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.| ABSTRACT

1

Th;Ls study deals w1t.h the neckmnlcal properties of fresh concrete
in the~a nmflcw condltlon as they pertam to its shear strength behavmur
’ The shear strength characterlstlcs ‘of fresh concrete have been studied
ﬂxrough thé use of a trlaxlal compression appanatus Tests were performed on

‘fresh concrete cylmders 4 inches in diameter and 8 J.nches high at 700}?‘ (21 C)

and 38@ (4 C) for set times ;angmg from 40 nunutes to 160 rn.‘mutes The tests "
results were subsequently ana-lyzed by the shear strmgth theories of Mohr
cOulomb and Rowe and expressed as two strength parameters corresporﬂmg to the
internal friction and the cohesion components of shear strength for each set |
time — temperature ccmbmat:.cm. jlhe angle of internal frlctlon wvas fOund to be a ‘
omstant pmperty of the mix- and lay in the range of 37 to 410 for a 10% -
failure strain and 340 to /39 for-a 20% :Eallure strain .when analyzed by the
Mohr Coulomb theory. Rowe's analysis gave fr1c:t10n angles of 18 to 21 for
a 10% failure strain and 190 to 230 for:a 20% failure stram. Both theor:.es :
. indicated that the cochesion  of fresh concrete is initially zero and increases
wn.th set time causing the fresh ooncrete to stiffen w1th tnme

In add.ltlm to shear testing, the coefficient of lateral pressure at
rest (K ) was evaluated by loading cylindrical concrete spec:.mals restrained
against 1ateral expansion by a plexiglass cylmdex:. 'I'he specimens were allowed
to drain freely from the top. Tests were carried out at temperatures of 70 F
(21 C) and 38 F (4 C) for set times of 40 Minutes to 160 m:mut_es. K0 was found
to be variable and highly dependent on set ‘time. Initially K, approached unity.
With set time KO decreased significantly, this decrease bemq of a smaller ordexr

at the colder temperature because of the hydration process being retarded.
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CHAPTER 1

. INTRODUCTION

1ll Plain COnErete

*

Concreté is the name given to a prepared mixture of cement, fine
aggregate, coakse aggregate‘and va ter, Cemeht has the property that in
the presence of water it bonds to the 1nert aqgregate 1n the concrete and

geow c:ijta1s wh1ch 1nter1ock convert1ng the part1cu1ate aggreqates

ticulate solid. These ingredients are mixed in predetermined

Ed
X

studying the behaviour of plain concrete it is useful to distinquish

between i tipn state that, when water is freshly addeﬁ/to the—

solids and the cured or hardened state of concrete.

~

-

“When fresh'concret is first mixed, it possesses-in addition to vis-
cosity sigﬁificant shear strength so that when it is poured from its
mixing- container into a form iﬂJdOES not fully take the shape of the form

unless it is tamped or vibrated. However, when removed from its container,

* .

fresh concrete is unable to maintain any shape 0ﬁ<}te.%wn and will s]uhp.

Lo
The properties of fresh concrete therefore, 1ie between those of eg}iquid
1

' . o
and those of a solid substance. For this reason, concrete is initi

e

1y re-’

ferred . to as being a plastig/material.

ay be visualized as particles of inert aggregate
.o . ¢
which are held or suspended+in-a deformable matrix of cement paste and air

Fresh concrete

bubbles. The paste matrix itself is composed of water and grains of cement.
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- Giv?n enough time and the proper environmental éonditions, the cement
paste matrix is converted by means of a physicochemical process between
the cement grains and the water info’a rock]1ke mass 6f particles. This
process is ca]]ed'hydration. The hardened particulate material which re-
places the orﬁgina1 cement grains i; called cement gel and it occupieé
the space in the mixture or1g1na11y occupiéinpy the cement grains and the

vater Consequent]y, with the passage of time concrete Toses 1ts p]as-

ticity and becomes a so]1d
- . . . - e
‘To date, a significant amount of research has been carried out (

dealing with theiphysical properties of plain concrete. However; this re-
~ search has been predominant]y‘a1med at understanding the mechanipaT
‘propertiés of concrete in the hardened state. Although of immense value
to the architecf and the design.engineer, the results of such research

are of Tittle importance to the constructor who must deal with concrete

in its fresh state. ' L_ﬁ

Problems pertaining to the pumpability, workability, placing of
fresh concrete and the Tateral pressures developed in formwork are
examples in which Tittle is understood of how fresh concrete behaves.
‘Engineers who need to undertake calculations for the solution of suc@
rbfob]émé\muét'resort-to empirical formulae, charts and tables. Such a
procedure however, hay Tead to gross inaccuracies when applied to con-
cretes whose mix proportions and conditions at mixing differ sinnificant1y

from those correspondTng to tQp EBBE?ete for which the procedure was derived.

Consequently, a more fundamental understand1ng of the mechanical behaviour

-
of fresh concrete is necessary. L /«\\\

To undertake a's%udy of the physical behaviour of fresh concrete,

it is first necessary to isolate the factors which may influenge 1t.
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It is then desirable to express the physical behaviour in terms of

certain parameters having physical units and which can be measured
L

by some test device when the influencing factors are kept constant

under laboratory conditions,

To determine what factors influence the mechanical behaviour of
fresh concrete and what parameters may be used to describe this be-
" haviour, it i§ useful to Took at the deve]opment df lateral pressures
in formwork and the workability of fresh concreie.

)
Al

1.2 Development of Lateral Pressure in Formwork

The formwork for concrete structures represents a very important
part of concrete construction, both in terms of the’servicé it provides
and its cost. Formwork frequently costs more than the concrete and in
some cases more than the concrete and the reinforcing steel combined.

In order ;hathormwork be safe as well as economical, it s important
"that estimation of the lateral pressures exerted by fresh concrete on the

forms be made as accurately as possible. " ..

/!
If fresh concrete poured into a form behaved 1ike a fluid possessing
no shear strength, then the pressure distribution observed would be hydro-
static and the lateral pressure would increase linearly with depth reaching

a maximum value at the bottom of the form equal to'{H where

1

H

density of the mix

height of the pour.
However, fresh concrete in formwork:does not behave as a liquid but

in many ways similar to soil behind a retaining wall,

M

Fresh concrete like soil {s a particulate system composed of



particles weakly bonded together and submerged in a 1iquid medium. It
possesgeslshéar strength as a result of the:

| (1) Fnﬁctiona1 resistance and ipter]ocking between the

aggregate and the céﬁent particles and ' o C

(2} The bonding together of.the aggregate particles by

the cement during hydration. : _ .5"
The former compohgﬁt of shear strenéth is térmed internal friction and
requires strain to be mobilized. The latter component is termed cohesion.
True cohesion results from cement hydration and therefore depen&s on the

time since addition of water to the mix and the temperature at which

the mix is allowed to hydrate.

During a pour, the lateral pressure exerted on the vertical faces
of the formwork for a given head of concrete is a fungtion of the shrink-
age and the shear strength properties of tﬁé mix, dnd the Tateral strains
resul ting from yie}ding of the form boards. The changes in lateral nressure
with respect to a hydrostatic pressure distribution my be depicted in

stages (see figure 1.1), each stage representing an increase in concrete

head: </

stage (1); At a small head of co&gkpte, the lateral pressure distribution
is hydrostatic; the fregﬁ concrete possessing negliaible shear

strength in terms of internal friction or cohesion.

stage (2); As the head of concrete increases, both the vertical and lateral
pressures incfease causing the form walls to yield laterally.
This deformation partially mobilizes the internal friction of

the mix. Cohesion also develops with time as the cement paste



" STAGE (1) |
—(oerefe  Pressure N
f : = Hydrostatic Pressu
':; .-1'_‘ ) 3
} »
- |
STAGE (2) \
- Concrefe Fressure
0 - . .
: Hydrostatic Line
[*]
e / Ll
STAGE (3)
3 |
Co Corcrefe Pressure
. Hydrostate Line -
7 ' . -
Fig. 1.1. Stages in the development of lateral pressure in formwork.

|

/

!




stage (3);

hydrates and beginﬁ to bond the éggregate into a solid mass;
The concrete in the Jower portion of the form tHerefore, pos-
sesses significant shear strength and resiﬁts lTateral ex-
pansion. In addition to thé development of shear strengtq,'

thé fresh concrete shrinkskEﬁHAEEtt 35 in the form as a re-
sult of the expulsion of water th;;z;:\}brm 1eakage,‘watér\
being absorbed by thesaggregate and wate;ncombining with the
cement during hydtgtion: Thjs settlement creates shear stresses
between the concrete and the form walls which'support tﬁe over-
1ying concrete. Therefor;, tﬁére is a decreasing rate of.{n-
crease in vertical Toad on the lower concrete with depth. The
result of the development of shear streanh and the settlement of
the fresh concrete in the formwork is a pressure distribution

which deviates from and is less than a hydrostatic distribution.

As the concrete head-éontinues to increase, the shear strength
and the rigidity of the concrete in the lower portion of the

form continues to 1ncré;3E and the rate of 1ncrease in lateral
pressure with depth decreases until a point of maximum lateral
pressure is reached. With oreater depth the pressure will then[
decrease. This degrease in pressure results from the ‘shrinkage

of the fresh concrete in fhe form which creates shrinkage strains.
The decrease in lateral pressure és a result of these shrinkage
strainé, exceeds the increase in pressure due to an increasing

concrete head, the result being a decreasing ]qteraT pressure,
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,V*fn‘iéd1t1on to lateral deformat1on, time and shrinkage, other

factors 1nf1uence the pressures deveToped in formwork. These factors

have been

d1scussed by many authors (Ref. 1, 7, 9) Rodin, summarized

and d1scussed the factors most-1ikely: to afféct 1atera1 pressure, These

are:

(1)

(3)

(6]

Rate of filling the forms;'the higher‘t rate of pour, {1\"3

the greater will.be the maximum pressureiand the depth at
which it ocrurs \

Method of p]ac1ng the concrete; vibration, and ramm1ng to a
1esser degree, destroys-any development of shear streﬁgtﬁ in
rhe vicinity of the disturbance and results in pressures
approaching the hydrostatic Tine.

Proportions of the concrere mix; the richer the mix, the
greater is the value of the maximum pressure because of the
incieased Tubricating action of the cement paste.

Consistency of the concrete; for a part1Cu1ar mix, the higher

the water/cement ratio or slump, the sma11er is the deV1at1on

of the lateral pressure from a hydrostatic distribution re-

sulting from a reduction in the strength of the mortar and
causing the concrete to behave more like a fluid.

Temperature of the éoncrete; there is a significant rise‘in
the maximum pressure with a decrease in temperature vhich is
likely due to the lower rate df hardening of the égment.

Size and shape of the form; the smaller the width of thebform,
the lower are the concrete pressures because of the relatively

greater effect of shear stresses between the concrete and the

form walls. Similarly, the presence of reinforcing steel tends
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to reduce the lateral pressure.

. .
1.3 Lateraq,Pressure.Exerted by Particulate Systems

To more fully understand the mechanism for the deve]opment of
lateral pressure by fresh concrete” on formwork and the factors in-
fluencing the lateral pressure, it is advantageous to look at present- =
1y accepted theories for evaluating the lateral pressures exerted by

mrticulate masses.

In the following discussion it is assumed that the shear strennth
of a particulate system may be represented by the Mohr Coulomb Strength
[ﬁrametens C and @ (see chapter 2), corresponding: to, the cohasion and
internal friction components of shear strength respectively. The equations

which are presented correspond to a dry system.

For a saturated system where the water in the voids~exerts no
seepage pressure, the dry unit weight of'the’partic1es mus t be replaced
with the submerged unit weight. The pressures developed by the particulate
system and the water must then be determined separafe]y and subsequentiy

summed to give the resultant pressure.

Rankine's Theory. - For an arb%trari]y chdsén point A in a dry

cohesionless deposit (see figure 1.2 (a)), the vertical pressure is given
by PV = j'z vhere X‘is the unit weight of the material and z is the depth
to the point A. The horizontal pressure is directly proportional to the
AVert1ca] pressure and is given by PH = KoX'Z In soil mechanics, Ko is
known as the coeff1c1ent of earth pressure *at rest. It may be determined
for cohesive as well as non cohesive part1cu1ate'masses. In general, the

value of Ko Ties between 0 and 1.0, Terzaghi gives Ko = 0.4 for ]oose‘sands,,ﬁru

v



(c) PASSIVE CONDITION

Fig. 1.2..-  Conditions of lateral pressure in a dry cbhésion]ess deposit,-
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l .
and Ko = 0.5 for dense <ands.

S
If by some process such as the yielding of a reta1n1ng vall the

deposit is stretched hor1zonta11y (figure 1.2 (b)), the horizontal pres-

sure PH decreases as the internal friction of the deposit is mobilized.

-

" The vertical pressure Pv however, remains equal to X'z As the stretching

-

is cont1nued failure ‘takes p]ace within- the deposit along tws sets of
p]anes tncTinedIat (45, + —J to the hor120nta1 Once -failure has woccurred,
‘the hor1Zonta] pressure does not experience any further decreases with
stretching. Th1s state of m1n1mum-lateral préhsure is known as the ActiVe/
Rankine State The active’ lateral pressure is given by PHA tan2

(45 - _-Q{Z = ‘Xz The va]ue KA is known as the coeff1c1ent oﬁlact1ve .

earth pressure and its va]ue general]y 11es between 0 and Ko.

- If the’ depos1t is, compressed-qnstead of being stretched horizontally
_(f1gure 1.2 (c)), failure will eventua]]y occur along twn sets of p]anes in-
clined at (45 - %) toMhe hor1zonta1 The horizontal pressure {ncreases to a
maximum value when failure is reached.'Thts condttion of maxinum lateral pres-
. sure is known as the Passqive Rank1ne State and the lateral pressure PHP as-
sociated with' it is 'given by Pup = tan? (45 + zdxz = K 17. The value Kp

known as the coefficient of passive earth pressure and 1ts va1ue qenera]]y

lies between Ko and + o0.

The magnitude of strain necessa to produce the passive state s
several times larger than that requir:S to produce the active state. Also,
the state of stress associated with Renkine's theory requires that there
_be no shear1ng stresses on vert1ca] planes. Since the backs of walls in

‘ rea]1ty are rough and shear1ng stresses may deve]op, the Rankine theory

can prov1de only an approximation to the actual lateral pressure,
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Lateral Pressur‘e of Cohesive Particulate Systems. — Rankine's

theory can be expanded to 1nclude the effects of cohesion on lateral
pressure. The relation between the principle stress values in the active

or the passive failure states is given by

- o

= 2C 'cos +.(0’ + 0)) sin
> ¢ +.(0 + 0y ¢

where O’l and 0’3 denote the major and minor principle stresses respectively
and C and (P denote the cohesion and internal friction respectively.

For the active case, O‘i denotes the vertical pressure Pv = X’ Zz (see

Fig. 1.2{(b)) and 0'3 denotes the corresponding lateral pressure PHA Substi-

tuting Pv and PHA and reducing the above expression, the active lateral

~pressure with depth z is

L : o
Py, = YzKA ~ 2C(K,) % K/ | (1.3.1)
. oY . .

For the passive case 0; denotes the vertical predsure P, = Xz (see

Fig. 1.2{c)) and 03. the lateral pressure PHp' Substituting P and PHP, the

. by
pjéssive lateral pressure with depth z is

Pyp “ Y2+ 2€ , (1.3.2)

o &)

It can be seen that cohesion tends to decrease the lateral pi:essure
in the e;ctive failure state and increase the lateral pressure in the pas-
sive failure state. In the case of active lateral pressure in a cchesive
system, small values of depth z vield nagative values for PHA, while large
values of depth z yield positive values for. By . Setting By, = 0 and
solving (1.3.1) for z, one gets

= 2C -
‘ -X(KA)E

Here, z, is the depth at which transition from negative to positive values
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of lateral pressure takesplace. Twice the value z, C rresponds to the
height for which a cohesive material can remin standing vertically

with hoﬁlatera1 support ‘to assist it.

Coulamb's Theory. - The back of every wall is to some degree rough

giving rise to wall shear forces. Under such conditions, the validity of
Rankine's theory is not fully met. Thislresults in appreciable error,

Much of this error however, can be avoided by making use of Coulomb's ’
theory whizh involves a simplifying assumption as to the shape'eF the
surface of sliding at failure. The error associateh with .this assumption
is generally small compared to that aesociated with the use of Rankine;s
theory and ma y be negiected. When the boundary conditions for the validity

of Rankine's theory are sitisfied, the two theories lTead to identical

results.

-

The surface of s1iding behind a retaining wall in reality is

_slightly curved. To simplify computafions, Coulomb assumed it to be

plane.’ The forces acting on such a sliding wedge in a dry cohesionless

deposit at the 1nstant of failure are shown in figufe 1.3 together with

‘the. resultant triangle of forces correspond1ng to the active case.

The fa11ure hedge behind a reta1n1ng wa11 is in equ1]1br1um under’

its weight W, the resultant force P from the reta1n1ng hﬁ]] and the. re-.

ect10n F along.the surface of sliding. The react1on F is inclined at

-

angle P as shown because fr1ct10na1 resistance is assumed to be fully

" developed a]ong the surface of s]1d1ng S1m11ar1y, the force P is: in-

cTTned at an angle tg to the normal to the back of the wall-due to fric-
t10na1 res1stance between the wall and the materiaT being reta1ned at

fa11ure Since the we1ght W is known and the d1rect1on of a]] threeigerces

¢ v .
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Fig. 1.3. Coulomb's theory for activeilateraT pressure in a cohesionless

deposit.
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may be determined knowing the angle of internal friction of the material,

the force P can be scaled from the triangle of forces. '

Since the s1iding surface initia ly assumed may not be the real
- surface of s1idigg, similar computations must be done for other arbit-
rarily s§1ected sliding surfaces until the areatest value of force P is

-t'found."

Pressures Developed in Silos. - As was previously mentfoned fresh

concrete exerts vertical forces on form walls 1n add1t10n to 1atera] pres—
sure as a result of friction developing between the concrete and .the form .
wlls. The nature of “these vertical shear forces can be better understood
,by looking at simi]ar‘VerticaI forces which are deveioped in silos used

to itore various materials such as gragins, coal and cement.

The term silo is used to denote the type of container whose dimen-
sions are such that the p]ane of rupture does not pass out of the material
filling the container before it intersects the side wall. Much of the
weight of the material filling a silo is supported on the side v:'al,'ls by
friction and the 10ad actually supported by the container bottom is but a °
small proportion of the weight above it. Material stored in a 5110 applies
1atera] and vertical forces through friction to the side walls, vertical
forces to hor)zonta1,bottoms and both normal and fricticnal forces to in-
clined surfaces. The static values of these forces genera]Ty increase

during the W1thdrawa1 of material. from the silo.

Janssen {Ref.2), investigated and proposed a method for coﬁputing
the vertical pteseures on the walls of silos based on the vertical equil-
ibriumigf a thin horizontal lamina of the material in the silo. No assump-
tion was made as to Qhether the material is in a state of failure or not.

!
Jansen's formula along with his-notation is as follows:



¥
.

I;Er Horizontal pressure

‘(P' = Angle of mternal friction of the stored-material on the Sglo walls
p o= Coefficient of frlctlon tan ¢’ !ﬁ'

W = Weight density of the stored material

e = Base of the natural logarithm 1, | x
Thé total vertical weight cn a horizontal plan : ough the stored

-,

material at depth h is .
Popa= alB (1'—e“U_KK_h)
T P O |
- The value of K = By/Py,, may beydetermined experimentally along with .
}1"' corresponding to the material being stored and the finished surface
of the silo. For i.nstance, Janssen found that for wheat in a concrete
silo K = 0.60 and Jamieson gives p o= 0.4 to 0.425 depending on the con-
crete fj.nish.. Since no assumption was made as to the state of failurel of
the materlal the value K does not necessarlly equal tan {45 - % ) as
.would be the case with a wall under active pressure. If this were the case,
then ¥ = tan (45 - > ) 0. 36. ThlS is significantly smaller than 0.60.
This J.mplles that material stored in a silo is not necessarlly in a state
of failure and the ratio of the principle stresses, K = Pﬁ/P may vary -
‘between tan {45 - % ) and tan (45 +§ ) dependingfon whether the lateral
. pressure oons:.dered is active, passive or scmevhere‘ in  bhetween.
Based on the discussion of the lateral pressures exerted by par-
ticulate masses and the vertical stear fotces existing in siios, it may be
concluded that the'lateral pressure exerted by fresh concrete on formwork

lies between the two extreme pressures defined by the 'passive_ and active
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states of plastic equilibrium. However, since it is highly unlikely in
.norma1'practice'to_find form wadlls moving invards so as to compress the

fresh concrete, the following Hypothesis C

+ 4

be made:
(1) The maximum Tateral pressure developed 1n'f0rﬁ—
work corresponds to the at rest condition as a

result of infinitely rigid form boards, and f

\Q::?\\ (2) The minimumJlgtera1'pressure deﬁe]opéd in formwork
"‘(' corresponds to the act1ve state of plastic equ111br1um
as a resu1t of highly fleX1b]e form boards. ( =
v The theories and equ§t1ons which have been presented on the lateral
pressure of particulate systéms have the following charactefistics'\d{ﬁch.

may differ from those 4f fresh concrete in formwork:

(1) The parameters representing shear resistance afe
C {cohesion) and @ (internal friction) corresponding
to the Mohr Coulomb theory of shear strength..However, thé :
_Mohr Coulomb theory is strictly applicable to a coninuum
and caution must be exercised when app1y1ng it to a dilatant
particulate system such as fresh concrete \
(2) Th¥ shgar strength parameters appear1ng in the pressure

. equations have'y hich when determined by some

appropriate tes edure remain constant with respect

to time and temperfature. Concrete howevér, differs in that
tts shear stnénéth as a result of hydration goes from a
Tow to a substanitially high value as ‘fluid to a solid.

, Hydration, being a chemical reaction has a rate of com-

Pletion which is both time and temperature Hependent.
. E ]

i i et
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In evsTuating the Tateral pressure or the vertical

shear forces on form walls, it was assumed that the
particulate system-was in a state of active or passive
failure i. e. a]ohg any failure plane a condition of

ma x imum shearing resistance existed. For concrete in
formwork, this is not ‘necessarily the case where lateral
deformations as a'resu1t of rigid form boards or vertical
deformations as a result of insufficient settlement ma y

not be sufficient to fully mobiiize the internal fictional

_resistance of the mix. "

Fresh concrete bg;ng largely composed of aggregate is

a permeable material. The possibility of water seeping
through cracks and joﬁnts in formwrk must therefore be
considered sinﬁe the lateral pressure would be reduced

as a result of Seepage pressures existing rather than
hydrostatic pressures. In such a case jt“is'necessary-to
evaluate the total Jatera] pressure by suﬁmihg'that
portion'exerted by seeping water and thaf portion exerted

by the solid particles. This implies that shearing resistance

must be represented in the form of -effective strength pana-
\ ,

—
e

Concrete is not a unigye material but is a term used to denote
a large variety of ﬁateriaTs composed of varying propoftions
of water, cement and aggregate. The physical behaviour of

fresh concrete is not necessarily the same for all mix

'proportions. Therefore, a set of shear strength parameters
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applying to one particular mix will not necessarily
apply {o a different kind of mix although the factors in-
flUencing the shear resistance of one mix may be ex-

pected to influence those of another mix in a similar

manner.,

1.4 lorkability of Fresh-Concrete

The quality and strength of cured concrete foe a particular mix
proportion is 1arge1; affected by the degree of compaction in the fresh
state. Whether compaction is achieved by ramming or vibration, the pro-
cess consists of eliminating entrapped air from the concrete se as to
achieve as close a packing of aggregate and cement particles as is possibie.

In add1t10n, it is important that the concrete mix can be eas11y transported /"\ge

\41 placed and finished without segregation. Horkab111ty is a general term

used to describe,the ease of placement and compaction offered by a part1cu1ar

concrete mix.

-

The mixing and placing of fresh concrete may be visualized as a

continuous shearing process where particTes of cement and aggregate move

and interact with eaeh other in the form of fricEion and interlock after

the initial cohesion of the‘cement paste has been overcome. The viork- - '
ability of fresh concrete mix therefore, is a function of the work which

must be done in overcoming this shearing resistance. In more formal terns,
workability may be defined as'the work required to overcome the friction’ -
so as t gch{fs% full compaction.

A second term often used to'desd?ibe the state of fresh concrete is

between individual particles in the ¢ ncre

consistency. This refers to the ease with which fresh concrete will flow

PP —



and is sometimes taken to mean the degree of wetness. In general, it may
be stated that a wet concrete is more wo kab)e than a dry one, but, con-
cretes of different mix proportions having the same consistgncy may vary
in their respective workabilities.

In measuring the rheological properties of fresh concrete, various
test procedures and forms of apparatus have evolved such as slump, com-
paction factor, flow test, remoulding test, vebe test and the ball pene?
tration test. However, these tests do not express the quality of work-
ability in terms of physical units. This implies that whatever quality is
being measured, it is not 1ndependeﬁ¥ of the éppan&tw;by which it is
measured. Instead, it is purely comparative in nature to the results ob--
tained by others using the same apparatus.

f

1.5 Scope of the Investigation

The determination of the 15ﬁpfa1 pressure distribution and the
,cofrésponding maximum lateral pressure of fresh concrete on formwork
along with a more satisfactory method of heasurinq the workability of
fresh concrete necessitates i basic understanding of its shear strength
_behaviour in the non flow condition. |
In this investigatjon, an attempt will be made to méasure the shear
-strength properties of fresh concrete and the variation of shear strength
with sék\;jme and temperature for a given mix. An attempt will also be made
to avaluate the coefficient of 1at:ra1 pressure at rest {Ko) so as to make
possible the determination éf the maximum as well ai the minimum lateral

pressures for- the mix. It is hoped that this will Tead to a better under-

standing of the development of 13teral pressures in formwork and the work-

S )
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~ability of fresh concrete. It is further hoped that the information ob-
tained will be of value in the development of theoretical techniqueé for
lateral pressure and workability calculations which would be of wider

application compared to the\Present empirical techniques.

ﬁg\
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CHAPTER II

THEORY

2.1 Stress in a Particulate System

N

Fresh concrete may be thought of as a particulate system - a system
composed of particles whita are not strongly banded ;Qgethér 1ike the grains

\ ‘
of a solid yet neither free to move 1ike the elements of_a fluid, which

“w

are submerged in a  Tiquid medium, A sys@gm’éC;h as this may transmit forces
through three types of region:

(1) Through the voids (pore pressure).
(2) Through particle contact points (effective stresses).

(3) Through the cross-sections of the particles.

It has beeq shown by Terzaghi that for a. particulate system the total
stress on any plane not cutting across any particle is given with sufficient
accuracy by the following equation

7-q" + U

effective stré&s,*ﬁ. '

pore pressure,

I

where ('

u

.

The above equation is based on the assumption that the ratio (AC/A)2 is

much smaller than unity where AC denotes the area of contact points oﬁ '

the plane and A denotes the total area of the plane. O effectively Eontro]s
the mechanical béhaviour of a particulate system and hence its name.

The pore pressure U developed in a particulate system which has been stressed

is given by Skempton's equation
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A offsy v a o, -a0y)]
vhere Adenotes a change.
0., 03 denote major and minor principle stresses respectively.

A, B denote pore pressure parameter;.

For a saturated system B = 1.0.

2.2 Resolution of Principle Stresses
| ]

Given a major and minor principle stress-Oi,qnd 0%, the normal

‘and shear stress combination on any plane inclined at angie 6 to the

I

major principle stress plane may be evaluated using the following two

equations: ) ,
" ‘Gé = 7y + 03 + .0; - dé cos 28

> . | <
, |

- 03 sin 28 .
2 . ™
where Oé normal stress on the plane inclined at angle &

T, -

& Tq = shear stress on the plane inclined at angle @
The above two equafions represent points on a circle in a rectanogular
coordinate system where the abscissa is normal stress and shear stress is
the ordinate. Such a circle is termed a Mohf Stréss Circle aﬁd allows the

evaluation of Oé and‘Ué in a graphical manner;

2.3-§tress Points

A given Hohr c;’t1e represents only one state of stress. In order to

trace a series of stresses imposed upon a material, numerous circles would
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. ‘
have to be drawn whxch becomes cumbersgme. A more sat1sfactory way of
showing these, stresses is to plot a series of stress po1nts onap-aq
plane, each point representing a state of stress. To do this, we define
the ordinate as q = (0 - 03)/2 and the abscissa as‘p_= (@ + 03)/2»or

in terms of effective stresses p' = (01‘-+.03')/2

2.4 Shear Strength

' 3 “

The shear strength of fresh concrete may be defined as the maximum
resistance offered.against shear stres's.= Shear strength can be considered
to ‘have thfee componeﬁtsi ‘

(1) Structural resistance to displacement becéuse of

paftic]e interlocking. | -
(2) Fricfiona1 resistance to movement between pgrtic1es at
their points of contact, and
(3) Cohesion (adhesion) between thé surface of particles.
Two, kinds of cohesion may be distinguished: . ’
‘ (1) True cohesion srising from the shear strength of’a
cementing. agent between particles, and
(2) Appérent cohesion attributed to moisture surface tension
between particles. It can be interpreted'as internal
friction induced bngapillary pressure.
The shear sfrength of coarse particled materials is due mainly to the 1n§er—
locking of theif particles and intergranular friction, vhere as fine grained

materials exhibit shear strength in the form of internal friction and co-
e
hesion.

e ey b o ik = oot o e 2 et i B B o e o
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2.5 Measurement of Shear Strength

A
L]

There are basically four’ methods in which specimens.may be tested .
to gva]uate their shear strength (Ref. 10); direct shear, triaxial com-
pression, torsion and vane or cylindrical shear. )

Direct Shear Test. - The direct shear test (see figure 2.1(a)),

- !
makes use of a rectanguiar or cy11ndr1ca1 specimen incased in a split

box. A norma] force is applied to the box top and subsequently a shear-

force, forces the top of the box across the bottom.causinp the‘soil to
shear along a plane predeterﬁined by the split between the top of the

| box and the bottom. The normal load is ordinarily applied by‘a rigid

plate that is free-to move vertically as the soil deforms. The bottom of

the box and the sides ‘are rigid so that n0'1aterai deformation takgs

place. The top and bottom of the box frequently have porous stones to

permit drainage. ' '

The direct shear test has extensively been.used because the equipment
is sim51g,to operate, thin specimens permit rapid consolidation under normal
1oad and’the rigid box makes it possible to measure the volume changes which

accompany shear.

Major drawbacks in-the use of the direct shEarSkest are the inde-
terminacy of the strésses. on-the box sides éﬁd the non-uniformity of shear’
strains Jeading to results which are difficult to interpret. In addition,

k]

drainage control is difficult.

e e e e A e e e ¢ et T ke 2 42
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Triaxial Compression Test, - Ina triaxial test a cy1indr1ca1.specinen

,_/
is 1n1t1a11y subaected to an equal all.around prESsure and then failed

through app11cat1on of an axial 10ad The spec1men is enclosed by a rubber

membrane wh1ch is sealed at the bottom ‘to. a pedestal and the top fo a metal

cap. The entire assemblage is contained 1n.a chamber into which air or water .

is allowed to enter at any des1red pressure This pressure acts on the s1des
and top of the spec1men through the rubber membrane and cap. Add1t1ona1
axial Toad may be app]ied to the specimen by means of a piston pass1ng
kthrouch the top of the Qhamber and resting on the metal cap.-Porous stone .
is placed on the bottom of the sample and is connected to the outside of

the chamber by tubing. This allows the.pressure of the water in the samp1e

. to be measured if drainage is not allowed. Alternat1vely, if dra1nage is

allowed, the quantity of water passing into or out of the samp1e can be
monitored.

, : &

The triaxial test predominates in research because of "its versatility.

The principle stresses can be controlled to simulate field conditions. Pore
)

pressure measurement is possible. Also, for non homogeneous specimens, the

specimen is allowed to develop its own failure p1ane rather. than it being

predetermined by the apparatus as in the d1rect-shear test. However, the

non uniformity of stresses and strains and the imgbility to measure or con-

trol the 1atera1 strains accurate]y are disadvantages which 1nc1denta11y are

also common to ‘other shear tests.

Torsion Test. - In torsion testing, a cylindrical or annular specimen

is first subiected to a normal and then a torsional stress until failure is

produced.

LR g
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In the torsional direct shear test (see fig. 2 l( ) a ring shaped
specimen is confined within an annular box and a normal force is applied
to the plane surface of the box. Torsion is then applied causing the
specﬁgen to.shear-eTOng a ring shaped surface para11e1 to the plane sur-
faces of the specimen. The shear strains in torsion vary with the distance
from the centre of rotation. |

In the triaxial ey]ihder test (figyre 2.1(b)), a hollow cylindrical

specimen is subjected to internal and external pressures and an axial

load. This is fbl]owed by torsiona] Qoading which leads to failure. The

hoTlow cylinder m1n1m1zes the non un1form1ty of tors1ona1 stra1n inherent

-in the 51mp1e torsion test Pore pressures however, are mdetermmate

- Vane Shear Test. - The vane shear device consists of four thin
~ ] & '
blades on a rod. The rod is forced into the material to be tested and a

forque is applied until failure occurs along a cylindrical surface defined

by the vanesfhe torque causing such a failure is a measure of the shear

R : B ' .
R - _ o L

strength, '%§\ S PN

- Unlike the other methods of shear test1ng, the stresses in the vane
-shear test are def1ne&\gy the state of stress a1ready existing in the
material.. This method of test1ng is, we]} ddapted to determ1n1ng ‘the in-sity
strength of a material with a mihimum of'dis rbange. However, it Off8h§

Tittle 1nd1cat1on or control over the dra1nage COnd1t1ons or principle

T

stresses existing in the material.

2.6 Shear St}ength Theories | -

Mohr Coulomb Theory. - A free body diagram of a non cohesive continuum

tending to be sheared by a shear stress V along a plane A - A is shown in

]
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figure 2.2(a). A section of the system has been_tgken,a1ong the shear

. Plane A - A and the portion removed is renlaced by normal and shear

stresses N and V respectively. The resultant s%ress of N and V is &e-
noted R. Angle X in the resultant triangle of jbrces is termed the angle
of obliquity. As the shear stress V is increased to-a maximum value ‘
t:and the’normé] stress N is kept constant, a stage will be reached when
sliding is 1mm%nent. Angle iwill ‘correspondingly increase to a maxihum
value #. Considering the triangle of forces at the brink of failure we may
wri te | T
T= N tan § . | o (2.6.1)
vhere tan @ = coefficient of friciion. -

The Mohr stress circle for the'systém‘is drawn in figure 2.2(b) at .
the jinstant of failure. The maximum shearing resistance is developed vhen
the ang]ecxequa?s the {1m1t1ng value @ i.e.kis maX1m1zed Thierefore, 11ne
0D becomes tangent to the stress circle inclined at ang]e P to the abscissa.
Such a line is referred to as a Mohr Coulomb Failure Envelope.

It should be noted that many materials exhibit ;hear-resistance when *

the normal stress on the shear plane cons idered is zero, Therefore'(2~6.1)

may be generalized and. put in the form

T=C+0] tan §f : | - (2.6.2)
where T = shear resistance | ‘
C = cohesion
UB = normal stress oﬁ the shear plane
tan ¢ = coefficient of fNction. | e

Equation (2.6.2) is known as Coulomb's Equafion. The result is that the

failure envelope will now have a cohes ive intercept on the C ordinate.
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It is important to realize that shear strength dependé on effectiVe‘
stress and not total stress. Coulomb's equatibn must therefore be modified

in terms of effettive parameters and becomes

T=C'+ ¢ tang' _ C(2.6.3)

The Mohr Coulomb thedry has a %undamenta]fmeaning provided the

assumption is made that no volume change occurs. With volume change-in-

- ¢luded in the C-@ parameters, the-theory js essentially a useful engineering

tool,  but nothing more. Since the volume changes depend on the principle
stress-system and since this differs between types of tests,‘one canndt ex-
pect to find universal C-p values for a matgrﬁa] indepegdent of the - method

rd
of testing. ‘

Rowe's Theory. - When a system is stressed by two forces.normal to

each other Q and P as indicated in f{gure 2.3, s1ip will occur in general

along a:p1ane inclined at an angle B to.the direction of the force P'(Ref. 8).

‘Assuming the material exhibits bofh”cohesiye'a&f/frictional components of

shearing resistance, then the forces may be ?eso]yed to give

\\’“ .
P-Cux _tan (9 +B)
Q¥prpanb H
’

where Cp = a cohessive stress quantity

(2.6.4)

p = the angle of friction of the material.
Using this equation, the équatiahs ofStatk for a simple geometrical packing
of spheres may be derived.'Two‘Sdﬁ packings jof épheres_are the body centred
cubic and the rhombic which ;orresﬁ&ﬁd;QP thé Toosest and the most dense

states respectively. . ‘ fﬂjy,' - °

Consider a system of spheres in.a body centred cubic packing as

shown in figure 2.4(a). Movement of one sphere relative to another during

St P A
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Fig. 2.3. The stressing of a system by twy normal forcés.
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the application of a deviatoric stpess can only take place by sliding.
Applying (2.6.4) at a point of contact of the spheres, the following
condition of sliding is arrived at

L,/4 - C{Jl = tf—m(q)}-1 + ) - (2.6.5)
L/2 + dletan B

* Since dl = 1.1/93 and d3 = LB/Rl’ equation {(2.6.5) may be rewritten in
terms of effective principle stresses

dl, - ach = tan(g! + P) . (2.6.6)
205y, + 4c}'15[1tan )

-~

noting that 2“1/ Ra = tan(x) and substituting into equation (2.6.6) we get

g = qétan(m)tan(q)-}'l +P) o+ Chean0 [1+ tan(P)tan((P}'l +B 1 . (2.6.7)

Figure 2.4 (b) shows the mechanism where by failure takes place.
Note that the spheres move apart in the'horizqntal direction and move
into the resultant space in the vertical direction. Cansidering 8'1 and-

Sé t6 be the deflections resulting from a change in load

I

81 2d(sin(p ) - sin(p))

6, = 2d(cos(p) ~ cos(p))
and _ . -
8'1 = agl = ~2dcos(B) x QP . y
0 load . dload
G: =28, = -2asinp) x 2
3 3 P
5Toad st
therefore /’.
g'a. = tan(p) .
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Further in terms of strain

-

tan(DOtan(}B) =y !

1
2

M0

(2.6.8)
1

‘where V~'is the instantaneous Poisson's ratio. The ratio of the work done
per wit volume (RWD) on the assemblj of spheres by the major principle
streés to the work done on the minor principle stress by the assembly
during an increment .of expansicon is’ given by

= ren v
R =06 _d

1 1 1 r
26363 d3 A
and from (2.6.7) and (2.6.8)

1 +tan(q)J'J+}3)

R = tan( + P+ 2C
s 3 (2.6.9)

tan (B) dy Ltan(p)

3

Working through the same analysis for a rhambic packing c->f spheres
will also give (2.6.9). Rowe demonstrated the validity of the theory by
performing triaxial tests on cubic and rhambic packings of spheres made of
steel . | |

The form of equation (2.6.9) which was derived for regular packings
of wmiform épheres may aléo be expected to apply to a m:ixtthzre of packings of
'~ various sized particles. If such a particulate system is loaded, then the
particles would slide past each other with the individual values of P being
such as to minimize thé rate of internal work dene. 'i'.his oondfltlon may be-
expressed as _a(a%ﬂ = 0 for which p = (45 - _]2._@J:l) Substitut:i.pg this value
of B into (2.6.9’? we have

Ei__._l_ = t‘an2(45 + ,?}l-l) + 4C' tan{45 + ¢') (2.6.10) \_‘/>

dé pAlal y) _6\::
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All o‘f the variables in (2.6.10) may be measured independently. and
the behaviour of the system predicted. In order to verify the applic-
ability of (2.6.10), Rowe performed a large number of triaxial campression
tests on cohesionless particles of loose and dense sands which showed
good agreement between the experlmental results and equation (2.6.10)

By rearranging, (2.6.10) may be put in a more

purpose of analysis

1 1
ﬁ _ KOy + K,
A\ *
where 'K1=2tan2(45+(P') ) ¢
.7

= 8C' {45 ')
K2 Ptan +C—£E
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CHAPTER III

Literature Review

A review of the technical literature reveals very few contributions
concerning the shear.strenath properties of fresh concrete for the purpose
of better uhderstahding its workability and the pressure it develops in

formwork.

In his research on the rheology of fresh concrete, L'Hermite (Ref. 3),
used the‘ifiaxial cy11nder torsion test to determine points on the Coulomb
shear streﬁgth envelope for fresh concrete. For a concrete mix with a con-
tinuously graded aggregate, 300 kg of cement per cubic metre and a water/
cement ratio of 0.65 he obtained the following load deformation curve for

various values of normal load P;

a
l

N0

A&yoﬁcu/ Zﬁq;ud
~0

: léﬁgyé ot Foltation 6

Fig. 3.1. L'Hermite's load deformation curve.
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Analyzing the results using the Mohr Coulomb failure theory,
{

L'Hermite obtained the following values of the coefficient of friction

A

and the cohesion;

tan P = 0.70 .

tan' @ = 0.45 (coefficient of friction with respect to the
post peak strength)

Cohesion = 0,05 kg/cm2

The cohesion was measured separately by means of a_téﬁsi]e test between
two boxes. A more complete description of the test procedure however,

was not included in the paper. L'Hermite also tested Eure_cement haste
wiéh the same quantity of water, and dry and saturated aggregate to
evaluate their relative contributions to the shear strength of concrete.
L'mermite’s resu1t§ are taBuTated below in table 3.2. It may be seen that
concrete has a coefficient of friction between that of cement paste and

saturated aggregate and a cohesion similar to that of cement paste.

Material Tan @ Tan'@ Cohesion
Cement Paste 0.45 .06 .06 kgf/cm?
Dry Aggregate 1.00 71 . 0
Saturated Aggregate| 0.80 .64 0

Table 3.2. , L'Hermite's teést results

In pérforming the tests, L'Hermite noticed that the maximum and
pgst peak shear strength decreased with a decrease in the strain rate.
For %nstance, in going from a speed of 0.5 %0'0.25 mm per sec, no vériation
in maximum shear strength was observed. Howevg}, at a slow enough speed to
be considered zero, the maximum shear strength decreased by 13 %. This was

attributed to the viscosity of the mix. ®

i
N SERSrOT T N A
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S From the investigation, L'Hermite concluded that:
(1) The rheoTog1ca1 propert1es of fresh concrete can be measured ’
(// by simple exper1ments, the results of which can be expressed

in mechanical units

(2) The coefficient of friction tanP, decreases as the quantity
of m1xing vater increases, and . | ‘

(3) The deformation at failure appears to depend on the grading
of the aggregate.

;‘“4\ In 1962, Ritchie (Ref. 6), published a paper on the triaxial testing

AN ‘
of fresh concrete in which!he stated that the-workability of a concrete

“mix is a result of the fundamental rheological properties of the fresh
mix. Further, Ritchie stated that workability can be subdivided into two
fundamental properties:

(1) Compactibility, being the amount of useful internal.

work necéssary to produce full compaction, and

(2) Mobility, being inversely proport1ona1 to the internal

res1standpvof the mix to deformation.

In order to study the mobility effect and express it in fundamental

terms, Ritchie measured directly the angle of 1nferna1 friction of fresh

concrete using the three Jimensiona] stress.system of‘the triaxial test.

A variety of concrete mixes ranging from high to low workability were

tested. Undrained triaxial testsaggre perfbrmed‘on 3 x 8 inch snecimens

at a strain rate of 2.1 % pefr minute untii they were seen to fail or the
strain exceeded 20 %. Cell pressures ranging from 5 to 60 psi were used.

The corresponding Mohr circ]és were draﬁn along with the best;1{ne giving

the angle of internal friction. Table 3.3 summarizes Ritchie's resufts,
|

—



. Angle of Apparent:
. .. Compacting |Water/cement [STump [Yebe timginternal jcohesion
Mix .Nor'kabﬂity factor ratio (1n) (s) - friction 2
(degrees)|(1b/in“)
‘ Tow | 0.85 0.452 3% 3.5 12 2.0
1:3 | medium 0.92 0.477 5 7I™N.0 | 11 5.0
high 0.95 0.485 5 1.5 8 | 4.0
Tow . 0.85 0.512 . 1y 7.5 - 28 " 3.0
1:4% | medium 0,92 0.549- 2 6.5 28 4.0
high 0.95 0.561 2% 4.0 25 7.0
| Tow c.85 0.557 zero | 9.0 32 8.0
1:6 | medium 0.92 0.665 2 5 30 8.0°
high 0.9 0.690 ' 2%_ 2.5 * o
Tow 0.85 0.676 zero | 10.0 | 3¢ |10.00
1:7% | medium 0.92 0.775 i 5.0 34 7.00
| high 0.95 0.805 1% 4.5 * | =
Table 3.3. Ritchie's Test Results,
From the results, the following generaiiZed conclusions were made by
Ritchie: ' | '

(1) For mixes having the same ﬁomoacting facto} ‘the angle of-internal
fr1ct10n increases as ¢he aggregate/cement rat1o increases. This
is a result of the paste Tayenf becoming thinner and th1nner givmg
rise to greater particle interaction, and

(2) As the water/cement ratio increases, the ]ubricafinj effect of.
the paste layer between the aggregate increases resul ting %n

decreased values of internal friction.

In 1968, Olsen {Ref. 5}, completed a study on the Tateral pressures of

l
J



concrete on fayrmwork}in which he related the lateral pressure.exerted

.
o e e il s ——

by fresh concrete'oﬁ Formwork. to ;Méfﬁﬁa}ained shear strength of the

concrete. . §> .
r

Olsen measured and recorded the variations in tae undrained shear
strength of fresh concrete with time using triaxial tests. He then pro-
ceeded to relate the stress strain relationships of the concrete specimens
from the trjaxial tests to the stra1ns and corresponding stresses ex1st1ng
in formwork. Olsen then compared his results to those obtained from re- -
c09n{zed presshre formulae developed by the American Concrete Instituﬁe'

]
ing Research Institute presently known as the Con-

and the-Ci

struction Industry Research and Information Association.

_To"va1uate the shear strength, dlsen performed undrained trjaxial
tésts for set times ranging from 20 m{n‘to 180 min and confining pressureé
rﬁnging from 20 psi to 80 psi. A standard mix. having a ratic of cement to
sand to coarse aggregate of-1.0 : 1.5 : 1.5 was used with a water cement

ratio of 0.4. The results of the triaxial tests are summarized in table 3.4

" - below.
Set Tfme - Cohésion : Internal Friction Angle
mihutes ) psi degrees - minutes-

20 2.8 . 1° 34 @L

30 3.8 - 1 22 .
a5’ 3.8 ' 1°  ap
60 4.9 19 g7

75 5.0 3 2!

90 T 5.2 © 3% 26

120 6.6 > P 18 '

180 9.1 R 50 31!

—

14' Table 3.4. . Olsen's-Test Results.
—
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From Olsen's results, the following generalized conclusions can be made:
(1) For low set times, the shear sfrength of fresh concrete
. consists mainly of cohesive bond in the cement paste
" (2) As the sett1ng continues, the cement paste becomes less
p]ast1c and the mobilify of the aggregate narticles de-,
creases resu]ting in an increasing angle of internal
friction, and
(3) Cohesion steadily increases with. set time as cement comb%nes B
with water to form the binding medium. ‘ . - o
It should be emphasized that all three investigators performed ij}
undi ained tests but negTected however to take pore pressure measurements
For instance, Ritchie assumed that the cement paste matrix hav1ng a gel
structure of its own could not be considered to act in exactly the same
manner as pore water. In what manner it would act however, he ﬁeg1ected
to either state or investigate. Consequently, all of‘the test resu]Es are
in terms of total stresses (except for L'Hermite's which would depend on

the speed with which the fresh concrete vas sheared). Therefore, an

effective stress analysis cannot be carried out. Since the undrained values

C and @ are pofe pressure dependent, and the pore pressures developed under

field conditions may“differ significantly from those in the laboratory due
to different drainage conditions such as 1ength of drainage paths to a free
draining surface, it is'difficult to appreciate the app]icabi]ity‘of their

test results.

It is also evitlent from the discussion of the development of_préssures

in formwork that the stiffening of concrete is largely depqugﬁ:;SE_Fhe
temperature of 'the concrete. The effect of temperature on the s strength

of fresh concrete was not mentioned or investigated by any of the three in-

vestigators.

e ey i A A e > e R
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CHAPTER 1V -

Experimental Procedures and Test Results \\\\

-

4.1 Choice of Testing Procedure

As ‘was p;eviously discussed in chapter 1I, fourcbmmon test pro-
cedures exist for evaluating the shear strength of particulate masses.
For this investigation, the iriaxiaT‘compression test was chosen for
the following reasons:

(1) The brincip]e_stkesées imposed ﬁpon the test sample can
be controlled by triaxial testing as opposed to the direct
shear test, the torsional shear test or the vane shear
test where the principle stresses are indeterminate,and

(2) Durinabthe stréssing of the test sample, fhé;bore yater
preésures can be measured by meané of a pressure cell and
'l«//. transducer system making an effective stress analysis
pogsib1e. |
During the triaxial testing of a particulate ma ss such ds fresh
concrete two extfeme conditions of drainage can exist:

(1)} A drained condition where stresses are applied slowly with
respect to the ability of the material to drain so that no
e#ceés pore pressures are developed, or

(2) An undrained condition where stresses are applied so rapidly
that virtually no dissipation of pore pressures takes place.

These two extreme conditions of drainage are never likely to exist. How-

ever, because they represent 1imiting conditions and are easy to control,
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they are valuable guides for understanding the behaviour of particulate
@
masses.

| Based upon the two extreme conditions of drainage, there are three
types of triaxial tests which can be done: /
(1) The Undrained Triaxial Test which allows no escape of pore
water from the sample as if }s compressed to fai]ﬁ?e
(:T (2} The Cgﬁyﬁfqgated Undrained Triaxial Test which allows the
sample to initfally consolidate or dissiﬁate pore water

) ) t
pressure undér a constant all around pressure. Subsequently,

when the axial load is applied, no drainage is permitted,

and

(3) The Drained Jriaxial Test which a]iéws th;-samp1e to con-
solidate prior to application pf the axial load. Drainage
is then permitted during the remainder of the test as the
axial load is applied. To do this, the axial load is in-
creased slowly so that'dgve]opment of significant pore water

) pressures are prevented.

When fresh cqncreté is placed in formwork, the impermeability 6f
the form boards (with the exception of joints), permits 1ittle water to
escape. Further, during mixing and placing, fresh coﬁcréte!is continously
manipulated and sheared and conseauently it ha§‘11tt1e opnortunity to con-
solidate or to dissipate pore water pressure by means of bleeding. Far
these reasons it was considered that undrained triaxial tes?z’hould best
simulate the conditions of fresh concrete in formwork and the process of

mixing and placing of fresh concrete,
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4,2 Concrete glx Characteristics
~. . . _
Two cencrete mix proportions were used in this investigation

hatey

corresponding to the following two groups of tests;

Triaxial Tests. — A single concrete mix was used throughout the
triaxial testsing having ratios of cement to sand to coarse aggregate of
1.0:2.7:2.1 by -weight and a 'water/cerrmt ratio of 0.57. ;Ihis resulted in
a concrete w1th a 2 inch slump and an ave.rag; 28 d&ccmpresswe strength
of 3,700 psi. - : -

’ - KC Tests. — For thesel tests, ‘a mix having ratios 'of cement to sand
to coarse aggrega’ée of 1.0:1.5:3.0 by weight was used along with a water/
cement ratio of‘0.55. The resulting oonci:ete had a 2.5 inch slump and a
28 day average ccmpress:.ve strength of 4,950 psi. ‘

In all tests, Type 1 Normal Portland Cement was used and crushed air
dried limestone gravel and quartz sand. The aggregate may be classified as
angular in appearence.‘ The grain size distributions of both aggregates are
shown in figure 4.1: In an attempt to maintain temperature and humidity
- wniformity throughout the tésting period, all materials were stored in
containers prior to mixing and kept in the | ere the testing was to be

<.

conducted. -

4.3 Testing Procedures

Triaxial Ccmpiession Tests. —~ Figure 4.2 shows a sketch of the triaxial
compression set up used during the investiga£im. Testing was daone on 4 X 8
inch cylindrical coﬁcrete specimens. The sequence of steps in testing the
samples of fresh concrete were as follows:

(1) The base of the triaxial cell was first cleaned and made free

-
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GRAIN SIZE (IN)

=2 i
10 - :
100 5 & 7 2 4 r/ i 1,10
80 7
Nl
so} / 1
N /

40} / 4

_ Gravel | / -
20} // -

|4~ A
)
‘-
Fig 4.1. Grain size distribution. and the limits specified

in ASTM ¢33 for fine and coarse aggregate.

o
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I -Concrete Samnle
2{-Triaxial Cell
-Triaxial Piston fod
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8-Variable Speed Electric Motor -
9—-Pressure Reaulating Valve
10—Pore Pressure Cell i
n-Transducer
12-U-Tube Pressure Measuring Device

SUPP/)/

Fig. 4. 2.

. & ’ *
Triaxial Compression set up.
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of any dried concrete from previous tests and toe vater
channels were de-aired by flooding with water.

A rubber membrane was attached and sealed to the pe-
destal by means of vacuum grease and rubber r%ngs: A
porous stone having been stored in water was then placed
on the pedestal inside the rubber membrane.

A cylindrical mold was placed so as to surround the rubber
membrane and a vacuuh was applied causing the membrane to
take the same cy1indr1ca1rshape as the mold. Moist filter
paper was then placed along the inside of the membrane to
allow the movement of water and therefore ensure uniform
pore pressures throughout the sample during compression
(see figure 4.3(a)). |

The appropriate proportions of gravel sand and cement were
mixed. The water was then added and a timer recorded the
set time. fhe set time was taken as the time following the
addition of water to the mix to the instant when the axial
load was applied. |

The mold was filled with fresh concrete in four successive
layers, each layer receiving fifty tamps from a % inch dia- f\
met®r rod to achieve full compaction.

The vacuum on the mold was removed and the-concrete was sealed -\
at the top with a metal top cap. The temperature of the air and

the concrete were recorded and the test sample vas then allowed ’

to stand for a given set time (see figure 4,3(B}¥

Several minutes before the required set time el}apsed, the



a) Vacuum being applied to ‘the membrane.

b} A test sample during its setting period.

-



mold was removed and a steel ring was placed around the
midsection of the cylinder to monitor the lateral strains.
The cell was then attached to the base and the entire assembly

was mounted on the compression machine for testing (see figure

4.4(a)).
(8) Vhen the desired cell pressure was reached, the deviator load

was applied at a constant strain.rate of .045 in/min and mea-

‘surements of deviator Joad, longitudinal strain, lateral
strain at the midsectian of the samp?e and pore water pressures
were taken. This implied that the sample was strained 20 % of
its length in thirty f1§e minuges. Althouch this period of

time is relatively large in comparison to the set times of the
'samples, it ensures that uniform pore water pressures exist

throughout the samples during compression.

Figure 4.4(b) shows seLeral samples after hafirg been tested. In
all, forty undrained triaxial tests were successfully performed for set

times of 40, 80, 120 and 160 minutes, cell pressures of 0, 5, 10, 15 and

20 psi and temperatures of 70° F and 38° M. Figure 475 shows a typical data

.sheet for one of the tests.

t

Unconfined Compression Tests. - During the tniaxial testing it was

discovered that the fresh concrete dilated duriqg the application of the
deviator Toad and that negative pore water.presshres developed in the
samples evén though the cell pressure was set equai to zero. Consequently,
it became impossible to perform an unconfined compression test for the
purpose of getting a better estimation for the cohesion of fresh concrete

as defined by the Mohr Coulomb failure theory. To overcome this, a series
§

r
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a)
b)
Fig. 4.4. (a) Entire triaxial assembly prior to testing.

(b) Samples after having been, tested.
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TRIAXTAL TEST

Date 1718
Set Time 120 Min.
CeI'l Pressure (}1125; (
Temperature 1o °E
Strain Gauge Load Dial Transducer Lateral Strain
x 1073 in. x 1074 in.
0 0 0 J2.9
100 Je ' T2 Ja.2
200 105 ) .y 33.¢
FoO 156 - 15 340
foo 203 g .5
_goo 242 2 F 35.0
“g 0o A7F =3 35.4
m Foo 304 -3.5 36.0
F00 330 -3.8 J6.4
Joo 350 ~4.0 36.9
000 3¢ 7 -4.3 374
oo .3677 ~4.4 K247
/200 f05 " 44 385
1300 - - 720 - 4.8 39/
1400 13/ -4 397
/500 142 -5/ £0.3
/600 3 ~5.2 {0.9

Fig. 4.5. Typical triaxial test data sheet
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of drained unconfined compression tests were performed on unéupported'
cy11ndrTc§1 samples of fresh concrete.

The 'samples were formed by placing concrete in a plexiglass cy]-
1nder 3.22 inches in dlameter and..7 inches hﬂgh The concrete was placed
in- four Tayers and each layer received fifty tamps as was dong for the
Eriax1a1 tests. The concrete was then allowed to set for the épprOpriate
time period after which the cylinder was carefully s 1ipped off and the
sample compressed to failure at a strain rate of .045 incires per m1nute
To measure- the 1atera1 strain, a strip of wet paper marked off1n inches
was placed around the midsection of the sample. Figure 4.6 shows a
cylindrical sample during its setting period in the plexiglass and just
prior to testing in the compression maéhine.

Ko Tests. - Values of Ko for fresh concrete were obtained by applying
- vertical stresses tﬁrough a piston in series with a Toading ring onto fresh\
concrete samples 3.22 inches in diameter and 7 inches high. These samples
were restrained from moving laterally by means of a plexiglass cylinder *
asing whose diameter was %B' inches 1afgér than that of the piston. This
_a1]0wed-water to drain out of the concrete during the app]icationcgf ver- &
tical stresses. A circular sponge was placed between the piston and the
concrete to prevent the loss of the finer sand and cement particles. The
lateral strains and the corresponding stresses as a result of vertical
loading were measured directly by mqué of two strain gauges on ejther
side of the cylinder attached at its midheight. Two ‘dummy' strain gauges
were also used to offset the effects of temperature changes.

The cyIinde} was filled with concrete in foul successive layers,
each layer being tamped at least fifty times with a % inch diameter rod

until no .voids were evident whep the concrete was viewed through the
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plexiglass. The vertical load was applied in successive increments of

12.5 poﬁnds and the corresponding strain gauge readings were taken

only after the excess pore pressures had dissipated and the load dial
gauge had stabilized. _‘ '

'The testing was perfbrmea?withjn a period of approximate]yiBO
minutes. In order to verify thét fresh concrete is permeable to water,
the water expelied from the-cylinder top was collected and measured
during increases in axial load. Figure 4.7 shows a t&p?ca] data sheet
for- the ﬁo tésting along with the water expelied durfng”the vertical
stressing. Figure 4.8 shows the Kolappqratus prior to and duriﬂg the
testing procedure.

The various tests and conditions of set time and temperafure per-

formed in this investigation are %qmmarized in table 4.9.
. \

I

4.4 Experimental Results

Triaxial Compression. - Figures 4,10 A to 4.17 A represent the

stress-deformation characteristics of fresh concrete at 70° F and 380 F

\

under confining pressures ranging from 0 psi to 20 psi and for set times

ranging from 40 minutes to 160 minutes. The ordinate corresponds to the

effective principle stress difference and was calculated using the area

at sthe midsection of the test samples. It was assumed that failure occured

predominantly at -the midsection of the test samples as is evidenced by a

/

bulging type of failure in figure 4.4(b).The cause of this type of failure
can be explained by the increased strength &t the sample ends as a result
of friction developing between the concrete and the porous ston® at the

bottom of the sample and the concrete and the metal top cap at the top of
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Ko TEST

Set Time &0 Min.
Temperature ij)°E

Load Dial
x10°% in.

Vertical Stress
ps i

Strain
Gauge

Horizontal Stress
psi

Water Expelied
ml,

Ko

0

ico
<00

4

300
4oo

6.08

. 24

S00
‘600

Foo
§og

12:.[

%2

. 3¥

oo
1000

Hao
1200

4c

|- § 4

|0

1300
- [400

1 8

1500
/600

4.0

4%

[.88

.08.

1#00
1800

1900
2000

45

.60

.09

| hr -

Fjgé 4.7.  Typical Ko test data sheet.
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K. apparatus prior to and during the testing

procedure.
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the.samp]e.‘The increase in strength due to the confining effects of the
rubber membrane were neglected as severa] tria} calculations indicated
the rubber membranre correction to be in the order of 1 to 2 percent. This,
it was felt, was less than the accuracy of the testing could warrant.

In figures 4.10 B to 4.17 B, the poras pressures developed during the

triaxial testing have been plotted as a function of the akial deformation. <\\,,

Unconfined Compression. - In figures 4.18‘A and 4,18 B are plotted
the resuits of the ﬁnconfined compression fests at 70° F ang 38° F respect-
ively in terms of effective compressive stress versus axial deformation.
The‘éompressive strésses were calculated using the area at the midsection

, of the sample as was done for the triaxial compression tests.

Ko Tests. - In figures 4.19 A and 4.19 8, Ko has been plotted as
function of the effective vertical stress and for set times ranging
from 20 minutes to 160 minutes. The plots have been done for temperatures

of 70° F and 38° F.

¢

L <4 -,
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CHAPTER V

Analysis of Experimental Data

5.1 Choice of Shear Strength Theories

For the purpose of analysing and predicting the shear behaviour
of fresh concrete, two shear strength theories were introduced in chapter
II, namely the Mohr Coulomb theory and Rowe's theory. FHow useful these
theories are depends on how well they satisfy the'fo11owing\1wa_$equiﬁe-
ments- (ref. 4): . | _
| (1) The ana]ytica]vrequirement; the theory shoqu be capable
of summarizing thelresu1ts of shear strength tests in the
form-of one or more fundamental stréngth'parameters.
(2)_The app1icab%1itx requiremeny; the strength parameters should

be-directly applicable to the\solutjon of problems dealing

with shear strength such as late ssure calculations.

However , it is difficult to satisfy both of the ve reauirements sim-

ultaneous]y For dinstance, the Mohr Coul theory describes the shear

strength of a particulate mass in the form of two strength parametetg
-

the effective cohesion and the effective fr1ct1on angle. These hpweveg:

are of a restricted analytical value because the Mohr Coulomb thebty was

. derived for a’continuum and cannot readily be applied to a dilatant part-
1 ' »

i . . . -
ictitate system. The strength parameters however, are easily applied to

the eva1uatioh of many comman engineering problems dealing with the

-
!

j,/ strength or stability of part1cu1ate systems. In comparison, the strength

n

St [
. ' -
.



- 80 -

paramétérs of ‘Rowe's theory satisfy the analytical réquiremenf allowing
a mo}é fundémenta] understanding of shear behaviour. H;wever, Rowe's
strength parameters do not safﬁsfy the app]ic;bi]ity requjremeﬁ% i. e. the
parameters cannot. be inserted into simple strength and stability equations
becausé of the complex nature in which failure is assumed to occur

In this investigation, both the Mohr Coulomb theory and Rowe's
theory will be used to analyze the experidg;ta] results. Consequently,
future investigators who may wish.to apply the test results to workability
and fonﬂwork pressure éaIcu]ations will have a choicqﬁgétween two sets of

strength parameters.

5.2 Choice of Fai]ure Criteria

In the triaxial test1ng of soils 1t is generally accented that a
test sample qas failed when the paximum stﬂ%ss déq:erence 07 - 0' has been
reached. For highly plastic mater1a1s, this condition of failure is some-
times not achieved until the test sample has undergone large axial strain.
For this reason, failure has also come to bé arbitrarily défined as the
instant a test sample achieves 20 % axTa$\€train. Intuifive]y,'this definition
of failure seems‘correct since it not only imposes an upper 1imit to the
stresses a 1 will be subJected to in the field but also to the deformat1ons
w1ch are 11ke1y to occur. -

For fresh concrete in formwork, it may. be. inappropriate to use 20 %
axial str§§% as a failure cr1ter1on because such large stra1ns are never
. 11ke1y to be encountered in real pract1ce However, it is d1ff1cu1t if not
1mp0551b1e to choose any s1ng1e va1ue of axia] strain as a failure criterion
. since the. deformat1ons eX1st1ng‘“g,formwork can vary significalitly depending

S wo-
- .ot -
$ _ . . .
. (2 ' .



on the formwork material, the quality of.work in constructing the form-
work, the spacing between ties etc. It was therefore decided to adopt
two faildre criteria for ‘dhalyzing the test resufts:

(1) The maximum stress difference or 20 % axial strain.

, (2) The maximum stress difference or 10 % axial strain.
- .

5.3 lohr Cou]q)nb Analysis
, 7

.In figures 5.1 to 5.4, the triaxial test results have been plotted
,on ap' -q p1ane. Each of the four Tines corresponding to set times of
- 40, 80, 120 and 160 minutes repfesents a linear regression of, five stress
points for qei] préssures o% 0, 5, 10, 15 and 20 psi. Ginn‘sucq a p1oﬁ;
the aq?Te,eLand/anercept A'bn the W' axis for any Yine may be ré?%%ed

to the Mohr Coulomb strength parameters by means of the following two

12

equat1ons:
1
~sin ﬁ’ = tan X
f
Ct= A
cosP' 4 -

The lines were first regressed through the or1g1n to get an 1n1t1a1 estlm—

ate of the friction angles. These friction angles were Then used to

estimate the cohésion C' for each of the four set times. The 1i 25 were
then Tinearly regressed through their respeétive q’inter epts/
Figure 5.5 shows the re1at1on between cohes10n and set time at’700 F
and 38° F. Each point represents the effect1ve cohes10n for a given set
-time and was evaluated using the results of the unconf1ned compress1on
tests. The relation between thefeff9ct1ve cohes1on C' and the drained 4& .

N

compressive strength qu is given by

- . B . q L)
' ) Y - -
T—m - . o ¢
. .
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: correspondmg to the set t.HTES for which the lmes have been dramu The

- - 82 -

L]
. et it et

rd
iy
P

= q_tan(45 - ¢') S |

_2‘_0_- % .. . _ -

.w -\\ . —

This relatlm was derlved from (1. 3 1) by settlng P = 0 énd 3’ qu :

-

. A linear regressmn was performed on the pomts with the assumption that -

cohesion is initially zero. and J.ncr&es \linearly with set time. Since ~ .
the fr:LctJ.on angle q> depends on how failure is defmed, ‘l'i_nes have o
"19 b 1

been dram “for each temperature, one oorrespondmg to a 10% failure strain o
and the other to a 20% fallure strain. The- results of tl% Mohr Coulcmb \

, : ‘1
” analysis have been summarized in table 5.6. . Co C !
g . LI L f

1 ) — -

54RmesAnaly51s\ . ' 4

| Flgures 5.7 to 5 10 repxesent plots of the triaxial test resﬁgs
on (j'l r- Cfé planes. Four' lines have been d;am in each flgure ‘for set
times of 40, 80, 120 and 160 minutes. Each' line has-ééen linearly re-*
gressed through\r\five points corresponding to. 0 10, 15 and 20 psi-cell
‘pressures. The slopes represent/:tlxtan (45 + gi) in Rowe s equation

d‘ ' :mtercepts represa'xt K2 = 80}'1 tan (45 + gi) Knowing the values of
Kl and K2 they frJ.ctlcm angle (PJ:I and thé‘bohesm C}"_l correspondmg to Rowe s
theory may easily evalmted In:l.tlally

) { :
was negl:.gably small and the’lines were mad to pass thmugh the orlgm of. .

it was assumed that the cohesmn

e e ———— g r——

the coordJ.nate system. Fram the slopes,. i 1t1.al estlmates of. (p were made .0

frci'n whlc:h the cchesion Cet}'l and subsequmtl . were e T 700}3‘. ']Ihe .
lmes were then 11nea.rly regressed a sec@n‘ﬁh thro h thelr pria‘f:e

Y s
ot /\17("' €rcepts to obtain nore,accurate’ ] of (P at 70 t BBOF,;' .

\_//
cz.rate values of the mstantameous Poisson' s ratio V‘ could n
b



rid

A

cmeaequently, K2 ‘and correspmdmglz C}'_1 could no{ be estimated. . Therefore,
LT T —
a secmd 1m§ar Iegressm was nort possible at 38015‘ However, because the

dlfference in (P at 700F between a linear regressu:n through the orlgm

_andalzn.nearregress;u::nthmughl(2 1smtheoxde.roflot02 ,1twas

' felt that the fu@estmmates of q) at -38 F. adeguately represented the true
—

N

angles of J.nte.rnal fgctlm

(,«Flgure 5 11. shows the relatmbetween cohesion and set time for a . -
temperature of 70°F. Each of the points was evaluated by . applgmg Rowe s -’
equatlon to the unconfined canpressive strengths using the prevmusly

calculated frlctlm,angles correspcndmg to a 10% and a 20% ﬁlure -7

Jain a straigit line was regxessed through the points on the |

that cohesmn is mltlally zZero am{ increases 'in a“imea:;

o
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terion; Maximum Stress Bifference or 10 % axial strain

%
. o ;¥ . *
Temperature| Set Time | Effective Friction| db' Cohesion | - GE.
Angle p'. . c . ‘
70° F | 40 min, 41° 0.4° | .23 psi .04 psi
80 39° 0.62: | .46 .06
120 - 3¢° 1.2° 71 .10
160 /410 1.6° .95, .13,
38° F 40 40° 0.4° | 16 .09
80 . 39° 0.6° .3t .17
120 £ 380 1,79 .47 .25
160 37° 0.9° | .62 .38
l‘f’f A ) - '
(b) Failure Criterion; Maximum Stress or 20 % axial strain
. fﬂ‘" ]
f .
‘!.‘. . . * . . - *
Temperaturg Set Timg'Effective Frictior] 0Op’ Cohesion Ub.
) : Angle P ' .
TS .
70° F |40 min, 380 - 0.9 | .25 psi .06 psi
| ‘8o 362 ) 1.7° | .50 11
t . _
120 36° . |1.4° | .15 .15
| 160 39° 2.7° |1.1 .21
38% F '/ 40 3g° 1.1° | .17 .09
- / 80 36° 1.59 |.33 .18
120 35° 1.1° | .50 .28
/160 340 0.5° | .66 .38

Table 5.6.

Results of Mohr Coulomb Analysis.
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Criterion; Maximm stres's difference or 10%,axial strain.

fur

28]
[ =]

2.8

. ' . # ’ »
'Iiemperatur; Set Time |Effective Friction p Cohesion .,
/ : ' “{Angle @' . P c! C
-~ : '. 11 P .}l P X
0 C ' 0 0 . .
70°F 40 min. 18 2.0° | .046 psi| .02 psi
80 - 18° 1.8 | .090 .04
A 120 200 2.3% | 13 .06
| 160 19° 2.8° | 18 .08
0 - 0 0
38°F 40 22 3.2 - -
0 0
80 22 3.0 - -
120 230 6.60 - -
160 0 0 - -

(b} Failure

Criterion; Maximum streds difference or 10% axial strain.

4

}

. . 1 * *
Temperature| Set Time | Effective friction | o, Cohesion Oé,
- | Angle - 9" : Pn ct - o
= — —
0 L 0 0 . .
70°F 40 min. 19 2.4 .045psi| .02 psi
' 80 -21° 7.5 | .o90 04 -
. 120 18° 4.3 13 .06
160 2° 5.7°| .18 .08
0 1 0 0 -~ .
38°F 40 20, 2.0 - . z
80 200 .79 - -
120 21° 1.7° < -
160 190 2.5° - -
Table 5.12. Results of Rowe's Analysis.
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CHAPTER V1 * . ‘ _ - s
4 . DISCUSSION.
. |
S l\ * ’
. Y N L | -
3 ~ .
6.1 Discussion of Test Resul '\_\ J
. = — . . " ¥

Figures 5.1 to 5.4 and fiqures 5.7 to 5410 indicate that fresh

ooncrete exhibits shear strength characteristics in accordance with both

- *- . ' - | R
] - = 1 N " 1 Vo
CEQE'&)\'S‘ equation T = C' + 0;1 tan p' ‘and Rowe's equation dr-/_ Klog t K,

where K, and K, are f:mctions of the effective fricti\gfqngle' and .the
effective cohesion. However, cautiop must _be.ex‘efrcised @n one inter-
prets this statefent with respect to Coulomb's theoxy'l‘he decrease in
pore.pl‘"éssure 'Wrﬂ{axial strain ag shown in.fi,gures 4.10 Bto 4.17 B
resuiting from an ap;;f_ied dev,iator stress, implies. that the concrete mix
used in this investigation. behived in él.dilatam—: fashid’x when being =
sheared. This tendency to dilate may be explained, by the relatively
small void ratios achi¥ved,dwe to;a close pack_mg o\f the aggregate e

particles as a result pf the lafge range and imifom'gradatj.o&r; of

~ ey

aggregate size and talrpfr;g of the fresh\.;%:onc:rete in an attempt to

achieve ﬁull ccmpaét:idn. The test samplggjﬂlerefgre, couldsnot be dis-
éorted without an increase in the distance Between the particles unless
the individual particles themselves were to break. Because of the dilat-

ancy, only a pogtion of the work done by the applied stresses went into

" shearing the test samples. The remainder of the work went 1rrto re-

i

arranging the particles during dilataégg;) Coulamb's strength parameters

~

-~

C\' ard p* yherefore, may not strictly represent the cohesion and the angle

of ihterhal friction respectively in theéu; sense of their definitions.
Instead, the values assigned to C' and p' are ‘such as to make Coulomb's
: & u/ . -

“t
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- straicht, line fit the test results. Dilatancy however, poses no problem

with rés_pect to 's theory where Rowe's shear strength equaﬁlon was

ée.rived for a“particulate system as cpposed to a cont),Quum whose volume
o : .

stant. The strength parameters C}; and (p correspond directly

-0 to the shearmg res:l.stance offered by cohesion and J.nternal friction

respectively. D
k From table 5.6 Couldb's friction angle.for the concrete mix
lies in the range Of 37° to 410 for a’l10% failure strain and 34° ‘o
390 for a 20% fallure ‘Strain. "These values correspond to a dense arrange-
ment of- particles ‘and a:e supported by the ‘fact’ that ooncrete aqgregates
tend to be closely packed and angular, achieving a high degree of particle
: ag;nterlock. ' ‘ - v " ' |
N In table 5. 12,¢Ibwe's friction angle is seen to lie in the range
- of 180 to 210 for a 10% failure strain and 19° to 23° for a 208 failure
stram In the verlflcatlon of his theory, Rowe evaluabed the friction
angles for clean sands and silts and found them to lJ.e between 23O and
3200; the lower frlctlon angles corresponding to the coarser material.
Sinee concrete is ccmposed of aggregates in the coarse sand and gravel
s\}es, the frlctlon angles obtamed in thlS investigation are consistent
w1th t-hose in Rowe's mv;astlgatz.on. '
- It may be seen that Rowe's fr1 on angles are approximtely half
" the value of Coulamb's ﬁlCEWS This supports the idea that Cou-
larb's friction angles not only include the effects of frlctlonal resistance
aéa:.nst shearing but also to res:.s;ance in expandmg against the principle .
stresses acting on the test samp¥ A decrease of about 30 in Coulamb's

t friction angles at -both 700F and 38 iis observed to exist when the axial

7
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failure.strain 1s defined as 20 % as opposedfto 10°%. A possible ex-
planation for this decrease is that at the 10wér fai]ure strain the
majority of particles are interlocked and effect1ve1y resist the app11ed
shear. For the higher fa11ure g%;é?;ﬂﬁowever only a portion of the
part1c1es are resisting the applied shear while the remainder of the

part1c1es are in a state of fa11ure and offer less res1stance to the

w
applied shear. No general trend is evident for the observed change
in the friction angles for either an increasing set time or for

perature change. The reaso

s that th& component of shear resist ce

resulting from the translation and frictional resistance between

aggregate and cement part{cies which is included in the angle of in-
ternal friction, depends 1a 1y on the surface roughness and the load
per particle, S1nce these are independent of temperature change and
-set time, gq shou]d be the ang]e of internal friction. Because of this,
it may_also be argued that Coulomb's fr1ct1on aqg]e does in fact in-
ude to ‘some degree the effects of particle 1nteract1on "

Since the ang]e of internal friction.is an 1nherent proper.ty
of a concrete mix and remains essent1a11y constant with time and tem-
perature, it is the increase in cohesion as a resu]t of the hydration
process which allows fresh concrete to develop signifitant shear strength
with time and solidify. This dncrease in cohesién with time is clearly
depicted in figures 5.5 and 5.11 for both Coulomb's theory and Rowe' s‘l
theory at 38° F and 70 F. S1nce hydrat1on is a chemical reaction, the
rate of 1ncrease in cohe510n with time is seen to be significantly

£l

.. Tower at 38° F as compared to 70° F.
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In tables 5.6 and 5.12 it is seen that the standard deviations
for the effective friction angles and effective cohesion are signifi- S
cantly smaller for Coulomb's analysis than for Rowe's analysis. For
instance, the coefficient c;f. variation is as high as 36% for the N
friction angle and 44% for the cc;flesim in Rowe's analysis wﬁile in

the Coulomb analysis they are\7% and 19% respectively. This leads

to the conclusion that although Coulomb's theory of shear strength is

fundamentally incorrect when applied to systems consisting of J'.ndividu.al

" grains it can more acmlrétely express.the- results of shear strength

tests performed on fresh concrete. _ ] [ :

The lateral pressure correspanding to the at rest state may be
evaluated when the coefficient K, for fresh concrete iS\known. ’Ihé.
variation of K for the given mix with set tire, effectivevertical
stress and temperature can be seen in figures 4.19 A and 4.19 B. It /\’
may be seen that Ko‘is variable and highly dependent an se£ timé at
7OOOF and to a lesser .degree at 380F. Initially, fresh cancrete being ‘ .
in a highly plastic state behaves mxh like a liquid. Any vertical
stresses are correspondingly transformed into lateral stresses. Con- | ]
sequently, ;{0 approaches mj.ty. As.the fr‘esh concrete cures and ‘har-
déns, lgterai ,_ strains as a result of vertical ; e;g_beccme restricted
én jppﬂ)aCh thosé' of Poisson's ratio for cureg coﬁcrete. The valye of
KZthe;:efore decreases -significantly with set tnme This decrease is of -

é smaller order at the colder f.emperatui:e because of the hydration
process being rfeil:arded T ' |
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2 Appli L £ o
Concrete can. be considered a free draining material. The ability of
' cx:ncrete to drain freely and dlSS:Lpate eX02Ss pore pressure was demofistra-
ted in the Kq tests (see flg. 4.7). As much as 8 ml of water-mere found -
to be expelled fram the test samples w1th,1n a period of one minute following
" an J_ncrease in vertical stress, It was also.found that no more than two

~

m.mutes were neoessary for the load dial gauge to stabilize followa.ng an
-———\_/\

e —

—

increase in vertlcal load dm:mg which exoess pore water pressures were

chssn.pated Because of this, it may be concluded that the lateral pressure
existing in formwork 1s the sum of two pressures acting irﬂ1v1dua11y, the
'pore water pressure and the pressure exerted by the particles carp051ng
the concrete. _ . ' . )
EE_EE_SEQ.EQ. The lateral pressure exerted by the pore water on form _
'walls is not neoessar:Lly hydrostatic. The leakage of water from cracks a.nd
| joints creates a hydraullc gradlent w:LthJ.n the concrete mass resultmg in |
seepage pressures as opposed to hydrostatic pressures. In addltlon, the free
water is continuously taken up by the hydratlon process and eventually becomes
' caplllary water. Therefore, the pressures due to the pore tater w1th depth
are something less than hydrostatic. '_ '
Bartlde_E:essure The lateral pressure exerted by the concrete par—
ticles is a function of the effective shear srrength properties of the given
concrete me The' effect of shear strength is to reduce the lateral pressure
;;*t?ed by the concrete partlcles by allowing vertical shear foroes to deve-
10p/ between the concrete and the form walls resultmg in a s:.gnlflcant portion
of the ooncrete we:.ght bemg supported by the form walls and by restrlctlng )
the lateral strains of the oonc:rete during deflection of the form walls., In

this study, it was found.that the shear strength of fresh concrete has two

*

A



components; internal friction resulting from 'particle interaction and oohesion

resulting from the hydration. process. .

exerped”’on form walls. For instance, it was found that immediately following

i ) .
mixing, cchesion approached and was taken to be zero. This time dependency
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hydrostatic pressures. The time dependency also implies that the lateral
pressures developed in forrrmork are inversely related to the rate of pour
i.e. the higher the rate of pour, the less tnne the concrete has to develop
oohesmn before addltlonal concreta head is added. fbnsequently a greater
port:.on of the vertical pPresswre is transformed into. lateral pressure This
is clea.rly deplcted in figures 4.19 A and 4.19 B where K representing the

lateral particle pressure as a fractlon of the applied vertical stess has

. been plotted for various set tll'l'ES These plots represent predmu.nantly the -

effects of cohesion on lateral pressure as the effects of internal friction
have been minimized by restra:mlng the samples laterally.

'Ie:rperature is a second factor influencing the development of cohesion.
Table 5. 6 indicates that for the mJ.x used in this investigation, the cohesion
developed at 38 F is apprcnc,}éately 70% of the oohesion developed at 70 F for
any given set time. This difference in- the development of cohesion has a
significant effect on the lateral pressures exerted by fresh concrete., For
instance the American Concrete Institute formulae predict an increase in the
Irexmu'n pressure in wall forms fr.:a'n 793 psf at 70_0F to 1334 psf at 380F for
a 3 ft per hr pour. This represents a 68% increase in the maximumn pressure.

The oconcrete mix used in the triaxial testing is typical of most con-
retes to be found in practice. Although differences exist in aggregate
sizes and prbpoﬁiorﬁ, almost all concretes contain aggregates in the sand
and gravel sizes and tend to be well cnrpl;cted as a result of the v:.bratlon
or tamping in the placing procedure, It is reasonable to assime therefore,
that large variations in the angle of internal friction do not exist between
Varlcus ooncretes. In addition, it was previously stated that the internal
friction of any mix may not be fully mobilized as a result of insufficient

formwork deflections. Consequently the factors most 1likely to have the
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greatest influence on formwork pressures are those influencing the develop—’ ‘
ment of oohesion in fresh concrete Therefore, in addition to time and
ej:ure, it is to be expected that the lateral ;pressures are strongly
influenced by inhibiters and the ﬁmeness of the. oen‘ent which govern the -
rate at which hydration promeds and by vz.hratlon Wh.'LCh oould destroy the

weak crystal structure of concrete at low set times.

] i . L___,_.——-- .
. L
> h \l‘ |
» '
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. CONCLUSIONS AND RECOMMENDATIONS

- . . »

This study has dealt wi‘{-x the mechanical properi:ies of fresh concrete
as they pertain to its shear strength behaviour 1n the nonfIow oondltlon
The shear strength characteristics of fresh concrete have been studied’
through the use of a triaxial cgr@ression set u’p Tests were performed-at
warm and cold temperatures for different set times. The test results were
subsequently analyzed by the shear strength theorles of Mohr Coulamb and
Rowe and expressed by two strength pararreters corresponding to the internal
friction and the oohesion components of shear strength for each set time -
temperature cxmbinetion.

In addition to shear testing, an attempt was made to evaluate the
coefficient of lateral pressure at rest (Ky) by measuring the lateral pressure
of vertically st.r:'eesed concrete specimens restrained laterally by a plexiglass

cylinder. These tests were also perfomed at 700 and 38%F for different

-

——

set times mder what qviere-'ctmsidéfed to be drained conditions.

- __7[,1'-60{1c1usi0ns \

Fram thlS study “the followmg conclusions can be made'
(1) ’I‘he shear strength pmpert::.es of fresh concrete may be expressed
bye1tlertheMohrCoulanborRowestheoxyofshearstrength

A‘{though Coulamb's theoxy is ﬁnﬁanentally incorrect, 1t is able

to adequately express the results of shear tests perfonred on fresh '

concrete, ‘ |
(2) The shear strength of fresh concrete is both time and temperature

dependent.
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.' (3) Irrmech.ately followz.ng mixing, the shear strength of fresh conc:rete
is due mainly to the internal friction résulting fram part::Lcle
interaction which remains .constant with set time and teqperatu:e'
change.

(4} 'The hardening of concrete w:.th set tll‘lE is due malnly to the ' (

development of cohesion as a result of the hydration process,
At lower tem;_:eratl.mes, hydratlon is retarded and cohesion deve,'lopes
at a slower rate causing the fresh concrete, to behave flIJld lJ.ke
for a longer péeriod of time, —

! (.5) The coefficient K0 for fresh concrete is highly variable and

| depends_ on set time, témperature and to a lesser degree on the
-applied vertical stress. Tts value is lower at warm temperatures

ard decreases with set time. ' "

7.2 Recamendations.

This’ mvestlgatlon has been primarily concerned with the evaluation
of the shear strength for a single concrete rrux and its variation with set
time and temperature. To supplement this study, further triaxial testing

. is recessary with other mix designs to establ:.sh a relation between shear
- .strength and n mix proportlons Subsequent studies are then required to relate :

the p - C strength parameters of fresh ooncrete to such areas as lateral

press'l:tres in formwork, mrkablllty, compactibility, mepabJ.lJ.qr and the lee
It is also recrmnen(led that further .studies into the shrJ.nkage of

fresh conc:r:ete w:.th set time and the lateral deflect:.ons normally encountered

in formwork take, place SO as to make owr present understandn)g of the

d.evelopnent of lateral pressures in formwork more complete.
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TRIAXTAL COMPRESSICN TEST
Air temperature = 20%F

Concrete temperature = 44°F
Height of sample = 8.0 inches
Time of set = 160 min.

Cell pressune = 0'psi

~strain rate = 045 inches / min. .

Vertical Defonnatig& Diameter of Sample | Pore Pressure | Deviator Ioad
(inches) at Midheight | (psi) (Lbs)
- (inches)
0 N 4.03 0 0
.100 4.04 N _ 68
- .200 < 4.08 -2.1 122
300 . 4.13 -5.1 168
.400 4.20 _ -4.8 205
.500 . 4.24 o =5.0 231
. 600 " 4.30 -4.8 251
700 4.34 4.7 263
.800 4.45 -4.6 281
-900 T 4.47 ~4.7 289
1.00 NS5 ~5.0 /301
1.10 4.6l . -5.2 314
% 4.69 ] %57 . 326
1.30 ' 4.73 N . 1 334
1.40 . 4.8 -6.0 42
1.50 . 4.90 -5.7 350
1.60 ;/ 4.97 -5.8 362
b {
A
L3
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 TRIAXTAL COMPRESSION TEST.

Air temperature = 70%F .
Concrete temperature = -
Height of sample = 8.0 inches

Time of set = 40 min.

' Cell pressute = 0 psi
Strain rate = ,045 inches / min.

ieat s . R

e

Vertical Deformation | Diameter of Sample | Pore Pressure | Deviator Ioad
| (inches) at Midheight (psi) - (zbs)
oo (inches) * | '

-0 4.01 0 0o -

“ 100 4.06 -1. . 68

.200 © 4.09 ~2.0 124
. 300 4.14 2.8, .- 169
.400 L 4.22 23.5 "~ 210
.500 4.27 -4.2 244
©.600 4.35 -4.7 266 "
=700 a3 -5.2 293 .
800 4.47 : -5.5 (311
.900 53 N 5.8 330
1.00 4.61 6.0 349
1.10 4.70 -6.2 360
7 1.20 4.75 -6.5 375’),j,—
1.30 4.85 ~6.6 390_/.{
©1.40 4.94 . -6.8 201 |
1.50 5.01 -6.9 412
1.60 5.10° 6.9 424
|
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TRIAXTAL, COMPRESSIQN TEST /
Air temperature = 70F
Concrete temperature = -
Height of sample = 8.0 inches L \0
- Time of set = 40 min. -
Cell presmée = 5psi’ . . ! -
. Strdin rate = .045 inches / min. i .
f. - )
Vertical Deformation | Diameter of Sammple Pore Pressure | Deviator Ioad o
(inches) at Midheight (psi) - (Ibs)
(inches) ' ™
P >
0 4.02 4.6 0- g
.100 4,05 3.9 94 v
.200 4.10 2.0 210 -
.300 4.13 1.3 244 \
i 400 4.22 0.0 300 ~
. .500 4.25 0.8 352
.600 4.32 -1.5 97
700 4.38 —2.1 429"
.800 ¥ 4.45 T 2.7 . 461
.900 .52 oy -3.1 488
;1,00 4,59 -3.4 510
1. 4.65 "3 -3.8 = 532,
1.20, 4.73 ' -4.0 " 551
1.30 4.81 4.3 564 -
1.40 492 ~4.5 577
1.50 ‘- 4.98 -4.6 594
1.60 ° 5.05 -4.8 604
t “ <



40 min, -

Cell pressure.= 10 psi R
Strain rate = .045 inches / min.

o

Vertical Deformation |. Diameter of Sample | Pore Pressure Deviator ILoad
(inches) at Midheight  (psi) (Ibs)
.('inches)
0 4.01 4.8 "0
.100 4.03 5.3 244
.200 4.07 A7 379
.300 - 4.12 1.8 488
.400 “ - =
.500 . 4.27 -1.0 637
600 - - - )
. 700 4.40 2.5 733
.800 _ - - -
.900 4.56 -3.4 804
1.00 - - -
1.10 4.73" —4,2 ¢ 860
1.20 4.80 ~4.4 886 1
1.30.- 4.90 4.6 907
. 1.40 "4.98 ~4.8 920
1.50 5.08 -5.1 935
1.60- 5.15 -5.3 . 956




[]

TRIAXTAT, COMPRESSION TEST

Alr temperature = -700F

Concrete temperature = - -~ ’
Height of ‘sample =" 8.0 inches
Time of set = 40 min.

Cell pu:‘esmni‘e =15 psi

_ Strain rate = ,045 inches / min.

3

Vertical Deformaticn | Diameter of Sample | PoreJ?feggaie | peviator Icad
(ihches) at Midheight - (psi) (LBs)
: {inches) - 'j

0 ' 4.03 12.2 0

.100 4.03 11.6 " 221

.200 \ 4.08 ) 9.6 349

.300 4.13 7.8 458

.400 4,21 ' 6.1 - 548

.500 4.28 - . 4.7 614

.600 ' - o -
700 4.40 2.8 . 726
..800 - ~e - -

.900 4.55 (. 1.6 812

.00 - | - . Z - T
.10 _ 4.69 0.7 879

1.20 - | - -

1.30 4.88 0.0 946
1,40 4.95 1 ~0.2 . 977

1.50 - 5.03 . -0.3 1003

1.60 ) 5.11 -0.9 1037
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+ TRTAXTAL COMPRESSICN TEST

. Air ta‘npérature = 700
doncrete temperature = - . o
Height ‘of sa_npl’e'Q 8.0 inche |
Time of set = 40 min. ' :
Cell pressure = 20 pei

s

Strain rate = 045 inches / min. -

‘ \7\M~J '_{ | i | "-j'f ’ ‘: :\ .

Vertical Deformation Diameter of ‘Sample | Pore Pressire Deﬁ@tor Load
(inches) . | ' at Midheignt (psi) (Lbs)
' (inchesl) g - "
0 4.01 13,9 0
.100 4.01 - 15.4 290
.200 4,07 13.7 409
.300 418 - 11.9 517
.400 | - -
.500 9.2 673
.600° 8.1 729
. 700 7.3 778
! . 800 6.6 ' 819
.900 59 864
‘ 1.00 5.4 905
1.10 , 5.0 942 g
L 1.20 4.5 | 979 N
t1.30 - 4.2 | 11021 ;:>
11.40 3.9/ 1958/ﬁ}
1.50 3.8 1088
1.60 ' 3.2 1115
} K o M
: \ -




Aixr temperature =

»
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TRIAXIAL OOMPRESSICN TEET
. )

70°F

E
Concrete temperature = -

'_I‘imabfset= 80
Cell pressure = 0

Height of sanple‘b =

8.0 inchés
min.

_psi

« ' Strain rate = .045 inches / min.

'Vertical Deformation | Diameter of Sample | Pore Pressure | Deviator Ioad
(inches) at Midheight . (psi) . (Ibs)
o (inches)
0 - 4.06 0.2 0
.100 4.09 0.0 43
.200 4.14 - -0.8 76
.300 4.19 1.4 109
400 4.24/ , -1.9 ® 136
.500 4.31 -2.4 161
.600 T 436 2.9, 183
*2700 4.43 3.2 199
~.800 ' 4,50 -3.6 - 210
o :900 4.56 -3.8 221 -
| | 1001 4.64 -4.0 234
ey . 1.10 4.70 -4.2. 244
1.20 4.77 -4.4 253
1.30° 4.86 ~4.5 260
- . 1.40 4.95 -4.6 269
s 1.50 5.01 ~4.7 275
* +1.60 5.10 4.8 287
¢\

e

I
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Air temperature = 700F
Concrete temperature = -
Height of sample = 8.0 inches

TRIAXTAL COMPRESSIQR TEST

- Time of set =

Cell pressure =
.045 inches / min.

- Strain rate =

80 min.

5 psi

4

A

Vertical Deformation | Diameter of Sample | Pore Pressure | Deviator Load
"(inches) at Miélheight (psi) (Lbs)
| (inches)
0 * 4.05 4.7 0
.100 4.07 3.8 116
.200 413 2.4 202
. 300 4.19 1.2 266
..400 4.27 0.0 315
f.5000 4.33 -0.8 359
600~ - 4.36 -1.4 390
J700 . - ) 4.46 -1.9 " 416
‘ .800 4.53 -2.3 439
900 4.62 2.6 458
1.00 N 4.69 -2.9. 480
1.10 | 4.77 -3.2 499
1.20 4.86 ~3.4 517
1.30 4.93 -3.7 536
. 1.40 5.02 ~3.8. 551
- 1.50 ;/g 5.11 ~4.0 562
. 1.60 5.17 -4.1 577
\\./ /. "
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TRIAXTAL COMPRESSIQM TEST

Air temperature = 700F

Concrete tempera

= -

Height of sample = 8.0 inches
T&We of set = BOj&UL

Cell preésu::e = 10 psi

Strain rate = .045 inches / min.

Vertical Deformation | Diameter of Sample | Pore Pres%re viator Load
(inches) at Midheight | - (psi) \ (Lbs)
(inches) '

0 4.00 8.9 0
.100 4.01. . 8.9 90
.200 4.06 8.0 165
. 300 4.11 6.8 29
400 & 4.17 5.6 281
.500 4.23 4.7, 334
. 600 ¢ 4.30 4.0 379
.700 4.34 3.3 416
.800 4.43. . 2.8 446
.900 4.50 2.4 476

1.00 4.58 1.9 502
©1.10 4.64 1.6 525
1.20 4.70 1.3 547
1.30 4.76 1.1 570
1.40 4.88 0.8 592
1.50 4.97 0.3 606
1.60 5.04 { 0.0 621




Air temperature = 70
Concrete tes;perature

Op

Height of sample = 8.0 inches
Time of set = 80 min.
Cell pressure = 15 psi

* Strain rate = .045 inches / min.
F

Vertical Deformation | Diameter of Sample | Pore Pressure Deviator Load

(inches) at Midheighg. (psi) (Lbs)
' (inchgsT/F

0 4.01 13.4 0
.100 4.01 12.8 165
.200 4.05. 10.8 293
.300 4.11 " 8.8 398
. 400 4.16, 7.0 480
.500 4.23 5.6 547
1600 4,30 4.5 599
.700 4.35 3.8 640
b .800 4.44 3.0 662
) .900~ 4.51 2.8 711
1.00 -~ 4.59 2.4 733
1.10 - \\,ﬂ__ 4.66 2.1, 748
1.20 4.73 2.3 757

1.30 4.81 2.3 &yc9 “
1.40 4.98 2.6 755
1.50 5.03 3.3 748
1.60 5.10 3.3 755




T
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TRIAXTAL, COMPRESSION TEST
Air temperature = 700F )
Concrete temperature = - ‘
Height of sample = 8.0 inches
Tire of set = 80 min. |
Cell pressure = 20 psi | .o
Strain rate = .045 inches / min, “

Vertical Deformation | Diameter of Sample | Pore Pressure | Doviator Load
inches) | at Midheight " (psi) (Lbs)
' (inches)

0 )y 4.03 6.3 * 0
.100 /)'4.03 ' 16.9 199
.200 f 4.08 $15.1 307
.300 ' a.14 13.3 409
400 4.20 11.5 495
.500- . o 4.27 10.1 - 569
.600 . 4.33 8.9 634
. 700 © 4,40 7.9 ' égiff
.800  4.47 7 752
.900 4.54 ~ 6.4 " 800

1.00 _ 4.62 5.7 838
1.10 . 4.68 5.2, 875
1.20 | 4.74 4.7 ' 920
1:30 4.81 4.3 946
1.40 4:84 4.0 . 976
1.50 490 3.7 1000 .
“1.60 | 4.93 3.4 1025




.
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TRIAXTAL COMPRESSICH TEST

Air tetrperatui:e =700 -
Concrete -temperature = -~ -
Height of sample =- 8.0 inches
. Tine of set = 120 min. |
Cell pressure =0 psi .
Strain rate = .045 inches / fin. .

Vertical Deformation

Diameter of Sample

Pore Pressure

(inches) . at Midheight (psi) (Ibs)
' (inches)

0 4.01 . 0.0 0

.100 4.06 -.3 43
. .200 4.10 -1.1 79
.300 116 9 1.8 117

. 400 4.23 -2.5 152
.500 4.30 -3.1 182
.600 4.35 .-3.6 207

. 700 4.43 -4.0 228
.800" 4.49 4.3 248
-900 ‘4.55 4.5 263
1.00 4.64 . -4.8 275
1.10 4.70 - . -5.0 292
1.20 4.77 -5.2 304
1.30 4.86 5.4 315
1.40 4.94 5.5 323
1.50 - 5.03 5.7 33
\\\i°60 5.11 -5.8 347

N\
AV
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- TRIAXTAL, LOMPRESSIQN TEST

Air temperature = 700

Concrete temperature = -

Height of sample = 8.0 inches
Time of set = 120 min.

Cell pressure = 5 psi

Strain rate = _.045 inches / min.

. Verti¢al Deformation Diameter of Sample | Pore Pressure Deviator ILoad
(inches) at Midheight . (psi) (Ibs)
| (inches)
0 4.00 6.0 0
100 4.05 5.7 82
.200 409 | 4.8 135
. 300 4.15 - 3.9 ' 184
. 400 422 3.1 .22
.500 4.29 2.5 225
. .600c 4.34 _ 1.8 285
| .700 4.41 1.3 315
. .800. 4.49 o 338 %
.900 4.56 4 362
1.00 ° 4.63 0.0 380
1.10 - 4.69 0.0 400
120 , 4.75 ¢ -1 113
1.30 4.84 -.4 428
1.40" 1 42 -5 443
1.50 5.00 ~.9 465
’ 1.60 5.08 -1.1 484

i
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TRIAXTAL, COMPRESSION TEST

. Air temperature = 700F
Oanc:rete temperature = —
Height of sample = 8.0 inches
Time of set =_120 min.

Cell pressure = 10 psi
Strain rate = .045 inches / min. -

N
Vertical Deformation | Diameter of Sample | Pore Pressure Deviator ILoad
(inches) at Midheight v (psi) T (1bs)
" (inches)
0 4.03 10.4 0
.100 4.05 9.4 94
©.200 4,07 8.3 157
.300 '4.10 7.2 . 214
.400 - T 4l1e 6.1 259
.500 4.22 5.3 304
{ . 600 4.27 4.6 341
. 700 4.32 4.0 377
.BOO 4.36 3.4 409
.900 4.45 2.9 7435
RIEN 1.00 4.50 2.5 ( 465"
1.10 " 4.55- 2.1 491
1.20 T 4.63 . 1.8 517
'1.30 4.69 1.5 540
1.40 4.75 1.2 559
1.50 4.8 .9 587
1.60 4.90 .6 605




. Time of set =
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"
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TRIAXTAL COMPRESSIM TEST

Air erature = 700F
Concrete ﬁémpe.ratuxe’: -
Height. of sample = 8.0 inches
120 min.

Cell pressure = 15 psi

Strain rate = ,045 inches / min.

Vertical Deformation | Diameter of Sample | Pore Pressure | Deviator Ioad

'(inches) at Midheight (psi) (Lbs)

(inches) ' '
o N 3.99 13.8 0
.100 4.01 13.5 143
..200 4.06 12.2 1229
.300 - 4.10 10.9 304
.400 4.16 9.7 368
.500 4.22 /g6 424
600 4.29 7.8 - 473
L7000 ’ 4.35 7.0 520
.800 | -4 6.3 . 563
.900 4.49 5.7 600
1.00 4.54 5.2 628
1.10 4.62 4.6 662
1.20 . 4.68 4.2 688
1.30 4.76 £ 3.9 711

1.40 $4.85 3.4 737
1.50 4.90 3.2 763
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| ‘zmumnqnm.CDMPRES%fi%?ﬁEEF.

~ Air teniberature = .700F
Concrete tempefature = 9
Height of sample = 8.0 inches
Time of set = 120 min.

Cell pressure = 20 psi
¢ Strain rate =

.045 inches / min.

-

Vertical Deformation | Riameter of SampT& | Pore Pressure | Deviator Load
‘5‘ (inches) at Midheights (psi) (Lbs)
: (inches) ) '
0 ‘ 4.02 14.6 0
.100 - 4.03 15.7 225
- .200 4.07 14.0 398
~.300 4.14 122 510 -
.400 “4.21 10.6 . 598
o .500 4.29 9.1 669
* 600 ' 4.35 8.1 731
. 700 4.41 A 774
..800 4.49 f\\s.q . 818
Theo 4.57 .8 856
1.00 & 4.64 ‘ 5.3 886
1.10 4,70 8.4 916
1.20 4.80 4.3 045
- 1.30 ey 4.89 4.0 . 972
1.40 - - -
1.50 5.04 3.3 1025




~
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TRIAXTAL OOMPRESSICR TEST

Air temperaturé = 70°F

Concrete tenperature = —  * )
Heicht of sample = 8.0 inches

Time of se

160 min.,

Cell pres .
Strain ra inches / fiy. "
Vg
| Vertical Deformation | Diameter of Sample | Pore Pressure | Deviator Load
' (inches) at Midheight = (psi) (Lbs)
' (inches) A
0 , 4.05. 0.2 T g
.100 - 4.05 0.2 46
.200 4.15 i 0.4 90
. 300 4,20 -1.3 127
.400 4.30 ~1.9 57
v . 500 1 4.35 -2.4 176
600 1w 440 -2.8 195
w700 4.45, -3.1 210 -
: .800 . - 4.50 ~3.4 225
.900 4.60 ~3.6 236
1.00 4.70 ~3.8 247
1.10 4.8 -4.0 259
1.20 4.9 -4.1 262
1.30 5.0 -4,3 277
1.40 5.1 -4.4 285
1.50 5.1 -4.5 " 1 - 300
1.60 5.2 *==ﬂ5r:g\& : -‘Fa§§7
N .




Air tenperatu.fé =
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TRIAXTAL QOMPRESSIQY TEST

70%

‘ Concrete temperature = -
. Height of sample = ‘8.0 inches

; ' Time of set = 160 min. . ¢
j Cell pressure = 3*psi o
' Strain rate =f| .045 inches / min. (' :
W
. Vertical Deformation | Diametér of Sample | Pore Pressure | Deviator Load
" * (inches) " | at Midheight (psi) (tos) ¢
' (inches)
0 4.01 5.0 0
.100 4.02 4.5 75.
.200 4.07 3.8 131
.300. * . 4.10 e300 173
.400 4.18 - 2.3 210
.500 4.25 | 1.6 233
.600 4,32 1.2 - . 255
700 - 4.37 0.8 270
" 4800 4.45 0.3 ¥ 289
900 4.51 0.0 - 308
. 1.00 4.59 0.0 323
1.10 4.66 ' 0.0 . 341
1.20 | 4.73 -~ -0.3 356
1.30 (/ 4.80 -0.7 _ 37
1.40 4.87 -0.8 386 <z::\\
. 1.50 " 4.97 1.0 401
" 1,60 5.04 12 413 i‘.
=,
\‘\,(

wx
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TRIAXIAL COMPRESSICN TEST™®

Air temperature = 70%

Concrete temperature =- -

Height of sample = 8.0 inches
Timg jf set = 160 min.

Cell pressﬁre = ld psi

Strain rate = .045 inches / min.

~
Verﬁical Defonnatlon Diameter of e \&re}mssure Deviator Load
(inches) at Midheight _ (psi) (Lbs)
(inches) ' :

0 4.03 10.5 ] 0
.100 4.06 9.6 105
.200 411 48.6 176
.300 . 4.16 R 229 .
.400 4.25 - 7.0 270 °
.500° . 4.31 1 6.4 300
.600 '4.37 5.8 329
.700 4.45 5.4 355
.B00 4.54 - 5.0 381
.900 , .4.59 m(/ 4.6 396

1.00 4.66 4.4 411
1.10 Nme o 475 oL 42 434
1.20 : 4.79 4.0 452
1,30 4.87 3.7 467
1.40 : 4.92 3.5 479
1.50 - : 5.02 © 3.3 501
1.60 ' 5.07 3.2 " 509

o '::-.‘



|
\

o

Air tenpe_{":ature = 700F
Concrete temperature = -
Height of sample = 8.0 inches
Time of set = 160 min.

\I
1 '8 -

-

|

-

“TRIAXTAL COMPRESS

E4SIC TEST |

[ VR

.

Cell pressure = 15 psi
Strain rate =-.045 inches / fuin.

L)

~ie

o

|

Vertical Deformatiom .

Deviator Ioad

Diameter of Sample | Pore Pressure
(inches) at Midheight (psi) (Lbs)
(inches) . '
, 0 4.03 12.4 0
X .100 4.04 12.9 161
.200 4.08 11.9 247
. 300 4.16 10.8 307 |
.400 4.23 9.9 356
.500 4.29 9.2 390
. 600 4.35 8.6 424
. 700 4.45 8.0 450
.800 4.51 ' 7.8 476 -
.900 4.59 7.3 502
1.00 4.66 P 7.0 530
1.10 - 4.73 6.8 " 550"
1.20 4.80 . 6.5 576
1.30 4.90 " 6.2 595
1.40 . 4.98 5.9 615
1.50 5.00 5.7 636




Air temperature = 700F(

e
Concrete temperature =
. . . o
Height of sample = 8.0 inches v
Time of set = 160 min. N

Cell pressure = 20 psi
Strain rate = .045 inches / mm

Vertical Deformation | Diameter of Sample | Pore Pressure | Deviator Load
(inches) at Midheight (sl (Lbs)
{inches)
o 3.99 . 8.3 0
.100 - 3.99 12.1 . 326
200 4.03 12.1 | 499
.300 4.09 0.8 - 621
.400 4.15 9.6 703
‘ .500 4.24 8.5 782
600 N 4.30 R 845
. 700 4.35 7.0 894
800 | 4.42 6.4 | 931
900 . 4.51 6.0 961
1.00 4.61 5.6 990




Air terrperatin:e
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TRIAXTAL QOMPRESSICN TEST

380F

' Concrete temperature = 380F

Heighit~of sample

= 8.0 inches

Time of set = 160 min.

Cell pressure =
Strain rate = ,045 inches / min.

b

5 psi

Vertical Deformation | Diameter of Sample | Pore Pressure Deviator Load
(inches) at Midheight (psi) . (Lbs)
(inches)

0 4.05 4.7 0
.100 4.06 4.2 61
.200- 4.10 3.4 98
. 300 4.13 2.7 134
.400 4,20 “\\\\\ 2.0 4 164
.500 4.25 1.4 191
. 600 4.31 1.0 210
.700 4.3 .8 226
.800 4.42 .2 236
900 4.50 0.0 244

1.00 4,58 0.0 253
1.10 4.65 0.0 260
1.20 4.70 0.0 - 263
1.30 . 4.80 0.0 273
1.40 4.85 0.0 286
1.50 4.95 0% 297
1.60 5.00 0.0 308
2
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TRIAXTAL COMPRESSICM TEST

N

Air temperature = BBOF

Concrete temperature = -

Height of sample = 8.0 inches
Time of set = 160 min.. '
Cell pressure = 10 psi

Strain rate = .045 inches / min.

Vertical Deformation | Diameter of Sample | Pore Pressure | Deviator ILoad
(inches) at Midheight (psi) (Lbs)

) * (inches)

0 ' 4.03 10.1 0
.100 4.05 9.6 59
.200 _ 4.06 8.8 9
.300 4.10 8.2 135
. 400 ' 4.16 7.3 171
.500 4.23 6.6 206
.600 4.27 5.9 234
. 700 4.33 5.4 257
.800 4.37 4.8 288
.900 ‘ 4.45 4.2 316

1.00 4.51 3.9 335
1.10 4.58 3.4 365
" 1.20 : 4.64 3.1 385
1.30 4,70 2.8 409
1.40 4.76 2.5 433
1.50 4.84 2.1 451
1.60 4.92 1.7 ’)‘ 464
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TRIAXTAL COMPRESSICM TEST

Air temperature = 36°F

Concrete temperature = ~

Height of sample = 8.0 inches
Time of set = 160 min.

Cell pressure = 15 psi

Strain rate = .045 inches / min.

-

Vertical Deformaticn | Diameter of Sample | Pore p:esgure Deviator Load
(inches) at Midheight {psi) {Lbs)
(inches) ‘

0 4,05 | 4.1 0
.100 4.05 | 3.7 122
.200 4.09° 12.1 200
.300 4.12 10.7 268
. 400 4.20 i 9.3 332
.500 N 4.26 8.1 386
.600 4.32 6.9 438
. 700 4.38 . 6.1 ' 478
.800 . 4.45 ‘ 5.5 518
.900 4,53 4.8 548

1.00 ~ 4.60 4.3 584
1.10 4.67 . 3.8 605
1.20 4.75 3.3 6?3'
1.30 4.83 3.0 648
1.40 4.93 2.8 676
1.50 5.02 2.6 703
1.60 5.09 2.1 722

v
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Air temperature
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L

TRIAXJAL COMPRESSIOM TEST

= 380p. -

Concrete temperature = - ,
Height of sample = 8.0 inches

Time of set =
Cell pressure =

Strain rate = .

160 min,,
20 psi
045 inches / min.

, Vertical Deformation Diameter of Sample | Pore Pressure | Deviator ILoad
" (inchesy at Midheight (psi) (Lbs)
{inches) '
0 4.03 19.6 0
.100 4.03 19.4 © 109
.200 4.06 18.0 180
.300 4.12- 16.7 248
400 4.18 +15.3 312
.500 ~4.25 14.1 377
.600 4.30 12.8 430
.700 4.35 11.6 468 .
.800 4.43 ¢ 11..0 518
.900 4.50 10.4 . 552
1.00 4.63 9.2 614
1.10 4.69 " 8.8 644
1.20 " 4.76 8.5 669
1.30 4.83 8.2 696
1.40 4,91 7.9 722
1.50 4.98 7.7 746
1.60 5.05 7.5 766
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_TRIAXTAL OOMPRESSIQM TEST .

i
Air tenperatur}e = 360F
Concrete temperature = 400F
Height of sample = 8.0 inches
Time of set = 120 min.
Cell pressure = 0 psi
Strain rate = ,045 inches / min.

Vertical Deformation | Diameter of Sample | Pore Pressure | Deviator Load

(inches) at Midheight (psi) (Lbs)
(inches) y

0 4.05 (:' 0 0
.100 4.07 -n.6 50
.200 4.12 -1.3 79
.300 4.19 -2.0 105
.400 4.25 -2.5 128
.500 4.31 -3.0 146
.600 4.36 3.3 164
. 700 43, -3.7 179
.800 4.50 -=4.0 191
L. +900 4.58 -4.2 205
1 1.00 4.63 -4.3 217
1.10 ' 4.69 -4.5 225
1.20 4.78 4.6 236
1.30 4.86 -4.7 243
1.40 4.94 5.0 253
11.50 5.01 -5.1 263
1.60 5.06 5.2 273
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TRIAXTAL COMPRESSICR]. TEST

Air temperature = 400F
Concrete temperature = 380F
Height of sample = 8.0 inches
Time of set = 120 min.

Cell pressure = 5 psi
Strain rate = ,045 inches / min.

b5

Vertical Deformation

Diameter of Sample

Pore Pressure

Deviator load

{inches) at Midheight {psi) (Lbs)
- (inches) -

0 ; 4.05 5.0 0
.100 4.06 4.5 60
.200 4,09 3.9 . 104
.300 ~ 4.16 2.8 148
.400 \\ 4.23 1.9 185
.500 1 a2 1.3 221
.600 L 4.36 0.6 248
.700 o 4.40 0 272
.800 4.49 -0.2 290
900, 4.54 -0.8 308

1.00 4.61 -1.2 323
1.10 4.67 . -l.5 340
1.20 4.75 ~1.5 362
1.30 4.81 -1.7 377
1.40 4.91 -1.9 390
1.50 4.95 -2.1 402
1.60 5.04 -2.3 415
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TRIAXTAL COMPRESSICR TEST o

Air temperature = 380

Concrete temperature = 38°F

Height of sample = 8.0 inches

Time of set = 120 m:m

Cell pressure = 10.psi

Strain rate = ,045 inches / min. I

Vertical Deformation | Diameter of Sample | Pore Pressure | Deviator Load

(inches) | at Midheight (psi) (Lbs)

(inches) '

0 4.05 10.1 0
.100 4.97 9.4 77
.200 4.10 8.4 119
.300 4.14 7.3 158
.400 4.21 6.7 198
.500 4.24 6.2 230
600 4.32 5.4 257
.700 4.37 5.1 285
.800 4.43 ‘4.5 304
.900 4.49 4.0 329

1.00 4.58 3.8 354
1.10 4.61 3.3 373
1.20 4.68 3.0 392
1.30 4.75 2.7 413
1.40 4.83 2.5 432
1.50 4.91 ~ 2.3 450
1.60 4.98 ' 2.0 466

;‘
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TRIAXIAL COMPRESSION TEST )

Air temperature = 360F :
Concrete temperature = 40% l
‘Height of sample = 8.0 inches ‘
Time of set = 12D min. .
Cell pressure = 15 psi . N b !
. Strain rate = .045 inches / min. |
{rtical Deformation | Diameter of Sample | Pore Pressure | Deviator Ioad [  ° l
" (inches) |  at Midheight (psi) (tbs) | ]
' {(inches) ) l
o : © 4.05 15.0 0 |
.100. ° 4.05 15.4 63 |- '

200  4.08 . 14.6 98

300 4.12 14.0 L 134

.400 4.20 . 13.4 164

.500 - 4.26 12.7 191.

.600 : 4.31 11.8 T2

.700 4.37 ; 11.6 238
. 800 4.43 11.2 259 'i
.900 | 4.51 10.8 276 ;‘
1.00 - 0.2 - |
1.10 . 4.3 * 10.2 . 315 . |
1.20 4.68 10.0 330 ]
1.30 4.7 a6 344 | !
1.40 4.85 9.5 363 . b
_ 1.50 4.91. : 9.2 375 1-!
— 1.60 -5.700 9.1 397

3 :
& ! ;
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~ ' TRIAXIAI, COMPRESSICM - TEST

L
A » ——— -
Air tarperaturé = 36,0F
Concrete temperature = 380F
{I Height of sample = 8.0 inches
Time of set = 120 min.
‘Cell rressure = 20 psi )
Strain rate = 045 inches / min.
L 4 . 3 o
Vertical Deformation / Dlamate.r of Sample | Pore Pressure | Deviator Ioad
: (inches) at Midheight (psi) {Lbs)
(inches) |
0 4.05 20.3° 0
.100 4.05 20.5. 72
.200 4.08 19.7 s
©.300 - 413 18.8 © 153
%1400 4.17 18.0 190
.500 4.22° 17.0 220
600 4.29 16.5 251
Y.700 - 4.35 . 16.1 279
.800 4.40 15.6. 308
.900 4.45 15.1 335
1.00 4.54 14.5 © 356
1.10 4.60 . 14.2 382
1.20 4.65 13.9 403
1.30 471 - " 13.4 431
1.40 4.78 13.1- 440
1.50 4.86 . 12.8 458
1.60 4.94 T 12,5 473
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TRIAXTIAL, OOMPRESSION TEST

4 . N

Air temperature = 420F

Concrete temperature = -
Height of sample = 8.0 inches
Time of set = 80 min.

Cell pressure = 0 psi
Strain rate = .045 inches / min.

7 - ’
Vertical Deformaticn Diameter og/Sarrple . Pore Pressure | Deviator Ioad
' (inches) at Midheight (psi) (Lbs)
| (inches)
_ o - . 405 0 _ 0
-~ -TLw0 . T 4.08 0 38
.200 413 » -0.2 58
300 - |- 421 -0.8 74
400 . -vdi2e -1.2 86
“ 500 4.33 -, -1.5 99
J 0 e00 4.3 1.7 112
.700 S 445 1.9 _ | 125
.800 " - 4s0 - 2.1 137
. .90 - 457 | 2.4 146
/100 o . 4.63 Tl -2s 156
1.10 4.70 -2.7 164
1.20 - 4.76 " 2.8 176
1.30 N . =290 | 183
Jla0 4,94 ~3.0 191.
1.50 5.01 3.2 202
1.60 | 5.07 -3.3 2

\.
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TRIAXIAL COMPRESSION TEST-

Air temperature = 38
Concrete . ture = 380F

Height of sample = 8.0 inches
Time of set = 80 min. _
Cell pressure = 5 psi —
Strain rate = .045 inches / min.

Vertical Defo\r}r\a}m Diameter of Sample Pore Pressure | Deviator Load
(inches) at Midheight (psi) (Lbs)
' (inches) o
0 s 4.03 4.8 0
- .100 4.05 5.0 47
.200 4.08 4.3 - 71
. 300 4,12 3.7 95
. 400 ‘ 4.18 ' " 3.4 122
.500 4.22 5.8 140 '
.600 4.28 2.4 153 /'
. 700 4,34 2.4 168
.800 4.40 - 176
. 900 4.47 1.9 184
1.00 ) 4.54 51 194
1.10 4l - 197
1.20 - _ 4.67 53 194
1.30 '4.73 2.1 194
1.40 - 4.81 2.1 199
1.50 4.89 5. 199
1.60 4.95 2.4 210
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TRIAXTAL COMPRESSION TEST

Air temperature = 380F

Cortérete temperature = 42°F
Height of sample = 80 inches
Time of set = 80 min.

Cell pressure = 10 psi

Strain rate = .045 inches / min.

Vertical Deformation | Diameter of Sampte | Pore Pressure | Deviator Load
(iriches) at Midheight P@ps_i) (Lbs)
] (inches) N

0 4.06 : 9.8 0
.100- s 4.07 9.6 59
.200 | 4.09 9.1 92
.300 414 8.6 128
.400 . 4.21 8.0 161
.500 “4.26 7.0 189
.600 4.3. 6.4 215
.700 4.35 5.9 239
.800 . 4.41 5.4 258
900 4.49 ’ 5.2 280
1.00 y 4.55 . 4.8 303

1.10 4.63 . J//j 4.4 322 °
1.20 4.69 N 347
+1.30 4.76 ) . 3.9, 363
1.40 ' 4.86 3.5 . 377
1.50 4.95 I 400
1.60 5.01 ? 3.0 408
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TRIAXTAL COMPRESSICN TEST

Air temperature = 38%F
Concrete temperature = 40°F
Height of sample = 8.0 inches
Tire of set = 80 min."

Cell pressure =

15 psi

Strain rate =..045 inches / min.

Vertical Deformation | Diameter of Sample | Pore Pressure | Deviator Load
(inches)- - at Midheight (psi) ' (Lbs)
~. B (inches)
¢ - . .
- 0 4.05 14.5 0
.100 4.06 14.3 ’ 96
.200 4.09 13.4 150
.300 4.14 12.2 194
. . 400 4.21 11.3 239
| .500 4.27 10.6 282
L6500 #.33 9.5 320
. 700 4.38 8.8 354
.800 4.45 . 8.3 391
.900 .51 7.8 - 419
1.00 4.57 7.2 | 444
1.10 4.64 7.0 471
1.20 4.70 6.6 500
1.30 4.76 6.1 521
1.40 4.85 5.8 4§khjfp
1.50 4.94 5.5 §§Eﬁ‘
1,60 5.02 5.3 595
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TRIAXTAL, COMPRESSIQ TEST

e
Air temperature = 400F

Concrete témperature = 42°F
Helight of sample

0

Vel ‘
= B.0 inches

Time of set = 8(0 min.

Cell pressure =

\20 psi

Strain rate = .045 inches / min.

Vertical Deformation

Diameter of Sample

Pore Pressure-

Deviator Ioad

(inches) at Midheight (psi) " (Lbs)
' (inches)

0 4.03 18.7 0
.100 4.04 19.4 103
.200 4.08 ] 18.3 164
.300 4.13 17.2 220
. 400 4.19 16,4 - 269
.500 - 4.23 .0 318
.600 4.31 ‘\\\h//// 14.3 368
.700 4.36 - 13.5 410
.800 4.44 12.7 446
.900 4.50 12.0 479

1.00 4.57. 11.5 518
1.10 - 4.64 11.0 545
1.20 o 4.71§ 10.6 578
1.30 "‘ztaﬂj. 10.1 | 605
1.40 4.89 9.6 631
1.50 . 4.97 9.2 656
1.60 . - 5.06 8.8 681

~ .
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TRIAXTAT, COMPRESSICN TEST

Air temperature = 380

Concrete temperature = 400F

Height of sample

= 8.0 inches

Time of set = 40 min.

Cell pressure =

20 psi

Strain rate = .045 inches / min.

Vertical Deformaticn | Diameter of Sample | Pore Pressure | Deviator Load

(inches) " at Midheight (psi) (Lbs)

(ihches)

0 4.05 20.7 0
.100 4.06 19.6 90
.200 -4,10 18.2 160
.300 4.14 17.3 233
.400 4.20 15.6 292
.500 4.26 14.6 349
.600 ) 4.31 .3.2 397
. 700 4.36 12.5 449 =
.800 4.43 11.8 494
.900 4.49 10.9 534

1.00 4.55 10.2 579
1.10 4.63 9.7 616
1.20 4.69 9.2 653
1.30 4.76 8.5 688
1.40 . 4.86 8.2 730
1.50 '4.92 7.7 758
1.60 5.00 7.3 790
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TRIAXTAL COMPRESSICN TEST

380F
-

Concrete temperature = .400F

Height of sample

Time of set =

Cell pressure =:

= 8.0 inches
40 min.

15 psi

Strain rate = .045 inches / min.

. o7

Vertical Deformaticn

Diameter of Sample

Pore Pressure

Deviator. Ioad

(inches) at Midheight (psi) (ILbs)
. {inches)

0 4.11 15.6 0
-100 4.13 15.0 59
+200 4.16 14.2 92
-300 4.22 13.6 126
-400 4.29 13.1 156
-500 4.33 ~12.5 185
-600 4.39 11.6 210
- 700 4.46 11.2 234
-800 4.51 10.8 260
+900 4.59 10.5 283

1.00 4.65 9.9 307
1.10 4.70 9.6 328
1.20 4.76 9.3 353
1.30 4.85 8.9 cal
1.40 4.93 8.7 398
1.50 5.01 8.5 418
, e 5.09 8.3 430

~,
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-~ _TRIAXTAL COMPRESSIQ TEST

]
Air temperaturel = 4OOF
Concrete temperature = 42°F
Height of sample = 8.0 inches
Time of set = 40 min.
Cell pressure = ‘10 psi
Strain rate = .045 inches / min.

Deformation | Diameter of Sample | Pore Pressure | Deviator Ioad
(inchas) - *|  at Midheight (psi) (Lbs)
(inches)
0 4.05 9.7 0
.100 4.06 8.7 « 115
.200 4.09. 7.5 206
. 300 4.16 5.7 270
.400 | 4.23 4.4 329
.500 ™. 4.29 3.4 372
2600 4.35 2.8 417
.700 4.42 £.3 454
.800 4.49 1.7 482
.900 4.57 1.2 506
1.00 4.63 0.8 526
1.10 4.68 0.5 545
1.20 4.75 0 566
1.30 4.84 0 583
1.40 4.91 0 590
1.50 4.99 0 600
1.60 5.07 0 600

=
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TRIAXTAL COMPRESSION TEST

Air temperature = 380p T : X
Concrete temperature = 400F o
Height of sample = 8.0 inches |
Time of set = 40 min.

Cell pressure = 5 psi

Strain rate = .045 inches / min.

rg

Vertical Deformation | Diameter of Sample | Pore Pressure | Deviator Ioad

(inches) at Midheight (psi) " (Lbs)

(inches) -

0 4.07 5.1 (’ 0
.100 4.07 5.0 33
. 200 _ 4.10 4.3 79
.300 . 4.18 3.3 128
. 400 | 4.22 2.4 168
.500 4.30 1.6 201 (
.600 " 4.35 1.1 227
- 700 4.41 0.7 252
.800 : 4.49 0.7 272
.900 4.55 0.5 285
1.00 - 4.63° T 0.1 306
1.10 4.69 -0.1 323
1.20 4.75 -0.5 333
1.30 , 4.84 » 0.7 350
1.40 4.92 ~0.8 371
1.50 © 5.00 -1.0 | 7 386
1.60  5.07 ~1.1 407

¢
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] TRIAXTAL COMPRESSIOM TEST

.

Air temperature = 400F

Concrete tenmperature = 400F

- Height of sample = 8.0 inches -

Time of set = 40 min. _}\
Cell pressure = 0 psi B
Strain rate = ,045 inches / min.

Vertical Deformation | Diameter of Sample | Pore Pressure | Deviator Ioad
(inches} at Midheight {psi} {Lbs)
(inches)

0 : 4.03 _ 0, 0
.100 - ' 4.06 0 38
.200. v 4.09 -0.5 65
.300 T 4.13 , -1.2 89
. 400 4.19 -1.6 o 108
.500 o 422 -3.0 ' 125
.600 4.30 -2.4 ' 139
i .700 435 ™ 2.6 | 151
.800 4.41 -2.8 161
.900 4.46 -3.0 170
1.00 4.51 -3.1 180
1.10 4.57 -3.3 188
1.20 4.64 Y -3.4 197
1.30 C 4.7 g -3.5 203

1.40 . 4.77 -3.7 ~ 210
1.50 4.84 -3.7 218
1.60 : 4.91 -3.9 224
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UNOCNFINED COMPRESSION TEST

h o

Air temperature = 70%F )

Concrete -tefmperature =% -

Height of sample = 7 inches ~ ,

Time of set = 160 min. '
Strain rate = .045 inches/min.
N
Vertical Deformation Diameter of Sample Axial Load
(inches) at Midheight - (1bs)
(inches)

0 3.22 -0
.0100 - .62
.0200 - .87
.0300 - 1.24

) .0400 - 1.86>
.0500 - 2.98
. 0600 \ - 4.96% -
.0700 - 7.44
.0800 - 11.16
.0900 - 14.6%
.1000 - 18.60
.1100° - 21.70
.1200 - 26.04
.1300 - 28.52
.1400 - 31.5;’
.1500 3.23 32.24
.1600 - 32.24
.1700 3.25 31.87

T
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ight of sample = 7 inches
Time of set = 120 rrg.n.
Strain rate = .045 inches/ min.

< - :
Vertical Deformation Diameter of Sample Axial Iocad
(inches) at Midheight _ {lbs)
' {inches)
0 ' 3.22 0
.0100 < - 1.24 -
.0200 .- : 2.48-
.0300 o - 4.96
. 0400 - 8.18
.0500 - 11.16
. 0600 - 14,26
.0700° - 17.36
.0800 . - 19.84
.0900 . ~ - 22.32
,1000 3,23 24.80 .
.1100 - 25.42
.1200 ° - 26.04
.1300 ' 3.25 24.80
oy
R
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UNCQMFINED OOMPRESSICN TEST

Air temperature =

" Concrete tﬁmture =
Height of sz

Time of set
Strain rate

Tple =

il

0

80 min.

70°F

7 inches

»

.045 inches/min.

Diameter of Samplé

Vertical Deformation Axial“Load
J ‘(inches) at- Midheight (1bs)
(inches)

0 3.18 0
.0100 ¥ - .87
.0200 A - 1.36
.0300. ' - 2.48
. 0400 - 4.22
.0500 - 6.20 |
.0600 - 8.43
.0700 - lo.54
.0800 - 12.90
.0900 - 14.76
.1000 3.25 17.11
. 1100 3.22 18.60
.1200 - 19.84
.1300 3.23 20.21
.1400 - 3.25 19.22
.1500 - 18.23
.1600 3.26 ' 16.12
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" UNOONFINED OOMPRESSION TEST

. Air temperature = - 700F
- Concrete temperature = -
Height of sanple = 7 inches

Time of set

40 min.

Strain rate = .045 inches/min.
Vertical Deformation Diameter of Sample Axial Load
| {inches) at Midheight (1bs)
{inches)
0 3.25 0
R .0100 - .62
.0200 - 1.24
.0300 -~ 1.86
.0400 - 2.61
.0500 - 2.98
. 0600 # - 3.48
= .0700 - 3.98
.0800%, 3.25 4.72
.0900 3.26 5.59
.1000 - 6.83
.1100 - 7.46
.1200 3.26 . 8.08 -
-1300 ) 3.28 8.45
.1400 3.31 8.45
.1500 3.33 7.95
.1600 . 3.34 7.21
’ I

o

¥
e e it ———
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//”“-Tmixnmznmb'ounPRESSICN'TEST

~

Air temperature = 380F

Concrete temperature =

400

Height of sample = 7 inches

Time of set 160 min.

Strain rate

.045 inches/min.

Vertical Deformation Diameter of Sample Axial Ioad?
(inches) at Midheight " (1bs)
(inches)
&
0 3.22 0
) *
. 0500 - 2.38
.0900 - 4.13
. 1400 - 4,13
. 1800 - 2.38
.2300 - 0,25
.2700 3.22 -

e e ————— e,
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UNOONFINED COMPRESSICN TEST

Air temperature = '380F
Concrete temperature = 40°F
Height of sample = 7 inches
Time of set: 120 min.

Strain rate = 045 inches/min.

Vertical. Deformation Diameter of Sample ~ Axial Load
(inches) ‘ at’ Midheight (15s)
' y (inches)
3.22 0

- . .63
- 1.13

’ [
. - 1.63
.0900 - 2.13
. 1100 - 2.38
. 1400 - 2.75
1800 - - " 3.00
.2300 1 - 2.75
. 2700 - 3.22 2.25
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UNCNFINED COMPRESSION TEST

Air temperature =

380

Concrete temperature = 400F

Height of sample =

7 inches

Time of set = B0 min.

Strain rate

.045 inches/min. "

Vertical Deformation

Diameter of Sample ‘Axial Load
(inches) at Midheight (1bs)
(inches)
0 3.22 0
.0200 - 1.13
. 0500 - 2.38
L0700 ————— - 3.50
. 0800 - 4.50
. 1400 . - 4,88
.
v " .1800 3.22 3.88 °
\/‘-‘
) 5
“ /



4 -15-

UNOCNFINED OOMPRESSION TEST

N L
Air temperature = 38%F
Concrete temperature = 4005* ‘ /‘O .
. Height of sample = 7 inches / " .
Time of set = 40 min. ,,/ ' .
Strain rate = .045 inches/min.
Vertical Deformation Diameter of Sample | Axial Icad
(inches) " at Midheight " (lbs)
(inches) '
0 3.22 S0
.0200 - .63
\ ‘ ' ) ‘\.
.0500 : j .- 1.13
.0700 "\ ~ 1.63
J ' . .0900 - . 2.00
.1100 - 2.50
.1400 - 2.88
.1800 - 3.50
.2300 - 3.50°
.2700 - 3.22 3.38

- ;'\ J
\_\:\:j

Co
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