr16 nr:rdor:ororirh?rfinfltuNr fl?1iltaiuo1urfi6nYllUfl?Ultnuiut.l l n'l: tJfilt'l uu? [nluuou l{fi rl l)[1,u]JU lrlrr rt]1-. .. - u

^ r A i, q o dt ' a a "l 'q
[d3rt rvr:1vasu:udlfr cio t: gilh:vfi [iJu0u'1.1IJ1fl n0 E n lv{u0{[ 0nmlvot'l
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2.11 d!il

^- jj e q #ldnri,rrdurrurlo:raflxlun1:yl vtxuvltluA[[ae l{n{ 1u ?n uYllflu?1,o i [uuvl'

6iuriaudrriogrJ n'ns vtor:ougiolunt:rioairt:vlldrrBo;rJ nr:ri.:r'irurr:ldn:;rir
:vri'irr:ousioto'rduri:uoounlsrdrrSo:rJ :ruas16uoYi'l'liltoinr:taSltnHn uqFn::unt:

fuluururi'n"'ouavmqufrnr:oonttlro',lriuurnlr,o3ttuf,n ttavrualrui#ufip'irulrvu'jrnru
d a d rjqv I u,. s /@

flouniflrdstJlfidnd1150;ilvll'r:0uglotlullluunuu [!! aqfln]ni5u t l u0lnol,0{fl'lu

nouninrailnr f;nrJlnfn fln nremusionert.ldur:olunr:itltt: s1.,osn1uflounlold3illfi f;n
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vt^3vlyrerdoueriotirr os6or;t-'.:nlud'?otir.:mqaout{rri'u]n:ltr',|:ru (Loading frame) ldtt:lnnotn
Hydraulic jack r.itu Load cell n:vrirfifi.:nat.l Transferred beam rdoritorr:la.:{nrura"":odl{rtl}J
o , ig A o o i- 3 q q I s v u

9t1t[14U{yt9tO{fl1: tilO01AO{tt:{n:Uvt'lyrtnnflu tunlugt?ourl ]nutqflrsa'nususnr:fla9l:{

u3nor:oogio ?-n:&u&fl1:tttiusr-?fl0{n'lugr-?odt{Iqul# Linear variable differential transducers
3;l o r rn I I u i(LVDT) fiprsr-lfifirnal.:n'ru rirnt:sioato'h,lorn Strain gage, Load cell tlae LVDT rrhfiurnSos

Data lo gger tdo ei r u r.r a n'r : vr er d o u r ta v il o u rlo ry n hJ fi rnt o I n o ru fi lsr o i
I o @ I -. v Inoulilnl:Ylnflou nrouxoaqfl Pre - loading tta& unloading fr11J9r?ou]{Yl9l6I0u

s oly o r v I 6l u i tr d I o r
lna'[frr:sn:vritsior;l-':odrwnaorlu:eei'ufiu.r rllorer:uiln?rr?I:ouflo{sr?0u1.:vrftflolJttae

sl:?rdou:euun'r:ri'r{ruro{rfl*o{fi0 orn#urirnr:yredoulnurn*rurt:rn:vrirodr.:#t"l (tttjo
9,q 9r-o v I o q tra 4 S dv o q d}irirytinu::Tnrrrinturndou0slirlfrnnrr:rrilourtav ltttttusrnn qr.:ttaol [unt?Iyt 3.23) 0u

v I a acs o 9- a v t A- q dgt':ourlmna0urnnfll:?ufl 1ru3Yt9rd0lJyt1n1:nlflrdu:0ut[9rnuur.r?9r?ou1{vr9rd0LJYldulIuI

a

a

a

\\ t
-- IreSI T I



-E-

n,t u uil,,t 14 td td n mt m l s uil n G trt b gt r ]M u h c c l-[ u ru I,t L n l4l g L u ] n l4tt L t6 €z'€ ulvtt u F oY ^2 s hz fr fr 2l6b i-'- -o ---F -

blCIoturuLultdtdrd zz'€ lil,ttu 16^stsftt

I

t

I

I

t

tI@p ldr.^ g L u uM l,t f L g ult 2e

I

I

g

6
gLULUt ldl litUfIOIbLtl]gL0[,tApll]LA@tbnLUb@ru6lILgLUf TUtrUUMLUUUtn11 LUtf gUUtUlXI,t1rutlU

o 6tnF 6 e I a ws 6 F h o P 6 2 ^

&

. uoddns r:1109
,/; r:

poddnsiagl, .-fs-

!,-ri -)l



54

3.6 nrflnuro{a

I t- t- 4 I i a t J
flouYl ln'l:ylfi dou0y0r0{u: ugt{uds 0l: ?0doufl?'ltJ[: uu: oul,0{tn:0{ 0q]Jn:01

I ae e 4i . a.l o o d e d e
9t1.lcl I :0uvl0vm1n'lu 0.:t: n'lluufl'l:vlnflo tlnglnulo{a n 1: lnuto{nn 1:vlnflo 01fl

il9 | J u u r9r ' t I Ja
n r5 yro d0u9l?ou]'t 0s tYoun: nt:'lo1lI't tY{?{IHtufl'l:d{lJo ndno Y{'llao: ry{d'ltJl:0111

f r15sr:?ox-nilaruiuv'nruanr:rndorlnul#dreirsf ra"'.rriohlii
;.3.6.1 [r5.:Ylfl:vvt']

3.6.2 :suvn15u0u9r?

3.6.3 n?rurn3uolurilf; nrd3u
,l A t u 4 e u v 4q zl

[1 0[: u1lln 1: Ylfl floun0 Y{?ler0:0r 1Jumfl H n tunnuiue{o{ad Y{utfl1l[?a'l ltio
d v a I q9/ ril r utt '- "110doltldt0d'ltJt:oljuYtfl10unn]:Yt9rdolj tfi0u tu:utt1l1J9t1:1{ tn uon0lfluu IulJiug
o e " ; ^ . , ' " a. - t- ,o - f,ytodou0yyrlfll: alRrdu:0u[[0rfllJuflu H']9r10u'l'lYlfrd0llmflrJllunnuu l unylfl:v111 m1nlt

q 4 .i oy^ I ^ t v
uumnn'lYl [110 tT nl:fu tHdfll:Ytfidou [u0110'l:tu'lt ?u n fl0 n10.1fl'l:fln f,ou']da nyT t tl.l

a d a r hl
fl 'lult 0'un:'lg?t,.tan'l:vtfldou0t'ludurJn$ lu9to tu

a
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A/,{atlavnttxlfl :'lufi ilanofl ou

4.1 uilril

! , a o o q s dv
1J11U0VnA1?0{ 0fl1:T9ldO1JUAvn1t?[n:',lg]J l.ldflO.tfl l5110d01lfl l6 i:11 [lJI uanfl

uo {: o uri0ururflunrirr funruoouni n rirri o:rJfifi: tu avt6ufln t: tdolsioto lrrl 6nrai u f:r

[[:{n{g ull11911{dl tvl0flflu luae ?[n: lvY fi 1: luav[ouo n1: tYolJ9lofl o{tfi a fl[d: tJ: ul[:.:91'1

drr:-u:oasiourrrilon:rJuurlo darrLr:on-wurrira-liulrutruo{n-oldlndrdurril:ooriofifi

a'nyorvnr:rdorusiolooiirfiornru dru150ti'tilry{isrurrlfurll.r:r.Jrrlrh?firJ:c?ilGnril

u fl old r v riu rldlu nu ri o cir r oS.r ki
nr:mndorovrirnr:rfi rsr-eodrlnouriSn;ilvr:rn:vronnl 10r: g 1u ASTM c- I 92

a . zr - d" - , as - &srnv ln'l5Ytoflou9t?0urilruon0ufl:fl n1dllJ:stJ10l 240 n I n fltrg]041:'l{ [su0l[ugl: 1li
a j a .i ' t e . irnv.

aoufl50r?l aofl0uttovfloun:flvlfia0R'lufi a{!5t?01:0ugr0 li{t0 nuu to lnl:mad01JnIni
e, a d a A q94 , q d
nlu11lUu: iO{10{t nn[d:U[1',10 t1[UUl0Un lUnl:00flttUUql] Tq!0n1:00nIIUUnlU

dy.dtrr6rfioufl:9trfl:rJr an anm ru ruulu 14.:lJfl flt Iras{otduotluv]ufl'l: oontrrr: ougiorruulflun
I I d.d

drfi rufl lrfl 0fl:'l't:vuufl runoufl 5ard5urfl afl dlr:$;lJ

4.2 nra{.uo{2do

iaefi1.filunr:ii'u'lril^irunr:yrnaolq6udilnGn1ilil10r:!1uoril3nr (e,srrra) ldlui
flrrrndoufira'{iilu: {d'qro{nou ni n; rr {n: euons[rJU1a:$ ru ASTMC-192 fl1:Todol]

drii'rfuu:{6{crorrnf;ndodousrurulflrslu TIS-24-2s48 rroyrfi6nrdilnailflqdorrilii'{fru:.i
4 < - io yo
6rmrurn:gru TIS-20-2543 lour-4qfi1#1u.rruio-ofiqurruri6nrnno-.:uaolluor:rfi +.1

,
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i

fl r:r{d 4.r fl flrdruG14r{nnIosiaofi 1dlurruir-o

?c[o nta{ntlRtoag
(kg/cm'?)

RlA{d{flO
;,

lflou (kg/ cm-)

n0un:rl1nfl 1 240

nouninryqfi z 230

ruf;n ngo -- 3,51 I 4,553

lfian RB9 mm 1 S51 4,698

J,finn DB12 mm s,636 7 ,116

rvdn rst6 *. 5,674 1 ,209

43 flAnlt OdOlJ

j
4.3.1 nlu$r?oU"t.lYOYt I

A o ' i, v qt)
nlnr{aflltYtfid0lJ ruo ln1 11.1ufl1J::lflmn1udl ltollJ Inttav:vuvfl15

, -ir .i a
ruriugrifrfr{na1{n1uel:?otjr{ n1flflr:llelflountuil"'aotir'rEnfrnfrl nruri:otjtlfinr:trJ6ouurJa.r

nqn^n::unrln:r af tlnruki'nr:d'oluuoiavqo n"'qttcolluor:ttfi +.2

",r'r'rd 
0., nanr:noeorrira-roirumtutt:.ro-ngraotor:otlriontudrrE ogrJuulrfl on

No.

Fist crack point Yielding point Crushing point

P (kg) d (mm) P (kg) d (mm) P (ke) d (mm)

B1 2,000 2.12 10,400 10.48 I1,519 17.55

B2 2,400 2.87 10,809 13.11 13,7 63 55.3 3

B3 3,200 3.17 4,643 4.36

I]4 2,800 3.6s 1 1,218 12.60 13,408 30.13

B5 1,200 1.46 10,251 I1.03

B6 2,800 3.83 10,793 12.80

B'7 1,200 1.78 11,040 t3.71 12,068 19.08
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l.til1Ut1491q
radv4tsB1 :OUAOlUlfi 35 tcIunlil9l: lfiAfl:Utt:{n{A0 [9rU{OlJOlJlgr:$1U 90 O{fl]

dv4rsiB2 : OU9IO1U10 25 rcru grrtJ gr : [fi Afl : Utt: { 9t.t 9l O t9t Ufl -l: t50U11'lU
r4dv4rs83 50U910flU19t 25 lcruntrun: trafl:urr:{n{ao t9tu{01!0tJ19r:s1u 180 0{fl1 19r

I d - tv
9r?uruofl DBl2 Jljgr?g

dvats84 :OUgloflUlfi 25 tcruntilgt: IHAfl::Jrr:{n.:Ao lftU{010U19r:$lU 90 o{f,] ljfr
I 4 tq 4
n?urflan DBl2 :lJn?crq

radv4rs85 :OUgrO1U10 25 rryUgltugt: tilnfl:Utt:{n{fl0 [nU{oflottu1J J-Shape
raclv4rsj86 :ou$lolJu19t 25 tcruflnJgt: tilan:ult:{9r{910 [9ru.:010:J191:s]u 90 0{fl] tsoil

Atq)d
uqila1u9r?ulfinn DBl2

radqarsi4tgr'dB7 :OUgiOlUl9t 25 tcruntUgt: rH An: Urr: {A{nO [n UtSotJ UnilA1U9t?Ut?lAn DB I 2

I:il?.:nau{

4.3.1.1 nlusl-?odl{ B1
o @ v s d- ia t d

0 1 fl H O n 1 : Yr 9r d0 u n 1 a { : u ttJ ttj u fl a n x 0 { n 1 u vl tJ : 0 ua 0 tfl n 0u fl : 9l

Rtuiln-{lraufiruf;nflrr:16.:sio]nu.:0xoulsr:S'ru 90 o{f,r:ousiottuutflunfitutnot:
4 j - ! - A oeg r 4 4 Ay

35 rcrugtrilgt: (Bl) ruon'ru:uu11{unu::unil1fllju0uvr1t1414u?urr:{9r{10{n0un:flvrvl0{filu

firirrfiun'irn?1ilduJr:ndrumrurr:sdr:srir.:fl^rdilr^r-ato{nountnrrirri'rnountsrlnrjsr:s
ArdAg'aqurdrsr'o-i

]Jt[?iu:ougt0 floun:910sr:u51?u:r?ilr'r?cYilfldlj0{:0u9r0tlju19rtr:fr t9rufilu114unu::unT
o O, 4 o Y q9) v 4 | aS v t - .i.b 4 I

vt'l t?tnoun:flr:rJlrnn5l?R1u tstnl:etelltfil 2,000 fi]anfu n1:rrduei?fifirnar{nruilfrl
AAAyllt')

2.12 UAArilet: lrae0yrfleln1:rrfln:'l?flururvilfiulilfl,:ilaronrurfiosrrnrr:ln-nfirfi'rufiu Isruov
9,

firru:sr-rarnri'rn':rruor:nrufiu3nnrfi':dlniato.r:oueiouasfiuurrfiorfirinarilatunlu {r"'{

oi
udfl.: tuRlT{Yt 4.1

t

4l v I AoA u A6 v IR]fln 4.1 nnuiuefl1ufl0ufl1:?uflttauila{n1:?u91fl0{ntu9r?0u1.: Bl

,

i
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4o'o
ur ou lfl'lu11.ru fl11:5vlflvlfl: g lltstofl lu un &n 1n l: u0uo ?10 { n 1u m?n

Lilu 1nfi nora"'l Linear variable differential transducers (LVDT)
jj
mfl ifla 1{fl1u u l d: I in:]yl

q a ! , 3 - ,nr- A -^An?lud y{'uf5vfix1.1 1 unx5 t?lnrlavnltu0u9l'l10.ifl1u 0vdllJ'l:olldo'l lfin.in] T 4.2 ry.1

t u q 4@ , .oe a ? ' I - ioqY d 6 .l
01nn:lfln1t!ritJ urn{na1?1I1 tfi d'ltJ'l: o?[fi:1sfi filfllul unu::4nrfl1 tl1[H anldSlJl: tJ

. , -iifl:]nn lul0in 15 fifrral 10,400 n Inn:u : v ue nl:uou9l'Jl1fl {fla l{f]lu nl 10.48 rdnluf,l: tlav

' Z - A u \^, c9 u d, -- - as - , - i
nirrirnu-nu::4n6rqofinrudrr,rr 0iuldnroldn r: o-nfirir t t .s t s frl nnflL :vuvnt: trdugl-?fi
Ad
n{fla1.:n1u:.rfl1 I7.55 AAlU9t:

ar ae.ia 4 q danu vnlt?ugr10{o]ugt?ou'l{[1lufl'l:']u9lyltflo01ntt5io.l tul an

raiu6'r1no:rnrio (Yielding failure) uqer'n::lnr:iri61o'ifl1ufiflll160u1#vr:rrLrilrrr?r'jr
- 3 I a, d .+ e, 4- i---,-nr:euTrira-{0vrfrofru frlrilu}lor1rrflqufito!nlufifirJ3rLrarrudntflStrfulr:{6{eilfla1

iseuo-n:ro'lune nrrgduqa IouflouflS0llJ:r? 50u9l00vtnon'l5tr'qn:11ilrotflu d111401010

Ad^iudqar o.:r101nI dfl[d: u11i of,1nfl']u tu: ouol0lJlJofln 0u fl:91 tuu: l?ftlo.:fl n1?i utlfln tY{:lvfll:
, o o.< i , d a dr id dr ' A

{oa1nd?urfr fildrEnrt,l u'::vual{nounS9ln l nnldSlJ[1]u0u1io [t91fl[1] u fl 1: s?u[11u

ru:{ohflo{nouninlulSr':attor:otrsiorduniu 6rrilnnl#nruilG lounrudlodt{o1:r1:0f

Illnrudo-ng.rqnldrvirri'u +.:zo filnnfiL-rrLsr: ruiodtruanr:vronotfi'[durrrlBuurfiuunirlrir

fl1roonurlrvrl{l1quA ( Mr : a,SlS filaniil-rtJel:) fl]uel-?od]{firirn:1tJrrflnFitlciln'j1flqud

souav 5.65 n]fl11rJr14UU't101 in:la$rl t?l rvirnil t.oz ti'luanllunr: t tfi +.:'61.
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nr:udu6'e, (mm)

i v v d r no 
- o t , -ii v IRlflri 4.2 n?1ildtJ?{U[:g?l?'l'1UlfiUflU::YlflnUfl1fll:tt0u9l?mn{fl41{flo{n1u9l?0ul{ Bl

4.3.1.2 nlust-?odl{ 82
o o @ s d- Ja r d

0 1 n r{ n fl 1 : yt 9r do u n 1 a { : u I il ril u 0r 91 9r lJ 0 ! n 1 u vr il : o u sr 0 tvl fl 0 u fl : 9r

v+dv4rsitdrai
RlUfiAirlA&iltfiAfl:rrr:.19t.19t0 tnUnr:r"ionynu :ougiorluulijunlulgl 25 rirufirxJfl: (B2) r:J^o

-'o-Aoagr4dAydr^rnlu:uu1?tunu::4n:J1fl1u0uYn [l.tfiu?urr:.19r.1lJo{fioun:flvlvlo.1filu:Jnltnufl?'l

n?1rJdrru1:0druyrruu:.rds:sm'ixfirdrniarornounlnuird'rnounSnlmrjsr:ruit':il:ousio
d A 9 ^ a v @ \ s ioeg d

noun:fl0sr:u:t?u5r?su,.r?flrJ,.rd1or:ousiorflutetrr:fl Jnurirrirrunr::unmm1 tilnoufl:9rqq

A 9 qy v d t - --- as v | - iA d t 6 a
r:lllrnn51?Rlu tetnl:g1-nfirir z,+00 n^]anfir n1:rreiuei?fr6.:narlnrufrrir z.az t-nfrrrun: ttne0e

rfinnr:rrnnirrrururnirdul:Ja-rilntuntutuiorotntt:{n-er (Flexural cracks) fi,n"ud, Inutvfi
tt

lru?d'.:nrnd'un?rilut?nrufiu3t':nrfird'rnriato'r:ouriorravfirru:tfiasfiu3t:urjatuntu $1"'.t

"iudgl{ tufllv{Yt4.3

OD

"F))
G-vF:
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ron ut[: 4
9t{9tl lsro. 0lJ 0: 19r: { ]U9 o{n

/
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n m d n.s ii'n u ar v n r u ri o u n r : i:rG r r a v r n-r n r : iu6 I o s n t u sr-r o d x 82

t9A o r o @ d o I r t v 4@tuoulntu'l14unu::fl nilfl :yvtl9rofr'lultavnlfl 1:[t0ugt?lJ0{nluYt?9tq

199

l61uoofioqoi'u rvor fifi.:nar.:nru ilrdgr.:n:rylnrtldlniu#:sm'ixrirfiu-flu::mnrravfl1:Eq
I v h 9q j n I u v dv r o <l9

trougt?10{n1u 0vd]u1:0rrda{ t9l9t{R11IYt 4.4 cr{0'rflfl:1fln?1:Jdruv{urn{nar?Yr1 t14d1:J1:f)
a d , no q i o o g d a A q I a 4 t ,- --- as v
Trn:rvri flrrildrfl{nr::4nfirirl#nrfinraTru13run:rnnruldnr:e,flfidr 10,809 filaniru :vuv

,-iAdraar'o-Anr:rr€juri'?frilrnnrsnrufirir t:.tt l-aatrusr: tta&rilxilHtInu::4nq.:qnfinruarrur:nflld'
nrolrtnr:n"'nfirir t:,zol fiInnfru :suvnr:u€iud'rfidtnaxnrufirir 55.33 r^afrrrun:

q aos q I dt o*io 4 6l d
a nu arv n r : ?ugrfl 0 { n lu 9r ? 0 u 1 { tlju n 1 : ?u 9l m tn n 0 1fl tt: { 9l { tu tfl a n

ra?t6.:1etn:rnriou (yietding failure) y{qAn::ilnr:i:tGtolntufinr:t6ouhi'vr:rurir.rrriljr
Aqao u a A A dr u I o d+ le d .a v 4-.!---'^

n15?ilstfl1d{0urnniu cr.:rilu til9nrJYrflufl1J0{nruvrulJ:tJ1flitl'rnnld:u:utt:{a{fl'1fl?1
u r i i o< i o q I d a @ 4 dr e- {-ri'st:rdrufrdn'l?ydilqa [u=0{0rnarnr:r$onvrlu?Ir t14lflantd:u:lJtt:{9t{tlJutd}J0usu
d v odil d a o 4I o , ) l- ---.-9/-- -l---.,--.^-^!l-.S^-. dv
retu'lflu yl'l lfirfiaflrd:rJ:utr5{9t.:uurnnfl?1ilaoluo.: tnunrupi"lodrlarrur:afiL]rurruurin=n

qrqolrirvirii'u s,r6t filanfru-rusr: rdorirnranr:madoufild'lrn-Euutfiulri'lrirnr:ooflttuu
{vrdrrl4Ydldytl{ylqua nluei'?oeil{ttnrn:rruttstnal{q{n?lvlqua loilav 12.73 iln'ln?]:Jtl'luu?1J0.:

ln:ra#ruvitf,v q.zz

f
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i - - a : ' , -lAol?tYi 4.4 ft?1udtJllut:vl.l ? l{ulfiunu::4nfl1jnTn 1:tlou0l?vln inal {1o lnlugl?ou'l.l 82

4.3.1.3 nlueilorirr 83

n r n r.l a fl 1 : 1r n fl o u ri r n'l f I I rL DL u oio-n x o { n 1 u fi fi 5 o u gi o I Yl n o u n3 9l

duArsRrufia-{[lnsfrrfifiniru:'r6roiolou{olou'rFt:rlu 180 otfl't t-ndeurt6n DBl2 !ilel''?q soueio
Z "", , 4ull rflunrulo 25 tsu6[ a: (B3) tfionlu;rdlfifnuttl"'ln lnfruourir'lriurjruu:{d{10{

a Art t I .4 , a q v
noun-fl11f0{n1u n1[nufl?1n?1 fl]lJl:o9l1UYllUlt:{A {:v1'l?1'1r.1?dLll.ld10ln0un:olnlnu

oounSnlrrjsr:uGr'rturougio nounSqovGilgrelSrroln'':frlnYatol:ourioriiu!orr:n lnurir
: - Aooy a i y qet q4' -^^^As - , ..id

ulr.tuflu::l]flyrvr1 nrfioufl:9r[:uugtnYran ruloi',nr:rYofirir :,zoo fi]onirL n r:udun"'afifr ln n t t

n1uilfi1 3.17 tJanlilfl: tlav 0E lflon1: urlfl5]?flu1ulflu{u 0u1{ryn[0u n10 tuu:t1gu50ufl0 fi{
.;

ud9{ [uR"t 11 4.5

HAn: llll: Fl.:9t€ Iour 1:tYl JJI
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d u I a6 u a6 q Inlilfl 4.5 AnUilvn'rufl0ufl1:?u9lttosfi a{fl'1:?u9110{n1u9l?0u1{ B3

ttt
4 o I o v 4 o I I I q dv

nJou1filul1.runu::mnmn:sYrlnonlurraunlnl:tt0u9l?10{fi1um?aq

t I ri I

161u q n fi 6n ri, rvor fi d.: n a x n r u ru r aix n : rv,l n': ur dru vfiu f,: v m'i r ujr r u-n :r : : 1 n t rn e fl 1 :
t u t19v .l A I aa v ?v r o q,

uriusl?ro{fltu 0vdlil1:t'tttdn{ lfin{RlTtyt 4.6 cr{0'rnn:1T{n?1ilduv{ura{na1?vt'l t?ld1lJ1:tt
a d , 'o - j q U, qY q 4 t,. -.^ il---eirn:rs* illrirdlrunu::1"4nq':qetfinruarrur:niu'[dntuld'nr:ri'nfiri 1 4,643 fi]aniru :sus

t -iA dr a a
fl 1:It0u9l?vln{fl a1{fl1uiln1 4.36 ilnAlU0l:

q aon @ t dt ooaia 4
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ornnry{fi +. r s rcr#u1d'iri6 nr:oonuru:oseioi,o rlo: rair r rfi o1#rfr n
,ida-tAA,dfl?tunoluo.tto {tfi antfl:u uonntnafl!fllyflt:ctols0tJ !nooto{lfirifl[d:uiuu: {fi{ [nu
j._-.t,"-.,j^d-

2tflr5tt0u1l1lJ (82) u6?uu nflufug: oustoll[d: ulfi an: uu: io i lnunl:i0atntu10t:s1u{o
9 d --.- r- aA I s tu vt sd 9an?ul an DBl2 ;1jel?s11{u (84) d1 1t 0119lu1nln i9i luytlu til[!ufion't61n616u { fiun tu

- ' i ^ d a as A - '. ^ a )fl?ou1{ afl! 0ly: oun omld:tJl afltlJu:{o{[nun1:[xotJ111lJ fi,i rln n]:dflulrhu1nlt
<l q a s v 9 d ,s ai:0unord:u[11dn5ur[: {n { ln ufl'r: {0a ]fllj19t59lulnri ?urfi an DBl2 eilstlByt{u oril.ras[6uo

tqr- t 9 - uy. r j
010nsdlu1:ou'r lutyqnn lYfllji]unod51,10:I to fi,luu tunl:ylod0 n?ou1{To1ld0{i{
o 4 i . ' ;a- , i - d q

m1n1tflfluTlflt ?fllJ:ou9ro uan! et 0uaoytld:rlfi an5 u[[:,wi i Inunr: l on tnl tn:n runh
9 d 9 I t@ aA s o 4 a a F da'lutfl an1000ul1Jn?crflu1l tFltiT tn t5flflu"t011tyi01 0.1lJ:tJ16ulfi a ntflt 0t'tu1?'l {0lot]:ultu

d a i-,r dnrflSrJsrlrJUi?fr ilrirunnrixri'u
zl oy, ot o t11{'lu tu n1: tlJ: uulytuljr.l nfl ltytftfl0unl d it u tlJ[lJu9togllJo i: o09lou1tl t

EIl unmi[0oa?0u1{n{na']'l fl afrltYlfifl0uyrifiuolo{ 1n nr 1[rJt u! ryl uununlllrilu ?il"t6
-ui 4, AalilTqUfl [ Orldo i0{lJ: vdTrnly{nfudtJUfrlo {01']ori r ryrodolj oirldft{ lual:1il] 4.3

! , , 4o
9tttt.tYt 4.3 n1 :ydmtnllln'l n {t u I t u9oot,0{9t?0u1{Tndou

nlu
9t?ogln

nln?1

lt4uu ?

Iurruudfro

g.lgo

(kg-m)

Ilriludn'el

n1{flqua

(kg-m)

* usrnsir.rornlruruud

eYnnxnqufi Souav

onu y

n1: ?u9t

B1 1.67 4,320 4,578 -5.65 Yielding

B2 5,161 4,578 12.73 Yielding

B3 0.00 1,741 4,578 -61.91 Crushing

B4 2.39 s,028 4,578 9.82 Yielding

B5 0.00 3,844 4,5',t8 -16.04 Crushing

R6 0.00 4,041 4,578 I 1.60 Crushing

B1 1.40 4,526 4,5',78 l. l5 Yielding

t dt :i ' irn o d dr 2i , i* nlrijuu?flrr0fl1vt'[fi0'1nfl1:Yrafl0uufr1lJ'lfln?'ln1n1u ?01Y]1{Ylq!fluavluu nultJ0fllfiln?1



73

i
4.3.2 nlua?oul{Tnfl 2

o h,01n,.lan'ltytod0u uJ0ulft tu rfi un]l::ytfl fl n'lu d1u 1:05u tauny:yu3n1:
, -ia i - ,; ,uougl? n{fla'l{n'lugl?ou'1.1 0lfln1:Toflouft1un?ou1.1yo11 2 n]u9'louti nl:nln0uullnt

uqorn::umrr1n: rair.:nroldnr:n-o1uuriavqo n-rrrao.:1unr:r.:fi +.+

,rr'r.rd n.n nanr: rnaourir n-rofiunruu:rri'rrqlqntor: ourionru rirrt ogiluuurflon

No.

Fist crack point Yielding point Crushing point

P (ke) d (mm) P (kg) d (mm) P (kg) d (mm)

B4-A 2,200 1.02 10,494 12.13 11923 29.14

B4-B 2,400 1.04 13,859 13.11

B4-C 2,800 1.58 14,470 14.32

B4-D 2,400 1.00 13,030 t7 .46

B4.E 2,200 1.06 15,170 t2.84

fitJ1Urfi9

84-A :oueioluro 25 lryugr^lrtgr: rv 6nrail:-rrr: rrr'r 2-D812 16orusio]rroro
e I d tu a1orJ10r:$lu 90 0{fl1 lon'tutfian DBt6 gllst?s

B4-B roudolulfl 25 rryun-rrn: nrf;nrailflu:16l :-oetz rf;oilgiolou,to
d 

'- 
d

rJ8U19r:$]U 90 0{fl] flftfi?urfiafl DB t2 ,ljq?cr
dauB4-c soueioruro 25 lsufl*l e]: rr dnra5 u:-urr: l6{ 3-DB12 rfiorLriolnuro

I o r.r r sr : S 1 u 90 o { fl i rio ft? u ril fi n OA r O ; rJ n"'e 6

B4-D roudorurn 25 rryua^l rl: rrHnra3lilu:ldl z-ngto rf;oilriolouso
d t@ dfloulgr:s]u 90 o.tf,t lFtFl'tolfi0n DBl2 5 alcr

B4-E :orlsiorurrl 25 rsugl-rrn: nt H nrai rLflu: lo'{ 2-DBl6 rfioldo]nu.ro
d 

'- 
d

fl0u1er:s1u 90 0{fl] lnn?u[fian DBl6:ua?cr
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4.3.2.1 nluei?odr{ B4-A

0 r n p{ a fl 1 : yr o a o u ri r ii's f u ] ru rru u s{sr-n r o.r n r u fi fi : o u si o rm n o u nt sr

nruil ii'ruosfi rrf; nta3r fr tr: rdr 2-DBtz rfi orLsio lsr u{or oil ra :S ru 90 o{f,r r-ord:unt H n
rqdFdarFdagrDBl6 !lJ9r?cX lJ:lJ'r0lr?lanr6Y:u9r1u1?1{fl0il:ulfrl[1{dnrrY:il9tl:JUl?50uay 89 5ougtorrljlJ

ttluntuter zs tryu6'rilsr: (B4-A) rfionrufurirrrinr::11nu',nduourirh{nriaurr:{6.:ro{
d All dr a t 9t 4 r a v v 4 r q

n0un:nilm0{nluunltnun?1n?1ild]u1:CI9r1uvr1uu:{oq:&?t?1{r.r?drJr.rdl0{n0uR:nrn'tnu

nourBsrturin:{u3r?m:oario nounisro;Glirrrinarn^rii'rupiaro'r:oueior{Juonu:n Iourirt
9t

rirnrinu::unfirirl#nountsrGruunnirenruk{nr:d'prfirir z,zoo fiJnnfru nr:ueiusr-'rfidrnaxq

dr a a a qr I i vr 'nrufirit t.oz frafrrrun: ttav0vrnofl'r:uerfl:1?lJUrunlrJru trjtir:Jarunrurfiolnrnrr:{n"'er

(Flexural cracks) ii,fiudu lrrutyfiuu'r#rnrnri'un'nuur?flrudu3r:arn^':d'rur.iaror:ousiouav

fi r ru r rfi u': fi ui n ar :J n t u n t u sr-r r r dn.: 1 u n r n fi +. t o

al q I aoA q aoA @ tRliln 4.16 anu 0{vnlun0u fl 1: ?ua rtaeH a{n1: ?u 9tlt 0.1 fi'tu9t ?ou1.1 B4-A

t94 o t o q j 
" r r t a au

rlJ 0 u ln 1 u'l 14 u n il : : u fl yt fl : u yt 1 9t 0 fi 1 u t ta e n I n 1 : t r0 u 9l ? I 0 { n 1 u m ? aq

t 9 rL ,)t4rA io t -----iA 9 t @ q I r o q
tfi tulamfl aa{ LVDT vrfl {fl a1{n ]u ru1d5 1{ n: rfl a ?ludu?rut : y11 ?1{il'Il{u nu: :ytfl rlnunl:q - -'----q'_'

I v tt r. j A I q u tu rtteiuli'rtotnlu 0vfltu1:0ttdn{ trrfl{nrilfr 4.17 fr.:ornn:tyln?tildily{-urin-rnrir:rirtri'
. a I .^ r_-i^--^y^_. ---_d c q 9 { .a A Ey s d rdiul:n?tfi:'ls1'l ?11n1u11'luflU::4nytrit tt4tfinntditJIt]Jft:1fli'l1u16nr:d'nilnr

: rta v rir#rn u-nu : : m n fl .: drlq{a

d u', u a', r'' r n fu l dn r u t d'n r : n-n fi ri 1 n,g23 fi l n n fru : u 0 e n r : u€i u sr-': fi fi r n n 1 { n r u fi ri l
A4

29.14lJaarilgr:
s aos @ t dt aeia 4 o dnnutusnl: ?lJ9tfl 0{fi1u 9t?0u1{rlJu n 1: ?u9lytrn9 0lntr:.19t{ luru an

adr
r43rufr.:1otn:tnriou (Yielding failure) nqGn::rnr:i:rGrosnrufinr:16oul#vr:ruri':lu#r,jr
nr:ilGrirdttatfiqdu d.:riluhJnrilyrquAro{n'rufifiil3ilriurrfinrd3liru:r6,rsirn.ir
criri'sr:rri'lufrdnr?udilqa InunounSnrir':ar:ousioosrfion'r:rrflnir?.f'prrou drrfiqor0
4---d-a-.f,,qr^qdoatu0{IJ10'lfltilnfltd:uYl'10e1flR1u tu:0ugr0uuonnouninluu-[?flrai{nrir:outtnn ril:tyn1:

:*i'--""q|=

}1',j,
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t A o qd i r d a d a dt I d rddr r i.:oalns?utT{}Jnla{u9r[1,luu?:eH?1{noun:nnurfinntd:u[iluou'l{9t rtflnrilun1:u?u[1Iu

tu:{d'nto.:nounSsrturStrarto.::ousiordunlu 6rri.:nat#nrui:tG lnurJSrurnru,rfinraSrusrru
r lA d -a 9 -- ^ o j t j 4 ; rfl?1{9rOlJ:tJltUrHAntfl:U9t1tJU1?50UAU 89 [6I:lJY{[f,U1lUu.:O10t?Utv'lrutt:{oflrfiUutttavryau

annt:unnit?iJo{noun3nfl:{u3r?o{:ousiold rirhinruarrur:oillrunruoiel-n'ld'ln#16olri'u
ldqqrirnr:oonuuuvn{mqufl tnun'rusr?otjrsarill:0fuIrurruurfn-srq.:qaldrvirri'r

4,471 fiIanfir-rrun: rrujodrruaflr:1rndoufild'rurrrJiurrfiurri'rrirflr:oonrruuyrl.:mquA
( M n : +,sos fi lanfru-rust : ) ntud'rodxfi rirn rrruunnsixeirn'irrqufi Yoaav z. t s fi rirnr':rru

d<9-6il.rq-'
ru fr u'lr o s I n :.: dir { ff) rvi r ri'u 2.40 n-.: r rdn.: 1u sr r : r.: fi +. say
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dtfiafl d:IJ:UI 4i.:n{ 2- B1210 ?urfiafl DB16: la?ry
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lv
fl1ilt01{91?, (mm)

- i . -- ot y-.!--.-^:^-'.- - q t , . j* q tnlilYl 4.17 n?lilrYilfluris14?1{illfiUnr::UnffJntnt:rrouli"rfrfr.:nat{n'lu$tiotjt{ B4-A

4.3.2.2 ntust-?oti'1.: B4-B

r I fl fl a fl I : yt n e o I ri r n-.: f u J ru nr u oifl"'q l.t o.: n I u fi fi : o u si o r m n o u ni st

3530

a

a

qddaq4Rlut'tii'{ttasfrtrdnta5tfltt:r61 3-DBl2 rfrorusioJn0{ollolJ'let:$tu 90 o{flr {nd'runtdn
tv a F d a r F d q 9 tDB12 glJsl?cr il:r'laltl'tantei:l0trrut?1.leloil5urilrfldnldilJrttilut?iouas 33 :ouetouuu

df A , '"- - A o q , r 4[iluntulel 25 tcxuellilsl: (84-B) tilontuftltilfiu-nu::qn:Jlnilu0urirhinritarr:.:6{ro.l
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A jt, 4r a t I 4 r a @ @ a rn0un:nmmo{ft'lutJfiltnufl?1n?1ru6T'lu1:fla'lull'lult:{a{:9fi?1{ru?dil9.tdl,o.1floun:9llfl1nu
4orard.lvuvrdrnounSqrlurin:{u3r?ol:oueio n0unSnovrSrirruSr?iufr?drJ,'idxo{soueiorilulnrr:n lnurir

'" - ioeg 4 i I ol v+t as a t -iAdrrtinr::unfrrirhinounTn15rurrnn5renroldnr:n"'qfirir 2,400 r\ tan:u nt:rrouet?yrfl{nar.lq

d r a 6 a g A g h rq r Anluun1 1.04 ilantil$t: ttoe0utnnfll:trnn:1?1,u1utlluflu tuu.:ila]unlutilo{01fltl:.1919t
iA 3 s d '- - i o a v q r(Flexural cracks) ytt?Iuflu [nu0eilttu?gt.:fltnnun?1uu]?f,ituvtu:t?illr.t?dtJr.tdfl0.::0ugrottas

t\
fi uu :rfi us fi u3 rr ar il a r un r u $i'{ ufl er r lu n rfl fi +. t s

d q I AoA u ao^ v I
nlT'lYt 4.1 8 A nU ile fl 'lu n 0u fl 1 : ?u n t tn u il n': n 1 : ? u 9t 1J 0 { n 1 u 9t ? 0 u1.: B4-B

t9
4 o t o q i o t t t v 4@

rilou1nru11.rufl u::TnTn:uvr]fl 0n1ultaunlfl 1:r[0u9r?1J0{n luyt?f]q

t99

ld'1uoprfi6nsr'.: LvDT fifi':nar'rnru ilrdgr{fl:rv,lnrrru#ruuiu#:yrixriruu-nu::mnrrauflr:qq
r q Vt9)v i & t u u dv I

lro u et ?lJ o{ n 1 u 0 v d]rJ 1 : 0 udo { tfl a {R 1}l yt 4. 1 9 ry{ 0 ln n : 1?l n ?l u dxifliu f ni n ri radr lrfl
a L '. - i v vg dy q d I

d l rJ l : fl ? rn : 12 y1 yl 1 n 1 U'l fl U n U : : 4 n q { q fl m n t u d'l u'l : 0 : u l 9t n 1 u t {i n 1 : fi n il n 1

I3,859 filaniru :yuent:u€iusr-rfifr,:natnrufirir rr.t t fiafirrun:
u aqa q r dr o^ja d

a fl u il v n 1 : ?u 9t I 0 {n 1 u 9t ? 0 u I { rlj u fl 1 : ?u 9t m [n q 0 1 fl n 0 u fl : 9t 9t : {

uitrat:oasioqlntl"nunnrioil (crushing failure) Trrler^fl::ufl1:i:rGrolnruhjfinr:16ouhi'vr:rug

-t 9t t acno -o-- .r-3 d a r a g v Ia?{flu1?1n1:?lJ$lfl',la{0stnolu n0un:flil:t?fli:0u9t00utnofl1:rtgtn51?$a[0utlayillnn?1
-.a_^^.4- _t_ e_, _-.a-9,i..-.-._v-. y & d a qu 14 A
U t t'l6l.l 0 u n 0 u m n 1 u 0 e ? U a ttU U q U il n u cr{ lfl a n td: il U{ lU fi { ! fl n : 1 fl d'[u a O l t ru- o{ tJ 1 t 1 nqq
.d.aiqr{u.tqaqrllfi4fl[d:lJYl.:ofl1nR1U tu:0u$l0UUoon0un5nluuinurilfldt?0uunn ril:tyfl't:{ofl'ln,i?U

--4---o----4- d --r d v d a dr r d rddl A vty{iln14{04lfiuu?:u?1?1.:n0un:flnutilnntd:iltilu0U1{a rtgtntilunt:,irUtv{tJtt:ldncJol
nounisrlulSt':utor:oueioreiunlu 6rrirr^rn1#nruiu6 lnarjsrurarprf;nrairunrilr?r{sio
F d a 9 -, a o i , A 4 j ,lJ:tJltlltilantfl:tJfii-ltJtJl?5ooav 33 tfl5urItflufrqtJ.loto,f :un{-tJrr:lu..fltttfrtJ:rrny,t':uannt:

9dttnnf 1?to{noun3flfl:ruEtru:ousiold'lu:vnlufifi.r ]nunrusr-:or.ixdrrur:nfrlrur:Jueid'er
. 149 r q ii--g/ i o irnc, E d u rq{qn tnlmlnu 5,197 n [nfl:il-ttJel: tiloilrflanr:yrodoufrldilrrrfirlurfrulniurirnt:ooflrruu

Yr].:YlqHA (Mn : 6,626 fiIanfru-nrn:) nrun''rodrrfirirnrrruusrnsir{eiindrvrqufi
Il0aav 21.57

a

--.=...-
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0'll[t0lJfl?, (mm)

j d r 'o - q | , - jA v t
R]?ril 4.19 n?]ildrJY{Ur:ylr?1{ulfiun]J::4nnun1n1:r[0u9t?mn{na'l{nlua?0u1{ B4-B

4.3.2.3 n 1ue]"?0d1.: B4-C
o v v s d- ia r d

0 1 n f{a fl 1 : yr a d0 u fl 1 n { : u t u ru u 9t 9l 9t I o.: n 1 u yt u : 0 u gt 0 [m n 0u fl : st

vdd-au4irsogdfllUil4{ttA3iltflAfltd:tJ:Ult:{9r{ 3-DB12 rSou910 [9ru{01otJ19t:s1u 90 0{f,l trn6'lutuan

ont6 g:Jn":fi rlSrurnurdnraSrunrrr?xsioil3ilrarrmf;nra3ilatilul?iouae 59 :oudouult
tfluntuter zs ruuer'uJer: (B4-c) urionrufirdrilfnr:;qnrurnduourirlfi'nrirur[:{d{fl0,1
-^^.-.4-^d-y^--..-.-.d-r a t ,J 4 r a v v .r r vn0Un:nmil0{n1uiln'ltflufl?1fi?'ludltJl:CIalUynutt:{9t.::s14?t{,.t?dUruidxo{noUnSnrntril

dolardAyaau@tdrnoun:alililst:{uSt?al:ousto noun3fl0u[5rJir?uinarrlrii'lpiaro{:oueiolfluqotu:n ]nurir
9lo v aoqrr---.-a--.i-.....-r) 6lI q4r ^S q I ..iAulilunu::1"1nmm1 tiln0un:flt:uttflnitrnrulrinr:nn:Jnt 2,800 n lanfru nt:rrdu$1"'?frfrlnnx

dtaa4ntufrrit 1.58 fraatrun: rtas0vtRerfl'r:uflnYr?florurfiudulilo-rilarernrurfio.:ornu:rri'or

(Flexural cracks) fi,fiur3, Inuovfiuur#':qrnniun:rilur?nruduSr:arfirdrurliaroq:oueiouny
daio
fr r ru'uil o q fr ui n ar il a r u n I u n-.1 u der I 1 u n r u fi +. zo

b0g ro,ooo
.F
)lE 8,ooo.IF

)=F 6.000

4,000

a /aI \
{ \I \
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{
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T
( tilf; rtd:il:1 A

It:.19t{ 3 DB121 9dtfl?ulra I DBI2 ilm?ry

t

a

a



78

d @ t aG q a6 u I
R tfl n 4.20 a n u iu u n 1 u n 0 u n 1 : ?u n lta e H a': fl 'l : ?lJ 91 1J 0 { fi 1 u 9t ? 0 u1 { B4-c

t9
4 o I o e d o I I r a A@til0u1n'lu1l.tunil::ytfl Ytfl :emln0ntuttaenlnl:ttou9t ?10':fi'tuyl?91q

rrr9
ldl u q or fi o n r'u LvDT fi d.: n n x n r u ru r a fl r.: n : r v,l n r r ru dru niu d: v m'i x rir r fn r : : 4 n r ra s fl r :

t v lrgrs i i t v v lv Irrougl?flo{n1u 0efl]r'l:0rrd9t{ [9t9t{R11ryr 4.21 ry{nlnn:1yln?]ilri'rJTriurin"'.:nrirrrirhi'
a d r 'o - i - h9, of, o a t

fl 1 il 1 : n ?rn : 1 3 l.t fi 1 fi 1 U 1 ?1 U n U : : 4 n q.: q9 m n 1U d1 rJ 1 : 0 : U [0 fl 1 U IA n 1 : er er Ufl 'l

I 4,47 o n^ Ia n iru : s u u n r : r r€i u sr-: fi d.: n a r r n r u fi ri r t +. : z fi a fi ru n :
saqavtdro*iod

o n u fll B fl 1 : ? u 91 lJ 0.: ft 1 u 9r ? 0 u 1.1 tlj u fl 1 : ? u 9t lt tfl o 0 1 n n 0 u n : fl 9l : {

u?t:nr:ousioqnd'ntrnnri0u (crushing failure) 1'rqer^fl::tJflr:ilGtornruhjfinr:16out#m:ru
t g r aoso q o 3 d 6 r a g v ra?{ilu1?1f]1:?1Jfln1n{0vlflft1Ju n0un:flu:t?fllst:{:0u9t0lfl9tft1:ttgtfl:1?s0t0uttoutJtfln?1
a A r j acn v v A d a qh 14 j

u:t?6lr0ufloumnlu0u?u9l[[uuquflau cr{rilaflrd:tJU{ trJCI{19n:lfr d]tilq010ru0{rJ101fl
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4 i t 9 i r,r elt:{uftlfi uu?uaes?uanfl 1:tt0n:1']lJo.:noun:fl 0t:'1lJ: t'lt[:ou0to to

5. 1.2 filuet-?odr{Tofi do'l
i a id

01flrian1:Ytod0unlu9l?0u1'tT9rYlllu{ nluyttJ:0uft0tYtfr0uflt0lRlufia{ua&
' j i , d a q 4s v, danu rfl'lt9t0rYotJ Yr 1n9t010 ilfiafltd: rJ: ulrs ifri tou{018rJ1sr5s1u 90 0rflr flofi?urflnfl

, - ^iDBt2 ;ilsr-?6fi{ri ro0riorruurflunrurn 25 lsus]'[rJeri (84) drrJr:61lrio]urdrn-rdrumru
s ,o h crd 9a , i - d e 4 s i
tu[lJu9rfrfi tn tn0tnu.:nunlu9l']0u1{nnufuv:0u9r011lfl:ulfinfl: uur.:a r to0n1: lry0uri tu (82)

n'l riu l u n r : vr o a o u pia o d r r ry n d a o r 6 wi r n r : fi n u r ri o a nil : o u oi o fi fi n'n s il c : o r,si o fi r a3 il
d v 4 t a 9 d I I ,- -i 4 a ArHanruu:{o{ [oun 1:{0a ]flu 1a5g]ulfiri?ul n nli0ri0ugil0r1ryfl{ [ou ]n1:dn!loylrv{n

F d F d a .ia ' ,10ilj:u1 [ anldsun] 1?1tgr01J:tJ't lfinnrd:lt9]]uu1?TUntlrqno'lif]u-leirrn
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d F Y id d a o 4l nflldrun1 ul?:0uny 89 (B4-A) ftluyt :oust0[11fi0untfln1ufi 0 {[[nyrJril nnrfl5 utlllr.ia{

- -- - a ' s - q 9 d d a3-DBl2 [10iln0 lnu.to{ou'}et:$lu 90 0tfl] 1n$ixuu4nn DBl2 !ilel?B illu'lrurfidnreirunrn
d a ,t - - -- ._. f,d s d d1?1{Stotl5lJlfulfi nfl[d:Uftluul15 0Uny 33 (84-B) n',]Umr5 009lotmfl oun-an tuH a=.ilrasfr[ dn

aArcTrufuu:rnl 3-DBl2 rfiorreiolno{olr0l"ter:g"ru 90 orfl1 fl-nd'?urfif;n oero;rJ6'1fi rJitrtu
dar dnrfl5unr 111{o0il5rrrilrfif;nraElnutirrflouay 59 (84-c) nrrufifi:oueiorilnounl0r
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flouos so (sa-p)a
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n11ljflA1OrflAOU1O.t9r?OU1'rm tS tUfl"t5ytfld01J [1U n1:finOn?0U1,1 :vUgt".tUtlaUfl?1 Afl
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fl r : r {d n. l r.r n n r : T n d ou ri r n-r o-o n o u nl or; r : l n : s r o n ti r r ir o ru n-a o ti r r mo ao r fi m ul r

(nrusr-rodrl st-gz)

4j9rrI1.t o.2 Hant:ytftd0un1n{0afl0unin: m:In:aIondruiuntusriaotitImnaoIfrao,r
(orun-aotirs B4-A 6.i B4-E)

gt ?0u1{ -l l{11ll o flo u olq (iu)
utfiun

(kg)

rirfidru'lfi
(kN)

nta{oo

(ksc)

filtQau

(ksc)

nlu

l3-o.n.-54

l3-a.n.-54

l3-0r.fi.-54

28

28

28

12.05

12.35

t2.34

410

415

400

237

240

232

231

:0 t 0t0

l3-n.n.-54

13-n.n.-54

l3-r|.n.-54

27

27

27

12.83

t2.75

12.47

420

425

425

243

246

246

245

9l?ou1{ -n-tYDto florj oq (;u)
ulfiun

(kg)

rirfitiru'ld
(kN)

n10n00

(ksc)

nlrqdu

(ksc)

ftlu

6-nJ.u.-55

6-r!.u.-55

6-r .u.-55

23

23

t2,99

12.41

12.87

390

390

400

226

226

232

228

:0 u6r0

6-[u.u.-55

6-[.u.-55

6-[rJ.u.-55

22

22

22

12.67

12.95

12.92

400

410

390

232

237

226

232
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flrrr'rd n.3 flaflrsrndou[[r{6rtorrrfinnruur?ruro RB6 #un R1r{ sR24

ornflr:1{d n.: rirai'rn:rn t1,) ra6trtolnrf;nflrrur?{ure nro #uqornrn

snz+ firirrvir6'u :,s t t filaniusioel.r:r{rryun^uLet:

4da'-gl]'l{fl n.4 ,{afl1t1rfidou[[:'tfi'1lJ0.1[ ano1 u1?1u10 RB9 sun Rllr sR24

joid'-
0'lflF]l:r:yr fl.4 nrnin:]n ( 1.,) raau10.:ryafl01uuT':1u1o RB9 tun Rl?\l\J l'

snz+ fi ri rrvi r nil :,ss: fi l nnfir si oqn s t.t rcruAr et t

No.
Diam€t€r

(mm)

Weight

/Length

(kc/m)

Gauge

l,ength

(cm)

Deformed

Length

(cm)

Percentage

of

Elongation

Nominal

Cross-

section

(".')

Reading Load T€nsile Strength

Yield

(kc)

Ultimate

(kc)

Yield

(kg/cm')

Ultimate

(kgcm')

AI 6 0.213 3.0 40.00 0.283 970 I,287 3,429 I {51

A2 6 0.21I 3.0 4.7 56.67 0.283 1,019 1,287 3,605 4,553

A3 6 0.209 3.0 4.2 40.00 0.283 989 1,287 3,499 4,553

No.
Diameter

(mm)

Weight

/Length

(kClm)

Gauge

Length

(cm)

Deformed

Length

(c,n)

Perc€ntsg€

of

Elongation

Nominal

Cross-

section

(".')

Reading Load Tensile Strength

Yield

(kc)

Ultimate

(ke)

Yield

(kgcm')

Ultimate

(kgc,n')

B1 9 0.491 4.5 5.2 15.56 0.636 2,260 , qqs 3,553 4,708

B2 9 0.494 4.5 5.5 22.22 0.636 2,211 , qqs 3,47 s 4,708

B3 9 0.497 4.5 5.5 22.22 0.636 2,310 2,975 3,631 4,67',l
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idde-srltl{m n.5 afl 15110doljr[:.:o.1lJO':tfi Anfl 1 U1?1U10 DB 1 2 ryUfl fURM SD40

nrnfl1:r.id n.5 rirn'rn:rn (/r) ra6otorurf;nnr ur?rru'ro natz #uqornrn

snz+ fi rirrvirrir s,o:o fi lanirurionrrl{rryufi r n:

srlrr{d n.6,{afliryrrdoll[[r{6rto.rruHnsuruor']1ulo DB16 #uq*o",n,rro

nrnoiirid n.6 rira-ro:rn 1/,; rn6uto.:ntf;nnr ur?1u10 nnto #uqrunru

sn-za i ri rrvi r til s,oz+ fi la n il oi o pr r : r r rryu sr^u.r sr :

No.
Diameter

(mm)

Weight

/t€ngth

(kgm)

Gauge

L€ngth

(cm)

D€form€d

Length

(cm)

Percentage

of

Elongation

Nominal

Cross-

section

(cm]

Reading Load Tensil€ Strength

Yield

(kc)

Ultimate

(kc)

Yield

(kglcm1)

Ultimate

(kgcm')

C1 t2 0.843 6.0 '7.2 20.00 1.131 6,381 8,116 s,642 7,176

C2 t2 0.860 6.0 1.4 23.33 l.t3l 6,411 8,116 5,668 7,t76

C3 t2 0.869 6.0 7.3 21.67 1.131 6,331 8,1l6 5,598 7,176

No.
Dirmeter

(mm)

Weight

/LenBh

(kgm)

Gauge

Lenglh

(cm)

Deformed

Ixngth

(cm)

Percentrge

of

Elongation

Nominal

Cross-

section

("'n')

Reading Load Tensile Strength

Yield

(kc)

Ultimate

(ke)

Yield

(kc)

Ultimate

(kc)

D1 16 1.555 8.0 10.2 27.50 2.011 I1,418 14,363 5,679 '7,143

D2 l6 1.55 3 8.0 9.',7 21.25 2.01I 1 1,438 14,660 5,689 7 ,29t

D3 l6 1.498 8.0 9.7 21.25 2.011 l 1,368 t4,462 5,654 7,193
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, ir lilrruoio"'ocr o.r:oudouurriluncrornrunounSm d lE o; rJqnvrn aorfi r nrusr'rodr.: gt-sz
' (rmf,nrailfuu:r6.i 2-DB12)

fc' = 240 kglcm2 A" : 2.26 "*'
fy : 5,636 klcmz p = A"/bxd
b=20cmp=0.0031
d=37cmpt=0.85

< l- A et - s u9
I ) n 1U?0rfi 1fr1 [ NU9rflOYlfi U19tOn',]Ud1rJ1:n:U [f]01fl

r
Mn = pfrbdztt-O5ep2,

Jc

ovld' Mn = 4,578 kg--

:-i,z) drnu-nu::r1nfi nruarrur:nfr'ld

P = 12,208 kg

3) 0ri?0dordn!ilvn15i{610{ilfl1er-anru

98

io s e q dsr.l 5]0flltfiru?0rirn:rsdririi'rfu lrlI u9iahlrnyr[: {[e oudndaronn'ruriaod Ntnaourirn-l

lfxulqr]looflllru

pb = 
fo"'' il"Y4l

pb = 0.0160>0.0031

(Under - reinforced section)
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4) n1a.::ult: {[a 0u110{noun59l

v" = ofi.}'b,t- lc

oy'ld yc : 6,076 kg

s) dra-r16ou:vU

v : 6,104/0.85
n

V.- : 7,182 kg , Vc

(nounin'lildrr,r: nsilumruu: rrfi ou'[d rairLutf, nilnon)

d^s6) 0 0nu! u rfi a n rfl: u: uu5 {[a0

V, =V" + Y,

ovld v, =vr-v,

vs : 7,182-6,076

vs : 1,106 kg

01n

lr.rio yr- y" ! t)f,f;bwd

de d ^fi smax = a t3o ( 6ocm
2
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1,106 kg < 1.1xJ240x20x37 kg

1,106 kg < 12,610 kg

smax = 18.50 cm

r6on1#rnf;nilaon RB6, A, = 0.56 cm', f ,: 3il kg"^'

r,f ,, A''fy'd
0y [o r=-

vs

0.56 x 3,51I x 37

I,106

s=65cm

.{ 09 dlaofl tiluanllaon RB6 :yus[:u't l5 cm
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A" : 2.26 cm2

p : A"/bxd
p = 0.0031

Pt : o.8s

\ J- ; , -l ) fl'tu?01fi 'tfl'l [tJ[lJu9lftftYtl.tu toton]udltJ1:o:u t6l0'Ifl

Mn = pfubd2rt-o.ssp!t" J"'

isld Mn = 456s ks-m

:-)z) rirnrinr::4nfi nruarrLr:ofr'ld

P = 12,184 kg

3) fl ,?ndoua'fl uilsnr:eunro'1il#in"nntu

pb ['*''tle))
pb : 0.0153>0.0031

(Under - reinforced section)

a /o u o s Jv1.2:1Ufl15f|lU']tUtln:]gffnT0i:lJtul u9lOOtlAgu: noud:d010.ift]ugt10at.:Tadoufi'lai
4q d . d:u tlrlUu9rflfrl,J o i: ouFrorluul unloinlun0untfl6i'lr:09 loytad0 fl 2 fl1u9t?ouli B4-A

daq
0unnldrrJ:lJr[:{Fl{ 2-DB I 2)

f; : 230 kglcm2
2Jy : 5,0J6 Rg/cm

b:20cm
d=37cm
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4) fl1A{:Utt:{[A 0U1O.:fl0Unt fl

vc = o.xFbd

oulei vc : 5,948 kg

s) rira-rrfiou:vrl

v : 6,092t0.85
n

V = 7,167 kg , Vc
n

4 !1 ' 9 4 h9 a <l r
(fl oun:n lrld'uJ1:09r'ruYrluu:{[e0u t6 ldtuI afl ua0n)

- 6) oonttl:ltrf,nreilflrr:lrfiou

01n Y, =Y" +V,

!vld' v, =vr-v"

[u0

r, : 7,167 -6,092

V, = 1,075 kg

v,- /" ! l$;bwd

ld ,^u* = 1r3o 
( 6ocm
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1,075 kg < l) xJznx2o x 37 kg

1,075 kg < 12,345 kg

rmax : 18.50 cm

rdonl#rnf;nrJnon RB6, A, : 0.56 cm', lr:3,5tt kg" '

h, Av' f y'd
ns ttl

VS

0.56 x 3,511 x 37

1,075

s=68cm

A a, d
rnofl t,irrfiafl!aofl RB6 Ssuu[:ui l5 cm
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I

matrtrnu.omuul.l

pb ['*",;l#?]l
pb : 0.0153 >0.0046

(Under - reinforced section)

/o q s * lu1.3 t1Un1:nlU?6U?[nr1yr4 nln {t 1l [rluuaoflunsu: ile ou 4{dFrl o in tugt?oti'l iTn d0ufila I
Ja a " dirllrrurioioto l: ouriourrrilunr o rnrunou n3 o drri og rJlnnnaorfi z nrusr":otjr{ e+-s

ruavo-ruoiaoti-r.r e+-c (ilf, nrdi!filu:{6.: l-oetz)

.fc' : 230 k/cm2 A" : 3.3g ".'
fy : 5,636 kg/cm2 p : A,/bxd
b=20cmp=0.0046
d:37cmPt:0.85

s r- A e) - u tn9,
I ) nlu?olfi1n1 [utuuftoollllu lgtanludlul:0:lJ [a0Tfr

Mn = pyruazrt-o.sopL1
Jc

ovld Mn = 6,626 kg-m

l-izy rirnrinu::4nfinruarrur:oiu'ld

P = t'1,670 kg

3) gr:?odora-nuorvnr:il5toru#tm-ontu
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4) nlA {: U[ [: { lfl OU1O.1fl O U n:0t

v- = ost-F.t.a" v- c

ovld vc : 5,948 kg

s) rira-r16ou:vrJ

v = 8,835/0.85
n

V = 10,394 kg > Vc
n

I a h9 a d I(noun3fl'[rJdlu 1:n6lur lulr: i[ 0u'[6 lfl: lfi0n a0n)

daq6) oonu ltr afl[d:u:]l[[:{[n0u

Yr=Y"+V,

ovld v, =Y, -v"

v, : 10,394 - 5,948

vs : 4,446 kg

[!-o vn- v, ! Ll,lfc'bv,d

d^1# sma* = i uio ( 60 cm
2

01fl

a
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4,446 kg < 1) xJznx20 x 37 kg

4,446 kg < 12j45 kg

smax : 18.50 cm

rfionldruf;nilaon RB9. A, - 1.27 cmz . 1, - 3.553 kg/cm':

A,'fu'd
14y

nv tfl
VS

1.27 x 3,553 x 37

4,446

37 cm

rfionldnrf;nrlaon RB9:suvtiu{ l5 cm
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t) rirurtur rrirlrLuLup{n-ofir rirn-nnru rrru r:ofr'lstorn

.f,Mn = pf ybd'( 1- 0.59p--L )
Jc

oeld Mn = 7,682 ks--

!-iz) drnrinr::4nfi oruarrLr:nfu'ld

P = 20,48s kg

3) err?0doua-nuilenrrail6ro.:fl #roi'on1u

pb = [""' il"Y4))
pb : 0.0152>0.0054

(Under - reinforced section)

,o u o s la1.4 :1Un1:n1U?Ol?tfr:1vfifl1A{: tuluu9t9lou0vt[:.tla ou qJ {qnlo{n1u9r?oul.1Ytfrdouflla.t
4a d o dfu 1rrnruriri'ntor: ooeioulr rrilunto.: n ru n oun3fl rirG og ilqovrn aorfi 2 nrusr-aodr.: B+-D

da-[[ngfllun?0uli B4-E (lfi nnld:tJ:urr:.in r 2-DBl6)

"fc' = 230 kg/cm2

fy : 5,674klcri
b=20cm
d=37cm

A" : 4.02 "-'
p : A"/bxd
p = 0.0054

Pt : o.8s
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4) flta{:ut[:.ilnou10{nountsl

v- = o*-F b.d' v" c

ovld vc = s,948 kg

s) rira'.rrfiou:vr{

v : 10,24310.85

t/ : 12,050 kg , Vc

d h ' , a h, a d t(fl 0untH [tJfl"tllt:orilu111ur[:{[n0u tfi [d:tJr146in d0n)

dau6) 00nuuulHnnrd: ut ll[[: {rnou

Yn=Y"+Y,

ovld' Y, =vn-v"

v, : 12,050_5,949

v, = 6,102 kg

0tn

attlJo vn- v, 3 t.t,llc,bwd

1# ,^u*=Xr3o t6ocm
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6,1Q2 kg < t.1 xJz:ox 20 x 37 kg

6,102 kg < 12,345 kg

smax : 18.50 cm

rdonldruf;nrlaon RB9.\ = 1.27 cm2, fr-3.553ks/cm'z

,,, A''fy'd
nv to r=-

VS

1.27 x 3,553 x 37

6,102

S:27cm

a ov d
tAofl tYtUAflIaon RB9 ssUYt:Ul l5 cm
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01rl

0g l9t

dr c, a. d I I lo 4 s dr q
ln0n lfl:yue {[ nfl1000uYt:ur[: ifit loufinln ru[lJur,0 {otJ tgtt $'lu 33 lryual ft: ti]fitu

nrun"'rodr,rXnfi I flru B1 lrLurn:ourio:s rruor^nLor:;

cJ.s :vuvdllrfi f; n{odoufi furr: r6{Iooo-n arotflutoro la :sru
rtler:g'lu acI nio a.a.r. drmuoneruo ,':r,o r:rurrftdug rutorrrdnra3ldodoufi

a, -li r[:ioi[qunn nrflr utoioutst:$lu /16 o.lu

. 0.075f yd btm=17

f; : 240 ks/"-'

fy : 5,636 kgtcm'?

db = 1.2 cm

0.075x5,636x1.2
hb -----m

I nt : 32.74 cm



1ll

RlflilU?n n

,{aflt:mocrou

a
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nrir{d n.1 Nanr:vrodouri"ra-nfr lruu:udnhnrun-rourlii'nutuvnr:oio16otfi lnriotolni 6n

railfru:.:6.:lounr: ioto rn:nru 90 o{flr tougiotltrutilunturo 35 lryua[ugr:

fu,l

,

No.

Load

(kg)

Deflection

(mm)

Strain gage x l0{, L

(m/m)

Strain gage x 10t, R

(m/m)

1 0 0 0 0

2 264 0.41 I 1.40 6.50

3 571 0.'79 21.60 13.60

4 932 1.20 36.30 23.90

5 1,509 1.67 64.30 43.50

6 2,000 2.12 122.10 83.10

7 ,5lo 2.59 214.30 149.50

8 3,064 3.01 280.40 197.00

9 1 57' 3.35 3 35.80 239.90

l0 4,046 3.76 43 r.00 340.50

l1 4,540 4.15 505.00 452.20

t2 5,019 4.45 543.20 536.10

13 5,565 4.98 673.10 923.90

l4 6,046 5.53 194.60 1,133.90

l5 6,500 6.05 901.00 1,312.50

l6 6,989 6.49 r,008.20 I,47',7 .40

t7 7,550 7.22 1,524.40 1,708.00

18 8,000 7.67 1,673.10 1,856.90

t9 8,435 8. l5 1,824.80 2,021.20

20 8,839 8.54 1 ,961 .50 2,161.10

2l 9,50s 9.00 2,097.30 2,301.90

22 10,009 9.73 2,216.40 2,619.23
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fl1:rid n.l ,.laR1:vladourira-{iulrLrrupio-on rusi'rod t I ri'nutuvnr: riordoufiqosioc.,o'iril6n

railfrrr: 16.:Ioun1: {otorJ'rfr:gri.l 90 olflr :ousiott:rutfltlnturn 35 tryuGt rt:
(B1) (sio)

No.

Load

(kg)

Deflection

(mm)

Strain gage x 10{, L

(m/m)

Strain gage x 10{, R

(m/m)

23 t0,206 9.90 2,331.10 2,669.42

24 10,400 10.48 2,504.40 2,800.14

25 10,608 l 1.85 2,519.50 2,831.01

26 10,817 12.33 2,542.50 2,863.3 5

2't l 1,017 \4.04 2,714.40 3,084.06

28 11,223 14.7 3 2,785.10 3,220.56

29 I I ,407 17.18 2s40.20 3,468.99

30 11,519 t7 .55 2,971.00 3 ,5 t0.47

# **'1

.-t ,{..",a

J .--"i_.r'
{,

-,5
d-''

J7.l,v
r'

0 500 1,000 t,500 2,000 2,500 3,000 3,500 4,000

natutRiua*lo{,(rnlm)

; - -.nu{ti n.l n'rrrJduyr"uli:v14'jruirNfnu::4nnlunirnarrurn3troxo{[rf,nldirjfil(r:{drflru

sr':otir{ et

16,000

14,000

12,000
0!
: r0,000

,,E 8,000.IF
'e 6.000

4,000

2,000

0

--x-- L

--+-. R

II
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nrrr{d n.2 ,{an1:mndourira-.ifr luururin-nnrun"'rod tr dnutuvnr:oiorfiolfilosiotoqt f;n

raSruiuu:'r6'rlrrun"'r,4uur"', :ouciouuurilanluro 25 lryuAt!er: (B2)

No.

Load

(kc)

Dellection

(mm)

Strain gage x 10{, L

(m/m)

Strain gage x 10{, R

(m/m)

I 0 0 0 0

2 470 0.64 6.90 5.60

3 1,006 1.32 18.70 38.60

4 1,506 1.95 341.80 83.80

5 2,082 2.61 487.70 147 .40

6 2,400 2.87 563.20 r85.70

7 3,007 3.44 63 9.00 226.60

8 3,495 3.88 734.80 284.',]0

9 4,127 4.36 842.00 359.30

10 4,562 4.86 1,003.60 488.30

11 4,921 5.13 l,047.00 s 13.80

12 5 5Rs 5.79 1,189.20 626.30

13 6,000 6.24 1,295.30 718.10

t4 6,597 o.6 / 1.423.90 853.50

15 7,068 7.60 1,538.60 I,28t.70

t6 7,575 8.17 1,690.60 1,427.10

t7 8,046 8.58 1,799.90 I,510.80

18 8,s2 r 9.24 1,976.80 1,659.20

l9 9,124 9.',7't 2,105.10 1,784.00

20 9,541 10.41 2,276.50 1,980.90

2l 10,086 10.8 5 2,316.10 2,077.50

22 10,215 t1.t2 2,447.60 2,145.70
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flr:r.rd n.2 Nanr:vlndouriia'{iu]tLuLuoin-nnruriaodr'r n'nuorvnr:riorfiorfilosiotortmf,n

rairfi-ru:.rdrlnunr:rdorumu:ouriouuutfl untu'lo zs,ryuoulor: (gz) (sio)

No.

Load

(ke)

Deflection

(mm)

Strain gage x 10{, L

(m/m)

Strain gage x l0{, R

(m/m)

23 10,408 11.87 2,544.50 2,180.00

t0,662 12.33 2,619.70 2,2t4.90

25 10,809 l3.l 1 2,794.70 2,277.50

26 I 1,050 13.54 2948.60 2,321.10

2',7 11,243 13.89 3.050.40 2,348.60

28 11,701 18.90 4,692.50 2,508.90

29 12,084 25.11 5,713.20 9,986.20

30 t2,299 34.38 9,986.20 9,986.20

31 12,655 41.36 9,986.20 9,986.20

32 13,038 51.60 9986.20 9,986.20

33 13,515 53.34 9986.20 9,986.20

34 13,763 55.33 9986.20 9,986.20
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I

t

d..- x---

Ir' I
tt

r'Tfx
J,$
TJr{
$

0 2,000 4,000 6,000 8,000 10,000 12,000

narutn6sn x lo{, (m/m)

jv@|t'o-@tadeq4
Rlflfl n.2 fi?llJdtJ?rur:u11?1{u1fiunu::mnnunlfl?luln:u9r1.ro{rilnnrd:lr:utt:{n{n1u

vl
9r?ou1{ 82

i o v v s /v v t @ t j i , d
9r1:1{yt n.3 ,{an'l:Yt9rd0ufl1a{:u tiltilu9t9tftfr1u9r?0u1{anufuunl:910tsollYl0Frgr010{tilnflq

raSrufurr:16.:lnonr:'roflouler:{'ru 180 o{gr {ndrurflf,n DB12 ::Jn"'ru

:ousiortuurfl unrura 25 rcrufirra: (B3)

16,000

14,000

12,000

cY 10,000
"FttE 8,000-(F
.G'E 6,000

4,000

2,000

0

-+L
--+-- R

I

,

No.

Load

(ke)

Deflection

(mm)

Strain gage x 10-6, L

(m/m)

Strain gage x 10{, R

(m/m)

1 0 0 0 0

2 216 0.41 6.20 1.00

J 469 0.61 l 1.10 1.30

4 1,071 t.t7 22.60 12.10

5 1,577 1.63 3 1.90 20.90

6 2,061 2.t3 41.00 34.60

7 2,566 2.65 54.20 52.20

8 2,986 2.97 64.10 69.50



tt7

eltrt{d n.3 flant:ytodoufild'{ir-rluruudrl-qnruet-:oeirla-nuolynr: rio16orLfi looiotolrr6n
raSruiurr:r6.:loun1:{oto rn:gtu 180 o{fl1 liqd?urfif;n DB12 ;il$i'xq

:ouriorrr!tfl ufl tulo 25 lsuel-tlJrl: (e3) (sio)

".--r*- L

--+-- R

0 50 100 150 200 250 300 350 400

n utnisorl0{,(m/m)

5,000

4,500

4,000

6 3,s00g
.. 1,000
ttE 2,500

>$ z,ooo

r'F 1,500

1,000

500

0

nrfld n.3 nerrLdrlyiuf,:vu.jr.rrirurinl::rlnriurirnerrurniooro{rfi6nrd3ilfru:{fl4{nru

No.

Load

(kc)

Deflection

(mm)

Strain gage x 10{, L

(m/m)

Strain gage x 10{, R

(n/m)

9 3,200 3.17 70.67 87.65

10 3,501 3.40 80.70 118.10

11 3,862 3.76 90.10 167.50

t2 4,235 3.95 97 .10 178.30

13 4,643 4.36 262.60 366.60

t4 3,247 5.'t I 246.90 342.00

15 , qqo 5.94 23 9.00 328.80

t"

i ,

/... ) I
{

!t

{

9r?oul{ 83

I
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or:r{d n.4 ,{anr: n dortila-{iufuruurio"'on run-aodr':d'nu tuvnr:oiorfiotfi lnriotosrv 6n

rai rfru: rdrlounrs {otorJrer:rru 90 o':gr rind'runrdn ostz ;rJd'afi
:ouoiouurrfl unturo 25 tryuAtuq: (B4)

No.

Load

(kg)

Deflection

(mm)

Strain gage x 10{, L

(m/m)

Strain gage x 10{, R

(m/m)

I 0 0 0 0

2 344 1.06 40.20 20.20

3 531 l-,J 77 .70 43.10

4 I ,009 2.00 1'7 6.90 r 13.00

5 I$22 2.54 27 5.20 t7 6.70

6 2,018 3.02 365.30 230.40

7 , 5r5 3.44 449.00 277 .20

8 2,800 3.65 513.00 310.40

9 3,505 4.29 6t4.40 364.90

10 4,026 4.69 124.10 424.70

1l 4,501 5.06 854.80 501.l0

t2 5,010 5.77 1,075.60 644.50

l3 5,5 l5 6.13 1,185.70 705.30

14 6,021 6.51 1,293.80 765.80

15 6,522 7.20 t,463.70 890.40

t6 7 ,007 ,1.75 r,619.50 1,002.40

t1 7 501 8.15 l,?49.00 1,085.10

l8 8,059 8.74 1,946.00 t ,236.90

l9 8,5',79 9.31 2,106. r0 t,357 .60

20 9,006 9.7 \ 2,228.50 I ,467 .20

2t q 5rq 10.28 )'lq? 10 1,620.50

22 10,068 10.74 2,539.60 1,790.50
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flr:r.rd n.4 ?{nn1:madourird{iufurruur{ri'oo tuel-aodrlc'nu vnr:oiordorLfi qooiotolnrHn
a , d tv Irairfru:rdr lounlirot0ula:Stu 90 olfl'l tlooxulfinfl DB12 iualry

:oaeiouu rilunlurn 25 tryuot^tlst: (B4) (eio)

No.

Load

(ke)

Deflection

(mm)

Strain gage x l0{, L
(m/m)

Strain gage x 10'6, R

(m/m)

23 10,502 tt.2t 2,661 .10 1,936.30

24 11,017 I 1.85 2,781.00 2,121.20

25 I 1,218 12.60 2;781.40 2,236.80

26 11,482 13.2'7 2,848.60 2,264.80

27 11,805 14.69 2,981.60 2,317 .20

28 12,001 t7 .24 2,945.00 2,410.70

29 12,355 23.7 6 3,498.90 2,490.10

30 12,796 24.95 3,484.60 2,532.00

31 13,091 25.27 3,490.20 2,555.00

32 13,228 26.41 3,443.70 2,581.10

33 13,408 30.13 3,484.10 2,642.30
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16,000

14,000

12,000

eY 10,000
.F
,lE 8,000-[F

'E 6,000

4,000

2,000

0

-.--*- |
--+-. R

0 500 1,000 I,500 2,000 2,500 3,000 3,500 4,000

n?rutniuo x l0{, (m/m)

jvvdt'o-qtddavA
nlilfr n.4 nx1ildililur:yu:rlririlunr::4nflufilfi?1tJtgr:u9rlJ0{t14antfl:tJ:utt:.to{n1u

ul
9l?0u1{ 84

I

A o v o S /- q I u I A d I d
9t1:1.tfr n.5 flAn'l:ytgtd0ufi1a{:u [uluuna0n'lugl?0u'l{anuilefl1:9l0tT01JvlQ919101J0{tfianq

d4qrd: il 5 u tr: { n { t 9t u n 1: .: o x o ii'n u 6u e ttu u J-Shape : o u 9io ttu u tfl u n 1u r n

25 rryuariler: (85)

I

I

a

f x

, _f ,f
/

,
_/

J
, {

t {
II,.)

,{
J{

{

No.

Load

(kg)

Deflection

(mm)

Strain gage x 10{, L

(m/m)

Strain gage x 10-6, R

(m/m)

I 0 0 0 0

2 218 0.27 7.80 22.70

J 518 0.66 18.20 66.70

4 971 l.l9 34.90 t34.70

5 1,200 1.46 45.54 t89.79

6 1,507 1.70 58.60 214.60

7 2,023 2.08 79.40 284.80

8 ) \\'7 2.55 r48.20 399.50

a

I
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flrrr{d n.5 ,{anr:rlBdolrdra-{:-ufuuLus{nhn tusi:otitl a'nutuvnr:oio16orLfi loriotolrn6n
r ai rL f u u : { Fl' r ] q u n I :.t o rt o dn u s tt u u J-shape : o u si o lt :l ! til tl n ll u r q

2s rryusl-rxJsr: (B5) (sio)

No,

Load

(kc)

Deflection

(mm)

Strain gage x 10{, L

(m/m)

Strain gage x l0{, R

(m/m)

9 3,145 2.98 216.90 524.40

10 3,504 3.29 29t.60 627 .60

u 3,947 3.59 342.30 723.00

t2 4,501 4.04 432.30 861.60

13 s,002 4.54 514.90 997 .20

t4 s,691 5.34 667.50 1,200.40

l5 6,00s 5.68 802.10 I,28',7 .20

l6 6,443 6.19 1,006.90 1,409.10

17 7,070 6.82 1,224.20 1,592.60

18 7,540 1 .61 1,400.50 1,769.40

t9 8,004 8.08 1,5 18.90 1,885. r 0

20 8,502 8.67 1,677 .60 2,057.50

21 9,062 9.38 1,855.00 2,239.10

22 9,584 10.00 2,001.70 2,404.90

23 10,001 10.83 2,168.30 2,647.70

24 to,2s1 I 1.03 2,197.90 2,701.30

25 9,389 11.51 2,2t7 .50 2,713.60

6,865 12.97 2,041.00 2,475.00



t22

16,000

14,000

12,000
6
Y 10,000

E 8,000
'!F
"= 6.000

4,000

2,000

0

-----*- L

--.--- R

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000

Rlrutnigo r lo{,(n/m)

a

)--t,:e:''----4-.dasaotr{fr n.5 n?1 d v{uli:v 'lIiglfiun!:51nnrfl1fi1'llJtfl:uoflorrunfltd:tJ:utt: io{n1u

9t?0t 1.1 85

ep:r.{d n.6 afl1:Tndoxfita-{illuruurio-oo run-aour I a-nu otsnt:oiotfiorLfi1ooio1o.rrmf;n

raSilfuu:{6{lqunTrroto rgls$1u 90 ud':16oruilarudqdaurilf;n ostz

:orjeiolrilurflunr,jula 25 lcruallJrl: (86)

-r'_.
-! .t*t' r

I ,' /

I r r
.t

./ ,r a

I

No.

Load

(ke)

Deflection

(mm)

Strain gage x 10{, L

(m/m)

Strain gage x 10{, R

(m/m)

I 0 0 0 0

2 201 0.69 1. 10 1.70

3 518 1.23 3.70 8.30

4 1,025 t.92 117.10 27 .40

5 I 555 2.54 218.80 260.10

6 2,018 3.05 318.80 379.70

7 2,502 3.50 404.50 481.80

8 2,800 3.83 4s0.98 s32.65

tttt
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nrn'rd n.6 HanityreldolJriia-'iirl lrLuLusi'o"'rro rusr-aodr ra-ns snr:riorfiorLfiloriotolru f;n

rc3 r fu u: r n'r Io un'l 5': o I o r r gr ts ru 90 rrda rfi o u rl a r trdr' da una f; n og tz

:oudouuulfl0n1uro 2s rryuGn]n: (86) (sio)

No.

Load

(ke)

Deflection

(mm)

Strain gage x 10-6, L
(m/m)

Strain gage x 10-6, R

(m/m)

9 3,087 4.04 500.60 595.70

l0 3,517 4.41 586.10 690.10

ll 4,021 4.84 681.50 807.90

t2 4,s76 5.31 752.60 907.60

l3 5,006 5.7 4 839.50 1,000.40

t4 5,5 l9 6. l8 925.40 |,122.90

l5 6,002 6.72 1,064.60 1,263.50

16 6,525 t -31 1 ,1 8 8.20 t,396.70

17 6,91,4 7 .82 1,288.70 1,483.60

l8 7,550 8.64 1,541.00 1,778.00

19 8,023 9.1 I 1,689.20 I,917 .7 0

20 8,670 9.72 1,841.90 2,068.40

2t 9,124 10.19 2,008.70 2,195.80

22 9,538 10.19 2,191.30 2,366.60

23 9,547 10.79 2,192.00 2,36',7.40

9,912 I 1.09 2,247.20 2,429.40

25 10,301 t1.64 2,383.90 2,605.10

lo 10,793 12.80 2,471.50 2,788.90
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0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000

fl?] tn;uo x l0{, (m/m)

A - -t , I r + d - u 4
ntflti n.6 fr?l duv{ut5vfi?1{lilHunuttUnnufl 1n?1 lfi:uolo.it nfl[d: u:lju: {fi {fi'lu

sr'rotirl so

fl1m{d n.7 riaflr:vrodolrrila-{ frl hrludsr"'srn run-r ou t ta'nunrvnr:rio16olfilooiotolrmfin
.i,rdrair:-ru:rdrlnunl:rBotrilnrori?urufi n DBl2 gil?{na :ougiortllrrfl unlu'lrr

25 rryUO^UJfl: (B7)

r6,000

t4,000

12,000
a!Y 10.000
"F,iE 8,ooo

'[F
'E 6.000

,.5
4,000

2,000

0

-----*- L

--.--- R

No.

Load

(kg)

Deflection

(mm)

Strain gage x 10-6, L

(m/m)

Strain gage x 10'6, R

(m/m)

I 0 0 0 0

2 253 0.45 23.10 25.90

3 518 0.86 51.40 56.50

4 1,200 1.78 112.30 l17.00

5 1,572 2.20 166.00 171.30

6 2,023 2.12 206.90 218.60

7 ? {)o 3.17 249.40 268.80

8 2,984 3.5 8 302.10 324.90

tt
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fl1:r{d n.7 flaRr:vrndolrrird{iultLnruoin-no ruer-eour r n-nuolsnr:eio16orfi lnriotorrrHn
raiuitlrr:.:6rIo0nr:rfiolrlaruriaonr6n ostz grJrrnoru :oosiourrrfl onruro

25 rqusr'rusr: (B7) (eio)

No,

Load

(t<g)

Deflection

(mm)

Strain gage x 10{, L

(m/m)

Strain gage x 10{, R

(m/m)

9 3,545 4.01 367.80 380.40

l0 4,000 4.36 435.60 434.30

l1 4,573 4.85 537 .20 529.10

t2 5,004 5.26 582.40 572.40

l3 5,503 5.82 659.60 650.00

l4 5 q6' 6.32 748.10 745.30

l5 6,583 7 .02 880.20 879.90

t6 7 ,009 7.58 944.20 953.10

\1 7,508 8.04 1,022.10 1,032.50

18 8,002 8.78 1,196.80 1,152.00

19 8,403 9.27 1 ,3 I 1.90 t,276.90

20 9,01I 10.05 1,493.00 1.424.80

2l 9,559 10.66 1,606.50 1,560.60

22 10,090 1 1.38 1,736.80 1,932.10

23 10,201 11.72 1,84',7 .41 2,163.41

24 10,572 12.6t 2,048.22 ) 1)) 6\

25 10,805 13.06 2,27 6.54 2,521.49

26 I l,040 13.71 2,476.56 2,799.13

27 11302 15.62 2,626.05 2,871.50

28 11,719 17.85 2,7 59.13 2,986.25

29 12,068 19.08 2,804.13 3,059.63

30 I 1,593 19.2 8 3,031.97 3,253.t4

t
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nr:r{d n.8 ,lanl:mndoufilii'{:-ulurludriqrn ruet-aodr t n'nu vnr:oiorfiolfiEnriotolrrf;n
d a ' a -v,ldi!tulr:.iri.t lount: tot 0u"tstt! ]u 90 oifl'l lfi dfl[d:lJtu[[:.to{ 2-DBl2 lnn?u

rrfin onto gilor-r4 :oaciouurlflunturn 25 tryuFtust: (B4-A)

No.

Load

(ke)

Deflection

(mm)

Strain gage x 10{, L

(m/m)

Strain gage x 10{, R

(m/m)

1 0 0 0 0

2 716 0.18 5.50 24.30

3 1,696 0.64 70.20 178.30

4 2,200 r.02 181 .60 341.00

5 2,644 1.28 265.70 436.50

6 3,293 1.87 656.40 608.10

7 4,142 2.'79 906.00 829.30

8 4,386 3.00 959.70 882.60

9 4,8 89 3.60 1.096.50 1,007.60

10 5,15 8 3.88 l ,1 7 8.70 1,075.80

1l s,507 1,27 5.20 1, I 52.80

12 6,071 4.90 1,435.30 1,291.10

l3 6 \)\ 5.36 1,573.80 1.,409.40

14 7,234 6.20 ).,192.00 1,587.30

l5 7 ,638 6.56 1,895.40 1 ,6',77 .30

l6 8,238 7 .4',7 2,078.30 1,833.30

t7 8,649 8.00 2,195.40 1,943.30

l8 9,145 8.69 2,342.70 2,084.80

19 9,546 9.35 2,456.50 2,200.50

20 10,160 10.66 2,587.50 2,398.00

21 r0,494 t2.13 2,643.60 2,928.50

22 10,649 13.00 2,664.40 2,926.40
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flr:r{d o.s r{6nr:vrodouri'ld{irllruudn-nn ruot-eotirl d'nutusnr:eio16orLfi nnriotolru 6n

rairLfru:rdrlqonrt{otortrer:s lu so o{er ril 6nra3ruflrr:161 2-DB12 tifld?u

nrf;n ogto grJaa"'r4 :oooiourrtflontursr zs tryunrrusr: (84-A) (gio)

No.

Load

(kc)

Dellection

(mm)

Strain gage x 10{, L

(m/m)

Strain gage x 10{, R

(m/m)

23 10,848 t7 .92 2,690.20 4,967 .40

24 11,041 20.89 2,704.60 4,967.40

25 11,060 2t.48 2,703.70 4,967.40

26 tt,414 22.67 2,798.50 4,967 .40

27 r 1,641 24.93 2,802.10 4,961.40

tt,923 29 .14 2,869.00 4,967.40

29 10,715 3t.92 2,916.80 4,967.40

16,000

14,000

12,000
a
. 10,000

ttE 8,000
-vF

'E 6,000

4,000

2,000

0

---*- L

--.--- R

o 1,000 2,000 3,000 4,000 5,000 6,000

o-l.tltnGso r l0-6, (m/rn)

ntfld n.s fl ?rudillfuf,:yil.jtirxrinl::r1nri'leirnerurniuoro{rff 6nrd3:Jfllu:n6.in1u
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nrrr{d n.9 flanr:rladourira'{fr lrurruuri'ohn run-rou r.: o-nuruvnr: siorfiolfionsioto{rH f;n

ro3rfru:16.:Inunr:nolorrer:!ru 90 orf,r lfi 6nrd;rufilu:r61 3-DBl2 iifl d?u
d rs a

rfi dn oe t z :rJslifr : orleiorruuriioncJu rn 2s rryusrr fl : (e+-e)

No.

Load

(kg)

Deflection

(mm)

Strain gage x 10{, L
(m/m)

Strain gage x 10-6, R

(m/m)

I 0 0 0 0

2 '702 0.09 9.00 8. l0

3 t,246 0.3 6 34.00 54.60

4 1,853 0.70 87.80 1 10.10

5 2,155 0.86 12t.60 l3 8.70

6 2,400 1.04 15 8.40 166.',l 0

7 2,910 1.27 223.80 216.60

8 3,347 1.52 290.70 263.60

9 3,852 1.87 38',7 .70 318.80

10 4,350 2.20 499.30 369.40

ll 4,97 5 2.65 65 9.90 449.90

t2 5,356 2.94 737.60 527 .40

13 s,962 3.43 850.70 899.30

14 6,347 3.68 916.70 981.40

15 7 ,044 4.19 t,052.70 I ,123.40

l6 7 ,360 4.42 I,116.20 1,188.80

t7 8,000 4.92 1,233.10 1,311.80

l8 8,665 5.45 1,357 .',70 I ,437 .50

t9 9,350 6.00 1,485.40 1,563.60

20 10,025 6.61 1,604.30 1,686.10

2l 10,733 7 .33 1,715.30 1,803.80

22 lt,337 8.1 1 1,806.10 1,907.20



orrr{d n.9 ,{nn1:flndourira-{:-r Irurruudo-on ruriaodtsa'nu tuvnr:oio16olfi looioto':rrf,n
rasrLiru:16rIoun1:nororJ rer:g ru 90 o.iflr ril Hn[dSrfurr:rdr 3-ostz i,-odeu

rrHn pe tz grJei":fi :oooiouuurflun{urq z5 rryusl'uJer: (84-B) (sio)

0 500 r,000 r,500 2,000 2,500 3,000 3,500

narutniua*lo{.(mlm)

No.

Load

(kg)

Deflection

(mm)

Strain gage x 10{, L

(m/m)

Strain gage x 10{, R

(m/m)

23 12,029 8.90 1,901.70 2,022.00

12,350 9.3 3 1,938.30 2,0'7 5.40

25 12,983 10.16 1,995.50 2,t74.70

26 13,354 r 0.88 2,228.70 2,328.70

27 1_3,646 11.81 2,346.80 2.468.60

28 13,749 12.24 2,569.40 2,580.10

29 13,859 13.1 1 2,889.50 2,790.90
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/,'

,
/i

xl d
,t, f

{I
{

B!

Y t0.000
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rq - , 4 .i , dfl1t1{ n,10 finfl1:vl0do1lfl1o.1:u IullJuflnanlufr']0u r I nnu vfll:aolYotJT n9n01o{lfinfl
ra3liuu:sel'llnuRr:.:or orrer:slu 90 o.rflr rm 6nra?lir u:r6.r 3-DB12 lio

slaurfi f; n oeto :ilfl'afi :ouoiorruurfl unrurn 25 rryurr^ruerr (B4-c)

No,

Load

(kg)

Deflection

(mm)

Strain gage x 10-6, L
(m/m)

Strain gage x 10{, R

(m/m)

I 0 0 0 0

2 552 0.1 I 5.70 5.00

3 I,147 0.48 2',7 .90 22.00

4 1110 0.90 68.60 54.50

5 :) 15R 1.30 136.90 100.30

6 2,800 1.5 8 298.50 185.20

1 3,697 l- t3 11s.60 378.40

8 4,348 2.50 636.90 ss3.20

9 4,986 3.01 774.20 673.50

10 5 651 3.s 3 897 .70 792.t0

1l 6,341 4.24 I,030.30 918.00

t2 7,015 4.96 1,155.30 1,034.10

13 7 ,350 5.25 I ,215.7 0 l,089.80

14 7,988 5.79 1,335.50 |,203.40

l5 8,703 6.45 |,473.60 1,335.90

l6 9,356 7 .ll 1,s99.90 1,451.50

t7 10,048 7.79 |,724.50 1,574.40

l8 10,699 8.44 1,849.20 1,696.20

t9 I 1,359 9.17 1.966.80 1,817.40

20 12,052 10.00 2,099.t0 1,984.80

2t 12,681 10.83 2,206.10 2,103.60

22 13,355 1 1.90 2,334.50 2,245.60
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do - , zi f, | 4fl1:r{ri n.l0 ,{nnl:Todoufila i:u lul uaonfl ]ufl r0ur tanu vn r:9r0r$ouYt1o9r0l.r0{lfian

rairLfrrr: rdr lounl:.1oflorJ1er:$iu 90 o{fll nrdnrairfr rr:r6'i 3-DBl2 lirr

rlaflruf;n DBl6 ril6?fi :oudorruurflunluln 25 rryuorulrr: (B4-c) (eio)

No.

Load

(kg)

Deflection

(mm)

Strain gage x 10{, L

(m/m)

Strain gage x 10{, R

(m/m)

23 14,052 13.04 2,439.80 2,364.90

24 14,353 13.7 5 2.489.40 2,418.10

25 14,460 14.22 2,502.80 2,427.90

26 14,470 14.32 2,503.10 2,425.80

-o
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,,?
,./)' ,{
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)=i 6.000

4,000

2,000

0

---+- L

-----. R

0 500 1,000 1,500 2,000 2,500 3,000

nrrrtnigo r lo{, (n/m)

Ao-tldaq4nrflf n.l0 fr'l ttJ flullut: v14'11{uT11ufl1J 5: YlflflUflTn'l lUlfl: u9110.1tY afl ld: tJ: u[[5 {n {n ]u
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sr1tl{d n.t1 aRr:yrndourilo-.r:-ulrLuLupio'norufl-aotir{ei'ns ynr:eiorfiorLfiqnoiororur f,n

ra3 r fr u: 16l In ofl 1: { o lJ orl ler: g 1 u 90 o q f, r rr f, nra3 rL :-r u: r 6,: 2-DB t 6 n-o
ed

daurm dn oe t z :il$i"tts :ousioulrrfl unrulrl 25 rryuEr a: (B4-D)

No,

Load

(ke)

Deflection

(mm)

Strain gage x 10{, L
(m/m)

Strain gage x 10{, R

(m/m)

I 0 0 0 0

2 471 0.04 4.60 4.10

3 1,187 0.34 51.20 28.40

4 1,356 0.44 72.30 37.70

5 2,054 0.78 149.50 66.80

6 2,400 1.00 223.10 I18.00

7 3,357 1.58 302.90 225.90

8 4,07 | 2.06 3 95.80 393.10

9 4,691 2.51 480.10 5 5 8.10

10 5,340 2.95 562.50 687.00

l1 5,646 3.18 611 .20 7 4',1 .10

12 6,344 3.70 756.10 877.20

l3 7,055 4.26 887.80 1,009.90

14 7,647 4.76 982.50 1,104.90

l5 8,357 5.40 1,099.90 1 ,23 3.5 0

l6 9,052 6.01 I 1)) 1A 1,368.50

17 9,677 6.5 8 t,324.30 t,473.50

18 10,363 7 .34 1,430.40 1,584.80

19 11,061 8.31 1,541.80 | ,696.40

20 11,646 9.23 1,623.50 1,780.80

2t 12,062 9.98 1,676.70 1,834.80

22 12,349 10.56 1,715.80 1,869.00



fll:r{d n.u ,{anrsrndourira-.rfrlrLruuoin-onrusr-'rodr rn-nualsnr:rio16orufiloriotornr Hn

rairLfuu: rdr looflr: nororu-lgr:Slu 90 o{flr nrf;nrairufru:rdr 2-DBl6 cl-er

riaunrfln psrz ;ilgir4 :ouciorru rflgnru-rq 25 rryufir o: (B4-D) (sio)

No.

Load

(kg)

D€flection

(mm)

Strain gage x 10{, L
(n/m)

Strain gage x 10{, R

(m/m)

23 12,667 11.57 t,164.90 1,899.60

24 12,822 15.17 1,813.60 r,836.90

25 13,030 t7 .46 1,845.90 1,823.90

^^*,x .,
-*'-r,.{-r'4
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0 500 1,000 1,500 2,000

n:rrtniaorlo{.(m/m)
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flr:r{d n.r2 anr:vlodouriln'tiuIrLrilupio-qnrun-rotirln-nutuvnr:rio16oufiyroiotolrnf,n
daoldiutuu:{oi [nunr:.101orJ ]a:I'lu 90 0.1fl1 tfinflld:u:uu: ln{ 2-DBl6 ljrl

druurf;n oeto giln-rfi:oudouuulfluntulo 25 !ryu6t fl: (B4-E)

No.

Load

(ke)

Deflection

(mm)

Strain gage x 10{, L

(m/m)

Strain gage x 10{, R

(m/m)

I 0 0 0 0

2 869 0.25 r9.00 2',7 .30

3 I,347 0.53 65.40 91.80

4 2,200 r.06 127.80 169.00

5 ) 609 1.29 t92.90 243.80

6 3,3 54 1.69 254.60 3 t 1.60

7 4,057 2.14 347 .00 392.50

8 4,677 2.54 457 .30 462.70

9 s 1ss 2.95 562.10 552.90

l0 6,062 3.41 663.10 699.90

ll 6,687 3.86 751.50 840.40

12 7,351 4.31 8 5 0.60 955.90

l3 8,073 4.84 9s3.40 1,076.70

l4 8,666 5.25 1,039.20 1 ,179. l0

15 o 1s1 5.',7 5 I ,13 5.30 |,292.40

l6 10,056 6.26 I ,236.50 l,410.00

t1 10,672 6.',t7 1,325.40 1,506.70

t8 tt,347 7.33 | ,417 .20 1,607 .20

t9 12,053 8.05 1,515.70 r,710.20

20 12,648 8.74 1,587.60 1,791.20

2l 13,355 9.55 1,681.70 1,896.20

22 t4,062 10.51 I ,761.60 1,991.70
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4 o q u s du v t a d
en:r.ryr n.l2 ,{onr:vrerdoufila-{fulrurruusiri'nnruer-rodr{a-nuarsnr:siotfiorufirqeiorocrrHnq

AUASdaqAtd:u: ut[: {ft{ lnunt:.:oxotJ tqt: g tu 90 o{f,] rranrairuiutt:sfi.: 2-DB I 6 th
rlaurudn onto grJor-'16 :oudorruurilernrure zs rryufirrun: (e+-r) (sio)

No.

Load

(kg)

Deflection

(mm)

Strain gage x 10-6, L
(m/m)

Strain gage x 10{, R

(m/m)

23 14,679 11.66 1,824.40 2,072.80

24 15,048 12.37 1,865.60 2,123.30

25 15,170 12.84 1,878.70 2,142.00
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