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Thermal crack reduction of large mat foundation using inserted precast lightweight
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Abstract

A large mat foundation has become more popular among
tall building construction. During construction, its thermal crack

problem, due to temperature difference between concrete

surface and concrete core generated from hydration reaction,
is concerned. Consequently, the induced concrete stresses
may higher than tensile strength in early age concrete which
has not been fully strength developed. This thermal crack
problem negatively affects the durability of a large mat
foundation. This research aims to study and present an
alternative solution by inserting concrete core with precast
lightweight concrete which can reduce the heat from hydration
reaction and absorb the heat at concrete core. This study uses
3D finite element model to predict temperature and stress
inside 2 large mat foundations. Actual temperatures of the
large mat foundations were also measured, and the results
were used to improve the accuracy of the models. Then, the
models with precast lightweight concretes partially replaced
into mat foundations in small stress region is studied. The
thermal stress analysis of the mat foundations with and
without precast lightweight concretes is compared in order to
demonstrate the efficiency in reducing the risk of thermal crack

in large mat foundations.

Keywords: Large mat foundation, Precast lightweight concrete,

Hydration heat, Thermal stress, Thermal crack
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2. AFISHAZUITENNITDS
2.1 Heduinnedosiumaunninvesgusinunuinlng

2.1.1 Hydration of cement
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Weuaunsegrselaneaunisy (1)
FLuud + U1 = C-S-H gel + Ca(OH), + Audou (1)

C-5-H gel = Calcium Silicate Hydrate Fufussfusznaudilsiids
fumaune
2.1.2 Strength development

A

Aommdsfunsivetnaunindanfifmuiiuduniuian Tnadn
189789 Low heat concrete azd1ninmreunsnuni lae ACI Lasinng
fvundudsyans a uwar b iteldvsvensnsnisiauiides
ADUNTA AUN15VDY ACI, 1997 [3] Wieviune compressive strength

| ' =
YDIABUNINNIIANY wansluaunIsh (2)

t .
fcy(t) = a+bt (fc )28 (2)
Toeil a, b = concrete strength development coefficient

(f),5 = 28-day compressive strength
t = age of concrete (days)
2.1.3 Crack potential
flo AdmsdIuves tensile strength M3AIe tensile stress @9
nsfineuniaiinsesdns 1nan tensile stress TARTUAINAINY
unnsinsvasgaunginielumounie fidwnndt tensile strength veq
ABUN3A A crack potential aawsndt 1.0 sanuldlutisusnues
ABUNGA LWT1E tensile strength wvsABUNIAlULIILINAEd iAoy
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2.2.1 AuTaudnnIe (specific heat)
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2.2.2 mmsihanuiou (thermal conductivity)
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2.2.3 suuseansnisninaiuseu (convection coefficient)
ADAINUBNTTAUNITWANLURIUNAIIUANSDUHIUBDINA

APUBN AILITNTNIANNTOU FeaztinuSuRInaunIANdURETU

e Jadefidemadedudseaninisnanuieufoninuiday

224 Fuusedninisvergduiesainaiiufeu (Thermal
expansion coefficient

fio AmnuuansesUTINAsABUN3RTiUABuLUAY Lﬁaqmmﬁ

Wi 1 °C WisufudTumsisudu fernilaglinssnulaeasafunis

aamanusaulunaunn walNaiu thermal stress AinTu

2.2.5 Adiabatic temperature rising equation
Aoaun1sldviuton1siasuluasue heat of hydration 7
. o = = I
58213810149 1ngA191 adiabatic nunefsszuulifinisgaydense
lgfuanufouninanimuinden aunstgnitauinaziiauelay T-a
Tanabe (1985) [4] uandluaunisy (3)
T(1) = K(1-e%)

Ing T = gaungil (°C)

3)

t = a1 (Ju)

K = 9u1nve9 adiabatic temperature rising Iumauqmﬁw

o = Shsusdlunadiuduresgamad
nnaAdelusfnaunsaaguamnafinesfiiefosuandumsnsi
1

M13199 1 aguauaniinaudeurensunin

Concrete thermal
[5] [6] [71 (8l 91

parameter

Specific heat
(kcalzkg °C)

0.27-
0.31

0.241 | 0.227 | 0.2008 | 0.208

Rate of heat
2.15-

2.51

conduction 23

(kcal/m hr °C)

2.230 2495 | 2.034

Convection
coefficient 12 12-14 -

(kcal/m? hr °C)

10.325 12 -

Thermal expansion

coefficient (/°C)

1.00E-05 - - 1.00E-05|1.00E-05|7.00E-06

K=30.1
a=0.477

[5] = Jin Keun Kim & Cha (2013)
[6] = Lee,M. Chae, Khil, Yun (2014)
[7] = Liu, Cao, Yan, Ye, & Jia (2016)
[8] = Aniskin & Nguyen (2019)

[9] = Nguyen & Luu (2019)

[10] = CONTEC SIIT (2021)

Heat source K=47.9

a=0.78

K=59.6

coefficients a=1.113

2.3 MIAATILATINTINUNTIOUN)IA EUUUTINE

Sargam et al. (2019) [11] ldfinwnAgiunsingamgiigiusn
vasaznuluUseinAanszowsng vuin 10.06 m. x 8.23 m. x 2.13
) £ Y sa ! 9
m. lngin1sldauiuanuiounquitiavesgiusiniduia 10 Ju uag
1tlusunsu ConcreteWorks Liveyungnisildsunuasvesgungilly
FunnuaziUSeuiguiugumginnsiainainminuats laegaiin
gaun i 7 90 wmsgruildlunisairuauguugiae lowa DOT

) 4. v ad v o .
speaﬂcatlon ‘mmwumiviqmmmLiumu‘uaﬂﬂaummagizmw 5-21

°C gaungiigegalaiiiu 71 °C nanldannnisingungiinniinud

UMY IBUAUYDIABUNIALINAY 19 °C uargun)igaaainiu 65 °C
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1. Mix proportion #u31n1siinUsinadmudasinligamgd

)
geaauAzHaiaesgungiigetu uinsifia fly ash w3 silica fume
wvangumlgeanuiazraniaRaumiild

2. Material properties WU119uM)AgeanLAZHAR1IYUNNTVRY
Buddszanil 1 unndssand 2 venanduidoifiudinisi
ANUTDUTRIABUNTALALAUIANNTOUTUNIZYRINIATIM A3 8an
gaunniiaanuaznaniavegumngila

3. Construction parameters WUIQUNYNISTHAUTBIABUNTAUAY
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3UN 1 masinsvesguninasinianthnuvesgiunnasnu luussme

ansgelism

2.4 auauFvesneunInmIIMUILIE (lightweight concrete)

Pan, Li, & Liu (2014) [12] l#Anvnieafuneuninlniyifiaanu
vuUUTiAINIn Y 983810 150-300 Alan3usiegnuiariuns
AandAnIsnenmvesaeundaliufiudsiaoignisund 28 Ju oz
THAM&9Tuus98nsening 0.33 MPa fia 1.1 MPa n13ga@uyi
FENIN 6.6% D9 8.3% wazA1N1511ANToUTENING 0.05 W/mK
§19.0.07 W/m.K
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ANu1IEN15AT1UUUTIABIFIUTINUNLAENARBIATI9 3D finite
element model 9833 us NUNAIElUTWATY Midas Civil Ineiinis

Aoy

Wisuiisufuienasiiff@nuiluein ieliiuleinamnsaaiis
wuudraedldednagndeauarmiinesiilifiaumgay i
lawgfinssudiugmnginazaranduiiinguly mass concrete
91nu3aa¥1a 3D finite element model va3g1usTNUNTElATINS
A10819 FA2 wag F65 AATIwVnIgungl, ANuAULAY crack
potential 17'iLﬁmsﬁuLLaxrfmumfgmViﬂzﬁﬁmimnﬁmqmmﬁ Ainw

Bnsldnuvesgunsaliartuneun1sAnAInEIY ¥1n3 calibrate

gunsalifievAnuAaIAAGeuYeIguUYNinlaan sensor ANty

' P
ada < a

FasudumsindsgunsaiiitensiaingamgifiAndussdugiusnum
Hunan 5 u (120 $ala9) Sudaudizumaeuninaufeiufivanauay
mnufeusen Wisufisunanuuuiiassuasdoyadiinldainuii
U Anseitadadeiifinanssmuiuguugiivazainnveniiy
uanssvesgumgiaInuuuTasardeyaitinldniinnu Yuuse
wuudaeaitelfnailéimlndidssiudeyannuine nisniu
naassldrauniniumadoduialugiusnunipuiinefnud Tngld

TUsunsu Midas Civil Jinsgvinailiindu wazilSeuiflsugaungiuas

v
a = v a

crack potential Fsn1siasuLlasiinlusosdinisnsrvaauniasiuy

nMsuussesgunumielfAnmsITR
4. WUUTIRBIAZNIINTIVINYUUYNABUNTA

4.1 YuUTIAeIgIUTINUN

gidvasauvuiaesgusnun lagldlusunsy Midas Civit Tunns
%14 3D finite element (element size = 25x25x25 cm?) Litad1a04
wanssuludugumniuazaruduiiindulugusinumiesain
aufeuainUjizenlomstuveduud Ardauusdragiliains
LLUUﬁ’laaﬂgﬂuﬁﬂLLWLLﬁm‘LumiNﬁ 2 1ay Heat source function
coefficients 113INNITNARDUNABUNTANTIGAUIAAVUIN 1 LUATUAY
faguvgiununats 210 5uTaUUA Heat source function
coefficients tial¥ns1mauugiannisinsizisag Midas Civil
TndiAsstugamnioieiitald venanidaiimstaluuifinuuesgu
MnuwRasansieTziieiLuudaesdamilndifsatugusinum
LR

= o gy v o &
A9 2 G]’JLLUTVﬂﬂIaiNLLU‘UﬂTaE]QﬁT'ui’]ﬂLLWWQ 291U

Precast
Low heat
Property lightweight | Subsoil
concrete
concrete
Specific heat (kcal/kg °C) 0.208 0.294 0.2
Density (kgf/m®) 2400 250 1800

Rate of heat conduction
2.034 0.162 1.7
(kcal/m hr °C)
Convection coefficient
12 - 12
(kcal/m? hr °C)
Summer
Ambient temperature (°C) - -
record
Casting temperature (°C) 35 - -
28-day compressive strength
320 1.2 -
(kgf/cm?)
Compressive strength gain a=13.9
coefficients b=0.86
Modulus of elasticity (kgf/cm?) 2.56x10° 5.72x10° 1x10°
Thermal expansion coefficient (/°C) | 9x10° 9x10°® 1x10°
Poisson's ratio 0.2 0.2 0.2
Unit cement content (kg/m?) 225 - -
K=36
Heat source coefficients - -
a=1.75
Soil temperature - - 27

Ambient temperature NlgApgungivataInIANInluUTIN

U

5% a Va o v

Fusnilinegevgunsalingungiinounin FeEITeunumeiin

U

Summer record Tnegaumadidulumuzuil 2

Ambient temperature (Summer record)

40
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0
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Time (hr)

31J17i 2 Ambient temperature (Summer record)
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4.2 ssuuiltnTavingamnineunin

a

{34814 temperature remote sensor lun1singanginigly
ABUNTA LAgdayavInuAazany sensor 9tdesiaul LoRa node
w19 ntu LoRa node udaziaazinA191n sensor wazdsdayayial
uplink 17l LoRa Gateway w&sanifudoyaszgnasioluil cloud

server dwsuiiuduiinuugudeyauazihuuansmauuiuledsely

Concrete Monitoring System

3UN 5 szuunsnniaingumgiinieluneunin

- LoRaWan Temperature Remote Sensor Node

naesfiuszneulusieany temperature sensor WA UNIIITSLTTE
dedeyayrau uplink mn9 1 wiluda LoRa sateway Feurazndes
A1U1906 0@ temperature sensor bAgadn 6 @18 lavany
temperature sensor azfiAueTILANAIRY TufusERUTidonsTa
gaumailugmusnun amnsaingamgilugis -55 °C fis 125 °C gl
ANUYNEBIYBINTTINgMUNYIAD 0.5 °C Tugae -10 °C fis 85 °C Tof

Aonisdadeyalud Gateway lidududedldarevinliazainlunis

AnAauazmAunIAnTuNUnfuiarninaslsseeinunn

- LoRaWan Ambient Sensor Node

o

navsnldingumglianinuwindenuaraududuivg luvueiin

PEUNNIYDIFIUTINUN
- LoRa Gateway

ea o v Ao o . P a
gunsalvihmthsudyaa uplink Aludeyagumgiiann Node
I3 =2

wiazi uardseyaluinutuiinlilu cloud server wethluuansua

vuduled viliansadndedeyaldazanaasanauazidilaliing

desnuanmadunsseningamalifung svezvieiianunsasy

feyeyrauann Node A9 2 nal. (line of sight)
4.3 M3Ingaumglg T INUN

4.3.1 1881889V IWTNIINITANY

nmgusnumalnglasnsmasuniauuusaidosnuien
swhliusgndnnandeainsuasindniien udazsiliAnaandesdi
FIUNNUNIinnswaniINANLSeuAINU s lawnsdu Faduie
FouliNMTINgMITLNINNITINIUTINUN

susnunealugiiieginisAnund oy 2 gwldud Fa2 uas

o

F65 T18a2188nvR AR IUI IR

1) F42
Houraning 18 s 817 19.8 LU AIUUUA 3 AT USNIng

ABUNTA 900gNUIANLUNT

2) F65
HUu19n119 232 1UAT 6717 24.6 LUAT AITURUT 2.8 LUAT

YSumsmounin 1,288 gnuieiiums

4.3.2 maindassuuiagamgiaounin

Mrungningamgil Insusazandzdl 3 seduAe top (119NHY
YU 25 cm), middle (ssﬁuﬁQﬂaﬂamaagwusWﬂ) Lag bottom (114
i 25 cm) Fashumisvesyaingamgimsidenlvegluuinm

a

nAnIaziiadyn AsUsnNaNgIuINiensIaaaUguugil
29gAlULNUNANNVBITIUTINUN UAZUSIUVBUFIUTINTOATIAEDY
Har19vesguninelugiusnun wazfnds Ambient Node Tu

vinadlndiAeeiugiusn e drgumgiivesernia

5UN 6 dhuvisaningumgll 4 gavesgiusinuni F42
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viugningumil top, middle Uay bottom UBIgUTINUN F42

MuEIRy Adukuuaemduuniedianuiieisuaraiunn
Wilvlinzideyavesgiusnumdeldrouninumaedise

JUR 10-13 umsiSeuiisvoumgivesgiusinun F42 nas

il 3

Ysuuiud Inedadnuallunsnagldiduivunugumgiinnsainan

P
° a A Y
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Concrete Temperature at P1
70
60 e -
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53Ul 10 neilSeuifisuaumgiiagn P1 193WUUIaeegIus NN F42 9

( e Yuufudivgnmgiiiinsainais
3UN 8 duvisaningungil 4 9AvegIUTINUNT F65 Concrete Temperature at P2
70
Pz r2 P4 —— - - - == == -—
| et radihree 5 st sonibtie £ |t ke PRERPEE 1 S e = = = = e e
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5UN 9 seAugningamail top, middle uay bottom YBIFIUTINUN F65 0 . . . . . .
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o a .
5. NANIIALUUIU Time (Hr)

5.1 WigugugamyiianInnsnsiaiauazuvydIaesuas Usuun
UUUTIARNgINTINUN

detgungilunuudiaswilsuiisunuindi Root Mean

Square (RMS) Lafign9avesgIusIn F42 uag F65 Aeuuiuuivindy

7.624 °C gz 9.970 °C

muddu §ITealdindunaunisneasiaves

wuudnaedlaeraeqldnauningiusinuniiasdu ielvlianulndifes

AUNISNABUNIAFIUT

ALNISanTgesreznalumAaUNI AR UTN

YukazUiuniusazfuusinefnuadlevesawiasiwdslaiu

AulsvesnsunIaldluaideluedin Fesudsiviligamgiann
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