High Performance Concrete Engineering

Homework #1 (Deadline by 6pm on Sep 27"

Submission of hand-written homework will be accepted.

Total 100 marks

(a) What is the environmental benefit of Roman concrete? [10 marks]

(b) Explain the CO2 emission process in cement manufacture and its
environmental impact [ 10 marks]

(c) Explain the difference among cement paste, mortar, and concrete. Also
explain the difference between cement and clinker [10 marks]
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(d) Explain why we sometimes use Bogue equation to estimate the cement
phase composition. [10 marks]

(e) Explain why calcium sulfate is intentionally added in clinker to produce
cement. [20 marks] '

(f) Explain why type V cement contains lowest amount of C3A. [20 marks]

(g) What are the definitions of initial and final set times? Correlate those two
set times with certain periods in the graph of rate of heat liberation from
cement hydration. [20 marks]
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(AL What T8 the envirommentd demelit of- Roomam concrete?

~ Rowmom concrete WAt vmade whidh  Mydyaulic Rommam cemmem-
With red voleawic uwff as aggregate and volame ash.
- Whem omaltmg the Roomam covicrete, the Pozzolawic reaction s oceur:

QOE%O\OW\ + (a(OH)2 *H20 —> C —S — \/

- Tats veacton goes Slowly at ampiem+ temperatmre .
Therefore . s process mee ded much less fuel ham  amodern
Pordomd cermemt

= The fmmal product of omakimg Romam conevete s Caletumn ~ Sl
Hydvates  (¢-$-H) . That 15, the Romoam conuete has hyahaulte
pyoperty which 1S able to vestst o water.

= Thevefore, the Romam contrete was usetul £or various consructong

- Moveover, the RBormam cownerete it duraple due o volcamtc ash
which prevemts oragkes  4preading

\



(V) Bxplatn the (D2 ewTssion process mn ceomemtt mamubatbuye amd s
enviyponame otal me\\)ada.

= T wmodern socTety. ordTmary Portlamd cawemt Ts -bhe. veprerentacTie
cemen+t o various  consteruction.

~ Howeveyr, m the process of avomufactmring the drdmmary Portland
cememt e Dz 15 wleased ar beliw reaction.

LTvmestome ‘;ﬂ CaD + (D2 i
C\o\,\, ey St02+ AlaDz+ TeaDs
heaktong 3(a0 S0
at @espeC
L—T/W\eé‘k‘of\’\ﬁ + Clou —_— lCAO -S<0= -+
! 3000 #1202 CO-
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= A< chown ™ the avove process, ome tom of prdimary Portlamd cemmemt
dinker releases  eme tom of (O
i A\emge,ly, Ve | panom consumes 0. Ftom of cawent Ammually
= Qurrepbly, @memt productiom To respomsthie for S8 % of-
aloval (0= emmissTom
= Imotase of Eorea, the avmual cememt productiom Ts SOmTiTom Tone.
~ That wmagms, L 2tom of C0a velease oMy Dy A korea persom ammually
— Ao, durimg We prcess of emakTmg cememt, huge emergy tput
U mecessary  Up o 1BSD'C. T w1y procedure addTtiomal amount
ol (02 s eleated
— Moreover, o braniport -the wewemt +o contthution stte or
other plaes, (D2 emiutom & occur
— Thece miake humam o have ve,spovmbﬂv-by 0 —the eV yomewnwemt
Tn =emns of (D2 emaiestom |
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(C)_/\ELP\LU\Q the diffevewe aompmG ecmemt PAche_, aMOTHAY, and conevete.,
- 80 explatn the dHeene between etmmemt gnd cnben

- The cemmant paste T consisted of camemt amd \ater

~ The mwortar i constuted of cememt watey . dud fime aggvegate
Under domm Im obher worde. Bhe mortar s congtited of-
tememt paste amd the frwe aggregate

T The conuete s composed of et water, £me aggregate omd

coarse aggregate.
W

— Chimker i§ the moterial Uied For emaktmg Portlamd cement.
Thrs ¢ composed of- 28, C28. Cah amd GGAF

— And the temwente U amade wreh <dtker amd gypaum.

T Gypsum s added to chimker +to prevestt fash cet,
Gypsuon omly veacts with (A, and ™ makes Errmgte
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(A%E)q»lam vo\m/ WE Sometiomes usé Bo@ue eqjuaﬁon +to estiomate thé (erwent
Phqse Compo s won.

— The Bogue CDD—\AO:E:?OM s used —to calcun\ate the Q?\‘)YDX?NMQ"(‘Q

proporcioms of the fowr maTm  avmesals m Portlamd »

cememt.  limkeen

= The four maim mTMErAs ave +rio\cTumn ct\Tate (CeS),
dicalctum ¢tlteote (C2S) , wytta\ciumn Rumaimote (3 A) amd
tevocaleTum  AlumTonoferrite (CaAF).

~ The Bogue eguatiom T presemted as helow.

(2SS = 3(a0 -S:02 = 407 G0 - (Fb0S02 b F2A1Ds t1 43 Te 203 +235803)
CaS = 2(aD SiD2 = 2¥F8Wa— 0.F5%(RCaD Si02)

Cafh = 200 Ala0z = 2.6541.0: - | Fe203

C4AF -

—.

4D A\LDB’FGLOB = 3.0 Tel3

= Throuwgh The ca\awatiom O’F"&PPYDXVW\&'*Q PYDPOY-£iDMs of mamm

~werals, i+ cam be foumd the proper— usage of the cememnt.
— Alss, bhe proporeioms of Bhe awTamerals of cememt determmes
the gualty of the cemenmt

- The Wdvatiom reaction ditfers alomg wibh e amweval
proportio ms.

— By dealing  with e amtneral  comtenrts ohtatmed through

the. Bogue equatiOm, de(Trable ceommemt cam be prepared
-1Co rocertaim <comitructTiom oy  USAge
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(er\’:’xplam why - caletum sulfate & tntentomally gdlded o cemberto Fr\vc\wca
CCme it

- The chimker % constited of triaaldum sTiteate (C3 ),
decalctum  stltate (C2SD amd —ricalcaunmm aluwimate ¢ CzA)

= Purtong the reactiom, CzA veacks wgtth witer, amd them ,
it emakes caletumm Mydvates 08 below whweh lead o flath cet.

2(3A + D ———> CeAtiz + (2 AHg »

= Flch ser qaues mapd hovdemiong and 1+ decomposed  later

- Therefore, +to avotd Ham e, calctuw sulfate should be added.
For this purpese, -the calciumn sulfate, gypaumi, e used.

T Gypeawn  omly Yealks with bricalctum alumimate (CiA) amd
makes  Srtrimgite.

a . S
(3 + 3Tt abH — ATz Hr2

= Howeverr, whem gypsum TS Mot emough to commpletely réatt with
Goh, bhe wttringTte decomppsed to mpmosultate.
Them 1t affected by sufate frowm ground wites amd $o om.
s Very eritial tp comugte because it occuve —Hhe
volume expanSiom wWhich cante  cracks —to -he narete.
- ‘T\ewg\ﬁoye. = TM?DY‘-&&M{' 4o halameimg  -the 05\46«\—\—?:\{ of-

IYpUM ko meet bhe clemomd of sulfate. -




(F Eplacn. why type V cememt  contans  lowest ammout of- GA-

~ TType V comemt 16 sulphate vestetimg Portlomd cememt .
Thevefore 1+ s Appropriot€ to W€ T STtuattom siojected o
high sulprate contemts Such As Ground water or ol uith
nigh covrremts.

— T, o balamcimg -the =ulphate, the lowest aomout of C3A
shpuld be used , amd allp  lower ampumt of gypsumt should
be wed For “type V cemmemt Hum otheyr type of cements

T I the cememt affected W grund water oy <ot wWeth
hgn  pertemrages of sulgnate and  veact wtbn  the rest of-
GA, awore ettringries e formed lacter.

And e T cawses  volume expamiom omd crocks.

— Thevefore, lowect Comtamt od A Should ve comtatmed

For the “ype  V cememt
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(ff\\«)ka-{— ave the defiwitions of ivtital amd foval et Loves 2 Convalate
those w0 Set Hmes Wrbh certtin  periodS tn +he graphof rote of
heat (tberotion from cermem+ hydanc?ov\.

T The wTtTo) S8t -Emwe TS the tTme period 4ypma  —bhe wmomemt
ot water 18 added 4o e Lement o stiffem wenitderably amd

A Mo lpmger be molded
= The Lomal set +ime S e +ime penod HFromm e anmpmemt

ot wWoker & added o the cememt —tp ke hardemed
0 e pomt Whem =+ oM YeeTet sowme load.
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STAGEL STAGEZ 'STAGE3 = STAGE4- | STAGES 7 Tiwwe
MTXTIMY Dormamey Hordemtong ahMﬁ Py ¥Tas 7T Faxomeab T\ 2y

"4-\-0\9@ 1 MTxTeng) di¢colutiom
- é—wge Z(Dorm\o\mq) L ImdweATiom
- éme,e 3 (Hardemmg) ' acceleyotion
'%&3434- (Loo\tmg) ' decelexstion
= S1age 5 (Damitlication) + SHeady _
T STnte bhe hydrotTom process veleases heat, vefore YT5TmG  heodt
Fbaratipm 8 e ewttial  sédtimmg Yiome,
~ And during hardemTmg protess the heat lesps eleasivmg.
Whem he tTme  wach Frmal Sé‘-t-f’/”mg, the s—t-mu\g)hs TMELVEALES
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