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INTRODUCTION 

The present report covers the findings of Mr. Henrik Carlsen, 
quality control adviser, collected during his visit to 
Amran Cellent Plant, North Yemen from 10 to 24 January 1990. 

The purpose of the project is defined in the attached job 
description (Anneze 1), and is swmnari~ed as follows: 

examine a."ld evaluate the quarrying and the process control 
routines prescribed by the supplier. 

examine the routines followed for the application of the 
cement and the test procedures used to check the end 
product (the concrete). 

analyse the events that in a period of June 1989 led to 
the production of sub-standard cement and/or concrete. 

advise on how similar developments can be prevented in 
the future and particularly elaborate recommendations 
for possible changes in the process control, and the 
reporting routines. 

The adviser arrived in Sana'a on the evening of the 9th 
january and visited Amran Cement Plant accompanied by 
Ms. Giovanna Ferrara from UNDP on the 11th and 13th for 
introduction to the plant management and for discuss~on 
of the programme for the visit. 

During the period 14th to 24th january the advisor stayed 
as a resident in Amran and studied the past and present 
procedures of operation of the plant in collabora-ion with 
the plant management and with the two UNIDO advisers, who 
are at present working at the plant under the terms of the 
technical assistencc agreement between YCC and UNIDO. 
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The study comprised all aspects of the process and the 
quality control procedures for the last two years as well 
as comparisons between these procedures and the recommenda­
tion made by IHI. Especially, the events leading to the 
production of sub-standard cement in June 1989 were examined 
in detail, and at the end of the visit samples of raw 
materials, kiln feed, r;linker and cement were taken for 
control analysis in an independant laboratory. 

The findings and the conclusions from the study are given 
in the following report comprising a brief summary as well 
as cor.iprehensive discussions of all aspects with relation 
to the cement quality. 

The visitor wishes to express his sincere thanks to the 
Management and Staff of Amran Cement Plant as well as to 
the representatives of UNDP in Sana'a and to the UNIDO 
Experts at Amran for their kind support and very much 
appreciated collaboration received during the mission. 
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SUMMARY AND CONCLUSIONS 

The laboratory records for the last two years show varying 
quality of the cellenl. produced at Amran cement Plant. The 
most critical production was the sub-standard cement observed 
in June 1989, but caaent with too low strength after 3 days 
was also produced in other periods, for example in the 
month of December 1988. 

The quality problem was studied during the visit based 
upon observation of the plant operation and routines as 
well as inf oraation obtained from the plant personnel and 
extracted from the laboratory and the production records. 

The raw 11aterials are described in detail in the comprehensive 
•Geological Survey Report• prepared by IHI in 1980. From 
this report it appears, that the limestone deposit now 
being exploited does not contain any types of raw material, 
which are haraful to the quality of cement, when added to 
the raw aix in proportions as specified in the report. 

Consequently, any of the different types of raw materials 
found in the limestone quarry can be used in the raw mix 
without jeopardizing the quality of the cement, but 
provided that the raw mix is properly proportioned to 
have the specified chemical composition. 

In part II of the •Geological Survey Report" is given guide 
lines for the utilization of the raw materials, and it is 
recommended to prepare the raw mix from high eao and low 
Cao material from the limestone quarry with the addition of 
approximately 1 t of "Sandy Clay" for correction of the 
silica modulus. 
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The raw mix could also be prepared exclusively by the use of 
materials from the limestone quarry, and still be suitable 
for production of cement of good quality. However, the addi­
tion of a IDC>derate proportion of Sandy Clay• is acceptable 
and has some merit as a correction material with well defined 
composition and a low content of alkalis. 

The most iaportant prerequisite for the production of a 
good quality of cement is the preparation of a raw mix with 
adequate chesllcal composition. In the case of Amran Cement 
Plant it is recommended to adjust the raw mix to meet the 
following specification: 

Lime saturation factor LSF • 0.90 - 0.94 
Silica modulus MS ~ 2.3 - 2.7 
Iron modulus IM • 1.5 - 2.0 

In order to satisfy these requirements it is necessary to 
use not only high CaO limestone, but also some marl and/or 
other low cao material in the raw mix. In this way it is 
possible to prepare mix-bed piles, which with the addition 
of approximately 5 - 7 t of •sandy Clay• will produce a 
raw meal with the desired chemical composition. 

However, during the period in June 1989, when sub-standard 
cement was produced, the raw mix did not have a suitable 
composition. The content of cao was far too low, and the 
lime saturation factor LSF was below 0.80 at which level 
cement with normal strength properties can normally not be 
produced. 

The deviation from the normal raw mix composition started in 
the beginning of June 1989, when the X-ray analyzer was stop­
ped for lack of ion exchanger resin for the water cooling cir­
cuit. As substitute for th& X-ray analyzer was used carbonate 
titrations, but unfortunately with erroneous results, which 
caused a serious overdosing of the correction material •sandy 
Clay• to the raw mill. 

The errors of titration were not revealed until several days 
later, because the laboratory did not have any established 
back-up procedure for substitution of X-ray analysis by wet 
chemical analysis in case of break-down of the X-ray analyzer. 
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In previous reports on the quality problem in June 1989 it is 
mentioned, that the aix-bed pile, from which the main component 
of raw material was eztracte-i during the production of the 
off-specification cement, contained mainly material from an 
intermediate open yard store located in the quarry adjacent 
to the limestone crusher. 

The lll8terial from this intermediate store contained not 
only limestone but also marl and some low cao material, which 
in the Geologi~l Survey Report is ref erred to as •waste 
Material•. The average content of eao in the pile made 
from this material was therefore somewhat lower than the 
target used for the previous pile. 

It has been suggested, that the production of poor quality 
cement was due to the use of the low cao material in the 
raw mix. However, there ia:o no evidence to support this 
hypothesis, because all of the materials are suitable for 
use in the process provided that the raw mix is adjusted 
to the correct range of chemical composition. 

It is therefore concluded, that the production of the poor 
quality cement was not caused by the presence of low cao 
material in the mix-bed pile, but was due to the failure 
of the laboratory control and the subsequent overdosing of 
the correction material •sandy Clay• to the raw mill. 

The effect of a low lime saturation factor is a low content 
of the main strength giving clinker mineral tricalcium silicate 
(C3S) and consequently low strength properties. The C3S 
content in the cement should normally be within a range of 
45 - 55 t, but was for the bad cement produced in June 1989 
much lower - for some samples even down to O t (nil). 

In order to eliminate the risk of any f nture production of 
sub-standard cement it is r~ to introduce a number 
of !~provements within the fields of raw mix preparation, 
frequency of sampling as well as methods and excecution of 
analyses and physical testing in accordance with the pro­
posals made in the following pages of the present report. 
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I GENERAL 

The Amran Cement Plant is located about 3 km south-s~uth 
west of Amran city approximately 50 km north of Sana'a. 
The plant was supplied by Ishikawajima-Harima Hea\iy 
Industries Co., Ltd., I.ff.I. of Japan through a turn-key 
Contract and started production in 1983. 

The plant has a single production line with a 4-stages 
cyclone preheater kiln and SF-flash precalciner. The 
design capacity is 500.000 tpy of Portland cement. 

During the commisioning and the first year of production 
the plant was operated with the assistance of personnel from 
I.ff.I •• Today the plant occupies essentially local employees 
and workers with the exception of a few expatriate tec.~i­
cians and two Romanian engineers serving under a technical 
assistance agreement between YCC and Unido. 

During the last two years 1988 and 1989 the plant has 
produced Portland Cement at an average rate of about 
450.000 to 460.000 tons/year corresponding to more than 
90 t utilization of the nominal capacity. However, the 
cement has been of varying quality and has at times, and 
especially in June 1989, failed to meet the BS12 quality 
specifications. 

A brief description of the plant layout and equipment is 
given in Appendix 4. 
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II ORGANIZATION 

The organization of t&~e plant follows in principle the re­
coanendations given by the equipalQllt sup;.!ier in the guidance 
book for plant operation. This book co&cains job descriptions 
for key personnel with indication of the lines of command 
and the areas of responsibility, according to which the 
quality control for raw material and cement is the responsi­
bility of the quarry and the laboratory management under 
supervision by the technical management. 

An excerpt of the organization chart and selected articles 
from the job descriptions with relevance to the quality control 
are presented in Appendix 8. 

The organization of the technical department is in agreement 
with the principles normally recommended for cement plants, but 
additional training of P'!rsonnel is needed in order to ensure 
satisfactory execution of all the specified duties. 

III RAW MATERIALS 

The cement production at Amran cement Plant is based upon the 
utilization of raw materials from a limestone deposit located 
in the hill formation about 3 km south-south west of. Amran 
City, as well as the supply of a correction material known as 
"Sandy Clay", and gypsum by road from deposits north of Sana'a 
at about 50 and 80 km distance from Allran respectively. 

The "Geological Survey Report" prepared-by I.ff.I. in 1979/80 
also describes a deposit of Iron Ore. However, this material 
has so far not been used in the raw mix. 

The raw material deposit at .Amran is rather complex containing 
several different types of material. The formation is part of 
a hill raising to about 300 m above the horizontal plane of 
the plant site. Geologically it belongs to the upper jurasic 
system and contains limestone, marl, mudstone and other 
materials in rela~ively thin layers, and with varying 
chemical composition. 
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In addition to the sedimentary rock, the deposit contains 
a minor quantity of basa1t occurring as dykes 2 - 10 wide 
a1ong the faults of the formation. 

The deposit is divided by a north-south fault into an east 
b1ock and a west block, both containing stratified rock in 
horizonta1 or s1ight1y inclined 1ayers. In the geologica1 
survey report the 1ayers are identified and the formation 
divided into 26 Units named by letters A to z from top to 
bottom. 

The chemical compositions of samp1es from these units are 
given the geo1ogical survey repoxt and are summari.zed in 
Appendix 5. 

In spite of the comp1exity of the 1imestone deposit it is 
possib1e, by means of the detai1ed description given in the 
geo1ogical report, to identity the different types of 
material in the quarry. It is also possible to elaborate 
and e.xecute programmes for the quarry operation in such a 
t1•ay, that high Cao and low cao material is mixed in adequate 
proportions to produce a suitable composition of the 
material for the mix-bed piles. 

In the geological report, Part II it is recommended to 
build mix-bed piles with an average cao content of 40.5 t, 
which means that the amount of correction material to be 
added to the raw mill will be within the range of 5 - 7.5 t 
of high silica material ("Sandy Clay"). 

If this recommendation is followed, the life of the quarry 
will be 50 years counted from the year of commissioning and 
for operation at the rated capacity of the present production 
line. Furthermore, it will be possible to produce a raw mix 
with a suitable chemical composition for the manufacture of a 
good quality of Portland cement and, at·the same time, with a 
moderate silica modulus (SM • 2.3 - 2.7), which offers the 
best conditions for the clinker burning process and therefore 
will contribute to efficient operation in terms of high pro­
duction, low fuel consumption and long life of the kiln 
refractory lining. 

In order to prepare the raw mix in accordance with the 
recommendations aade by the equipment supplier, it is 
necessary to exploit not only the high Cao limestone 3nd 
marl, but also part of the materiel, which in the geological 
report has unfortunately been classified as "Waste Material". 
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It is here proposed to replace this designation by the 
more appropriate term •r.ow cao Material•, which describes 
the material without suggesting what to do with it. 

The optillua utilization of the different types of raw 
material in the limestone deposit is an interesting subject, 
which ought to be persued in a separate study. However, the 
potentia1 value of the •Low cao Material• is mentioned in 
the present report in order to point out, that none of the 
materials in the liaestone quarry contain elements, which 
are detrimental to tile quality of the cement when used in 
adequate proportions in T.he raw mix. 

The different types of "Low cao Material" all have chemical 
compositions, which are normal for cement raw materials. 
The only disadvantage of using these materials in the raw mix 
is the slightly higher contents of alkalis (2 - 3 % K20), 
but the effect on the alklll.i content of the kiln feed wil.l be 
less than 0.1 t,. Hhic.'1 w'lll. have little influence on the 
qual.ity of the cer.ent or the operation of the kil.n. 

The effect of alkalis on the cement quality and the kiln 
operation shoul.d be ~tudied in detail. by the establishing 
of alkal.i and sulphur balances for kiln operation with and 
without bypass. The behaviour of the alkalis in the kiln 
system depends mainly upon the temperature in the burning 
zone, the input of sulphur to the kiln system and operation 
of the bypass. 

At Amran cement plant the alkalis in the raw mix consist 
mainly of potassium oxide K20. In the presence of an excess 
of sulphur in the kiln the K20 will form potassium sulphate, 
most of which will leave the kiln with the clinker. It is 
therefore possible to a certain extent to control the 
circulation of alkalis in the kiln system by means of the 
input of sulphur in the raw materials and in the fuel. 

In plants where the content of alkalis is moderate, as is the 
case at Aaran, it is often an advantage to operate the kiln 
with enough sulphur to allow the major part of the K2~ to 
leave the kiln with the clinker thus reducing the circulation 
of alkalis in the kiln and the preheater to a minimum. 

One of the arguments against the use of "Low Cao Material 
in the raw mix is the experience of low initial strengths 
during a period from September 1988 to May 1989, when the 
limestone in the mix-bed piles contained some of this 
material. 
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However, the 1aboratory reports from this peri.od show, that 
the LSF was as 1ow as 0.85 - 0.87, whi.ch gi.ves a 1ow content 
of C3S and hence 1ow i.ni.ti.a1 strengths. For future operati.on 
i.t i.s recommended to adjust the raw Dli.x to LSF a 92 - 94, at 
whi.ch 1evel sati.sfactory i.ni.tia1, as we11 as fi.nal strengths 
wi11 be achi.eved. 

IV PRODUCTION PROCEDURES 

1 Limestone quarry. 

The li.mestone, marl and other low cao materi.als to be used 
for the production are quarri.ed from the re1evant benches and 
hau1ed by dumpster trucks to the limestone crusher for 
crushi.ng and transportation by th'! approxi.mately 900 m long 
be1t conveyor to the raw material store in the cement plant. 

However, some 1imestone is Rtored in an open air area adjdcent 
to the limestone crusher to serve as a buff er store between 
quarry and crusher. The crusher is at times fed with materi.al 
from this buffer store when mat9ri.al from the quarry benches 
is not available due to break down of quarry or trucki.ng 
equi.pment. Norma1ly this should not disturbe the preparation 
of the raw mix, but the material deposited into the buffer 
store should have approximately the same average composition 
as the material, which is normally fed direct1y to the 
limestone crusher. 

From time to time a batch of high cao limestone is crushed 
and deposited in the separate smaller storage hall, which i.s 
reserved for the correction materials "Pure Limestone" and 
"Sandy Clay". The latter mentioned material is the silicious 
sand received by road lorries from the quarry at Thuqban. 
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2 Raw Miz Preparation. 

The major raw miz ccaponent is the mJ.z of l:l.ae!"~o".le, marl 
and low-cao material from the liaestone quarry. ill.though 
this ma'terial is to be prehomogenized in the miz-bed store, 
it is important to avoid excessive v-uriations of the 
composition of the crushed material from the lillestone 
crusher, because such variations may ca1J::-'ie deviations from 
the target caaposition of each pile, and hence a variation 
in the raw aeal COIDpoSition during the changing from one 
pile to another. 

The composition of each miz-bed pile is calculated from the 
analyses of the daily average samples from the autollatic 
sampler at the inlet end of the store. However, there is, as 
explained later in the chapter on quality control, a dis­
crepancy between this value for the cao content and the 
value, which is obtained from the analysis of the raw meal 
corrected for the addition of correction material at the raw 
mill. 

This problem, which can be due to errors of sampling or 
analysis, has been studied by the laboratory in collaboration 
with the Experts frOlll Unido, and as a preliainary result, it 
has been established, that the cao calculated form the analyses 
of stdlples from the miz-bed sampling tower is normally 1 - 2 t 
lower than the cao calculated from the raw meal analysis. 

Until the reason for the discrepancy has been fully clarified, 
the difference between the cao val.ues should be taken into 
account when setting the target for new miz-bed piles in order 
to avoid a too high cao c..>ntent of the pile and consequently 
a demand for more than the specified 81DOunt of ~rrection 
material in the raw miz. 

The target for the raw miz composition should be set to allow 
the production of a good quality of cement and - at the same 
time - to make the kiln feed suitable for the burning process. 

In the "Geological Survey Report", Part II, page II-11 the 
raw mix modules are specified as follows: 

Hydraulic Modulus (HM) 
Silica Modulus (SM) 
Iro1. Modulus (IM) 
Lime Saturation Factor (LSF) 

2.10 
2.6 - 2.7 
1.7 - 1.9 
0.91 
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Xf this specification is followed, the raw mi.a will produce 
a clinker with approxi11ate1y the following composition of 
clinker llinerals: 

TricalciW1Silicate C3S 52 t 
Dicalciuasilicate C2S 24 t 
TricalciW1aluainate C3A 9 t 
Tetracalciwaalwainoferri te C.4AF 9 t 
Other 118tter 6 t 

Clinker with this composition and without ezcessive contents 
of llaglleSia, alkalis, free silica or other harafu1 11aterial 
will, when properly ground with gypSUll noraally produce Portland 
ce11e11t of good quality. Furthermore, the corresponding raw aix 
will, when ground to normal raw meal finer.ess, noraally be 
suitable for the burning process in the kiln. 

However, the above 11e11tioned specification has not been 
adhered to during the past operation, but the composition of 
the raw llix has been allowed to vary considerably, resulting 
in problems with the kiln operation and the occasional. 
production of a poor quality of cement. 

The raw ld.11 operation is normally satisfactory with the 
ezception that it is difficult to dry the raw aaterials, 
although the moisture content is normally only 2 - 3 t. 
However, the limited drying effect of the raw mill is a 
separate problem, which has little effect on the cement 
quality, and which is therefore not dealt with in the present 
report. 

The homogenizing ef .fect of the two •ix-chamber silos is 
indicated to be approximately 1:5, which is on the low side 
but accep'table provided that efficient preblending of the 
raw material is achieved in the mix-bed·store. 

However, it is iaportant to ensure that the aeration systems 
for both silos are maintained in good condition in order to 
obtain maxiaum utilization of the aeration effect available. 
Therefore the silos should be emtied, one at a ti"8, and at 
regular intervals for inspection and reconditioning of 
the aeration pipings. 
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3 Cli.nker Burni.ng. 

The ki.ln i.s normally running conti.nuously and the cli.nker 
is burned to a low content of free cao i.e. 0.5 - l.O t, 
which i.s adequate for the production of a good quality of 
cellellt, provided the COll(>Osition of the kiln feed is normal. 
Frcm a product quality point of view tb£ kiln is therefore 
perforaing satisfactorily, but the clinker is often burned 
harder than necessary, which causes increased consuaptions 
of fuel oil and electric energy, as well as increased wear 
of the refractory lining and d8118ge to the cooler grate 
plates. 

Approziaately 50 t/d of bypass dust is at prP..sent wasted, and 
it has been suggested to return this dust into the process 
either to the raw lllll or to the cement aill. 

It is claimed by the production departllent, that it is 
necessary to operate the bypass in order to avoid clogging 
of the kiln prebeater cyclones. However, the bypass dust 
contains only 2 - 3 t alkalis, and the effect of extracting 
50 t/d thereof frcm the kiln systea is hence rather saall 
corresponding to a reduction of the total input of alkalis 
by less than 5 t. 

It is a question if this small effect can justify the 
continuous use of the bypass. In this connection it should 
be noted that a simlllar or perhaps bigger effect could 
possibly be obtained by reducing the temperature of burning 
and thereby the volatilization of alkalis in the burning 
zone. Another way of reducing the concentration of alkalis in 
the kiln systea is to increase of the input of sulphur for 
combination of more of the IC20 as potassium sulphate, which 
is hard to evaporate and therefore will tend to leave the 
kiln as a clinker constituent. 

The return of bypass dust to the cement mill may have little 
effect on the quality of the cement, but is not permitted 
by the BS 12 standard specification. This problem can be 
avoided by adding the dust to the raw aill, but the:n the 
alkalis are reintroduced into the kiln system. The combined 
effect of re110Ving and reintroducing the dust may therefore 
be very nedrly the same as if operating without the bypass. 
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Sti11 the proposa1 to return bypass dust to the raw mix may 
have some aerit. One reason is that some of the vo1ati1es 
may pass the bypass precipitator with the gases and wi11 
therefore not be returned with the dust. Another reason 
is that the bypass aay sti11 he1p to even out variations 
in the concentration of vo1atiles 1.n the kiln. Furtheraore, 
it woul.d be possible to return part of the dust, whereas 
the volume of gases to the bypass is not adjUdtable. 

The behaviour of the al.kalis in the kiln system with or 
tiithout the use of the bypass shoul.d - as mentioned in the 
chapter on raw materials - be studied by means of material 
balances for alkalis and sulphur. 

4 Cement Grinding. 

The cement is ground in closed circuit to normal Portland 
cement fineness about 3000 to 3400 Blaine with the addition 
of a good quality of gypsua and at noraal. ai.11 teaperature. 
There is therefore no evidence, that the operation of the 
cement mill aight have had any negative effect on the quality 
of the cement. 

However, the efficiency of grinding depends upon a number 
of factors, which should be optilllized in order to achieve 
full utilization of the installed grinding capacity and at 
the lowest possible energy consW11ption. Good •ill operation 
does therefore require not only continuous surveillance of 
the product f ineneas and the llil1 temperature controlled by 
the internal water spray, but also frequent control of the 
separator efficiency as well as inspection and maintenance 
of mill diaphragms and ball.charges. 
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V QUALITY COf':TROL 

The quality of raw aaterials, clinker and cement is controlled 
by the laboratory in accordance with the recowndations given 
by the equipment suppl:l.er. The aaapling, testing and control 
procedures are s1-arized as follows: 

1 Shift and chellical laboratory 

Raw 1Materials fraa quarries. 

Saaples of dust from the drilli.ng of blasting holes are 
sent to the laboratory by the quarry 11a11agement for 
X-ray analysi.s. 

Crushed lillestone to llix-bed. 

The lillestone passes an automatic belt weigher and a 
•Mtnemet• automatic sampling plant before entering the 
lli.x-bed pile. The average samples for each day are 
collected by the laboratory for X-ray analysis. 

Raw meal and kiln feed. 

Saaples are extracted by automatic screw saaples and 
collected every 2 hours for dete:rmination of sieve 
residue on 88 aicron, t~tration and X-ray analysis. 

Clinker. 

Samples are collected manually from the cooler outlet 
every 2 hours for determination of free cao and for 
X-ray analysis on daily composite samples. The clinker 
literweight is determined by the production department. 
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Cellent. 

SUlples are extracted by autaaati.c screw saapler and 
collected every 2 hours for deterai.nation of resi.due 
on 88 ai.cron, Blai.ne and 503 content. X-ray analysis 
1.s ll8de daily on ooaposite S8Jlple. 

Other materials. 

SUlples of •sandy Clay•, Gypsua and Fuel Oil are analysed 
£rem tille to tille, and material frcm the 4th stage 
preheater cyclone and frcm the bypass precipitator is 
collected every day for deterai.nati.on of 503, a1kalis 
and chloride. 

2 Physical Testing 

Cement from the automatic saapler after the cement mill 
and spot S8Jlples from the baggi.ng plant are tested 
daily in accordance with British Standards BS 12:1978. 

The procedures are wi.th a few ezcepti.ons siai.lar to those 
adopted by most other modern C8118nt plants. The exceptions 
are the relatively low frequency of testing of samples of raw 
Jleal., ki.ln feed, cli.nker and cement, and the lack of storage 
bozes for saaples of the last 24 hours cli.nker production to 
.~ saved for visual .inspection and analysis as and when 
required. 

The relatively low frequency of testing is acceptable if the 
continuous working preaizing and hcmogenizing systems and the 
process control inst:rumentation are in good condition, but 
hourly testing of raw wl and clinker is recoamended in order 
to provide earlier warning about possible anomalities. 

Whereas the saapling and testing procedures are in general 
acceptable, it appears from the laboratory records, that the 
results of analysis do not always satisfy normal requirements 
with regard to accuracy and reliability. Titration&, X-ray 
analyses and wet chellical analyses of ten produce different 
results, and little see•s to be done in order to identify 
and correct the reasons for these discrepancies. 
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The differenci.es between the results of analysi.s 11ade by 
X-ray and by vet chelli.cal analysis are illustrated in 
Appendix 6 showi.ng a comparison of the results froa a 
mmber of analyses 11ade by ei.ther aethod. 

Another eaaaple of inconsi.stency of tbe results of analysis 
1.s the di.f ferences between the calculated average analysis 
of a aix-bed pi.le and the analysis calculated from the raw 
11881 analysi.s taking 1.nto account the proporti.on of correc­
ti.on materi.al added at the raw aill inlet. The reason for 
these di.f ferenci.es may be a saapling error or an X-ray 
analyzer cali.brati.on error. In order to study the accuracy 
of the X-ray analysi.s further the visitor received a set of 
saaples of raw 11aterials, ki.ln feed, clinker and cement for 
analyses in an independent laboratory. 

The aetbod used at Amran Cement Plant for deteraination of 
cao by titration produces an •apparent cao•, whi.ch is the 
cc.bi.nation c:-f ~o and the Cl'.O-equi.valent content of MgO 
froa magnesiua carbonate. Thi.s figure should not by used 
directly to represent the true cao content of the s&111>le, 
but should be corrected for the MgO content determined by 
a MgO titration or deducted from X-ray am..lyses of samples 
froa the saae source of 11ater1.al. A aethod for deterai.nation 
of Cao as well as MgO by carbonate titration is given 
in appendia: 7. 

3 Laboratory Equipment 

The laboratory is located in a one storey building located 
near the centre of the plant between the llia:-bed store and 
the central control room. It is divided into separate rocns 
for cheaical analysis, X-ray analysis and physical testi~ 
as well as a sample preparatior. room, a curing room with 
thermostat temperature cont~ol, a reagen:.t store and an 
office. 

The chellical laboratory has equipment and reagents £or the 
eaecution of carbonate titrations, wet analysis using EDTA 
titration for cao and MgO, determination of 503, alkalis and 
free C80, and for fuel analysis. The equipment includes 
analytical balances, electrical furnaces and a flame 
photometer. However, only few analyses are carried out 
because all relevant elements for the quality control are 
normally available from the X-ray analyzer. 
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The X-ray analyzer is a Shiaadzu X-ray Quantometer type 
VX0-150 with equipment for preparation of pressed pellets 
or fused beads using Lithium borate as the fusing agent. 

Pressed pellets are used for determination of the four main 
elements (ca, Si, Al and Fe) in raw meal and clinker, and the 
same components plus S (S03) in cement. Fused beads are used 
for deterllination of 9 elements in samples from the quarries 
and in the daily average samples of raw meal, clinker and 
cemer.t. 

The laboratory depends very much upon the availability of 
the X-ray analyzer. It is therefore important to maintain 
a stock of the necessary materials and parts for the 
operation of this equipment. However, it is not possible 
to ensure 100 t availability of this type of analyzer, and 
it is consequently also important to have reliable back-up 
routines for performing analysis by the wet method. 

The physical laboratory is equipped with standard devices for 
the testing of cement according to BS 12:1978, and the 
machinery, tools ancl moulds all seemed to be in a good 
condition. 
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VI Off-SPECIFICATION CEMENT 

The laboratory records for the last two years show varying 
quality of the ce11ent produced at Allran Cement Plant. The 
most critical production was the sub-standard cement observed 
in June 1989, but ce11e11t with too low strengths after 3 days 
was also produced in other periods, for example in the 
month of December 1988. 

The strength of cement depends mainly only upon one or more 
of the following factors: 

- the chemical ccnposition of the raw mix 

- the fineness of the raw mix 

- the degree of burning of the clinker 

- the fineness and the granulometry of the cement 

- the quality and the proportion of gypsum added 
to the cement mill 

- the content of water soluble alkalis in the cement 

- the degree of prehydration of the cement 

The influence of these parameters were studied on basis of 
the laboratory and production records, and it was found 
that only the chemical composition of the raw mix showed 
deviations from normal conditions to the extent, which 
could explain the abnormal cement quality observed in 
June 1989. 

The study also revealed, that the cement strength can be 
correlated to the lime saturation factor of the kiln feed 
not only for the period from May to July, 1989, when 
the cement ~trength failed completely, but also for a 
comparison of two other months with high and low initial 
strength figures respectively. 



- 22 -

The figures used for this comparison are given in a table 
and two graphical presentations enclosed as Appendix 9. 

From the table it appears, that the lowest initial strength 
figures were found in June 1989, when the LSF was as low as 
0.80. In December 1988 the 3 days strength was in average 
19.9 (i.e. bel<.'W the BS 12 requirement of 23 N/mm2) and the 
LSF was 0.85, which is still auch lower than the recommen­
ded rage of 0.90 to 0.94. 

The other figures for the months of May, July and October 
in 1989 all show 3 days strength figures above the BS 
requirement, and the LSF values are here in the range 0.87 
to 0.90. 

As mentioned previously in this report the analyses of the 
various raw materials found in the limestone quarry as 
presented in the Geological Survey Report do not show any 
contents of elements, which are detrimental to the quality 
of cement, when added to the raw mix in adequate proportions. 
It is therefore concluded, that the quality problea is due to 
the use of raw mixes with too low LSF, and is not related to 
the use of one or another type of the available raw materials 
in the raw mix. 

In part II of the "Geological Survey Report" is given guide 
lines for the utilization of the raw materials, and it is 
recommended to prepare the raw mix from high cao and low 
cao material from the limestone quarry with the addition of 
approximately 7 l of "Sandy Clay" for correction of th~ 
silica modulus. 



----------------------------------------------

- 23 -

The raw mix could also be prepared exclusively by the use of 
materials from the limestone quarry, and still be suitable 
for production of cement of good quality. However, the 
addition of •sandy Clay• in a moderate proportion is 
recaamended for the following reasons: 

1) The •Sandy Clay• has a well defined chemical composi­
tion and a high silica modulus, which make it suitable 
for addition to the raw aill for correction of the 
11aterial from the mix-bed pile. 

2) The •Sandy Clay• has a low content of alkalis. 

The paramount prerequisite for the production of cement of 
good quality is the preparation of a raw lllix with adequate 
chemical cc.position. In the case of Amran cement Plant it 
is recommended to adjust the raw mix to meet the following 
specification: 

Lime saturation factor LSF • 0.90 - 0.94 
Silica modulus HS • 2.3 - 2.7 
Iron llOdulus IM = 1.5 - 2.0 

In order to satisfy these requirements it is necessary to 
use not only high cao limestone, but also sOllle marl and/or 
other low CaO 11aterial in the raw mix. In this way it is 
possible to prepare pre-mix piles, which with the addition 
of approximately 5 - 7 t of •sandy Clay• will produce a 
raw meal with the desired che:nical composition. 

Howeve=, during the period in June 1989, when sub-standard 
cement was produced, the raw mix did not have a suitable 
composition. The content of·cao was far-too low, and the 
lime saturation factor LSF was below 0.80 at which level 
cement with normal strength properties can normally not be 
achieved. The deviation from the normal raw mix composition 
was caused by P..rroneous proportioning of correction material 
to the raw mill which was based upon unreliable titration 
analyses in the lack of X-ray analyses. 
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The series of events, which led to the production and 
eventually the release of sub-standard cement is summarized 
as follows: 

- building up of a mix-bed pile using low Cao limestone 
from the open yard storage area near the liaestone 
crusher. This was done in order to meet the demand 
for raw material in spite of shortage of trucks for 
transportation of limestone in the quarry. 
(Comment: Although the composition of this pile 
diffe~ed from the composition of normal piles, it 
could easily have been corrected to the desired 
lime sa't11ration by the addition of a small proportion 
cf wpure limestonew at the raw mill following the 
normal procedures, if correct analyses had been 
available) • 

- the X-ray analyzer was stopped on 6th June. 
(Commment: The reason for stopping the analyzer was 
according to the laboratory management the lack of 
ion exchanger resin for the cooling water circuit. 
It was correct to stop thf'; analyzer in order not 
to cause damage to the equipment, but the inventory 
and procurement functions have failed in insuring 
the availablity of replacement resin). 

- the carbonate titrations started to produce wrong 
result simultaneously with the stopping of the 
X-ray analyzer. 
(Comment: Could easily have been detected by routine 
titrations on standard samples, which, however, were 
not carried out). 

- during the 20 days of operation without the X-ray 
analyzer no wet analyses were made. 
(Comment: The laboratory is equipped for the execution 
of wet analyses for determination of the main elements 
Ca, Mg, Si, Al, and Fe. If these facilities had been 
used properly, the off-specification composition of 
the raw mix would ha~. been detected within the 
5 hours it takes to perform a wet analysis. 
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- the kiln was allowed to produce a poor qualit;y of 
clinker for several days before the lack of phys.ical 
strength properties was observed at the testing of 
cement from the cement mill. 
(Comment: The poor quality of clinker could have been 
detected earlier by hourly inspection of the clinker, 
monitoring of the clinker literweight and by the 
preparation of mortar pats of ground clinker every 
day). 

In conclusion all information collected during the visit 
clearly indicates, that the production of sub-standard 
cement in June, 1989 was due to inadequate testing and 
control procedures and routines in the plant and especial­
ly in the laboratory. It is recommended to introduce a 
number of i.mprovements within the fields of raw mix prepa­
ration, frequency of sampling, methods and excecution of 
analyses and physical testing as follows: 

1. Set the target for the cao content of the mix-bed 
piles to produce a raw mix with LSF - 0.92 when 
prepar~d with 5 - 7 % "Sandy Clay". 

2. Establish routines for checking the results of 
X-ray analysis by use of standard samples and 
inter-laboratory comparisons. 

3. Introduce regular executions of back-up analysis 
by wet chemical analysis. 

4. Correct cao titrations for MgO content (ref. 
Appendix 7 ) • 

5. Collect samples of· raw meal every hour for 
determination of Cao by X-ray or by titration. 

6. Save clinker samples during 24 hours f ~ visual 
inspection. 

7. Check the hydraulic properties of clinker or 
cement at least once per day for example by 
the preparation of pats for boiling test 
(ref. DIN 1164 - part 6). 
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8. Introduce a program.~ for alternating use of 
silos for cli.nker and cement in order to prevent 
accidential shi.ppi.ng before results from initial 
strength tests are known. 

9. Iaprove laboratory performance by upgrading of 
equipment and housekeeping as well as by the 
1.aplementation of systematic calibration and 
recording proceclures and by supplementary training 
of personnel. 



Post title 

Duration 

Date required 

Duty Station 

Duties 

~ix f, 1"411! 1 
C. Rydeng/ns 
Quality 

14 Movellber 1989 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGAHIZATIOH 

JOB DESCRIPTION 

TF/GL0/87/011/11-51/J 13419 

Quality Control Adviser 

Four weeks 

As soon as possible 

Amran and Sana'a 

The expert will be assigned to the govern11ent of the 
Yeaen Arab Republic and delegated to the ~eaen General 
Corporation for Ceaent Industry and Marketing where he 
will assist the aanageaent in exaaining process and 
quality control routines and problems experienced in 
the past in the Amran Ceaent Factory. 

Specifically the expert will be expected to: 

examine and evaluate the quarrying and the process control 
routines prescribed by lhe supplier. 

exaaine the routines followed for the application of the 
~eaent and the test procedures used to check the end 
product (the concrete). 

analyse the events that in a period of June 1988 led 
to the production of sub-standard cement and/or concrete. 

advise on how siailar developments can be prevented 
in the future and particulary elaborate rec<>1111endations 
for possible changes in the process control, and the 
reporting routines. 

The expert is further expected to advise and assist 
within his entire capacity and at the end of his aission to 
prepare a technical report on his findings, observations 
and =ecoaaendations. 
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Language 

Background 
information 
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Ce•ent Expert with extensive experience in 
production of ceaent froa a aanageaent 
position and specific experience in ql:ality 
and process control. 

English 

The developaent of the ceaent industry in 
Yec~n Arab Republic started in 1973 with the 
establisbllent of ceaent production in the Bajil 
Cement Plant situated 50 ka east of Bodeida. 
Since the whole planning of the Bajil Cement Factory 
took place when fuel oil was not expensive this 
factory was constructed as a vet process factor 
with two production lines supplied froa the soviet 
Union. The two lines consist of two kilns with 
production capacities of 71,000 and 200,000 TPA 
clinker respectively. 
The second line started its production in 1983. 

The Amran Cement Plan is located about 3 ka 
south-south vest of Amran city, SOiie 50 ka north 
of Sana's. This plant was established and the 
equipaent were supplied by a Japanese Coapany 
(Ishikawaji.a Hariaa Heavy Industries 
Co., Ltd., I.ft.I.) through a turn-key contact. 
The Amran Cement Plant is of capacity of 
1/2 aillion TPA and is a aodern dry process 
plant applying cyclor.e preheaters of 4-stages 
and a flash furnace pre-calciner. It started its 
production in 1983. 

It is scheduled and planned that a new plant 
with a production capacity of 1/2 aillion TPA will 
be established in El Mufraq area situated aboutl 
50 k• froa the Red Sea Port of Mocha and about 
40 k• west of Taiz. 
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Travel and Nork Schedule 

Post: TF/GL0/87/0ll/ll-51/Jl3419 
Title: Quality COntrol Adviser 
Naae of expert: Mr. Henrik Csrlsen 
Duration: 9 january - 2 february 1990 

09 jan 1990 

10 jan 

11 jan 

12 jan 

13 jan 

14 - 24 jan 

22 jan 

24 jan 

25 - 26 jan 

26 jan 

27 jan - 2 feb 

Departure £rem Copenhagen £or travel to 
5ana'a, Yemen Arab Republic. 

Meeting at UNDP, Sana'a. 

Visit to Allran Cement Plant, meeting 
with Technical Manager and with Unido 
Experts. 

Study of documentation received during 
visit to Amran. 

Visit to Aaran Cement Plant, meeting 
with Deputy General Manager, visit to 
quarry. 

Stay at Allran Cement Plant for study 1.n 
detail of plant oparation and quality 
control. 

Sampling of raw materials from the lillestone 
quarry and from the plant store for Sandy 
Clay. The samples were hand carried to 
Copenhagen for analysis. 
Lecture on the subject of Quality control. 
Submitted preli.Dlinar report to the technical 
management. 

Departure· from sana•a·for Vienna. 

Debriefing at Unido, Vienna. 

Departure from Vienna for COpenhagen. 

Elaboration of final report in COpenhagen. 

-r 
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Amran Cement Plant Appendix 3 

List of Officials and Management Staff Personnel met 
during the Mission. 

Name 

Mohamed Al Anesy 

Aly Giubary 

Mohalled Muharaa 

Mansoor Abdulgany 

Rusin Hasani 

Constantin Sitaru 

Cristache Anton 

Giovanna Ferraro 

Title 

General Manager, Amran Cement Plant 

Deputy General Manager 

Technical Manager 

Laboratory Manager 

Production Engineer 

Chemical Engineer, Unido Expert 

Mining Engineer, Unido Expert 

Junior Professional Officer, UNDP 
in Sana'a. 



~.ran Cement P1ant 

AMRAN CEMENT PLANT 

List of Main Equipment 

1. Quarry and Crushing 

(I) Limestone Crushing 

a) Crushing method 

Appendix 4 
Page 1 

Open circuit with compound illpact crusher 
(Hazemag) 

b) Performance 

Capacity 
Particle size, feed 

product 
Operating time 

500 t/h 
Maz. 1300 -
10 t res. 25 -
7 h/d x 6 d/week 

(II) Sandy Clay and Gypsua Crushing 

a) Crushing met• £Od 

1st stage: Open circuit (Toothed roll type 
with grizzly) 

2nd stage: Open circuit (Toothed roll type 
with screen) 

b) Performance 

Capacity: Sandy Clay: Max. 135 t/h 
Gypswa: Max. 35 t/h 

Particle size: 
Sandy Clay, feed Max. 40 -

product 10 t res. 25 an 

Gypswa, feed 
product 

Operating time: 
Sandy Clay 
Gypswa 

Max. 400 mm 
10 t res. 25 an 

3 h/d x 6 d/week 
3 h/d x 6 d/week 
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2. Raw Mater.ial Grinding and ~zing 

(I) Mix bed (for limestone) 

Appendix 4 
Page 2 

a) Type: Sheltered type, Chevron stacki:-.g 
pattern ( MVT) 

b) Size: 30.5 • wide x 172 • long x 13.5 • high 

c) Storage capacity: 20.000 tons x 2 piles 

d) Reclaiming, type: Bridge mounted scraper with 
harrow 

capacity: Max. 220 t/h 

(II) Storage Yard (for Sandy Clay and Pure Limestone) 

a) Type: Sheltered stock pile 

b) Storage cap.: Pure Limestone: 1.000 tons 
Sandy Clay: 1. 300 tons 

(III) Rav Material Grinding 

a) Type: Closed circuit 2 comp. compound mill 
with air separator 

Mill size: 4.2 x 12.31 • 
Mill drive: 2.900 kW center drive 

b) Performance 

cap. on dry basis: 145 t/h 
Feed size: 25 mm, 90 t passing 
Product fineness: 10 t res. on 4900 mesh 

Operating time: 24 h/d x 6 d/week 

(IV) Raw Material Homogenizing and Storage 

a) Type: Mixing chamber type 
b) Storage cap.: 4.500 tons x 2 silos 
c) Kiln feed cap.: Max. 140 t/h 
d) Raw meal homogeneity: Standard deviation of 

CaC03 is max. 0.4 as mean value during 24 hours 
at outlet of ~he equipment, or 1/5 of that at 
inlet of the equipment. 
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3. Clinker Burning 

(I) Clinker burning 

Appendix 4 
Page 3 

a) Type: Dry process short kiln with 
IHI-SF Preheater 

b) Performance 

Clinker output: 
Operating time: 

c) Clinker cooler 

Type: 

Teap. of product: 

(II) Bypass System 

a) ~formance 

Bypass rate 

4. Cement Handling 

1.750 t/d 
24 h/d x 7 d/w~ 

Horizontal grate cooler 
(Fuller-Babcock-Hitachi) 
50 deg.C above ambient 

25 ' (Max.) 

(I) Cement Grinding 

a) Type: Closed circuit, 2 comp. compound 
mill with air separator 

Mill size: 4.4 x 13.81 m 
Mill drive: 3.500 kW center drive 

b) Performance 

cap.: 95 t/h 

Product fineness: 3.000 Blaine (cm2/g) 
24 h/d x 6 d/week Operating time: 
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(II) Cement Storage 

a) 
b) 
C) 

Type: 
Storage cap. : 
Discharge cap. : 

Appendix 4 
Page 4 

Reinforced concrete made 
12.000 tons x 2 silos 
Max. 110 t/h x 3 sets for packer 
aax. 110 t/h x 1 set for bulk 
loading 

(III) Celrent Packing and Loading 

a) Type: 

b) Performance: 

6 filling spouts rotary type 
(Claudius Peters) 

Bagging cap.: 1800 bags/h z 3 sets (50 kg bags) 
Operating time: 8 h/d JC 6 d/week 

c) Bag loading: 

5. Power Plant 

a) Type: 

b) capacity: 

By 6 lanes of mobile loader 
conveyor 

(2 lanes for each one packer) 

Diesel generator 

5.700 kW JC 4 sets 

0 ---
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<:oaparison between X-ray and Wet Analyses. 

Saaple clinker 23.09.89 clinker 24.09.89 clinker 04.12.89 

Method X-ray I wet X-ray I Wet X-ray I Wet 

Si02 20.9 20.7 21.2 21.9 20.3 20.9 

Al203 5.9 5.5 5.4 7.2 5.7 6.4 

Fe203 3.1 3.3 3.2 3.4 3.0 3.2 

cao 64.0 62.3 63.2 63.4 62.7 63.9 

MgO 2.2 1.8 2.1 1.9 3.0 2.4 

S03 .38 - .35 - .36 -
Na20 .26 - .26 - - -

K20 1.18 - 1.15 - 1.03 -

total 97.92 93.60 96.86 97.80 96.09 96.00 

HM 2.14 2.11 2.12 1.95 2.16 2.10 

SM 2.32 2.35 2.47 2.07 2.33 2.18 

IM 1.90 1.67 1.69 2.12 1.90 2.00 

LSF .95 .93 .93 .88 .96 .94 
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Comparison between X-ray and Wet Analyses. 

Sample cement 23.09.89 cellellt 24.09.89 cement 25.09.89 

Method X-ray I Wet X-ray I Wet X-ray I Wet 
-

Si02 20.9 21.2 20.4 20.9 20.9 21.2 

Al203 6.7 7.0 5.7 5.1 5.7 7.1 

Fe203 3.1 3.2 3.0 3.1 3.0 3.3 

cao 61.1 61.8 60.7 62.7 62.4 62.3 

MgO 2.5 2.2 1.2 2.0 2.1 2.1 

S03 1.98 - 1.85 - 2.12 -
N<\20 .25 - .24 - .23 -
K20 1.08 - 1.07 - 1.05 -

total 97.61 97.38 94.16 93.80 97.50 96.00 

HM 1.95 1.92 2.04 2.11 2.06 1.92 

SM 2.13 2.08 2.34 2.55 2.40 2.04 

IM 2.16 2.19 1.90 1.65 1.90 2.15 

LSF .87 .86 .90 .92 .90 .87 
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Graph 1. 
Comparison between X-ray and Wet Analyses. 
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Determination of CaC03 and MgC03 
by carbonate titration. 

Chemical reactions. 

Appendix 7 
Page 1 

The total of carbonate present in the sample is determined 
by dissolution in hydrchloric acid and back-titration with 
sodium hydroxide, using phenolphtalein as indicator. 
(pH 8.3 - 10). 

The content of MgC03 is now determined by addition of base 
to colour change with tymolphtalein (pH 9.3 - 10.5). The 
magnesium is hereby precipitated as hydroxide, and the 
surplus of base is then back-titrated with acid. 

Reagents. 

Acid 
Base 
Phnolphtalein 
Tymolphtalein 

Procedure. 

0.5 N HCl 
0.25 N NaOH 
2 % in 96 t alcohol solution 
4 % in 96 % alcohol solution 

The sample is dried for 1 hour at 110 deg. c. 

0.5000 g is weighed and transferred to a 250 ml conical 
flask. After moisturing wi 'ti' destilled water add 25 ml 
0.5 N HCl and spray the flask inside wall with destilled 
water. Boil for precisely 3 minutes, cool to about 
40 deg. C, add 4 drops of the phenolphtalein solution 
and titrate during 2 minutes with NaOH to beginning red 
colouring (c ml). 

The solution is again heated to boiling, and after addition 
of 4 drops of the tymolphtalein solution the boiling 
solution is titrated to beginning blue coloring and a 
surplus of 3 ml NaOH is added (in total d ml). 

The titration should be performed in precisely 2 minutes. 
After boiling the solution for further 3 minutes (by stop 
watch) it is cooled by water and the surplus of base is 
titrated with 0.5 N HCl to beginning red colouring (e ml). 
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Determination of CaC03 and MgC03 (continued). 

Notes. 

1. When boiling the liquid with excess of base place the 
flask on a ceraaic triangle to avoid boiling over. 

2. The back-titration with HCl is to be completed without 
delay. It should not be taken into account, that the 
blue colour later returns. 

Calculation. 

• MgC03 -
(d x Nn - e x Nh) x 42.17 

10 x G 

l total carbonate • (d x Nn - e x Nh) x 5 

G 

l caco3 • l total carbonate - Cl MgC03 x 1.186) 

where a • ml HCl in:ltially added 

c • ml base added (phenolphtalein) 

d • ml base added incl. surplus (tymolphtalein) 

e • ml acid used at back-titration 

Nn • Nomality of base 

Nh • Nomality of acid 

G • Weight of sample ( 0.5000 g) 

42.17 • equivalent weight of MgC03 

1.186 • conversion factor for MgC03 to CaC03 

COmplete Wet Chemical analysis 

Reference is made to British Standard 4550: Part II: 
Methods of testing cement, Part 2. Chemical Tests. 
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Organization. 
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Excerpts from Job Descriptions recci-ended by IHI. 

1. Technical Manager 

b. To supervise the quarry aanager, the production 
engineer, the laboratory Q.C. engineer, the mechanical 
and the electrical engineer. 

2. Quarry Manager 

d. To cooperate with the production engineer and the 
laboratory engineer to ach:ieve the saooth production 
and the correct quality control of the raw material. 

2. Production Engineer 

b. To coordinate wuth the quarry aanager for the quarry 
operation, the mechanical engineer and the electrical 
engineer for the maintenance and the operation of the 
power plant, and the laboratory engineer for the 
quality control. 

g. To control to report all the illportant events to the 
technical manager. 
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'· Laboratory Q.C. Engineer 

a. To supervise the quality control of the various 
products through all the processes of the plant. 

b. To control that the product is as per the relevant 
standard specifications. 

c. To control the quality of the products during 
processing. 

d. To control the quality of the raw materials inccming 
from the quarries, the bought-in raw 11ateria1s and 
fuel. 

e. To supervise, direct and train his staff in order to 
ensure the continuous best results of quality. 

B. 2-2 Supervisor, laboratory 

A. 

Assume responsibility for the quality control of the 
raw material, raw meal, clinker and cement, fuel oil, 
well water and etc. by analyzing their chellical 
compositions and testing physical properties, in 
accordance with the instructions of the laboratory 
engineer, fundamentally day time work. 

A typical organization chart for the laboratory, quarry and 
production is also given in the supplier's guidance book. 
A sumaary thereof is shown on the following page 3 of this 
Appendix. 
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Technical 
Manager 

Quarry 
Manager 

Laboratory Production Mechanica1 Electrical 
Engineer Engineer Engineer Engineer 

Mining Ass. Survey Ass. Crusher Ass. 
Engineer Engineer Engineer 

Laboratory 
record office 

Supervisor 

I 
Day Laboratory I Shift Laboratory I 

I 
I 

-
Physical Chemical Raw Mix Clinker and 
Section Section Control Cement 

Control 

I 

I Wet analysis I I X-ray analysis I 
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ec.parison between Cheaical Composition and 
ce.ent Strength. 

Month Moduli C3S Blaine Compr. strength 

HM I SM I IM I LSF 3d I 7d I 28d 

Dec 88 1.93 2.3 1.9 .85 36 2990 19.9 35.5 52.6 

May 89 1.94 2.2 1.9 .87 41 3140 24.6 37.4 48.4 

June 89 1.79 2.2 1.9 .80 22 3320 16.8 25.7 36.5 

July 89 2.03 2.4 1.9 .89 48 3450 27.5 40.6 53.2 

Oct 89 2.06 2.5 1.8 .90 52 3460 31.8 46.5 61.9 
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Comparison between Chelli.cal Coll.position and 
Cement Strength. 

Graph 1. Correlation LSF/ceaent strength 
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Ccaparison between Chemical Composition and 
Cement Strength. 

Graph 2. Correlation C3S/cem"""..nt strength. 

Cement compressive strength, BS 12 

28 d 

7 d 

3 d 

10 20 30 40 50 60 
Tricalciumsilicate (C3S) in cement, % 

• 

• 




