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SUMMARY

Purpose &
Contents

In the midst of all the efforts around the world trying to reduce environmental
load substances, the construction industry is proposing that low carbon structural
materials and construction methods for reducing energy consumption be used.
However, the methods of |imiting the usage of carbon yielding materials and
recycling construction materials are passive eco-friendly solutions. More active
eco-friendly solutions are required such as methods that can capture and store
environmental load substances such as C0. and “use” them practically. This study
aims to introduce industrial Urea, manufactured wusing environmental Iload
substances such as carbon dioxide and ammonia, into the concrete industry, which
has an annual concrete consumption volume of one hundred million m® with annual
sales of over three trillion won. The domestic use of Urea has been strictly
limited to microorganism cultivation and crop growth fertilizers. Due to its
unprecedented use for construction materials such as concrete and the low domestic
demands, it is produced by extremely |imited numbers of manufacturers.

Among the reaction characteristics of Urea in concrete, the expected reactions
dealt in this study are the endothermic and the expansive characteristics of Urea
in reaction with water. These characteristics are expected to offset the immense
hydration heat, which is a major cause of cracks in concrete, and the volume
reduction caused by drying shrinkage. As a result, the crack index (lcr) is
expected to be greater than 1.5, shrinkage is expected to reduce by more than 70%
and crack formation is expected to reduce by more than 65%.

This study will first analyze the chemical composition of Urea and its relation
with the hydration reaction of cement. Next, the mix design for concrete
incorporating Urea will be established. The designed concrete will be compared
with the concrete made using the existing low heat and low shrinkage mix method to
confirm the improved performance. The main purpose of this study is to determine
the mixing amount and the mixing method to establish the optimal mix design.

Results

1) Creating an eco-friendly and a durability enhancing additive ingredient
Create a new form of eco-friendly concrete additive that enhances the
durability after it hardens.

- The additive is mainly comprised of environmental load substances

- A substance that can greatly reduce the drying shrinkage and the
temperature induced stresses when added to concrete

2) Design the optimum mix for concrete with added Urea

:Suggest the concrete mix design incorporating the created eco-friendly mixing
ingredient Urea for optimal performance

- the mix will satisfy the flow characteristics, |ike the slump

- satisfy the basic durability of concrete such as resistance to carbonation

Expected
Contribution

- This technology can be applied to architecture and civil structure
constructions, which are prone to temperature-induced cracks from drying
shrinkage and hydration heat.

Skyscraper structures (mat foundation, high-strength concrete); harbour,
dams, roads (mass concrete);nuclear (hydropower) power plant (mass
concrete, shielding concrete), soil structures; structures in high
temperature environment (mass concrete, hot weather concrete;, other
general structures

Keywords

Urea Dry shrinkage | Thermal stress | Crack reducing

_iv_
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U3} v=E FASZ M3 A4 (Lime nitrogen)d] 7 Bl 23]
Zhat o™, 19351 ml=, FmollA dEy o} w:c}EMgTa 2 A
st Qo o2 Utk ot Hole IuielA Al U8
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FAYEE B3 AWES 3] /2ol 3
EA R ARe 71E eI WA T &

a3 743
sem, 7l

& Az Sspug aAuEs
AA sl AEE oo & Aolth ol (a), (ol AWMES] HEA FHuLS e
2om (o), @l ARMES] F3tet AAFE 249 g e,

(a) 2(3Ca0-Si0,) + 6H,0 — 3Ca0-2Si0,-3H,0 + 3Ca(OH),
(b) 2(2Ca0-Si0,) +4H,0 — 3Ca0-2Si0,-3H,0 + Ca(OH),
(¢) (NH,),CO +2H,0 — H,CO; + 2NH;
(d) H,CO;+ Ca(OH), — CaCO; + 2H,0
AA, (@9 (b AWES thxd FIgh-gAo|th. o dEtolE(Alie)st EEE
C3S(3Ca0-Si0,) 2} Welo] E(Belite)Z &7 & C2S(2Ca0-Si0,)7F A EQ] wjdh<e} 247}

HE-g-3te] o] 2E Q] 7317} o] Fo| A= FehikgolH, AWE F31&E9] 95% °]d& A*
3t AL 5485 (C-S-H, Ca0-Si0, H,0)2 A star .

AN

A, (02 (d)olle 849 ZItekES YERI Atk WA (o)A 8 4((NH2).CO)E
= E]E/] W &, &3 W8t B4hH,CO5)F FFEUCKNH)E FAstL An o]
o] kR yote A FHE W3 AF 7|stEE §A4S 7HAH, o] wet &9 2
5_7]- 1 FA AslE= FEHE-S(Endother- mic reaction)e ¥ o 7|3 ot X3 (d)=
O] 2AHEE O Z A (o)A AAEE ©iba AR ES] F3A A YAEAH kst g
o2 yeido. B wkgolA AR gibdgd 29 FH v A 9AY @4k
FAE g gl HlE) 179 EAES YE D ok 7€ A7 SolAE olE BARE
(Expansional reaction)®]2} XM 11st1 glom, AWE wlA 7z oA Fulo HA H F
T2 UE Zo = didr

847} 2aEE W EYE0] b WA AZHE B Mo gewgelt
@9 BB Bel o] Bat B3} P SHEUOKNH)E 715

A, ol &9 2xAstE Yedt. d3eAs & 84aE B Edst] YT
e g LxHEES Azt wE 2AsE AoE 220 FIEAHS s o]
S ANWES} Fo] &3 #Ho|2E(Paste), Ho|~Ed] =A7F E£3dE EEEFE(Mortar) 9
AR 7%2AH MHSERS nFEFon olF Fi B LxAstFI AWE F3d
Az, R2e2o] 92 g AEAS g 5 84R Ji dNE F dEe FIAYUE Y
o8 7HedE FF LEILES AP
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Q) 2d A

AE As A3 Y&
> 24 §eFo] WE g0 2xs)
< =
fbt e (10, 20, 30, 40% Urea-&9)
(Solution) )
> 8B pH meter 4
> Q4 EYF w2 FHo|2E9 S}
(W/C 30% / Urea 5, 10, 15, 20 C.wt.x%a))
> 04 B B2 o] 2 mafsdFA 54
S84+ (Three-point Conduction Calorimeter, MMC-5111)
=+ ARE (W/C 30% / Urea 5, 10, 15, 20 C.wt.x%)
Paste -
( ) > H o] ~E 2] pH meter =74
> o] =Ee] 3874 XRD FE
> Ho] ~E2] SEM imaging ¥Z
Qi+ B4 > 8AFY B Z=2E29 F2SEHE A
ARE+AEA |0 g 1r89le] 2 magze g3 dd HAE
(Mortar) (W/C 50% / C:S=1:2.5/ Urea 5, 10, 15, 20 C.wt.x%)

Ao AHE 24= TW AN BriEE U8 84S ARSI SulelA 9
84 A= FUE HERAE AR Y BE= I3 EE AFoE, I Aval
M= d&, 5L To=2FYH dF Fdol &t 9l
Aol AHeE 4 AR WigES
obfoll YetAT. 2 Aol GASH
S &AM wFEA ¥, £

o

S 10002 AHAHI Z olo U
o]
=

o

B, UW(U+Water), UP(U+Paste),
UM(U+Mortar)Z Z+Z} B/t A4
E7} xEHA FS> UWE AYstie
BT AWE FRHER 945 EY3)
ReH, 5%¥ 2se Fol HAh 20%7t
A AF AT
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GAFTF (kg
Type TRAA R H) 3L
w C S U

UW-0 100
UW-10 Urea 100 10
UW-20 + 100 20
UW-30 Water 100 30
UW-40 100 40
UP-0 100 333

UP-5 Urea 100 333 16.5
UP-10 + 100 333 33
UP-15 Paste 100 333 49.5
UP-20 100 333 66
UM-0 100 200 490

UM-5 Urea 100 200 490 10
UM-10 + 100 200 490 20
UM-15 Mortar 100 200 490 30
UM-20 100 200 490 40

% C: BEEZEH AHE (Portland cement), S : &37TH(Sand), U : 4 (Urea)

3) A3 W
Ao = aae 7H 7124 uksAd S 23 948
T AT pH meterd3S 27 AESIYGT. WA 84 £49 2xms}

by

249 134 dhgAolgt 7HAT FEE 2 ar
sttt WA 5709 viA FUI &FY == A F V] 259 HYo] E A
oF AN =EAATE o] & 84F 10~40%7HA 10%% 5S Fof oF 40x9] 3+4
o2 747 Betglon, hds] &3E F UEF AL T AFVIEHAAE o]&3 &Y
SRS SA4sAT. ofgole APAAE UEHH. ARIE Hol2E AFE 7]
248N AYMEE F713E o E, &3 AMES FfAoA D= I3 olF &
Hste 849 FANSAHE AET Aotk APE 5L HIAA W/IC 30%°l siEE=
ARMEE F71 EYT &, 849 Y& e AWEY F32Emsts 247 S48
T3 olit t AFstE AIAAE S AHMES] wAFEd AYPES TS
2 AFES ot yehd dFEAAE ol &8l ARE 34 T3 Zo] ARolA TAE
T €< keal/ghe T9E YEHE Ao, B3] 255 A= 71 AP vlE)|
9JF o) ZF 8RS ATl ¢ AFE H2 7|HOE HuiEI o A AEE &
FAl= AAS] TAM-Air©]™, Maximum calorie peak®} peak =2 AIZF, Accumulate calorieE

3
N
N
Y

2t AES= AR A3t
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At =2 3101%% ol g3 15%%F 253,
olZ YstAHCeH, 4719 LA E
£ HHsIS T :L%ﬂt Al o

HEE29 UdFAE 4 d N A=

5105°] w2} [J50x50x50mm == %L%oﬁ X1l
Zrstgom, 24 AFL7HA 2182TC oA FE
FEHYE AAEAT o] F 100tF UTM.&
2483 REEIE HAUstES SAA, ol F
AA dAaAo g Uy A=
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4) 2% A7 B BA
ole) 1ol 23 4% BT S99 LEHEAL YUY assel Ad
A3k wA )& 7Hae 71%01 fat B 9 A 3279 995 JehigY. TE

3l AFRUW-0)Z 7|Z2E UW-1(10%&M oA 33Ce 2=A3}
(20% &M)ollA 55C, UW- 3(30% gl A 10.0C, UW-4(40% &) A= 162°C«]
AstE 247 Ut ol Yol S7HETE FEHo] SHe AHE A}Efdt‘r.

30
—UW-0 —UW-10 UW-20 —UW-30 —UW-40 —Ambient air
(0%)  (10%) (20%) (30%) (40%)
25
—_—
O 20
®
g 15
g
=
g 10
5
0
0 5 10 15 20 25 30
Age (min)
<@a 22 %o 2EHak>

angoe] LR Brhs HEo] ANEY $89 ALASS AR AT A
E sojnEe] eEE4S ofd ol UEhiUth 849 EYE Fb BHE =54
o

oA 7V FAHE FAe BHAERXEREA, EYE SV gt 5%UP-5)olA = FEY o
Hl 1.4C¢9 AstE UERY O™, 10%(UP-10)14= 3.6C, 15%(UP-15)914+= 8.0C 18]l
20%(UP-20) 1A= 14.5C Y A< YeERlth ole 84849 F43 Fd4d5 71U

Aoz FAYES 27| FIEdd & dFIATT 2 AoE AmdET

axel B J4F JFS ANEY FHALLES AZAZY 2o oje FIEE F,
Anewe) BPANE TA AGAE Ao dehgth Faidel oF Huese =
ge AWE Ashigol FH FYThe R, ERA] F/hHE e ARAAY
5% Utk 53 EUECl F/4F whet 324704 Ao 156439 AAEHE 1}
B glol, w9 AZFEaYEY 48T A e FHAATRE AL F AL A
0 sltg.

_30_



40
o
& 30
e
S
®
E 20 Ambient
: air
=

10

—UP-0 -UP-5 —UP-10 —UP-15 —UuP-20 —Ambient air
(0%) (5%) (10%) (15%) (20%)
0
0 10 20 30 40
Age (hour)

84 39 HolAEQ F3lerws

lo
[‘ 1
o
o
fu
rO
et
Sy

£ g Ho]|xES pHHSIEA S ofdl Eo YERY
-1(10% gol A= 829 pHE YEFHSH, UW-3(30%)
IS HE COE Y98E AxFHY, 79712 NHY

A= 885 YENIY. L4+
dFgoz AVIAZS He= o= Yeygeny FIYE Ax Al W74 Asfalo] HA &
S T At =3 o] A4S 13} Ho]| 2~Eox AL n

4 71¥ pH11.6 ti¥] 0.6°] S7HE 12. Ao 2 Yeiyth &zhe] e
o] AHE #Ho|2Ed &Zy AEE F7F FYste £ 7HS FA &4k AddS
A SAANE F A& AR JdHEn.

Urea + Water (Solution)
T B
UW-0 UW-1 UW-2 UW-3 UW-4
7.0
H met 8.2 - 8.8 -
pHi eter (Neutral)
Urea + Water + Cement (Paste)
T B
UP-0 UP-5 UP-10 UP-15 UP-20
pH meter 11.6 12.0 - 12.2 -
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ole) IHo= AWE F3btde] AFH AEE T Q4T FHo|2EQ] niAs
d Z234E JeERT A3 E R 59 #FH8AS wiAsty A5 AA S
dEAS FetAtt 1 2 84 FEY FH | 2E(UP-0) HE F3} Ao Hoj
HdS YEMH= Second peakoll Al 1.17cal/lgs YEIHOH, 84 EUF IVESFH
29.1%01 4 H 69.2%7HA HEFo] AAaFEE 23S YeEPATE =3 Second peakd] =
ANZE A Qo], Ha 85AIZEAA AT 33AZ7HA] A AdEE AHE Y 7)ol &8
Hol2Eod HF =& AAEAS FRIstF oy, HAZA EdoAe 7] #Ho=ES &
SEAY v FARE AFo = YERWT

x
rr
>
Im

1.4 —UP-0 —UP-5 —UP-10  —UP-15  —UP-20
(0%) (5%) (10%) (15%) (20%)

1.2

UP-0

1.0

0.8

0.6

04

Calorimeter (cal/g)

0.2

0.0

Age (hour)

84 9 Hol|2~EQ u A4 3YH(Calorimeter)

Zag e Azo} WFAAE A uid FAoR axEY REHZ NP 73
stglom, 9z Z2 9 34 A A4S JE AT
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e
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3 A Z(UM-5)° A= 12.4mm, 10%(UM-10) 18.2mm, 15%(UM-15)°]A1= 28.8mmE H]

3
EECNE B

e
p

7He yE

=
[€)

°F 69mm<]

20%(UM-20)° A =

Hhsfl, EUE

7He dERd o wt
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UER AL STk

3218
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o me} WaH LA

o]
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=

[e)
73
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H] 94~97% T2 A=

o]
H

2 UM-1094 = F-&

UEeRA . UM-5

=1 O
kS

BUM-5 HUM-10 BUM-15 BUM-20

BUM-0

(e JIN) Yrsuans aarssarduwo))
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Age (day)
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(b) UM-0 (3d)

(a) UM-0 (1d)
10um

10um

(R B
L0 5-4700 20.0kV 1 S-4700 20.0kV16.0mm;x3.00k

(c) UM-5 (1d) §
loum

(d) UM-5 (3d)

(e) UM-15 (1d) i
10um

9l Z1¥olE SEM imagingE 5
o 84EY REEHE AF

25 Aztol
el 247t BAHUY 7] A Ho|1E AOHJ AHE 2ol %oﬂzaait% asrt A3 ¥
o= Lol FEIE mATE W AL e otk ol F A 3Yel A AuEC]

Sk

FoRbgo] FPHOoZ A ©AMZE(CaCO;)H ol EH A0 Efettringite) LE]
(CaOHy)°] FE A== Zo] #FEHIUH
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1
1
: 4 23 |
UP-0 | 2 LM A \ }
PO 0, SV 'I'-- -.__......_W:“m__,_;._h..mm.--"*]l Muad W Wimernm AL o e il ™Mt N
4
1 | 23 1
5 . i 2 1
UP-5 ] 3 ) i
2
1 |‘| |'| ||| 1
r | 2 1
UP-10 I 2 O R A ik
______ R L I, NI — | 1‘*'-_)"‘__,.' e L.\_‘,'-__‘tﬂ\___“-u_*"lﬂ_l_n,f'l ",._,‘,lr“\m,x,\.\.___luxﬁ_;\—-.__,} _p,l"-,“_'__ i
23
4 2
. 1 2
UP-15 =
M

Two-Theta

L4EQ Ho]~EQ XRD pattern

9 Ol 24FY Hol2E tgh XRD analysis 235 YERATH o714 SCHl
A2 849 HuE Y3 Z2FAY vlES NHE  12&H 2 ZFolRWA = 5:3:2)F
< UP-03% TL3A AAT s 3ot

EduietS A= XRD o] FARSHAl UEb L QAT urea Yol o
g 7H FoF EAoEE @A E(CaCoy) w2 5718 AL (Ca(OH)y) o &%

a7 AJAFAE, ol #9 334 (o), (o= o] 7hsstth
()= urea®} water®] WrE2lo =z <tmuyolel Ehik(acid)S WHEHW <

E3A oAl cooling effectE WEPATE 7|4 =Yoo} 7p2

FgAY, B4k HAFER ol dol ARES FIkg&

(Ca(OH),) ¥ES(d)sHAl == Heolth (o0& F3l Figest & &itds 5

, ° T AWME FALE syl SibzE s

o] S
AA .
352 24 siAY WS SAATIs o 23E

i

ol rlr
ox

Hol AME $HAS APY 5 oW TR FAL Uehit zow Fsgon,
o9 |24 WAUEH A5t H5A3 Fol FAo AEHUG o] £ wAUZ I
e Aol AAA Aol 14 2 MFS AANY, L ANES Fa T JEER
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U 84FY ZIE HIREA R o9 E-q%uT 45 4

olN

() 7N =

A N2APAAE kol 712H W S4o) B AMAFS FARAT. Sas
23 sl g0 £EF A AL Avel ule $5F Ao HQ HUom,

o] ol ARE F5E B 54
= #agt ey oldd 5
SAd H2W 5 A Ao 7

J= AoZ ARHAS.

Q) Ad A%

T B M 21
AA 71 =7 = (MPa) 3 21, 24, 27
w/b (%) 3 45, 50, 55
iz
53X €92 (mm) 1 150 + 30
53 7= (%) 1 45+1.5
24 EJE (Binder x wt.%) 5 0, 5, 10, 15(V), 15(W)
1% A9 E(OPC) OPC 100%
H S < _
T AR B ) b
o 71E Case.l 3 FA20% " + BS30% "
" Aw
A3tA) Case.2 LHC® + FA 20%

a) FA20% : OPC7|& Z&}o] ol Al(Fly-ash) 20% =3t
b) BS30% : OPC715 1=2E ¥ 1 1 & (Ground granulated Blast furnace Slag) 30% X|3F
¢) LHC : 4% AIEXEW =AM E(Low-Heat Cement)
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2489 ZIAYUE uFEAA G EE)
No.| wWigw | Wb | Sa | A | W HAFF (kgm’) SP? VAP
(%) | (%) | (%) |(kgm’) C | FA | BS | S G | U |(Bx%)|(Bx%)
1 450PC 165 | 367 | - - | 828 | 934 | - 0.8
2 45059 165 | 367 - - 812 | 915 | 183 | 0.8
3 45010 165 | 367 | - - 1795 | 896 | 36.7 | 08
4 | asuisevy | B Y1345 | ges | 367 | - - 1778 | 877 ] 55 | 08 | 03
5 | 45U15(W) 145 | 367 | - - 1802 [ 904 | 55 | 08
6 | 45FA-BS® 165 | 183 | 73 | 110 | 812 | 916 | - 0.8
7 | 45LHC-FA 165 |(293)9 73 - [ 819 [ 922 | - 0.8
8 500PC 165 | 330 | - - | 850 | 943 | - 0.8
9 50U5 165 | 330 | - - 1835 | 926 | 165 | 08
10 50U10 165 | 330 | - - 1819 | 909 | 33 | 08
11 | 50U15(V) | 50 | 47.7 | 45 165 | 330 | - - | 804 | 892 | 495 | 08 | 03
12 | 50U15(W) 147 | 330 | - - | 826 | 916 | 495 | 08
13 | 50FA-BS 165 | 165 | 66 | 99 | 835 | 926 | - 0.8
14 | 50LHC-FA 165 |(264)° 66 - | 841 | 933 | - 0.8
15 550PC 165 | 300 | - - | 871 | 947 | - 0.8
16 55U5 165 | 300 | - - 1857 | 931 | 15 | 08
17 55U10 165 | 300 | - - | 843 | 916 | 30 | 08
18 | 55U15(V) | 55 | 482 | 45 165 | 300 | - - 1829 [ 901 | 45 | 08 | 03
19 | 55U15(W) 148 | 300 | - - 1850 | 924 | 45 | 08
20 | 55FA-BS 165 | 150 | 60 | 90 | 857 | 932 | - 0.8
21 | 55LHC-FA 165 |(240)° 60 - | 862 | 938 | - 0.8
a) SP : 31/d°5 %A (Superplasticizer) ~ d) 45U5 e) 45FA-BS

b) VA : S A (Viscosity Agent)
©) () : AGEXENARE

L 9% BYE Bxwt%)
24 EYHF

ARA FF
w/b (%)

| —

wib (%)

T8 Bt d=
2 ope 54 > EHE, FI|F
1w
239 E ~ )
SHAEA > AHE SAANZE 24 (24, £2)
FAE(EshEAY | » S3YUE SFAE (3, 7, 28, 56, 91 A=)
s W4 > 27 Bksl A A (Co, X7, 14, 289 A H)
o
ZAadE )
FEFEA > ZAYE Zo|H3} (~56Y AH)

> ZAYE GI2EYS (~T7L

%)

_37_



A Wre A MRS ASETE Ury, A3AAE wooll & dAVIE 4
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