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1 • Objectivt: 

This test is made for the determination of the consistency of concrete mixes of 
low, medium and high workabi lity having ma"imum aggregat.e si;:,.e not exceeding 
40mm. The test can be can-ied out in both field and the .laboratory. 

2~ Summar}' of the test method 

A sample of freshly mixed concrete is placed and compacted by rodding in a 
mould. shaped as semi-cone. The mould is raised and the concrete allowed to 
subside. TI1e distance betw~en the original and displaced position of the center of 
the top surface of the concrete measured and reported as the slump of the concrete. 

3- Apparatu~: 

l- mould. Metal frustum of a cone Fig. 1 

- internal dimensions 

Bottom diameter 
Top <liamt.:ler 
Height 
Thickness 

nun 

200 + 3 - 1.6 
l 00 + 3 - 1.6 
300 + 5 - 1.6 
t 1.6 

- 10:J ----

\•'\a .. 
I 

~ f J , 
p~ce.S --.'. ) 

- · 200 ·--... ·-

· i 
I 

8 1 
("'', . 

- smooth internal surface Fig. l 
- foot pieces & handles 

2- Tamping rod. round straight steel rod of 16mm dfarneter1 600mm kngth and 
rounded at one end. 

4- Sampling. 15 kg of fresh concrete. 

5- procedure-

• The intemal surface of the mould should be cleaned. 
• Place the mould on a smooth., horizontal, rigid and non-absorbant surface at 

place free from vibration and shock. 
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• Hold the mould firmly in place while it is betng filled. 
• lmmediolly fil1 the mould in three layer~, e~ch approximately one third the 

volume of the mould. 
• Rod each layer 25 strokes of the tamping rod. 
• Unifonnly distribute the strokes over the cross section of each layer. 
• Rod the bottom layer throughout its depth without stricldng the bottom of the 

mould. 
• Rod the second layer and the top layer each throughout its depth, S(.l that the 

strokes just penetrate into the underlaying layer. 
• After the top layer has been tamped the mould should be filled and the concrete 

struck off and finished levef with a trowel. 
• The mould sh.alt b~ removed imme<liateiy from the concrete by raising it slowly 

and carefully in verticaJ direction. 
• The slump should be measured immediately by determining the difference 

b~, ween the height of the mould and that of the centcrpoint of the specimen. 

6- Report:-

- date of test; 
- identification of sample; 
- true or collapse or shear slump; 
- time after addition of mixing water. 

I 
I 
I 
I 
I 
I 

- -, 
;;pJ.?,)n,11'\ 

\ 
\ 

\ 
\ 

true slump 

j 

J 
I 
I 

-, 
;,-1501'111'\ 

I 
I 
I 
\ 

shear slump 

r-)- -°' 
I \ 
I \ 

I 15~ - 225"""" 
I I 

~ 
collapse 

T11ree main types of slump 
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Table 1. Relation between slump and consistency of concrete 

sJump (mm) 
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0 ~ 20 
10-40 
30- 120 
100- 200 
18'0 - 220 
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2- Method of compacting (actor 

1- Objective 

This test is carried out on concrete mixes of )ow, medium to .hjgh workability 
having a maximum nominal size not exceeding 40mm. The test can be carried out 
in both feild and the la.boratorf. 

2- App.a ratus 

• Compacting factor apparatus (Fig. 2). 
• Sampling tray 1.2m x 1.2m x 50mm deep made from minimum 1.6mm thick 

non-corrodible metaL 
• Square mouthed shovel. 
• Tamping rod, steel, 16mm diameter, 600mm Jong with both ends 

hemispherical. 
• Scales or balance, 25 kg capacity, 10 gm accuracy. 
• Compacting bar or vibrating table. 
• Two steet floats. 

Detail 
- upper hopper 
top internal diam. 
bottom internal diam. 
internal height 

- 1owe.r hopper 
top intemaJ diam. 
bouom ioternal d.i.wn. 
internal height 

- cylinder 
internal diam. 
intemal height 
radius bet. wall & base 

dimension (mm} 

260±2 
130 +2 
2&0 ±. 2 

240±2 
130±2 
240±2 

150± I 
285 ± l 
20 
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bottom of upper hopper and bottom of lower hopper= 200 ± 5mm 
bottom of lower hopper and top of cylinder =- 200 ± 5mm 

3- procedure 

• Insure that the internal surfaces of the hoppers and cylinder are smooth, clean 
and damp. 

• Place the frame in a place free from vibration or shoc!4 the axes of the hoppers 
and cylinder all lying on the same verticaJ line. 

• Close the two trap doors and place Ule two floots on the cylinder to cover its 
top. 

• Place the sample of concrete gently in the upper hopper. 
• Or>en the uppe.r trap door so that the concrete falls into the lower hopper. 
• Immediately after the concrete has come to rest, remove the floats from the top 

of the cylinder, open the trap door of the lower hopper and allow the concrete 
to fall into the cylinder. 

• Cut off the excess of cone re le remaining above the level of the top of the 
cylinder by the two floats. 

• Wipe clean the outside of the cylinder. 
• Weight the partially compn.cted concrete in the cylinder and record its mass to 

the nearest IO gm, this mass being measured withi.h 150 second of commencing 
the test. 

• Empty the partially compacted conctele from the cylinder and refill it with 
concrete from the same sampl.e in such a way to remove as m.uch' entrapped air 
as possible and to produce full compaction of concrete with neither excessive 
segregation nor laitaoce, ( compacting bat or vibrator). 

calculate: 
compacting factor= mp I mf 

where mp = mass of partially compacted concrete kg. 
mf = mass of fully compacted concrete kg. 

4- Report 

- the value of the con:rpacting factor. 
- consistency of concrete mix. 
- time and date of test 
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Table 2. Relation between.$/u>np, degree. of workability and compacttn:gfactor 

(~tcJ,,, 

slump{mm) 

0-25 
25 -50 
50 - 100 
100- 175 

I F i , 

00 .............. ·- --t 

:{ 

11 ttt, dmt1 l 
J.,: 

.L . 

C ~I ind(or ct~mp . t>ach 1: 
,,;'!ff at d1~11Mll)I 
~~ltt: tm'Mt'S. 

( 

degree of workability 

very low 
low 

medium 
high 

9 
Vi.,\ol of tr~ door 

p;arNy open 

compacting .factor 

-0.78 
0 .85 
0.92 
0.95 

• 
· ·: p 
• ·~~---

N 

Cvllnd•r C - Pl'f'hl,rf'et1 •i:IP••n.,, 

' j 
I 
1N 

Cvl .... ci...- C ,.,,, ....... ,1- l[lj)-l'VI 

Sidoti e'-nl,ulcm fC ru,•I •-tlOI\ 

Fig. 2 c.ompacting fac/()r appardJus 

Testing & qualit;i:: control concrete 

P.O. Box : 6 SARA Y - EL-KOBBA P.C. : 11712 
14, EL-SOBKY ST., HE LIOPOLIS - CAIRO - EGYPT 

Tel : (202) 24190843 I 744 I 271 - Fax: (202) 22919341 

E-mail : trainin g@cpas-egypt.com www.cpas-egypt.com 

7 I 62 

IIVIY : ...s.J./..r.Y"J - ;;,,,.all...sl.r'\ :y .<.J" 

..,...) y..,.,U ..S )L...i ._il,:. - ~ I (J L!, I £ 

9-..,,JI r-" '4JJt"'":" - o rLall - 0..1........,!~I r-" 

( Y. Y) Y n, '11"£, : J ( Y. Y) n 1 'I. rv, I v H I A£ '" : 0 

I I 



,, 

Center of Planning and Architectural Studies 

"Prof. Dr. Abdelbaki Ibrahim & Partners" 

Expertise House of Engineering Consultant 

@ 
CPAS 

~Jl.a..Jl...9 4 Jl:iJh> 'ii\ .::.i~\Jj,j\ JS.JA 

" olS_;J.-.9 ~IY.! u-9~1 ¥- .I.\" 

:i.,ul.ii...:i..wUI a............JI ,11,.!1 :i~ ~ 

3- Mdlaocl for determination of flow 

1- Objective 

This. part specifies the method for determination of the flow of concrete of high to 
very high workability .The rnethod applies to plain and air-entrined ~.oncrete, 
having a flow diameter of 500mm to 65~ made with lightweight. normal 
weight or heavy aggregates having a nominal maximum size of 20mm or less . It 
does not apply to aerated concrete or no fines concrete. 

2- Apparatus 

1- Flow table. consisting of a flat pl~ on which concrete cari be placed. hinged to 
a rigid base on to which. it can fall from a fixed height. The essential dimensions of 
the flow table and a suitable form of construction are shown in Fig. 3. 
Tue flow table top srurll be constructed from a flat metal plat{l of minimum 
thickness 1.5mm , not readily attacked by cement past or liable to rust. The top 
shall have a plan area of 700mm x 700mm and a :flatness of within 1.5mm. The 
center of the table shall be scribed with a cr-0ss, the lines of which run parallel to 
and out to the edges of the plate, and with a central circule 200mm in diameter. 
The under surface of the plate shall be reinforced in order to prevent distortion of 
the fl.ate surface. The front of the flow table top shall be provided with a lifting 
handle as shown in Fig. 3. The total mass of the flow table top shall be 16 + 1 kg. 
The flow table shall be hinged to the base frame using externally mounted hinges 
in such a way that no aggregate can become trapped easily between the hinges or 
hinged surfaces. An upper stop similar to that shown in Fig. 3 ahall be provided on 
each side· of the table so that the lower front edg-e oftbe table can only be lifted 40 
+lmm. 

2~ Mould made of metal not readily attacked-by cement past or liable to rust and of 
minimum thickness 1.5mm. The mould shall be in the form of a hollow frustum of 
a cone having the following int.ernal diameters; 

diameter of base: 200 + 2mm 
diameter of top : 130 + 2mm 
height : 200 ± 2mm 

The base and the top shall be open and parallel to each other and at right angles to 
the axis of the cone. The mould shall be provided with two metal foot pieces at the 
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3- lamping bar, made of swtable hard wood and having a 40mm x 40mm square 
section of minimum length 200mm. Further 120mm to 150mm should be turned to 
circular section to fonn a handle to the bar ( see Fig. 5 ). 

4- Scoop, about l 00mm wide. 

5- Sampling tray, l .2m x l .2m x 50mm deep, made from non-corrodible metal of 
minimum thickness 1.5mm. 

6- Square mouthed shovel 

7- Rule, of minimum length 700mm and having 5mm subdivision along its entire 
length. 

3- Preparing tbe sample for test 

Empty the sample from the cont<1iner on to the sampling tray. insu..re that no more 
than light covering of slurry is lift adhering to the container. 
1110roughly mix the sample by using the shovel to turn the concrete over from the 
ouLc;idc of the tray towards the center, working progressively onl;t: round nli four 
sides of the tray. 

4- Proce-d u re 

• Place the flow table on a flate, horizontal and solid surfuce free from external 
vibrarion or shock. 

• Ensure th~t th~ hinged top of :he table can be lifted to 1.hi: correct limit of its 
trave.1 and is then free to fall to the lower stop. 

• Check that the table is so supported that, when the top of the table falls to the 
lower stop, there is minimal tendency for the top to bounce. 

• The table and the mould shall be clean and damp. 
• Place the mould centerally on the table top and hold it in position by standing 

on 1.he two foot pieces. 
• Fill the mould with concrete in two equal layers using the scoop, tamping each 

layer lightly lO tampes with the wooden tamping bar. 
• Strike off the concrete flush wjth upper edge of the mould and clean the free 

area of the table top of any excess concrete. 
• at 30 seconds after striking of the concrete, slowly raise the mould vertically by 
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• Slowly~ 1he tabl~-q> ·by the handle ti11 it reachts tbe upper stop in RUch a 
manner that the·tablef top.does not impact hard again.est the upper stop. 

• Allow the·tabte top·to faU freely to the lower stop. 
• Repeat this eye~ to give a total of 15 drops~ each cycle uking not less than 3s 

nor mere than S5; in thh way the ~te spreads across the table top. 
• Measure with the rule the·to.tat diamettr of the concrete spread in two 

directions., parallel to the table edges. 
• Calculate the aritbmeuc mean of both diameters as the measurement of flow in 

miJli~. 

5- Expr~n of l"Httlt$ 

R.etord the mean of the two flow diameters in millimeters to the nearest 5mm. 

6-Report 

- time, ®te and place of test 
.. degree of workability of tesled concrete, high or vw:y higtL 
-the mean value of the flow diameter. 
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4- .Ban penetration Test ( Kcfly BaU) 

1- ob1cctivc acu upparau.1s 

This i$ n simple field lest consisting of the determination of the depth to which a 
l )~mm t (, ·n \ dbmPJPr mt>tal he"1ispher, weighing 13.6 Ke ( 30 ?b ). v.rn sink 
unocr its own weight into fresh c.:om.:rt>ie. Skctl.h l,ftht: apparntus, de\;:>~...! by J. W. 
Kel!y nnd known as the Kelly ball, is known in Fig. 6. 

r'.::--
,. , , 
'"°jy-=JJ 

' ' ~· rr:; ___ tq · -
. .. ........ -.... l ., - ,, - ~-- -. ( ............. ':' r..,-..- -.. ., '\-~-.... I ' '• . . __.I 

I . I f Ls \, J _ ·- ,,.-... 

Fig 6 Kelly ball 

The U~t:; \·,f ~hi ., , ... ~.,t ir; :.imil~ tt; th::u of ~!~c c-!11t'l"r !f'Sl, th'lt j,: rrn.1tim· che~king of 
con!)islcncc foJ contro.1 purposes. It 1s, however, worth considt!ring ti1t: ldly bii:J 
test as an ahemmive to lhe slump test, over which it has some advantages. 1n 
pr:ietil:aL th<: bafl lr:--t ,., simpler and quicker lo perform and, \"har is morC" 
imporuu1L il 1..-.11, lit: ctpplicJ ~c, "·0r.crck in a whe:!lbar-row or act1.ta!ly in the h1r,n 
1n order to avoid the effect of a boundary the depth of the concrete being tested 
should be "'tot l::sc:; than 200mm ( ~ in. ). and the l~Hst lateral dimcnsiun 460mm 
O 8 in.;' 'V ,,f'tild h~ t'Xnt'rt<>rt Hic.:re 1~ no simolc curn:l,nion bct,,e<.n pcnctr..iliv11 

~ . 
and slump, since neither test measures any basic property of concrete but only tht: 
rcspom;c to specific conditium. Ou a site, wht'n particular mix is used. the b:1H test 
J!j c~!>cn1i..ill) U!)c<l w mcaslll\: variations :r; ~h~· :n[;., tuch ~s those due to 3 
variation in the moisture content of th~ aggr":gate. 
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5- Method for determittation of air content of fresh concrete 

1-0bjective 

This part describes a method for determination of air content of compacted fresh 
concrete, made wil'h norm~l weight of relatively dense aggregate having a nominal 
maximum size of 40mm or less. The method is not applicable to aerated concrete, 
very stiff concrete which c.annot be compacted by vibration alone nor a concrete 
made with lightweight aggregates or aggregates ofhlgh porosity. 

2- General 

In this method the operational principle consists of merging a k11own volume of air 
at a known pressure in a sealed air champer with the known volume of air in the 
concrete sample, the dial on the pressure gauge being calibrated in terms of 
percentage of air for tl1e resultant pressure. 

3-Apparatus 

General. The appara.t1.1s, one form of which is shown diagrammatically in Fig. 8 
consists of the following. 

l- Container. A flanged c.y!indrical vessel of steel or hard metal, not readily 
attacked by cement past, having a nominal capacity of at least 5 liters and a ratio 
of diameter to height of not less than 0. 75 or more than 1.25. The outer rem and 
tlle interior surfaces of the vessel shall be machined to a smooth finish. The 
container shall be watertight and in addition it and the cover assembly shall be 
suitable for an operating pressure of approximately 200 kN/m2. 

2- Cover assembly. A flanged rigid cover of steel or other hard metal not readily 
attacked by cement past. the outer rem and lower surfaces of the flange as well as 
the interior surfaces sbaH be machined to a smooth :finish. The cover shall have 
provision for being clamped to the container to make a pressure seal without 
entrapping air at the joint between flanges of the cover and the container. 
The cover assembly shall bo fitted with a pressure gauge calibrated to indicate air 
content from 0410 to at least 8% and preferably 10%. Up to an air content of 6% the 
scaJe of the gauge shall be graduated with divisions every 0. 1% air content. 
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3- calibration cylinder. A-hol:low-cylindrical measure of brass or other non
corrodible metal having a capacity of approximately 0.3 liter, which may be 
integral with the cover assembly. 

4- Tra.nsparen.t pla.te. Rigjd transparent pla1e1 suitable for use as a closer for the 
container. 

5-Air pump. A hand pressure pump such as a bicycle tyre pump with a lead 
facilitating connection to the non-return inlet valve on the cover assembly. 

6-Scoop 

7- Compacting bar or vibrator. Compacting barm.ade out of straight steeJ bar 
weighing l .8 kg, 380mm long and having ramming face 25mm square, or a 
vibrating table suitable for compacting the concrete. 

g .. Mallet. A soft-faced mallet with a mass of approximately 250gm. 

9- syring. A rubber syring> su·itable for mjecttng water into the container either 
through valve A or valve B. 

10- Balance. Bo.lance capable of weighing up to IO kg to an aC';uracy of.±. 0. 5 gm 
, for use in calibrating the apparatus. 

4- Calibration of th.e .appara.tus 

a# General. The calibration test detailed below shall be made as frequently a.s 
necessary to check the accuracy of the graduations indicating air content on the 
dial of the pressure gauge. Recalibration of the apparatus is not requiTed with 
changes in elevation at which it is used or with change·s in atmospheric pressure. 

b .. Checking air content iraduationt on the prenure gauge. 

• The capacity of the container is found by detemrining the mass of water. m.2. 
required to fill it. 

• Fill the container with water at ambient temprature and place the transparent 
plate over it to eleminate any c·onvex meniscus. 

• Smear a thin film of grease on the flange of the container to effect a water tight 
joint between the transparent plate and the top of the container. 

• Wipe away surplus water and detetm.ine the n1aSS of the container filled with 
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• Screw the ~~(M·Fig. 8) into the threaded bole beneath valva A 
on the undernichrof,~:c,;,vf1('··assetnbly and clatnp the cover assembly into 
place. care bein1fuikm to ensur that~ is a good pressure ~1 between cover 
and container. 

• Close the main air valve and open valves A and B. 
• Add water through v.alve A until all 1rapped air has been expel] ed through 

valve B. 
• Pump Air into the air champer until the pressure reaches tht: in<licaled initial 

pressure line. 
• After allowing a few seconds for the compressed air to cool to ambient 

temprature> stabiliz.e the hand on the pressure gauge at the initial pressure line 
by· furthu pumping in or bleeding off air as necessary .During this process 
lightly tap the gauge and close valve B. 

• Remove water from the apparatus to the calibration cylinder in just .suffocient 
quantity to fill it full or up to a predetennined line marked on it, then determine 
the mass of water displaced, m3, by weighing on the balance. Control the flow 
of water either by openin& valve A and using the main air valve to control 
flow, or by opening the main air valve and using valve A to control flow. 

• Release the pressure in the container by opening valve B. 
• The volume of air in the container is now equal to the volume of the displaced 

water; elose all valves, pump air into the air champer until the preasure reaches 
the initial pressure lin-e, and then open the main air valve. .' 

• The afr content indicated by the pressure gauge corresponds to ttie pereenmge 
of air. Al. determined to be in the container, where Al= m3 I m2 x. 100 %. 

• If two or more determinations show the same variation from the correct air 
(..'Otltc:11{, ~'e't tf'ro h&1d an the ·pr-Bslit'e·gattgie- tc, the· CC,~ W C{fflrent"&nd 

repeat the test until the gauge reading correspond to the calibrated air content 
within 0.1 % air content 

S.. Prondure 

• Fill the oontaincr with tested concrete in three egual layers each of height 
approximately one third the height of the container, wnping each layer 25 
strokes using the ramping rod ( compaction of tested COOCiete can be made 
using a vibrating table). 

• Wipe the Banges of the container and ofihe cover asscmt>ly thoroughly clean. 
• Clamp the cover assembly in place, care being taken·.to ensure that there is a 

good pressure seal between the cover and the eontainer. 
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• Close the-main·airval:veand:·OP.Cll valve A attd valve a. 
• Using A rubber syring, inject wate.f through either valve·A or valve B 1tnti1 

water emerges from the. other valve. Lightly tap the apparatUS with a muUet 
until all entrapped air is eJq,eUed ftont this same valve. Oose the air bleeder 
valve on the air champer and pump air into the air champer until the hand on 
the pressure ·gauge is on the initial pressure line. 

• After allowing a few seconds for the compressed air to cool to ambient 
tempratm·e stabilize the hand on the pressure gauge. at the initial pres~-ure line 
by further pumping in or bleeding off air as necessary. During this process 
lightly tap the ga~ge. 

• Close both valve A and valve Band then open the main air valve. Tap the sides 
of the contai~r sharply. Lightly t.ap the pressure gauge to stabilize it and then 
the reading of the. press.ure puge is equal to the apparent percentage of air» A, 

• Open valves A and B- in order to release the pressure befor the cover assembly 
is removed. 

6- Calculation and expression of results 

Calculate the air content of the concrete in the container, Ac from the formula: 

Ac= Al - G 

where . 
Al is the apparent air content of the sample tested, to the nearest 0.1 %; 
G is the-aggre~ -correction factor to the nearest 0.1 %. 

Express th.e air content ro the nearest O.l %. 

7- :Q:.eport 

- date. time and place of sampling and sample identity number; 
- time ~d pface of test; 
- ag~ comctiQn factor; 
.. measured air .content of sample tested. 
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6- M~ tor pr epariDI· t~t cubel from f.reah concrete 

1- Objective 

TI1is part ®Sc.dbes a method ·for making test cubes of nominal size 100mm and 
150nun out of fresh conc..,-ete. rhe method applie~ to plain and air-entrained 
concrete made with lightweight, normal weight and heavy aggregates having a 
nominal ma'Ximutn si1.e not exceeding 20mm fo.r 100mm cubes- and 40mm. for 
150mm cu.bes. 
This method does n9t apply to aerated concrete, very stiff concrete, which cannot 
be compacted by vibration alon:e, and no tines concrete. 

2- Apparatus 

1- Mould. the sides of the mould shall be of ferrous metal (perferably cast iron or 
cast steel}. The mould shall include a removable steel base plate. AH parts of the 
mould shall be robust enough to prevent distortion. Before assembly for use, the 
joints between the .sides oftbe mould and between them and the base plate shall be 
thinly coated with oil or grease to prevent loss of water. The parts of the mould 
when assemled shall be positively located and rigidly held together in such a 
manner as to prevent leakage from the mould. The internal faces of the assembled 
mouJd shall be thinly coated with release ag~nt to prevent adhegant of the 
c~ncrete. 
The sides of the mould shall be clearly marked with a reference pumber or code to 
enable ea·ch concret.e specimen to be identified when it is d~moulded and the 
mould to be correct.ely re.assembled. 

2¥ $coop, approximately 100mm wide. 

3- Co,npacting bar or vibrating table, a compacting bar made out of a steel bar 
weighing 1.8 kg, 380mm long and having ramming face 25mm square or a 
vibrating table. 

4~ Steel float 

5- Sarrrpling tray, 1.2m x 1.2m x SOmtn deep made from 1.6mm thick non· 
corrodible metal. 
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Empty the sample from the. container on to the sampling tray, Ensure that no more 
than a lighl covering of slurry is left adhering to the container. Throughly mix the 
sample by shovelling it to fom:i a cone on the sampling tray and turning this over 
with the shovel to fonn a new cone. the operation being carried out three times. 

4- Ptoced11re 

- Filling the mould. Plau the mould on a rigid horiumt.al surface or on the 
v ibra.ting table and fill with concrete in such a way as to remove as much 
entrapped air as possible ( without segnificantly reducing the amount of eottained 
air, if present) and to produce full compaction of the concrete with neither 
exc.el)sive segregation nor laitance. For this purpose, by means of the scoop, pla~ 
the concrete in the mould in layers approximately ~Omm deer, and compact ea.ch 
layer by using either the compacting bar or the vibrator. After the top ]ayer has 
heen compacted, ffl\OOth it level with the top of the m.ouJd using the plasterer's 
float, and wipe clean the ou~ide-0f the mould. 

' 
- Compactfng with compacting bar. When compacting each layer with the 
compacting bar, distribute the strokes of the compacting bar in a uniform man:ner 
over the cross section of the moul<l, MU erumre l.rutl the compacting bar does nol 
penetrate segnificantly any previous layer nor forcibly strike the bottom of the 
mould when compacling the first layer. The number of strokes per layer required 
to pmdtJce full compaction wm dt'ptnd upon the workability of the concrete but in 
no case shaU the concrete be subjected to less than 35 strokes per layer for 150mm 
c-u'bes or 25 strokes per layer for 100mm cubes, except in the case of high 
workability concrete. record the number of strokes. 

- Compacting with vibrator. When compacting each layer by means of vibrating 
table use applied vibration of the mfa1imum duration necessacy to acheive full 
compaction of the c:onc:me. Over vibration may cause excessive .segragation and 
laitance or loss of entrained air, if present. The required dunttion of vibration will 
depend abone the workability of the concrete and the effectivness of the vibrator 
and vibration shall cease as soon as the surface of the concrete becomes rel~tively 
smooth and has a alazed appearance. Rc<-ord the duration of vibration. 
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- date .. time and place of sampling and sample identity number; 
- time and place of ma.kin& cubes;. 
- number and nominal size of cubes;. 
- method of compaction ( hand or ·vibration); 
- identification number or codes of cubes. 
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TESTS OF HARDNED CONCRETE 
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l· Method of 11ormal coring of •~r .s~imens (20C method) 

1- Objective 

This part describes the nletho<l of normal. curing of coocrete ~pecimens (cu~s. 
beams or cylinders) at 20 <t for strength tests at ages of I day and over. 

2- Apparatu~ 

1- Curing tank. A Cl.:ll'ing tank constructed from any material whi4;b is of adequate 
strength and will resist corrosion. The internal dimensions of the tank shall be 
appropriate for the number and size of UH! specimens to accommodate~ sha11 pennit 
adequate circulation of w:u.cr and shall be such that specimens can be easily 
removed. The t.ank shall contain ckan mortcr which shall be replaced at least once 
a month. At any point in the tank where spe~i1ncns are stored the temprature shall 

b 
bc20±2 C. 

3- Procedure 

immediately a~er making specimens store them in a place free from vibration and 
in conditions which will prevent Joss of moisture. If it is necessary to move the 
specimens to the place of storage. move them in their moulds ensuring no toss of 
concrete. 
Store the specimens either: 
a- in an atmo.spher wilh a rdalivc humi<lily of nvl less than 90% in a moisl ar, 
curing room, or 
b- under damp matting or any other suitable damp material warppcd completely 
with polyethy!em~ or other imperviou~ sheeting. 
\\'hichcver method of moist and storage is used. maintain the temprature of the 
specimen at 20 °C if the specimens are to be tested at an age of7 days or more. or 
at 20 ± 7 °C if the specimen are to be tested at an earlier age. 
Demould specimens to be tested at 24 h just before testing. 
Demoutd s~imen lo be te:sted at greater ages within the period 16 h to 28 h afi.er 
the addition of water to the other constituents in the mix unless the concrete has 
not acheived suffeceint Strength to enable specimens to be de.moulded during this 
~riod. Mark each sped.men clearly and indelibly with an identification number or 
code. Keep aJI specimens which a.re imm~diately transfered to the cwing tank 
submerged and remove them just befor testing unless it is necessary to transpcrt 
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them to another location for testing. bnmediately after removal from the mouJds or 
from the curing tank. pack specimens to be transported in such a ,i..1ay as to prevent 
any segnificant change in moisture content. Store the transported specimens in the 
curing tank for not less than 24 h before the time- of testing. This transfcrc of 
specimens may take place 21 any time betwe.en demoulding 

4- Report 

- identifie,ation number or codes of spe~imcns; 
- location of moist air curing; 
- method of moist air curing~ 
- perk,d of rnoist air curin~. 
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l· Method for determtnation of compressive 1tre11gth of concrete c11bes 

1- Objective. 

This part describes the mathod for detennib.ing the compressive strength of 
concrete cubes. 

2- Apparatus 

- Testing machine. A compression testing machine of reasonable capacity, l 500 to 
2000KN. 
~ Balance. A balance of capacity IO kg, 10 gm ac.curaey. 

3. Test spec.imeas 

1- Preraration. Test specimens sh.all be concrete cubes made, cured and stored in 
aC(lordance with specified standards and recommendations. Do not test cubes 
which have beeo made in badly assembled moulds or which arc clearly misshapen. 
State the reasons in the te~t report. Remove .any projecting fins unless auxiliary 
pla~s of the required dimensions are to be used; ·report any treatement to remove 
tins. · 

2- Mass. weigh each specimen, as~received or saturated. 

3- Dimensions. Check the nominal dimensions and take measured dimensions of 
each specimen. 

4-!Jensity. Determine the density of each specimen. 

4- Procedure 

- Preparation. I.nuner:sc in water, for a mininnu:n of S min,. those cubes which have 
not cured in water ot where the surfaces have .been allow to dry. Remove the cubes 
from the curing water tank and test while they are·stiU wet. 

- Placing tM cubes in rhe testing machine. .Ensure that all testing machine bearing 
surfaces are wiped clean and that any extraneous material is removed from the 
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surfaces of the cube wlµeh: W,iJJ be in cont.act with the platens., Use no packing 
between the cube and,plat~s, and the spacing blocl<.s if used'. 
Carefully center tbe cube on the Jower platen and ensure that the load wlll be 
applied to two opposit cast fac¢s of the cube. 

- loading. Without shock., apply and increase the load continuously at a nominal 
rate within the range-0.2 N/(.mm2.s) to 0.4 N/(nun2.s) untll no greater load can be 
s·ustained. On .manually co.ntrolled machines as failure is approached the loading 
rate will decrease; at this st.age op~ratc the controls to maintain as far as possible 
the specified loading r.ate .• Record the m.ximum load applied to the cube. 

5- Types of failure 

Record any unusual features in the type of failure. Refer to Fig. 9 for example~ of 
sa.tisfacto.ry fuihlre, and ro Fig. l O for examples of some unsatisfactory f.ailures. 

!l!WJ.. Umati.sfaetory faihlres are usually caused by insu.ffecient attention tO the detail of the 
various procedures that have to be .followed to make and test the specimen. For example, 
unsatisfactory failure may bed~ 10 the cubes be'ing badly mAde, the use <5fmoll1ds that do .not 
comply with the specification. ormis-plac.ement of the cubes in the testil'lg.moohJne. It is-also 
possible for a machi.ne fault to be the ca.use ofunsatisfBCtory feihrre. 

6- Calculation and expression of results 
' 

Calculate ·the aross-sectional area of the cube face from the chec.ked nominal 
dimensions or measured dimensions if taken. Calculate the compressive strength 
of each cube by dividing the maximum load by the cross-sectional area. Express 
the results to the nearest 0.5 Nlmm2. 

7-Report 

- date, time and place of sampling and sample identity number; 
- time and place of making cubes; 
- nwnber and nominal size of specimens; 
- identification number or codes of cubes; 
- name of person making cubes; 
- required age of the specimens at the time of testing; 
- conditions of curing and storage-; 
- age of the specimen at tegt; 
- mass of specimen (as received or saturated); 
- maximum load at failute; 
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corrtprcssivc :;trcngth: 
- ~ppeanmet: of lhe concrete and type of fractur~ if these arc unusual. 

[i,,;:!i;.~lii. t,;i'"'" 

Fig. 9 Satisfacroryfailures. 

Fig. IO Some unsa/i.ifactory foilures. 
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3- Rebound h3mmer test ( Schmidt h:unmcr) 

1- General 

Th~ tli fficullies of core cuning. and indel:"d the entire procedure of makinr. curinr 
and testi11g of ~t(t111Jar<l lt'!)l !)pet:imens woujd 1111 b~ avoided if concrete could be 
tested in situ in a manner harmless to the part tested. Various attempt to devise 
1 n.,11-di:.~u m.'.li vc: te::.t '- havt" bi:.t"n made bm few have been hjghJy successful. (:,ne 
method thal has fotrnd p!J(t1c:-.1 I aprlic·<ttion within ;i l imiTPri i.:rr:,p~ i<.:= 1.h~ t'Pb0t1ntl 

hammer test, devised by Ernst schrnidt. It is also knmvn as the impact hammer, or 
Sclerom~rrr tc"1 

"" . ... . .. "- f\pptU:~uous 

'Ti,c lt::!>t i::, U~t'ful a~ a meu~ure of unifonnicy O! concrete and is of greJt va!ue m 
~lwd. ir,g the q11Hlity nft1,~t':'rit1l th•·,....ugb.".'ut structw·e, or in thr manufacture nf :1 

number of similar products such as precas~ections. The actua l slrength of the 
1 011Cf"'tf' ,vitl~ nil· 0

!C·h ,u,•,•e~·t•i \ "' >"T"Pn'fr,.'->f"C' '~ro h ,,inn ,·•(,n]1'1"f..>d 'n••.•' tQ b 0 dpt,-.,..,.,.,;n .,l 
'\. - . \.. - • J. ~,'\ ·" - · ""'- -- · . - ~·--···- -· ~ - - .....-- .. ·"e, ...... J t"- Ii,., .. y.... "' ..... ...11,, ..... \ l.a.. l """""" 

by me«nti of th\. us.u~,t \.f\.1:>hiug t,;::;~. 

A concrete structure can also be testep by means of the hammer to see wether the 
rebound number ha~ reached a value known lo correspond to the desired strength 
Thb is of hdp in decidir1~ when 10 n.:move: fois-vmrk 0r tn put •hP c;t,11r-n1r(' ir10 

~c:rvic..:c.-:. Anoll1t-r use uf tltt' hastuu~r is w d1~ck w~lh~r lhe strt"ngLh development or 
a given concrete has been affected by frost at any early age. 

3- Theory nnd proci:!dure 

111:?. h!~t ir. bn~~cc! on th:: prindplc th:n th .. r~b.ound cf ..ia da:~tic muss <lepcn<l:, or. 
the lmrdne:>"" v f Ult: ~urfo.~t. .;igai11t.st which thi: mass irnpin~e!::>. in the rt.:bound 
hammer test (Fig. 11) a spring loaded mass has a fixed amount of energy imparted 
lo it bv extending a spring to a fixed positjon: this i~ achieved by prec;sing the 
plun~er ngaincst the surface of the concrete u..,1der test. Upon rc!e'.'l.$e, the mot.~ 
rebounds from the plunger, still in contact with the concrete surface, and the 
distance travelled by the mass: e>...rpressed as percentage of the initial cxtention of 
the sprmg, 1s c.1.llcd the rebound number~ it is indicated by a rider rnovin!J along a 
gradustcd !;C::llc.. 
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4- Su rf~ce contlition~ 

The har1U11t.!r hli.., lu l,c u.!>cu againest c.1 ::itHuuth surface. p,efoiablc: a forrn0d 0ne. 
Open-textured concrete cannot therefore be tested. Trowelled surface should be 
rubbed smooth using carboruncium stone. If lhc conl"ret~ un<lbr l~~t dt 11;'.~ 1H,t fo1111 

f'::l,1 " f ~ larf'.:er mAqc::, 11 hRc; to ht-' s11r,pr.1rtt'd in ~n ttt1:1dd1ng mannE:r. as Jerk.mg 
during the test would result in a lowering of the rebound number recorded. 
The test i~ s~r.!.:i1.iv~ t1..1 Jot.al , ari:nion!:. in the rom·rP1P ' for inic.:tanre, rhr rm·scnct.>. ' . 
.._~[ .i i«J.rg~ pic\.i: vf ,1gg1 \..gok immediately underneath the plunger ·Aould result m 
a~ upnonnally high rt::bound number, 1,;onversely, the prcseni;c of a void tn a 
«iimilar poc:;ilion would lead to a·very I<">,' result For this reason, it is desirable to 
,~1kP 10 ro 1? refiding c:prc-:-id ewer the ttrr>:c:110 be tested. and lo assume avcraµc 
valu~ ~ rcprt!senwtiVt< uf thc- conctc:tc. Tlic ~l,rnda1d e.n ,,r of the m;::an i:- h;ghc, 
than if the strength is determined by the compression test, but the ~aving in effort. 
time and coast is considerable 
The plunger rr.i1s'! 3!\vJyes be n.!:.'M1al I ') the surlaC'P of th,. r.oncr~le tJfldt'.I ll.~St , hlll 

the position of the hammer relative to the vertical will affect the rebound number. 
Th.is iG due to th~ :::cticm nf gravity on ~he travel cf the ma~5. in 1he h~p·11mer Th11i:. 
the reoouud Hw.nber of the Ilom would be 51m.2HC"r thwt i.hnt of .. , soffit, and incl incd 
and vertical surfaces would yield intermediate values; the actual variation i::, best 
determined experimentally. 

5- Expression ot rcsu1ts 

The test dctermincJs m rl:'ality the h~rctncss ot the concrete surfoce and. although 
there is no unique icl~tion bet','.'CCn hardness and mength of c~!"!c-rete. imperic::il 
relationship can be determined for similar concrete cured in such a manner that 
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both the ~urfaces tested by the haw_rner a.r.d in ·c.entc~ :region::;, in ivlm.sc 5~rcn~i:, 
we are interested) hav~ the .sru1:1~ ::>tr1.."TigU1. 1.:htmi:;t.;s affecting only the surfaces of 
the concrete, such as the degree of saturation at the surfaces or carbonation, wou.ld 
be missleading as far as 1he properties of the concrete within the strncturc are 
concerned. 
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Non-dcsuuctivc method e,f test for co11c;ctc 

4- Measurement of the velocity of ultnsooic pulses in concrete 

1- Objccti\•e 

I hese method deals wilh Lhe non-destructive testing of concrete, rem fo rced and 
pre~tressed conc::ete test ~pecimens, precast components 3.nd struc!Urcs by the 
ult rasonic pulse method. 

2- Definition!) 

For the purpose of this test the fo!lowin[:?. definitions apply: 
( l) tronsir time. The rimr taken for an ultrasonic pulse r0 travel from the 
transmining transducer ro the receiving transducer, passing Lhruugh Lb~ u1tetµused 
concrete. 
( L ) onsc1. I he le::iding edge of the pulse detected by the receiving transducer. 

3- Applications 

The objccl of Ll-iis method is basically to measure the velocity of r ulses of 
longitudinal vibrations passing t11;rougb t:he concrete. These measuremenls may be 
used to establish: 
( l) the homoginny of the concrete. 
(2) the presence of crncks. voids n.n.d other impe::fections. 
(3) changes in the structure of tbe concrete which occure with time. 
( 4) Uh:: yua.lity vf .... 0ncr~te iii relation to standard requirements. 
t,.5 J the gualrty of one clement of c.;oncrctc in relation to another. 
(6) the values of the elastic modulus of the concrete. 

Pulse velociry me:l5Urement& made on concrete structures may be used m quality 
control purposes. ln comparison with mechanical tests on control samples such as 
cubes or cyJjnders. 

+ Bask priudples of tht: method 

a- Uhrasonic pulse propagarion in concrete. A pulse oriongiludinaJ vihralions i~ 
produced by an electro-acou~tical transdui:-er which is. held in \~ntH*~' w,rh one 
surface of the concrete under test. After traversing a known path length L in the 
concrete the pL!l se of vibrations is ccn•,1erted into an eJectrical signal l:iy a ~P"onci 
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tr-a:nsducer and electronic timing circuits enable the transit time T to be measured. 

The pulse velocity V is given by 

V =L/ T (l) 

A pulse of vibrations of ultrasonic is used for two reasons: 

( i l to give a pulse with sharp onset 
(2) to generate maximum energy in the direction of propagation of the pulse. 

w hen !he pulse i$ coupl~d into the {:Oncrcte from ~he ~ra..1~i,,ccr, it undergoc5 
multiple rctle.ctions ~t the botmda1ies of the different material faces within the 
concrete. A complex system of stress waves is developed and includes both 
JongituctinaJ and shear w·aves. 
The receiving transducer detects the onset of that component of the pulse which 
arrives earliest. This is generally the leading edge of the longitudinal vibration. 
A!though ch~ direction in ,;,·hid1 the maximum ~n1::rgy i::, jXl)J.1c1g<1i.t:d i::- cti 1igi1i 
angles to (he face: of the transmitting transducer it is possi ble to detect pulse which 
have travelled through the concrete in some other direction. 
Jt is therefore po"i5ible to make measurements of pul-.e, vr)ncii.y J.,y pl<!cing the- I w~) 

trensducers on either: 

a. 
b. 
C. 

opposite faces 
a.d_iaccnt faces 
the same face 

(direct transmission); 
(semi-direct cransmission)or 
(i11direct 01· sw-fact t.ransmi~::.iuu) 

Thr~f': thn·e <\IT'angements are shown in Fig.12a,b and c. 
1t :,hould he noted th.at Fig I :?.a shows the transducers directly opposite to 1;ach 
other on opposite faces of the concrete.It is, however, sometimes necessary to 
place the transducers on opposite faces but not directly opposite to each 
other.Such an arrangement is 10 he. regarded as semi-dire.ct transmission. 

b- Coupling the pulse into the concrete. 

To ensure that the ultrasonic pulses generated at the transmitting transducer p:iss 
into the concrete and are then detected by the receiving transducer, it is essential 
that there be adquate acoustical coupling berwecn the concrete and the face of 
each transducer. For most concrete surfaces. the finish is usually suffecicntiy 
smooth to ensure good acousticaJ contact by the use of a coupling medium and by 
pressing the transducer againest the concrete surface. 
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Typical couplant are pen:o1eUlll gelley, grease, liquid soap and kaoline I glycerol 
paste. 
It is important that only a very thin ]ayer of coupling medium separates the surface 
of the concrete from its contacting transducer. For this reason, repeated readings of 
the transit time, should be made until a minimum value is optained so as to allow 
the layer of couplanl to become thinly spread. When the concrete surface is vecy 
rough and uneven it is necessary to smooth and level an area of the surf.ace where 
lhe transducer is to be :fixed. 

5-Measuriog the· pulse velocity in concrete 

a. Choice of transducers arrangemenJ. 

The direct transmission arrangement is generally to be preferred since the 
maximum energy of pulse is being dfrected at the receiving transducer and this 
gives maxim.um sensitivity. 
The indirect transmission arrangement is the least sensitive and, for a given path 
length, produces at the receiving transducer which bas an amplitude of only about 
2% or 3% t'f tha.t produced by direct transmission. Further more, this arrangement 
gives pulse velocity me~-ements which are usually influenced by the concrete 
layer near the surface. This iayer is often of different composition from. that of 
concrete in deeper layers and the test results may be unrepresentative of that 
concrete.This mrangement should be used when only one face of the concrete is 
accessible, when the depth of a surface crack is to be determin~d or when the 
qualityofthe ·surface concrete relative to the overall quality is interest 

6. Influence of test conditions on measureme11u of pulse velocity 

a. Surface· conditions 

It is desirable, where possible, that the transducers should be in contact with 
concrete surfaces which have bocn cast againest fonnwork or a mould. Surface.'$ 
formed by other means e.g. trowUing, may havc·properties.defering from those of 
the main body of material. If it is necessary to worlc on this surface it is desirahle 
to measure over a longer bath length than would nonnally be used. 
A minimum path length of 150mm is recommended for the din',ct transmission 
method involving one unmoulded surfaces and a minimum of400mm for the 
indirect method along an wunouldoo surface. 
Where a particularly rough surface can not be avoided, the area which is to be in 
contact with a transducer should be grmmd fl.at or filled to a level smooth surface 
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with a minimum thickness of a suitable material (e.g. plast.e.r ofparis, cement 
mortar or an epoxy resin) <iLte time being allowed to elapse for the fiHing material 
to harden. 

b. Moisture content 

The moisture content of the concrete can have a small effect on the pulse velocity. 
For normal structural concre(e in a Still1ntloo condition, Lhe pulse vdociLy mcty b~ 
up to about 2% higher than it is in the same concrete 1n the dry condition, althoug.h 
in exceptional cases this figure may rise to about 5%.The moisture content has less 
influence on the velocity in high strength concrete than it doe.-. on low strength 
concrete. 

c. Temprature of the c.oncrete 

Variations of the concrete temperature between 5c and 30c have been fou.,d to 
cause no significant change in the measured pulse velocity in concrete. 
Outside this range of tempel'ature. Pulse velocity may change Vvithout the 
occurrence of corresponding change in strength or elastic properties. Interpretation 
of pulse velocity measurements should therefore take thls into account for extreme 
temperature conditions. 

d . Path length 

Itis recommended tba~ the minimum path length.should be 100mm for concrete in 
which the nominal maximum size of aggregate is 20mm or less and 150mm for 
concrete in which the nominal maximum size ·of aggregate is between 20 and 
40mm. 

e. Effect of reinforcing bars 

The pulse velocity measured in reinforced ~-0nerere it1 the v-icinity of tJ1e 
reinforcing bar is usually Mgher than in plain concrete of the same composition. 
This is because the pulse velocity in steel is 1.2 to 1.9 times the velocity in plain 
concrete. 

l. Axis of reinforcing bar perpendicular to the direction of propagation. 

The maximum influence of the presence of the reinforcing bars can be calculated 
assuming that the pulse traverses the full diameter of each bar during it's passage. 
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Table 3 gives v~rues of-correction factors by which the me.a.sured velocities should 
be multiplied to·obtain·tbew.e p~ velocity in the conaete alone. Values of 
correction factors are·given to three different pulse velocities. 

1'ahle 3. Correctwnfacrors to allow for the effect of stet/ bars pupendi~lar lo the direction o.( 
'f)ttl st pritpllg(Jtl<1t'J 

Ls/L velocity in concrete V c km/ s 

0.1.0 
0.15 
0.20 
0.25 
0.30 

Vc=3.0 

0.95 
0.93 
0.90 . 
0.88 
0.85 

L= t.otal path lensfu 

Vc=t.O Vc=S.O 

0~96 0.98 
0.95 0.97 
0.93 0.96 
0.92 0.95 
0.90 0.95 

Lr- total length of path through the steel 

2. A.xis of reinforcing bar parallel to direction of propagation. 

The position of the path along which pulses arc~ should be chosen 
whenev~r possible so ~ to, avoid the vicinity of reinforcing ba.r parallel to these 
path&. If tlm cannot be avoided, mees~ vatuea of pulse vel00.lty should be 
corrected to tlllc:e into account the pre~en.Ge.of~ steel. This will depend on the 
distlmcc between the tine of the path in the edge of the nearest bar. The pulse 
velocity in the concrete ii given by: 

V _ 2aV, 

~ - ../4a2 +(TV$ - L)2 

where Vs = pulse :velncity in the steel har 
Ve= pulse velocity in the concrete 

a 11:1 the dimance from the surface of the· bar to the line joining the nearest 
point-of the transducers . 

The influence of the steel diaappoars when. 
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we can neglect the influence of steel when 

A I I > 0.25 for low quality concrete 
· a IL > 0.15 for high quality concrete 
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7- meai;urement of poise velocity using tbe indirect transmission method 

The arrangement for this method is illustrat.ed in Fig. I 2c. When using this 
arrangement there is some uncerrainry regardjng rhe exact length of the 
transmission path hecaust! uf the significant size of the areas of coma.ct between 
the transducers and the concrete. It is therefore perefrable to make a series of 
n\ea:.-urcmcnl wilh the transducers at different distances apart to elemenate this 
uncen:ainry. 
To do this, the transmitting transducer should be placed in contact with the 
concrete c;m·face at a fi xed point .1nd the ~eceiving transd:.1ccr should be placed~~ 
fo~ed increments of distance along a chosen line on th1;: surface, 
The transmission times recorded should be plotted as point on a graph showing 
their relatfon to the distance separating the transducers. An example of such n plot 
is shown in Fig. 13. 
The slope of the bc::st ::ilraight line drawn through the points should be measured 
and recorded as the main pulse velocity along the chosen line on the concrete 
::im focc:. 
Where the points measured and recorded in this 1,vay indicate a discomiuc'Jty it is 
likely that a surface crack of surface layer or inferior quality is present, see art. 8. 

8- Detection of defocts 

a. Estimating the depth of a surface crack 

It is sometimes required to obtain an estimate of the depth of a crack which is 
visible at the surface of a concrete structure. An estimate of crack depth is 
obtained by measuring the transit tune across the crack for two different 
ammgement of the transducers placed on the surface. 
One suitable arrangement in which the transmitting and receiving transducers are 
placed on opposit sides of the crack and equidistant from it. Two vaJu~.s of x are 
chosen and the transit times corresponding to these are mea!:urc>d. 
Two convenient values ofx are 150 and 300rmn. If these values are used, the 
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C,= 150 /4t1 -t; 

V ti -ti 
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where c 
ti 
C 

is the depth of the air-filled crack 
is the transit time for x= 150mm 
is the transit time for x= 300mm 
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Equation (3) is drived by assuming that the plane of the crack is perpendicular to 
the concrete surface and that the concrete in the vicinrty of the crack is of 
resonably unifonn quality. 

b. Estimating the {hickneJs of a layer of inferior quality concrl!te 

Concrete may be suspected as ha'Ving surface layer of poor quality .This may occur 
during rnanifaeturet or arise as a result of damaged by fire. frost, sulphate attack 
etc. The thickness of suoh a layer of c-0ncrete can be estimated from ultasonic 
measurements of transit time along the surface. The procedures desirable art. 7 
should be used and the results plotted on a graph as in Fig. 13. At the shorter 
distance of separation of the transducers the pulse travels through the srface layer 
and the slope of the experimental line gives the pulse velocity in this swface layer. 
Beyond a certain distance of separation the first pulse to arrive has passed along 
the surface of the underlying, higher quality concrete and the slope of these 
experimental points gives the velocity in that concrete. The distance Xo at which 
the change of slope occurs together with the measured pulse velocities in the two 
different layers of concrete enables an estimate of the thickness of the surface 
layer to be found as follows: 

t= X0 /V,-V4.. 
2 V vs+ vrl 

where Vd is the pulse velocity in tbe damaged concrete. 
Vs is the pulse velocity in the underlaying sound concrete .. 

is the thickness of the layer of damaged concrete. 
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Expcri111cut t 5 1 

~J~IJ 4JbJ1:,; ,l\ ,.::A., .. 1\J.lll JS->4 
" ol.S " .......a. \ I . jLJ\ .l.lC J. i" Yo" J r,;- .): ' CF ' ' 

;y, l..t.:i..wll I :L.. .u..J I .iJ1 ;i ~ .:.i.,H 

!\1ethod for determination ofthr compn~~"ivr .;t r,•ngt h nf 1·1H1n-1' f1 · ;-·111·1·, 

1- Of~jtTliVt'S 

Upon lht: completion of this cxpcri111en1 ~lt1C.lcn1 will he :-ihk 10 ta k1• nir1.', from 
.. ·011<.:rclt and rrcpar~· l!ic rn fm tt:sting. ,11H.I l'n r dPk rmi11ing rht·i 1 i.:<111 1pr,·,,i,,. · 
:-. irl n~:h. 

2- Ec111iprnent l'cquircd 

- Cor(' drilling machine. 

- ,\ /, •,</ t ti/Ill/ /1. , l t•1·l I rl l l;1 1 Wllh 't f11i!L'h int•d t.:dg,•~ !'~lil::bl,: j~J!' \l!;:: ::1 f.:;!p 1):::~ . 

. •.!cd ;1!:i1t·. :\ h1;r; ; .1ntil : ,1..:d p!ut.. 
!)1.1.1..: of :,p1.:~; 111l;11:, to ht: ..:appt!<I. 

(",' ftl'-\ I ,lll/)/1/ (J 11 /1, /, ' , . , , ~ . 

1~,t \ ;\ I~, fl L ll \.. lf :. fl ~ 111(1\' C." "\ lf fl; I ; );~, ! f\l dH,.' 

- Cvmpres.rnm u:sring muclune. I\ compression tcs ling machine nf reasonable 
acrnrat:y { about '.' KN ) 

j. Test s~edmcns 

I · \'i-,· of , ·nn·\ t i:S! ~pt·ci11 1L; ns , ha!! t,;,; ! O!h~-:rn 1. \ i" 1 ~Ornn1 -.:i. HH"- ,1.. r. ;;,~ 
prdc-rrctl tliamctcr 1:- 15Umm. !'he r.tiil1 of diaml'.t(; r tu lhc maximum aggrcgatc 
size sh.\ ll he not less rh:rn 1 

TIi l. 11-.al,I,.; knµ lh 1il· L·11r~· ,htt il lit· ... , IC'h 1h:,r rlw l1•1 ig1h : di;un1~tcr ! .. !,if' I" " •!r~· i:.:.:.'./: 
k .,i i 11g :-. ltull ht' bt·l\vt·c11 i anti J . 

. '11111·. Tht· rrckrrc(l h.:111.! lh ; ui,lllli.:k1 ,wi ,, i, hclwn:n I ,ind I ~ 

If lhe w hole length of a core is to be 1es11.:d in comprcssinn , the diame ter -;hall bi: 
~lH::,c;1 iri (ht: .,pt' 1..ifitd 1,,t i11 i1111,c J1:. pli1 nf ll ll'lllh:r from which the LTll'L' !:- : :1!-t·ri. 

Testing & quality control concrete 41 I 62 

P.O. Box : 6 SA RA Y · EL-KOBBA P.C.: 11 712 
14, EL-SOBKY ST., HELIOPOLIS · CAIRO - EG YPT 

Tel : (202) 24190843 I 744 I 271 - Fax: (202) 22919341 

E-mail :tra ining@ cpas-egypt.com ·www.cpas-cgypt.com 

\ \ V \ Y : t.SJ../..r. y J - ;;.,.all ..sir '\ :y . ...f' 

..,-.J y._,.).A t.S~L.i JL,:. - ~I (J~ \ f 

9.~l .r'-' ~JK- - o .,rWI - o..L...;.LJ.-1 .r'-' 

cY • Y > n.,., .,. rt , : ..J (Y • Y > n , .,. • Y v, I v tt I "t r : u 



,, 

Center of Planning a nd Architectural Studies 

" Prof. Dr. Abclelbaki Ibrahim & Pa rtners" 

Expertise House of Engineering Consulta nt 

@ 
CPAS 

~.JlAa..JI .J 4 ):, JI:,.;,, l\ wl.ui\ _j.ll\ JS JA 

" ol.S~...9 ~ IJ:1! ~4l\ ¥- J. i" 

4:!JLl:..:.....111 dMl..>..LtJI ~ dJ-+'\ ~ 

2- Drtllmg. Unless spccifo;ally required otherwise, r.:orns shall lie ti1 ilh.:tl 
tll'm( ,hl1~ ular to rhc i::11rf":1cc 11-.ing• a diamond core dril!i110 hit and i!l "iw:h a 
j • -

,~;,.,ih:r as f ; ; ,l:·n-·it:\ 11 
.. C:'r::. The drill sliall l-~ "-·;n :-jg.id!y ., ... i.;L'l1:..'l! c!i.:rwg_ 

r.:ming. Othl)rwi::,~ 1idgcu n1 curvc<l con.,s may be obtaincJ. D11ll i11g tlm,ugh 
rc:infmc"mt'.'l! sh'lll I'>'· ·wnidl,d wh revcr possihk. 

J- ldcllftJicarwn. lnlll1L'<Jtatcly allcr culling mark c:ich c,in. L'lt';1ri~ ; 11d intiL·'i;•i}. 
indi-: .. llinl.!. i1s lrn:alhll\ and <,ricntn1ion within th...: m...:mhcr Record the- dirl'<.:tin11 ~,! 
.J1illi,1 ~, nl" ,·,1, It, 1h: 1t l,tii\l lu 11;,: din.·ction c,f cr,s1i11µ. 
Ma,i,. ii,,· Ul l' Ill imii,.:,1h. 1li~i,lf1c.c.., in 111illi11tcic1~ from lhc d1illw1:,. ",UI r,j'-1.,,, ·'" iii .. ! 
the ln<.:alion in th\! clement from which lh4.! test <.;ore came can be confirmed when 
ll1c crah t1a,i: been tnmmcll. 

4- F:xami11aliu11. 

a ( nm11(1(1tn11 i:, 111111w , .. ,d, ,p 111r1111 11 ·r 1:11111p· w!i1.111 1111 1111 ptl"l tll· ,. uf v11,d, 

fm honeycombing and for crac.:ks. Note th1.: position nt whi<.:h any honr..:y<.:omhing 
L .. Li1) ,. 

iJl .. , ... iih1: wi:. l:UU1p:11 ... tiu11 ni the umL:n.:tc by L"Ontp:1rinc. thi.:. ,.:me ~ur,-·<1t.1... wi1h Fig:,. 
15(a) 10 15(c) hy mcnsurin,Q cxc.:css voidagc which is thaL amount hy wltiL:h the.! 
." 111,,1 v,, ,I. ,~- ,.,, I •h, , , :t. .. 1.1.. ._1f'u ,v,:n !n11d1· 1,,·, _·,. 1 : 11. ,., ,,, .',, i;._a1.1t· 

\'.,''1..:1.: d .. M.•ij1d•.111 11'-1.lb lu (;.,; ctfllplil'ic,;, ti,i::-. ::-.li.1:: it\. ,jr,11< .. l•j 1..:fi,;1t.:lh.\:: II • ih1: 
following terms. 

C ,, 1 Small , ,11d~ .. '\ '.'Oid mc:asuring not less th:rn 05mm rmd not mnrc 1han J .(J;n:11 
·.H.-"'(.,.l'' ;.1 ··r ,- c.fi ,H; '!'"n 

(b) Mc.J1u1u nm.k A vt,i<l having a dimu11sion greater thau Jmrn hul nut grc:att:1 
than funm 

1c) 1 argc ""id-. >'\ •:ni<l 11:niing :i dinwnsi~,n gn:..11.er tb;1n "11111, 
(d) Hom.\yc.:omhing. lntcrconnectcd voids arising lrom. tor 1..xamplc, matlcqu.itc 
compactj1\11 m lad.; nf mnrn,r. 

ln IIILic, 10 11v,,iJ exm:ntu\ of suhjcctiv har:,., 1wo olis1..·rvc:. :-.iHtJl C\J111p:u,.; 1111.: 

surfocc voids of H }!ivcn core with !hose !-lmwn in Fig.15, taken cun: It) insure that 
the voids art'. v1~" •• cd rn .'.lro11g li!,!ht .lllfkd so as to IH~h hfhl them with shadow:, 
(~:--; in Fig. 17}. The ;m.cv,I.JrC ror the ~:,;n,p;::i~nn is ;is foll.;· ... :.;: 

(a) L'Ul a 125mm x 80mm rectangular npcrlurc in a piece of thin card: 
(Ii) >iace 1hc •:ard nn t11t' •:nrc with ,_;li!s1ic iw11cf:.; 
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roughenc.ct hy ha.eking or wire bru~hing. The metho,J giveu in (c1} 1~ :.uilahk ru, 
spcdmcns which have. been soaked in water and the method given in (h) is 
suitable fnr dry specimens. 

(aJ The capping material consists of a mortcr composed of three parl'i by mass or 
high alumina cement to one part by mass nf fine sand (most of which passes a 300 
micromillimcrcr s.icvc). Plaet: lhe soaked spc(:imt:n on n horir.nnt<il pfalc. and 
rigitlly .;lamp a sleet l.:ollar uf 1.:orrt:<.:·l di11meh!J' filld having a machined upper edgl.! 
to the end of the specimen lo be capped, in such a way lhal lhe upper edge i!; 
horizontal and jusl extends above u,e highest parl of the concrete surface. Fill lh~ 
capping material into the coilar until it is i.n the form of a convex surfaec abow I h1.: 
edge of the collar.." Press dowo Lhc glass capping plate, coated with a lhin film of 
mnuh.l o il, u11lo tl1e 1.:appi11,g mater ial wi1b rutary motion untii it makes complete 

contilcl with 111c c.:<lgc or th(' co ll<1r. lmmedi.a!cly place £he ~pccimen with coll.er 
and plate in moist air of at least 90% relative humidity and at temperature of 20 + 
5 C, ..ind remove the plate and coll;.1r when th.:: rnurl~r is ha rd i;nougr1. 

(b) The capping material consists of mixture composed of equal parts by weight of 
suJphur nnd fini~ ,ilicenu..: , ;mrf (n-sost o f which p.aSM!}. a 300 m.icrnmillimctcr skve 
and /!,: n.i1ain~d on a 150 m,~wmillimc:te, s i1.:v1.:} Lug1.;Lher with small proponion 
(1 % Lo 2%) of l.:arbon black or a small proportion {2'~> to 4%) of polysulphite 
rubber. Heal Lhe mixture to a temperature 01' approximately 1,0 C lo 150 C a nd 
then aUow it 10 cool s!igbt!y while !x :ing ,;t irred contiaum1:>ly. Pou,· lht: mixture 
onto a level machined steel plate that hai:; been slightly warml!d and Lhinly coated 
w,Lh pnrnffin. PJace lh~ specimen into this layer with its uxis vert ical ulsing ;1 

guide. After n few ~et:nnds , cut away the surplus m~t.eri;;\! around the spcci1rn.:11 
wJLh .:1 sharp knife and lift the specimen off the plat\!. ·t'ht! c.:ap shall not now or 
frncture before the concrete fails when the specimen is tested. 

4- Storage. After i.;.appi11g, immcrs1.: the specimen in water at 20 + 2 C for at leas t 
48 h before testing. with cores from high streng th concrete do not remove the 
spedmt"ns from the water unlit the hig;h alumina mortcr caps reach a higher 
slr1.:-nglh than expected or the concn;tc. 
Store cores to be ground in water al 20 + 2 C except that they may be removed 
fr\',111 the \\-titer it,r nul mon: thnn I h for grinding and measurement. Return the 
specrmcu 10 the water for at !ea.st 1 h after grinding before testing. 
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5- Experimental prnccdurc 

1- Gcilcrat. T1.:s1 th1: core in comprcs~ion not ks~ than two da v!- af!cr end 
prep:.irafrin aml immersi ng in v:ata. Cores with crad~l.'Ll or lnc>~l· cap.:: 0:hall no! be 
tcsh.:.J. Tc~! the core immcd.ialcly on remova l from !he water and whilst it is sti ll 
Wt::I . 

2- Placmg rhc core in the ws1i11g machine. wipe the ht:aring surfa,cs of the testing 
mat:hinc and of any auxiliary platens clean and remove any water, Joos~ sand or 
other material !'rum the end$ or the core. Center the core can.: full y on the low1.-r 
plalcn or lh.:. machillc. Whi..r~vcr pi)Ssibl.; use jig ,o align ,he specimen stop <Jo 111)1 

use any cracking other than auxiliary steel platens between lhc ends of the core 
and 1he pl:m·n~ nf 1he te!-1ing m11chinL'. 

3- Lo,idinp,. W ithOL11 shock apply and increase the load continuously at constant 
r,d ... \V ith1n th.: r.rng .. \11 0.2 N ,' (m1li:Z.s) too,.. N ; ( 11lt112 .:~l until no gi ~at..:1 load 
CH1 1 he su.,1a1m.:d. 011 manually corurulJcd machin<'s :is l ailurc ,~ :,ppt,rnclwd 1h1: 

load- indicator pointer will begin to now down; at this stage operate the controls 
r::pit!ly :: nd .-.muothly to m:ii 11 t:.1i 11 :i~ far a~ pu~~il.ik: t it:.: ~.{Jt:t:ifit!J !o:.H.! iti;!. r:11l'. 
lh:cwd lhe 111ax.irnun1 lu:cid. 

6· ('aJculaHfln nnd <'Xp11.1ssion of rt's1Jft<. 

I - General. Calculalc the comprcsl...ivc strength of ca<.:h core;: by dividing the 
maximum load by lht: cross-s<:ctinnal an.:u. 01lc.:ulatnl from the average tli:m11:1cr. 
Exprc,s !h.l' n:sult 'i l( i !he rn.::in:st U.5 N.'mm2. 

2- Rsfimotetl i1H·i111 cuhe ,;fre11xth. 
;1- f or c·on'\ Jh·e of rl'i11forrn,w11f. Calc:llblt lhc l!~lim~rcd i11--.iru <'nlw ,rr('n:_: th tn 
1hc m.:urcs l 0.5 N/mm2 !'rum the equation 

whi.:rc 

estimated in-si tu = ID I ( 1.5 + I /'},. )l >. llH;asurcd <.:omprc.-;~ivc.: ( I ) 
~ubi; 6tr..;nglh :-.l ie11gth 1,f i.:nrc 

D is 2.5 for cores drilkd horizontally; Or :.U for ~ores drilkd ·, -:r til.:~ lly: 
'A. is the length (after e nd preparation) I diumctcr ralfo. 
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J_tnpo_rtant N91t' l! , houlr! hr 11011: ! th. I in--. ilu s iH.ugth~. u.tim;ll,d li ,.i,, ,: .. .. i. ... , f1n o1111l,, 

1:au1101 be cqumcct ro -.1:mdard ettric s1re11g1h. 

1,- F11, c 11, e., ll'i1,'1 ,,.,nj'orC'f!mem p<'rpendiculr,r ro the cure ax,s. t. ah.:u lalc tile 

L:~l 11 w,lr<J il!-~1tu c:uhc: stn:nl{lh by multiplying !he !:-:ln:ni!-th ob1:1im·d lrom the 
formula (1) hy the follow ing factors 

!,I/ ior ~un.:), co ntaining a sing le hm 

1 .0 + I 5 x ( <T>r u / <J>t: / ) ( l\ -· 
(b) for ~pc<..:imcns conluining two bars no further apan than the <.J iamctcr of the 
l.irger bar. onlv the bar c:::nrrc5ponding 10 ih'-' highn vah1l· nf (h d 11, ·,· tJ 1.,,: 
r, ,n..: idc1-c l1 . II the l~ars ;:m: fu rth~r :ip .. rt, !hei r ,:nrnhi:w, I , ff1.·c1 slwulJ bt..: ,1:-,~c ... :-.\!d 
by using the foclor 

wh.crc 

1 .n + 15 x (ii>, d , q,t. f) 
I 

(l>r 1s rhc..: lliamclcr of lhL' n..: i11ror1.:cmc111: 
rt><; i~, th.: di.tm1,;k i of :-.p1.:Lit11t:11, 

(J) 

d is the distance or ax is of bar from nearer end of specimen: 
r is I he il'ngth 01 unc.ippc<.1 srr.:.c:imcn. 

7. Report 

- itlcn111·11:mion nf illl: 1.:on.: : 
- dale or Llri ll i11g; 

- dirrc1itu1 nf drilling rdativt: lo dirt:t'lion or cai:t in~; 
- l..'.llllJiliuns l)r -.1,11a~1..; 
- identification or the specimen; 
- condition o f "1:; fl1'1' inwn wlwn n.-r,~ived (indu<.fc pour 1.:ompa.:t inr:. 

hon~:. i:omhing 

- or bad di111cm,iuns); 
- :ivc raµc dimnctc r; 

- m:n:imum and minimum lengths, :1'; rl!cc ivcd; 
length alter end preparation; 

- wmpacti"n of ct)ncrctt', disldhulio n of matcri1ds. d a-;sification of rnid'i and 
- prl.''iL'Tlf..:t: tl f t:r'ack, : 
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