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Abstract

This paper documents a methodology designed andduse the Faculty of
Engineering, University of Benin for the determiniain of the compressive strength of
some cement slurries under HP HT (High pressureghitemperature) without the
use of a HP HT oven. It illustrates that in the abnce of sophisticated laboratories
much investigation maybe done by using the basiaitable equipments.
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1.0 Introduction

Cement retrogression may be defined as the compeoofi cement properties especially the cement gitneat high
(elevated) pressures and temperatures[1]. Thisnge pronounced at temperatures above 230°F {11®ut it may be
controlled by the addition of silica Flour to thensent. Above 23% most cement compositions exhibit a satisfactory
compressive strength when first set but rapidlgs$ostrength on continuous exposure to extreme tetyses. Usually more
than half of their original strength is lost withih hours. X-ray diffraction studies show that aatei hydroxide and
dicalcium silicate alpha-hydrate are the culprits.

With the addition of silica flour a two step chealiceaction occur leading to an increase in stteilgtmany cases. This
paper documents the methodology used in an inagligcarried out at the Faculty of Engineeringuénsity of Benin, Edo
State Nigeria to evaluate the suitability of indigas siliceous material for strength stability efreent slurry at elevated
temperatures and hence promote the utilizatiomdigenous Nigerian material(s) [2].Another aim loé texperiment is to
identify the Pressure -Temperature relationshijp aects the cement integrity under HPHT condlitio

1.1 High Temperature Hydration Above 116c

This process begins with the formation of Alpha dd@um Silicate Hydrateaf C,SH) which changes the cement
components composition with an accompanied log®ifpressive cement strength known as strengthgression.

The C-S-H gel has excellent binding characteristitsemperatures below 280 (110C), leading to an increase of
compressive strength with time.

At higher temperature, C-S-H bonds breaks downcamyert into a phase known as alpha dicalciumaggidhydrated-
C2SH), which is highly crystalline and much denttem C-S-H , which decreased compressive stnesugdl increase in
permeability of the set cement. Thus the onsetenfient retrogression may be determined by a reducti compressive
strength.

2.0 Method of Investigation and Instrumentation

Some important characteristics of cement retrogyresa HP HT environment are the change in the dbahspecies of
the cement, the loss of compressive strength anihemrease in permeability. This paper documents dasign of a
methodology used to determine the loss of compresdrength of cement under HP HT environment énabsence of a HP
HT oven.

The apparatus used in this investigation maybeldivinto 2 groups as illustrated in Table 1. Thisamely:
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1. Purchased apparatus:This includes equipments purchased by the Uniweosithe Researcher from a third party.
Only recognised suppliers of scientific equipmemse used.

2. Constructed apparatusThese equipments where fabricated and constrircténg University of Benin Mechanical
and Electrical Workshops and Machine Shops.

Table 1: Types of Apparatus Used For the Experiment
S/N Type of Apparatus

1 Purchased apparatus
2 Constructed apparatus

The respective equipments are listed in Table 2.

Table 2: List of Apparatus Used In the Experiment
Digital weighing machine (BL3002 KERRO ELECTRONI®®IPACT SCALE)

Universal Compression Tester
Measuring cylinder

Stop clock

Mould

Regulator

Heating box

Mixing bow!

OIN|O| g~ WM

Figurel:BL3002 KERRO ELECTRONIC COMPACT SCALE
The purchased apparatus / equipments include:
1. The Digital weighing machine used to measure weddlolry additives and cements.
2. the Measuring cylinder used to measure liquidséwatsed in the experiments
3. And the Universal Compression Tester used to déterthe maximum load each sample can bear before
deformation occurs. From the maximum load the c@sgive strength can be determined by:

CS#
Where:
CS = compressive strength, psi
ML = maximum load, KN
CSA = cross section area, square inches

The constructed apparatus are the second groumwpraents used in this investigation. These equipmevere
constructed in the various laboratories and worgshahe Faculty of Engineering, University of BenEdo state.

The mould was constructed in the machine workshapeaUniversity of Benin, Edo state. It was consted from a
metal sheet .Its main purpose is to house theystament (after proper mixing) in order to produréformly shapes and
sizes cement specimen for testing. The thicknetiseometal sheet was approximately 0.08 inchegu(Ei2)

Journal of the Nigerian Association of Mathematic&hysics Volume 25, No. 2 (November, 2013), 1776 1

172



A Methodology for the Investigation of... Onwuachi-lheagwara, IdigbeandOlafuyiJ of NAMP

Height
External 7.8 “
Internal 6.02”

< = Width
Length External 12.6 “
External 13.2 “ Internal 11.0”

Internal 12.0”

FIGURE 2: THE MOULD -
(All measurements in inches)

The cross section area was obtained by the equdBi&? LWA

The compressive strength of each specimen wastherebtained by the relationship from equation (1)

A regulator was cconstructed in the mechanical slook. The regulator was fixed with sensors andnérabdevice at
the electrical workshop that regulates the amoftitieat supplied to the cement specimen. Becausisedfigh temperature
involved,temperature measurement was done usingrmmbcouplewith a capacity (Figure 3).

Figure 3: The Regulator
Another device, the “heating box” was also congdat the mechanical engineering workshop. Asidrae implies it
was used to supply heat to the specimen. Insidéhbating box” are elements capable of supplyingthe the required
temperature (Figure 4).

Figure 4: The Heating Box
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3.0 Experiments

The experiment involves the use of the Universah@@ssion Tester (Figure 5)and the heating boxiteicra HP HT
environment concurrently. The cement slurry spenifire the mould) was thus subjected to a high preswith the
Universal Compression Tester and to the effecttugh temperature (with heating via the elementhénheating box)
simultaneously

Figure 5: The Universal Compression Tester

The heat was controlled and reading taken at 200828 and 350 degrees Fahrenheit. Pressure wasasolled and
values taken at 5,000 psi, 6,000 psi, 7,000 p8Q®@psi, 9,000 psi and 10,000 psi.

The maximum loads the slurry can bear before dedtiom was noted. The compressive strength was radatafirom
equation (1)
3.1 Variables in The Experiments
Several variables were considered in the investigaT his includes the following. Namely

1. Composition of the slurry

2. Temperature range slurries were subjected to

3. Pressure range slurries were subjected to

4. Curing time (duration ) of the slurries

5. Liquid content of the slurry
That composition plays a role in the strength of ematerial is obvious. Slurries were produced usiifigrent percentage of

1. Silica flour

2. Ughelli sands

3. Benin sands

4. API grade G cement

5. And Portland cement
6 different types of slurries (slurry type (A) #)(were produced depending on the materials présehné slurries (Table 3
and 4).

Table 3: Composition of Each Slurry Type

S/N | SLURRY | SILICA API GRADE G PORTLAND VOLUME

UGHELLI BENIN '

TYPE FLOUR, SANDS, SANDS, CEMENT, CEMENT, \I\//IVLATER ,
1 A Yes Yes No Yes No 1,200
2 B No No Yes Yes No 1,000
3 C No No Yes No Yes 1,000
4 D No No No Yes No 1,000
5 E No No No No Yes 1,000
6 F Yes No No No Yes 1,000

* “Yes” denote the presence of the material in thergl

Journal of the Nigerian Association of Mathematic&hysics Volume 25, No. 2 (November, 2013), 1776 1
174



A Methodology for the Investigation of... Onwuachi-lheagwara, IdigbeandOlafuyiJ of NAMP

Table 4: Number of Specimen Of Each Slurry Type

S/IN | SLURRY TYPE TOTAL NUMBER OF SLURRIES PREPARED
1 A Ughelli sand + Silica flour + API| 84
G slurry
2 B Benin sands+ API G slurry 84
3 C Benin sands + Portland slurry 84
4 D “Neat “ API slurry 48
5 E “Neat Portland slurry 48
6 F Portland + Silica flour 84

Temperatureeadings were taken at 200, 250, 300, 350 degreeifadit respectively.

Pressure ranges considered in this investigatior Wwem 2,000 psi to 10,000 psi.

The curing timewas controlled as the effect of tiomedevelopment of compressive strength is wellMkmaCuring time
was controlled using a stop clock. Reading werenafter cement slurries were cured for 30, 60,rhi2{utes.

The only liquid added to the respective slurries wiater. The temperature of the water used wasda@ystant at 22
degrees centigrade.(71.6 degrees Fahrenheit). Wakecollected from a tap in the mechanical lalmoyatThe water used
was ordinary tap without chlorination. Volume o&ter used was measured with a measuring cylindékept constant at
1,200 ml and 1,000 ml.

The Investigation

Detailed investigations of the HP HT environmentavandertaken. The investigation involves a suligtih and / or
total replacement of silica flour with indigenousngs. In some cases (slurry D and E) there wesd &ditsences of all
siliceous material in the slurries. Findings framege investigations are documented in [1- 5]. Daee obtained from over
400 cement slurries. Data from Ryder [6]was usedhi design of the experiments. All constructediments were
sketched and drawn to scale using specification difl subsequently loaded into Autodesk simulation firther
investigation [5]. By this approach the experina¢idiata can be used in the prediction of cemenitsTitdP environments.

4.0 Conclusion

This paper documented an indigenous approach tdeteemination of the compressive strength of soement slurries
under HP HT. using basic apparatus the effect ofecd retrogression in APl G cements were studied dgtermination of
the onset of loss of compressive strength.

It illustrates that in the absence of sophistidak@boratories much investigation maybe done bygsvailable
equipments.
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