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w#; much l e u  v a r ia t io n  o f e f f e c t iv e  cem ent/w ater r a t i o  In the 

ro ta te d  apeclmen. A lso he ea tlm ated  th a t  a t  28 day* th e  a tren g th  

d if fe re n c e  between th e  two apeclmen; wculd be 8% and th a t  w ith in  

t i e  n o n -ro ta te d  apeclmen th e re  would be a 25$ v a r ia t io n  In 
a tre n g th  from top to  bottom due to  aeg reg a tlo n .

2 .4 .2  M ixing, Moulding end Curing Procedure# fo r  P a :te#

O rdinary P o rtlan d  cem ent, complying to  SMS 471 (1482)26, waa 

weed fo r  a l l  th e  p a a te a , m o rta r; and con ere tea  In th la  
In v e a tlg a tlo n . The cement was rece iv ed  frea h  from the  

sm nufacturer In one b a tc h . Each pocket o f  cement wea then atoned 
In  an a i r  t l f i t  drum in  the  la b o ra to ry . T h is ba tch  o f  c eamnt  wa* 

used fo r  a l l  the  t e a t s  c a r r ie d  ou t In th i s  in v e s t ig a t io n .

The p a s te s  were batched by mass allow ing  fo r  a 20$ w astage 

f a c to r .  An example o f the  mix design  la  given below fo r  a 
cem ent/w ater r a t i o  o f  2 ,1 .

Volume of p a s te  Vp « 4 x 40 x 40 * 160 x 10"* « 1,024 x 10-3 *3

Allow 20$ w astage, V, - 1 .2  x 1,024 x 10-3 .  i , 2zg % io -3  m3 

For 1 l i t r e  o f w a te r , and cem ent/w ater r a t io  (c/w l » 2,1

mass (kg) a b so lu te  volume (m3)

w ater (P.O. * 1,00) 1 1 -  1,000 x 10-3
TOW

cesen t (P.O . « 3.14) 2.1 2.1 « 6 ,688 x 10-4

v' « ab so lu te  volume v ‘ 1,669 x 10-3#3

Therefore fo r  a mix of  Yp « 1.229.10-3m3

water  requ ired 1 x 1,229 x 10-3 
1:569 x K M

0,736 kg

cement requ ired 2.1 x 1,229 x 10-3 1,546 kg
1.559^x TO--:



T#b1# Z .l give* th e  pax te  mix p ro p o rtio n : fo r  the  cem ent/w ater 

ra t io *  u ied  In th e  p ro je c t .  Tlie cement and w ater were batched on 
a balance ac c u ra te  to  O .lg . The w ater wax ilow ly  added to  the  
cement during  th e  f i r s t  two minute* o f m ixing. The c o n i t l tu e n t ;  
were hand mixed fo r  approxim ately  6 m inu tes. G reat c . r e  war 
taken to  e lim in a te  unhydrated lump* o f cement to  ensure an even, 
samoth te x tu re  In th e  mix. The cement p a a te  wa* poured in to  the  
mould up to  about th e  3 /4 m art and th e  mould t a i l e d  on a ta b le  

approxim ately  50 tim e: to  e lim in a te  a i r  bubbles e n tra in e d  In the 

mould.

Table 2 .1  Mix P ro p o rtio n s  f o r  Cement P a s te  Primes

Cement/Water
R atio

c/w

Mas* of C#s*mt

9

Mass o f  Water 

9

2 .4 167? 679

z . i 1546 736

1.8 1405 78:

1.5 1067 889

The*e a i r  bubble* were removed fro ii th e  top  su rfa ce  by a s p a tu la , 
the mould topped up to  th e  brim and th e  top p la te  q u ick ly  screwed 

In p la c e . Only one mould wa* poured a t  a tim e to  help  e lim in a te  
b leed ing  In the  mix. The mould wa: I immediately t r a n s f e r re d  to  the  
r o t a t i n g  machfr:< and r o t a te d  to p revent se g re g a tio n .

The remaining p a : t e  mixture w*« then remixed by hand fo r  
approximately two minute"; to  mix In water  which had b led  to  the 
toy o f  the mixture.  T h l:  procedure wa: repeated  u n t i l  a l l  the 
pas te  mould* were f i l l e d ,  t t  wa* found t h a t  a l l  cement/water  
r a t io *  were pourable and b leeding wi:  more acute  In the lower 
cement/water  r a t i o * .  For mould p re p a ra t io n  :e e  Appendix 0. A: 
prev iously  s t a te d ,  due to the problem of void formation In the 
low c/w r a t i o  p r i sm ; .  I t  wa: found nece**ary to add a suoer-  
p l i s t l c l f l n g  admixture (P ro -S truc t  537) to  the 1,5 cement/water



rm tlo  mixes end th i s  gave an acce p ta b le  specimen on demouldlng. 
This a d e ix tu re  reduced b leed in g  by p rev en tin g  f lo c c u la tio n . 
Alexander*? a lso  showed th a t  t h i s  aA elx tu re had no e f f e c t  on 

e l a s t i c  modulus o f c o n c re te , th e re fo re  the e l a s t i c  modulus r e s u l t s  
would no t be ad verse ly  a f fe c te d .

The p a s te s  were deeexilded w ith  g re a t  c a re  and s to re d  In  a w ater 

cu rin g  tank kep t a t  22% » 1% . D esp ite  a l l  p re c a u tio n s , soaw 
speclasens on deasouldlng o r a f t e r  f a i lu r e  con ta in ed  s iz e a b le  voids 
e i t h e r  e x te rn a lly  o r  I n te rn a l ly  w ith in  th e  specimen. Thus th e  
re s u l ta  t  e l a s t i c  modulus value would be a f fe c te d  by th ese  voids 
and hence I t  o f te n  took sev era l se p a ra te  c a s t in g  o p e ra tio n s , 
e s p e c ia l ly  fo r th e  lower c/w r a t i o s ,  to  ach ieve s u f f i c i e n t  void- 
f re e  specim ens. Another a l t e r n a t iv e  t r i e d  was to  tak e  th e  sea led  
mould and v ib ra te  I t  s im ila r  to  th e  techn ique  es^loyed  by S tock , 

Hannant and W illiam s**, but th i s  was found to  be an u n s a t is ­
fa c to ry  s o lu tio n . The reason  fo r  th e  voids was thought to  be 
pockets of w ater which b led  o u t o f  th e  mix and then ev ap o ra ted , 
leav in g  macrovoids In th e  cement p a s te  prism .

2 .4 .3  MorLar Mixes

P rism a tic  specimens w ith  _am ent/w ater r a t io s  o f 2 .4 ,  1 .8  and 1.5 

were c a s t .  All specimens were te s te d  In a s a tu ra te d  s t a t e  a t  28 
days. Four prism  specimens were c a s t  In th e  moulds used fo r  the  
p a s te s  fo r  each cem ent/w ater r a t i o  and each aggregate  sand type.

2 .4 .4  M ixing, Moulding and Curing P rocedures fo r  M ortar Mixes

The mix p ro p o rtio n s  fo r  th e  m orta rs were e x tra c te d  from the 
co n cre te  mix designs and a re  ta b u la te d  In ta b le  2 .2 (a )  and 2 .2 (b )  
fo r g ra n ite  and a n d e s lte  m ortars r e s p e c tiv e ly .



The m o rta r: were batched  hy m*s*. such th a t  the  a b so lu te  volume 

of m ortar fo r  th e  two d i f f e r e n t  agg regate  types waa I d e n t ic a l .
The f ra c tio n s  fo r  th e  m orta r were e x tra c te d  from th e  various 

c o n c re te  mix designs (se e  a p te r  3 ) .

*11 th e  c o n s t itu e n ts  were weigh batched on a balance a ccu ra te  to  
O .lg . The cement was added to  th e  sand and tho? aighly mixed fo r  

approxim ately two m inutes to ensure  u n ifo rm ity . As w ith  the  
p a s te s  the  c fx  w ater was added o v tr  the  f i r s t  two m inutes of 

m ixing. Tt# c o n s t i tu e n ts  were hand mixed fo r  an a d d itio n a l f iv e  
m inu tes. T te m orta r was then poured In to  a s te e l  mould. The 

mould was f i l l e d  c o ^ l e t e l y  w ith  th e  mix and then  v ib ra te d  fo r  
t h i r t y  seconds on a v ib r a t in g  ta b le .  This ensured  adequate 
compaction and d e -a e ra tio n  o f  th e  specim en. The *%.'(? was se a led  
as p rev io u sly  d escrib ed  and b o lte d  onto  the  ro ta t in g  a p p a ra tu s . 

The rem aining m ortar was remixed by hand fo r  approx im ately  two 
m inutes to  reb lend  th e  w ater which had b led  to  th e  su r fa c e . The 
procedure was rep ea ted  fo r  a l l  specim ens. The orism s were 
ro ta te d  fo r  1 5 -1 *  b e fo re  demoulding. A 'te r  demoulding they were 

tr a n s f e r re d  to  a w ater bath  to  cure fo r  28 days In Id e n tic a l  

c o n d itio n s  to  the  p a s te  specim ens.

The m orta rs were e a s ie r  to  mix, mould and demould than th e  

p a s te s .  The specimens were more ro b u s t and d id  roc  re q u ire  
rep ea ted  re c a s tin g  due to  voids as d id  th e  lower cem ent/w ater 
r '+ lo  p as tes

2 .4 .5  E lectrodynam ic T estin g  o f P a s te s  and M ortars

Before t e s t i n g ,  each specimen was su r face  d r ie d  and weighed on a 
balance accu ra te  to  O .Ig .  Then the physical  d imenslois were 
meaiu 'fd  a minimum c f  th re e  times by mean" o '  a v e rn ie r  sc a le  and 
c e n t re  l i n e s  wore measured and marked in  p e n c i l .  A f te r  each of  
the  dynamic t e s t s  the  pr1sm« were r e tu rned  to the cu r in g  tank.
The theory and a p p l ic a t io n  of the e lec t rodynan lc  modulus 

de term ination  1s covered In A,-oendlx E. E s s e n t i a l l y  i t  Is a
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n o n -d w tru c ttv *  convenient method of m easuring th e  s t i f f n e s s  of a 
specimen. The specimen Is  v ib ra te d  and I t s  n a tu ra l frequency 
deterarined and hence the dynamic m o d u l u s  of e l a s t i c i t y ,  E j ,  Is  

c a lc u la te d . B a s ic a lly  a t e s t  specim en, in  th i s  case a p rism . Is  
supported  a t  I t s  nodal p o in t ,  so  th a t  I t  may undergo f r e e - f r e e  
v ib ra tio n  w ithou t s ig n i f ic a n t  r e s t r a i n t  (1e fo r  lo n g itu d in a l 
v ib ra tio n  I t  Is  supported  a t  th e  c e n t r e ) .  The d r iv e s  and pick-up

a re  shown In f ig u re  Z .10. The specimen I s  fo rced  to  v ib ra te  a t
v arious fre q u e n c ie s ; th e  frequency of v ib ra t io n  th a t  g ives 
m axim # a a p lltu d e  In d ic a te s  th e  fundamental frequency. Eg was 
c a lc u la te d  u sin g  th e  exp ress io n  g iven In  appendix E.

The la b o ra to ry  procedure I s  covered b r ie f ly  In th e  fo llow ing  
s e c tio n .

The cured specimens were removed from the  c u r in g  tank a f t e r  28 
days and t h e i r  dim ensions and mass measured a c c u ra te ly . The 
prism s were wrapped In p la s t i c  wrapping to  p rev en t m oistu re  

lo s s .  Ind iv id u a l prism s were mounted In  th e  electrodynam ic 
ap p ara tu s as shown in  f ig u re  2 .1 0 . The v ib r a to r  and s ty lu s

p lck-uo  were p o s itio n e d  a c c u ra te ly  and the  frequency o f  the
v ib ra to r  v a r ie d  by means o f  th e  frequency g e n e ra to r . When a peak 
o r  maximum a # 1 1 tu d e  occurred  on th e  o sc illo s c o p e , th e  frequency 

was read  o f f  the  frequency g e n e ra to r . This peak In d ic a te d  th e  
n a tu ra l frequency o f  th e  specimen under t e s t .  Each frequency 

ta b u la te d  was an average o f  th re e  re a d in g s . The frequency was 
v a r ie d  u n t i l  th e  Mxlmum peak appeared on th e  o sc illo sc o p e  
In d ic a tin g  the  n a tu ra l frequency. T his was reco rd ed , th e  
'i-eouency reduced to  ze ro , and th e  procedure rep ea ted  to  give 
th re e  values of th e  n a tu ra l frequency .

Subsequent to  the electrodynam ic modulus dete rm in a tio n  of th e  
p a s te s  and m o rta rs , a frequency co u n te r was In troduced In to  the  
c i r c u i t  to  enable the  p p e ra to r  to  o b ta in  a more a ccu ra te  read ing  
of the  n a tu ra l frequency. T herefore a l l  th e  n a tu ra l freq u e n c ies
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Table 2 .2 ( a )  Mix Propor t ions  fo r G ran i te  Mortars

CEMENT/WATER WATER CEMENT SAND
RATIO 9 9 9

1.5 365 576 1751

1.8 385 694 1650

2 / 385 924 K M

T#M# 2 .2 (b )  Mix P ro portion*  fo r  A ndoilt*  M ortar*

CEMENT/WATER
RATIO

WATER
9

CEMENT
9

SAND
9

1.5 385 576 1883

MS 694 1775



of co n cre te  were measured using  th e  frequency c o u n te r . The 
electrcdynam ic modulus r e s u l t*  fo r  the  p a s te s  and m orta rs must 

th e re fo re  be t r e a te d  w ith  cau tio n  due to  th e  "crude" measurement 
o f th e  n a tu ra l frequency . The measured frequency was "crude" 1n 
the  sense th a t  th e  frequency g e n e ra to r  could  only  be read  to  the  
n e a re s t  0 ,5  kHz. whereas th e  frequency co u n te r gave read ings 

ac c u ra te  co w ith in  10 Hz. S ince Ey Is  p ro p o rtio n a l to  th e  
frequency sq u a red , th i s  would r e s u l t  In  an e r ro r  w ith  r e sp e c t to  

th #  dynamic modulus e s t  mate However, th e  frequency g en e ra to r  
we* l a t e r  c a l ib r a te d  a g a in s t  th e  frequency co u n te r  and th e  

I n i t i a l  r e s u l t*  fa c to re d  acco rd in g ly .

The r e s u l t s  o f  e1ectrody***1c e l a s t i c  modulus t e s t s  a re  given In 
appendix E fo r  th e  hardened cement p a s te s  and m o rta rs .

2 .4 .6  U ltra so n ic  T esting  o f  P a s te s  and M ortars

ihe theory  and a p p lic a tio n  o f th e  u l t r a s o n ic  modulus method I s  
covered  In Appendix F . T his method I s  b w ed  on th e  f a c t  t h a t  the  
v e lo c i ty  o f  sound, V, In a m a te r ia l i s  r e la te d  to  th e  e l a s t i c  
modulus, E, by th e  exp ress io n

where p i s  th e  d e n s ity  o f  the  m a te r ia l .  S ince the  p u lse  v e lo c ity  

depends only on the e l a s t i c  p r o p e r t i e s  of  th e  m a te r ia l  and n o t on 
th* geom etry, t h i s  Is  a very convenient  method to  a s se s s  th e  
u l t ra s o n ic  dynamic e l a s t i c  modulus. The appara tus  I s  shown In 
f ig u re  2.11 and I s  used to determine th e  p u lse  v e lo c ity  through 
th e  known leng th  of the specimen, [n f a c t ,  m echanical Impulses 
app l ied  to « m a te r ia l  genera te  th ree  types of waves: 
long i tud ina l  (comprcsslonal!  waves, shear  ( t r . n s v e r s e )  waves and 
su r face  (Rayleigh) waves. The long i tu d in a l  waves a re  the f a s t e s t  
and are the waves th a t  were t r a n sm i t te d  In t h i s  p a r t i c u l a r

(Z.%)



F igure  2.10 Pe*te Specimen Mounted In  Electrodynam ic 
Apparatus

Figure 2.11 U l trason ic  Testing  Apparatus



a p p lic a tio n . I t  *how)d be noted t h i t  the  u l t ra s o n ic  equipment 
wied fo r  the  p a a te ; ,  m ortars and concrete*  wa: d if f e r e n t  to  th a t  

uaed In C hapter 1 fo r  th e  rock c o re ; .  Petroleum  j e l l y  wa* used 
a« a coupling  agen t between the  prism  *nd th e  u l t r a s o n ic  heads. 
Fhe prism s were su rface  d rie d  w ith  a c lo th ,  th e  p u ls in g  heads 
firm ly  ap p lied  at each ends of th e  specimen and th e  u ltra s o n ic  

travel time recorded. Three measurements were recorded for one 
prime. The results for the ultrasonic dynamic elastic modulus 
tests are give* 1m Appendix F for hardened cement pastes and 
m o r t a r s .

2.4.7 Static Modulus Test of Pastes and Mortars

Th# prisms were marked w ith  c e n tre  lines and the gauge length of 
the static rig marked out. The statl rig Is fully described In 
Appendix 0. This facilitated the fixing of the rig to th* 
specimen and ensured that th e  extension of the prism under test 
was over the specified gauge length of 80mm. Th* rig was first 
fixed In the longitudinal direction, the locating screws both 
lo c a tin g  on th e  specimen a t  predeterm ined centre l i n e  pencil 

marks. This ensured  an ac c u ra te  gauge leng th  for th e  t e s t .  The 
LVOT ( l in e a r  v a r ia b le  d i f f e r e n t i a l  tran sfo rm er) and the  
a d ju s ta b le  screw were then lin e d  up by a d ju s tin g  th e  side 
lo c a tin g  screws ( th e  lo n g itu d in a l gauge len g th  now being f ix e d ) . 
The la te r a l  r i g  was p o sitio n e d  on the  In te rs e c tio n  o* th* 
lo n g itu d in a l and l a t e ,a l  prism  c e n tre  l in e s .  F ig u re  2 .12  shows 
a pas t*  specimen held  In the s t a t i c  p a s te /m o rta r  r ig .  The prism  

was mounted in  a Tint us Olsen machine anf connected up to  an X-Y 
reco rd er as d escrib ed  In Appendix C.

A p rd o a d  nf 0 ,5  MPa was a p p llea  to  the  specimen and held  
co n s ta n t fo r approxim ately one m inute. During th i s  time th# 
lo n g itu d in a l and la te r a l  LVOT'; were zeroed by means o f the 
a d ju s tin g  screws and * m u ltim eter. T h e re a fte r , th e  pens 
reco rd ing  th e  lo n g itu d in a l and l a te r a l  ex ten sio n s w rre a lso



F igu re  2.12 P*#t# Specimen Held in  S ta t ic  Te*t Rig



81

cen tred  a t  « convenient  o r ig in ,  usua l ly  the top l e f t  hand corner  

of th e  X-Y c h a r t .  The load  wai ap p lied  a t  a c o w ta n t  r a te  o f  24 
kN/mln l i e  15 # a /m 1 h ) up to  f c /3 . where f ;  wa; th e  28 day 
c c # r e H lv «  s tre n g th  o f  the p as te /m o rta r  a» given In Appendix C. 
(See a1 ;o  a d d itio n a l no te  on p 9 1 (a H . For each c*m #nt/*at*r 
r a t io  the  28 day s tr e n g th  wa* a ie e r ta ln e d  from a ce#en t/w ate r 
r a t io  a g a ln i t  cube i t r e n g th  g ra p h ^ . One th ird  o f  th i s  

s tre n g th  wa* c a lc u la te d  and a corresponding e l a s t i c  modulus t e s t  
l im i t  load o r  load  was c a lc u la te d . Table 2 .3  shows the  'E ' 
loads 1e one th i rd  o f  th e  expected f a i lu r e  load  fo r  p a s te s  and 
m orta rs .

Once the load was reached , th i s  load was he ld  co n s ta n t f a r  

one m inute. The load  was then removed a t  a r a te  o f 24 kN/min and 
held a t  the  p re -lo ad  fo r  one minute. The X-Y re c o rd e r  pens were 

re -zero ed  and th e  specimen again loaded up to  th e  E' load  and 
unloaded, as d e sc rib e d , to  produce two more c y c le s . The e l a s t i c  
modulus of the  specimen was determ ined from th e  th i rd  p lo t .  
F in a lly , the  pens were re -z ero ed  and the specimen loaded a t  24 
kW/mln up to  f a i l u r e ,  w hile  the machine and X-Y reco rd e r  s e t tin g s  
were a l te r e d  acco rd in g ly . The r e s u l ts  o f th e  s t a t i c  e l a s t i c  
modulus t e s ts  are  given In ta b le  2 4 fo r  p a s te s  and ta b le s  
2 .5 (a )  and 2 .5 (b ) fo r  g r a n i te  and an d e s lte  m ortars 

re sp e c tiv e ly . The f in a l  column of the  ta b le s  In d ic a te s  the  
f a i lu r e  mode of the  specimens which Is  d iscussed  In 
paragraph 2.S .1

2.5 MSUITS

I t  was o r ig in a lly  hoped th a t  the most Im portant r e s u l t s  would be 
those derived  from th e  s t a t i c  t e s t i .  In o rd er to  be used In the 
th e o re t ic a l  model; to  determ ine p red ic ted  e l a s t i c  modulus values. 
These r e s u l t s  w ill he d iscu ssed  In d e ta i l  In th i s  se c tio n
followed by comparison with u l t r a s c n lc  and electrodynamic modulus 
values.
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N ot*:- Th* *xp#ct*d fa i lu re  « tre* w *  fo r p e i t e : ,  m ortar* and 
concre te*  were taken from one curve fo r  co n cre te  In the  ab*ence 

o f  a* re  ex ac t Inform ation. The w r i te r  I ;  aware th a t  f a i lu r e  
:tre * * e*  fo r  p a ite*  and m ortari would tend to  be greate"- than fo r 
th a t  of co n c re te . However, the u*e o f  fg /3  fo r  th* c u r re n t  

t e * t :  wa* con*1der*d a con* l* ten t approach.



Table Z.3 E la s t ic  Modulus E ' Loads and Expected F a ilu re  
Loads fo r  P aste  and M ortar Prisms

C/W RATIO 'E ' LOAD EXPECTED FAILURE
LOAD

kN kN

1.5 14.9 44.8

1.8 19.5 58,0

2.1 23.5 70.5

2.4 27.7 83 .0



T a b l e  2 . 4  S t a t i c  E l a s t l i  M d u l u s  R e s u l t s  f o r  P a s t e s

SPECIMEN
LOAD AT 
FAILURE 

kN

STRESS AT 
FAILURE 

MPa

Ec

GPa
V FAILURE TTPE

C/w " l .S
1 12.9 8.10 4.60 0,27 F a ile d  due to  

Void*

2 12.0 7.S3 3.78 0 / 4 F a ile d  due to  
Void:

8

3 16,9 10.61 5 / 8 0.20 F a i l to  due to  
Void*

0

4 13.9 8 / 2 4.34 0.16 A

c/w » 1 .8
1 29,2 18.32 6.64 0 / 8 8

2 2 4 .S 15.29 5 / 9 0,22 F a ile d  due to  
Void*

8

3 18.9 11.86 5 / 7 0.20 F a ile d  due to  
Void*

8

4 22.9 14,35 5 / 7 0.17 F a ile d  due to 
Void*

8

c/w " 2 ,1
1 56.3 35.04 U .3 7 0 / 2 8

? 42.8 2 \4 4 12,18 0.23 8
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Table 2 .4 S t a t i c  E l a s t i c  M o d u l u s  P e s u l t s  f o r  P a s t e s  
( c o n t in u e d ) / . . .

SPECIMEN
LOW AT 
FAILURE 

U

STRESS AT 
FAILURE 

HP* GP*
V FAILURE TYPE

3 51.7 32.11 13.05 0.26 B

4 54.0 33.76 13.15 0.27 B

5 W .3 35.10 13.30 0,22 B

c /w 2 ,4
1 b_,.6 39,70 15.21 0.50 B

2 55.« : '.S 4 13.90 0.26 8

3 49.5 30.92 14,77 0.33 F a ile d  uu# to  
Void:

4 63.5 39.35 13.52 0.24 A

5 56.4 35.49 12.23 0.26 B
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Table Z .5 (e) S ta t i c  E la a t lc  "odulu* Reawlta fo r 
G ran ite  M ortara

r-

SPECIMEN
LOW) AT 
FAILURE 

t*

STRESS AT 
FAILURE 

MPa

Ec

GPa
V FAILUTE TYPE

C/w « 1.5
1 25.6 16.75 14.26 0,17 0

2 27.9 18,15 15,79 0.18 0

3 28.0 18,04 14.91 0.16 A

4 21.* 15,W 12.54 0.15 A

l  A# * 1.8
27.0 17.43 16.29 0.17 8

a 54.0 34.77 25.31 0,21 A

38.2 24,80 18.70 0.23 A

* 42.8 27.71 20,25 0,24 A

C /t - : 1
I 91.0 58.96 29,80 0.24 C

Z 84,0 53.87 29.77 0.25 A

3 81.8 53,13 29.76 0.26 A 4 8

4

........... .

F a ilu re  a t  30,0 tW g roaaly  conct 
T herefore r e s u l t  no t v ia b le .

'E curve.



Table 2 .5 (b )  S t a t i c  E l a s t i c  Modulus Resu l ts  for  
Andes 1t e  Mortars

STRESS AT 
FAILURE 

MPa
FAILURE TYPESPECIMEN
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2 .5 .1  Static E la s t ic  Moduli f o r  Past#*

A* s ta te d  1m w c tio n  2 .1 th e  ;tr# ;s -lo m g ltu d lm a l s t r a in  an<1 

* tr#ax -1at* ra1  s t r a in  curve* fo r paat*  ar#  c u rv i l in e a r .

F lg u r# ; 2 .1 3 (a )  to  2 .13 (b ) ;how co p l# : o f th e  X-Y reco rd er 
p lo t*  fo r  a pa$t# *p#c1a*n, e##*nt/w at#r r a t i o  o f  2 ,1 . Th«i* 
p lo ts  ar#  r a p ra w n ^ it lv #  of th e  recorded  p as t#  p lo ts  and ar# 
w ccp ss lv #  cyci#s om on# sp#c1m#n. The ax#s hav# b##n comv#rt#d 
to  s t r e s *  and s t r a in  by us# o f c a l ib r a t io n  f a c to r s .  The p lo ts  
a r t  a l l  c u rv i l in e a r  f o r  lo n g itu d in a l and l a t e r a l  s t r a in s  b u t n o t 
#xc#**1v#1y so . Tne load ing  and unloading  component* o f  the  
gycl#  ar# a ls o  nom llnaar. Th# i n i t i a l  curv# 1* mor# n o n lin ea r 

than  th# iucc#*s1v# cu rv#s. T his 1* probably due to  I n i t i a l  
damage and s t ru c tu r a l  change In th e  cement p a s te , n e w ly  

compaction o r  co n so lid a tio n  occu rrin g  w ith in  the  specimen. The 
slo p e  o f th e  I n i t i a l  o r  v irg in  curve  a ls o  y ie ld s  a lower #1a*t1c 
modulu* than th a t  o f  th# t h i r d  curv# fro#  which the  #1a« tic  
modulus was #* tim at#d. I t  can b# *##n th a t  th#  ar#a anclosed  by 
th e  h y * t« r# ;i*  loop o f  th# I n i t i a l  curv* I s  much g re a te r  than  

th a t  o f  th #  t u c c t s lv #  eye!#*. Thl* would be expected  *1nc# 
during  th e  "bedding in" cy c le  daaage would occur and energy would 
be d is s ip a te d  to  a g re a te r  e x te n t than  In su ccess iv e  c y c le s . 
F igure*  2 .1 4 , 2.15 and 2 .16  *how ^epr#*#ntat1v# curv#* fo r  
c/w « 1 ,5 , c/w « 1 ,8  and c/w « 2 ,4  past#*  r# * p # c tiv # ly . Th# 

curve* fo r  th# p a s te s  show th a t  cwaent past^«  a re  b r i t t l #  
m a te ria l*  and f a i lu r e  was always sudden, accompanied by sound 

eml**1on from f a i lu r e  c rack* . However, I t  **i*t a l*o  be mentioned 
th a t  b r l tt le n e * *  depends on the  type  o f te* t1ng  machine used. 
Testing  machine* may be c l a s s i f i e d  as h a r d  ( v e r y  r i g id  m a c h i n e s )  

o '  s o f t  ( l e s s  r ig id  machines).  With a h a r d  m achine, t h e  m a c h i n e  

head w i l l  not f o l l o w  r ap id  d e f o r m a t i o n s  o f  th e  specimen; a s o f t  
machine wow'd follow t h e s e  d eform ations. T h e  m a c h i n e  u s e d  in 

t h i s  In v e s tig a tio n  1s n e ith e r  com pletely  hard nor com pletely 
s o f t ,  but would tend to  being a s o f t  machine. The curves a lso  
show t i a r  when t h e  spec mens w e r e  held  a t  the co n s ta n t E - lo a d ', 
t h e  p i . f e  e x h i b i t e d  mo,e  c r e e p  I n  th e  lo n g itu d in a l d i re c t io n  than 
I n  t h e  t r a n s v e r s e  d i r e c t i o n .



The s t a t i c  e l a s t i c  modulus was determ ined by choosing a 
convenient p o in t near the  'E -1oad' value and the X, Y1 and Y2 
d istan ce*  measured back to  the tru e  o r ig in , see f ig u re  Z .l* .
The slope  o f  the  p lo ts  were ex tra p o la te d  back to  zero to  
compensate fo r  'bedding In ' of th e  r ig  which was not 
r e p re se n ta tiv e  o f the  s t r e s s - s t r a ln  p lo t  (sec f ig u re  2 .14).
This produced a small h o rizo n ta l p o rtio n  near the o r ig in . 
Although th e  p as te s  showed c u rv il in e a r  s t r e s s - s t r a 'n  
r e l a t l c i s h lp s ,  the  cu rv a tu re  was not as pronounced as In the 
m ortar and co n cre te  p lo ts .  Thus th e  p as te s  tended to  b» more 

l in e a r ly  e l a s t i c '  In behaviour than m orta r; and concre tes of 
Id e n tic a l c/w r a t i o .  Table 2 .6  shows th e  average values of 
s t a t i c  e l a s t i c  m oduli, prism co ap resslv e  s tre n g th  and s t a t i c  
P o lsso n 's  r a t i o  fo r the various cement p a s te s .

Table 2 6 shows th a t  th e  values fo r  p r ls*  c o # re s s lv e  stren g th  
and s t a t i c  e l a s t i c  moduli fo r  the cem ent/w ater r a t io  pm stes, 1.5 
and 1 ,8  seem to be u n re p re se n ta tiv e  o f t ru e  m a te ria l behaviour. 
The expected  f a i lu r e  s t r e s s  fo r c w e r t/w a te r  r a t io s  1.5 and 1.8 

was 28 MPa and 36.3 MPa re sp e c tiv e ly . T ils  i s  a d if fe re n c e  of 
-58,7% between measured and p red ic t* *  r e s u l t s  (see  ta b le  2 .7 ) . 
T herefore , two d i f f e r e n t  types of m ate ria l behaviour are  being 
m easured. Table Z.7 shows th a t  th e re  appears to  l e  a bas ic  
d if fe re n c e  between the  r e s u l t s  fo r  the  lower cem ent/w ater ra t io s  
of 1 ,5  and 1 .8  and the h igher cem ent/w ater r a t io s  of 2,1 and 2 ,4 .

The d if fe re n c e  could be exp lained  by the  presence of macrovoids 
In th e  p as te s  and p o ss ib ly  m icrovoids In the  p as te  s tru c tu re .
The macrovoids were very much In evidence In the lower 
ccm ent/w atar r a t i o s ,  as d iscussed  In se c tio n  2 .4 .1 . I t  was 
thought th a t  I t  might be p o ss ib le  to  c o r re la te  s tren g th  and 
s t a t i c  e l a s t i c  modulus with electrodynam ic moduli, which are 
o fte n  considered  to  be coaparable  to  the  I n i t i a l  tangen t modulus, 
due t r  the low s t r e s s e s  Imposed by the  dynamic te& t. However, I t  
was decided th a t  I t  would be In v a lid  to  c o r re la te  high 
cem ent/w ater r a t io  values (o r s tre n g th  and s t a t i c  e l a s t ic  moduli
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w ith  electrodynam ic modulu; and then extend I t  t r  tow cem ent/w ater 
r a t i o s .  Table 2 .8  ihcws th e  average values o f electrodynam ic and 
u ltra s o n ic  modulus values fo r  the  p as te s  of th e  above cem ent/w ater 
r a t io s .  The ta b le  confirm s any c o r re la t io n  such as th e  one above 

would be In v a lid . The ta b le  shows s l l # t  v a r ia t io n  o f the  e le c t r o ­
dynamic modulus values o f c/w values o f Z .l and Z ,4 . However the  
electrodynam ic modulus v a r ie s  q u ite  co n sid erab ly  ac ro ss the  range o f  
c/w r a t io s  considered  (1e c/w « 1 ,5  th e  electrodynam ic modulus Is  
7 ,80 GPa and fo r  a c/w r a t io  « 2 ,4  th e  modulus value I s  17,28 GPa). 
Therefore any c o r re la t io n  may suggest only  s l ig h t  v a r ia t io n  In  th e  

moduli fo r  the  lower c/w r a t i o s .  I t  can be seen f ro #  th i s  ta b le  th a t  
th e re  Is  only s l ig h t  v a r ia t io n  o f the  electrodynam ic e l a s t i c  modulus 
values fo r  th e  range o f  cem ent/w ater r a t io s  t e s te d . T here fo re , any 
c o r re la tio n  would be su sp ec t. The w r i te r  I s  aware o f  th i s  d isc re p ­
ancy w ith re sp e c t to  these  low cem ent/w ater r a t i o s .  F o rtu n a te ly , 
only  a small percen tage  o f  th e  In v e s tig a tio n  as a whole has l .e n  

a f fe c te d  by the  anom alies, ihe ta b le  shows th a t  th e  u l tra so n ic  
dynamic modulus values are  g r e a te r  than th e  corresponding  e le c t r o -  
dynamic E v a lu es . Both vary In a s im ila r  way w ith c/w r a t i o .

T ables 2 .4  and 2 .5  In d ic a te  th e  various f a i lu r e  modes o f th e  p as te s  
and m o rta rs . The f a i lu r e  types a re  shown d la g ra m a tlc a lly  In f ig u re  
2 .1 7 (a ) . Thre" f a i le d  p a s te  specimens a re  a ls o  shown in  f ig u re  
2 .1 7 (b ). F a ilu re  type  A Is a shear and t e n s i l e  f a i lu r e .  Type B Is 

a d ir e c t  t e n s i l e  f a i lu r e  and f a i lu r e  type 0 1; a sh e a r type f a i lu r e  
caused by m isalignm ent the  p la te n  head of th e  load ing  machine 

g iv ing  r i s e  to  s l ig h t  uneven load  on the specimen. The curves used 
to  p re d ic t  'a l l u r e  ' ads were based an co n cre te  cube s tre n g th s  and 

would tend to  bm h igher than th a t  of a prism  due to  the  a sp ec t r a t io  
e f f e c t .

2 S .2 S ta t ic  E ls s t l c  Moduli f o r  M ortars

F ig u re )  2 .1 8 (a )  and (h i and 2.19 and f ig u re s  2 .20  to  2 .2 1 (a ) and 
(b) show the X- v reco rd er p lo t ;  f c  the  g r rn f t*  and andesl :e  m ortars
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T*b1t Z.6 Average Value* o f  S ta t ic  E la s t ic  Module*. Prism  Compressive 
S tren g th  and Po lssom 's t ._ .lo  fo r  Cement P aste s

C/W RATIO PRISM
COMPRESSIVE
STRENGTH

MPa

STATIC
ELASTIC
MODULUS

GPa

STATIC
POISSON'S
RATIO

1.5 13.93 4 M 0.19

1.* 14.96 S.87 0.19

2.1 32.69 13,01 0.24

2.4 36.00 13.93 0.28

i



@ 6

T#b1# 2 .7 P r l w  Co^Hr**:1w Str*myth «nd Expected F a d u r#  
S tren g th  fo r  Comont Pm tte:

C/W RATIO PRISM COMPRESSIVE EXPECTED FAILURE S
STRENGTH STRESS (CUBE) OIFF

MPa MPa

l . s 13.93 28.00 -]C .3

1.8 Id . 96 36.25 .5 8 ,7

7.1 32.96 64.06 .25 ,2

Z.d 36,00 51,88 -30,6

% D ifference  " (Measured -  P re d ic te d )  * 1 0 0  
( P re d ic ted  )
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Table 2 .8  Average Electrodynamic E la s t i c  Modulus Values and 
U l trason ic  E la s t i c  Modulus Values fo r  Cement Pastes

C/W RATIO ELECTROOYNAMIC ULTRASONIC
MOOUIUS DYNAMIC

MOOUIUS
GPa GPa

1.5

1.8

7.80

10.44

13.15

16.99



Figure  2 . 1 7 ( a )  Prism F a i l u r e  Types fo r  P a s t e s  a n d  Mortars

F igure 2 . 1 7 ( b )  F a i l e d  P a s t e  Specimens
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r e s p e c t iv e ly .  G e n e r a l l y  t h e  mortars  e x h i b i t  more c u r v i l i n e a r  s t r e s s /  

s t r a i n  p lo t s  t h a n  t h e  p a s t e s .  A n  i n t e r e s t i n g  o b s e r v a t i o n  I s  t h a t  t h e  

g r a n i t e  m orta rs ,  p a r t i c u l a r l y  f o r  c/w r a t i o  1,5 a n d  1 ,8  e x h i b i t  

s t r e s s / s t r a i n  p l o t s  t h a t  a r e  c o n c a v e  u p w a r d s .  T h i s  s u g g e s t s  t h a t  t h e  

s p e c i m e n  I s  r e s i s t i n g  d e f o r m a t i o n  a s  l o a d  I s  a p p l i e d  a n d  ' s t i f f e n i n g  

u p '  w i t h  Increas ing  l o a d .  T h e  lo n g itu d in a l a n d  l a t e r a l  p l o t s  a r e  

b o t h  c o n c a v e  u p w a r d s  f o r  b o t h  loading a n d  u n l o a d i n g  c y c l e s .  T h i s  

e f f e c t  w a s  o n l y  o b s e r v e d  I n  t h e  g r a n i t e  m o r t a r s .  Table 2 .9  s h o w s  

t h a t  u n r e p r e s e n t a t i v e  m a t e r i a l  b e h a v i o u r  I s  o c c u r r l n g  in t h e  g r a n i t e  

m o r t a r s  o f  c e m e n t / w a t e r  r a t i o s  1,5 a n d  1 ,8 .  t h i s  I s  e v l d e n c e d  b y  t h e  

low prism  coegirasslv* s tre n g th s  m easured. The measured prism  
c o m p r e s s i v e  s t r e n g t h s  a r e  w ell b e ’ o w  t h e  e x p e c t e d  v a l u e s  a s  g i v e n  I n  

ta b le  2 .3 .  A t  t h e  c / w  r a t i o s  o f  1,5 a n d  1,8 t h e  c o m p a r a t i v e  

d if fe re n c e  between th e  g ra n ite  and re sp e c tiv e  a n d e s lte  m ortars Is  
la rg e , whereas a t  the  c/w r a t i o  o f 2 .4  the  g ra n ite  and a n d e s lte  prism  
s tre n g th s  e re  s l s d l a r .  The g ra n ite  m ortar g iv es both a h ig h er 
s tre n g th  and a h ig h er e l a s t i c  modulus than  th e  a n d es lte  m orta r fo r  
c/w « 2 .4 . T here fo re , s ia d la r  to  t i e  p a s te s  th e re  seems to  be a 
b as ic  d lf fe re n c e  between ti g ra n ite  m ortar r e s u l t s  fo r  th e  low er c/w 
r a t i  o s  a n d  the  high c / w  r a t 1 . s p e c ia l ly  w i t h  re sp e c t to  s tr e n g th . 

This e f f e c t  i s  s t i l l  a p p a re rt m th e  values fo r  e l a s t i c  modulus, bu t 
to  a le s s e r  e x te n t .  As d iscu ssed  In  se c tio n  2 .5 .1  th i s  I s  thought to  

be due to  the  presence o f m icro Ids In th e  g ra n ite  s m r ta r s ,  so th a t  
a d i f f e r e n t  m a te ria l behaviour i s  helng m easured. I t  I s  p o ss ib le  a t  
th e se  low c/w r a t io s  th a t  the  crushed r r a n i te  sand was s l ig h t ly  
d e f ic ie n t  I n  f in e  m ate ria l which lead s to  t n v  presence o f v o id s. The
a n d e s lte  crushed sand was su re  uni form than the  g ra n ite  sand and had 
r e la t iv e ly  more f in e s  In I t s  com position . This Is  ev id en t from 'h e  
grading a n a ly s is  given In Appendix A. Several o f th e  g ra n i te  m ortar 
f a i lu r e  mechanisms a t  the lower c / w  r a t io s  were f a i lu r e  type ' O ' .

This Is  a shear type f a i lu r e  r c .u l t ln g  In an ap p aren tly  lower 
com pressive s tr e n g th . This could ex p la in  the  ob se rv a tio n  o f the
concave-upward X-Y p lo ts  fo r  both cem ent/w ater r a t io s  1,5 and 1,8 fo r
the g r a n i te s .  Again the  w r i te r  Is  aware o f  th is  d isc repancy  In the 
In v e s t ig a tio n , bu t 11 imist be viewed as a small p a r t  o f the  whole 
In v e s tig a tio n . C o rre la tio n s  w ith measured dynamic modul1 were



I n a d v i s a b l e  a s  d i s c u s s e d  I n  s e c t i o n  2 .5 .1 . T h e  h y s t e r e s i s  e f f e c t s  

m e n t i o n e d  In s e c t i o n  2 .5 .1  w e r e  a l s o  e v i d e n t  f o r  t h e  mortars a n d  

t h e  I n i t i a l  ’ b e d d i n g  In '  of  t h e  t e s t  r ig  was m u c h  m o r e  p r o n o u n c e d 
than  fo r th a t  o f  th e  p a s te s . The energy d is s ip a te d  reduced w ith 
e a c h  l o a d  c y c l e .  In d ica ted  b y  t h e  r e d u c e d  e n c l o s e d  area  b e t w e e n  t h e  

l o a d i n g  and unloading c u r v e .

The s * ' t i c  e l a s t i c  modulus was c a lc u la te d  In an Id e n tic a l manner to  
t h a t  o f th e  p a s te s  Again th e  v irg in  curve fo r  each m ortar gave a 
lower e l a s t l c  modulus than  t h a t  o f  th e  f in a l  curve m ainly due to  
coepac tlon  and c o n so lid a tio n  of the  spec leans over success iv e  
lo ad in g  c y c le s . The plc»« '  re  show th e  s e r t a r  to  be more

d u c t i l e ' than th e  p a s t e : , ,n  by the  presence o f  a con tin u in g  
p lo t  a f t e r  th e  maximum s t r e s s  had been reached . The m ortar 
f a i lu r e s  were not as c a ta s tro p h ic  as th e  p a s te s  a lthough th e  
f a i lu r e  was s t i l l  sudden. Tables 2 .5 (a )  and 2 . 5 ( b )  show th a t  f o r  

each c/w r a t io  both g ra n ite  and a n d e s ite  sw rta rs  gave c o n s is te n t 
r e s u l t s .  i le s  Z .9  and Z.10 g ive  th e  average values o f  s t a t i c
e l a s f c  a  :1 . prism  coagiresslve s tre n g th  and s t a t i c  P o lsso n 's
r a t i o  fo r  g ra n ite  and an d o s lta  sw rta rs  re su e c tlv e ly .

As expected  the  a n d e s 't*  m orta rs gav 

than  th e i r  g ra n ite  c o u n te rp a r ts  w ith 
r a t i o  2 ,4 . The e l a s t i c  modulus o f  t 
only  s l ig h t ly  a f fe c te d  by In crease  
lo  th e  g ra n ite s  which e x h ib it  a star 
f a i lu r e  s t r e s s e s  were a lso  much h li 
p a s te s  and f a i le d  a t  expected s t r e  
specimens o f cem ent/w ater r a t i o  2,

h igher s t a t i c  e l a s t i c  moduli 
or excep tion  o f cesmntAveter 

n d e s lte  m orta rs seems to  be 
— r.t/w ate r r a t io  as opposed 
- f e e t .  The a n d e s lte  prism  

on th o se  o f  th e  re sp e c tiv e  
$ d id  the  g ra n ite  m ortar

T ables 2 .5 (a )  and 2 .5 (b )  a ls o  she* h  t  no specimens f a i le d  due 
to  m acrovoids, th e re fo re  the s tre n g th  e s tim a te s  a re  more r e l ia b le  
than those of th e  p a s te s , w ith  the  excep tion  o f  the  g ra n lte  
m ortar prisms o f cem ent/w ater r a t io s  1,5 and 1 , 8 .  Some of the  
prism s exhIb1 ted  f a i lu r e  type 'C ' which was c h a r a c te r i s t ic  o f 
many of the co n cre tes te s te d . F igure  Z.22 shows a p lo t  of
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Table 2.9 Average Values of S t a t i c  E la s t i c  MoAi!:,;, Prism
C o#r* ;*1v#  S treng th  and Pol n o n ' :  R a tio  fo r  G ran ite  
M o r t a r s

c/w
RATIO

PM *
COMPRESSIVE
STRENGTH

* a

S ' ,TIC 
ELASTIC 
MODULUS 

GPa

STATIC
POISSOW'S
MHO

i . s 1 7 .IS 14.38 0.17

1.8 26.18 20.14 0,21

2.4 55.22 29.78 0.25

Table 2.10 Average V alue: o f  S ta t i c  E la s t ic  Modulwa, Priam 
C o # re :a1 v e  S tren g th  and Pol a w n 'a  R a tio  f o r  Andoalte 
M ortars

c/w PRISM STATIC STATIC
RATIO COMPRESSIVE ELASTIC POISSOW'S

STRENGTH MODULUS RATIO
MPa GPa

1.5 30.55 24.61 0,25

1.8 42.14 25,39 0,27

2.4 50.96 26.70 0.22



prism  com pr*«iive : t re n g th  a g a tn i t  i t a t l c  modulus o '  e l a s t i c i t y  fo r  
a n d e s lte  m o rta rs . The g ra n ite s  showed g re a te r  spread In both 
s t a t i c  modulus and prism  s tre n g th  v a lu es . F igure 2.22 shows th a t  
th e  s t a t i c  e l a s t ic  modulus v a ried  very l i t t l e  w ith com pressive 
s tre n g th . One ro s s tb le  ax p la n .c l n fo r  th ; Is  th a t  the range of 
volume f ra c tio n s  of p a s te  and sahd over th e  range of m ortars 
s tu d ie s  Is f a i r l y  sm all. Also p as te  moduli a re  Tow r e la t iv e  to  
sand m oduli, thus o f f s e t t in g  In cre ase  In m ortar modulus w ith 

1 n c r f .s e  In s tre n g th  which Involves an Increase  In p a s te  co n ten t 
h e re . This would enwurte Davis?* fin d in g s  as mentioned In  
se c tio n  .3 , th a t  r ic h  m o rta rs , because o f t h e i r  high p as te  

c o n te n t, had s ig n i f ic a n t ly  lower moduli r e la t iv e  to  t h e i r  
re sp e c tiv e  c o n c re te s . C onversely, , *an m o rtfrs  rendered r e la t iv e ,  
high e l a s t i c  m oduli.

2 .5 .3  Comparison of E la s t ic  Moduli fo r  P as te s  * id Mortar*

The r e s u l t s  fo r the electrodynam ic and u ltra s o n ic  dynamic e l a s t ic  
moduli a re  given In ta b le s  2 .8 , 2 . I K " )  and ii.11(b) fo r  cement 
p a s te s , g ra n ite  and an d e s lte  m ortars r e f l e c t iv e ly .  The ta b le s  show 
th a t  the u l tra so n ic  modulus was the  h ig h e s t follow ed by e le c t r o ­
dynamic and l a s t l y  s t a t i c  e l a s t i c  moduli fo r  p as te s  and m orta rs . 
F igure 2,23 shows th a t  a l l  th re e  moduli follow  rouohly the same 
form when p lo tte d  a g a in s t cm ent/w ater r a t io  fo r  a n d e s lte  m orta r.
T ie p lo t a lso  dem onstrates th a t  the  modulus of e l a s t i c i t y  o f a l l  
th ree  moduli vary very l i t t l e  w ith In creasin g  cem ent/w ater r a t io .

The andesli-. iiortar& gave the h ig h es t u l tra so n ic  and e l i 'c t r o -  
dynamlc moduli follow ed by the  g ra n ite  m ortars and f in a l ly  the 
p a s te s . The dynamic t e s t s  a lso  rendered the  most c o n s is te n t 
r e s u l t s ,  e s p e c ia l ly  the u l tra so n ic  t e s t s .  This may be a t t r ib u te d  
to  the fa c t  th a t  th :  dynamic measurements a re  not as s e n s i t iv e  to  
Inheren t flaws In the specim ens, as the specimens a re  sub jec ted  
to  n e g lig ib le  s t r e s s  w hile under t e s t .  F igure 2,24 shows the 
p lo ts  of s t a t i c  e l a s t i c  modulus a g a in s t e lectrodynaw lc and
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T a b l e  2 . 1 1 ( a )  A v e r a g e  E l e c t r o d y n a m i c  E l a s t i c  M o d u l u s  V a l u e s  a n d  
U l t r a s o n i c  E l a s t i c  M o d u l u s  V a l u e s  f o r  G r a n i t e  
M o r t a r s

C/W RATIO ELECTROOYWAMIC
MODULUS

GP#

ULTRASONIC
DYNAMIC
MODULUS

GPa

1.5

1.8

2 .4

26.17

31,69

35.96

38.17

40.91

45,28

T a b l e  2 . 1 1 ( b )  A v e r a g e  E l e c t r o d y n a m i c  E l a s t i c  M o d u l u s  V a l u e s  a n d  
U l t r a s o n i c  E l a s t i c  M o d u l u s  V a l u e s  f o r  A n d e s I t e  
M o r t a r s

C/W RATIO ELECTROOYWAMIC
MODULUS

GPa

ULTRASONIC
DYNAMIC
MODULUS

GPa

1.5

1.8

2.4

31,93

24.88

34,34

41,17

46,01

47,63



Table 2.12 Average S t a t i c  E la s t i c  Modulus V a l u e s  f o r  C e m e n t
P a s t e s .  G r a n i t e  a n d  Andeslte Mortars

c/w
RATIO

CEMENT PASTE 
GPa

GRANT "E MORTAR 
a

ANDESITE MORTAR 
GPa

1,5 4.55* 14.38* 24.61

1.8 5.87* 20.14* 25.39

2,1 13.01 - -

2.4 13,93 2 9 /8 26,70

Value* marked * a re  regarded a* u n re p re se n ta tiv e  o f t r u e  m ateria l 
behaviour a* d iscussed  In se c tio n s  2 .5 .1  and 2 .5 .2



u l t r a s o n i c  d y n a m i c  m o d u l i  f o r  a n d e s l t e  m o r t a r s .  I f  a  

s t a t i s t i c a l l y  s ig n i f ic a n t  n u a te r  o f t e a t s  were c a r r ie d  o u t, good 
c o r re la tio n  b e t w e e n  d y n a m i c  and s t a t i c  m o d u l i  c o u l d  b e  

e s ta b lis h e d , provided v a lid  s t a t i c  r e s u l t s  can be ob ta in ed .

The values given In ta b le  2.1Z fo r  p a s te s , g ra n ite  m ortars and 
an d e s lte  m ortars f& each cesm nt/w ater r a t io  te s te d  a re  used in  
ch ap te r  4 to  p re d ic t  values o f the  e l a s t i c  modulus o f co n cre te  
u sing  the th e o re t ic a l  models. Values regarded as unre­
p re se n ta t iv e  o f tru e  m a te ria l behaviour a re  redundant In th i s  
r e sp e c t.

2 .6  CONCLUSIONS

1. P aste s  are  saich more s e n s i t iv e  to  c a s tin g  techn ique than

m o rta rs . Ca-e must be taken to  ensure unlforsM ty o f the  
specimen. This Is e s p e c ia l ly  Im portant a t  th e  lower c/w 
r a t i o s ,  p a r t ic u la r ly  1 ,5 .

2. The a n d e s lte  m ortars gave th e  h ig h es t s tre n g th s  and the
swat c o n s is te n t  e l a s t i c  modulus r e s u l t s .  Due to
d l f f e r e n t  m ate ria l behaviour a t  c/w r a t io s  c f  1,5 and
1,8 th e  r e s u l t s  fo r  the  hardened cement p as te s  and 

g ra n ite  m ortars cannot be regarded as re p re se n ta t iv e  of 
" tru e"  m a te ria l behav iour.

3. For the  range o '  c/w r a t io s  te s te d ,  both tne s t a t i c  and
dynamic e l a s t ic  moduli do not vary very much w ith 
In c re as in g  c/w r a t io .

4. The dynamic te s t in g  was e a s ie r  and qu icker to c a rry  out

than the  s t a t i c  t e s t in g .  The r e s u l t s  of the dynamic 
t e s t s  were e ls e  more c o n s is te n t  than th e  s t a t ' c  te ^ t s .
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5 . The peste*  gave reasonably  l i n e a r - e l a s t i c  s t r e s s / s t r a in
cu rv es , and f a i le d  In an abrupt b r i t t l e  fash io n .
However, the  e l a s t i c  modulus r e s u l t s  were no t as 
c o n s is te n t  as f o r  th e  m orta rs . The s t r e s s / s t r a i n  p lo ts  
fo r  w r t a r s  resembled th a t  o f the  com cietes. However, 
some of th e  g ra n ite  m ortar curves a t  the  low er c/w 
r a t io s  e x h ib ite d  concave-upward s t r e s s / s t r a i n  p lo ts .
This was f e l t  to  be u n re p re se n ta tiv e  m a te ria l behaviour, 
endorsed by th e  low s t a t i c  e l a s t i c  moduli and 
com pressive s tre n g th s  recorded fo r th e se  specimens.
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