a d (Y, (v FY asn = = a 4
ﬂ1ﬁ'J!ﬂ313T‘iWﬂfnﬁ‘]Jﬁ%‘ﬂﬂﬂ‘WﬂQQ”IHﬂ'JE]’Jﬁﬂ]iﬁ!‘i]l!ﬂ!i’)!i‘i’l‘I/ﬂ‘l%ﬁ%ﬂ‘lja‘l"lﬂ

ANALYSIS OF ENERGY SAVING IN ENERGY REGENERATIVE

UNIT (ERU) FOR AN ELEVATOR SYSTEM

'371211ﬁwuﬁ°ﬁvﬂudmﬂﬁemmmﬁﬁnmmuﬂﬁngm
BaanImnssumansurmitutia mvdvdsnssulvih
AazIaInssumans
unInenaanalulag NvuInasyys
Umsfinwm 2555

dvansveanriIngaunaluladnvaenasyys



a d Y [V Y asy = =
ﬂ]ﬁ?!ﬂﬁ]%‘ﬁwﬂﬂ”lﬁﬂﬁg‘ﬁﬂﬂ‘wa\‘imuﬂ?ﬂ?ﬁﬂ”lﬁﬁ!ﬂ‘l%!%i’)!ﬁ‘ﬂ‘l’ﬂl!i%‘ﬂﬂ

avle

a a dA v = = LY
InentnusiuduarunilaveamsAnmmavangns
a U A a a Y
HBygianssumansumudia au3sdanssulnih
a d
AN IAINIINAANS
urInedanalWlag NrNINaTYLYS

Ynsanu 2555

d
dvansveannIneagnalulags1sunasyys

v



v Y a a a J @ @ Y ax ~ =
HIVDINYTUNUD MFAATIEHNANTUTETHIANAINIUAIBITNT TLOUUBLT AN

a 4
luszuvada
A A 7 o o
¥o-umana el Wugiseys
AN rnssy Tulih
o185 A3. Yayda Yasnan
Umsanmn 2555
] \]
UNAAEID

J 9 12

a1 da { {o @ : o {
aamiuwimuznlFlumsvuaansuiludmsvormsgeradagiuiuua Iduneeiinng

' v A 2 A A AL A 10 o v 2 9a IR A A A X 9
ﬂﬂﬁ§1Q91ﬂ1§QQ!WNNTﬂellului’]\‘]ﬂTﬂWHTI"]N?JﬂEﬁ]”Iﬂﬂ ﬂ\‘]uufﬂiiﬂfaw%%qmﬂiu1mlwumuﬁ1uqﬂﬂjﬂ

u

aranudsszuunomes lihalswdsnu i lulSaun 39 1dnmsfny ey i szuun

¥reliandlgndenu i laesutosas TasldndnnmisnGennTmuueos i Taslaunisi
Y )
wanmsi lldszgndlfiionaanszua lihneauldnuszouvesns v il ldndeanu
a s 9 1 ~ [ 1 9 [ 9 ] [] di’ []
Tagsamvesszuvaataiosas uanmsnszuuaenanglsendanasauldauinidosedials Iueg

[ 1Y 1 o & a o dyd Y o =2 @ [ a (&)
nutlaveralgoss @\1uunlfl/!QWH?%ﬂu%ﬂqﬂﬂ1ﬂ1ﬁﬁﬂ‘H1Wﬁfﬂﬁﬂﬁg'ﬂElﬂWﬁQQ1UW@Q§$UUﬁV‘IﬂiL%ULH@L§

A 2 a A = a o = @ ~
1’”’\'%\1@]@%\11’]91ﬂ1513ﬂuﬁ:]llllﬁ'lj‘ﬂﬂ1aﬂlmﬂiuiaﬂi)%u\1ﬂa‘ﬁmuﬁ
[ ~ v

a o dy Yy Y o o a A = [
Q1H’Ji]ﬁluhlﬂﬁ‘i1x‘lllﬂ‘uEﬂWﬁﬁNﬂ'l‘iVI'N']u‘UEN'i%‘U‘U’d“V\l@ﬁ!ﬂulumiﬂ‘l’\l!W@ﬂﬂ]&l']ﬂ’ﬂuﬁuwu‘ﬁ

1 A

J o w { o 3 o Aa . .
seviemas lWihildseneauszun IdihsuininiaddussnadieTiunsy MATLAB/Simulink

[ 1 =

tﬁ' 9 [ o 4 g‘/ Y 9 = [ 1" o o Y
we'ldaumsnnudunusainananiuasindeuanugnassalemsulieuieunuaimas i
Y] Y a [ Y] o"dy o I [ 9 a 4 d' a 4
Ta'lfass Tasaumsanudunusiawnsoth g mnudeyagduuumsasvsvesardivo sz
@ [ t:' Yo
wanslsendanaanuneg 1asa
[ v J 1 o w { [ % g @ {a o {

aumsanudiuisznanmad lihnldvsesreauszun Wiy dminiaddusinn #
1&8a1nn1s1Fuuusiasaioiin luFeuneusuaimda Inihniasseaiar lndidesnuTaslinim
a { 1 [ o ) [ [ 1
HANAIARAEN 9.3% taznan1idsendanadnuanmsiunnandumal 30 7 nuNIzUUT UL

[ Y] [ 4 v A a" 1 A ?1’/
Al aansasetlszndandsnu'ld 43% wamesunuanan lildaaaszuusumos i

msan : Souuesivl waalwihonand avdlszvdandanu



Thesis Title Analysis of Energy Saving in Energy Regenerative Unit (ERU) for an

Elevator System

Name - Surname Mr. Thanit Phanprayool
Program Electrical Engineering
Thesis Advisor Dr.-Ing. Boonyang Plangklang
Academic Year 2012

ABSTRACT

The use of elevator is now increasing due to the growth of high building. Elevator is electrical
equipment driven by electric motor that consumes much energy therefore there is a technique that has been
recently developed to save less energy which called Elevator Energy Regenerative Unit (EERU). This
technique has been applied widely to feed generated electricity that produced by elevator motor back to the
grid then the EERU can reduce overall electricity consumption. However the reduction of electric
consumption depends on many factors therefore this thesis will investigate the energy saving in a
regenerative elevator system that installed at RMUTT.

This thesis use MATLAB/Simulink to create the model of regenerative elevator for study the
relationship between power from EERU to the grid and relation of passenger load. From this study, it can
be determined its relation and verify the results by comparison the calculated power with measured power.
This relation can be used for elevator’s traffic pattern to estimate the amount of energy saving in the
building.

From the experiment, it found that the calculated power and measured power are similar with
average error 9.3%. The result of experiment data for 30 days from data logger shows that the regenerative

elevator system can save energy about 43% comparing to normal elevator without ERU.

Keywords: Energy Regenerative Unit, Electricity from elevator, Energy saving from elevator
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1% 1 = 4 a 1T @ %’ 9 é =Y [ d' Y o %
BATITIYUTINUA : NI - WU NN 1 2 2.46 : 2.90 Teernin FeuTmadagnledimsy
[ 1 G Y v d‘
oasraIuRauveInounsa 1 au.w. a3l ldasansen 3.2

@ C4

dyanyol
=2 ~ A o J 2 = I 1w
PC iU ﬂ’e‘)uﬂm‘ﬁiimmamwmuumaﬂumuummﬂu 0.46
= = Y S Ao ' 2 = J 1w
CSF vy ﬂﬂuﬂ‘iﬂN’L’fmﬁuﬁlﬁlmﬁﬂN@@IiWﬁ”JHHW]@ﬂ.u%Nu@Im1ﬂ‘1J 0.46

@ [ < d I Al
duavaeme vuede UsuanduledlunledFudasSansunia 1 au.w.

3 o 1 J
MI9N 3.2 dadIunguAounsa 1 ANUIANINAT

Mixing
Type of Coarse Admixture Steel
Cement | Fine Aggregate Water
concrete Aggregate Type F Fiber
(kg) (kg) (kg)
(kg) (Ltr) (kg)
PC 350 863 1016 161 - -
CSF-0.5 350 863 1016 161 3.50 39
CSF-0.75 350 863 1016 161 3.50 59
CSF-1.0 350 863 1016 161 3.50 78.50

3.4 IBMINaaeU
3.4.1 MINAAOUAUTVIAVOIADUNIATA
1) MINAADUAIMIYUAI AINNIATFIU ASTM C 143 [14]
342 msnuauiinvesnouATaLdi
1) MINAAVUMAIOA MINUINIFIU ASTM C 39 [15]
2) NMSNATDUAAIA MUUINTITIHU ASTM C 496 (Test for Splitting Tensile Strength
of Cylindrical Concrete Specimen) [16]
3) NAADUNAIAA ANUUNTAIMUIATIIU ASTM C 78 (Flexural Strength of Concrete

Using Simple Beam With Third-Point Loading) [17]
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4
4) MINATOUNMINTZUNNUUVAWIIMIN (DROP-WEIGHT IMPACT TEST) Tagii

= 3 o 9 3 9
ﬂ”lilﬂﬂfliﬂ!”lﬁﬂﬂﬁ]ﬂ (W=4.54%kg. ,9.09 kg.) ﬂ')nJ!i’JQﬂﬁ]‘JJGLUﬂAIi@]ﬂﬂigmU (v=3m/s)

3.5 MIAIBNIVENINATD

ﬁaasinmﬁaufuzgm@ﬁammﬁﬂﬁauﬁﬁmuﬂmuminﬁ 32 Taglumsneaou
Mddaldaredransanszuen viaduRIUgUENA1T 15 IBUAILAT g9 30 IHUAINAT N5
nadouMAIAAlFAIUNATOUYUIA 10 X 10 x 50 IBUAINAT LALNITNATOUUTINTZUNNUUUAY
i 19edrmagenutin 10 x 10 x 50 UAWAT anIzMITuLEuILdIeE1INADY

Tauaaa 1 lumsan 3.3

M319A 3.3 51wazdeaduIUAI0g AT MINATOY

Type of Number of specimen
concrete Compressive Tensile Flexural Impact Strength | Total
Strength Strength Strength 28 (day)
454 Kg | 9.09 Kg

PC 9 3 3 3 3 21

CSF-0.5 9 3 3 3 3 21

CSF -0.75 9 3 3 3 3 21

CSF -1 9 3 3 3 3 21

Total 84

3.6 MINAdoL
3.6.1 NMINATOUAIGUAD (Slump Test) AININTA 3.1
= dy A o [ I dy <3 = 1 = %} A
1) wseniundImiuaense asnduiueds swSeuuas ldgaduiiuiions
a oy Yy 9y v ¥ y = ¥
nieieuioondd lammiaesdiavdey1diu
@ = J 1 1 I g
2) anaeunialdnstennuvas lasutuiu 3 yuq azdszuim 1 1u 3 veq
- o 2 L avi  y oo 2 o
Puasudr ldunanannsgietuas 25 a5 nanihaataznseteasldderudalylunis
¥ & Y ' Yy 2 9 ¥ '
nigaruangaldidownslumsnsziuaniios nszfesous veuvesuuuvassyunm 12-13

Z Y = Y A < . v 7
IV ummﬂizmummamﬂmq (Splral) ’Juﬂﬂﬁ”li]ﬂﬂuﬂﬂa”lﬂ
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9
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ﬂﬂﬁﬂﬂﬂ1ﬂ1iE}UGI’JUULﬁiJmﬂﬂ'IimﬂJﬂ@L!ﬂ%ﬁﬁ\ﬂﬂﬂi’]ﬁllmﬂﬁﬁﬂﬂuﬂ’igﬂQﬂﬂﬂiﬂﬁlllﬂﬂﬁﬂﬂﬁu
9 1A = 9 = @ @ 1 Y o v
mﬂﬂmaﬂumu 1.5 W7 LagMIAoUNTANINA1AINEIINNTENNTIUUUYIae0en 1H11 11w
9 9
AT NIANANINADTDIATIAANY LLﬁﬂ\i’JTﬁi‘ﬂﬂ’dﬁ]‘UﬂWﬂWiEgUﬁUﬂW%hliJlﬁiJT%ﬁﬂJf?'lﬁ’i‘]J

o &
ADUNITAU

MW 3.1 MINATOUAIYUH)

3.62 MINATOUMAIAIUNIUILTIOA (Compressive Strength) Fanwdi 3.2
1) hmsmdeuiunnounia Taslianuuasgiu ASTM C 617 [18]
2) ﬁmnmmm’%m Universal Testing Machine uﬁ’aémaum‘%mmﬁauﬁ’aa
A7 2.1 kKN/s dunseiadanduRamsia tuiinawsenagaga

3) dUNABNHULMITIFAVBWNIABUNIATINTLUNAD
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NN 3.2 NINAFBUMAIDAVBIADUNT A

o v Y = a1 A .. . 2 A
3.6.3 MINATOUMAIRIUNIUNTIAG TABITHITN (Splitting Tensile Strength) A1 IWH 3.3
1) Meireee lunuiueuasuugiusesivveunsoinaaeutigniessuale lises

Y Y ¢ & )
VINAANUHUT 1/8 11 A9lszunar 117 naduuutazan 1Hnanalauianounsa

'
v W

A a 4 I~ a Aa o 1T Aa ] a
2) Liﬂlﬂulﬂ%ﬂﬂﬂﬂﬁﬂﬂﬁlﬂﬂﬂ’ﬂﬂLi'J 2.1 nTaumu@lmmﬁ FUNTSTNAIDYNINANTT

. o

AiA tuiinawsanagaga

d' o o 9 =< axd 1A
MNN 3.3 ASNATOUMAIATUNIULTIAN TABITAIEN

3.6.4 MINATOUMAIAAVOIAOUNTA (Flexural Strength) AININN 3.4
=) A A o @ Yy ax . . .
1) I938IATRINDAIHTUNINATOUAIWITNAAIUADIYA (Third-Point Loading)
9
2) uedeudIogmued lagmasusnalate I iniaesdiuaivas 10 wufwas

1 { ] I 1 J [ 1 a
mumaiuﬁmﬁaumaamﬂu 3 @IUMNIE) NUTIUDL 10 LHUAINAT
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A a 4 < a A o 1 a o ' o
3) lﬁulﬂulﬂ?@ﬂ%ﬂﬁ@ﬂﬁjjﬂﬂ?Tlei'J 0.46 ﬂiauﬁ@u@@']u’lﬁ ﬁ]u%’ﬂum?@ﬂ’mﬂﬂ

v 1

9
uinAnimiingaga

[ 1

4) 9aNHUZVOINIUIUTUHNNNINA1IAIUNT 0 B15ReinagUONTIININATIILA

G

dl ra 9 é
mwuu"lmﬂuiaaaz 5 UDININANATU

4‘ o o 9 @
MNN 3.4 NMINATOUNIAIATUNIULLIIAN

3.6.5 MINATOUMAIRIUNIUUIINTZUNNVYBIABUIIA (Impact Strength)
1) 1NAUAIBINNILNATOUINVUFIUTOITY
9
2) AITZETATINGIUBIQNANIALIZHZMTANVOIGNAN
a ] A @ 1w = o A Jq 9
3) AAAIATDIINTEEL INIAT (Displacement — Transducers) A4NINN 3.5 "la“lﬁmu
= A ' o A A A 9 A TR 3 o
ABUNTANONIA1TZ 8 INIANUDABUNTAGBULANTII HIDA1TZ INIAIDUUDINININUIHIN
d’ o [ 1 U v W d‘ %’ v d‘d 1 1 v LA o
dznz A o l)fuamaiszes Tnesarduiiesnaniminiliainmnuuanesy nzim
(Ast) MNAUMIN (2.8) LAZMUIVAINIAUUTINTZUND (Impact Factor) 1NAUMIN (2.9)
4) simsilasegnduanuuuddsz IinsznuAIIUATUAIPE1T AIN NN 3.6 TuinA
9 1 i1 v 1]
Tuauniinlassan iloA106195uHANT1Y (First  Crack)  tazngaiuiiniliodiog1931ia
(Ultimate Failure) e lfuamma nalanuaszunn (Impact Energy) NNAUNIN (2.14)

v v 9
5) mmsnfasuvinagndunagoundisurhimsnadeunuTua Ay
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MNA 3.5 19509307A5202 IN9AD
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= = Y 3 A yas Y
AounIasIINAazaounIarauauloman TagaonlsIsnInaaounsINTsuNNLUUAY
%’ o o 1 < a a % [] o o
hmin Mminsdasesgndumanannszunnuuudasz IinsznuiiuunuaI0613 MinsiuIa
ANAINUNTZUNNNTDEF1UTUAY (First crack) 1agNn13I1TA (Ultimate Failure) ARMINAINY

. é = a o 9 [ dy
A2 (Strain Energy) 39imiasdnanuidonaz vorauonuzaae 11l

4.1 AaENDAvYIINOUNIATA (Property of Fresh Concrete)
4.1.1 anwamsnlumsianld (Workability)
X Y o -d a YA o 1 <
lumsnageuaseil ldhmniuauguninaeuniannyia Tiidadiunauiiull
awmseonuuuawaasluasen 3.2 uazldnsnaaeuaigual (Slump Test)) AWUIATFIY
AW 1 (= I 4 o J (
ASTM C 143 [20] :nmsnadeunuNNdadiulsmanivedmua (W/C) gIny AnNsgua-
= Y <3 Ao 1 = = A (J
(Slump) voanaunsanauauloman UAWMINIINBUNTATIINAININ FININAINITYUAIVO
= 9 2 Ao Y a @ 9y A g 1 Y
aounsanaudulomaniadunuunannanyuzvouduleniuunie Uszneunums
Y A o Y = TN 9 ' I3 3 ) Y £ a
NAAOY Slump Test ABINNMIM INABUATAUNAIBNIINIZNINTanTurue duleruna
9y

o ' ) g o Y a o q ¥ S o o & Y
ﬂ'l’iﬂ'i%ﬂﬁ]ﬁ’JLWIaglﬁuﬁlulmﬂﬂﬂﬁ'lllﬁﬂ‘ﬂﬂwﬂ'l'iﬂim{]\‘] %zuwam“lmﬁu%maﬂ@ﬂmaﬂuﬂﬂu

VAUINMIGUAIVDINIATIN AINTNN 4.1

4 1% @ <
2 4.1 Savazmsiesdveadulomanlunisnaaey Slump Test
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Slump Test

Slump (cm.)
_ N [SSIN N W [eX NN | [o]
|

(=)

PC CSF-05 CSF-0.75 CSF-1.0
Type of Concrete

AN 4.2 1N uHanITNATOUAINITYUAD

HofFouRounanIINATaUAINITYUAITENINADUNTATITNAT LAZADUNI ANEL
F) <3 A A& Y A [ @ ~
wwuloman NSuasesas 0.5 0.75 1AL 1.0 MUNINN 4.2 WUNAINITUAIVOIADUNIANEY
Y < v o (& v A P 3 Aqu a P 3 A
Wulomanvszanas dunwus lasasanulsuaveudulamannly lasdsuaudulemann
2 2 ° Y o ] VoA 1 A = o 9
mnduih ldainsgudlanas 2-3 m nagwuueldasnauiivas lUlinavhldanuanse

~ Y 3 a (] o v 2 dy 1 v @ v
TumsmuesnounianauaulomaniatogluraiiinseonuDy uANIINAYDIAIGUAINGT
2 Y 19 <3 a ~ o Y <3 o [ o Ao

yuegnuifFmams ladulomanuasnamanissesdrvesanloman diuiuamguaIndIun
annsnih Il 15 uauTaseaeldwu Tnssafreaeuniavuialug vielinnumuiuin ae
nunagudNnagey lamilounuauitouee Bentur, A. and Mindess [6] ANUINITHEUIEY
leaslunouniamldamgudlanaiuazanuansnlumamussnouninanasniudsuians

Tangau
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4.2 aa NUATING (Mechanical Properties)

4.2.1 MQa90A (Compressive Strength)
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28 day
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CSF-0.5 CSF-0.75 CSF-1.0
Type of Concrete
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Compressive Strength (MPa)
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10% of Compressive Strength
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Compressive Strength

Specimen Weight Load kn Volume Unit Weight Area Strength ksc Avg ksc Avg
MPa

PC 1/12 12.84 498.2 0.0053 2423.213022 176.625 287.5295873

PC2/12 12.76 488.3 0.0053 2408.115121 176.625 281.8159323 286.4907409 29

PC3/12 12.62 502.7 0.0053 2381.693796 176.625 290.1267032

PC 4/12 12.56 572.4 0.0053 2370.37037 176.625 330.3531428

PC5/12 12.76 553.4 0.0053 2408.115121 176.625 319.3875424 325.6783342 33

PC6/12 12.42 567.1 0.0053 2343.949045 176.625 327.2943174

PC7/12 12.64. 632.2 0.0053 2385.468271 176.625 364.8659275

PC8/12 12.68 6323 0.0053 2393.017221 176.625 364.9236412 362.8844243 36

PC9/12 12.60 621.8 0.0053 2377.919321 176.625 358.8637041

CSF-0.51/12 12.90 544.1 0.0053 2434.536447 176.625 314.0201695

CSF-0.52/12 12.92 566.3 0.0053 2370.37037 176.625 326.8326079 323.2543594 32

CSF-0.53/12 12.56 569.9 0.0053 2408.115121 176.625 328.9103007

CSF-0.54/12 12.76 654.5 0.0053 2423.213022 176.625 377.7360796

CSF-0.55/12 12.84 644.8 0.0053 2472.281198 176.625 372.137852 373.3113637 37

CSF-0.5 6/12 13.10 641.2 0.0053 2472.281198 176.625 370.0601593

CSF-0.57/12 12.84 738.5 0.0053 2423.213022 176.625 426.2155765

CSF-0.5 8/12 12.94 689.1 0.0053 2442.085397 176.625 397.7050152 404.226618 40

CSF-0.59/12 13.02 673.6 0.0053 2457.183298 176.625 388.7593938

CSF-0.75 1/12 12.92 580.3 0.0053 2438.310922 176.625 334.9125241

CSF-0.752/12 12.92 597.7 0.0053 2438.310922 176.625 344.9547056 339.7797117 34

CSF-0.75 3/12 13.18 588.2 0.0053 2487.379099 176.625 388.7593938

CSF-0.75 4/12 12.98 689.3 0.0053 2449.634348 176.625 344.9125241

CSF-0.75 5/12 12.78 620.2 0.0053 2411.889597 176.625 357.9402851 376.9665638 38

CSF-0.75 6/12 12.96 650 0.0053 2445.859873 176.625 375.1389637

CSF-0.757/12 12.90 698.4 0.0053 2434.536447 176.625 403.0723881

CSF-0.75 8/12 13.02 718.2 0.0053 2457.183298 176.625 414.4996981 407.5355799 41

CSF-0.759/12 13.12 701.8 0.0053 2476.055674 176.625 405.0346535

CSF-1.0 1/12 13.08 603 0.0053 2468.506723 176.625 348.013531

CSF-1.0 2/12 13.08 610.8 0.0053 2468.506723 176.625 352.515198 354.5331776 35

CSF-1.0 3/12 12.64 629.1 0.0053 2385.468271 176.625 363.076832

CSF-1.0 4/12 13.00 686.5 0.0053 2453.408823 176.625 396.2044594

CSF-1.0 5/12 13.02 680.5 0.0053 2415.664072 176.625 392.7416382 386.31661811 39

CSF-1.0 6/12 12.80 641.1 0.0053 2396.791696 176.625 370.0024456

CSF-1.0 7/12 12.70 721.4 0.0053 2438.310922 176.625 4163465361

CSF-1.0 8/12 12.92 711.6 0.0053 2442.085397 176.625 410.6905948 416.6351045 42

CSF-1.09/12 12.94 732.27 0.0053 176.625 422.8681827




M3197 A 2 HANINAFDUMAIAIUUAIF

52

Splitting Test
Specimen Weight Kg. | Load Kn Volume Unit Weight Area Strength ksc Avg.ksc Avg.MPA
PC 10/12 12.65 258.2 0.00529875 | 2387.355508 | 176.625 37.25418478
PC 11/12 12.62 255.7 0.00529875 | 2381.693896 | 176.625 36.89347424 38.21127009 3.82
PC 12/12 12.62 280.6 0.00529875 | 2381.693796 | 176.625 40.48615124
CSF-0.5 10/12 12.64 280.1 0.00529875 | 2385.468271 | 176.625 | 40.41400913
CSF-0.5 11/12 13.06 281.5 0.00529875 | 2464.732248 | 176.625 | 40.616000704 | 40.47172282 4.05
CSF-0.5 12/12 12.09 279.9 0.00529875 | 2434.536447 | 176.625 | 40.38515229
CSF-0.75 10/12 13.06 343.6 0.00529875 | 2464.732248 | 176.625 49.5760569
CSF-0.75 11/12 12.84 273.1 0.00529875 | 2423.213002 | 176.625 39.40401961 44.3673999 4.44
CSF-0.75 12/12 13.04 305.8 0.00529875 | 2460.957773 | 176.625 44.1221135
CSF-1.00-10/12 13.10 344.6 0.00529875 | 2472281198 | 176.625 | 49.72034112
CSF-1.00- 11/12 12.70 3238 0.00529875 | 2396.791696 | 176.625 | 46.71922941 | 48.98449161 4.9
CSF-0.75 12/12 12.84 350.1 0.00529875 | 2423.213022 | 176.625 50.51390431
MIN A3 HANMINATOUMAIAA
Bending
Specimen Weight Kg. | Load Kn | Volume | Unit Weight | Avg.load | Rupture | Avg. Rupture | Avg.MPA
PC 1/9 11.94 1581 0.005 2388 47.43
PC 2/9 11.97 1857 0.005 2394 1796.33 55.71 5.39
PC 3/9 11.95 1951 0.005 2390 58.53
CSF-0.51/9 12.85 2021 0.005 2570 60.63
CSF-0.52/9 12.62 1924 0.005 2524 1978.00 57.72 5.93
CSF-0.53/9 13.04 2244 0.005 2608 59.67
CSF-0.75 1/9 12.52 2180 0.005 2504 67.32
CSF-0.75 2/9 12.40 2098 0.005 2480 2174.00 65.40 6.52
CSF-0.75 2/9 12.94 2645 0.005 2588 62.94
CSF-1.00-1/9 12.74 2834 0.005 2548 79.35
CSF-1.00- 2/9 12.98 2834 0.005 2596 2778.33 85.02 8.34
CSF-0.75 3/9 12.90 2856 0.005 2580 85.68
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Type of Concrete Drop Weight 4.45 Kg.
Number of Blows Avg.
First Crack Failure Fist Crack Failure

PC 1 2

PC 1 2 1 2
PC 1 2

CSF-0.5 2 7

CSF-0.5 3 6 2 7
CSF-0.5 2 7

CSF-0.75 3 9

CSF-0.75 2 12 3 11
CSF-0.75 3 11

CSF-1.0 5 18

CSF-1.0 3 15 4 18
CSF-1.0 5 21

Type of Concrete Drop Weight 4.45 Kg.
Number of Blows Avg.
First Crack Failure Fist Crack Failure

PC 0 1

PC 0 1 0 1
PC 0 1

CSF-0.5 1 3

CSF-0.5 1 3 1 3
CSF-0.5 1 2

CSF-0.75 1 3

CSF-0.75 1 4 1 4
CSF-0.75 1 4

CSF-1.0 1 5

CSF-1.0 2 8 2 6
CSF-1.0 2 6
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Type of Concrete A ave A A A
mm. mm. mm. Xst
PC 6
PC 7 1.5 0.0025 600
PC 6
CSF-0.5 4
CSF-0.5 5 1.2 0.0015 800
CSF-0.5 5
CSF-0.75 3
CSF-0.75 4 0.9 0.0009 1000
CSF-0.75 3
CSF-1.0 2
CSF-1.0 2 0.8 0.0007 1143

CSF-1.0
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AMUIUANAIUNTZUND (Impact Energy) Taoldgasndsaiuvail (Kinetic Energy)

NNAUNITN (2.14)

U=—mv*
2

L=+/2gh
0 =~/2(9.81)(0.457)

=3m/s

m =454 kg.

v=3m/s

9
2 Y \ %

[ Y
IUY MNAINUNTZUNN (Impact Energy) NNZAATA

Y (1)(4.54)(9.81)(3%)
(2)(9.81)
=20.43 N.m (J)

1 0 U 4 g v 1 % LI o {
Muruszer Ingirowdesnmhminddauminuuanesy nsziin A mnaunsi

A=A 0+ f1+2—h)
Ast

"o o A ¥ @ A o Y
A= 'i$U$Iﬂ\1@n@ulu@\1%Wﬂlﬂ“ﬁuﬂﬂ$ﬂ$ﬂ3ﬂ19%1ﬂﬂ13ﬂﬂﬁﬂﬂ (W)

(2.8)

v ¥ o
h = ANUFIVNANUINUN (W)
1 o = Y
‘ﬂWﬂfﬂTVlﬂﬁf]Uﬁgﬂgiﬂﬂﬂﬁﬂl@\‘]ﬂ@uﬂiﬂﬁﬁiuﬂ"lllﬂ

A =15 mm.
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1 A o v Y] A A 2 v
Lmuﬂﬂuﬁumim (2.8) HASMIMTUNTAUNITAVYATDIADUNAUNDT i]gblﬂ Asr =0.0025

- A
mm. AINUUTINTEUNN (Impact Factor) = —

st

A L.5

A 00025

st

=600
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A Study of Pozzolanic Activity of Kaolinite, Dickite and Pyrophyllite Based Clays
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BEHAVIOR OF FIBER REINFORCED CONCRETE AND IMPACT RESISTANCE
UNDER DROP - WEIGHT TEST

ﬂizwué lﬁﬂiﬂ (Prapon Fuengfu)l

MWNa falmfn (Jatuphon Tangpagasit)2
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o a = = o o =1
‘o158 madndsanssulesr wnInerduma TuTads1vanasgyF (yeab@homail.com)

w1 3 . & o a 4 da o a A a wag ¥ o -
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Steel Fiber) TfSanaudounauveadnlemén fie 19 uaz 1.5% Tael5uas nazidulTwdiommes vinnnuudasaga
(High Tenacity) wauaalu@eg1amunaaauvig 100 x 100 x 500 Faawes nsamsanewu Usnaduloman
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ABSTRACT : In order fo increase the concrete properties, i.e. toughness and energy absorption, the corresponding fiber is an
appropriate material utilized for mixing concrete. The drop-weight-test methodology is applied to determine the energy consumed
to fracture, number of blows in a repeated impact and character of crack as well as the damage observed after testing. This test
method is to verify the behavior and impact load of concrete. The propose of this research is to determine the concrete mixed with
the corresponding fiber, and the test method is carried out by using the impact weight, and the variable rate of hookend steel fiber is
stipulated. The mixing ratio of the corresponding fiber is 1% and 1.5% by volume respectively and the high tenacity with mixed in
concrete beam specimens with a dimension of 100x100x500mm. The results showed that the volume and direction of fiber is
effect on the compressive and bending strength. Concrete mixed with high resistance fiber is greater than the normal concrete.

Furthermore, both crack resistance and absorption energy is also greater than the normal concrete.

KEYWORDS : Impact resistance, Drop-weight test, Fiber reinforced concrete
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Name Spacing Strength at | Elongation

(mm) break(kN/m) | at break (%)
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M3 4 naasdadiukaunounia
CSF- | CSF-
Mixing PC CHT
1.0 1>
- Cement (kg) | 350 350 350 350
A P g4 _a
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Name | Specific | Length | Diameter | Aspect | Tensile
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Polyester Layer - = = 1
Wd) | N/mm) /. )
CSF 7.86 60 0.90 67 1000
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frogegnsanszuenyaduiugudnaa 150
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ASTM C 39
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P340 6 HANISNAADUUTINTZUNNAIBGINITHITA 4.54 ke /9.00 kg

Specimen Average
Name Number of blows First Crack impact  Failure impact
number failure impact
First crack Failure energy (N-m) energy (N-m) energy (N-m)
PC 1 -/- 1/1 i 2.08/4.16 4.16/4.16
2 -/ 2/1 -/ 4.16/4.16
3 =l 2/1 == 4.16/4.16
4 s 2/1 - 4.16/4.16
5 /- 3/1 -/ 6.24/4.16
CSF-1.0 1 21 43/4 4.16/4.16 89.44/16.64 64.90/24.13
2 21 39/6 4.16/4.16 81.12/24.96
3 212 2717 4.16/8.32 56.16/29.12
4 21 30/7 4.16/4.16 62.4/29.12
) 11 s 2.08/4.16 35.36/20.80
CSF-1.5 1 41 137/11 8.32/4,16 284.96/45.76 164.74/65.73
2 31 18/16 6.24/4.16 37.44/66.56
3 2/1 48/35 4.16/4.16 99.84/145.6
4 2/1 165/14 4.16/4.16 343.2/58.24
5 1/1 28/3 2.08/4.16 58.24/12.48
CHT 1 2/1 772 4.16/4.16 14.56/8.32 12.90/7.49
2] 1/1 412 2.08/4.16 8.32/8.32
5 /1 5/1 4.16/4.16 10.4/4.16
4 1/1 1072 2.08/4.16 20.8/8.32
5 1 52 2.08/4.16 10.4/8.32
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