NCCE 2

post-Pandemnic Challenges in Civil Engineering

Fuil 24-26 Wwn1AY 2566 2.417A

msUizﬂgu%mmﬁﬂ’mssm‘lﬁasquqa A59% 28 The 28t National Convention on Civil Engineering

May 24-26, 2023, Phuket, THAILAND

Havauitaay lnnua uaziduledaunasen delugaatangulauiinvasnaunin

Effect of Fly Ash, Bottom Ash and Macro Synthetic Fiber on

Dynamic Modulus of Elasticity of Concrete

wiouned aansyyial waz AuseT NosRTUATY

12 gy 3rans sules MasaUInaoN AMLIAINTINAIANT UNT NI NAlUIagTIMNAGA 141199 9.770

E-mail address: Chalattunyakij@rmutl.ac.th, Sontaya@rmutl.ac.th

UNANED

o
a A

NuITeidynymuneiiednwiAlugdadaveulauiiin (Ey) ves
o

pounInldyuBiuddn aounIanauiinasy AounInnauLi UL
wazaunsanauduledunszi nglddiueluguuuunaduian
vunelu M3snnaeunuulivhanefeislindudansiledniien
Auanaudansilein (UPV) waztilumuime E, vasnaunin
faqusvanilldiduyuiauivesuaudussand 1 f8nmdiuthie
FanuUszanuwintu 0.55 Yudwudludunaugnunuiidieirassies
av 0, 30 wag 50 Iﬂaﬁmﬁﬂmaﬁaﬂﬂizmu g AU uuisas
aziduniosar 10 wag 30 lagUsunsveananinasidun Ui
leduaseiludiunanviniu 2 uag 4 AlansusegnuiAfiuns NHA

o A '

n15Anw1 WU Ey AUszifiuann UPV fdrganinlugdadandu E)
UsvunuSesay 13-39 ﬂ@uﬂ%‘mﬁl@u%muﬁﬁwﬁm E. way Ey
TndAesiumeunSanauduladansied drunsundanaudIassLay
Wiuen fd1 E. wag By Yesndtreuninldyudiuudaiu lngden
anasmuUsInandaeuasidfun iy anuduiugseing £,
way Ey fmnuduiusuuuidunse luvasiinuduiudsewinaidesn
wag UPV fianudusiusuuuiendlnuiudea

v A '

ddiy: Wedadavgulawfin, musindudansiledn, whass, i

U

Muan, dulodaasned
Abstract

This research was aimed to study the dynamic elastic
modulus (Ey) of cement-only concrete, fly ash concrete, bottom
ash concrete and synthetic fiber concrete. The bottom ash was
used as an internal curing material. Non-destructive testing by
ultrasonic pulse velocity test (UPV) was used to determine the
ultrasonic pulse velocity and to calculate Ey of concrete. The
Ordinary Portland cement was used in this study as binder and

the water to binder ratio was 0.55. In this study, the weight

percentages of replacement of cement by fly ash were 0, 30 and
50%. The volume percentages of replacement of fine aggregate
by the bottom ash were 10 and 30%. The content of synthetic
fibers were 2 and 4 kilograms per cubic meter. The results
showed that the E4 determined with the UPV method higher than
the elastic modulus (E) about 13-39%. The cement-only
concrete have E. and E4 values nearly the same with synthetic
fiber concrete. The fly ash concrete and bottom ash concrete
have E. and E4 lower than that of the cement-only concrete. The
E. and E4 decrease with the increase of fly ash or bottom ash
content. The E. and E4 have linear relationship while the

compressive strength and UPV have exponential relationship.

Keywords: dynamic elastic modulus, ultrasonic pulse velocity, fly

ash, bottom ash, synthetic fibers
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nageuindadn faguil 7 uagduiusfuanumuiwiuidesanas
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Sansleinnszaedeuserulifvasfunal UPV anas [26] uans
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UAsFIUNNTERNRUULALATETAEITos Fsauntsdl (3) - (6)
Wisuilsuiusanisideves uund asaw [23] liansiaseidegui
9 WU E. fiduananannisi (3) uag (4) NI ACI318
uaz ACI363 mudrdu rdniariildannnisnagey nanisnaaeu
aonndosfuiuitouns Lee et al. [1] #MAUI9INAUNITVOI
ACI318 wag ACI363 Liifldauysitisafuadavesiasiumeunas
siipwesTanuaniin uianauideiruamuinlugdavesuiasy
venuuazyinveanmasiuiinansznuselugdadaveuvesnaunin

' o w

ag1aidudAay

o U

221 97n5UN 9 WUI1IA Ec ANRANITNAADUYD

R S |

2R3 ALEe [23] daenanAfieuiaengunisi (3) wag (@) 31U

4

o ' a

2 90 Yayadanandudeyadt E fleny 3 uag 7 Juvesdiunaniild

U U 3

gnrdmisetanUssauiaiu 0.55 fedndurisergsudu (Early-

v o

age) mm%ﬁuuqmasﬁw a§an1 AudTuSIEnIng Ec Mdadasinaglyl
Judumss (Nonlinear) [5] e E, 3edidsniuwiliuvesneun3aiil
91gaNYIeAsags dau E. naumsi (5) uag (6) :nanmsgIu
CEB-FIP, Eurocode 2 uag Noguchi et al. auanau dalndiAssiu
warlndlAgaiunanismageuves uuns Asge [23] n1siuSeudiey
aumssuue £ fnzauigadmiunanmadeuiiazld Auade
vosfosazAuiAnanduysal (Mean Absolute Percentage Error,
MAPE) fuiausisannsil (7) tlemanunaiaiadeuysiriannnns
veaouLazmfildanaunssing 4 Insaunisiiimugniownnnine:
fif1 MAPE #indn man1sAinsiesian MAPE vasaunisiia 4 famsnadi
3 91915797 3 wuhansaFesdduaunsiifianugniesgdlush
fia Noguchi et al. findugnifesgsiian sesasunliun CEB-FIP uaz
Eurocode 2, ACI318 uaz ACI363 muadfy dsdunuifeifadenld
aun13ues Noguchi et al. lumsiuiue Ec ¥93A0UNTA UBNIINIL

f21901910A7 MAPE L&28un15999 Noguchi et al. §9d1u15a
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Equation Code MAPE (%)
(3) ACI318 11.64
(@) ACI363 17.40
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Uszanadeuas 13-39 denadosiunudsefinaumn [1,5,10,11,21,27]
mﬂgﬂﬁ 10 wuIiAsunIAUNG (W55) fiAn E. way Ey lnatAssiu
pounIanaulduledunsnz drunsunIsNEud1asLazid1NUAT 3
A1 E. uag Ey deeninmeuninund lnedaanainiuusuiaiiiassy
e Aumiudy nsanaswes E. Wonauidrassuazidnfium

Wesnnlugdadanguasiianuduiusivumindia (Matrix Phase)
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MSANTY ANULTUTIaRaReilY E anas ilaldSeuliieusening
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o oA
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lugdadaneunsaessziavludnuazeiaiu [28] Msmageuna E.
MULINTZIU ASTM €496 SinsTdvieusslunismaasugs ielle
Auduus ST LiusazauLesenlugsdangu Taeidue

v A a I3

u@aaawq'ummuw (Secant Modulus) luvagnnisnageusig UPV

=

a '

a & o " o v Y
fmingusuinduluiieg1stiosunn Eq WW@aaUIWQQLUU Illﬂﬂa

ganguisudy (nitial Tangent Modulus) Asudsianudusinni
A8 E. wagyinli By 311nn70 E, [21,29]

JUN 11 uansanuduiussendng E. uag Ey wudralugdadaneu

P
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719889989 ABUNIAUNRA ABUNIANELLA1a0Y LasABUNIANENLEUlY

a1 o <

Fupzifimuduiusuuuidunse faaunisi (8) wasiliduuszans
A19anaula (R2) Wiy 0.896 @1UADUNIANENLAINUANNATLANATS
sonluannguieyadu q Lisglunnlinfsity erafaidesain
aoundanami i WumslidAumifinnungugauasdusise
dunuiiaswandon luvaiinisldidassvdoduloduaszmiy
nsasunlasdunauluduwudinad lfinswisuuladndiuves
185791 JedmansenudeauRdavgureinounInuanaeiy A5l

= g A a
msAnwuseiruiliiuaslueuan

E. = 0.218E, + 20.495 ®

A oA '

e £ fe lugdadangu (GPa), Ed Ao lugdadangulaunin
(GPa)

n13199 4 AlugRadavgunazlugiataneulauninvesrounia

Mix Density f UPV E. Ey k
proportions | (kg/m®) | (MPa) | (m/s) | (MPa) (MPa) | for Eq.(6)
from from K1 K
Eq.(6) Eq.2)
W55 2329 33.11 4848 31,069 | 49,273 1.2 1.0
W55FA30 2297 23.17 4335 29,500 | 38,846 12| 1.1
W55FA50 2278 18.74 | 3904 | 27,039 | 31,248 12| 1.1
W55BA10 2282 24.04 | 4640 26,791 | 44,210 12| 1.0
W55BA30 2259 22.67 4459 25,758 | 40,425 12| 1.0
W55F2 2338 33.21 4910 31,342 | 50,737 12| 1.0
W55F4 2340 34.62 | 4939 | 31,825 51,375 12| 1.0

Note : f.=Compressive strength; UPV=Ultrasonic pulse velocity; E.=Static
elastic modulus; E =Dynamic elastic modulus; k,=Correction factor for coarse

ageregate; k,=Correction factor for type of admixture
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