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I'he Hashemite University
Faculty of Engincering
Course Syllabus
Department of Civil Engincering

Course Title: Building Materials (3,0, 0)  Course Number: 110401337
Designation: Compulsory Prerequisite(s):  110402212* &
110103107

Instructor: Hisham Qasrawi Instructor's e-mail: ~ qasrawi@hu.edv.jo
Office Hours: 12:00 - 1.00: Sun., Tue, and Thur.

Required Course: 3 hours lectures per week o

Course Deseription (eatalog): Cement (types, manufacture, properties-—and hydration),
agpregates, fresh conerete, hardened conerete, strength, strength development, durability, mix
design by ACHand Doli methods, compliance with specification,

Textbook(s) and/or Other Supplementary Materials:

AN Neville and J. 1. Brooks: “Concrete Technology”, Longman, Latest edition.
References: '
ACI211.1

Major Topics Covered:

T e O T AN o Y el G o e e
1. Introduction to Building Mater ) 2/3 a2
2. Cement:  Manufacture, Types and 2 i 6
Properties -
3. Aggregates: Classification, Testing and ! 2 < 6
Properties _
4.  Water for use in concrete 173 1
S." Fresh Concrete . 6
6. Production of concrete: Batching, mixing, 2 6
|~ - . bansporting, pouring, compacting and RSOV | v AT I
) finishing. g N ' .
7. Admixtures B ) 2 6
8. Hardened . Concrete: . Strength  and 2 6
Durability : E
9. Design of Concrete Mixes - 1 3
10. Non-destructive testing of concrete 1 3
Total - 15 45
*Contact hours include lectures, quizzes and exams

Specific Outcomes of Instruction (Course Learning Oufeomies) .
The primary objectives of the course are (1) classify building materials according to their uses
and properties, (2) understand the composition, manufacture, and properties of cement, )
classify cements aceording ‘1o «their use,- (4) ‘classify aggregates: according to their sizes,
composition and properties, (5) choose the suitable maerials for specific uses. (6) understand
the properties and behavior of fresh concrete, (7) understand the properties and behavior of
hardened concrete., (8) attain good knowledge about the durability of concrete structures and
be able to provide early protection or remedial measures where necessary,

mixes , and (10), use standards and judge the suitability of the materials
construction.

‘The previous points cover a, h and k. \q/ll

(9) design concrete
for use in building
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03



R ié;:?” . ,Jg bi,u (9)
(a) | an ablhty to apply knowledge of mathematlcs science, and e envlneermo L
(b) | an ability to design and conduct experiments, as we]l as to analyze and
interpret data

“1(c) | an ability to deslgn a system, component, or process to meet desired S I

needs within realistic constraints sich as economic, environmental, social, |-
political, ethical, health and safety, manufacturability, and sustainability
(d) | an ability to function on multidisciplinary teams SE
(e) | an ability to identify, formulate, and solve engineering problems H
(f) | an understanding of professional and ethical responsibility
(g) | an ability to communicate effectively '
(h) | the broad education necessary to understand the impact of engineering
solutions in a global, economic, environmental, and societal context
(1) | arecognition of the need for, and an ab111ty to engage in llfe long learning
(3) | aknowledge of contemporary issues .
(k) | an ability to use the techniques, skills, and modcm engmeermg tools L
" | necessary for engineering practice.

H"‘ngh M= Medlum L=Low

_ Cradir;g Plan: 1st Exam 30 Points - To bée announced 19/ _~2V1
. 2nd Exam __ BQ Points - To be annogn‘ced‘ "(q‘ /‘ 2 LTt
HWS.&QS ok ok ok ok ok _ Tt o
i s e S o 0 e Fi'na]..e‘xam... S 40POIH1ZS i bt e D e e e et
T ‘M G;;u—:;a_lﬂl\? (;;: " Students areéncouraged to visit SOI‘I‘IB of the conétruction sites.}'
'Prepafed by: Fisham gg.;‘raw‘z' o Daifg: 22" Jan. 2017
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Strength

Strer_lg-th tests are not made on neat cement paste because of difficulties in
' pblammg good specimens and in testing with a consequent large variabil-
ity of test results. Cement—sand mortar and, in some cases, concrete of
prescribed proportions, made with specified materials under strictly

g0

B

ey ol s

Table 2.6: BS EN 197-1: 2000 and ASTM C 150-05 requirements for minimum
strength of cement (MPa (psi)) ' ' |

Age

e BS EN 197-1: 2000 (mortar prism), strength class
325 N 325 R 425 N 425 R 525 N 62.5 R
2 _‘ - 10 10 20 20 20
- (1450) (1450) (2900) (2900) (2900)
B 16 R — 3 A -
(2300) - - - = -
28 32.5% 32 5% 425 42,.5%* 52.5 62.5
Jg;,ﬁ‘n (4700) (4700) (6200) (6200) {7600) (2100)
e - A
Age ASTM C 150-05 (mortar cube), cement type (Table 2.7
Lo (ay) — == i e

O Kepd JA ) IRRER A" J TR .

o
Fhe
\TV: E‘N’\_E

1 ggf“:”‘s - 120 |0 _ -

~ - (1740) (14doy  _ _

3 120 00 80 240 by 8.0
(1740) (450),, (1150) - (3480) - (37603 || = (1160)

l — 19.0 17.0 14.0 - / - 7.0 15.0
(2760) (2470)  (2030) - 2 (1020) (2180
w2 D i RR e T e o
RS >

* and not more than 52.5 (7600); ** and not more than 62.5, \(9100)

* Strength values depend on specified heat of hydration or chemical limits of tricalcium
silicate and tricalcinm aluminate

* Optional
20 . S el - e
Ao 2¢  en
" 29 7,

Ao
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7 14 28 90 ° 180 2 5
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Fig. 2.4: Strength development of concretes containing 335 kg of cement

per cubic metre (
different types: or

565 Ib/yd*) and made w

ith Portland cements of
dinary (Type 1), modified (Type 1I). rapid-hardening

(Type 111), low-heat (Type IV), and sulfate-resisting (Type V)
(From: US BUREAU OF RECLAMATION, Concrete Manual,

8th Edn (Denver. Colorado, 1975).)
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NORMAL A GGREGATE :

Table 3.8: BS and ASTM grading requirements for fine wtc

Percentage by mass passing sieve

Sieve size ‘
|  g82: 1992- | ASTM

BS 882: 1992 The
BS ASTM Overall Additional limits*

No. limits ’
' C M F

10 mm in. 100 - - . 100
5 mm . & in. 89-100 - 3 = 95—!90
2.36 mm 3 60-100 60-100 65-100 80-100 $0-100
1.18 mm 16 30-100  30-90 45-100 70-100 50--85
600 pm 30 15-100  15-54 25-80 55-100  25-60
300 pm 50 5-70 5-40 5-48 . 5-70 10-30
150 pm 100 0-15% - - = 2-10

* C = coarse; M = medium; F = fine.
t For crushed rock sands the permissible Yimit.is increased {o 20 per cenl. excepl when

used for heavy dury floors.

BS 882: 1992 and ASTM C 33-03 specify the gradihg limits for fine

aggregale as shown in Table 3.8. The former standard lays down overall
limits and, in addition, specifies that not more tlan one in ten consecutive
samples shall have a grading outside the limits for any onc of the coarse,
medium and fine gradings labelled C, M and F, respectively. However, fine
aggregate not complying with the BS 882: 1983 requirements may be used,
provided that concrete of the required quality can be produced. The ASTM
C 33-03 limits are much narrower than the overall limits of BS 882: 1992,

and the former standard allows reduced percentages passing the sieves

300 gm and 150 pm (No. 50 and No. 100 ASTM) when the cement con-
tent is above 297 kg/m® (500 1b/yd®) or if air entrainment i it

least 237 kg/m® (400 1b/yd?) of cemient. ¥ EN ) i

The requirements of BS 882: 1992 for the grading of coa

¢ rse aggregate

are reproduc_ed in Tal:_ale 3.9: valuescare-given both gfor graded aggrrcgatc

and for nominal one-size fractions. For comparison, some of the limits of

Q‘STIV:{ (E 33-03 are given in Table 3.10. The actual grading requirements

epend to some extent on the shape and surface characteristics of the

particles. For instance, shape, angular , 9
have a slightly finer grading ing;‘lderpztl: I:EICS with rough surfuces shoulg

deini educe the possibility of inter-
locking ‘and to compensate for the hj . the possibility ol intc
BS 282: 1992 includes the r the high friction between the particles.

page 41); Table 3.11 gives !.hEr ggtl;i%sfequimmems for all-in aggregate (36

The European Standard ;
requirements for coarse ;r;dBS EN 12620: 2002, specifies general grading

1992, which are shown in Talflge;ﬁ%gregates to replace those of BS 882
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Table 3.8: BS and ASTM grading requirements for fine aggregate

Sieve size Percentage by mass passing sieve
BS 882: 1992 | : . . ASTM
- — ~ C 33-03
BS ASTM  Overall  Additional limits* "
No. {imits
- - C M F
10 mm Cfin 100 (Ge (o= ekl 100 -
SSmm  fin. 89-100 0 - - - ) 95-100
2.36 mm 8 60-100  60-100  65-100  80-100  30-100
.18 mm 16 30-100 30-90 45-100 70-100  50- 85
600 pm 30 15-100  15-54 25-80 55100  25-60
300 pm 50 5-70 5-40 5-48 5-70 10-30
T0pmo G0 0st @) R & 0

* C = coarse; M = medium; F = fine.
+ For crushed rock sands the permissible limit is incréased to 20 per cent, except when -~
used for heavy duty floors.

BS 882: 1992 and ASTM C 33-03 specily the grading limits for fine
aggregate as shown in Table 3.8. The former standard lays down overall
__limits and,_in_addition, specifies that not more than one in ten consecufive

samples shall have a grading outside the limits for any one of the coarse,
medium and fine gradings labelled C, M and F, respectively. However, fine
aggregate not complying with the BS 882: 1983 requirements may be used,
provided that concrete of the required quality can be produced. The ASTM
C 33-03 limits are much narrower than the overall limits of BS 882: 1992,
and the formeér- standard allows feduced 'percentages passing the sieves
300 gm and 150 pm (No. 50 and No. 100 ASTM) when the cement con-

‘ent is above 297 kg/m} (500 1b/yd’) or il air entrainment is used with at
least 237 kg/m® (400 Iblyd’) of cement. |
. The requirements of BS 882: 1992 for the grading of coarse aggregate
are reproduced in Table 3.9: values are given both for graded aggregate
and for nominal one-size fractions. For comparison, some of the limits of
ASTM C 33-03 are given in Table 3.10. The actual grading requirements
depend to some extent on the shape and surface characteristics of the
particles. For instance, shape, angular particles with rough surfaces should
have a slightly finer grading in order to reduce the possibility of inter-
locking and to compensate for the high friction between the particles.

BS 882: 1992 includes the grading requirements for all-in aggregate (see
page 41); Table 3.11 gives the details. ' ~

The European Standard, BS EN 12620: 2002, specifies general grading
requirements for coarse and fine aggregates (o replace those of BS 882:
1992, which are shown in Table 3.12. '
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FINENESS MODULUS

Table 3.7: Example of sieve analysis | -

Sieve size ‘Mass - Percentage  Cumulative Cumulative
retained ¢  retained . percentage percentage
. g passing retained
BS ASTM
1) ) @ m.u...ilti @ (5}
10.0 mm 2in. -~ 0 0.0 100 0
500mm 4 6 2.0 98 2
2.36 mm 8 31 10.1 - 88 12
1.18 mm 16 30 9.8 78 22
600 ym 30 58 19.2 . 59 - 4]
300 um_ 50 107 34.9 4 76
150 gm 100 g =y 7 93
<150.um - <100 B O 6.8 - =
Total = 307 . Total = 246
|  Fineness modulus = .~2.46

spacing for the standard series of sieves. This is illustrated in Fig. 3.2 which
represents the data of Table 3.7.

34
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' ‘ f SLUMP TEST

Up to 125 mm (5in.)

True stump

= e S

25-50 mm (1-2in.) =

Up to 150 mm (6 in.)

- ¥

Shear

— o — .-‘..._...—_.—-——‘:.

I
el .w_..,_. - e o W —
€4 | 150-250 mm
! \ (6-10in.)
!
!

Coliapse

~ Fig. 5.2:. Sldmp: true, shear; and-collapse

i i 21l round, as in 'a_true slump (Fig. 5‘.2),
lfhmli‘lif;‘du?: s(l;;nzpstlrll(ise ‘:Sgn an inclined planc, a shear shunp is said

?c? el;a:fie taken p!ace; and the test shou_ld be re.:pe.:aled.. Ig.sh;:?r slufrrl]p Ee;}
sists, as may be the case with harsh mixes, this is an indication of lac
cohesion of the mix. . e rmiher doy.

i i i e have a zero slump, so that in the - dry
ranh:clx:ci 3;5:&2:20 cr:ls;s:)c: (c:letected between mixes 'of different two:ksbtlil:)tg;
There is no problem with rich mixes, their slump being sensn}tlwc ho Sa a lons
in workability. However, in a lezn mix with a.tendency to "arssen::F? as >
slump can easily change to the shear type, or even :10' cod'?‘tg:rent sim 2.
and widely different values of slump can.be obti}lrll)e ‘!n lI e P
from the samc mix: thus, the slump test is unrelia le for le A
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NORMAL AGGREGATE

) kding fo
; i for coarse aggregate acco !
Table 3.10: Some of the grading requirements
: ASTM € 33-03 £
Sieve size Percentage by mass passing steve
Nominalsizeofgradedaggrcgate | ;f ; >
aggregate
' mm
mm in. 37.5 to 19.0 to 12.5 to 63mm 375
4.75 mm ‘475mm 475 mm . 15 i)
(ltodin) Groiin) @Gogin) @zin) G5
75 3 - X - ‘ 160 =
630 2% - - T 90-100 -
500 2 100 y - - 35-70- . 100
1. S E 95-100 - - 0-15. .90-1520
250 1 -d . 100 = ke 20-55
9.0 3 35-70 90100 100 0-5 0-15
125 1 - - 90-100 - -
95 ¢ 10-30 20-55 40-70 — 0-5
475 2 0-5 0-10 0-15 2 e
236 No.8 - 0-5 6-5 3 -

Table 3.11: Grading requirements for all-in aggregaie according to BS 882: 1992

Percentage by mass passing sieve of nominal size

Sieve size
mm in. 40 mm
(1 in)
50 2 100
37.5 I:f 95-100
20.0 3 45-80
14.0 -1'- _
10.0 % -
>0 % 25-50
2.36 Na. 7 -
1.18 No. 14 -
500 um No. 25 8-30
300 am NO. 52 _
150 Hm NO [00 0‘8#

20 mm
G in)

~—r

100
95--100

* lncrmSCd !0 IO pcf cenl for feeslo_ \

www.civilittee-hu.com

16 mm
¢ in)

—

e

100
95-100

. 30-65

20-50
15-40
10-30
5-15
0-8=

S mm
% in)

70-100

25-10

15-43
5-25
3-20
0-13
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| E@ﬁ_gﬁm test

" This test has recently become mote widespread in its use, particularly for

flowing concrete made with superplasticizing admixtures (see page 154).
The apparatus, shown in Fig. 5.5, consists essentially of a wooden board
covered by a steel plate with a total mass of 16 kg (about 35 'ib). This
board is hinged along one side to a base board, each board being a 700 mm
(27.6 in.) square. The upper board can be lifted up to a stop so that the
free edge rises 40 mm (1.6 in.). Appropriate markings indicate the location
of the concrete to be deposited on the table. . .

Fig. 5.5: Flow table test

littee-hu.com
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. VEBE TEST
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on factors such as the shape and texture of the aggregate or presence of
entrqln_ed air, as well as on mix proportions. For specific mixes, the
relation between compacting factor and slump has been obtained, but
511.,0!1 a'relatlon 1s also a function of the properties of the mix. A ge’neral
indication of the pattern of the relation between the compacting factor,
Vebe time, and slump is shown in Fig. 5.8. The influence of the richness

Sviaviwa 1) QppriavaiUAY Caaivw s A gsaney

._--eﬁ»-the-»miX—(OL—aggIegatek:ement.ratio,)_in_two_gf_,,these relations is clear. .

The absence of influence in the case of the relation between slump and

20 0 I 2 3 4 5
: I I ! ] |
\ Apgregate/
18 > i cement ratio:
16 |
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|
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Fig. 5.8: General pattern of relations between workability tests for mixes of

varying aggregate/cement ratios . -
(Fr}ém;g J_g]%), DEWAR, Relations between various workability control
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FRESH CONCRETE -

Table 5.1: Workability, slump,

nd i :
38 mm (3 or 1} and compacting factor of concretes with 19 or

in.) maximum size of aggregate

Degree of - Slump . ; Tlen . :

workabil : 7 m@ng , U§e ft.;; which concrete is
» mm————in—

Very low 0-25 01 078 Roads vibrated by

~ power-operated machines.
At the more workable end of
this group, concrele may be
compacted in cerfain cases
with hand-operated machines.
Low . 25-50 1-2 085 Roads vibrated by
Jhand-operated machines.
At the more workable ¢nd of
this group, concrete may be
manually compacted in roads
: USWHM
irre, shape. Mass
concrete Toundations without
ihrati h inforced
sections with vibration.

Medium 25-100 © 2-4 0.92 At the less workable end of this
' "' group, manually compacted
flat slabs using crushed .
aggregates. Normal reinforced
concrete manually compacted

sections with vibration:

High  100-175 4-7 095 For sections with congested
. reinforcement. Not normally
' suitable for vibration.

(Building Research Establishment, Crown copyright)

 The order. of magnitude of slump for different workabilities. is given in '

Table 5.1 (see also Table 19.3). It-should be remembered, however, that
with different aggregates the same slump can be recorded for different
workabilities, as indeed ' the slump bears: no_unique relation to the work-

ability as defined carlier. ] .

Despite these Jimitations, the slump test is very useful on site as a check
on the day-to-day or hour-to-hour variation in the materials being fed into
the mixer. An increase in slump may meat, for instance, that the moisture
content of aggregate has unexpectedly mcycascd; anoth_cr cause would be
a change in the grading of the aggregate, such as a deficiency of sand. Too
high or too low a slump gives immediate warning and enables the mixer
operator to remedy the situation. This application of the slump test, as well
as its simplicity. is responsible for its widespread use. '

34
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COMPACTING FACTQR AND COMPACTABILITY TESTS

Compacting factor and compactability tests

-A]though there is no genérally accepted method of directly measuring

workability, i.e. the amount of work necessary 10 achieve full compaction,
probably the best test yet available uses the inverse apProach: the degree
of compaction achieved by a standard amount of work 1s determined. The
work applied includes perforce the work done to overcome the surface
friction but this is reduced to a minimum, although probably the actual
friction vadies with the workability of the mix. :

The degree of compaction, called the compacting factor, is measured by
the density ratio, i.e. the ratio of the density actually achieved in the test
to the density of the same concrete fully compacted.

" The test, known as the compacting factor test, was developed in the UK
and is described in BS 1881-103: 1993 and is appropriate for up to 40 mm
(1L in.) maximum aggregate size. The apparatus consists essentially of two
hoppers. each in the shape of a frustum of a cone, and one cylinder, the
three being above one another. The hoppers have hinged doors at the
bottom, as shown in Fig. 5.3. All inside surfaces are polished to reduce

friction.

Fig. 5.3: Compacling factor apparatus

www.civilittee-hu.com
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e "L BALL PENETRATION TEST

determination of the degree of compactability test is based (see page 86).
The degree of compactability is related to the reciprocal of compacting
factor. ASTM C 1611-05 describes a slump-flow test, which is similar to
the flow table test but without the lifting and dropping procedure. -

Ball penetration test .

This is a simple field test consisting of the determination of the depth to
which a 152 mm (6 in.) diameter metal hemisphere, weighing 14 kg (30 Ib),
will sink under its own weight into fresh concrete. A sketch of the
apparatus, devised by I. W. Kelly and known as the Kelly ball, is shown

in’ Fig. 5.6.
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STRENGTH OF CONCrerp
Sl

onto the shaded side Wé
applied, the com . can See that, when uniaxi ion i
strength; this valzll);e fss l:;; fﬁr ength is 8K, je. eight thigsﬂm??igﬁség:sii“
pressive to tensile stren oe(‘ correct order for the observed ratio of com-
some difficulties in reconcili concrete (see Chapter 10). There are, however
the observed directio Cling certain aspects of Griffith’s hypothesis with
Figure 6.3 shows oF cracks in concrete compression specimens
: ows the observed fracture patterns of concrete 'undcr

different states of
; stress. Under uniaxial tens:
. ension, (rac
less in a plane normal to the direction of the | o ture occurs more or

T

n .

®)

&
lc
(©)

erns of concrete under: (2) uniaxial tension. (b) uniaxial

A s ‘ att . .
Fig. 6.3: forzf‘;lrlcrsesi%"r and (¢) biaxial compression

98

www.civilittee-hu.com



COMPARISON OF TESTS

the relation must not be assumed to be generally applicable since 1t depends
on factors such as the shape and texture of the aggregate Or presence of
entrained air, as well as on mix proportions. For specific mixes, the

factor and slump has been obtained, but

relation between compacting 4
ies_of the mix. A general

-—J.suclra—relaﬁon—is—alsea—?unetiom-ehhepmpeﬁws 4
‘ndication of the pattern of the relation between the compactin

Vebe time, and slump is shown in Fig. 5.8. The influence of the richness

of the mix (or aggregate/cement ratio) in two of these relations is clear.

The absence of influence in the case of the relation between slump and

‘90 1 2 3 4 5

Aggregate/
cement ratio:

Yebe time —~ sec.

A i §
60 80 100 120 140

Siump - mm

in.
L)
|

1
Y B N TR

.CWM"SMM‘

Fig. 5.8: General pattem of relations betw il
: een workability I
vFarymg aggregate/cement ratios lity tests for mes of
(From: J. D. DEWAR, Relations between .various workability control

tests for ready-mixed conc )
TRAI375 (London, Feb. T;%%'; f?n:er?t Concr. Assoc. Tech. Report
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(b)
Fig. 16.1: Typical satisfactory failurc modes of test cubes according to
BS EN 12390-3: 2002: (a) non-explosive, and (b) explosive

=

300

(a) | | (b) (C)
=s of standard test cylinders; (a) splitiing,
d (c) splitting and shear (conc)

Fig. 16.2: Typical failurc mod
(b) shear (cone), an
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TENSILE STRENGTH
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Supporting |
roller !.mz, m:vuc:_:m roller capable of
. K A,,u\m a.o_mfc: and inclination
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Fig. 16.4:
]

|

%3:._ BS EN 12390-5: 2000.)

M
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s — Steel loading
. | - \ piece
* .Hardwood - - :
packing strips \ -
N TP
(a)
Steel loading
_ piece
Hardwood
packing strips
2 I Trchlled surface
p-

(b)

} i i ination of splitting
Fig, S § t test specimens for the determl_nat.xon o.
I ii%:nfgotll.lszlllc%%?‘gil::gg to BSPEN 12390-6: 2000: (a) cylinder and

(b) _cubg or prism
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TESTING
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PULL-OUT TEST
A0 Hammer horizontal
r ]
Rl o 5000
0+
& — 4000
[« VN
=
[AY
% Hammer vertically
m down 3000
w20k |
g , "
g 4 : > Hammer vertically | 2000
.© N2 # up
o Y _
’ @ {1000
M —
L | L. - | 0
0 10 20 30| 40 50

Fig, 16.8: Typical relations cogog_ooau_.nm.m%n strength and r¢bound number
with the hammer horizontal and <n__.¢8— on a dry and a wet surface

of concrete
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(=4
!
20\
—2000
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1 | | 1 o
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Fig. 16.10:

Relation between compressive strength of cores and pull-out
force for actual structures

(From: U. BELLANDER, Strength in concrete st

. ructures, CBI
Report 1:18, p. 15 (Swedish Cement and Concrete Research
Inst. 1973).
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\ / ‘ | S
) .\-
9 X ( ULTRASONIC PULSE VELOCITY TEST

? 10‘\1;5

55 1.42 1.46 1.50 1.54 . 1.58
[ 1 1 ! |
Cement/aggregate ratio: :
50 , :
' — 7000
e / 4.5
— 6000
40
5 5000
1
; .
- —{ 4000
g
“ 3000
-12000
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5 -~
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Fig. 16.12: Relation between compressive strength and ultrasonic pulse veloeity
of concrete cubes for concretes of different mix proportions
(From: R. JONES and E. N, GATFIELD, Testing concrete by
an ultrasonic pulse technique, DSIR Road Research Tech. Paper
No. 34 (London, HMSO, 1955.)
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